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SUMMARY

This document contains data on chlorophenols, concerning their sources and
distribution, an assessment of risks on the basis of a comparison of
exposure levels and effect concentrations, the technical possibilities of
reducing these risks and, whenever relevant, the business economic
consequences of measures that might be taken. Substituted chlorophenols

have not been taken into consideration.

Chlorophenols are a group of nineteen organic chemicals. These compounds
are characterised by a basic structure, consisting of a benzene ring to
which one hydroxyl group and up to five chlorine atoms are attached.
Chlorophenols are mostly introduced into the environment by (direct or
indirect) human action. In the Netherlands, standards have been set for

levels in soil and groundwater, for surface water and sediments.

Dioxines may be formed from chlorophenols, or during their production.
This aspect does not form subject of this document, but will be dealt with

in a future integrated criteria document on Dioxines in 1992.

Chlorophenols are not produced commercially in the Netherlands. Generally,
the environmental 1loads of chlorophenols have decreased in the past few
years. This is a direct result of drastic reductions in the application of
chlorophenols in the Netherlands during the last decade. In view of current
emissions, only pentachlorophenol (PCP) is of interest. The most important
emission of PCP occurs into air (48 tonnes per year), mostly as a result of
evaporation from wood which has been treated with PCP in the past (35
tonnes), and from imported wood and wood products treated with PCP (13
tonnes). Partly as a consequence of this, deposition forms an 1important
contribution to the total loads of soils and surface waters (approximately
11.5 tonnes out of a total of 14 tonnes), as compared to other sources. An
overview of PCP flows and its accumulation in the environment is given in

figure A.
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Figure A: Schematic overview of chlorophenol emissions in the Netherlands,
the contributions from other countries, and the flows and
reservoirs in the Dutch environment (in tonnes annually, based on
1987)

Generally  speaking, chlorophenols are degraded quite well in the

environment. Depending on the matrix, environmental conditions and degree

of chlorination, the half-life may vary from a few dozens of hours to
several weeks.

Data on the distribution of chlorophenols in the environment are

incomplete. While a reasonable overview is available of levels occurring in

groundwater and surface waters of the national waterways, data on regional
waterways and sediments are out of date and limited. The levels in outdoor

air are unknown. Further research is required to determine whether, and to

what extent, current standards and targets are being exceeded. The data



available do, however, allow for the conclusion that concentrations in
national waterways, nature reserve soils and groundwater originating from

shoreline infiltrations, generally comply with the standards.

Existing toxicological data are not sufficient to establish scientific
guideline levels for all chlorophenols. For man, adequate data for a
toxicological assessment of maximum acceptable oral intake levels exist for
2,4-dichlorophenol and for pentachlorophenol. For both chlorophenols these
levels were derived from animal experiments by the application of a 100-
fold extrapolation factor to the no-effect levels found. For 2,4-dichloro-
phenol, a guideline 1level of 0.003 mg.kg—1 body weight per day was
established for lifetime exposures, - which corresponds with an oral intake
of 0.18 mg per day by an adult of 60 kg. The oral loads of man in the
Netherlands are so small (amounts in food and drinking water being below
analytical detection levels) that risks for the population at large are
zero. For PCP an oral guideline level of 0.03 mg.kg—1 body weight per day
was established, which corresponds with a daily intake of 1.8 mg by an
adult of 60 kg. The daily intake is determined mostly by food consumption.
In the Netherlands, it amounts on average to less than 0.004 mg per day.
The maximum daily intake is 0.02 mg. As the maximum acceptable intake level
is well above both average and maximum exposure levels (approximately a
factor 100 or more), the risks of PCP for the general public are considered
to be zero.

For inhalatory exposures, the data are insufficient to establish a
guideline value. Available data suggest that effects are unlikely to result
in the general population from average exposure levels of 5 ug PCP.m-3 or
less. On the basis of measurements performed in Germany and Belgium, it is
assumed that the large-scale annual averages for PCP in the Netherlands are
more than a factor 1000 below this value. However, problems may occur in
indoor air if houses have been treated against fungi and insects, or if
PCP-treated wood has been used for interior finishing and floors.

Although data on the remaining chlorophenols are inadequate for the
derivation of toxicological guideline values, low prevailing emissions and
low exposure levels render it plausible that thesse substances do not pose
any significant risk for man. In drinking water, however, organoleptic

effects may occur; the taste threshold values are very low.



The (scientific) method to be followed in determining guideline values for
the protection of ecosystems is currently subject of discussion. Although
the most recent methods are still being debated, in this document they have
been utilised for the determination of guideline values.

On the aquatic environment, the available chronic exposure data only allow
for a toxicologically permissible maximum concentration to be derived for
PCP: 2 ug.l-l. In surface waters in the Netherlands the concentrations
found are at least a factor 2 and on average a factor 67 below this value.
With regard to the other chlorophenols, only indicative maximum acceptable
concentrations can be given. These are well above exposure levels found in
the Netherlands.

Due to the limited nature of data on effects, only indicative maximum
acceptable levels may be suggested for terrestrial ecosystems. These levels
are at least a factor 6 and on average a factor 300 above concentrations
measured in natural areas in the Netherlands. No data are available on
areas where elevated concentrations might be expected. The occurrence of

intoxication as a result of biomagnification is unlikely.

In general, the risks associated with exposures to current levels of
chlorophenols are supposed to be limited. On the basis of autonomous
developments one may expect a further decline in the emissions, and hence
diminishing concentrations of chlorophenols in the Netherlands
environments. Thus, Dutch emissions to soil and surface waters will in 2010
have been reduced by 50%, and those to air by approximately 25-30%. It
remains to be seen whether these reductions will lead to concentrations
that satisfy the proposals for environmental quality standards at the
target level (determined by policy-makers at 1 % of maximum acceptable
levels). To facilitate such predictions, an updating of measuring data is
required for soil as well as surface waters. In this connection it is to be
pointed out that the technical possibilities for further emission
reductions are very limited. Measures of a different nature may contribute
to a reduction of exposures to chlorophenols. Recommendations are made for
diminishing exposure levels in indoor air (specific situations) and for the

reduction of PCP in wsste flows and, thereby, its accumulation in soil.



INTRODUCTION

On a national level the environmental policy is in the first place aimed at
achieving and maintaining an environmental quality which guarantees the
health and well-being of people and the preservation of plants and animals
as well as a sustainable social development (Nationaal Milieubeleidsplan,
1989). Adequate knowledge lacking it will, however, not be possible for
some time to fully define the general environmental quality aimed at.
Therefore, attention is first concentrated on factors which may present
great risks such as substances hazardous to the environment. A selection
has been made of the many substances that are important because of emission
or usage and a priority 1list has been drawn up. For most priority

substances Integrated Criteria Documents are written.

Arranged by substances or groups of substances Integrated Criteria
Documents contain data on the sources and the distribution pattern (soil,
water, air, biota), the riks of current and future concentrations for man,
(parts of) ecosystems and materials, as well as the technical possibilities
and the business economic consequences of reducing these risks. This
information serves as a scientific basis for the formulation of the effect-
oriented policy. This policy is aimed at achieving as great a risk
reduction as possible, the ultimate goal being the desirable level. This
value is the concentraton in the environment at which no adverse effects
(the risks of which may be considered negligible) occur in man, plants,
animals and materials. If the desirable level cannot be realized within a
reasonable period, a tolerable level will be determined for a limited
period, the risks ranging from the maximally permissible to the desirable
level. In determining the tolerable level also economic and social factors
may be decisive. This document is restricted to providing the information
necessary for the policy-oriented determination of environmental quality
requirements mentioned. Besides this information may result in a global
terms of reference for the emission reduction per kind of source. No policy

statement, therefore, is mentioned in any section of this document.

Integrated Criteria Documents are drawn up under the auspices of the

National Institute of Public Health and Environmental Protection (RIVM).



The firm of consulting engineers Haskoning participated in the realization
of this report, while the Institute for Environmental Issues (IvM) also
made a contribution. Government, business and industry, and representatives
from scientific institutes were involved in the preparation of this report.
The content of this document has been checked in its entirety by a Review
Committee of the RIVM, whereas a Counselling group composed of staff
members from the Ministry of Housing, Physical Planning and the
Environment, the Department of Inland Waterways/National Institute for
Wastewater Research (DBW/RIZA) and the Ministry of Agriculture and
Fisheries gave guidance in its compilation. The industry  supplied
important, partly confidential, information through the ad hoc Liaison
Group on Integrated Criteria Documents of the Office of Environment and
Physical Planning of the Council of Dutch Employers’ Unions, VNO/NCW. In
the event of differences of opinion an addendum may be added to the
document under the auspices of the Liaison Group. This possibility also
exists for environmental groups through the Foundation Nature and the
Environment. At a later stage the Health Council will advise in brief on

the document, including any possible addenda.

This document deals with chlorophenols. This is a group of 19 compounds in
total characterised by a basic structure consisting of a benzene ring to
which a hydroxyl-group and one to five chlorine atoms are coupled. All 19
congeners are produced by man, mainly by chlorination of phenol or by
hydrolysis of chlorobenzenes. All chlorophenols are evaluated in principle.
The problem of chlorofenols being a source of dioxines and benzofurans is
mentioned obliquely. It is noted that Integrated Criteria Documents on
Chlorobenzenes and on Dioxines are in preparation.

In complience with the wishes of the commissioning body, special attention
is given to diffuse sources, the ecotoxicity and emission reducing
measures. Also the sections concerning effects (human toxicology
especially) are based as far as possible on recent reviews. The original
literature was only consulted in the case of inconsistent data or
conclusions in the outline articles. However, the original literature was

used as a basis for deriving a toxicological recommended value.



1. PROPERTIES AND EXTSTING STANDARDS

1.1. PROPERTIES

1.1.1. Nomenclature, molecular structure and registration numbers

The names and molecular formulas of all nineteen chlorophenols (chlorine

congeners) are summarised in table 1.1.

Table 1.1. Nomenclature, molecular weights, molecular formulas and Chemical

Abstracts Service (CAS) registration numbers (NIOSH, 1983) of
chlorophenols
Name of the compound Abbreviation Molecular Molecular CAS
weight formula

2-monochloorphenol 2-McP 128.56 C6H clo 95-57-8
3-monochloorphenol 3-MCP 128.56 C6H5010 108-43-0
4 -monochloorphenol 4-MCP 128.56 C6H5010 106-48-9
2,3-dichloorphenol 2,3-DCP 163.01 CSH)C1,0  576-24-9
2,4-dichloorphenol 2,4-DCP 163.01 C6H40120 120-83-2
2,5-dichloorphenol 2,5-DCP 163.01 C6H40120 583-78-8
2,6-dichloorphenol 2,6-DCP 163.01 C6H4CIZO 87-65-0
3,4-dichloorphenol 3,4-DCP 163.01 C6H46120 95-77-2
3,5-dichloorphenol 3,5-DCP 163.01 C6H40120 591-35-5
2,3,4-trichloorphenol 2,3,4-TCP 197 .46 C6H Cl30 15950-66-0
2,3,5-trichloorphenol 2,3,5-TCP 197 .46 06H3Cl30 933-78-8
2,3,6-trichloorphenol 2,3,6-TCP 197 .46 C6H3Cl30 933-75-5
2,4,5-trichloorphenol 2,4,5-TCP 197 .46 C6H3C130 95-95-4
2,4,6-trichloorphenol 2,4,6-TCP 197.46 C6H3CI3O 88-95-4
3,4,5-tri¢hloorphenol 3,4,5-TCP 197.46 C6H3013O 609-19-8
2,3,4,5-tetrachloorphenol 2,3,4,5-TeCP 231.89 C6H3C140 4901-51-3
2,3,4,6-tetrachloorphenol 2,3,4,6-TeCP 231.89 C6H20140 58-90-2
2,3,5,6-tetrachloorphenol 2,3,5,6-TeCP 231.89 06H201 0 935-95-5
pentachloorphenol PCP 266.35 C6H£'J_56 87-86-5




1.1.2. Basic physical and chemical data

A number of basic physical and chemical data of environmental relevance are

given in table 1.2. It is remarkable that there are no data in the

literature relating to pentachlorophenyl-laurate.

Table 1.2 Physical and chemical properties of chlorophenols (Veith and
Hunter, 1986; Verschueren and Kolkhuis Tanke, 1989)

Compound Melting Boiling Denséty Vapour Solugility pKa Log Kow
pgint pognt 18/15°C  pressure 20 C
°c) (°c)  (g/ml) mm Hg (mg/1) *
2-MCP 9.3 175 1.24 0.8 1730 8.48 2.2
3-MCP 33.5 214 1.24 0.1 681 9.37 2.5
4-MCP 43.5 220 1.31 0.1 553 8.97 2.6
2,3-DCP 59 206 - 0.15 114 7.58 3.2
2,4-DCP 45 210 - 0.1 146 7.85 2.8
2,5-DCP 57 211 - 0.1 109 7.59 3.2
2,6-DCP 68 220 - 0.08 192 6.89 2.8
3,4-DCP 68 145 - - 42 8.62 3.4
3,5-DcP 68 233 - - 28 8.27 3.5
2,3,4-TCP 78 subl. - 0.008 5,7 7.04 4.1
2,3,5-Tcp 62 248 1.49 0.008 8,1 6.75 4.2
2,3,6-TCP 58 272 1.49 0.008 37 6.06 3.9
2,4,5-TCP 67 253 1.50 0.008 14 7.04 3.7
2,4,6-TCP 69 246 1.49 0.008 28 6.35 3.7
3,4,5-TCP 101 275 - 0.008 4,9 7.73 4.4
2,3,4,5-TecP 117 subl. - 0.001 0,3 6.22 4.9
2,3,4,6-TecP 70 164 1.60 0.001 4,4 5.22 4.1
2,3,5,6-TeCP 115 310 - 0.001 0,4 5.24 4.9
pcP 189 310 1.85 0.0001 0,14 4.74 4.8

* Solubility of the non-dissociated form

1.2. STANDARDS AND GUIDELINES

Please refer to the annexes for terminology used.

1.2.1. Soil and groundwater

In a Draft Guideline for Soil Rehabilitation (VROM, 1988), a framework has

been provided for the assessment of concentration levels in soil (table

standards,

1.3). The guideline values given should not be interpreted as

but as a framework for evaluation.



Table 1.3. Assessment table for the evaluation of concentration levels of
chlorophenols in soil

Compound Soil (mg.kg-ld.s.) Groundwater (pg.l_l)
A B c A B c

Chlorophenols (individually) * 0.5 5 0.01 (d) 0.3 1.5

Chlorophenols (total) - 1 10 - 0.5 2

A = reference value

B = assessment value for further investigation

C = assessment value for rehabilitation study

* = pentachlorophenol: 0.1 mg per kg dry matter

d = the reference value for good soil quality is below the current

detection limit

In order to protect groundwater from pollution an EEC Guideline (1980)
prohibits direct or indirect discharges of halogenated organic compounds,
and of substances which in water may give rise to the formation of such

compounds .

1.2.2. Surface water and sediment

The Third Water Resources Management White Paper (1989) provides
indications for general environmental quality standards (quality objective
2000) for water and sediment, as well as assessment and signal values for
sediment. For the measurement and assessment of general environmental
quality a distinction is made between compounds on the M-list, which
contains the most relevant problem compounds, and those on the I-list. For
chlorophenols (I-list) the general environmental quality standard in water
is 0.08 pg.l_l, for pentachlorophenol (M-list) 0.05 pg.l-l in water and
0.02 ug.l_l in sediment, and for volatile halogenated hydrocarbons (VOX; M-
list) it is 5 pg.l_l. The IMP for 1985-1989 (1984) provided the following
values for the basic quality of surface water: for halogenated organic
compounds to be sampled by extraction (EOX) or adsorption (AOX), 5 and 40
ug.l-l, respectively (median; as chlorine), and for 2,4,5-trichlorophenol a
maximum median content of 0.05 pg.l_l. In addition, the values provided for

non-specific chlorinated compounds (0.5 ug.l-l) and for pesticides (0.1
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-1 . X .
pg.1l 7) are of interest. With respect to "de novo" synthesis of
chlorophenols as a result of the use of chlorine in the treatment of
drinking water, the values provided in table 1.4 are of interest (Water

Supply Decree, 1984; EEC, 1975).

Table 1.4. Standards (mg.l-l) for water vapour volatile phenols in surface
water intended for the production of drinking water

Nature of Guideline value Limit value
treatment the Netherlands EEC the Netherlands EEC
Simple 0.001 0.001
Normal 0.001 0.005 0.005
Thorough 0.01 0.01 0.01 0.1

Bathing water should not contain more than 10 yg.l-l of water ~vapour
volatile phenols. As far as water for salmonids and cyprinids is concerned
the rule applies that these fishes should not be characterised by the
unnatural taste that may, in particular, result from phenols or oil. As far
as water for shellfish is concerned, the shellfish should not have an
unnatural taste, while the levels of halogenated organic compounds in the
water or the shellfish meat should not produce harmful effects in the
shellfish or in their 1larvae (Staatsblad 606, 1983; derived from EEC
Guideline, 1975).

The 1limits for chlorophenols in water, above which organoleptic problems
could arise with fishery products, are given in table 1.5 (Health Council,

1976) .
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Table 1.5. Maximum permissible levels in water to prevent the deterioration
of taste in fishery products (mg/l)

Compound Taste limit
2-MCP 0.001 - 0.15
4-MCP 0.01 - 0.05
2,3-DCP 0.084
2,4-DCP 0.001 - 0.014
2,5-DCP 0.023

2,6-DCP 0.035
2,4,6-TCP 0.003 - 0.05

-

Recently (MPV-89, 1988), a first attempt has been made to arrive at
guidelines for chlorophenols in sediment, based on the principle that the
general environmental quality and the reference value for soil quality
should provide identical levels of protection. In the context of general
environmental quality standards for sediment, the maximum level of
extractable halogenated organic compounds is 5.5 mg.kg-l. The provisional
C-value for sediment, above which there is an urgent need to investigate
the need for a clean-up, has been set at 20 mg.kg-l

Within the framework of the Third White Paper on Water Resources
Management, DBW/RIZA (1989) has determined quality objectives for surface

water and sediment (table 1.6).

Table 1.6 Quality objectives for surface water and sediments (5% organic
carbon and 25% lutum) (DBW/RIZA, 1989)

Compound Water Sediment

(ug/l; dissolved) (mg/kg)
MCPs 9 0.07 *
DCPs 0.08 0.004 *
TCPs 10 1.7 *
PCP 0.4 0.2

* values for water have preference over values for sediment, in view of the
low log octanol-water coefficient
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- European Community

Bathing water should not have a specific phenol smell. The guideline wvalue

is 0.005 and the limit value 0.05 mg.l'l (EEC, 1976).

- United States and Canada

Depending on the type of compound, the EPA (1980) applies maximum levels
for chlorophenols in surface water between 1 and 0.04 ug.l-l, based on
organoleptic effects. In Canada, the maximum levels in fresh water for
mono-, di-, tri-, tetra- and pentachlorophenol are 7: 0.2; 18; 1 and 0.5

/zg.l-l respectively,
1.2.3. Air

No guidelines have been determined for outdoor air. As far as indoor air at
the work place is concerned, the MAC-TWA value for pentachlorophenol as
applied in the Netherlands (National MAC List, 1989), Germany, Sweden and
the USA (TNO, 1977) is set at 0.5 mg.m-3. The Maximum Acceptable
Concentration - Time-Weighted Average (MAC-TWA) is defined as the maximum
acceptable time-weighted concentration at an exposure of up to 8 hours a

day, and a maximum exposure of 40 hours per week.

1.2.4. Food and drinking water

In accordance with the the Water Supply Decree (1984), the standard for
water vapour volatile phenols in drinking water is 0.5 pg.l-l, which is in
agreement with EEC guidelines. The threshold values for odour and taste are

given in table 1.7.
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Table 1.7. Organoleptic threshold values for chlorophenols (Quentin,

1988) (in pg/l, at room temperature)

Compound Threshold odour Threshold taste
value value
2-MCP 10 0.1
3-MCP 50 0.1
4-MCP 60 0.1
2,3-DCP 30 0.04
2,4-DCP 40 0.3
2,5-DCP 30 0.5
2,6-DCP 200 0.2
3,4-DCP 100 0.3
2,3,6-TCP 300 0.5
2,4,5-TCP 200 1
2,4,6-TCP 300 2
2,3,4,6-TeCP 600 1
PCP 1600 30

The WHO recommendations (1984) are as follows:

because of their odour, a guideline value of 0.1 ug.l-1 for 2-, 4-, 2,4~
2,6-, 2,4,5-, 2,4,6-, 2,3,4,6- and pentachlorophenol, but no guideline
values are given for these compounds on health grounds, except for 2,4,6-
TCP and PCP;

the guideline value for 2,4,6-trichlorophenol, as based on organoleptic
characteristics, is 0.1 pg.l-l, while it is 10 pg.l-1 on the basis of
health considerations;

for pentachlorophenol the guideline value based on taste is 100 ug.l-l,
while its guideline value on health grounds is 10 ug.l_l. The latter
figure is based on an Acceptable Daily Intake (ADI) of 3 ug.kg-lbody

weight.

The lowest WHO standards for chlorophenols, with the exception of PCP, are

therefore based on organoleptic considerations.

In Canada the drinking water quality standards for 2,4-DCP, 2,4,6-TCP,
2,3,4,6-TeCP and PCP are 0.9; 0.005; 0.1 and 0.06 ug.l—l, respectively.



1.2.5. Remainder

According to the Decree on Chemical Waste, waste 1is considered to be
chemical waste if it contains more than 5 g.kg-1 of phenols or phenolic
compounds.

In view of the possible formation of dioxin, a VROM Guideline specifies
that 2,4,5-trichlorophenol should be stored under fireproof conditions.

At the level of the EEC, restrictive measures on the use of pentachloro-
phenol in pesticides are wunder preparation in the context of the
Prohibition Guideline Chemical Compounds 76/769/EEC. A discussion among
member states is currently underway to arrive at an overall prohibition of

the utilisation on wood, textiles and stones.
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2. PRODUCTION, APPLICATIONS, SOURCES AND EMISSIONS

In this chapter an overview will be provided of production, applications,
sources and emissions of chlorophenols. For a more extensive description,

reference is made to Haskoning (1989).

2.1. PRODUCTION AND APPLICATIONS

2.1.1. Production

All chlorophenols are man-made, mostly through the chlorination of phenol
or the hydrolysis of chlorobenzenes. The compounds produced commercially
are: 2-MCP, 4-MCP, 2,4-DCP, 2,4,6-TCP, 2,3,4,6-TeCP and PCP.

Table 2.1 reflects the extent of global production of chlorophenols. In the
Netherlands chlorophenols are not produced commercially (Haskoning, 1989),

although they have been formulated in the past.

Table 2.1. Global production of chlorophenols

Compound Region Year Volume Reference
(tonnes/yr)

2-MCP EEC 1984 1,000 De Bruin, 1985
4-MCP EEC 1984 1,000 De Bruin, 1985
2,4-DCP EEC 1984 1,000 De Bruin, 1985
2,4,5-TCP EEC 1984 1,000 De Bruin, 1985
2,4,6-TCP EEC 1984 1,000 De Bruin, 1985
PCP EEC 1986 8,000 NATO/CCMS, 1988
PCP USA 1986 26,000 NATO/CCMS, 1988
PCP world * 1986 35,000 - 40,000 NATO/CCMS, 1988

* excluding East bloc countries

Table 2.2 presents data on the trade volume of chlorophenols in the
Netherlands. It follows from this table that there is currently very little
import or export of chlorophenols in the Netherlands, except for penta-

chlorophenol laurate.
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Table 2.2. Amount of chlorophenols imported in and exported from the
Netherlands (1987)

Compound Import (t/y) Export (t/y)

Monochlorophenol 0

Dichlorophenol 0

Trichlorophenol <1

Tetrachlorophenol 0

Pentachlorophenol 2 - 4 <
Pentachlorophenyl laurate 37.5

QOO O OO

2.1.2. Applications

Generally applied wuses of chlorophenols are described in table 2.3
(Haskoning, 1989), while table 2.4 presents an overview of current
applications of chlorophenols in the Netherlands. It should be noted that
phenol and sodium phenolate are both included wunder the heading "penta-
chlorophenol”. Pentachlorophenyl laurate is mentioned separately in table
2.4,

Table 2.3. General applications of chlorophenols

Compound Relatively important  Relatively unimportant
MCP intermediary for intermediary for the production of
higher chlorinated paint ingredients; extraction medium
phenols for S and N from coal; intermediary
product in the synthesis of pesticides;
solvent
DCP intermediary for 2,4-D intermediary for miticides, moth killers
intermediary for and seed disinfectants
higher chlor. phenols
TCP intermediary for intermediary for pesticides (Silvex and
2,4,5-T Ronnel); additive (herbicide/ fungicide)

in adhesives, cooling water, paper,
textiles, oil, rubber and leather; dis-
infectant in hospitals, swimming pools
and cleaning agents

TeCP wood conservation intermediary for PCP
agent
PCP wood conservation additive in adhesives, textiles,
agent leather, paint, paper, oil and cooling

water




Table 2.4. Applications of chlorophenols in the Netherlands (1987)
(Siemons, 1988; IMP, 1986 - 1990; corporate information)

Compound Application Quantity (tonnes)
Monochlorophenol -- 0
Dichlorophenol -- 0
Trichlorophenol PVA adhesives <1
Tetrachlorophenol -- 0
Pentachlorophenol wood conservation 1 -3
pesticides 1
Pentachlorophenyl
laurate textiles 30
sponges 7.5%

* no longer allowed

There has been a strong decline in the use of chlorophenols in the
Netherlands during the past decade. In the past, chlorophenols were used in
many of the applications listed in table 2.3. For example, pentachloro-
phenol was wused until about 1980 as a biocide in closed circuit cooling
systems. Van Starkenburg and Van Luin (1985) found relatively high levels
of PCP and trichlorophenol in waste water discharged by the soft drinks
industry and by beer breweries. These contaminations were most probably
caused by the use of PCP as a preservative in the glue used for labels. At
the moment, PCP is no longer used in the Netherlands as a preservative for
glue (corporate information). Chlorophenols are no longer applied in the
paper and cardboard industry, the leather industry, the pharmaceutical

industry, the paint and printing ink industry, or the metallurgic industry.

2.2. SOURCES AND EMISSIONS

Sources of chlorophenols have been selected on the basis of current
applications of chlorophenols in the Netherlands, an inventory of Dbusiness
concerns that used chlorophenols in the past, and a RIZA study on the
occurrence of chlorophenols in industrial waste water (Van Starkenburg and
Van Luin, 1985). These possible sources are discussed in this paragraph.
The emissions caused by the importation of products which contain chloro-
phenols are covered in the discussion of the various branches of industry,

or included under diffuse sources in industries and households.



2.2.1. Mushroom cultivation

In the cultivation of mushrooms sodium pentachlorophenolate (Na-PCP) is
used for the disinfection of wooden bottoms or boards. The use of wooden
bottoms has been much reduced in the 1last few years. They have been
replaced by bottoms made of aluminium. The present level of Na-PCP usage is
estimated at 1-3 tonnes per year. As off 1 January 1990, the use of Na-PCP
in the cultivation of mushrooms is no longer permitted. The emission of Na-
PCP in discharge water is estimated to be 25-30% of the quantity applied
(CUWVO, 1985). Sixty percent of the total surface area under cultivation is
connected to a sewerage system (corporate information). On the assumption
that the efficiency of treatment 1is 30% (CUWVO, 1985) this produces an
emission into surface waters of approx. 0.4 tonnes per year (0.2-0.8 tonnes
per year).

It is unknown whether Na-PCP is emitted into the air during the cultivation
of mushrooms, but in view of the method of application (spraying) and the
physical and chemical characteristics of the compound, the possibility
should not be ruled out altogether.

At one company where Na-PCP-treated wooden shelves are used, 4 mg.kg-l Na-
PCP was found in the mushroom compost (champost) (RIVM, 1989b). At another
company with shelves made of aluminium, champost samples where taken before
and after steaming. Strangely, 1.2 mg.kg_l PCP was found after steaming,
but none before (RIVM, 1989b). No unambiguous explanation for this
phenomenon can be given. It may be pointed out that the chicken manure used
for the champost often contains wood shavings. It cannot be ruled out that
the PCP levels found originated from this source (corporate information).
An estimated 490,000 tonnes of champost was traded in the agricultural and
horticultural sector 1in 1988 (corporate information). Assuming an average
concentration of 0.5 mg PCP per kg of champost, it follows that the diffuse
loading of the soil equals 245 kg PCP per year. This calculation must be
considered as a maximum estimate. As the application of Na-PCP in the
cultivation of mushrooms as well as in wood conservation was discontinued,
one may expect that the levels of PCP in champost will fall.

The cultivation of mushrooms also takes place in Belgium and (West)
Germany. Neither of these countries allow the use of Na-PCP in mushroom

cultivation.



2.2.2. Wood conservation

Until recently, tetrachlorophenol and pentachlorophenol were wused. as
preventative and, sometimes, curative wood conservation agents in the wood
conservation industry. Conservation was mostly carried out by dipping in
relatively small baths (approx. 30 m3), by painting or spraying. PCP and
Na-PCP were predominantly used for wood to be used for the finishing of
house fronts and to only a limited extent for wood that would be in touch
with soil and/or water (stakes, water works, etc.). In 1980 the consumption
was about 45 tonnes and in 1985 about 4 tonnes. Since 1 January 1989 the
application of PCP and Na-PCP as wood conservation agents is no longer
allowed. In view of this ban the only emissions of interest remaining are
those associated with consumption in the past and with the importation of
PCP-containing wood and wood products.

The past consumption of PCP and the quantities still present in wood in the
Netherlands has been expressed in fig. 2.1. The data are based on the
assumption that an estimated 50% will evaporate in 15 years’ time
(calculations assumed a linear reduction by evaporation of 3.3% per year;
corporate information obtained by telephone). The evaporation rate
mentioned takes into account that part of the wood will be burned before
all PCP has evaporated. It follows from the figure that approx. 35 tonnes
pentachlorophenol evaporated from treated wood in 1987.

The effects of air currents, humidity and temperature on wood that has been
commercially treated with PCP have been studied by Ingram et al. (1986).
The effects of air currents and relative humidity appeared to be small. An
increase in the temperature, on the other hand, produced a strong increase
in PCP levels 1in air: a rise from 20° to 30° C caused an increase of the
level of PCP by a factor of 3 to 4. Organic solvents in which PCP has been
dissolved have an effect on the rate of evaporation; epoxy resins and
bitumen coating form effective coatings to prevent PCP from evaporating
(Ingram et al., 1986).

Discarded wood is used as landfill material, or is burned or stored. The
burning of PCP-containing wood reduces the quantity of PCP present by some
98 %. The emissions of PCP to air from the burning of wood are therefore

low in comparison to those caused by volatilisation from wood.
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Figure 2.1. Schematic overview of the consumption of pentachlorophenol for
wood preservation purposes and its cumulative levels in wood in
the Netherlands (corporate information)

It is justifiable to assume that imported roundwood has not been treated
with PCP (corporate information; TNO Wood Institute). Of cut wood (planks),
part of the total import probably has been treated with PCP (corporate
information). The presence of PCP depends on the country of origin and the
legislation in force in that country concerning the wuse of PCP. In
countries like Germany, Sweden, Finland and Norway the use of PCP 1is
currently prohibited, but in countries 1like France, Portugal, Czecho-
slovakia, Poland, Chili, Brazil and Malaysia it is still allowed.

In 1987 an investigation was carried out on the presence of PCP in various

kinds of timber from different countries (State Inspectorate of Produce,

1988). In 354 of smoke wood samples investigated the PCP levels found were

above 1 mg.kg-l (detection limit); the maximum found was 26 mg PCP per kg

wood. In 55% of the pallet wood samples PCP was found. In 21% of the
samples of pallet wood the levels found ranged from 1-3.4 g PCP per kg. All
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the pallet wood samples from Chili and Portugal appeared to contain PCP.
Of the parquet wood samples, 22% turned out to contain more than 1 mg PCP
per kg, while all oak parquet from France contained more than 100 m PCP per
kg. In wood samples from vegetable and fruit crates, 38% appeared to
contain PCP. High concentrations of PCP were observed in wood originating
from Portugal.

A calculation of the quantities of PCP entering the Netherlands through the
importation of wood and wood products is presented in table 2.5 (corporate
information). Because relevant data were lacking, wood products such as
furniture have not been taken into account. It is expected, however, that
the quantities of PCP entering the Netherlands with furniture are

relatively small in comparison with the contribution made by pallet wood.

Table 2.5. Estimates of quantities of PCP entering the Netherlands through
the importation of wood and wood products (1987)

Kind of Volume Density Average Quantity
wood (m3/yr) (tonnes/m3) mg/kg * (tonnes/yr)
Parquet -- -- -- 0.8 *x*
Pallet 150,000 # 0.5 1,000 75
Vegetable

and fruit

crates 200,000 4+ 0.5 100 10
Smoke wood ? 0.5 -- 0 #HH#
Total approx. 85

* State Inspectorate of Produce, Assen (1988)

%% Calculated on the basis of a net import-export of 500,000 m2, of which
350,000 m2 is treated (approx. 300,000 m2 originates from France),
surface treatment with a 2-3% PCP solution at a dosage of 50-100 g
solution per m2.

i Calculated on the basis of 150,000 m3 treated out of total of 200,000
m3 (imported from Portugal, Brazil, Chili and other countries)

{H# Calculated on the basis of 200,000 m3 treated out of total of
2,000,000 m3 (imported from Portugal, Chili, France, Poland and other
countries)

jHH As smoke wood is not separately classified by the CBS, it has been
considered under the categories pallet wood and vegetable and fruit
crates for purposes of this calculation

On the basis of the above calculations it 1is possible to estimate the
emissions of PCP resulting from the importation of wood and wood products
containing PCP. The life span of pallet wood and vegetable and fruit crates

is less than the time required for the evaporation of the total quantity of



PCP involved. The life span of pallet wood is estimated at five years and
that of vegetable and fruit crates one year (the mean between disposable
crates and the stronger variety commonly used in the past). Once again, it
is assumed that 3.3% of the PCP present evaporates in a year. The annual
emission to air may thus be estimated at approx. 13 tonnes PCP, assuming
that the balance between imports and exports remains constant from year to
year.

PCP and Na-PCP are prohibited wood preservation agents in Belgium and West
Germany. In the 1970s, the annual consumption of PCP and Na-PCP amounted to
about 2,000-2,500 tonnes in West Germany and about 100 tonnes in Belgium.
As in the Netherlands, the consumption was drastically reduced in the
1980s.

If a consumption diagram is assumed similar to the one presented in figure
2.1, it may be estimated that the annual emissions to air amount to about

600 tonnes PCP in West Germany and about 30 tonnes PCP in Belgium.

2.2.3. Glues and adhesives industry

Trichlorophenol is currently still being used as a preservative in glues
and adhesives on the basis of polyvinyl acetate (PVA) (consumption less
than one tonne a year). The emissions to surface water during the
production will probably amount to less than 10 kg annually. As far as
known, no chlorophenols are being used in the production of other glues and

adhesives (corporate information).

2.2.4. Textiles

- Textile industry

In the textile industry pentachlorophenol is used as a fungicide and as an
antiputrefication agent in the after-care of cellulose and viscose fibres
(e.g. cotton, jute, sisal, linen) (corporate information; VROM, 1986a,
VROM, 1987a). It is to be noted that PCP laurate is not applied as a
standard treatment in the after-care of textiles, but only upon the
customer’s request. In principle, the use of a preservative is unnecessary
for most viscose and cellulose tissues, with the exception of for instance
tent cloth and sunshade materials. The Ministry of Defence prescribes PCP

laurate for all textile tissues (including tents and handkerchiefs). The



consumption of PCP laurate (pure material) in the Netherlands textile
industry is estimated at approx. 30 tonnes per year (corporate information
obtained by telephone).

It is estimated that at least 90% of the biocides used is absorbed by the
textile during the after-treatment (corporate information). The biocide
solution is not recycled after use and pre-treated to only a very limited
extent before being discharged into the sewage system. If the efficacy of
sewage treatment installations is assumed to be 30%Z (CUWVO, 1986), the
maximum emission of PCP laurate to surface water may amount to about 2
tonnes per year. The emission of PCP laurate to air is expected to be < 0.2

tonne per year.

- Textile

Figure 2.2 presents a rough picture of the flows of PCP laurate in the
Netherlands.

The importation of PCP laurate-treated textile is probably negligible
(corporate information). It is assumed that the amounts of PCP laurate
associated with the importation and exportation of textile are of the same
magnitude. Likewise, it is assumed that the amount of PCP laurate
originating from foreign tourists visiting the Netherlands is equal to the
amount emitted from tents carried by Dutch tourists going abroad. Little
information is available on the behaviour of PCP laurate in textile
(photochemical decomposition, hydrolysis, evaporation and leaching).
Research on finishing plants and suppliers has shown that PCP laurate
leaches little or not at all from treated textile (corporate information).
PCP laurate-treated textile as a component of garbage 1is also to be

discussed in section 2.2.12 (urban garbage).

2.2.5. Synthetic fibre industry

Chlorophenols are used for certain applications in the synthetics industry.
The use in polyvinyl acetate glues has been mentioned in 2.2.3. Annually,
7.5 tonnes of PCP laurate is used as a fungicide and antiputrefication
agent in sponges (corporate information). It is expected that the emission
of PCP laurate during the production process will amount to < 0.1 tonne per

year.
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Figure 2.2. Rough estimate of PCP laurate in textile and of PCP in
emissions and waste (in tonnes per year; 1987)

The flows of PCP laurate in sponges are presented in figure 2.3. When
sponges treated with PCP laurate are used, emission will occur in the water
used for washing and through wear and tear. This emission takes place
diffusely within households and forms part of the domestic contamination of
sewage with chlorophenols, as will be discussed in section 2.2.9. The
quantity of PCP 1laurate in sponges discarded with domestic garbage will

also be dealt with in section 2.2.12.
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About 87% of all sponges produced in the Netherlands are exported
(corporate information). The importation of sponges treated with PCP

laurate is probably negligible (corporate information).
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Figure 2.3. Rough estimate of PCP laurate in sponges (use prohibited) and
of PCP in emissions and waste (in tonnes per year)

2.2.6. Leather industry

In the past, pentachlorophenol and trichlorophenol were applied in the
Netherlands as biocides in the treatment of skins. A part of these
substances was retained in the leather product. The reason why pentachloro-
phenol and trichlorophenol could be detected in waste water produced by the
leather industry (Van Starkenburg and Van Luin, 1985) is probably due to
leaching and/or runoff of chlorophenols from imported wet-blue (an
intermediary leather product) that was treated with chlorophenols in other
countries. As there are about 45 leather manufacturing plants (TNO, 1985;
VROM, 1988), this means that it may be roughly estimated that the annual

discharge through waste water equals 0.04-0.4 tonne pentachlorophenol and



0.005-0.2 tonne trichlorophenol. In view of the efficiency of sewage
treatment removal of pentachlorophenol (30%) and trichlorophenol (20-35%),
this results in an annual loading of surface water with an estimated 0.15

tonne of pentachlorophenol and 0.075 tonne of trichlorophenol.

2.2.7. Paper and cardboard industry

Since about ten years ago, chlorophenols have not been used in the Dutch
paper and cardboard industry (Feenstra and Govers, 1984). However, from a
study carried out by Van Starkenburg and Van Luin (1985) it appeared that
pentachlorophenol and trichlorophenol was present in waste water produced
by paper factories. The data of Van Starkenburg and Van Luin (1985) may be
used to arrive at a rough estimate of emissions of chlorophenols to surface
water. This is estimated at maximally 0.1 tonne of pentachlorophenol and

maximally 0.25 tonne of 2,4,6-trichlorophenol per year.

2.2.8. Pesticides

In the Netherlands chlorophenols are not used in the manufacture of
pesticides (corporate information). Formulating plants occasionally use
pentachlorophenol as a fungicide in pesticide formulations containing
organic material, for example molluscicidal bait granules. The use of
pentachlorophenol for this purpose results in a diffuse emission to soil of
at most 0.5-1.0 tonne per year. It is to be expected that pentachlorophenol
will no longer be used for this purpose in future: in accordance with the
statement made by the Pesticide Commission this form of application is no

longer permitted.

2.2.9. Diffuse sources

This section will deal with diffuse emissions to water that have not been

mentioned in preceding paragraphs.

- Households
The emission factors per inhabitant are derived from studies carried out by
RIZA (1989), which was concerned with the assessment of levels of organic

microcontaminants in domestic waste water (see table 2.6).
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Table 2.6. Emissions of chlorophenols in domestic waste water in the
Netherlands in 1988, expressed in kg (extrapolated in accordance
with RIZA, 1989, using activated sludge model TIMAS, assuming 15
million inhabitants and 90% connected with waste water treatment

facilities)
2,4- 2,4,5- 2,4,6- 2,3,4,5- 2,3,4,6- PCP
DCP TCP TCP TeCP TeCP
Total emission 135 60 60 30 300 375
- of which direct to
surface water 14 6 6 3 30 28
- and to waste water
treatment facility 121 54 54 27 270 327
- of which to
surface water 68 28 32 10 184 259
Total surface
water load 82 34 38 13 214 297

Part of the pentachlorophenol might originate from sponges treated with
pentachlorophenol. Chlorophenols might be created as a result of the
decomposition or transformation of other compounds, or they may be formed
spontaneously from chlorine and phenol. The quantities involved in domestic

emissions are probably negligible (RIZA information).

- Companies
From the data collected by Van Starkenburg and Van Luin (1985) and data on

the number of companies in each branch of industry it follows that diffuse
emissions from companies are of the same order of magnitude as the diffuse

emissions from households.

2.2.10. Formation and decomposition

- Decomposition/transformation

The decomposition or transformation of certain pesticides can lead to the
formation of chlorophenols. In view of the quantities of pesticides wused
which may give rise to chlorophenols and their rather limited rate of
decomposition/transformation, it is estimated that the amount of
chlorophenols formed from pesticides is less than 2 tonnes per year (0.1-5

tonnes per year). Leaching and runoff of pesticides to surface water 1is



assumed to be 1-5%. The emissions to surface water arising from leaching
and runoff are estimated at less than 0.1 tonne per year (0.01-0.25 tonne
per year).

In water chlorobenzenes may be broken down to chlorophenols. The Integrated
Criteria Document Chlorobenzenes (Slooff et al., 1991) indicates that
emissions of chlorobenzenes to surface water amount to approx. 7 tonnes per
year, approx. 1.4 tonne of which is 1,4-dichlorobenzene arising from the
use of 1,4-dichlorobenzene in toilet and wurinal cubes. The quantity of
chlorophenols that could be formed out of chlorobenzenes in surface water

is probably less than 0.07 tonne per year (0-0.4 tonne per year).

- "De novo" synthesis

"De novo" synthesis of chlorophenols might occur when chlorine and phenol
are present in (waste) water at the same time. In particular monochloro-
phenols are easily and quickly formed. As soon as phenol has acquired one
chlorine atom, this renders the aromatic ring much less sensitive to the
binding of additional atoms. The formation of higher chlorophenols 1is
therefore inhibited. The RIZA estimates that the "de novo" synthesis of
tri-, tetra- and pentachlorophenol from phenol and chlorine during the
chlorination of waste water treatment effluents can be completely ignored.
Furthermore, the "de novo" synthesis of chlorophenol during  the
chlorination of waste water treatment effluents is negligible in comparison
with the levels of chlorophenols in influent and effluent (after biological
purification) (RIZA, information).

During the chlorination of drinking water the probability that chloro-
phenols will be formed is much greater because of the much higher chlorine
concentrations involved. Chlorophenols may also be formed when chlorine
dioxide or ozone are being used as disinfectants. Chlorophenols may also be
formed from organic compounds other than phenols. One of the most serious
quality control problems of drinking water production from raw water
contaminated with phenols in the 1950s and 1960s was indeed the formation
of chlorophenols (Morris, 1975; Burtschell et al., 1958). At the moment
this problem is less relevant, as the phenol contamination of the raw water
for drinking water production has been much reduced and chlorination is
used less. The formation of chlorophenols (in particular monochlorophenol)
during the chlorination of drinking water supplies in the Netherlands is

unimportant, at an estimated level of less than 0.05 tonne per vyear



(Verschueren, 1983; de Bruin, 1985; RIZA, information; corporate
information).

As a result of certain industrial processes phenols and chlorine may reach
waste water at the same time. It is expected that the quantities of
chlorophenols (particularly mono- and trichlorophenol) that might be formed

as a result will be less than 0.1 tonne per year (0.01-1 tonne per year).

2.2.11. Transboundary emissions

- Surface water

The import of chlorophenols with water of the rivers Rhine and Meuse has
been measured by the Department of Public Works (see Chapter 4). For Rhine
and Meuse water the only data available relate to the occurrence of 2,4,5-
and 2,4,6-trichlorophenol and pentachlorophenol. Assuming a similar ratio
between these three chlorophenols and the other ones normally detectable in
surface waters in the Netherlands (Wegman and Hofstee, 1983; Wammes et al,
1985, 1986; Canton et al, 1987), the total amount of chlorophenol entering
the Netherlands via these two rivers is maximally of the order of 10 tonnes
per year, with a contribution from individual derivatives of around 1 tonne
per year. The importation of PCP is estimated at 2.7 tonnes per year and
the exportation at 2.9 tonnes per year (see figure 4.2). The imports via
transboundary rivulets have not been taken into consideration, in view of
the relatively small flow rates involved (< 1% of those of Rhine and Meuse

combined).

- Air

The information available on the levels of chlorophenols in air is very
limited (see Chapter 4). It is assumed that the levels for individual
chlorophenols are between < 0.1 and < 0.5 ng.m-3. The transboundary import
of pentachlorophenol in air is roughly estimated at 14 tonnes per year, the

export at 51 tonnes per year (see figure 4.2).
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2.2.12. Urban waste

The RIVM (1988b) has determined the levels of chlorophenols in household
garbage: on average one tonne of waste contains 614 mg chlorophenols (table

2.7).

Table 2.7. Composition of household garbage (Janssens et al., 1988;
Cornelissen, 1987)

Material Dry % Concentration (pg/kg; dry)

weight Water

(%) 2,4,5- 2,3,4,6- 2,3,5,6-

TCP TeCP TeCP PCP

Rubber/leather 0.9 4.3 105 708 69 10,800
Wood 0.4 2.9 < 20 < 20 < 20 980
Plastics 6.4 24.2 < 20 56 < 20 1,370
Textiles 1.7 18.8 < 20 74 < 20 152
Rugs/mats 0.3 7.8 < 20 139 < 20 2,850
Paper 26.0 33.1 < 20 61 < 20 2,400
Remainder 64.3

The composition and mode of treatment of urban waste are reviewed in table
2.8. Extrapolating from the above-mentioned data and making a number of
assumptions, it may be estimated that approx. 54 tonnes of chlorophenols
(of which more than 99% PCP) is present in urban waste every year (table
2.8). Of this amount, about 35 tonnes are annually dumped in landfills. In
water percolating from landfills, the 1levels of chlorophenols detected
range from =zero to a few pg.l-l. The emission of chlorophenols through
water percolating from landfills is estimated at less than 0.001 tonne per
year (RIVM, 1989).

Conditions at landfill sites are such that pentachlorophenol will probably
not decompose much and, as may be concluded from the above, will also leach
out little. A small fraction of PCP from landfills will be removed with
escaping gases (RIVM, 1989). The total amount of PCP present in landfills

is probably in the order of 600 tonnes.



From one single experiment at AVR, Roteb and AVI Alkmaar (together
constituting 50% of the Dutch waste incineration capacity) it was
calculated that, in the Netherlands, 0.04 tonne chlorophenols is emitted to
air every year from the incineration of urban waste (Sein et al, 1989). 1In
addition, 0.02-0.03 tonne ends up in the fly ash, while the remainder of

the chlorophenols delivered will be destroyed.

Table 2.8. Flows of chlorophenols associated with the treatment of urban

waste (Bremmer et al., 1987; Janssens et al., 1988; Siemons,
1988)
Quantity Chlorophenols (tonnes per year)
(Mtonnes
per year) 2,4,5- 2,3,4, 2,3,5,
TCP 6-TeCP 6-TeCP PCP
Delivery 7.5 0.003 0.2 0.002 54.2
Treatment
- incineration 2.6 0.001 0.06 0.001 18
- landfill 4.2 0.002 0.08 0.001 35
- recycling of paper 0.5 0.03 1.2
- bottle bank glass 0.2

Assumptions:

- sponges treated with PCP laurate will all be discarded as part of
household garbage;

. levels of chlorophenols in small-sized corporate waste and large-sized
domestic waste will on average be similar to those in domestic garbage,
excluding textiles and wood products treated with PCP;

. textiles containing PCP laurate (mostly tents and sunshades) will all be
removed with urban waste (probably with the large-sized domestic waste
fraction);

- the amount of PCP annually incinerated with PCP- impregnated wood (mostly
pallets, vegetable and fruit crates, and facade panelling) is estimated
at 13 tonnes, while an estimated 27 tonnes of such PCP is removed in
landfills every year;

- bottle bank glass does not contain any chlorophenols;

- paper to be recycled will contain chlorophenols at levels similar to
those in the paper fraction of domestic garbage.

2.2.13. Activated sludge

The RIZA (1985) has determined chlorophenols in activated sludge from six
waste water treatment facilities. In two facilities 2,3,4,6-tetrachloro-
phenol was detected in the sludge (0.1 and 0.3 mg.l_l). In two other

installations the sludge contained pentachlorophenol (0.2 and 0.3 mg.l-l).



Other chlorophenols could not be detected. It was striking that tetra- and
pentachlorophenol were only detected when the sludge had been stabilised by
aeration. Perhaps tetra- and pentachlorophenol are more completely
decomposed during anaerobic sludge stabilisation. Additional literature
studies revealed that PCP is usually not detectable in sludge (RIZA, 1985).
Starting from a possible average 1level of chlorophenols (particularly
pentachlorophenol) in sludge of 0.1 mg.kg-l, it follows that all the
activated sludge produced in the Netherlands (approx. 0.6 Mtonnes per year)
will contain less than 0.035 tonne chlorophenols per year. Activated sludge
is currently for about 40% removed in controlled landfills, while the
remaining 60% ends up on soils, through recycling. The diffuse loading of
soils with chlorophenols through activated sludge is therefore less than

0.02 tonne per year.

2.3. SUMMARY AND CONCLUSIONS

Chlorophenols are not produced industrially in the Netherlands. Direct and
indirect applications of chlorophenols in the Netherlands have been much
reduced in recent years and are almost non-existent at the moment, with the
exception of the use of pentachlorophenyl laurate in the textiles and
synthetic fibres industry (sponges).

An overview of the emissions from various branches of industry and from

diffuse sources to the Dutch environment in 1987 is provided in table 2.9.

The emissions to soil and surface water are respectively 7 and 5 tonnes per
year. The emission to air is considerably higher and is estimated at 50
tonnes per year, caused by evaporation from wood that has been treated with
pentachlorophenol in the past and from imported wood and wood products
treated with pentachlorophenol.

The contribution from transboundary emissions through surface water and air
is estimated at respectively 10 and 14 tonnes per year, or less (refer to
Chapter 4).

The importation of products treated with chlorophenols other than wood
(leather, textiles, glue, paper) forms a (limited) source of chlorophenols
in the Netherlands. Most of these products eventually end up in urban

waste. It is estimated that 54 tonnes of chlorophenols (of which more than
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99 % PCP) is removed in urban waste every year. Of this amount, approx. 18
tonnes is destroyed by incineration, about 35 tonnes is used for landfills,

while paper for recycling purposes contains more than 1 tonne.

Table 2.9. Sources and emissions of chlorophenols in the Netherlands in
1987, in tonnes per year

Sources Soil Air Surface Number of
diffuse water sources

Monochlorophenol
- drinking water production < 0.05

Dichlorophenol

- households diffuse 0.08
- industries diffuse 0.08
Trichlorophenol
- leather works 0.08 appr. 45
- households diffuse 0.07 > 1,000
- industries diffuse 0.07 > 1,000
- paper industry < 0.25 appr. 35
Tetrachlorophenol
- households diffuse 0.2 > 1,000
- industries diffuse 0.2 > 1,000
Pentachlorophenol
- mushroom cultivation 0.25 0.4 > 100
- households * 0.3 > 1,000
- industries diffuse 0.3 > 1,000
- leather works 0.15 appr. 45
- paper industry <0.1 appr. 35
- textile ** 5 2.1 2.6 > 1,000
- pesticides 0.5 -1.0 > 1,000
- activated sludge < 0.02 > 1,000
- wood, past use appr. 35 > 1,000
- wood, imported appr. 13 > 1,000
- urban waste incineration 0.04 12
Chlorophenols
- degradation/transformation
pesticides < 2 < 0.17 > 1,000
"de novo" synthesis,
industrial processes < 0.10 > 100
Total 7 50 5

* including pentachlorophenyl laurate from sponges
** pentachlorophenyl laurate (expressed as amount of PCP)



3. DISTRIBUTION AND TRANSFORMATION

3.1. SPECIATION

In their neutral, non-dissociated form, chlorophenols behave as moderately
to poorly water-soluble hydrophobic compounds. The degree of hydrophobi-
city, expressed as the octanol-water partition coefficient (Kow), increases
with chlorination from about 100 for 2-monochlorophenol to more than 10,000
for pentachlorophenol, which is little soluble in water (refer to Chapter
1). On the basis of this phenomenon, one would expect to find that PCP
exhibits a strong affinity for biota and silt/sediment/soil in water,
several orders of magnitude greater than those of the less chlorinated
phenols. That this is not the case can be explained by the acid
characteristics of these compounds; the dissociation coefficient (pKa) for
pratachlorophenol is alsc several orders of magnitude below the one for
monochlorophenol. Moreover, the pKa for pentachlorophenol is a few units
lower than the pH of most types of surface water while the pKa for
monochlorophenol 1is about 9. Whether a chlorophenol occurs in water as a
neutral, hydrophobic compound, or as a highly soluble phenolate anion, is
therefore determined not only by the pKa of the chlorophenol concerned, but
by the pH of the environment in which it is found as well.

For three of the most important chlorophenols (refer to section 4.4), the
speciation curves have been expressed as functions of the pH in figure 3.1.
In water with a pH of 7, monochlorophenols (pKa = 9) are mostly found as

neutral substances (not expressed in figure 3.1).
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Figure 3.1. The relative occurrence of 2,4,5-trichlorophenol, 2,4,6-
trichlorophenol and pentachlorophenol as a function of the pH



In a neutral medium the ration between 2,4,5-trichlorophenol and 2,4,5-
trichlorophenolate is 1:1, while the "acid" pentachlorophenol is mostly
present as its phenolate in such conditions. In figure 3.2 it is shown how
striking the speciation transition for the two trichlorophenols and
pentachlorophenol may be in aquatic media with a pH between 5 and 8. 1In
this important pH trajectory, the solubility rises sharply (figure 3.2).
As a consequence, the distribution coefficients, which are related to
solubility, such as water-silt/sediment and water-air, vary significantly

with the pH.
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Figure 3.2. Solubility in water of a number of chlorophenols at various pH
levels

The total solubility, at a given pH, is defined as the sum of the satura-
tion levels of the phenol- and the phenolate forms. It may be calculated by
multiplying the (poor) solubility of the neutral phenol form by a factor
1+Ka/[H+]. By relating the vapour pressure and the solubility on octanol to

the total solubility in water, one respectively obtains the apparent Henry
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constant and the Kow, as functions of the pH (refer to figures 3.3 and
3.4). In this pH range, the log Kow curve for pentachlorophenol differs
little from the experimental data provided by Kaiser and Valdmanis (1982).
According to this publication, the lipophilic nature of pentachloro-
phenolate salt starts playing a role at pH levels above 9. Schellenberg et
al. (1984) and Westall et al. (1985) have observed that this effect may
occur at lower values of the pH with higher values of the ionic strength.
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Figure 3.3. Apparent Henry constant as a function of the pH
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Figure 3.4. Log Kow as a function of the pH
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In the atmosphere, chlorophenols are generally found in the gaseous state.
As a rule-of-thumb, compounds with a vapour pressure above 10-4 Pa occur
for at least 80% in the gaseous state (Wittlinger and Ballschmiter, 1987).
Chlorophenol has hardly if ever been demonstrated in the analysis of

aerosol samples (Leuenberger et al., 1985).
3.2. BEHAVIOUR IN SOIL

3.2.1. Distribution

The evaporation of chlorophenols from soil 1is an 1insignificant process
(Murthy et al., 1979: Valo and Salkinoja-Salonen, 1986; Scheunert et al.,
1986; Lagas et al., 1988).

Sorption in the water-soil system is described by the soil-water partition
coefficient Kbw. The value of Kbw depends on characteristics of the
compound (refer to section 3.1) and soil conditions, such as pH, AEC (anion
exchange capacity), organic matter content, degree of base saturation of
the CEC (cation exchange capacity), type of clay and clay content.
Generally speaking, sorption mechanisms for the neutral chlorophenol
molecules differ from those for the phenolate anions. The sorption of the
neutral chlorophenol molecules is regarded as a form of hydrophobic

sorption (Matthes, 1989; Karickhoff, 1981; Laga, 1988).

Kbw = £ X A X KowB .......................................... (D
oc
in which:
fOC = the organic carbon fraction

A, B = constants

Kow = the octanol-water partition coefficient

If the pH of the soil is of a value near the pKa of a compound, or higher,
one has to take the dissociation of chlorophenols into  account.

Schellenberg et al. (1984) adapted the above formula as follows:



B
Kbw = fnd X foC X A X KoWw L e e e (I1)
in which:
f = the fraction of molecules not dissociated
nd (pH - pHa)
fnd =1/ (1 +10 )

The correction for the fraction of dissociated molecules allows for a

reasonable prediction of values actually measured (refer to figure 3.5).
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Figure 3.5. Predicted and experimentally determined soil-water partition
coefficients for 2,4,5-trichlorophenol (Schellenberg et al.,
1984)

In experiments with five chlorophenols (3-MCP, 3,4-DCP, 2,4,5-TCP, 2,3,4,6-
TeCP and PCP) in different soils and synthetic systems, Lagas (1988) found
that if formula (II) 1is rearranged into formula (III) (below), the
hydrophobic sorption of all phenols may be predicted within an accuracy of
a factor 2, when log A = 0.62 (SE = 0.14) and B = 0.75 (SE = 0.04).
log K'oc =log A+BxlogKow..........iiiiiiiiiiiiinn. (II1)
in which:
K'oc = Kbw / (fOC X fnd)’
on the condition that soil pH does not exceed pKa + 1 and the level of non-
dissociated molecules is less than 0.5 upmol.dm
In addition to sorption of non-dissociated molecules, phenolate anions may

also be subject to sorption. The pH and the organic matter content of soil,
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and the ionic strength of soil humidity or groundwater, are of importance
in determining sorption of phenolates (Westall et al., 1985). The sorption
of dissociated molecules has been insufficiently studied to allow for
quantitative predictions. It is stated by Lagas (1988) that the phenolate
sorption for tetra- and pentachlorophenol is a factor 15 to 30 below those
for hydrophobic sorption.

The mobility of chlorophenols in soil is expressed in terms of the degree
to which their transport velocity is reduced in comparison with the

transport velocity of water:

v =R X Ve (IV)
in which
Ve Ve T the transport velocity of water, respectively the
compound
R = the reduction factor
with R =1+ Kbw x # / @,
in which:
# = dry volume mass of soil
@ = soil humidity content by volume

The reduction factor 1is calculated with the aid of formula (IV), on the
basis of the soil-water partition coefficient, the dry volume mass and the
humidity content by volume of the soil. The mobility of chlorophenol
molecules will therefore depend on soil as well as compound-specific
characteristics, and may range from highly mobile (low pKa, high pH and low
Kow) to almost immobile (high pKa, low pH and high Kow); In table 3.1 this

has been worked out for a number of chlorophenols.
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Table 3.1. Velocity reduction factors for a number of chlorophenols at
different levels of the pH and different organic matter levels
of the soil

foc pH 2,4,5-TCP 2,4,6-TCP PCP
0.001 4 22 10 97
0.001 6 19 6.0 6.6 *
0.001 8 2.5 % 1.1 * 1.1 *
0.01 4 220 100 970
0.01 6 190 60 66 *
0.01 8 25 * 11 * 11 *
0.1 4 2,200 1,000 9,700

0.1 6 1,900 600 660 *
0.1 8 250 * 110 =* 106 *

Velocity reduction factors were calculated with formulae (II), (III) and

(IV), for values of pKa of respectively 6.9; 6.1 and 4.7 and for log Kow of

respectively 4.2;, 3.7 and 5.2, for 2,4,5-TCP, 2,4,6-TCP and PCP. For # a

value of 1.4 kg.m ~ was assumed and for @ a value of 0.4

* This reduction factor is an underestimate since phenolate sorption may
have a role to play (Lagas, 1988)

3.2.2. Transformation

- Abjotic transformation

For 2,3-DCP and 2,5-DCP, Erickson et al. (1988) reported abiotic half-lives
of between 12 and 37 days. Complex formation as a result of auto-
oxidisation or transformation by other oxidisation processes (such as with
metal ions) have been demonstrated. Shannon and Bartha (1988) tested the
auto-oxidisation into complexes as a process leading to the immobilisation
of chlorophenols. Investigations carried out by Van den Berg (1989) and
Weijnen (1989) did not suggest that chlorophenols (one representative per
isomer) are chemically transformed in soil material. As the photolysis of
chlorophenols in soil is only possible near the surface, it only has an

insignificant role to play (Kaufman, 1978).

- Biodegradation

Biological transformation, both  aerobic and anaerobic, has been
demonstrated for (nearly) all chlorophenols. Mineralisation and/or the
utilisation as a source of carbon and energy has been demonstrated for a
limited number of congeners. Aerobic and anaerobic mineralisation has been

described for the monochlorophenols, 2,4-dichlorophenol and pentachloro-
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phenol, while aerobic transformation only has been observed for 2,4,5-
trichlorophenol. A vast number of microbial strains have been isolated that
will break chlorophenols down aerobically. Anaerobic strains have mnor yet
been described.

The biological removal from soils has been investigated particularly for
pentachlorophenol (Engelhardt et al., 1986), especially in conditions with
high levels of pollution. The often postulated hypothesis that anaerobic
removal is faster than aerobic seems to depend on the compound studied.
From various studies (Baker and Mayfield, 1980; Valo and Salkinoja-Salonen,
1986; Alexander and Aleem, 1961; McRae and Alexander, 1965; Alexander and
Lustigman, 1966; Vonk et al., 1981; Van den Berg, 1989; Weijnen et al.,
1989) it appears that the aerobic removal rates of most chlorophenols vary
widely and inconsistently. In particular chlorophenols with chlorine
substitutes in the meta-position are broken down slowly.

Biological transformation of chlorophenols takes place through a number of
different pathways, such as to anisoles by O-methylation, to dihydroxy
compounds by hydroxylation and hydrolytic dechlorination, and to lower
chlorinated phenols by reductive dechlorination. The mechanisms by which
chlorophenols are removed aerobically may differ among the various microbes
(Karns et al., 1983; Apajalahti and Salkinoja-Salonen, 1986) .

The kinetics of the removal of chlorophenols from soil has by no means been
described consistently, and it varies with soil characteristics, biomass
and the chlorophenol congener. At low substrate concentrations, the process
may often be described with a (pseudo) first order kinetics. Valo and
Salkinoja-Salonen (1986) reported half-lives from 25 to 50 days for the
various chlorophenols during composting. Vonk et al. (1981) found a half-
life for pentachlorophenol of 11 days or more, and for 2,4,5- trichloro-
phenol one which varied from 8 to 11 days. In studies undertaken by Van den
Berg (1989) and by Weijnen et al (1989), half-lives for the aerobic removal
of six chlorophenols (one representative for each isomer) in four kinds of
soil were found to range from 1 to 100 days. The effect of biomass on the
kinetics, which was clearly demonstrated, warrants a second order reaction
for describing the process in general terms. The decomposition rate seems
to be limited by the desorption rate, in particular when there is a strong
sorption of chlorophenols (in soils with a high organic matter content

and/or a low pH). The latter is also suggested by a study on a landfarming
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of soil contaminated with pentachlorophenol, which produced a half-life of
21 days (Verschoor et al., 1988).

All the literature data taken together indicate that half-lives for the
chlorophenols range from a few days to several weeks. These, however, do
only apply for aerobically stimulated systems. The half-lives in the
environment may therefore well be longer. Figure 3.6 shows the half-lives
calculated for the aerobic removal (in reality: the disappearance of the
specific compound, i.e. including the formation of soil-based residues), on
the assumption of a first order decomposition as a function of the degree
of chlorination. Mono- and dichlorophenols have half-lives which are
shorter than those of higher chlorinated phenols. The level of the mean and
the variance among the observations render further distinctions within this
group impossible. It needs to be pointed out that half-lives will be longer

under anaerobic conditions (deeper soil layers).
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Figure 3.6. Calculated half-lives for aerobic removal in soil
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Too little is known about anaerobic removal to produce a similar figure.
Half-lives have been reported from ricefields, which ranged from 10 to 70
days (Kuwatsuka and Igarashi, 1975).

In studies on aquifers the transformation of chlorophenol congeners was
demonstrated under methanogenic conditions, with half-lives from 13 days
(all MCPs and 2,4-DCP) to several hundreds of days (some DCPs and 2,4,5-
TCP) (Gibson and Suflita, 1986).

The literature includes a few studies on the effect of temperature and pH
on the removal of chlorophenols. In general, optimal temperatures for the
removal range from 10 to 30 °C at a neutral level of the pH. As soil pH
affects the ionisation of chlorophenols, the optimum level will also depend
on the type of chlorophenol concerned and its acid dissociation constant.
Although high levels of mineralisation were found for the wvarious chloro-
phenols in pure and cumulative cultures, these appeared to be much less
elevated in soils. Generally, values are quoted of up to approx. 40%
(Weijnen et al., 1989; Vonk et al., 1981; Schuphan et al., 1987; Scheunert
et al., 1986; Tieleman, 1989; Smith, 1985). McCall et al (1981) reported
83% mineralisation for the transformation of 2,4-dichlorophenol.

Data on the formation of fixed residues (that fraction of the compound
which cannot be released from soil samples by exhaustive extractions with
organic solvents) are available almost exclusively for pentachlorophenol.
For pentachlorophenol, percentages have been found of between 10 and 44% of
the dosage applied (Weiss et al., 1982; Scheunert et al., 1986; Vonk et
al., 1981; Murthy et al., 1979). In a single study on 2,4,6-trichlorophenol
Scheunert et al (1986) found 61%, while McCall et al (1981) found
percentages of 4 to 22% for 2,4-dichlorophenol. The mechanism of the
formation of fixed residues has not yet been clarified, but the humus
fraction appears to play an important role (Weiss et al., 1982). In studies
undertaken by Weijnen et al. (1989) and by Tieleman (1989), the formation
of fixed residues of up to 50% was observed for 4-mono- and 3,4-dichloro-
phenol. These studies strongly suggest that the fixed residues do not
represent the chlorophenols themselves, but rather the products of some
microbial transformation process, perhaps the corresponding anisoles, as
was also postulated by Murthy et al (1979).

Dec and Bollag (1988), who studied the removal of chlorophenols fixed to

humus, postulate that only a 1limited fraction (up to 20%) can become
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available for other transformation processes. The remainder is mostly fixed

to "nuclear" materials.

3.3. BEHAVIOUR IN SURFACE WATER

3.3.1. Distribution

Volatilisation of chlorophenols from the water phase does hardly play a
role of significance. Of the monochlorophenols, 2-chlorophenol is the most
volatile and this has a half-life of 15 days in one meter deep water that
is being stirred (Krijgsheld and Van der Ven, 1986). Although the vapour
pressure and the solubility in water of the non-dissociated form of some
chlorophenols, in particular pentachlorophenol, would suggest the
possibility of important transports to air from the water phase, this
process 1is controlled by the dissociation in water and, therefore, is pH-
dependent. In turbulent shallow waters with pH values below 5, volatili-
sation of pentachlorophenol can play a role (Kloepffer et al., 1982).
However, in the pH range relevant for the Netherlands situation,
pentachlorophenol is highly soluble (refer to 3.1) and volatilisation
negligible in comparison with adsorption and degradation. This was
confirmed in field studies undertaken by Crossland et al. (1986).

Adsorption to suspended particles and sediment 1is of importance in
determining transport through the aquatic compartment and for removal from
the water column to sediments. The hydrophobic tendencies of chlorophenols
in the non-dissociated state increase with the level of chlorination. In
the pH range from 6.5 to 8.5, however, these differences are smaller as the
higher chlorinated phenols are easily soluble in water as phenolates. In a
neutral environment, the apparent Kow and the related adsorption constant
are almost identical for 2,4,6-trichlorophenol and pentachlorophenol. On
the basis of the pH-adjusted Kow, 2,4,6-trichlorophenol would even be
stronger adsorbed than pentachlorophenol (refer to 3.1). This is consistent
with measurements on chlorophenol 1levels levels in water (ug.l'l) and
sediment (pg.kg-l), undertaken in the Netherlands (Wegman and Van den
Broek, 1983). The ratio, which varied between 15 and 440, was equal to 43,
15 and 20 for 2,4,5-trichlorophenol, 2,4,6-trichlorophenol and pentachloro-

phenol, respectively. No tendency of higher sediment/water ratios with
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higher levels of chlorination could be detected. The adsorption of mono-
chlorophenols is negligible, as is adsorption of chlorophenols to inorganic
particles (Schellenberg et al., 1984). At naturally occurring pH levels,
the adsorption of pentachlorophenol decreases with increasing pH (Ontario
Ministry of the Environment, 1984), which corresponds with pH-dependent
hydrophobic tendencies (refer to 3.1). Schellenberg et al (1984), however,
postulate that this applies only for water with a low ionic strength (I <
0.001 M) and a pH level of not more than one unity above the pKa of the
chlorophenol concerned. For the "acid" pentachlorophenol (pKa = 4.7), this
would therefore be limited to aquatic systems with a pH < 5.7. At higher
pH levels and a higher ionic strength, as in the marine environment,
sorption of the phenolate anion associated with an inorganic cation must be
taken into account. Westall et al. (1985) have indeed been able to
demonstrate this for 2,3,4,5-tetrachlorophenol in octanol-water systems

with different ionic strengths.

3.3.2. Transformation

- Abiotic transformation

Under environmental conditions the hydrolysis of chlorophenols 1is not
probable; no data concerning rates of hydrolysis were found in the
literature.

The rate of oxidisation by photochemically formed singulet oxygen [102]
appears to be dependent upon the speciation of the compound of origin. For
the non-dissociated forms of both 2,4- dichlorophenol and 2,4,6-trichloro-

phenol a rate constant of 5 x 105 M-]'.s_1 has been reported, as compared

with 1.2 x 108 M-l.s-1 for the dissociated forms (Scully and Hoigne, 1987).

This means that at an average [102] of 4 x 10-14 M in the upper one metre
water surface layer, and a pH of 7 to 8, the half-life equals 62 hours. It
needs to be taken into consideration that the singulet oxygen level quoted
was observed during a sunny day, around noon. Since the [102] level depends
on the time of day as well as the season, and decreases sharply with water
depth (exponentially decreasing light intensity), the half-life in Dutch
surface waters will be considerably longer.

The rates of oxidisation of monochlorophenols by reacting with photo-

chemically formed hydrated electrons and hydroxyl radicals are,
respectively, 4 x 108 (Anbar and Neta, 1967) and 8 x lO9 M_l.s_1
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(Farhataziz and Ross, 1977). These processes will also take place at
considerably lower rates in Dutch surface waters. In spite of this, various
authors have mentioned that direct photochemical processes contribute most
to the removal of chlorophenols from the aquatic environment. The photo-
lytic processes of lower chlorinated phenols have been well described
(Yasuhara et al., 1977 and Boule et al., 1982). Since the light absorption
characteristics of the dissociated and non-dissociated forms of the various
chlorophenols differ greatly, the speciation of the compound of origin
will, in this case, play an important role as well. The first step in the
degradation process is the demolition of the C-Cl bond. It appears that the
position taken by the chlorine atom greatly influences the transformation
(Omura and Matsuura, 1971). For the molecular form of 2-chlorophenol the
main product 1is catechol (photolytic hydrolysis). Irradiation of the
anionic form leads to the formation of pentadiene acid, which subsequently
dimerises. Irradiation of both the molecular and the anionic forms of 3-
chlorophenol 1leads to the formation of resorcinol. The reaction of 4-
chlorophenol is less specific; the main procucts are: hydroquinone,
benzoquinone, trihydroxybenzenes and dihydroxybiphenyls.

In the case of dichlorophenols photohydrolysis preferably acts on the meta
position; the behaviour of 2,3-, 2,5-, 3,4- and 3,5-dichlorophenol is
indeed similar to that of 3-chlorophenol (Boule et al., 1984). It has
further been demonstrated that the para-position is less reactive than the
meta- and ortho-positions. The behaviour of 2,6- and 2,4-dichlorophenol is
indeed comparable to that of 2-chlorophenol. In analogy with this, the
photochemical behaviour of the various tri- and tetrachlorophenols will be
similar to that of 3-chlorophenol. The only exception to this rule is
formed by 2,4,6- trichlorophenol, which reacts in analogy with 2-chloro-
phenol: irradiation of 2,4,6-trichlorophenol 1leads to the formation of
chlorinated pentadiene acids (Tissot et al., 1985). Lastly, the irradiation
of pentachlorophenol results in tetrachlororesorcinol, tetrachlorocatechol
and tetrachlorohydroquinone as primary products. In addition, photo-
reduction occurs, leading to tetra- and trichlorophenols (Wong and Crosby,
1981). Several authors have mentioned chlorinated dibenzodioxins as
secondary products of the photolytic removal of nentachlorophenol (Crosby
et al., 1971; Crosby and Wong, 1976; Buser and Bosshart, 1976).

The rates of direct photochemical transformations taking place in Dutch

surface waters may be calculated from a combination of measured quantum
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yields of wvarious chlorophenols in the laboratory on the one hand, and
field data on photolytic removal rates of specific chlorophenols on the
other. Going from monochlorophenol to tetrachlorophenol it thus appears
that the rate of photolysis decreases (Hwang and Hodson, 1986). Lemaire et
al. (1985) measured a half-life for 2,4-dichlorophenol in the upper one
millimetre of the water column of 0.075 hours, while wunder similar
circumstances a half-life of 0.14 hours could be measured for pentachloro-
phenol. Furthermore, Crossland and Wolff (1985) determined a reaction rate
constant of 0.15-0.34 days-l on a one metre deep pool with a water quality
comparable to that found in Dutch surface waters. By dividing the reaction
rate constants presented here by the average water depth, the rate of
photolysis of pentachlorophenol in Dutch surface waters can also be
calculated. By combining these figures with the data collected by Lemaire
et al., the photolytic rates for the remaining chlorophenols  may
subsequently be derived. This produces the following estimates of half-
lives: monochlorophenols < 15 days, dichlorophenols between 7 and 15 days,
tri-, tetra- and pentachlorophenol between 12 and 28 days (refer to figure

3.7).

- Biodegradation
Much has been published on the biological removal of chlorophenols under

aerobic conditions. Reineke (1984) has produced an overview of the effect
of chlorine substitution on the degradation of aromates and the possible
mechanisms involved. The higher chlorinated phenols are generally more
resistant to degradation (Banerjee, 1987), while among the lower
chlorinated phenols the position taken on the ring appears to have some
influence: 3-chlorophenol is broken down more slowly than the other mono-
isomers and 2,4-dichlorophenol (Krijgsveld and Van der Ven, 1986). From the
results of (inter)national ring studies ("Ready biodegradability": OECD,
1981, 1988 and EEC, 1984) it follows that mono-, di- and trichlorophenols
may be considered easily biodegradable.

To satisfy the stringent demands of screening tests, lower chlorinated
phenols are supposed to degrade rapidly in sewage works and/or the
receiving surface waters and the sea. This was confirmed for 4-chlorophenol
in a simulated sewage plant (Popp, 1985), in rivers and lakes (Paris et
al., 1983), in an estuary (Hwang et al., 1986) and in sea water (De Kreuk

and Hanstveit, 1981). It followed from these studies that 2,4-, 3,4- and
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2,6-dichlorophenol, as well as 2,4,5- and 2,4,6-trichlorophenol, are
biodegradable under a variety of circumstances. In sea water, however, the
microbial breakdown of 2,4,5-trichlorophenol appeared to proceed with
difficulty (De Kreuk and Hanstveit, 1981). In summary, it may be stated
that the biological degradation by micro-organisms may determine the fate
of lower chlorinated phenols in the aquatic environment whenever other
transformation and substitution processes proceed slowly. The half-lives,
which are highly dependent on environmental factors such as temperature/
seasonal variations, pH, salinity, and the levels of dissolved organic
carbon (Shimp and Pfaender, 1985a) and humous acid (Shimp and Pfaender,
1985b), the 1levels of oxygen and, most of all, the previous exposure of
surface water to organic microcontaminants, may vary from one day to one
month. The environmental conditions are of greater importance than the
number or the position of the chlorine atoms on the benzene ring, although
in most cases a meta-substituted chlorophenol (3-chlorophenol and 2,4,5-
trichlorophenol) is more difficult to degrade than the other isomers.

No information was found in the literature on the biodegradation of
tetrachlorophenol in natural aquatic systems. This contrasts with
pentachlorophenol, for which transformation into pentachloranisole and
mineralisation have been demonstrated under a variety of field conditions
(Pignatello et al., 1986; DeLaune et al., 1983; De Kreuk and Hanstveit,
1981; Liu et al., 1981; Engelhardt et al., 1986). Extrapolation from the
lower chlorinated phenols and pentachlorophenol (Banerjee, 1987) allows for
the conclusion that tetrachlorophenols will also eventually be degraded in
surface water. The average half-life for the microbial removal of the
higher chlorinated phenols is therefore significantly longer than the
corresponding figure for the lower chlorinated phenols. For this reason,
interactions with solid particles and abiotic removal, particularly through
photolysis, are more important process determinants than biological removal

(Crossland et al., 1986; Hwang et al., 1986).



Under anaerobic conditions chlorophenols may be dechlorinated reductively
by micro-organisms. This reaction proceeds under methane-forming
conditions. It was observed for pentachlorophenol in submerged soils of
paddy fields (Ide et al., 1972). Sequential reductive dechlorination was
observed in anaerobic fermentation tanks of sewage plants, usually followed
by complete transformation into methane. An overview is provided by Tiedje
et al. (1987). Gibson and Suflita (1986) and Kohring et al. (1989) have
observed reductive dechlorination of mono-, di- and trichlorophenol in
sediments, which was followed by mineralisation. The anaerobic removal by
bacteria is usually slower than aerobic processes, and this applies to
reductive dehalogenation as well. Furthermore, this type of transformation
appears to be carried out by specialised bacteria, which implies that
adaptation times for removal may vary widely among different locations.
The indication that higher chlorinated aromates are more rapidly removed in
the anaerobic compartmeni than the lower chlorinated derivatives 1is of
importance for water/sediment systems. This tendency is indeed in contrast
with what applies in the aerobic compartment. It may therefore be expected
that in the absence of further chlorophenol emissions to the aquatic
environment, these substances will wultimately (after months-years)

disappear from the sediment (refer to figure 3.7).
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Figure 3.7. Ranges of removal rates of chlorophenols in water



3.4. BEHAVIOUR IN AIR

3.4.1. Deposition

Chlorophenols are being removed from air by both dry and wet deposition.

The deposition rate depends on the (chemical) characteristics of the

compound deposited and the mnature of the substrate (vegetation, soil,

water). In addition, the deposition rate depends on weather conditions

(atmospheric stability). An estimate of the dry deposition flux may be

obtained from the product of the deposition rate and the level of the

compound in air. Data on the deposition rates of chlorophenols are lacking.

Deposition rates of volatile organic compounds are, in general, very low.

If one assumes a deposition rate vy = 10-3 - 10_2 cm.s_1 (which is in the

order of magnitude of the deposition rate of acetone; Judeikis, 1982), then

the removal rate kd = vd/h =5x 10-3 - 5% 10-2 % per hour.

In the case of wet deposition, a distinction may be made between:

- wash-out (below cloud scavenging), a process which takes place below the
clouds, whereby volatile or particulate contaminants may be carried down
with precipitation;

- rain-out (in-cloud scavenging), a process which takes place 1inside the
clouds, whereby substances may be absorbed by cloud humidity and
subsequently removed with precipitation.

Wash-out 1is important for aerosols with a diameter of more than 1 pm and

for easily soluble gases. Less easily soluble gases such as chlorophenols

will already be present in cloud humidity at near-saturation levels, so
that little extra can be absorbed in rain drops. For chlorophenols, rain-
out will be the most important removal process.

The efficiency of wet deposition 1is dependent upon solubility and,

therefore, wupon the acidity of cloud humidity. Within the usual rainwater

PH range of 4-5, solubility is little affected by acidity. At pH levels

above 6-7 solubility increases sharply.

The annual loading of soils by wet deposition may be estimated from the

levels in precipitation and the volume of precipitation. A characteristic

removal constant kw for wet deposition may be estimated by means of the
scavenging ratio W (the ratio between levels in precipitation and air,

refer to table 3.2) and the mean rain intensity R:

kw =WR /h



where h is the height of the mixing layer.
In determining kw the annual volume of precipitation was assumed to be 750

mm and the mean mixing layer height 800 m.

*
Table 3.2. Henry constants and scavenging ratios for some chlorophenols

Compound H W W k Reference
calc. obs. w
- -1
(atm.mB.mol 1) . (% hour )
-6 4 3
2,4-DCP 1.1 x 10-6 2.2 x 104 4 x 104 0.04 (a)
2,4,5-TCP 1.3 x 10—6 1.8 x 104 1.7 x 104 0.18 (a)
2,4,6-TCP 1.3 x 10 1.8 x 10 1.7 x 105 0.18 (a)
PCP 10 1.1 (b)

* Wcalc. is determined from W RT/H, for T = 281 K, Wobs. Iis determined
from the ratio of levels measured in precipitation and air. Henry
constants are taken from the literature, though these differ slightly
from values which may be derived from table 1.2

(a) Leuenberger et al., (1985)

(b) Bruckmann et al., (1988b)

3.4.2. Transformation

The atmospheric transformation of chlorophenols takes place through the
reaction with OH-radicals, by photolysis and, to a lesser degree through

the reaction with other contaminating components such as NOZ.

- Reaction with OH°

In the reaction with an electrophilic reagent like OH, an OH substitute
increases the reactivity of the aromate ring; Cl-substitutes exert a
decreasing effect on the reactivity. In chlorophenols, the reaction with
the OH-radical proceeds considerably more slowly than in phenol (reaction
rate constant 28.3 x 10_12 cm3.s-1; Rinke and Zetzsch, 1984). The initial
step in the reaction with the OH radical is the addition of OH to the
aromate ring; further reaction products have not been identified, however.
Reaction rate constants for the OH-reaction have been determined
experimentally for only a few chlorophenols. It is known, however, that
there is a good correlation between the koH and the ionisation potential Ip
(table 3.3; Guesten et al., 1984). An estimate of the kOH has been obtained
by applying the regression formula:

log (kOH/cm3.s'1) ~ 2 - 3/2 Ip (eV)
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The ionisation potentials have been determined in accordance with the MNDO
approach (Dewar and Theil, 1977; Dewar and Rzepa, 1983). Starting from an
6 -3

average concentration of OH-radicals of 10" cm ~, the pseudo first order

transformation rate kc = kOH [OH] = 0.04 - 0.7 % per hour.

- Photolysis
In addition to the reaction with OH-radicals, transformation takes place

through photolysis (Bunce et al., 1987). The initial reaction 1is the
rupture of a C-Cl bond. The radical which is thus formed will react further
with oxygen under the formation of phenols. As the <chlorophenols absorb
only little light at wavelengths above 300 nm, photolysis by sunlight is of
minor importance. With increasing numbers of Cl substitutes the absorption
shifts towards longer wavelengths, so that the photolysis rates are
increased. For PCP the rate of photolysis is estimated to range from 1.4%
per hour in winter to 6% per hour in summer (clear weather conditions, mid-

day) (Bunce et al., 1987).

- Reaction with NO

The transformation of 2,5-dichlorophenol into 2,5-dichloro-6-nitrophenol in
air rich 1in NO (concentration about 1,000 ppm) has been reported to take
place in the laboratory (Nojima and Kanno, 1980). It 1is unknown whether
this reaction also contributes to the removal of chlorophenols from air
under atmospheric conditions. Although detailed knowledge of  the
atmospheric reaction of chlorophenols is still lacking, it may be assumed
that the degradation of chlorophenols in the atmosphere will produce HCL.
This HCl will increase the acidity of wet deposition, although its relative
contribution to total acid deposition is minimal. For the Netherlands the
Cl emissions in the form of chlorophenols amount to approx. 1 per thousand

of the total estimated HCl emission (Lightowlers and Cape, 1988).
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Table 3.3. The ionisation potentials Ip (eV) and the corresponding reaction

3 -1
rate constants kOH (cm” .s )

12
Compound I kOH(X 1077)

p
calc.(a) observ. calc. observ.

2-MCP 9.19 9.18 (b) 1.6

3-MCP 9.22 1.5

4-MCP 9.14 9.07 (b) 1.9

2,3-DCP 9.44 0.69 1.66 (c)
2,4-DCP 9.41 0.77 1.06 (c)
2,5-DCP 9.49 0.58

2,6-DCP 9.43 0.72

3,4-DCP 9.40 0.79

3,5-DCP 9.53 0.51

2,3,4-TCP 9.56 0.46

2,3,5-TCP 9.72 0.26

2,3,6-TCP 9.65 0.33

2,4,5-TCP 9.64 0.35

2,4,6-TCP 9.63 0.36

3,4,5-TCP 9.64 0.35
2,3,4,5-TeCP 9.82 0.19
2,3,4,6-TeCP 9.80 0.20
2,3,5,6-TeCP 9.87 0.16

PCP 9.96 0.12

(a) De Leeuw (1989), unpublished calculations
(b) Rosenstock et al. (1977)
(c) Witte and Zetzsch (1987), unpublished measurements

On the basis of these data the residence time of chlorophenols may be
assumed to vary from about 13 hours to at most one month. The residence
time of chlorophenols in the atmosphere is so short that transport to the
stratosphere will not take place. Any effect on stratospheric ozone may be

ruled out.



3.5. BEHAVIOUR IN BIOTA

The data in this chapter are based on those in chapter 5.

In aquatic organisms PCP is cumulated (in this case: concentrated) to a
limited extent. Bioconcentration factors (BCFs) for algae, invertebrates
and fishes, calculated on the basis of laboratory and field observations
are generally in the order of 100 to 1,000. Comparable BCFs for
representatives of different trophic levels indicate that biomagnification
of PCP (cumulation within food chains) does not play a significant role in
the aquatic environment. For a number of the remaining chlorophenols BCFs
have been reported to be in the order of 1,000 to 10,000, which suggests a
higher degree of cumulation in comparison with PCP. The data, however, are
too limited for a reliable evaluation, particularly in view of the large
variation in experimental conditions including exposure levels and duration
of testing.

On the basis of levels in soil, BCFs varying from 0.1 to 25 have been
calculated for a number of chlorophenols in soil organisms, such as
earthworms. These data suggest a certain degree of concentration from soil.
For a number of chlorophenols, BCFs in earthworms have been calculated on
the basis of levels in pore water. They were found to range from 10(0) to
1,000. These values correspond reasonably well with those known for aquatic
organisms. This similarity and the reasonable correlation found between
BCFs 1in earthworms (based on levels in pore water) and the degree of
lipophily of the chlorophenols concerned indicate that accumulation is
mainly determined by the levels in soil humidity. In a field study on
different species of invertebrates (herbivores, omnivores and carnivores)
no indications were found for a high level of biomagnification within this

taxonomic entity.



3.6. SUMMARY AND CONCLUSIONS

The mobility of chlorophenols in soil is dependent on characteristics of
the compound and those of the soil. It can vary from extremely mobile (low
pKa, high pH and low Kow) to almost immobile (high pKa, low pH and high
Kow) .

Chemical transformation in the soil does occur, but is less important than
biological transformation, aerobic or anaerobic, which produces half-lives
of between a few days to several weeks. Mono- and dichlorophenols have
shorter half-lives than higher chlorinated phenols. In groundwater
anaerobic removal of various chlorophenols also takes place, except wunder
methanogenic conditions.

Fixed residue formation, mainly through an involvement of the humus
fraction, may reach levels of 50%.

Whether a chlorophenol occurs in the water phase as a neutral hydrophobic
compound or as a soluble phenolate anion, depends on the pKa of the
chlorophenol concerned as well as the pH of its aquatic environment. In the
environmentally relevant pH range between 5 and 8, the solubility increases
sharply.

In water, the abiotic removal 1is generally of more importance than the
biotic processes. Estimates for half-lives under abiotic removal conditions
range from less than 15 days for monochlorophenols to between 7 and 15 days
for dichlorophenols and between 12 and 28 days for pentachlorophenol.
During biodegradation under aerobic conditions the higher chlorinated
phenols are generally more resistant to destruction, while the position of
chlorine on the ring appears to be of importance for the lower chlorinated
phenols group. Whenever the other transformation and exchange processes
proceed slowly, the fate of the lower chlorinated phenols is determined by
aerobic micro-organisms. Depending on environmental conditions the half-
life may vary from one day to one month. The half-lives for the higher
chlorinated phenols are significantly longer and therefore the interactions
with solid particles and abiotic removal processes, in particular photo-
lysis, are of greater importance than biological degradation.

Anaerobic degradation by bacteria is generally slower than aerobic
degradation. There are indications that under anaerobic conditions the
higher chlorinated phenols are more easily broken down than those in the

lower chlorinated range. This is contrary to the situation under aerobic



conditions. In the absence of new emissions, chlorophenols will therefore
disappear from the aquatic environment in due course (i.e. within months or
years).

Chlorophenols generally occur in the atmosphere in the gas phase. They may
be removed from air by deposition or by chemical reactions: atmospheric
transformation takes place by the reaction with OH-radicals, through
photolysis and to a lesser extent by reactions with other contaminants such
as N02. " p
The estimates for the removal rate by dry deposition is 5x10 to 5x10 7%
per hour, for wet deposition 0.04 to 1.1% per hour, for reactions with
radicals 0.04 to 0.7 % per hour and for photolysis up to 6% per hour. This

leads to residence times for chlorophenols from 13 hours to at most one

month.



4. CONCENTRATIONS, FLUXES AND EXPOSURE LEVELS

4.1. DETECTION METHODS

A vast range of analytical methods for the detection of chlorophenols in
various matrices has been described in the literature. The most common
technology for the extraction of chlorophenols from a matrix is the
liquid/liquid method. Because of the lipophilic nature of chlorophenols and
the likelihood of H dissociation, extraction is possible in two different
ways:
- extraction of the non-ionised form with an organic solvent from an acid
solution;
- extraction of the phenolate ion with an alkaline solution from an organic
phase.
In order to obtain a good extraction yield it is important to adjust and
maintain the pH accurately. In addition, chlorophenols may be extracted
from water by means of absorption with Cl8 cartridges, reversed phase
adsorption and XAD. After extraction, chlorophenols are often derivated in
order either to simplify the chromatographic analysis or to render the
chlorophenols more sensitive to detection. Both high performance liquid
chromatography and gas chromatography are being applied. Prior to the gas
chromatographic analysis, a derivation 1is often applied in the form of
alkylation or acetylation, which transforms the chlorophenols into less
polarised, more stable and volatile compounds. The most commonly used
alkylation reagents are diazomethane, pentafluorobenzyl bromide and
pentafluorobenzyl chloride. Pyrolytic alkylation was used by Butte et al.
(1983). The alkyl derivatives of chlorophenols are stable and 1lend
themselves  well for further purification during acid treatment.
Furthermore, a pentafluorobenzyl ring adds considerably to the sensitivity
of monochlorophenols. The disadvantages of alkylation are:
- relatively long reaction times;
- because several derivatives have similar retention times, problems may
arise in separation (Renberg, 1981);
- low yields for surface water samples (Buisson et al., 1984);
- the alkylation reagents may also react with other compounds, such as

carbonic acids, which reduces selectivity.



The use of acetic acid anhydride for the acetylation of chlorophenols is a
simple reaction which 1is carried out in the aquatic phase, followed by
extraction of the derivative formed with an organic solvent. In general, a
capillary column and an electron trap detector are used. As compared with
alkylation, acetylation is characterised by short reaction times and high
yields, while the reagents react with carbonic acids. Combining an
extraction at low pH levels with re-extraction in an alkaline solution,
followed by acetylation with acetic acid anhydride and the extraction of
the derivatives formed, produces a high degree of selectivity.

Although a flame ionisation detector has been applied by Couts et al.
(1979) and by Goldberg and Weiner (1980), this method is considerably less
sensitive for chlorophenols. Mass spectrometry (GC/MS; Korhonen and
Knuutinen, 1983) and infrared spectrometry with Fourier transformation
(GC/FTIR; Malissa et al., 1985) are more specialised and expensive on the
one hand, but do produce more information on the identity of the various
components than for instance GC-ECD, on the other. In cases of doubt
concerning the identity of certain components, GC-ECD is often used. Lee et
al. (1984), who compared different capillary columns, obtained the best
results with an apolar column, such as OV-101. With HPLC, both reversed
phase (RPLC) and normal phase (NPLC) are used. In RPLC, 5 um Hypersil ODS
is used as column material and methanol-0.01 M phosphoric acid (80:20) as
an eluant. When UV detection 1is wused (wavelengths 220 -230 nm) the
detection limit is around 0.5 ng. The selectivity, however, is 1low since
many compounds exhibit absorption in this wavelength range. Because of its
lower selectivity, amperometric detection is less suitable. Ruiter et al.
(1988 a and b) applied an HPLC method to aqueous samples, breaking the
dansyl derivatives down photochemically (UV), after separation on an HPLC

column, into dansyl-OH and dansyl-OCH (post column). The resulting

compounds are detected with a fluorezcence detector. Because the
degradation product is more sensitive than the derivative (by a factor
8,000), a detection limit of approx. 200 pg is feasible.

In the NPLC method, CP Spher Silica is used as column material and hexane-
toluene acetin as an eluant. In comparison with the RPLC-UV method, the
selectivity 1is somewhat higher, but the sensitivity is a factor 5 lower.

Table 4.1 provides an overview of the most widely wused methods for

different matrices.



Table 4.1. Analytical methods and detection limits for chlorophenols in soil, water and air, with the
estimated costs (in guilders, baseline index 1988) per analysis

Sample treatment Purification/ Detection Recovery Sample Detection Ref. Costs
derivation method size limits Dfl.
Soil/sediment
Acidification, lig.-ligq. extr. with  GC-ECD 75-85% 10-15 g 30-0.5 ug/kg 1 350
toluene extraction alkaline K-carbonate
der.: acetic acid anh.
extr.: hexane
Acidification, lig.-lig. extr. with  GC-ECD 80-90% 10 g 50-1 ug/kg 2 350
hexane extraction alkaline K-carbonate
30 min. ultrasonic der.: acetic acid anh.
treatment extr.: hexane
0.1 M NaC03-sol. der.: acetic anh. GC-ECD 77-99% 19 0.1 ug/kg 16 200
extr.: hexane
Water
Acidification, lig.-lig. extr. with  GC-ECD 82-92% Tt 300-5 ng/L 3 350
toluene extraction alkaline K-carbonate
der.: acetic acid anh.
extr.: hexane
Filtration, der.: dansyl-Cl LC-fluores. - - 200 pg (abs.) 4 200
acidification, toluene extraction (500 nm)
adsorp.: PRP-1 post column UV
desorp.: methanot
Add. Borax sol. der.: acetic acid anh. GC-ECD 76-92% 1-2 ml 500-10 ug/t 5 175
extr.: hexane
ir )
Passive sampling, Extr. hexane ECD dependent on 0.5 ug/m 6 350
filter with or petroleum ether air velocity
paraffin der.: diazomethane over filter 3 3
Active sampling acidification to pH HPLC-UV - 0.5m 50 ng/m 7 350
impinger 1.5, extr.: benzene
potassium carbonate
Active sampling desorpt.: diethyl GC-FID 80-95% 8,9 350
XAD-2 ether GC-ECD TCP, TeCP 5-10 L
der.: acetic acid anh. PCP
Active sampling extr.: 5% diethyl GC-ECD 70-100% 3 10,11, 350
PUF (HVS/LVS) ether in hexane GC-MS PCP 5.4 m 12
Serum
Acidification der.: dansyl-Cl LC-fluores. - 200 ul 200 pg (abs.) 13 200
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Table 4.1. continued:

Sample treatment Purification/ Detection Recovery Sample Detection Ref. Costs
derivation method size limits DflL.
ads.: PRP-1 extr.: toluene (500 nm)

desorp.: methanol post column UV

Acidification, lig.-liq. extr. with  GC-ECD - 1-2 ml 300-5 ug/l 15 350
toluene extraction alkaline K-carbonate

der.: acetic acid anh.

extr.: hexane

Domestic waste (wood, plastics, rubber/leather, paper, textiles, carpets)

Drying and grinding liq.-liq. extr. with  GC-ECD 65-86% 1g 200-10 ug/kg 16 350
of sample, alkaline K-carbonate

add acidified der.: acetic acid anh.

water, toluene extr.: hexane

extraction

1. Wegman en Van den Broek (1983), 2. Humppi (1984), 3. Wegman en Hofstee (1979),4. Ruiter et al.
(1988a), 5. Xie (1984), 6. Zimmerli en Zimmermann (1979), 7. Woiwode et al. (1980), 8. Anderson et
al. (1981), 9. Anderson et al. (1984), 10. Lewis en MaclLeod (1977), 11. Lewis et al. (1987), 12.
Lewis et al. (1977), 13. Ruiter et al. (1988b), 14. Wegman et al. (1985), 15. Janssens et al. (1988)

4.1.1. Soil and sediment

Wegman and Van den Broek (1983) analysed sediment samples by acidification
followed by extraction with an organic solvent, and re-extraction of the
chlorophenols, in the form of chlorophenolate ions, with an alkaline
solution. Acetylation was carried out in an alkaline solution, while the
derivatives were extracted with an organic solvent. The last-mentioned
extraction is needed to reduce disturbances from acid- and neutral-reactive
lipophilic compounds (recoveries: 77-85%).

Humppi (1984) used more or less the same method, but utilised hexane
instead of toluene and placed the material in an ultrasonic generator for
30 minutes (recoveries: 80-90%).

Xie (1984) wused a three-phase extraction method on soil samples. The
chlorophenols were first extracted with an alkaline solution, subsequently
acetylated with acetic acid anhydride, immediately followed by extraction

in the organic phase (recoveries: 76-92%).
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4.1.2. Surface water and groundwater

For the gas chromatographic method of Wegman and Xie, acidified water (pH =
4) was used, instead of soil.

Ruiter (1988) applied an HPLC method to aqueous samples, breaking down the
dansyl derivatives photochemically, after separation on the HPLC column,
into dansyl-OH and dansyl-OCH3(post column). The resulting compounds were
measured by means of a fluorescence detector. Since the degradation product
is much more sensitive than the derivative (a factor 8,000), a detection
limit can be achieved of about 200 pg.

Several installations which produce drinking water from surface water

perform analyses by means of GC-MS methods (Wegman et al., 1983).
4.1.3. Air

Analytical methods and sampling techniques for chlorophenols in air have
been mainly developed for pentachlorophenol. Passive (Zimmerli  and
Zimmermann, 1979) as well as active sampling systems are being applied.
Solutions (potassium carbonate; Woiwode et al., 1980) and the solid
adsorbents XAD-2 (Anderson et al., 1981, 1984) and PUF (Lewis and MacLeod,
1977; Lewis et al., 1977, 1987) are all wused as adsorbents for active
sampling. Detection 1limits are possible from 1 to 50 ng.m-3, depending of

the sample volume (0.5-5.3 m3).

4.2. BACKGROUND LEVELS

Indications for the existence of natural sources of chlorophenols are
extremely limited (Anchel, 1952; Arsenault, 1976). As reported by Eder and
Weber (1980), the production of 2,4-dichlorophenol may occur in marine
sediments. This means that practically all levels measured may be
attributed to anthropogenic emissions. At great distances from sources 0.25

- 0.93 1'1g.m_3 has been observed in air (in Bolivia)(WHO, 1987).
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4.3. OCCURRENCE IN SOIL AND GROUNDWATER

4.3.1. QOccurrence in soil

In the Netherlands, Edelman (1984) has examined soil samples from nature
reserves for levels of 2-chlorophenol, 2,4-dichlorophenol, 2,4,6-trichloro-
phenol and pentachlorophenol (table 4.2). The locations found to exhibit
the highest 1levels were in Wormer- and Jisperveld (peaty clay; 2,4-
dichlorophenol), Harense Wildernis (peat; 2,4,6-trichlorophenol) and

Berkenwoude (peaty clay; pentachlorophenol).

Table 4.2. Frequency table of levels of chlorophenols (ug/kg) in 96 samples
of the top soil (0-10 cm) obtained from 38 nature reserves
(Edelman, 1984)

Compound <1 1-5 5-10 10-15 15-20
2-MCP 96 0 0 0 0
2,4-DCP 84 8 2 1 1
2,4,6-TCP 88 8 0 0 0
PCP 91 5 0 0 0

No measurement data are known to exist from contaminated land near wood
treatment plants or textile mills. Data do exist, however, on levels in the
vicinity of mushroom farms (Bommelerwaard). The levels of individual
chlorophenols in soils generally do not exceed 5 ug.kg-l. A PCP 1level of
6.9 pg.l-l was found in groundwater near a waste water soak-away pit. Near
a loaded waterway, the level was 0.68 ug.l_l. At a distance of 1 km from

the source the level in phreatic groundwater was 0.08 pg.l_1

4.3.2. Occurrence in groundwater

Samples of shore infiltration water intended for the production of drinking
water were examined by Goewie et al. (1986)(table 4.3),

The National Groundwater Quality Monitoring Network of the RIVM has only
been utilised for the analysis of chlorophenols in the autumn of 1986.
Sampling took place in a selection of 18 pits, distributed over 10
provinces. The sampling depth was 10 m below ground level. The levels in

the samples investigated were all below the detection limits (table 4.4).
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Table 4.3. Chlorophenols (ug/l; maximum concentrations) in groundwater,
originating from shore infiltration water intended for drinking
water production, along the big rivers (Goewie et al., 1986)

Compound Sampling site
Remmerden Zwijndrecht  Hardinxveld Opperduit

2-MCP 0.09 - 0.05 0.12
2,3-DCP - 0.01 - 0.05
2,4-DCP en/of 2,5-DCP 0.01 - - 0.02
2,6-DCP 0.01 - 0.01 0.06
3,5-DCP - - 0.03
2,3,5-TCP - - - 0.02
2,4,5-TCP 0.01 - - 0.01
2,3,4,5-TeCP - - - 0.01
2,3,4,6-TeCP 0.01 - - 0.01
2,3,5,6-TeCP 0.01 - - 0.01
pPcP 0.04 - - 0.04

- = not detectable, the detection limit is 0.01 ug/1

Table 4.4. Detection limits of chlorophenols measured in the context of the
National Groundwater Quality Network

Component analysed Detection limit (pg/l)
2-MCP; 2,4-DCP 0.50
2,4,6-TCP; 2,4,5-TCP 0.30
2,3,4,6-TeCP; 2,3,4,5-TeCP 0.20
pPcP 0.04

4.4. OCCURBRENCE IN SURFACE WATER AND SEDIMENT

4.4.1. State water bodies

The Department of Public Works has, in various places, measured those
chlorophenols of which high levels might be expected to occur in the water
phase, on the grounds of either their emissions or their applications:
2,4,5- and 2,4,6-trichlorophenol and pentachlorophenol. For these three
derivatives the maximum levels found and the annual average levels are
presented in table 4.5. In addition, the annual average levels of penta-

chlorophenol, as measured at the Lobith site, are presented in figure 4.1.
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Figure 4.1. Annual average levels of pentachlorophenol in Rhine water, as
detected at Lobith (in ug/l)

The strong reduction in the annual average levels of each of the chloro-
phenols measured shows very clearly. At all measuring sites the annual
average levels have fallen from a level of 0.30 ug.l-l for 2,4,5-trichloro-
phenol (1979), 0.24 ;Lg.l-1 for 2,4,6-trichlorophenol (1978) and 0.64 yg.l-l
for pentachlorophenol (1978) to levels of 0.01-0.03 pg.l-l in 1985. At this
level, the average levels have evidently become stabilised. For 2,4,5-tri-
chlorophenol, current levels at different sites are no longer detectable.
In addition, the cooperative Rhine and Meuse water works (RIWA, 1988) have
determined levels of all chlorophenols in the following surface waters in
the period 1985 - 1988: Meuse (Keizersveer), Lek (Hagestein) and Ijssel
Lake (Andijk). At all these locations annual averages for pentachlorophenol
ranged from 0.01-0.03 ug.l-l. Levels for the remaining chlorophenols were
all below the detection limits (2 pg.l-l for the monochlorophenols and
0.01-0.05 pg.1 ' for the others.
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Table 4.5. Overview of the occurrence of chlorophenols in Dutch surface
waters. The maximum values are presented in addition to annual

average values (in pg/l)(source: RWS)

Lobith Eysden Schaar v. KM 2 NW 37
Oude Doel
max. av. max. av. max. av. max. av. max. av.

2,4.5,-trichloorfenol

1978 0.47 0.19

1979 0.88 0.30 0.10 0.06

1980 2.50 0.30

1981 0.07 0.01

1982 0.05 0.02

1983 0.01 <0.01

1984 0.01 0.01

1985 0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01
1986 0.03 0.01 <0.01 <0.01 0.02 0.01 0.05 0.01
1987 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1988 0.06 0.01 <0.01 <0.01 0.02 <0.01 0.04 0.01
2.4,6-trichloorfenol

1978 0.85 0.24

1979 1.10 0.23 0.04 0.02

1980 1.20 0.18 0.02 0.02

1981

1982 0.15 0.07 0.03 0.01 0.19 0.08 0.29 0.10 0.10 0.05
1983

1984

1985 0.13 0.05 0.04 0.01 0.08 0.04 0.05 0.04 0.07 0.03
1986 0.14 0.05 0.01 0.00 0.07 0.03 0.07 0.03 0.08 0.04
1987 0.07 0.02 <0.01 <0.01 0.04 0.02 0.10 0.02 0.03 0.01
1988 0.03 0.01 <0.01 <0.01 0.04 0.02 0.03 0.01 0.03 0.01
Pentachloorfenol

1978 0.64

1979 0.45

1980 0.82 0.39

1981 0.38 0.13

1982 0.20 0.08 0.10 0.03 0.09 0.05 0.03 0.01 0.07 0.04
1983 0.15 0.07 0.16 0.05 0.19 0.10 0.05 0.03 0.13 0.05
1984 0.13 0.05 0.08 0.06 0.16 0.08 0.05 0.03 0.12 0.05
1985 0.06 0.03 0.06 0.03 0.16 0.06 0.05 0.02 0.07 0.03
1986 0.07 0.03 0.04 0.02 0.24 0.06 0.03 0.01 0.04 0.02
1987 0.09 0.02 0.05 0.01 0.11 0.03 0.09 0.02 0.09 0.02
1988 0.04 0.03 0.07 0.02 0.25 0.07 0.08 0.03 0.04 0.02
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4.4.2. Non-State water bodies

For a number of years, a measuring programme was implemented which was

directed at the detection of pesticides and their metabolites in the

smaller surface waters in agricultural areas in the Netherlands. Levels of
all chlorophenols were measured as part of this programme in 1982 - 1984
1983, 1985, 1986; Greve et al., 1986; Canton et al.,1987).

Table 4.6 presents the maximum values and the maximum median values

(Wammes et al.,
found
at any one site, as determined in 1982 - 1984. In particular 2,4- and 2,5-
dichlorophenol, 2,4, ,5-trichlorophenol and pentachlorophenol were detected

frequently and up to high levels,

Table 4.6. Overview of the occurrence of chlorophenols in Dutch surface
waters. Maximum values found, as well as maximum median values

detected at any one sampling site, are presented (in

pg/l) (Canton et al., 1987)
Compound 1982 1983 1984

max med max med max med

2-MCP 1.3 0.3
3-MCP 1.1 0.4
4-MCP 1.7 1.5
2,3-DCP 0.47 0.04 0.11
2,4- and 2,5-DCP 0.95 .10 0.54 0.42 1.4 0.18
2,6-DCP 0.47 0.04 0.17 0.01
3,4-DCP 0.39 0.29 0.11 0.20
3,5-DCP 0.25 0.02 1.8 0.03
2,3,4-TCP 0.05 0.02 0.20
2,3,5-TcP 2.0 .02 0.08 0.02 0.29 0.01
2,3,6-TCP 0.31 0.08 0.02 0.17
2,4,5-TCP 29 .10 5.0 0.35 1.1 0.03
2,4,6-TCP 1.3 .06 0.31 0.06 1.3 0.04
3,4,5-TCP 0.01
2,3,4,5-TeCP 0.25 0.05
2,3,4,6-TeCP 1.6 .06 0.08 0.05 0.19 0.01
2,3,5,6-TeCP 0.06 .01 0.08 0.04 0.18 0.05
PCP 1.7 .04 0.08 0.04 0.86 0.04

In surface

range from < 0.01-0.05 yg.l'l

mushroom farms.

water

, an increase related to the

use

in the Bommelerwaard the individual chlorophenol levels

of PCP
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4.4.3. Sediment

Maximum and median levels determined between March 1979 and March 1980 in
sediment samples taken from Lake Ketel, are presented in table 4.7.

Some sediment samples originating from the Wester Scheldt, the Meuse
(Lith), the Gent-Terneuzen Canal, the Spui and a North Sea dumping site for
contaminated sludge from the Rotterdam harbour, appeared to hardly contain
any chlorophenols. The concentrations found in  sediment from  the
Haringvliet are comparable with those found in Lake Ketel sediment. The
highest levels were found in sediment originating from the Nieuwe Maas in
Rotterdam and from the Scheur river between Rotterdam and Vlaardingen
(table 4.8). Wammes et al. (1983) found chlorophenols in sludge samples
from the Anna Palowna polder (table 4.8).

Starting from the levels determined in water and applying the water-
sediment concentration ratios determined by Wegman and Van de Broek (1983),
it is possible to calculate a series of values for 1levels in sediment
(table 4.8). The trend which appears from a comparison of median and
calculated levels in sediment, suggests a considerable decrease of
chlorophenol levels in sediment in the next few years.

Soil sludge in the Bommelerwaard is contaminated as a consequence of the
use of PCP in mushroom farms. Levels found are 0.6-0.006 ug.kg-l, with a

sharp decline over a short distance away from the source.
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Tabel 4.7. Overview of chlorophenols present in sediment from Lake Ketel.
Maximum and median values (in pg/kg, on the basis of dry weight)
are given, as well as the frequencies (%) in which the various

derivatives were found (1979-1980)(Wegman and Van de Broek,
1983)

Compound Concentrations measured

Frequency Maximum Median
2-MCP 0 -
3-McP 6 43 -
4-MCP 0 - -
2,3-DCP 41 2.2 1.9
2,4-DCP 82 10 4.4
2,5-DCP 100 11 6.3
2,6-DCP 70 31 1.8
3,4-DCP 94 49 9.8
3,5-DCP 94 12 6.6
2,3,4-TCP 18 0.8 0.7
2,3,5-TcP 100 11 2.4
2,3,6-TCP 0 - -
2,4,5-TCP 100 15 6.4
2,4,6-TCP 94 3.7 1.9
3,4,5-TCP 82 19 1.2
2,3,4,5-TeCP 100 8.9 0.9
2,3,4,6-TeCP 100 4.9 1.7
2,3,5,6-TeCP 94 2.8 1.4
pcP 100 34 8.4

Table 4.8. Sediment levels (ug/kg) measured and calculated

Anna Palowna Polder
(measured) (calculated)

Compound Nieuwe Maas/

Scheur (measured)

2,4-DCP 4

2,5-DCP 8

2,6-DCP 0.6 0.2
3,4-DCP 70

3,5-DCP 20 430

2,4,5-TCP 3 17 0.4
2,4,6-TCP 6 0.3
3,4,5-TCP 7

2,3,4,6-TeCP 4 1.6 0.2
PCP 7 0.02 0.6
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4.5. OCCURRENCE IN AIR

- Indoor_air

Concentrations at the work place

In the Netherlands, TNO (Geuskens and Nossent, 1988) has recently
investigated the PCP problem at the request of the Directorate General of
Labour. The number of professionally exposed people and the exposure levels
have decreased considerably in recent years, and a further decrease is
being expected. This is caused by the termination of production, the almost
complete termination of formulation, the limitation in the range of
applications and in the use of PCP. It needs to be pointed out, however,
that past PCP usage for wood conservation purposes may make itself felt for
a long time, the degree to which this will happen is unknown. Due to lack

of data no quantitative statements can be made on exposure levels.

Concentrations outside the work place

A number of cases of elevated indoor PCP levels have been reported. One
case concerned a house in Rijswijk (1981), where the PCP levels were about
a thousand times higher than in the house next door as a result of soil
contamination. All other cases were related to houses made with wood,
treated with preservatives on the basis of PCP.

Five months after the treatment of wooden boards in a cellar, the average
levels of tetrachlorophenol and pentachlorophenol determined in this room
were 1 and 2 pg.m-3, respectively. In another situation about 1 ug.m_3 was
found in a bedroom three years after the treatment of wood (Zimmerli and
Zimmerman, 1979). In an indoor public swimming pool, an average
concentration of 0.4 ;Lg.m-3 PCP was determined 7-8 years after treatment of
the wood (Gebefuegi et al., 1983). Sangster et al. (1982) mention PCP
levels in Dutch homes, varying from 0.14 to 1.2 pg.m-3. In some twenty
houses where PCP had been used to control fungus growth, the levels of PCP
found varied from 2 to 70 ug.m-3 (Cornet, 1983). Comparable levels have
been reported from various types of buildings in the USA (Sauer et al.,
1982).

No information was found on PCP levels in houses resulting from the
volatilisation of PCP from parquet floors, or as a consequence of the wuse

of waste wood in open fires and stoves.
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Concerning volatilisation of PCP from parquet floors, it is estimated that
this may lead to a maximum concentration of 5 ug.m-3 in indoor air. This
level may be maintained for several decades until all the PCP has
volatilised (Mensink et al., 1988). In this connection it needs to be
pointed out that volatilisation increases rapidly with rising temperatures:
a factor 3 to 4 1in the temperature range from 20-30 °c (Ingram et al.,
1986). The fact that the use of PCP for wood conservation was banned in the
Netherlands as from 1 January 1990 does not mean that all the wood used in
the Netherlands will be free from PCP; much PCP-containing wood is
imported, in particular oak parquet from France.

The use of PCP-containing wood as firewood may be assumed to be limited.
Notwithstanding this, the fact remains that wood used for various purposes
(for instance pallet wood) may contain high levels of PCP (up to several
grammes per kg, Mensink et al., 1988). It cannot be ruled out that the
burning of such contaminated wood leads to the formation of polychloro-
dibenzo-p-dioxins (PCDDs) and polychlorodibenzofuranes (PCDFs), which can
subsequently reach the indoor enviromment. Various studies (Jansson et al.,
1978; Rappe et al., 1978; Olie et al., 1983) suggest that incomplete
combustion in particular may lead to elevated levels of PCDDs and PCDFs.
Quantification 1is, however, not quite possible, because of the dependence
on levels of PCP and other, related, contaminants in the materials burned,

the combustion temperature and the oxygen levels.

- OQutdoor air

Hardly any data exist on chlorophenol 1levels in outdoor air in the
Netherlands. Indicative measurements of PCP in outdoor air near houses in
the Hague, treated for fungus, resulted in levels varying from 0.1 to 1.5
ug.m-3 (Cornet, 1983). In urban areas the levels are generally lower (table
4.9). Data relating to levels near sources (wood conservation and waste

incineration) are lacking.
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Table 4.9. Chlorophenol levels in outdoor air (pg.m-3)

Compound Locality Concentration Reference

2,3,4-TCP Hamburg < 0.0002 (ann. aver.) Bruckmann et al.,1988
2,3,5-TCcP Hamburg < 0.0002 (ann. aver.) Bruckmann et al.,1988
2,3,6-TCP Hamburg < 0.0002 (ann. aver.) Bruckmann et al.,1988
2,4,5-TCP Hamburg < 0.0002 (ann. aver.) Bruckmann et al., 1988
2,4,6-TCP Hamburg 0.0005 (ann. aver.) Bruckmann et al., 1988
3,4,5-TCP Hamburg 0.0002 (ann. aver.) Bruckmann et al., 1988
2,3,4,5-TeCP Hamburg 0.0002 (ann. aver.) Bruckmann et al., 1988
2,3,4,6-TeCP Hamburg < 0.0002 (ann. aver.) Bruckmann et al.,1988
2,3,5,6-TeCP Hamburg < 0.0002 (ann. aver.) Bruckmann et al.,1988
PCP Hamburg 0.0007 (ann. aver.) Bruckmann et al.,1988
PCP Antwerp 0.0057 - 0.0078 Cautreels et al., 1977
PCP La Paz (Bolivia) 0.00025 - 0.00093 Cautreels et al.,1977
PCP Rheinfelden 0.000091 - 0.00017 BUB, 1983

PCP Tdnikon 0.00021 BUB, 1983

No data are available on levels in rain water in the Netherlands. On the
basis of data given by Leuenberger et al. (1985), the levels of individual
chlorophenols might be estimated at roughly 1 ng.lnl. This, however,
appears to be an underestimate: based on an assumed level of 2.5 ng.m-3 in
air, and a scavenging ratio of 105 (table 3.2), the 1level would be 250
ng.m-3. A higher value would also be derived on the basis of model

calculations in 4.7 (approx. 300 ng.l-l).

4.6. OCCUBRRENCE IN FOOD AND DRINKING WATER
4.6.1. Food

The RIVM (1987) investigated pentachlorophenol levels in two series of
duplicate 24 hours diets in 1984 and 1985. Levels were found to range from
1.0 to 8.7 ug.kg-l, and intakes from 1.8 to 20.4 pg per person per day
(median: 4.0 pg).

A total diet study was undertaken in 1984-1986 by CIVO-TNO (De Vos et al.,
1987). In this study, the following phenols were determined in foodstuff
categories which, together, formed the daily diet of 18 years' old males:
2,4- and 2,6-dichlorophenol, 2,4,5-and 2,4,6-trichlorophenol, 2,3,4,5- and
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2,3,4,6-tetrachlorophenol, and pentachlorophenol. Only 2,3,4,6-tetrachloro-
phenol and pentachlorophenol could be detected. The intakes of these
compounds were respectively 0.05 and 1.2 ug per person per day. Tetra-
chlorophenol was found in only two samples. These were in the fish and meat
category. Pentachlorophenol was detected more frequently, in particular in
meat, but also in other food categories.

These values are in agreement with those found for pentachlorophenol in the
USA (EPA, 1978: on average 1.5, and Gorchev and Jelinek, 1985: on average
3.6 pg per person per day). The levels of organochlorines in canned
babyfoods were below the detection 1limits (Government Public Health
Inspectorate, 1987). Strikingly high levels were found in pig liver; in
1987 the RIVM determined an average of 0.12 mg PCP per kg (20 samples). An
investigation by the Government Inspectorate of Produce confirmed these
findings. The origin of this contamination is unknown. Neither is the
origin known of 2,4-dichlorophenol found in mothers’ milk (Staarink, pers.

comm. ) .

4.6.2. Drinking water

Chlorophenols may create problems with taste and smell in drinking water.
The threshold values for taste are very low for the lower chlorinated
chlorophenols (reference table 1.7). The contamination of drinking water
with chlorophenols is mostly the result of the reaction between phenols and
chlorine during treatment. In the 1950s and 1960s this has created serious
problems in respect of drinking water quality (Morris, 1975; Burtschill et
al., 1959). In addition, chlorophenols may be formed during disinfection
with chlorine (Bull, 1986). In the Netherlands, surface water contamination
with chlorophenols has been much reduced, and chlorine is being used at low
concentrations (approx. 0.5 mg.l-l) by some treatment plants only. The
contribution resulting from the use of chlorine in drinking water will
therefore be low, and might even decrease further in future.

In purified drinking water, chlorophenols are seldom detected in
concentrations above detection limits (reference 4.1). Only once, 2,3,4,5-
tetrachlorophenol was detected at 0.03 ug.l-l, bringing the annual average
level up to the analytical detection limit of 0.02 pg.l-l. In particular
for monochlorophenol, the analytical threshold lies well above the taste
threshold. Although certain chlorophenols are being detected in raw surface

water intended for the production of drinking water, these substances are
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no longer detected after purification, including dune infiltration (Dune
Water Works of the Hague, 1987; Municipal Water Works of Amsterdam, 1988,
1989; Municipal Water Works of Groningen, 1988, 1989). Substances such as
chlorophenols, which are known to cause taste and smell problems, are

effectively removed by filtration with activated carbon.

4.7. FLUXES IN THE ENVIRONMENT

The calculation of fluxes in the Dutch environment has been carried out for
pentachlorophenol, as this is the only chlorophenol isomer for which a
sufficient set of data are available. For the purpose of calculating the
fluxes for pentachlorophenol, the multi-compartmental box model Simplesal
(Van der Meent, 1989) was used, which is based on the fugacity model of
Mackay (1985). The fluxes have been related to a severely simplified model
of the environment in the Netherlands. In this model, air, surface water
and soils are always treated as one system with an ideal composition. The
following values, which are considered specific for the Netherlands

situation, have been used as model parameters:

total surface area : 45,750 km2 (88% soil, 12% water)
height air column : 1,000 m

height water column : 2.5 m

height soil column : 15 cm

height sediment column : 3 cm

organic carbon content sediment : 5 %

organic carbon content soil : 2 %

residence time air : 0.825 days

residence time water : 50 days

Values mentioned in chapters 1-4 have been used for the derivation of
compound-specific parameters and the average pentachlorophenol levels in

the various environmental compartments:
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- Soil:
An average removal rate in soil of 0.035 day-l was used (reference 3.3). In

addition, the total emission was assumed to be 6.0 tonnes per year

(reference table 2.9).

- Water:

The total emission was assumed to be 4.0 tonnes per year (reference 2.2),
the level of PCP of water entering the country 27 ng.l-l (reference 4.4),
and the annual average removal rate 0.0375 day_1 (reference 3.3). For the
sedimentation rate a value of 10 mm.year-1 was used, while the resuspension

-1 .
rate was set at 9.8 mm.year = at the same time.

- Air:

A total emission of 50 tonnes per year was assumed (reference 2.2), as well
as a PCP level in air entering the country of 0.7 ng.m_3 (reference 4.5)
and an atmospheric transformation rate of 1 month_l (reference 3.4).

For the remaining parameters reference is made to MacKay (1985).

The levels calculated for the various environmental compartments are
presented in table 4.10, while the various compartmental and inter-

compartmental flows are given in figure 4.2.

Table 4.10. Overview of the calculated levels of pentachlorophenol in the
various environmental compartments

Compartment Level

: -1
Soil 140 ng.kgl
Water 29 ng.1_3
Air 2.5 ng.m -1
Sediment 0.6 yg.kg_l
Suspended material 0.9 ug.kg
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Figure 4.2. PCP fluxes in the Netherlands (in tonnes per year)

It follows from figure 4.2 that the sum of emissions and imports (77 tonnes
per year) equals the sum of degradation and exports, so that no accumu-
lation occurs in soils and sediments. Of the total emissions in the
Netherlands (60 tonnes annually), some 30% are removed within the
Netherlands while the remaining 70% is exported to other countries. The
total degradation amounts to 23 tonnes per year, of which the major part
(70%) takes place in soil, followed by water (24%) and air (6%). The water/
sediment exchange is only 30 kg per year and there is no net transport to

sediment.

4.8. EXPOSURE LEVELS

On the basis of PCP levels determined in air, food and drinking water, the
daily human intake levels through each of the exposure routes mentioned can
be estimated. For the remaining chlorophenols, too little is known to
arrive at similar exposure rates. On the other hand, it is justifiable to
assume that exposures to the other chlorophenols are less than those for

PCP, taking into account how much is used and how much is found in food.
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For the exposure to PCP in indoor air, an average level of 0.0007 ug.m-3 is
assumed, with a maximum of 5 pg.m-3 in houses made with wood (parquet)
treated with wood preservatives. It is assumed that houses recently treated
with PCP (1-70 ug.m-3) to control fungus growth are not immediately
inhabited. For outdoor air an average concentration of 0.0007 ug.m-3 is
assumed, with a maximum of 1.5 ug.m-3 near houses treated for wood fungus.
A respiratory debit of 12 m3 is assumed, composed of 9 m3 indoor air and 3
m3 outdoor air. Exposure through food is set at an average of 1.8-4 and a
maximum of 20 ug per day. No exposure is assumed to occur through drinking
water.

On the basis of the above-mentioned assumptions, the average and maximum
exposures to PCP are respectively < 4 and 65 pg per day. In view of the
uncertainties about levels occurring in air, the maximum exposure level

given needs to be considered as an indication only.

4.9. SUMMARY AND CONCLUSIORS

The detection 1limits of available analytical methods are not always
sufficiently low (soil and groundwater, surface water) to test present-day
chlorophenol pollution against current guidelines. On the other hand, the
analytical limits for the lower chlorinated phenols are far above taste and
odour thresholds.

As there are only few indications that natural sources of chlorophenols
exist, background levels are practically equal to zero. The average and
maximum levels in the various environmental compartments are summarised in
table 4.11.

The levels found in soil relate to a study in nature reserves, reported on
in 1984; no measuring data are known from agricultural land or possibly
contaminated industrial areas.

The median and maximum values in surface water are based exclusively on
measurements in non-state water bodies carried out in 1984. In the Rhine,
Meuse, Wester Scheldt, North Sea Canal and New Waterway, the annual average
concentrations of 2,4,5-TCP, 2,4,6-TCP and PCP have dropped by a factor of
10 to 60 to levels of < 0.01-0.07 ug.l-1 in the period 1979-1988. Data on
sediment are mostly based onrather dated observations from Lake Ketel

(period 1979-1980). Sediment samples from Wester Scheldt, Meuse, the Gent -
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Terneuzen Canal, the Spui and a dumping site for contaminated Rotterdam

harbour sludge in the North Sea, hardly contain any chlorophenols.

Table 4.11. Average (and maximum) values of concentrations measured in respective environmental

compartments
Compound Soil Ground- Surface Sediment Outdoor
water water air
(ug/kg) Cug/l) Cug/l) (ug/kg) (ug/m )
2-MCP <1 (<H* <0.01 (0.12) <0.01 (0.3
3-MCP <0.01 (0.4) - (43)
4-MCP <0.01 (1.5)
2,3-DCP <0.01 ¢0.05) <0.01 ¢0.1) 1.9 (2.2)*
2,4-DCP <1 (20)* <0.01 (0.02) 0.2 (1.4)y** 4.6 (10) *
2,5-DCP <0.01 (0.02) 0.2 (1.4)** 6.3 (11) *
2,6-DCP <0.01 (0.06) 0.01 (0.17)* 1.8 (31 *
3,4-DCP 0.1 (0.20)* 9.8 (70) *
3,5-DCP <0.01 (0.03) 0.03 (1.8) * 6.6 (430)*
2,3,4-TCP <0.01 (0.20) 0.7 (0.8)* 0.0002 ***
2,3,5-TCP <0.01 (0.02) 0.01 (0.29) 2.4 (1) * <0.0002 ***
2,3,6-TCP <0.01 €0.17) <0.0002 ***
2,4,5-TCP <0.01 (0.01) <0.01 ¢(1.1) 6.4 (17) * <0.0002 ***
2,4,6-TCP <1 (5)* 0.01 (1.3) 1.9 ¢ 6) * 0.0005 ***
3,4,5-TCP <0.01 (0.01) 1.2 (19) * 0.0002 ***
2,3,4,5-TeCP <0.01 (0.01) <0.01 (0.05) 0.9 (8.9 0.0002 ***
2,3,4,6-TeCP <0.01 (0.01) <0.01 (0.19)* 1.7 (4.9* <0.0002 ***
2,3,5,6-TeCP <0.01 ¢0.01) 0.05 ¢0.18) 1.4 (2.8)* <0.0002 ***
PCP <1 (5)* <0.01 (0.04) 0.03 (0.86) 8.4 (34) * <0.0002 *** (1.5)

*  median

** median, for 2,4-DCP and 2,5-DCP

*** annual average level in West Germany

Data on outdoor air levels in the Netherlands are extremely scarce. Maximum
values measured for PCP in indoor air in houses were approx. 5 pg.m-B,
these were attributed to volatilisation from parquet wood treated with PCP.
The intake of PCP with food amounts to 1-20.4 pg per day (median: 1.8-4 pug
per day). Other chlorophenols occur hardly in food (2,3,4,6-tetrachloro-
phenol), or not at all. Chlorophenols can cause taste and smell problems in
drinking water.

The environmental fluxes of PCP are presented in figure 4.2. In the Dutch
environment PCP is not accumulated.

Human exposure to PCP equals on average 3 ug per day and is at most 65 pug

per day.



5. EFFECTS

This chapter contains a summary of the most relevant data from a background
report on the possible effects of chlorophenols on man and the environment.
This background report has been published separately as an English appendix
to the integrated criteria document (Janus et al., 1990; Appendix
"Effects").

In this chapter only a few references are mentioned. These references
concern the extrapolation methods used in deriving recommended limit values
for surface water and soil. For the references used one is referred to the
appendix.

In a number of sections data on PCP are mentioned separately because of the

relatively large amount of data compared to the other chlorophenols.

5.1. HUMAN TOXICITY

5.1.1. Chemobiokinetics and metabolism

Oral exposure

Comparative studies showed that, in spite of species-specific differences
concerning various aspects such as elimination half-life, orally exposed
rats, monkeys and humans showed a similar general picture concerning the
chemobiokinetics and the metabolism of PCP. It should be noted, however,
that in these studies the number of experimental animals and volunteers was
very limited.

PCP 1is absorbed rapidly and (almost) completely from the gastrointestinal
tract after a single dose of 10 mg.kg-1 body weight (bw). For a single oral
dose of 0.1 mg.kg_1 bw, absorption half-lives of 0.4 and 1.3 were
calculated for rats and monkeys, respectively, on the basis of the PCP
blood plasma concentration. The absorption half-life for humans was
calculated at 1.3 hours. Based on the same single dose, elimination half-
lives were calculated at 15 hours in rats and 78 hours in monkeys. The
elimination half-life for humans was calculated at 30 hours. In rats
elimination followed a two-compartment model with an initial stage and a
final stage of 15 and 36 hours, respectiviely. In monkeys and humans
clearance was best described by a one-compartment model. For humans it was

calculated that exposure to a dose level of 0.1 mg.kg-1 bw.day—1 for 7



consecutive days will result in a steady-state PCP plasma concentration
after about 8 days (resulting in a concentration level twice that following
a single dose of 0.1 mg.kg-l bw). Based on these data and the elimination
pattern, it appears that the accumulation of PCP will be limited, even at
repeated exposure (a dose of 0.1 mg.kg-l bw.day-1 corresponds with the dose
that a worker will receive when exposed to a maximal acceptable
concentration of 500 ;Lg.m.3 for eight hours a day; MAC-value, see chapter
1). However, the above-mentioned elimination half-1life for humans is much
shorter than that derived from another experiment in which volunteers were
exposed for appr. 15 days to single doses of 0.02 mg l3C-PCP.kg-l bw or 0.3
mg PCP.kg-l bw.

PCP is excreted primarily in the urine. In animal studies (rats, monkeys)
at least 65% of the applied/absorbed amount was excreted in the urine after
a single dose of 10-100 mg.kg-l bw.

Rats excrete PCP in the urine primarily as a parent compound (appr. 75%);
the remaining part as PCP glucuronide conjugate (appr. 10%4) and tetra-
chloro-p-hydroquinone (TCH)(15%). In monkeys no metabolites were observed.
Humans were found to excrete at least 85% in the urine when exposed to a
single dose of 0.02-0.3 mg.kg_1 bw. Of this amount at least 65% was
excreted unchanged, the remainder was conjugated (PCP glucuronide). In
humans not specifically exposed, the percentage of PCP glucuronide is
higher: appr. 65%. The percentages indicated are not absolute, but depend
on exposure level.

On the basis of the above-mentioned comparative studies it 1is concluded
that, irrespective of the observed differences, the chemobiokinetics and
the metabolism of PCP in rats and humans show sufficient similarity to
consider this test animal as a model to study the fate of PCP in man.

In animal studies, upon single or repeated exposure, the highest PCP
concentrations were observed in the liver, kidneys and/or the intestinal
tract (see section 5.4.1. for data on accumulation in various organs of

livestock after long-term exposure).

Other routes of exposure

On the basis of occupational data in particular and physico-chemical
properties PCP is assumed to be readily absorbed at dermal and, especially,
at inhalatory exposure. Absorption mainly occurs in non-ionized form. Data

on occupationally exposed workers indicate elimination half-lives from 12



to 16 days, corresponding to those from one out of the two above-mentioned

oral studies with volunteers.

Additional data on PCP

In persons without known history of PCP exposure and in non-occupationally
exposed persons, PCP concentrations in blood and urine are usually 10-100
(up to 500) ug.l‘l. In occupationally exposed workers these concentrations
may increase up to 1-10 mg.l-1

Autopsy data on victims of fatal intoxications and other persons reveal
elevated PCP concentrations in liver, kidneys and lungs but do not indicate

a strong accumulation in these organs.

Chlorophenols other than PCP

Based on the limited data and the physico-chemical properties it is assumed
that. like PCP, these chlorophenols are also readily absorbed and excreted.
In oral and parenteral studies on various congeners at least 80% of a
single dose was excreted in the urine within seven days. Lower-chlorinated
compounds (MCPs, DCPs, TCPs) are present in tissues and body fluids mainly
as glucuronide and sulphate conjugates, at exposure to both these compounds
and other chlorinated compounds that are metabolized to chlorophenols. A
study with rats indicated that 2,3,5,6-TeCP may largely be metabolized to
tetrachloro-p-hydroquinone, while the other two TeCP isomers were excreted
mainly unchanged and as conjugates, and, to a small extent, as trichloro-p-
hydroquinone.

In animal studies with various chlorophenols, the highest concentrations

were observed in the liver, kidneys and/or spleen.

5.1.2. Acute and subacute toxicity

- Experimental animals: acute toxicity
Oral LD50-values for MCPs, DCPs, TCPs, TeCPs and PCP (and NaPCP) are 260-
1400, 465-4000, 455-2960, 90-980, and 25-295 (and 70-700) mg.kg-l bw,

respectively. These values are based on a relatively large data set on
various mammalian test species. Higher chlorinated phenols, TeCPs and,
especially, PCP, are considerably more toxic than the lower-chlorinated

compounds. The toxicity of MCPs, DCPs and TCPs, especially on the basis of
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the lowest LD50-values, does not seem to be mutually different. Most LD50-
values found upon dermal, subcutaneous and intraperitoneal exposure are
within a factor of 2 compared with those after oral exposure. Inhalatory
LC50-values are available for two compounds only: these values are 11
mg.m-3 for 4-MCP and 255 (and 295) mg.m-3 for PCP (and NaPCP). It is not
clear whether the unexpected difference in toxicity between 4-MCP and PCP
is due to differences in experimental conditions or to the fact that 4-MCP
is indeed more toxic than PCP at this route of exposure. Another inhalatory
study with NaPCP resulted in a LD50-value of 12 mg.kg-l bw, which is 6
times lower than the lowest oral LD50-value for this compound.

At a lethal exposure to the various chlorophenols the effects are similar
in general, but differences connected with the degree of chlorination do
occur. The occurrence of convulsions is associated with exposure to low
chlorinated chlorophenols, whereas increase in metabolic activity (as a

result of uncoupling of oxidative phosphorylation) is associated with

exposure to high chlorinated chlorophenols, particularly PCP.

- Experimental animals: subacute toxicity

For a limited number of chlorophenols, oral, subacute toxicity studies
(exposure time 10 days to 8 weeks) are available. Most studies refer to
2,4-DCP and PCP. The most relevant toxicological criteria in these short-
term studies are effects on survival, body and organ weights, and
histopathology. On the basis of these criteria the following NO(A)ELs have
been derived: 35 mg.kg-l bw.day.1 for 2-MCP, 640-1400 mg.kg-l bw.day_1 for
2,4-DCP, 225 mg.kg'l bw.day-l for 2,4,5-TCP, 1000-1400 mg.kg'l bw.day'1 for
2,4,6-TCP, 10-30 mg.kg'l bw.day'l for 2,3,4,6-TeCP and 14-50 mg.kg'l
bw.day’1 for PCP. Differences in toxicity found for one compound may be
caused by differences in experimental conditions (such as animal species
tested, exposure time, method of applying the compound and the
toxicological test criteria studied). The results of these studies are
consistent with those of acute toxicity studies: higher chlorinated
chlorophenols are considerably more toxic than lower chlorinated
chlorophenols, possibly MCPs excepted.
In one or several studies with 2,4,5-TCP, 2,4,6-TCP, 2,3,4,6-TeCP and PCP
histo(patho)logical changes were observed in the liver; in a study with
2,4,5-TCP changes were also observed in the kidneys. In a comparative study

mice were exposed to technical grade PCP (PCP with a high content of



polychlorodibenzo-p-dioxines, PCDDs, and polychloro-dibenzofuranes, PCDFs)
and Dowicide EC-7 (PCP with a low PCDD and PCDF content). Exposure to 10 mg
technical PCP .kg_l bw.day-1 resulted in a suppression of the humoral
immunity, whereas a ten times higher dose of Dowicide EC-7 did not have any
effects. In a number of studies on PCP other toxicological criteria have
been examined as well, such as effects on liver enzymes of the cytochrome

P450 system. For information on these effects one is referred to section

5.1.4. (semi-chronic and chronic toxicity).

Humans

Effects of exposure to "purified" chlorophenols are not known. The
(sub)acute effects resulting from exposure to "technical" chlorophenols,
however, are mainly caused by the chlorophenols, not by the impurities.
Signs and symptoms of (lethal) acute cases of PCP-intoxication include:
mental and physical fatique, headache, dizziness, disorientation, nausea,
vomiting, tachycardia, and an increased metabolic rate, resulting in body
temperature change and profuse sweating. Effects on internal organs are
consistent with results from animal studies, hepatomegaly and histological
liver lesions in particular. The above-mentioned aspecific effects have
also been observed in occupationally and non-occupationally exposed
persons. Similar effects have been reported in a Dutch study on persons
exposed to concentrations of 0.2 to 1.2 ug PCP.m-3, resulting from the
application of PCP as a wood preservative in the interior of their houses.
Effects of chlorophenols other than PCP are far less frequently described.
Dermal and inhalatory exposure may cause irritation of the skin and mucous

membranes.

5.1.3. Reproductive toxicity

- Teratogenicity studies

"Purified" 2,4-DCP, "purified" and "technical-grade" 2,3,4,6-TeCP and PCP

did not prove to be teratogenic when administered to female rats from day 6
through day 15 of gestation in "segment II" studies. However, 1in the
studies with 2,3,4,6-TeCP and PCP embryo-/foetotoxicity (variants in
skeletal structure, delayed ossification of certain bones, and/or effects
on reproduction parameters such as foetal resorption) was observed at

concentrations at which maternal toxicity is not evident. In the study with
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"purified” PCP an elevated prevalence of delayed ossification of the skull
bones was still observed at the lowest dose level of 5 mg.kg-l bw.day-l. On
the basis of the remaining studies the following doses were without
effects: 375 mg.kg-l bw.day-1 of 2,4-DCP, 10 mg.kg_l bw.day-1 of both
"purified" and ‘"commercial"-grade 2,3,4,6-TeCP and 5 mg.kg-1 bw.day_1 of
"commercial-grade™ PCP.

Three additional teratogenicity studies with PCP also showed no evidence
for teratogenicity; embryo-/foetotoxic effects observed in these studies

appeared to be associated with maternal toxicity.

Reproduction studies

Oral reproduction studies are available for 2-MCP, 2,4-DCP, 2,4,6-TCP and
PCP, the exposure mainly taking place through drinking water or food. 1In
most studies (young) female rats were exposed from weaning age through
gestation. The parameters examined included fertility, litter size, number
of stillborn, and birth weight. In some of these studies, exposure of the
mother animals was continued through lactation and followed by exposure of
the progeny for an additional 10-15 weeks in order to study effects of both
pre- and postnatal exposure.

In at least one study the four chlorophenols mentioned above showed to be
embryo-/foetotoxic at concentrations at which maternal toxicity was not
evident. With respect to embryo-/foetotoxicity the lowest effect levels
were in the same range: 13-30 mg.kg-l bw.day_1 for PCP (three studies) to
30-50 mg.kg-l bw day-1 for the other three compounds. The same applies to
the NO(A)ELs: 2.5 - 4 mg.kg-l bw.day-1 for PCP and 3-5 mg.kg-l bw.day-1
for the other three compounds. The three studies on PCP were carried out
with different formulations, that is '"pure" PCP, "Dowicide EC-7" and
"technical-grade" PCP. The results of these studies indicate that the
impurities in the last two formulations do not contribute significantly to
the effects of these compounds on the reproduction. This is consistent with
the results of the teratogenicity studies.

The studies in which the progeny was exposed to 2,4-DCP, 2,4,6-TCP or
"technical-grade" PCP, both pre- and postnatally resulted in effects on the
progeny at dose levels that are lower than those aifecting reproductive
performance. The immunocompetence was found to be the most sensitive

parameter in studies with 2,4-DCP and "tecnical-grade" PCP; a dose level of
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3 mg 2,4-DCP.kg_1 bw.day.1 and 0.25 mg "technical-grade" PCP bw.day_l,
respectivly, resulted in effects on the immuno-system (lowered cell-
mediated immuno-response or/and lowered humoral immuno-response). The
NO(A)EL was 0.3 mg.kg.1 bw.day-1 for 2,4-DCP; in the study with "technical-
grade" PCP no dose level lower than 0.25 mg.kg-1 bw.day-1 was tested. In
the study with 2,4,6-TCP elevated liver weights of the progeny was observed
at 3 mg.kg-lbw.day_l. The NO(A)EL was 0.3 mg.kg_lbw.day-1

5.1.4. Semi-chronic and chronic toxicity

- Animal data: oral exposure

One or more "life-time" carcinogenicity and toxicity studies are available
for 2-MCP, 2,4-DCP, 2,4,6-TCP and PCP. Additionally, a number of semi-
chronic toxicity studies are available for 2,4-DCP and, in particular, for
PCP. For the remaining chlorophenols semi-chronic studies are not
available, with exception of one study with 2,4,5-TCP. In most of these
studies the test animals were exposed through the food and the effects on
survival and body weight were examined, as well as the occurrence of
histo(patho)logical changes. In a number of studies additional parameters
such as organ weight, haematology (blood picture) and biochemical
parameters have been studied. The effects on the reproduction and the non-
carcinogenic effects in pre- and post-natally exposed progeny in some of
these studies have already been described in section 5.1.3. and are,

therefore, not discussed in this section.

Non-carcinogenic effects

Studies with 2,4-DCP, 2,4,5-TCP and 2,4,6-TCP primarily resulted in
histo(patho)logical changes in the liver. In a studies with 2,4-DCP and
2,4,5-TCP changes were also observed in bone marrow and kidneys,
respectively. Based on these effects and the other non-carcinogenic effects
mentioned before, a NO(A)EL of 250 mg.kg-lbw.day_1 was derived for >99%-
purified PCP (230 mg.kg-lbw.day-1 for a formulation of unknown purity), 150
and 25C mg.kg-1 bw.day.l for 2,4,5-TCP and 2,4,6-TCP, respectively. For
>99% -purified 2,4-DCP and >99%-purified 2,4,5-TCP a NO(A)EL of 120 and 50

mg.kg-l bw.day_l ,respectively, was determined. In studies with 2,4,6-TCP
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- -1 - .
the lowest dose tested was 250 mg.kg 1 bw.day =, which resulted in

decreased body weights.

In a number of studies (exposure time varying from 3 months up to 2 years)
the toxicity of "pure" PCP was compared to that of different grades of PCP
(such as "technical-grade " PCP and "Dowicide EC-7", containing relatively
toxic impurities) . In these comparative studies similar effects on
parameters such as organ weight and histopathology were observed at
relatively high dose levels (10-30 mg.kg-l bw.day-l, depending on exposure
time), although quantitative differences were noted. Exposure to relatively
low dose levels of "technical-grade" PCP, however, resulted in a number of
effects which were not observed at exposure to "purified" PCP at similar
dose levels, or which at exposure to the latter compound were observed only
at considerably higher dose levels. The high toxicity of "technical-grade”
PCP is associated with polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs), which are present in technical PCP-
formulations. Based on the lowest effect-levels and no-effect-levels
observed in the various studies, all PCP-formulations with a total PCDF and
PCDD content up to 30 ppm are considered to be "pure" (including purified
formulations and "Dowicide EC-7"), the remainder is classified as
"technical-grade". The following data concern studies in which only one

PCP-formulation was tested.

"Pure" PCP

Studies in which dose levels of 17-25 mg.kg-l bw.day_l were administered
for 6 months to 2 years showed several effects, on the liver in particular.
At these dose levels one or several of the following effects were found:
reduced body weight, elevated Lliver weight, histo(patho)logical effects
(particularly in the liver) and a slight (3-fold) increase of the
glucuronyl transferase activity in the liver. In a 3-month study at a dose
level of 10 mg.kg-1 bw.day-1 increased liver weight was observed and in a
2-year study at a similar dose level pigment accumulation in liver and
kidneys. On the basis of a number of these studies a dose without effects

varied from 3 to 5 mg.kg_l bw.day-l
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"Technical-grade" PCP

In addition to the effects found with "pure" PCP, a number of other effects
were observed in studies with "technical-grade" PCP. In this report only
effects other than those described for "pure" PCP are mentioned.

A dose of 7 mg "technical-grade" PCP.kg-1 bw.day-l for 3 months resulted in
immunosuppression, whereas a 10 times higher dose of "pure" PCP did not
cause any immunosuppresive effects in an identical study. In an 8-months
study with rats, at the lowest dose of "technical-grade" PCP tested (1
mg.kg_l bw.day-l) increased liver enzyme activity was found: a 3-fold
increase in aryl hydrocarbon hydroxylase (AHH) activity and a 15-fold
increase in glucuronyl transferase activity. In this study, at higher dose
levels (5 and 25 mg.kg-1 bw.day-l) of "technical-grade" PCP, other effects
were observed as well, such as an increased hepatic cytochrome P450-content
and porphyria. However, in an identical study only a 3-fold increase in
glucuronyl transferase was observed upon exposure to 25 mg "pure" PCP.kg-1
bw.day-l. A 30-fold increase in the hepatic AHH activity when exposed to
two different "technical-grade" PCP formulations at dose levels of 28 and
85 mg.kg-l bw.day-1 for 6 months, whereas exposure to two different "pure”
PCP formulations in identical studies resulted in a 5-fold increase only at
dose levels of 170 and 210 mg.kg-l bw.day-l. From these studies it appears
that the AHH-inducing effect is consistent with the total PCDD and PCDF
content, compounds which are known to cause this effect. Additionally, both
"technical-grade" formulations caused immunosuppression in the above-
mentioned 6-months study (the formulation with the highest PCDD and PCDF

content in particular), whereas this effect was not observed upon exposure

to "pure" formulations.

Carcinogenic effects

Life-time carcinogenicity studies with B6C3Fl mice and/or F344 rats are
available for 2,4-DCP, 2,4,6-TCP and PCP; the test compounds were
administered 1in feed. The studies with 2,4-DCP (> 99% purity), the highest
dose being at least 250 mg.kg—l bw.day-l, were negative (no compound-
related increase in malignant or benign tumours) in both animal species.
The studies with 2,4,6-TCP ("Omal", purity 96-97%; lowest dose 250 mg.kg-l
bw.day-l) resulted in a positive response in both species: in mice a dose-
related increase 1in both hepatocellular carcinomas and hepatocellular

adenomas was found in males and females; in male rats (monocytic) leukemia



was observed. Concerning the above-mentioned test animal strains, PCP was
examined in two studies with B6C3Fl mice. In one study "Dowicide EC-7" (low
PCDD and PCDF content) was tested, in the other "technical-grade" PCP (high
PCDD and PCDF content) was investigated. Both studies showed positive
results, the lowest dose being 17 mg.kg-l bw.day_l. In both studies
increase in hepatocellular carcinomas, hepatocellular adenomas and benign
adrenal medullary pheochromocytomas was observed in males. In females dose-
related increases in hepatocellular adenomas, benign adrenal pheochromo-
cytomas, and haemangiosarcomas in spleen and liver were observed in the
study with "Dowicide EC-7", while in the study with "technical-grade" PCP
the incidence of tumours other than haemangiosarcomas was not increased. On
the basis of the results from these studies and similar studies with HxCDD
and 2,3,7,8-TCDD (compounds which may be present in PCP formulations) it is
concluded that PCP itself is carcinogenic in B6C3F1l mice.

2-MCP, 2,4-DCP and PCP were also tested for carcinogenicity in 2-year oral
studies in which young female Sprague-Dawley rats were exposed through
drinking water (2-MCP and 2,4-DCP; highest dose level 50 and 30 mg.kg—1
bw.day-l, respectively) or via the food (PCP, highest dose level 25 mg.kg-1
bw.day-l) during several months before mating and through gestation and
lactation, followed by exposure of the second generation during the
remaining time. In none of these studies increase in tumour incidence was
observed in the progeny. These studies are of limited value due to the
relative small number of progeny exposed (appr. 25 animals of both sexes
per dosage group) and because of the fact that only tissues of dead and
dying animals were examined. Another 2-year carcinogenicity study with
Sprague-Dawley rats was carried out on PCP ("Dowicide EC-7"). In this study
no increase in tumour incidence was found either (exposure up to 30 mg.kg—1
bw.day'l via the food). As in the former study, only appr. 25 animals of
each sex per dosage group were tested).

Finally, preliminary oral carcinogenicity studies with 2,4,6-TCP ("Omal";
dosage appr. 40 mg.kg-1 bw.day-l) and PCP (dosage appr. 20 mg.kg_1
bw.day-l) only indicate carcinogenic properties for 2,4,6-TCP.

Based on these studies it is concluded that there is no evidence for the
carcinogenicity of 2,4-DCP and insufficient evidence for the carcino-
genicity of PCP in experimental animals. Furthermore, there is sufficient
evidence for the carcinogenicity of 2,4,6-TCP in experimental animals. Data

on other compounds are not available or inadequate for evaluation.



Animal data - exposure via inhalation

Exposure of rats and rabbits for 4 months (4 hours per day) to PCP
concentrations of 3 mg.m.3 resulted in "minor" effects on liver function,
cholinesterase activity and blood sugar. A similar exposure of rabbits to a
NaPCP concentration of 3 mg.m_3 resulted in an increased liver weight. At
this dose level no effects were observed in rats.

Data on chlorophenols other than PCP are not available.
Human data

Most data on effects at long-term exposure are available from occupational
studies and concern PCP. Interpretation of results from occupational
studies is hampered by combined exposures and exposure routes

(dermal/inhalatory), and by great differences in exposure time.

Occupational exposure - non-carcinogenic effects

In addition to the (sub)acute effects mentioned in section 5.1.2.
persistent dermatological and respiratory effects were observed upon
prolonged occupational exposure. Additionally, effects include effects on
the functioning of 1liver and kidney and haematological, biochemical and
immunological effects. The skin 1lesions in particular are ascribed to
impurities such as PCDDs and PCDFs.

Data on effect levels are very limited. In five studies no serious health
effects were observed at exposure levels varying from <30 to 200 ug
PCP.m-3. However, persistent skin lesions and respiratory disorders were
found at PCP levels below 50 ug.m-3

For the other chlorophenols effect levels are not known.

Occupational exposure - carcinogenic and genotoxic effects

Some epidemiological studies suggest an association between exposure to
mixtures of chlorophenols (TCP in particular) and increased incidence of
soft tissue sarcomas, nasal and nasopharyngyal cancers, and lymphomas.
Exposure to non-chlorophenols may play a part, considering the fact that
this association was not confirmed in other studies.

In three very limited studies the frequency of chromosomal aberrations in

blood cells of workers exposed to PCP or NaPCP was investigated. In one of



these studies a significant increase of structural chromosomal aberrations
(acentric fragments and dicentric chromosomes) was observed at eXposure
levels varying from 100 to 500 pg.m-3. In the other studies no
(statistically significant) increase in chromosome aberrations was found.
Considering the very limited number of workers involved (6 to 22 per group)
these studies are inadequate to evaluate the in vivo genotoxic effects of

PCP for man.

Non-ocucpational exposure

In connection with exposure to indoor PCP concentrations due to the use of
PCP-containing wood preservatives in total appr. 300 persons were medically
examined in two studies. In one study, in which 108 persons were subject to
examination, a high correlation was observed between serum PCP levels and
health effects. At an average serum PCP level of 15 (0-30) pg.l_l no
symptoms of poisoning were found, including aspecific effects such as
fatigue, headache and dizziness). At an average serum PCP level of 50 (30-
100) pg.l-l persistent skin lesions and inflammation of the respiratory
tract were observed, whereas at an average level of 450 (100 minimally)
ug.l-l severe health effects occurred such as emaciation and tachycardia.
In this study exposure levels were not reported. The other study, in which
250 persons were examined, did not indicate a clear relationship between
exposure and health status at an average exposure level of appr. 5 ug
PCP.m-3 (2-10 pg.m-3, exceptionally 10-25 pg.m-3). In this study a variety
of biochemical parameters related to liver, kidney and blood function was
measured. Urinary PCP levels, however, were correlated with airborne PCP
levels.

No data are available for the other chlorophenols.

5.1.5. Genotoxicity

In vitro studies

Six chlorophenols (2,4-DCP, 2,6-DCP, 2,4,5-TCP, 2,4,6-TCP, 2,3,4,6-TeCP and

PCP) have been studied for gene mutation in both prokaryotic test systems
(bacteria) and eukaryotic test systems (mammalian cells and/or yeast).
Additionally, 2,4-DCP, 2,4,6-TCP and PCP were tested in mammalina cells for
other genotoxic effects as well, primarily structural chromosome

aberrations and sister chromatid exchanges (SCEs). In most tests 2,4-DCP,
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2,4,5-TCP, 2,4,6-TCP, 2,3,4,6-TeCP and PCP were found to be negative; in at
least one test system one equivocal or positive result was observed for
each of these compounds with regard to the above-mentioned endpoints. For
2,6-DCP, being subject to fewer less studies, only negative responses were
obtained On the basis of these results it is concluded that there is
insufficient evidence for mutagenicity of these six chlorophenols in in
vitro systems.

The majority of the remaining chlorophenols was studied only for gene
mutation in one  bacterial test system. For these compounds also
predominantly negative responses were found. The data are, however, too

limited to allow evaluation.

In vivo studies

Seven chlorophenols (2-MCP, 2,3-DCP, 2,4-DCP, 2,5-DCP, 2,6-DCP, 2,4,6-TCP

and PCP) were tested for effects such as bone marrow SCEs and sperm
morphology in at least one mammalian test. PCP was also studied in insect
tests. All tests resulted consistently in negative responses, with the
exception of one test with 2,5-DCP which resulted in an equivocal response

with regard to bone marrow SCEs.



5.2. ECOTOXICITY - AQUATIC ORGANISMS

5.2.1. Accumulation

The data presented concern freshwater and marine organisms and are based on

both field and laboratory studies, unless stated otherwise.

- PCP

For algae and invertebrates, bioconcentration factors up to appr. 1,000
have been reported (BCF is the concentration in the organism divided by the
concentration in water). In principal BCFs are calculated on the basis of
wet weight of the organisms; in some cases these figures are adjusted for
the concentration occurring in non-exposed organisms. Considerably higher
BCFs (2,600 - 8,500) have been reported for a marine polychaete worm. For
freshwater fish, whole-body BCFs in the range of 100 to 1,000 have been
calculated, based on short-term (up to 5 days) studies in which the fish
were exposed to concentrations of about 50 to 200 pg.l-l. Similar studies
with marine fish resulted in considerably lower BCFs, in the range of 10 to
100. In a long-term study (16 weeks) rainbow trout Salmo gairdneri was
exposed to concentrations of 0.035 and 0.66 pg NaPCP.l-1 in a continuous
flow system. Maximum BCFs of 750 and 260, respectively, were found. Towards
the end of the study somewhat lower values were found, 200 and 240,
respectively. In another long-term study (5 months) with marine fish
(sheepshead minnows, Cyprinodon variegatus ) BCFs ranged from 5 to 48, at
exposure to 18-195 pg.l-l. The BCFs derived from long-term studies
correspond with those obtained from short-term studies.

On the basis of these data it is concluded that PCP is accumulated
(concentrated) by aquatic organisms to a limited extent. Taking into
consideration corresponding maximum BCFs for algae, invertebrates and
vertebrates (fish) in laboratory and field studies, it is concluded that
PCP appears to have a low potential for biomagnification (concentration in

food chains) in the aquatic environment.

- Chlorophenols other than PCP

A long-term study (5 weeks) in which a freshwater microcosm was exposed to

0.5 pug 2,4&,6-TCP.1_1 in a continuous-flow system resulted in BCFs of

1,000-4,500 for macrophytes, 3,000 for invertebrates and 1,000-12,000 for



fish. Considerably higher BCFs were calculated for a marine polychaete
worm: 11,000 to 24,000 for TCP and TeCP, at very low ambient concentrations
(ppb range). In freshwater fish BCFs ranging from 10 to 1,000 were found in
short-term ( < 3 days) laboratory studies and in field studies for a number
of chlorophenols. Evaluation of these data 1is hampered by the large
differences in test conditions and the variety of compounds tested.

On the basis of these limited data it 1is concluded that a number of

chlorophenols have a higher potency for accumulation than PCP.

5.2.2. Toxicity

The draft integrated criteria document on chlorophenols published in
January 1990 indicates that the current and expected average concentrations
in surface water in the Netherlands are far below the tentatively derived
maximally acceptable risk 1levels (MARs). Therefore, no attempt has been
made to complete the data with those from the 1literature not yet

incorporated, particularly with respect to data on PCP.

The majority of the data concern PCP. Short-term toxicity data on PCP have
not been evaluated since a large number of long-term NOEC-values (NOEC = no
observed effect concentration) is available and these data are preferably
used to derive MARs . Reported L(E)C50-values for PCP are based on a
limited number of studies (LC50 is the lethal concentration and EC50 the

effect concentration for 50% of the exposed organisms).

In this section a distinction has been made between short-term and long-
term exposure. Taking into consideration the short generation time of
bacteria and algae, the long-term data include those obtained from 8-h
tests on bacteria and 96-h tests on algae. Fot the remaining species the

limit is put at 96 hours.

- Toxicity to freshwater organisms - single species tests

The L(E)C50-values reported have been subjected to evaluation according to

the current criteria on toxicity testing.
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Short-term exposure - PCP
In a comparative toxicity study with 14 different species 48-h LC50-values
for crustaceans, coelenterata, molluscs, fish and amphibians ranged from
200 to 2,000 pg.l-l, the lowest value of each of these different taxonomic
groups being similar. In this study considerable higher L(E)C50-values were
found for insects. In a second comparative study with 11 species the 48/96-
h L(C)EC50-values ranged from from 85 to >7,770 pg.l-l. Fish species were
most sensitive, followed by a number of daphnid species. In a third
comparative study 96 h LC50-values varied from 30 to 120 pg.l-1 for five
different fish species. In this study both PCP an NaPCP were tested,
yielding similar results. In a study with different developmental stages of
rainbow trout, S. gairdneri, 96 h LC50-values from 18 pg.l_l and higher

were found.

Short-term exposure - chlorophenols other than PCP

For most of these compounds a limited number (1-8) of tests is available.
All tests were carried out with crustaceans (daphnids) or fish. The lowest
experimentally determined 48/96 h L(E)G50-values are 2,500 ug.l-l for MCPs,
1,400 ug.l.1 for DCPs, 900 ug.l.1 for TCPs and 205 pg.l-1 for TeCPs. Based
on these values and results from a large number of comparative studies in
which the toxicity of various chlorophenols was investigated in identical
tests, the toxicity shows a distinct tendency to increase with increasing
chlorination. The difference in toxicity between MCPs and PCP was a factor
100 maximally. In other studies, however, the difference was much smaller:
less than a factor 5. The toxicity of chlorophenols, particularly acute
toxicity at high exposure levels, is chiefly related to the lipophilicity,
indicating that the toxicity is primarily caused by a common non-specific
mode of action. Therefore, an additive action is to be expected from the
chlorophenols, as from a large number of other apolar compounds.
Comparative studies within one group of congeners (dichlorophenols for
example), however, showed differences in identical tests, indicating that
physico-chemical properties other than lipophilicity also play a part, such
as the position of the chlorine atoms (ortho -substituted compounds are the
least toxic).

An important abiotic factor with respect to toxicity 1is the pH: the
toxicity of chlorophenols decreases with increasing pH-value of the water.

Generally, it may be stated, that the influence of the pH increases with
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the degree of chlorination, in connection with the dissociation constant

(pKa—value).

Long-term exposure - PCP

Long-term tests (n = 16) with algae, crustaceans and mainly fish, have
resulted in L(E)C50-values ranging from 110 - 53,000 ug.l-l; most values
being below 500 pg.l_l. These values are in the same order of magnitude as
those derived from short-term tests on these species. The exposure time in
these experiments was 4 days for algae and 14-21 days for the other
organisms.

Tests (n = 26) with representatives of various taxonomic groups (bacteria,
algae, hydroplants, coelenterates, molluscs, crustaceans, insects, fish and
amphibians) have resulted in NOEC-values ranging from 3 to 3,200 ug.l-l,
with regard to sublethal parameters such as growth and reproduction. About
half of these NOEC-values was below 50 pg.l-l. The lowest NOEC-value is
based on two experiments, one with the snail Lymnaea stagnalis , the other
with the rainbow trout Salmo gairdneri . In the first test >99%-pure PCP
was used, in the second test 94%-pure NaPCP was tested. The test duration
for bacteria and algae was 8 hours and &4 days, respectively (organisms with
short generation time), for the other organisms the exposure time was 1-14

weeks .

Long-term exposure - chorophenols other than PCP

For various chlorophenols an L(E)C50 was determined in one study with algae
(exposure time 4 days) and in two studies with fish (exposure time 1 week).
For the wvarious groups of isomers the lowest L(E)C50-values were 6,300
ug.l'l for MCPs, 2,300 ug.l'l for DCPs, 1,100 ug.l'l for TCPs and 770
pg.l-l for TeCPs. In an additional test on fish species (exposure time also
1 week) a L(E)C50-value of 740 ug.l-l was found for 2,4,5-TCP. These values
are up to 3 times higher than the lowest L(E)C50-value from the short-term
tests. It should be noted, however, that in the short-term tests other
species were tested as well.

For some chorophenols a limited number (1-3) of NOEC-values is available,
based on tests with daphnids or fish (exposure time 1 to > 4 weeks). These
NOEC-values are 500 and 4,000 pg.l-1 for 2-MCP, 630 ug.l-l for 4-MCP, 290-
780 pg.l‘l for 2,4-DCP, 160 and 360 pg.l_l for 2,4,5-TCP, and 970 pg.l-l

for 2,4,6-TCP.
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Both the L(E)C50-values and the NOEC-values clearly indicate a positive
relationship between toxicity and chlorination, corresponding with the

short-term test results.

- Toxicity to freshwater species - multiple species tests

In field studies effects on experimental ecosystems were observed at
concentrations from 34 ug PCP.l-l. Based on these studies a multiple

species NOEC of 20 ug.l-l was derived.

- Toxicity to marine species - single species tests

Data on marine organisms are very limited. Only for PCP a relatively large
number of 48/96-h L(E)C50-values is available.

Short-term tests resulted in 48/96 h L(E)C50-values of 3,270-29,700 ug.l_1
for 4-MCP (n = 3), 1,700 ug.l-l for 2,4,5-TCP, 1,900 pg.l-l for 2,3,5,6-
TeCP and 53 to > 515 ug.l'l for PCP (n = 14).

Only for PCP some NOEC-values (n = 4), based on long-term tests, are
available, varying from 5 ug.l-l for a polychaete species to 100 yg.l_1 for
a crustacean species.

Both the L(E)C50-values and NOEC-values reported here are comparable to the

corresponding toxicity values for freshwater organisms.

5.3. ECOTOXICITY - TERRESTRIAL ORGANISMS
5.3.1. Accumulation

-_Plants

Only with regard to PCP uptake from soil one study is available. In this
study (pot experiments in loamy sand soil) with soybean and spinach whole-
plant PCP concentrations of 10-15 mg.kg-l fresh weight were measured after
a single application of 10 mg PCP.kg‘1 soil. The concentrations in the
plants were determined at the time that most of the PCP had already
disappeared from the soil. In both plant species the highest concentrations

were found in the roots.
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- Invertebrates
A laboratory study in which earthworms were exposed to 3-MCP, 3,4-DCP,
2,4,5-TCP, 2,3,4,5-TeCP or PCP in sandy soils for 14 days, resulted in

bioconcentration factors (BCF = C Csoil) in the range of 0.1 to

organism :
8.5 , on the basis of dry weight and average exposure concentration. On the
basis of fresh weight of worms the BCFs are appr. 0.1-2. The worms were
exposed to sublethal concentrations of 32-56 mg.kg_l dry weight in two
sandy soils (organic content 3.7% or 6.1%). In this study a fairly good
correlation was found between BCFs calculated on the basis of the
concentrations in soil pore water (BCFs: 10-100 for 3-MCP and 3,4-DCP, 10-
500 for 2,4,5-TCP and 2,3,4,5-TeCP, and 500-1,000 for PCP) and the
lipophilicity of the test compounds. Another laboratory study with
earthworms resulted in BCFs of 8 and 13, at soil [14C]NaPCP concentrations
of 2 and 11 mg.kg-l dry weight (based on fresh weight of the worms and
concentration added to the soil). In this study the worms were exposed in
an artificial soil with appr. 10% organic matter; the BCFs were calculated
on the basis of PCP-equivalents (PCP and its metabolites). A 19-week field
study resulted in BCFs of 6 and 22 for two different species of earthworms.
These BCFs are based on the wet weight of the worms and PCP-equivalents in
worms and soil at the end of the exposure period. Three weeks after
application BCFs were calculated for other soil animals (invertebrates),
resulting in maximum values of 19-26 for harvestmen and springtails. The
difference between the concentrations in various species of invertebrates
(carnivors, omnivors and herbivors) was usually less than 10-100.

From this it 1is concluded that chlorophenols may be  accumulated
(concentrated) from the soil by plants, earthworms and by some other
terrestrial invertebrate species. The field study on the accumulation of
PCP in various invertebrate species, including herbivores and carnivores,
does not indicate a significant potential for Dbiomagnification

(accumulation in food chains) in this taxonomic group.

5.3.2. Toxicity

- Microbe-mediated processes

Only for PCP some laboratory studies are available, the test duration
varying from 2 hours to 18 weeks. Two of these studies, exposure time 2

hours and 12 days, resulted in EC50-values of 177 mg PCP.kg-1 dry weight



(H2- oxidation 1in a sandy loam soil) and 50 mg NaPCP.kg-l dry weight (N2-
fixation in a sandy loam soil), respectively. In 2-14 day tests with
soil/water slurries of sandy soils containing less than 0.2% organic matter
(mainly subsoils at two times the water holding capacity) highly different
EC50- and NOEC-values with respect to the inhibition acetate mineralization
were obtained: 0.54-540 and 0.18-180 mg PCP.kg-1 dry weight, respectively.

Three long-term (4 to 18 weeks) studies, in which the effects of PCP on
parameters such as mineralisation, nitrification, ATP content, Fe(I1I)-

reduction and heat output were studied in various soils, resulted in NOEC-

values of 2 to > 20 mg.kg-l dry weight.

Plants

In pot experiments with lettuce, 2-w EC50-values (parameter: growth
inhibition) were 43 (2-MCP), 7 (3-MCP), 53 (2,4-DCP), 32 (3,5-DCP), 9
(2,3,5-TCP) and 16 mg.kg-1(2,4,6-TCP) dry weight, determined in a soil from
an old brookbed. The organic matter content of this soil was 1.4%. Two pot
experiments with PCP using the same soil, resulted in EC50-values of 8 and
3.2 mg.kg-l dry weight, respectively. In the same soil the 2-w NOEC-values
for 2,3,5-TCP and PCP were 3.2 mg.kg-1 and 0.32 mg.kg—1 dry weight,
respectively. In pot experiments using an agricultural soil (organic matter
content 5.7%) 2-w EC50-values (parameter: growth inhibition) were 4.8 and
57 mg.kg-1 dry weight for lettuce and oats, respectively; the 2-w NOEC-

values were 1 and 10 mg.kg_l dry weight, respectiviely.

Earthworms

In laboratory single species tests 2-w LC50-values have been determined for
a number of chlorophenols, PCP in particular. The lowest LC50-values for
the tested compounds are 79 (3-MCP), 134 (3,4-DCP), 46 (2,4,5-TCP), 58
(2,4,6-TCP), 117 (2,3,4,6-TeCP) and 16 (PCP) mg.kg-1 dry weight. Most of
these compounds were tested in experiments with four different soils and
two different species, Eisenia andrei and Lumbricus rubellus . In all
tests the lowest value was found for E. andrei . Ring tests were performed
with E. andrei in an artificial "OECD" soil (10% finely ground sphagnum
peat, 20% kaolin clay, 69% fine sand and 1% calcium carbonate, pH 6.0 #
0.5), resulting in average LC50-values of 75 (n=18) and 69 (n=32) mg.kg-l,
respectively. Tests with Enchytraeus albidus and Eisenia  fetida

conducted in the same artificial soil resulted in 4-w 1.C50-values of 136
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and 15 mg.kg‘1 dry weight, respectively. The test on E. fetida resulted
in an NOLC-value of 10 mg.kg-1 dry weight.

Data on sublethal toxicity are limited to four tests with PCP. These tests,
resulted in NOEC-values of 5.6 to 20 mg.kg-l dry weight, with respect to
the parameters growth and/or reproduction. In one of these tests a NOEC-
value of 5 mg.kg_l dry weight was reported with respect to "appearance".
All experiments, wusing E. andrei or E. fetida as test animals, were
conducted in the artificial "OECD" soil. The exposure time in these tests

was 3 to 4 weeks.

5.4. TOXICITY TO LIVESTOCK

5.4.1. Chemobiokinetics and metabolism

All data in this section refer to oral studies with PCP. No data are
available on chlorophenols other than PCP.

Studies in which cattle were exposed to oral doses of 0.1 to 10 mg PCP.kg-1
bw.day_l for a longer period of time indicate that major aspects of
chemobiockinetics and metabolism of PCP are similar to those in laboratory
animals and humans (chapter 1). PCP is absorbed and excreted rapidly, with
half-lives of several hours and several days, respectively. Urine is the
major route of elimination; appr. 5% of the total amount excreted is found
in faeces and milk. Elimination mainly takes place as conjugate; other
metabolites such as tetrachloro-p-hydroquinone are not known.

In studies with different animals (chickens, pigs, cattle) the highest PCP
concentrations were found in the liver and kidneys. Exposure of cattle to
0.1 mg PCP.kg_l bw.day-1 for 14 weeks or to 10 mg,.kg-1 bw.day—1 for 6 weeks
resulted in PCP liver and kidney concentrations of about 2 and 4-5 mg.kgnl,
respectively. The PCP concentration in muscles was 0.4 and 1-2 mg.kg_l,
respectively. Exposure of pigs to 5-15 mg.kg-l bw.day-1 for 4 weeks
resulted in PCP concentrations of 22-29 mg.kg-1 in liver and kidneys and of
7-9 mg.kg-1 in muscles. In the latter study, the concentrations in the
various tissues did mnot increase (or increased only slightly) with

increasing dose level, in contrast with results from studies with other

animals.
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5.4.2. Toxicity

- PCP

Oral LD50-values of 120 and 140 mg.kg_l bw have been reported for sheep and
calves, respectively (chapter 1, table 1.1). In pilot studies, oral
exposure of newborn calves or young pigs to "analytical-grade" PCP at dose
levels of 20 and 30 mg.kg-l bw.day-l, respectively, resulted in acute
toxicosis within one week. Dose levels of 10 and 15 mg.kg-1 bw.day.1 did
not result in signs of toxicosis.

Chronic intoxications ascribed to exposure to "technical-grade" PCP have
resulted in a variety of effects, for example respiratory difficulties,
decreased milk production, skin lesions, increase in infections, liver and

kidney damage, increased abortion rates and death.

Comparative oral studies indicate that technical-grade PCP (formulations
with a relative high content of higher chlorinated PCDDs and PCDFs) is
considerably more toxic than analytical-grade (see also section 5.1.4.).
Therefore in this section a distinction has been made between "analytical-
grade" PCP and "technical-grade" PCP. The following data all concern oral
studies, describing the toxicity of one PCP-formulation only or that of

various PCP-formulations (comparative studies).

"Analytical-grade PCP"
Exposure of a small number of animals (young pigs, newborn calves, heifers;
3-6 per group of dosing) to 10-15 mg.kg-l bw.day-l, for 4 weeks to 5
months, resulted in effects such as increased liver weight, decreased
weights of spleen and/or thymus, reduced thyroid function, and histological
and biochemical changes in the liver (increase in the amount of smooth
endoplasmatic reticulum, slight increase in aryl hydrocarbon hydroxylase
[AHH] activity). In the study with pigs immuno-suppression was found at 5
mg.kg-l bw.day-l, the lowest dose level tested. The study with newborn
calves resulted in a dose-without-effect of 1 mg.kg-1 bw.day_l. This latter
study was very extensive with regard to number of toxicity parameters
studied, but very limited with regard to exposure time (6 weeks) and number
of test animals (3 per group). The results of these studies are comparable
to those of other animal studies, with regard to both (a number of) effects

and effect-dosis.
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Exposure of chickens for 8 weeks to dose levels of 100-600 mg.kg-1 feed
resulted in an effect on organ weight(s). A dose levels of 600 mg.kg_1 feed
did not affect the immunocompetence, whereas a slight effect was observed

at a dose level of 2,400 mg.kg-1 feed.

"Technical-grade" PCP

Exposure of cattle to 10-20 mg.kg-1 bw.day-l for 6 weeks to 5 months,
resulted in a large number of effects including effects on body weight,
effects on organ weights, effects on liver function (a.o0. increased AHH
activity, effects on cytochrome P450) and effects on haematology (anaemia).
The most striking pathological lesions were observed in the urinary bladder
and in the Meibomian glands (eyelid). Similar exposure to "pure" PCP did
not result in these lesions, whereas the other effects were found to a (far
more) lesser extent.

In one of the above-mentioned studies (newborn calves, exposure time 6
weeks), liver weight was increased and thymus weight was decreased at 1

mg.kg-1 bw.day-1

- Chlorophenols other than PCP
With regard to these compounds only a very limited study is available. In
this study exposure of cattle to dose levels of up to 160 mg.kg-l bw.daly_l

(in feed, either trichlorophenyl acetate or zinc trichlorophenate) did not

affect body weight and haematological parameters.
5.5. TOXTCOLOGICAL LIMIT VALUES
5.1.1. Man

- Oral exposure

For only 2 out of the 19 chlorophenols there are sufficient data on
genotoxicity (mutagenicity and other transmissible effects), reproductive
toxicity (including both embryo-/foetotoxicity and teratogenicity), and
chronic toxicity (including carcinogenicity) to derive an acceptable daily
intake. These compounds are 2,4-DCP and PCP. (The maximum acceptable daily
intake is defined as the amount of a substance that man can tolerate daily

for lifetime without harmful health effects are to be expected, expressed
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on the basis of body weight). In this section toxicological limit values
are derived for these two compounds on the basis of long-term oral studies
with experimental animals. Further, with regard to some other chlorophenols
the most important data are given, since these compounds have either been
found in food (2,3,4,6-TeCP) or in the environment (2,4,5-TCP and 2,4,6-
TCP) or because a relatively low dose without effect has been established,

in spite of the limited data (2-MCP).

2,4-DCP

On the basis of carcinogenicity studies (mouse, rat) one may conclude that
there is no evidence for carcinogenicity. Genogenicity studies yield
insufficient evidence for mutagenicity of 2,4-MCP. Teratogenicity study did
not indicate a teratogenic mode of action.

Semi-chronic and chronic toxicity studies with >99%-pure 2,4-DCP resulted
in a dose without effect of 120 mg.kg-1 bw.day-l. Dose levels from 250
mg.kg-1 bw.day_1 resulted in effects such as decreased body weight and
histo(patho)logical changes in liver, bone marrow or respiratory epithelium
of the nose. In a reproduction study in which young female rats were
exposed before mating and during gestation to a dose level of 3 mg.kg—
bw.day_1 of >99%-pure 2,4-DCP for 10 weeks through drinking water, no
effects on the reproduction was found. However, after exposing the
prenatally exposed progeny also postnatally for up to appr. 3 months after
ablactation, this dose level still resulted in an effect on the immuno-
competence. A dose of 0.3 mg.kg-1 bw.day-1 was without effect. Based on
these data the immuno-system seems to be a very sensitive parameter. at
least in case of pre- and postnatally exposure.

Effects on immuno-competence found in the reproduction study are considered
toxicologically relevant. Therefore, the toxicological limit value is based
on the dose without effect for this parameter, 0.3 mg.kg-1 bw.day-1
Extrapolation of the NO(A)EL to an acceptable daily intake for humans at
life-time exposure, results in a value of 0.003 mg.kg-l bw.day_l, using a
margin of safety of 100. Assuming an average weight of 60 kg for adults,

this value is equivalent to a total daily intake of 0.18 mg 2,4-DCP.
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PCP
Based on carcinogenicity studies (mouse, rat) it is concluded that there is
insufficient evidence for carcinogenicity in experimental animals. There is
insufficient evidence for mutagenicity of PCP. In assessing the hazard of
PCP a distinction should be made between "pure" PCP and "technical-grade"
PCP. Comparative studies show that relatively low doses to "technical-
grade" PCP result in effects that do not occur upon exposure to similar
dose levels of "pure" PCP. Only at considerably higher dose levels of the
pure compound have these effects been observed. The toxicity of "technical-
grade" PCP is related to (higher) chlorinated dibenzo-p-dioxins (PCDDs) and
dibenzofurans (PCDFs) which are present in technical PCP-formulations. In
the text below, "pure" PCP includes formulations (such as "Dowicide EC-7")
with a total PCDF and PCDD content up to 30 ppm.
- "Pure" PCP
Semichronic and chronic toxicity studies resulted in a NO(A)EL of 3
mg.kg-1 bw.day-l. Dose levels from 10 mg.kg-1 bw.day-1 resulted in
effects such as decreased body weight, elevated organ weights (liver,
kidney) and histo(patho)logical lesions, particularly in the liver. An
NO(A)EL of 3 mg.kg-1 bw.day-1 was also derived from reproduction studies.
In teratogenicity studies no indication for teratogenicity was found in
testing various PCP formulations. In one of these studies with "pure"
PCP, however, a non treatment-related increased incidence of effects on
the fetal development (delayed ossification of the skull bones) was found
at the 1lowest dose: 5 mg.kg_lbw.day-l. This effect is considered to be
slightly phoetotoxic.
Based on these data a dose level of 3 mg.kg-lbw.day-1 is considered the
dose without effect, taking into consideration all toxicological aspects
investigated. Extrapolation of this value to an acceptable daily intake
for humans at life-time exposure, results in a value of 0.03 mg.kg—1
bw.day-l, using a safety margin of 100. Assuming an average weight of 60
kg for adults, this value corresponds with a total daily intake of 1,8 mg
PCP.

- "Technical-grade" PCP

In semichronic toxicity studies, effects like increased liver and kidney
weights, histo(patho)logical liver and kidney changes, immuno-suppression

and biochemical effects were observed at dose levels below 10 mg.kg_1
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bw.day-l. In 8-month studies with rats the following effects on the liver
were observed at the lowest dose level tested (1 mg.kg-l bw.day_l):
increased activity of the enzymes aryl hydrocarbon hydroxylase (AHH) and
glucoronyl transferase, and histopathological lesions. Effects most
frequently found in these studies are those on the liver enzymes AHH and
cytochrome P450, and porphyry related to the PCDD and PCDF contents.
Effects on the immuno-competence also seem to be related to (these)
impurities in ‘“"technical-grade" PCP. In a reproduction study in which
rats were exposed through drinking water, all dose levels tested (0.25
mg.kg-l bw.day-1 and higher) resulted in an effect on the immuno-
competence of the progeny, exposed both pre- and postnatally.

On the basis of these studies no dose without effect can be derived for
"technical grade" PCP. Therefore, and because of the variable composition
of "technical-grade" PCP, an acceptable daily intake cannot be

established.

Chlorophenols other than PCP

2-MCP

In a reproduction study in which young female rats were exposed for 10
weeks to 97%-pure 2-MCP via drinking water before mating and through
gestation, a dose of 50 mg.kg_lbw.day-1 resulted in decreased litter size
and increased number of stillborn. A dose level of 5 mg.kg-1 bw.day_1 did
not affect the reproduction. Extended exposure of the progeny to 50 mg.kg-l
bw.day-1 during a major part of their life resulted in effects on
haematological parameters. No effects, howeﬁer, were found with respect to
a limited number of other toxicological parameters (including carcino-

genicity).

2,4,5-TCP
An semi-chronic oral toxicity study (rat, exposure time 3 months) resulted
in histopathological liver and kidney lesions and in diuretic effects at a
dose level of 150 mg.kg-lbw.day‘l. The dose without effects was 50 mg.kg—l
-1
bw.day

2,4,6-TCP
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Based on carcinogenicity study (mouse, rat) it is concluded that there is
sufficient evidence for carcinogenicity in experimental animals. Geno-
toxicity studies did not reveal sufficient information to consider 2,4,6-
TCP mutagenic. Therefore 2,4,6-TCP 1is considered to be a non-genotoxic
carcinogen for which a threshold value exists. This implies that there is a
dose level at which neither adverse mnor carcinogenic effects occur.
However, the available animal studies cannot be used in establishing a dose
without effect, because of the occurrence of effects at the lowest dose
level and because of shortcomings such as too 1limited number of test

animals and short exposure times.

2,3,4,6-TeCP

Oral teratogenicity studies with rats, in which both "purified" and
"technical grade" 2,3,4,6-TeCP were tested, did not indicate teratogenic
activity. 1In both studies, however, an increased incidence of an effect on
the fetal development (delayed ossification of the skull bones) was found
at 30 mg.kg_1 bw.day‘l. This variation occurs normally in control
populations of this strain of rats. Therefore this effect is considered to
be slightly phoetotoxic, the dose without effect being 10 mg,.kg-l bw.day-1

In a subacute oral toxicity study (rat, exposure time 8 weeks) a dose level
of 50 mg.kg-1 bw.day-1 resulted in histopathological lesions in the liver,

the dose without effect being 10 mg.kg-l bw.day-l.

- Inhalatory exposure

Data on (no) effect levels at exposure via inhalation are too 1limited to
establish acceptable airborne concentrations.

Limited animal studies show that exposure to an airborne PCP concentration
of 3 mg.m_3 for 4 hours per day, during 4 months, may result in increased
liver weight and/or effects on biochemical parameters (blood sugar level,
chlolinesterase activity). In these studies "pure" PCP an a non-specified
PCP formulation were used as test compounds. The concentration tested on
rats for 4 hours per day corresponds with a dose of 0.45 mg.kg—lbw.day-1
(based on a respiration minute volume of 125 cm3, a body weight of 200 g
and total absorption). Comparison with results of long-term oral
laboratory animal studies (with "pure" PCP) show that the toxicity of PCP
is at least 10 times more toxic at exposure via inhalation than at oral

exposure.
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Limited occupational studies indicate that (average) exposure levels of
appr. 30 - 50 ug PCP.m_3 do not result in serious health effects. At these
exposure levels, however, persistent skin lesions and respiratory disorders
were observed. Based on these limited occupational studies, no acceptable
exposure levels can be established for the general population with respect
to inhalatory exposure to "pure" PCP, also due to the fact that it concerns
exposure to "technical-grade" PCP, usually in combination with exposure to
other compounds.

Medical examination of non-occupationally exposed persons (as a result of
the use of wood preservatives indoors) indicates that prolonged exposure to
(indoor) PCP 1levels of appr. 2 - 10 ug.m-3 (average: 5 pg.m-B) does not
result in any noticeable effects on liver, kidneys and blood. However, a
number of non-specific health complaints such as headache and fatigue may
be ascribed to PCP and/or other compounds present in the preservatives

applied.

5.5.2. Aquatic environment

In this hazard assessment based on single species laboratory tests, various
extrapolation procedures have been used to establish  acceptable
concentrations. The principles of these procedures are described in
appendix 2 of this document.

The results of the various extrapolation procedures are summarized in
tables 5.1. (PCP) and 5.2. (chlorophenols other than PCP). With regard to
PCP only long-term toxicity data have been used. Concerning chlorophenols
other than PCP mainly short-term toxicity data have been used, since long-
term toxicity data are mostly lacking.

The input data used are based on freshwater toxicity test results.

PCP (table 5.1.)
The NOEC-values used to derive a toxicological limit value are depicted in

figure 5.1.
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Figure 5.1.: Distribution of NOEC-values for PCP in freshwater

Table 5.1. Calculated "acceptable"” concentrations (ug/l) of PCP in fresh
water, based on extrapolation procedures according to Slooff ec
al. (1986), Kooijman (1987), Van Straalen (1989) and RIVM (Van
de Meent et al., 1990) (n = number of input data)

Input Result (ug/l)
NOEC-values (long-term tests; n = 26)

Van Straalenl: (n=26) ---------- > 1.2

RIVMZ2: (n 10) ----eee--- > 2.0 "MAR"
Lowest NOEC-value: 3 pg/l (long-term tests)

Slooff et al.3: (n=1)  -c-cc----- > 0.3

EPA%4: n=1)  ---------- > 0.3
L(E)C50-values ("long-term" tests)

5
Kooijman’ : (n=9)  —-eeeee- > 0.5

"MAR": "maximum acceptable risk level" (see text)

1 Original Van Straalen procedure (input: all available NOEC-values)

d used derived from table 1 in Kooijman (1987), at d = 0.05.
Modified Van Straalen procedure: a revised statistical technique has
been used, and the NOEC-values are clustered according to selected
taxonomical groups (input: 1 NOEC for each group selected).

3 — . .
Log NOECecosystems [+0.63 + 0.85.Log NOEC] : 33.5 (uncertainty
factor) .

4 Assessment factor of 10.

5 Used dm derived from table 1 at d = 0.1. Number of species for which the
extrapolation is valid: 1,000. Input data: 1 L(E)C50 per species;
exposure time 1 - 3 weeks.
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In conformity with a recent report of the National Institute of Public
Health and Environmental Protection (Van de Meent et al., 1990), the
modified Van Straalen method is preferred (see table 5.1. and appendix 2),
resulting in a concentration of 2 ug.l-l. This value does not deviate
significantly (less than a factor 10) from concentrations calculated by
means of the other extrapolation procedures (0.3 - 1.2 pg.l-l). Therefore,
the concentration of 2 pg.l_l is recommended as toxicological 1limit wvalue
("maximum acceptable risk level", MAR) for long-term exposure to PCP in
fresh surface water.

The derivation of this recommended value deviates from the procedure
proposed by the Health Council (1988). According to this procedure the
recommended value ("limit value") would have been equated to 0.5 pg.l_l,
since this concentration level (calculated using the Kooijman method, the
first step in the procedure) is below the measured exposure levels. In this
Integrated Criteria Document, however, the use of NOEC-values is preferable

to the use of LC50-values in deriving the recommended value.

- Chlorophenols other than PCP (table 5.2.)
Since the number of NOEC-values with regard to sublethal parameters is very

limited or lacking, no MARs can be calculated with the (modified) Van
Straalen procedure. Only a (very) limited number of L(E)C50-values 1is
available for most compounds. The results of the extrapolation methods that
could be used are therefore considered indicative for maximum acceptable
concentrations in fresh surface water.

The available data clearly show, despite differences in toxicity of
compounds within one group of isomers, that the toxicity of chlorophenols
increases with the degree of chlorination, in connection with lipophi-
licity. Therefore, only one MAR has been derived for all individual
compounds within each group of isomers, in accordance with the procedure
followed in the above-mentioned RIVM-report (Van de Meent et al., 1990).
Taking into account the limited data these values are primarily based on
the results from a "modified" EPA-procedure. In the instances of both LC50-
values and (a) NOEC-value(s) were available, the lowest value calculated
with this method was used. Based on an expert judgement of the available
data (test species, number of toxicity data) subsequently the values were

adjusted to the final recommended tentative MARs (table 5.2.).
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Table 5.2. Calculated "acceptable" concentrations (ug/l) of
fresh water,

procedures according to Slooff et al.
Meent et al., 1990)

other than PCP

in

chlorophenols
based on the extrapolation

(1986) and RIVM (Van de

Compound Input Result (ug/1l)

LOWEST LOWEST S100FF RIVM

L(E)C50 NOEC et al. EPA-MODIFICATION "MAR"

I (n) II (n) Il I12 I3 IT4

2- 2600 (10) 500 (2) 1.9 25 26 50 25
3- 6400 (3) 4.0 64 25
4 - 2500 (9) 630 (1) 1.9 30 25 63 25
2,3- 3100 (3) 2.2 3.1 15
2,4- 1400 (12) 290 (3) 1.2 16 14 29 15
2,5- 2800 (0) 2.0 2.8 15
2,6- 3400* (5) 2.4 34 15
3,4- 1400, (2) 1.2 1.4 15
3,5- 1050 (3) 0.9 10 15
2,3,4- 1100} (2) 1.0 1.1 2.5
2,3,5- 1150, (2) 1.0 1.1 2.5
2,3,6- 3700 (3) 2.6 3.7 2.5
2,4,5- 900 (7) 160 (2) 0.8 10 0.9 16 2.5
2,4,6- 2200* (8) 970 (1) 1.7 44 22 97 2.5
3,4,5- 450 (2) 0.5 0.4 2.5
2,3,4,5- 205 (4) 0.2 0.2 1
2,3,4,6- 290 (4) 0.3 2.9 1
2,3,5,6- 570 (3) 0.6 0.6 1
"MAR": maximum acceptable risk level (see the text)
(n) Number of available values from tests conducted according to current

guidelines for aquatic
available).

toxicity

L(E)50-values: table 2.1 en 2.2; NOEC-values: table 2.4.(appendix).
* Estimated 48-h L(E)C50-value for the water flea Daphnia magna
(24-hr experimental value :
~ Primary literature source not available.

1 Log NOEC
factor).
2 Log NOEC
factor).

ecosystems

I

ecosystems

factor of 2).

3 An assessment factor of 100 is
reliable L(E)C50 for algae, crustaceans or fish; in all other
factor of 1000 is applied.

4 Assessment factor of 10.

[+0.63 + 0.85.Log NOEC]

applied

[-0.55 + 0.81.Log L(E)C50] : 85.7 (uncertainty

: 33.5 (uncertainty

if

testing (primary literature source

there is at least one

cases

a
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With regard to marine species toxicity data are lacking for most
chlorophenols. The few L(E)C50-values (4-MCP, 2,4,5-TCP, 2,3,5,6-TeCP, PCP)
and NOEC-values (PCP) indicate similar sensitivities of freshwater and
marine organisms for chlorophenols. Therefore, the indicative MARs derived

for freshwater are also recommended for marine water.

5.5.3. Terrestrial environment (table 5.3.)

For terrestrial organisms the number of toxicity values is (very) limited.
Therefore, only one extrapolation procedure has been used. The results of
this procedure (a procedure similar to the modified EPA-procedure used in
the aquatic hazard assessment) and the toxicity values which have been used
in this procedure are summarized in table 5.3.

The L(E)C50- and NOEC-values which are 1listed in this table have been
converted from an experimental value into an estimated value in a "standard
soil" containing 10% organic matter, to correct for differences in toxicity
caused by the use of different test soils (see the equation in the footnote
of table 5.3.). Accordingly, the values calculated with the extrapolation

procedure refer to a 10% OM standard soil.

- PGP

For PCP L(E)C50-values and a limited number of NOEC-values are available:
microbial processes, plants and earthworms. Extrapolation of the lowest
L(E)C50 and NOEC results in calculated concentrations of 0.08 and 0.16
mg.kg-1 dry weight, respectively. Because NOEC-values are preferably used
to establish an acceptable concentration, a concentration of 0.2 mg.kg_
dry weight (rounded) is recommended as an indicative maximum acceptable
risk 1level (MAR) for PCP in a 10% OM standard soil. For soils containing a
percentage of OM other than 10%, MARs can be calculated using the equation

in table 5.3.
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Table 5.3. Calculated "acceptable" concentrations (mg/kg dry weight) of
chlorophenols in soil, based on an extrapolation procedure
in accordance with the modified EPA method used in the aquatic

toxicology
Compound L(E)C50-values Result?

groups number  lowest (mg/kg dry weight)

of %
values __value
2- p 1 215 0.21
3- p,e 1,8 35 0.35
2,4- P 1 265 0.26
3,4- e 8 221 0.22
3,5- D 1 160 0.16
2,3,5- D 1 45 0.04
2,4,5- e 8 79 0.08
2,4,6- p,e 1,4 72 0.72
2,3,4,5- e 4 272 0.27
PCP p,e,m-a 3,15,2 8 0.08
NOEC-values Result?
groups number lowest (mg/kg dry weight)
of *
values value

2,3,5- D 1 16 1.6
PCP p,r,m-a 4,4,6 1.6 0.16

e = earthworms; p = plants; m-a = microbial activities

* The experimental values (V ) have been converted into estimated values
(V_) into a "standard soil" cgntaining 10% organic matter (% OM-s: 10%),
on the basis of the percentage of organic matter in the test soil (% OM-
t), using the following equation:

Vs =V x 10
% OM-t

In most tests with plants, the % OM in the test soil was 1.4%; in these
cases a percentage of 2%.

1 An assessment factor of 100 is applied if there is at least 1 L(E)C50
for each of the following groups: plants (p) and earthworms (e); in all
other cases an assessment factor of 1000 is applied.

2 Assessment factor of 10.
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- Chlorophenols other than PCP

For a number of these chlorophenols only L(E)C50-values are available, for
earthworms and/or plants (for 2,3,5-TCP one NOEC-value 1is available,
derived from a plant experiment). Extrapolation of the lowest value for
each compound results in calculated concentrations ranging from 0.04 to
0.72 mg.kg-1 dry weight, depending on the input value and the assessment
factor used. In contrast with the toxicity values for aquatic organisms,
those for terrestrial organisms do not show a clear trend of increasing
toxicity with increasing chlorination, not even in idential studies. This
may possibly be caused by using different methods of administration of the
compounds (fairly soluble compounds added as aqueous solution; poorly
soluble compounds added as solid), affecting the bio-availability of these
compounds. Therefore, and because of the limited number of toxicity values
available, a range of 0.1 tot 1 mg.kg.1 dry weight 1is considered as
indicative for the maximum acceptable risk level for individual compounds,

in a 10% OM soil.
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6. EMISSION CONTROL MEASURES

In this chapter, measures will be discussed for the control of emissions of
chlorophenols to soil, water and air. A distinction will be made between
autonomous developments, guided or unguided by policy, and supplementary
measures which may be taken to reduce emissions further. A more elaborate
account of the problem area covered in this chapter is provided by

Haskoning (1989).

6.1. THE APPLICATION OF CHLOROPHENOLS

6.1.1. Mushroom culture

- Autonomous developments

The use of sodium pentachlorophenolate (Na-PCP) for the disinfection of
wooden floor and/or wall boards in the mushroom culture has been banned
with effect of 1 January 1990. It is expected that Na-PCP emissions to air
will no longer be produced as a result of mushroom cultivation. As of 1990,
Champost will probably only contain PCP or Na-PCP when these chemicals are
already present in the culture medium, such as might be the case with PCP

originating from wood shavings in chicken manure.

6.1.2. Wood conservation

- Autonomous developments
The use of PCP, Na-PCP and TeCP for the treatment of wood has been banned

with effect of 1 January 1989. Chlorophenol emissions resulting from
present and future use are therefore irrelevant. On the other hand, current
emissions resulting from the past use of, or from the importation of PCP-

treated wood and wood products, are of importance.

- Supplementary measures

Supplementary measures concern current emissions of PCP to air, resulting
from the past use of, predominantly, PCP and Na-PCP as well as the current
and future importation of wood and wood products from countries where PCP

and Na-PCP may still be used.In 1987, approx. 35 tonnes of PCP were emitted
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to air as a consequence of its use in wood and wood products. Around the
year 2010, all of the accumulated PCP will have evaporated, and emissions
to air will be negligible. It is proposed to incinerate as much treated
waste wood as possible, as the incineration of chlorophenols leads to a
reduction of at least 98%. Conditions prevailing during the incineration
process need to be such that the formation of polychlorinated dibenzo-p-
dioxines and -dibenzo-phuranes is at a minimum. The emission of PCP to air,
resulting from the importation of PCP-treated wood is estimated at 13
tonnes per year. This mainly concerns pallet wood and vegetable and fruit
crates. However, PCP-treated parquet wood is equally important as its use
may lead to direct human exposure. A ban on the importation of PCP- treated
wood and wood products is impossible as the Netherlands, as an individual
country, may not refuse the importation of treated wood from countries
where the use of the product concerned is allowed (restriction of trade).
It is advisable to control the use of PCP and Na-PCP as wood preservation
agents at the international level. In 1983, and again in 1988, the European
Commission has made proposals for a limitation of the use of
pentachlorophenol (EEC, 1983, 1988). These proposals did not leave room for
the use of PCP and Na-PCP for wood preservation. However, during a mid-term
evaluation by the Commission in May 1989, it was suggested to permit the
use of PCP and Na-PCP on cuttimber for the prevention of blue fungus growth
(VROM, personal information). Three years after the adoption of the
proposal, a proposal for a total ban on PCP and Na-PCP was rejected. In
view of the less stringent environmental law enforcement in countries such
as Chili, Brazil, Poland and Czechoslovakia, it is likely that inter-
national arrangements with countries outside the EEC will only be possible
on the longer term. It is recommendable to explore possibilities for only
importing wood that has not been treated with PCP or Na-PCP. It is possible
that the use of wood and wood products treated with PCP and Na-PCP can be
brought down further through consumer education. One might think of a

labelling requirement for products treated with either PCP or Na-PCP.



- 114 -

6.1.3. Glue and adhesives industry

In the glue and adhesives industry, trichlorophenol is still being used on
a limited scale for the treatment of products based on polyvinyl acetate
(PVA). Substitutes for trichlorophenol in PVA glues are isothiazole
derivatives and quarternary ammonium derivatives, combined with
formaldehyde donors (corporate information). According to the industrial
enterprise concerned, the use of trichlorophenol in PVA glues will decrease

in the near future.

6.1.4. Textile finishing industry

- Autonomous developments
In the Netherlands textile finishing industry, the use of pentachlorophenol

and trichlorophenol as anti-putrefaction agents and as fungicides is no
longer allowed. The use of pentachlorophenyl laurate (PCP-laurate) is still
permitted. At the moment, research is being conducted into the substitution

of PCP-laurate by other compounds.

- Technical possibilities
The following measures are discussed in a report on the waste water

situation in the textile finishing industry (CUWVO, 1988):

- the substitution of PCP-laurate with compounds less harmful to the
environment;

- the greatest possible reduction of residual bath changes, in order to
prevent excessive residue discharges and rinsing activities;

- the segregation of waste water flows containing PCP-laurate, and
recycling of residual solutions;

- waste water treatment.

The report states that it is virtually impossible to purify segregated

subflows from the after-treatment, as the effluent must be subjected to

very stringent pollution controls. However, it is advisable to siphon

after-treatment waste water off, and to remove it as chemical waste. The

cost of treatment of after-treatment waste water flows is estimated at Dfl.

300.- per tonne. According to the industrial branch concerned, the

remaining waste water can be treated by repeated flocculation/coagula-tion
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(corporate information). The purified waste water could be discharged into
the sewerage system. This method of treatment would raise the production
cost by about 15-25% (corporate information). The CUVWO report quoted
further recommends research into the possibilities for the purification of
waste water that will remain after integrated process measures still be

developed will have been applied.

- Supplementary measures

The application of pentachlorophenol as a fungicide is allowed in some
European countries such as France, Italy, Spain, Portugal and England. In
view of the problems associated with the so-called trade restrictions and
the "unification" of Europe, it would be preferable to arrive at
arrangements within the framework of the EEC.

The European Commission has published a proposal in May 1988 which dealt
with the permissible use of pentachlorophenol and pentachlorophenol
derivatives (EEC, 1983, 1988). It is suggested in this report to ban the
use of these compounds, with the exception of some applications such as the
finishing of textiles with pentachlorophenyl laurate. In May 1989, this
proposal was again discussed in the EEC (VROM, personal information). At
the occasion of this mid-term evaluation, it appeared that a cautionary
approach was followed since substitutes were not (yet) available. Research
into substitutes is being carried out in some countries. In West Germany,
carbendazim is used as a substitute for pentachlorophenol laurate in the
textile finishing industry. In the Netherlands, the application of this

compound is not allowed in the treatment of textiles.

6.1.5. Synthetic fibre industry

- Autonomous developments

PCP-laurate is used as an anti-putrefaction agent and as a fungicide in the
production of sponges made of synthetic silk. Substitutes for PCP-laurate
in sponges are, for instance, quarternary ammonium compounds, which are
currently used in combination with PCP-laurate. According to the industrial
enterprise concerned, the future application of PCP-laurate will depend on
the policy of VROM. While 7.5 tonnes were still used in 1988, in 1989 this

figure was about 3 tonnes. On the basis of this figure it may be assumed
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that 0.2 tonne will reach the water compartment and less than 0.1 tonne
will end up in garbage (expressed as PCP). As the market for sponges is
saturated, the emissions of PCP- laurate are not expected to increase

(corporate information).

6.1.6. Leather industry

- Measures possible

Pentachlorophenol and trichlorophenol are no longer permitted in the
leather industry in the Netherlands. Supplementary measures need to be
directed at the presence of PCP in imported wet-blue. In some countries,
PCP and Na-PCP are still allowed to be used as biocides in leather.
International agreements would be necessary in order to reduce the use, and
therefore the emissions, of PCP and Na-PCP. The EEC proposal (1983, 1988)
and the mid-term evaluation of May 1989 suggest to ban the use of PCP and
TCP as biocides in the treatment of leather. Wet-blue, however, is imported

from countries outside the EEC as well.

6.1.7. Biocide industry

- Autonomous developments

The use of chlorophenols as biocides is no longer allowed, with the
exception of the use as PCP as a fungicide in some formulations based on
organic carrier compounds, such as bait granules for snails. According to
information provided by the industrial enterprise concerned the application

of PCP for this purpose will soon be eliminated (mid 1990).

6.1.8. Diffuse sources

In the past decade, the use of chlorophenols has declined considerably in
the Netherlands. This decline will continue. It may therefore be expected

that emissions of chlorophenols from diffuse sources will also be reduced.
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6.1.9. Urban waste

The White Paper Prevention and Recycling (VROM, 1988) stipulates as a
policy for the year 2000 that half of the domestic waste will be
incinerated, while the other half will be recycled. This would lead to the
discontinuation of the dumping of domestic waste in landfills. The document
(VROM, 1988) proposes the following measures in order to achieve this
objective:
- the banning of certain products from the market;
- segregated presentation and collection of garbage components;
- modifying planning permission policies concerning waste processing
plants;
- increased rates for waste processing;
- incineration of non-recyclable domestic waste.
It may be expected that by the year 2000, the amount of chlorophenols in
packed domestic garbage will be below present levels. This is based on the
expectation that the use of chlorophenols in the Netherlands and in other
countries will decline. In the year 2000, the largest contribution to
chlorophenols in urban waste will be made by textiles, treated with PCP-
laurate (tents and sunshades), and PCP- impregnated wood (pallets,
vegetable crates and facade boards), as is the case at the moment. It needs
to be taken into consideration that most of the tents, sunshades and facade
boards which will end up in garbage by the year 2000 are already in use
today. It may be expected that by the year 2000, some 30 tonnes of
chlorophenols, almost exclusively PCP, will be discharged in urban waste.
At an incineration efficiency for chlorophenols of at least 99%, the
incineration of urban waste in the year 2000 will result in the emission of
50 kg chlorophenols to air and the production of a similar amount in
flyash. Components of urban waste which will be increasingly considered for
recycling (mostly vegetable, fruit and garden waste) contain less
chlorophenol than those being incinerated (RIVM, 1987a, 1987b,
1988a,1988b) .
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6.1.10. Activated sludge

Policy planning (VROM, 1988) is aimed at decreased landfill discharges,
decreased use as a fertilizer and an increased incineration of activated
sludge by the year 2000.

In chapter 2 it was indicated that the total amount of chlorophenol in
activated sludge at present is about 35 kg. In view of the diminished
application of chlorophenols, the levels of chlorophenols in activated
sludge may be expected to decrease. If the policy intentions are
implemented, the diffuse loading of soil as well as emissions to air (from
the incineration of activated sludge) will be negligibly low by the year
2000. The conditions under which activated sludge is incinerated need to be
such that the formation of polychlorodibenzo-p-dioxins and - dibenzo-

phuranes is at a minimum.

6.2. BUSINESS ECONOMIC CONSEQUENCES

In the preceding paragraph an overview was given of possible emission
control measures and their cost. This paragraph will deal with the business
economic consequences of the introduction of such measures, with a special
focus on textile finishing. First, a description will be given of the
nature and volume of those companies which are responsible for the emission
of PCP-laurate within this branch of industry. Next, the performance of
this industrial branch (strong and weak points) will be analyzed on the
light of three key variables: market situation, international competition
and resilience ('t Gilde et al., 1986). These variables determine a
company's potential for absorbing the additional cost of environmental
measures.

This document deals exclusively with measures for the control of PCP-
laurate emissions. The companies concerned emit other substances as well,
the control of which is also being considered (CUWVO, 1989). The business
economic consequences of a cumulation of control measures will not be

explained in this paragraph.
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6.2.1. Textile finishing

- Structural description

Textile finishing represents a specialized sector within the industry.
Companies involved in it deal with the finishing of yarns, fabrics and
cloth in order to improve their esthetic and operational characteristics.
Cleansing, bleaching and dyeing are examples of the first category. The
second category, collectively known as "final treatments”, includes fire,
water and moth proofing. Putrefaction and fungus proofing of woolen and
cotton tissues with PCP-laurate is carried out in aqueous solutions, using
kettles (VROM, 1987).

The textile finishing industry forms a rather small branch of industry. In
the 1970s, its sales stagnated. Following a drastic restructuring, more
than half of the employees lost their jobs in ten years' time (EZ, 1980).
In 1980, 3,000 people were employed in the textile finishing industry.
After an all-time low in 1983, recovery has been slow. In 1987, total sales
amounted to Dfl. 700 million and there were 3,300 employees (CBS, 1989).
This figures include Dfl. 156 million in sales, achieved by 1,150 workers
employed by textile finishing subcontractors (KRL, 1989).

There are 43 companies with more than 10 employees actively engaged in the
textile finishing business, in addition to several dozens of very small
companies. Although only 11 firms exist with more than 50 employees, some
80% of all the employment is concentrated there (CBS, 1989). The textile

finishing industry therefore consists of small and medium-size enterprises.

- Market situation

The production of textiles lends itself eminently for an international
distribution of labour. The needed raw materials (cotton, wool and, to a
lesser extent, synthetic yarns) are almost universally available throughout
the world, while the technologies involved are well- known and not too
capital-intensive. Third World countries are quite capable of competing in
these markets. Since 1978, textile imports into the EC are regulated
through the Multi-Fibre Agreement (KRL, 1989).

Textile products are used in a variety of tertiary industries. The most
important products are materials for clothing, technical textiles

(industrial and medical applications), materials for interior decorating
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(curtains, furniture coverings) and household textiles (table linen,
bedding materials, bathroom textiles). All these markets have been stagnant
for more than a decade. The markets in the Netherlands and the surrounding
EC countries are saturated. Expanding sales can only be achieved by
increasing the market share. The Netherlands textile (finishing) industry
wants to do this by improving the quality of its products and by reacting
in a more flexible manner to market (= fashion) developments. To this end,
heavy investments are made in modern equipment, automation and training of
personnel. As the European excess capacity in the textile finishing
industry has vanished and the labour cost component in the Netherlands has
fallen drastically in comparison with surrounding countries, the current
position of companies in the Netherlands is stable. As a consequence, they
face the next few years with confidence (KRL, 1989). The market situation

may thus be described as reasonable.

- International competition

The market is of an international nature. Of the total sales some 70% is
exported, mostly to EC countries, in particular West Germany and Belgium
(CBS, 1989). The finishing subcontracting companies mostly operate for the
local market (KRL, 1989). In respect of both the raw materials (yarns,
tissues) and the final products (clothing, etc.), the Netherlands has a
positive importation balance. It might be noted here that 75% of all
textile imports originate from EC countries, mostly from West Germany and
Belgium. The relatively modest volume of the local textile production of
course limits the market for the finishing subcontractors. The inter-
national competition is of great importance for the textile finishing

industry.

- Resilience

The profit margins in the textile finishing industry have been satisfactory
over the past few years. Corporate gains of 5-7% on total production are
common. In the textile finishing business net profits, expressed as a
percentage of total production, are above the average of 4.1% which is

applicable to the textile industry as a whole (KRL, 1989).
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The solvability (the proportion of shares held by the company out of the
total capital) is only known for the larger companies. With percentages
between 40 and 65%, the solvability is remarkably high.

In the textile finishing industry, the variable costs amount to 60% of
total cost, of which 10% is for chemicals and 5% for energy. Labour
accounts for 28% of total cost, and depreciations 5% (CBS, 1989). A renewed
confidence in the future is reflected by increased investments, which at
Dfl. 70 million annually has clearly exceeded depreciations in recent
years. The distribution of costs over the various components suggests that
the sector is rather labour, capital and energy intensive.

The resilience may be characterized as good. However, the introduction of a
treatment system based on repeated flocculation/coagulation would raise the

total cost so much (15-25%) that competitiveness would be eroded.

6.3. SUMMARY AND CORCLUSIONS

Ongoing developments, whether or not driven by policy, have resulted in
drastic reductions in the use of chlorophenols. Current emissions are
generally limited in extent. The exceptions are:

- the emissions of pentachlorophenol to air, both as a result of past uses
for the conservation of wood and as a consequence of the importation of
treated wood and wood products,

- the use of pentachlorophenyl laurate for the moth and fungus proofing of
textiles.

In relation to supplementary measures for the control of emissions, the

following recommendations have been mentioned:

- international agreements towards the banning of pentachlorophenol as a
preservation agent, particularly for wood, paper, leather and textile;

- consumer education aimed at the reduction of imports of wood, treated
with PCP and PCP-laurate;

- incineration under controlled conditions of as much PCP-treated waste
wood and PCP-laurate- treated textile as possible.

The current emissions of chlorophenols and those expected in the year 2000

on the vasis of autonomous developments, both with and without

supplementary measures, are presented in table 6.1.
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Table 6.1. Current emissions of chlorophenols and those expected in the
year 2000 as based on autonomous developments, with and without
supplementary measures (in tonnes per year)

Current emissions Expected emissions Expected emissions

(1987) based on autonomous also based on
developments supplementary measures
(2000) (2000)
Soil 7 5 4
Water 5 3 2
Air 50 35 30

The most important business economic characteristics of the textile

finishing industry are summarised in table 6.2.

Table 6.2. Business economic characteristics of the textile finishing

industry
Structure (corporate size) Small/medium-sized
Market situation Reasonable
International competitiveness High

Resilience Good
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7. EVALUATION

7.1. EXCEEDING OF CURRENT STANDARDS AND ACCEPTABLE LEVELS

7.1.1. Soil and groundwater

Data on the chlorophenol load of soil in the Netherlands are available for
nature reserves. Comparing the assessment level (Chapter 1, table 1.3) with
these data, it appears that the levels remain far below the B-value
(assessment value for further investigation) in all cases. The same is true
for soil near mushroom farms. To what extent the assessment values are
exceeded in areas with a higher risk of contamination (especially near wood
preservation facilities and textile factories) is not known.
With respect to groundwater originating from infiltration water (chapter 4,
table 4.3) it may be stated that, except for 2-monochlorophenol and penta-
chlorophenol, the levels are generally around the reference value (=
detection limit). For the exceptions mentioned, the B-level is sometimes
exceeded. The analytical methods applied in the National Monitoring Network
Groundwater Quality are characterized by very high detection limits for
chlorophenols (table 4.4). As a consequence, it may only be concluded that
the C-level is not exceeded on a national scale, - no information is
obtained with respect to the reference value and the B-value.
In areas with a higher risk of groundwater contamination, data are only
available with respect to mushroom farms. In groundwater near waste water
soak-aways, the C-value is exceeded while in groundwater near loaded
watercourses the B-level is exceeded; at a distance of 1 km from the source

the level is between the A- and the B-level.

7.1.2. Surface water and sediment

Concerning the concentrations in surface water in state water bodies, data
are only available on 2,4,5- and 2,4,6- trichlorophenol and pentachloro-
phenol (table 4.5). Although slightly dated, regional data are available on
all chlorophenols (table 4.6). In the period 1982-1984, the general

environmental quality levels were exceeded for those chlorophenols for
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which standards have been proposed or determined (dichlorophenols, 2,4,5-
trichlorophenol and pentachlorophenol). At some locations the median value
exceeded the general environmental quality levels.

It is assumed that the downward trend in concentrations observed in the
larger state water bodies will also apply to the smaller, regional water
bodies and that, as a consequence, the overall extent and frequency of
exceedances will have decreased. In most cases, the levels in the state
water bodies do not exceed the general environmental quality levels (any
more) .

For sediment, a standard for the general envirommental quality has been
given for pentachlorophenol only (0.02 mg.kg-1 based on 10% organic
material and 25% lutum). Relatively little is known on pentachlorophenol
levels in sediments in the Netherlands. The levels determined in Lake
Ketel (median: 8.4; maximum: 34 mg.kg-l) and the New Meuse (7 mg.kg_l) are
far above this standard. It should be noted, however, that these
measurements are about ten years old. In view of the decreased levels in
the supernatant surface water (approximately a factor 10), it may be
expected that sediment levels will have decreased too. This decrease,
however, seems to be insufficient to meet the general environmental quality

standards.
7.1.3. Air

No standards or acceptable levels have been formulated for the air

compartment in the Netherlands.
7.2. RISKS AND HIGH-RISK GROUPS

7.2.1. Risks for man

- Oral exposure

For determining a toxicological maximum acceptable daily oral intake,
sufficient data only exist for 2,4-dichlorophenol and pentachlorophenol.
For neither of these substances is there sufficient evidence for
mutagenicity and/or carcinogenicity. The recommended values have therefore

been derived exclusively on the basis of toxicological data.



- 125 -

Based on animal experiments, a recommended value for 2,4-dichlorophenol was
determined at a lifetime oral exposure of 0.003 mg.kg-l body weight per
day, which corresponds with a total daily oral intake of 0.18 mg for an
adult of 60 kg. Human exposure levels to this substance are extremely low
in the Netherlands: 2,4-dichlorophenol has not been detected in food and
drinking water.

Based on similar reproduction studies with rats, and a similar extra-
polation factor, a recommended value for pentachlorophenol was determined
at 0.03 mg.kg-1 body weight per day, which corresponds with a total daily
oral intake of 1.8 mg for an adult of 60 kg. The average exposure level in
the Netherlands through food and drinking water amounts to less than

0.004 mg per day. The maximum oral intake measured amounts to 0.02 mg per
day. In view of the vast differences between the maximum permissible level
and the mean and maximum exposure levels found, the risks of pentachloro-
phenol for the Dutch population are considered to be zero.

For both substances, pregnant women and children may be considered high-
risk groups because of the low doses for effects on reproduction and
progeny (the latter through pre- and postnatal exposure).

In connection with taste thresholds, it may be stated that current levels
in surface water (tables 4.5 and 4.6) are no longer high enough to cause a
deterioration of the taste of fishery products (reference: table 1.5). As
regards odour thresholds (section 1.2.4), the levels in ground and surface
waters (tables 4.3, 4.5 and 4.6) are below the acceptable level (WHO) of
0.1 pg.l_l for each individual chlorophenol.

- Inhalatory exposure

Because of insufficient data it appeared impossible to arrive at
recommended values for inhalatory exposure. The data available do, however,
lead to the assumption that the toxicity of PCP through inhalatory exposure
is higher than through oral exposure. On the basis of limited occupational
toxicological data it is assumed that effects are unlikely to occur in the
general population at an average concentration of 5 ug. PCP.m-3 and less.
In outdoor air, the large-scale average concentration will probably be much
more than a factor 1000 below this figure. Locally, peak concentrations
have been observed, but these are also below 5 pg.m-3. The indoor air

concentrations are generally equal to outdoor air concentrations, with the
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exception of those instances where houses have been treated with PCP for
the control of fungi or insects, or where PCP-treated wood has been used
for interior finishings. In such cases, the annual average PCP levels may
exceed 5 pg.m-3 (2-70 pg.m_3), with the concomitant risk of harmful effects
on human health.

Although insufficient data are available on the remaining chlorophenols to
support toxicological acceptable level values, on the basis of whatever
limited data on toxicity, mutagenicity and carcinogenicity which deo exist,
combined with what is known about emissions and concentrations in the
environment, it is acceptable to assume that current levels of exposure to

these compounds do not pose any significant risk to man.

7.2.2. Risks for ecosvystems

- Aquatic environment

Only for pentachlorophenol sufficient chronic toxicological data are
available to arrive at a maximum acceptable level for aquatic organisms in
accordance with current views: 2 ug.l-l. In the Netherlands fresh surface
waters, the concentrations are lower: at least a factor 2, but on average a
factor 67. In salty surface waters, where a similar maximum acceptable
level is in force, the levels are considerably lower. The risk of penta-
chlorohenol is therefore considered to be within acceptable limits
(reference: DGM brochure "Premises for Risk Management"; VROM, 1989).

With regard to the remaining chlorophenols, the limited nature of the data
only allows for indicative maximum acceptable risk concentrations to be
given. A comparison of these indicative values (table 5.2) with the
exposure levels through water (table 4.11) demonstrates that levels
occurring in Dutch surface waters do not pose unacceptable risks for

aquatic ecosystems (according to current policy principles).

- Terrestrial ecosystems

Toxicological data with respect to the effects on terrestrial organisms are
too limited to support a scientifically founded acceptable level value. On
the basis of LC50-values from relatively short-term tests, and using the
modified EPA method (reference: Annex 2), it is possible to arrive at an

indicative concentration trajectory from 0.1-1 mg.kg-l dry weight as a
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maximum acceptable risk level for individual chlorophenols in a standard
soil type with 10% organic material. NOEC values concerning sublethal
parameters are only available for PCP. On the basis of the same method,
these lead to an indicative maximum permissible risk level of 0.2 mg.kg-1
dry weight in a standard soil type with 10% organic material. In most
cases, environmental levels are below 0.001 mg.kg-l while they are only
sporadically above 0.005 mg.kg-l (table 4.2). On these grounds, it is
assumed that levels in Dutch soils do not pose an unacceptable risk for
terrestrial ecosystems.

Biomagnification might be significant for the higher organisms. For penta-
chlorophenol, a congener which carries the greatest risks among all chloro-
phenols (because of its potential for accumulation and its occurrence in
the environment), a mammalian no-effect-dose was determined of 3 mg.kg—1
body weight per day for rats. Starting from a body weight of 200 g for a
rat, and a daily food intake of 15 g, this no-effect-dose is reached at a
concentration of at least 40 mg PCP per kg food. Considering levels found
in the environment it is unlikely that such concentrations will occur in
the food of top predators. Although the metabolism of top predators may
differ from that of the laboratory animals tested, this calculation
suggests that biomagnification does not play a significant role in current

and future exposure situations.
7.3. ENVIRONMENTAL QUALITY OBJECTIVES
7.3.1. Soil and sediment

For soil, insufficient ecotoxicological and human exposure data render it
impossible to arrive scientifically at effect-oriented standards. Proposals
for indicative values may be formulated along two different lines. As a
first step, values are derived on the basis of ecotoxicological data either
[a] by applying the above-mentioned modified EPA method, or [b] by the
application of the partition coefficient to the maximum acceptable risk
concentration for aquatic organisms. As a second step, these values are
compared with the limited human toxicological data. In table 7.1 a proposal

is made concerning the maximum acceptable risk level for soil.



- 128 -

Table 7.1. Proposal for a maximum acceptable concentrations of chloro-
phenols (individually) for soils and sediments (in mg/kg)

Compound  Method A Method B Proposal
(modified max. accept.
EPA method) Max.accept. Partition Max. accept. concentr.

conc. water coefficient conc. soil

(mg/kg) (ng/1) (1/kg)* (mg/kg)

MCP 0.1 -1 25 9 0.22 0.2

DcCP 0.1 -1 15 22 0.33 0.3

TCP 0.1 -1 2.5 40 0.1 0.1

TeCP 0.1 -1 1 86 0.086 0.1

PCP 0.2 2 88 0.18 0.2

* experimentally determined for humous sandy soil (0OC = 10%)

A value for the negligible risk level may be obtained from the maximum
acceptable risk level by dividing by the arbitrarily chosen factor 100
(VROM, 1989).

7.3.2. Water (surface and ground water)

On the basic of toxicological data for aquatic organisms a maximum
acceptable concentration for PCP was determined at 2 ug.l-1 (table 5.1).
For the other chlorophenols indicative values were determined only. These
varied from 1 to 25 ug.l-l (table 5.2). From these values it is possible to
arrive at environmental quality objectives at the acceptable value level
for each of the chlorophenols, by dividing them by a factor 100 (table
7.2).

Table 7.2. Proposal for maximum acceptable risk concentrations and
desirable levels derived from these, for chlorophenols in
surface water (in pg/1l)

Compound Maximum acceptable risk level Proposed desirable level
MCP 25 0.25 (-> 0.1)

DCP 15 0.15 (-> 0.1)

TCP 2.5 0.025

TeCP 1 0.01

PCP 2 0.02




- 129 -

On the basis of the human toxicological data, the values mentioned are
considered sufficiently restrictive for the protection of man. It needs to
be pointed out, however, that the taste and odour thresholds for the lower
chlorinated phenols are below the values given (reference: chapter 1); a
level of 0.1 pg.l_l is suggested by WHO as a desirable value for individual
chlorophenols. On these grounds one might consider chosing lower desirable
values for MCPs and DCPs (reference: table 7.2). It is not certain,
however, whether organoleptic effects occur in practice. Such effects may
be prevented by the application of activated carbon in the purification of

drinking water: chlorophenols are removed well in that manner.
7.3.3. Air

Insufficient data are available to determine an environmental quality
requirement for air. Although the toxicological data are limited, in view
of the decreasing trend of concentrations in air the need to formulate
acceptable levels seems limited. Indoor air, on the other hand, requires
further attention. It is proposed to implement measures for the prevention

of exposure to (too) high levels of PCP in indoor air (reference: 7.6).

7.4. MEASURING STRATEGIES

In respect of soil and groundwater the importance of a general measuring
strategy seems limited. It is recommended to undertake further research
into PCP concentration levels in areas with an elevated risk of
contamination (textile industry, wood conservation facilities, etc.).

In respect of surface water, the available data justify a limitation of the
measuring activities in state water bodies. On the other hand, the updating
of data on the occurrence of chlorophenols in regional waters would be
desirable. Updating is also desirable in respect of levels present in
sediments.

There seems to be no direct need to launch a measuring campaign for air.
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7.5. FEASIBILITY OF ENVIRONMENTAL QUALITY REQUIREMENTS

The development of chlorophenol emissions in the Netherlands was described
in Chapter 6. It is expected that autonomous developments will roughly
reduce emissions to water and soil by 50%, and those to air by 25-30 %.

The concrete consequences for future concentrations in the Netherlands
environment are hard to assess. Updating of current measuring data on soil
and surface water is needed in several respects before it will be possible
to estimate whether or not current or future environmental quality
requirements will be met through autonomous developments. For air, quality

requirements have not been formulated or proposed.

7.6 .CONCLUSIONS AND RECOMMENDATIONS

Although all the data needed for an adequate risk assessment are not
available, the conclusion seems justified that the risks associated with
current environmental levels of chlorophenols or those expected in the near
future, are generally limited. For man as well as for aquatic and
terrestrial organisms, the current exposure levels (as far as known) are
well below toxicologically acceptable limits. Exceptions occur where
elevated PCP levels in indoor air are found in houses, treated for fungus
or built with PCP-treated wood (parquet, etc.). It is recommended to
investigate which measures can be taken to prevent exposure to excessive
levels in indoor air. One might think of:

- International arrangements leading to restrictions or a ban on PCP as a
preservative. A recent proposal for an EC guideline on this issue has
been discussed in the council of ministers in June 1990.

- Consumer education targeted at the promotion of selective purchasing

behaviour (to reduce the importation of PCP-treated wood) .

It is concluded that the most important flux is formed by the importation
of PCP-treated wood, the volatilization from such wood to air during its
use and the waste flow (urban waste) after its use. An important fraction
of the waste flow is removed to landfills, which may lead to the

accumulation in soil. In order to reduce these flows it is recommended to:
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- Take measures as mentioned above.

- Incinerate PCP-treated wood and PCP-laurate-treated textiles as much as

possible under controlled conditions.

The use of application factors for the determination of environmental
quality requirements at the level of desirable values leads to such low
concentration levels that further research is needed before it can be
decided whether (further) measures to control emissions are desired. In
this connection, the following recommendations are made:

- Research on the levels of chlorophenols in soil in risk areas.

- Updating of measuring data on chlorophenol levels in sediments.

- Updating of measuring data on chlorophenol levels in regional water

bodies in risk areas.

Finally, it is pointed out that other considerations might lead to the
desirability of measures to (further) reduce chlorophenol levels in the
environment. In the connection, one might think of the formation of dioxins
and benzophuranes from chlorophenols. This aspect will be highlighted in

the Integrated Criteria Document Dioxins, which is to be early 1992.
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ANNEX 1: Definitions concerning effect-oriented standard-setting

Term

Environmental standard

Tolerable level

Acceptable level

Desirable level

Recommendation

Specific terms used in

Definition

General rule, indicating environmental conditions
aimed at, specified in space and time. Depending on
the degree of regulation implied, the following
distinctions can be made:

A minimum level of quality that needs to be attained
or maintained by the authorities concerned.
Exceedances are, therefore not allowed, except in
cases of "force majeur" or when strict adherence
would render the attainment of an optimal environ-
mental efficiency impossible (risks unacceptable).

A quality level that needs to be attained, either
immediately or after some time, in specific areas or
not. This requirement offers the possibility of
providing more advanced protection to relatively
clean areas, or to encourage (local) government
bodies to implement more advanced emission control
measures (risks acceptable).

A quality level at which no effects which could be
considered harmful will be suffered from environ-
mental loads by people, animals, plants or goods.
This level represents the ultimate quality aimed at
(risks negligible).

Advised desirable level or other environmental

quality standard, based exclusively on scientific
data.

connection with soil:

Reference value

A, B, C -criteria

Signal value

A quality level marking the boundary between a soil
which is considered multi-functional and one which
is not.

Quality levels used in the context of soil clean-up
assessments, for respectively: reference value (A),
assessment value for further study (B) and assess-
ment value for clean-up study (C).

Indicative level in soil, above which problems might
arise in agriculture, serving to trigger off
(further) studies into the consequences of this
contamination for agriculture.
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Tolerable action level Level in the agricultural product itself, below
design values, giving rise to follow-up studies
needed to remove this load by measures directed at
the source.

Specific terms used in connection with surface water:

Basic quality A minimum quality level which needs to be attained
in Dutch surface waters for purposes of a general
ecological objective, consisting of 35 standards.
(In addition, standards have been formulated for
various uses, such as for drinking water production,
swimming water and water for fishing).

Specific terms used in connection with air:

Deposition objective Maximum quantity of a substance or group of
substances which may be deposited from the
atmosphere on a certain area in a given period of
time.

MAC value (TLV) Maximum acceptable concentration at the workplace of
a gas, a vapour or of dust, which will not generally
harm the health of workers or their progeny at
repeated, or even professional lifetime, exposures.
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ANNEX 2: The toxicological approach

The Health Council has indicated that the method of Van Straalen and
Denneman (1989) should be used to determine, on the basis of single species
experimental data, the concentration at which a predescribed level of
protection can be achieved. As a number of fundamental assumptions inherent
to this method may be questioned, two modifications have been developed.

In addition, the Health Council recommendations are not followed when very
little ecotoxicological information is available.

Modification 1

With the extrapolation method followed by Van Straalen and Denneman (1989),
the concentration to be regarded as safe is defined as the concentration at
which a randomly selected species, or group of species, shows a higher NOEC
in 95% of the cases. Although this report follows the same definition, it
uses a different statistical procedure for estimating such concentrations.
Depending on the degree of confidence selected, Van Straalen and Denneman
calculate a figure, meant to serve as the lower limit of the confidence
interval for the 95% protection level. Computer simulations have shown,
however, that considerable aberrations may occur in the postulated
confidence, especially when calculations are based on few NOEC values
(Slob, 1989). In this report, concentration limits have been calculated
which include the protection level targeted with a specified degree of
probability. This calculation is based on Baysian statistics, using so-
called non-informative priors (Box and Tio, 1973) for the interspecific and
intraspecific frequency parameters of NOEC data.

In short, this method boils down to the following: it is assumed that the
available set of toxicological data may be represented by a (indefinite)
number of logistic curves (called parameters), which are in agreement with
the variance of the toxicological data. A 95% protection level can be
defined for each of these curves; this is marked with 5% in the upper half
of figure 1. Of all these figures a mean can be established with a
corresponding confidence interval. In the lower half of figure 1 the
average 95% protection level is marked with 50%, and the lower limit of the
confidence interval with 5%.

A most striking advantage of this approach is that one obtains a complete
characterization of the degree of uncertainty in forecasting the
operationally defined safe level, based on a limited set of toxicological
data. A second advantage is that this method allows for conceptually
simpler linkages with ecological models. It is to be pointed out that,
contrary to the original method of Van Straalen and Denneman (1989), more
than three input data are necessary (this agrees well with the
recommendation being prepared by Okkerman et al., 1989, which argues for
the use of more input data in order to obtain a better estimate for the
"safe" value). It is proposed to use the 50% value (the most probable value
at which 95% of randomly selected species exhibit a higher NOEC) as the
maximum permissible risk level, and the ratio between the 50% value and the
5% value (the value at which it is 95% certain that randomly selected
species will in 95% of the cases exhibit a higher NOEC value) as a measure
for the precision of this risk level estimate.
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Figure 1 A posteriori d’stribution of NOEC values defined as "safe", under
uncertainty of the parameters best suited to the data. The 5% and
50% percentiles have been marked (explanation in text)

It needs to be pointed out that in the consideration of toxicological data

those NOECs which are given as "<" have, in principle been halved in order
to arrive at a NOEC value to serve as input.

Modification 2

Another change concerns the input data. In the method of Van Straalen and
Denneman (1989) all reliable NOEC values obtained from single species
experiments are used as inputs. In principle, the input data would need to
represent a random sample of all species within an ecosystem. In practice,
this principle is violated; it is availability of data which determines the
composition of the "sample". It may be assumed that the variation in
susceptibility for chemicals within a taxon is smaller than between taxa.
This assumption is based on the fact that the toxicity of a substance
depends on the anatomy, the way of life, the chemokinetics and other
characteristics which are often typical for certain taxa. This assumption
is supported by several observations:

- Canton and Adema (1978) hardly found any difference in susceptibility to
a number of substances among three species of Daphnia, which suggests
that species with the same anatomy, way of life and chemokinetics react
similarly.

- Jop et al. (1986) compared the susceptibility to chromium in two
crustaceans (a Daphnia and a shrimp) with four species of fish; Daphnia
turned out to be the more susceptible species. The shrimp was a factor 15
less susceptible, the fishes on average a factor 200 less susceptible
(with a variance in susceptibility among the fish species of 1.3-6.5).

- LeBlanc (1984) found no correlation (r = 0.02) between the susceptibility
for pesticides in fishes and cladocerans; for metals on the other hand
such a correlation was found (r = 0.79-0.95), but the difference in
toxicity was more than a factor 10.

- Slooff et al. (1986b) compared the susceptibility for 15 compounds in 35
species belonging to 11 taxonomic classes. Also in this study, the
correlation coefficients within one class were better than those between
different taxonomic groups, even though the differences were small.
Further scrutiny of earlier studies (Slooff et al., 1983) indicates,
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however, that depending on the nature of the substance, differences among
non-related species are considerable greater than those among related
species.

On the basis of the foregoing, the application of all the available

toxicity data can produce a bias: by over-representation of a species, or a

group of species (fish, for example), in the available data set one may

obtain a distorted picture (only representing the protective levels for
fish). In order to cope with this problem to some extent, one NOEC value is
chosen or derived for each taxonomic group (with the disadvantage of
reducing the number of input data and, consequently, loss of information
and statistical certainty). With the evaluation of reliable NOEC values,
the procedures followed to this purpose were as follows:

- if different studies have been carried out on the same species, using
different toxicological parameters, the lowest NOEC value which is
relevant is used,

- if different studies have been undertaken on the same species, with the
same toxicological parameter, the geometric mean NOEC-value for this
species is used,

- if different studies have been carried out on different species of the
same genus (for example Daphnia magna and D. pulex), the geometric mean
DOEC value for the genus is used (for example the NOEC for Daphnia).

- for each taxonomic group (groups of genera, such as Crustaceans:
Daphnia/Asellus/Gammarus), the lowest NOEC value found is used. These
values form the input data for the calculations. In this manner, the
Health Council definition of the maximum acceptable risk level is changed
somewhat: that concentration at which a randomly selected taxonomic group
shows a higher NOEC value in 95% of the cases).

- for the aquatic environment the taxonomic groups tentatively utilized are
the following: bacteria, fungi, green algae, blue algae, diatoms,
protozoans, waterplants, hydrozoans, worms, mollusks, crustaceans,
insects, fishes and amphibians.

- if for one taxonomic group the NOEC value is significantly higher than
for nay of the other groups (in the case of pesticides this may relate to
non-target organisms), this value is not included in the analysis. This
is because the risk limit is determined in part by the variance in the
susceptibility among groups; an extremely resistant group could thus
unjustifiably decrease the maximum permissible risk level. In such cases,
it is plausible to enter the NOEC values for target organisms and
susceptible non-target organisms at the species level, since the
susceptibility of these species follow their own distribution. This was
the procedure followed whenever the ratio between the 50% value and the
5% value of a probability distribution of the predicted risk limit was a
factor 500 or more.

EPA method

In this report we have tried to provide a (indicative) value judgement on
the toxicological characteristics of a substance, even if only one
toxicological value or one QSAR-derived value was available (contrary to
the recommendation made by the Health Council). For the time being the Van
Straalen modification is used in cases where there are at least four NOEC
values, obtained from chronic toxicity studies. In case there are only
three values, or exclusively acute toxicity studies, or a QSAR, the EPA
(1984) method is followed in principle. This method is based on a constant
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and equal difference between chronic and acute toxicity, and between the
susceptibility of species and ecosystems to all chemical substances.

For each step a factor 10 is used. The advantage of this method over the
one proposed by Slooff et al. (1986a) is that as this method lacks any form
of scientific foundation the result is always clearly indicative. Table 1
provides an overview of the extrapolation factors to be used.

Table 1. Assessment factors (modified after EPA, 1984) to determine maximum
acceptable risk concentrations in case insufficient data are
available to apply the modified Health Council procedure

Required information Assessment factor
Acute L(E)C50 or QSAR 1,000
Lowest of L(E)C50s for at least algae/crustaceans/fishes 100
Lowest NOEC value for the most susceptible species 10

In this connection, the following modifications have been made to the

original EPA method (1984):

- a factor 100 is used for the lowest L(E)C50 for at least algae,
crustaceans and fishes, instead of the lowest out of five L(E)C50 values
for crustaceans and fishes. The reasons for this are:

(a) as primary producers, algae are considered essential,
(b) five L(E)C50 values are not always available,

- the (lowest) NOEC value does not need to be dependent on the L(E)C50
values mentioned, such being contrary to the EPA method, which requires
that the determination of NOEC values is preceded by acute toxicity
tests, using the most susceptible species in the chronic exposure tests,

- if both acute and chronic toxicological data are available, one starts
from the lowest value obtained after application of the assessment
factors,

- the values obtained are considered indicative, i.e. tentative, maximum
permissible risk levels, such being in contrast with the EPA method,
which considers these values as levels at which populations exposed under
field conditions can still be affected unfavourably (so-called concern
levels).
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INTRODUCTION

Data in the present Appendix are underlying those in chapter 5 ("effects")
in the "Integrated Criteria Document Chlorophenols" (Slooff et al., 1990) .
The Criteria Document, prepared by the National Institute of Public Health
and Environmental Protection in the Netherlands, comprises a systematical
survey and a critical evaluation of the most important data on
chlorophenols, as much as possible with regard to the specific situation in
the Netherlands. The information in the Criteria Document will serve as a
scientific basis for an "effect oriented policy", especially with regard to
the general population and aquatic and terrestrial ecosystems.

The Criteria Document, including the present Appendix, has been written by
order of the Dutch Ministry for Housing, Physical Planning and Environment,

Directorate Substances and Risk-management.

Data which are considered to be relevant to the risk assessment for man
(general population) are described in chapter 1. Significant exposure can
occur via oral intake and via inhalation. Outside occupational settings,
dermal exposure is considered to be not relevant.

Data on the impact of chlorophenols on aquatic and terrestrial organisms
are described in chapter 2 and chapter 3, respectively, and data on
livestock in chapter 4.

In chapter 5, acceptable (exposure) levels for man, and for aquatic and
terrestrial ecosystems are derived from the data reported in the afore-

mentioned chapters.

An on-line literature search has been conducted early in 1989, in order to
retrieve more recent publications (from 1980 and onwards). Additional

publications originate from reviews and other publications.






1 HUMAN TOXTCITY

1.1 CHEMOBIOKINETICS AND METABOLISM

The majority of data on kinetics and metabolism of chlorophenols refer to
PCP. Therefore, data on PCP are discussed separately in section 1.1.1 and
those on chlorophenols other than PCP have been clustered in section 1.1.2.
The fate of PCP in several mammalian species, after oral exposure, has been
investigated by Braun and co-workers in comparative studies with rats,
monkeys and humans (Braun and Sauerhoff, 1976; Braun et al., 1977; Braun et
al., 1979). In each of these studies, different aspects have been studied,
namely absorption, metabolic transformation and excretion. Therefore, these

aspects are not discussed in separate sections.

1.1.1 PCP

Animal data

Oral exposure

The kinetics and metabolism of 1%C-PCP were studied in three male and three
female Sprague-Dawley rats. Following a single oral dose of 10 mg 14C-PCP.
kg-l bw (in corn oil), the plasma PCP concentration increased rapidly; peak
plasma concentrations of about 50 mg.l-1 were reached 4-12 hours after
administration, in both males and females. Subsequently, the PCP plasma
concentration decreased according to a two-compartment kinetic model; in
females the decrease was somewhat slower than in males. In the 8 days
following administration of the 10 mg.kg_1 bw dose, an average (3 males and
3 females) of 80% and 18.5% of the dose (% radioactivity) was excreted in
urine and faeces, respectively; expired 002 only accounted for 0.2%. Only
0.44% of the dose was retained in the organs; of this amount, 70% and 10%
was recovered in liver and kidneys, respectively. After administration of a
single dose of 100 mg.kg-1 bw, 64% and 34% of the dose was excreted in
urine and faeces, respectively, in 9 days. At this dose level, the urine
collected after 24 hours contained 75% unchanged PCP, 9% conjugated PCP
(PCP  glucuronide) and 16% tetrachloro-p-hydroquinone. Half-lives for the
initial and terminal phase of elimination from the central compartment (as
measured by urinary and faecal excretion) were calculated to be 13-17 and

40-120 hours, respectively, for male and female rats exposed to 10 mg.kg-l



bw and male rats exposed to 100 mg.kg_l bw. In females exposed to 100
mg.kg_1 bw, elimination from the central compartment was best described
with a one-compartment kinetic model with a half-live of 27 hours. Both
males and females excreted > 90% of the dose within 3 days, independent of
the dose level. In blood plasma, 99% of PCP was protein-bound at the low
dose level. This high affinity for plasma proteins, together with
reabsorption, explains the low renal clearance rate (Braun et al., 1977).

Using the kinetic parameters reported in this study with rats, Braun et al.
(1979) calculated plasma parameters in rats, for a simulated single oral
dose of 0.1 mg.kg-1 bw. This resulted in a peak plasma concentration of
0.35 mg.l-l, reached 4 hours after ingestion, and an absorption half-life
of 0.4 hour. Clearance from the plasma was best described with a two-
compartment kinetic model with elimination half-lives of 15 and 36 hours,
for the 1initial and terminal phase, respectively. Further, it was
calculated that in 7 days following ingestion, 80% of the simulated dose
would be excreted in urine (75% unchanged PCP, 9% PCP glucuronide and 16%
tetrachloro-p-hydroquinone) and 19% in the faeces (unchanged PCP). Braun et
al. (1979) also calculated plasma parameters for a simulated repeated dose
of 0.1 mg.kg-l bw.day-1 for 7 days, followed by 7 days of recovery. In this
case, 90% of the steady state plasma PCP concentration was reached in 1.5
days. The steady state concentration was calculated to be about 0.5 mg.l-l,
similar to the maximum plasma PCP concentration of 0.35 mg.l-1 calculated

for a single simulated dose of 0.1 mg.kg-1 bw.

A comparison of plasma levels and kinetic parameters in rats after oral
administration of NaPCP in drinking water (320 mg.l-l) and after
intravenous administration showed that virtually all the administed PCP was
absorbed from drinking water (Anon, 1988).

After oral exposure of pregnant hamsters to daily doses of 1.25 to 20 mg
PCP.kg_1 bw on 6 consecutive days, the highest concentration in blood and
fat was measured within 3 hours following the last dose administered.
Concentrations in fat persisted in measurable amounts for a period of up to
5 days, and exceeded the concentration in blood at that time (Hinkle, 1973,
abstract).

Following nasogastric intubation of a single dose of 10 mg 1“C-PCP.kg-1 bw
(in corn o0il) in male and female rhesus monkeys, 3 animals of each sex,
peak plasma PCP concentrations were reached 12-24 hours after
administration. Both absorption and clearance showed first order kinetics.
For males, half-lives of absorption and elimination were 3.6 and 72 hours,

respectively. For females the corresponding values were 1.8 and 83 hours,



respectively. In the 15 days following exposure, the animals excreted 69%-
78% of the dose (% radioactivity) in the urine and 12%-24% in the faeces;
8%-16% was retained in the tissues, especially in intestines and liver.
Urine elimination half-lives were calculated to be 41 and 92 hours in males
and females, respectively. Males excreted all activity in 7 days, while
females excreted a considerable part of the activity after 7 days.
According to the investigators, all the radioactivity in the wurine was
accounted for by unchanged PCP; metabolites were not detected (Braun and
Sauerhoff, 1976).

Using the kinetic parameters reported in this study with monkeys, Braun et
al. (1979) calculated plasma parameters in monkeys, for a simulated single
oral dose of 0.1 mg.kg-1 bw. This resulted in a peak plasma concentration
of 0.1-0.3 mg.l'l, reached 12-24 hours after ingestion, and an absorption
half-live of 2.5 hour. Clearance from the plasma was best described with a
linear one-compartment kinetic model with an elimination half-life of 78
hours. Further, it was calculated that in 15 days following ingestion, 70%
and 18% of the simulated dose would be excreted in urine and faeces,
respectively, as unchanged PCP. Braun et al. (1979) also calculated plasma
parameters for a simulated repeated dose of 0.1 mg.kg-l bw.day-1 for 7
days, followed by 7 days of recovery. In this case, 80% of the steady state
plasma PCP concentration was reached at day 7, when exposure was
terminated. The steady state plasma PCP concentration was calculated to be
about 1.2 mg.l-l.

In another study with rhesus monkeys, 2 males were exposed to a single oral
dose of either 30 or 50 mg 1"C-PCP.kg_1 bw; one animal at each dose level
was simultaneously exposed to cholestyramine, an ion exchange resin which
depresses the enterohepatic circulation. In the 6 days following
administration, animals solely exposed to either 30 or 50 mg 1‘*C-PCP.kg-1
bw excreted 26% and 15% of the total dose (which is less than the relative
amount excreted in the former study with male rhesus monkeys exposed to a
single oral dose of 10 mg 1“C-PCP.kg-1 bw). At 30 1“C—PCP.kg-1 bw, wurinary
and faecal excretion accounted for 92% and 8%, respectively, of the total

1

amount excreted. At 50 14C-PCP.kg ~ bw these figures were similar, 80% and

20%, respectively. Simultaneous exposure to cholestyramide increased the
total amount excreted to 46% and 31% at 30 and 50 14C-PCP.kg-l bw,
respectively and reversed the elimination pattern from mainly urinary to
predominantly faecal excretion. These results strongly indicate that
absorbed PCP is mainly excreted via the bile but that enterohepatic

circulation prevents faecal excretion (Ballhorn et al., 1981).



Exposure by inhalation

A single 20-minutes exposure of rats to an aerosol of NaPCP (total dose
calculated: 5.7 mg PCP.kg-1 bw) resulted in a rapid absorption: immediately
after exposure (t = 0), about 35%, 25% and 2% of the dose was detected in
plasma, 1liver and lungs, respectively (In preliminary experiments, the
kidneys and other tissues contained less than 2% and 0.5% (each),
respectively. Therefore, these tissues were not analysed in this study).
Clearance from the body also occurred rapidly: 24 hours after exposure, 50%
of the dose was excreted in the urine. At this time, the liver, plasma and
lungs acounted for 8%, 7% and 0.7% of the dose, respectively. After 72
hours, about 75% was excreted in the urine. At this time, the liver and
plasma each contained less than 1% of the dose. The clearance rate of PCP
from the liver was similar to that from the plasma, indicating no apparent
accumulation in liver. In this inhalation experiment, only trace amounts of
the metabolite tetrachloro-p-hydroquinone was detected in liver and urine,
while in animals injected intraperitoneally (unpublished data Hoben et al.)
about 50% of the injected dose was recoved as this metabolite. Repeated 20-
minutes exposures to a similar concentration on 5 consecutive days tended
to result in lower concentrations in plasma or liver and in an increase in
the amount excreted in urine in 24 hours after exposure (from 55% to 70%).
In addition, clearance from the tissues after the fifth exposure was very
similar to that after a single exposure. These data show that PCP was not

accumulated under the conditions of this test (Hoben et al., 1976b).

Other routes of exposure

A rapid absorption was observed in mice following intraperitoneal or
subcutaneous injections of 14C-PCP. In mice treated intraperitoneally with
doses of 15-37 mg 1“C-PCP.kg-1 bw, 62%-83% and 4%-12% was excreted in urine
and faeces, respectively, in 4 to 7 days. The urine of mice treated
intraperitoneally with a single dose of 10 mg 1“C-PCP.kg-l bw, contained
41% unchanged PCP, 13% conjugated PCP, 24% tetrachloro-p-hydroquinone, and
22% conjugated tetrachloro-p-hydroquinone. For rats, the corresponding
values were 60%, 9%-16%, 7% and 16%-22%, respectively (WHO, 1987). 1In
another study in which rats were treated intraperitoneally with 10 mg
PCP.kg-1 bw (purity 99.9%), tetrachloro-p-hydroquinone was found to be the
major metabolite also: during the first 24 hours after treatment, 45% and

48% of the amount present in the urine was found to be PCP and tetrachloro-

p-hydroquinone. respectively. Trichloro-p-hydroquinone was detected as the



minor metabolite (7%). Pretreatment of rats with a single dose of either
2,3,7,8-tetrachlorodibenzo-p-dioxin (10 pg.kg-l bw, by gavage) or 3-
methylcholanthrene (20 mg.kg-l, intraperitoneally) strongly increased the
dechlorination of PCP to tetrachloro-p-hydroquinone and slightly increased
the dechlorination to trichloro-p-hydroquinone. The increased
dechlorination of PCP to tetrachloro-p-hydroquinone was confirmed in in
vitro studies with microsomes from pretreated rats. Pretreatment of rats
with either 2,3,7,8-TCDD or 3-MC (which both are inducers of cytochrome
P1-450 [P-448]) doubled the amount of PCP equivalents excreted in the urine
in 24 hours: 37% versus 75% (Ahlborg and Thunberg, 1978).

Placental transfer

To study placental transfer, a dose of 60 mg PCP.kg_1 bw (14C-PCP plus
unlabeled-PCP) was orally administered to pregnant rats on day 15 of
gestation. In blood (serum), the amount of labeled PCP and metabolites
peaked 8 hours after dosing, at about 1% of the administered dose per gram
of tissue. The amount in placentas and foetusses peaked 12 hours after
dosing, at about 0.3% and 0.1%, respectively, indicating 1little placental
transfer (Larsen et al., 1975). A contrasting result has been obtained in a
preliminary study with only one monkey. Further data on this study are not
available (WHO, 1987).

After oral exposure of pregnant hamsters to daily doses of 1.25 to 20 mg
PCP.kg-1 bw on days 5-10 of gestation, a close correlation between the
concentrations in the maternal blood and entire foetuses was observed. As
in maternal blood and fat, the highest concentration in foetuses was

measured within hours following the last oral dose administered. (Hinkle,

1973, abstract).

Additional animal data on PCP

The distribution of PCP was investigated in a number of studies, using
different laboratory animals and different routes of administration (oral,
parenteral); animals were administered either a single dose, or repeated
doses, which were = 15 mg.kg.1 bw (.daynl). In these studies, the highest

concentrations were usuallly found in the liver and kidneys (WHO, 1987).



Human data

Oral exposure

The kinetics and metabolism of NaPCP were studied in four male volunteers.
Following ingestion of a single oral dose of 0.1 mg NaPCP.kg-1 bw
(dissolved in water), the plasma PCP concentration increased rapidly,
resulting in an average absorption half-1life of 1.3 hours. Peak plasma
concentrations (average value 0.2 mg.l-l; maximum value 0.25 mg.l-l) were
reached after 4 hours. Control values were < 0.01 mg.l-l. Subsequently, the
plasma PCP concentration decreased linearly (according to a one-compartment
kinetic model), resulting in an average plasma elimination half-life of 30
hours. The concentration of unmetabolized PCP in urine peaked after about
40 hours, after which the concentration decreased linearly, resulting in an
average urine elimination half-live of 33 hours, equivalent to plasma
elimination half-live. The concentration of metabolized PCP (PCP
glucuronide) in urine peaked within 12 hours, after which the concentration
also decreased linearly; this resulted in an average urine elimination
half-life of 13 hours. In the 7 days following ingestion of the 0.1 mg.kg_1
bw dose, 86% (86% unchanged PCP and 14% PCP glucuronide) was excreted in
the urine; 4% (50% unchanged PCP and 50% PCP glucuronide) was excreted in
the faeces. Tetrachloro-p-hydroquinone and tetrachloro-p-hydroquinone
glucuronide (known metabolites in the rat) could not be detected in urine.
The fate of the remaining 10% was not determined. The lag time between the
plasma peak concentration and the peak urinary concentration was ascribed
to a strong enterohepatic recirculation similar to that reported in rats
and monkeys. In addition, plasma parameters were also calculated for a
simulated repeated dose of 0.1 mg.kg-1 bw.day-1 for 7 days, followed by 7
days of recovery. This daily dose is approximately equivalent to that
received by workers exposed to a concentration of 0.5 mg.m'3 (500 ug.m'3,
the "Threshold Limit Value" in occupational settings) during a 8-hour work
shift, assuming 100% retention. In this case, 90% of the steady state
plasma PCP concentration was reached in 3.5 days; the steady state
concentration was calculated to be about 0.5 mg.l-l, reached in about 8
days. This steady state concentration was 2 times higher than the maximum
concentration after a single oral dose of 0.1 mg.kg-1 bw (Braun et al.,
1979).

In another study with male volunteers, (somewhat) different results were
observed, especially with regard to elimination half-life. Following

ingestion of a single oral dose (dissolved in 40% ethanol) of either 0.02



mg 13’C-PCP.kg'1 bw or 0.31 mg unlabeled-PCP.kg_1 bw (1 male per dose
level), wurine elimination half-lives of 18 and 20 days were calculated,
respectively, based on first-order elimination kinetics. In the former
experiment the plasma elimination half-life was calculated to be 16 days,
similar to that in urine. More than 96% of plasma PCP was protein-bound
which explains, together with reabsorption, the low renal clearance rate.
In this experiment the concentrations of possible metabolites, viz.
tetrachloro-p-hydroquinone, 2,3,4,5-T4CP and 2,3,4,6-T4CP, were below the
limit of detection. In the latter experiment urinary PCP initially
consisted of about 65% unchanged PCP and 35% PCP glucuronide. Two weeks
after administration the amount of conjugated PCP was similar to that in
non-specifically exposed persons, that 1is about 65%, although urinary
excretion still was increased considerably (300 ;Lg.day-1 versus 10-50
pg.day'l). The theoretical amount of PCP excreted daily in urine,
calculated on the basis of the renal clearance rate derived in the former
experiment, was very similar to the detected amount. Therefore, elimination
by other routes (faecal excretion, metabolism) is considered to be
insignificant. The role of the enterohepatic circulation in elimination
characteristics of PCP was investigated in an additional study with
chlolelithiasis patients with postoperative T-drainage, in which PCP
concentrations in plasma, bile and urine were compared. In this  study no
accumulation of PCP in the enterohepatic circulation was observed (Uhl et
al., 1986). Literature data (reviewed by Uhl et al., 1986) on occupational

exposed workers indicate elimination half-lives of 12 to 16 days.

Autopsy data

In victims of fatal intoxications resulting from different routes of
exposure (oral, dermal, inhalation, or combined exposure: dermal/inhalation
or dermal/oral), elevated PCP concentrations were mostly found in liver,
kidneys and lungs. The concentrations in blood (mg.l-1 range) mostly were
similar to those in the aforementioned organs (mg,.kg-1 range), indicating a
low accumulation potential in cases of acute intoxications.

In two studies concerning the general population, PCP concentrations in
tissues and body fluids of persons without known exposure to PCP were
analyzed. The results of these studies indicate, that there is only a
slight tendency for PCP to accumulate in both 1liver and kidneys. No
correlation between PCP concentrations in tissues and age was found (WHO,

1987).
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Additional human data on PCP

In persons without known history of PCP exposure and in non-occupationally
low-exposed persons, average urinary PCP levels (conjugates included) are
about 15 and 50 pg.l-l, respectively. Maximum levels in these persons are
20-30 and 100-150 pg.l-l, respectively. In non-specifically exposed persons
(n = 13), about two thirds of the total amount of PCP detected in the urine
was found to be conjugated to glucuronic acid. Non-occupational exposure to
elevated indoor PCP levels of < 5 and > 5 p.g.l-1 (frequently 5-10 pg.m-3;
exceptionally 10-25 pg.m_3) due to the application of wood preservatives
resulted in median urinary PCP levels of 25-50 and 40-80, respectively, in
different groups of persons. In occupationally exposed persons, urinary PCP
levels can be much higher; in heavily exposed workers these levels are in
the mg.l-1 range. Blood, plasma, or serum PCP levels are of the same order
of magnitude as those in urine: up to about 50 and 500 pg.l-l in persons
without known exposure and in non-occupationally exposed persons,
respectively and 1-10 mg.l-1 in (heavily) exposed workers. In cases of
obvious 1intoxications these levels are > 40 mg.l_l (Klemmer et al., 1980;
Krause and Englert, 1980; Sangster et al., 1982; Uhl et al., 1986; WHO,
1987).

Several animals species have been found to metabolize hexa- and penta-
chlorobenzene to PCP and tetrachloro-p-hydroquinone. Therefore, the levels
of these compounds in tissues and excreta do not necessarily reflect
exposure to PCP itself (Koss and Koransky, 1978).

There are indications that tetrachloro-p-hydroquinone may be formed as a
(minor) metabolite of PCP in humans, but these indications are based on
mixed exposures to PCP and other chlorophenolic compounds and on an in

vitro study using human liver homogenates (WHO, 1987).

Additonal data on PCP - animal and human data

Lilienblum (1985) showed that PCP glucuronide is stable at neutral pH for
several hours, but that considerable hydrolysis occurs under the weak
acidic conditions normally observed in urine. Therefore, measurements of
urinary PCP glucuronide may underestimate the portion actually conjugated
before excretion. This author also compared the glucuronosyltranferase
activity toward PCP in rat liver microsomes and human liver microsomes; the
activity in the former was about 3 times higher than that in the latter
(Lilienblum, 1985).
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1.1.2 Chlorophenols other than PCP

Animal data

There are relatively few studies on the fate of chlorophenols other than
PCP in mammals. Much of the information is based on studies in which
kinetics and metabolism of chlorophenols formed metabolically from other
organochlorine compounds (such as lindane which is metabolized to di-, tri-
and tetrachlorophenols) have been studied. The data in this section are
based primarily on the "Environmental Health Criteria Document" on
chlorophenols other than PCP (WHO, 1989).

After daily intragastrical administrations to rats of 50 or 100 mg 2,3,4,6-
TZ;CP.kg-1 bw (in olive o0il) for 8 weeks, the highest concentrations were
recovered in kidneys (1 and 5 mg.kg-1 bw, respectively) and spleen (1.4 and
3.2 mg.kg-1 bw, respectively); the concentrations were lowest in muscle and
brain. At a daily dose of 10 mg.kg-l bw the concentrations in kidneys and
spleen were "very low" (Hattula et al., 1981b). After a single parenteral
administration to rats of 2,4-DCP (i.v.) or 2,4,6-T3CP (i.p.), the highest
concentrations were also found in the kidneys; in addition, relatively high
concentrations were found in the liver. In dietary studies with livestock,
the distribution of chlorophenols as metabolites of other compounds was
investigated. In cattle and sheep fed 2,4-dichlorophenoxyacetic acid
(2,4-D) for 28 days, the highest and next highest 2,4-DCP concentration
were found in the kidneys and liver, respectively, in both species. 1In
cattle and sheep fed trichlorophenoxy acid herbicides for 28 days, the
highest and next highest 2,4,5-T3CP concentrations were found in the liver
and kidneys, respectively, in both species (WHO, 1989).

In two oral studies in which rats were administered either a single dose or
3 daily doses of 14C-2,4,6-T3CP, at least 80% of the total dose was
excreted in the urine, within 1-7 days; 5%-20% was excreted in the faeces.
Similar results (based on studies with laboratory animals and livestock)
were reported after parenteral administration of 2,4,6-T3CP or other
compounds, both chlorophenols and other organochlorine compounds. There are
indications that the clearance from organs such as liver and kidneys of
chlorophenols (metabolically formed from other compounds) is slower than
their elimination via the urine (WHO,1989).

With regard to metabolic transformations it has been found in a number of
studies using different laboratory animals, different routes of exposure

and different compounds, that the lower chlorinated chlorophenols (MCP,

DCP, T3CP) are present in tissues and body fluids mainly as glucuronide and
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sulfate conjugates, both after administration of chlorophenols and other
organochlorine compounds (WHO, 1989). One study 1is available on the
metabolism of the different isomers of T4CP; in this study rats were
injected intraperitoneally with a dose 1level of 10 mg.kg-1 bw of the
respective isomer. After administration of 2,3,5,6-T4CP, 33% and 66% of the
dose administered was excreted in the 0-24 hr wurine as tetrachloro-p-
hydroquinone and as parent compound (and/or conjugates), respectively.
After administration of 2,3,4,5-T4CP and 2,3,4,6-T4CP, 51% and 94% of the
dose administered was excreted in the 24-hr urine, respectively. The latter
two compounds were excreted essentially unchanged or as conjugates;
trichloro-p-hydroquinone was found to be a minor metabolite. In this study
the urine was boiled with concentrated hydrochloric acids; therefore, no
distinction between parent compounds and conjugates could be made. (Ahlborg
and Larsson, 1978). [It is noted that the dose level reported in this
study, 10 mg.kg-1 bw, does not correspond with the reported total dose of
4.9 to 5.3 mg for rats with a body weight of 200-300 g]

Human data

For 2,4,5-T3CP, urinary levels ranging from <5 to 30 pg.l-1 have been
reported in persons without known history of exposure (Ahlborg and
Thunberg, 1980). In groups of sawmill workers exposed to tetrachlorophenols
(sodium salts) mean and median urinary T4CP levels ranged from 160 to 2,840
ug.l-l; maximum levels in these groups of workers ranged from 1,5 to

approximately 50 mg.l-l (WHO, 1989).

1.1.3 Miscellaneous chlorophenols - animal and human data

Quantitative data on the absorption of PCP and other chlorophenols at
dermal exposure or exposure by inhalation are hardly available. However,
animal data (especially acute toxicity studies), human data (the appearance
of a variety of local and systemic effects due to exposure to PCP and other
chlorophenols, especially in  occupational settings) and in vitro

experiments using mammalian skin indicate that chlorophenols are "readily"
absorbed via these routes of exposure. Absorption (through the skin) occurs
especially when the compounds are in the un-ionized form, i.e. at pH-value
below pKa-value (WHO, 1987, 1989).

The accumulation of 2-MCP and PCP in liver and kidneys was determined in a

reproduction study in which groups of female rats were exposed from 3 weeks



-13-

of age through gestation (bred at 90 days) and lactation to concentrations
of 0, 5, 50 and 500 mg 2-MCP.1-1 drinking water (equivalent to 0, 0.5, 5
and 50 mg 2-MCP.kg-l bw.day-l) or 0, 5, 50 and 500 mg PCP.kg-1 feed
(equivalent to O, 0.25, 2,5 and 25 mg PCP.kg-l bw.day-l). In animals
exposed to 2-MCP, the concentration in livers of low- and mid-dosed animals
was 14 and 20 times higher than that of control animals; that in high-dosed
animals was 2 times lower than that of control animals. The concentration
in kidneys of animals exposed to 2-MCP was 8- to 10-times higher than that
of control animals; there was a trend of decreasing concentrations of 2-MCP
in kidneys with increasing dose levels, but the differences were small. In
the study with PCP, the concentration in the livers of exposed animals was
about 2 times higher than that of control animals and that in kidneys was
(somewhat) lower than that of control animals, at all dose levels tested.
The concentrations of 2-MCP in both liver and kidneys were consistently
higher than that of PCP, both in control and dosed animals (Exon and
Koller, 1982).

Summary and conclusions "chemobiokinetics and metabolism"

PCP

The fate of PCP after oral exposure has been investigated in comparative
studies with a limited number of rats, monkeys and humans. These studies
show that PCP is absorbed rapidly and (approximately) completely from the
gastrointestinal tract, after a single dose of either 0.1 mg.kg-1 bw
(humans) or 10 mg.kg-1 bw (animals). For a single oral dose of 0.1 mg.kg-1
bw, absorption half-lives of 0.4, 1.3 and 2.5 hours were calculated for
rats, humans and monkeys, respectively. Elimination half-lives were
calculated to be 15, 30 and 78 hours for rats, humans and monkeys,
respectively. For humans it was calculated that repeated exposure to a dose
level of 0.1 mg.kg-1 bw.day_1 will result in a steady-state PCP plasma
concentration after about 8 days. Based on these data it appears that the
accumulation of PCP will be limited at repeated exposure to similar dose
levels. However, other experimental data and data on occupational exposed
workers indicate elimination half-lives of approximately 15 days for
humans.

Both animal and human studies show that PCP is excreted primarily in the
urine ( > 65%). Rats excrete PCP primarily as parent compound (75%) and the

remaining part as PCP glucuronide conjugate and as tetrachloro-p-

hydroquinone (TCH), in similar amounts. In humans a higher percentage of
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PCP is conjugated before excretion (35%-65%), especially at low exposure
levels. Neither humans nor monkeys metabolize PCP into TCH; monkeys excrete
PCP essentially wunchanged. It is noted that the reported percentages for
urinary excretion and metabolism are not absolute, but depent on exposure
level.

The comparative oral studies show sufficient similarity between the rat and
man with regard to most parameters studied, to consider the rat as a useful
animal model to study the fate of PCP in man.

In both animals and humans, the highest concentrations are wusually
observed in the liver and kidneys. In persons without known history of PCP
exposure and 1in non-occupationally low-exposed persons, total-PCP
concentrations in blood and urine usually are 10-100 (up to 500) ug.l-l.
In heavily exposed workers these concentrations are in the (low) mg.l
range.

Limited data and physico-chemical properties indicate that PCP is also
readily absorbed at dermal exposure and, especially, at exposure by

inhalation.

Chlorophenols other than PCP

Data on these compounds are much more limited than those on PCP. Based on
the available data and the physico-chemical properties of chlorophenols it
is assumed that all chlorophenols are readily absorbed and excreted, urine
being the major route of elimination. In tissues and body fluids, lower-
chlorinated compounds (MCP, DCP, T3CP) are present primarily as glucuronide
and sulfate conjugates. In rats, TCH may be a major metabolite of 2,3,5,6-
T4CP, while the other two T4CP isomers are excreted essentially unchanged
or as conjugates.

In animal studies with miscellaneous chlorophenols, the highest

concentrations were observed in the liver, kidneys (and spleen).
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1.2 TOXICITY

1.2.1 Short-term exposure (acute and subacute toxicity)

Most signs and symptoms at lethal exposure to different chlorophenols are
similar, and include motor weakness, an increase in respiration rate and
body temperature, tremors, CNS depression, convulsions, dyspnea, and coma.
However, there are differences which are dependent on the degree of
chlorination. The occurence of convulsions is associated especially with
the lower chlorinated phenols; this effect is ascribed to the undissociated
molecule. Uncoupling of oxidative phosphorylation, resulting in metabolic
effects such as increases in respiration rate and body temperature, is
associated especially with the higher chlorinated phenols, notably PCP; the
uncoupling effect is ascribed to the chlorophenate ion. In rat liver
mitochondria the uncoupling effect of PCP was found to be 40 times greater
than that of 2,4-DCP. The uncoupling effect of PCP in human microsomes was
found to be 10 times greater than that in rat microsomes (Ahlborg and
Thunberg, 1980; Exon, 1984; Borzelleca et al., 1985c; WHO, 1987).

Animal data - acute toxicity

Acute LD50- and LC50-values are summarized in table 1.1. Most data in this
table are from secundary literature sources (WHO, 1987, 1989; RTECS 1989).
At oral exposure, LD50-values for MCP, DCP, T3CP, T4CP and PCP are 260-
1,400, 465-4,000, 455-2,960, 90-980 and 25-295 mg.kg-l bw, respectively;
those for NaPCP are 70-700. These values are based on different studies.
Therefore, the variations found for one compound or for one group of
isomers (e.g. T3CP are, at least in part, the result of differences in
experimental procedure (animal species, strain, age, vehicle, purity test
compound). Dermal, subcutaneous or intraperitoneal exposure has resulted
in LD50-values which are in many cases within a factor of 2 compared with
those after oral exposure. Exposure by inhalation resulted in LC50-values
of 11 mg.m-3 for 4-MCP and of 225-355 mg,.m-3 for (Na)PCP. LC50-values for
other chlorophenols are not available.

When NaPCP was administered orally to rats or rabbits, or dermally to
rabbits, the lowest LD50-value was 3 to 5 times higher than the
corresponding LD50-value for PCP. When NaPCP was administered dermally,
subcutaneously or intraperitoneally to rats, or subcutaneously to mice or

rabbits, LD50-values were similar (within a factor of 2) to those for PCP.
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The LD50 of 12 mg.kg_1 bw for inhaled NaPCP (Hoben et al., 1976a) 1is at
least 6 times lower than oral LD50-values based on tests with the same

species (rat).

Animal data - subacute toxicity
Oral exposure

Oral, subacute toxicity studies are summarized in table 1.2. If more than
one study was available for one compound, the studies are listed in the
following order: i) animal species (from "small" to "large"), ii) exposure
time, (from "short" to "long") and iii) purity of test compound (from "high
purity" to "low purity"). For each study, a lowest-effect-dose, LED, and a
no-observed- (adverse)-effect-level, NO(A)EL, are mentioned in the table, if
possible. These values have been based on an evaluation of the data
reported and do not necessarily represent the opinion of the investigators.
Most of these studies were "range finding" experiments for teratology
studies or (semi)chronic toxicity studies. Effects on survival, body
weight, organ weights, and, additionally, gross pathology and histo-
pathology are considered to be the most relevant endpoinds in subacute
toxicity studies. Therefore, especially the effects on these parameters are
discussed in the text below and used to derive the LED and NO(A)EL.
Furthermore, "target" organs (organs which were affected at the LED or at
higher dose levels) are reported.

In the text below, dose 1levels are expressed as mg.kg-1 bw.day-l,

regardless of treatment procedure.
2-MCP

Exposure by gavage of mice for two weeks to 2-MCP (purity not reported)
resulted in mortality at 175 mg.kg-l bw.day-1 and in reduced body weights
at 69 mg.kg-1 bw.day-l; a dose of 35 mg.kg-1 bw.day-l was without effect

(Borzelleca, 1985c)
2,4-DCP
Exposure of mice for 2 weeks to 2,4-DCP (purity > 99%) in feed, did not

-1 -1
result in an effect on body weight gain at 2,800 mg.kg = bw.day ,

although feed intake was strongly reduced at this dose level. Therefore,
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2,800 mg.kg-1 bw.day-1 is considered to be the lowest-effect-dose. At 1,400
mg.kg-1 bw.day-l, both weight gain and feed intake were similar to
controls; this dose level is considered to be without effect (NTP, 1989a).
Exposure by gavage of mice for two weeks to 2,4-DCP (purity mnot reported)
at dose levels wup to 638 mg.kg_l bw.day-1 did not result in an effect on
most parameters studied, including mortality, body and organ weights and
gross pathology. Therefore, this dose level is considered to be without
effect (Borzelleca, 1985c¢).

Exposure of rats for 2 weeks to 2,4-DCP (purity > 99%) in feed resulted in
reduced feed intake and reduced body weight gain at 2,000 mg.kg—l bw.day-l;
a dose of 1,000 mg.kg-1 bw.day-1 was without effect (NTP, 1989a).

2,4,5-T3CP

A 3-week study in which rats were given by stomach tube 18 doses of 2,4,5-
T3CP (purity 97%-98%) in 24 days, resulted in a 15% increase in the weight
of kidneys at 750 mg.kg-1 bw.day-l; a dose of 225 mg.kg-1 bw.day_1 was
without effect. In a similar study with rabbits, "very slight kidney
changes" and "very slight kidney and liver changes" were reported at 70 and
350 mg.kg'l bw.day-l, respectively. Because no further data on these
changes were reported, and because of the very low number of experimental

animals, this study cannot be evaluated (McCollister et al., 1961).
2,4,6-T3CP

Exposure of mice and rats for 7 weeks to 2,4,6-T3CP (purity 96%-97%) in
feed, resulted in a reduced body weight gain at 2,100 and 1,470 mg.kg_1
bw.day'l, respectively. A dose of 1,400 and 1,000 mg.kg-1 bw.day-1 was
without effect. Target organs in rats were spleen and liver; target organs

in mice were not reported (NCI, 1979).
2,3,4,6-T4CP

Oral exposure (no further data) of female rats for 10 days to "commercial-
grade" 2,3,4,6-T4CP (purity 73%) resulted in increased mortality at 100
mg.kg-1 bw.day_l; a dose of 30 mg.kg-1 bw.day-l was without effect (Schwetz
et al., 1974a). In a study in which rats were exposed intragastrically for
8 weeks to 2,3,4,6-T4CP (purity > 99%), severe histopathological changes

- -1
(e.g. mnecroses) were observed in the liver at 50 mg.kg 1 bw.day ~; at 100
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mg.kg-1 bw.day-1 the small intestine was also affected. A dose of 10
mg.kg-1 bw.day-1 was without effect (Hattula et al., 1981b).

PCP

The effect of two different grades of PCP, namely "Dowicide EC-7"
(a relatively low-impurity grade) and "technical-grade" PCP (a relatively
high-impurity grade), on the in vivo antibody response was investigated in
a comparative study in which female mice were exposed by daily gastric
intubations for 2 weeks. Exposure to "technical-grade" PCP at dose levels
of 10, 30 and 100 mg.kg-l bw.day.1 resulted in a dose-related decrease in
antibody response after immunization with sheep red blood cells; the
decrease was statistically significant at all dose levels. On the contrary,
exposure to "Dowicide EC-7" at a dose level of 100 mg.kg-1 bw.day-1 did not
result in a decreased antibody response (Holzapple et al., 1987).
In a comparative toxicity study, mice were exposed for 4 weeks to "pure"
PCP (purity 98.6%), "Dowicide EC-7" (91% PCP) or "technical-grade" PCP
(purity 90%) in feed. In all three studies, the effects with regard to
mortality, weight gain and histopathological changes (observed in the
liver) were identical, although minor quantitative differences in toxicity
of the compounds were observed with respect to mortality and the number of
animals with histopathological liver lesions. Based on the most sensitive
parameter (liver 1lesions), all studies resulted in a LED of 70 mg.kg'1
bw.day-l; a dose of 14 mg.kg-1 bw.day-1 was without effect (NTP, 1989b).
[In these experiments, supplemental parameters such as liver enzymes (aryl
hydrocarbon hydroxylase, cytochrome P450) have been studied. Because of the
relative short exposure time, the limited reporting of the results and the
fact that these parameters were not included in other subacute studies,
these parameters were left out of consideration. For the effect of
different grades of PCP on these parameters, the reader is referred to the
section on long-term exposure. ]
Oral exposure (no further data) of female rats for 10 days to "commercial-
grade"” PCP (Purity 88%) resulted in weight loss at 70 mg.kg_l bw.day-l;
a dose of 50 mg.kg-l bw.day-l was without effect (Schwetz et al., 1974b).
In a study in which rats were exposed for 8 weeks to "pure" PCP (purity
> 99%) in feed, no effect on mortality, body weight gain and liver weight
was observed at 40 mg.kg-l bw.day-l; other dose levels were not included in
this study (Debets et al., 1980). [For data on supplemental parameters
(microsomal 1liver enzymes; urinary porphyrins) studied by Debets et al.,
see table 1.2]
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Exposure by inhalation

Short-term animal data on PCP and other chlorophenols are not available.

Human data - acute and subacute toxicity

The present section 1is based on the "Environmental Health Criteria
Documents"™ on PCP (WHO, 1987) and on chlorophenols other than PCP (WHO,
1989).

There appear to be no studies or case reports on the effects of "pure"
chlorophenols on humans. Therefore, the effects described below may be
influenced by the impurities present in the formulations used. However, the
early onset of morbidity and mortality at exposure to high concentrations,

are most probably caused by the chlorophenols, not by the impurities.
PCP

Common signs and symptoms of acute toxicity are well known, based on
numerous case reports on accidental or suicidal poisoning incidents (many
of which have resulted in death) with "commercial-grade" PCP. These signs
and symptoms include ataxia, mental and physical fatique, heachache,
dizziness, disorientation, anorexia, nausea, vomiting, dyspnoea,
hyperpyrexia, tachycardia, and a rise of metabolic rate. Weakness, elevated
body temperature and profuse sweating are most prominent. In lethal cases,
death is due to cardiac arrest, and victims usually show a marked rigor
mortis. The minimum lethal oral dose has been estimated to be 30 mg.kg-1
bw. In contrast to the lower chlorinated phenols, PCP does not cause
convulsions.

Gross pathology and histological lesions are generally consistent with
those observed in animal studies. Gross lesions include hepatomegaly,
splenomegaly and cardiomegaly, and renal and hepatic congestion.
Histological lesions include fatty degeneration and necrosis of the liver,
and degenerative lesions in renal tubules. After oral exposure, gastric and
intestinal inflammation has been reported. Pulmonary oedema and congestion
have been reported after exposure by inhalation and sometimes after oral
exposure, if aspiration has occured (WHO, 1987).

Indoor exposure to elevated levels in air, resulting from the application
of PCP 1in the interior of houses, has resulted in (sub)acute non-specific

signs and symptoms of poisoning which are similar to those observed in
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poisoning incidents and in occupational settings (WHO, 1987). For example,
case histories of 15 members of 3 families in the Netherlands, exposed in
treated houses to airborne levels of 0.2 to 1.2 ug.m-3 for 10 days to 8
months, show one or more of the following effects: burning sensation in the
unprotected skin, similar reaction in the throat, dryness and scaling of
face and hands, slight erythema, nausea, vomiting, decreased appetite,
headache, dizziness and fatique. It can not be concluded whether these
effects were caused by PCP itself or by the vapours origination from the
organic solutions wused. In three of these persons exposed for 8 months to
concentrations up to 0.25 ug.m-3, a 2- to 3-fold increase in plasma PCP
concentrations was observed. Plasma PCP concentrations in these and the
other exposed persons ranged from 25 to 660 pg.l_l; these values were in
the same range as those measured in 99 non-selected Dutch male draftees
(<50 to 1,100 pg.l-l; mean value 130 pg.l-l; 95% range 330 ug.l-l). Routine
haematological, biochemical and urine analyses showed no abnormalities in
the exposed persons (Sangster et al., 1982). In another investigation among
non-occupational exposed persons, exposed to PCP- and lindane-containing
wood preservatives, similar subacute effects were reported (Janssens and
Schepens, 1985). For data on repeated exposure in occupational settings,

the reader is referred to the section on long-term exposure.
Chlorophenols other than PCP

Known signs and symptoms of chlorophenols other than PCP are based
primarily on  animal studies. Occupational exposure has been most
consistently associated with effects such as irritation of skin and mucous

membranes and with chloracne (WHO, 1989).
Summary and conclusions "short-term exposure"™

Animals

Oral LD50-values for MCP, DCP, T3CP, T4CP and PCP are 260-1,400, 465-4,000,
455-2,960, 90-980, and 25-295 mg.kg-l bw, respectively; for NaPCP these
values are 70-700 mg.kg.1 bw. These values show that T4CP and, especially,
PCP are considerably more toxic than the lower-chlorinated compounds.
Dermal, subcutaneous or and intraperitoneal exposure has resulted in LD50-
values which are in many cases within a factor of 2 compared with those
after oral exposure. Exposure by inhalation resulted in LC50-values of 11

mg.m-3 for 4-MCP, and 255-355 mg,.m_3 for (Na)PCP. An inhalation study with
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NaPCP resulted in a LD50-values of 12 mg.kg-l bw, which is 6 times lower
than the lowest oral LD50-value for this compound.

Oral, subacute toxicity studies, exposure time 10 days to 8 weeks, are
available for a limited number of chlorophenols; most studies refer to
2,4-DCP or PCP. Based on parameters such as survival, body and organ
weights, and (histo)pathology, the following NO(A)ELs have been derived: 35
mg.kg-1 bw.day-1 for 2-MCP, 640-1,400 mg.kg_1 bw.day-1 for 2,4-DCP, 225
mg.kg > bw.day ! for 2,4,5-T3CP, 1,000-1,400 mg.kg © bw.day © for 2,4,6-
T3CP, 10-30 mg.kg ! bw.day * for 2,3,4,6-T4CP and 14-50 mg.kg - bw.day -
for PCP. These data also show a trend of increasing toxicity with
chlorination (consistent with acute toxicity values). It 1is noted that
this conclusion is based on a limited number of data which are not similar
for each compound studied.

In the studies with T3CP and the higher-chlorinated compounds,
histo(patho)logical changes were observed in the liver; in the study with

2,4,5-T3CP changes were also observed in the kidneys.

Humans

Signs and symptoms of acute toxicity of PCP are well known, based on
numerous case reports on accidental or suicidal poisoning incidents (with
"commercial-grade" PCP). Metabolic effects such as an increase in
respiration rate, elevated body temperature and profuse sweating are most
prominent effects, consistent with the uncoupling of oxidative
phosphorylation. Gross pathology and histological lesions observed in cases
of poisoning are primarily related to the 1liver, consistent with the
results in animal studies. Non-occupational exposure to airborne PCP
concentrations of 0.2 to 1.2 pg.m-3, resulting from the application of PCP
in the interior of houses, has resulted in non-specific effects (such as
irritation of skin and mucous membranes, mnausea, vomiting, headache,
dizziness and fatigue) which are similar to those observed in poisoning
incidents and occupational settings.

Data on chlorophenols other than PCP are based primarily on acute toxicity
studies with experimental animals. Occupational exposure has been most

consistently associated with effects on skin and mucous membranes.
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1.2.2 Reproductive toxicity

Oral teratology studies and reproduction studies

Data available include (short-term) teratology studies, mostly conducted in
accordance with the protocol for so-called "segment II" studies, and (long-
term) reproduction studies. In the text below the teratology studies are
decribed more in detail than the reproduction studies, because the latter
studies are also summarized in table 1.3. For each reproduction study,
a lowest-effect-dose, LED, and a no-observed-(adverse)-effect-level,
NO(A)EL, are mentioned in the table, if possible. These +values have been
based on an evaluation of the data reported and do not necessarily
represent the opinion of the investigators.

In a number of the reproduction studies, effects on the progeny
(parameters: postnatal survival and growth, organ weights, haematology and
immunocompetence) have been studied in addition to reproductive performance
(including parameters such as fertility, litter size, number of stillborn
and birth weight) of the parental generation. In the teratology studies the
animals were treated by gavage; in the reproduction studies, the parent

animals were exposed either via feed or via drinking water.
2-MCP

A reproduction study in which female rats were exposed to 2-MCP (purity
97%) in drinking water, from 3 weeks of age through gestation, resulted in
a decreased litter size and in an increased number of stillborn at 500
mg.l-1 (equivalent to 50 mg,.kg_1 bw.day_l). A concentration of 50 mg.l_1
(equivalent to 5 mg.kg-1 bw.day-l) was without effect on reproductive
performance. Maternal toxicity was not observed at any concentration
tested. An extention of the exposure of the dams through lactation,
followed by exposure of the progeny for an additional 10-15 weeks, did not
result 1in effects on the progeny exposed both pre- and postnatally, at any
concentration tested. A second part of this study is reported in section

1.2.3, "long-term exposure" (Exon and Koller, 1982, 1983a,b, 1985; table
1.3 and 1.4).

2,4-DCP

In a fertility and reproduction study in which adult male and female mice

were exposed to 2,4-DCP (purity 99%) in drinking water for 3 months before
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mating and additionally throughout mating and gestation, concentrations up
to 2,000 mg.l-1 (equal to 385 and 490 mg.kg-l bw.day for males and females,
respectively) did not result in an effect on fertility and on reproductive
performance (Borzelleca et al., 1985b,c, table 1.3).

A reproduction study in which female rats were exposed to 2,4-DCP (purity
99%) 1in drinking water, from 3 weeks of age through gestation, resulted in
a decreased litter size at 300 mg.l-1 (equivalent to 30 mg.kg-1 bw.day-l).
A concentration of 30 mg.l-1 (equivalent to 3 mg.kg-l bw.day'l) was without
effect on reproductive performance. Maternal toxicity was not observed at
any concentration tested. Additionally, exposure of the dams to 300 mg.l-1
resulted in an increase in spleen weight of the progeny exposed only
prenatally, while a dose level of 30 mg.l-1 did not affect prenatally
exposed progeny. An extention of the exposure of the dams throughout
lactation, followed by exposure of the progeny for an additional 10-15
weeks, resulted in effects on the progeny: pre-and postnatal exposure
resulted in a decreased DTH-response at 30 and 300 mg.l-l, and in an
increase in antibody production and increased spleen and liver weights at
300 mg.l'l.

bw.day-l) was without effect, with regard to all parameters studied.

A concentration of 3 mg.l-1 (equivalent to 0.3 mg.kg-1

A second part of this study is reported in section 1.2.3, "long-term

exposure (Exon et al., 1984; Exon and Koller, 1985; table 1.3 and 1.4).

In a teratology study ("segment II" study) the embryo/foetotoxicity and
teratogenicity of "technical-grade" 2,4-DCP (purity 99.2%; dibenzo-p-
dioxins not found) were studied in rats. Groups of 34 Fischer 344 rats were
treated by gavage with doses of 0 (vehicle control), 200, 375 or 750
mg.kg,-1 bw.day-1 (in corn oil) from day 6 through day 15 of gestation.
Animals were killed on day 20 of gestation. At 750 mg.kg.1 bw.day-l, 4
animals died during the treatment period. Maternal body weight gain was
dose-related decreased during the treatment period; this effect was

statistically significant (p < 0.05) at all dose levels tested, although
body weight gains at 200 and 375 mg.kg-1 bw.day-1 were comparable to that

of control animals. With  regard to reproductive performance no
statistically significant effects were found at termination, although the
number of resorptions was somewhat increased at 750 mg.kg-l bw.day-l. With

regard to external, soft tissue and skeletal wvariations, the number of
foetusses and litters with delayed ossification of sternabrae-numbers 1, 2,
3 and/or 4 or vertebral arches was increased (statistically significant at
the level of litters) at 750 mg.kg_1 bw.day-l. At this dose level, the

incidences of these variations in foetusses (and litters) were 4/80 (4/22)
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and 6/80 (6/22), respectively, while these effects were not observed in
control foetusses (Rodwell et al., 1989).

2,4,6-T3CP

A reproduction study in which female rats were exposed to 2,4,6-T3CP
(purity > 99%) by gavage from 2 weeks prior to mating throughout gestation,
resulted in severe maternal toxicity (including mortality) at 1,000 mg.kg-1
bw.day-l. A dose level of 500 mg.kg-1 bw.day-l was without effect with
regard to maternal toxicity, reproductive performance and effects on the
progeny. A study in which male rats were exposed to 2,4,6-T3CP (purity >
99%) by gavage for 11 weeks prior to mating with wuntreated females,
resulted in severy paternal toxicity (including mortality) at 1,000 mg.kg-l
bw.day-l. A dose level of 500 mg.kg_1 bw.day_1 was without effect with
regard to paternal toxicity, and male and female reproductive performance
(Blackburn et al., 1986; table 1.3).

A reproduction study in which female rats were exposed to 2,4,6-T3CP
(purity 98%) in drinking water, from 3 weeks of age through gestation,
resulted in a decreased litter size at 300 mg.l_1 (equivalent to 30 mg.kg-1
bw.day_l); a concentration of 30 mg.l-1 (equivalent to 3 mg.kg-1 bw.day-1
was without effect on reproductive performance. Data on maternal toxicity
are not reported. An extension of the exposure of the dams through
lactation, followed by exposure of the progeny for an additional 12 weeks,
resulted in effects on the progeny: pre-and postnatal exposure resulted in
an 1increased 1liver weight at 30 mg.l_l, and in increased liver and spleen
weights at 300 mg.l_l. A concentration of 3 mg.l-1 (equivalent to 0.3
mg.kg'l bw.day_l) was without effect with regard to all parameters studied
(Exon and Koller, 1985; table 1.3).

2,3,4,6-T4CP

In a teratology study ("segment II" study) the embryo-/foetotoxicity and
teratogenicity of two grades of 2,3,4,6-T4CP were studied in rats.
Groups of 20 Sprague-Dawley rats were treated by gavage with doses of O
(vehicle control), 10 or 30 mg.kg-1 bw.day.1 (in corn oil) from day 6
through day 15 of gestation. The highest dose level tested was the highest
dose without signs of toxicity in a preliminary 10-d tolerance study (table
1.2). Animals were killed on day 21 of gestation. The two grades of this
compound were "commercial-grade" (purity 73%; 27% PCP; 2,3,7,8-TCDD <0.05
ppm, 28 ppm HCDD, 80 ppm HpCDD, 30 ppm OCDD, 55 ppm HCDF, 100 ppm HpDCF,
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25 ppm OCDF) and "purified" (purity 99.6%; 0.1% PCP; 2,3,7,8-TCDD <0.05
ppm, HCDD <0.5 ppm, HpCDD <0.5 ppm, OCDD <0.5 ppm, HCDF <0.5 ppm, HpCDF
<0.5 ppm, OCDF <0.5 ppm).

Signs of maternal toxicity were not observed at any dose of either
compound. The number of resorbed foetuses, sex ratio, foetal body weight
and foetal crown-rump length were affected neither. At 30 mg.kg-l bw.day_l,
the incidence of delayed ossification of the skull bones among foetuses
(17%, 18/104 and 26%, 23/88 at exposure to "purified" and "commercial-
grade" 2,3,4,6-T4CP, respectively) was significantly increased at p < 0.05
compared with the control incidence of 8%, 14/173. For "commercial-grade"
2,3,4,6-T4CP, the incidence of this skeletal wvariation was also
significantly increased among litters (50%, 8/16) compared with the control
incidence of 19%, 6/31. For "purified" 2,3,4,6-T4CP, the incidence among
litters (35%, 7/20) was not significantly different from the control
incidence. This variation occurs normally in control populations of this
strain of rats. Therefore, the increased incidence of this wvariation is
considered to be a nonspecific effect (indicative of delayed development),
not a teratogenic effect. At 10 mg.kg-1 bw.day-l, a significantly
increased incidence of subcutaneous edema was found at exposure to either
compound. This soft tissue variation, also observed among control animals,
was not observed at 30 mg.kg-1 bw.day-1 of either compound and, therefore,
considered to be not treatment-related (Schwetz et al., 1974a). In a
similar teratology study with "purified" PCP (see below, Schwetz et al.,
1974b), the incidence among litters of this skeletal variation was
significantly increased at 5 mg PCP.kg-l bw.day-l (60% versus 19% among
control litters). The dose level of 30 mg.kg-l bw.day‘l of "commercial-
grade” 2,3,4,6-T4CP is equivalent to 8 mg PCP.kg-l bw.day-l. Therefore, the
slightly higher incidences of this skeletal variation at exposure to
"commercial-grade" 2,3,4,6-T4CP compared to that at exposure to "purified”

2,3,4,6-T4CP can be explained by the PCP content.

PCP

A reproduction study in which female rats were exposed to "technical-grade"
PCP (purity 85%) in feed, from 3 weeks of age through gestation, resulted
in a decreased litter size at 500 mg.kg-l feed (equivalent to 25 mg.kg-1
bw.day-l); a concentration of 50 mg.kg.1 feed (equivalent to 2.5 mg.kg

bw.day-1 was without effect on reproductive performance. Maternal toxicity
was not observed at any concentration tested. An extension of the exposure

of the dams through lactation, followed by exposure of the progeny for an
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additional 10 weeks, resulted in effects on the progeny: pre-and postnatal
exposure resulted in a decreased DTH-response and a decreased serum BSA
antibody concentration at all dose levels tested (5, 50 and 500 mg.kg-1
feed, equivalent to 0.25, 2.5 and 25 mg.kg-1 bw.day-l). Therefore, a dose
without effect can not be derived from this study. Additionally, the number
and phagocytic activity of peritoneal macrophages were increased at 50 and
500 mg.kg-l. A second part of this study is reported in section 1.2.3,
"long-term exposure"” (Exon and Koller, 1982, 1983a,b; table 1.3 and 1.4).
In a fertility and reproduction study, male and female Sprague-Dawley rats
were exposed to Dowicide EC-7 (90% PCP) in feed. Females were exposed from
9 weeks prior to mating through gestation and lactation. Parent males were
exposed for another two months. At 30 mg.kg-1 bw.day-l, body weight gain of
adult females, the number of liveborn pups, neonatal survival and neonatal
body weight were reduced. In addition, there was an increased number of
litters which showed variations in the development of skeletal structures,
namely lumbar spurs and variations of vertebrae. It is not reported whether
these variations were found also in control animals in the present study or
not, but the same variations occured in control animals in a previous
teratology study (see Schwetz et al., 1974b). Therefore, the increased
incidence of these variations is considered to be a mnonspecific effect
(indicative of delayed development), not a teratogenic effect. A dose level
of 3 mg.kg-1 bw.day-1 was without effect (Schwetz et al., 1978; table 1.3).
In another fertility and reproduction study, 5-w old male and female
Sprague-Dawley rats were exposed to highly purified PCP (purity > 99%) in
feed. Females were exposed through gestation. At 200 mg.kg-l feed (equal to
13 mg.kg-1 bw.day-l) the number of dams with > 2 resorptions was increased,
and foetal body weight was reduced. At this dose level, misshapen centra of
wavy ribs was the only skeletal variation that was significantly increased;
the incidence was 22 out of 86 versus 14 out of 167 in controls. The
increased incidence of this skeletal variation 1is considered to be a
nonspecific effect, not a teratogenic effect. At 600 mg.kg-l feed (equal to
43 mg.kg-1 bw.day-l) all but one foetuses were resorbed; at this dose level
maternal weight gain during gestation was reduced, and ringed eye was
observed in 50% of the dams. In this study PCP was found to be slightly
more toxic with regard to maternal and reproductive effects than
pentachloroanisole (PCA), a metabolite of PCP which can be formed by
biological systems (Welsh et al., 1987; table 1.3).

In a teratology study ("segment II" study) the embryo-/foetotoxicity and

teratogenicity of two grades of PCP were studied in rats. Groups of 20
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Sprague-Dawley rats were treated by gavage with doses of 0 (vehicle
control), 5, 15, 30 or 50 mg.kg-l bw.daly.1 (in corn oil) from day 6 through
day 15 of gestation. The highest dose level tested was the highest dose
without signs of toxicity in a preliminary 10-d tolerance study (table
1.2). At the 5 and 30 mg.kg-1 bw.day_1 dose levels, the amount of the
commercial product was adjusted to provide 5 and 30 mg PCP .kg-l bw.day-l,
respectively. Animals were killed on day 21 of gestation. The two grades of
this compound were "commercial-grade" PCP (purity 88%; 4% T4CP; 6% higher
chlorinated phenoxyphenols; 30 ppm HxCDF, 80 ppm HpCDF, 80 ppm OCDF, 4 ppm
HxCDD, 125 ppm HpCDD, 2,500 ppm OCDD, < 0.05 ppm 2,3,7,8-TCDD) and
"purified"” (purity = 98% PCP; 0.3% T4CP; higher chlorinated phenoxyphenols
0.5%; < 1 ppm of HxCDF, HpCDF, OCDF, HxCDD, HpCDD and OCDD; < 0.05 ppm
2,3,7,8-TCDD).

At 30 and 50 mg.kg-1 bw.day-l, maternal weight gain on days 6 through 21
was significantly (p < 0.05) reduced, regardless of the compound tested. No
other signs of maternal toxicity were observed with any dose of either
compound. Treatment with "commercial-grade" PCP at > 15 mg.kg-l bw.day-l
resulted in one or more of the following reproductive effects: increased
number of foetal resorptions, reduced foetal body weight and/or altered sex
ratio toward male animals; resorption was the most sensitive parameter.
Treatment with "purified" PCP at = 30 mg.kg-1 bw.day-1 also affected
reproductive performance.

Treatment with either compound resulted in dose-related increased
incidences of skeletal variations of the skull (delayed ossification),
vertebrae and sternabrae, and of subcutaneous edema; these variations were
also observed in the vehicle controls. The only treatment-related
variations which were not observed in control foetuses, were rib anomalies
(supernumerary, lumbar or fused). These anomalies, and the increased
incidences of skeletal and soft tissue variations are considered to be
nonspecific (embryo-/foetoxic) effects, not teratogenic effects. In the
study with "purified" PCP, the incidence of one of these wvariations,
delayed ossification of skull bones, was already significantly increased at
5 mg.kg'1 bw.day-1 at this dose level (incidence among exposed litters
60%, 9/15 versus 19%, 6/31 in control litters). In the study with
"commercial-grade" PCP, the dose of 5 mg.kg-1 bw.day_1 resulted in a two-
fold increase in the incidence of both delayed ossification of skull bones,
and of lumbar spurs, but these increases were statistically not significant
at the p < 0.05 level. Additional studies in which groups of pregnant rats
were given 0 or 30 mg.kg-l bw.day-l of either compound on days 8-11 or 12-
15 of gestation showed that maternal and foetal body weights, foetal
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resorptions, and a number of foetal variations were much more affected
during early organogenesis than during late organogenesis. Treatment during
early organogenesis was about as effective as treatment during the whole
period of organogenesis (Schwetz et al., 1974b).

The embryo-/foetotoxicity and teratogenicity of PCP was also investigated
in two oral studies with Charles River CD rats. In the one study, pregnant
rats were exposed by intubation from days 7 through day 18 of gestation to
0 (vehicle control) or 75 mg PCP.kg-1 bw.day_1 (purity not reported; in
corn o0il). The animals (6 control and 7 treated animals, respectively) were
sacrificed 1-2 days before parturition. Treatment resulted in significantly
decreased foetal body weights. The average number of abnormal foetusses per
litter was 0.7 versus 0 1in controls and maternal weight gain was reduced
45%; these differences are statistically not significant. foetal mortality
and the number of viable foetusses/litter were not affected either
(Courtney et al., 1976). In the other study, pregnant rats were orally (mo
further details reported) exposed to a single dose of O (vehicle control)
or 60 mg PCP.kg-1 bw (purity > 99%; in olive oil) on one of the following
days of gestation: 8, 9, 10, 11, 12 or 13. The animals (5 control animals
and 6 treated animals per group) were sacrificed on day 20 of gestation.
Treatment on day 8 and on day 9 resulted in one (1%) abnormal foetus
(dwarf) and three (6%) abnormal foetusses (exencephaly, macropthalmia,
taillessness), respectively. Treatment on day 9 and on day 10 resulted in
significant (p < 0.05) reduced foetal body weights. These effects may be
due to maternal toxicity, as indicated by an increase in body temperature
measured in animals exposed on day 8, 9 or 10. The percentage of
resorptions in control (2%-12%) and treated groups (2%-13%) was similar
(Larsen et al., 1975).

Oral administration of PCP (purity of test compound and route of
administration not reported) to pregnant hamsters at doses of 1.25 to 20
mg.kg_1 bw.day-l on days 5-10 of gestation, resulted in resorptions and
foetal deaths in 3 of 6 test groups. The four intermediate dose levels or

other data are not available (Hinkle, 1973, abstract).

Additional data

Intraperitoneal injection of mice with either 50-100 mg 2,4,6-T3CP.kg-1 bw
(purity 99%) or 50-100 mg PCP.kg-1 bw (purity 99%) on day 10 of gestation

resulted in loss of litters, reduced litter sizes and increased mortality
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in the progeny. Data on maternal toxicity are not reported (Fahrig et al.,
1978).

The mouse in vitro fertilization assay, in which both ova and sperm are
exposed to the test compound, was used as a preliminary screening method
for reproductive toxicity of dichlorophenols. The compounds 2,5-DCP, 3,4-
DCP and 3,5-DCP significantly reduced sperm penetration of ova at a
concentration of 1 mM; the remaining dichlorophenols were without effect.
In an additional experiment, neither in vitro sperm penetration of control
ova nor sperm motility was affected after a 90-d exposure of male mice to
2,4-DCP, at concentrations up to 500 mg.l-1 drinking water (Seyler et al.,
1984).

Summary and conclusions "reproductive toxicity"

Teratology studies

The embryo-/foetotoxicity and teratogenicity of 2,4-DCP (purity 99%), two
different grades of 2,3,4,6-T4CP ("purified", purity > 99% and "commercial-
grade", purity 73%) and of two different grades of PCP ("purified", purity
> 98% and "commercial-grade", purity 88%) have been investigated in oral
studies with rats, in accordance with the protocol for so-called "segment
IT1" studies. On the basis of these studies it is concluded that there is no
evidence for teratogenicity of these compounds. However, 2,4-DCP may be
embryo-/foetotoxic (the effects observed were associated with maternal
toxicity), and 2,3,4,6-T4CP and PCP are embryo-/foetotoxic at
concentrations at which maternal toxicity is not evident.

Doses of 375 mg.kg-1 bw.day-l of 2,4-DCP, 10 mg.kg-1 bw.day-1 of both
"purified" and "commercial"-grade 2,3,4,6,-T4CP and 5 mg.kg-1 bw.day_1 of
"commercial-grade” PCP were without effect with regard to both
developmental effects (non-specific effects such as delayed ossification)
and reproductive effects (such as reduced litter size and reduced foetal
body weight). In the study with "purified" PCP, the lowest dose level
tested (5 mg.kg-1 bw.day-l) resulted in an increased incidence of delayed
ossification of skull bones.

The rat studies with 2,3,4,6-T4CP and PCP indicate that the non-phenolic
impurities (polychlorinated dibenzo-p-dioxins and dibenzofurans) present in
the "commercial-grade" compounds do mnot contribute significantly to the

effects of these compounds on reproductive and developmental effects,

neither qualitative nor quantitative.
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Additional teratology studies with PCP also showed no evidence for
teratogenicity; embryo-/foetotoxic effects observed in these studies

appeared to be associated with maternal toxicity.

Reproduction studies

The effects of 2-MCP, 2,4-DCP, 2,4,6-T3CP and PCP on reproductive
performance (judged by parameters such as fertility, litter size, number of
stillborn, and birth weight) have been investigated in a number of oral
studies. In most of these studies, female rats were exposed from weaning
age through gestation. In some of these studies, exposure of the dams was
continued through lactation and followed by exposure of the progeny for an
additional 10-15 weeks, to study effects on the progeny exposed both pre-
and postnatally. On the basis of these studies it is concluded that 2-MCP,
2,4-DCP, 2,4,6-T3CP and PCP are embryo-/foetotoxic at concentrations at
which maternal toxicity is not evident (This conclusion is consistent with
the results observed in the teratology studies). Based on these studies the
following NO(A)ELs have been derived with respect to embryo-/foetotoxicity:
5 mg.kg'1 bw.day-1 for 2-MCP, 3 mg.kg-1 bw.day.1 for 2,4-DCP, 3 mg.kg_1
bw.day_l for 2,4,6-T3CP, and 2.5 to 4 mg.kg-1 bw.day-1 for different PCP-
formulations ("highly-purified" PCP, "Dowicide EC-7" and "technical-grade"
PCP). These data (and the lowest effect-levels) show that the embryo-/
foetotoxicity of the chlorophenols studied is very similar. The studies
with the different grades of PCP show that the non-phenolic impurities in
"Dowicide EC-7" ("low-impurity" grade) and in "technical-grade" PCP ("high-
impurity" grade) do mnot contribute significantly to the effects of these
compounds with regard to embryo-/ foetotoxicity, consistent with the
results of the teratology studies.

The studies in which the progeny was exposed both pre- and postnatally show
that exposure to 2,4-DCP, 2,4,6-T3CP and "technical-grade" PCP results in
effects on the progeny at dose levels that are lower than those affecting
reproductive performance. In these studies, the immunocompetence (2,4-DCP,
PCP) and liver and/or spleen weights (2,4-DCP, 2,4,6-T3CP, PCP) of the
progeny -exposed both pre- and postnatally- were found to be sensitive
parameters, resulting in NO(A)ELs of 0.3 mg.kg-1 bw.day-1 for both 2,4-DCP
and 2,4,6-T3CP. The study with "technical-grade" PCP resulted in effects on
the immunocompetence at all dose levels tested ( >0.25 mg.kg_1 bw.day-l).
These effects on the progeny have not been investigated in the studies with

"highly-purified” PCP and "Dowicide EC-7".
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1.2.3 Long-term exposure (semichronic and chronic toxicity)

-_noncarcinogenic and carcinogenic effects

Animal data

Oral exposure

The results of long-term, oral studies are summarized in table 1.4. If more
than one study was available for one compound, the studies are 1listed in
the following order: i) animal species (from "small" to "large"), 1ii)
exposure time (from "short" to "long"), and iii) purity of test compound
(from "high purity" to "low purity"). For each study, a lowest-effect-dose,
LED, and a no-observed-(adverse)-effect-level, NO(A)EL, are listed in the
table, 1if possible. These values are based on an evaluation of the data
reported and do not necessarily represent the opinion of the investigators.
Effects on survival, body weight, weight of major organs, gross pathology
and histopathology are common endpoints studied in most of these long-term
studies. In a number of studies other endpoinds such as carcinogenicity,
haematology and clinical chemistry, were studied as well.

In the text below, especially the effects observed at the lowest-effect-
dose (LED) are discussed. For data on the effects observed at higher dose
levels the reader is referred to table 1.4.

Dose levels are expressed as mg.kg'l bw.day-l, regardless of treatment

procedure.
2-MCP

The effects of 2-MCP (purity 97%), in drinking water, has been investigated
in a 2-yr two-generation study with Sprague-Dawley rats. Animals of the
first generation (females only) were exposed from 3 weeks of age through
gestation and lactation, to study effects on reproductive performance.
Animals of the second generation (exposed prenatally) were continued on
treatment untill tumour development, death or termination at 24 months, to
study carcinogenicity and toxicity after pre- and postnatal exposure.
Exposure to dose levels up to 50 mg.kg—1 bw.day-1 did not result in an
effect on tumour incidence, latency or type. In the second year of the
study, red blood cell count, packed cell volume and haemoglobin content
were increased at this dose level. The effects on reproductive performance

of the first generation and the effects on the progeny during the first 6

months of the study are discussed in section 1.2.2. Considering all
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parameters studied, a dose level of 5 mg.kg-1 bw.day-1 was without effect.
In parallel studies the influence of 2-MCP on ethylnitrosourea (ENU) -
induced tumour formation was studied, by "simultaneous" exposure to ENU and
2-MCP. ENU was given to the first generation as the precursors, 0.32%
ethylurea in feed and 1 mg N02.1_1 in drinking water, during gestation days
14 to 21. The second generation, in which tumour formation was studied, was
exposed to 2-MCP (as described above) either prenatally only, postnatally
only (from weaning though the remaining part of the study) or pre- and
postnatally. In these studies, the tumour incidence in male offspring was
generally increased and the tumour latency was decreased at all dose levels
of 2-MCP, compared with ENU-only treated controls (these parameters were
calculated at three time intervals corresponding to 25%, 50% and 75% of
combined tumour incidence in males and females exposed to ENU only).
However, the differences were mostly not statistically significant at p <
0.10 and not dose-related. In female offspring tumour incidence and latency
were not consistently affected by simultaneous exposure, compared with ENU-
only treated controls (Exon and Koller, 1982, 1983a,b, 1985; table 1.3 and
1.4).

2,4-DCP
Mice

Exposure of mice for 3 months to 2,4-DCP (purity > 99%) in feed did not
result in an effect on body weight gain at 1,400 mg.kg-l bw.day_l, although
feed consumption was reduced > 20%. Therefore, 1,400 mg.kg-1 bw.day-1 is
considered to be an effect-dose. At 700 mg.kg-1 bw.day-l, both weight gain
and feed consumption were similar to controls; this dose is considered to
be the dose without (adverse) effect, although 4 of 10 males exposed to
this dose 1level showed hepatocellular necrosis, the severity of which was
judged to be "minimal", level (NTP, 1989a). Exposure of mice for 3 months
to 2,4-DCP (purity > 99%) in drinking water at dose levels up to 385
mg.kg-1 bw.day-1 (males) and 490 mg.kg-1 bw.day-l (females) did not result
in toxicologically significant alterations (Borzelleca et al., 1985b).

In a study in which male mice were exposed for 6 months to 2,4-DCP (purity
not reported) in feed, minor histological changes (infiltration of round
cells; swelling of hepatocytes) were observed in the liver of 1 or 2 out of
7 animals at 230 mg.kg_1 bw.day-l; a dose of 100 mg.kg-l bw.day-1 was
without effect (Kobayashi et al., 1972).
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A 2-year carcinogenicity and toxicity study in which B6C3Fl mice were
exposed to 2,4-DCP (purity > 99%) in feed, at dose levels of O, 800 and
1,300 mg.kg'l bw.day ' (males) or 0, 430 and 820 mg.kg L bw.day
(females), did not result in compound-related increases in malignant or
benign neoplasms, neither in males nor in females. At 820 mg.kg-l bw.day-l,
body weight of females was reduced progressively throughout the study; a
dose of 430 mg.kg-1 bw.day-1 was without effect. In males a dose-related
increased incidence of diffuse syncitial alteration of hepatocytes was
observed (11/50 in controls; 33/49 and 42/48 at low and high dose,
respectively); the increase was statistically significant at Dboth
concentrations tested. Therefore, a dose without effect for males could not
be established (NTP, 1989a).

Rats

Exposure of rats for 3 months to 2,4-DCP (purity > 99%) in feed, resulted
in lower body weights of both sexes, at 1,000 mg.kg-l bw.day—l. In
addition, bone marrow atrophy was observed in all animals exposed to this
dose 1level and in 6 of 10 females at 500 mg.kg-1 bw.day-l. Dose levels of
500 mg.kg-1 bw.day-1 (males) and 250 mg.kg-1 bw.day-1 (females) were
without effect (NTP, 1989a).

A 2-year carcinogenicity and toxicity study in which F344/N rats were
exposed to 2,4-DCP (purity > 99%) in feed, at dose levels of 0, 210 and 440
mg.kg-l bw.day-1 (males) or 0, 120 and 250 mg.kg-1 bw.day-l, did not result
in compound-related increases in malignant or benign neoplasms, neither in
males nor in females. Body weight of males was reduced at 440 mg.kg-l
bw.day-l. Furthermore, a dose-related increased incidence of multifocal
degeneration of respiratory epithelium of the nose was observed in males
(25/45 in controls; 38/48 and 42/46 at low and high dose, respectively).
Although the increase of this incidence was statistically significant at
both dose levels, the dose of 210 mg.kg-l bW.day-1 is considered to be the
dose without (adverse) effect in males. Body weight of females was reduced
at 250 mg.kg-1 bw.day-l; the dose of 120 mg.kg,-1 bw.day-1 was without
effect (NTP, 1989a).

The effects of 2,4-DCP (purity 99%), in drinking water, has been
investigated in a 2-yr two-generation study with Sprague-Dawley rats.
Animals of the first generation (females only) were exposed from 3 weeks of
age through gestation and lactation, to study effects on reproductive

performance. Animals of the second generation (exposed prenatally) were
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continued on treatment untill tumour development, death or termination at
24 months, to study carcinogenicity and toxicity after pre- and postnatal
exposure. Exposure to dose levels up to 30 mg.kg-1 bw.day-1 did not result
in an effect on tumour incidence, latency or type. In the second year of
the study, red blood cell count and haemoglobin content were increased at
this dose 1level. The effects on reproductive performance of the first
generation and the effects on the progeny during the first 6 months of the
study are discussed in section 1.2.2. Considering all parameters studied, a
dose level of 0.3 mg.kg-l bw.day-1 was without effect. In parallel studies
the influence of 2,4-DCP on ethylnitrosourea (ENU)-induced tumour formation
was studied, by "simultaneous" exposure to ENU and 2-MCP. ENU was given to
the first generation as the precursors, 0.15% ethylurea in feed and 1 mg
N02.1-1 in drinking water, during gestation days 14 to 21. The second
generation, in which tumour formation was studied, was exposed to 2,4-DCP
(as described above) either prenatally only, postnatally only (from weaning
though the remaining part of the study) or pre- and postnatally. In these
studies, the tumour incidence and latency, determined at termination, were
not affected by simultaneous exposure, compared to the ENU-only treated
controls. However, in the ENU-only treated controls the tumour incidence
was not increased compared to that in untreated controls, because of the
relatively low ethylurea level in feed (Exon et al., 1984; Exon and Koller,
1985; table 1.3 and 1.4).

2,4,5-T3CP

Exposure of rats for 3 months to 2,4,5-T3CP (purity > 99%) in feed,
resulted in pathological changes in kidneys ("moderate degenerative changes
in the epithelium lining of the convoluted tubules and early proliferation
of the interstitial tissue") and in liver ("mild centrolobular degenerative
changes characterized by cloudy swelling and an occasional area of focal
necrosis"), at dose levels of 150 and 500 mg.kg-1 bw.day-l. The severity of
these lesions was reported to be dose-related. In addition, a diuretic
effect was observed at these dose levels. A dose of 50 mg.kg_1 bw.day-l
was without effect (McCollister et al., 1961). It must be noted that the

histopathological data have been reported very briefly.
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2,4,6-T3CP

The carcinogenicity and toxicity of 2,4,6-T3CP (purity 96%-97%) has been
investigated in 2-year feed studies with B6C3Fl mice and F344/N rats (NCT,
1979).

In the one study, male mice were exposed to dose levels of 0, 700 and 1,400
mg.kg.1 bw.day-1 and female mice were exposed to dose levels of 0, 750 and
1,500 mg.kg'1 bw.day_l. With regard to carcinogenicity, dose-related
increased incidences of hepatocellular carcinomas and hepatocellular
adenomas were observed in males and in females. In males the incidence of
both carcinomas and adenomas was significantly increased at both dose
levels; in females only the increased incidence of adenomas at the high-
dose level was statistically significant. These types of hepatocellular
neoplasms normally occur in control populations of this strain of mice,
especially in males. In addition to neoplasms, body weights were dose-
related decreased throughout the study, and non-neoplastic hepatocellular
lesions were commonly present in dosed animals.

In the other study, male and female rats were exposed to dose levels of O,
250 and 500 mg.kg-1 bw.dayhl. With regard to carcinogenicity, a dose-
related increase in leukemias was observed in males; the incidence was
significantly increased at both dose levels. In females there also was an
increased incidence of leukemias, but the incidence was not statistically
significant at any dose level. Leukemias normally occur in control
populations of this strain of rats. In addition to neoplasms, body weights
were dose-related decreased throughout the study. The incidences of non-
neoplastic lesions were within normal limits in all groups (NCI, 1979).

In a preliminary oral carcinogenicity study using two F1 hybrid stocks of
mice, (C57BL/6 x C3H/Anf)F1 and C57BL/6 x AKR)Fl, 18 1l-w old animals of
each sex per group were exposed by stomach tube to a dose level of 100 mg
“Omal".kg_l bw.day_1 for 3 weeks and subsequently to a dose level of 260 mg
"Omal".kg-1 in feed (equivalent to 40 mg.kg-1 bw.day‘l) for 18 months.
Treatment resulted in "an elevation of tumour incidence in an uncertain
range, which require additional evaluation" (Innes et al., 1969).
Additional data on this study have not been reported. Therefore, this study

has not been summarized in table 1.4.
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PCP
Mice

The toxicity of 2 different grades of PCP, namely "pure" PCP (purity > 99%)
and "technical-grade" PCP (purity 86%), has been investigated in 3-mo
comparative feed studies, at dose levels of 0, 7 and 70 mg.kg.l bw.day_1
(The impurities in these formulations were not reported). Histopathological
examinations showed similar, dose-related liver lesions, regardless of test
compound: mild to marked swelling of hepatocytes, accompanied by nuclear
swelling and vacuolization, and eosinophilic inclusion bodies within
nuclear vacuoles; mild to moderate necrosis was observed only at 70 mg.kg-1
bw.day-l. However, exposure to "technical-grade" PCP resulted in dose-
related enhancements of immunologically mediated susceptability to tumour
induction after a challence in "host susceptibility models", and further in
a decreased T-cell cytolytic activity and increased phagocytic activity of
macrophages, while exposure to "pure" PCP did not affect these
immunological parameters. These data indicate that the effects on the
immunocompetence is associated with the contaminant(s) present in
"technical-grade" PCP. However, in surviving "pure" PCP exposed animals
that were resistent to both the MSV and MSB challenge (see table 1.4 for
explanation), a dose-related increase in gross tumours in spleen (2/9 and
4/9 versus 0/13 in control animals) was observed; this suggests some degree

of immunosuppression by PCP itself (Kerkvliet et al., 1982).

The toxicity of &4 different grades of PCP has been investigated in 6-mo
comparative feed studies with B6C3Fl mice. The lowest and highest dose
tested in each study were 28 and 170-255 mg.kg-l bw.day-l, respectively.
Test compounds were i) "pure" PCP (purity 98.6%), ii] "Dowicide-EC-7" (91%
PCP), iii] "DP-2" (92% PCP), and iv] "technical-grade" PCP (90% PCP). The
main impurities in these compounds are i] T4CP and chlorohydroxy-
dibenzofurans and -diphenyl ethers, ii] T4CP, iii] T4CP, chlorohydroxy-
diphenyl ethers and -dibenzofurans, PCDF and PCDD, and iv] T4CP,
chlorohydroxy-diphenyl  ethers, and -dibenzofurans, PCDF and PCDD,
respectively.

In all 4 studies, compound-related histopathological changes were found in
several tissues, especially in the liver. Liver weights were increased at
all dose levels, although there were some quantitative differences.
Additionally, most animals examined histologically showed similar liver

changes, namely necrosis, nuclear alteration, cytomegaly and pigmentation,
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regardless of compound tested and dose level. Bile duct hyperplasia was
observed in all animals exposed to 255 mg.kg-1 bw.day-l of "technical-
grade" PCP; this lesion was not or scarcely observed in animals exposed to
the other compounds (highest dose 1levels: 170-210 mg,.kg-1 bw.day-l).
Exposure to any compound did not result in hepatic porphyria. Other tissues
affected were galbladder, bone marrow, spleen, thymus, testes, urinary
bladder and nasal mucosa. Spleen weights of males were increased in all
studies, while those of females were decreased in high-dosed groups (except
at exposure to "pure" PCP).

A marked difference between the different compounds was observed with
respect to the induction of cytochrome P450-mediated aryl hydrocarbon
hydroxylase (AHH) in 1liver microsomes. Exposure to "technical-grade" PCP
and "DP-2" resulted in a 30-fold increase in AHH activity at dose levels of
28 and 85 mg.kg-1 bw.day-l, respectively. Exposure to "pure" PCP and
"Dowicide EC-7" only resulted in a 5-fold increase in AHH activity at dose
levels of 210 and 170 mg.kg-1 bw.day_l, respectively. The ability of
"technical-grade" PCP and "DP-2" to induce AHH 1is consistent with their
relatively high content of PCDF and PCDD, which are known inductors of AHH.
Based on the limited ability of "pure" PCP and "Dowicide EC-7" to induce
the AHH activity, it can not be excluded that PCP itself caused this effect
at the high dose levels tested (210 and 170 mg.kg-1 bw.day_l,
respectively). A further difference between the compounds was observed with
regard to an immunological parameter: the plague-forming cell (PFC)
response following immunization with sheep erythrocytes was markedly
inhibited at exposure to "technical-grade" PCP and (to a lesser degree) at
exposure to "DP-2", while this antibody response was not suppressed by the
other two compounds.

These studies show that the effects of the 4 different grades of PCP are
similar with respect to most parameters studied, although quantitative
differences have been observed with regard to a number of these parameters.
However, the induction of AHH and the suppression of the PFC response
observed in the studies with "technical-grade" PCP and "DP-2" is (largely)

consistent with the presence of impurities in these compounds (NTP, 1989b).

The carcinogenicity and toxicity of two different grades of PCP have been
investigated in 2-yr comparative feed studies with B6C3Fl mice. Test
compounds were "Dowicide EC-7" (91% PCP; "low" content of PCDF and PCDD)
and "technical-grade" PCP (90% PCP; "high" content of PCDF and PCDD). Dose
levels were 0, 17, 35 and 116 mg.kg_1 bw.day'1 of "Dowicide EC-7" and 0, 17

and 35 mg.kg-1 bw.day-1 of "technical-grade" PCP.
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In the study with "Dowicide EC-7", dose-related increased incidences of
both malignant and benign neoplasms were observed in both sexes. In males
the incidences of hepatocellular carcinomas, hepatocellular adenomas and
benign adrenal medullary pheochromocytomas were increased (statistically
significant at 35 and/or 116 mg.kg_1 bw.day-l). In females the incidences
of hepatocellular adenomas, benign adrenal medullary pheochromocytomas and
hemangiosarcomas in spleen and 1liver were increased (statistically
significant at 116 mg.kg-1 bw.day-l). The types of neoplasms observed in
this study normally occur in control populations of this strain of mice,
especially hepatocellular carcinomas and adenomas. In addition to
neoplasms, high to very high incidences of histopathological liver changes
(acute diffuse necrosis, diffuse chronic active inflammation, diffuse
cytomegaly, and multifocal pigmentation were observed in all dosed groups,
but not in control groups. Further, body weight of females was reduced at
116 mg.kg-1 bw.day-l, and a very high incidence of bile duct hyperplasia
was observed at this dose level in both sexes.

The study with "technical-grade" PCP resulted in dose-related increased
incidences of both malignant and benign neoplasms in males and of malignant
neoplasms in females. In males the incidences of hepatocellular carcinomas,
hepatocellular adenomas and benign adrenal medullary pheochromocytomas were
increased (statistically significant at 17 and 35 mg.kg-l bw.day-l). In
females the incidence of hemangiosarcomas in spleen and liver was increased
(statistically significant at 35 mg.kg_1 bw.day-1 only). In addition to
neoplasms, a very high incidence of histopathological liver changes (acute
diffuse necrosis, diffuse chronic active inflammation, diffuse cytomegaly,
and multifocal pigmentation were observed in all dosed groups, but mnot in
control groups. Further, a high incidence of bile duct hyperplasia was
observed in dosed males, but not in dosed females (NTP, 1989b).

In the aforementioned NTP-report, a comparison has been made between the
incidences of hepatocellular neoplasms (adenomas plus carcinomas) observed
in male B6C3Fl mice in the carcinogenicity studies with "Dowicide EC-7" and
"technical-PCP" and those observed in male mice in carcinogenicity studies
with either HxCDD (a mixture of 1,2,3,6,7,8-HxCDD and 1,2,3,7,8,9-HxCDD)
and 2,3,7,8-TCDD. This comparison showes that HxCDD alone accounts for only
a small part of the hepatocellular neoplasms observed in the studies with
"Dowicide EC-7" and "technical-grade" PCP. Therefore, and because of the
very low content of impurities in "Dowicide EC-7", the data indicate that
PCP itself must be considered to be carcinogenic in this strain of mice.

Additionally, (increased incidences of) adrenal medullary pheochromocytomas
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and of hemangiosarcomas were not observed in the studies with HxCDD or
2,3,7,8-TCDD (NTP, 1989b).

In a preliminary oral carcinogenicity study using two F1 hybrid stocks of
mice, (C57BL/6 x C3H/Anf)Fl and C57BL/6 x AKR)F1l, 18 1-w old animals of
each sex per group were exposed by stomach tube to a dose level of 46 mg
"Dowicide-7”.kg_1 bw.day-1 for 3 weeks and subsequently to a dose level of
130 mg "Dowicide".kg-1 in feed (equivalent to 20 mg.kg-1 bw.day-l) for 18
months. Treatment "did mnot result in a significant increase in tumours”
(Innes et al., 1969). Additional data on this study have not been reported.

Therefore, this study has not been summarized in table 1.4.
Rats

The  toxicity of 2 different grades of PCP ("analytical-grade" and
"technical-grade") was investigated in 3-mo comparative feed studies with
rats, at dose levels 0, 3, 10 and 30 mg.kg-1 bw.day-l. Exposure to
"analytical-grade" PCP did not result in toxic effects at dose levels up to
30 mg.kg_1 bw.day-l, while exposure to "technical-grade" PCP at a dose
level of 30 mg.kg-1 bw.day-l resulted in increased 1liver and kidneys
weights, mild focal degeneration and necrosis in the liver, and increased
haemoglobin, packed cell volume, red blood cell counts, serum alanine
aminotransferase (ALAT) and alkaline phosphatase (Kociba, 1971). In a
follow-up study, Kociba (1973) exposed rats for 3 months to "analytical-
grade" PCP at dose levels of 0, 1, 3, 10 or 30 mg.kg,-1 bw.day_l. From this
study and from the studies by Schwetz et al. (1978; table 1.3 and table
1.4) with "Dowicide EC-7" it was determined by this group of investigators,
that dose levels of 3 and 10 mg.kg-1 bw.day_1 of "analytical-grade" PCP are
without effect for females and males, respectively (Exon, 1984b, secundary
source; the Kociba studies are not available and therefore not summarized

in table 1.4).

The toxicity of 3 differents grades of PCP, namely "technical-grade" PCP,
"improved" PCP and "pure" PCP has been investigated in 3-mo comparative
feed studies with rats, at dose levels of 0, 3, 10 and 30 mg.kg-1 bw.day-l.
These grades represent "high"-, "medium"- and "low"-impurity grades of PCP,
respectively, with regard to the presence of PCDD (and other impurities).
In the studies with either "pure" PCP or "improved" PCP, terminal weights
of liver and kidneys were increased at 30 mg.kg-1 bw.day-l; that of liver
was also increased at 10 mg.kg-1 bw.day_l. Histopathological lesions or

other effects were not observed; the dose of 3 mg.kg'1 bw.day-1 was without
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effect in these two studies. In the study with "technical-grade" PCP,
terminal weights of liver and kidneys, and serum alkaline phosphatase were
increased at all dose 1levels tested. Additionally, serum albumin was
decreased at 10 and 30 mg.kg_1 bw.day-l, and histopathological liver
changes (minimal focal hepatocellular degeneration and necrosis) were
observed and haematological parameters (erythrocyte count, haemoglobin
content, packed cell volume) were decreased at 30 mg.kg-1 bw.day
(Johnson et al., 1973).

The toxicity of another grade of PCP has been investigated in a 3-mo feed
study with rats, at dose levels of 0, 1.25, 2.5, and 10 mg.kg.1 bw.day-l.
In this study the following effects were observed at both 2.5 and 10
mg.kg-1 bw.day-l: increased liver weight (females), increased incidences of
histopathological changes (centrilobular vacuolisation in the liver of
males and a lower number of calculi in corticomedullary junction of the
kidneys in females), and increased haematological parameters in males
(number of erythocytes and haemoglobin content). Additionally, body weight
gain of females was decreased, and serum alkaline phosphatase activity
(females), serum glucose (males) and the activity of the microsomal enzymes
aniline hydroxylase and aminopyrine demethylase was increased at 10 mg.kg-1
bw.day-1 (Knudsen et al., 1974). The PCP formulation tested by Knudsen et
al. (1974) contained 200 ppm OCDD and is therefore considered to be a

"medium" - impurity grade of PCP; data on other impurities were not reported.

The toxicity of 2 different grades of PCP has been investigated in 8-mo
comparative feed studies with Sherman rats. Test compounds were "purified"
PCP (purity > 99%; "very low" content of PCDF and PCDD) and "technical-
grade" PCP (85% PCP, "high" content of PCDF and PCDD). Two studies were
conducted with each compound, at dose levels of 0, 1, 5 and 25 mg.kg-1
bw.day-l. In addition to lethality and body weight, the one study was
focused on organ weights and histopathology of major organs, while the
other study was focused on hepatic enzymes.

In the studies with "purified" PCP, effects were only observed at 25
mg.kg'1 bw.day-l. At this dose level, body weights were reduced and several
livers of females were totally dark or contained dark areas. Microscopic
examinations showed minor hepatocellular alterations (slightly brownish
diffuse discolouration in females, slightly enlarged hepatocytes around
central veins in both sexes, cytoplasmatic eosinophilic inclusions in males
and a brown pigment in macrophages of females). With regard to hepatic
enzymes, a 3-fold increase in activity of glucuronyl transferase was

measured; an effect on other enzymes was not observed. Indications of
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hepatic porphyria were not found. The dose of 5 mg.kg-1 bw.day-1 was
without effect in both studies with this compound. In the studies with
"technical-grade" PCP, hepatocellular alterations and effects on hepatic
enzymes were observed at all dose levels tested. At the lowest dose
1 mg.kg-1 bw.day'l), centrolobular hepatocytes were slightly enlarged and
occasionally vacuolated in all males and one female. With regard to hepatic
enzymes, activities of aryl hydrocarbon hydroxylase and glucuronyl
transferase were 1increased 3- and 15-fold, respectively, at 1 mg.kg-1
bw.day-l. Additionally, an altered ratio of the 455/430 nm peaks of the
ethylisocyanide difference spectrum of cytochrome P450 was observed, caused
by a shift from 455 to 453 nm. Exposure to dose levels of 5 and 25 mg.kg-l
bw.day-1 resulted in increases in cytochrome P450 content, microsomal heme,
and liver and urine porphyrins. At these dose levels, several 1livers of
females were totally dark or contained dark areas; some of these livers
were fluorescent, indicating porphyria. The effects on hepatic enzymes and
the occurence of hepatic porphyria are consistent with the high content of
PCDF and PCDD which similarly produce these effects (Goldstein et al.,
1977; Kimbrough and Linder 1978).

A 2-yr carcinogenicity and toxicity study in which Sprague-Dawley rats were
exposed to "Dowicide EC-7" (90% PCP; "low" content of PCDF and PCDD) in
feed, at dose levels of 0, 1, 3, 10 and 30 mg.kg-1 bw.day-l, did not result
in compound-related increases in malignant or benign neoplasms. It must be
noted that the number of animals used in this study was relatively low (27
of each sex/group) and that males were terminated after 22 months due to
high mortality in all male groups. At dose levels of 10 and especially 30
mg.kg'1 bw.daynl, females showed dark discoloured 1livers and kidneys,
caused by pigmentation. At 30 mg.kg-l bw.day-l, body weight of females was
reduced throughout the study and the activity of serum glutamic
transaminase was increased in both sexes. Doses of 10 and 3 mg.kg_1
bw.day-1 were without effect in males and females, respectively (Schwetz et
al., 1978).

Another 2-yr carcinogenicity and toxicity study with Sprague-Dawley rats
also did not indicate a carcinogenic action of PCP, at exposure to dose
levels wup to 500 mg.kg_1 feed (equivalent to 25 mg.kg.1 bw.day-l). In this
2-yr two-generation study, animals of the first generation (females only)
were exposed from 3 weeks of age through gestation and lactation, to study
effects on reproductive performance. Animals of the second generation

(exposed prenatally, 24-28 animals of each sex per dose level) were

continued on treatment untill tumour development, death or termination at
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24 months, to study carcinogenicity and toxicity after pre- and postnatal
exposure. The "technical-grade" PCP tested was a "medium-impurity" grade,
based on the PCDD content (Exon and Koller 1983b; Exon, 1985, abstract).
Further details on this study, with regard to carcinogenic and non-
carcinogenic effects at long-term exposure, are not available; therefore
this study is not summarized in table 1.4. Data on non-carcinogenic effects
observed in the first 6 months of the study have been discussed in section

1.2.2, "reproductive toxicity" and summarized in table 1.3).

Exposure by inhalation

PCP

In inhalation studies in which rats and rabbits were exposed to an airborne
PCP concentration of 3.0 mg.m'3 for 4 hours per day, for 4 months, "minor"
effects on 1liver function, cholinesterase activity and blood sugar were
observed; these effects were no longer observed one month after completion
of exposure. Exposure to 29 mg.m-3 resulted in anaemia, leukocytosis,
eosinophilia, hyperglycaemia and in dystrophic processes in the liver
(Demidenko, 1969; in Russian; cited in WHO, 1987). [The number of
experimental animals and the purity of the test compound is mnot reported]
Exposure of weanling male rats to an airborne NaPCP ("reagent-grade")
concentration of 21.4 mg.m-3 for 4 hours per day, 6 days per week, for 4
months, significantly increased the weight of lungs, kidneys, liver and
adrenal gland. In addition, blood glucose levels were increased throughout
the study. These effects were not observed at 3.1 mg.m_3. The number of
experimental animals is not reported. In an identical study with rabbits (6
animals of each sex per group), liver weight was significantly increased at
3.1 mg.m-3. In the high-dose group, 1liver and lung weights, and serum
gamma-globulin were increased significantly (Ning et al., in Chinese; cited

in WHO, 1987).
Chlorophenols other than PCP

Long-term animal data on chlorophenols other than PCP are not available.
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Human data

This section on effects on humans at repeated exposure is based partly on
the "Environmental Health Criteria Documents"™ on PCP (WHO, 1987) and on
chlorophenols other than PCP (WHO, 1989).

There appear to be mno studies or case reports on the effects of "pure"
chlorophenols on humans. Therefore, the effects described in the present
section may be influenced by the impurities present in the formulations
used.

Most data on effects on humans at repeated exposure are available from
occupational studies; exposure to chlorophenols is encountered in
occupational settings such as chemical manufacturing (primarily DCP and
T3CP) and the lumber industry (wood protection/preservation; primarily
PCP, T4CP and T3CP). In occupational settings, it 1is difficult to
distinguish between short-term and long-term exposure. Therefore, the data
in the section below could not be separated on the basis of duration of

exposure.

Occupational exposure - non-carcinogenic effects

PCP

Effects at repeated exposure include eye and skin irritation, irritation of
mucous membranes and respiratory tract, signs of chloracne (ascribed to
chlorinated impurities, in particular PCDD and PCDF), porphyria cutanea
tarda, neurasthesia, depression, headaches, 1liver and kidney functional
changes, and immunological changes. A number of these effects is observed
already after short-term exposure, especially non-specific central nerve
system effects. Little is known on airborne exposure levels at which these
effects may occur. In many occupational settings, the effects observed are
the result of both dermal exposure and exposure by inhalation. Effect
levels also are obscured by mixed exposure to PCP and other chlorophenols
and/or nonphenolic compounds (WHO, 1987).

Irritating effects have been reported at airborne PCP concentrations
= 1,000 ug.m-3; workers accustomed to exposure may tolerate concentrations
up to about 2,500 ,ug.m-3 (WHO, 1987).

Workers exposed to "less than" 30 pg.m-3 were reported to be in good
health, but the prevalence of skin pustular eruptions was higher than
expected. In a small group of workers (n = 8) exposed to an average

concentration of 65 (+ 100) ;Lg.m-3 for 5 to 10 years, a correlation between
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exposure level and serum and urine PCP concentrations was reported; this
exposure level did not result in respiratory or dermatological effects. The
workers were exposed to PCP (and T4CP) by inhalation only, in a lumber
treatment plant (WHO, 1987). In a study among 22 "open vat wood treaters"
(exposure to a 5% PCP solution in kerosene; exposure by inhalation and by
direct contact with either the solution or the treated wood) and 24
"pressure tank  wood treaters" (mixed exposure to PCP and other
preservatives, for example chromium, arsenic and dieldrin), blood serum PCP
levels due to 1long-term exposure were measured, resulting in values of
0.15-17.4 (mean 3.8) mg.l-l and 0.02-7.7 (mean 1.7) mg.l-l, respectively.
In the control group (n = 32) these values were 0.02-7.2 (mean 0.3)
mg.l_l). In a combined PCP exposure group consisting of 7 "open vat" and 10
"pressure tank" workers, strong to moderate statistical associations were
observed between exposure to PCP and a number of clinical findings
(increase in immature leucocytes, basophils, plasma cholinesterase,
alkaline phosphatase, gamma-globulin and wuric acid; decrease in serum
calcium). However, most values were within their clinically normal range.
These findings did not provide evidence for liver or other organ damage. An
extensive medical examination of all PCP exposed workers (n = 46) and
controls (n = 42) did not indicate serious health effects due to PCP
exposure, although the standardized prevalence rates (SPR) for chronic
sinusitis and chronic upper respiratory conditions were 3.4 and 2.8,
respectively. The SPR for other illness conditions were below 2 which is
considered to be insignificant (Klemmer et al., 1980). A comparison with a
study reviewed by WHO (1987) showes that the average blood-serum levels of
the lumber treatment workers (studied by Klemmer et al., 1980) were 7-16
times higher than those of workers exposed by inhalation to an average
airborne PCP concentration of 65 pg.mf3, and 2-5 times higher than those of
workers exposed by inhalation to an average PCP concentration of 55 pg.m-3;
the workers exposed to 55 ug.m-3 were also dermally exposed. This
comparison showes that the airborne exposure level of the lumber treatment
workers may well have exceeded 55-65 pug PCP.m-3

Haematological, neurological and skin effects have been reported among
workers exposed to airborne levels of PCP and NaPCP between 30 and 1,000
pg.m-3; 20% of the air samples collected in this study exceeded 200 pg.mf3

The disorders reported may have been influenced by simultaneous exposure to
hexachlorobenzene 1levels of 1,800 to 2,700 pg.m-3, and by dermal exposure
(WHO, 1987). According to Sterling et al. (1982), long-term exposure to
chlorophenol wood preservatives (water soluble formulations containing

sodium pentachlorophenate and/or  tetrachlorophenate) at airborne
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concentrations which were "well below" 50 pg.m-3 has resulted in a slower
elimination rate of the chlorophenols and in chronic effects such as
respiratory disorders, persistent skin rashes and lesions, persistent

headaches, and neurological pain.
Chlorophenols other than PCP

A variety of skin disorders, such as dermatitis, (chlor)acne, wulcerations
and porphyria cutanea tarda are commonly observed in occupational settings.
The occurrence and severity of these dermatological 1lesions are partly
ascribed to other agents. In addition to dermal (and sometimes respiratory)
symptoms and increased blood serum and urine chlorophenol levels, a variety
of systemic effects has been reported, such as haematological changes,
liver and kidney function changes, and neurological changes.

Very little is known on exposure levels that may result in the
aforementioned effects. In unacclimated persons, an airborne T3CP
concentration of 4,000 pg.m-3 caused irritation effects. In two subgroups
of sawmill workers ("airborne  exposure" and "airborne-plus-dermal
exposure”, repectively) exposed to average airborne T4CP concentrations of
about 3 pg.m-3, blood serum T4CP levels were 4 and 8 times higher than that
in controls, respectively. The only effects reported, were a productive
cough and a reduced rate of forced exhalation, in the airborne-exposure
group. Because these effects were not observed in the airborne-plus-dermal
exposure group, these effects can not be attributed to T4CP per se (WHO,
1989).

Occupational exposure - carcinogenic and genotoxic effects

PCP

In some epidemiological studies an association has been found between
exposure to mixtures of chlorophenols, not specifically PCP, and the
incidence of soft tissue sarcomas, nasal and nasopharyngeal cancers, and
lymphomas. However, other epidemiological studies did not indicate a
significant association. Interpretation of these contradictory results is
hampered by the 1lack of quantitative data on exposure levels and by the
simultaneous exposure to other compounds, such as phenoxy acetic acids
(WHO, 1987). There are also a few case reports on workers employed in a PCP

production plant (for 13 or 21 years) or in a fence-installation company
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which suggest an association between exposure to PCP and the occurence of
Hodgkin's disease and non-Hodgkin’s lymphomas (Greene et al., 1978; Bishop
and Jones, 1981). However, because of the very limited number of cases, the
simultaneous exposure to impurities and other chemicals, and the occurence
of Hodgkin’s disease 1in non-exposed relatives of the woodworkers, these

data are inadequate for establishing a correlation.

Genotoxic effects in workers exposed to PCP were investigated in three
limited studies.

In the first study, among workers in a wood treatment plant, the frequency
of chromosomal aberrations (gaps and breaks) in peripheral blood cells of
workers exposed to a wide range of PCP concentrations (0.005 to 15 pg.m_3;
mean level 1 pg.m-3) appeared to be slightly increased compared to that in
unexposed  workers; however, the difference in the means was not
statistically significant at p < 0.05 (Wyllie et al., 1975). It must be
noted that the number of workers involved (6 exposed and 4 control workers
only) and the number of 25 blood cells studied per subject are too limited
to be conclusive.

In the second study, among a small group (n = 22, all smokers) of male
workers in a PCP and NaPCP producing plant, the frequencies of structural
chromosomal aberrations (chromatid breaks, acentric fragments, dicentrics)
and sister chromatid exchanges in peripheral lymphocytes were compared with
that of 22 unexposed male controls (9 smokers and 13 non-smokers). In the
PCP working place, 18/67 and 10/67 measurements during the last three years
showed exposure concentrations < 100 pg.m-3 and > 500 pg.m-3, respectively.
Similarly, in the NaPCP working place, 7/55 and 8/55 measurements showed
exposure concentrations of < 100 pg.m_1 and > 500 pg.m-3, respectively.
The mean blood and urinary PCP concentrations in PCP workers were 4.7 and
2.4 mg.l-l, respectively; in NaPCP workers the corresponding values were
2.2 and 0.8 mg.l-l, respectively. In the group of exposed workers (n = 22)
the frequency of SCEs was significantly (p = 0.005) increased compared to
the total control group (n = 22) group of unexposed, but compared to the
smoking controls (n = 13) the difference was not significant. However, the
frequency of cells with structural chromosomal changes in the group of
exposed workers was significantly increased compared to the smoking
controls. These changes were predominantly "acentrics" (terminal deletions,
acentric rings and minutes) and "dicentrics"; these changes both were
increased significantly. The number of cells per subject examined was 300

and 500 in workers and controls, respectively (Bauchinger et al., 1982).
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In the third study, among a small group (n = 20; 14 smokers, 6 non-smokers)
of healthy workers in a production plant of PCP-containing wood
preservatives, the correlation between chromosome aberrations (tetraploids,
gaps, chromatid breaks, chromosome breaks, acentric fragments, dicentrics,
quadriradials, translocations) and sister chromatid exchanges in peripheral
blood lymphocytes on the one hand and serum PCP levels and exposure time on
the other was studied. The workers had been exposed to airborne PCP
concentrations ranging from 1.2 to 180 pg.m-3 for 3 to 34 years. Serum PCP
levels ranged from 23 to 775 ug.l-l. The workers either handled dry dust of
96%-pure PCP and of 85%-pure "technical-grade" NaPCP, or handled the
finished PCP solutions. The number of cells per subject examined was 60 to
100. There was no relationship between the mean frequency of SCEs and serum
PCP level or time of employment. Similarly, there was no relation between
the frequency of chromosomal aberrations and exposure. An effect of smoking
on the frequency of SCEs, or a difference in frequency between the two

subgroups was not observed either (Ziemsen et al., 1987).

Chorophenols other than PCP

Some epidemiological studies indicate an association between exposure to
chlorophenols (especially T3CP) and the incidences of malignant tumours,
but the results from these studies could not be confirmed in other

epidemiological studies (for additional data, see PCP) (WHO, 1987, 1989).

Non-occupational exposure

PCP

In a study among 250 persons of 104 families exposed to elevated indoor PCP
concentrations (exceptionally 10-25 pg.m-S; frequently 2-10 ug.m-3; average
and median concentration 6 and 5 pg.m-3, respectively) due to the wuse of
wood preservatives, urinary PCP levels were correlated with airborne PCP
levels (see 1.1.1). Measurements of a variety of biochemical parameters
related to 1liver, kidney and blood function did not indicate a clear
relationship between health status and elevated exposure. However, a number
of aspecific effects such of headache, fatigue, inflammations of tonsils
and mucous membranes, and hair loss may have been caused by PCP or
impurities in the wood preservatives used (Krause and Englert, 1980). In
another study among non-occupationally exposed persons (n = 108), a high

correlation was observed between serum PCP levels and the severity of signs
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and symptoms of "chronic poisoning" due to exposure to PCP and lindane
containing wood preservatives. At an average serum PCP level of 13 (range
0-30) pg.l-l, the majority of the subjects examined showed no or "moderate"
(fatigue, headache, dizziness) symptoms of poisoning. At an average serum
PCP level of 48 (range 30-100) pg.l'l, about 50% and 10% of the subjects
examined showed "more severe" (persistent acne, inflammation of upper
respiratory tract) and "very severe" (emaciation, tachycardia, abdominal
and thoracic pain, abnormal blood pressure, blood in urine) symptoms of
poisoning, respectively. At an average serum PCP level of 450 (minimum
level 100) pg.l-l, 15% and 85% of the subjects examined showed "severe" and
"very severe" symptoms of poisoning, respectively. The correlation between
urinary PCP 1levels and the severity of the symptoms observed was less
evident (Janssens and Schepens, 1985).

Brandt et al. (1977) described a case of a woman exposed to very high
indoor concentrations of PCP (up to about 500 pg.mé3) for 7 years, due to
the wuse of wood preservatives. During the first years of exposure, the
woman suffered from mental and physical fatique, rhinitis, and eczematous
changes on the head. Next to these effects, heachache, vomiting and loss
of weight occurred at prolonged exposure. Clinical investigations during
the last 5 years of exposure showed liver damage (elevated activities of
the enzymes +-GT, GOT, GPT, GLDH and LDH; cirrhosis, mnecrosis and

inflammation) which deteriorated at prolonged exposure.
Chlorophenols other than PCP

Information on general population exposure to chlorophenols (other than

PCP) specifically is not available.

Summary and conclusions "long-term exposure™

Animal data - oral exposure

One or more "life-time" carcinogenicity and toxicity studies are available
for 2-MCP, 2,4-DCP, 2,4,6-T3CP and PCP. Additionally, a number of
semichronic toxicity studies, exposure time 3 months to 8 months, are
available for 2,4-DCP and, especially, different grades of PCP. For the
remaining chlorophenols (semi)chronic studies are not available, with
exception of one 3-mo study with 2,4,5-T3CP,

In most of these studies, the following toxicity parameters have been

studied: survival, body and organ weights, gross pathology and
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histopathology. In a number of studies additional parameters such as
haematology, clinical chemistry, immunocompetence, and the activity of
hepatic enzymes have been studied. Therefore, no-effect-levels for
individual compounds may differ significantly. Some studies included
effects on reproductive performance and non-carcinogenic effects on ‘the
progeny exposed both pre- and postnatally; these effects are already

described in section 1.2.2.

Non-carcinogenic effects

Studies with 2,4-DCP, 2,4,5-T3CP and 2,4,6-T3CP primarily resulted in
histo(patho)logical changes in the liver. In a study with 2,4-DCP and in
the study with 2,4,5-T3CP changes were also observed in bone marrow and
kidneys, respectively. Based on all non-carcinogenic effects studied, a
NO(A)EL of 120 mg.kg-1 bw.day.1 was derived for 2,4-DCP (purity > 99%) and
a NO(A)EL of 50 mg.kg_1 bw.day-l for 2,4,5-T3CP (purity > 99%). The lowest
dose of 2,4,6-T3CP tested, 250 mg.kg-l bw.day_l, resulted in decreased body

weights.

Comparative studies with different grades of PCP show that exposure to
"technical-grade" PCP (high-impurity grade) results in a number of effects
which are not observed at exposure to "pure" PCP at similar dose levels, or
which at exposure to the latter compound are observed only at considerably
higher dose 1levels. This 1is consistent with the impurities, especially
polychlorinated dibenzofurans (PCDF) and polychlorinated dibenzo-p-
dioxins (PCDD) which are present in technical PCP-formulations. Therefore,
the data on "pure" PCP and "technical-grade" PCP are discussed separately.
Based on effect-levels and mno-effect-levels observed in the different
studies, all PCP-formulations with a total PCDF and PCDD content up to 30
ppm are considered to be "pure". Therefore, "pure" PCP includes, amongst
other formulations, "Dowicide EC-7".
"Pure" PCP
Studies with "pure" PCP primarily resulted in histo(patho)logical effects
in the 1liver and increased liver weights, at dose levels of 10 to 25
mg.kg.1 bw.day-l. Studies including relatively low dose levels resulted in
NO(A)ELs of 3 to 5 mg.kg-1 bw.day-l, depending on dose levels tested.
"Technical-grade” PCP

Most marked changes observed in studies with "technical-grade" PCP include
effects on hepatic enzymes (increased activity of aryl hydrocarbon

hydroxylase; increased content and a shift in spectral characteristics of
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cytochrome P450) and the occurence of hepatic porphyria; these effects are
consistent with the high PCDF and PCDD content, compounds which similarly
causes these effects. Additionally, immunosuppression appears to be
associated with these impurities. The 1lowest dose tested, 1 mg.kg-1
bw.da.y.1 already resulted in increased activities of hepatic enzymes (aryl

hydrocarbon hydroxylase and, especially, glucuronyl transferase).

Carcinogenic effects
"Life-time" carcinogenicity studies with B6C3Fl mice and/or F344 rats were

conduced with 2,4-DCP (purity > 99%), 2,4,6-T3CP ("Omal", purity 96%) and
PCP (both "Dowicide EC-7" and "technical-grade" PCP); the test compounds
were administered in feed. The studies with 2,4-DCP were negative (no
compound-related increases in malignant or benign tumours). The studies
with 2,4,6-T3CP showed dose-related increases in both hepatocellular
carcinomas and hepatocellular adenomas in male and female mice, and in
(monocytic) leukemias in male rats (It is noted that these types of tumours
were also observed in the respective control animals, and in other control
animals of these strains). The carcinogenicity of the 2 PCP-formulations
was studied only in mice. In both studies, dose-related increases in
hepatocellular carcinomas, hepatocellular adenomas and benign adrenal
medullary pheochromocytomas were observed in males. In the study with
"Dowicide EC-7", dose-related increases in hepatocellular adenomas, benign
adrenal pheochromocytomas, and hemangiosarcomas in spleen and liver were
observed in females, while in the study with "technical-grade" PCP the
incidence of tumours other than hemangiosarcomas was not increased in
females. Based on these studies and similar studies with either HxCDD or
2,3,7,8-TCDD (compounds which can be present in PCP formulations) it is
concluded that PCP itself is carcinogenic in B6C3Fl mice.

Limited carcinogenicity studies with other strains of mice (2-MCP, 2,4-DCP,
2,4,6-T3CP, PCP) and rats (PCP) show no indications for carcinogenicity of
these compounds, with exception of the study with 2,4,6-T3CP.

Based on all data available it is concluded that there is "no evidence" and
"insufficient evidence" for the carcinogenicity of 2,4-DCP and PCP,
respectively, in experimental animals. Further, there 1is "sufficient
evidence" for the carcinogenicity of 2,4,6-T3CP in experimental animals.

Data on other compounds are not available or inadequate for evaluation.
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Animal data - exposure by inhalation

Exposure of rats and rabbits for 4 months (4 hours per day only) to
airborne PCP concentrations of 3 mg.m-3 resulted in "minor" effects on
liver function, cholinesterase activity and blood sugar. A similar exposure
of rabbits to an airborne NaPCP concentration of 3 mg.m-3 resulted in an
increased liver weight; for rats this dose level appeared to be without
effect.

Data on chlorophenols other than PCP are not available.

Human data

Occupational exposure

At prolonged occupational exposure to technical formulations of PCP and
other chlorophenols, persistent skin lesions and respiratory disorders are
most prominent effects. Additionally, effects include haematological,
biochemical and immunological effects, and effects on 1liver and kidney
function. Data on effect levels are very limited. At exposure levels up to
200 pg PCP.m_3, serious health effects appear not to be evident. However,
persistent skin lesions and respiratory disorders may occur at PCP levels
below 50 pg.m-3

Some epidemiological studies and case reports suggest an association
between exposure to chlorophenols and the incidence of soft tissue
sarcomas, nasal and nasopharyngyal cancers, and lymphomas. However, this
association is not confirmed in other studies.

In 1 out of 3 very limited studies for genotoxic effects in workers exposed
to PCP, a significantly increased incidence of chromosomal aberrations
("acentrics" and "dicentrics") was observed. However, these studies are

inadequate for evaluation.

Non-ocucpational exposure
Limited data on indoor exposure to PCP indicate that exposure to 2 to 10 ug

-3 .
PCP.m does not result in measurable effects on health status. However,

non-specific effects may occur at these dose levels.
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1.2.4 Genotoxicity

In vitro studies

There are only 6 chlorophenols that have been studied for gene mutation in
at least one prokaryotic test system (bacteria) and one eukaryotic test
system (mammalian cells and/or yeast). The tests for gene mutation and
additional in vitro genotoxicity tests with these compounds (2,4-DCP,
2,6-DCP, 2,4,5-T3CP, 2,4,6-T3CP, 2,3,4,6-T4CP and PCP) are summarized in
table 1.5. In the text below, the main data on these compounds are
discussed, and, additionally, data on the remaining 13 chlorophenols which
have been studied for gene mutation only in the Salmonella/ mammalian-

microsome assay.

Gene mutations in vitro

Within the United States National Toxicology Program, all 19 chlorophenols
have been studied in a modified Ames test (Salmonella/ mammalian-microsome
assay), resulting in negative responses for all compounds (NTP, 1989a,b).
The original data of these tests have been published by Haworth et al.
(1983) and Zeiger et al. (1988), with exception of the tests with 4
trichlorophenols (2,3,4-T3CP, 2,3,5-T3CP, 2,3,6-T3CP and 3,4,5-T3CP). Each
compound was tested with 4 Salmonella typhimurium strains (namely TA98,
TA100, TA1535 and TA1537 [Haworth et al., 1983] or strains TA97, TA98,
TA100 and TAl1535 [Zeiger et al., 1988]), both in the absence and presence
of a metabolic activation system. A microsomal S§9-fraction from rat or
hamster liver was used as activation system. Only in one test with 2,4-DCP,
namely, in the test with strain TA1535 in the presence of hamster $§9-mix,
an equivocal response was observed. All other tests were negative,
regardless of compound tested, test strain and metabolic activation.

The negative response of 2,4-DCP, 2,6-DCP, 2,4,5-T3CP, 2,4,6-T3P and PCP in
the Salmonella/ mammalian-microsome assay has been confirmed in 4, 2, 2, 2
and 5 independent studies, respectively. In most of these studies, tests
were conducted with at least 4 S. typhimurium strains, both in the absence
and presence of metabolic activation (Anderson et al., 1972; Buselmaier et
al., 1972; Shirasu, 1975; Rasanen et al., 1977; Simmon et al., 1977;
Nestman et al., 1980; Rapson et al., 1980; Probst et al., 1981; Moriya et
al., 1983, see also table 1.5).

On the other hand, a positive response for both 2,4,5-T3CP and 2,4,6-T3CP

was observed in one study using the Salmonella/ mammalian-microsome assay;
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in this study a positive response was observed in 3 out of 4 test strains
used (TA97, TA98, TA100, TAl04). All but one positive responses were
observed in the presence of metabolic activation (Strobel and Grummt,
1987). It is noted that the purities of the test compounds were not
reported in the study by Strobel and Grummt (1987). Another study with this
test system resulted in an equivocal response for PCP, in 1 out of 2 test
strains used (TA98, TA100). The -equivocal response was observed in the
presence of metabolic activation (Nishimura et al., 1982).

The negative response of the remaining 13 chlorophenols (which are not
listed in table 1.5) in the Salmonella /mammalian-microsome assay has been
confirmed in one or two studies. In the one study, all 6 DCP, 4 out of 6
T3CP (2,3,5-T3CP, 2,3,6-T3CP, 2,4,5-T3CP and 2,4,6-T3CP) and 2,3,4,6-T4CP
were tested with 4 different test strains: TA98, TA100, TA1535 and TA1537,
both in the absence and presence of metabolic activation (Rasanen et al.,
1977). In the other study, all 3 MCP, all 6 DCP, and 3 out of 6 T3CP
(2,3,4-T3CP, 2,3,5-T3CP and 2,4,6-T3CP) were tested in strain TAl00; the
presence of metabolic activation has not been stated (Rapson et al., 1980).
It is noted that no duplicate tests were performed in the latter study.

On the other hand, one study resulted in positive responses for 3-MCP,
4-MCP and 2,3,6-T3CP in 2 or 3 out of 4 test strains used (TA97, TA98,
TA100, TAlO04). In most cases a positive response was observed only in the

presence of metabolic activation (Strobel and Grummt, 1987).

Five out of the 6 chlorophenols listed in table 5.1 have also been studied
for gene mutations in one or more tests with bacterial species other
than S. typhimurium or in yeast. In one of these studies, exposure of yeast
Saccharomyces cerevisiae to 2,4,6-T3CP resulted in an equivocal response
for gene mutation, while exposure to PCP resulted in a positive reponse for
both gene mutation and mitotic gene conversion (Fahrig et al., 1978).
Additionally, PCP showed a positive response for mitotic gene conversion in
a second study with S. cerevisiae (Fahrig, 1974); the positive response
was observed at a concentration that was lethal to 70% of the cells
exposed. The remaining tests for gene mutations in bacteria or yeast
resulted in negative responses (Buselmaier et al., 1972; Fahrig, 1974;
Shirasu, 1975; Probst et al., 1981; Moriya et al., 1983; Nestmann and Lee,
1983).

The 6 chlorophenols listed in table 1.5 have also been studied for gene

mutation in one or two types of mammalian cells.
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In a study with V79 Chinese hamster cells, tests with 2,4-DCP, 2,6-DCP,
2,4,5-DCP, 2,4,6-T3CP, 2,3,4,6-T4CP and PCP resulted in a negative response
(Jansson and Jansson, 1986). In a second study with V79 Chinese hamster
cells, using a similar and modified test protocol, a negative response was
observed for 2,6-DCP (2 tests) and PCP (1 test). The result for the other
two chlorophenols tested, 2,4,6-T3CP and 2,3,4,6-T4CP was equivocal: for
both compounds 1 test resulted in a positive response, while a negative
response was observed in 1 or 2 tests using a different test protocol
(Hattula and Knuutinen, 1985).

Mouse L53178Y Ilymphoma cell assays with 2,4-DCP and 2,4,6-T3CP resulted in
positive, reproducible responses for forward mutation, in the absence of
metabolic activation. This test was not conducted in the presence of

metabolic activation (McGregor et al., 1988; NTP, 1989a).

Chromosomal aberrations in vitro

Within the United States National Toxicology Program, 7 chlorophenols were
studied in a test for chromosomal aberrations, using cultured hamster ovary
(CHO) cells. Each compound was tested both in the absence and presence of a
metabolic activation system (microsomal S9-fraction from rat liver). A
positive response was reported for 2,3,4-T3CP, 2,3,6-T3CP, 2,3,5,6-T4CP and
PCP, but not for 2,4-DCP, 2,4,6-T3CP and 3,4,5-T3CP (NTP, 1989a,b).
However, based on the original data, the "positive" response reported for
PCP in the presence of metabolic activation is considered to be "equivocal"
(see table 1.5). The original data with regard to 2,3,4-T3CP, 2,3,6-T3CP,
3,4,5-T3CP and 2,3,5,6-T4CP are not available; therefore, the results
reported for these compounds cannot be evaluated.

According to Fahrig (1974), PCP showed an equivocal response for
chromosomal aberrations in a test with human lymphocytes. The original data
on this test are not reported; therefore, this result cannot be evaluated.
Sodium pentachlorophenate, NaPCP, has also been studied in a test for
chromosomal aberrations in human lymphocytes; this test resulted in a

negative response (Ziemsen et al., 1987).

Other genotoxic effects in vitro

The aforementioned 7 chlorophenols (see "chromosomal aberrations in vitro)

were also studied in a test for SCEs (sister chromatid exchanges), using
CHO cells. A positive response was reported for 2,4-DCP, 2,3,4-T3CP,
2,3,5,6-T4CP and PCP, but not for 2,3,6-T3CP, 2,4,6-T3CP and 3,4,5-T3CP
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(NTP, 1989a,b). However, based on the original data, the "positive"
responses reported for 2,4-DCP and PCP are considered to be "equivocal” and
"negative", respectively (see Table 1.5). The original data with regard to
2,3,4-T3CP, 2,3,6-T3CP, 3,4,5-T3CP and 2,3,5,6-T4CP are not available;
therefore, the results reported for these compounds cannot be evaluated.
Sodium pentachlorophenate, NaPCP, has been studied in a test for SCEs in
human lymphocytes; this test resulted in a negative response (Ziemsen et
al., 1987).

In rat hepatocytes exposed to 2,4-DCP, unscheduled DNA-synthesis was not
affected (Probst et al., 1981).

In vivo studies

In vivo genotoxicity tests with animal species are summarized in table 1.6.
Tests for SCEs in bone marrow cells of mice exposed for 1 day to a single
toxic (sublethal) dose of 2,3-DCP, 2,4-DCP, 2,5-DCP, 2,6-DCP or PCP
resulted in negative responses (Kessler et al., abstract). Tests in which
mice were exposed for 2 weeks to 2-MCP or 2,4-DCP at dose levels up to 175
and 638 mg.kg-1 bw.day_l, respectively, did not result in effects on sperm
morphology, testicular DNA synthesis, SCEs in testis and bone marrow, and
mitotic index in bone marrow (Borzelleca, 1985c; see also table 1.2).

A spot test in which mice were exposed to a single intraperitoneal dose of
100 mg 2,4,6—T3CP.kg_l bw or 100 mg PCP.kg-1 bw on day 10 of gestation did
not result in increased incidences of spots of genetic relevance (Fahrig et
al., 1978). Exposure of mice to PCP in two other tests, namely a 3-hr host-
mediated assay (single intracutaneous dose of 75 mg.kg-1 bw) and a 5-w
sperm morphology assay (repeated intraperitoneal doses of 6-400 mg.kg-1
bw.day-l) did not result in bacterial gene mutations or effects on sperm
morphology, respectively (Buselmaier et al., 1972; Osterloh et al., 1983).
A sex-linked lethal test with Drosophila melanogaster and another test
with Drosophila sp. (endpoints: nondisjunction and loss of sex chromosomes)

both were negative (Vogel and Chandler, 1974; Ramel and Magnusson, 1979).
Additional _data

The DNA-damaging potential and cytotoxicity of PCP and its major metabolite
tetrachloro-p-hydroquinone (TCH) was studied in in vitro tests. In tests
with calf-thymus DNA, covalent binding of TCH, but not of PCP, was found.
In tests with DNA of bacteriophage PM2, the number of single-strand breaks

increased proportionally to the concentration of TCH, while PCP did not
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induce breaks. Addition of superoxide dismutase and catalase to the
reaction mixture strongly reduced the number of DNA strand breaks,
indicating that a large proportion of the strand breaks is caused by Oé
and/or H202, by-products of the formation of semiquinone radicals from
hydroquinones such as TCH. The cytotoxicity of PCP, with and without
metabolic activation by S9-mix, and of TCH was studied by determining the
colony-forming ability of human fibroblasts. In the presence of metabolic
activation, the cytotoxicty of PCP increased; in this case TCH was
identified in the incubation mixture, suggesting that the formation of this
metabolite 1is responsible for the increased cytotoxicity. This was
confirmed in tests in which TCH was added directly to the medium and was
found to be more cytotoxic than PCP, at equimolar concentrations. The
results of this study indicate that the metabolite TCH is able to bind to
DNA and to cause DNA strand breaks, while PCP itself does mnot. This
suggests that TCH plays a role in the cytotoxicity of PCP (Witte et al.,

1985).

In a modified Allium test, bulbs of onion A. cepa were exposed in
hydroculture for 5 days to concentrations of 0.5 to 50 mg.l-1 2,4-DCP or
2,4,5-T3CP. In addition to a dose-related decrease 1in mitotic index,
chromosome damage (e.g. increased incidences of abnormal metaphases,
delayed anaphases, sticky stages of mitosis, and bridges and fragments)
were observed. Chromosome damage was most obvious at toxic (parameter: root

growth inhibition) concentrations = 5 mg.l-1 (Fiskesjd et al., 1981).
Summary and conclusions "genotoxicity”
In vitro studies

There are only 6 chlorophenols (2,4-DCP, 2,6-DCP, 2,4,5-T3CP, 2,4,6-T3CP,
2,3,4,6-T4CP, and PCP) that have been studied for gene mutation in at least

one prokaryotic test system (bacteria) and one eukaryotic test system
(mammalian cells and/or yeast). Three of these 6 compounds, namely 2,4-DCP,
2,4,6-T3CP and PCP, were also studied in tests for allied genotoxic
effects, primarily chromosomal aberrations and sister chromatid exchanges
(SCEs) in mammalian cells. For 5 out of these 6 compounds (2,6-DCP
excepted), one or more equivocal and/or positive results were observed.
However, the majority of the tests with these compounds resulted in

negative responses.
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The majority of the remaining 13 chlorophenols was studied only for gene
mutation in one test system, the Salmonella/ mammalian-microsome assay. One
study resulted in a positive response for 3-MCP, 4-MCP and 2,3,6-T3CP, but
this result is contradicted by the results of at least one other study

using this test system.

In vivo studies

Mammalian tests with 2-MCP, 2,3-DCP, 2,4-DCP, 2,5-DCP, 2,6-DCP and PCP for
effects such as bone marrow SCEs, sperm morphology and/or testicular DNA
synthesis resulted consistently in negative responses, with exception of
one test with 2,5-DCP which resulted in an equivocal response with regard
to bone marrow SCEs after a single toxic dose. A mammalian spot test with
2,4,6-T3CP and PCP also resulted in negative responses, as well as a host-
mediated assay in mice.

A sex-linked 1lethal test with Drosophila melanogaster and a test for
nondisjunction and loss of sex chromosomes in this insect species both were
negative.

In a modified Allium test (plant), chromosome damage was induced by 2,4-DCP
and 2,4,5-T3CP. However, the effects were most obvious at toxic

concentrations that resulted in root growth inhibition.

Conclusion genotoxicity
On the basis of all data available it 1is concluded that there 1is

insufficient evidence for mutagenicity of 2,4-DCP, 2,6-DCP, 2,4,5-T3CP,
2,4,6-T3CP, 2,3,4,6-T4CP, and PCP. With regard to the chlorophenols

remaining, the available data are inadequate for evaluation.
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Table 1.1 Acute toxicity studies with chlorophenols

Route of Animal *LDSO Reference(s)

administration species mg/kg bw

2-MCP

oral mouse 345 7 670 (n = 2) Borzelleca et al., 1985a; WHO, 1989
oral rat 670 RTECS, 1989

oral "mammal™ 440 RTECS, 1989

i.p- mouse 235 RTECS, 1989

i.p. rat 230 RTECS, 1989

S.C. rat 950 RTECS, 1989

3-Mcp

oral mouse 520 Borzelleca et al., 1985a

oral rat 570 7 670 (n = 2) Borzelleca et al., 1985a; RTECS, 1989
i.p. rat 355 RTECS, 1989

s.c. rat 1,390 RTECS, 1989

4-MCP

oral mouse 365 / 1,400 (n = 2) Borzelleca et al., 1985a; RTECS, 1989
oral rat 260 RTECS, 1989

oral "mammal" 500 RTECS, 1989

i.p. mouse 330 RTECS, 1989

i.p. rat 280 RTECS, 1989

S.C. rat 1,030 RTECS, 1989

dermal rat 1,500 RTECS, 1989

dermal "mamma " 1,000 3 RTECS, 1989

inhalation rat 11 LC50, mg/m RTECS, 1989

2,3-pcp

oral mouse 2,375 Borzelleca et al., 1985a

2,4-0CP

oral mouse 1,280 - 1,630 (n = &) Borzelleca et al., 1985a,b; NTP, 198%9a
oral rat 580 - 4,000 (n = &) Borzelleca et al., 1985b; NTP, 198%9a
oral “"mammal ¥ 465 RTECS, 1989

i.p. mouse 155

i.p. rat 430 Borzelleca et al., 1985b; NTP, 1989a
s.c. rat 1,730 Borzelleca et al., 1985b; NTP, 198%a
dermal "mammal" 790 RTECS, 1989

2,5-pep

oral mouse 945 Borzelleca et al., 1985a

oral rat 580 RTECS, 1989

2,6-DCP

oral rat 2,940 RTECS, 1989

oral mouse 2,120 Borzelleca et al., 1985a

i.p. rat 390 RTECS, 1989

S.C. rat 1,730 RTECS, 1989

3,4-DCP

oral mouse 1,685 Borzelleca et al., 1985a

(to be continued)
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Table 1.1 Acute toxicity studies with chlorophenols (continued)

Route of Animal *LDSO Reference(s)
administration species mg/kg bw

3,5-bcp

oral mouse 2,390 Borzelleca et al., 1985a
2,3,6-13¢cp

oral rat 820 Strobel and Grummt, 1987
oral guinea pig 1,000 Strobel and Grummt, 1987
i.p. rat 310 7 355 (n = 2) Strobel and Grummt, 1987; RTECS, 1989
i.v. mouse 56 Strobel and Grummt, 1987
s.C. rat 2,260 Strobel and Grummt, 1987
2,4,5-13cP

oral mouse 600 RTECS, 1989

oral rat 620 - 2,960 (n = 3) RTECS, 1989; McCollister et al., ‘61
oral guinea pig 1,000 RTECS, 1989

i.p. rat 355 RTECS, 1989

i.v. mouse 56 RTECS, 1989

S.C. rat 2,260 RTECS, 1989

2,4,6-13cP

oral rat 820 RTECS, 1989

oral "mamma L * 455 RTECS, 1989

i.p. rat 275 RTECS, 1989

dermal “mammal* 700 RTECS, 1989

3,4,5-13CP

i.p. rat 370 RTECS, 1989

2,3,4,5-13cP

oral mouse 140 - 530 (n =5) Ahlborg & Larsson, 1978; Borzelleca et al., 1985¢c
i.p. mouse 95 7130 (n = 2) Ahlborg & Larsson, 1978
dermal rat [3] 2,000 MLD Shen et al., 1983
2,3,4,6-T4CP

oral mouse 130 - 735 (n = 4) Ahlborg & Larsson, 1978
oral rat 140 7 360 (n = 2) RTECS, 1989; WHO, 1989
oral guinea pig 250 RTECS, 1989

i.p. mouse 80 - 250 (n=3) Ahlborg & Larsson, 1978; WHO, 1989
i.p. rat 130 RTECS, 1989

s.c. mouse 120 WHO, 1989

s.c. rat 210 WHO, 1989

dermal rat 485 RTECS, 1989

dermal rabbit 250 RTECS, 1989

2,3,5,6-T4cp

oral mouse 90 - 980 (n = 4) Ahlborg & Larsson, 1978
i.p. mouse 50 / 110 (n=2) Ahlborg & Larsson, 1978
dermal rat [4a] 2,000 MLD Shen et al., 1983

dermal rat [4b] 500 Shen et al., 1983

dermal rat [4c] 300 Shen et al., 1983

(to be continued)
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Table 1.1 Acute toxicity studies with chlorophenols (continued)

Route of Animal LD50 Reference(s)

administration species mg/kg bw

PCP

oral mouse 35 - 295 (n=8) Ahlborg & Larsson, 1978; Borzelleca et al., 1985a;
WHO, 1987

oral rat 25 - 175 (n=5) Borzelleca et al., 1985a; WHO, 1987a

oral rat [1 65 - 205 (n=3) Schwetz et al., 1974b, 1978

oral hamster 170 RTECS, 1989

oral guinea pig 100 Knudsen et al., 1974

oral rabbit 70 - 130 (n =z 4), MLD WHO, 1987

oral duck 380 RTECS, 1989

oral dog 100 Knudsen et al., 1974

oral sheep 120 MLD WHO, 1987

oral calf 140 MLD WHO, 1987

i.p. mouse 30 - 60 (n=4) WHO, 1987

i.p. rat 55 RTECS, 1989

s.c. mouse 80 WHO, 1987

s.c. rat 40 - 100 (n = 3) WHO, 1987

s.cC. hamster 70 - 85 (n=22) WHO, 1987

s.c. rabbit 70 - 8 (n=22) WHO, 1987

dermal rat 95 - 330 (n=4) WHO, 1987; RTECS, 1989

dermal rabbit 40 - 350 (n = 6), MLD WHO, 1987

inhalation mouse 225 LC50, mg/ RTECS, 1989

inhalation rat 355 LC50, mg/m RTECS, 1989

NaPCP

oral rat 70 - 210 (n 2 &) WHO, 1987

oral rabbit 220 - 700 (n = 5), MLD WHO, 1987

i.p. rat 35 Hoben et al., 1976a

i.p. rabbit 50 - 150 (n 2 2), MLD WHO, 1987

i.v. rabbit 22 - 23 (n 2 3), MLD WHO, 1987

s.C. mouse 85 WHO, 1987

s.c. rat 40 - 65 (n =2) WHO, 1987

s.C. rabbit 100 - 300 (n 2 3), MLD WHO, 1987

s.cC. dog 135 MLD WHO, 1987

dermal rat 105 WHO, 1987

dermal Guinea pig 265 MLD WHO, 1987

dermal rabbit 250 - 600 (n 2 4), MLD WHO, 1987

inhalation (2 h) rat 295 LC50, mg.m WHO, 1987

inhalation rat 21 12 Hoben et al., 1976b

TCH

oral mouse 500 Ahlborg & Larsson, 1978

i.p. mouse 35 Ahlborg & Larsson, 1978

i.v. = intravenous; i.p. = intraperitoneal; s.c. = subcutaneous

n = number of values available

*

LD50, unless stated otherwise; LD50 in mg/kg bw
MLD: Minimum Lethal Dose in mg/kg bw (LD50 not available)

For further footnotes, see next page.
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Unpubl ished data Dow Chemical Company. Test compound: Dowicide EC-7 (90% PCP; 10% T4CP; relative low content
of nonphenolic impurities). LD50-values were 65, 135, and 205 mg/kg bw for 3-4 d old animals, adult females,
and adult males, respectively.

Exposure to an aqueous aerosol. The LD50 (mg/kg bw) has been calculated by the investigators; the LC50 is
not reported.

The undissociated compound and the sodium phenate were studied in separate tests.

a) undissociated compound, purified; b) undissociated compound, commercial product; c) sodium phenate.
Metabolite of 2,3,5,6-T4CP and PCP.
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Table 1.2 Subacute toxicity studies with chlorophenols - oral exposure

Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NO(A)EL

2-MCP (purity not reported)

mouse 0 (c)-0 (v-c)-35-69-175 mg/kg bw/day 2-W 69 35 Borzelleca, 1985c
cD-1 ICR by gavage. Vehicle: corn oil

m, f (12 animals of each sex/group)

adult

Parameters: Mortality, body weight, organ weights and ratios, gross pathology at necropsy, haematology, clinical
chemistry, immune response, hepatic microsomal MFO activity, genotoxicity (testicular DNA synthesis,
sperm morphology, sister chromatid exchanges in testis and bone marrow, mitotic index in bone
marrow, reproductive toxicity (in vitro penetration, fertilization, blastula formation)

Results: All animals exposed to 175 mg/kg bw/day died. Body weights were reduced at 69 mg/kg bw/day.

2,4-DCP (purity > 99%)

mouse 0-2,500-5,000-10,000-20,000-40,000 mg/kg feed 2-w 2,800* 1,400* NTP, 1989a
B6C3F1 (5 animals of each sex/group)

m, f

age 7 W

Parameters: Mortality, feed consumption, body weight (growth), gross pathology at necropsy.

Results: At 40,000 mg/kg feed, one of five males died; in both sexes, final body weights were lower than the
initial body weights. Body weight gain in the other dose groups was similar to that in controls,
although feed consumption was reduced (50%) at > 20,000 mg/kg feed.

2,4-DCP (purity not reported)

mouse 0 (c)-0 (v-c)-64-128-638 mg/kg bw/day 2-w . > 638 Borzelleca, 1985c
CD-1 ICR by gavage. Vehicle: corn oil

m, f (12 animals of each sex/group)

adult

Parameters: Mortality, body weight, organ weights and ratios, gross pathology at necropsy, haematology, clinical
chemistry, immune response, hepatic microsomal MFO activity, genotoxicity (testicular DNA synthesis,
sperm morphology, sister chromatid exchanges in testis and bone marrow, mitotic index in bone
marrow, reproductive toxicity (in vitro penetration, fertilization, blastula formation)

Results: The highest concentration tested did not result in effects on the majority of the parameters
studied. Therefore, this dose level is considered to be the NO(A)EL, although the number of
placelets and the hepatic microsomal MFO activity (glutathione, microsomal protein, cytochrome b5)
were increased.

(to be continued)
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Table 1.2 Subacute toxicity studies with chlorophenols - oral exposure (continued)

Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NOCA)EL

2,4-DCP (purity > 99%)

rat 0-2,500-5,000-10,000-20,000-40,000 mg/kg feed 2-w 2,000* 1,000* NTP, 1989a
F344 /N (5 animals of each sex/group)

m, f

age 6 W

Parameters: Mortality, feed consumption, body weight (growth), gross pathology at necropsy.

Results: At 40,000 mg/kg feed, final body weights relative to controls were lower than the initiat body
weights, while feed consumption was reduced = 50%. At 20,000 mg/kg feed, final body weights relative
to controls were reduced 10% (females) and 20% (males), while feed consumption by females and males
was reduced 25-55% and 15%-35%, respectively.

2,4,5-T3CP (purity 97-98%)

rat 18 doses by stomach tube in 24 days; 3-w 750 225 McCol lister
m dose levels 30-100-300-1,000 mg/kg bw et al., 1961
270 g (5 animals/dose)

Parameters: Mortality, growth, final body and organ weight ratios, histology of major organs, and haematology.
Results: At 1,000 mg/kg bw, a small (4%), temporary loss of body weight was observed, and a 15% increase in
the weight of kidneys.

2,4,5-T3CP (purity 97-98%)

rabbit 20 oral doses by intubation in 28 day; b-w ? ? McCol lister
dose levels 1-10-100-500 mg/kg bw (3-2-1-1 et al., 1961
animals/dose, respectively)

Parameters: “Pathologic examination" (no further data).

Results: "ery slight kidney changes® and “very slight kidney and liver changes" were reported at dose levels
of 100 and 500 mg/kg bw, respectively. No further data reported. These data cannot be evaluated;
therefore, no LED and NOCA)EL was established.

* ¥*
mouse 0-6,800-10,000-14,700-21,500-31,500 mg/kg feed 7-w 2,100 1,400 NCI, 1979
B6C3F1 (5 animals of each sex/group)
age 6 W

Parameters: Mortality, body weight (growth), histopathology (no further data).

Results: Two of 5 males and 2/5 females died at 31,500 mg/kg feed. Growth of males and females was reduced
was reduced ( > 10%) at 14,700 and 31,500 mg/kg feed, respectively. Histopathological changes were
observed at 31,500 mg/kg feed; all tissues of animals at < 21,500 mg/kg were essentially normal (no
details reported).

(to be continued)
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Table 1.2 Subacute toxicity studies with chlorophenols - oral exposure (continued)

Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NOCA)EL

2,4,6-T3CP (“Omal®, "Dowicide 25", purity 96X-97%; 17 minor contaminants[not specifiedl; PCOD not determined)

* *
rat 0-10,000-14,700-21,500-31,500-46,000 mg/kg feed 7-w 1,470 1,000 NCI, 1979
F344 (5 animals of each sex/group)
age 6 W

Parameters: Mortality, body weight (growth), histopathology (no further data).

Results: Two of 5 males and 3/5 females died at 46,000 mg/kg feed; in addition, histopathological changes
(increase in splenic hematopoiesis in both sexes; midzonal vacuolation of hepatocytes in 2/5 males).
Growth was reduced ( > 10%) at 14,700 mg/kg feed, in both sexes.

2,3,4,6-T4CP (“commercial-grade®™, purity 73%; 27X PCP)

rat 0-3-10-30-100-300 mg/kg/bw/day 10-d 100 30 Schwetz et al.,
Sprague- (5 animals/group) plus 1974a

Dawley recovery

f (nonpregnant) period

Parameters: Mortality and body weight (recorded at 3-day intervals during the treatment period and at weekly
intervals following treatment). The duration of the recovery period is not reported.
Results: Mortality at 100 and 300 mg/kg/day.

2,3,4,6-T4CP (purity > 99%)

rat 0-10-50-100 mg/kg bw/day, 8-w 50 10 Hattula et al.,
Wistar administered intragastrically 1981b
age 2 mo (10 animals/group ?)

Remarks: The number and sex of animals is not reported; based on a preceeding study, the number of
animals/group probable is 10. Histopathological data were reported briefly.

Parameters: Feed and water consumption, growth, and histopathology of the major organs.

Results: Severe histopathological changes (e.g. necroses which covered most of the parenchyma) were found in
the liver of at least one animal at 50 and 100 mg/kg bw/day. In the small intestine, necroses were
observed in 3 animals at 100 mg/kg bw/day.

PCP ("Dowicide EC-7"; purity and impurities not reported)

mouse 0 or 100 mg/kg bw/day, 2-w . 100 Holzapple et al.,
B6C3F1 by gastric intubation 1987

f (8 animals/group)

age 6-7 w

Remarks: on day 10 or day 11, groups of animals were given i.p. injections of sheep red blood cells (SRBC).

Parameters: In vivo IgM antibody response of spleen cells (number of anti-SRBC antibody-forming cells producing
1gM) on day &4 (peak day) and 5 after immunization.
Result: No effect.

(to be continued)
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Table 1.2 sSubacute toxicity studies with chlorophenols - oral exposure (continued)

Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NO(A)EL

PCP ("technical-grade™; purity and impurities not reported)

mouse 0-10-30-100 mg/kg bw/day, 2-W 10 . Holzapple et al.,
B6C3F1 by gastric intubation 1987

f (8 animals/group)

age 6-7 w

Remarks: On day 10 or day 11, groups of animals were given i.p. injections of sheep red blood cells (SRBC).

Parameters: In vivo IgM antibody response of spleen cells (number of anti-SRBC antibody-forming cells producing
IgM) on day 4 (peak day) and 5 after immunization.

Result: Both the day 4 and day 5 response were dose-related decreased; the decreases were statistically
significant (p < 0.05) at atl dose levels.

PCP ("pure”, purity 98.6%; 1.4X T4CP; 2,200 ppm heptachlorohydroxydibenzofuran, 1,100 ppm hexachlorohydroxy-
dibenzofuran, 2,100 ppm nonachlorchydroxydiphenyl ether, 900 ppm octachlorchydroxydiphenyl ether, 100 ppm
heptachlorohydroxydiphenyl ether, < 1 ppm OCDD, < 1 ppm HxCDD, < 1 ppm TCDD)

mouse 0-20-100-500-2,500-12,500 mg/kg feed; b-w 70* 14* NTP, 1989%b
B6C3F1 (19 males and 5 females/dose;

m, f controls: 19 males and 11 females)

age 8-9 w

Parameters: Mortality, feed consumption, body weight (growth), weight of the major organs, gross pathology at
necropsy, histopathology (very comprehensive with regard to the number of different tissues
examined), haematology, clinical chemistry, urinalysis, and supplemental studies (aryl hydrocarbon
hydroxylase, liver porphyrins, oxidative phosphorylation, cytochrome P450, body temperature).

Results: All animals exposed to 12,500 mg/kg feed and 2/19 males exposed to 2,500 mg/kg feed died. At 500
mg/kg feed there was no effect on growth; at this dose level all animals examined histologically
(5/5 males and 5/5 females) showed compound-related liver lesions (necrosis, cytomegaly,
karyomegaly, nuclear atypia, and degeneration). Feed consumption was similar in all groups.

Most data on the other parameters are reported to a limited extend. Therefore, and because of the
short exposure time, the LED and NO(A)EL indicated in this table are based on the parameters
discussed in this "result" section.

(to be continued)
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Table 1.2 Subacute toxicity studies with chlorophenols - oral exposure (continued)

Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NO(CA)EL

PCP (™owicide EC-7", purity 91%; 9% T4CP; 0.2 ppm HpCDF, 0.1 ppm HxCDF, 0.7 ppm OCDD, 0.5 ppm HpCDD, 0.2 ppm
HxCDD, < 0.04 ppm TCDD)

* *

mouse 0-20-100-500-2,500-12,500 mg/kg feed b4-w 70 14 NTP, 198%9b
B6C3F1 (19 males and 5 females/dose;

m, f controls 19 males and 11 females)

age 8-9 w

Parameters: Mortality, feed consumption, body weight (growth), weight of the major organs, gross pathology at
: necropsy, histopathology (very comprehensive with regard to the number of different tissues

examined), haematology, clinical chemistry, urinalysis, and supplemental studies (aryl hydrocarbon
hydroxylase, liver porphyrins, oxidative phosphorylation, cytochrome P450, body temperature).

Results. All animals exposed to 12,500 mg/kg feed and more than 50% of the animals exposed to 2,500 mg/kg
feed died. At 500 mg/kg feed there was no adverse effect on growth; at this concentration 2 of 5
males examined histologically showed compound-related liver lesions (necrosis, cytomegaly,
karyomegaly, nuclear atypia, and degeneration). In females these liver lesions were only found at
(=) 2,500 mg/kg feed. Feed consumption of males exposed to 2,500 mg/kg feed was 80% higher than that
of control males; feed consumption in all other groups was similar.
Most data on the other parameters are reported to a limited extend. Therefore, and because of the
short exposure time, the LED and NO(A)EL indicated in this table are based on the parameters
discussed in this "result" section.

PCP ("technical grade™, purity 90%; 3.8% T4CP; 3.6X nona-, 1.9% octa- and 0.1% heptachlorohydroxydiphenyl ether;
0.5% hepta- and 0.2% hexachlorohydroxydibenzofuran; 45 ppm OCDF, 90 ppm HpCDF, 10 ppm HxCDF, 1.4 ppm Pe(DF,
1,390 ppm OCDD, 300 ppm HpCDD, 10 ppm HXCDD, TCDD not quantitated)

* *

mouse 0-20-100-500-2,500-12,500 mg/kg feed 4-u 70 14 NTP, 198%
B6C3F1 (19 males and 15 females/dose;

m, f controls: 19 males and 11 females)

age 8-9 w

Parameters: Mortality, feed consumption, body weight (growth), weight of the major organs, gross pathology at
necropsy, histopathology (very comprehensive with regard to the number of different tissues
examined), haematology, clinical chemistry, urinalysis, and supplemental studies (aryl hydrocarbon
hydroxylase, liver porphyrins, oxidative phosphorylation, cytochrome P450, body temperature).

Results: Fourteen of 19 males and 7/15 females exposed to 12,500 mg/kg feed died. At 2,500 mg/kg feed, body
weight gain of males was 40% lower than that of control males, but final body weight relative to
controls was not affected. At 500 mg/kg feed, all animals examined histologically (5/5 males and 5/5
females) showed compound-related liver lesions (necrosis, cytomegaly, karyomegaly, nuclear atypia,
and degeneration). Feed consumption was similar in all groups.

Most data on the other parameters are reported to a limited extend. Therefore, and because of the
short exposure time, the LED and NO(A)EL indicated in this table are based on the parameters
discussed in this “result® section.

(to be continued)
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Table 1.2 Subacute toxicity studies with chlorophenols - oral exposure (continued)

Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NO(A)EL

PCP (“commercial-grade™, purity 88%; 4X T4ACP; 6% higher chlorinated phenoxyphenols)

rat 0-3-10-30-50-70 mg/kg/bw/day 10-d 70 50 Schwetz et al.,
Sprague- (5 animals/group) plus 1974b

Dawley recovery

f (nonpregnant) period

Remarks: Dosing regimen not reported

Parameters: Mortality and body weight (recorded at 3-day intervals during the treatment period and at weekly
intervals following treatment). The duration of the recovery period is not reported.

Results: Animals receiving 70 mg/kg bw/day lost weight during the treatment period.

PCP ("pure®, purity > 99%; 170 ppm OCDD; 4 ppm HpCDD; < 1 ppm HpCDF; < 1 ppm OCDF; other PCDD and PCDF at the
ppb level)

rat 0 or 500 mg/kg feed; dose level 8-w . 40 Debets et al.,
Wistar equal to 40 mg/kg bw/day 1980

f (20 animals/group)

150 g

Remarks: Interim sacrifices of 4 animals/group after 1, 2, 4 and 6 weeks of exposure.

Parameters: Mortality, growth, liver weight, microsomal liver enzymes (cytochrome P-450, p-nitroanisole
O-demethylase, aminopyrine N-demethylase, NADPH-cytochrome c reductase, p-nitrophenol glucuronyl
transferase and ethoxyresorufin O-de-ethylase), total urinary porphyrin and urinary porphyrin
pattern.

Result: The treatment caused an increase in activity of (specific cytochrome P-448-mediated) ethoxyresorufin
O-demethylase (20-fold) and glucuronyl transferase (3-fold), and a blue shift in the Soret maximum
of the reduced hepatic cytochrome P-450--CO comptex, of 0.5 nm.

The NOCA)EL indicated is based on the parameters mortality, growth and liver weight, because these
endpoints are considered to be more relevant in subacute studies than the other parameters studied.

LED: Lowest-effect-dose

NOCA)EL: No-observed-(adverse)-effect-level

* Feed studies: standard "Conversion Factors" (mg/kg in feed : CF = mg/kg bw/day) of 7 and 10 have been used
for mouse and rat, respectively.
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Table 1.3 Reproductive toxicity studies with chlorophenols - (long-term) oral exposure

Animal Exposure Exposure Result Reference
species time mg/kg bw/day
LED NO(A)EL

2-MCP (purity 97X%; impurities not reported)

rat 0-5-50-500 mg/l drinking water, + 6-mo 50** 5** Exon & Koller,
Sprague equivalent to 0-0.5-5-50 (pre- and 1982,1983a,b,
Dawley mg/kg bw/day postnatal 1985

f (12-14 animals/group) exposure of

age 3 W progeny)

Remarks: Dams were exposed from 3 w of age through gestation (bred at 90 d) and lactation. Eight randomly

selected pups from each group were weaned at 3 w of age and continued on treatment for 10-15 weeks.
The design and results of this study have been reported in different publications which contain
some inconsistencies. The results presented in this table have been derived from all data
available.

Parameters: Maternal toxicity (body weight gain prior to breeding), reproductive performance (conception,
litter size [live and stillbornl, number of stillborn, birth weight, survival to weaning, weaning
weight), and effects on the progeny (body weight gain, weight of thymus, spleen and liver at
termination, haematology [red and white blood cell counts, packed cell volume, mean corpuscular
volume, haemoglobin], and immunocompetence [cell-mediated immunity, humoral immunity, number and
phagocytic activity of peritoneal macrophages]l at termination).

Results: No maternal toxicity.

Litter size decreased (p < 0.05) and the number of stillborn increased (p < 0.05) at 500 mg/l.

2,4-DCP (purity 99%)

mouse 0 (c)-0 (v-c)-200-600-2,000 mg/l 3-mo . > 385 Borzelleca
CD-1 ICR drinking water (10% Emulphor), et al.,
m, f equal to 0-0-40-115-385 mg/kg/bw/day 1985b, ¢
adult (males) or 0-0-50-145-490 mg/kg bw/day

(females)

(10 animals of each sex/group)

Remarks: After 90 days of exposure, dosing was continued throughout mating and gestation; 18 days after
mating the animals were sacrificed.

Parameters: Fertility index, total number of implants, resorptions and live pups, and weight of individual pups.

Results: No statistically significant differences compared with the vehicle (Emulphor) control.

2,4-DCP (purity 99%)

rat 0-3-30-300 mg/l drinking water, < 6-mo 3** 0.3** Exon et al.,
Sprague- equivalent to 0-0.3-3-30 (prenatal 1984;

Dawley mg/kg bw/day exposure or Exon & Koller,
f (10-13 animals/group) pre- and postnatal 1985

age 3 w exposure of progeny)

Remarks: Prenatal only exposure groups: Dams were exposed from 3 w of age through gestation (bred at 90 d)

and parturation. After parturation, dams were placed on control drinking water. Randomly selected
pups from each group were weaned at 3 w of age and placed on control drinking water untill
termination at 6 w of age.

(to be continued)
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Table 1.3 Reproductive toxicity studies with chlorophenols - (long-term) oral exposure

(continued)
Animal Exposure Exposure Result Reference
species time mg/kg bw/day
LED NOCA)EL

2,4-DCP (purity 99%)

(continued)

Parameters:

Results:

Pre- and postnatal exposure groups: Exposure of dams was extended through lactation. Ten randomly
selected pups from each group were weaned at 3 w of age and continued on treatment for 10-15 weeks.
The design and results of this study have been reported in different publications which contain some
inconsistencies. The results presented in this table have been derived from all data available.
Maternal toxicity, reproductive performance (conception, litter size [live and stillborn], number of
stillborn, birth weight, survival to weaning, weaning weight) and effects on the progeny (body
weight gain, weights of thymus, spleen and liver at termination, histopathological changes in these
organs, haematology [red and white blood cell cunts, packed cell volume, mean corpuscular volume,
haemoglobin] and immunocompetence [cell-mediated immunity, humoral immunity, number and phagocytic
activity of macrophages] at termination).

According to Exon et al. (1984), no chemical-related effects were observed in the dams (no further
details reported).

Litter size was significantly (p < 0.10) reduced at 300 mg/l.

Prenatal only exposure resulted in a significantly (p < 0.05) increase in spleen weight at 300 mg/L.
Pre- and postnatal exposure resulted in a significantly (p < 0.05) decreased DTH-response (delayed-
type hypersensitivity, used to measure cell-mediated immunity) at 30 and 300 mg/l (p < 0.05) and in
an increase in serum antibody production to keyhole limpet hemocyanin which was significant (p <
0.05) at 300 mg/l. In addition, liver and spleen weight were significantly (p < 0.05) increased at
300 mg/L.

rat 0-100-500-1,000 5-w 1,000 500 Blackburn

Long-Evans mg/kg bw/day by gavage et al., 1986

f (40 animals at 0 and 1,000;

age 11 w 20 animals at 100 and 500)

Remarks: Animals were treated 5 days/week for two weeks prior to mating and then 7 days/weeks through day 21
of gestation. Litters were culled to 4 males and 4 females on day 4 postpartum and to two males and
2 females at weaning.

Parameters: Maternal toxicity (mortality, body weight), reproductive performance (date of delivery, conception,
litter size, survival of pups at day 4 postpartum, body weight by sex of pups from day 1 through 42
postpartum) and vaginal patency of offspring.

Results: Treatment-related mortality (3/40) and decreased body weight gain of dams (p < 0.05), prior and

during gestation, at 1,000 mg/kg bw/day (5/30 and 21/40 animals exposed to 500 and 1,000 mg/kg
bw/day died due to intubation errors, caused by a marked increase in resistance to treatment).

Body weights of male and female pups were reduced (p < 0.05) at day 1 postpartum, at 500 and 1,000
mg/kg bw/day, but this effect was not statistically significant after correcting for litter size.
Subsequent weight gain up to day 42 postpartum was not affected.

(to be continued)
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Table 1.3 Reproductive toxicity studies with chlorophenols - (long-term) oral exposure

(continued)
Animal Exposure Exposure Result Reference
species time mg/kg bw/day
LED NO(A)EL

2,4,6-T3CP ("purified®; purity > 99%)

rat 0-100-500-1,000 11-w 1,000 500 Blackburn

Long-Evans mg/kg bw/day by gavage et al., 1986

m (15 animals/group)

age 14 w

Remarks: Following treatment, control and high-dosed males were mated to untreated females. Females were
sacrificed on day 18 of gestation.

Parameters: Paternal toxicity (mortality, body and organ weights), reproductive performance (copulatory
behaviour; sperm count, motility and morphology, number of litters, number of viable foetusses per
litter, postimplantation loss, sex ration, foetal body weights male and females) and plasma
testosterone.

Results: Eight animals at 1,000 mg/kg bw/day died. All other parameters studied were not affected at any

2,4,6-T3CP (purity 98X)

rat
Sprague
Dawley
f

age 3 W

Remarks:

Parameters:

Results:

concentration tested.

0-3-30-300 mg/l drinking water, + 6-mo 3** 0.3** Exon & Koller,
equivalent to 0-0.3-3-30 pre- and 1985
mg/kg bw/day postnatal
(12-14 animals/group) exposure of
progeny

Dams were exposed from 3 w of age through gestation (bred at 90 d) and lactation. Ten randomly
selected pups from each group were weaned at 3 w of age and continued on treatment for 12 weeks.
Reproductive performance (conception, litter size [live and stillbornl, number of stillborn, birth
weights, survival to weaning, weaning weight) and effects on the progeny (body weight gain, weight
of thymus, spleen and liver, haematology [red and white blood cell counts, packed cell volume, mean
corpuscular vlume, haemoglobin]l, and immunocompetence [cell-mediated immunity, humoral immunity,
number and phagocytic activity of peritoneal macrophages] at termination.

Litter size was significantly (p < 0.10) decreased at 300 mg/l. Liver weight was significantly

(p < 0.05) increased at 30 and 300 mg/l. In addition, spleen weight was increased significantly

(p < 0.05) at 300 mg/l.

(to be continued)
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Table 1.3 Reproductive toxicity studies with chlorophenols - (long-term) oral exposure

(continued)
Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NO(CA)EL

PCP (™Douwicide EC-7=, purity 90%; 10X T4CP; < 1 ppm OCDF, 2 ppm HpCDF, 3 ppm HxCDF, 15 ppm OCDD, 7 ppm HpCDD,
1 ppm HxCDD, < 0.05 ppm 2,3,7,8-TCDD)

rat 0-3-30 mg/kg bw/day; 3.5-mo (f) 30 3 Schwetz et al.,
Sprague- dietary exposure (in feed) 5.5-mo (m) 1978
Dawley (10 males and 20 females/group) (pre- and
m, f postnatal
exposure
of progeny
Remarks: Females were exposed from 62 days prior to mating through gestation and lactation. Parent males were

exposed for another two months. The dose levels in feed are not reported.

Parameters: Maternal and paternal toxicity (necropsy, body weight gain), reproductive performance (pregnancy,
litter size, number of liveborn, birth weight, neonatal body weight through weaning, survival
through weaning), and developmental effects (skeletal and soft tissue abnormalities).

Results: At 30 mg/kg bw/day, body weight gain of adult females, the number of liveborn pups, birth weight,
neonatal body weight through weaning, and neonatal survival were reduced (p < 0.05). In addition,
there was a significantly ("p" not reported) increased number of litters at this dose level which
showed variations in the development of skeletal structures, namely lumbar spurs and vertebrae with
unfused centra. It is not reported whether these variations were found also in control animals in
this study or not, but in another study with this strain of rats these variations occured in all
groups, including the control group (Schwetz et al., 1974b).

PCP ("technical-grade®, purity 85%; 7X 2,3,4,6-T4CP; 400 ppm OCDD, 8 ppm HxCDD)

*

rat 0-5-50-500 mg/kg feed, + 5-mo 0.25 . Exon & Koller,
Sprague- equivalent to (pre- and 1982, 1983a,b
Dawley 0-0.25-2.5-25 mg/kg bw/day postnatal

f (12-14 animals/group exposure of

age 3 w progeny)

Remarks: Dams were exposed from 3 w of age through gestation (bred at 90 d) and lactation. Eight randomly

selected pups from each group were weaned at 3 w of age and continued on treatment for 10 weeks.
The design and results of this study have been reported in different publications which contain
some inconsistencies. The results presented in this table have been derived from all data
available.

Parameters: Maternal toxicity (body weight gain prior to breeding), reproductive performance (conception,
litter size [Live and stillbornl, number of stillborn, birth weight, survival to weaning, weaning
weight), and effects on the progeny (haematology (red and white blood cell counts, packed cell
volume, mean corpuscular volume, haemoglobin] at weaning, and immunocompetence [cell-mediated
immunity, humoral immunity, number and phagocytic activity of peritoneal macrophages] at
termination).

(to be continued)
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Table 1.3 Reproductive toxicity studies with chlorophenols - (long-term) oral exposure

(continued)
Animal Exposure Exposure Result Reference
species time mg/kg bw/day

LED NO(A)EL
PCP ("technical-grade®, purity 85%; 7X 2,3,4,6-T4CP; 400 ppm OCDD, 8 ppm HxCDD)
(continued)

Results: No maternal toxicity.
Litter size was significantly (p < 0.10) decreased at 500 mg/kg. At all dose levels, both the DTH-
response (delayed-type hypersensitivity, used to measure cell-mediated immunity) and the serum BSA
antibody concentrations (used to measure humoral immunity) were significantly decreased, at
p < 0.03 and p < 0.0001, respectively. In addition, the number and phagocytic activity of
peritoneal macrophages were significantly (p < 0.05) increased at 50 and 500 mg/kg. Weaning weights
of males, and, especially, females were generally decreased at all dose levels; a dose-relationship
was not evident.
(In separate experiments, liver weights were significantly increased in treated groups (no further
data reported)

PCP ("highly purified®, purity > 99%; 1,25 ppb OCDD; no TCDD or TCDF)

rat 0-60-200-600 mg/kg feed, 6-mo 13 4 Welsh et al.,
Sprague- equal to 0-4-13-43 mg/kg bw/day 1987

Dawley for females

m, f (treatment groups: 20 animals/sex;

age 5 w control groups: 40 animals/sex)

Remarks: Animals of both sexes were exposed for 181 days. Females were exposed from 5 w of age through
gestation.

Feed consumption was generally greater in the exposed groups.

Parameters: Maternal toxicity (mortality, feed consumption, weight gain during gestation, gross external and
internal [major organs] abnormalities), reproductive performance (fertility, sex ratio, gravid
uterus weight, number of corpora lutea, implantation efficiency, the number of dead and viable
foetusses, birth weight), and developmental effects (skeletal and soft tissue abnormalities).

Results: Maternal weight gain (both with and without gravid uterus) was significantly (p < 0.001) reduced
during gestation at 600 mg/kg feed. At this dose level, ringed eye was observed in 50% of the dams.
At 200 mg/kg feed, the no. of dams with > 2 resorptions was increased, and foetal body weight was
reduced, both at p < 0.05. At 600 mg/kg feed, all but one foetusses were resorbed, due to early
deaths.

Treatment-related external and soft tissue foetal variations were not observed at any dose level.
Misshapen centra of wavy ribs was the only skeletal variation that was significantly (p < 0.05)
increased at 200 mg/kg feed: the incidence was 22/86 versus 14/167 in controls.

LED: Lowest-effect-dose

NO(A)EL: No-observed-(adverse)-effect-level

* Feed study: standard “Conversion Factors® (mg/kg in feed : CF = mg/kg bw/day) of 7 and 20 have been used
for mice and rats, respectively.

** Drinking water study: a standard "Conversion Factor" (mg/l in drinking water :.CF = mg/kg bw/day) of 10 has
been used for both mice and rats.
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day
LED NO(CA)EL
2-MCP (purity 97%; impurities not reported)
¥k *k

rat C,T 0-5-50-500 mg/l drinking water, 2-yr 50 5 Exon & Koller,

Sprague- equivalent to 0-0.5-5-50 (pre- and 1982, 1983a,b,

Diuley mg/kg bw/day postnatal 1985

f exposure

age 3 w of progeny)

Remarks: #Dams (12-14/group) were exposed from weaning through gestation (bred at day 90 d) and lactation. The
progeny (24-28 animals of each sex/group) from each treatment regimen was continued on treatment
from 3 w of age (weaning) untill tumour development, death or termination of the experiment at 24
months.

Parameters: Reproductive performance and effects on the progeny (body and organ weights, haematology,
immunocompetence and carcinogenicity). Only moribund and tumour bearing animals were examined
microscopically.

Result: Carcinogenicity: Megative in both sexes (no compound-related effect on tumour incidence, latency or

type of tumours in the progeny).

Toxicity: Of the haematological parameters studied, red blood cell count, packed cell volume, and
haemoglobin content were significantly (p < 0.10) increased at 500 mg/l, in the second year of the
study.

Effects on the other parameters mentioned are discussed in the section on reproductive toxicity
(1.2.2 and table 1.3). The LED and NO(A)EL have been derived from all parameters studied.

2,4-DCP (purity > 99%)

mouse
B6C3F1
m, f

age 9 w

Parameters:

Results:

T 0-2,500-5,000-10,000-20,000-40,000 3-mo 1,400* a700 NTP, 198%a
mg/kg feed, equivalent to
0-350-700-1,400-2,800-5,600 mg/kg bw/day
(10 animals of each sex/group)

Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined.

All animals exposed to 40,000 mg/kg feed died. At 20,000 mg/kg feed, final body weight (males) or
body weight throughout most of the study (females) was reduced 10%-15%. Growth was not affected at
< 10,000 mg/kg feed. Feed consumption was reduced (20%-70%) in all groups exposed to 2 10,000 mg/kg
feed.

Syncitial alteration of hepatocytes were observed in all animals exposed to 2 10,000 mg/kg feed.

A dose-related increase in the incidence of hepatocellular necrosis was seen in males (0710, 4/10,
4/10, 6/10, 10/10 at 0, 2,500, 5,000, 10,000 and 20,000 mg/kg feed, respectively); no further
details on this effect reported (NTP considered the severity of this lesion to be "minimal® in the
three lowest dose groups. Furthermore, this lesion was also found in 3/10 control females).

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day
LED NO(A)EL
2,4-DCP (purity 99%)
mouse T 0 (c)-0 (v-¢)-200-600-2,000 mg/l 3-mo . > 385 Borzelleca
CD-1 ICR drinking water (10% Emulphor), et al.,’85b,c
m, f equal to 0-0-40-115-385 mg/kg/bw/day
age 6 W (males) or 0-0-50-145-490 mg/kg bw/day
(females)

(20 animals of each sex/group)

Parameters: Mortality, water consumption, terminal body and organ weights, haematology, clinical chemistry,
hepatic microsomal mixed function oxidase system (components and component activities).

Results: The only effects observed, were a dose-related increase in leucocyte count (p < 0.05 at 2,000 mg/l
in males only) and an increase (p < 0.05) in ALP activity in males at 2,000 mg/l. These effects are
not considered to be toxicologically significant alterations
(In the deionized water control a number of parameters (e.g. organ weights) was significantly
different compared to those in the vehicle-control, showing that the vehicle itself was not without
effect)

2,4-DCP (purity not reported)

mouse T 0-200-500-1,000-2,000 mg/kg feed, 6-mo 230 100 Kobayashi
ICR equal to 0-20-45-100-230 mg/kg/bw/day et al., /72
m (7 animals per group)

Parameters: Feed consumption, body weight gain, weights and histopathology of major organs (liver, kidneys,
spleen, heart), haematology (red and white blood cell counts) and clinical chemistry (serum
glutamate oxaloacetate transaminase activity; serum glutamate pyruvate transaminase).

Results: At the highest dose level, one or two animals showed minor histological changes in the liver (small
round cell infiltration, swelling or unequal size of hepatocytes, dark cell)

2,4-DCP (purity > 99%)

mouse C,T 0-5,000-10,000 mg/kg feed, 2-yr 800 . (m) NTP, 1989a
B6C3F1 equal to 0-800-1,300 mg/kg bw/day (m) 820 430 (f)

m, or 0-430-820 mg/kg bw/day (f)

age 8 w (50 animal of each sex/group)

Parameters: Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined).

Results: Carcinogenicity: Negative in both sexes (no compound-related increases in malignant or benign
neoplasms).
Toxicity: At 10,000 mg/kg, body weight of females was reduced progressively; from week 25 and
onwards, the reduction was > 10% (feed consumption was reduced 15% throughout the study). Body
weights of the other dosed groups were within 10% of that of controls, although feed consumption of
males exposed to 10,000 mg/kg feed was reduced 22% throughout the study.
A dose-related, significantly (p < 0.001) increased incidence of diffuse syncitial alteration of
hepatocytes was observed in males (11/50 in controls; 33/49 and 42/48 at 5,000 and 10,000 mg/kg
feed, respectively). No other compound-related changes were found at histological examination.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(A)EL
2,4-DCP (purity > 99%)
* *

rat T 0-2,500-5,000-10,000-20,000-40,000 3-mo 1,000, 500, (m) NTP, 198%9a
F344/N mg/kg feed, equivalent to 500 250 (f)
m, f 0-125-250-500-1,000-2,000 mg/kg bw/day
age 7-w (10 animals of each sex/group)

Parameters: Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined.

Results: Final weight relative to controls was reduced 10%-40% in all groups at > 20,000 mg/kg feed (feed
consumption by these groups was reduced 10%-30%); Final weight relative to controls were within 5%
in all groups exposed to < 10.000 mg/kg feed.

Bones marrow atrophy (depletion of both erythroid and myelocytic elements) was observed in all
animals exposed to > 20,000 mg/kg feed and in 6/10 females at 10,000 mg/kg.

2,4-DCP (purity > 99%)

rat c,T 0-5,000-10,000 mg/kg feed, 2-yr 440 210 NTP, 1989a
F344/N equal to 0-210-440

m mg/kg/bw/day

age 7 W (50 males/group)

Parameters: Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined).

Results: Carcinogenicity: Negative (no compound-related increases in malignant or benign neoplasms)
Toxicity: At 10,000 mg/kg, body weight relative to controls was reduced (5%-10%) consistenly
throughout the study (feed consumption reduced 5%).
The incidence of multifocal degeneration of respiratory epithelium of the nose was dose-related
increased (25/45, 38/48 [p < 0.05] and 42/46 [p = 0.0011, respectively).
No other compound-related pathological changes were found at histological examination.

2,4-DCP (purity > 99%)

rat c,T 0-2,500-5000 mg/kg feed, 2-yr 250 120 NTP, 198%9a
F344/N equal to 0-120-250

f mg/kg bw/day

age 7 w (50 females/group)

Parameters: Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive Wwith regard to the number of different tissues examined).

Results: Carcinogenicity: Negative (no compound-related increases in malignant or benign neoplasm)
Toxicity: At 5,000 mg/kg feed, body weight relative to controls was reduced (5%-10%) consistently
from week 10 and onwards (feed consumption reduced 6%).
No compound-related pathological changes were found at histological examination.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

Animal

2,4-DCP (purity 99%)

rat
Sprague-
Dauley
f

age 3 w

Remarks:

Parameters:

Results:

(continued)
Study Exposure Exposure Result Reference
type time mg/kg bw/day
LED NO(A)EL
*k Tk
C,T 0-3-30-300 mg/l drinking water, 2-yr 3 0.3 Exon et al.,
equivalent to 0-0.3-3-30 (pre- and 1984;
mg/kg bw/day postnatal Exon & Koller,
exposure 1985

of progeny)

#
Dams (12-14/group) were exposed from weaning through gestation (bred at day 90 d) and lactation. The

progeny (22-29 animals of each sex/group) from each treatment regimen was continued on treatment
from 3 w of age (weaning) untill tumour development, death or termination of the experiment at 24
months.

Reproductive performance and effects on the progeny (body and organ weights, haematology,
immonocompetence, and carcinogenicity). Only moribund and tumour bearing animals were examined
microscopically.

Carcinogenicity: Negative in both sexes (no compound-related effect on tumour incidence, latency or

type of tumours in the progeny).

Toxicity: Of the haemastological parameters studied, red blood cell count and haemoglobin content
were significantly (p < 0.05) increased at 300 mg/l, in the second year of the study.

Effects on the other parameters mentioned are discussed in the section on reproductive toxicity
(1.2.2 and table 1.3). The LED and NO(A)EL have been derived from all parameters studied.

2,4,5-T3CP (purity > 99%)

rat
Wistar
m, f

age 7 W
Remarks:

Parameters:

Results:

T 0-100-300-1,000-3,000-10,000 mg/kg feed, 3-mo 150 50 McCollister
equivalent to 0-5-15-50-150-500 et al., 1961
mg/kg bw/day
(10 animals of each sex/group)

Histopathology very briefly reported. The authors used a conversion factor of 10, without further
information.

Mortality, feed consumption, body weight (growth), relative weight of the major organs, gross and
microscopic examination of the major organs, and haematology.

At 10,000 mg/kg feed, growth was reduced (statistically significant in females only; p < 0.05).
At concentrations 2 3,000 mg/kg feed, a diuretic effect was observed, and, in addition, pathological
changes in kidneys ("moderate degenerative changes in the epithelium tining of the convoluted
tubules and early proliferation of the interstitial tissue") and liver ("mild centrilobular
degenerative changes characterized by cloudy swelling and an occasional area of focal necrosis").
These changes were considered to be of a mild, reversible nature. However, the severity of these
lesions was dose-related.

(The investigators mention a Conversion Factor of 10, without further information)

(to be continued)
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Table 1.4 semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(CA)EL

2,4,6-13CP (“Omal®, "Dowicide 2S®, purity 96%-97X%; 17 minor contaminantsInot specified]; chlorinated dibenzo-p-
dioxins not determined)

mouse C,T 0-5,000-10,000 mg/kg feed, 2-yr 700 . NCI, 1979
B6C3F1 equivalent to

m 0-700-1,400 mg/kg bw/day

age 6 W (50 dosed and 20 control animals)

Parameters: Mortality, body weight, palpation for masses, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined).

Results: Carcinogenicity: Positive (dose-related increase in malignant and benign neoplasms).
Dose-related increase in hepatocellular carcinomas (5% [1/20] - 20% [10/491 - 15X [7/471;
p < 0.001 and p < 0.001) and hepatocellular adenomas (15% [3/20] - 45% [22/49]1 - 68% [39/471;
p = 0.001 and p < 0.001).
The historical incidence of hepatocellular adenomas and carcinomas in male B6C3F1 mice is 30%
(99/323).
Toxicity: Body weight was dose-related decreased throughout the study. In dosed animals,
hepatocellular damage (ranging from individual liver cell abnormalities, through focal areas of
cellular alteration, to focal and nodular areas of hyperplasia) was commonly present.

2,4,6-T3CP ("Omal™, "Dowicide 25", purity 96%-97X; 17 minor contaminants[not specified; chlorinated dibenzo-p-
dioxins not determined)

mouse c,7 0-10,000-20,000 mg/kg feed for 38 weeks, 2-yr 750 . NCI, 1979
B6C3F1 and 0-2,500-5,000 mg/kg feed thereafter;

f Time-weighted average dose level equivalent

age 6 w to 0-750-1,500 mg/kg bw/day

Parameters: Mortality, body weight, palpation for masses, gross pathology at necropsy, and histopatholtogy (very
comprehensive with regard to the number of different tissues examined).

Results: Carcinogenity: Positive (dose-related increase in malignant and benign neoplasms).
Dose-related increase in hepatocellular carcinomas (0% [0/20] - O0X [0/50] - 15% [7/48]; n.s.) and
hepatocellular adenomas (5% [1/20] - 24% [12/50] - 35X ([17/48}; n.s. and p < 0.001, respectively.
The historical incidence of hepatocellular adenomas and carcinomas in female B6C3F1 mice is 4%
(14/324).
Toxicity: Body weight was dose-related decreased throughout the study. In dosed animals,
hepatocel lular damage (ranging from individual liver cell abnormalities, through focal areas of
cellular alteration, to focal and nodular areas of hyperplasia) was commonly present.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(CA)EL

2,4,6-T3CP (“0mal™, "Dowicide 25", purity 96X-97%; 17 minor contaminants[not specified; chlorinated dibenzo-p-
dioxins not determined)

*
rat c,T 0-5,000-10,000 mg/kg feed, 2-yr 250 . NCI, 1979
F344 equivalent to
m, f 0-250-500 mg/kg bw/day

Parameters: Mortality, body weight, palpation for masses, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined).

Results: Carcinogenicity: Positive in males; negative in females.
In males there was a dose-related increase in (monocytic) leukemias (15% [3/201, - 46X [23/50] -
56% [29/501; p = 0.01 and p = 0.002). The historical incidence in male F344 rats is 4% (11/255).
In females there also was an increase in (monocytic) leukemias (15% [3/20] - 22% [11/50]1 - 20X
[10/50]1, but this increase was not significant at p < 0.05.
Toxicity: Body weight was dose-related decreased throughout the study. In all groups, the incidences
of non-neoplastic lesions were considered to be within normal limits.

PCP (“pure™, purity > 99%;

mpurities not reported)

mouse T 0-50-500 mg/kg feed, 3-mo 7 . Kerkvliet
C5781/6 (B6) equivalent to 0-7-70 et al., 1982
m mg/kg bw/day

8w

Parameters: Body weight, histopathology major organ (liver, kidneys, spleen, adrenal tissues) and
immunocompetence (susceptibility to low-dose syngeneic tumour transplant {3-methylchlolanthrene-
induced sarcoma of B6 origin), susceptibility to primary Moloney sarcoma virus -{MSV}-induced tumour
growth and secundary challenge with MSV-transformed sarcoma cells, susceptibility to
encephalomyocarditis virus infection, T-cell cytolytic activity, and macrophage phagocytosis
activity (the latter two effects measured in vitro).

Results: Histopathological examinations showed dose-related liver lesions (mild to marked swelling of
hepatocytes, accompanied by nuclear swelling and vacuolization; eosinophilic inclusion bodies within
nuclear vacuoles). Mild to moderate multifocal necrosis was observed only at 500 mg/kg feed.
Treatment did not affect the incidences of the tumour types inducted by any challenge. However, in
surviving animals that were resistent to both the MSV and MSB challenge, a dose-related increase in
gross tumours in spleen (0/13-2/9-4/9) was observed.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(A)EL

PCP ("technical-grade™, purity 86%; impurities not reported)
mouse T 0-50-500 mg/kg feed, 3-mo 7 . Kerkvliet
C5781/6 (B6) equivalent to 0-7-70 et al., 1982
m mg/kg bw/day
8w

Parameters: Body weight, histopathology major organ (liver, kidneys, spleen, adrenal tissues) and
immunocompetence (susceptibility to low-dose syngeneic tumour transplant {3-methylchlolanthrene-
induced sarcoma of B6 origin), susceptibility to primary Moloney sarcoma virus -{MSV}-induced tumour
growth and secundary challenge with MSV-transformed sarcoma cells {MSB), susceptibility to
encephalomyocarditis virus infection, T-cell cytolytic activity, and macrophage phagocytosis
activity (the latter two effects measured in vitro}.

Results: Histopathological examinations showed dose-related liver lesions (mitd to marked swelling of
hepatocytes, accompanied by nuclear swelling and vacuolization; eosinophilic inclusion bodies within
nuclear vacuoles). Mild to moderate multifocal necrosis was observed only at 500 mg/kg feed.
Treatment resulted in a dose-related (p < 0.005) enhancement of susceptibility to tumour induction,
regardless of the challenge used. Additionally, in surviving animals that were resistent to both the
MSV and MSB challenge, an increase in gross tumours in spleen (3/6 versus 0/13) was observed at 50
mg/kg feed; this type of tumour was not observed in the 3 surviving animals at 500 mg/kg.

T-cell cytolytic activity was reduced and macrophage phagocytic acticity increased (both at
p < 0.05) at 500 mg/kg feed.

PCP ("pure”, purity 98.6X; 1.4X% T4CP; 2,200 ppm heptachlorohydroxydibenzofuran, 1,100 ppm hexachlorohydroxy-
dibenzofuran, 2,100 ppm nonachlorohydroxydiphenyl ether, 900 ppm octachlorohydroxydiphenyl ether, 100 ppm
heptachlorohydroxydiphenyl ether, < 1 ppm OCDD, < 1 ppm HxCDD, < 1 ppm TCDD)

*

mouse T 0-200-500-1,500 mg/kg feed, 6-mo 28 . NTP, 198%9b
B6C3F1 equivalent to

m,f 0-28-70-210 mg/kg bw/day

7-9 w (treatment groups: 25 m and 10 f;

control group: 48 m and 10 f)

Parameters: Mortality, feed consumption, body weight, organ weights (liver, spleen, thymus), gross pathology at
necropsy, histopathology (very comprehensive with regard to the number of different tissues
examined). Supplemental studies included haematology, clinical chemistry, urinanalysis, immunologic
analysis, aryl hydrocarbon hydroxylase, oxidative phosporylation, cytochrome P450, porphyrins, and
body temperature).

Results: At 1,500 mg/kg feed, final weight relative to controls was reduced (10%) in both sexes (feed
consumption not affected). Compound-related effects were found in several tissues, especially in the
liver. At all dose levels tested, liver weight was significantly increased in both sexes, and
histopathological liver changes (necrosis, nuclear alteration, cytomegaly, pigmentation) were found
in most animals examined (10/group).

For data on supplemental studies: see the text.

(to be continued)
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Jable 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NOCA)EL
PCP ("Domicide EC-7*, purity 91%; 9% T4CP; 0.2 ppm HpCDF, 0.1 ppm HXCDF, 0.7 ppm OCDD, 0.5 ppm HpCDD, 0.2 ppm
HxCDD, < 0.04 ppm TCDD)

mouse T 0-200-600-1,200 mg/kg feed, 6-mo 28 . NTP, 198%9b
B6C3F1 equivalent to

m, f 0-28-85-170 mg/kg bw/day

7-9 w (treatment groups: 25 m and 10 f;

control group: 48 m and 10 f)

Parameters: Mortality, feed consumption, body weight, organ weights (liver, spleen, thymus), gross pathology at
necropsy, histopathology (very comprehensive with regard to the number of different tissues
examined). Supplemental studies included haematology, clinical chemistry, urinanalysis, immunologic
analysis, aryl hydrocarbon hydroxylase, oxidative phosporylation, cytochrome P450, porphyrins, and
body temperature).

Results: At 1,200 mg/kg feed, final body weight relative to controls was decreased ( > 10%) in both sexes.
Compound-related effects were found in several tissues, especially in the liver. At all dose levels
tested, liver weight of females was significantly increased; that of males was increased only at the
highest dose level tested. At all dose levels, histopathological liver changes (necrosis, nuclear
alteration, cytomegaly, pigmentation) were found in most animals examined (10/group).

For data on supplemental studies: see the text.

PCP ("DP-2%, purity 92X; 7X T4CP, 2.2% nona-, 1.4X% octa- and 0.05X heptachlorohydroxydiphenyl ether; 3,100 ppm
hepta- and 700 ppm hexachlorohydroxydibenzofuran; 320 ppm OCDF, 170 ppm HpCDF, 13 ppm HxCDF, 175 ppm OCDD,
30 ppm HpCDD, 5,900 ppm HxCDD; TCDD not quantitated)

mouse T 0-200-600-1,200 mg/kg feed, 6-mo 28 . NTP, 198%9b
B6C3F1 equivalent to

m, f 0-28-85-170 mg/kg bw/day

7-9w (treatment groups: 25 m and 10 f;

control group: 48 m and 10 f)

Parameters: Mortality, feed consumption, bedy weight, organ weights (liver, spleen, thymus), gross pathology at
necropsy, histopathology (very comprehensive with regard to the number of different tissues
examined). Supplemental studies included haematology, clinical chemistry, urinanalysis, immunologic
analysis, aryl hydrocarbon hydroxylase, oxidative phosporylation, cytochrome P450, porphyrins, and
body temperature).

Results: Compound-related effects were found in several tissues, especially in the liver. At all dose levels
tested, liver weight was significantly increased, with exception of that of males fed 200 mg/kg
feed. In addition, at all dose levels histopathological liver changes (necrosis, nuclear alteration,
cytomegaly, pigmentation) were found in most animals examined (10/group).

For data on supplemental studies: see the text.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

PCP ("technical grade™, purity 90%; 3.8% T4CP; 3.6X nona-, 1.9% octa- and 0.1% heptachlorohydroxydiphenyl ether;
0.5% hepta- and 0.2% hexachlorohydroxydibenzofuran; 45 ppm OCDF, 90 ppm HpCDF, 10 ppm HxXCDF, 1.4 ppm PeCDF,
1,390 ppm OCDD, 300 ppm HpCOD, 10 ppm HxCDD, TCDD not quantitated)

mouse T 0-200-600-1,800 mg/kg feed, 6-mo 28* . NTP, 198%
B6C3F1 equivalent to

m, f 0-28-85-255 mg/kg bw/day

7-9 w (treatment groups: 25 m and 10 f;

control group: 48 m and 10 f)

Parameters: Mortality, feed consumption, body weight, organ weights (liver, spleen, thymus), gross pathology at
necropsy, histopathology (very comprehensive with regard to the number of different tissues
examined). Supplemental studies included haematology, clinical chemistry, urinanalysis, immunologic
analysis, aryl hydrocarbon hydroxylase, oxidative phosporylation, cytochrome P450, porphyrins, and
body temperature).

Results: All animals that were fed 1,800 mg/kg feed died. Compound-related effects were found in several
tissues, especially in the liver. At all dose levels tested, liver weight was significantly
increased in both sexes, and at all dose levels histopathological liver changes (necrosis, nuclear
alteration, cytomegaly, pigmentation) were found in most animals examined (10/group).

For data on supplemental studies: see the text.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(A)EL

PCP ("™Dowicide EC-7", purity 91X; 9% T4CP; 0.2 ppm HpCDF, 0.1 ppm HxXCDF, 0.7 ppm OCDD, 0.5 ppm HpCDD, 0.2 ppm
HxCDD, < 0.04 ppm TCDD)

mouse c,T 0-100-200-600 mg/kg feed, 2-yr 17 . NTP, 198%b
B6C3F1 equal to

m, f 0-17-35-116

9w (50 dosed and 35 controls of each sex)

Remarks: Dose levels based on feed consumption were very similar for males and females.

Parameters: Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive With regard to the number of different tissues examined).

Results: Carcinogenicity: Positive in both sexes (dose-related increase in both malignant and benign
neoplasms)
In males there was a dose-related increase in hepatocellular carcinomas (3% [1/35]1 - 15% [7/48] -
15% [7/48] - 18X [9/49]; p = 0.07, 0.07 and 0.03), hepatocellular adenomas (9% [5/351 - 27% [13/48]
35X [17/48]1 - 65% [32/491; p = 0.13, 0.03 and < 0.001), and adrenal medutlary pheochromocytomas (3%
[1/34]1 - BX [4/48] - 44X [21/48] - 92% [45/49]1; p = 0.3, < 0.001 and 0.001); in the control and
high-dosed group, 1 and 3 pheochromocytomas were regarded to be malignant, respectively. The
historical incidences of hepatocellular carcinomas, hepatocellular adenomas and adrenal
pheochromocytomas in male B6C3F1 mice are 19% (8%-30%), 13% (0%-44%) and 1.5% (0%-8%), respectively.
In females there was a dose-related increase in hepatocellular adenomas (3% [1/34] - 6% [3/50] - 12%
[6/491 - 62X [30/48]1; p = 0.46, 0.13 and < 0.001), adrenal medullary pheochromocytomas (0% [0/35] -
&X [2/49]1 - &% [2/46] - 78X [38/49); p = 0.38, 0.32 and < 0.001), and in hemangiosarcomas (0X [0/35]
2X [1/501 - 6% [3/50]1 - 16X (8/491; p = 0.6, 0.2 and 0.01) in spleen and liver. Only one of the
pheochromocytomas (low-dose group) was judged to be malignant. The historical incidences of
hepatocellular adenomas and hemangiosarcomas in female B6C3F1 mice are 5% (0%-18%) and 1.6% (0%-8%),
respectively. That of adrenal pheochromocytomas in female mice is not reported.
Toxicity: At 600 mg/kg, body weight of females was reduced consistently and progressively from week
36 and onwards, resulting in 20% reduction towards the end of the study, while feed consumption was
not affected adversely. High (= 40%) to very high incidences of histopathological liver changes
(acute diffuse necrosis, diffuse chronic active inflammation, diffuse cytomegaly, multifocal
pigmentation) were observed in all dose groups; these changes were not observed in any of the
controls. A very high incidence (2 65%) of bile duct hyperplasia (an increase in small bile
ductules) was observed only at 600 mg/kg feed, in both males and females.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(A)EL
PCP ("technical grade®, purity 90%; 3.8X T4CP; 3.6X nona-, 1.9% octa- and 0.1% heptachlorchydroxydiphenyl ether;
0.5Z hepta- and 0.2X hexachlorohydroxydibenzofuran; 45 ppm OCDF, 90 ppm HpCDF, 10 ppm HxCDF, 1.4 ppm PeCDF,
1,390 ppm OCDD, 300 ppm HpCDD, 10 ppm HxCDD, TCDD not quantitated)

mouse c,T 0-100-200 mg/kg feed, 2-yr 17 . NTP, 198%b
B6C3F1 equal to 0-17-35 mg/kg bw/day

m, f (50 dosed and 35 controls of each sex)

9w

Remarks: Dose levels based on feed consumption were equal for males and females.

Parameters: Mortality, feed consumption, body weight, gross pathology at necropsy, and histopathology (very
comprehensive with regard to the number of different tissues examined).

Results: Carcinogenicity: Positive in both sexes (dose-related increase in [i] both malignant and benign
neoplasms in males, and [ii] malignant neoplasms in females).
In males there was a dose-related increase in hepatocellular carcinomas (6% [2/32] - 21X [10/47]
- 25% [12/48]1; p = 0.06 and 0.03), hepatocellular adenomas (16% [5/32]1 - &3% [20/47]1 - 69% [33/48]1;
p = 0.01 and < 0.001), and benign adrenal medullary pheochromocytomas (0% [0/311 - 22% [10/45] - 51%
23/451; p = 0.003 and < 0.001). The historical incidences of hepatocellular carcinomas,
hepatocellular adenomas and adrenal pheochromocytomas in male B6C3F1 mice are 19% (8%-30%), 13% (0%-
44%) and 1.5% (0%-8%), respectively.
In females there was a dose-related increase in hemangiosarcomas (0% [0/35] - 6% [3/50] - 12X
[6/501; p = 0.2 and 0.04); all hemangiosarcomas were observed in the spleen and liver. The
historical incidence of these neoptasms in female B&C3F1 mice is 1.6% (0%-8%).
Toxicity: Very high incidences (= 70%) of histopathological liver changes (acute diffuse necrosis,
diffuse chronic active inflammation, diffuse cytomegaly, multifocal pigmentation) were found in all
dose groups; these changes were not observed in any of the controls. A high incidence (= 50%) of
bile duct hyperplasia (increase in small bile ductules) was observed in dosed males, but not in
dosed females.

PCP ("pure™; purity not reported; no detectable concentrations of any PCDD)

rat T 0-3-10-30 mg.kg bw/day, 3-m 10 3 Johnson et al.,
sprague- administered in feed 1973

Dawley

Remarks: The number, age and sex of test animals in not reported.

Parameters: Feed consumption, body and organ (liver, kidneys) weights, gross pathology at necropsy,
histopathology, haematology, urinanalysis and clinical chemistry

Results: Terminal weights of liver and kidneys were increased at 30 mg/kg bw/day; that of liver was also
increased at 10 mg/kg bw/day.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(A)EL

PCP (“improved™; purity 88X-93X; 7X-12X T4CP; 26 ppm OCDD, 1 ppm HxCDD, < 0.05 ppm 2,3,7,8-TCDD)

rat T 0-3-10-30 mg.kg bw/day, 3-m 10 3 Johnson et al.,
sprague- administered in feed 1973
Dawley

Remarks: The number, age and sex of test animals in not reported.

Parameters: Feed consumption, body and organ (liver, kidneys) weights, gross pathology at necropsy,
histopathology, haematology, urinanalysis and clinical chemistry

Results: Terminal weights of liver and kidneys were increased at 30 mg/kg bw/day; that of liver was also
increased at 10 mg/kg bw/day.

PCP (“technical-grade™; purity 85%-90%; 10X%-15X T4CP; 2,000 ppm OCDD, 20 ppm HxCDD; < 0.05 ppm 2,3,7,8-TCDD)

rat T 0-3-10-30 mg.kg bw/day, 3-m 3 . Johnson et al.,
sprague- administered in feed 1973

Dawley

Remarks: The number, age and sex of test animals in not reported.

Parameters: Feed consumption, body and organ (liver, kidneys) weights, gross pathology at necropsy,
histopathology, haematology, urinanalysis and clinical chemistry

Results: Terminal weights of liver and kidneys, and serum alkaline phosphatase were increased at all dose
levels tested. Additionally, serum albumin was decreased at 10 and 30 mg/kg bw/day, and
histopathological liver changes (minimal focal hepatocellular degeneration and necrosis) were
observed and haematological parameters (erythrocyte count, haemoglobin content and packed cell
volume) were decreased at 30 mg/kg bw/day.

PCP (purity not reported; 200 ppm OCDD, 80 ppm pre-OCDD, TCDD not detectable; no data on other impurities)

rat T 0-25-50-200 mg/kg feed, 3-mo 2.5* 1.25* Knudsen et al.,
Wistar-SPD equivalent to 1974

m, f 0-1.25-2.5-10 mg/kg bw/day

weanling

Parameters: Feed consumption, body and organ weights, histopathology, activity of microsomal enzymes (AH, APDM,
Glu-6-P), haematology, clinical chemistry and urinanalysis.

Results: Body weight gain of females was significantly (p < 0.05) reduced at 200 mg/kg; feed consumption was
not affected. Liver weight of females was significantly increased at 50 and 200 mg/kg. Increased
incidences of histopathological changes (both centrilobular vacuclisation in the liver of males and
a lower number of calculi in corticomedullary junction of the kidneys in females) were observed at
50 and 200 mg/kg. In addition, haemoglobin content and the number of erythrocytes in the blood of
males were significantly increased at both 50 and 200 mg/kg. Serum glucose (males), serum alkaline
phosphatase activity (females) and the activity of the microsomal enzymes aniline hydroxylase and
aminopyrine demethylase was significantly increased at 200 mg/kg.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time ma/kg bw/day

LED NOCA)EL

PCP (“purified™, purity > 99%; < 0.1 pmm of each group of isomers of dibenzo-p-dioxins and dibenzofurans)

* *

rat T 0-20-100-500 mg/kg feed, 8-mo 25 5 Goldstein

Sherman equivalent to et al., 1977

f 0-1-5-25 mg/kg bw/day

age 4 w (6 animals/group)

Parameters: Feed consumption, body weight, liver weight, hepatic drug-metabolizing enzymes (aryl hydrocarbon
hydroxylase, glucuronyl transferase, cytochroom P450, N-demethylase, ALA synthethase), liver
porphyria (fluorescence), microsomal heme, urinary porphyrins and their precursors (ALA, PBG).

Results: At 500 mg/kg feed, body weight was reduced (p < 0.05), although feed consumption was not reduced.

In addition, hepatic glucuronyl transferase activity was increased 3-fold (p < 0.05) and several
livers were totally dark or contained dark areas, at this dose level.

PCP (“purified®, purity > 99%; < 0.1 ppm of each group of isomers of dibenzo-p-dioxins and dibenzofurans)

rat T 0-20-100-500 mg/kg feed, 8-mo 25* 5* Kimbrough &

Sherman equivalent to 0-1-5-25 Linder, 1978

m, f mg/kg bw/day

weanling (10 animals of each sex/group)

Remarks: The dose levels of 1, 5, and 25 mg/kg/bw/day calculated using a standard conversion factor of 20,
are very similar to the dose levels based on feed consumption from day 80 to termination. At start,
the latter dose levels were about 2 times higher.

Parameters: Mortality, feed consumption, body weight, weight of major organs (liver, kidneys, spleen, heart,
brain, lungs, testes), histopathology (aforementioned organs and thyroid, parathoid,
gastrointestinal tract, reproductive organs, gall bladder and adrenals)

Results: At 500 mg/kg feed, body weight gain was reduced in both sexes, but only statistically significant

p < 0.05) in males; feed consumption was similar to that by controls. In addition, microscopic
examinations showed minor hepatocellular alterations in a number of animals (slightly brownish
diffuse discoloration in females, slightly enlarged hepatocytes around central veins in both sexes,
cytoplasmic eosinophilic inclusions in males, and a brown pigment in macrophages of females).
(Weight of kidneys of males was significantly increased at all dose levels (3.0 g in the treated
groups versus 2.6 g in control males), but microscopic findings were normal.

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NOCA)EL
PCP (“technical-grade™, purity 85%; 3X 2,3,4,6-T4CP; 1,380 ppm OCDD, 520 ppm HpCDD, 8 ppm HxCDD, < 0.1 ppm
PeCDD, < 0.1 ppm TCDD [2,3,7,8-TCDD not detected], 260 ppm OCDF, 400 ppm HpCDF, 90 ppm HxCDF, 40 ppm PeCDF
and 4 ppm TODF; chlorophenyl ethers were detected but not quantitated)

rat T 0-20-100-500 mg/kg feed 8-mo 1 . Goldstein
Sherman equivalent to et. al., 1977
f 0-1-5-25 mg/kg bw/day

age 4 w (6 animals/group)

Parameters: Feed consumption, body weight, liver weight, hepatic drug-metabolizing enzymes (aryl hydrocarbon
hydroxylase, glucuronyl transferase, cytochroom P450, N-demethylase, ALA synthethase), liver
porphyria (fluorescence), microsomal heme, urinary porphyrins and their precursors (ALA, PBG).

Results: At 500 mg/kg feed, body weight was reduced (p < 0.05), although feed consumption was not reduced.
Dose-related increases in aryl hydrocarbon hydroxylase activity (3- to 7-fold) and glucuronyl
transferase activity (15- to 43-fold) were observed, which were statistically significant (p < 0.05)
at all dose levels tested. In addition, a significantly altered ratio of the 455/430 nm peaks of the
ethylisocyanide difference spectrum of cytochrome P450 was observed at all dose levels, caused by a
shift from 455 to 453 nm. Dose levels of 100 and 500 mg/kg feed resulted in an increase in liver
weight, cytochrome P450 content, microsomal heme, and liver and urine porphyrins. At these dose
levels, several livers were totally dark or contained dark areas.

PCP ("technical-grade™, purity 85%; 3% 2,3,4,6-T4CP; 1,380 ppm OCDD, 520 ppm HpCCD, 8 ppm HxCDD, < 0.1 ppm
PeCDD, < 0.1 TCOD [2,3,7,8-TCDD not detectedl, 260 ppm OCDF, 400 ppm HpCDF, 90 ppm, HXCDF, 40 ppm PeCDF and
4 ppm TODF; chlorophenyl ethers were detected but not quantitated)

rat T 0-20-100-500 mg/kg feed, 8-mo 1 . Kimbrough &
Sherman equivalent to 0-1-5-25 Linder, 1978
m, f mg/kg bw/day

weanling (10 animals of each sex/group)

Remarks: The dose levels of 1, 5, and 25 mg/kg/bw/day calculated using a standard conversion factor of 20,
are very similar to the dose levels based on feed consumption from day 80 to termination. At start,
the latter dose levels were about 2 times higher.

Parameters: Mortality, feed consumption, body weight, weight of major organs (liver, kidneys, spleen, heart,
brain, lungs, testes), histopathology (liver, kidneys, spleen, heart, lungs and brain).

Results: At 500 mg/kg feed, body weight gain was significantly reduced and liver weight was increased, in
both sexes (p < 0.05). Microscopic examinations of the organs showed a variety of morphological
changes in the livers of most animals at 100 and, in particular, at 500 mg/kg feed; these changes
included (enlarged hepatocytes, vacuolation of the cytoplasm, brown pigmentation in macrophages and
Kupffer cells and fibrosis. Additional changes (hepatocytes with karyorrhectic or pyknotic nuclei,
bile duct proliferation, hyaline bodies, increased mitotic figures) were found in females only,
especially at 500 mg/kg feed; at this dose level, the outer surface of livers was irregular with
pitted area of retraction. At 20 mg/kg feed, minor lesions were found in the liver (centrolobular
hepatocytes were slightly enlarged and occasionally vacuolated in all males and in one female).

(to be continued)
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Table 1.4 Semichronic and chronic toxicity and carcinogenicity studies with chlorophenols - oral exposure

(continued)
Animal Study Exposure Exposure Result Reference
species type time mg/kg bw/day

LED NO(A)EL

PCP ("Dowicide EC-7", purity 90X%; 10X T4CP; < 1 ppm OCDF, 2 ppm HpCDF, 3 ppm HxCDF, 15 ppm OCDD, 7 ppm HpCDD,
1 ppm HxCDD, < 0.05 ppm 2,3,7,8-TCDD)

rat c,T 0-1-3-10-30 mg/kg bw/day, 22-mo (m) 30 10 Schwetz et al.,
Sprague- administered in feed 24-mo (f) 10 3 1978

Dawley (27 animals of each sex/group)

m, f

Remarks: Males were terminated after 22 months, because of high mortality among control and dosed animals.

The levels in feed were not reported.

Parameters: Mortality, feed consumption, body weight, organ weight (liver, kidneys, heart, brain ,testes), gross
pathology at necropsy, histopathology, haematology, clinical chemistry and urinalysis.

Results: Carcinogenicity: Negative in both sexes (no compound-related increases in malignant or benign
neoplasms.
Toxicity: At 30 mg/kg bw/day, body weight of females was reduced significantly ("p" not reported)
throughout the study, and serum alanine aminotransferase (ALAT) activity was significantly increased
in both sexes, at termination. At 10 and 30 mg/kg bw/day, dark discoloration (caused by granular
pigmentation) of liver and kidneys were observed in a number of females, especially at the highest
dose level tested. Microscopic examinations showed liver pigmentation in 8/27 and 16/27 females at
these dose levels, respectively. Pigmentation of kidneys was found in 7/27 and 19/27 females,
respectively. Pigmentation was not observed in control animals, and in only 1/27 males (liver). .

Study type: C = carcinogenicity; T = toxicity (non-carcinogenic effects)

LED: Lowest-effect-dose a
NO(A)EL: No-observed-(adverse)-effect-level; NO(A)EL: marginal NOCA)EL [the effect(s) found at this
concentration are considered to be of minor biological significancel

* Feed study: standard "Conversion Factors" (mg/kg in feed : CF = mg/kg bw/day) of 7 and 20 have been used
for mice and rats, respectively.

** Drinking water study: a standard "Conversion Factor® (mg/! in drinking water : CF = mg/kg bw/day) of 10 has
been used for both mice and rats.
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In vitro genotoxicity tests with selected chlorophenols

Species or
test system

Result

without / with

activation

S. typh.

S. typh.
S. typh.

. TA98, 100, 1537

. TA1535

. TA98, 100, 1535,

1537, 1538
TA98, 100, 1535,
1537, 1538,

C3076, D3052, G46
TA98, 100, 1535, 1537
TA100

E. coli WP2, WP2uvrA
Mouse lymphoma cells L5178Y

Chinese hamster
Chinese hamster
Chinese hamster
Chinese hamster

cells V79

ovary cells
ovary cells
ovary cells

Rat hepatocytes

2,6-DCP
S. typh.
S. typh.

S. typh.
S. cere.

TA98, 100, 1535, 1537
TA98, 100, 1535, 1537
TA100

D7, XV185-14C

Chinese hamster cells V79
Chinese hamster cells V79
Chinese hamster cells V79

2,4,5-13cP

S. typh.
S. typh.
S. typh.

typh.
typh.
typh.

. cere.

w n n v
. e a

TAS8, 100, 1535, 1537
TA98, 100, 1535, 1537
TA98, 100, 1535, 1537
1538

TA97, TA98

TA100

TA104

D7, XV185-14C

Chinese hamster cells V79

gene

gene

gene

gene

gene

gene

gene

gene
gene

chrom. ab.

SCEs
SCEs

u-DNA-synth.

gene
gene
gene
gene
gene
gene
gene

gene
gene
gene

gene
gene
gene
gene
gene

mut.

mut.

mut.

mut.

mut.
mut.
mut.
mut

mut.

mut.
mut.
mut.
mut.
mut.
mut.
mut.

mut.
mut.
mut.

mut.

*k a
Dose Purity
test
subst.
0-333 uQ/Platet - 99%
0-333 ug/platet - 99%
0-toxic conc. -
10,000-fold range -
0-500 ug/plate P, -
0-1,000 ung/plate -
10,000-fold range -
0-60 ug/ml -
0-50 ug/ml P,>99.
0-75 ug/ml -
0-13 uglml:;: -
0-160 uglmlt/S -
0-8 ug/ml -
t
0-2,000 ug/plate P,99%
0-500 uQ/Platet P, -
0-1,000 ug/plate -
0/100 ug/ml P,>99.
0-150 ug/ml P,>99.
0-500 uglmlt P,>99.
0-66 ug/plate -
0-500 ug/plate P, -
0-50 ug/platetls -
0-1,000 ug/plate -
0-1,000 p.g/platet -
0-1,000 ug/platet -
0-50 ug/mt P,>99.

[141 -

Hi -

[131 -

(141 -
3]

+

5% (18]
81 +
[8] nt

[141 -
[141 -
31
9% [16]
9% 171
5% 1181

(141 -
(41 -

141 -
(141 +
(141 -

5% [181

nt

NN

nt

t+

SN NN

/ nt

Haworth et al. ’83;
NTP ’89a

Haworth et al. ’83;
NTP /89a
Simmon et al. '77

Probst et al. ’81

77
/80
81

Rasanen et al.
Rapson et al.
Probst et al.
NTP /89a
Jansson & Jansson, 86
NTP ‘89a

NTP ’89a

NTP /89a

Probst et al. ‘81

Haworth et al. /83
Rasanen et al. 77
Rapson et al. ’80
Nestmann & Lee ‘83
Hattula & Knuutinen’85
Hattula & Knuutinen’85
Jansson & Jansson, ‘86

'83
77
/80

Haworth et al.
Rasanen et al.
Nestmann et al.

Strobel & Grummt ‘87
Strobel & Grummt ‘87
Strobel & Grummt ‘87
Nestmann & Lee ‘83

Jansson & Jansson,’86

continued)
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Species o
test syst

r
em

2,4,6-T3CP

typh.
typh.
typh.
typh.
typh.
S. typh.
S. typh.

S. cere.

w»mwnmn nw
« s e % w

TA98, 100, 1535, 1537
TA98, 100, 1535, 1537
TAS7

TA98

TA100

TA104

TA100

MP-1

Mouse lymphoma cells L5178Y

Chinese h
Chinese h
Chinese h
CHO cells
CHO cells
CHO cells

amster cells V79
amster cells V79
amster cells V79

2,3.4,6-T4CP

S. typh.
S. typh.
Chinese h

Chinese h
Chinese h
Chinese h

PCcP
S. typh.

S. typh.

S. typh.
S. typh.

S. typh.

. typh.
. typh.
. typh.
. coli W
coli B
coli
coli G
marc.
marc.
cere.
cere.
cere.
subt.

W v oumMmmmow o uv
« s s s s & e a a

TA98, 100, 1535, 1537
TA97, 98, 100, 1535
amster cells V79
amster cells V79
amster cells V79
amster cells V79

TA98, 100, 1535, 1537

TA98, 100, 1535, 1537,

1538 _

8 his strains
TA98, 100, 1535,
1537, 1538
TA1535, 1536,
1537, 1538

TA98,

TA100

G 46

P2 hcr . )
/r WP2 hcr , her

al Rs

a 21, a 742
a21

MP-1

MP-1

+
Rec , Rec

*%
End-point Dose
gene mut. 0-666
gene mut. 0-500
gene mut. 0-1,000
gene mut. 0-1,000
gene mut. 0-1,000
gene mut. 0-1,000
gene mut. 0-1,000
gene mut. 400
gene mut. 0-200
gene mut. 0-60
gene mut. 0/30
gene mut. 0-100
chrom. ab. 0-500
SCEs 0-50
SCEs 0-500
gene mut. 0-500
gene mut. 0-100
gene mut. 0-20
gene mut. 0/10
gene mut. 0-20
gene mut. 0-100
gene mut. 0-30
gene mut. 0-5,000
gene mut. -
gene mut.
gene mut. -
gene mut. 0-27
gene mut. 0-27
gene mut. -
gene mut. 0-5,000
gene mut. -
gene mut. -
gene mut. -
gene mut. -
gene mut. -
gene mut. 400
gene conv. 400
gene conv. 50
“DNA damage" -

ug/plate
pg/plate
ug/plate
ug/plate
ug/plate
ug/plate
ug/plate
ug/ml
uglmlt
ug/mg
ug/ml
ug/ml
ug/ml
ug/mi
ug/ml

ug/plate
ug/plate
ug/mg
ug/ml
ug/ml
uglmlt

lat
ug/plate

ug/plate

0-toxic conc.

ug/plate
ug/platet

ug/plate

ug/ml
ug.ml
ng/ml

+ rt + t+t t ot
S~

dokeok
Result Reference
without / with
activation
*
- 141 - / - Haworth et al. /83
P, - [14) - /7 - Rasanen et al. '77
- (141 - / + Strobel & Grummt ‘87
- [141 - /7 + Strobel & Grummt ‘87
- [141 - / - Strobel & Grummt /87
- 141 - / + Strobel & Grummt /87
- [31 - Rapson et al. ‘80
P, 99% [111 + Fahrig et al., 78
- + / nt McGregor et al. ‘88
P,>99.9 [15] + Hattula & Knuutinen’85
P,>99.9% [16] - Hattula & Knuutinen’85
P,>99.5% (18] - Jansson & Jansson,’86
- -/ - Galloway et al. '87
- -/ nt Galloway et al. 87
- nt / - Galloway et al. 87
P, - (141 - / - Rasanen et al. 77
T, 86% -/ - Zeiger et al. /88
P,>99.9 [15]1 + Hattula & Knuutinen’85
P,>99.9 [16] - Hattula & Knuutinen’85
P,>99.9 171 - Hattula & Knuutinen’85
P,>99.5% [18] - Jansson & Jansson, 86
L
T, 92% (14 - / - Haworth et al. ’83;
NTP /89b
- [21 - Moriya et al. 83
T, >90% [3) - Anderson et al. /72
- (s -/ - Simmon et al. '77
- [31 - Shirasu, 1975
- -/ * Nishimura et al. ’82
- -/ - Nishimura et al. ‘82
- [31 - Buselmaier et al. /72
- [21 - Moriya et al. /83
- - Shirasu, 1975
- 2,51 - Fahrig /74~
- [2,6) - Fahrig /74~
- [2,6] - Fahrig /74~
- £33 - Buselmaier et al. /72
P, 99% [12] + Fahrig et al., ’78
P, 99% [12] + Fahrig et al., ’78
- (2,4 + Fahrig ‘74
- - Shirasu, ‘75
(to be continued)
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Table 1.5 In vitro genotoxicity tests with selected chlorophenols

(continued)

Species or
test system

aQ
Purity Result
test without / with

subst. activation

PCP (continued)

Chinese hamster cells V79
Chinese hamster cells V79
Chinese hamster ovary cells

Chinese hamster ovary cells
Human lymphocytes

NaPCP
Human Lymphocytes
Human lymphocytes

gene mut.
gene mut.

chrom. ab.

SCEs

chrom. ab.

SCEs

chrom. ab.

*k
Dose
0/15 ug/ml
0-50 ug/ml

0-100 #Q/mlt

0-30 u9/mlt

/s

/s

P,>99.9 [16]

P,>99.5% [18]

T, 92% [10]

T, 92% (9]
- [2,n

T, 85% (3]
T, 85% (3]

~

1+

I+

Hattula & Knuutinen’85
Jansson & Jansson, '86
Galloway et al. /87;
NTP /8%9b

Galloway et al. ’87;
Fahrig /74~

NTP /8%9b

Ziemsen et al. 87
Ziemsem et al. 87

Result:
positive response: +
negative response: -

equivocal response: * (weakly positive and/or not dose-related and/or not reproducible response)

Species:
B. subt. = Bacillus subtilis
E. coli = Escherichia coli

S. cere. = Saccharomyces cerevisiae

S. marc. = Serratia marcescens

S. typh. = Salmonella typhimurium

* In these NTP studies both rat and hamster liver S$9 mix
the response indicated is the combined result of these

End-point:
gene mut.
gene conv. =
chrom. ab.
SCEs
u-DNA-synth.

gene mutation
gene conversion
chromosomal aberrations
sister chromatid exchanges
unscheduled DNA-synthesis

** The highest dose tested is limited by toxicity (t) or solubility (s).

were used separately as metabolic activation systems;
tests.

*** In a number of studies several species and/or strains have been tested separately; in these cases the
response indicated is the combined result of all tests (either without or with metabolic activation).

& P: "purified"; T: "technical-grade".

For further footnotes, see next page.
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Negative response in two tests with rat S9; weakly positive/equivocal response in two tests with hamster
S9-mix.

In this study a great number of pesticides has been tested; according to the section on "materials and
methods", S9-mix has been used when required, but the results of tests without and with metabolic
activation have not been reported separately.

Presence of metabolic activation not stated.

Induction of mitotic gene conversion at the “ade2" and “trp5" loci, after a 6-hr treatment time in a liquid
holding test. At the test concentration used (0.19 mM in 1% DMSO) survival was 30%. No other data on
"materiala and methods" and "“results" are reported.

Liquid holding test, detecting a forward mutation to streptomycin-resistance in E. coli (not available,
based on personal communication to Fahrig).

Spot tests, detecting a reverse mutation to protothropy in S. marcescens or a forward mutation to galactose
protothrophy in E. coli (not available, based on personal communication to Fahrig).

Not available, based on personal communication to Fahrig.

In this study the test concentrations used in the tests with and without metabolic activation were
different (so, "nt" in this study stands for "not tested at this concentration range'"). Based on their
definitions, "NTP" considered the response in these test to be "positive", but this conclusion is not
supported by "RIVM"-experts on genotoxicity.

Based on their definitions, "NTP" considered the response in the test without metabolic activation to be
"weakly positive", but this conclusion is not supported by "RIVM"-experts on genotoxicity.

Based on their definitions, "NTP" considered the response in the test with metabolic activation to be
"positive", but this conclusion is not supported by "RIVM"-experts on genotoxicity.

Fahrig et al. considered the response (a two-fold increase; significant at p < 0.02) to be "very weak".
A three-fold and two-fold increase (both significant at p < 0.001) were observed with regard to forward
gene mutation and mitotic gene conversion (intragenic recombination), respectively.

Reagents of the highest available purity were perchased from commercial suppliers.

Test compound dissolved in dimethyl sulphoxide (DMSO).

Direct assay: test compound added to a monoculture of V79 cells. Solvent: acetone. Exposure time: 48-hr.
The historical background mytant frequency has not been reported. The mutant frequency at exposure was
up to 35 x 10 and 53 x 10 for 2,3,4,6-T4CP and 2,4,6-T3CP, respectively; that in control groups of thgse
tests was 0 x 10 = (In other control groups in this test system, the mutant frequency was up to 34 x 10
Hepatocyte-mediated assay: test compound added to a culture of V79 cells and rat hepatocytes.

Solvent: acetone. Exposure time: 48-hr.

Fibroblast-mediated assay: test compound added to a culture of V79 cells and rat fibroblasts.

Solvent: acetone. Exposure time: 48-hr.

Direct assay: test compound added to a monoculture of V79 cells. Solvent: acetone. Exposure time: 24-hr.
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Table 1.6 In_vivo genotoxicity tests with chlorophenols - animal studies
Species and Exposure Exp Result Reference
test system time
2-MCP
Mouse (m,f; adult) 0-35-69-175 mg/kg bw/day 2-w Negative Borzelleca, ’85¢c
Sperm morphology, by gavage, in corn oil [1al
SCEs and other effects (6]
2,3-DcP
Mouse (m) Single toxic (sublethal) 26-hr Negative Kessler et al.
Bone marrow SCEs dose, i.p. injection
2,4-DCP
Mouse (m) Single toxic (sublethal) 26-hr Negative Kessler et al.
Bone marrow SCEs dose, i.p. injection
Mouse (m,f; adult) 0-64-128-638 mg/kg bw/day 2-w Negative Borzelleca, ’85¢c
Sperm morphology, by gavage, in corn oil [1b]
SCEs and other effects [6]
2,5-DCP
Mouse (m) Single toxic (sublethal) 26-hr Equivocal Kessler et al.,
Bone marrow SCEs dose, 80-240 mg/kg bw; [5]
i.p. injection
2,6-DCP
Mouse (m) Single toxic (sublethal) 26-hr Negative Kessler et al.
Bone marrow SCEs dose, i.p. injection
2,4,6-T3CP
Mouse (f, age 10 w) 50 or 100 mg/kg/bw, i.p. foetal Negative Fahrig et al., '78
Spot test injection on day 10 period [4)

(to be continued)

of gestation
(40 animals/group)
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Table 1.6 In vivo genotoxicity tests with chlorophenols - animal studies
(continued)
Species and Exposure Exp Result Reference
test system time
PCP
Mouse (age 10-12 w) 75 mg/kg bw, s.c. 3-hr [1] Negative in both Buselmaier et al.,’72
Host-mediated assay strains

(gene mutation in S. marc strain a 21
and S. Typh, strain G46

Mouse (m) Single toxic (sublethal) 26-hr Negative Kessler et al.

Bone marrow SCEs dose, i.p. injection

Mouse (f, age 10 w) 50 or 100 mg/kg/bw, i.p. foetal Negative Fahrig et al., /78
Spot test injection on day 10 period 3]

of gestation
(40 animals/group)

Mouse (m, age 7-10w) 6-400 mg/kg bw/day, i.p. 5-w Negative, both with Osterloh et al.,’83
Sperm morphology assay injections on each of reagent- and technical- [2]

5 consecutive days grade PCP
Drosophila melanogaster 2,000 mg/l in feeding 3-d Negative Vogel & Chandler, 74
Sex-linked lethal test solution
Drosophila sp. sublethal concentration larval Negative (no effect Ramel &

of 400 ppm in corn meal- period on nondisjunction and Magnusson,’79

agar substance loss of

sex chromosomes

S. marc. = Serratia marcescens; S typh. = Salmonella typhimurium

[1al The highest concentration tested was lethal (see table 1.2).

[1b] The highest concentration tested did not result in toxicity (see table 1.2).

[2] Highest sublethal dose: 50 mg/kg bw/day. Lowest lethal dose: 100 mg/kg bw/day.

[31 In surviving offspring the total incidences of spots of genetic relevance (indicating an alteration of the
wild type allele of one of the 4 "color genes" under study or its loss) were 1/169 and 1/147 in two tests
with a dose level of 50 mg/kg bw, and 2/157 in one test at a dose level of 100 mg/kg bw. The incidence in
controls was 1/967.

(41 1In surviving offspring the total incidences of spots of genetic relevance (see [31) were 1/181, 1/159 and
1/175 at a dose level of 50, 50 and 100 mg.kg- bw; the incidence in controls was 1/967.

[51 The increase in SCEs was dose-related. However, only at the highest dose level tested there was a two-fold
increase over baseline readings (7.3 SCEs/cell versus 3.3 SCEs/cell); this concentration was cytotoxic.

[6] Sperm morphology, testicular DNA synthesis, sister chromatid exchanges in testis and bone marrow, and
mitotic index in bone marrow.
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2 ECOTOXTCITY - I: AQUATIC ORGANISMS

2.1 ACCUMULATION

Studies on the accumulation in freshwater and marine organisms has been
reviewed recently for PCP (WHO, 1987) and for chlorophenols other than PCP
(WHO, 1989). The main results, based on both laboratory and field studies,
are reported below together with some (additional) information based on

primary literature sources.

PCP

For algae and invertebrates, bioconcentration factors (BCFs) wup to about
1,000 have been reported generally [The BCF is the concentration in
organisms {weight.kg-l fresh weight) divided by the concentration in water
{weight.l-l)]. Considerably higher BCFs have been reported for the marine
polychaete worm Lanice conchilega. In a field study in which these worms
were collected from a location in the Wadden sea, whole-body BCFs of 2,600
to 8,500 (based on wet weights of organisms) were calculated on the basis
of an average ambient concentration of 0.04 x 10_3 pg.l-l; whole-body BCFs
for another bottom living animal, the actinian Sagartia troglodytes, were
much lower (70 to 180) although both species were collected from the same
sampling locations (Ernst and Weber, 1978). The high potential of L.
conchilega to concentrate PCP was confirmed in a static laboratory test in
which whole-body BCFs were calculated on the basis of the steady-state
concentration in the water: exposure to an initial concentration of 2-5
pg.l-1 resulted in a BCF of 3,800 for this species while a 10-times lower
BCF was found for the mussel Mytilus edulis (Ernst, 1979).

For freshwater fish, whole-body BCFs in the range of 100 to 1,000 have been
calculated, based on short-term (up to 5 days) studies in which the fish
were exposed to concentrations of about 50 to 200 ug.l-l. Similar studies
with regard to exposure time and concentration have resulted in BCFs in the
range of 10 to 100 for marine fish (WHO, 1987). In a long-term study with
freshwater fish, rainbow  trout Salmo  gairdneri was  exposed to
concentrations of 0.01 (control), 0.035 or 0.66 ug Na,PCP.l-1 in continuous
flow systems; the concentrations were chosen on the basis of those measured
in natural environments. Exposure to 0.035 pug NaPCP.l'1 resulted in whole-
body BCFs of 750 and 200, after 6 and 16 weeks, respectively. At 0.66 ug
NaPCP.l_l, the highest whole-body BCF (260) was found after 13 weeks of
exposure; after 16 weeks a slightly lower whole-body BCF (240) was found

(Niimi and McFadden, 1982). Another long-term study on the accumulation of
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PCP was conducted with marine fish. In surviving adult sheepshead
minnows, Cyprinodon variegatus, exposed in a continuous-flow system from
the egg stage through 5 months of age to measured concentrations ranging
from 18 to 195 ug PCP.l-l, whole-body BCFs ranged from 5 to 27. 1In
surviving 28-d o0ld Fl-juveniles, whole-body BCFs ranged from 16 to 48
(Parrish et al., 1978).

Abiotic factors which strongly influences the accumulation of PCP, are the
pH and, at high pH-values, the ionic strength, the two factors governing
the partition coefficient (WHO, 1987). For example, a l-hr exposure of
goldfish Carassius auratus to 0.1 mg PCP.l-1 at pH-values of 5.5, 6, 7, 8,
9 and 10 resulted in BCFs of 131, 120, 56, 24, 12 and 2, respectively.
Correspondingly, toxicity of PCP decreased with increasing pH (Kobayashi
and Kishino, 1980).

Chlorophenols other than PCP

Little data appear to be available on the accumulation of these compounds.
A study in which a freshwater "microcosm" was exposed for 5 weeks to 0.5 pug
2,4,6-T3CP in a continuous-flow system resulted in BCFs of 1,000-4,500 for
macrophytes, 3,000 for invertebrates and 1,000-12,000 for fish. Another
long-term study using a freshwater microcosm (exposed for 4 weeks to 0.5 or
5 mg 2,4,5-T3CP.1-1) resulted in BCFs up to about 2,000 for fish. Short-
term (up to 3 days) laboratory studies with fish resulted in BCFs up to 500
for miscellaneous chlorophenols (WHO, 1989). In some studies a trend of
higher BCFs with increasing chlorination has been observed, but it is noted
that in these studies the exposure concentration decreased with increasing
chlorination. For example, exposure of goldfish C. auratus for 12 hours to

a number of chlorophenols at lethal concentrations ranging from 60 mg.l-l

for 2-MCP to 0.2 mg.l-1 for PCP, resulted in BCFs (based on the
concentrations measured in dead fish) of 6-10 for MCP, 34 for 2,4-DCP, 20-
60 for T3CcP, 93 for 2,3,4,6-T4CP and 475 for PCP. The exposure
concentrations for each compound were chosen closely to the 24-hr LGC50-
values (Kobayashi et al., 1979).

Considerably higher BCFs were calculated for the marine polychaete worm
L. conchilega: 11,000 to 25,000 for T3CP and T4CP, at very low ambient
concentrations (low picogram.l-1 range); these BCFs are based on the

concentration potential compared to PCP. The concentration potential of

T4CP and T3CP was 4-6 and 7-8 times higher, respectively, than that of PCP,
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at ambient concentrations that were 1-15% of that of PCP (Ernst and Weber,
1979).

2.2 TOXTICITY

Introduction

In this section a distinction has been made between freshwater organisms
and marine organisms (both seawater and estuarine organisms), and between
"short-term" and "long-term" exposure. Short-term exposure covers data on
experiments with exposure times up to 96 hours; the most relevant endpoint
of M"acute toxicity" studied in these experiments is lethality. Long-term
exposure preferably covers data on experiments in which organisms are
exposed during a significant part of their lifetimes or, at least, during a
sensitive life stage. The most relevant endpoints of "chronic toxicity"
studied in these latter experiments are effects on growth and reproduction,
at sublethal concentrations. Some organisms (bacteria, algae) do have very
short 1lifetimes; therefore the section on long-term exposure also includes
< 96-hr experiments with this kind of organisms, in case the exposure time
covers one or more generations.
Most "single species" toxicity tests are summarized in the tables 2.1
through 2.5. With exception of two tests in table 2.5, all tests were
evaluated on the basis of the primary literature source and are conducted
according to current guidelines for aquatic toxicity testing. A number of
the tests summarized in table 2.6 do not meet current guidelines or could
not be evaluated because of limited data reported, but these tests have
been summarized in this table (together with tests from the afore-mentioned
tables), to show the relative toxicity of individual chlorophenols under
identical test conditionms.

For PCP, a 1large number of long-term toxicity tests with freshwater
organisms are available, each resulting in a no-observed-effect-
concentration (NOEC) with regard to relevant sublethal parameters. Because
long-term NOEC-values are used preferably to establish a maximum acceptable
concentration ("limit +value") in surface water, the vast amount of short-
term toxicity tests with PCP was not evaluated. A brief review of toxicity
values (LC50- and EC50-values) for PCP is given in the text.

In the draft of the "Integrated Criteria Document Chlorophenols" (January
1990) it has been concluded that current and expected exposure levels of

chlorophenols in surface waters in the Netherlands are much lower than the
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maximum acceptable concentrations derived from toxicity tests. Therefore,
no effort has been made to be exhaustive with regard to the aquatic

toxicity data in the present final report.

2.2.1 Freshwater organisms

Short-term exposure ("single species" tests)

PCP

The acute toxicity of PCP has been investigated in a number of comparative
studies with freshwater organisms. The results of three of these studies,
using test organisms of different taxonomic groups commonly used in aquatic
toxicity testing, are discussed below.

In the first toxicity study in which the sensitivity of 14 different
species to PCP (purity 98%) was compared, 48-hr LC50- and NOLC-values for
crustaceans, coelenterata, molluscs, fish and amphibians ranged from 200 to
2,000 upg PCP.l-1 and from 130 to 930 ug PCP.l-l, respectively. Both LC50-
and NOLC-values of the most sensitive species of these different taxonomic
groups were very similar (within a factor of 3). Two species of insects
were found to be less sensitive: 48-hr LC50-values were 7,000 and 34,000 ug
PCP.l-1 for Aedes aegypti and Culex pipiens, respectively; 48-hr NOLC-
values were 1,800 and 24,000 ug PCP.l-l, respectively. All values mentioned
are based on nominal concentrations. Different test media were wused,
depending on the organism tested (Slooff et al., 1983).

In the second study the sensitivity of the following species was compared:
waterflea Daphnia magna, rainbow trout Salmo gairdneri, fathead minnow

Pimephales promelas, bluegill Lepomis macrochirus, channel catfish

Ictalurus punctatus, chinook salmon Oncorhynchus tshawytscha and cutthroat
trout Salmo clark. A static test (pH 7.4; hardness 40 mg.l-l) with
waterfleas resulted in a 48-hr EC50 of 240 ug PCP.l-l. In static tests (n
= 11), the 96-hr LC50-values for 5 species of fish ranged from 31 to 121 ug
PCP.l-l; the tests were conducted in water with pH 7.4 and a hardness of 44
mg.l_l. In two flow-through tests (pH 7.4; hardness 272 mg.l_l), 96-hr
LC50-values for fathead minnows and bluegills were 205 and 215 ug PCP.l-l,
respectively. The purity of PCP used in these tests was 96%. In both static
and flow-through tests (n = 18; pH 7.4; hardness either 44 or 272 mg.l-l)
with the 6 species of fish, 96-hr LC50-values for NaPCP (added as 90%

liquid) ranged from 30 to 390 pg.l-l. Tests (n = 8; 4 species tested) with
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pentachlorophenol copper salt (added as 2% or 42% liquid) or "Dowicide EC-
7"  (commercial PCP-formulation, purity 88%) resulted in similar 48-hr and
96-hr L(E)C50-values, namely 26 to 920 pg.l-l. All wvalues mentioned are
based on measured concentrations (Mayer, Jr. and Ellersieck, 1986).

In the third study the sensitivity to "Dowicide EC-7" (94% PCP) of 11
native species (molluscs, crustaceans, insects and fish) was studied in
flow-through tests. Most tests were seasonal toxicity tests in river water,
conducted under ambient water temperature and quality; the ranges of water
characteristics (over all tests) were as follows: temperature 3 to 25 0C;
PH 7.4 to 8.4; hardness 112 to 196 mg.l-l). Additional tests were conducted
in lake water under controlled conditions (temperature 25 ©°C; ambient pH
7.3; adjusted pH 7.7 to 8.4). In all, 51 tests were conducted, resulting in
48/96-hr LC50-values ranging from 85 pg.l-1 for the fish Catastomus
commersoni to >7,770 pg.l-l for the crustacean Asellus racovitzai. Most
values were below 500 pg.l-l; seasonality (influence of both temperature
and 1life stage) influenced the sensitivity of some species. Over all
seasons, the three fish species tested were most sensitive, followed by the
three cladoceran species (Hedtke et al., 1986).

The susceptability of different early life stages of rainbow trout Salmo
gairdneri to PCP (99%) was investigated in renewal tests in artificial
(reconstituted) test water (pH 7.2; hardness 50 mg.l-l). The 96-hr LC50-
values were ranging from 480 to 3,000 pg.l_l for different egg stages. Fry
were considerable more sensitive: 96-hr LC50-values for sac fry and early

fry were 32 and 18 pg.l—l, respectively (Van Leeuwen et al., 1985).

In several studies it has been observed that the acute toxicity of PCP and
that of chlorophenols other than PCP is depending on the pH-value of the
test water. For example, in tests with the goldfish carassius auratus,

lethal toxicity of PCP was found to decrease with increasing pH-value of
the test water: at pH-values of 5.5, 6, 7, 8, 9 and 10, 24-hr LC50-values
were 0.05, 0.06, 0.08, 0.25, 2.2 and 16 mg.l-l, respectively.
Correspondingly, the accumulation of PCP was found to decrease with
increasing pH-value (Kobayashi and Kishino, 1980). Similarly, Spehar et al.
(1985) reported differences of a factor of 4-10 between 96-hr LC50-values
at pH-values of 6.5 and 8.5, for different organisms exposed to PCP.
Kénemann (1979) and Saarikoski and Viluksela (1981, 1982) studied the
influence of pH on the toxicity of miscellaneous chlorophenols to fish (see
also table 2.6); these studies show that the toxicity of chlorophenols

decreases with increasing pH-value. Generally, the pH-effect decreases with
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decreasing chlorination, consistent with the increase in pKa-value (acid

dissociation constant) with decreasing chlorination.
Chlorophenols other than PCP - table 2.1

Short-term toxicity tests (freshwater organisms) resulting in L(E)C50-
values are summarized in table 2.1.
For the influence of the pH-value on the acute toxicity of chlorophenols,

the reader is referred to the afore-mentioned data (see PCP).

Quantitative structure-activity relationships (QSARs)

The relationship between physico-chemical properties of chlorophenols and
their toxicity, especially lethal toxicity at short-term exposure, has been
investigated in a number of studies, for example by Koénemann (1979), Liu et
al. (1982), Kaiser et al. (1984), Devillers and Chambon (1986), Banerjee
(1987), Leblanc et al. (1988), Shigeoka et al. (1988a,b) and Zomer et al.
(1990). These studies, in which toxicity data on different organisms -
bacteria, algae, crustaceans or fish- were used, show that the toxicity
generally increases with increasing chlorination. QSAR-equations based on
regression analyses show that the  toxicity (expressed as molar
concentration) is related primarily to the lipophilicity (expressed as the
logarithm of the n-octanol water partition coefficient, Po/wor Poct)' The
strong, positive correlation between toxicity and this variable indicates
that the toxicity of chlorophenols is primarily caused by a non-specific
mode of action, "physical effect", with 1little dependence on chemical
structure (consistent with QSAR-studies using a variety of other nonpolar
chemicals). Konemann (1979) exposed fish to a mixture of phenol and 10
chlorophenols and showed that the toxicity of the mixture could be
calculated on the basis of the concentrations and LC50-values of each
compound present in the mixture. Therefore, phenol and the chlorophenols
showed the additive action to be expected on the basis of a non-specific
mode of action. The QSAR-studies also show that the  toxicity of
chlorophenols is mnot only dependent on the number of chlorine atoms, but
also on the position thereof (see also table 2.1, 2.2 and, especially,
table 2.6). For example, comparative studies show that within the group of
dichlorophenols the toxicity of the para- and meta- substituted compounds
is consistently higher than that of the otho- substituted compounds.
)

Accordingly, multiple linear correlations which include (beside log Po

/v
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other variables such as the acid dissociation constant (pKa) and/or
Hammett’s constant for ortho substitution (26) may result in better
correlations.

In some studies there is a deviation of the general trend of increasing
toxicity with increasing chlorination. For example, in a study with two
different species of algae, the 96-hr EC50 (growth inhibition) for one of
these species increased from MCP (170-30 mg.l-l) to DCP (10 mg.l-l), but a
further increase in the number of chlorine atoms up to PCP did not result
in a further increase in toxicity (Shigeoka et al., 1988a; table 2.2).
A second example is also reported by Shigeoka et al. (1988b): 14-d 1life
cycle studies with waterflea D. magna resulted in similar NOEC-values for
reproduction, independent of chlorination. However, there was a clear trend
of 1increasing toxicity with increasing chlorination for immobilization,
both after 24 hours and 14 days (table 2.6). This indicates that
reproduction is influenced by a different mode of action than

immobilization.

Long-term exposure "single species" tests)

L(E)C50-values (table 2.2)

Long-term toxicity tests (freshwater organisms) resulting in L(E)C50-
values are summarized in table 2.2. In this table both data on PCP and on
other chlorophenols are 1listed. The exposure time ranged from 4 days
(algae) to 21 days (crustaceans).

Additional data on L(E)C50-values

In an ISO-test program, the toxicity of 3,5-DCP to 2 species of unicellular
green algae, Selenastrum capricornutum and Scenedesmus quadricauda, was
studied by 4 different laboratories which were allowed to use their common
test method. The resulting EC50-values (parameter: growth inhibition)
for S. capricornutum and S.quadricauda were ranging from 1,200 to 7,500
;tg.l.1 and from 770 to >10,500 pg.l-l, respectively. In the tests involved,

exposure times ranged from 4 to 18 days (Hanstveit, 1980).
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NOEC-values (table 2.3 and table 2.4)

PCP (table 2.3)

Long-term toxicity tests (freshwater organisms) resulting in NOEC-values
are summarized in table 2.3. In the text below some studies listed in this
table are discussed.

In a comparative study, the toxicity of three different PCP-formulations
to fry of fathead minnow Pimephales promelas was investigated using partial
life-cycle tests. The resulting NOEC-values were 6, 36 and 139 g PCP.l-1
for a composite of commercial available "technical-grade" PCPs, "purified"
PCP (99% PCP) and "Dowicide EC-7" (91% PCP), respectively. The relatively
high toxicity of the mixture of "technical grade" PCPs and the specific
effects (degeneration of fins and opercles, malformations of the anterior
regions of the skull) found at exposure to this preparation, are probable
associated with the presence of relatively high concentrations of highly
toxic contaminants such as chlorinated phenoxyphenols, and polychlorinated
dibenzo-p-dioxins, PCDD, and dibenzofurans, PCDF (Cleveland et al., 1982).
A follow-up study (Hamilton et al., 1986) using the same fish species and
identical test methods, resulted in an NOEC of 66 ug PCP.l-1 and a
(marginal) effect-concentration of 130 pg.l-l, using an "ultrapurified"
PCP-formulation ( purity > 99%) preparation containing less chlorinated
phenoxyphenols than the PCP-formulation used in the study by Cleveland et
al. (1982). In addition, Hamilton et al. (1986) studied the toxicity of a
mixture of chlorinated phenoxyphenols, 1isolated from the mixture of
"technical-grade" PCPs tested by Cleveland et al. (1982); nominal exposure
concentrations of the phenoxyphenols were based on those in the study by
Cleveland et al. (1982). The results of the above-mentioned studies
indicate that chlorinated phenoxyphenols may contribute significantly to
the effects of "technical-grade" PCP.

In an embryo-larval test in which trout Salmo gairdneri was exposed to
NaPCP prepared from "purified" PCP ( > 99%), yolk sac edema and cranial
malformations were rare, while these effects are commonly observed in

similar tests with "technical-grade" PCP (Dominguez and Chapman, 1984).

In a number of tests, different stages of steelhead trout Salmo gairdneri

were exposed to SantobriteR containing a minimum NaPCP content of 90%. All
experiments were conducted in filtered stream water with pH + 7.8. The
following results are expressed as ug PCP.l_l , calculated on the basis of

nominal concentrations of the test compound and assuming 90% purity.
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Semi-static tests with embryos, exposed from fertilization to shortly after
hatching, resulted in 100% mortality at all concentrations tested ( > 33 Ji7:4
PCP.l_l). In these tests, concentrations of 33 and 66 ug PCP.l'1 resulted
in mortality after hatching, while higher concentrations resulted in embryo
mortality. In flow-through tests in which alevins were exposed for 7 weeks
to 33 ug PCP.l-l, percentage mortality increased with decreasing oxygen
levels; the dissolved oxygen levels, ranging from 3 to 10 mg O .1-1, were
of themselves non-lethal. The combination of 33 ug PCP.1° and 10 mg
02.1-1 resulted in 25% mortality. In additional flow-through tests, embryos
were exposed from fertilization to the time of complete yolk utilization;
embryos and alevins were exposed to 8, 17 and 33 pug PCP.l-l, each in water
with dissolved oxygen levels of 3, 5, or 10 mg 02.1-1. All combinations of
PCP and oxygen resulted in increased mortality (when compared to the oxygen
control), with exception of the combination of 8 ug PCP.l-l and 10 mg
02.1-1. The highest concentration tested resulted in 100% mortality,
regardless of the oxygen level. The concentration of 17 ug PCP.l-1 reduced
maximum dry weights of surviving alevins, especially at low oxygen level.
The concentration of 8 ug PCI".l-1 slightly reduced weight at low oxygen
level, but was without effect at the oxygen level of 10 mg 02.1-1 (Chapman
and Shumway, 1978).

In the experiment by Hodson and Blunt (1981) the interaction between NaPCP
and temperature was studied in tests with trout S. gairdneri. Exposure
temperatures for eggs, alevins and fry were 5 or 10 °C, 5 or 15 °C, and 12
or 20 °C, respectively; mean measured concentrations were 0.25 (controls),
13, 24 and 80 pg.l-l. The experiment was started with either fertilized
eggs or post-hatch alevins. Temperature significantly (p < 0.01) enhanced
the effects of NaPCP (weight of alevins at hatch, weight at swim-up, yolk
sac resorption efficiency, grow rate during feeding stage). However,
biomass of eggs exposed at the lowest temperature was most affected by the
highest concentration, and the alevins originating from these eggs failed

to develop to the swim-up stage. The relatively high sensitivity at low

temperature may be the result of the prolonged egg development time.
Chlorophenols other than PCP - Table 2.4

Long-term toxicity tests (freshwater organisms) resulting in NOEC-values

are summarized in table 2.4.
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Additional data ("single species" tests)

PCP

-In a comparative study, the effects of "Dowicide EC-7" (94% PCP) on growth
and/or reproduction of 7 species (molluscs, crustaceans, fish, plants) were
studied in river or 1lake water. Reproduction of the cladoceran
Ceriodaphnia reticulata and the snail Physa gyrina were significantly
affected at the lowest test concentration: 4.1 and 26 pg.l-l, respectively
(actual concentrations). For the remaining 5 species, NOEC-values ranged
from 75 ;Ag.l-1 for the cladoceran C. affinis/dubia to >1,440 pg.l-l for the
plant Lemna minor (Hedtke et al., 1986). These NOEC-values are not listed
in table 2.3, and have not been used in the risk assessment, because the
publication was received shortly before the dead-line of this report.

-A concentration of 1 ug PCP.l-1 has been reported to reduce the fertility
of D. magna (Kolosova and Stroganov, 1973). Because the article is in
Russian, this information can not be evaluated.

-In static tests, sexually mature snails of two strains of Australorbis
glabratus were exposed to concentrations of 50 and 100 ug NaPCP.l-l for 7
days. At 50 ug NaPCP.l-l, fecundity of one strain was adversely affected;
the viability of the eggs of both strains was greatly reduced. Exposure to
100 pug NaPCP.l-1 resulted in increased snail mortality, and greatly
reduced both fecundity and egg viability of both strains. Transfer of the
snails to untreated water after exposure resulted in a partial recovery
(Olivier and Haskins, 1960).

-Increased mortality, reduction of growth, and retardation or complete
inhibition of sexual maturity was found at exposure of common yuppies
Lebistes reticulatus to 500 ug "technical-grade" NaPCP.l-l for 90 days in
a renewal test. The fish were < 2-d old at start; pH and total hardness of
the test water were 8.5 and 165 mg.lnl, respectively. Lower concentrations

were not tested (Crandall and Goodnight, 1962).
Chlorophenols other than PCP

Tests with goldfish C. auratus exposed for 8 days (4-d embryonal exposure

and 4-d larval exposure) to 2,4-DCP in a continuous-flow system resulted in
LC50-values of 390 and 260 mg 2,4-DCP.1-1, at a water hardness of 50 and
200 mg.l_1 CaCO3, respectively. Identical tests with channel
catfish I. puntatus resulted in LC50-values of 1,350 and 1,070 mg.l'l,

respectively. The pH of the test water was 7.8. Tests with rainbow
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trout S. gairdneri exposed for 28 days (24-d embryonal exposure and 4-d
larval exposure) to 2,4-DCP in a continuous-flow system resulted in LC50-
values of 80 and 70 mg 2,4-DCP.1-1, at a water hardness of 50 and 200
mg.l-l, respectively (cited in Krijgheld and van der Gen; primary source

not available).

Field and ecosystem studies ("multiple species" tests)

PCP

The effect of a concentration of 20 pug NaPCP.l-1 on fish Pseudorasbora
parva (initial 1length and weight: 4 cm and 1 g, respectively) and on the
number and weight of several groups of invertebrates present in the well
water used, was studied in artificial streams. Preceeding exposure, water
was flown through the system without fish, to provided sufficient food
organisms for the fish. After 6 weeks of exposure to NaPCP, mortality and
growth of the fish were not affected (the fish received no additional food
during the experiment). In this test, the number and weight of benthic
animals in control and test streams were similar. In a second experiment,
the effects on mortality and growth of juvenile sweet fish Plecoglossus
altivelis and on hatching of eggs of this fish were studied in these
artificial streams, in three consecutive experiments. In these experiments,
the fish received additional food daily. Exposure concentrations and
exposure times were 2, 20 and 34 ug NaPCP.l-l, and 14, 20 and 16 weeks,
respectively. At 34 pug NaPCP.l-l, mortality was not affected; the other
parameters appeared to be adversely affected, especially hatching. The
lowest two concentrations were without apparent effects (statistical data
are mnot  reported). Treatment-related histological effects were not
observed. In a third experiment, mortality and growth of fry of common
carp Cyprinus carpio exposed for 10 weeks in outdoor ponds (continuous-flow
exposure) were not affected at 20 ug NaPCP.l-l. Other concentrations were
not tested (Matida et al., 1970).

The results of four field studies on the effects of PCP on (experimental)
ecosystems have been evaluated by Okkerman et al. (1990). In three of these
studies, effects were observed at the test concentrations used: 40 pg.l-
(purity 94%), 100 pg.l-l (purity not reported) and 500 pg.l_1 (purity not
reported), respectively. In the fourth study, some plant species were

strongly affected at a repeated exposure to 67 ug.l-l (purity > 99%), while
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invertebrates appeared not to be affected; a concentration of 20 p.g.l_1 was

without effect. In this study PCP was applied every 3 or 4 days.

2.2.2 Marine organisms ("single species" tests)

Short-term and 1long-term "single species" toxicity tests with marine
organisms are summarized in table 2.5. The data are very limited,
especially for chlorophenols other than PCP.

Additional data

Conklin and Rao (1978) reviewed a number of 96-hr LC50-values for PCP,
derived from tests with crustaceans. With regard to marine crustaceans, the

lowest values (84 to 363 pug PCP.l-l) were reported for larvae.

2.2.3 Relative toxicity chlorophenols (freshwater and marine organisms)

In a large number of studies, the toxicity of several individual
chlorophenols has been studied under identical test conditions. These
studies are summarized in table 2.6 (see also "short-term exposure”,
QSARs) .

Summary and conclusions "aquatic organisms"™

Accumulation

For PCP, bioconcentration factors (BCFs) wup to about 1,000 are usually
reported for both freshwater and marine organisms, including algae,
invertebrates and vertebrates (fish). For chlorophenols other than PCP,
both similar and higher BCFs have been reported. On the basis of the
limited data available it is concluded that PCP 1is accumulated
(concentrated) to a limited extend by aquatic organisms and that PCP
appears to have a low potential for biomagnification in the aquatic
environment. [Biomagnification is the occurence of a  substance at
successive higher concentrations with Increasing trophic levels in food
chains] However, data on aquatic vertebrates other than fish are lacking. A
number of chlorophenols other than PCP appear to have a higher potential

for bioaccumulation, but the data for these compounds are very limited.
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Toxicity to freshwater organisms

The majority of the data refer to PCP; this compound has been studied in a
large number of short-term and long-term "single species" toxicity tests.
Test organisms included algae and a variety of  invertebrates and
vertebrates (fish). Data on chlorophenols other than PCP are limited,
especially with regard to long-term tests in which sublethal parameters
were studied.

The lowest 48/96-hr L(E)C50-values from "single species" tests conducted

according to current guidelines are 2,500 pg.l-1 for MCP, 1,400 pg.l-l for

DCP, 900 pg.1 ' for T3CP, 205 ug.1°' for T4CP and 18 ug.1°l for PCP.
Generally, the toxicity increases with increasing chlorination, but the
toxicity is also dependent on other physico-chemical properties such as the
position of the chlorine atoms, the para- and meta- substituted compounds
being more toxic than the ortho -substituted compounds. The toxicity
decreases with increasing pH-value of the water, especially the toxicity
of the higher chlorinated compounds which have the lowest pKa-values.
Long-term "single species" tests with PCP (n = 26) have resulted in a wide
range of NOEC-values, 3 to 3,200 pg.l-l, with regard to sublethal
parameters such as growth and reproduction. About half of these NOEC-values
was below 50 pg.l'l. The lowest NOEC-values for chlorophenols other than
PCP (based on 1 to 3 tests) are 500 pg.ln1 for 2-MCP, 630 ,ug.l-1 for 4-MCP,
290 pg.l'1 for 2,4-DCP, 160 pg.l-1 for 2,4,5-T3CP and 970 pg.l-1 for 2,4,6-
T3CP. These NOEC-values also show (similar to L(E)C50-values) a trend of
increasing toxicity with increasing chlorination.

In a number of field studies, including ecosystem studies, adverse effects
have been observed at PCP concentrations > 34 pg.l-l; concentrations up to

20 pg.l-l were without effect.

Toxicity to marine organisms

Data on marine organisms are very limited. Only for PCP there are a
relatively large number of 48/96-hr L(E)C50-values. The (lowest) 48/96-hr
L(E)C50-values from "single species" tests are 3,270 pg.l-1 for 4-MCP,
1,700 ;zg.l_1 for 2,4,5-T3CP, 1,900 ug.l'1 for 2,3,5,6-T4CP and 53 pg.l'l
for PCP.

Long-term tests ( n = 4) with PCP have resulted in NOEC-values of 5 to 100
pg.l_l.

Both the L(E)C50-values and NOEC-values reported here are similar to the

respective toxicity values for freshwater organisms.
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Freshwater organisms -
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short-term toxicity tests with chlorophenols other than PCP: L(E)C50-values

Test- pH
water

Hardness Exp.-

time

Crite-
rion

Result
ug/t

Reference

2-MCP

Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Pimephales promelas
Poecilia reticulata

3-ncp
Daphnia magna
Daphnia magna

4-MCP

Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Pimephales promelas
Poecilia reticulata

2,3-DcP

Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna

2,4-DCP

Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Pimephales promelas
Pimephales promelas
Poecilia reticulata

2,6-DCP

Daphnia magna
Daphnia magna
Daphnia magna
Daphnia magna
Poecilia reticulata

S-tclosed"
S-“closed"
S-%closed”
S-Yclosed®
S
F
R

S-vclosed"
S-"closed"

S-"closed"
S-"closed"
S-Yclosed"
S-¥closed"
S-Yclosed"
S-"closed"
S

S-Y%closed"
R

S-"closed"
S-tclosed"
S-"closed"
S-"closed"

S-¥closed"
S-tclosed®
S-fclosed"
S-"closed"
S-"closed"
S-closed"
S

F
S
R

S-"closed”
S-"closed"
S-%closed"
S-#closed"

art. 7.0-8.2
art. 7.0-8.2
art. 8.0
lake -

well 7.4-9.4
lake 7.5

tap 7.0

art. 7.0-8.2
art. 7.0-8.2

art. 7.0-8.2
art. 7.0-8.2
art. 8.0
art. 8.0
art. 8.0
lake -

well 7.4-9.4
lake 7.2-8.5
tap 7.0

art. 7.0-8.2
art. 7.0-8.2
art. 8.0
art. 8.0

art. 7.0-8.2
art. 7.0-8.2
art. 8.0
art. 8.0
art. 8.0
lake -

well 7.4-9.4
lake 7.5
lake 7.5

tap 7.0

art. 7.0-8.2
art. 7.0-8.2
art. 8.0
art. 8.0
7.0

200
200
250
173

45
80-100

200
200

200
200
240
240
250

173
96-125
80-100

200
200
240
240

200
200
240
240
250

173

45

45
80-100

24-hr
48-hr
24-hr
48-hr
48-hr
96-hr
96-hr

24-hr
48-hr

24-hr
48-hr
24-hr
48-hr
24-hr
48-hr
48-hr
96-hr
96-hr

24-hr
48-hr
24-hr
48-hr

24-hr
48-hr
24-hr
48-hr
24-hr
48-hr
48-hr
96-hr
48-hr
96-hr

24-hr
48-hr
24-hr
48-hr

L(E)C50
L(E)C50
L(E)C50
L(E)C50
L(E)C50
LCc50

LC50

L(E)C50
L(E)XC50

L(E)C50
L(E)C50
L(E)C50
L(E)C50
L(E)C50
L(E)C50
L(E)C50
LC50

LCS0

L(E)C50
L(E)C50
L(E)C50
L(E)C50

L(E)C50
L(E)C50
L(E)XC50
L(E)C50
L(E)C50
L(E)C50
L(E)C50
LC50

LC50

LC50

L(E)C50
L(E)C50
L(E)C50
L(E)C50
LC50

15,800,
7,900

8,100,
4,050
3,400
2,500
8,600
4,800
4,100
3,800
8,490

5,200
2,600
4,100
3,100

2,700
1,350
2,500
1,400
3,900
2,600
2,600
8,200 o
8,570 o
5,520

Devillers & Chambon, ‘86
[11
Kihn et al. ’8%b
Kopperman et al.,’74
LeBlanc ’80 [21
Phipps et al.’81
Saarikoski & Viluksela,’82

Devillers & Chambon, ‘86
4l

Devillers & Chambon, 86
[

Kihn et al., ’8%a

Kihn et al., ’89a

Kihn et al. 8%
Kopperman et al.’74
LeBlanc ‘80 [2]
Mayes et al., ‘83 {41

Saarikoski & Viluksela,’82

Devillers & Chambon, 86
Mm

Kihn et al., ‘89a

Kihn et al., ’89a

Devillers & Chambon, ‘86
M

Kihn et al., ’8%9a

Kihn et al., ‘89a

Kihn et al. ‘8%

Kopperman et al.,’74

LeBlanc 780 [2]

Phipps et al.’81

Phipps et al.’81

Saarikoski & Viluksela, ‘82

Devillers & Chambon, /86
D]

Kihn et al., '89%9a

Kihn et al., '89a

Saarikoski & Viluksela,’82

(to be continued)
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Table 2.1 Freshwater organisms - short-term toxicity tests with chlorophenols other than PCP: L(E)C50-values

(continued)
Organism A Test- Test- pH Hardness Exp.- Crite- Result Reference

type water time rion ug/l

3,4-DCP
Daphnia magna - S-"closed" art. 7.0-8.2 200 24-hr L(E)C50 2,800* Devillers & Chambon, 786
Daphnia magna - S-“closed" art. 7.0-8.2 200 48-hr L(E)C50 1,400 [11
3,5-DCP
Daphnia magna - S-“closed" art. 7.0-8.2 200 24-hr L(E)C50 2,100* Devillers & Chambon, ‘86
Daphnia magna - S-"closed" art. 7.0-8.2 200 48-hr L(E)C50 1,050 M
2,3,4-13cP
Daphnia magna - S-"“closed" art. 7.0-8.2 200 24-hr L(E)C50 2,200, Devillers & Chambon, ‘86
Daphnia magna -  S-"closed" art. 7.0-8.2 200 48-hr L(E)C50 1,100 1
2,3,5-13¢cP
Daphnia magna - S-“closed" art. 7.0-8.2 200 24-hr L(E)C50 2,300* Devillers & Chambon, ‘86
Daphnia magna - S-“closed" art. 7.0-8.2 200 48-hr L(E)C50 1,150 [11
2,3,6-T3CP
Daphnia magna - S-closed" art. 7.0-8.2 200 24-hr L(E)C50 7,400, Devillers & Chambon, 86
Daphnia magna - S-“closed® art. 7.0-8.2 200 48-hr L(E)C50 3,700 m
2,4,5-13CP
Daphnia magna - S-Yclosed" art. 7.0-8.2 200 24-hr  L(E)C50 2,100, Devillers & Chambon, /86
Daphnia magna - S-“closed" art. 7.0-8.2 200 48-hr L(E)CS0 1,050 [1]
Daphnia magna - S-"closed® art. 8.0 240 24-hr L(E)C50 1,500 Kihn et al., '89a
Daphnia magna - S-"closed" art. 8.0 240 48-hr L(E)C50 900 Kihn et al., ‘89a
Daphnia magna - S well 7.4-9.4 173 48-hr  L(E)C50 2,700 LeBlanc ‘80 {21
Pimephales promelas - F lake 7.64-8.2 44-49 96-hr LC50 1,270 Norberg-King, /89
Pimephales promelas + R lake 7.4-8.2 44-49 96-hr LC50 900 Norberg-King, /89
Poecilia reticulata + R tap 7.0 80-100 96-hr LC50 1,245 Saarikoski & Viluksela,’82
2,4,6-T3cP
Daphnia magna - S-"closed" art. 7.0-8.2 200 24-hr  L(E)C50 5,500* Devillers & Chambon, ‘86
Daphnia magna - S-"closed" art. 7.0-8.2 200 48-hr L(E)C50 2,750 {11
Daphnia magna - S-Yclosed" art. 8.0 240 24-hr L(E)C50 3,700 Kihn et al., ’'89a
Daphnia magna - S-“closed" art. 8.0 240 48-hr L(E)C50 2,200 Kihn et al., ’89%9a
Daphnia magna - S well 7.4-9.4 173 48-hr L(E)C50 6,000 LeBlanc 780 [21
Pimephales promelas + F lake 7.5 43-48 96-hr LC50 9,150 o Phipps et al.’81
Poecilia reticulata + R tap 7.0 80-100 96-hr LC50 2,265 Saarikoski & Viluksela,’82
3,4,5-13CP
Daphnia magna - S-¥Mclosed" art. 7.0-8.2 200 24-hr  L(E)C50 900* pDevillers & Chambon, ‘86
Daphnia magna - S-tclosed"” art. 7.0-8.2 200 48-hr L(E)C50 450 [11
2.,3,4,5-T4CP
Daphnia magna - S-Yclosed" art. 7.0-8.2 200 24-hr L(E)C50 1,800, Devillers & Chambon, /86
Daphnia magna - S-Yclosed" art. 7.0-8.2 200 48-hr L(E)C50 900 (11
Pimephales promelas + F lake 6.9-7.7 43-47 96-hr LC50 440 Holcombe et al., 84
Salmo gairdneri + F lake 6.9-7.7 43-47 96-hr LC50 205 Holcombe et al., ‘84

(to be continued)
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Table 2.1 Freshwater organisms - short-term toxicity tests with chlorophenols other than PCP: L(E)C50-values

(continued)
Organism A Test- Test- pH Hardness Exp.- Crite- Result Reference

type water time rion ug/l

2,3,4,6-ThCP
Daphnia magna - S-Yclosed" well 7.4-9.4 173 48-hr L(E)C50 290 LeBlanc ‘80 [21
Poecilia reticulata + R tap 7.0 80-100 96-hr LC50 1,085 Saarikoski & Viluksela,’82
2,3,5,6-T4cP
Daphnia magna -  S-"closed" art. 7.0-8.2 200 24-hr L(E)C50 2,300, Devillers & Chambon, ‘86
Daphnia magna - S$-"closed" art. 7.0-8.2 200 48-hr L(E)C50 1,150 {11
Daphnia magna - S well 7.4-9.4 173 48-hr L(E)C50 570 LeBlanc '80 [21
"T4CP™

Ceriodaphnia reticulata - S lake 7.2-7.4 45 48-hr  L(E)CS0 335 Mount & Norberg, 84 [3]
Daphnia magna - 8 lake 7.2-7.4 45 48-hr  L(E)CS0 405 Mount & Norberg, 84 [3]
Daphnia pulex - S lake 7.2-7.4 45 48-hr L(E)C50 1,000 Mount & Norberg, ’84 [3]
Simocephalus vetulus - S lake 7.2-7.4 45 48-hr L(E)C50 145 Mount & Norberg, ’84 [3]

art.: artificial test water

[1] Test compound: “analytical-grade" (purity > 95%). The 48-hr L(E)C50 (*) is not reported, but estimated from the
24-hr value using a factor of 2. This factor is based on the difference between the 24-hr and 48-hr L(E)C50 observe
for a number of chlorophenols in the study by Kihn et al. (1989a) using the same test species.

[2]1 The range of pH-values is based on all tests that were conducted in this study, which included other compounds
as well. Minimum purity of the test compounds was 80%.

[3] Test compound not specified.

[4]1 The value indicated is the lowest value observed in tests using different life stages.

Range pH-values and hardness: see [2].

Short-term L(E)C50-values of PCP are reviewed in the text.
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Table 2.2 Freshwater organisms - long-term toxicity tests with chlorophenols: L(E)C50-values
Organism A Test- Purity Test- pH Hardness Exp.- Crite- Result Reference
type comp. water. time rion ug/l
2-MCP
Chlorella vulgaris - Sclosed art. 7.5 1" 4-d EC50 170,000 [5] Shigeoka et al.,’88a
Selenastrum capricornutum - Sclosed ag art. 7.5 1 4-d ECSOg 70,000 [5] Shigeoka et al.,’88a
Poecilia reticulata - R 9 oart. 7.3 25 27-d Les0® 11,200 (3] Kbnemann (79
Pimephales promelas + F - lake 7.5 45 8-d LC50 6,300 o Phipps et al.,’81
3-mcP
Selenastrum capricornutum - Sclosed a_ art. 7.5 1 4-d  EC50 29,000 [5] shigeoka et al.,’88a
Poecilia reticulata - R S oart. 7.3 25 »7-d Leso’ 6,400 (31 K8nemann 79
4-MNCP
Chlorella vulgaris - sclosed a art. 7.5 1 4-d  EC50 29,000 {51 Shigeoka et al.,b’88a
Selenastrum capricornutum - S ad art. 7.5 1" 4-d  Ecs0° 38,000 [5] shigeoka et al.,’88a
closed g g
2,3-bcp
Selenastrum capricornutum - S a art. 7.5 1" 4-d  ECS0 5,000 {5] Shigeoka et al.,’88a
closed g g
2,4-DCP
Chlorella vulgaris - Sclosed a art. 7.5 11 4-d  EC50 9,200 [5] Shigeoka et al.,’88a
Selenastrum capricornutum - Scl sed ag art. 7.5 11 4-d ECSOg 14,000 [5] shigeoka et al.,’88a
Poecilia reticulata - R © -9 art. 7.3 25 =27-d LCSOg 4,200 [31 KBnemann 79
Pimephales promelas + F - lake 7.5 45 8-d LC50 6,500 « Phipps et al.,’81
2,6-DCP
Chlorella vulgaris - S losed a art. 7.5 11 4-d  EC50 9,700 [5] Shigeoka et al.,’88
Selenastrum capricornutum - Sc ose ag art. 7.5 1 4-d ECSOg 29,000 [51 Shigeoka et al.,’88a
closed g 9
3,4-DCP
Selenastrum capricornutum - S a art. 7.5 1 4-d  EC50 3,200 [51 Shigeoka et al.,’88a
closed g 9
3,5-bcp
Selenastrum capricornutum - 8 Losed a art. 7.5 1" 4-d  EC50 2,300 [51 Shigeoka et al.,’88a
Poecilia reticulata - Rc ose 9 art. 7.3 25 =z27-d LC50g 2,700 [31 Kbnemann ’79
2,.3,4-13cP
Selenastrum capricornutum - [ a art. 7.5 11 4-d  EC50 2,000 [5] Shigeoka et al.,’88a
closed g g
2,3,5-13¢cp
Poecilia reticulata - R - art. 7.3 25 =27-d LC50 1,600 [31 K8nemann ‘79
2,3,6-13cP
Astacus fluviatilis - R - tap 6.5 120 8-d LC50 5,400 Kaila &
7.5 19,000 Saarikoski, '77
Poecilia reticulata - R - art. 7.3 25 =27-d LC50 5,100 [31 Kénemann /79
2,4,5-13cP
Pimephales promelas + R a lake 7-8 45 7-d  LC50 740 Norberg-King, /89

(to be continued)
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Table 2.2 Freshwater organisms - long-term toxicity tests with chlorophenols: L(E)C50-values
(continued)
Organism A Test- Purity Test- pH Hardness Exp.- Crite- Result Reference
type comp. water. time rion ug/l
2,4,6-13cP
Chlorella vulgaris - S a art. 7.5 1 4-d  EC50 10,000 [5]1 Shigeoka et al.,’88a
Selenastrum capricornutum - sclosed ag art. 7.5 1 4-d EC50g 3,500 [5] Shigeoka et al.,’88a
Pimephales promelas closed ¢ ke 7.5 45  8d Lcs0® 6,100 o Phipps et al.,’81
3,4,5-13cP
Poecilia reticulata - R - art. 7.3 25 =27-d LC50 1,100 [3]1 KBnemann ‘79
2,3,4,5-T4CP
Poecilia reticulata - R - art. 7.3 25 =27-d LC50 770 [3]1 K8nemann ‘79
2,3,4,6-T4CP
Chlorella vulgaris - S a art. 7.5 11 4-d  EC50 10,100 {5) sShigeoka et al.,’88a
Selenastrum capricornutum - SClosed ag art. 7.5 11 4-d ECSOg 1,300 [5) Shigeoka et al.,’88a
closed g 9
2,3,5,6-14CP
Poecilia reticulata - R - art. 7.3 25 =27-d LCS50 1,400 [31 K8nemann '79
PCP
Chlorella vulgaris - S a art. 7.5 11 4-d  EC50 10,300 [5] Shigeoka et al.,’88a
Selenastrum capricornutum - SClosed ag art. 7.5 11 4-d EC50g 420 [5] Shigeoka et al.,’88a
Astacus fluviatilis - gotesed 9 b 65 120 8-d tese® 9,000 Kaila &
9 7.5 53,000 Saarikoski, 77
Daphnia magna - R a lake 8.1 225 21-d  L(E)C50 800 Van Leeuwen et al.’87
Daphnia magna + R 9 art. 7.9 100 21-d  L(E)CS0 435
art-50% 21-d  LC50 180 [4]1 Adema ‘78
Brachydanio rerio + F a well 8.1 360 = 6-d LC50 99 o [2] Fogels & Sprague ‘77
Carassius auratus + F & - 7.6 W8  1-d Les0™ 174 e [1] Cardwell et al.’76
Jordanella floridae + F ag well 8.1 360 = 6-d LC50 1,600 « [2] Fogels & Sprague 77
Lepomis macrochirus + F & - 7.9 145 t-d 1c50t™ 198 (11 Cardwell et al.!76
Pimephales promelas + F ag - 7.8 156 14-d  LC50 141 o [1] Cardwell et al.’76
Pimephales promelas + F 8 lake 7.4-8.4 45 8-d LCSOthr 210 « Phipps et al.,’81
Poecilia reticulata - R - art. 7.3 25 =27-d LC50 T 380 [31 Kbnemann, '79
Salmo gairdneri + F - 8.1 360 = 6-d LC50 212 o [2] Fogels & Sprague 77
salvelinus fontinalis F az - 7.9 147 14-d Lcso:::' 109 & [1] Cardwell et al./76
g = growth
Purity test compound: a_ = “analytical-grade" (%reagent-grade", "purified"); tg = ¥technical -grade®

In most test with PCP, ghe test compound was added as NaPCP.

LCSOt r : Median lethal threshold LC50 (incipient LC50).
Values for PCP which have been printed bold have been used in the "Kooijman (1987) extrapolation method"
(see risk assessment).

[1) Test solutions prepared from (99% +) PCP. Test water was filtered through Whatman No.1 paper before measurement o
NaPCP concentration. After 14-d of exposure the incipient LC50 (median lethal threshold) was reached in the tes
with S. fontinalus. The fish were fasted during the acclimation (3 days) and exposure (14 days) period.

[21 Test solutions prepared from "technical-grade" NaPCP (79% +; 11% sodium salts of other chlorophenols; < 10% iner
clay). Fish were not fed during the acclimation (1 day) and exposure (= 6 days) period.

[3]1 Tests conducted in standard water according to Alabaster and Abram (1964); oxygen content 2 4 mg/l.

[41 Tests conducted in standard reference water, prepared according to Freeman, 1953.

In 100% and 50% SRW, control mortality was < 8%; in 25% SRW (3-w LC50: 70 ug/l), control mortality was 30%.

[5] Continuous illumination. Growth measured by cell counting.
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- long-term toxicity tests with PCP: NOEC- and MATC-values

Test-
type

Test-

Test-
water.

pH Hardness Exp.-

time

Criterion

Result Reference
ug PCP/L

Bacteria
Pseudomonas fluorescens
log-phase

Algae
Microcystus aeroginosa
Log-phase

Senedesmus pannonicus
log-phase

Macrophytes
Lemna minor "M 19%
2 fronts

Coelenterata
Hydra oligactis
budless

Molluscs
Lymnaea stagnalis

5-m old
eggs

Crustaceans
Daphnia magna
P 1-d old --> F [le]

Daphnia magna
P 1-d old --> F [le]

Daphnia magna

+

F

exponentially growing populations

Daphnia magna
P < 1-d --> F [lc]

Insects
Culex pipiens
1st instar

R

PCP
> 99%

PCP

pCP
2 99%

PCP
> 99%

PCP
> 99%

pPCP

pPcP
> 99%

PCP
97%
PCP
7%

Dsw

DSW

SRW

DswW

lake

lake

DsW

7.8 25

7.7 54

--- 268

8.2 210

8.2 210

7.9 100

8.2 210

8.1 225

8.1 225

8.2 210

8-hr
8-hr

4-d
4-d

4-d

7-d
7-d

3-w
3-w

6-w
7-d

3-w
3-w

3-w
3-w

3-w

3-w

4-w
4-w

NOEC
matc?
g

NOEC
marc?
g

NOEC
MATCg
9

NOEC
MATCg
9

NOEC

S
marc®d

s,9

1,000 (lightning: none)
1,800 ¢/ (1,000 x 3,200))
Slooff & Canton 783 [7]

1,000 (lightning: continuous)
1,800 {/ (1,000 x 3,200)}
Slooff & Canton ‘83 [7]
100 (lightning: continuous)
180 {/ (100 x 320)>
Slooff & Canton ‘83 [7]

1,000 (lightning: continuous)
1,800 {/ (1,000 x 3,200)3
Slooff & Canton ‘83 ([7]

56 {J/ (32 x 100))
Slooff & Canton 83 [7]

10
3.2
5.6 ¢V (3.2 x 10)>
Slooff & Canton ‘83 (7]

180
240 ¢/ (180 x 320)>
Adema ’78 {61
100
180 {/ (100 x 320)3
Slooff & Canton ‘83 [7]

140 o [51
560

750 {/ (560 x 1,000)}
Van Leeuwen et al.’87

3,200
5,600 ¢/ (3,200 x 10,000))

Slooff & Canton 83 [7]

(to be continued)
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long-term toxicity tests with PCP: NOEC- and MATC-values

pH Hardness Exp.-

time

(continued)
Organism A Test-
type
Fish
Oryzias latipes - R

eggs --> | 4-w post-hatching [els]

Pimephales promelas + F
fry < 2-w
PCP (purity 99%)

Test-  Test-
comp. water.
&
purity
PCP DSW 8.2 210
> 99%
well 7.4 272

Dowicide EC-7 (91% PCP; "low-impurity")
Composite of commercial PCP

Pimephales promelas + F
fry, 7-d
Pimephales promelas + F

eggs < 1-d --> 4-w post-hatching [els]

Poecilia reticulata - R
3-4 wold
Salmo gairdneri - F

eggs < 1-d --> fry [els]

Salmo gairdneri + F
eggs < 1-d --> 4-w of feeding [els]

Salmo gairdneri + F
maturing females

Salmo gairdneri - F
fry, 2.1-2.5 g

Salmo gairdneri + F
eggs < 1-d --> late alevins (els]

Amphibians
Xenopus laevis - R
< 2-d old

PCP well 7.4 272
> 99% (ultrapurified)

pcpP lake 7-8 46
reagent-grade

PCP DSW 8.2 210
> 99%

NaPCP  well 7.4 29

Ypurified"

NaPCP  lake 7.9 ---
> 99%

PCP tap 7.5 125
> 99%

NaPCP well 7.2 ---
Q4%

NaPCP stream 7.8 ---
> 90%

PCP DSW 8.2 210
> 99%

13-w
13-w
13-w
13-w
13-w

13-w
13-w

> 4-w
> 4-w

b4-w
4-w

10-w
10-w

> 4w
> 4-W

18-d
18-d
18-d

b4-w
b-w

> 9-w

> 9-w

16-w
16-w

Criterion Result Reference
ug PCP/L

NOEC 32

MATCE':'E'x 56 {/ (32 x 100)>

Py Slooff & Canton /83 [7]
NOECs g 36 o
MATCS'g 55 {/ (36 x 85)) «
NOECs'g z2 139 o
NOECs'g 6 o
MATCS' 9 (V(6x 13«

! Cleveland at al. ’82
NOEC 66 o

s,g,b-d
MATCS g.b-d 93 {/ (66 x 130)3 «

e Hamilton et al. /86 [3)
NOEC 45 o
MATCZ::':'z 57 ¢/ (45 X 73)) «

o Holcombe et al. /82
NOEC 100
MATCz':':: 180 ¢/ (100 x 320))

h Slooff & Canton /83 [7]
NOECS g 11
MATCS'g 1% & (11 x 19

! Dominguez & Chapman /84
NOEC_ . 2
MATC, [T 44 o G/ (24 x 80))

e Hodson & Blunt 81 [2]
NOEC 11 a (July)
MArcz 15 ¢/ (11 x 22> « (July)
NOEC 50 « (December)
° Nagler et al. 86
NOEC f- 3
MATCi':'f_z 5 /(3 x 8)

e Matida et al.,’70 (1]
NOECS g 8 {41
MATC ' 11 /(8 x 16

$:9 Chapman & Shumway ‘78
NOECS d,g 32
MATC ' ' 56 {J/ (32 x 100)>

s,d,g

Slooff & Canton ‘83 [7]

b-d = bone-development; bh = behaviour; d = development; e-d = egg-development; f-c = feed-consumption; g = growth

h = hatchability; o = oogenesis; r =

lc = life cycle test; els =
n.m. =

Fur further footnotes: see next page.

reproduction; s =

early life stage test (egg-larval test)
nutrient medium; DSW = Dutch Standard Water, representing Dutch surface water;
SRW = Standard Reference Water, representing U.S. surface waters

survival; y = yield



[

2]

31

[41

(51

61
71

-115-

Growth (both weight and lenght) was reduced about 30% at 8 ug/l; no statistical data available.
Concentrations are nominal NaPCP concentrations.

Exposure temperatures for eggs, alevins and fry were 5 or 10 °C, 5 or 15 °C and 11.7 0C, respectively.
Biomass of fry exposed at a relatively high temperature of 20 °C was reduced at the lowest concentration tested
(16 ug/l).

Weight (but not length) was reduced significantly (p < 0.05) at 130 ug/l. .

NaPCP added as Santobrite (containing > 90% NaPCP). Oxygen concentration 10 mg/l; at lower oxygen
concentrations, increased mortality and reduced growth occured (for more details: see the text).

At 140 ug/l, yield (mean number of daphnids) was reduced 10% ; the calculated EC50 was 230 ug/i.
Composition standard reference water (SRW) according to Freeman /53.

Purity PCP (2 99%): personal communication investigators.
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Table 2.4 Freshwater organisms - Llong-term toxicity tests with chlorophenols other than PCP: NOEC- and MATC-values
Organism A Test- Purity Test- pH Hardness Exp.- Crite- Result Reference
type test- water time rion ug/1
comp.
2-MCP
Crustaceans
D. magna + R - SW 8.0 250 3-w NOECs - 500 [1,2]
P 1-d old --> F (le) 3-w  MATC ' 700 {/ (500 x 1000)3
ST Kihn et al. /8%
Fish
Pimephales promelas + F - - - - > b-w NOECh s 4,000 o [7]
eggs --> 4-w post hatching [els] > 4w MATCh'S': 5,690 </ (4,000 x 8,100))

Leblanc, ’84b

&-MCP
Crustaceans
D. magna + R - SW 8.0 250 3-w  NOEC 630 [1]
P 1-d old --> F (lc) 3-u MATcz': 900 ¢/ (630 x 1260)2
! Kihn et al. ‘8%
2,4-DCP
Crustaceans
Daphnia magna + R - SW 8.0 250 3-w  NOEC 320 [1,3)
P 1-d old --> F (Lc) MATcz': 450 ¢/ (320 x 640))
! Kihn et al. 789b
Daphnia magna + R a lake 7.8 170 2-Ww  NOEC 780 o
P neonates --> F (lc) 9 2-u MATCZ':': 1,100 ¢/ (780 x 1,550))
e Gersich & Millazo, ‘90
Fish
Pimephales promelas + F a lake 7-8 46
eggs < 1-d --> 9 > 4-w  NOEC 290 o
4-w post-hatching [els] e-d,s.9
> 4-w MATCe_d 6.9 365 v/ (290 x 460)>
e Holcombe et al. /8
2.4,5-T3cP
Fish
Pimephales promelas + R a lake 7-8 47 1-w  NOEC 360 [4]
larvae g 1-w  matc-'? 495 ¢/ (360 x 685))
Pimephales promelas - - - - - - 4-w  Noec"'® 160 [5]
eggs --> post-hatching [els] 4-w  MATC 235 (J/ (160 x 340)3
Norberg-King /8%
2,4,6-13cP
Fish
Pimephales promelas + F - - - - > 4-W NOECh s.g 970 « [7] Leblanc, 84b
eggs --> &-w post hatching [elsl > 4-u MATCh:s: 1,425 {J/ (970 x 2,100)>

e-d = egg-development; g = growth; h = hatchability; r = reproduction; s = survival; w = weight adults
lc = life cycle test; els: early life stage test (egg-larval test)

For further footnotes, see next page.
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Standard Water (according to DIN - German Instiitute of Standardization, 1982a,b)

ag: "analytical-grade" (“reagent-grade")

[11
[2
31
41
{51
(61

(71

Test conducted in closed test vessels.

Minimum concentration measured before renewal: 300 mg/l.

Minimum concentration measured before renewal: 210 mg/t.

Test conducted in sand and carbon filtered UV-sterilized lake water.

Personal communication R. Spehar, fellow-worker of the Environmental Research Laboratory, Duluth, Minnesota.

Test conducted in chlorinated lake water which was adjusted to hardness prior to autoclaving. In a similar 3-w test
(Gersich and Milazzo, 1988, not evaluated), the resulting MATC was identical.

Test conducted according to standard procedures (U.S. EPA, 1972).
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Jable 2.5 Marine organisms - short- and long-term toxicity tests with chlorophenols: miscellaneous toxicity values
Organism A Test- Purity Test Salinity Exp.- Criterion Result Reference
type test water. o/o0o0 time ug/l
comp.

Short-term tests

4-ucP
Skeletonema costatum - - - - - - L(E)C50 3,270 LeBlanc '84a
Mysidopsis bahia - - - - - - LCE)C50 29,700 LeBlanc '84a
Cyprinodon variegatus - S ag nsw 10-31 96-hr LC50 5,400 Heitmuller et al.’81 [1]
2.4,5-13cp
Cyprinodon variegatus - S ag nswW 10-31 96-hr LC50 1,700 Heitmuller et al.’81 [1]
2,3,5,6-T4CP
Cyprinodon variegatus - S ag nsw 10-31 96-hr LC50 1,900 Heitmuller et al.’81 [1]
PcP
Rotifers
Brachionus plicatilis - S - asw 15-30 24-hr LC50 1,360 Snell & Persoone, /89
Oligochaetes
Monopylephorus cuticulatus - R - - 20 96-hr LC50 > 350 Chapman et al., 1982 [5]
Limnodriloides verrucosus - R - - 20 96-hr LC50 > 65 Chapman et al., 1982 (5]
Polychaetes
Ophryotrocha diadema + R - asw 33 96-hr LC50 > 600 Hooftman & Vink, ‘80 [10]
Molluscs
Crassostrea virginica - S a nsw 17 48-hr EC50 40 Borthwick & Schimmel,’78

8 (3,8]
Crustaceans
Palaemonetes pugio + F a nsw 18-31 96-hr LC50 > 515 & Schimmel et al.’78 [3]
Palaeomonetes pugio - S ag nsW 24 96-hr LC50 649 Borthwick & Schimmel,’78 (3]
Palaeomonetes pugio - R ag nswW 10 96-hr LC50 436 Conklin & Rao,’78 [31
Penaeus aztecus + F ag nsw 18-31 96-hr LC50 > 195 « Schimmel et al.’78 [3]
Fish g
Cyprinodon variegatus + F - nswW 24 96-hr LC50 442 « Parrish et al.’78 [21
Cyprinodon variegatus - S5 a nSwW 10 96-hr LC50 > 223 Borthwick & Schimmel, /78 [6]
Fundulus similis + F ag nsw 18-31 96-hr LC50 > 306 o Schimmel et al.’78 (3]
Lagodon rhomboides F ag nswW 18-31 96-hr LC50 53 @ Schimmel et al.’78 [31
Lagodon rhomboides - S ag nsw 26 96-hr LC50 38 Borthwick & Schimmel,’78 (3]
Mugil cephalus + F a: nswW 18-31 96-hr LC50 112 « Schimmel et al.’78 [3]
Long-term tests
pPcP
Polychaetes
Arenicola cristata + S t nsw 22-24 6-d NOLC 156 Rubinstein, 78 [9]

s 6-d  NOEC 45 o

6-d MATc: 60 {/ (45 x 80)>

Ophryotrocha diadema + R - asw 33 7-w NOECS ar 5 « Hooftman & Vink, ‘80 (71
P 2-d old larvae --> F MATCS:g:r 7« /(G x 11D

(to be continued)
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Table 2.5 Marine organisms - short- and long-term toxicity tests with chlorophenols: miscellaneous toxicity values
(continued)
Organism A Test- Purity Test Salinity Exp.- Criterion Result Reference
type test water. o/00 time ug/l
subst.

Long-term tests - PCP (continued)

Mol luscs
Crassostrea virginica + F ag nsW 19-23 8-d ECSOg 76 « Schimmel et al. 78 [3,4]
Crustaceans
Palaeomonetes pugio - R a nsw 10 9-w NOEC m-c 100 Conklin & Rao, ‘78 [3]
s 9-w  MATC' 223 ¢/ (100 x 500))
s,m-¢
Fish
Cyprinodon variegatus + F - nSwW 24 5-m NOECS - 47 o
P (eggs < 1-hr) --> 5-m MATCS'r'z 6h o (/ (47 x 88))
A

F1 (4-w juveniles) [lc] Parrish et al. /78 [2]

g = growth; r = reproduction; s = survival
asw = artificial sea water; nsw = natural sea water
ag = Yanalytical-grade"; tg = "technical-grade"

[11 Purity test compound: = 80%.

[2] Purity test compound: "Baker-grade®.

[31 Test compound added as NaPCP.

[4] Growth measured as shell deposition (mm shell/oyster).

[5]1 values indicated are the lowest values derived at different environmental conditions (temperature 1-10 °C; pH 6-8)

[61 Value indicated is the lowest value derived from tests with different life stage (1-d to 6-w old fry).

[71 No statistics applied. The reproductive potential was reduced 32% and 54% at 11 and 33 ug/l, respectively.
Exposure of adult worms did not affect reproduction at 11 ug/l.

[8]1 ECS50 for abnormal embryonic development.

[91 Test compound "Dowicide G-ST" (79% NaPCP); concentrations measured 1 hour after introduction.

[10] value indicated is that for larvae; adult worms were less sensitive.
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Table 2.6 Relative toxicity of chlorophenols

Organism & Criterion Reference

2~ 3 4 2,3- 2,4 2,5 2,6- 3.4- 3,5- 2,3,4- 2,3,5- 2,3,6,- 2,6,5- 2,4,6- 3,4,5- 2,3, 2,3 2,3 PCP
&,5- 4,6- 5,6

Photobacterium phosphoreum (Microtox test) Kaiser et al., 184

30-min. EC50 (mg/l)

346 14 8.3 4.9 5.5 9.4 13 1.6 2.8 1.2 1.1 13 1.3 7.7 0.36 0.18 1.3 2.2 0.52
RT:

0.01 0.04 0.06 0.1 0.09 0.05 0.06 0.3 0.2 0.4 0.5 0.04 0.4 0.07 1.4 29 0.4 0.3 1

Pseudomonas Rubelt et al., 1982  [2]

EC (mg/L)

120 30 20 8 70 50 130 20 10 40 20  >500 20 170 -- 12 - -- 60
RT:

0.5 2.0 30 0.7 08 1.2 05 30 60 15 3.0 0.1 3.0 0.4 5.0 1

Algae

Chlorella pyrenoidosa (fresh water) Huang & Gloyna, 1968 [7]

72-hr EC50 (mg/l)

150 50 75 --  -- - e e e - -- -- -- -- .- Y
RT ug/l

0.1x 0.3x 0. . . . 1
10'z 101 (1’03 ‘1)0% :092 :o%

Chlorella vulgaris (fresh water) Shigeoka et al., 88a

96-hr EC50 (mg/L)

170 -- 29  -- 9 -- 10 -- .- -- -- -- .- 10 -- == 10 -- 10
RT:

0.06 0.3 1.1 1 1 1 1

Selenastrum capricornutum (fresh water) Shigeoka et al., '88a
96-hr EC50 (mg/l)
70 29 38 5 14 -- 29 3.2 2.3 2.0 -- -- -- 3.5 -- -- 1.3 -- 0.42
RT:
<0.01 0.01 0.01 0.08 0.03 0.01 0.1 0.2 0.2 0.1 0.3 1

Protozoa

Tetrahymena pyriformis Schulz et alt., 786, 87
48-hr EC50

68 -- --  -- 15 -- -- -- -- -- -- -- -- 7.8 -- 0.45 -- 1.0 0.72
RT:

0.01 0.05 0.09 1.6 0.7 1

Crustaceans

Crangon septemspinosa (sea water) Kaiser et al., "84
96-hr LC50 (mg/l)
5.2 -- 4.6 -- -- -- 191 -- 1.5 2.0 -- 2.7 -- -- -- -- 1.9 -- 3.3

(to be continued)
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Table 2.6 Relative toxicity of chlorophenols (continued)

Reference

2,4,6- 3,4,5- 2,3, 2,3 2,3
4,5- 4,6- 5,6-

PCP

Crustaceans (continued)

Daphnia carinata (fresh water)
24-hr L(E)C50 (mg/Ll)

25 -- 12 -- 7 --
RT:
0.02 0.05 0.08

Daphnia magna (fresh water)
24-hr LCE)C50 (mg/l)

9.0 -- 7.4 -- 6.0 --
RT:
0.08 0.09 0.12

Daphnia magna (fresh water)
24-hr L(E)C50 (mg/l)

18 16 8.1 5.2 2.7 --
RT:

0.04 0.05 0.1 0.15 0.3

Daphnia magna (fresh water)
48-hr L(E)C50 (mg/L)
-- == 2.5 3.1 1.4 --

RT:
0.2 0.2 0.4

Daphnia magna (fresh water)
48-hr L(E)C50 (mg/l)

2.6 -- 4.1 -- 2.6 --
RT
0.3 0.2 0.3

Daphnia magna (fresh water)
48-hr L(E)C50 (mg/l)
7.4 -- 4.8 -- 2.6 --

Daphnia magna (fresh water)
7-d L(E)C50 (mg/l)

3.7 -- 2.3 -- 2.6 --
RT:
0.14 0.23 0.20

Daphnia magna (fresh water)

26 .- - - e

0.02

20,0 -+ e- e- e

0.04

9.4 2.8 2.1 2.2 2.3

0.09 0.3 0.4 0.4 0.3

3.4 - - ee e

0.1

2.2 - - .- -

0.04

14-d NOEC survival/reproduction (mg/l)

0.08 -- 0.4 -- 0.3 --
RT:
4.5 0.9 1.2

1.0 - - e- -

7.4

0.1

2.1

0.4

0.9

0.5

2.7

0.3

3.5

0.15

7.5 -- -- 2.3 --
0.07 0.24
Shigeoka et al., 1988b [11]
1.7 -- - 1.6 --
0.4 0.4
Devillers & Chambon, ’86
5.5 0.9 1.8 -- 2.3
0.15

0.9 0.4 0.3

Kihn et al., 1989%a

2.2 -- S
0.2

LeBlanc, 1980 5]
6.0 -- -- 0.3 0.6
0.1 2.3 1.2

Kopperman et al., 1974 [4]

Lebtanc et al., /88 [9]

0.65 -- --

0.7

0.8

0.5

0.7

0.53

0.36

(to be continued)
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Table 2.6 Relative toxicity of chlorophenols (continued)

Organism & Criterion Reference

2- 3~ & 2,3- 2,4 2,5 2,6 3,4~ 3,5- 2,3,4- 2,3,5- 2,3,6,- 2.6,5- 2,6,6- 3,4,5- 2,3, 2,3 2,3 PCP

4,5- 4,6- 5,6-
Crustaceans (continued)
Daphnia pulex (fresh water) Shigeoka et al., 1988b [11]
24-hr L(E)C50 (mg/Ll)
21 -- 00 -- 6.6 -- 17 -- -- -- -- -- -- 3.9 -- -- 1.4 -- 0.41
RT:
0.02 0.04 0.06 0.02 0.1 0.3 1
Fish
Carassius auratus (fresh water) Kobayashi et al., 79
24-hr LC50 (mg/L)
6.0 -- 9.0 -- 7.8 -- -- -- -- -- -- - 1.7 10.0 -- -~ 0.75 -- 0.27
RT:
0.02 0.03 0.03 0.16 0.03 0.36 1
Cyprinodon variegatus (sea water) Heitmuller et al., 1981
96-hr LC50 (mg/l)
-- -- 5.4 -- -- -- -- -- -- -- -- -- 1.7 -- -- -- -- 1.9 --
“Fish" (species not reported) Ingols et al., 1966 [3]
24-hr LC50-value (mg/l)
58 18 14 -- 14 -- -- -- -- -- .- -- -- 3.2 -- -- - -- --
Idus idus melanotus (fresh water) RUbelt et al., 1982" 1 ~
48-hr LC50 (mg/l): Krijgsheld & van der Gen, 86
10.3 5.5 3.8 3.5 4.5 2.8 35 1.1 1.8 1.2 0.6 2.9 0.4 1.9 -- - == - 0.11
83 3 3 4 1 3 0.3 1 0.6
RT:
0.01 0.02 0.03 0.03 0.02 0.04 0.03 0.10 0.06 0.09 0.20 0.04% 0.27 0.06 1
Lepomis macrochirus (fresh water) Buccafusco, 1981 [6]
96-hr LC50 (mg/l)
6.6 -- 3.8 -- 2.0 .- -- -- -- -- -- .- 0.45 0.32 -- -- 0.14 0.17 --
Pimephales promelas (fresh water) Phipps et al., 1981
96-hr LC50 (mg/Ll):
12 -- - .- 8 -- .- -- -- -- -- -- -- 9 - - e -- 0.22
RT:
0.02 0.03 0.02 1
192-hr LC50 (mg/l):
6.3 -- -- -- 6.5 -- -- -- -- .- -- -- -- 6.1 .- -- -- -- 0.21
RT:
0.03 0.03 0.03 1

(to be continued)
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chlorophenols (continued)

3,5-

Reference

2,4,6- 3,4,5-

Fish (continued)

Poecilia reticulata (fresh water)

96-hr LCS50 at pH 8:

- e 9.1 .- 7.6 --

RT:
0.1 0.1

96-hr LC50 at pH 7:

13.8 -- 8.5 -- 5.5 --
RT:
0.03 0.05 0.08
96-hr LC50 at pH 6:

- == 7.7 -- 3.5 --
RT:
’ 0.01 0.03
96-hr LC50 at pH 5:

- -- 6.3 -- -- --
RT:

<0.01

7.9 - .- .- --

0.05

7.8 -+ - e e

0.06

3.9 -- - - - --

0.03

Poecilia reticulata (fresh water)

> 7-d LC50 (mg/l) at pH 7.8:

13.5 7.9 -- -- 5.9 --
RT:
0.06 0.1 0.13
> 7-d LC50 (mg/l) at pH 7.3:
1.2 6.4 -- -- 4,2 --
RT:
0.03 0.06 0.09
> 7-d LC50 (mg/l) at pH 6.1:
7.1 6.4 -- -- 3.3 --
RT:
0.02 0.02 0.04
Salmo trutta
24-hr LC50 (mg/l)
-- -- == - 1.7 --
RT:

0.12

-- -- 4.7 -- 4.7
0.16 0.16
-- -- 2.7 -- 1.6
0.14 0.24
-- -- 2.6 -- 0.88
0.05 0.15
4.0 -- -- .- 0.8
0.05 0.25

13.3

0.06

5.1

0.07

0.95

0.14

3.1

0.3

1.2

0.4

1.0

0.1

0.9

0.22

Saarikoski & Viluksela,

7.9 --
0.1

2.3 --
0.2

0.9 --
0.1

0.6 --
0.07

Kdénemann, 1979

-- 2.4
0.32

-- 1.1
0.35

-- 1.1
0.12

Hattula et al.

1.1 --

0.18

23,23 23 pop
4,5- 4,6- 5,6-
181,182
-~ 3.7 -- 0.9
0.2 1
-1 - 0.44
0.4 1
-- 0.3 -- 0.1
0.3 1
—- e - 0.04
1
141
2.3 -- 3.9 0.7
0.33 0.2 1
0.77 -- 1.4 0.38
0.49 0.27 1
0.44 -- 0.39 0.13
0.3 0.33 1
, 1981a [8]
- 0.5 -- 0.2
0.4 1

chlorophenol "x": LE(C)50 PCP : L(E)C50 chlorophenol "“x")

RT: Relative toxicity (PCP = 1;

For further footnotes, see next

page.
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[11 Two sets of data have been listed by Ribeltt et al.(1982): for a number of compounds the data do not match. The
data which are underlined, are from Krijgheld & van der Gen. Static test system; hardness test water 159 Dy (+ 250
mg/l, as CaCO_), pH 7-8.

[2] Test conditions incompletely reported (for example: no data on exposure time, exposure concentrations, and test
medium used). EC: concentration that reduced the number of cells significantly.

[31 Final dissolved oxygen concentration = 5 mg/l. Test conditions very incompletely reported.

[4]1 From the data reported it is not clear whether the fish were exposed for 7 or 14 days.

[51 Minimum purity test compounds 80%. The total range of pH-values measured in these tests and tests with other
compounds was 7.4 to 9.4.

[61 Minimum purity test compounds 80%. The total range of pH-values measured in these tests and tests with other
compounds was 6.5 to 7.9. The total range of dissolved oxygen concentrations was 9.7 mg/l (at start) to 0.3 mg/l
(after 96-hr).

[71 Study very poorly reported. Effect parameter: chlorophyll concentration. Extrapolated concentrations at which

complete destruction of chlorophyll occured, are reported to be as follows: about 500 mg/l for monochlorophenols,
100 mg/l for 2,4-DCP, 10 mg/! for trichlorophenols, and 7.5 pg/l for PCP. RT: “Relative toxicity coefficient®,
based on the slope of the concentration-effect relationship. Concentrations that showed no substancial toxicity,
were 10 mg/l for monochlorophenols and 1 mg/l for di- and trichlorophenols; a no-effect-concentration for PCP is
not reported.

[8] No data on test medium.

[91 Artificial test water. The 7-d LC50-values were estimated from a combination of 2-d and 7-d toxicity data.

[10] Test medium: proteose peptone medium. Parameter: population growth.

[111 In Japanese.
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List of abbreviations tables 2.1 to 2.6

> and 2
< and =<
Test type
Test time

Criterion

The wvalues

assessment.

+: Test substance analysed in test solution;
-: Test substance not analysed in test solution, or: no data.
Value based on actual (measured) concentrations in test
solutions, as mentioned explicitly in the literature source.
Values not indicated by "a" are considered to be nominal
concentrations.
Secundary literature source; primary source not available.
Value indicated is highest concentration used in the test.
Value indicated is lowest concentration used in the test.
S: static; R: renewal; F: flow-through (continuous flow).
hr: hour(s); w: week(s); m: month(s).
LC50: Lethal concentration for 50% of the organisms exposed.
EC50: Effect concentration for 50% of the organisms exposed.
NOLC: No-observed-lethal-concentration.
NOEC: No-observed-effect-concentration.
MATC: Maximum-acceptable-toxicant-concentration:
the theoretical threshold concentration between the
highest concentration without effect (NOEC) and the
lowest concentration with effect (EC).
The MATC is calculated as follows:
MATC = (/ (NOEC x EC)}.

which have been printed bold have been used in the risk
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3 ECOTOXTCITY-IT: TERRESTRTAL ORGANISMS

3.1 ACCUMULATION

3.1.1 Plants (agricultural crops)

PCP

The wuptake of PCP in soybean and spinach plants was studied in pot
experiments in a greenhouse. The seeds were planted in a sterilized loamy
sand soil (75% sand, 17% silt, 8% clay, 2% organic matter [OM)]) treated
with a single application of 10 mg PCP.kg-l. The soil in which soybean
seeds were planted was 1inoculated with a suspension of Rhizobium
Jjaponicum. In soybean plants the highest PCP concentration in the stem was
reached between day 8 and day 32, when the soil still contained 90% and
60%, respectively, of the amount of PCP added. At day 90, when PCP in soil
had almost completely disappeared, the PCP level in the stem was 20% lower
than that at day 32. Mature whole soybean plants harvested at day 90
contained 15 mg PCP.kg-1 fresh weight; the shoots, roots and seeds
contained 5, 40 and 0.1 mg PCP.kg-1 fresh weight, respectively. Based on
the afore-mentioned decrease in stem PCP concentration, maximum whole-plant
PCP levels must have been (at least) 20 mg.kg-1 fresh weight. Whole spinach
plants, harvested at day 64, contained 10 mg PCP.kg-l fresh weight; shoots
and roots contained 9 and 20 mg.kg_1 fresh weight, respectively. The levels
of PCP metabolites identified in both plant species (tetrachlorophenols,
tetrachloroanisole, tetrachloroanisoles) were very low, namely one to three
orders of magnitude lower than that of PCP itself (Casterline et al.,
1985).

Potatoes stored in PCP-treated wooden bins had elevated levels up to 2.7
mg.kg.1 and 0.5 mg.kg-1 of PCP and T4CP, respectively. Following a spraying
program of cotton and soybeans with PCP (no further details reported),

residue levels up to 2 mg.kg-1 were found (NRCC, 1982).

Miscellaneous chlorophenols

A limited survey for chlorophenols in food carried out in Canada before
1978 showed T4CP and PCP residues in carrots, turnips, cabbage, and beets
in the low mg.kg-1 range, 1 to 8 mg.kg-1 (NRCC, 1982).
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3.1.2 Earthworms - laboratory studies

Accumulation from the soil

Miscellaneous chlorophenols

The accumulation in earthworm species Eisenia  fetida and Lumbricus
rubellus of 3-MCP, 3,4-DCP, 2,4,5-T3CP, 2,3,4,5-T4CP and PCP was determined
in a very humic sand (pH-KCl 5.6, 6.1% OM, 2.4% clay, CEC 10 meq.100 g-l)
and in a moderately humic sand (pH-KCl 5.2, 3.7% OM, 1.4% clay, CEC 7). The
worms were exposed for 14 days to a nonlethal concentration (32-56 mg.kg
dry weight), added to the soil as an aqueous solution in case of 3-MCP,
3,4-DCP and 2,4,5-T3CP and as a solid in case of 2,3,4,5-T4CP and PCP.
After exposure, bioaccumulation factors (BCFs) were calculated by dividing
the concentration in the worms (mg.kg-1 dry weight; worms were analyzed
after emptying their gut) by the average soil concentration (mg.kg-l dry
weight) which was estimated from the 0-day and l4-day soil concentration on
the basis of a first-order degradation rate. BCFs ranged from 0.5 to 8.5
(For 3-MCP, somewhat higher BCFs of 10 and 16 were reported in the two
soils, but because of a relatively high degradation rate, these values are
considered to be not reliable). Assuming 25% dry weight of worms, these
BCFs are equivalent to 0.1 to 2, when based on wet weights of worms. The

concentrations in the worms (measured by GLC with ECD) were not reported.

0.86 for E. fetida and r =

In this study a fairly good correlation (r
0.70 for L. rubellus) was found between Log BCF based on the concentration
in soil solution (pore water) and the lipophilicity, expressed as Log Poct;
BCFs based on soil solution concentrations were within the range of 10 to
100 for 3-MCP and 3,4-DCP, of 10 to 500 for 2,4,5-T3CP and 2,3,4,5-T4CP,
and of 500 to 1,000 for PCP (van Gestel et al., 1987; van Gestel and Ma,

1988).

PCP

The accumulation of [!%4C]NaPCP in earthworm [Allolobophora caliginosa] was
studied in an artificial loam soil (70% sand, 20% bentonite, 10% sphagnum
peat, and + 1% CaCO3 to adjust pH to 6.6; the characteristics of this soil
are very similar to the "OECD" artificial soil, see 3.2.3) containing 2.2
or 11.2 mg.kg-1 dry weight. Earthworms were exposed to the soil 14 days
after this was treated with test compound (equilibrium period), when + 70%
of the applied radioactivity was non-extractable. After 14 days of
exposure, whole-body concentrations were 17 and 144 mg.kg-1 (wet weight) at

low and high exposure 1level, respectively. Of this amount, 15%-30% was
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found in the gut contents. Whole-body (gut included) BCFs based on wet
weights of worms and dry weights of soils were 8 and 13, respectively.
Whole-body BCFs based on dry weights of both worms and soils were 37 and
350, respectively. Concentrations in worms after 14 days of exposure were
about 50% higher than those after 7 days of exposure. Both concentrations
in earthworms and soils are expressed as PCP-equivalents, based on

radiocactivity measurements (Haque and Ebing, 1988).
Accumulation from solution

PCP

In earthworms [A. caliginosa,] exposed to two concentrations (1 and 10
mg.l—l) of [14C]PCP or [14C]NaPCP in aqueous solutions (pH-values not
reported), over 90% of the radiolabel was absorbed after 6 hours of
exposure, showing a rapid wuptake. Concentrations of the respective
equivalents after 24 hours of exposure were slightly lower than those after
6 hours. BCFs (calculated by dividing the concentration in the worms
[mg.kg,-1 wet weight] by the initial concentration in the water [mg.l-l])
after 6 hours of exposure were 2.4 to 3.6. The concentrations in worms were
expressed as PCP-equivalents, based on radiocactivity measurements. After
exposure to [!4C]PCP and [14C]NaPCP, + 50% and = 95% of the amount
accumulated could be extracted from worms' tissues. After exposure to
[14C]PCP, up to 20% of the extractable amount was found as PCP, while after
exposure to [!4C]NaPCP up to 50% of the extractable amount was found as
PCP, indicating a difference in kinetics and metabolism. In both cases
metabolites were polar compounds, the identity of which was not analyzed.
After transfer of the worms to clean water or soil for 1 day, 1%-6% of the
radiolabel was excreted. (Haque and Ebing, 1988).

Data on chlorophenols other than PCP are not available.

3.1.3 Earthworms and other invertebrates - field studies

PCP

The environmental fate and distribution of a single foliar application of
[14C]NaPCP at an equivalent rate of 5 kg.ha-1 (equivalent to 8 mg.kg
soil, dry weight, based on accumulation of the majority of the amount
applied in the top 4 cm of the soil within the experimental time of 19 or
32 weeks) has been studied under outdoor conditions in lysimeters

containing an urban terrestrial micro-ecosystem. The ecosystem consisted of
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soil monoliths covered with plants and stocked with invertebrates, both
herbivores and carnivores. The soil was a sandy loam (clay 2.9%, silt
13.7%, sand 83.4%, organic matter 2%, pH 6.8, CEC 8 meq.). After 3 weeks
of exposure, the highest concentration (105 mg.kg-1 wet weight) was found
in springtails Folsomia candia, an 1insect species which feed mainly on
organic debris. The next highest concentration (77 mg.kg,-1 wet weight) was
found in harvestmen Opiliones sp. which are in general predatory but
scavenging may be important. Concentrations in other invertebrates,
including both herbivores and carnivores, ranged from 0.6 mg.kg-1 wet
weight in snails to 11 mg.kg-1 wet weight in spiders. All concentrations
are expressed as PCP-equivalents, based on radioactivity measurements.
After about 3 weeks, the concentration in organisms appears to decrease,
with the exception of that in snails. Whole-body BCFs (calculated on the
basis of wet weights of organisms and litter, the main food source for
detritophagous organisms) were =<0.01 to 0.05 for most organisms, after 3
weeks of exposure; whole-body BCFs of 0.34 and 0.46 were calculated for
harvestmen and springtails, respectively. If the concentrations in
organisms are related to that in the top so0il layer (0-1 cm: measured
concentration + 4 mg.kg-l dry weight), maximum BCFs reached values of 19
and 26 for harvestmen and springtails, respectively. According to the
autors these values are not high enough to indicate potential danger to the
organisms involved, with regard to ecological magnification. All BCFs were
calculated on the basis of radioactivity measurements in both organisms and
litter and/or soil. After 19 weeks, 0.35% and 0.02% of the radioactivity
recovered, was found in earthworms and other invertebrates, respectively.
After 32 weeks a similar result was found with regard to invertebrates
other than earthworms; the activity found in earthworms at this pouint ot
time is not reported (Haque et al., 1988).

Data on the accumulation of [!4C]NaPCP by two different earthworm species
after 19 weeks of exposure in the outdoor lysimeters (see above) are
reported by Haque and Ebing (1988). Whole-body concentrations were 11.5
mg.kg-1 wet weight in A. caliginosa and 40 mg.kg-1 wet weight in
L. terrestris. Whole-body BCFs based on dry weights of both worms and soil
were 30 and 100, respectively. Whole-body BCFs based on wet weights of the
worms were 6 and 22, respectively. The concentration in soil after 19 weeks
is reported to be 1.8 mg.kg-l dry weight; it is not reported to which part
of the soil layer this concentration has been related. Both concentrations
in earthworms and soil are expressed as PCP-equivalents, based on
radiocactivity measurements.

Data on chlorophenols other than PCP are not available.
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3.2 TOXICITY

Most data on effects of chlorophenols on microbe-mediated processes,
plants, and earthworms are summarized in the tables 3.1 to 3.4. In these
tables, two values are listed for each result. Firstly, the experimentally
determined toxicity wvalue in the soil in question and secondly (according
to Denneman and van Gestel, 1990 and Van der Meent et al., 1990), a
calculated value which is an estimate of the toxicity value in a "standard
soil"” containing 10% organic matter. The calculated value is based on the
assumption that the bioavailability, and hence, the toxicity, is directly

and inversely proportional to the organic matter content of the soil.

3.2.1 Microbe-mediated processes - laboratory studies (table 3.1)

The available data, which refer to both short-term and long-term toxicity
tests with PCP, are summarized in table 3.1. Data on chlorophenols other

than PCP are not available.

3.2.2 Plants (agricultural crops) - laboratory studies (table 3.2)

Toxicity studies with miscellaneous chlorophenols (2-MCP, 3-MCP, 2,4-DCP,
3,5-bCcP, 2,3,5-T3CP, 2,4,6-T3CP and PCP) resulting in EC50- and/or NOEC-
values with regard to the parameter "growth inhibition" are summarized in
table 3.2. In all tests, plants were exposed for 2 weeks.

Additional data

In pot experiments, treatment of a loamy sand soil (75% sand, 17% silt, 8%
clay, 2% OM) with a single application of > 20 mg PCP.kg-1 resulted in
mortality of soybean and spinach plants. An application of 10 mg.kg-1
appeared to be without effect on survival and growth (Casterline et al.,
1985). It 1is noted that growth was not measured quantitatively in this

accumulation study.

3.2.3 Invertebrates - laboratory studies

Earthworms (table 3.3 and 3.4)

Toxicity tests with miscellaneous chlorophenols (3-MCP, 3,4-DCP, 2,4,5-
T3CP, 2,4,6-T4CP, 2,3,4,5-T4CP and PCP) resulting in LC50-values are
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summarized in table 3.3. In most tests, earthworms were exposed for 2
weeks.

In the comparative study by Van Gestel and Ma (1988, 1990), 2-w LC50-values
for 3-MCP, 3,4-DCP, 2,4,5-T3CP, 2,3,4,5-T4CP and PCP were determined for

Eisenia andrei and Lumbricus rubellus in four different soils. The LC50-
values were calculated both on the basis of the concentrations in soil
(mg.kg-1 dry weight) and on the basis of the concentrations in soil pore
water (mg.l-l). In the former case the LC50-values were dependent on the
soil used, with differences up to a factor of approximately 10 (considering
each test compound and test species separately), see table 3.3. Further,
toxicity appeared to be independent of chlorination. In the latter case the
LC50-values in the different soils were largely independent on the soil
used, with differences of a factor of 2 or less. This indicates that the
toxicity is primarily dependent on the concentration in the soil pore water
and, hence, can be predicted on the basis of the adsorption
characteristics. Further, in the 1latter case there was a trend of
increasing toxicity from 3-MCP towards PCP, although little difference in
toxicity was observed between 2,4,5-T3CP, 2,3,4,5-T4CP and PCP (LC50-values
for E.andrei and L. rubellus ranged from about 10 to 1 mg.l-1 and from
about 20 to 3 mg.l-l, respectively; these ranges are based on data on all 5
compounds tested). For each compound tested, E.andrei was (somewhat) more
sensitive than L. rubellus; this may be related to test temperature which
was highest in tests with the former species.

Additional data

The lethal toxicity of PCP has been studied most extensively. In addition
to the tests listed in table 3.3, PCP has been studied as a reference
toxicant in two "ring tests" with E andrei. These tests were conducted in
an artificial soil composed of 10% finely ground sphagnum peat, 20% kaolin
clay, 69% fine sand and 1% calcium carbonate to adjust pH (pH 6.0 + 0.5, 8%
OM, 8% clay). The use of this artificial soil is recommended in the OECD
(Organisation for Economic Co-operation and Development) guidelines for
testing of chemicals. The one test (n = 18) resulted in an average LC50 of
75 (+ 41) mg.kg-1 dry weight; the other test (n = 32) resulted in an
average LC50 of 69 mg.kg-1 dry weight (van Gestel and Ma, 1988; secundary

source). The range of LC50-values is not reported.

Toxicity tests with PCP resulting in NOEC-values with respect to sublethal
parameters (growth, reproduction) are summarized in table 3.4, The exposure

time was 3-4 weeks.

NOEC-values for chlorophenols other than PCP are not available.
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Additional data

Earthworm contact toxicity tests - miscellaneous chlorophenols

In a comparative study, the toxicity of 90 chemicals (mostly pesticides and
pesticide derivates), including 2,4-DCP and 2,4,5-T3CP, was studied using a
48-hr contact toxicity test with earthworm Eisenia fetida. On the basis of
their respective LC50-values the chemicals were classified into 5
categories, ranking from "supertoxic" (LC50 < 1 ug.cm-z) to "relatively
nontoxic" (LC50 > 1,000 pg.cm-z). Both 2,4-DCP and 2,4,5-T3CP were found to
be "extremely toxic" (LC50 1-10 pg.cmz), and to be more toxic than the
herbicides 2,4-D and 2,4,5-T from which they may be formed (Roberts and
Dorough, 1984). In a modification of the 1984 OECD filter-paper contact
test, a 48-hr LC50 of 1.8 ug PCP .cm-2 was found, also for E. fetida (van
Gestel and van Dis, 1988). On the basis of a comparison of contact tests
and tests 1in soils wusing PCP and other compounds, the latter authors
concluded that the former tests have no predictive value for the toxicity

in soil, but only indicate the order of toxicity to be expected in soil.

Nematodes - mixed exposure to chlorophenols
In a preliminary experiment the effects of a mixture of chlorophenols on
nematodes (roundworms) was studied. Columns packed by natural soils
(2 podzolic sands, 1 eerd soil, and 1 marine clay) from 4 different
locations in the Netherlands were sprinkled hourly during 7 months, with
artificial rain containing a mixture of 3-MCP, 3,4-DCP, 2,3,5-T3CP,
2,3,4,6-T4CP and PCP. One of the podzolic sands was sprinkled with
artificial rain without chlorophenols. Quantities of 3-MCP, 3,4-DCP, 2,3,5-
T3CP, 2,3,4,6-T4CP and PCP extracted from the 0-2 cm layer of the
chlorophenols-treated soils after 7 months were 0, 0-4, 13-48, 7-81 and 15-
69 pg.kg-l dry weight, respectively. Quantities in the 2-4 cm layer were O,
0-0.1, 0.6-14.2, 0.2-15.6 and 0.5-15.6 pg.kg-l dry weight, respectively. In
lower layers the concentrations were negligible or could not be detected.
After 7 months, all treatments (including sprinkling of rain without
chlorophenols) had significantly affected the total number of nematodes in
the 0-10 layer of all soils. The results of treatment with chlorophenols
were not consistent in the different soils: treatment resulted in either an
increase (2 soils) or a decrease (2 soils) in the total number of
nematodes. This discrepancy is most possibly the result of the differences
in species composition which existed in the soils at start. Classification
of the nematodes into feeding groups indicates that treatment with

chlorophenols resulted in a shift towards bacteriophagous nematodes. This
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can be explained by an increase in the number of bacteria which wuse
chlorophenols (and/or degradation products of these compounds) as food
source. The shift towards bacteriophagous nematodes may  induce
corresponding changes in the food chain (Kappers and Wondergem-van Eijk,
1989).

3.2.4 Invertebrates - field studies

PCP

The effects of a single foliar application of [14C]NaPCP at an equivalent
rate of 5 kg.ha'l (equivalent to 8 mg.kg-1 soil, based on accumulation of
the majority of the amount applied in the top 4 cm of the soil within the
experimental time of 19 or 32 weeks) has been studied under outdoor
conditions in lysimeters containing an urban terrestrial micro-ecosystem.
The ecosystem consisted of soil monoliths covered with plants and stocked
with invertebrates, both herbivores and carnivores. Quantitative data on
number of organisms are not reported, but according to the authors the
treatment did not affect the arthropod density. After 19 weeks the
concentration in this soil was 1.8 mg PCP.kg-1 dry weight; 1t 1is not
reported to which part of the so0il layer this concentration has been
related. This concentration is expressed as PCP-equivalents, based on
radioactivity measurements (Haque et al., 1988).

A field application of 12.5 kg PCP.ha-l has reported to be toxic to
earthworm species L. terrestris and Allolobophora longa (not available;
cited in Van Gestel and Ma, 1988). Assuming a uniform distribution in the
top 4 cm of the soil, this amount is equivalent to approximately 20 mg.kg-1
soil.

Field studies on chlorophenols other than PCP are not available.

Summary and conclusions "terrestrial organisms”

Accumulation

Most data available on the accumulation of chlorophenols 1in terrestrial
organisms refer to earthworms.

Plants

In a study with 2 species of plants (spinach, soybean), whole-plant PCP
concentrations of 10-15 mg.kg-1 fresh weight were measured 2 to 3 months

after a single application of 10 mg PCP.kg-1 soil. The PCP concentrations
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in roots were 2 to 8 times higher than those in shoots. Data on the
accumulation in plants of chlorophenols other than PCP are not available.

Invertebrates

A  laboratory study in which earthworms were exposed to sublethal
concentrations (32-56 mg.kg_1 dry weight) of 3-MCP, 3,4-DCP, 2,4,5-T3CP,
2,3,4,5-T4CP or PCP in soil, resulted in BCFs in the range of 0.1 to 2
(based on fresh weight of worms and concentrations of parent compound in
soil). In this study a fairly good correlation was found between BCFs
calculated on the basis of the concentrations in soil pore water and the
lipophilicity of the compounds. BCFs based on soil solution concentrations
were 10-100 for 3-MCP and 3,4-DCP, 10-500 for 2,4,5-T3CP and 2,3,4,5-T4CP,
and 500-1,000 for PCP; these BCFs are similar to those reported for aquatic
organisms. These data indicate that the accumulation is primarily dependent
on the concentration in soil pore water. Another laboratory study with
earthworms resulted in BCFs of 8 and 13, at soil PGP concentrations of 2
and 11 mg.kg-l dry weight. A field study resulted in BCFs of 6 and 22 for
two different species of earthworms, at a soil PCP concentration of
approximately 4 mg.kg-1 dry weight; BCFs for other species of invertebrates
usually were below 1, with maximum values of 19 and 26 for harvestman and
springtails, respectively. The BCFs derived from the two last-mentioned
studies are based on radioactivity measurements of PCP-equivalents,

including both parent compound and metabolites.

It is concluded that chlorophenols can be concentrated from the soil by
plants, earthworms and by some other terrestrial invertebrate species. The
field study on the accumulation of PCP in diverse invertebrate species,
including herbivores and carnivores, does not indicate a significant
potential for biomagnification (accumulation in food chains) in

invertebrates.

Toxicity

Laboratory studies

Laboratory studies resulting in L(E)C50- and/or NOEC-values are available
for microbe-mediated processes, plants (agricultural crops) and,
especially, earthworms. In the studies summarized below, the test compound
was added to the soil. The toxicity values are expressed as mg.kg-1 dry

soil.
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Microbe-mediated processes

A number of long-term (4 to 18 weeks) studies in which the effects of PCP
on parameters such as mineralisation, nitrification, Fe(III)-reduction,
heat output and ATP content was studied in different soils, resulted in
NOEC-values of 2 to > 20 mg.kg-1

Plants

In a comparative study with lettuce, 2-w EC50-values (parameter: growth)
were 43 mg.kg ! for 2-MCP, 7 mg.kg © for 3-MCP, 53 mg.kg - for 2,4-DCP,
32 mg.kg » for 3,5-DCP, 9 mg.kg © for 2,3,5-T3CP, 16 mg.kg & for 2,4,6-T3CP
and 8 mg.kg-1 for PCP. In a parallel study using the same soil, a somewhat
lower 2-w EC50-value (3.2 mg.kg-l) was found for PCP. Additional tests with
PCP in another soil resulted in 2-w EC50-values of 4.8 and 57 mg.kg_l for
lettuce and oats, respectively. For 2,3,5-T3CP and PCP, 2-w NOEC-values
were 3.2 mg.kg-1 (lettuce) and 0.32-10 mg.kg_1 (lettuce, oats),
respectively. NOEC-values for the other compounds are not available.
Earthworms

A  comparative study in which the lethal toxicity of a number of
chlorophenols was studied in "single species"” tests with the earthworm
species Eisenia andrei and Lumbricus rubellus, resulted in 2-w LC50-values

of 79-633 mg.kg - for 3-MCP, 134-680 mg.kg | for 3,4-DCP, 46-875 mg.kg

for 2,4,5-T3CP, 117-875 mg.kg - for 2,3,4,5-T4CP and 84-4,627 mg.kg & for
PCP. The species E. andrei was consistently more sensitive than L.
rubellus. Each compound was studied in 2 or 4 different soils, including
the artificial soil recommended by the OECD. Considering each test compound
and test species separately, the LC50-values were dependent on the soil
used, with differences up to a factor of approximately 10. When the LC50-
values were calculated on the basis of the concentrations in soil pore
water, the values were largely independent of the soil wused, indicating
that the toxicity 1is primarily dependent on the concentration in soil
solution and, hence, can be predicted on the basis of adsorption
characteristics. In the latter case there was a trend of increasing
toxicity from 3-MCP towards PCP, although little difference in toxicity was
observed between 2,4,5-T3CP, 2,3,4,5-T4CP and PCP. In two other lethal
toxicity studies with PCP, lower 2/4-w LC50-values were found, the lowest
L (NoLc: 10 mg.kg l). Tests with 2,4,6-T3CP in the

artificial (OECD) soil resulted in 2-w LC50-values of 58-100 mg.kg-1 for 4

value being 15 mg.kg

different species.

Data on sublethal toxicity to earthworms are limited to 4 tests with PCP in
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the artificial (OECD) soil. These tests, with E. andrei, resulted in NOEC-
values of 5.6 to 20 mg.kg-l, with respect to the parameters reproduction

and/or growth. The exposure time in these tests was 3 to 4 weeks.

Field studies

A single field application of 5 kg.ha'1 [14C]NaPCP (equivalent to 8 mg.kg-l
dry weight; top 4 cm) did not affect arthropod density. A field application
of 12.5 kg PCP.ha'1 (equivalent to 20 mg.kg-1 dry weight; top 4 cm) has

been reported to be toxic to earthworm species.
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Table 3.1 Microbe-mediated processes - toxicity tests with PCP: miscellaneous toxicity values (laboratory studies)

*
Parameter Soil pH %OM %Clay CEC Temp. Exp.- Criterion Result Calculated

time in test value in
soil 10% OM soil
(mg/kg dry weight)

"Bioactivity" clay loam (peat) 5.9 21 31 - 16-22 18-w  NOEC > 20 (ww) 9.5
"Bioactivity" silt Lloam 6.9 2 25 - 16-22 18-w  NOEC > 20 (ww) 100
Bioactivity" sandy loam 6.5 2 7 - 16-22 18-w  NOEC 2 (ww) 10
MATC 6 (WwWw) 30
/(2 x 20))

[1] 2Zeltles et al., ‘86

ATP-content agricul tural 6.4 3 34 - 20 7-w  NOEC 2 6.7
Nitrification sand 5.2 6 5 - - 4-w  NOEC N 18
Nitrification Loam 5.2 3 18 - - 4-w  NOEC 12 40
Respiration sand 5.2 6 5 - - 5-hr NOEC > 1,370 > 2,280
Respiration Loam 5.2 3 18 - - 5-hr NOEC 125 417
Hz-oxidation sandy loam 7 3 18 - 25 2-hr EC50 177 590
Denneman & van Gestel, 790
N2-fixation sandy loam 6.5 10 10 - 20 2-w ECSOinh 50 50
[2]1 Tam & Trevors, ‘81
Mineralization subsoil sands 6-7 <0.2 - - 10 < 2-u EC50]_n 0.54 - 540
of acetate < 2-w NOECin 0.18 - 180
surface sand 6-7 <0.2 - - 10 < 2-W ECSOinh 45
< 2-w NOEC, ° 15
- inh.

1

[2]

[31

[31 van Beelen et al., 89

For explanation, see “list of abbreviations tables 3.1 to 3.4"
Data evaluated by Denneman & van Gestel, RIVM.

Three applications of 2 or 20 mg/kg soil (wet weight), at t = 0, 6, and 13 weeks; based on an estimated DT50

of 30 days, the concentration in soil ranged from * 0.8-3.1 or 8-31, respectively.

Bioactivity parameters: ATP, heat output under both aerobic and anaerobic conditions and after amendment of
soil with glucose, Fe(Ill)-reduction, and CO_ production. Although all applications initially resulted in
stimulation or inhibition of one or more of the parameters studied, most effects were reversible within 6
weeks.

Test compound NaPCP, added to the non-sterile soil as aqueous solution; aerobic conditions. In both non-sterile
soil under anaerobic condition and in sterilized soil with an addition of Azobacter sp., EC50-values were
higher.

Aerobic conditions. Different subsoils were used, from sandy aquifers, and one surface soil; the mineralization
of a low acetate concentration (1 ug/l) was studied in slurries, at 2 times the water holding capacity.

The exposure-time in each test was 2 times the half-live of !4C-acetate.

In one of the subsoils, the EC50- and NOEC-value under anaerobic conditions were 10 times lower than that under
aerobic conditions. In the surface soil a clear stimulation was observed, even at the lowest concentration
tested (1.5 mg/kg).

A toxicity value in 10% OM soil has not been calculated because of the very low percentage of OM in the test
soils used and because of the divergent results in the different test soils used.



-139-

Table 3.2 Plants - toxicity tests with chlorophenols: EC50- and NOEC-values (laboratory studies)
o o o o o e e e mmaeeemme e ———————————emam—mm o= e oo e e i
Organism Soi l pH  %OM %Clay Temperature. Exp.- Criterion Result Calculated
Oc time in test value in
soill 10% OM soil

(mg/kg dry weight)

2-NCP
Lactuca sativa brook bed 7.8 1.4 12 18-26 2-W EC50 43 215
S Mulzebos et al., '89 I[1]
3-McP
Lactuca sativa brook bed 7.8 1.4 12 18-26 2-w EC50 7 35
g Hulzebos et al., 789 [1]
2,4-DCP
Lactuca sativa brook bed 7.8 1.4 12 18-26 2-w EC50 53 265
s Hulzebos et al., /89 [1]
3.5-DCP
Lactuca sativa brook bed 7.8 1.4 12 18-26 2-w EC50 32 160
9 Hulzebos et al., 89 [1]
2,3,5-13¢cP
Lactuca sativa brook bed 7.8 1.4 12 18-26 2-w EC50 9 45
9 Hulzebos et al., /89 [1]
Lactuca sativa brook bed 7.8 1.4 12 20 2-w NOEC 3.2 16 4
s Denneman & van Gestel, 90
2,4,6-13CP
Lactuca sativa brook bed 7.8 1.6 12 18-26 2-w EC50 16 80
g Hulzebos et al., 89 [1]
PcP
Avena sativa agriculturat - 5.7 <8 - 2-w EC50 57 100
2-w  NoEc® 10 17
Denneman & van Gestel, ‘90
Lactuca sativa agriculturatl - 5.7 <8 - 2-w EC50 4.8 8.4
2-w  Noec® 1.0 1.7
Denneman & van Gestel, ‘90
Lactuca sativa brook bed 7.8 1.4 12 18-26 2-w EC50 8 40
Hulzebos et al., 89 [1]
Lactuca sativa brook bed 7.8 1.4 12 20 2-w EC50 3.2 16
2-w  Noec? 0.32 1.6
Denneman & van Gestel, ‘90
g = growth

*  For explanation, see "list of abbreviations tables 3.1 to 3.4
# Data evaluated by Denneman & van Gestel, RIVM.

Avena sativa = oats; Lactuca sativa = lettuce

[1] Soluble compounds were added to the soil as aqueous solution. Poorly soluble compounds were added as solid.
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Table 3.3 Earthworms - toxicity tests with chlorophenols: LC50-values (laboratory studies)

*

Organism Soil pH %OM %Clay CEC Temp. Exp.- Criterion Result Calculated
Oc time in test value in

soil 10% OM soil

(mg/kg dry weight)

3-McP
Eisenia andrei mod. humic sand 5.2 3.7 1.4 6.6 23 2-w LC50 79 213
very humic sand 5.6 6.1 2.4 10.0 23 2-w LC50 134 220
art.(OECD) soil ) 8 8 23 2-w LC50 130 162
peaty soil 4 15.6 9 23 2-wW LC50 423 271
Lumbricus rubellus mod. humic sand 5.2 3.7 1.4 6.6 15 2-w LC50 140 378
very humic sand 5.6 6.1 2.4 10.0 15 2-W LC50 342 561
art.(OECD) soil 6 8 8 15 2-w LC50 247 309
peaty soil 4 15.6 9 15 2-w LC50 633 406
[1] van Gestel & Ma ’88, ‘90
3,4-pCP
Eisenia andrei mod. humic sand 5.2 3.7 1.4 6.6 23 2-w LC50 134 362
very humic sand 5.6 6.1 2.4 10.0 23 2-w LC50 240 393
art.(OECD) soil 6 8 8 23 2-w LC50 177 221
peaty soil 4 15.6 9 23 2-W LC50 423 271
Lumbricus rubellus mod. humic sand 5 3.7 1.4 6.6 15 2-w LC50 352 951
very humic sand 5.6 6.1 2.4 10.0 15 2-w LC50 486 797
art.(OECD) soil 6 8 8 15 2-w LC50 322 402
peaty soil 4 15.6 9 15 2-W LC50 680 436
[1]1 van Gestel & Ma 88, /90
2,4,5-13CP
Eisenia andrei mod. humic sand 5.2 3.7 1.4 6.6 23 2-w LC50 46 124
very humic sand 5.6 6.1 2.4 10.0 23 2-w LC50 76 125
art.(OECD) soil 6 8 8 23 2-w LC50 63 ”
peaty soil 4 15.6 9 23 2-w LC50 165 106
Lumbricus rubellus mod. humic sand 5.2 3.7 1.4 6.6 15 2-w LC50 235 635
very humic sand 5.6 6.1 2.4 10.0 15 2-W LC50 316 518
art.(0OECD) soil 6 8 8 15 2-w LC50 362 452
peaty soil 4 15.6 9 15 2-w LC50 875 561
[11 van Gestel & Ma ‘88, ‘90
2,4,6-1T3cP
Allolobophora
tuberculata art.(OECD) soil [ 8 8 20 2-w Lc50 108 135
Eisenia fetida art.(OECD) soil 6 8 8 20 2-w LC50 58 7
Eudrilus eugeniae art.(OECD) soil 6 8 8 20 2-w LC50 85 106
Perionyx excavatus art.(OECD) soil 6 8 8 20 2-w LC50 78 97

[3] Neuhauser et al., 86

(to be continued)
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Table 3.3 Earthworms - toxicity tests with chlorophenols: LC50-values (laboratory studies)

(continued)
e e e e e e e m e m e m e e e e e e e m e e e o e e e e e e e e e e e e e e e e e e romem—————m———————————— i
organism Soil pH  %OM Z%Clay CEC Temp. Exp.- Criterion Result Calculated
Oc time in test  value in
soil 10% OM soil
(mg/kg dry weight)
2,3,4,5-T4CP
Eisenia andrei mod. humic sand 5.2 3.7 1.4 6.6 23 2-w LC50 117 316
very humic sand 5.6 6.1 2.4 10.0 23 2-wW LC50 166 r{r4
Lumbricus rubellus mod. humic sand 5 3.7 1.4 6.6 15 2-W LC50 515 1,392
very humic sand 5.6 6.1 2.4 10.0 15 2-w LC50 875 1,434
[1] van Gestel & Ma 88, ‘90
PCP
Eisenia andrei mod. humic sand 5.2 3.7 1.4 6.6 23 2-w LC50 84 227
very humic sand 5.6 6.1 2.4 10.0 23 2-w LC50 142 233
art.(OECD) soil 6 8 8 23 2-w Lc50 86 107
peaty soil 4 15.6 9 23 2-w LC50 503 322
Lumbricus rubellus mod. humic sand 5 3.7 1.4 6.6 15 2-v LC50 1,206 3,259
very humic sand 5.6 6.1 2.4 10.0 15 2-w LC50 1,013 1,661
art.(OECD) soil 6 8 8 15 2-w LC50 362 452
peaty soil 4 15.6 9 15 2-w Lc50 4,627 2,966
[1] van Gestel & Ma /88, ‘90
Eisenia andrei art.(OECD) soil ) 8 8 10.8 23 2-w LC50 28 35
sandy soil; 4.1 1.7 4.3 - 23 2-W LC50 52 306
sandy soil; 7 1.7 4.3 5.5 23 2-w LC50 16 94
[2] van Gestel & Van Dis ‘88
Eisenia andrei art. soil 7 10 5 22 b-w LC50 87 87 4
Denneman & van Gestel, ‘90
Eisenia fetida art.(OECD) soil 6 8 8 2-w LC50 50 62
b-w LCS50 15 19
4-w NOLC 10 12
Denneman & van Gestel, ‘90
Eisenia fetida art.(OECD) soil 6 8 8 b-w LC50 10 12 4
van de Meent et al., ‘90
Enchytraeus albidus art.(OECD) soil 6 8 8 12 b-w LC50 136 170

Denneman & van Gestel, ‘90
*  For explanation, see "list of abbreviations tables 3.1 to 3.4"
# Data evaluated by Denneman & van Gestel or by Van de Meent et al., RIVM.

[1] Purity test compounds = 95%. E. andrei: laboratory culture. L. rubellus: collected in the field.
The compounds 3-MCP, 3,4-DCP and 2,4,5-T3CP were dissolved in water plus some ethanol and added to the soils as
aqueous solution. The compounds 2,3,4,5-T4CP and PCP were added to the soils as solid.
In the two publications, different methods to calculate the LC50 were used; the results of the latter
publication are listed in this table.

[2] Purity > 95%; compound was added to the soils as a solid. The parent pH of the sandy soil was 4.1.

[31 Purity > 98%; compound was added to the soil as aqueous solution (with some acetone or chloroform).
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Table 3.4 Earthworms - toxicity tests with PCP: NOEC- and MATC-values (laboratory studies)

*

Organism Soil pH %OM X%Clay CEC Temp. Exp.- Criterion Result Calculated
' time in test value in

soil 10% OM soil

(mg/kg dry weight)

Eisenia andrei art.(OECD) soil <) 8 8 20 3-w NOECS - 10 12.5
clitellated adults 3-w MATCS'r 18 22.5
Q0 x 32n

[1] van Gestel et al.’88

Eisenia andrei art.(OECD) soil [ 8 8 18-23 3-w ? NOEC . 20 25
clitellated adults 3w 2 MATcg'r 28 35
9T/ (20 x 40))

[2] Posthuma, ‘88

Eisenia fetida art.(OECD) soil [ 8 8 4-w NOECr 9 11.2
4-w NOECa 5 6.2

Denneman & van Gestel, 90
Eisenia fetida art.(OECD) soil 6 8 8 4-w NOECr 5.6 7

#
van de Meent et al., ‘90

a = appearance; g = growth; r = reproduction; s = survival

*  For explanation, see "list of abbreviations tables 3.1 to 3.4"
# Data evaluated by Denneman & van Gestel or by Van de Meent et al., RIVM.

[1) Purity > 95%. PCP was added to the soil as solid. Before exposure, worms were pre-conditioned for one week.
After 3 weeks of exposure, the cocoons produced were collected and incubated in untreated soil (slightly
modified OECD soil) to establish hatchability. Parameters reproduction: cocoon production and hatchability.

[2] Before exposure, the worms were pre-conditioned for one week. After exposure of the worms (3 weeks ?) the
cocoons were collected and incubated in either untreated or treated soil for 5 weeks. Parameters reproduction:
cocoon production and number of juveniles per fertile cocoon. The parameter hatchability could not be evaluated
because of inconsistent data. At 60 mg/kg dw a significant increase in weight of the worms was found.
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List of abbreviations Tables 3.1 to 3.4

> and = Value indicated is highest concentration used in the test.
Test time hr: hour(s); w: week(s); m: month(s).
Criterion LC50: Lethal concentration for 50% of the organisms exposed.

EC50: Effect concentration for 50% of the organisms exposed.
NOLC: No-observed-lethal-concentration.
NOEC: No-observed-effect-concentration.
MATC: Maximum-acceptable-toxicant-concentration:
the theoretical threshold concentration between the
highest concentration without effect (NOEC) and the
lowest concentration with effect (EC).
The MATC is calculated as follows:
MATC = {,/ (NOEC x EC)}.

Soil characteristics:

CEC: cation exchange capacity, expressed as meq.100 g-l
OM: organic matter

dw: dry weight

ww: wet weight

OECD artificial soil:
10% sphagnum peat, 20% kaolin clay, 69% fine sand,
1% calcium carbonate to adjust pH.
The indicated soil characteristics are based on measurements

in several tests.

* Calculated value in 10% OM soil = Experimental value x 10
% OM-t

$ OM-t = % organic matter in test soil.

The calculated values which have been printed bold have been used in the

risk assessment.
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4 TOXTICITY TO LTVESTOCK

4.1 CHEMOBIOKINETICS AND METABOLISM

All data in this section refer to oral studies with PCP. Most studies

reported herein were focussed on accumulation.

4.1.1 Poultry

In chickens exposed for 8 weeks to "purified" PCP at dose levels of 0, 1,
10, 100 or 1,000 mg.kg_1 feed, the highest PCP levels were measured in
kidneys, followed by liver, heart, muscles, gizzard and adipose tissue. At
the highest dose 1level tested, PCP levels in kidneys, liver, muscles and
adipose tissue were 34, 17, 5-7 and 2 mg.kg-l, respectively. In the 5-w
post-treatment period, PCP levels in tissues decreased to levels below 0.5
mg.kg-l; the slowest elimination rate was observed in adipose tissue,
resulting in an elimination half-life of 12 days (Stedman et al., 1980). In
a second 8-w study with chickens, exposed to a 88%-purity PCP-formulation
(containing 12% T4CP) at dose levels of 0, 600, 1,200 or 2,400 mg.kg.l
feed, the highest PCP levels were also measured in kidneys or 1liver. In
these organs, PCP levels increased from < 0.1 mg.kg_1 to 180-240 mg.kg-1 at
the highest dose level tested. The PCP levels in muscles of exposed animals
were below 5, 10 and 40 mg.kg'l at increasing dose levels, respectively.
Kidneys and liver also contained the highest levels of T4CP, up to 4&4-5
mg.kg'l (Presscott et al., 1982).

4.1.2 Mammalsg

In pigs (6 animals per group) exposed by lactose capsules to daily oral
doses of 0, 5, 10 or 15 mg.kg-l bw of “"purified"-PCP for 30 days, PCP
levels in blood increased from 0.8 to 70-80 mg.l-l; the PCP levels in
liver, kidneys and muscles increased from 0.2-0.6 mg.kg-l to 26-29, 22-27
and 7-9 mg.kg-l in liver, kidneys and muscles, respectively. The levels in
tissues did not increase (or increased only slightly) with increasing dose

level (Greichus et al., 1979).
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In newborn calves (3 animals/group) exposed to 0, 2 or 20 mg.kg-1 bw.day_1
of either "analytical-grade" PCP or "technical-grade" PCP, in milk, steady-
state serum PCP concentrations of about 40 and 100 mg.l.l were reached
within 5 days of treatment in low-dosed and high-dosed animals,
respectively, independent of compound tested. The serum PCP concentration
in control animals was about 0.1 mg.l-l. After 5 days of treatment the dose
levels were reduced to 1 and 10 mg.kg-1 bw.day-l. After a total exposure
time of 6 weeks, PCP levels in liver and kidneys were increased from < 0.1
mg.kg_1 to 1 and 4-5 mg,.kg-1 in low- and high-dosed animals, respectively.
Lungs, thymus and lympnodes of high-dosed animals contained 3-4 mg.kg-1 and
muscle tissue 1-2 mg.kg-l. The highest PCP level, 7 mg.kg-1 was measured in
the thymus of high-dosed animals exposed to "technical-grade" PCP,
consistent with severe thymus athrophy. With exception hereof, PCP tissue
levels were independent of compound tested. All levels reported are total
PCP levels, including both unconjugated and conjugated PCP. The blood of
low-dosed animals contained 60% and 40% of unconjugated PCP and conjugated
PCP, respectively (Hughes et al., 1985).

In 3 lactating cows exposed by gelatin capsules to 20 mg.kg-1 bw.day-1 of
"technical-grade" PCP for 10 days and then to 10 mg.kg-1 bw.day-1 for an
additional 60 days, the PCP concentration in blood and milk rapidly
increased from 0.05 mg.kg'1 (similar to that in their alfalfa hay, grain
and grass feed) to a steady-state level of about 40 and 4 mg.kg-l,
respectively. Steady-state levels in blood and milk were reached within 20
and 5 days, respectively. Samples of urine, faeces and milk collected on
day 28 contained 225, 5 and 4 mg.kg-l, respectively, showing that urine is
the major route for PCP excretion. In the post-treatment period, PCP levels
in blood and milk decreased to control levels within 10 days. It is noted
that the persistence of the Impurities  hexachlorobenzene  and
polychlorinated dibenzo-p-dioxins in blood and milk was much higher than
that of PCP itself (Firestone et al., 1979).

The chemobiokinetics and metabolism of a single oral dose of 0.1 mg
“C-PCP.kg-1 bw were studied in a lactating dairy cow which had been fed
0.2 mg.kg-1 bw.day-1 of "technical-grade" PCP for 14 weeks prior to '*C-PCP
administration and for 4 days post-administration. Both absorption and
elimination characteristics in serum showed first-order kinetics, resulting
in half-lives of 4.3 and 43 hours, respectively. The PCP levels in serum
and urine peaked at about 10 and 20 hours, respectively. In the 3-d post-
treatment period, 75% of the dose was excreted in the urine. Faeces and
milk were minor routes of elimination, each containing about 5% of the

dose. The half-live for elimination in urine and milk were very similar: 40
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and 42 hours, respectively. The highest !4C activity at necropsy (4 days
after dosing) was found in the liver, followed by kidneys, gall bladder and
lungs. Total PCP steady-state concentrations (resulting from Ilong-term
exposure) in kidneys, liver, lungs and muscles were 1.8, 1.6, 1.0 and 0.4
mg.kg-l, respectively. Total PCP steady-state concentrations in serum,
urine and milk were 6.3, 7.0 and 1.0 mg.l-l, respectively. In the 3-d post-
treatment period, 20% of PCP in serum was conjugated. The percentage of
conjugated PCP in wurine increased from 15% shortly after dosing to about
65% in the remaining period. Possible metabolites (T4CP, T3CP, DCP,
tetrachloro-p-hydroquinone, pentachloranisole) could not be detected in
serum or urine (Kinzell et al., 1985).

Van Gelder (1978) reported a half-life of less than 2 days in cattle (not
available; cited in McConnell et al., 1980).

4.2 TOXICITY

One study excepted, all data refer to oral studies with PCP. The remaining

study refers to an oral study with 2,4,5-T3CP.

4.2.1 Experimental studies

PCP

Oral LD50-values of 120 and 140 mg.kg-1 bw have been reported for sheep and
calves, respectively (chapter 1, table 1.1).

In a pilot study in which 4 young pigs were exposed by lactose capsules to
"purified"-PCP, a dose 1level of 30 mg.kg.1 bw.day-1 resulted in acute
toxicosis after 7 days. Exposure of newborn calves to a dose level of 20
mg.kg-1 bw.day_1 of either "analytical-grade" PCP or "technical-grade" PCP,
in milk, resulted in acute toxicosis after 5 days (Hughes et al., 1985).
Van Gelder (1978) reported that there were no clinical effects on cattle
fed 5 mg "technical-grade" PCP.kg-l bw.day'1 for 14 days (not available;

cited in Firestone et al., 1979 and in Exon et al., 1984).

Exposure of 1-day old broiler chickens, 40 animals per group, to "purified”
PCP (purity mnot reported; 23 ppm OCDD; other impurities not reported) at
dose levels of 0, 1, 10, 100 and 1,000 mg.kg-1 feed, resulted 1in
significantly reduced body weights at 1 and 1,000 mg.kg-l feed, but not at
10 and 100 mg.kg-1 feed, after 8 weeks of exposure. Organ weights



-148-

(expressed as percentage of body weight) were significantly affected at 100
mg.kg-1 feed (increased weight of kidneys) and 1,000 mg.kg-l feed
(increased weight of kidneys; decreased weights of liver, spleen, heart and
gizzard). All dose levels resulted in diarrhoea which persisted throughout
the study and in minor histological changes in the liver, namely some fatty
changes and bile duct proliferation (Stedman et al., 1980).

In two other 8-w experiments with broiler chickens especially the effects
of "purified"-PCP (purity 88%; T4CP 12%; < 0.8 ppm OCDD, 0.3 ppm HpCDD, <1
ppb HCDD and < 1 ppb TCDD) on the immunocompetence was investigated. In
these experiments, groups of 25 to 50 l-day old chickens were given dose
levels of 0, 600, (1,200), or 2,400 mg.kg_1 feed. In one of these
experiments, decreased survival was observed at 2,400 mg.kg-1 bw.day-l;
microscopic lesions were not observed in any group; the latter is in
contrast with the results of the study by Stedman et al. (1980). At 600
mg.kg'1 bw.day-l, body weight was not affected, but organ weights expressed
as percentage of body weight were significantly affected (increased kidney
weight; decreased weight of spleen and bursa of Fabricius). At this dose
level, all immunological parameters used to study humoral and cell-mediated
immunity were similar to that in controls, with exception of the
lymphoproliferative response to "concanavalin A". At 2,400 mg.kg-1 there
appeared to be an immunosuppressive effect, especially with regard to cell-
mediated immunity, but most parameters studied were not affected (Prescott
et al., 1982).

In a 30-d study in which groups of 6-w old pigs (6 animals per group) were
exposed by lactose capsules to daily oral doses of 0, 5, 10 or 15 mg.kg-1
bw of "purified"-PCP (impurities: 1-5% T4CP; total content of higher
chlorinated PCDD and PCDF 6 ppm), overt signs of toxicosis were not
observed and feed consumption, total weight gain and weight of kidneys were
not affected either. At 10 and 15 mg.kg_1 bw.day-l, liver weights were
significantly increased. Additionally, blood urea nitrogen values were
increased and the numbers of lymphocytes were decreased at these dose
levels, although the numbers of lymphocytes still were within the normal
range. The change (percentage increase between day 0 and day 30) in total
leucocytes, gamma globulin and IgG was statistically decreased at all dose
levels tested, indicating immunosuppression. Histopathological examination
of liver, kidneys, spleen, brain and muscle only showed a "nonspecific
diffuse cloudy swelling of hepatocytes, characterized by enlarged cells

which had a finely vacuolated cytoplasm. Sinusoids were decreased in some

cases, presumably due to encroachment by enlarged hepatocytes" (Greichus et
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al., 1979; Hillam and Greichus, 1983). From the data reported it is mnot
clear whether these histological changes were observed in all dosed groups
or only at 10 and 15 mg.kg:1 bw.day-1

In a study in which 3 lactating cows were exposed by gelatin capsules to 20
mg.kg.1 bw.day-1 of "technical-grade" PCP for 10 days and then to 10
mg.kg-l bw.day_1 for an additional 60 days, no clinical evidence of
toxicosis was observed during the 10-w treatment period or during the 23-w
post-treatment period (Firestone et al., 1979). Toxicity parameters were
not investigated in this study which was focused on accumulation

characteristics.

The differential toxicity of "analytical-grade"-PCP (aPCP) and “technical-
grade" PCP (tPCP) has been investigated in three comparative studies with
cattle.

In the first study, newborn bull calves averaging 7 days of age were
exposed for 6 weeks to either aPCP or tPCP, in milk. The former compound
(purity 99%) contained 1% T4CP, 1.2 ppm OCDD, 1.8 ppm HpCDD and < 0.2 ppm
HxCDD; the latter compound (purity 85%-90%) contained 4%-8% T4CP, 2%-6%
lower chlorophenols, 1,000 ppm OCDD, 380 ppm HpCDD, 170 ppm HxCDD and 0.04
ppm TCDD. Groups of 3 animals were initially (first 5 days on study)

1 bw.day'l; in the remaining part of the

exposed to 2 and 20 mg PCP.kg
study the dose levels were reduced to 1 and 10 mg.kg-1 bw.day-l, because a
dose level of 20 mg.kg'l bw.day-1 resulted in acute toxicosis in one out of
3 calves exposed (regardless of compound tested), leaving 2 animals in
high-dosed groups. Exposure to 10 mg aPCP.kg-l bw.day-1 resulted initially
in decreased body weight gain (probably caused by the initial exposure
level of 20 mg.kg-1 bw.day) and, at termination, in decreased spleen
( - 30%) and thymus ( - 55%) weights and in a decreased uptake of p-
aminohippurate by slices of renal tissue, indicative of an effect on active
transport processes. A dose of 1 mg aPCP.kg-1 bw.day-1 was without effect.
Exposure to 10 mg tPCP.kg'1 bw.day-l resulted in decreased feed intake and
body weight, decreased weights of spleen (- 50%) and thymus ( - 85%),
increased liver weight ( + 13%), histological changes in the thymus
(depletion of lymphocytes) and in the Meibomian gland of the eyelid
(sqamous metaplasia of the epithelial lining of the duct; duct dilatation
and hyperkeratosis), decreased uptake of p-aminohippurate by renal slices,
decreased triiodothyronine,T3, and thyroxine, T4, levels in serum (thyroid
function), and effects on other serum clinical chemistry parameters

(decreased levels of total protein and albumin, and increased v-glutamyl

transferase activity, indicative of hepatic injury). At 1 mg tPCP.kg
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bw.day-l, thymus weight was decreased ( - 40%) and liver weight was
increased ( + 25%) (Hughes et al., 1985).

In the second study, yearling female heifers were exposed for 5 months to
aPCP, tPCP and mixtures thereof, in feed. The former compound contained 30
ppm higher-chlorinated PCDD and < 20 ppm higher-chlorinated PCDF; the
latter compound contained 15 ppm HxCDD, 410 ppm HpCDD, 1,500 ppm OCDD, 57
ppm HxCDF, 130 ppm HpCDF and 90 ppm OCDF. In this study, groups of 3
animals were exposed to a) 100% aPCP, b) 90% aPCP + 10% tPCP, c) 65% aPCP
+ 35% tPCP or d) 100% tPCP; a fifth group served as control. All treatment
groups were initially (first 6 weeks on study) exposed to a dose level of
650 mg PCP.kg-1 feed, equal to 20 mg PCP.kg-1 bw.day-l. In the remaining
part of the study the PCP level in feed was reduced to 490 mg.kg-l feed,
equal to 15 mg.kg-l bw.day-l, because of reduced weight gain in all dosed
animals.

Exposure to 100% aPCP resulted in minimal (adverse) effects, namely an
effect on thyroid function (decrease in serum T3 and T4 concentrations), on
hepatic mixed function oxidases (a 3-fold increase in aryl hydrocarbon
hydroxylase [AHH] activity and a shift in the spectral characteristics of
cytochrome P450) and further a decrease in absolute and relative weight of
the thymus, and in an increase 1in the amount of smooth endoplasmic
reticulum in the hepatocytes. Exposure to increasing amounts of tPCP
resulted in a large number of dose-related adverse effects, including
decreases in feed consumption, feed conversion efficiency and body weight,
an increase in liver and lung weights, a decrease in thymus weight, effects
on haematological parameters (decreases in packed cell volume, haemoglobin
content and red blood cell count), effects on hepatic mixed function
oxidases (aryl hydrocarbon hydroxylase and aminopyrine N-demethylase
activities, cytochrome P450 content and spectral characteristics thereof),
effects on serum chemistry (increase in +y-glutamyl transferase), and,
possibly, an effect on cell-mediated immunity. Most striking gross lesion
in 2 out of three animals exposed to 100% tPCP was a villous-like
hyperplasia of the mucosa of the urinary bladder. Minimal hepatic lesions
(hyperplasia of the mucosal lining of bile duct and/or gall bladder) were
related with exposure to tPCP. Furthermore, a dose-related hyperkeratotic
lesion was found in the Meibomian glands of the eyelid, and animals exposed
to 100% tPCP showed skin lesions including hyperkeratosis. A number of the
effects observed in this study is consistent with the presence of
impurties, especially polychlorinated dibenzo-p-dioxins (PCDD) and

polychlorinated dibenzofurans (PCDF) which similarly cause these effects
(McConnell et al., 1980).
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In the third study, Forsell et al. (1981) fed combinations of aPCP and tPCP

to lactating dairy cattle at levels of 0.2 mg.kg-l bw.day-1 for 80 days

followed by 2.0 mg.kg-l bw.day-1 for 60 days. No clinical and immunological
effects were observed. PCP blood levels in these animals were reported to
be as high as 12.5 mg.l-l. On the basis of this study, the NOAEL in cattle
was estimated to be > 2 mg.kg-1 bw.day-1 for 160 days (not available; cited

in Exon, 1984).

Exposure of lactating dairy cattle to 0.2 mg.kg-1 bw.day_1 of "technical-
grade" PCP in feed for 11 weeks, followed by exposure to a dose level of
2 mg.kg'l bw.day-1 for an additional 8 weeks did not significantly affect
body weight and milk production; biologically significant effects on
haematological and clinical chemistry parameters were not observed either.
However, weights of liver, lungs, kidneys, and adrenals (all expressed as
percentage of body weight) were significantly increased at termination.
Additionally, gross and histopathological changes, particularly in the
kidneys (e.g. chronic diffuse interstitial nephritis, and swollen or
atrophied glomeruli) and the urinary bladder (thickening of the wall,
subacute urocystitis) were observed in all 4 treated animals (Kinzell et

al., 1981).
Chlorophenols other thamn PCP

In a very limited toxicity study, steers (2 animals per group; body weight
160-285 kg) were exposed to 0, 18, 54, or 160 mg.kg-1 bw.day-1 of either
zinc 2,4,5-trichlorophenate or 2,4,5-trichlorophenyl acetate for 11 weeks,
in feed. High-dosed animals were continued on treatment for an additional
11 weeks. Feed consumption, body weight gain and haematological parameters
(haemoglobin content, packed red blood cell volume) were similar in all
groups throughout the study. Gross examination showed no abnormalities

(Anderson et al., 1949).

4.2.2 Cases of intoxications

Among cattle, cases of chronic intoxications ascibed to "technical-grade"
PCP have resulted in respiratory difficulties, decreased milk production,
skin lesions, increased incidences of persistent infections, liver and
kidney damage, increased abortion rates and death. In a number of these
cases, PCP blood levels did not exceed 2 mg.l-1 (Exon, 1984).
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Summary and conclusions "livestock™
Chemobiokinetics and metabolism

Limited studies in which cattle was exposed to oral doses of 0.1 to 10 mg
PCP.kg-1 bw.day-1 show that PCP is absorbed and excreted rapidly, with
half-lives of hours and days, respectively. Urine is the major route of
elimination; about half the amount of PCP in the urine is conjugated;
possible metabolites such as T4CP and tetrachloro-p-hydroquinone are not
known in cattle. Faeces and milk are minor routes of elimination. These
data indicate that major aspects of chemobiokinetics and metabolism of PCP
are similar to those in laboratory animals and humans (chapter 1).

In oral studies with different animals (broiler chickens, pigs, cattle),
exposed to elevated PCP levels, the highest PCP concentrations were usually
observed in the 1liver and kidneys. Exposure of cattle to 0.1 mg PCP.kg-1
bw.day-1 for 14 weeks or to 10 mg.kg-1 bw.day.1 for 6 weeks resulted in PCP
concentrations of about 2 and 4-5 mg.kg-l, respectively, in these organs.
The PCP concentration in muscles was 0.4 and 1-2 mg.kg-l, respectively.
Exposure of young pigs to 5-15 mg.kg-1 bw.day-1 for 4 weeks resulted in PCP
concentrations of 22-29 mg.kg_1 in liver and kidneys and of 7-9 mg.kg-1 in
muscles. In the latter study, the concentrations in the tissues did not
increase (or increased only slightly) with increasing dose level, in
contrast with studies with cattle.

Data on chlorophenols other than PCP are not available.
Toxicity

In (pilot) studies, oral exposure of newborn calves or young pigs to

1 bw.day-l,

"analytical-grade" PCP at dose levels of 20 and 30 mg. kg~
respectively, resulted in acute toxicosis within one week; dose levels of
10 and 15 mg.kg-1 bw.daly-1 did not result in overt signs of toxicosis. It
is noted that the animals were administered the dose in milk or capsules,
in one or two daily treatments.

Comparative oral studies in which cattle was exposed to either "analytical-
grade" PCP or "technical-grade" PCP show that the latter compound is
considerably more toxic, consistent with the high content of impurities

(especially PCDD and PCDF). Therefore, data on these compounds are

discussed separately (see also chapter 1, section 1.2.3).
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"Analytical-grade PCP" ("pure" PCP)

Exposure of pigs or cattle (newborn calves, heifers) to 10-15 mg.kg-1
bw.day-1 of "analytical-grade" PCP, for 4 weeks to 5 months, resulted in
effects such as increased liver weight, decreased weights of spleen and/or
thymus, a reduced thyroid function, and histological and biochemical
changes in the liver (increase in the amount of smooth endoplasmatic
reticulum, slight increase in aryl hydrocarbon hydroxylase activity). The
study with pigs resulted in immunosuppression at 5 mg.kg-1 bw.day-l, the
lowest dose 1level tested. The study with newborn calves resulted in a
dose-without-effect of 1 mg,.kg-1 bw.day-l. It is noted that this latter
study was very extensive with regard to the number of toxicity parameters
studied, but very limited with regard to the number of test animals (3 per
group) and exposure time (6 weeks).

Exposure of chickens for 8 weeks to "purified" PCP at dose levels of 100-
600 mg.kg-1 feed resulted in an effect on organ weight(s); these and higher
dose levels did not affect the immunocompetence.

"Technical-grade” PCP

Exposure of cattle (newborn calves, heifers) to 10-20 mg.kg-l bw.day.l of

"technical-grade" PCP, for 6 weeks to 5 months, resulted in a large number
of effects including decreased body weight, increased or. decreased organ
weights, effects on liver function (increased aryl hydrocarbon hydroxylase
activity, effects on cytochrome P450) and effects on haematology (anaemia).
Most striking lesions were observed in the urinary bladder (hyperplasia)
and in the Meibomian glands of the eyelid (hyperkeratosis). In the 6-w
study with newborn calves, liver weight was increased and thymus weight was
decreased at 1 mg.kg-1 bw.day-l, the lowest dose level tested.

The effects of exposure of livestock to either "analytical-grade" PCP
("pure" PCP) or "technical-grade" PCP are similar to those observed in
studies with laboratory animals (chapter 1), both with respect to the
effects observed and with respect to effect levels.

Chronic intoxications ascribed to "technical-grade" PCP have resulted in a
variety of effects, for example decreased milk production, persistent

infections, liver and kidney damage, increased abortion rates and death.

Data on chlorophenols other than PCP are not available, with exception of a

very limited toxicity study with 2,4,5-T3CP.
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5 RISK ASSESSMENT

5.1 BISK ASSESSMENT FOR MAN

5.1.1 Oral exposure

For 2 out of the 19 chlorophenols there are sufficient data on
genotoxicity, reproductive toxicity (including teratogenicity), and chronic
toxicity (including carcinogenicity) to establish an acceptable daily
intake. These compounds are 2,4-DCP and PCP.

For the chlorophenols remaining there are insufficient data.

2,4-DCP

There is no evidence for teratogenicity and carcinogenicity, and
insufficient evidence for mutagenicity of this compound. In a reproduction
study in which the progeny was exposed both pre- and postnatally, a dose
level of 3 mg.kg-1 bw.day-1 of >99%-pure 2,4-DCP resulted in an effect on
the immunocompetence of the progeny; a dose of 0.3 mg.kg-1 bw.day-1 was
without effect. All semichronic and chronic toxicity studies in which other
toxicity parameters were studied, resulted in higher no-observed-(adverse)-
effect-levels [NO(A)ELs]. Extrapolation of the NO(A)EL of 0.3 mg.kg_1
bw.day-1 to an acceptable daily intake for humans at 1life-time exposure,
results in a value of 0.003 mg.kg-1 bw.day-l, using a margin of safety of
100. Assuming an average weight of 60 kg for adults, this value is

equivalent to a total daily intake of 0.18 mg 2,4-DCP.

PCP

There is no evidence for teratogenicity, and insufficient evidence for
mutagenicity of this compound. There 1is insufficient evidence for
carcinogenicity in experimental animals; human data on carcinogenicity are
inadequate for evaluation.

Comparative studies with "pure" PCP and "technical-grade" PCP show that the
latter compound is considerably more toxic than the former, consistent with
the impurities, especially polychlorinated dibenzofurans (PCDF) and
polychlorinated dibenzo-p-dioxins (PCDD) which are present in technical
PCP-formulations. Therefore, "pure"-PCP and "technical-grade" PCP are
discussed separately. In the text below, "pure" PCP includes formulations

(such as "Dowicide EC-7") with a total PCDF and PCDD content up to 30 ppm.
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"Pure" PCP
Semichronic and chronic toxicity studies resulted in a NO(A)EL of 3 mg.kg-1
bw.day-l. Extrapolation of this NO(A)EL to an acceptable daily intake for
humans at life-time exposure, results in a value of 0.03 mg.kg-1 bw.day-l,
using a margin of safety of 100. Assuming an average weight of 60 kg for
adults, this values is equivalent to a total daily intake of 1,8 mg PCP.

Technical-grade" PCP
In semichronic toxicity studies, the lowest dose level tested (1 mg.kg-l

n

bw.day-l) resulted in histo(patho)logical liver changes and effects on the
hepatic enzymes aryl hydrocarbon hydroxylase and glucuronyl transferase. In
a reproduction study in which the progeny was exposed both pre- and
postnatally, the lowest dose tested (0.25 mg.kg_1 bw.day-l) resulted in an
effect on the immunocompetence of the progeny. Lower dose levels have not
been tested. Therefore, and because of the wvariable composition of

"technical-grade" PCP, an acceptable daily intake can not be establish.

5.1.2 Exposure by inhalation

Data on (no) effect levels at exposure by inhalation are very limited (PCP)
or lacking (chlorophenols other than PCP). Therefore, acceptable airborne
concentrations can not be established.

Limited animal studies show that an airborne PCP concentration of 3 mg.m-3
can result in an increased 1liver weight and/or effects on biochemical
parameters (exposure 4 hours per day, for &4 months). These and acute
toxicity data indicate that PCP is (at least) 10 times more toxic at
exposure by inhalation than at oral exposure.

Limited data on non-occupational exposure indicate that prolonged exposure
to an (indoor) PCP level of 5 pg.m-3 (range 2-10 pg.m_3) does not result in

measurable effects on general health status.

5.2 RISK ASSESSMENT FOR THE ENVIRONMENT

In this risk assessment, different extrapolation procedures have been used
to establish acceptable concentrations ("maximally acceptable risk-levels",
MTRs)) of chlorophenols in surface water and soil, on the basis of L(E)C50-
values and/or NOEC-values from "single species" toxicity tests. MTRs are
considered to be concentrations below which there is no unacceptable risk
for ecosystems at long-term exposure, although sensitive species may be

adversely affected.
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The principles of these procedures are described in the "Integrated
Criteria Document Chlorophenols". For more details the reader is referred

to the original pubications on these procedures.

5.2.1 Aquatic organisms

Fresh water

The results of the extrapolation procedures and the toxicity values which
have been wused in these procedures are summarized in table 5.1 (PCP) and

table 5.2 (chlorophenols other than PCP).

PCP (table 5.1)

In conformity with a recent report of the National Institute of Public
Health and Environmental Protection ("RIVM", Van de Meent et al., 1990),
a concentration of 2 ug.l-1 ("modified" Van Straalen-procedure) is
recommended as MTR for PCP in fresh surface water. This value is calculated
on the basis of NOEC-values with regard to sublethal parameters (long-term

studies).

Chlorophenols other than PCP (table 5.2)

For these compounds, NOEC-values with regard to sublethal parameters are
very limited or lacking. Therefore, MIRs can not be calculated with the
"modified" Van Straalen procedure which is used preferably. The available
data clearly show, despite differences in toxicity of compounds within one
group of isomers (e.g. dichlorophenols), that the toxicity of chlorophenols
increases with increasing chlorination. Therefore, only one MIR for all
individual compounds within each group of 1isomers has been derived,
primarily based on the results of a "modified" EPA-procedure. This results
in the following MTRs: 25 pg.l-l for all monochlorophenols, 15 pg.l-1 for
all dichlorophenols, 2.5 pg.l-1 for all trichlorophenols and 1 p.g.l-l for

all tetrachlorophenols. Because of the limited number of toxicity values,

these MTRs are considered to be indicative values.
Sea water

For the majority of the compounds, both L(E)C50- and NOEC-values are
lacking. For the compounds remaining, the numbers of toxicity values are

(very) limited. The available data indicate similar sensitivities of
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freshwater and marine organisms for chlorophenols. Therefore, the

(indicative) MTRs voor freshwater are also recommended for sea water.

5.2.2 Terrestrial organisms

For terrestrial organisms, the numbers of toxicity wvalues are (very)
limited. Therefore, only one extrapolation procedure has been used. The
results of this procedure (a "modified" EPA-procedure) and the toxicity
values which have been used in this procedure are summarized in table 5.3.

The L(E)C50- and NOEC-values which are 1listed in this table have been
converted from an experimental value into an estimated value in a "standard
soil" containing 10% organic matter, to correct for differences in toxicity
caused by the use of different test soils (see the equation in the footnote
of table 5.3). Accordingly, the values calculated with the extrapolation

procedure refer to a 10% OM standard soil.

PCP

For PCP there are both L(E)C50-values and (a limited) number of NOEC-values
available. Extrapolation of the lowest L(E)C50 and NOEC results in
calculated concentrations of 0.08 and 0.16 mg.kg-l dry weight,
respectively. Because NOEC-values are wused preferably to establish an
acceptable concentration, a concentration of 0.2 mg.kg-1 dry weight is
recommended as indicative MTR for PCP in a 10% OM soil. For soils
containing a percentage of OM other than 10%, MIRs can be calculated using

the equation in table 5.3.

Chlorophenols other than PCP

For half of these compounds there is at least one L(E)50 available.
Extrapolation of the lowest value for each compound results in calculated
concentrations ranging from 0.04 to 0.72 mg.kg-l dry weight. In contrast
with the toxicity values for aquatic organisms, those for terrestrial
organisms do not show a clear trend of increasing toxicity with increasing
chlorination, not even in idential studies (This may be the result of the
fact that soluble compounds were usually added to the soil as aqueous
solution whereas less soluble compounds were added as solid). Therefore,
and because of the limited number of toxicity values available, a range of
0.1 tot 1 mg.kg-l dry weight 1is considered as indicative MTR, for

individual compounds, in a 10% OM soil.
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Table 5.1 Calculated "acceptable" concentrations (ug/l) of PCP in fresh
water, based on extrapolation procedures according to Slooff et
al. (1986), Kooijman (1987), Van Straalen (1989) and RIVM (Van
de Meent et al, 1990).

Input Result (pg/1)
NOEC-values (long-term tests; n = 26)

Van Straalen!: (n=26) ---------- > 1.2
RIVMZ?: (n = 10) ---------- > 2.0 "MTR"
Input

Lowest NOEC-value: 3 ug/l (long-term tests)

Slooff et al.3: (n

1) eeeeeeea- > 0.3

EPA*: (n=1)  -----ene-- > 0.3

Input
L(E)C50-values ("long-term" tests)

Kooijman: (n=29)  ---------- > 0.5

"MTR": "maximally acceptable risk-level" (see the text).

n = number of input data,

! Original Van Straalen-procedure; input: all available NOEC-values).

2 "Modified" Van Straalen-procedure: a revised statistical technique has
been used, and the NOEC-values are clustered according to selected
taxonomical groups (input: 1 NOEC for each group selected)

8 Log NOEC = [+0.63 + 0.85.Log NOEC] : 33.5 (uncertainty

ecosystems

factor).
Assessment factor of 10.
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Table 5.2 Calculated "acceptable" concentrations (ug/l) of chlorophenols
other than PCP in fresh water, based on the extrapolation
procedures according to Slooff et al. (1986) and RIVM (Van de
Meent et al., 1990)

Compound Input Result (ug/l)

LOWEST LOWEST S100FF RIVM

L(E)C50 NOEC et al. EPA-MODIFICATION "MTR™

I {n}) IT {n) 11 112 138 114

2- 2600 {10} 500 ({2} 1.9 25 26 50 25
3- 6400 (3) 4.0 64 25
4- 2500 (9) 630 (1) 1.9 30 25 63 25
2,3- 3100 (3} 2.2 3.1 15
2,4- 1400 {12} 290 (3) 1.2 16 14 29 15
2,5- 2800 (0} 2.0 2.8 15
2,6- 3400, (5} 2.4 34 15
3,4- 1400, (2} 1.2 1.4 15
3,5- 1050 ({3} 0.9 10 15
2,3,4- 1100} (2) 1.0 1.1 2.5
2,3,5- 1150, (2} 1.0 1.1 2.5
2,3,6- 3700 {3} 2.6 3.7 2.5
2,4,5- 900 (7} 160 (2) 0.8 10 0.9 16 2.5
2,4,6- 2200, (8) 970 (1} 1.7 44 22 97 2.5
3,4,5- 450 (2) 0.5 0.4 2.5
2,3,4,5- 205 {4) 0.2 0.2 1
2,3,4,6- 290 (4) 0.3 2.9 1
2,3,5,6- 570 (3) 0.6 0.6 1
"MRT": "maximally acceptable risk-level" (see the text).

{n} Number of available values from tests conducted according to current
guidelines for aquatic toxicity testing (primary literature source
available).

(L(E)50-values: table 2.1 en 2.2; NOEC-values: table 2.4).

* Estimated 48-hr L(E)C50-value for the water flea Daphnia magna
(24-hr experimental value : factor of 2).

~  Primary literature source not available.

1 = - . .
Log NOECecosystems [-0.55 + 0.81.Log L(E)C50] : 85.7 (uncertainty
factor).

2 Log NOEC = [+0.63 + 0.85.Log NOEC] : 33.5 (uncertainty

factor).ecosystems

An assessment factor of 100 is applied in case there 1is at least 1
"reliable" L(E)C50 voor each of the following taxonomic groups: algae,
crustaceans and fish; in the cases remaining, an assessment factor of
1000 is applied.

Assessment factor of 10.
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Table 5.3 Calculated "acceptable" concentrations (mg/kg dry weight) of
chlorophenols in soil, based on an extrapolation procedure
according to "EPA".

Compound L(E)C50-values Result!?!
groups number  lowest (mg/kg dry weight)
of
*

values value

2- P 1 215 0.21
3- pP.e 1,8 35 0.35
2,4- P 1 265 0.26
3,4- e 8 221 0.22
3,5- P 1 160 0.16
2;3,5' P 1 45 0.04
2,4,5- e 8 79 0.08
2,4,6- pP,e 1,4 72 0.72
2,3,4,5- e 4 272 0.27
PCP p.,e,m-a 3,15,2 8 0.08

NOEG-values Result?

groups number lowest (mg/kg dry weight)
of *
values value

2,3,5- P 1 16 1.6
PCP p,r,m-a 4,4,6 1.6 0.16

e = earthworms; p = plants; m-a = microbial activities

* The experimental values (V_) have been converted into estimated values
(V) into a "standard soif” containing 10% organic matter (% OM-s: 10%),
on"the basis of the percentage of organic matter in the test soil (% OM-
t), using the following equation:

VS =V x 10 .
$ OM-t

In most tests with plants, the % OM in the test soil was 1.4%; in these
cases a percentage of 2. (% OM-t = 2) has been used in the equation .

! An assessment factor of 100 is applied in case there is at 1least 1
L(E)C50 for each of the following groups: plants (p) and earthworms (e);
in the cases remaining an assessment factor of 1000 is applied.

2 Assessment factor of 10.
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