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PREFACE

This report contains results of research carried out in the framework of the project ’Setting
integrated environmental quality objectives’. The results have been discussed in the 'Setting
integrated environmental quality objectives advisory group’. Members thereoff are J.H.M. de
Bruijn (Ministry of Housing, Physical Planning and the Environment), J.H. Canton (National
Institute of Public Health and Environmental Protection), C.A.J. Denneman (Ministry of
Housing, Physical Planning and the Environment), J.W. Everts (Ministry of Transport, Public
Works and Water Management, Tidal Waters Division), M.P.M. Janssen (Institute for Forestry
and Nature Research), P. Leeuwangh (Winand Staring Centre for Integrated Land, Soil and
Water Research), E.J. van de Plassche (National Institute of Public Health and Environmental
Protection), P.B.M. Stortelder (National Institute of Inland Water Management), J. Struijs
(National Institute of Public Health and Environmental Protection), M. Vossen (National
Institute of Inland Water Management), and J. van Wensem (Technical Committee on Soil
Protection).
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SAMENVATTING

In dit rapport zijn in het kader van het project Integrale Normstelling (INS) op basis van
toxicologische gegevens Maximaal Toelaatbare Risiconivo’s (MTR’s) afgeleid voor 9 sporen-
elementen: antimoon, barium, beryllium, cobalt, molybdeen, seleen, thallium, tin en vanadium.
Voor het aquatisch milieu konden voor alle sporenelementen MTR'’s afgeleid worden. Hiertoe
werden zowel toxicologische gegevens voor zoet- als voor zoutwaterorganismen gebruikt.
Tevens werd een vergelijking gemaakt tussen de gevoeligheid van aquatische organismen in
beide milieus voor deze sporenelementen en een aantal andere metalen. Hieruit kwam naar
voren dat er geen verschil was in acute toxiciteit maar dat zoetwaterorganismen gevoeliger
waren in chronische testen. Voor deze organismen waren echter veel meer gegevens
beschikbaar.

Voor het terrestrisch milieu kon alleen voor cobalt een MTR afgeleid worden. Voor de andere
sporenelementen waren geen betrouwbare toxiciteitsdata beschikbaar. Voor sedimentbewoners
kon voor geen enkel sporenelement een MTR bepaald worden omdat geen gegevens
beschikbaar waren voor benthische organismen blootgesteld via het sediment.

Bij het afleiden van MTR’s is tevens rekening gehouden met doorvergiftiging via de routes
water - vis - vis-etende vogel of zoogdier en bodem - regenworm - regenworm-etende
vogel of zoogdier. Hierbij is gebruik gemaakt van een 'screening-methode’ waarbij uitgegaan is
van informatie uit reviews. Alleen voor selenium en thallium waren gegevens beschikbaar voor
de aquatische route. Hieruit kwam naar voren dat voor beide metalen geen risico was voor
doorvergiftiging.
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SUMMARY

In this report Maximum Permissible Concentrations (MPC) are derived for 9 trace metals based
on ecotoxicological data. The elements are: antimony, barium, beryllium, cobalt, molybdenum,
selenium, thallium, tin, and vanadium. The study was carried out in the framework of the
project 'Setting integrated environmental quality objectives’.

For the aquatic environment MPC'’s could be derived for all trace elements. These values were
based on toxicity data for freshwater as well as saltwater organisms. Also a comparison was
made between the sensitivity of saltwater and freshwater organisms for these trace elements
and some other metals. The conclusion could be drawn that in acute tests freshwater and
saltwater organisms are equally sensitive but that freshwater organisms are more senisitive in
chronic tests. It should be stated however that much more data were available for freshwater
organisms.

For the soil only for cobalt a MPC could be derived. For the other trace elements no reliable
toxicity data were available. For sediment dwelling organisms no MPC's could be derived
because no toxicity data were available for benthic organisms exposed via the sediment.
Secondary poisoning was taken into account for the routes water - fish - fish-eating bird or
mammal and soil - earthworm - worm-eating bird or mammal. A 'screening-method’ was used
in which only information from reviews was used. Only for thallium and selenium data were
available for the aquatic route. From these data it could be concluded that there was no risk
for secondary poisoning for these metals.



1. INTRODUCTION

In 1989 the project 'Setting integrated environmental quality objectives’ started arising from
action item A-35 of the National Environmental Policy Plan. [1] Goal of this project is to derive
integrated quality objectives for air, water, and soil for a great number of compounds based on
the risk philosophy of the Ministry of Housing, Physical Planning and the Environment. [2] The
project is carried out by the National Institute of Public Health and Environmental Protection.
The first sub-project 'MILBOWA' resulted in the report 'Desire for levels’. [3] In this report a
methodology was proposed for deriving these objectives for several compounds like heavy
metals, chlorophenols, pesticides and polycyclic aromatics. Based on this report integrated
environmental quality objectives for water and soil were proposed by the Minister of the
Environment from The Netherlands for several compounds. [4]
The second sub-project was called ’'exotic metals'’!. Goal of this project was to derive
integrated quality objectives for water, sediment, and soil for antimony, barium, beryllium,
cobalt, molybdenum, selenium, thallium, tin, and vanadium. Air was not taken into account
because it was expected that there would be no toxicity data for the exotic metals. For deriving
these quality objectives almost the same methods are used as described in 'Desire for levels’.
This means that maximum permissible concentrations (MPC) for the three compartments are
determined using extrapolation methods based on toxicity data, and that these MPC’s for the
different compartments are coordinated using the equilibrium partitioning method. Therefore
the following had to be done:
1. derivation of MPC's for water, sediment, and soil based on ecotoxicological data. Also
secondary poisoning had to be taken into account.
2. derivation of partition coefficients in order to apply the equilibrium partitioning method,
3. gathering information about background levels in soil, groundwater, and surface water,
4. proposing integrated quality objectives.
It was decided by the National Institute of Public Health and Environmental Protection and the
Ministry of Housing, Physical Planning, and the Environment to publish separate reports about
these four aspects. This report contains the ecotoxicological data and the calculation of MPC'’s
using extrapolation procedures based on these data.

2. METHODOLOGY

2.1 Literature search

Several sources were used for the collection of single species toxicity data:

- on-ine search was carried out in TOXLINE, AQUIRE and BIOSIS. 1970 was used as starting
point for freshwater and terrestrial organisms. Based on the results of this on-line search it
was decided to use reliable reviews for saltwater organisms as a starting point. For barium,
beryllium, selenium and vanadium therefore ondine search was carried out using 1989,
1989, 1986, and 1987 as starting points, respectively. For the other metals 1970 was used
as starting point.

! These metals are denoted ’exotic metals’, because they were only relatively seldom
subject of environmental studies. Although selenium and antimony are strictly speaking
not metals but metalloids they are denoted trace metal or ‘exotic metal’ in this report.
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literature present at the Advisory Center of Toxicology of the National Institute of Public
Health and the Environment,
- retrospective literature search. Next to public literature reviews were used as a basis for this
kind of literature search. The reviews used are summed up in appendix 1.
It has to be stated that only studies carried out with anorganic salts of the "exotic metals’ were
selected because MPC’s had to be derived for the respective elements. E.g. a test carried out
with antimonytartrate was not used because it will not dissociate in water in antimony and
tartrate.

2.2 Deriving toxicity data from literature
2.2.1 Quality criteria for studies

First of all a study had to meet several requirements with respect to the experimental design.
Most of these requirements are stated in test-guidelines like the ones of the OECD. For metals
data concerning the medium used, especially pH, are essential with respect to the speciation
of metals. Also the chemical species in which the metal is added is important. Attention should
also be paid to the addition of chelators like EDTA. A reduction of toxicity for metais can be
expected when EDTA is present in the medium. The results of toxicity tests were always
expressed as dissolved metal. In case no information was present in literature results were
corrected. This means that if e.g. a LC50 was presented as y mg/l CoCl, the LC50 was
calculated as (Molecular Weight Co / Molecular Weight CoCl, = 0.45 * y) mg/! Co?*.

All results from experiments with soil organisms were converted to a standard soil, which is a
soil with a clay and organic matter content of 25 and 10%, respectively. Therefore the so called
'soil type correction factors’ were used. For the ’exotic metals’ the following 'soil type
correction factors’ were available (L: clay content; H: organic matter content) [5]:

barium: 30+5*L

beryllium: 0.4 + 0024 x L
cobalt: 2 +028xL
tin: 4 +06xL
vanadium: 12 + 1.2xL

For the other ’exotic metals’ no 'soil type correction factors’ could be derived. This means that
only the test-result can be presented.

2.2.2 Parameters

For environmental effects assessment principally only those parameters are taken into account
that exclusively affect species on the level of population. In general the parameter in acute
studies is mortality. In (semi)chronic studies next to mortality other parameters like growth and
reproduction are studied. Also other parameters are studied however, e.g. behaviour. Restults
of such studies were used only if the parameter considered was ecologically relevant, e.g.
immobility in tests with daphnids or lying on the bottom of the test-vessel in experiments with
fish.

The parameter acidification as a result of the assimilation of added glucose in a test with
Pseudomonas was not considered ecologically relevant, so test results were not used for the
derivation of MPC values. [6]



2.2.3 Procedures for deriving L(E)}C50 values

In principle a distinct concentration-effects relationship had to be present. In most cases
however, the raw data were not presented in literature. In general these studies were
considered reliable, because acute studies have been carried out already for a long time and
have been standardized to a great extent, especially in aquatic ecotoxicology. Only when
strong indications were present about the unreliability of a study or when the results were
given as a very short summary only, these data were not accepted. If only raw data were
available the L(E)C50 was calculated according to the method of Spearman and Karber [7].

2.2.4 Procedures for deriving NOEC values

Several procedures were used for deriving NOEC (No Observed Effect Concentration) values

depending on whether statistical methods have been used or not:

- if the NOEC value was based on a statistical method these results were used: the
concentration tested had to differ from the control at a significance level of at least P <
0.05,

- if no statistical method was applied or could be used in principle the concentration showing
less than 10% effect was considered as the NOEC. There had to be a distinct
concentration-effects relationship however.

- if there were not enough NOEC values available to apply refined effects assessment or
when there was a LOEC (Lowest Observed Effect Concentration) which was lower than the
available reliable NOEC value(s) the following procedures were applied:

1) LOEC >10 to 20% effect: the NOEC = LOEC/2,

2) LOEC >20% effect and a distinct concentration-effects relationship: the EC10 was
calculated or extrapolated and regarded as the NOEC,

3) LOEC >20% with no distinct concentration-effects relationship:

a) LOEC 20 to 50% effect: NOEC = LOEC/3,

b) LOEC >50% effect: NOEC = LOEC/10.
If other test-results were available within the same taxonomical group with distinct concen-
tration-effects relationships, these were used to verify the above mentioned assessment
factors. If for instance an acute-chronic ratio was available within the same taxonomical
group this ratio was used instead of one of the factors mentioned above.

In aquatic ecotoxicology several other toxicological criteria are used. These were dealt with in

the following way:

- 16% reproductive impairment concentration of Biesinger and Christensen, defined as the
minimal reproducable value below which the variability in reproduction could not be
detected from controles. [8] A factor of 2 was used to derive a NOEC.

- Toxische Grenzkonzentration (TGK) or Toxic Threshold of Bringmann and Kiihn. [9] The
NOEC was calculated as TGK/2.

- Maximum Acceptable Toxicant Concentration (MATC): if the MATC was presented as a
range of 2 values the lowest value was used as the NOEC. If the MATC was presented as
one value the NOEC was calculated as MATC/2.

2.3 Extrapolation methods

In the Netherlands two extrapolation methods are used for deriving environmental quality
objectives:
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1. preliminary effects assessment: modified EPA method,

2. refined effects assessment: Modification 0 of the method of van Straalen and Denneman as
developed by Aldenberg and Slob.

These methods are described in detail in Slooff (1992) and Aldenberg and Slob (1991) [10, 11].

A short description of both methods is given below:

2.3.1 Preliminary effects assessment

In the modified EPA method assessment factors are applied on toxicity data. The size of this
factor depends on the number and kind of toxicity data. In tables 1 and 2 the method is
summarized for aquatic and terrestrial ecosystems, respectively. The outcome of the method is
called an indicative MPC because this method lacks scientific basis. In contrast with the former
EPA method, the modified method weights chronic as well as acute toxicity data over the
species according to the method described below for Aldenberg & Slob. In addition also
acute/chronic ratios are used to derive NOEC values. These ratios are applied only within a
taxonomical group.

Table 1. Modified EPA method for aquatic ecosystems

available information assessment factor
lowest acute L(E)C50-value or QSAR estimate for acute toxicity 1,000
lowest acute L(E)C50-value or QSAR estimate for acute toxicity

for minimal algae/crustaceans/fish 100
lowest NOEC-value or QSAR estimate for chronic toxicity 10°
lowest NOEC-value or QSAR estimate for chronic toxicity for minimal algae/crustaceans/fish 10

a

this value is subsequently compared to the extrapolated value based on acute L(E)C50 toxicity values. The
lowest one is selected

Table 2. Modified EPA method for terrestrial ecosystems

available information assessment factor
lowest acute L(E)C50-value or QSAR estimate for acute toxicity 1,000
lowest acute L(E)C50-value or QSAR estimate for minimal three representatives of

microbe-mediated processes, earthworms or arthropods and plants 100
lowest NOEC-value or QSAR estimate for chronic toxicity 10°
lowest NOEC-value or QSAR estimate for chronic toxicity for minimal three representatives

of microbe-mediated processes, earthworms or arthropods and plants 10

this value is subsequently compared to the extrapolated value based on acute L(E)C50 toxicity values. The
lowest one is selected

2.3.2 Refined effects assessment

Modification 0 calculates a Hazardous Concentration (HCp) defined as the concentration at
which p% of the species in the community may be adversely affected. The decision on what is
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an acceptable value for p% is not a matter of science, but a political compromise. Anticipating
on political discussions, a protection level for the ecosystem is assumed as follows:
ecosystems are supposed to be protected if 95% of the species is protected, which means that
in the ecosystem the NOEC is exceeded for 5% of the species. This 95% protection level can
be calculated with a 50% and 95% confidence level. In The Netherlands the former value is
called the MPC. [2] To indicate the uncertainty in the estimation of the MPC the 95% protection
level with both 50 and 95% confidence is calculated. The method uses the lowest NOEC per
species as input data and is applied when at least 4 NOEC values for different taxonomic
groups are available. NOEC values used as input data for the extrapolation methods are
evaluated as follows [3]:

- if for a single species several NOEC values are derived for different effect parameters the

lowest is selected,
- if for a single species several NOEC values are derived for the same effect parameter a
geometric mean is calculated.

Modification 0 assumes that the NOEC values used for calculation fit the log-logistic
distribution. For checking this assumption the data available are tested statistically with the so
called empirical distribution function (EDF): Kolmogorov-Smirnov D*sqrt(n) test. The
significance level (1, 2, 5, or 10%) is presented at which the test rejects the distribution as
being log-ogistic. Only if the NOEC values are not log-logistically distributed at a significance
level of 1% and there are no reasons for leaving out outliers aiso the modified EPA method is
applied. The lowest value is considered as the MPC. [10]

2.4 Secondary poisoning

Secondary poisoning was taken into account according to the method of Romijn et al. (1991)
for the routes water - fish - fish-eating bird or mammal and soil - earthworm - worm-eating
bird or mammal. [12, 13] The method calculates a MPC for secondary poisoning using the
algorithm MPC = NOECq cater / BCF OF MPC = NOEC, /1 .cater / BCF for water and soil,
respectively. These MPC’s are compared with the MPC based on ecotoxicological data for
aquatic or terrestrial organisms. If the latter MPC’s are higher secondary poisoning can be a
critical pathway.

Because it was expected that secondary poisoning will not occur for these metals it was
decided to carry out a global literature search for bioconcentrationfactors for fish and
earthworms and for toxicological data on birds and mammals. Only if there was a risk an
extensive on-line search would be carried out.

3. RESULTS OF LITERATURE SEARCH FOR TOXICITY DATA

3.1 Effects on aquatic organisms

Results of the effects on freshwater and marine organisms are presented in appendices 2 and
3, respectively. For both organisms three tables have been made: acute data, chronic data,
and toxicity data not used for the application of extrapolation methods, e.g. (semi)chronic
LC50 values for fish. The difference between acute and (semi)chronic exposure depends on
the organism tested. In general an exposure time <96 hour was considered as an acute test.
For lower organisms however this could be considered as a chronic test, e.g. a 72 hour study
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with algae. No difference was made between water column and benthic species exposed via
the water phase. With respect to environmental quality objective setting this might be important
if the sensitivity of both kind of organisms differed considerably. From an analysis of data
compiled in the EPA water quality criteria documents Di Toro et al. (1991) demonstrate that
benthic species have a similar sensitivity compared to water column species, for saltwater as
well as freshwater organisms. [14]

In general it can be stated, as was expected, that there was little information on
ecotoxicological effects of these metals in aguatic systems. Especially chronic data are lacking
for most metals. More information was present for effects on freshwater than on marine
organisms.

In the paragraphs hereafter the results for the different metals will be discussed shortly. Also
some general information is given about the behaviour of the metals in the aquatic
environment.

3.1.1 Antimony (Sb)

Of the oxidation states of antimony Sb(lll) and Sb(V) are dominant and exist as hydroxo-

complexed species under typical environmental conditions. Over the pH range expected in

typical natural environments Sb(OH)4" is the dominant species for Sb(V); for Sb(lll) Sb(OH)3° is

the dominant species. [15]

Tests were carried out with K[Sb(OH)g] and Sb,0,. For freshwater organisms acute data were

available for crustaceans, worms, and fish varying from an EC50 for Daphnia magna of 420

mg/l to a LC50 of 1,100 mg/I for Leuciscus idus melanotus. For marine organisms only one

LC50 was available for Cyprinodon variegatus of 6.2-8.3 mg/l. Chronic data were available only

for freshwater organisms, with a lowest NOEC value of 23 mg/! for Microcystis aeruginosa.

These results differ from the ones presented in the EPA Quality Criteria for Water. [16] From

the EPA report 'Ambient water quality criteria for antimony’ the following can be concluded

[17):

- an ECS0 for chlorophyll a and reduction of cell numbers for Selenastrum capricornutum at
0.61 and 0.63 mg/I, respectively was derived in a test with Sb,0,. This result was only
presented in a table however and the original reference could not be obtained.

Contrary to the test result above Bringmann and Kithn determined a NOEC of >492 mg/I
for another green algae Scenedesmus quadricauda in a cell multiplication test. [18]

- for Daphnia magna an EC50 and chronic value of 19 and 5.4 mg/l, respectively was
derived in a test with SbCl,. For Pimephales promelas a LC50 and chronic value of 22
and 1.6 mg/l was derived in a test with the same compound. Here also, however the
original references could not be traced.

In an article by LeBlanc (1984b) a EC50 of >530 mg/l with a hardness of 173 mg/I
CaCO, is presented. [19] For Daphnia magna one EC50 value of 420 mg/l with a
hardness of 245 mg/l CaCO, was available. From these data it can be concluded that
toxicity of antimony is affected by hardness.

For effects of antimony on Pimephales promelas one other article was obtained. In a 30
day post-hatch test according to EPA procedures no effects were detected on hatching,
survival, length, and weight of the larvae at the highest test concentration of 7.5 pg/l. [20]
The LCS0 of 1,100 mg/! for Leuciscus idus melanotus from appendix 2 is from a test with
a water hardness of 255 mg/l CaCOj. It is well known that Pimephales promelas is more
sensitive than Leuciscus idus melanotus, but it is difficult to compare both results.

From this it can be concluded that the information presented in appendix 2 might

underestimate the toxicity of antimony to freshwater organisms. The original data are lacking

however.



3.1.2 Barium (Ba)

For barium no toxicity data were available for marine organisms. All tests with freshwater
organisms were carried out with Ba(ll) added as BaCl,, which is the dominant species in
aqueous environments containing CI', 3042', NOg, and COSZ‘ ions at pH <9.3. [15] In waters
with high sulfate concentrations the amount of free Ba(ll) is controlled by BaSO, which has a
solubility in water of 2 mg/! at 20 °C. [21]

Acute data were available for crustaceans, fish and plants. L(E)C50 values varied from 15 mg/!
for Daphnia magna to 570 mg/} for Leuciscus idus melanotus. For Daphnia magna the 48 h
EC50 value was a factor 13 higher than the LC50 value. An explanation for these differences
could be adsorption of barium on glass of the test vessels. [22] Chronic data were available for
algae and crustaceans, i.e. NOEC values of 29 and 17 mg/| for Daphnia magna and
Scenedesmus, respectively.

3.1.3 Beryllium (Be)

Also for beryllium no toxicity data were available for marine organisms. All freshwater tests
were carried out with Be(ll) added as Be(NO,), or BeSO,. Concentrations of dissolved
beryllium in water will be low due to the very low solubility of Be(OH),. [15]

Acute data were available for crustaceans, worms, fish, and amphibians, L(E)C50 values
varying from 0.16 to 32 mg/l for Lebistes reticulatus and Ambystoma opacum, respectively.
Acute toxicity of fish appeared to be related to water hardness, with beryllium being more toxic
in soft water. In an acute test with Lebistes reticulatus LC50 values decreased from 19 to 0.16
mg/! for water with a hardness of 400 and 22 mg/l CaCOj,, respectively. [23] The same results
were obtained in a test with larvae of the salamander Ambystoma opacum. [24] No information
about this phenomenom was present for other taxonomical groups.

Chronic data were available for several lower organisms and fish with NOEC values varying
from 0.68 to 260 pg/! for Pseudomonas putida and Chilomonas paramaecium, respectively. It
should be stated that all tests were carried out in water with a hardness of <50 mg/l CaCO;. In
a summary of the ambient water quality criteria for beryllium, as presented in Environmental
Health Criterium 106, it is stated that in a chronic test no effects on reproduction of Daphnia
magna occurred at 3.8 pg/l (hardness 220 mg/l CaCO,). [25] The original reference could
however not be obtained.

3.1.4 Cobalt (Co)

Co Is an essential element for mammals (vitamin B, contains Co3+) and micro-organisms (Co
plays a role in biological N-fixation). Co also appears to be essential for (blue-green) algae.
[26] Some toxicity tests with algae are therefore carried out with Co added to the medium, e.g.
Bold’s basal medium contains 40 pg/! Co(NO,),. [27] Most important cobalt compounds are
CoCl,, Co(NO,),, and CoSO, which are very soluble in water. [28]

Toxicity data were available for fresh as well as saltwater organisms. Acute data for freshwater
organisms varied from 1.1 mg/! for Daphnia magna to 140 mg/! for Tubifex tubifex. Acute data
for saltwater organisms varied from 4.5 mg/| for Nitocra spinipes to 170 mg/| for Artemia
salina. The test with Nitocra spinipes was carried out with test water with a salinity of 7 °/Oo,
which means that the test was actually carried out under estuarine conditions.

For freshwater organisms NOEC values were available for algae, crustaceans, and fish. The
value for Daphnia magna of 5 ug/l was more than a factor 10 lower compared to the other
NOEC values. In the article of Biesinger no explanation is given for this low value. [8]

Also the two NOEC values for saltwater organisms varied considerably: 114 and 0.45 mg/I for
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Carcinus maenas and Homarus vulgaris, respectively, both being crustaceans. Also in this
case no explanation can be given for these differences. From these data it can be concluded
that the sensitivity of marine and freshwater organisms for cobalt is comparable for acute
exposure. With respect to chronic exposure the data were too scarce to draw conclusions.

3.1.5 Molybdenum (Mo)

From the 5 oxidation states possible Mo(lV) and Mo(VIl) predominate, while in most natural
water Mo occurs as the molybdate anion M0042'. [26] Molybdenum is an essential element for
mammals. Also for algae molybdenum is essential. [29] In the OECD standard medium e.g.
9.79 pg/l molybdenum is added as (NH,)gMo,0,,.4H,0. [30]

Acute data were available for freshwater and marine organisms, while chronic data were
available only for one freshwater algae Scenedesmus (NOEC = 27 mg/l). All tests except one
were carried out with Na,MoO,. For freshwater organisms L(E)C50 values varied from 29 to
2,700 mg/l for Tubifex tubifex and Crangonyx pseudogracilis, respectively. For marine
organisms data were available for crustaceans and fish, L(E)C50 values varying from 250 to
2,600 mg/| for Allorchestes compressa and Cyprinodon variegatus, respectively. The sensitivity
of salt and freshwater organisms for molybdenum seems comparable, although data were very
scarce.

3.1.6 Selenium (Se)

Selenium is found in nature in the -2, 0, +4, and +6 oxidation states. In aerobic water the
selenious acid species selenite (Se032') and selenate (Se042') dominate under intermediate to
slightly oxidizing conditions. Under moderately reducing conditions many heavy metals are
precipitated as the selenides. [15]

Selenium is an essential element for mammals, including human beings. It is found as
selenocysteine in the enzyme glutathione peroxidase. [28] Selenium has also been shown to
be essential for fish. A dietary level of 0.07 mg/kg dry feed with a waterborne level of 0.4 + 0.2
ng/t was sufficient to prevent selenium deficiency symptoms in a study with Oncorhynchus
mykiss. [31] Lindstrom (1983) has determined that selenium is also essential for the
dinoflagellate Peridinium cinctum and possibly for the diatom Stephanodiscus hautzschi and
eight species of green algae. [32] Essential concentrations were c¢. 0.5 ug/l.

Many studies have been carried out about selenium deficiency in daphnids. Winner (1984)
describes antennal damage for Daphnia pulex caused by selenium deficiency. [33] According
to Balk et al. (1989) however these effects were due to chronic toxicity of copper being present
in the medium. [34] In a test with Daphnia magna stimulation of reproduction and improvement
of the condition of the animals could be obtained not only by the addition of 1 pg/l selenium
added as SeO, to ISO medium, but also by other trace elements. Balk et al. (1989) conclude
that the attribution of the observed deficiencies exclusively to a lack of selenium remains
disputable. In damaged antennae of daphnids Elendt showed that at the ultrastructural level the
effects were consistent with the biochemical function of selenium in the enzym glutathione
peroxidase, i.e. preventing cellular components from peroxidating. [35] Elendt and Bias (1990)
conclude that at least in part, the occurrence of deficiency symptoms in tests with Daphnia
magna could be attributed to selenium deprivation. [36] They obtained the best results in
culturing daphnids with a medium with a complex trace element composition, containing 25, 5,
1, and 0.3 pg/l molybdenum, cobalt, selenium, and vanadium, respectively.

Selenium influences the toxicity of other metals. A selenium enriched diet reduced the toxicity
of cadmium to Daphnia magna. [37] Antagonism between cadmium and selenium was also
shown in the freshwater mollusc Lymnaea stagnalis, acting in both directions. [38] Addition of
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5 pg/! selenium reduced chronic toxicity of copper at a concentration of 10 pg/| for Dapnia
pulex. [33] The interaction of selenium and mercury in fish is more complex. The addition of 3
mg/! selenium in a test with Semotilus atromaculatus favored the accumulation of mercury at
relatively low concentrations of 0.01 to 0.07 mg/|, added as HgCl,. At higher concentrations of
0.1 to 0.16 mg/! the opposite was determined. [39] In a test with Esox lucius reduced mercury
and methyl-mercury uptake was observed at low selenium concentrations of 1 and 1-10 pg/l,
respectively. No effect was observed at higher concentrations of 100 pg/! selenium. [40]

Many acute as well as chronic toxicity data were available for freshwater and marine
organisms. Most tests were carried out with selenite or selenate. Sometimes SeO, was used.
Acute data for freshwater organisms were available for crustaceans, insects, fish, worms, and
plants. L(E)C50 values varied between 0.071 and 120 mg/| for Daphnia pulex and
Oncorhynchus kisutch, respectively. For marine organisms data were available for cumaceans,
crustaceans, molluscs, and fish. LC50 values varied between 0.26 and 33 mg/! for Argopecten
irradians and Scylla serrata, respectively. For freshwater organisms daphnids were more
sensitive to selenium than other organisms.

For freshwater chronic data were available for bacteria, blue algae, green algae, protozoa,
crustaceans, insects, and fish. NOEC values varied between 0.9 and 5,600 pg/! for Entosiphon
sulcatum and Pseudomonas putida, respectively. For marine organisms chronic data were
available for algae, crustaceans, and fish. NOEC values varied between 0.01 and 79 mg/I for
Platymonas subcordiformis and Paviova lutheri, respectively. From these data the conclusion
can be drawn that selenium is more toxic in fresh than in saltwater.

From the data available it appeared that selenite is more toxic than selenate, i.e. a factor 1.4-
3.7, 42, and 86 in acute tests with Daphnia magna, Oncorhynchus kisutch, and
Oncorhynchus tshawytscha, respectively. In a test with Chironomus riparius contradictory
results were obtained: in soft water selenate was more toxic, i.e. a factor 1.4, and in hard water
selenite, i.e. a factor 2.0. As the differences in sensitivity between organisms is considerably
higher than the difference in toxicity between selenite and selenate it seems reasonable to
make no distinction between the two selenium species.

3.1.7 Thallium (TI)

Thallium can occur in the +1 and +3 oxidation states of which TI* is the predominant species

in most natural waters. Tl-organic reactions may be important in natural waters, but information

is scarce. [15]

All tests were carried out with TI() as TINO, or TI,SO,. Only one acute LC50 of 21 mg/I for

Cyprinodon variegatus was available for saltwater organisms. For freshwater organisms acute

data were available for algae, crustaceans, and fish, varying from 0.11 to 140 mg/| for Daphnia

magna and Leuciscus idus melanotus, respectively. The latter value of 140 mg/l was

considerably higher than all other toxicity data. One chronic study was found, resulting in a

NOEC of 30 pg/| for growth for Pimephales promelas.

In the EPA report "Ambient water quality criteria for thallium" other data are presented [41]:

- freshwater organisms: EC50 values for Selenastrum capricornutum of 110 and 100 pg/l
for chlorophyll a and inhibition of cell numbers, respectively,

- saltwater organisms: LC50 of 2.13 mg/! for Mysidopsis bahia and a NOEC of 4.3 mg/| for
Cyprinodon variegatus in an embryo-larval test.

From this information it appears that fish in freshwater are more sensitive to thallium than

saltwater fish. The test conditions for the saltwater tests were however unknown because the

original references could not be obtained.
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3.1.8 Tin (Sn)

Almost no information is available on the speciation of anorganic tin in the aquatic
environment. Tin can have two oxidation states, the stannous sn?* and stannic Sn**
compounds. [42]

Acute toxicity data were available for freshwater for algae and crustaceans and for saltwater
organisms for algae only. All tests were carried out with SnCl, or SnCl,. For freshwater
organisms L(E)C50 values varied from 5.5 to 50 mg/l for Ankistrodesmus falcatus and
Crangonyx pseudogracilis, respectively. For saltwater the two EC50 values were 0.29 and 0.32
mg/l. Only for freshwater organisms chronic data were available, i.e. for algae, crustaceans,
and fish. NOEC values varied from 0.09 to 7.8 mg/! for Ankistrodesmus falcatus and Cyprinus
carpio, respectively. The data are too scarce to draw conclusions about differences in
sensitivity between marine and freshwater organisms, although acute data for saltwater algae
were much lower than for freshwater algae.

3.1.9 Vanadium (V)

Vanadium can have different oxidation states of which the pentavalent state is dominant and
stable over a wide range of pH in aqueous solutions. Occurring species are
vanadiumpentoxide V,0O;, sodium vanadate NaVO,, and ammonium vanadate NH,VO,. The
formation of isopoly and heteropoly compounds by forming V-O-V-O linkages is most
characteristic of V(V) in aqueous solutions. [43]

Vanadium is considered essential for some animals, e.g. rats and chickens. Vanadium is
propably also essential for the green alga Scenedesmus obliguus at levels of 1-10 pg/l. [43] In
a mineral medium for daphnids as described by Keating (1985), 0.5 pg/l vanadium as NH,VO,
must be added. [44]

For saltwater organisms only one acute LC50 was available for Limanda limanda of 28 mg/!.
Chronic data were available for algae only, NOEC values varying from 0.05 to 0.3 mg/1 for
Dunaliella marina and Prorocentrum micans, respectively. For freshwater organisms acute and
chronic data were available for oligochaeta, daphnids, and fish, the lowest LC50 and NOEC
being 3.5 and 0.041 mg/| for Daphnia magna and Jordanella floridae, respectively. The data
are too scarce to draw conclusions about the difference in sensitivity between freshwater and
marine organisms.

Knudtson studied the toxicity of different vanadium species to two freshwater fish Carassius
auratus and Lebistes reticulatus. [45] It appeared that toxicity decreased in the order V,05 -~
VOSO, - NH,VO, - NaVO,.

3.2 Effects on soil and benthic organisms

No toxicity data were available of effects on benthic organisms exposed via sediment to which
the respective metals were added. Toxicity data for soil organisms are presented in appendix
4. Almost no reliable toxicity data were available. Only for cobalt a study with Eisenia foetida
resulted in a NOEC value which could be used as input for the EPA method. All other
experiments were aimed at studying sum parameters like nitrification and respiration. In most
experiments only one or two test concentrations were used. Only in the study of Lighthart et al.
(1983) 4 concentrations were used but no distinct concentration-effects relationship could be
distinguished for any of the metals studied. [46] In many cases hormesis occurred, shown in
appendix 4 as stimulation.
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3.3 Secondary poisoning

For the terrestrial route no data on BCF’s for earthworms could be obtained. In case of the
aquatic route only for selenium and thallium data on bioconcentration in fish were available.
This means that only for these metals an initial risk assessment could be carried out for
secondary poisoning for the route water - fish - fish-eating bird or mammal.

In an article on selenium levels in fish from the San Joaquin Valley by Nakamoto et al. BCF's
for Pimephales promelas of 4,400; 29, and 10.5 are presented for test concentrations of 0.083
ng/l, 50.6 ug/l, and 0.3 mg/l, respectively. The high BCF value of 4,400 is probably not due to
bioaccumulation but to the fact that selenium is an essential element for fish. This is supported
by the other almost equal values for different test concentrations. [47] Lemly (1982) determined
BCF’s in several tissues for Lepomis macrochirus and Micropterus salmoides. BCF values
ranged from 40 for brain to 1825 in spleen. [48] Hunn et al. (1987) determined whole body
BCF values of 31-71 for 7.8-21 pg/l for Oncorhynchus mykiss. [49] Finally, Hodson et al.
(1980) determined BCF’s in several tissues for Oncorhynchus mykiss ranging from 3 in
peritoneal fat to 240 in liver. [50] Based on these data a MPC for secondary poisoning was
calculated using a BCF of 500. Toxicity data were available for mammals only. The lowest
NOEC available was one for growth for Rattus norvegicus of 4.8 mg/kg bw for 6 weeks
exposure to Na,SeO,. [51] This value was converted to mg/kg food using a BW/DFI (body
weight / daily food intake) factor of 20 resulting in 88 mg/kg food. [12] Using the EPA method
as presented by Romijn et al. (1991) a NOEC;;q, oate, Of 8.8 mg/kg food is calculated.

For thallium all data originate from reviews of Zitko (1975) and the EPA (1980). [41, 52] BCF’s
for Salmo salar of 130, 170, and 480 are presented for muscle, liver, and gills, respectively. [52]
For Mya arenaria and Mytilus edulis BCF's were available of 18 and 12, respectively both for
edible portion. [41] Based on these data a MPC for secondary poisoning was calculated using
a BCF of 250. The lowest NOEC available was from a 105 days experiment with Rattus
norvegicus resulting in a value of 15 mg/kg bw for mortality and growth. [41] The converted
value using a BW/DFI factor of 20 was 300 mg/kg food. Using the EPA method as presented
by Romijn et al. (1991) @ NOEC, oate, ©f 30 mg/kg food is calculated.

It has to be stated that for selenium as well as thallium no toxicity data were obtained for birds.

4. COMPARISON OF TOXICITY FOR FRESHWATER AND SALTWATER ORGANISMS

in The Netherlands a discussion is still ongoing whether special environmental quality
objectives are necessary for saltwater ecosystems like the Northsea and Waddensea. [53] One
of the underlying motives could be that saltwater organisms are more sensitive to
environmental pollutants than freshwater organisms. Therefore a study was carried out by
Scholten et al. (1991), in which MPC’s were determined based on toxicity data for saltwater
organisms. [54] For 17 compounds MPC'’s for saltwater organisms were compared with MPC’s
for freshwater organisms, both calculated with the modified EPA method. MPC'’s for freshwater
organisms were taken from Van De Meent et al. (1990) [3] For the metals cadmium, zinc,
nickel, lead, mercury, chromium, copper, and arsenic the MPC’s for marine organisms were
always higher than the MPC’s for freshwater organisms, i.e. a factor 1.7 to 140. Based on these
results it was concluded that the sensitivity of marine and freshwater organisms do not differ
significantly. It was proposed however to compare toxicity data on the level of taxonomical
groups.

In order to make such a comparison for the metals studied the following method was used
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here:

- taxonomic groups for which toxicity data for salt as well as freshwater organisms were
present were determined,

- a geometric mean L(E)C50 or NOEC was calculated per taxonomic group. If for one
species more data were available the geometric mean was calculated. From NOEC's
values based on different parameters the lowest (geometric mean) value was used.

- after log transformation both values were compared.

For the comparison of chronic toxicity also data for arsenic, cadmium, chromium, copper,

lead, mercury, nickel, and zinc were used. For marine organisms toxicity data were taken from

Scholten et al. (1991), and for freshwater organisms from Emans et al. (submitted), Van De

Meent et al. (1991), and Hesse et al. (1990). [3, 54, 55, 56].

In appendix 5 acute and chronic toxicity data used are presented, respectively. Acute data sets

were available for 6 metals for algae (1), crustaceans (3), and fish (4). Chronic data sets were

available for 9 metals for algae (3), crustaceans (9), molluscs (2), and fish (4). This means that
only for four taxonomic groups a comparison could be made. In figure 1 and 2 LC50 and

NOEC values for fresh and saltwater organisms are graphically presented.

From figure 1 it can be concluded that there is no difference in sensitivity between salt and

freshwater organisms in acute tests. This is in agreement with results obtained for organic

compounds. Nendza and Klein (1990) derived QSAR'’s for 26 organic chemicals with toxicity
data obtained from 9 freshwater and 3 saltwater species testing, i.e. bacteria, algae,
protozoans, crustaceans, and fish. They concluded from multivariate analysis that the
susceptibility of species is discriminated for classes of organisms regardless of freshwater or
estuarine environment. [57] From figure 2 it can be concluded that freshwater organisms are
more sensitive than marine organisms in chronic tests. This might be explained by a decreased

bioavailability of metals in saltwater caused by complexation with chiorides or carbonates. [53]

However, this does occur also in acute tests.

The following remarks should be made with respect to these results:

- the comparison is based on toxicity data for only 4 taxonomical groups. Also there is a
great difference in sensitivity within taxonomic groups, especially within the algae,
crustaceans, and molluscs. For these organisms it is better to compare data on a lower
taxonomical level. This was not possible however due to a lack of data, especially for
marine organisms.

- for freshwater organisms more data were available than for saltwater organisms, acute as
well as chronic. A statistical analysis of the data was therefore not carried out.

it can be concluded that for metals marine organisms are at least not more sensitive than

freshwater organisms. This means that it is acceptable to combine both data sets to calculate a

MPC. It should be stated that, based on the information presented above, this might lead to an

underestimation of the MPC for freshwater organisms when the MPC is based on chronic

toxicity data.
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Figure 1. Comparison of sensitivity of freshwater and saltwater organisms based on results
from acute tests (log L(E)C50 in mg/1)
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Figure 2. Comparison of sensitivity of freshwater and saltwater organisms based on results
from chronic tests (log NOEC in ug/l)
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5. CALCULATION OF MAXIMUM PERMISSIBLE CONCENTRATIONS

5.1 Aquatic organisms

In appendix 6 toxicity data used as input data for the extrapolation methods are presented. In
table 3 MPC's are given based on toxicity data for freshwater and saltwater organisms only,
and on the combined data set. For saltwater organisms no MPC’s could be calculated for
barium and beryllium because no toxicity data were available. For the other metals, except for
selenium, the modified EPA method had to be applied. For freshwater organisms only for
beryllium, cobalt, and selenium enough toxicity data were available to use Modification 0.
Combining both data sets did not lead to more cases for which Modification 0 could be
applied. In order to compare the MPC calculated with the toxicity data for freshwater and
saltwater organisms a survey of acute and chronic toxicity data is presented in table 4 and 5,
respectively. The data are presented as if they are used as input data for the extrapolation
methods. This means that acute as well as chronic toxicity data are weighted over the species
as decribed in paragraphs 2.2.1 and 2.2.2.

Table 3. Maximum permissible concentrations (pg/l) based on toxicity data for fresh and
saltwater organisms separately, and on the combined data set. The lowest chronic NOEC for
each metal is also presented.

metal MF,Cfreshwater MF,Csaltwater MPCcombined lowest NOEC
(rg/)) (ng/l) (ng/l) (ng/l)
antimony 420" 6.2! 6.2 23,000
barium 150"2 - 150" 2,900
beryllium 0.16° (574 - 0.16° (57%)  0.68
cobalt 2.6% (320%) 3.0"6 2.05 (240% 5.0
molybdenum 290"7 250" 290" 27,000
selenium 2.8% (7.4% 163 (104 53%(38% 09
thallium 3.0' 0.16' 1.6' 30
tin 18! 0.29' 18’ 180
vanadium 3.5 10! 35! M
; indicative MPC based on modified EPA method

a factor 100 was applied although no acute data were available for algae. In a 96 h study
with Scenedesmus a NOEC value for growth of 17 mg/l was derived. Therefore it can be
concluded that the acute EC50 for algae will be higher than the LC50 value for Daphnia
magna, which was used as input datum for the modified EPA method.

toxicity data come from a log-logistic distribution with a significance of P < 0.05

ratio between MPCq oonfidence @' MPCqgsy confidence CalCuUlated with Modification 0
toxicity data come from a log-logistic distribution with a significance of P < 0.025

a factor 100 was applied although no acute data were available for fish. In a study with adult
Blennius pholis no mortality was observed in 15 days at 45 mg/l. Therefore it can be
concluded that the acute LC50 for fish will be higher than the lowest EC50 value available
for algae. The NOEC value of 45 mg/l was not used as input data for Modification 0
because the test cannot be considered as a chronic test.

a factor 100 was applied although no acute data were available for algae. A chronic NOEC
value of 27 mg/| for Scenedesmus was however available. Therefore it can be concluded
that the acute EC50 for algae will be higher than the lowest EC50 value available, i.e. 29
mg/| for Tubifex tubifex.

Lo N ¢ B - S ]
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The results for the different metals will be discussed shortly hereafter:

- antimony: all MPC'’s were calculated using the modified EPA method, based on acute toxicity
data applying a factor 1000. The MPC_ . .1e, i C. 70 times lower than the MPCq .1, vater due tO
the low LC50 for marine fish. Both MPC’s are more than a factor 55 lower than the lowest
NOEC available but the MPC’s are based on toxicity data for crustaceans and fish, while only
NOEC values were available for lower organisms.

If the information about the toxicity of antimony presented in paragraph 3.1.1 is taken into
account the MPC__pineq Will be 6.1 pg/l based on the EC50 for Selenastrum capricornutum.
This value is in agreement with the MPC_ . .4 Presented in table 3. The toxicity data for
algae however were contradictionary.

- barium: the MPC was calculated using the modified EPA method based on an acute LC50 for
Daphnia magna applying a factor 100. The MPC is a factor 20 lower than the lowest
NOECbeing also a value for Daphnia magna. Taken into account that the MPC is an indicative
MPC the value presented in table 5 seems a reasonable one.

- beryllium: the MPC is a factor 4.3 lower than the lowest NOEC available. As all data
presented in table 4 and 5 show that beryllium is very toxic the MPC presented in table 3
seems a reasonable one.

- cobalt: the MPCsaltwater was calculated using the modified EPA method based on an EC50
for algae applying a factor 100. The MPC_,:neq is @ factor 2.5 lower than the lowest NOEC
available, being one for Daphnia magna. This NOEC value might be too low taken into account
that the EC50 values for crustaceans range from 1.3 to 39 mg/l, at least a factor 260 higher. As
stated in 3.1.4. there are however no reasons to reject this value. The lowest NOEC for marine
organisms Is a factor 90 higher than the MPC,ineq- CONsidering these remarks it might be
concluded that the MPC presented in table 3 is on the low side.

From the information presented in 3.1.4 it can be concluded that waterborne concentrations for
cobalt should not be lower than 5-40 pg/! because otherwise deficiency might occur for algae
and daphnids. The MPC_,pineq 1S 2.5 10 20 times lower than these concentrations. It should
be stated however that no extensive literature search was carried out to determine at which
concentrations deficiency symptoms begin to occur. On the other hand this conclusion
underlines the remark that the MPC_,,1:neq Might be too low.

- molybdenum: all MPC’s were calculated using the modified EPA method based on acute
toxicity data applying a factor 100 and 1000 for freshwater and saltwater organisms,
respectively. The MPC . ..o is almost equal to the one for saltwater organisms. The
MPC_, mbined IS @ factor 93 lower than the only NOEC available, being one for green algae.
From the information presented in 3.1.5 it can be concluded that waterborne concentrations for
molybdenum should not be lower than 10 pg/l because otherwise deficiency might occur for
algae. The MPC_,pineq is @ factor 29 higher.

- selenium: all MPC’s were calculated with Modification 0 based on 19 and 12 chronic toxicity
data for freshwater and saltwater organisms, respectively. The MPC; oopwater 18 @ factor 5.7
lower than the one for marine organisms. It should be stated that the MPCjy,at, is almost
based only on NOEC values for algae. The MPC_,1ineq lies between the other MPC's.

The MPC_, nineq IS factor 5.9 higher than the lowest NOEC available, being 0.9 pg/l for
Entosiphon sulcatum. This is caused by the fact that a 95% protection level is calculated and
that this NOEC value is very low compared to the other chronic toxicity data. The second
lowest NOEC, being 5.0 ug/l for Ankistrodesmus falcatus, is much higher, although also
somewhat lower than the MPC. The MPC_ -4 is 1.9 times lower than the lowest NOEC for
saltwater organisms.

From the information presented in 3.1.6 it can be concluded that waterborne concentrations for
selenium should not be lower than 1 pg/l because otherwise deficiency might occur for
daphnids. The MPC_, . 1ineq is @ factor 5.3 higher.
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The canadian government has tried to develop water quality guidelines for antimony, beryllium,
selenium, and thallium. Only for selenium sufficient data were available for establishing a
guideline of 1 pug/l total selenium. [58] This value is lower than the MPC’s calculated in table 3.
The EPA has tried to derive water quality guidelines for antimony, barium, beryllium, selenium,
and thallium. Also here only for selenium a guideline was established being 5 pg/! as a 4 day
average. [59] This value is almost equal to the MPC_,....4 Presented in table 3 although it
should be stated that the EPA value is a 4 day average criterion.

The MPC_, 1 ineq IS @lSO in good agreement with a study of Hermanutz et al. (1992) in which
effects on the survival, growth, and reproduction of Lepomis macrochirus and the early life
stage of their progeny were the endpoints in a 356 study in replicated outdoor experimental
streams at concentrations of 10 and 30 pg/l. Exposures of adults at both concentrations for 40
weeks before spawning resulted in reduced embryo and larval survival and produced larvae
with a high incidence of edema, lordosis, and internal hemorrhaging. [59]

Based on these condsiderations it can be concluded that the MPC_, ... 4 presented in table 3
seems a reasonable one.

- thallium: all MPC'’s are calculated using the modified EPA method. The MPC, .. ... is based
on a NOEC value for fish. Both the MPC,,;, ..., and the MPC__ .. . are based on the same
EC50 value for Ditylum brightwelli of 0.16 mg/I. In case of the MPC_ .. eq @ factor of 100 in
stead of 1000 is applied because acute toxicity data were available for algae, crustaceans, and
fish due to the combining of the data for fresh- and saltwater organisms. The MPC_, . ,ineq IS C-
a factor 20 lower than the only NOEC available, being one for freshwater fish. Based on the
acute data available it can be concluded that algae and crustaceans might be slightly more
sensitive for thallium. Based on these remarks it can be concluded that the MPC
presented in table 3 seems a reasonable one.

- tin: all MPC’s were calculated using the modified EPA method. For the MPCy . ... chronic
toxicity data were available for algae, crustaceans, and fish, so a factor 10 was applied to the
lowest NOEC value, being 180 pg/l for Daphnia magna. For saltwater organisms only acute
data were available for algae so a factor 1000 was applied to the lowest EC50. Based on the
toxicity data presented in table 4 and 5 it can be concluded that the MPC_ ..., presented in
table 3 seems a reasonable one.

- vanadium: all MPC’s were calculated using the modified EPA method. The MPC; .y vater 1S
obtained by applying a factor 1000 on an EC50 value for Daphnia magna. The MPC_,,. ... is
calculated using a NOEC value for algae. Both MPC'’s are in the same order of magnitude. The
MPC_,mbineq iS @ factor 12 lower than the lowest NOEC.

From the information presented in 3.1.9 it can be concluded that waterborne concentrations for
vanadium should not be lower than 0.5-10 pg/l because otherwise deficiency might occur for
algae and daphnids. The MPC__ . .4 lies between these two values. It should be stated
however that no extensive literature search was carried out to determine at which
concentrations deficiency symptoms begin to occur. Based on these considerations it can be
concluded that the MPC_ ..., might be on the low side.

combined

From the information presented above it can be concluded that for antimony, thallium, and tin
the MPC is lower for marine than for freshwater organisms. Based on these data however no
conclusions can be drawn about the combining of toxicity data on marine and freshwater
organisms in order to calculate MPC's. About the MPC_, ... .4 Presented in table 3 it can be
concluded all values seem reasonable.
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5.2 Soil and benthic organisms

For sediment no MPC’s could be calculated because no toxicity data were available for benthic
organisms exposed via sediment. For soil only for cobalt a MPC could be calculated. Based on
a NOEC of 240 mg/kg for earthworms a MPC of 24 mg/kg can be derived using the EPA
method. MPC’s for soil and sediment can be calculated using MPC’s for aquatic organisms by
application of the equilibrium partitioning method. (3] Results thereoff will be published in a
separate report.

5.3 Secondary poisoning

For selenium the preliminary MPC for secondary poisoning is 8.8 : 500 = 17.6 ug/l for the
aquatic environment. This value is higher than the MPC'’s from table 3, i.e. a factor 1.1-6.3. For
thallium the preliminary MPC for secondary poisoning is 30 : 250 = 120 ug/l, being a factor
75-750 higher than the MPC’s presented in table 3. Therefore it can be concluded that there
will probably no risk for secondary poisoning via the route water - fish - fish-eating mammal
for both metals. It has to be stated however that only reviews were consulted and no toxicity
data were obtained for birds. Next to this the preliminary MPC for secondary poisoning for
selenium doesn’t differ much from the MPC’s based on aquatic toxicological data. A more
thorough literature search on secondary poisoning will however certainly be hampered by a
lack of reliable data.

6. CONCLUSIONS

The derivation of MPC's for soil and sediment for the trace metals studied was hampered by
the lack of reliable toxicity data. For benthic organisms no data were found at all. For soil
organisms only for cobalt a MPC could be derived because for all other metals no reliable
toxicity data were available. For the aquatic environment enough data were present to derive
MPC's, although most data were from acute tests. Modification 0, the extrapolation method
used in refined effects assessment, could be applied for beryllium, cobalt, and selenium. Only
for selenium a large data set was present.

Due to this scarcity of data it was difficult to compare the sensitivity of marine and freshwater
organisms on a taxonomical level. Therefore also chronic data for other metals were used. It
can be concluded that it is possible to combine the data sets of salt and freshwater organisms
for the derivation of MPC’s. It has to be stated however that no extensive literature search was
carried out for the other metals mentioned above.

Several metals studied were essential elements. Although no extensive literature search was
carried out, an attempt was made to relate the calculated MPC'’s for the aquatic environment to
concentration levels neccessary for aquatic organisms. These levels were for cobalt,
molybdenum, selenium, and vanadium in the same range as the MPC’s. These concentration
levels should, as is the case with the MPC’s, also be related to background levels in the
aquatic environment. This falls however outside the scope of this report, but will be dealt with
in a final report in which proposals are made for integrated environmental quality objectives.

A screening method was applied to calculate MPC’s for secondary poisoning for an aquatic
and terrestrial route. Only for selenium and thallium data were available for the route water -
fish - fish-eating mammal. For both metals secondary poisoning could not be considered as a
critical route, although for selenium the MPC’s didn't differ much.
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Appendix 2. Toxicity data for freshwater organisms

A = analysis of test compound:
y = yes

n = no

Test type:

S = static

SS = semi-static
CF = continuous flow
IF = intermittent flow

Test water

rw = reconstituted water
nw = natural water

tw = tap water

am = artificial medium

Exposure time:
min = minutes

h = hours

d = days

w = weeks
m = months
Criterion:

LC = lethal concentration
EC = effect concentration
NOEC = no observed effect concentration
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Appendix 3. Toxicity data for marine organisms

A = analysis of test compound:
y = yes

n=no

Test type:

S = static

SS = semi-static
CF = continuous flow
IF = intermittent flow

Test water

rw = reconstituted water
nw = natural water

tw = tap water

am = artificial medium

Exposure time:
min = minutes

h = hours

d = days

w = weeks
m = months
Criterion:

LC = lethal concentration
EC = effect concentration
NOEC = no observed effect concentration
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Appendix 4. Toxicity data for soil organisms

% om = % organic matter (if presented in % organic carbon a factor of 1.7 was used to
calculate % om)

effect/time/parameter:
EC = effect concentration
NOEC = no observed effect concentration

h = hours
d = days
y = years

S.S. = standard soil (10 % om and 25% clay)
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chronic toxicity of cobalt to soil organisms

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
Oligochaeta
Eisenia foetida manure + soil 63 5 25  NOEC/24 wk/growth 92 240 Neuhauser et al., 1984
NOEC/24 wk/repro. 92 240 Neuhauser et al., 1984

coCl,
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Toxicity of barium to soil organisms, data not used for extrapolation

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  ma/kg
enzymactivity
acid phosphatase clay loam 7.8 6.4 30 37 EC3/1h/inhibition 3,400 2,800 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC8/1h/inhibition 3,400 2,600 Juma & Tabatabai, 1977
Loam
Loam 5.8 4.4 23 37 EC8/1h/inhibition 3,400 3,600 Juma & Tabatabai, 1977
EC6/1h/inhibition 340 360 Juma & Tabatabai, 1977
BaCl,
arylsulfatase 6.2 4.6 29 37 EC24/1h/inhibition 3,400 2,800 Al-Khafaji & Tabatabai, 1979
7.6 5.5 30 37 EC20/1h/inhibition 3,400 2,900 Al-Khafaji & Tabatabai, 1979
EC13/1h/inhibition 350 300 Al-Khafaji & Tabatabai, 1979
6.5 5.0 26 37 EC14/1h/inhibition 3,400 3,300 Al-Khafaji & Tabatabai, 1979
EC8/1h/inhibition 350 340 Al-Khafaji & Tabatabai, 1979

7.0 9.0 34 37 EC13/1h/inhibition 3,400 2,600 Al-Khafaji & Tabatabai, 1979
BaCl,

alkaline phosphatase clay loam 7.8 6.4 30 37 EC17/1h/inhibition 3,400 2,800 Juma & Tabatabai, 1977

silty clay 7.4 9.3 34 37 EC5/1h/inhibition 3,400 2,600 Juma & Tabatabai, 1977
{oam EC3/1h/inhibition 340 260 Juma & Tabatabai, 1977
BaCl,
urease 5.1 2.6 17 37 EC2/2h/inhibition 690 930 Denneman & v. Gestel, 1990
6.1 5.6 30 37 EC2/2h/inhibition 690 590 Denneman & v. Gestel, 1990
5.8 4.4 23 37 EC12/2h/inhibition 690 740 Denneman & v. Gestel, 1990
7.8 6.4 30 37 EC7/2h/inhibition 690 590 Denneman & v. Gestel, 1990
ECO/2h/inhibition 69 59 Denneman & v. Gestel, 1990
6.8 7.4 42 37 EC3/2h/inhibition 690 450 Denneman & v. Gestel, 1990
7.4 9.3 34 37 EC7/2h/inhibition 690 540 Denneman & v. Gestel, 1990
ECO0/2h/inhibition 69 54 Denneman & v. Gestel, 1990

BaCl,
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Toxicity of beryllium to soil organisms, data not used for extrapolation

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°C mg/kg  mg/kg

microbial processes

soil_respiration silt loam 6.7 3.1 27 20 EC11/9d/inhibition 0.5 0.48 Lighthart et al., 1983
EC49/9d/inhibition 450 430 Lighthart et al., 1983

6.2 64 20 EC3/9d/inhibition 0.5 Lighthart et al., 1983

EC14/9d/inhibition 450 Lighthart et al., 1983

clay 7.0 5.5 51 20 EC6/9d/stimulation 0.5 0.31 Lighthart et al., 1983

EC25/9d/inhibition 450 280 Lighthart et al., 1983

silt loam 7.2 1.7 21 20 EC18/9d/inhibition 5.9 6.5 Lighthart et al., 1983

EC43/9d/inhibition 450 500 Lighthart et al., 1983

sandy loam 8.2 4.7 N 20 EC3/9d/inhibition 0.5 0.75 Lighthart et al., 1983

EC29/9d/inhibition 450 680 Lighthart et al., 1983

BeSO,; WHC: 70%; & test concentrations: 0.05-50.0 mmol/kg; no distinct concentration-effects relationship

N- eralisation sandy 6.0 2.0 9 EC43/8-9y/inhibition 30 49 Wilke, 1989
cambisol EC48/8-9y/inhibition 80 130
BeSO,; field experiment

nitrification sandy 6.0 2.0 9 EC2/8-9y/inhibition 30 49 Wilke, 1989
cambisol EC8/8-9y/stimulation 80 130
BeSO,; fieldexperiment
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Toxicity of cobalt to soil organisms, data not used for extrapolation

species/parameter soil type pt % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
microbial processes
soil respiration silt loam 6.7 3.1 27 20  EC25/9d/inhibition 3.0 2.8 Lighthart et al., 1983
EC43/9d/inhibition 3,000 2,800 Lighthart et al., 1983
clay 7.0 5.5 51 20 EC3/9d/inhibition 3.0 1.7 Lighthart et al., 1983
EC46/9d/inhibition 3,000 1,700 Lighthart et al., 1983
silt loam 7.2 1.7 20 20 EC6/9d/stimulation 3.0 3.4 Lighthart et al., 1983
EC43/9d/inhibition 3,000 3,400 Lighthart et al., 1983
sandy loam 8.2 4.7 M 20 EC6/9d/inhibition 3.0 5.3 Lighthart et at., 1983
EC46/9d/inhibition 3,000 5,300 Lighthart et al., 1983
CoS0,; WHC: 70%; 4 test concentrations: 0.05-50.0 mmol/kg; no distinct concentration-effects relationship
N-mineralisation 5.8 4.4 23 30 EC12/20d/inhibition 290 320 Denneman & v. Gestel, 1990
6.6 5.0 45 30 EC2/20d/inhibition 290 180 Denneman & v. Gestel, 1990
7.8 6.4 30 30 EC7/20d/inhibition 290 250 Denneman & v. Gestel, 1990
7.4 9.3 34 30 EC6/20d/inhibition 290 230 Denneman & v. Gestel, 1990
CoS0,
nitrification 5.8 4.4 23 30 EC79/10d/inhibition 300 320 Liang & Tabatabai, 1978
7.8 6.4 30 30 EC22/10d/inhibition 300 260 Liang & Tabatabai, 1978
7.4 9.3 34 30 EC34/10d/inhibition 300 230 Liang & Tabatabai, 1978
CoSO,; WHC: c. 60%
enzymactivity
acid phosphatase clay loam 7.8 6.4 30 37 EC8/1h/inhibition 1,500 1,300 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 ECS5/1h/irhibition 1,500 1,200 Juma & Tabatabai, 1977
Loam
Loam 5.8 4.4 23 37 EC1/1h/irhibition 1,500 1,600 Juma & Tabatabai, 1977
£CO0/1h/inhibition 150 160  Juma & Tabatabai, 1977
CoS0,
alkaline phosphatase clay loam 7.8 6.4 30 37 ECY6/1h/inhibition 1,500 1,300 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC6/1h/inhibition 1,500 1,200 Juma & Tabatabai, 1977
Loam EC5/1h/inhibition 150 120 Juma & Tabatabai, 1977
CoS0,
al; .sulfatase 6.2 4.6 29 37 EC10/1h/inhibition 1,500 1,300 Al-Khafaji & Tabatabai, 1979
7.6 5.5 30 37 EC14/1h/inhibition 1,500 1,300 Al-Khafaji & Tabatabai, 1979
EC11/1h/inhibition 150 130 Al-Khafaji & Tabatabai, 1979
6.5 5.0 26 37 EC10/1h/inhibition 1,500 1,500 Al-Khafaji & Tabatabai, 1979
EC9/1h/inhibition 150 150 Al-Khafaji & Tabatabai, 1979
7.0 9.0 34 37 EC8/1h/inhibition 1,500 1,200 Al-Khafaji & Tabatabai, 1979

CoS0,
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species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
urease 5.1 2.6 17 37 EC22/2h/inhibition 300 400 Denneman & v. Gestel, 1990
6.1 5.6 30 37 EC16/2h/inhibition 300 260 Denneman & v. Gestel, 1990
5.8 4.4 23 37 EC23/2h/inhibition 300 320 Denneman & v. Gestel, 1990
7.8 6.4 30 37 EC35/2h/inhibition 300 260 Denneman & v. Gestel, 1990
EC13/2h/inhibition 30 26 Denneman & v. Gestel, 1990
6.8 7.4 42 37 EC24/2h/inhibition 300 200 Denneman & v. Gestel, 1990
7.4 9.3 34 37 EC29/2h/inhibition 300 230 Denneman & v. Gestel, 1990
EC22/2h/inhibition 30 23 Denneman & v. Gestel, 1990

CoCl,
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Toxicity of molybdenum to soil organisms, data not used for extrapolation

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
microbial processes
N-mineralisation 5.8 4.4 23 30 EC10/20d/inhibition 480 Denneman & v. Gestel, 1990
6.6 5.0 45 30 EC22/20d/inhibition 480 Denneman & v. Gestel, 1990
7.8 6.4 30 30 EC22/20d/inhibition 480 Denneman & v. Gestel, 1990
7.4 9.3 34 30 EC54/20d/inhibition 480 Denneman & v. Gestel, 1990
H,Mo0,
nitrification 5.8 4.4 23 30 EC74/10d/inhibition 480 Liang & Tabatabai, 1978
7.8 6.4 30 30 EC39/10d/inhibition 480 Liang & Tabatabai, 1978
7.4 9.3 34 30 EC48/10d/inhibition 480 Liang & Tabatabai, 1978
H,Mo0,; WHC: c. 60%
enzymactivity
ac” ' nhosphatase ctay loam 7.8 6.4 30 37 EC41/1h/inhibition 2,400 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC68/1h/inhibition 2,400 Juma & Tabatabai, 1977
Loam
Loam 5.8 4.4 23 37 EC93/1h/inhibition 2,400 Juma & Tabatabai, 1977
EC69/1h/inhibition 240 Juma & Tabatabai, 1977
H,Mo0,
alkaline phosphatase clay loam 7.8 6.4 30 37 EC25/1h/inhibition 2,400 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC22/%th/inhibition 2,400 Juma & Tabatabai, 1977
Loam EC12/1h/inhibition 240 Juma & Tabatabai, 1977
H,MoO,
arylsulfatase 6.2 4.6 29 37 EC63/1h/inhibition 2,400 Al-Khafaji & Tabatabai, 1979
7.6 5.5 30 37 EC60/1h/inhibition 2,400 Al-Khafaji & Tabatabai, 1979
EC26/1h/inhibition 240 Al-Khafaji & Tabatabai, 1979
6.5 5.0 26 37 EC79/1h/inhibition 2,400 Al-Khafaji & Tabatabai, 1979
EC40/th/inhibition 240 Al-Khafaji & Tabatabai, 1979
7.0 9.0 34 37  EC14/1h/inhibition 2,400 Al-Khafaji & Tabatabai, 1979
H,Mo0,
phosphatase spar-mor 4.3 93 <1 22 EC79/3h/inhibition 960 Denneman & v. Gestel, 1990
mull 6.3 13 29 22 EC68/3h/inhibition 960 Denneman & v. Gestel, 1990
Na,Mo0,
urease 5.1 2.6 17 37 EC7/2h/inhibition 480 Denneman & v. Gestel, 1990
6.1 5.6 30 37 EC16/2h/inhibition 480 Denneman & v. Gestel, 1990
5.8 4.4 23 37 ECY4/2h/inhibition 480 Denneman & v. Gestel, 1990
7.8 6.4 30 37 EC12/2h/inhibition 480 Denneman & v. Gestel, 1990
EC11/2h/inhibition 50 Denneman & v. Gestel, 1990
6.8 7.4 42 37 EC4/2h/inhibition 480 Denneman & v. Gestel, 1990
7.4 9.3 34 37 EC16/2h/inhibition 480 Denneman & v. Gestel, 1990
EC9/2h/inhibition 50 Denneman & v. Gestel, 1990

H,Mo0,
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Toxicity of selenium to soil organisms, data not used for extrapolation

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c ma/kg  mg/kg
Oligochaeta
Lumbricus terrestris sandy top s. 1.7 9.5 LC50 > 60 d >5 Gissel-Nielsen, 1975
Se0,
microbial processes
ammonification moder Ah 3.5 5.4 26  EC23/14d/stimulation 50 Wilke, 1988
EC61/14d/stimulation 250 Wilke, 1988
mor Aeh 2.7 3.4 260 EC26/14d/stimulation 50 Wilke, 1988
EC9/14d/inhibition 250 Wilke, 1988
Na,Se0,; perfusion experiment
soil respiration mutl Ah 7.9 7.0 26  EC14/14d/inhibition 250 Wilke, 1988
EC19/14d/inhibition 1,000 Wilke, 1988
moder Ah 3.5 5.4 26 EC22/14d/inhibition 50 Wilke, 1988
EC34/14d/inhibition 250 Wilke, 1988
mor Aeh 2.7 3.4 26 EC13/14d/stimulation 50 Wilke, 1988
EC9/14d/inhibition 250 Wilke, 1988
Na,Se0,; perfusion experiment
silt loam 6.7 3.1 27 20  EC6/9d/inhibition 4.0 Lighthart et al., 1983
EC64/9d/inhibition 4,000 Lighthart et al., 1983
6.2 64 20 EC0/9d/inhibition 4.0 Lighthart et al., 1983
EC14/9d/inhibition 4,000 Lighthart et al., 1983
clay 7.0 5.5 5 20  EC18/9d/stimulation 4.0 Lighthart et al., 1983
EC53/9d/inhibition 4,000 Lighthart et al., 1983
silt Loam 7.2 1.7 21 20  EC14/9d/inhibition 4.0 Lighthart et al., 1983
EC70/9d/inhibition 4,000 tighthart et al., 1983
sandy loam 8.2 4.7 1N 20  EC21/9d/inhibition 4.0 Lighthart et al., 1983
EC57/9d/inhibition 4,000 Lighthart et al., 1983
Se0,; WHC: 70%; 4 test concentrations: 0.05-50.0 mmol/kg; no distinct concentratie-effects relationship

N-mineralisation

nitrification

5.8 4.4 23
6.6 5.0 45
7.8 6.4 30
7.4 9.3 34
H,Se0,; WHC: c. 60%
sandy 6.0 2.0 9
cambisol
fieldexperiment
sandy 6.0 2.0 9
cambisol
fieldexperiment
5.8 4.4 23
7.8 6.4 30
7.4 9.3 34

H,Se0,; WHC: c. 60%

30
30
30
30

veld

veld

30
30
30

EC2/20d/inhibition
EC3/20d/inhibition
EC9/20d/inhibition
EC8/20d/inhibition

EC0/8-9y

EC20/8-9y/stimulation

EC94/10d/inhibition
EC90/10d/inhibition
EC88/10d/inhibition

400
400
400
400

40

40

400
400
400

Liang & Tabatabai, 1977a
Liang & Tabatabai, 1977a
Liang & Tabatabai, 1977a
Liang & Tabatabai, 1977a

wilke, 1989

Wilke, 1989

Liang & Tabatabai, 1978
Liang & Tabatabai, 1978
Liang & Tabatabai, 1978
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species/parameter soil type pH % om % clay temp effect/time/parameter result - S.S. reference
c mg/kg  mg/kg
mul L Ah 7.9 7.0 26  EC17/14d/stimulation 250 Wilke, 1988
EC41/14d/stimulation 1,000 Wilke, 1988
moder Ah 3.5 5.4 26  EC33/14d/stimulation 50 Wilke, 1988
EC129/14d/stimulation 250 Witke, 1988
mor Aeh 2.7 3.4 260 EC10/14d/inhibition 50 Wilke, 1988
ECO/14d/inhibition 250 Wilke, 1988
Na,Se0,; perfusion experiment
enzymactivity
acid phosphatase clay loam 7.8 6.4 30 37 EC39/1h/inhibition 2,000 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC34/1h/inhibition 2,000 Juma & Tabatabai, 1977
Loam
Loam 5.8 4.4 23 37 EC24/1h/inhibition 2,000 Juma & Tabatabai, 1977
EC16/1h/inhibition 200 Juma & Tabatabai, 1977
H,Se0,
alk”'ine phosphatase clay loam 7.8 6.4 30 37 EC30/1h/inhibition 2,000 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC35/1h/inhibition 2,000 Juma & Tabatabai, 1977
Loam EC15/1h/inhibition 200 Juma & Tabatabai, 1977
H,Se0,
mull Ah 7.9 7.0 26  ECO/14d/inhibition 250 Wilke, 1988
EC18/14d/inhibition 1,000 Wilke, 1988
moder Ah 3.5 5.4 26 EC1/14d/stimutation 50 Wilke, 1988
EC6/14d/inhibition 250 Wilke, 1988
mor Aeh 2.7 3.4 26  EC1/14d/inhibition 50 Wilke, 1988
EC12/14d/inhibition 250 Wilke, 1988
Na,Se0,; perfusion experiment
arylsulfatase 6.2 4.6 29 37 EC32/1h/inhibition 2,000 Al-Khafaji & Tabatabai, 1979
7.6 5.5 30 37 EC26/th/inhibition 2,000 Al-Khafaji & Tabatabai, 1979
EC14/1th/inhibition 200 Al-Khafaji & Tabatabai, 1979
6.5 5.0 26 37 EC42/1h/inhibition 2,000 Al-Khafaji & Tabatabai, 1979
EC21/1h/inhibition 200 Al-Khafaji & Tabatabai, 1979
7.0 9.0 34 37 EC26/1h/inhibition 2,000 Al-Khafaji & Tabatabai, 1979
H,Se0,
mull Ah 7.9 7.0 26  EC9/14d/inhibition 250 Wilke, 1988
EC22/14d/inhibition 1,000 Wilke, 1988
moder Ah 3.5 5.4 26  EC22/14d/inhibition 50 Wiltke, 1988
EC45/14d/inhibition 250 Wilke, 1988
mor Aeh 2.7 3.4 26  EC11/14d/inhibition 50 Wilke, 1988
EC64/14d/inhibition 250 Wilke, 1988
Na,Se0,; perfusion experiment
dehydrogenase mull Ah 7.9 7.0 26  EC31/14d/inhibition 250 Wilke, 1988
EC66/14d/inhibition 1,000 Wilke, 1988
moder Ah 3.5 5.4 26  EC62/14d/inhibition 50 Wilke, 1988
EC83/14d/inhibition 250 Wilke, 1988

Na,Se0,; perfusion experiment




80

H,Se0,; WHC: c. 60%

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c ma/kg  ma/kg
urease 5.1 2.6 17 37 EC33/2h/inhibition 400 Liang & Tabatabai, 1977b
6.1 5.6 30 37  EC24/2h/inhibition 400 Liang & Tabatabai, 1977b
5.8 4.4 23 37 EC14/2h/inhibition 400 Liang & Tabatabai, 1977b
7.8 6.4 30 37 EC19/2h/inhibition 400 Liang & Tabatabai, 1977b
EC5/2h/inhibition 40 Liang & Tabatabai, 1977b
6.8 7.4 42 37 EC16/2h/inhibition 400 Liang & Tabatabai, 1977b
7.4 9.3 34 37  EC24/2h/inhibition 400 Liang & Tabatabai, 1977b
EC9/2h/inhibition 40 Liang & Tabatabai, 1977b
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Toxicity of tin to soil organisms, data not used for extrapolation

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
microbial processes

soil_respiration silt loam 6.7 3.1 27 20  EC21/9d/inhibition 5.9 5.6Lighthart et at., 1983
EC35/9d/inhibition 5,900 5,600 Lighthart et al., 1983
6.2 64 20 EC3/9d/inhibition 5.9 Lighthart et al., 1983
EC18/9d/inhibition 5,900 Lighthart et al., 1983
clay 7.0 55 31 20  EC10/9d/stimulation 5.9 3.2Lighthart et al., 1983
EC25/9d/inhibition 5,900 3,200 Lighthart et al., 1983
silt loam 7.2 1.7 21 20  EC18/9d/inhibition 5.9 6.8Lighthart et al., 1983
EC57/9d/inhibition 5,900 6,800 Lighthart et al., 1983
sandy loam 8.2 4.7 N 20 EC11/9d/inhibition 5.9 11 Lighthart et al., 1983
EC35/9d/inhibition 5,900 11,000 Lighthart et al., 1983

SnCl,; WHC: 70%; 4 test concentrations:

0.05-50.0 mmol /kg;

no distinct concentratie-effects relationship

N-r" -=ralisation 5.8 4.4 23 30 EC8/20d/inhibition 590 630 Liang & Tabatabai, 1977a
6.6 5.0 45 30 EC10/20d/inhibition 590 360 Liang & Tabatabai, 1977a
7.8 6.4 30 30 EC20/20d/inhibition 590 510 Liang & Tabatabai, 1977a
7.4 9.3 34 30 EC11/20d/inhibition 590 460 Liang & Tabatabai, 1977a
SnCl,; WHC: c. 60%
sandy 6.0 2.0 9 EC0/8-9y/inhibition 120 240 Wilke, 1989
cambisol EC8/8-9y/inhibition 470 950 Wilke, 1989
fieldexperiment
nitrification sandy 6.0 2.0 9 EC19/8-9y/stimulation 120 240 Witke, 1989
cambisol EC13/8-9y/stimulation 470 950 Wilke, 1989
fieldexperiment '
5.8 4.4 23 30 EC9/10d/inhibition 590 630 Liang & Tabatabai, 1978
7.8 6.4 30 30 EC25/10d/inhibition 590 510 Liang & Tabatabai, 1978
7.4 9.3 34 30 EC4/10d/inhibition 590 460 Liang & Tabatabai, 1978
SnCl,; WHC: c. 60%
enzymactivity
acid phosphatase clay toam 7.8 6.4 30 37 EC15/1h/inhibition 3,000 2,600 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC21/1h/inhibition 3,000 2,300 Juma & Tabatabai, 1977
Loam
Loam 5.8 4.4 23 37 EC41/1h/inhibition 3,000 3,200 Juma & Tabatabai, 1977
EC12/1h/inhibition 300 320 Juma & Tabatabai, 1977
snCl,
alkaline phosphatase clay loam 7.8 6.4 30 37 EC25/1h/inhibition 3,000 2,600 Juma & Tabatabai, 1977
silty clay 7.4 9.3 34 37 EC38/1h/inhibition 3,000 3,200 Juma & Tabatabai, 1977
Loam EC4/1h/inhibition 300 320 Juma & Tabatabai, 1977

snClL,
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species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
arylsul fatase 6.2 4.6 29 37  EC60/1h/inhibition 3,000 2,700 Al-Khafaji & Tabatabai, 1979
7.6 5.5 30 37 EC11/1h/inhibition 3,000 2,600 Al-Khafaji & Tabatabai, 1979
EC9/1h/inhibition 300 260 Al-Khafaji & Tabatabai, 1979
6.5 5.0 26 37  EC45/1h/inhibition 3,000 2,900 Al-Khafaji & Tabatabai, 1979
EC6/1h/inhibition 300 290 Al-Khafaji & Tabatabai, 1979
7.0 9.0 34 37 EC32/1h/inhibition 3,000 2,300 Al-Khafaji & Tabatabai, 1979
snCl,
urease 5.1 2.6 17 37  EC56/2h/inhibition 590 790 Liang & Tabatabai, 1977b
6.1 5.6 30 37 EC20/2h/inhibition 590 510 Liang & Tabatabai, 1977b
5.8 4.4 23 37 EC24/2h/inhibition 590 630 Liang & Tabatabai, 1977b
7.8 6.4 30 37 EC15/2h/inhibition 590 510 Liang & Tabatabai, 1977b
EC3/2h/inhibition 59 51 Liang & Tabatabai, 1977b
6.8 7.4 42 37 EC18/2h/inhibition 590 380 Liang & Tabatabai, 1977b
7.4 9.3 34 37 EC18/2h/irhibition 590 460 Liang & Tabatabai, 1977b
EC4/2h/inhibition 59 46 Liang & Tabatabai, 1977b

SnCl,; WHC: c. 60%
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Toxicity of vanadium to soil organisms, data not used for extrapolation

species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
microbial processes

soil respiration silt loam 6.7 3.1 27 20 EC6/9d/inhibition 2.6 2.5Lighthart et al., 1983
EC18/9d/inhibition 2,600 2,500 Lighthart et al., 1983
6.2 64 20 EC3/9d/inhibition 2.6 Lighthart et al., 1983
EC18/9d/stimulation 2,600 Lighthart et al., 1983
clay 7.0 5.5 51 20 EC6/9d/stimulation 2.6 1.S5Lighthart et al., 1983
EC18/9d/inhibition 2,600 1,500 Lighthart et al., 1983
silt loam 7.2 1.7 2 20 EC18/9d/inhibition 2.6 2.9Lighthart et al., 1983
EC38/9d/inhibition 2,600 2,900 Lighthart et al., 1983
sandy loam 8.2 4.7 1M 20  EC6/9d/stimulation 2.6 4.3Lighthart et al., 1983
EC38/9d/inhibition 2,600 4,300 Lighthart et al., 1983

N- eralisation

nitrification

enzymactivity
acid phosphatase

alkaline phosphatase

VOSO,; WHC: 70%; 4 test concentrations:

5.8
6.6
7.8
7.4
WHC: c. 60%
sandy 6.0
cambisol
fieldexperiment
sandy 6.0
cambisol
fieldexperiment
5.8
7.8
7.4
WHC: c. 60%
clay loam 7.8
silty clay 7.4
Loam
Loam 5.8
clay loam 7.8
silty clay 7.4
Loam

VOSO,; WHC: c.

60%

W o

4.
5.
6.
9.
2.0

2.0

0 O~
W

6.4
9.3

4.4

6.4
9.3

0.05-50.0 mmol/kg;

23 30 EC8/20d/inhibition
45 30 EC14/20d/inhibition
30 30 EC11/20d/inhibition
34 30 EC14/20d/inhibition
9 EC7/8-9y/inhibition
9 EC9/8-9y/stimulation
EC20/8-9y/stimulation
23 30 EC62/10d/inhibition
30 30 EC12/10d/inhibition
34 30 EC38/10d/inhibition
30 37  EC45/1h/inhibition
34 37 EC55/1h/inhibition
23 37  EC49/1h/inhibition
EC30/1h/inhibition
30 37 EC61/1h/inhibition
34 37 EC60/1h/inhibition
EC21/1h/inhibition

no distinct concentration-effects relationship

260 280 Liang & Tabatabai, 1977a
260 170 Liang & Tabatabai, 1977a
260 230 Liang & Tabatabai, 1977a
260 210 Liang & Tabatabai, 1977a
400 740 Wilke, 1989
100 180 Wilke, 1989
400 740 Wilke, 1989
260 280 Liang & Tabatabai, 1978
260 230 Liang & Tabatabai, 1978
260 270 Liang & Tabatabai, 1978
1,300 1,100 Juma & Tabatabai, 1977
1,300 1,000 Juma & Tabatabai, 1977
1,300 1,400 Juma & Tabatabai, 1977
130 140 Juma & Tabatabai, 1977
1,300 1,100 Juma & Tabatabai, 1977
1,300 1,000 Juma & Tabatabai, 1977
130 100 Juma & Tabatabai, 1977
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species/parameter soil type pH % om % clay temp effect/time/parameter result S.S. reference
°c mg/kg  mg/kg
arylsul fatase 6.2 4.6 29 37 EC87/1h/inhibition 1,300 1,200 Al-Khafaji & Tabatabai, 1979
7.6 5.5 30 37 EC88/1h/inhibition 1,300 1,100 Al-Khafaji & Tabatabai, 1979
EC32/1h/inhibition 130 110 Al-Khafaji & Tabatabai, 1979
6.5 5.0 26 37  EC90/1h/inhibition 1,300 1,300 Al-Khafaji & Tabatabai, 1979
EC76/1h/inhibition 130 130 Al-Khafaji & Tabatabai, 1979
7.0 9.0 34 37 EC85/1h/inhibition 1,300 1,000 Al-Khafaji & Tabatabai, 1979
urease 5.1 2.6 17 37 EC39/2h/inhibition 260 340 Liang & Tabatabai, 1977b
6.1 5.6 30 37 EC17/2h/inhibition 260 230 Liang & Tabatabai, 1977b
5.8 4.4 23 37 EC18/2h/inhibition 260 280 Liang & Tabatabai, 1977b
7.8 6.4 30 37 EC17/2h/inhibition 260 230 Liang & Tabatabai, 1977b
EC3/2h/inhibition 26 23 Liang & Tabatabai, 1977b
6.8 7.4 42 37 EC18/2h/inhibition 260 180 Liang & Tabatabai, 1977b
7.4 9.3 34 37 EC28/2h/inhibition 260 210 Liang & Tabatabai, 1977b
EC13/2h/inhibition 26 21 Liang & Tabatabai, 1977b
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Appendix 5. Toxicity data used for comparison of sensitivity of salt and freshwater
organisms

Acute data
metal taxonomic group L(E)C50 values geometric mean
(mg/l) L(E)C50 (mg/1)
freshwater organisms?
cobalt crustaceans 39; 16; 2.0"; 1.3; 4.0 5.8
molybdenum  crustaceans 2,700
fish 1,000
selenium crustaceans 0.60; 1.9% 3.9 1.6
fish 30% 11; 13; 6.5; 110; 16% 285 16, 11
21;1.8; 10
thaltium fish 140; 0.86 11
tin algae 7.0; 23 13
vanadium fish 11; 120 36
saltwater organismsb
cobalt crustaceans 170; 4.5 27
molybdenum  crustaceans 1,900; 1,100; 250 810
fish 2,600
selenium crustaceans 4.8;33;1.5;1.2; 46 4.2
fish 16;7.4; 44 3.7
thallium fish 21
tin algae 0.29; 0.32 0.30
vanadium fish 28

geometric mean of 1.5, 5.0, and 1.1 mg/!

2 geometric mean of 2.5, 1.1, 5.3, 0.55, 0.70, 2.6, 3.0, 4.1, 1.8, and 2.6 mg/| (only 48 h EC50
values are used)

geometric mean of 29 and 31 mg/|

geometric mean of 7.8 and 33 mg/|

geometric mean of 14, 120, and 13 mg/I

data from appendix 2
data from appendix 3




Chronic data

metal taxonomic group NOEC values geometric mean
(rg/h) NOEC (pg/!)
freshwater organisms®
arsenic crustaceans 570"
cadmium algae 3,100; 1,500; 120; 700; 35 420
crustaceans 0.085
molluscs 25
fish 1.0;4.2; 4.2; 11, 3.0; 31; 4.3; 1.3; 3.7
37; 4.4; 1.0; 3.8; 0.20; 9.0; 3.0
chromium crustaceans 1.0
cobalt crustaceans 5
copper crustaceans 12; 4.0; 5.0; 20; 40, 5.0; 15 11
fish 13: 43; 50; 35; 12; 100; 21; 37; 120; 22
21; 8.0; 11; 22; 3.0; 22; 13
lead crustaceans 15
mercury crustaceans 32; 1.1; 0.020; 0.020 0.19
fish 0.31
nickel crustaceans 37
selenium algae 1,000; 5,000; 4,700; 5; 1,300; 50; 320
260; 200; 79
crustaceans 50; 200; 30; 1602 83
fish 15
zinc algae 1,000; 910; 700; 5.0; 100; 400; 560 260
crustaceans 25; 2,700 260
molluscs 250
saltwater organismsb
arsenic crustaceans 630
cadmium algae 3,000
crustaceans 320; 4.53; 51;25 21
molluscs 110
fish 500; 71%; 420%; 1,000; 580 390
chromium crustaceans 88
cobalt crustaceans 110,000; 450 7,000
copper crustaceans 60; 38 48
fish 28
lead crustaceans 17
mercury crustaceans 2.7; 10, 0.80 28
fish 10
nickel crustaceans 61
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metal taxonomic group NOEC values geometric mean
(rg/) NOEC (pg/)
selenium algae 79; 250°: 790; 790; 2,500"; 7,900; 540
790; 10,000; 100; 10
crustaceans 140
fish 470
zinc algae 100%; 200 140
crustaceans 440; 18; 120; 300 130
molluscs 19
! geometric mean of 520 and 633 ug/I
2 geometric mean of 50, 85, and 1,000 pg/!
3 geometeric mean of 4.0 and 5.1 pg/!
4 geometric mean of 5.0 and 1,000 pg/!
5 geometric mean of 900 and 200 pg/!
6 geometric mean of 79 and 790 pg/I
7 geometric mean of 7,900 and 790 ug/!
8

geometric mean of 50 and 200 pg/!

8 data for arsenic from Hesse et al. (1990); for cadmium, chromium, copper, lead, mercury,
and zinc from Emans et al. (submitted); for nickel from Van De Meent, D., et al. (1990); for

cobalt and selenium from appendix 2
data for arsenicum, cadmium, chromium, copper, lead, mercury, nickel, and zinc from

Scholten et al. (1991); for cobalt and selenium from appendix 3
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Appendix 6. Toxicity data used for extrapolation methods

Freshwater organisms (NOEC and L(E)C50 values in pg/l)

metal taxonomic group Modification 0 EPA-method
NOEC L(E)C50 NOEC
antimony crustaceans 420,000
barium crustaceans 15,000
beryllium bacteria 0.68
blue algae 15
green algae 1.0
protozoa 20
8.5
260
fish 80
cobalt blue algae 500
green algae 500
58"
crustaceans 5.0
fish 1,100
molybdenum worms 29,000
selenium bacteria 5,600
blue algae 1,000
5,000
4,700
79
green algae 5.0
1,300
50
260
200
protozoans 31
0.90
59
crustaceans 50
1602
200
30
insects 300
fish 15
thallium fish 30
tin crustaceans 180
vanadium crustaceans 3,500

geometric mean of 2 NOEC values for Chiorella pyrenoidosa of 69 and 49 ug/I

2 geometric mean of 3 NOEC values for Daphnia magna (parameter: growth): 1,000 ; 50 ;
and 85 pg/I
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Saltwater organisms (NOEC and L(E)C50 values in ug/N

metal taxonomic group Modification 0 EPA-method
NOEC L(E)C50 NOEC
antimony fish 6,200
cobalt algae 300
molybdenum crustaceans 250,000
selenium algae1 79
2502
790
790°
2,500*
7,900
790°
10
100
10,000
crustaceans 140
fish 470
thallium algae 160
tin algae 290
vanadium algae 50

data for algae were considered as data for more than one taxonomic group because data
were available for Cyanophyta, Dinophyta, Bacillariophyta, Chlorophyta, Pyrmnesiophyta,
and Eustigmatophyta

geometric mean of 2 NOEC values for Amphidinium carterae (parameter: yield): 79 and 790

rg/l

3 geometric mean of 2 NOEC values for Chaetoceros vixvisibilis (parameter: yield): 790 and
790 pg/|

4 geometric mean of 2 NOEC values for Isochrysis galbana (parameter: growth): 7,900 and
790 pg/!

5

geometric mean of 2 NOEC values for Paviova lutheri (parameter: yield): 7,900 and 79 pg/!|
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Freshwater and saltwater organisms (NOEC and L(E)C50 values in ug/l)

metal

taxonomic group

Madification 0

NOEC

EPA-method
L(E)C50 NOEC

antimony
barium
beryllium

cobalt

molybdenum
selenium

fish
crustaceans
bacteria
blue algae
green algae
protozoa

fish
blue algae
green algae

crustaceans
fish
worms

bacteria
algae

protozoans

0.68

15

1.0

2.0

85
260
80
500
500
58!

5.0
110,000
450
1,100

5,600
1,000
5,000
4,700

79

5.0

1,300
50
260
200
79
2502
790
790°

2,5004
7,900

790°

10

100

10,000

31
0.90

59

6,200
15,000

29,000
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metal taxonomic group Modification 0 EPA-method
NOEC (ug/l) L(E)C50 (ug/) NOEC
(ng/h)
selenium crustaceans 50
1608
200
30
140
insects 300
fish 15
470
thallium fish 160
tin algae 180
vanadium crustaceans 3,500

ng/l

790 pg/!

790 pg/l

and 85 pg/l

geometric mean of 2 NOEC values for Chlorella pyrenoidosa of 69 and 49 pg/|
geometric mean of 2 NOEC values for Amphidinium carterae (parameter: yield): 79 and 790

geometric mean of 2 NOEC values for Chaetoceros vixvisibilis (parameter: yield): 790 and
geometric mean of 2 NOEC values for Isochrysis galbana (parameter: growth): 7,900 and

geometric mean of 2 NOEC values for Paviova lutheri (parameter: yield): 7,900 and 79 pg/!
geometric mean of 3 NOEC values for Daphnia magna (parameter: growth): 1,000 ; 50 ;




