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This document describes the derivation of a probit function for application in a
quantitative risk analysis (QRA).

This document has been checked for completeness by the Netherlands’ National
Institute for Public Health and the Environment (RIVM). The contents of this
document, including the probit function, have been approved by the scientific
expert panel on probit functions on scientific grounds. The status of this document
was therefore raised to “interim”, pending a decision on its formal implementation.

Subsequently the Ministry of Infrastructure and the Environment will perform a
second tier evaluation to decide whether the probit function will be formally
implemented. The decision on actual implementation will primarily be based on the
results of a consequence analysis.

Detailed information on the procedures for derivation, evaluation and formalization
of probit functions is available at
http://www.rivm.nl/milieuportaal/bibliotheek/databases/probitrelaties.jsp.
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Technical support document Oxalonitrile

1. Substanceidentification

CN
CAS-number: 460-19-5 e
i L NC
IUPAC name: oxalonitrile
Synonyms: cyanogen, carbon nitride; dicyan; diogeen; ethanedinitrile;

nitriloacetonitrile; oxalic acid dinitrile; oxalyyanide
Molecular formula:  @N,
Molecular weight: 52.04 g/mol

Physical state: gas (at 20°C and 101.3 kPa)
Boiling point: -21.2°C (at 101.3 kPa)
Vapour pressure: 538 kPa (at 20°C)

Saturated vapor conc: gas at 20°C and 101.3 kPa

Conversion factor: 1 mgfi+ 0.462 ppm (at 20°C and 101.3 kPa)
1 ppm = 2.165 mg/f(at 20°C and 101.3 kPa)

Labelling: R: 12,23,50/53

2. Mechanism of action and toxicological effects following acute

exposur e"

Special considerations: Oxalonitrile undergoes slow hydrolysis to prodoce
molecule of hydrogen cyanide (HCN) and hydrogemeaya (HOCN) each.

Acute effects. The acute toxicity is dominated by local irritatias well as effects of
cyanide poisoning. The irritation appears to balized in the upper respiratory tract,
particularly the nasal region. The main target osgand tissues for inhalation
exposure t@yanideare the respiratory system, the central nervostesyand the
cardiovascular system. Cyanide inhibits cellul@preation, which is especially
detrimental in the brain and may result in neurmalgsymptoms, loss of
consciousness and inhibition of the respiratoryesys In addition, exposure to
hydrogen cyanide may result in weakness, paralgsicardiac irregularities. The
cyanide poisoning is the most likely cause of déaltbwing exposure to oxalonitrile.
L ong-term effects: there is little information on the health consegeces of long-term
exposure. Information concerning possible long-teffacts of acute exposure to
toxic concentrations dfydrogen cyanides limited, but shows that recovery can be
uneventful without any permanent adverse healécedf

3. Human toxicity data

No informative reports on health effects in humenlii®wing acute inhalation
exposure were identified. Such reports are constiErformative if both health
effects as well as the exposure have been docuchensaifficient detail.

McNerney and Schrenk (1960) exposed human subjeatsealed room for periods

of 6-8 minutes, apparently in similar static comtis as the test animals. The build-up
time was reported to be 3 minutes for the 35niglamcentration level (1 group of 5
subjects for 6 minutes and 1 group of 7 for 8 mesytand 30 seconds for the 17
mg/nt level (one group of 7 for 6 minutes).

! AEGL proposed document, AHLS provider manual.
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At 35mg/nt eye and nasal irritation were reported immediaaéigr the concentration
in the room had been raised to the desired lelvet’'no odour was detected. The
authors did not report lethality or severe toxicity

4. Animal acutetoxicity data

Animal lethal toxicity data considering acute exjp@sare described in Appendix 1. A

total of two studies were identified -with 4 datasr 4 species- with data on

lethality following acute inhalation exposure. Ndaksets were assigned status A for
deriving the human probit function, one dataset asssgned status B and 3 were
assessed to be unfit (status C) for human probdtion derivation.

During a literature search the following technisapport documents and databases

have been consulted:

1. AEGL proposed TSD document and reference datalbasexlonitrile, covering
references before 1995.

2. An additional search covering publications from Q@8wards was performed in
HSDB, MEDIine/PubMed, Toxcenter, [IUCLID, RTECS, kihe following
search terms:

* Oxalonitrile and synonyms
e CAS number

e lethal*

e mortal*

+ fatal*

d LC50, LC
* probit

3. Unpublished data were sought through networks>a€tdogical scientists.

Sensory irritation
No studies were identified in which sensory iridatwas studied.

5. Probit functions

It was not possible to derive a probit function des@lonitrile based on studies with A
quality. Therefore, the probit function was tentaly derived using data from the
study with C quality listed in the table below.

Study | Species| Probit (C in mg/m, t in min) LCso, 30 minutes (mg/ih
ID 95% C.1.
C.l1 | Rat -45.4 + 4.55xInC + 4.93xIh 0.92 (0.71 - 1.14)

The data of McNerney (study B.1) with rats are enésd graphically below.
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6. Evaluation

There is only one acute eligible inhalation toxigtudy available for oxalonitrile.

This study doesn’t meet the current standards dagggeneration, delivery and

analytical determination of test atmosphere not-postem pathological evaluation

of animals. The Dutch Expert Panel on probit fumtsi decided not to develop a

probit function for oxalonitrile for the followingeasons:

1. The only eligible study did not meet current tegtstandards, and produced
unreliable results. When a human probit functiors @aveloped starting from
these data anyway, the derived 1% and 0.1% leyHelrels were below exposure
levels that were well tolerated by humans in theesatudy.

2. When a human probit function was developed staftmm acute inhalation
lethality data for HCN (Lapin, 1981, study A.1)etterived 1% and 0.1%
lethality levels were below exposure levels thateneell tolerated by humans
(McNerny study).

The table below provides an overview of acute iatiah toxicity guidelines for
oxalonitrile.

Estimated level 30 min (mg/m®) | 60 min (mg/m°)
1% lethality, this probit NA NA
0.1% lethality, this probit NA NA
AEGL-3 (2008, proposed 50 25
ERPG-3 N/A
LBW (2007) 100

The AEGL levels were derived from the McNerney stuahich was discarded for
development of a probit function.
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Appendix 1 Animal experimental research

Study ID: A.l

Author, year: Lapin, 1981

Substance: Hydrogen cyanide

Species, strain, sex: Rat, Crl:CD, male
Number/sex/concentration group: 6 (restrained)ubBestrained)
Age and weight: weights 250 + 25 gram, age notifipdc
Observation period: at least 7 days

Criteria Comment

Study carried out according to GLP No declaration of GLP was given.
Study carried out according to No

guideline(s)

Stability of test compound in test No information

atmosphere

Use of vehicle (other than air)

Whole body / nose-only (incl. head/nosgRestrained: Head only. Rats were
only) exposure restrained in whole body holders inside
the chamber (175 1) used (in some cases
simultaneously) for unrestrained animals.
By using a switch a hinged box was
swung down to start an exposure (see
figure below).

Unrestrained: whole body

Pressure distribution. Not specified

Homogeneity of test atmosphere at Test atmosphere was generated by

breathing zone of animals dilution of bottled gas and passed into the
chamber by flow-through.

Number of air changes per hour Unknown

Actual concentration measurement Continuous measurements with infrared

spectrophotometry. This method was
validated by gas chromatography. No
details were presented.

Particle size distribution measurement {rN/A
breathing zone of the animals in case qf
aerosol exposure;

Assessment of Reliability A

Study data were suitable to derive a
probit function. Multiple concentration
levels and durations were tested,
resulting in a good concentration
response relation with mortality of O-
100% (5 minute data were excluded frgm
analysis).
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Airlock Exposure Chamber

A) front view, B) end view, atmoaphere pre-equilibrated
while rats breathe fresh alr, and C) airlock dropped
. for Instantaneous exposure

Figl)ré showing how the restrained animals were suyeal. Figures A and B show
respectively a closed and opened hinged box.
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Results (restrained animals)
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: Concentration Expos_ure
Species (mg/n?) dura}tlon Exposed Responded
(min)
Rat 363 5 6 0
Rat 386 5 6 1
Rat 447 5 6 3
Rat 468 5 6 3
Rat 478 5 6 5
Rat 605 5 6 6
Rat 81 15 6 0
Rat 158 15 6 3
Rat 168 15 6 1
Rat 222 15 6 4
Rat 264 15 6 6
Rat 325 15 6 6
Rat 402 15 6 6
Rat 38 30 6 0
Rat 60 30 6 2
Rat 110 30 6 3
Rat 121 30 6 4
Rat 143 30 6 4
Rat 185 30 6 6
Rat 319 30 6 6
Rat 47 60 6 0
Rat 61 60 6 2
Rat 81 60 6 4
Rat 116 60 6 6




TSD Oxalonitrile 20110715-oxalonitrile-interim

129 Results (unrestrained animals)

: Concentration Expos_ure
Species (mg/n?) dura}tlon Exposed Responded
(min)
Rat 307 5 10 0
Rat 368 5 10 1
Rat 382 5 10 2
Rat 396 5 10 5
Rat 495 5 10 9
Rat 554 5 10 10
Rat 570 5 10 10
Rat 124 15 10 0
Rat 197 15 10 2
Rat 211 15 10 4
Rat 229 15 10 7
Rat 258 15 10 7
Rat 282 15 10 10
Rat 318 15 10 10
Rat 453 15 10 10
Rat 144 30 10 0
Rat 167 30 10 0
Rat 180 30 10 4
Rat 206 30 10 8
Rat 249 30 10 9
Rat 344 30 10 10
Rat 85 60 10 0
Rat 120 60 10
Rat 173 60 10
Rat 206 60 10
Rat 249 60 10 10

130

131  Probit function

132 The probit function and associated LC-values haenlralculated using the
133 DoseResp program by Wil ten Berge (version DecerB0@6) as

134 Pr=a+ bxIn(C) + cxIn(t)

135 with C for concentration in mg/frand t for time in minutes.

136
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137 As only male rats were used in the study, sex coatde included as covariate in the
138 probit function. The method of exposing the aninveds taken up as covariate in the
139 analysis of the data combined. It appeared thatethdts for the restrained animals
140 and unrestrained animals were significantly diffier&his conclusion was based on
141 the comparison of the In(likelihood) of the fittddta. The In(likelihood) for the data
142 combined with method as covariate was -52.16, vaseitee In(likelihood)s of the

143 separated data were both approximately -17. Asargérule, a model is considered
144  a better fit when the additional use of paramdierthis case by fitting the data

145 separately) lead to a significant increase in tigigkelihood). Since the In(likelihood)s
146 indicate that analysing the data separately is fsognitly better (-52 versus -34), it is
147  not appropriate to combine the data.

148
149 All analyses excluded the five minute data.
150
Probit function | Species a b C n-value
restrained Rat -14.4| 2.80 1.87 1.50 (1.05-1.94)
unrestrained Rat -33.5| 6.39 1.46] 4.38(2.87-5.88)
151
152
Duration | LCso (mg/ni) 95%-C.I. | LCso (mg/n) 95%-C.1.
(minutes) | Male (restrained) Male (unrestrained)
10 224 (168-283) 244 (224-266)
30 108 (93.7-120) 190 (181-199)
60 67.6 (55.1-82.3) 162 (149-176)
153

154 A graphical overview of the data is presented beleach concentration-time
155 combination represents one point in the plot.
156
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160 Top: data of restrained animals, bottom: data oéstnained animals.
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Study ID: C.1
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Author, year: McNerney and Schrenk

Substance: Oxalonitrile
Species, strain, sex: male albino rats

Number/sex/concentration group: 6 per concentrétiroa combination
Age and weight: average weight 135 grams, age aifsgue

Observation period: 14 days

Criteria

Comment

Study carried out according to GLP

GLP did not exist at the time

Study carried out according to
guideline(s)

OECD guideline 403 did not exist at the
time, many details not provided

Stability of test compound in test
atmosphere

The material is a gas, no information or
possible aerosol formation following
hydrolysis

Use of vehicle (other than air)

Static chamber conditions with room ai

Whole body / nose-only (incl. head/nos
only) exposure

eWhole body, 3 animals / mesh wire cag
in a ‘2 foot cube’(227 liter) inhalation
chamber

Pressure distribution.

Not specified

Homogeneity of test atmosphere at
breathing zone of animals

Concentrations were attained by
measuring the required volume of gas
over mercury in a graduated, gas
sampling tube and introducing it into the
exposure space by displacement of the|
mercury. The build-up of concentration
was claimed to expend up to 3 minutes
the highest (target) concentration.

The test material contained < 0.5%
impurities.

Number of air changes per hour

The chambers were operated under st3
gas exposure conditions

m

1l

D

for

itic

Actual concentration measurement

No concentration assessment was mad

e.

Particle size distribution measurement
breathing zone of the animals in case g
aerosol exposure;

rNot applicable
f

Assessment of Reliability

C
Static exposure conditions, no exposur
assessment, most of the responses are

1%}

either 0% or 100%

All fatalities except for 2 at the 250 ppr5E0 mg/n) level were during exposure.
The 2 delayed deaths occurred after 7 hours ar&ys. d

11
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Results
Species Concentration %ﬁ?g;g:}e Lethality
(mg/m) (min) Tested Fatal

Rat, male 8571 7.5 6 3
8508 15 5 -
4223 75 6 0
4207 15 5 -
2111 15 5 .
2115 30 5 -
1066 30 5 .
1054 45 5 -
851 45 s .
851 60 5 -
537 60 5 .
533 120 6 4

Probit function

The probit function and associated LC-values haenlralculated using the
DoseResp program (Wil ten Berge, December 2006) as

Pr=a + bxInC + cxlh
with C for concentration in mg/int for time in minutes

Probit function

Species

n-value

Including 7.5
minute data

Rat

-45.37

455 4.93

0.923 (0.710 — 1.135)

Excluding7.5
minute data

Rat

-35148

3717 2468

1.51 (-20604 — 20607)

The model excluding the 7.5 minute data had a peoy fit, and no confidence
intervals could be calculated for the 4g@alues. Clearly, the model requires the
inclusion of the 7.5 minute data to reach an apjmtgmathematical solution. The
meaning of the 7.5 minute data is questionablessiihe build-up concentration was
reported to be 3 (for8500 mg/mi) and 1.5 minutes (for4200 mg/m). All LCsg
values in the table below have been calculated thi#ghmodel that was developed
including the 7.5 minute data.

12
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Duration | LCso (mg/n) 95%-C.I.
(minutes) | Male
10 5288 (2504 — 8639)
30 | 1607 (1066 — 2143)
60 | 758 (474 —1165)

20110715-oxalonitrile-interim

A graphical overview of the data is presented beléach concentration-time
combination (with 6 male animals) represents orietpo the plot.

Concentration (mg/m3, log scale)
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Study ID: C studies

A secondary source cited in the AEGL TSD (Cohrs260)) reports the following
lethality information:

Lethality was reported in mice exposed to 5600 midém12 minutes or 3200 mgfn
for 1.8 hours.

Lethality was reported in cats exposed to 650 mdém3.5 hours and 870 mgirfor
0.5 hours, or 2000 mgfhfior 13 minutes.

Lethality was reported in rabbits exposed to 220nmgyanogen for 2-3 hours, 430
mg/nt for 0.5 hours, or 4300 mgfhfior 13 minutes.

The actual lethality incidence was not specified aa additional details were
available for any of the three species.

14
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