Luc¢ebni zavody
Draslovka, a. s. Kolin

May 2013

HCN

Doc ITI-A

A6.8.1b Developmental

Page 6 of 8

Toxicity Study in Rat
Table 2
Incidence of skeletal alterations in litters from mothers that received, in the drinking water KCN: 0, 1, 3 and 30 mg/kg/day: or KSCN: 0.8, 2.4 and 24 mg/kg
Control KCN (mg/kg) KSCN (mg/kg)
0 1 3 30 0.8 2.4 24

Total number of litters 10 10 10 10 10 10 10
Total fetuses examined 40 40 40 40 40 40 40
Affected litters 6 5 5 6 6 5
Affected fetuses 23 20 28 26 27 21 23
Skull: incomplete ossification

Affected litters 6 5 5 6 6 6 ]

Affected fetuses 23 20 28 26 23 21 23
Cranial sutures: incomplete ossification

Affected litters 6 5 5 6 3 b} 5

Affected fetuses 8 8 8 L1 5 5 10
Sternebrae (bone incompletely ossified)

Affected litters 6 5 5 6 5 5 5

Affected fetuses 10 12 12 12 11 13 13
Irregularly shaped ribs

Affected litters 6 5 5 5 5 5

Affected fetuses 6 8 9 T 13 8 6
Wavy rib

Affected litters 0 4] 2 2 0 0

Affected fetuses 0 0 2 2 0 0 0

Table 3

Incidence of visceral alterations in litters from mothers that received, in the drinking water KCN: 0, 1 3 and 30 mg/kg/day: or KSCN: 0.8: 2.4 and 24 mg'kg

Control KCN (mg/kg) KSCN (mg/kg)
0 1 3 30 0.8 24 24
Total number of litters 10 10 10 10 10 10 10
Total fetuses examined 40 40 40 40 40 40 40
Affected litters 6 7 5 6 &) 6 5
Affected fetus 10 18 6 20" 6 15 12
Dilated uretar
Affected litters 1 7 3 5 2 3 5
Affected fetuses 1 7 3 5 2 3 5
Kinky ureter
Affected litters 7 7 5 6 3 6 5
Affected fetuses 7 11 5 6 3 8 8
Peritoneal hemorrhage
Affected litters 2 2 1 4 2 3 2
Affected fetuses 2 1 4 2 3 2
Enlarged esophagus
Affected litters 2 4] U] 6 1 4 g
Affected fetuses 2 1] 1] 7 1 4 2

. Significantly different from control group at P < 0.05 (Fischer’s test).
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Table 4

Serum levels of glucose, cholesterol (mg/dl) and thiocyanate (mol/1) in control and experimental dams given, in the drinking water KCN: 0, 1. 3 and 30 mg/kg/day:

or KSCN: 0.8, 2.4 and 24 mg/kg

Control KCN (mg/kg) KSCN (mg/kg)
0 1 3 30 0.8 24 24
Trial A
Glucose §1.38 £ 7.04 84.57 £ 949 84.11 £7.29 112.13 £ 7.56" 70,57 £7.10 61.71 £ 6.11 67.59 £6.37
Cholesterol 63.85 + 1598 65.94 + 14.66 62.77 + 14.95 60.08 + 13.28 61.97 £ 12.47 62.42 £ 15.48 69.58 £+ 11.09
Thiocyanate 32.71 +3.98 81.43 +9.20" 167.90 + 9.37" 262.50 £ 9.61° 96.09 + 10.02°  141.88 £ 11.00"  228.50 + 12.99"
Trial B
Glucose 79.20 £ 7.25 75.57 £10.32 73.88 = 10.59 70.62 £ 7.34 68.71 £ 9.63 65.83 £ 11.89 68.33 £7.29
Cholesterol 6834 + B 66 6931 = 784 69.61 £ 9.53 6041 £ 939 62.50 £9.22 6293 £ R8BS 6044 £ 816
Thiocyanate 26.63 £ 2.77 35.11 £ 2.87 36.05 £2.83 36.73 £ 3.72 36.95 £3.57 34.20 £4.29
a Significantly different from control group at P < 0.05 (Duncan’s test).
Table 5
Body weight gain (g) of offspring from dams that received in the drinking water KCN: 0, 1, 3 and 30 mg/kg/day: or KSCN: 0.8, 2.4 and 24 mg/kg
Period Control KCN (mgfkg) KSCN (mg/kg)
0 I 3 30 0.8 2.4 24
PND 01-07 51.73 £ 470 52.00 & 4.80 45.93 £ 4.80 47.18 & 4.61 43.11 £ 4.17 5437 £4.15 47.34 + 4.16
PND 08-14 76.50 £ 5.72 74.50 + 7.07 62.67 £ 8.06 71.92 £+ 6.31 7270 £ 5.82 81.21 £ 5.57 67.79 £ 7.89
PND 15-21 83.30 + 10.03 81.70 £ 10.11 68.40 £ 10.04 92.00 + 7.28 84.20 £ 8.58 95.80 £ 6.43 3.20 £ 8.36
PND 01-21 211.53 £ 11.31 208.20 = 11.22 17733 £ 11.77 21110 = 8.14 22517 £ 11.33 231.32 £ 9.00 198.24 £ 11.06
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Table 6

Intensity of the lesions”® observed in dams and their respective offspring in control and experimental groups that received, in the drinking water KCN: 1, 3 and
30 mg/kg/day: or KSCN: 0.8, 2.4 and 24 mg/kg

Control KCN (mg/kg) KSCN (mg/kg)
0 1 3 30 0.8 24 24
Trial A/Trial B
Liver
Hepatic congestion — + + ++ - + -
Vacuolization of hepatocytes - - + + — — +
Proliferation of biliary ducts — - - — = ix %
Brain
CNS congestion — — + ++ — - +
Neuronophagia - i = * = o re
Hemorrhagic areas in CNS - - = F = = o
Gliosis = == = e = + ++
Necrosis — - - 3 - — —
Thyroid
Increase in the number of reabsorption vacuoles in follicular colloid = + ++ +++ + ++ +++
Trial A
Pancreas
Islet cells vacuolation — = = ++ = = =
Pups
Liver
Hepatic congestion = e + ++ = + ++
Vacuolization of hepatocytes - - - + - = &
Proliferation of biliary ducts — - - + — — +
Brain
CNS congestion = e + ++ — + ++
Neuronophagia - = — + — - &
Gliosis —_ = = 4+ = = 4+

The intensity was characterized by scores: (—) no lesion: (+) mild lesions: (++) moderated lesions: and (+++) severe lesions. It was used for four animals in each

group.

@ The identification of the lesions was considered only when all animals analyzed showed the same alterations.

Evaluation by Competent Authorities

Date

Evaluation of applicant's
justification

Conclusion

Remarks
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Section A6.8 REPRODUCTIVE TOXICITY
Annex Point ITA V1.6.8
Section A6.8.1 Developmental Toxicity Study in Rats
Annex Point ITA V1.0.8.1
Official
1 REFERENCE use only
1.1 Reference Monsanto Co: Teratology Study In Rats With Test Article Acetone
Cyanohydrin, 1984, (DOC IV_59)
1.2 Data protection No
1.2.1  Data owner /
122 Companies with !
letter of access
1.2.3  Criteria for data /
protection
2 GUIDELINES AND QUALITY ASSURANCE
21 Guideline study Section 83-3 of the Environmental Protection Agency Guidelines,
Subdivision F. for Hazard Evaluation-Ruman and Domestic Ammals,
1ssued June, 1982.
This 1s similar to OECD guideline for the testing of chemicals no. 414
for prenatal developmental toxicity study
22 GLP Yes, the study was conducted according to the United States Food and
Drug Administration's Good Laboratory Practice Regulations of June
20, 1979.
23 Deviations
3 MATERIALS AND METHODS
31  Testmaterial Acetone Cyanohydrin
3.1.1 Lot/Batch number [29T501-2
3.1.2 Specification Not reported
3.1.2.1 Description Clear amber liquid
3122 Purity 99.82 %
3.1.23 Stability Stable
32 Test Animals
321 Species Rats
322  Strain Charles River COBS CD
30 % SHiifes Charllfs River Breeding
Labor-atorias. Inc., Portage. Michigan on May 16, 1983
324 Sex Females
325 Age/weightat study | 80-120 days/ 220 g (minimal weight on delivery), 218-289 g on GDO
nitiation
326 Number of animals |25 per group

per group
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327 Control animals Yes
328  Mating period Omne female with one male of the same strain and source, copulatory
plugs or vaginal smears daily, positive finding indicates GDO;
pregnant rats housed individually.
33 Administration/ Oral
Exposure
33.1 Duration of GDoto GD15
exposure
332  Post exposure Days 16 to 200f gestation
period
333 Type Oral administration via gavage in deionised water
334 Dose levels ) 1 mgkgbw
2) 3mgkgbw
3) 10 mg/kg bw
335 Vehicle Deionised water
33.6  Concentration in 1, 3 or 10 mg/ 5ml
vehicle
337 Total volume 5 ml/kg .bw
applied
338 Controls Vehicle
34 Fxaminations Observations for mortality and signs of toxicity (such as tremors,
convulsions, loss of righting, reflex, excessive blood loss and
moribundity twice an each day. During treatment detailed clinical
observations were performed daily. Dams were humanly killed on the
GD 20 and necropsy performed.
341 Body weight Yes, individual body weights were recorded for all dams on gestation
days 0, 6,9,12, 16 and 20.
342 Food consumption |Not determined
343  Clinical signs Yes, daily.
344  Examination of Corpora lutea
ovaries
345 Examination of Number and locations of viable and nonviable fetuses, early and late
uterus and uterine | resorption , total no. of implantations
contents
3.4.6 Examination of Foetal weight, external abnormalities, sex, soft tissue, skeletal
fetuses and examination
neonates
3.4.6.1 General Yes
3462 Skeletal Yes
3463 Soft tissue Yes
35 Further remarks None
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4 RESULTS AND DISCUSSION

4.1 Maternal toxic
Effects

Survival was 100% in the control group and all treated groups.

Antemortem observations included hair loss (see Table 1), soft stool
{one occurrence in 1 and 3 mg/kg/day dosage group), scabbing on the
nose (control group), and single instances of red, swollen hind limb
{1mg/kg/day dosage group) and a nodule on the lower lip (10
mg/kg/day dosage group). There were single instances of the
following necropsy observations in the control group: hvdronephrosis,
intestinal worms and a subcutaneous abdominal mass.

A slight treatment-related reduction of body weight gains occurred in
the 3 and 10 mg/kg/day dosage groups during the treatment and
gestation periods (days & to 15 and 0 to 20, respectively) the body
weight values for the 1 mg/kg /day dosage group were comparable to
those of the control group (see Table 2). The corpora lutea/dam and
total implantations/dam for the 10 mg/kg/day dosage groups were
signficantly less than the control group values. The other parameters
for this group, viable fetuses/dam and total implantation losses/dam,
fetal body weight, fetal sex distribution and all Cesarean section
parameter values for the 1 and 3 mg/kg.day dosage groups were
comparable to the control group values (see Table 3).

42 Teratogenic /
embryotoxic effects

There were two or three incidences of microphthalmia in all groups.
Malformations occurring in single incidence in fetuses and/or litter
were transposition of great vessels with right-sided aortic arch,
interventricular septal defect, malpositioned heart, malformed lungs,
diaphragmatic hernia, vestigial uterine horn and bent ribs.

43 Other effects — None
developmental
toxicity
5 APPLICANT'S SUMMARY AND CONCLUSION

5.1 Materials and
methods

The conduction of the study is in accordance with OECD guideline
no.414, the significant deviation being the fact that neither food nor
water consumption was determined.

To evaluate teratogenicity of the test compound its doses were
administered to pregnant rats from GD6 to GD 15 dissolved in
deionized water in n doses of 0 (control group) 1, 3 and 10 mg/kg bw.

The dams were humanly sacrificed on GD 20. The doses used were
determined in the range finding study which used 5 animals per
dosage group. In this study dosages of 0, 1,3,5,7.5 and 10 mg/kg bw
were administered daily from G.D. 6 till G.D. 15 and animals were
humanly sacrificed on GD 20. No biologically meaningful differences
in the uterine examination values of any of the dosage groups when
compared to those of the control group were found (DOCIV_58).
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52 Results and The ante mortem observations were spurious, independent of the dose
discussion and no meaningful difference between the control and any treated
group was observed. The same applies to necropsy observations. The
difference between the highest dose and control group in lutea/dam
and total implantations/dam concerns pretreatment parameters and is
not compound related. The slight decrease in weight in the two
highest dose groups is not considered as a toxic effect caused by the
substance. No such difference was observed in the range finding study
tor any of the concentrations used (DOC IV_58).
There were no meaningful differences in the incidence of fetal
malformations and developmental variations in the treated groups
when compared to the control group. Rather, the findings were
1solated showing no dependence on the dose.
53 asnalisian Treatment with acetone cyanohydrin did not produce a teratogenic
response when administered orally by gavage to Charles River COBS
CD rats at dosage levels of 10 mg/kg/day or less.
531 LO(AYEL maternal
toxic effects
532  NO(AEL maternal |10 mg/kg bw of acetone cyanohydrin corresponding to 3.3 mg/kg bw
toxic effects of HCN
533 LOAEL
embryotoxic /
teratogenic effects
534 NOAXEL 10 mg/kg bw of acetone cyanchydrin corresponding to 3.3 mg/kg bw
embryotoxic / of HCN
teratogenic effects
535 Rehability 1
53.6  Deficiencies Neither food nor water consumption was determined

Page 4 of 6
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Table 1 — Occurrence of hair lozs

Dozage of acetone cyanohydrinin {mg/dke/day)

Hair lozz 0 {control) 1 3 10
location: No % No % No % No %
- forelimbls 4 16 1] 24 4 14 1 4
-hose 1 4
-ventral thorax 1 4 1 4 2 g
and‘or
abdomen:
- Inguinal, left: 1 4 1 4

Table 2 — Reduction of body weightz

Day of Geatation
ﬂ "
b

9
12
16
0

Days of Gestation

0t 6§
bto 9§
9 to |2
12 to. 14
16 to 20
6 ta 13
0 to 20

Group Mean Maternsl Body Weights (grems)

0 (Control)

%1
0
28}
100

1l
388

48,

S ]

13.6
16.6
16,8
11.6
19.7
.4

Hean

rra——

251
01
262
259
313
361

1
b
16
%
6l
4
137

6.3
4]
bid
0.6
12-#
10,2
18.3

Group Mean Maternal Body Weight Chenge (grams)’

1%
!
17
4
gl
41
131

Acetone Cyenchydrin [mg

¥ 5.0,

e

14,1
19.1
17.(
19.2
0.4
1.9

L1
4.9
6.3
B.0

12,1
9.6

16.6

[kgday)
3
o 15D, Mem 3D,
252 14.3 151 13.1
118 15:6 m 16,0
182 15, 283 13.7
191 17,0 28 13.3
321 16.4 n 17.3
Y5 18,2 378 19.4
2 4,3 i 6.l
4 4,2 6 5.8
15 b.b 1 5.0
% 5.5 2% 8.1
53 11.8 56 8.3
43 6.4 b 12.0
122 15.5 128 17.8

*Valuez reprezent the mean of the individual change body weight for theze intervals

1’I‘Ja],r 15 body weights were recorded on day 14 to reflect the 10 day freatiment regimen

8.1, — standard deviation
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Table 3 - Summary of Group Mean Maternal and Fetal Observations at Caesarian Section
s g irn‘ignn I“ﬂmdrln Tipggk gfdmy b
b {Coatra]) ! 1 [
ho, 450 i 5.0, N i 15,0, Mo, £ 5.0,
Anlnals en shady b - - H - - 1] - - 5 - -
Anlmals that ware gravid: 5 » b i - - 15 - - b = -
Anlmals naamined of Gosaresn section: FL - - t] - - i - - b - -
Hangravid: ] - - 0 - = . 0 - - ] - -
Gravid: i = - E] - - 5 - - ¥l - -
Dams with rascrptions oaly: o L - 0 = - b - - [ - -
Oams with viahle fatugas: L] - - ] - - ki - - P - -
Viable (atusesidan: .l - 2.4 .z - 2,61 154 - 1.0 13.6 - 1.47
Fostieplantatlon loss/dan: 4 - 141 1,0 - 1,17 1.0 = 0,93 0.9 - 1,01
Total Inplantalfons Ados 15.5 - 142 5.1 - .07 4.4 = 1,58 14, 408 = 133
Carpora latas/dam: R - 1.62 168 - .18 16,3 - .82 15,59 - 1,54
Group maar praluplantation loss (F1% - 8.3 - - L - - 11,5 - - 4,1 -
Group meen postlmplantation loss (F ", - 1] - = [ B - - 1.2 = N 6.1 o
Haor fefal body walght (grams): 32 - 0,38 33 o 0,24 3.2 = 0,20 3.2 = 0,24
Fatol sex disiributicn = nale: 18% 2.4 - 174 0,2 - 157 6,9 - 11 52,2 -
foma|a: 160 17,6 = 180 50,8 = I8 5,1 # 162 L] =

OTatal Mo, Corpora Lutea - Total Mo, lnglantations . pg
Total Mo, Corpora Lutes
Bratal Mo, Implantatlons - Total Mo, Viable Fetuses x 100

Total Mo, lrplantafions
"Siognlticantly ditterent from coatral group; p<0.05
"NSigniticantly dliterent trom contrel group: pe0,01
5.0, « Standard devlatlan

= Mat eppllcabia
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Section A6.8.2
Annex Point ITA
V1.6.8.2

Fertility study

Justification:

Dangerous properties of HCN are well explored. Effects upon repeated or
long-term exposures are described from epidemiological studies. No
effects, leading to suspicion of HCN toxic effects for reproduction, have
been described.

No reproductive and developmental toxicity studies are available for
hydrogen cyanide. Fertility studies on potassium cyanide in diet and
inhalation of acetone cyanohydrin are used as replacement.

References:

Summaries and evaluations in this section are based mostly on exhaustive
and reliably peer reviewed documents: ATSDR (2004, Toxicological
profile of cyanide) (DOC IV_1) and IPCS (2004, WHO, CICAD 61:
Hydrogen cyanide and cyanides: human health aspects). (DOC IV_5) and
Hazardous Substance Data Bank (HSDB), National Library of Medicine s
TOXNET system: Hydrogen cyanide *Peer reviewed® (DOCIV_2).

1. Monsanto Co. (1985a) Male fertility study of Sprague-Dawley rats
exposed by the inhalation route to acetone cyanohydrin. St. Louis,
MO, Monsanto Co. (Report ML-82-144; US EPA/OPTS Public Files
No. 878216404) (DOC IV_47) Summary see DOC ITI_6.8.2a.

2. Monsanto Co. (1985b) Female fertility study of Sprague-Dawley rats
exposed by the inhalation route to acetone cyanohydrin. St. Louis,
MO, Monsanto Co. (Report ML-82-145; US EPA/OPTS Public Files
No. 878216398) (DOCIVA / A78) (DOC IV_61) Summary see
DOCTIL_ 6.8.2b.

3. NTP. 1993. Sodium Cyanide Administered In Drinking Water to
F344/N Rats and B6c3f; Mice. Toxicology Report Series No. 37.
{NIH Publication 94-3386) (DOCIVA / A27) (DOC IV_40)
Summary DOC II1_ 6.8.2¢.

Summaries

After 2 weeks on a diet containing 5 or 10 g potassium cyanide/100 g diet,
temale rats (10 per group) were mated with untreated males. No
pregnancies resulted. The dose corresponds roughly to 1000 and 2000 mg
cyanide/kg body weight per day. There was a dose-dependent decrease in
body weight gain, blood haemoglobin (18% and 23%), and serum T4
concentration (54% and 75%).

In a male fertility study (1), Sprague-Dawley rats (n = 15) were exposed by
inhalation to ACH (0, 35, 101, or 202 mg/ms; 0, 11, 32, or 64 mg hydrogen
cyanide/m), 6 h/day, 5 days/week, during a period of 69 days (i.e., 48
exposure days). After the treatment period, the males were mated with
three non-exposed females each. There were no effects on the mean body
weight, clinical signs of toxicity, or anatomical changes in gross necropsy.
The mating efficiency, number of live implants, and pre- and post-
implantation losses were not different between treated and control groups.

Female Sprague-Dawley rats were exposed by inhalation (6 h/day, 7
days/week) for 21 days to ACTI at at 38, 108, or 207 mg/m’ and then mated
with untreated males. Exposure of the females, which was equivalent to 12,
34, and 66 mg hydrogen cyanide/m’, was continued until the day of
mating, and the females were sacrificed at mid-gestation (gestation days
13-15). No treatment related effects on female fertility were observed in
any of the exposure groups. The only frequently observed clinical sign
post-exposure was red nasal discharge or encrustation. The highest
exposure in the study could be considered as the no-observed-effect level
(NOEL) for female reproductive effects (2).

Comment: The oral and the inhalation studies in rats differ extremely in
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doses administered: 6 hour exposure in the highest ACH concentration
roughly corresponds to a daily dose of 2 mg cyanide/kg bw, while the daily
dose administered in diet amounted to 1000 mg cyanide/kg bw. The first is
considered as NOEL for male and female fertility, while the second
suppressed female fertility completely.

Administration of low concentrations of sodium cyanide in drinking water
to rats and mice for 13 weeks resulted in no clinically significant body
weight, organ weight, histopathologic, or clinical pathology changes (3);
summary see section 6.8.2¢c. As part of the sub chronic toxicity study,
examination of reproductive parameters incl. sperm motility and vaginal
cyvtology examinations were accomplished on rats and mice in the 0, 30,
100, and 300 ppm groups. Sodium cyanide caused a slight reduction in
cauda epididymal weight in all groups of exposed male rats (daily doses
2.7 mg/kg bw and higher) and in male mice exposed to 300 ppm (daily
dose of 45.9 mg/kg bw). In male rats, the number of spermatid heads per
testis in the 300ppm-group (daily dose of 23.69 mg/kg bw) was less than
the number in the controls, and sperm motility in all exposed groups (daily
doses 2.7 mg/kg bw and higher) was non-significantly lower than in the
controls. Sodium cyanide produced no adverse effects on estrous cyclicity
in female mice, but at higher concentrations (100 and 300 ppm, daily doses
19.1 and 54.3 mg/kg bw, respectively) sodium cyanide caused an increase
in the amount of time spent by female rats in proestrus and diestrus relative
to estrus and metestrus. Alterations in reproductive parameters indicate that
subchronic exposure to low concentrations of sodium cyanide may produce
mild but significant adverse effects on rat reproductive systems, probably
nsufficient to decrease fertility in rats.

Conclusions

Inhalatory exposure of rats to ACH concentrations corresponding to 63 —
66 mg hydrogen cyanide/m®, 6 h/day, 5 days/week, for 10 weeks had no
effects on male or female fertility: the exposure corresponds to a daily dose
of 2 mg CN/kg bw and a total, cumulative dose of 100 mg hydrogen
cyanide/kg bw.

LOEL oral daily doses for reproductive parameters of 2.7 mg/kg bw per
day in male rats and 45.9 mg/kg bw per day in male mice resulted from
sub chronic exposure to low concentrations of sodium cyanide in drinking
water.

Undertaking of intended
data submission

No studies are planned.

Evaluation by Competent Authorities

Date

Evaluation of
applicant's justification

Conclusion

Remarks
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Section A6.8.2 Fertility Study in Male Rats
Annex Point ITA V1.6.8.2
Official

1 REFERENCE use only

1.1 Reference Monsanto co: Male fertility study of Sprague-Dawley rats exposed by

the mnhalation route to acetone cyanohydrin. Report 1985 (DOC
IV_47)

1.2 Data protection No
1.2.1  Data owner No
1.2.2  Companies with /
letter of access
123  Criteria for data /
protection
2 GUIDELINES AND QUALITY ASSURANCE

2.1 Guideline study

No reported, but the study design and data presentation comply with
most requirements of standardised fertility test.

2.2 GLP Yes
2.3 Deviations /
3 MATERIALS AND METHODS
31  Testmaterial Acetone cyanhydrin
3.1.1 Lot/Batch number |T501-3
3.1.2 Specification
3.1.2.1 Description st et
_ 98.5%
3122 Punty
3123 Stability Stable during the study
32 Test Animals
321 Species Albino rats
322  Strain Sprague-Dawley
323  Source Charles River
324 Sex Male and virgin female rats
325 Agf_:/weight at study Mal_es: 27 days at receipt, 42 days at first exposure, 15 weeks at
1nitiation mating
Females: 55 days at receipt, 12 weeks at mating
32,6 Number of animals |15 males + 50 females
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327 Control animals Yes
328  Mating period Three untreated females were assigned to each male. Males were
caged consecutively with each assigned female until confirmed
copulation was observed or five nmights occurred.
Hxamination for copulation plugs, vaginal smears following day,
positive finding indicates GD1; pregnant rats housed individually.
Mated females were sacrificed at about mid-term (days 13-15).
33 Administration/ Animal (only males) were exposed in individual wire mesh cages
Exposure suspended in 10 cubic meter exposure chamber.
33.1 Duration of 6 hours per day, 5 days per week, 10 weeks
£XPOSULE Total number of exposures varied between 48 and 58 (males were
exposed until the day after the last mating opportunity).
332 Post exposure 3 weeks prior to sacrifice
period
333 Type Vapour inhalation
334  Dose levels Target levels: 0, 10, 30, 60 ppm
335 Vehicle Air
33.6  Concentration in air | Mean daily analytical levels: 10.0, 28.5, 57.2 ppm
337 Total volume /
applied
338 Controls HExposure to ambient air
34 Examinations
341 Body weight Males were weighed once per week. Females were weighed prior to
mating and on days 0 and 13 of gestation.
342 Food consumption |No
343  Clinical signs Males were examined thoroughly once per week, and observed for
clinical signs on exposure days.
35 Paternal toxic (Gross examination of thoracic and abdominal organs.
effects Male repreduction organs were preserved in formalin.
36 Pregnancy status Total nidations, number of resorption, live implantations, and corpora
lutea were counted.
3.7 Other examinations |/

4 RESULTS AND DISCUSSION
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4.1

Parental toxic
effects

All males survived to scheduled sacrifice. No significant treatment
related effects on clinical signs, body weight and necropsy findings
were observed.

42

Reprotoxic effects

Efficiency in mating, number of live implantations, pre- and post-
implantation loss was comparable to control group values.

43

Other effects

None

5 APPLICANT'S SUMMARY AND CONCLUSION

5.1

Materials and
methods

Male Sprague-Dawley rats, in groups of fifteen, were exposed by the
inhalation route (6 hrs. /day, 5 days/week) to acetone cyanchydrin at
target levels of 10, 30 and 60 ppm. Mean daily analytical levels
(averaged for all exposure days) were within 5% of the target levels:
10.0, 28.5 and 57.2 ppm. Males were exposed for at least 48 exposure
days (69 days on study) and mated to untreated females. Exposure of
the males was continued through the day after the last mating
opportunity (maximum 58 exposure days).

5.2

Results and
discussion

No toxic effects were observed in males of any of the exposure
groups. Mean body weights of treated male groups were not
significantly different from control group body weights and no
treatment-related clinical signs of toxicity were observed during or
after exposure. There were no remarkable lesions detected in any of
the exposed males at necropsy.

No male fertility effects were observed in any of the exposure level
groups. Treated males were comparable to control group males in
effecting pregnancy. Females mated to exposed males were
comparable to females mated to control males in numbers of live
implants and pre- and post-implantation loss (see Table1). Therefore,
this study indicates that acetone cyanohydrin does not produce male
fertility effects in rats at inhalation exposure levels at least as high as
60 ppm.

53

Conclusion

This study indicates that acetone cyanchydrin does not exhibit
reproductive toxicity in male rats at inhalation exposure levels at least
as high as 60 ppm.

531

LO(AJEL paternal
toxic effects

= 60 ppm

53.2

NO(A)EL paternal
toxic effects

60 ppm (the highest exposure level)

Corresponds to 12.45 mg cyanide/kg body weight (calculated with a
minute volume of 175 ml/min and an average body weight of 300 g
and assuming 100% absorption)

533

LOAYEL
reprotoxic effects

= 60 ppm

534

NO(AEL
reprotoxic effects

60 ppm (the highest exposure level)

Corresponds to 12.45 mg cyanide/kg body weight (calculated with a
minute volume of 175 ml/min and an average body weight of 300 g
and assuming 100% absorption)

535

Reliability

1

536

Deficiencies

No

Page 3 of 5
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Table 1. Summary of mating and pregnancy data

Group Mating success | Pregnant | BW Live | Loss Resor-
ACH ppm | % of nights females | gain impl. | pretpost | ption
co-housed to d.13 | mean | impl% | %

0 30 34 55.0 13.4 | 9+7 7

10 23 34 54.4 14.7 | 4+3 7

30 28 36 56.4 14.2 | 8+5 5

60 29 36 553 14.0 | T+5 5
Signif. / / / / I /

Fig. 1. Cerebellum from fetus of 3.0 mg KCN/kg group dam showing vacuolar degeneration in the white matter
(H&E, 40 )
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Section A6.8 REPRODUCTIVE TOXICITY
Annex Point ITA VL.6.8
Section A6.8.2 Fertility Study in Female Rats
Annex Point ITA V1.6.8.2
Official
1 REFERENCE use only

1.1 Reference

Monsanto co: Female fertility study of Sprague-Dawley rats exposed
by the inhalation route to acetone cyanohydrin. Report 1985 (DOC
IV_61)

1.2 Data protection No
1.2.1  Data owner !
1.2.2  Companies with /
letter of access
1.2.3  Criteria for data /
protection
2 GUIDELINES AND QUALITY ASSURANCE

2.1 Guideline study

No reported, but the study design and data presentation comply with
most requirements of standardised fertility test.

2.2 GLP Yes
208 Deviations /
3 MATERIALS AND METHODS
31  Testmaterial Acetone cyanhydrin
3.1.1 Lot/Batch number |T501-3
3.1.2 Specification
Light amber liquid
3.1.2.1 Description e E
_ 98.5%
3122 Punty
. Stable during the study
3123 Stability

32 Test Animals

321 Species Albino rats
322  Strain Sprague-Dawley
323  Source Charles River
324 Sex Male and virgin female rats
325 Age/weight at study | Females: 43 days at receipt, 63 days at first exposure, 84 days at first
nitiation mating
Males: 41 days at receipt, 82 days at mating
326 Number of animals |24 females + 30 males per group
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per group

3.2.7 Control animals

Yes

328  Mating period

Omne female with one male overmght. Exposure of the females was
continued until copulation was confirmed or a maximum of 5 nights
co-housed with a male without signs of copulation. Examination for
copulation plugs, vaginal smears following day, positive {inding
indicates (D1, pregnant rats housed individually.

Mated females were sacrificed at about mid-term (days 13-15).

33 Administration/
Exposure

Animal (only females) were exposed in individual wire mesh cages
suspended in 10 cubic meter exposure chamber.

3.3.1 Duration of
exposure

6 hours per day, 7 days per week; total number of exposures varied
between 21 and 26 (females were exposed until the day after the last
mating opportunity).

332 Post exposure
period

Monitoring of pregnancy up to GD13

333  Type

Vapour inhalation

334 Doselevels

Target levels: 0, 10, 30, 60 ppm

335 Vehicle

Air

3.3.6 Concentration in air

Mean daily analytical levels: 10.7, 30.4, 58.6 ppm

3.3.7 Total volume
applied

/

3.3.8 Controls

HExposure to ambient air

34 Examinations

341 Body weight

Females were weighed once per week, prior to mating and on days 0
and 13 of gestation.

342 Food consumption

No

Water consumption

No

343  Clincal signs

Females were examined thoroughly once per week, and observed for
clinical signs on exposure days.

Foe oestrus cycle evaluation, vaginal smears were taken on 5
consecutive days for females which did not exhibit confirmed
copulation.

344  Gross necropsy

(ross examination of thoracic and abdominal organs.

Female reproduction organs were preserved in formalin.

3.4.5 Examination of
ovaries, uterus and
uterine contents

Nidation sites were classified and counted and corpora lutea were
counted.

3.5 Further remarks

Males were sacrificed after mating,
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4 RESULTS AND DISCUSSION

4.1

Maternal toxic
Effects

No clinical signs of toxicity were observed.

No significant toxic effects were observed in the females at exposure
levels up to 60 ppm as judged by body weights or lesions detectable
at necropsy. Although there was an apparent dose response in the
number of animals exhibiting red nasal discharge or encrustation in
the third week of exposure, no other treatment-related clinical signs
were observed and this effect was not judged to be a significant toxic
response.

No female fertility effects were observed at any of the exposure levels
tested. Mating efficiency, pregnancy rates, numbers of live implants
and pre- and post-implantation loss rates of exposed females were
comparable to values for unexposed females and were consistent with
values for other fertility studies in Sprague-Dawley female rats
conducted in this laboratory.

42

Teratogenic /
embryotoxic effects

No data

43

Other effects —
developmental
toxicity

5 APPLICANT'S SUMMARY AND CONCLUSION

5.1

Materials and
methods

Sprague-Dawley female rats (24 rats per group) were exposed by the
mnhalation route (6 hrs/day, 7 days/week) to acetone cyanohydrin at
target exposure levels of 0, 10, 30 and 60 ppm for 21 exposure days
and mated (at the age of 84 days) to untreated males (30 rats per
group, age 82 days) to assess female fertility. Exposure of the females
was continued until copulation was confirmed or a maximum of 5
nights co-housed with a male without signs of copulation. Females
were sacrificed at mid-gestation (gestation days 13-15).

52

Results and
discussion

The averages of mean daily analytical exposure levels (10.7, 30.4 and
58.6 ppm) were within 7% of the target exposure levels. The ratio of
nominal/analytical values indicated that acetone cyanohydrin was
primarily present as vapour at all exposure levels.

No treatment-related deaths, effects on body weight or lesions
detectable at necropsy were observed in any of the exposure level
groups. There were no treatment related clinical signs observed pre-
exposure, during exposure or at weekly physical examinations.

There were no treatment-related female fertility effects observed in
any of the exposure level groups. Mating efficiency, pregnancy rates,
number of live implants and pre- and post- implantation loss were
comparable to control values for all exposure level groups (Table 1).

53

Conclusion

Acetone cyanchydrin did not produce female fertility effects when
administered by the inhalation route to Sprague Dawley rats for 3
weeks prior to mating, at concentrations up to 60 ppm.

Corresponds to a daily dose of 13.1 mg cyanide/kg body weight
(calculated with a minute volume of 120 ml/min and an average body
weight of 200 g and assuming 100% absorption).
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531 LO(A)EL maternal | > 60 ppm
toxic effects
532 NO(A)EL maternal 60 ppm
toxic effects
533  LO(AEL > 60 ppm
effects on fertility
534 NO(AEL 60 ppm
effects on fertility
5.35  Reliability 1
536  Deficiencies /
Table 1. Summary of mating and pregnancy data
Group Mating success | Pregnancies | BW/ Live | Loss Resor- | Corpora
ACH ppm | % of nights / copulations | gain impl. | pret+post | ption | lutea
co-housed (25 females) | tod.13 | mean | impl.% | % mean
0 45 22/23 261/66 | 14.0 | 9+6 6 15.8
10 49 22/23 262/65 | 146 | 6+4 4 16.1
30 39 22/23 259/66 | 14.0 | 11+8 8 16.9
60 36 23/23 260/69 | 155 | 3+4 4 16.8
Signif. / ! ! / f/ / /
Table 2

Incidence of skeletal alterations in litters from mothers that received, in the drinking water KCN: 0, 1, 3 and 30 mg/kg/day: or KSCN: 0.8, 2.4 and 24 mg/kg

Control KCN (mg/kg) KSCN (mg/kg)
0 1 30 0.8 2.4 24

Total number of litters 10 10 10 10 10 10 10
Total fetuses examined 40 40 40 40 40 40 40
Affected litters 6 5 5 6 6 6 5
Affected fetuses 23 20 28 26 27 21 23
Skull: incomplete ossification

Alffected litters 5 5 6 6 6 5

Affected fetuses 23 20 28 26 27 21 23
Cranial sutures: incomplete ossification

Affected litters 6 5 5 6 5 5 5

Affected fetuses 8 8 8 11 5 5 10
Sternebrae (bone incompletely ossified)

Affected litters 6 5 5 6 5 5 5

Affected fetuses 10 12 12 12 11 13 13
Irregularly shaped ribs

Affected litters 6 5 5 6 5 5 5

Affected fetuses 6 8 9 7 13 8 6
Wavy rib

Affected litters 0 0 2 2 0 0 0

Affected fetuses 0 0 2 2 0 0 0
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Table 3

Incidence of visceral alterations in litters from mathers that received. in the drinking water KCN: (). 11 3 and 30 mg/kg/day: or KSCN: (0L.8: 2.4 and 24 mg/kg

Control KCN {(mg/kg) KSCN (mgkg)
0 1 3 30 0.8 24 24
Total number of litters 10 10 10 10 10 10 10
Total fetuses examined 40 40 40 40 40 40 40
Affected litters 6 7 5 6 5 6 5
Affected fetus 10 18 6 20" [ 15 12
Dilated ureter
Affected litters 1 7 3 5 2 : 5
Affected fetuses 1 7 3 5 2 3 5
Kinky ureter
Affected litters 7 7 5 6 3 5
Affected fetuses 7 11 5 [ 3 8 8
Peritoneal hemorrhage
Affected litters 2 2 1 4 2 3 2
Affected fetuses 2 2 1 4 2 3 2
Enlarged esophagus
Affected litters 2 0 0 6 1 4 2
Affected fetuses 2 1] 1] 7 1 4 2

’ Significantly different from control group at P < 0.05 (Fischer’s test).

Table 4

Serum levels of glucose, cholesterol (mg/dl) and thiocyanate (pmol/1) in control and experimental dams given, in the drinking water KCN: 0, 1, 3 and 30 mg/kg/day:

or KSCN: 0.8, 2.4 and 24 mg/kg

Control KCN (mg/kg) KSCN (mg/kg)
0 1 3 0.8 24 24
Trial A
Glucose 81.38 £ 7.04 84.57 £ 9.49 8411 £7.29 112.13 £ 7.56" 70.57 £ 7.10 61.71 £ 6.11 67.59 £ 6.37
Cholesterol 63.85 + 1598 65.94 + 14.66 62.77 £ 1495 60.08 £ 13.28  61.97 £+ 1247 62.42 £ 15.48 69.58 £ 11.09
Thiocyanate 32.71 £ 3.98 81.43 £+ 9.20" 167.90 + 9.37" 262.50 £ 9.61" 96.09 + 10.02°  141.88 + 11.00"  228.50 + 12.99"
Trial B
Glucose 79.20 £ 7.25 75.57 £ 10.32 73.88 £+ 10.59 70.62 £ 7.34 68.71 £ 9.63 65.83 £ 11.89 6833 £7.29
Cholesterol 68.34 + 8.66 69.31 1 7.84 69.61 & 9.53 60.41 £ 9.39 62.50 £ 9.22 62.93 £ 8.85 60.44 £ 8.16
Thiocyanate  26.63 + 2.77 35.11 4+ 2.87 36.05 4 2.83 36.73 +3.72 37.85 £ 3.25 36.95 + 3.57 34.20 + 4.29

) Significantly different from control group at P < 0.05 (Duncan’s test).

Table 5
Body weight gain (g) of offspring from dams that received in the drinking water KCN: 0, 1, 3 and 30 mg/kg/day; or KSCN: 0.8, 2.4 and 24 mg/kg
Period Control KCN (mgfkg) KSCN (mg/kg)

1] 1 3 0.8 2.4 24
PND 01-07 51.73 £ 4.70 52.00 £ 4.80 4593 £+ 4.80 47.18 £+ 4.61 4311 £ 417 5437 £ 4.15 47.34 £ 4.16
PND 08-14 76.50 £ 5.72 74.50 £ 7.07 62.67 + 8.06 71.92 £ 6.31 72.70 £ 5.82 81.21 £ 5.57 67.79 £ 7.89
PND 15-21 83.30 £ 10.03 81.70 £ 10.11 68.40 £ 10.04 92.00 = 7.28 84.20 + 8.58 05.80 £ 6.43 83.20 £ 8.36
PND 01-21 211.53 £ 11.31 208.20 £ 11.22 177.33 £ 11.77 211.10 £ 8.14 225.17 &£ 11.33 231.32 £ 9.00 198.24 = 11.06
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Table 6

Intensity of the lesions”® observed in dams and their respective offspring in control and experimental groups that received, in the drinking water KCN: 1, 3 and
30 mg/kg/day: or KSCN: 0.8, 2.4 and 24 mg/kg

Control KCN (mg/kg) KSCN (mg/kg)
0 1 3 30 0.8 24 24
Trial A/Trial B
Liver
Hepatic congestion — + + ++ - + -
Vacuolization of hepatocytes - - + + — — +
Proliferation of biliary ducts — - - — = ix %
Brain
CNS congestion — — + ++ — - +
Neuronophagia - i = * = o re
Hemorrhagic areas in CNS - - = F = = o
Gliosis = == = e = + ++
Necrosis — - - 3 - — —
Thyroid
Increase in the number of reabsorption vacuoles in follicular colloid = + ++ +++ + ++ +++
Trial A
Pancreas
Islet cells vacuolation — = = ++ = = =
Pups
Liver
Hepatic congestion = e + ++ = + ++
Vacuolization of hepatocytes - - - + - = &
Proliferation of biliary ducts — - - + — — +
Brain
CNS congestion = e + ++ — + ++
Neuronophagia - = — + — - &
Gliosis —_ = = 4+ = = 4+

The intensity was characterized by scores: (—) no lesion: (+) mild lesions: (++) moderated lesions: and (+++) severe lesions. It was used for four animals in each

group.

@ The identification of the lesions was considered only when all animals analyzed showed the same alterations.
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Official
1 REFERENCE use only
1.1 Reference NTP. 1993. Sodium cyanide administered in drinking water to 344/
rats and B6C3F; mice. NTP, Toxicology Report Series No. 37. (NIH
Publication 94-3386) (DOC IV_40)
1.2 Data protection No
1.2.1  Data owner /
122 /
1.2.3  Criteria for data No data protection claimed
protection
2 GUIDELINES AND QUALITY ASSURANCE
21 Guideline study No reported. Method and procedure essentially identical with
standardised test B14.
2.2 GLP US FDA GLP regulation
2.3 Deviations Only 4 strains of S. typhimurium were used.
3 MATERIALS AND METHODS
31 Test material Sodium cyanide
31.1 Lot/Batch number
312  Specification
3.1.2.1 Description
3.1.22 Purity 98%
3.1.2.3 Stability Not known
32 Study Type Bacterial reverse mutation test
321 Organism/cell type |Salmonella typhimurium strains TA100, TA1535, TA97, and TA9S,
322 Deficiencies / Not applicable
Proficiencies
323  Metabolic S9 mix 10 or 30%
activation system rats and hamster liver, Aroclor induced
324 Positive control Yes
3.3 Administration /
Exposure;
Application of test
substance
33.1 Concentrations 0.3 to 333 pg per plate
332  Way of application
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333  Pre-incubation time

Sodium cyanide was incubated with the S. typhimurium tester strains
either in buffer or S9 mix (metabolic activation enzymes and cofactors
from Aroclor 1254-induced male Sprague-Dawley rat or Syrian
hamster liver) for 20 minutes at 37°C

3.3.4  Other modifications

Top agar supplemented with l-histidine and d-biotin was added, and the
contents of the tubes were mixed and poured onto the surfaces of
minimal glucose agar plates

3.4 Examinations

Histidine-independent mutant colonies arising on these plates were
counted following incubation for 2 days at 37dgC. Each trial consisted
of triplicate plates of concurrent positive and negative controls and of
at least five doses of sodium cyanide.

341 Number of cells
evaluated

4 RESULTS AND DISCUSSION

4.1 Genotoxicity

4.1.1  Without metabolic
activation

Not genotoxic

4.1.2  With metabolic
activation

Not genotoxic

4.2 Cytotoxicity

At doses = 100pg per plate.

5 APPLICANT'S SUMMARY AND CONCLUSION

5.1 Materials and
methods

Sodium cyvanide (0.3 to 333 micrograms per plate) was tested for
mutagenicity in Salmonella typhimurium strains TA100, TAI1535,
TA97, and TA98, with and without Aroclor-induced rat and hamster
S9 at concentrations of 10% and 30%.

Sodium cyanide was incubated with the 5. typhimurium tester strains
either in buffer or 39 mix (metabolic activation enzymes and cofactors
from Aroclor 1234-induced male Sprague-Dawley rat or Syrian
hamster liver) for 20 minutes at 37°C. Top agar supplemented with 1-
histidine and d-biotin was added, and the contents of the tubes were
mixed and poured onto the surfaces of minimal glucose agar plates.
Histidine-independent mutant colonies arising on these plates were
counted following incubation for 2 days at 37°C. Each trial consisted
of triplicate plates of concurrent positive and negative controls and of
at least five doses of sodium cyanide.

5.2 Results and
discussion

See table below.

53 Conclusion

Sodium cyanide in doses 0.3 to 333 micrograms per plate was not
mutagenic in any of several strains of Salmonella typhimurium with or
without 89 activation. The testing with the strain T 100 was completely
negative for doses per plate up to the level toxic for bacteria (100 or
333 micrograms per plate); positive controls indicated {ull sensitivity
of the test

531 Rehability

2

5.3.2 Deficiencies

Only 4 strains of S. typhimurium were used.
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Table: Mutagenicity of Sodium Cyanide in Salmonella typhimurium 1
Revertants/plate®
Strain / Dose S9 + hamster 89 +rat S9
(ug/plate) Triall Trial 2 Trial 3 10% 30% 10% 30%
TA100 00 103£1.5 89+ 6.2 92+3.5 107+93 108+1.2 86+6.9 116+3.5
1.0 39+9.8 104+ 4.5 108£55 12145
33 108+£1.2 83+ 94 89+ 46 104+ 7.0 111£38 94417 120£ 6.0
10.0 101£1.5 82+ 9.0 108+ 3.7 114+ 6.1 117£ 100 116+£46 1334103
33.0 103+ 6.6 91+86 85+12 99+ 11.0 108+ 43 107+ 126 121+ 6.0
100.0 101£7.8 3£25 96+ 29 7oL 9.5 115£6.0 30£6.6 122+ 124
333.0 0+ 0.0 1+0.7 12+4.4
Trial summary  Negative Negative Negative Negative Negative Negative Negative
Positive control® 415+ 31.5 348+ 155 644590 7194257 448+415 1,125£215 7064459
TAIS3S 00 14+2.3 10£1.5 13+ 0.3 16+ 2.1 11+0.7 13+£28
1.0 14+£0.3 21+ 2.7 14+ 2.5
33 14£0.6 9+ 0.7 S2.1 16+ 3.0 1021 14+ 12
10.0 9+ 12 713 13+ 2.6 13138 8L 15 1424
330 12£09 4+ 0.7 12+ 2.7 19+ 3.8 T+ 2.6 16+ 1.0
100.0 12+23 3+ 0.7 11+ 2.8 21+12 8+1.2 18+ 12
333.0 0+ 0.0 4+ 1.7 3+ 1.5
Trial summary  Negative Negative Negative Negative Negative Negative
Positive control 516+ 8.2 200+6.5 80+0. 9 92+ 6.4 141+ 6.1 178+ 6.6
Strain / Dose 59 + hamster S9 +rat 89
(ug/ plate)  Trial 1 Trial 2 Trial 3 10% 30% 10% 30%
TA97 00 143+32 115+23 142+ 4.7 191+ 11.9 134+ 8.3 206+9.2
1.0 1189£45 167£12.7 226+ 9.5
33 133£3.5 123£59 154+ 6.0 167+ 9.6 144+ 4 4 217+ 8.0
10.0 118+62 100=4.5 149+ 9.4 179+ 9.4 134+ 43 19238
33.0 130+ 46 106+5.9 156+ 7.5 173+ 9.1 143+ 91 219+3.9
100.0 163+3.0 109+ 4.9 163+ 6.6 179+ 5.0 128+ 8-9 229+ 7.8
333.0 ToL 156 130+£21.5 116+77
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 7214+ 103.8 355+32.1 1,222+ 40.0 1,9004122.0  1,533462.5 1,097+ 43.9
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Table:Mutagenicity of Sodium Cyanide in Salmonella typhimurium (continued)

Revertants/plate”
Strain / Dose 59 + hamster §9
(ug/ plate) Trial 1 Trial 2 Trial 3 10% 10% 30%
TA98 0.0 19+ 1.5 10+ 2.3 15+ 2.1 18+2.4 23+ 2.5 18+ 2.4
0.3 14+ 1.5 16 2.2
1.0 12£ 1.5 13£.3.6 20£2.0 20+ 2.0
33 14£ 1.5 5£2.0 164+ 3.3 13£2.6 164 3.8 21£32
10.0 14+ 1.8 0+ 0.0 13+ 1.7 14+ 2.9 22+ 33 244+ 1.2
33.0 11£1.0 1+1.0 12+ 0.7 8+ 0.6 16+ 1.5 13£3.2
100.0 0+£0.0 0+£0.0 3106 FL2D. 0
333.0 0+ 0.0 0+ 0.3
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 321+ 10.5 253+ 67.0 423197 7064 24.1 406+ 26.5 387+44.5
+rat S9
TA98 (continued) 10% 10% 30%
0.0 18+ 3.0 19£ 23 22400
0.3 19+3.2
1.0 23+22 2422
33 2126 1717 24426
10.0 12+ 2.4 20+£1.5 23+1.8
33.0 9+ 0.7 17+ 1.5 22421
100.0 3+ 0.0 7x1.5
333.0 0+£0.0
Trial summary Negative Negative Negative
Positive control 433+24.2 199+ 8.0 407+ 46.6

! Study was performed at Microbiological Associates, Inc. The detailed protocol is presented in Zeiger et al.
{1992) — see original study; 0 pg/plate is the solvent control.

*Revertants are presented as mean £ standard error from three plates.

I The positive controls in the absence of metabolic activation were 4-nitro-o-phenylenediamine (TA98), sodium
azide (TAl 00 and Al535), and 9-aminoacridine (TA97). The positive control for metabolic activation with all
strains was 2-aminoanthracene.
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Section A6.9
Annex Point IITIA VI.1

NEUROTOXICITY STUDY

Justification:

Due to its high dependency on oxidative metabolism the central nervous
system is particularly vulnerable to cyanide intoxication. The central
nervous system symptoms form a substantial part of the pattern of both
acute and chronic cyanide toxicity. Many observations in humans have
been described, and experimental studies carried out on laboratory
animals.

Data on the effects of sub chronic and chronic cyanide exposure indicate
that the same pattern of effects occur in humans and experimental
animals.

Supportive data:
Reference:

Summaries and evaluations in this section are based mostly on
exhaustive and reliably peer reviewed documents: ATSDR (2004,
Toxicological profile of cyanide) (DOC IV _1) and IPCS (2004, WHO,
CICAD 61: Hydrogen cyanide and cvanides: human health aspects)
(DOC TV_5),Hazardous Substance Data Bank (HSDB), National
Library of Medicine’s TOXNET system: Hydrogen cyanide *Peer
reviewed™® (DOC IV_2) and NTP 1993. Sodium cyanide administered in
drinking water to F344/N rats and B6C3F; mice. NTP, Toxicology
Report Series No. 37. (NIH Publication 94-3386) (DOC IV_40).

1) Summary of a key study T R. Lewis, W K. Anger, RK.Te Vault:
Toxicity evaluation of sub-chronic exposures to cyanogen in
monkeys and rats. JEPTO 5-4/5:151 — 163, 1984) (DOC 1V _45) is
inDOCIIIL_ 6.11.1a.

2) Tewe OO, Maner JH: Performance and pathophysiological changes
in pregnant pigs fed cassava diets containing different levels of
cyanide; Research in veterinary Science, 1981,30,147-151 (DOC
IV_62).

3) Fechter LD, Chen G, Johnson DL. 2002. Potentiation of noise-
induced hearing loss by low concentrations of hydrogen cvanide in
rats. Toxicol Sci 66 (1):131-138. (DOC IV_63)

4) Philbrick DI, Hopkins IB, Hill DC, et al. 1979. Effects of prolonged
cyanmide and thiocyanate feeding in rats. J Toxicol Environ Health
5:579-592. (DOC IV_44)

5) Jackson LC, Bloch EF, Jackson RT, Chandler JP, Kim YL,
Malveaux F (1985) Influence of dietary cyanide on immunoglobulin
and thiocyanate levels in the serum of Liberian adults. Journal of the
National Medical Association, 77:777 782.

6) Jackson LC (1988) Behavioural effects of chronic sublethal dietary
cyanide in an animal model: Implications for humans consuming
cassava (Manihot esculenta). Human Biology, 60:597-614.

7) Hertting GO, Kraupp E, Schnetz E, Wuketich ST (1960)
Investigation about the consequences of a chronic administration of
acutely toxic doses of sodium cyanide to dogs. Acta Pharmacologica
et Toxicologica, 17:27-43 (in German).

8) Lewis TR, Anger WK, Te Vault RK (1984) Toxicity evaluation of
sub-chronic exposures to cyanogen in monkeys and rats. Journal of
Environmental Pathology, Toxicology and Oncology, 5:151-163.

9) Mathangi DC, Namasivayam A. 2000. Effect of chronic cyamde
intoxication on memory in albino rats. Food Chem Toxicol 38:51-55.

10)Lessell S. 1971. Experimental cyanide optic neuropathy. Arch
Ophthalmol 86:194-204.

11)Lessell, 5., and Kuwabara, T. (1974). Fine structure of experimental
cyanide optic neuropathy. Invest. Ophthamol. 13, 748-756

12)Ferraro, A. (1933) Experimental toxic encephalomyelopathy
{Diffuse sclerosis following subcutaneous injections of potassium
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cyanide). Psychiatr. Q. 7, 267-23

13)Hurst, E. W. (1940), Experimental demyelination of the central
nervous system. 1. The encephalopathy produced by potassium
cyanide. Aust. J. Exp. Biol. Med. Sci. 18, 201-223

14YWay JL. (1984) Cyanide intoxication and its mechanism of
antagonism. Annual Review of Pharmacology and Toxicology,
24:451-481.

15)Maduh EU, Johnson JD, Ardelt BK, Borowitz J1., [som GE (1988)
Cyanmide-induced neurotoxicity: Mechanisms of attenuation by
chlorpromazine. Toxicology and Applied Pharmacology, 96:60-67.

16) Ardelt BK, Borowitz JL, Isom GE (1989) Brain lipid peroxidation
and antioxidant protectant mechanisms following acute cyanide
intoxication. Toxicology, 59:147-154.

17yWay, J. L. (1982). Pharmacologic aspects of cyanide and its
antagonism. In Cyanide in Biology (B. Vennesland, E. E. Conn, C. T.
Knowles, J. Westley, and F. Wissing, Eds.), pp. 29-49. Academic
Press, New York.

18)Osuntokun BO. 1968. An ataxic neuropathy in Nigeria: A clinical,
biochemical and electrophysiological study. Brain 91:215-248.

190suntokun BO. 1972, Chronic cvanide neurotoxicity and neuropathy
in Nigerians. Plant Foods Hum Nutr 2:215-266.

20 Wilson, 1. (1963). Leber's hereditary optic atrophy: A possible defect
of cyanide metabolism. Clin. Sci. 29, 505-515.

Results and discussion : | Neyrotoxicity findings in acute exposure to cyanides in laboratory

animals are discussed in the acute toxicity section.

The effects of cyanide on behaviour were studied in fasted 25-week-old
miniature pigs (12 litter mates: 5 females and 7 castrated males)
randomized in four groups. The animals were dosed daily for 24 weeks
with a single bolus of cyanide as aqueous potassium cvanide just prior to
the daily feeding. The doses were 0, 0.4, 0.7, or 1.2 mg cyanide/kg body
weight, chosen to be equivalent to those consumed by West Africans in
their diet (5). Every 6 weeks, thyroid function (T3 and T4) and fasting
blood glucose were measured, but not thyroid-stimulating hormone
(TSH). Daily observations were made of clinical signs and various
behavioural measurements, including social, antagonistic, exploratory,
learning, feeding, and excretory behaviour. In all treatment groups,
dose-related decreases were evident from week ¢ in blood levels of T3
and T4, and an increase in fasting blood glucose was noted, particularly
in top-dose ammals. Statistical analysis was not provided for each dose
group versus control, but changes in top-dose animals appeared
significant by week 18; by week 24, decreases of 35% for T3 and 15%
for T4 and an increase of 60% in fasting blood glucose were observed.
Behavioural observations revealed a picture of decreased high energy-
demanding behaviour, such as exploration and aggression, slower
eating, more frequent drinking, and shivering consistent with the
decreased thyroid activity. A LOAEL of 1.2 mg/kg body weight per day
could be suggested from this study (6).

Dogs administered sodium cyanide in capsules at levels of 0, 0.5, 2, or 4
mg/kg body weight (one dog at each dose level) daily for 13-15 months
showed severe signs of acute cyanide poisoning right after the daily
dosing (the dog at the lowest dose died). In the autopsy, the only
significant findings were degenerative changes in ganglia cells of the
central nervous system, interpreted to be caused by multiple episodes of
acute cerebral hypoxia (7).

Transient behavioural changes in monkeys but not in rats exposed for 6
months to 54 mg cyanogen/m’ have been reported (8). The 6 month (6
hr/day, 5 days/week) inhalation toxicity study was conducted with
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cyanogen gas using male thesus monkeys (Macacca mulatta) and male
albino rats (Charles River Strain) as experimental animals. Fifteen
monkeys and 90 rats were divided into three groups of 5 monkeys and
30 rats. One group, the Controls, was not exposed to the test material,
the other two groups were exposed to either 11 ppm (corresponding to
27 mg cyanide/m® ° 25 ppm cyanogen (corresponding to 54 mg
cyanide/m”. At the outset of exposures, there was a doubling of the rate
of responding on a variable interval 2.9 min schedule of reinforcement
in monkeys exposed to 25 ppm cyanogen, and increases were also seen
in the monkeys receiving 11 ppm exposures; the increases were
transitory as the rate returned to control levels before exposures were
terminated. At the end of the 6 month- exposure, there were no effects in
hematologic or clinical chemistry parameters attributable to the
inhalation exposure to cyanogen. The electrocardiograms and gross
pathologic and histopathologic examinations of test animals were
normal when compared with the Control animals. Total lung moisture
content was significantly lower in monkeys exposed to either 11 ppm or
25 ppm cyanogen than in Control ammals. Body weights were
significantly lower in rats exposed to 25 ppm than in Controls. The
results suggest that sub chronic 25 ppm cyanogen exposures are
marginally toxic, but the evidence on 11 ppm does not support a similar
conclusion (1).

Potentiation to noise-induced hearing loss by exposure of rats to low
concentrations of hydrogen cyanmide was reported. It was suggested that
hydrogen cyanide (34 mg/m®3 for 3.5 h) plus noise produced impaired
auditory function by producing significant oxidative stress in the
cochlea. Hydrogen cyanide alone did not cause significant hearing loss
or hair cell loss (3).

A single intraperitoneal dose and 25 repeated intraperitoneal doses of
sodium cyamde (2 mg/kg body weight [1 mg cyamde/kg body weight]),
stated to represent 25% of the 1.D50, administered to Wistar strain
albino rats resulted in similar reductions of memory {Tmaze test), along
with reductions in the levels of dopamine and 5-hydroxytryptamine and
increases in norepinephrine and epinephrine levels in the hippocampus,
measured after a month of treatment (9).

In experiments with rats (4, 10, 11), cats, and monkeys (12, 13) selective
destruction of white matter in the brain was a striking and consistent
feature of poisoning from prolonged exposure to cyanide. In most of
these experiments, animals were injected with increasing doses of
sodium or potassium cyanide for up to 132 days, and the doses used
were high enough to cause significant death rates from acute toxicity.
However, in the study (4), weanling rats exposed to low concentrations
of potassium cyanide in feed had a marked decrease in weight gain, but
no deaths or clinical signs of toxicity. Early necrosis of grey and white
matter was a common occurrence n rats and monkeys, but repeated
exposure appeared to selectively favour destruction of white matter. The
histopathologic lesions observed in all species consisted of
demyelination, especially of the optic nerve tracts and the corpus
callosum. Swelling of astrocytes and myelin damage were apparent
within 2days in rats injected with sodium cyanide at doses sufficient to
keep the rats comatose for 225 to 260 minutes (11). Axonal damage,
with vacuoelation and loss of microtubules, also occurred. Blindness was
common in cyanide-treated animals and was considered to be a result of
persistent anoxia in the brain.

Mechanism of
neurotoxicity and
observations in humans

As a respiratory poison, free cyanide (hydrogen cyanide or cyanide 1on)
has high acute toxicity due to inhibiting cytochrome oxidase. Tissue
utilization of oxygen is impaired, and histotoxic anoxia occurs. Due to
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its high dependency on oxidative metabolism and limited anaerobic
capacity, the central nervous system is particularly vulnerable to cyanide
intoxication (14). The central nervous system symptoms observed in
cyanide toxicity parallel those observed following accumulation of
calcium in the brain and cytosolic calcium ion overload has been
implicated as an intracellular mediator of cellular injury during and after
anoxic hypoxia (15). Hydro peroxide generation with subsequent
peroxidation of lipids and subsequent changes in structure and function
of certain membranes have been suggested as a possible further
mechanism of cyanide toxicity (16); (see section on mechanism of
action).

Neurologic lesions attributed to sub chronic cyanide poisoning in
humans are similar to those described for experimental animals. In rats,
however, the corpus callosum appears to be more sensitive than the optic
nerves, whereas in humans, optic nerve damage is frequently the only
central nervous system lesion (17). Numerous studies have implicated
cyanide as the etiologic agent in human neuropathies, including Nigerian
nutritional neuropathy, tobacco amblyopia, and Leber's optical atrophy.
The syndrome of tropical ataxic neuropathy includes bilateral optic
atrophy, nerve deafness, sensory spinal ataxia, weakness of legs, and
numbness of feet (18). This condition is believed to be due to cvanide-
induced demyelination in the brain and spinal cord and is attributed
primarily to consumption of the plant cassava, which contains high
levels of cyanogenic glycosides (17). Elevated plasma and urinary
thiocyanate levels and demyelination of peripheral nerves, with
decreased conduction velocity, were observed in patients from Nigeria
with tropical ataxic neuropathy (18, 19). Cyamde poisoning from
tobacco smoke has also been implicated in the occurrence of tobacco
amblyopia, an optic disorder that is common 1n people who smoke
tobacco. Tobacco smoke 1s known to contain cyanide, and in (20) there
1s reported that smokers have elevated levels of plasma and urinary
thiocyanate. Hydroxocobalamin and cyanocobalamin, which are capable
of complexing cyanide in the bloodstream, have been shown to be
effective in treating tobacco amblyopia, suggesting that cyanide itself 1s
the etiologic agent in this disorder. Finally, an inborn error in cyanide
metabolism 1s thought to be the cause of Leber's hereditary optic
atrophy, a condition in which bilateral vision failure occurs. Low levels
of plasma thiocyanate in smokers with this condition suggest a
hereditary deficiency in the ability to metabolize cyamide to thiocyanate
(20). The neurologic lesions seen with all of these neuropathies are
thought to be the result of cyanide-induced histotoxic anoxia.

Conclusions

1) The central nervous system 1s the primary target of acute cyanide
toxicity. Inhalation of hydrogen cyanide causes first short-time
stimulation followed by depression, convulsions, unconsciousness
and suppression of primary reflexes, dilatation of pupils, paralysis
and even death.

2) Neurologic lesions attributed to subchronic cyanide poisoning in
humans are similar to those described for experimental animals.

3) Neurological disorders (tremor, ataxia, cerebral cells injury) are
observed in medium-term studies on laboratory animals with
HCN concentration of 50mg/m® HCN and higher for several
hours per day.
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Section
A71.1.11
Annex Point
A VIL7.6.2.1

Hydrolysis as a function of pH and identification of breakdown products

Details

Reference:

Supplement

literature:

Hydrolysis of hydrogen cyanide by different pH values (different concentrations of mineral
acids) was published several times (1,2,3,4). Also was measured the rate of hydrolysis and
determined the hydrolytic products, namely formamide and ammonium formate. An
additional guideline study needs not to be performed, because the hydrogen cyanide
hydrolysis is a well-known and characterised process.

Species in aqueous solution

Hydrolysis of hydrogen cyanide is usually expressed:
HCN +H,O = HCONH,

HCONH, + H,0 = HCOONH,

Available knowledge 1s summarised as follows. (All data used come from referred literature
sources.

1. JACC No 53, Cyanides of Hydrogen, Sodium and Potassium, and acetone Cyanohydrin
(CAS No. 74-90-8, 143-33-9, 151-50-8 and 75-86-3), ECETOC JACC REPORT No.
53 European Centre for Ecotoxicology and Toxicology of Chemicals Volume I (DOC
IvV_3)

2. JACC No 53, Cyanides of Hydrogen, Sodium and Potassium, and acetone Cyanchydrin
(CAS No. 74-90-8, 143-33-9, 151-50-8 and 75-86-5), ECETOC JACC REPORT No.
53 European Centre for Ecotoxicology and Toxicology of Chemicals, Volume 1T (DOC
IV_4)

3. Krieble, V. E. and McNally, I. G.: The Hydrolysis of Hydrogen Cyanide by Acids I, J.
Am. Chem, Soc., 1929, 51, 3368. (DOC IV_65)

4. Krieble, V. E. and McNally, J. G.: The Hydrolysis of Hydrogen Cyanide by Acids 11, J.
Am. Chem, Soc., 1933, 55, 2326. (DOC IV_66)

5. Krieble, V. E. and McNally, J. G.: The Hydrolysis of Hydrogen Cyanide in Acetic Acid
Solutions with Mineral Acids as Catalysts, J. dm. Chem, Soc., 1943, 65, 1479.

6. Colt, A W.; Walton, I. H.: The Reaction of Hydrogen Cyamde with Sulfuric and
Phosphoric Acids, J. Phys. Chem., 1937, 41, 351,

7. Reviews of the environmental effects of pollutants. V. Cyanide. Cincinnati, OH: U. S.
Environmental Protection Agency Health Effects Research Laboratory, Office of
Research and Development PB289920.

8. Wiegand, G. H. and Tremelling, M.: The Kinetics and Mechanism of the Decomposition
of KCN in Aqueous Alkaline Medium Hydrolysis of Simplest Nitrile, HCN, J. Org.
Chem., 1972, 37, 914.

9. Miyakawa, 5., Cleaves, H. I.: Implications Based on the Hydrolytic Stabilities of
Hydrogen Cyanide and Formamide, Journal of Applied Chemistry, 2001, 196

10. Rabinovitch, B. 3. and Winkler, C. A.: The Hydrolysis of Aliphatic Nitriles in
Concentrated Hydrochloric Acid Solutions, Canad. J. Res, 1942. 20B, 221-230.

11. Marsh, J. D. F. and Martin, M. I.: The Hydrolysis and Polymerization of Hydrogen
Cyanide in Alkaline Solutions, .J. Appl. Chem. 1957, 7, 205-209.

12. Sanchez, R. A Ferris, J. P. and Orgel, 1. E.: Studies in Prebiotic Synthesis 1. Synthesis
of Purine Precursors and Amino Acids from Aqueous Hydrogen Cyanide, J.Mol Biol
1967, 30, 223-253.

13. Tan, T. C. and Teo, W. K.: Destruction of Cyanides by Thermal Hydrolysis, Plat and
Surf Fin. 1987, 74 (4), 70-73.
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14. Hine, J; King, R. 5.-M.; Midden, W. R. and Sinha, A.: Hydrolysis of Formamide at
80°C and pH 1-9, J. Org. Chem. 1981, 46, 3186-3189.

15. Mittal, S.; Gupta, K. 5. and Gupta, Y. K.: Kinetics of Carboxylic Acid Catalysed
Hydrolysis of Formamide: Evidence for Specific Hydronium Ion Catalysis, ndian J.
Chem, 1981, 204, 1220-1221.

16, Mittal, 5.; Gupta, K. S. and Gupta, Y. K.: Kinetics & Mechanism of Acid Hydrolysis of
Formamide, Acetamide, Propanamide & Butanamide over an Extended Concentration
Range: Kinetic Evidence for Fast Protonation Pre-equilibrium, fndian J Chem., 1982
21A, 357-360.

17. Skundric, B. and Penavin, J: Acid Catalysed Amide Hydrolysis in Water-Ethanol
Mixtures. Medium Interactions Study, Zeitschrifi Physikalische Chemie Neue Folge
1984, 141, 29-31.

The percentage of CN ion in HCN form in dependence on pH is shown in Fig. 1.

100

60 7

HCN CN

a0 .

Percent of Cyanide in HCN Farm

20 - B

In water, hydrogen cyanide and cyanide ion exist in equilibrium with their relative
concentrations primarily dependent on pH and temperature (5).

Apparently at pH < 8.3 the HCN is the dominant species, at pH < 7 99% will be as HCN
molecule, and at pH > 10 the CN"is the dominant ion.

From the studies (6,7) it is also evident that hydrolysis of HCN depends on acid
concentration and temperature, with the raising temperature also increased (comparing Fig. 2
and Fig.3).

In both cases the hydrolysis increased with an increase in the acid concentration at the same
temperature, and it is also dependent by the same concentration of acid on the strength of a
selected mineral acid, Fig. 4.




May 2013 HCH DocIII-A Page 3 of6

Lutebni zavody
A7.1.1.1.1 Hydrolysis

Draslavka, a =

Kolin
100
£l
8
80 f /
53
P 60
= / S A
£ 40 .
20 _,/
/ p |

0 i) 10 13 20 25 30 445
Time, hours.

Fig. 2
The hydrolysis of HCH at 45°C, curve A-7.34 W HCl, B—-5 383N HC|, C-392NHCL, D
—1.95 & HCl
| '//‘4
8) - ’
[=]
52
. 60 '
0 |
- |
31 [ [ | {
—E-‘ 40 - - __-F‘—P":
ES | | c |
= | 3
20 -E'/’ !
: )
l | | b E
0 20 40 60 2 100 120 1000
Time, hours.
Fig 3

The hydrolysis of HCM at 30°C, curve A—7.34 W HCl, B—-5 83N HC|, C-392NHCl, D
—1.95 0 HCl




Luéebni zavody
Draslovka, a. s.
Kolin

May 2013 HCN Doc IIT-A Page 4 of 6
AT.1.1.1.1 Hydrolysis

40 | /; | T |
. 30/ f
Q
2 | | -
) [ ozt |
2 | . o !
2 20— | : T
= ! _‘_’__,--"'_f
= £ =
- ™ | ) E—
10 | ‘.' JI/"q
) |-
b [
[ | ' H IS——

10 20 30 40 50 60 0
Time, hours,

Fig. 4
0 — 0.4 WHCl at 45°C, X — 4/VHBr at 45°C

Hydrolyses of HCN and formamide are expressed

H,0 H,0
HCN cpogr— HOONH: groeczye HCOOH -+ NH;

where kg BV and k1™™"® ar¢ the pseudo first-order rate constants for the hydrolysis of
HCN and formamide, respectively.

The rates are
d[HCN -
_AEENT _ e s hen
dt
_d{ Hcfl)[\ H: I - kil't'r!il;in'rida.‘l HCONH,]

where > HCN =HCN + CN-. The pH rates profiles of HCN and formamide hydrolyse are
shown in Figures 5 and 6, respectively. The kinetic data are available on a website:
{(http://members. aol. com/smivakawa/shin/seience/hydrolysis/kinetic.html) or upon request.
The hydrolyses of HCN and formamide are catalysed by acid and base (6).
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Section Phototransformation in water including identity of the products of transformation
A7.1.1.1.2

Annex Point

A VII.7.6.2.2

References: 1. D. ] Lary, Atmospheric pseudohalogen chemistry, Atmos. Chem. Phys. Discuss., 4,

5381-5405, 2004  www.atmos-chem-phys.orgfacpd/4/5381/  SRef-ID:  1680-
7375/acpd/2004-4-5381 © European Geosciences Union 2004 (DOC IV_67)

2. JACC No 53, Cyanides of Hydrogen, Sodium and Potassium, and acetone Cyanchydrin
(CAS No. 74-90-8, 143-33-9, 151-50-8 and 75-86-5), ECETOC JACC REPORT No.
53 European Centre for Ecotoxicology and Toxicology of Chemicals Volume I (DOC
IvV_3)

3. JACC No 53, Cyanides of Hydrogen, Sodium and Potassium, and acetone Cyanchydrin
(CAS No. 74-90-8, 143-33-9, 151-50-8 and 75-86-5), ECETOC JACC REPORT No.
53 European Centre for Ecotoxicology and Toxicology of Chemicals, Volume 11 (DOC
IV_4)

4. S.N. Frank and A. J. Bard, "Heterogeneous Photocatalytic Oxidation of Cyanide Ton in
Aqueous Solutions at T10O2 Powder," J. Am. Chem. Soc., 99, 303 (1977).

Detailed
justification:

The influence of light on hydrogen cyanide in solution in water was investigated several
times (1, 2). There is no need to perform an additional guideline study as the process 1s
well known and characterised. Hydrogen cyanide 1s a monomer and 1s inhibited with
sulphuric, phosphoric or glycolic acid to prevent polymerization. Hydrogen cyanide 1s
miscible in water. HCN 1s highly volatile (vapour pressure of 84 kPa at 20 °C) and can
volatilize from water into the atmosphere. Airborne HCN undergoes slow photolysis, but
the major part is absorbed into the oceans, where cyanide 1s removed by chemical and/or
biological degradation. The overall atmospheric lifetime of HCN 1s 5 to 6 months (2). At
pH less than 9.2, most of the free cyamde in water will exist as hydrogen cyanide.
Cyanide can react in water with metals typically present (e.g. K, Na, Fe) to form
complexes. Some of these complexes, such as iron and copper cyanmide, are very stable
and others, such as zinc cyanide, decompose quite readily. Photocatalytic degradation
using UV-irradiated Ti0O; suspension has been investigated for destroying both free and
complex cyanide (3).

The TiO; film has a high refraction ratio and when it is irradiated by UV light, less than

385 nm, the band gap energy is exceeded. There are created hvdroxyl radicals as very
reactive molecules and cyanides are oxidized to CO, or H;O primarily. Under the best
conditions, Ti0,—Si0; photo catalyst, of a specific surface area of 850 mzfg, resulted in
cyanmde removal efficiency of 98.74%. Photo-catalytic oxidation (PCO-technology) kills and
decomposes addressing volatile organic compounds (HCN) or odours. There are many
methods used in reducing the toxicity of air and water. The main advantage of the photo
degradation of pollutants in water is their total mineralization to simple, non-toxic products
e.g. CO, and water.

Titanium dioxide, mainly in its anatase crystalline form, non-toxic character, photo stability
and biological and chemical inertness was found as an almost ideal photo catalyst but cannot
be induced via the visible light. Comparison of the efficiency of photo catalytic
decomposition of different Ti0, forms with no catalytic process shows Fig 1.
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Fig. 1. Impact of catalyst type on elimination of free cyanides from aqueous solution at
pH 12

The results suggest that commercial anatase and anatase supported on glass hollow
microspheres are the most effective catalysts for photo catalytic degradation of free cyanide.

Recently the supported TiO; e g titanium-silica systems in the form of aerogels have been
suggested to be more active than the pure titanium catalysts. In those aerogels silica provides
an excellent porous structure with an extremely high surfaced area and porosity, allowing
good adsorption of pollutants.
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Fig. 2. (a) Typical cyanide degradation test with a catalyst amount of 0.2 g/L.
(b) Cyanate degradation adding hydrogen peroxide after certain time.

Concentrations of cyanide( ), cyanate( ® ), nitrite ( &), nitrate (o), and nitrogen balance (m)
versus the cumulative photonic energy, E, .

For a typical run carried out with a catalyst amount of 0.2 /L (TiO;) ( Figure 2a ) reports
the experimental values of cyanide, cyanate, nitrite and nitrate concentrations versusE .. In

this Figure the nitrogen mass balance is also reported. It can be observed that the balanceis
satisfied during the course of cyanide photo-oxidation but it is not satisfied during the
subsequent cyanate photo-oxidation. In order to better understand this behaviour, which was
shown by all the runs, some runs were carried out using cyanate as the starting reagent and
by adding hydrogen peroxide to the system during the occurrence of the photoreaction.

For a representative run (Figure 2b) reports the experimental results of cyanate
concentration versus E . Itcan be noticed that the nitrogen molar balance is closed only

after the addition of hydrogen peroxide to the reacting system. The CPC photo reactivity
results indicate that cyanate ion is the first photo-oxidation product of cyanide; the
subsequent cyanate photo oxidation eventually determines the formation of nitrite and mtrate
1ons whose amounts, however, denote a lacking of nifrogen mass balance in the course of the
reaction. The addifion of H;0; to the reacting system determines the closure of nitrogen mass
balance even if the photo-oxidation rate of CNO- does not significantly change in the
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