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Attention: 8(e) Coordinator -
Office of Pollution Prevention and Toxics e
U. S. Eavironmental Prctection Agency y . S Y
401 M Street, S.W. b oo L’ N,
Washington, DC 20460 i 7t 7
Dear 8(¢e) Coordinator;

This letter is being submitted on behalf of the Acrvionitnle (AN} Group, Inc.. a trade
association representing producers and users of acrvlounitril>. The Acrylouitrile Group
was formed in the late 1970’s to facilitate the protection of human health and the
environment through all stages of the acryvlonitrie product lifecvele. We conduct health,

safety and environment studies; analyze these and other mformation and communicate  gg =
the results ts the scientific commuaity.  We alse advocate appropriate regulation of g =
acrylonitale based on sound scisnce. S ==
==
Recently scientists from AN Group member companies obtained copies of English 8 =
translations of four unpublished surveys of the Chinese chemical industry which e ———
examined workers with potential exposure to acryloaitrile  The informration in these & %
translated surveys is inadequate to make a proper scientific evaluation of the methods =
used to collect the data. Further, limitations in the design of these studies make it =
difficult to determine if the findings from the surveys are valid. Neverthel=ss the B
information may meet EPA’s published guidance for reporting under TSCA ${e) and
accordingly the AN Group is submitting  as enclosures to this lstter, copies ot the four
English translations.  This sabmissicn is on behalf of the members of the AN Group
engaged in the manufacture of acrylonitrile. ramely BP Chemicals Inc.. Cytec Industries
Inc., E. 1. DuPont de Nemours, Inc.. Solutia Inc. and Sterting Chemicals Inc. The AN
Group has made no determination as to whether a significant nisk of injury to human
health or the environment is actually presented by the findings. -
We are pot aware of similar reports of effects reported herein among acrylonitrile ;‘::
workers cutside of China. Given the uncertainties with the descriotion of these studics. = 3
the methods emploved. and the potential for exposure to other chemicals in the - =
workplace, it is difficult to establish a causal association for acrvlonitrile exposure with -
the observed eutcomes. = :
‘90 ON ugElUC’O =
)

The Acrylonitrie Group, Inc. » 1850 M Street. N W Sqite 700 « Washungton, D C. 20036 » (207 7014100

3A1303Y

Representing the Producers and Users of Acryionitnle
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The U.S. acrylonitrile producers are committed to pursuing a better understanding of the
quality and meaning of these surveys and to incorporating any scientifically sound
information into management of acrylonitrile health risks. Please contact me if you have

questions or comments about these reports.

b 3
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HEALTH CONDITIONS OF WORKERS EXPOSED TO ACRYLONITRILE
PRELIMINARY CONCLUSION BASED ON INVESTIGATION
(ABSTRACT)
By Chea Yugin :

Department of Occupations: Prevestion St

Jimshan o

Shanghai Medical Universicy v, A3
-

AN’s slow toxicity, this article reports the results of health investigations completet ‘on
177 workers exposed to AN in a Shanghai chemical plant. The investigation items
included:mafANdmsityintbemﬁngmm:egulzrphysim! examination,
blood test, test of GSH and ICDH. |
Investigation results: (1) AN density in *he environmental air almost reached the
Shtemﬁmmaﬂo%emge@mghﬂ- (2) Among 177 workers exposed, the rates of
dizziness (22.3%), insomnia (18.6%), memory failure (25.4%), as well as throat
hyperemia (58.2%) and reduced knee jerk (16.3%; were hxghcr These symptoms were
greater in the group workers with longer service years (25 years) than that those in the
goup of shiorier service years (<5 years). (3} Among 177 workers, 80 were chosen who
had complete physical examination information for self comparison. We compared 1984
physical exam information, which was the vear the plant started to operate, with that
obtained in 1997. The rate of memory failure, insomnia and throat hyperemia had an
obvious increase (P<0.05). (4) Test of GSH on 177 workers exposed did not find obvious

reduction of GSH, nor any difference between longer and shorter service years (P>0.03).
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(5) Test serum ICDH and GPT of 85 workers exposed to AN and 40 workers with ro
exposure to AN. mmﬂtwaswhcthera:posedornota:posed, GPT of serum was not
found to have any increase. ButtheposiﬁventcofsmnnICDHinaaseintbeexposurc
group was higher than the non-exposure group (12.8%) (P<0.05). Besides, as the
exposure years increased, the positive rete of ICDH increased too. |
Based on the above investigation results, this article is an analytical discussion.
Pcints are: (1) AN might be a slow toxicant to human body. It has some effects on the
Gemmlnu'voussystemofhumanbdngs. Ifa:posedtoalowdensityANforalongtime,
it might cause toxic neurasthenia symptom<. But the rate of throat hyperemia was high.
In the factories with no exposure to AN there were similar results, therefore it is hard to
decide completely that this was caused by AN. (2) Long time exposure to low density of
AN\ﬁllnotuuseGSHio obviouslydeaeaseorinterfmwithnormalmetabolism. 3)
BmdoathehighposiﬁvemteoflCDHinmseintheANexposmegroup,themewill
increase as the service Years increase. This means AN is slowly and lightlv toxic to
human liver. At the same time, it also means ICDH can be a useful sensitive index when

doing research on AN'’s toxicity to liver.
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STUDY ON REPRODUCTYVE ORGANS IN FEMALE WORKERS EXPOSED
‘ TO ACRYLONITRILE

By Li Zbilan
Department of Labor Health, Laazhou Medical College
Lanzhou, Gaasz 730000
PR Chira

Acrylonitrile is a common toxicant in the organic synthetic industry. People are

very much concerned with its toxicity research. But there are only a few reports on its
damages to human reproductive organs. Therefore, from March to April in 1991, we did
a review of surveys on reproductive organs of female workers exposed to AN. Our
purpose was to protect and control occupational hazards, and to provide scientific

evidence to protect the health of workers and their children.

u Target an ethod

We chose 379 female workers as the exposed group from Lanzhou Chemical

Industry Company. They were exposed to AN manufacturing, and all were married more
than one year. Their average age was 33.95 years old (22.75-54.83). Average length of
service was 14.10 years (3.25-34.42). In addition, we chose 511 female married workers
as the control group from a Bed Sheet Factory and a Biological Research Institute. They
had no exposure to AN and were all matried more than one year. The two groups had
similar ages and lengths of service.

1.2 Method

Survey forms were filled out by professionals. Review of the surveys was done in

accordance with the “Judgment Standards of Observation Data of Child-Bearing
Workers™ and “Explanation of Filling the Survey Form™ written by the Labor Health &

Occupational Disease Research Institute of China, Protective Medical Scientific College.
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2 Statistic Analysis

The staiistics did not include people who had a history of marriage between close
relatives, familv genetic disease, deformity and sterility. When counting times of
pregnancy, situations involving abortion, illness, drugs, drinking, and X-ray exposure
during the pregnancy were all exciuded.

urvey Results |

2.1 AN Deasity in the Shop Air

Monthly test data for 1989 and 1990 was provided by the factory. Among the 155
test data, average AN density was 16.35mg/m3 (0-152.88mg/m3). Meaning 92.90%
exceeded State health standards. (2mg/m3)
2.2 Result of Reproductive Organs of Female Workers Exposed

Based on statistical analysis in the exposed group, there were pregnancy
complications (20.80%) and premature deliveries (11.62%). Deficiency rates were much
higher than the control group (25.4%) (P<0.01). In the exposed group, sterility was
2.64% and overdue delivery was 3.87% which were higher than the control group
(p<0.05). Although the difference of mortality of new-bormns vs. pregnancy had no
statistic meaning, the relative data was 4.11 and 2.26 and had a tendency 10 increase. See

Table 1.
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Exposed Control X2 RR
Number | positve | Rate of | Number | positive | Rate of
of cases positive | of cases positive
379 10 2.64° 511 4 | 078 | 484 | 338
476 99 | 2080~ | 770 55 74| 5064 | 2.91
476 37 7.07_| 770 50 649 | 074 | 12
439 51 11.62* 720 34 472 19.08 2.46
439 17 3.87° 720 13 1.81 4.62 2.14
439 6 1.37 720 6 0.83 0.76 1.65
433 1 254> 714 3 42 10.05 | 6.05
433 5 115 714 2 2.8 34 4.11
439 11 25.1 720 8 111 328 2.26
* P<0.05; ** P<0.01.
In order to discuss the results of reproductive organs of both male and female
exposed to AN and female only exposed to AN, we further divided the exposed group
into 2 groups; one was for couple exposure, and the other was for female exposure. We
found that except for mortality of new-bom in the couple exposure group, all other data
was higher than the female group. For details, see Table 2.
Table 2. Comparison of results of reproductive organs of female petween couple and female
workers exposed to AN
| Coupie exposure ~Female exposure
Number | Positive | Rate of | Number| Positive | Rateof | R/Ra | R/Rb | Ra
of cases positive |of cases positive
Steriity % 104 3 2.88 275 7 2.55 1.13 3.69 3.
Gestation Complications % 133 28 21.05~ | 343 71 20701 102 | 295 | 2
Spontaneous abortion % 133 13 9.77 343 24 7 14 | 151 | 1.
rmmature delivery S 120 18 15.83" 319 32 10.03™ | 1.58 3.35 2.
Later bom % 120 7 5.83™ 319 10 313 | 186 | 322 | 1.
Stibom fets % 120 4 3.33° 319 2 063 | 529 | 401 | O.
Congenital defects %, 116 4 34.5" 317 7 22.1* 1.56 8.21 5.
Mortality of newborn %/, 116 1 8.62 317 4 12.6 0.68 3.08 4
Mortality of pregnancy ¥/, 120 5 417 319 6 18.8 222 3.76 1.

R-rate of couple exposure group; Ra-rate of female exposure group; Rb—rate of control group

When comparing the rate of stillborn fetus (3.33%) in the couple exposure group

and 0.63% in the female exposure group, their difference was obvious (P<0.05). The

Page 3



3

-

KLY
=)

rates of complication, premature delivery, overdue delivery and deficiency were higher in
the couple exposure group than that of the control group (P<0.01). Besides, stillbomn
fetus, mortality of pregnancy in the couple exposure group was also higher than that of
the control group. The rates of complication, premature delivery and deficiency in the
female exposure groupwealso higher than that of the control group. Plus sterility was
higher than that of the control group.
3. Discussion and A nalysis

It is reported that AN has embryo toxicity and a deformative effact to animals.
We found in our survey that the rates of sterility. complication of pregnancy, premature
delivery, overdue delivery and deficiency were all higher than those of the control group
(P<0.05). Especially when the coupie both were exposed to AN, the rates of sterility,
complication of pregnancy, natural miscarriage, premature delivery, overdue delivery,
stillbomn fetus, deficiency and mortality of pregnancy were ali higher than those of the
female exposure group. So we think AN damages female reproductive organs. We need
to further study AN toxicity to male reproductive organs. The causes of unusual child-
bearing dangers should be explored further.

Since shop air has a higher density of AN than the standards allow, and workers
work under that condition, the rate of unusual child-bearing dangers to the female worker
increases. In order to insure the heaith of the workers and their children, it is

recommended the density of AN in shop air be reduced.

PAPER RECEIVED: 1994—06—30; REVISED 1995—06—20
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ACRYLONITRILE EFFECT ON WORKERS’ REPRODUCTIVE SYSTEM

By Dong Dinglong and Pan Jinglong

Abstract: Acrylonitrile is a highly toxic substance. Animal experiments have proved already it causes
embryo tcxicity and is a carcinogen. But in China, there are no reports on its effects of reproductive
system to workers exposed. Based on previous research, this article will talk about the survey resuits of the
reproductive systems of 256 marricd workers exposed to AN and whose years of service were over 2 years,
as well as 231 workers in a control group. The result shows that when the average density of AN was 0.53-
15.5mg/m3, there were 6 fetus stillborn, giving a ratio of 4.46%, yet the control group had none (p<0.05).
For the wives of male workers exposed w AN, their premature delivery, natural miscarriage, threatened
abortion, stillborn fetus, sterility, and the rates of premature delivery, mortality of newbom and sterility of
female workers exposed were all higher than the control group, even though the two groups had no
obvious differences. This suggests AN exposure might cause reproductive system injuries.

Keywords: Acrylonitrile; Production Workers; Mixing; Density; Reproductive System Injuries
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Acrylonitrile, also known as AN, is a highly toxic chemical substance. Murray et
al. reported that AN is embryo toxicant and deformativet”. But in China, there are no
reports of its effects on the reproductive systems of exposed workers. Based on our
previous surveys, we initially find it has some effects on the male reproductive system.
In order to further explore this issue, in 1993, we expanded our survey by developing an
occupational epidemiological study on the reproductive system of workers exposed to
AN. We are reporting the results in the following.

1. Survey Tat_'gg-t .and Method

(1) Survey Target: 256 workers exposed in an acrylic fiber plant, a chemical
fiber plant and a chemical plant. They were in the exposure group. Among them, there
were 150 male workers whose exposure was more than 2 years and they were all married.
The female exposure group had 106 workers whose exposure was more than 2 years.
There were 110 male and 121 female workers chosen in the control group. Their ages,
length of service, working conditions and life styles were pretty similar to the first group,
but their working environment had no AN and or other elements which were toxic to their
reprodﬁctive systems.

(2) Survey method: The same survey form was used and completed by
professional people, one by one. Survey data was based on the “Reproductive
Occupational Epidemiological Study Requirements Written by the National Women
Labor Health Group™®.

3) Test methoﬁ of AN density in the shop air: The method used was a gas like

coloring method.



2. Survey Results

(1) AN density in the shop air: The chemical plant, acrylic fibe: plant and

chemical fiber plant, all tested AN density in the shop air periodicaily. For a recent three

year period, the yearly average of AN density in the shop air of each plant is listed in

Table 1. One can see from the data, except for the control room and drawing room, all

other rooms exceeded the maximum allowable density of AN (2mg/m3). Among them,

the pump room for finished products, the room for raw material and polymerization had

the highest densities.

Table 1. Average acrylonitrile concentration in air at workshop (mg/m’)

1952

1991 1983
number of Average number of Average number of Average
samples cancentration sarmples concentration sampies concentration
Room
‘ Control 12 0.96 - - - -
__im roorm for reaction 30 1.11 80 2.51 20 2.75
Pump 100m 10f PUABCALONR 115 1022 48 11.41 40 3.29
Pump room fot finished products 12 2.06 12 4.11 12 10.35
lace
faw materials 35 15.82 26 8.79 22 6.56
_potymerization 183 112 24 10.78 82 84
_ Becing ) 3.73 24 486 22 3
Spenning 90 2.52 80 318 S84 27
wasting 76 - 2.21 36 2.52 34 1.98
drawing 108 053 42 1.21 46 1.92

(2) Results of tests on the reproductive system of male workers: The statistical

analysis results of reproductive system information for the wives of the male workers in

the exposure group, and the wives of the male workers in the control group are listed in




oo’

Table 2. The numbers of pregnancies for the wives of maie workers in the exposure

group were 168, and the control grcup had 113.

The rates of premature deiivery,

spontaneous abortion, threatened abortion, stillborn fetus and sterility were all higher than

that of in the control group.

Table 2. Comparison of reproductive results between exposed males and control males

exposure control
150 110
2097 +685| 30042
337
3192535 8532389
168 113
159 113
141 104
18(7.74, 4 (3.54)
6357 | 4354
8 (4.76) 1(0.88)
5 (2.68) 1 (0.88)
4 (2.38) 0 (0)
g (5.00) 2(1.82)
5§ (3.14) 4(3.64)

(3) Results of the reproductive system of female workers: The statistical

analysis results of reproductive system information for the female workers in the

exposure group and the female workers in the control group are listed in Table 3. The

numbers of pregnancies of the femzle wo.kers in the exposure group were 11, and the

control group had 124. There were S stillbom fetus which was 4.46%. There were

obvious differences, P<0.05. Rates of premature deiivery, stillborn fetus and sterility

were all higher than that of in the control group.
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Table 3. Comparison of reproductive result between exposed females and control females

,' exposure | control
Number 1056 151
Average age 29.36 £ 5.12} 2068¢
4.05
Average working years 10.192 822 1012
434
fmes of pregnancy 112 124
newbom 105 125
bom 101 113
immature delivery (%) 8(7.14) | 5(403)
Laer bom (%) 8(1.73) | 6(484)
Spontaneous abortion (%) 1(0.89) 0(0)
hreatened abortion (%) 3(268) | 5(4.03)
fetus (%) 5 (4.46) 0(0)
| (<005
falty ol newbom (Te) | 3 (23.30) 0 (0)
3] 3(8.83) | 1(0.63)

3 Discussion

In recent years, the issue of occupational effects on the reproductive system is
becoming an increasing concerned to people. Murray et al. reported that AN is an
embryo toxicant and deformative!”. But in China, there are no reports on its effects on
the reproductive systems .0 workers exposed. We did surveys of the reproductive
systems on 256 workers exposed from mical plant, an acrylic fiber plant and a
chem:ical fiber plant, and 231 workers in a control group. The results showed when AN
density in the air was 0.53-15.52mg/m3, the rate of stillborn fetus in the female exposure
group was obviously much higher than the control group, P<0.05. The rates of premature

delivery, spontancous abortion, threatened aborticn, mortality of new-born and sterility of
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the wives of the male workers exposed, as well as premature delivery, mortality of new-
born and sterility of female workers exposed, were al! higher than the control group. This

points out AN does damage to the reproductive system, but the channels of effect will be

researched further.
This study had an initial search parameter of effects on the reproductive system of
the workers exposed to AN. It provides a significant base for future research and

protection against occupational effects on the reproductive system.
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MICRONUCLEI IN PERIPHERAL BLOOD LYMPHOCYTES FROM THE
OCCUPATIONAL WORKERS EXPOSED TO ACRYLONITRILE AT VARIOUS

TIMES

By Jia Fasheng & Zhu Ruijuan
Research Division of Occupational Medicine
Jinshan Hospital
Shanghai Medical University, Shanghai 200540

Abstract: 90 occupational workers exposed to acrylonitrile (AN) are categorized into five groups whose
service length is between 0-20 years. The frequency of micronuciei (MN) in peripheral lymphocytes is
increasing steadily and dependent on the service length. r=0.95, P<0.0S. Among the workers whose
service length is over 20 years, frequency of micronuclei has a steady teadency. For those workers whose
service length is under 10 years, their micronuclei cells do not increase obviously. But for those whose
service leagth is over 10 years, their micronuclei increase very clearly. Therefore, obviously, there are
differences in MN when comparing the workers exposed to AN less than 10 years and more than 10 years.
This is meaningful for statistic purposes (P<C.05)

Keywords: Acrylonitrile; Micronuclei



Acrylonitrile or AN is a highly toxic chemical substance. Lab experiment proves
that it is a mutant agent and animal carcinogen, as well as a potential human
carcinogen(1). We reported before that workers exposed to AN have a higher frequency

of micronuclei in peripheral blood lymphocytes than the comparison group. This

research will talk mainly about the impact of MN in peripheral blood lymphocytes of
workers with different service lengths of exposure.

Materisl and Method

1. Target

{

)

This research included 90 occupational workers of the Shanghai Petrochemical

Limited Company who were exposed to AN. Their ages were from 21 to 56. Average

different shifts.

ages were 34.06+7.74. There were 9 funale and 81 male workers, among which 29 were
non-smokers and the rest were smokers. These 90 workers were from the same shop, but

2. Method

18¢ TSt methiod used 1o determine MN In peripheral biood iymphocytes was as

follows. Draw blood from the vein. Remove fiber protein and add 3% gelatin for free

settle.  Get clear liquid Ian. Use methanol to firm the precipitate and use Giemsa for

coloring. Under microscope, count 1000 complete lymphocytes and caiculate the
molecular rate for every thousand.

group

In order to observe the impact of the length of service to the micronuclei rate,
divide 90 workers exposed into 5 groups, and calculate average micronuclei rate for each

Page 2



esult
90 workers exposed to AN were categorized into 5 groups. See Table 1 for the
average frequency of micronuclei of each group.

Table 1. Average frequency of micronuclei of workers exposed to acrylonitrile

Years of exposed to AN Number Average frequency of micronuciei (V)
0- 14 350+ 1.87
5. 21 3622 1.90
10. 23 4482212
15- 16 5812241
20- 16 4812219

Figure 1. Distribution of average frequency of
micronuctei of defferent exposed year

Average frequency of
micronuciel { 0/00)

Exposed years

!

One can see from Figure I and the Diagram, for workers exposed to AN between
0 t0 20 years, as their service length increased, their micronuclei increased as well. The

related coefficient r=0.95. It obviously has a statistic meaning (P<0.05).

From Figure I, we can see from workers exposed 10 AN under 10 years, their

micronuclsi rate had no obvious change, but over 10 years, their MN rate had clearly

Page 3



increased. If 90 people are divided into 2 groups based on 10 years of service, their

average micronuclei rates can be seen in Figure II.

Figure II Comparison of two groups with different service length

YEARS OF SERVICE NUMBER OF AVERAGE
(YEARS) PEOPLE FREQUENCY OF P
MICRONUCLE]
(%)
LESS THAN 10 - 35 3.57+-1.89 <0.01
GREATER AND EQUAL THAN 10 55 4.96 +-223 <0.01

Among 90 workers exposed to AN, 29 of them were non-smokers. Their average
age was 33.48+/9.34. Their average years of service was 10.03+/6.74. Their average rate
of micronuclei in peripheral blood lymphocytes was 4.00+/2.00. Average ag> ~f 61
smokers wa.34.32+/6.92. Their average years of service was 12.08+/5.69. And average
micronuclei rate was 4;18-!-2.12. The comparison between these two groups had no
statistical meaning.

In order to eliminate the disturbance of external elements, such as smoking, we
used Epi Info software to analyze each layer. The result was: Analysis For Linear Trend
in Proportions Chi Square for Linear Trend: 0.016 p Value: 0.90072. This states that
smoking and length of service in groups caused no disturbance to micronuclei in this
CXperimem._ |
Discussion

We did research on the workers exposed té AN for their micronuciei in peripheral
blood lymphocytes. We found the workers exposed to AN for 13 years (8 years wés the

minimum years of service) had the higher rate than the comparison group (P<0.005) (2).

Page 4
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Inthismcy,wedidmwchofmidmnuddhlymphocytaon%workmexposed to
AN with various service length, in order to understand the relatiomhiﬁ between the length
of exposure and amount of micronuclei. The result was that workers exposed to AN less
than 10 years had no clear increase of micronuclei, but those with over 10 years had a
higher increase. The comparison of the two groups has statistic meaning (P<0.001). This
means that exposure to AN for more than 10 years may cause higher micronuclei in
peripheral blood lymphocytes. This conclusion is the same as obtained from previous
research.

Domestic researchers, such as Li Laiyu, think within the range of wbrkers’ service

~ length, the age usually shouldn’t be considered as having impact on micronuclei. In our

‘research, for workers between 0-20 years of service, the frequency of micronuclei

increases as the service years increase. It is shown as r<0.05 and P<0.005. Therefore it is
considered that the genetic toxicity effect of occupational exposure to AN ﬁay be from
long time accumulation. Among workers whose service length was over 20 years, the
frequency of micronuclei did not increase further which meant if their exposure was over
20 years, their frequency of micronuciei was in a stabic condition.

Smoking can cause an increase of micronuclei in peripheral blood lymphocytes.
We divided 90 workers into 2 groups, one is smoking, the other is non-smoking. The
result was there was no oﬁwious change in tetrﬁs of micronuclei. These two groups had

similar average ages and lengths of exposure. This result might be because these 90

Page S



workers were all in the AN manufacturing environment. Of the two known causes of
micronuclei, AN is a highly toxic chemical substance and its capability is more than
smoking coagulate. But since this research is based on exposure to AN itself, therefore

AN plays the most important role among the causes of micronuclei.
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