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LIVER FUNCTION AMONG NEQPRENE PRODUCTION WORKERS

1. Introduction

Chloroprene (2 chloro-1,3 butadiene, CAS# 126-99-8) is  a
colorless flamable 1liquid with a beiling point of 59.4°C thch is
soluble in most organic solvents. It is currently produced in the
United States by the chlorination of butadiene to form a mixture of
dichlorobutene isomers. The 3,4 dichloro-l-butene isomer (3,4,1 DCB)
is isolated and reacted with caustic soda to produce chloroprene. The
1,4 dichloro-2-butene isomer can be isomerized to 3,4;1-DCB to produte
additional  chioroprene. Chloroprene 1is polymerized to produce
polychloroprene the polymer from which butyl rubber is made. (1ARC,
1979).

The Denka Workman's Group of Oil Chemical and Atomic Werker's . .

Union (0.C.A.W.) Local 4-227, Houston, Texas numbers approximately 225
’{ﬁdiyijgtgg;:Th;y are employed at a Denka Chemical Corporation plant
“in  Houston which manufactures chloroprene and polychlioroprene. This
report is the result of a survey‘of serum Tiver enzyme and bilirubin
levels as well as blood coagulation characteristics in 81 individuals

from this group.

The study was undertaken for several reasons. First, chloroprene

has been reported to produce several toxic effects in animals
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including 1liver damage (IARC, 1979, Jaeger et al, 1975). Results of
Tiver function evaluation in human populations have been inconsistant.
Studies conducted in the Soviet Union and reviewed by the
_ International Agency for Researcﬁw on Cancer (IARC) indicate an
association between abnormal liver enzyme 7levels and chloroprehe
exposﬁre (IARC,- 1979). Recent studies of Neoprene manufactﬁring
facilities of Dupont Chemical Corporation failed to demonstrate any
effects on liver funcfion related to cthropréne and neoprene

manufacturing (Gooch and Hawn, 1981).

Concern among individuals in this workman's group about possible
adverse health effects resulting from chemical exposures in their
workplace was an additional imbetus to make this study. -_ The
perception, on the part of workers, that company sponsored liver
function tests indicated an usually high proportion of abnormal

resul ts was probably a primary reason for their concern.

The primary objective of the survey was to screen the population
to identify individuals with clinically significant abnormalities in
Tiver enzymes, bilirubin or blood coagulation. The tests were
requested by OCAW medical consultant Sharon Itaya, M.D. Once
identified, individuals with abnormbal val;ﬁs could be referred to
their personal physicians for appropriate follow-up. An additional
objective of the study was to evaluate the results for the population
as a whole to determine whether significant deviation from normal test
values existed which could be related to occupational exposure.

Because of the screening nature of the study the results obtained were



page 5

compared to the normal range of values for each test rather than to a
specific control group.
I1. Methods

A. Sampling Procedures

A sampling station was established at the Union Local Hall on
July 13, 14, 22, and 29, 198l. Individuals came for sampling on their
way to or from work. A brief duestionaire was administered to
determine the immediate {past 48 hr) and recent (past 2 weeks) work
lTocations of each person within the pilant. In addition information
was collected on alcohol consumption in the previous 24 hours and on
customary weekly consumption of alcoholic beverages. The individuals.
were asked to abstain from consumption of a]éoho] for 24 hours prior
to testing. Information was al;o sought on recent use of médications,

recent illness and history of hepatitis.

Blood samples were drawn by venipuncture into 4.5 ml draw
vacutainers containing 0.5 ml 3.8% Na Citrate for prothombin time and
into 10 ml draw serum separator tube (SST) vacutainers without
anticoagulant for the remaining tests. The citratéd blood samples
were Jimmediately stored 1in an ice chest. The SST vacutainers were
allowed to clot for 15-30 minutes at room temperature in the dark.
They were centrifuged to separate cells from serum and stored on ice.
The separation plug in the tube prevented any mixing of hemolysis
products with serum. A1l samples were transported on ice to the
University of Texas Medical Branch (U.T.M.B.) Clinical Laboratories in

Galveston, Texas within 2-8 hours of collection and they were analyzed
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upon receipt.

B. Analytical Methods

The following analyses werz performed on the samples obtained:
serum glutamate-oxaloacetate transaminase (SGOT);’ serum
glutamate-pyruvate transaminase (SGPT), gamma glutamyl transpetidase
(GGT), alkaline phosphatase (AP}, cholinesterase (pseudocholinestrase)
{ChE), bilirubin total (BRT), bilirubin direct (BRD) and prothrombin
time (PROT). All tests were run by the UTMB C(Clinical Laboratories.
They are all run routinely on a daily basis by the (linical
Laboratories using standard methods involving commercially prepared
standardized reagents. The principle and basic procedure for each’
teﬁt is described below. Literature on the details of each proéedure

provided by reagent manufactures is contained in the Appendix.

1. Serum Glutamate-Oxaloacetate Transaminase: SGOT catalyzes the

transfer of an amino group from aspartic acid to a-ketoglutaric acid
producing glutamic acid and oxaloacetic acid. The amount of activity
is determined by reducing the oxaloacetic acid formed to malic acid
simul taneously oxidizing NADH, to NAD. The rate of disappearance of
NADHz is monitored spetrophotometrically at 340 nm over a specified
time interval. The assay is routinely conducted using a standard
reagent kit (Spin Chem SGOT reagent, Smith Kline Instruments) and is
performed on an automated analyzer (Abbott VP)., Details of the assay

procedure are as described in the reagent package (Smith Kline

Instruments, 1975 see Appendix ). Values obtained are expressed in
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international units (IU) according to the formula:

IU=A&XH)(-1—7-6 % 1000

T Sy 107 "¢
where:

a A

[}

absorbance change between readings

T

il

elapsed time between readings

SV= sample volume in ml

TV

total reaction volume in ml (sample and reagent and diluent or
flush if used)

e = molar absorptivity of NADH at 340 nm = 6,22 x 10° cm2 /mole

Expected values were established by the manufacturer using 53
samples from normal blood denors (27 male, 23 female ages 18-57}. THe
frequency distribution of results was approximataly log gausian. Rank
analysis produced a 2 standard deviation spread of 7-22 IU and the
manufacturer recommends use of a "normal range" from 7-24 IU/L. UTMB
Ciinical Laboratories routinely validate their procedures by
evaluating normal populations to see if their results are consistant

with expected ranges. The UTMB procedures are currently valid and a

normal range of 10-30 IU is recommended.

2. Serum Glutamate-Pyruvate Transaminase: SGPT catalyzes the

transfer of an amino group from analine to a « -ketoglutarate
producing 'g1utamate and  pyruvate. The rate of reaction is

proportional to the amount of enzyme activity in the sample. Activity
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is quantitated by the reduction of pyruvate to lactate by Tlactate
dehydrogenase using MADHZ' as the electron donor. The rate of
reaction is measured by following the rate of disappearance of NADHZ
spectrophotometrically over a specified time period. The assay is
routinely conducted using a standard reagent kit (Spin Chem SGPT

reagent, Smith Kline Instruments) and is performed on an automated
| analyzer (Abbott VP). Details of the assay are as described in the
reagent package insert (Smith Kline Instruments 11374, see Appendix).
Activity is expressed in International units (IU) which are calculated
in the same way as described for SGOT. Expected values were
determined by the manufacturer in a study of 167 normal blood donors
(100 males, 61 females ages 19 to 62}. An approximately Tlog gausfan
distribution of values was obtained. The ranked values had a 2
standard deviation spread of 5-20 IU and the manufacturer recommended
a normal range of 4-25 IU. The UTMB clinical Laboratories
periodically validate their procedures by testing the distribution of
a normal test sample for compatability with the manufacturer's
published values. The assay procedure is currently valid and a normal

range of 6-37 IU/L is used.

3. Gamma glutamyl transpeptidase: GGT catalyses the transfer of

a glutamyl group from one peptide to ancther peptide or amino acid.
In this assay the qlutamy] group is  transferred from Y-

glutamyl-p-nitroanilide to glycylglycine releasing free
p-nitroaniline, The nitroanaline is detected by measuring its
absorbance at 405 nm. The rate of its appearance is directly

proportioned to the enzyme activity present. The assay s conducted
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on non-hemolysed serum using a standard reagent kit (Spinchem, Smith
Kline  Instruments) and is quantitated on an Abbot VP
spectrophotometric analyser. Details of the assay are as described in
the reagent package insert (Smith Kline Instruments, 1978 see Appendix ).
Values are expressed in internaticnal wunits (IU) which are

6 cm 2/mo] e).

calculated in the same way as for SGOT (E=9.9 x 10
Expected‘ values were determined by the manufacturer independently for
maTes and females. At 37°C the ranked data for 58 males had a two
standard deviation range of 8 - 43 and for 42 females of 5 - 30, The
recommended "normal ranges are 0 - 50 for males and O - 35 for

females. These normal values have been verified at UTMB and are

curréntly accepted as standard.

4. Alkaline Phosphase: AP measures the activities of a group of

enzymes which non-specifically catalyse the hydrolysis of various
organic monophosphates. The assay is conducted by measuring the rate
of hydrolysis of p-nitrophenyl phosphate to inorganic phosphate and
p-nitrophenoxide. The Tlatter product can be detected by its
absorption of 1ight at 405 nmm. The amount of enzyme activity is
proportional to the rate increase in absorbance over a specified time
period. Values are expressed in international units (IU) per liter
which are calculated in the same way as for SGOT (E=18.8 x 106
cm:§mo1e) at 405 nmm. Expected values were determined by the
manufacturer at 37°C in samples from 110 normal donors (59 males, 651
females ages 18-60). The values reported were 74-243 IU/L for males
and 68-216 1U/L for females. UTMB has validated 1its procedures as

being consistent with these values and uses the range 68-243 IU/L as
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on non-pemolysed serum using a standard reagent kit {Spinchem, Smith
¥1ine  Instruments) and dis quantitated on an Abbot Yp
spectrophotometric analyser. Details of the assay are as described in
the reagent package insert {Smith Kline Instruments, 1978 see Appendix).
Values are expressad in international wunits {(IU) which are

6 cm 2/mm e).

calculated in the same way as for SGOT (E=9.9 x 10
Expected _Qélues were determined by the manufacturer independently for
maTes and femaies. At 37°C the ranked data for 58 males had a two
standard deviation range of 8 - 43 and for 42 females of 5 - 30, The
recommended "normal ranges" are 0 - 50 for males and 0 - 35 for

females. These normal values have been verified at UTMB and are

currently accepted as standard.

4, Alkaline Phosphase: AP measures the activities of a group of

enzymes which non-spacifically catalyse the hydrolysis of various
organic monophosphates. The assay is conducted by measuring the rate
of nydrolysis of p-nitropnenyl phosphate to inorganic phosphate and
p-nitrophenoxide. The latter product can be detected by its
absorption of 1light at 405 nm. The amount of enzyme activity is
proportional to the rate increase in absorbance over a specified time
period. Values are expressed in international units (IU) per liter
which are calculated in the same way as for SGOT (E=18.8 x 106
cm|%mo1e) at 405 nm. Expected values were determined by the
manufacturer at 37°C in samples from 110 normal donors (59 males, 51
females ages 18-60). The values reported were 74-243 IU/L for males
and 68-216 LU/L for females. UTMB has validated its procedures as

being consistent with these values and uses the range 68-243 IU/L as
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normal.

5. Cholinestrase: ChE is a Tiver enzyme which catalyses the

hydrolysis of a wide range of ardmatic and a}fphatic esters. It is
assayed 1in serum by measuring the rate of  hydrolysis of
butyrylthiocholine to butyric acid and thiocheline. Thiocholine
reduces the blue dye 2, 6 dichlorophend]idOphenol to 1its colorless
- form.  The decrease in light absorbance over a 17.07 second period is
direc£1y proportional to the amount of ChE activity present. The
assay 1is routinely conducted using a standard reagent kit (Clinical
Systems ACA- Analytical Test Pack: Pseudocholimestrose, ODuPont see
Appendix} and 1is performed on a DuPont Automatic Clinical Ané]yzer
(ACA). The normal range determined by the manufacturer is 7-19 IU/ml.
UTMB has validated jts procedures against the manufacturer's values

and a normal range of 8-20 IU/ml is being used.

6. Bilirubin, Total and Direct: Bilirubin is a bile pigment

produced in a complex series of steps from hemoglobin released from
aged or damaged erythrocytes. Bilirubin 1is convezted to the
glucuronic acid conjugate in the 1iver. Both free bilirubin and the
conjugated form are transported 1oosely bound to albumin in the blood.
The measurement of total serum bilirubin is made by reacting it with
"diazotized sulfanilic acid in the presence of a caffeine-sodium
benzoate solution. A red azobilirubin forms which is stabilized by
the addition of hydroxalamine, which also destroys the excess
diazosul fanilic acid. The color is then shifted to blue by raising

the pH with alkaline tartrate so that the absorbance at 600 nm can be
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measured. Direct, or conjﬁgated, bilirubin s measured bv
diazotization 1in an aqueous acidic medium. This allows  the

glucuronide to react but inhibits the reaction of unconjugated
bilirubin. The assay is routinely conducted using a kit (Jendrassik
Bilirubin, American Monitor Company, 1978). The details of the
procedures are described in the package insert (see Appendix).
Current normal range values used by UTMB for adults are: for totaf

bitirubin 0.1-1.0 mg/dl and for direct bilirubin 0.05-0.2 mg/dl.

7. Prothrombin Time: The PROT assay is a one stage test used as
a general screening procedure for poésib1e deficiencies of the
clotting factors in the Extrinsic Cloagulation System {Factors I1, V,
VII and X). The assay is performed by the addition of a tissue
thromboplastin-calcium mixture to a plasma sample. The time {in
seconds) required for a fibrin to form is detenﬂined either optically
or mechanically. The assay is conducted using a commercial .feagent
kit (Sinplastin Automated, General Diagnostics) and performed on an
antomated optical instrument {Coag-A-Mate A/C, General Diagnostics).
The details of the procedure are contained in the reagent kit insert
(Simplasatin Automated, General Diagnostics, 1975) and the laboratory
procedure manual (see Appendix). Expected values were determined on
300 normal individuals. The mean time was 10.97 se¢c. with a standard
deviation of 0.47 sec. The normal range in current use based on these

results and periodic validation assays is 10.0-12.0 sec.

C. Statistical Considerations
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+ Sumimary statistics were calculated for the data to study changes
in liver function measures as related to work area {WA) and customary
alcohol consumption (CAC)}. Means and standard deviations were
calculated for each WA and CAC combination and for each WA and CAC
overall. Additionally, the median response was determinad for each
work area since the data in many instances are not normally
distributed and show wide variability among subject results. As a
result tests of significance concerning differences among WA are based
on the rank transformation (RT) and the use of analysis of variances
(AOV) methods. Thus statistical significance is based on median

responsas. rather than mean responses.

In addition to the above procedures, we calculated the percentage
of values exceeding the normal range (extreme values) for the entire
data set for each variable and for all variables combined. The
criteria for an observation being classified as extreme was based on
the fact that upper 1imits to normal ranges are set at the 95th

percentile for the distribution of values from a normal population.

Finally an integrated rank sum value was calculated for each
subject in order to study combined 1liver function values. These
average rank sum results are presented and analyzed using AOVA
procedures for significance.

111, Resu1§§

A. Sample Description
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. Blood samp1e§ and background information were obtained from a
total of 81 individuals. All eight assays were performed on all
sanples except that 4 prothrombin times were not recorded. A total of
643 values were reported., The individual Tlaboratory values are
presented 1in Table 1. Values exceeding the upper limit of the normal
range for each assay are underlined. The information collected by
questionaire at the time of sample collection is summarized in Table
2. The results for each individual were reviewed by consulting
patholiogist Irwiﬁ Schoen, M.D. whose comments are presented in Table
3. The individuals were distributed in seven work areas: three units
of the Neoprene Department, (monomer, polymer, and finishing) the
Maintenance Department, the Quality Control Laboratory, the Maleic
Acid Department, and the Warehouse. The number of individuals from
each area was 10, 13, 20, 16, 9, 10, and 3 respectively. The
individuals were also categorized on the basis of their customary
weekly consumption of alcoholic beverages into three groups: {(0) no
reported consumption; (1) less than 18 beers or drinks per week; (2)
18 or more beers or drinks per week. The numbers of individuals in
each group were ({0) 20, (1) 47, and (2) 13. Summary statistics of
“results overall and according to work area and customary alcohol
consumption are presented for each assay in tables 4-11. Table 12
examines the percentage of results exceeding normal range for each
assay by alcohol consumption. Table 13 examines the percentage of
resul ts exceeding normal range for each assay by work area. An
overall summary of the results was made by ranking the values for each
assay across all individuals. The ranks were averaged for each person

and the averages ranked. Table 14 summarizes the results with an
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index of average ranks of all values by work area and alcochol
consumption. Individual 046 was omitted because values for CHE and
PROT were missing and ail PROT valves were omitted because ~ four
individals were not tested for that analyte. Our interpretation of

these results and conclusions are presented in the following section.

IV. Discussion

A. General Interpretation of Results

The analyses made on samples from these individuals are standard
methods used in the c¢linical evaluation of liver function. Serum
levels of SGOT, SGPT,:GGt and AP are normally much lower than tissue
levels. The liver contains higher tevels of the enzymes than most
other tissues, Tissue damage resulting from disease, toxicity, or
physical damage which leads to cell disruption can cause a release
enzymes into the peripheral c¢irculation. Levels of these enzymes
increase, sometimes dramatically, as a consequence of viral or toxic
hepatitis, SGOT and SGPT levels also increase in response to alcohol
consumption malignant liver tumors and tissue damage in the heart

resdl ting from myocardial infection (Schmidt and Schmidt, 1976).

GGT levels increase in response to several forms of Tiver damage,
particularly biliary obstruction and neoplasms of the liver. GGT is
not as responsive to viral hepatitis as SGOT and SGPT however it is

responsive to alcoholic cirrhosis and heavy drinking.
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Alakaline phosphatase levels may rise in responses to either liver
damage or bone disease. AP responds particularly to obstructive

disease and not so much parenchymal cel) disease (viral hepatitis).

Cholinestrase (pseudocholineotrase) levels <characteristically
drop in Tliver disorders so values below the pormal range are
clinically significant. The decline is attributed to decreased
-protein synthesis in the damaged liver, and it generally parallels a
decrease in serum albumin Jevel. Increased valves have been reported
in nephrotic syndrome, progressive dimyelinating disease of the

nervous system and in mental disorders {Rosalki, 1969).

Serum bilirubin Yevels both free and conjugated rise in response
to obstructive jaundice with the conjugated from predominating.
Prothrombin times are prolonged in chronic severe 1liver disease of
either obstructive or hepatocellular nature. A more detailed
discussion of the effects of liver disease on these test parameters
can be formed by consulting a good clinical chemistry text such as
Tietz (1976).

8. Evaluation gf_Individua] Results

Among the 81 individuals tested only four were jdentified in the
pathology evaluation as having clinically significant abnormalities in
need of follow-up (Table 3). Among these four the abnormalities were
attributed to use of_ an heptotoxic drug {009) or to alcchol
consumption (020, 035) or the possible combined effects of alcohol and

drugs.
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‘Mumerous smaller elevations above the normal range were observed
distributed over all assays among the individuals. Of the 81 people
tested 41 had at least one elevated value. On an individual basis no

¢linical significance can be ascribed to these abnormal valves.

C. Statistical Evaluationlgi Results

While no clinically significant abnormalities attributable to
occﬁpational exposure to toxic chemicals were observed it seemed.
possible that the many small abnormalities might be related to minor
toxic effects of chemical exposure. The results were evaluated in two
ways to test for association of the results with chemical exposure.
First, we determined the descriptive statistic for each test by work
area and by alcohol consumption. This allowed us to Tlook for
significant differences in the distribution of results from the
Clinical Laboratory normal valves or among work area or dinking
categories. Second, we determined the frequency of results above
1aboratoryi normal range for each test by work group and drinking

category.

This allows us to observe whether these study subjects possess a
larger percentage of extremes than the expected percenfages based on
all subjects being nomal (5%). Further we can study these percent
extreme valves for each WA and for eéch CAC level and for each liver
function parameter. For example, if in all subjects 30% of the SGOT
results were classified as extreme according to published criteria

(SGOT>30 IU/L) most of those extremes might, in fact, occur among the
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heavier ,alcohol consumers with fewer extremes occuring in the lower
CAC subjects. This would suggest that CAC caused the excess and not
necessarily the chemical exposure. If both high CAC and exposure
results in increased LF valves one should observe higher percent
extremes in WA with highar exposure Eﬂg_higher CAC than in WA with

Tower exposure and lawer CAC levels,

While the results in this study for gll-spbjects combined may be
sufficienf to suggest an excess numberréf extreme values; when one
considers extremes in each WA and each CAC group there are relatively
few sﬁbjects for studying trends. Therfore specific conclusions
concerning both the separate and combined effects of exposure and
alcohol consumption on LF resuits bécome dffffcult to make with any
reasonabie degree of accuracy. Consequently our conclusions must be
based on the observance of trends and patterns of LF outcome
suggesting possible rather than probable  relationships  between

expasure and liver function outcome.

The organization of the workforce at the Denka Chemical Piant has
been described’ for us by OCAW officials who are employed there. The
workforce 1is divided into several departments. The  Neoprene
Department is responsible for the synthesis of chloroprene from
butadiene and chlorine, its polymerization to polychiorcprene, and its
finishing to butyl rubber. Workers in this department work 1in three
areas, the monomer unit (site of chloroprene synthesis) the polymer
unit (site of polych]oroprehe manufacture}) or the finishing unit.

Workers in these areas are 1in close contact with the feedstocks,



page 18

intgrmediate , products, wastes, and fumes from the procduction
process.  The Maintenance Department is responsible for maintaining
and repairing the equipment involved in the manufacturing process. In
addition, new construction and manual labor activities such as vessel
cleaning as well as warehouse operations are the responsibility of the
Maintainence Department. Maintainence workers must fregquently enter
high exposure areas in order to make repairs to equipment.
Descriptions. by workers indicate that very high exposures result from
the disassémbly of equipment such as valves or piping which contain

chloroprene or by products of its manufacture,

' By contrast the quality control 1laboratory is an environment
relatively well isolated from chemical exposures related to
manuyfacturing. The Maleic Acid Department is responsible for the
production of maleic acid. .This process is unrelated to the
manufacture of neoprene. Exposures in this area to the chemicals
involved in neoprene production are subsfantially lower than those in
the Neoprene Department itself. In summary,' expasures to the
chemicals associated with neoprene production are expected to be
greatest among workers in the Neoprene and Maintenance Department
while workers in the Quality Control Laboratory and Maleic Acid
Department should have lower exposures. These exposure estimates are
based on the organization of the production process and on

descriptions of exposure pravided by workers in the plant.

In evaluating our results we have grouped individuals by work

area in the 3 units of the Neoprene Department {monomer, polymer, and
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fintshing} Maintenance, Laboratory, Maleic Acid Departments, and the
Qarehouse.' Because alcohol consumption s the major confounding
influence on liver function we have also grouped the individuals as
non-drinkers, 1ight drinkers (less than 18 drinks per week), or heavy
drinkers (18 or more drinks per week). These classifications are
based oﬁ self-reported customary alcchol consumption and the cutoff
between 1ight and heavy consumption is set at a fairly low level (2-3
drinks per day) in recognition of the fact that heavy drinkers may

under-estimate their consumption.

1. Extreme Values

We found that‘overa11 the percentage of extreme values, 12.6% was
greater than the 5% false positive rate expected in a completely
normal. population. While this does not imply that all study subjeéts
have abnormal values it doés suggest on the surface that there are
more abnormals than would be expected by chance alone. Also, it was
observed that those extreme values tend to occur to workers in the
presumed higher exposure areas, (WA 1-4) when compared to workers 1in
lower exposure areas (WA 5-7). This trend appears similar for several
of the liver function tests although not for all. Extreme BRT and BRD
values are not different from expected either in CAC groups or across
IWA groups; The percentages of extreme values for SGOT, SGPT, GGt and
PROT appear generally correlated with alcohol consumption while AP and
CHE appear negatively correlated. It is ﬁossib1e that the increased
frequenciescof extreme values‘could be due only to increased CAC.

However, the tendancy for extreme values to occur more frequently in
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'WA 1-4, while not invariable, remains even for those asays which do
not correlate with CAC. Thus based on the anlaysis of extreme value
frequencies one might argue- that there is a trend toward increased
extremes corresponding to increased exposure. We have only considered
CAC as a confounding factor even though there may in fact be a
multitude of similar factors which could explain all or part of the
occurancé' of these trends other than the presumed exposure gradient

across work areas.
2. Group Statistics

- Means and Medians

SGOT, SGPT, GGT means tend to be higher with higher alcohol
consumption as well as 1in higher exposure areas. There does not
appear to be ah increase with alcohol consumption in lower exposure
areas. In both the low and high.a]cohol.consumbtion group there is
the increase in higher exposure areas but this pattern is not
suggested in the middle alcohol consumers. Thus, because of the small
samples and alcohol consumption trends, it is difficult to assess

accurately tiver function's relationship with exposure.

Results for AP suggest a similar trend toward- higher values 1in
higher exposure means. Also, this AP trend is similar in each alcohol
consumption group. There does not seem to be a correlation of AP and

level of alcohol consumption.

Trends for ChE suggest at most only a slight trend toward an
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increase.  in  higher exposure areas. There is not a positive
correltaion of ChE with alcohol consumption; in fact it may very well
be a negative correlation. Values for BRT, BRD and PROT are similar

regardless of alchol consumption or exposure areas.

In sﬁmmary, the mean and median results suggest trends toward
jncreased 1liver function test elevations in higher exposure areas.
HoweQer, because of the confounding effects of aléoho] consumption
together with the relatively few subjects in each of the work area
alcohol consumption subgroups, an accurate assessment of  the
relationship Dbetween exposure and liver function test is more

difficult to make.

Rank Sum Index

e

When the values for each considered liver function test were
combined for each subject by using the averaged rank liver function

value, there was an overall increase with alcohol consumption but
again ne overall difference among exposure areas. When grouped, there
is a suggestion that the high areas (1-4) are associated with higher
mean ranks than are the Tower areas (5-7). The trend holds for 1low
and high alcohol consumers but not for the middle alcohol group. This
was the same pattern observed for the SGPT, SGOT and GGT means as

indicated earlier.

D. Other Health Effects in Group

During July and August, 1981, Local 4-227 of the OCAW sponsored a
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survey of health problems in the Denka Workman's group. The time of
the survey coincided with the time of sampling for these liver
function tests. The survey was conducted by Carola Greengard a senior
student at Yale Medical School under the supervision of Sharon Itaya,
M.D. who served as occupational physician to the local. The survey
consisted of in depth interviews with 40 workers from all areas of the
plant and review of Cohpany health records for those Jindividuals .
The findings of thé:survey are summarized here for comparison to our

findings.

Liver function studies were initiated on employees in 1971, two
years after the plant opened. The plant changed ownership in 1975 :
time and workers with experience prior to the change reported that
some previous employees were denied the opportun{ty to stay with the
new employers because of prior- biood test abnormalitie$. 0f the
workers interviewéd 20% reported at l1east one episode of significant
liver disease. Four former employees were identified who have had to
cease working in Neoprene production and required ongoing medical care

because of Tiver disease.

Reproductive effects were explored in the survéy. Most employees
reported using contraception unless trying to have children and
therefore no conclusions can be drawn regarding occupational effects
on their reproductive status. Nineteen employees were interviewed who
have had children or planned for children since working at Denka.
Seven of them have had children without complications however, the

remaining twelve have experienced complications in reproduction.
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Eight families reported infertility, and four (including one of the
former  eight) feborted birth defects. One family reported a
spdntaneous abortion. " While the numbers reported are small and the
data collected anecdotally a suggestion of higher than normal

reproductive complications exists in this group.

Respiratory problems were highlighted in the‘.survey report as
being. paﬁticular1y widespread among the Denka Workforce. Reported
‘effects of recurrant acute exposures resylting from equipment
malfunctions included chemical penuemonia and breathing difficulties
following ch]oroprené exposures. Two thirds of those interviewed
complained of upper respiratory problems inctuding sinusitus recurrent
respiratory tract infections, chest complaints or a combination of
these prdeems. None of the persons reporting these problems had a

history of them priorAto their employment in neoprene production.

A number of other health problems were cited in the report as
common to a large percentage of the workforce. Chest pains,' possibly
associated withv fespiratory or gastrotestinal problems were reported
by a third of the workers fnterviewed. Abnormal electrocardiogram
readings were reported for about a third of those interviewed,.
Dermatolgical 'complaints were almost universal . among workers in
neoprene production or maintenance. Chemical burns caused by DCB's
were the most common complaint but rashes resulting from chloroprene
exposure were also commonly rgported. Similarly eye irritation from
DCB exposure was commonly reported. Central npervous system effects

including dizziness, loss of equilibrium, headaches, nausea, fatique,
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and "irritability were also reported by a high percentage of those
interviewed. Fumes in the polymer and finishing units were

particularly associated with these effects.

VY. Final Summahy and Conclusions

A sample of 81 out of 225 members of workforce at the Denka
Chemical Plant, Houston, Texas were evaluated for abnormalities in
liver function using clinically accepted blood chemistry techniques.
The tests used ‘were: enzyme assays for serum glutamate-oxaloacetate
transaminase (SGOT), serum glutamate-pyruvate transaminase (SGPT),
gamma glutamyl transpeptidase (GGT), alkaline phosphatase {AP) and
cholinestrase (ChE); determination of bilirubin levels both total :
(BRT) and direct (BRD); and determination of prothrombin (blood
clotting) time (PROT). Four individuals in the sam§1e were identified
as having ¢linically significant abnormalities. In all four cases
alcohol consumption or use of medications were jdentified as at least
contributory factors. The résu]ts were evaluated by grouping
individuals according to their work area in the plant and their
customary alcohol consumption. The frequencies of results occuring
above the 95% confidence interval of the normal range were determined
(extreme values}. Extreme values were found to correlate with alcohol
consumption for SGOT, SGP, GGT and PROT but not AP, ChE, BRT, or BRD.
However, the extreme values also clustered in the work areas in the
Neoprene Department and Maintenance Department as contrasted with the
Quality Control Laboratory and Maleic Acid Department. Exposures to

chemicals associated with Neoprene production are alsc higher in the
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former departments as contrasted with the latter. Group statistics
for each test indicated associations between alcohol consumption and
elevated values but numbers ware not sufficient to test significant
associations between drinking, work areas, and results. A health
survey conducted at the same time these tests were run indicated that
-a variety of adverse health effects are prevalent in this.K population.
These effects include past history of 1iver disérders, possible
reproductive problems, widespfead respiratory and dennatologi;
problems and evidence of central nervous system effects. The results
of our tests suggest that chemical exposures associated with Neoprene
production may contribute to liver function-abnonnalities and that
individuals who customarily consume moderate to higher amounts of
alcohol may be particularly at risk. Given the health background of
this group of workers and the results of these tests we recommend that
~ a more detailed evaluation of_ this popu1atjon and of the health

hazards of Neopreﬁe production be made.
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Table 4

Summary of SGOT Results Overall and
According to Work Area (WA) and Customary
Alcohol Consumption (CAC)

(TU/L) |
Normal Range - 10-30 IU/L
Work cac? Hork 0y 30
Areal Stats ] T v Areas Median %>
1 X 21.0 21.2 70.0 30.9 20.0 . 20.0
' s 11.3 6.3 76.4 33.3
no 2 6 2 10
2 X 25.4 19.7 39.5 24.9 22.0 15.4
sp 5.7 4.9 23.3 10.8
m 5 6 2 13
3 X 21.0  25.5 24.8 22.5 20.0
) - 4.4 10.3 - 9.7
n 3 17 20
4 % . 21.3 21.1 34.6 25.4  22.5 1 18.8
- SD 2.1 . 8.0 27.5 16.5 '
n 3 8 5 16
& 2 ©17.3 25.0  23.5 2.1 23.0 0
SD 2.9 1.6 0.7 4.0
n 4 2
5 % 20.3 23.5  20.0 22.2 20.5 10.0
SD 6.1 7.0 - 6.2
n 6 1 10
7 % . 20.0 21.0° 21.0 20.7 21.0 0
SD - - - 6
n 1 1 1
CAC X 21.5 23.1 36.9 24.9 22.0
SD 5.3 7.9 32.3 15.1
n 20 48 13 81
%-30 5.09  14.6%  23.1% : 13.6%



Table 4 {continued)

Foot Notes

1Work areas

~N G N AWy

CAC

Monomer Unit (Neoprene Dept.)
Polymer Unit (Neoprene Dept.)
Finishing Unit (Neoprene Dept.)
Maintenance Dept.

Quality Control Laboratory
Maleic Acid Department
Warehouse (Maintenance Dept.)

Customary Alcohol Consumption

none _
less than 18 beers/drinks per week
18 or more beers/drinks per week
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Table S

Summary of SGPT Results Overall and

According to York Area (WA) and Customary

Alcohol Consumption (CAC)
(1u/L)
Normal Range - 6-37 IU/L

52 coe Table 4

! 45

Hork CAC Work .
Areal Stats 5 T > Apeas Median %> 37
1 X 32.0 21.5 104.5 40,2 15.5 30.0
SD 25.5 © 16.0  126.6 56.2
n 2 6 2 10
2 % Y 98,2 21.5 53.0 28.9 25.0 23.1
SD 14.8 14.7 46.7 21.7
n 5 6 2 13
3 % 24.0 22.2 - 22.5 17.5 15.0
SD 12.5 17.1 - 16.2
n 3 17 0 20
4 % 24.7 21.4 44,2 29.1 20.5 18.8
SD 101 11.6 43.9 . . 26.5
n "3 8 5 16
5 X 21.0  25.0  16.0 21.7 23.0 0.0
SD 7.8 3.4 9.9 0.8
n ‘ 9
6 X 19.3 17.2 19.0 18.0 17.5 10.0
SD 6.0 13.0 - 10.1 |
n 6 1 10
7 % 28.0 15.0 17.0 20.0 17.0 0.0
SD - - - 7.0 '
n 1 1. 1
CAC - X% 25.0 21.4 46.5 26.3 18.0
SD 11.6 13.9 55.0 26.2
n 20 48 13 81
9%5-37 - 10 12.5 30.8 16.1



Table 6

Summary of "GGT Results Overall and

According to Work Area (WA) and Customary
' Alcohol Consumption (CAC)
(IU/L)

Normal Range:

Males - 0-50 IU/L

Femaies - 0-35 TU/L

?
Work 1 CAC Work : 50
Area Stats T — Areas Median %>

1 o 45.0 28.8  144.0 55,1 27.0 30.0
sp 22.7 14.8  172.5 75.7
" 2 6 2 10
2 X 34.4 34.3 60.0 38.3 33.0 23.1
S 14. 15.5 55,2 22.7
n 5 6 2 13
3 X 27.3 41.0 - 39.0 28.5 15.0
P - 13.5 41.2 - 38.4
n 3 17 0 20
a % 40.7 31.6 68.6 45.7 31.0 33.3
Sp 31. 18.9 45. 34.5
n 3 7 5 15
5 X 24. 41.8 30.5 33.4 30.0 11.1
SD 12.5 19.1 0.7 15.6
n 3 4 9
6 % 19. 28.3  116.0 4.5 21.0 20.0
SD 15.8 - 31.2
n 6 1 10
7 % 45, 51.0  24.0 40.0 45.0 33.3
SD - - - 14.2
n 1 1 1 3
CAC X 32.2 35.9 73.2 41.0 29.5
SD 17.0 27.8 70.5 38.5
n 20 48 13 80
- %> 50 17. 52.9 29.4 | " 91.8
VA2 gee Table 4 v 46



Table 7

Summary of AP
According to Work Area (WA) and Customary

Results Overall and

Alcohol Consumption (CAC)

: (1U/L)
Normal Range - 68-243 IU/L
Mork CAC2 Work
Area; Stats 3 T — Areas Median 4> 243
1 X 230.5  172.7  198.5 185.4. 189.5 ° 10.0
) 19.1 29.2 27.6 34.3
n 2 6 2 10
2 % 210.6  183.5  206.5 197.5 191.0 23.1
sD 39.5 42.2 21.9 38.5
n 5 6 2 13
3 % 201.7  168.4 - 173.4 172.0 5.0
sSD 59.8 37.2 - 41.1
n 3 17 0 20
4 X 235.7  189.6  192. 199.1  187.5 25.0
SD 31.8 58.7 48. 52.1
n 3 8 5 16
5 X 173.3  163.0  163.5 166.6 167.0 0.0
SD 58.1 33.7  112. 53.6
n 3 4 2 9
6 X 186.0  174.3  218.0 182.2 186.5 0.0
SD 21.7 35.9 - 31.8
n 3 6 1 10
7 M 209.0  180.0  240.0 209.7 209.0 0.0
sp - - - 30.0
n 1 1 1 3
CAC X 205.7 174.9 196.6 186.0 182.0
SD 41.0 39.4 48.5 42.7
n 20 48 13 81
%5243 25.0 6.3 7.7 11.1
1 &2 See Table 4

[ O

47



Table 8

Summary of ChE Results Overall and
According to Hork Area (WA) and Customary
Alcohol Consumption (CAC)

(IU/ml)

Normal Range - 8-20 IU/ml

2

Work CAC Hork . 5
Area 1 Stats 5 1 —> Arans Median 7> 20
1 X 18.60 17.20 17.90 17.60 18.0 20.00
SD 1.98 4,11 1.84 3,25
n 2 5 2 10
> % 15.60  13.60  15.35  14.60  14.0 0.0
SD 2.7 2.71 2.90 2.70
n -5 6 2 13
3 X 017.30 14.00 - 4.5 14.0 10.0
SD 5,01 2.85 - 3.31 '
n .3 17 0 20
4 % 15.70  16.50  16.80 - 16.50 15.8 18.8
sD 6,50  2.86  2.78 3.41
n o 3 8 ) 5 16
5 X 15.50  13.70  14.80  14.60 15.1 0.0
SD : 0.45 2.48 0.57  1.76
n ' 2 9
6 X 14.60 12.20  14.70 13.20  13.2 0.0
SD vi 4,17 - 3.90
n 3 6 1 10
7 X 22.00  11.00  17.50 16.80 17.5 33.3
SD - - R - 5.5
n 1 1 i
CAC X 16.3 14.5 16.4 15.2 14.9
'SD 3.74 3.41  2.23  3.26
n 20 48 13 81
%>-20 15.0 8,3 7.7

w0
]
w

1.%2

See Table 4 _ ‘ : 4:8



" Table 9

Summary of BRT Results Overall and
According to Work Area (WA) and Customary
. Alcohol Consumption (CAC)
' (mg/d1)
Normal Range - 0.1-1.0 mg/dl

2

Hork . CAC Work -
frea 1 Stats il T ‘ z Areas Median %=1.0
1 X 0.50  0.38  0.45 0.42  0.45 0.0
SD ©0.42 0.23 0.07 0.23
n ) 6 2 10
2 X Y- 0.78 0.52  0.60 0.63 0.60 7.7
SD . 0.78 0.22 0.42 0.51
n 5 6 2 13
3 X '0.53 - 0.69 - 0.67 0.60 10.0
SD: . 0.15 0.41 - 0.39
n 3 17 0 20
4 x 0.57 0.51 0.44 0.50 0.45 6.3
ot 0.29 0.47 0.18 0.35 '
n 3 8 5 16
5 X : 0.56 0.40 0.35 0.44 0.50 0.0 .
SD ’ 0.35 0.22 0.49 0.30
n 3 4 | 2 9
6 % 0.66 0.45 0.60 0.53 0.45 0.0
D 0.31 0.14 - 0.21
n 6 1 10
70X 0.40 0.30 0.30 0.33 0.30 0.0
S0 - - - 0.06
n 1 1 1 3
CAC X ©0.682 0.54 0.45 0.54 0.50
SD 0.43  0.35 0.24 0.36
n 20 48 13 81
| ¥>1.0 5.0 6.3 0.0 5.0
L&z Sea Tahle 4



Table 10

Summary of BRD Results Overall and
According to Work Area (WA) and Customary
‘ Alcohol Consumption (CAC)
(ma/dl)
Normal Range - 0.2-0.5 mg/d]

2 .
Work CAC Work ]
Areal Stats 5 T . 5 Areas Med]an %> .20
1 X . 0.0 . 0.07 0.10 - 0.06 0.10 0.0
SD 0.0 0.05 0.0 0.05
n 2 6. 2 10
) M - 0.06 0.02 0.05 0.04 0.0 0.0
SD 0.05 0.04 0.07 0.05
n 5 6 2 13
3 x 0.0 0.06 - 0.05 0.05 0.0
) 0 0.05 - 0.05
n 3 17 0 20
4 x 0.03 0.04  0.04 0.04 0.0 0.0
SD 0.06 0.05 0.05 0.05 ‘ .
n 3 8 5 16
5 X 0 0.08 0.0 0.03 0.0 0.0
SD 0,05 0.0 0.05
n 2 9
6 % 0.07 0.03 0.10 0.05 0.05 0.0
sp 0.06 0.05 - 0.05
n 3 6 1 10
7 X 0.0 0.0 0.0 0.0 0.0 0.0
SD - - -
n 1 1 1 3
CAC X 0.03 0.05 0.05 0.04
D 0.05 0.05 .0.05 0.05
n 20 48 13 81
| %> .20 0.0 0.0 0.0 : 0.0
1az See Table 4

50



Table 11

Summary of PROT Results Overall and

According to Work Area (WA) and Customary

Alcohoel Consu
(secon
Normal Range - 10. 1-12 1 seconds

Et1on (CAC)

2 .
Work CAC Work .
Area1 Stats 5 T > Apeas Median %> 12
1 % 1L 11.5 - 11.5 11.35 25.0
SD 0.3 0.6 - 0.5
n .2 6 0 8
2 X - 11.8 11.8 11.8 11.8 11.70 15.4
SD 0.5 0.6 0.4 0.5
n 5 6 2 13
3 X 11. 11.7 - 11.7 11.55 27.8
SD 0 0.5 - 0.4 -
n 15 0 _18
4 X 11.5 11.4 11.5 11.5 11.35 12.5
SD 0 0.5 5 0.5 ‘ |
n 16
5 X 11.4 11.6 11.4 11.5 11.50 0.0
SD .6 0. 0.1 0.3
n 4 2 9
6 X 11.6 11.5 112 11.5 11.50 0.0
SD .2 0. - 0.3
n 6 1 10
7 X 11.1 11.7 11.5 11.4 11.5 0.0
SD - - - 0.3
n 1 1 1 3
CAC X 11.6 11.6 11.5 11.6 11.5
SD 0. 0.5 0.4 0.4
n 20 46 11 77
¥ 12 10.0 16.7 7.7 14.3
1;& 2See Table 4
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Table 12

Percent Extreme Values According to
Liver Fynction Test and Customary

‘Aleohol Consumption

2

Liver Function CAC2 All
Test 0 1 7 Subjects
SGOT 5.0 14.6° 23.1° 13.6°
SGPT 10.0% 12.5° 30.8° 16.1
aaT 17.7° 52.9° 29,40 21.8P
AP 25.0° 6.3 7.7 11.10
. ChE 15.0° 8.3 7.7 3,9
BRT 5.0 6.3 0 5.0
BRD 0 0 0 0
PROT 10.0° ° 16.7° 7.7 14.3°
A1 tests 12.6°

significantly greater than hypothesized

false positive rate, 5%; p <.10.

significantly greater than hypothesized

false positive rate, 5%:; p <.05.

See Table 4.

S2
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Table 13

Percent Extreme Values According to
Liver Function Test and Work Area

Hork Area {n) SGOT SGPT GET* AP ChE BRT BRD PROT
1 (10) 20.01°  30.0% 0.0 0.0 20.0° 0.0 0.0 25.0°

2 (13) 15.4° 2310 231 231 00 7.7 0.0 154

3 (20) 20.0 2 15.00  15.0P 5.0 10.0 10.0 0.0 27.8°

4 (16) 18.8° 1380 333 500 18.8P 6.3 0.0 12.5°

5 (9) 0.0 0.0 11.1 0.0 0.0 0.0 0.0 0.0

6  (10) 10.0 10.0 20.0P 0.0 0.0 0.0 0.0 0.0

7 (3) 0.0 0.0 33.3 0.0 33.3 0.0 0.0 0.0

ATl Subjects (81)*  13.6 ©  16.1° 2182 11.1P b 5.0 0.0 14.3°

one subject had no GGT value.

9.9

significantly greater than hypothesized false positive rate,

5%; p < .05.

See Table 4,
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Table 14

Summary of RSUM Results Overall and
According to Work Area (4A) and Customary
Alcohol Consumption (CAC)

Work cac Work
Areal Stats 0 T 2 Areas
1 % 49.5 35,0 54.0  41.7
D 30.4 31.0 35.4 29.2
n 2 6 2 10
? % 54.0 31.2 61.3 44.6
sp . 25.6 27.3 20.9 27.2
n 5 6 2 13
3 3 43.3 36.1 - 37.2
SD 9.1 23.1 - 22.2
n 3 17 0 20
4 3 52.8 37.3 56.2 46.7
: " sp 237 24.5 14.4 21.9
n 3 7 | 5 . 15
5 X 27.2 48.6 34.5 38.3
SD 17.0 12.2 10.6 15.7
n 3 4 2 9
6 X 37.0 27.0 66.0 33.9
SD 19.0 27.2 - 25.3
n 3 6 1 10
7 3 57.0  18.0  '40.5 38.5
Sp - - - 19.6
n 1 1 1 3
CAC X 45.4  35.0  52.8 40.5
SD 21.3 23.9 17.9 23.0
n 20 47 13 80
12 See Table 4.



