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Blank and spiked samples were prepared on this survey as a check on
field praclices and laboratory performance. Spiked samples were
prepared in the field by injecting a known quantity of 2EE directly
onto the sample media using a microsyringe. As an additional check,
the NLOSH quality contcol laboratory in Cincinnati provided
precision spikes for inclusion with the field samples and laboratory
samples.

Air samples were collected in all three plants. At least one full
shift personal breathing zone sample was collected for each specific
job title in tLhe investing department. Samples were repeated on at
least two separate work days. Area samples were collected in areas
where unique cxposure levels were expected, No short term personal
samples were collected since the nature of the process did not
indicale any likelihood of sudden releases,of 2KE or other sources
of peak exposure. All samples were analyzed by gas chromatography

(1},

Since studies of 2EE exposure in animals have shown that the parent
compound can be detected in blood and its metabolite (2 ethoxyacetic
acid) in urine (2), both blood and urine samples were collected in
Lthis study. Five ml-blood samples were collected one time at the
end of a work shift, using vacutainers equipped with disposable
needles. Blood samples were chilled (not frozen) and hand carried
to the laboratory for analysis. Spot urine samples were collected
in 200 ml plastic bottles which participating workers marked at the
time of void. A porkion of the urine was transferred to 20 ml
seintillation vials and frozen for shipment to the laboratorvy for
analysis. Samples were analyzed as described in Smallwood et. al.

(2).

« MEDTCAL

1. Selection of Participants,

Exposed Subjects: Personnel lists of all workers at each of the
three plants were made available to NTOSH investigators at the
beginning of the field study. 1In cooperation wilh the plants’
industrial hygienist, all male workers who could be potentially
exposed to 2-ethoxyethanol (other than occasionally) were
identified. Each man (a total of /9 available at Lhe time of
the study) was given a personal confidential intevview by a NTIOSH
investigator to describe the purpose of the study and the medical
procedures to be used and to solicit participation. Six workers
were ineligible due to vasectomies or employment in one of the
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3.

Sperm Morphology and Morphometry

Four air-dried smears were prepared from each whole semen sample,
fixed in absolute ethanol for ten minutes, and stored for later
analysis. Air-dried slides were stained in Papanicolau stain
according to the WHO semen anal¥sis guidelines (6). Sperm
morphology was scored according to Zaneveld and Polakoski (1),
reading 200 cells on each of 2 slides. The remaining two slides
were used for objective analysis of sperm head shape
(morphometry) using the Videoplan system (8). A 63x dry
objective and HMI video camera with a 4x enlarger were used to
evaluate 100 sperm on each of 2 slides. Individual sperm heads
were outlined using the digitizing tablet and the microcomputer
software allowed calculations of area, perimeter, length, width,
width/length ratio, and 4pi (area)/perimeter? (Pi factor) as
indices of sperm head shape.

. Sperm Viability

Viability by stain exclusion [modified from Eliasson and Treichl
(9)] was determined by mixing 100 ug of semen with 100 ul of
0.5% (w/v) eosin y stain in Tyrodes buffer (Difco). Seven ul’
of this suspension were placed on a microscope slide and 200
sperm were counted and classified as unstained (viable) or
stained (nonviable). Viability by hypoosmotic swelling (10) was
analyzed by mixing 100 ul of semen with 1.0 ml of a solution
containing 150 milliosmolar sodium citrate and 150 milliosmolar
fructose. After an incubation of at least 30 minutes, (after
which further swelling does not occur), 7 ul were placed on a
slide, and 200 sperm were classified as swollen (viable) or
unswollen (nonviable) using differential interference contrast

(DIC) microscopy.

Sperm Concentration

100 ul of semen were mixed with 100 ul of distilled water,

Five microliters of this suspension were placed on a Makler
Chamber (Sefi-Medical Instruments Haifa, Israel) and the sperm
were counted using DIC microscopy. Replicates were prepared and
counted for each sample.

D. Statistical Analysis

Data for each semen characteristic were tested for normality using
the Shapiro-Wilk statistic for samples sizes of less tham 51 (11).
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As expected, the background area sampling in Building B revealed
concentrations in the June survey similar to results found in the
April survey. The use of 2EE in this building was not discontinued
and production was continuing at a similar level.

The personal exposure data demonstrates exposures similar to the
area bulk air samples (Table 3), especially in Building A which is a
relatively new, tightly closed building. Hand dippers appeared to
have the highest exposures of the job categories sampled. These
workers spent the entire day dipping small molds by hand into open
slurry tanks, then inserting wet molds into a sand shower to build
up the shell covering over the wax replicas. Hand dipping was done
only in Building A, where small parts were processed. Large parts
were processed at Building B where parts were handled with forklift
trucks (auto shell processor) and dipping was performed by robot
dipping machines (grabber operators).

Utility investor and shell processor exposures were less than those
for hand dippers. Utility investors prepare and check the slurry
during the work shift. Periodically during the day, these workers
would approach slurfy tanks and dip out a small quantity -for -
testing, but did not spend the entire day directly adjacent to a
slurry tank. Shell processors were responsible for handling
finished ceramic shells and rarely approached the open slurry
tanks.

Exposures were generally less at Building B than Building A. This
result is seen in both area bulk air samples and personal samples,
As noted earlier, this difference was most likely due to
construction differences between the buildings. Building A is newer
and tightly built with a closed ventilation system. Also, the
investment department at Building A is physically isolated from the
remainder of the building. At Building B, outside doors were
typically left open to encourage cross ventilation and all
departments were interconnected.

Biological Samples

In the April survey, seventeen (17) blood samples were collected
from individual workers in Building A. Nine (9) exposed workers and
four (4) controls participated by providing at least one blood
sample. Four (4) exposed workers provided two samples each (two
vials of blood from the same needle stick) for replicate samples.
All blood samples were analyzed for parent compound (2EE) by an
experimental method which has not been previously attempted as a
method for estimating 2EE exposures in humans (2). In the animal
experiments used to develop the method, 2EE was applied directly to
the skin. None of the workers who submitted blood samples reported
any direct skin contact with 2EE and exposure was deemed ;to occur
only by inhalation or from airborne vapor condensing on the skin.
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2EE and historical controls is highly significant (p < 0.001 using
square root transformation of the data and adjusting for abstinence):
the mean sperm concentration for unexposed workers in this study is
also significantly lower (p = 0.040) than that of the historical
controls. Further, the proportion of men with oligospermia (sperm
concentrations < 20 million/ml) in the 2EE - exposed group is
significantly higher then among historical controls (16.2% vs. 3.9%,

p = 0.021 by 2-sided Fisher's exact test), although not for unexposed
workers in this study (10.5 vs. 3.9%, p = 0.207). Thus, if the sperm
concentrations of both groups in this study are adversely affected by
occupational or other factors which could not be addressed directly in
the present study, it may not be possible to distinguish a specific
effect due to 2EE alone given the limited sample size and large
interpersonal variations in this characteristic. The mean values for
other semen characteristics (i.e., sperm viability, motility, velocity,
morphology) were not significantly different from those of the
historical controls measured using identical methodologies.

In conclusion, our findings suggest a possible effect of 2EE exposure
on semen quality in these workers. 1In view of the low sperm )
concentrations observed in both groups and particularly among
2EE-exposed workers, it is possible that control workers are or have in
fact also been exposed and affected by 2EE or that some other, unknown,
agent(s) is affecting both groups. Given the toxicological evidence
which clearly demonstrates the testicular toxicity of 2EE in a number
of species, prudent interpretation of the results of this semen .study
would suggest strictly limiting exposure. Confirmatory studies in
other populations would be useful.

VIII. RECOMMENDATIONS.

\

. The withdrawal of the use of 2EE in the slurry mix is recommended as
a prudent preventive measure. Efforts should be made to ensure that
the acute toxicity, carcinogenicity and reproductive toxicity of
substitution products be evaluated prior to their introduction, and
that toxicity information be made available to employees.

1/‘!. Due to concern regarding the sperm concentrations observed among

employees, and particularly among 2EE exposed men, it would be
advisable to assure that there is no continuing problem by
monitoring the incidence of reproductive problems (in particular
infertility) among these workers. If follow-up monitoring indicates
an increased rate of infertility or adverse reproductive outcomes,
further medical testing of workers, which might include reevaluation
of semen quality, would be advisable.


















TABLE 1

RESULTS FOR SPIKES AND BLANKS

No. of Samples (N) Avg. Recovery (%)
ril 1984 Surve
Overnight analysis 2 150
Field Spikes 4 69
QC Spikes 3 60
Blanks 4 0
June 1984 Surve
Field Spikes 14 86

Blanks 8 0












TABLE 5
EXPOSURE RESULTS: INDIVIDUAL URINE MONITORING
PRECISION CASTPARTS CORP.
mg EEA/g Creatinine

June 1984 Survey
Building B

Day of collection

—— s e o T 2 o e - - —— -

Person/Job Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
eSS s S S s sTET E E  E E E I T E S S S S T R A e e A e ST I S e TR A S SE TE AN S L NS I ESE
Supervisor 29 30 16*
40 20*
16*
Grab. Opr. 1 70 97 68 59 108
101 102
106
Grab. Opr. 2 121 52 59 79
<= 153 .
Grab. Opr. 3 74 55 45
Shell Proc. 1 79 ND**
Shell Proc. 2 78 87
Shell Proc 3 61
60
B S S T T E S TS R RN S S S S S S S S S S EEN E S eSS S E E E S Tr S ST E ST NESE ST SOS J EtaEE=

Notes: data shown is concentration for sequential voids during a work shift
*after one day off work
xxgfter two days off work
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TABLE 7
SEMEN CHARACTERISTICS OF UNEXPOSED AND EXPOSED WORKERS

Unexposed (n=38) Exposed (n=27) Significance
Characteristics Mean ~ _ SD Mean SD (p value)
Semen pH 8.08 0.18 8.03 0.17
adjusted meanl 8.09 8.01 0.060
Semen volume (ml) b P | 1.4 2.8 1:3
adjusted mean? 3.0 2.9 0.538
Sperm concentration 60.2 37.0 48.5 30.2
(millions/ml)
Adjusted mean3 53.3 45.0 0.207
Sperm count (millions/
ejaculate) 178.6, 118.0 123.4 81.7
Adjusted mean® 153.9 112.7 0.048
% subjects with sperm
concentration
< 20 millién/ml 10.5 16.2 0.516

SD=standard deviation of the mean

adjusted for abstinence and presence of varicocele

adjusted for abstinence and subject's age

adjusted for prescription medication use and presence of varicocele
adjusted for prescription medication use and presence of varicocele

& WwN









TABLE 10

SPERM MORPHOMETRY IN UNEXPOSED AND EXPOSED WORKERS .

Unexposed (n=38) Exposed (n=37) Significance
Category Mean _____ SD Mean SD__ (p value)
Area(um?) 9.0 1.0 9.0 0.8 0.993
Perimeter (um) 11.4 0.6 11.5 0.6 0.579
Length (um) 4.4 0.3 4.5 0.3 0.265
Width (um) 2.6 0.2 2.6 0.1 0.399

SD=standard deviation of the mean
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