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ABSTRACT. The authors investigated the association of birth weight with maternal and pa-
ternal exposure to organic solvents in 1,222 couples employed in a large petrochemical
corporation in Beijing, China, during the period between 1994 and 1998. A trained inter-
viewer assessed parental exposures to organic solvents. The authors used generalized ad-
ditive models to examine the association between birth weight and parental exposure to
organic solvents. After the authors adjusted for potential confounders, maternal exposure
to solvents was significantly associated with reduced birth weight (-81.7 gm, 95% confi-
dence interval = -106.3, -3.1), and reduced birth weights of female babies and of younger
mothers’ babies were statistically significant. Maternal exposure to organic solvents was as-
sociated with reduced birth weight in this population, but paternal exposure to organic sol-

vents was not similarly associated.

<Key words: organic solvents, parental exposure, reduced birth weight>

ORGANIC SOLVENTS are ubiquitous in industrial-
ized society, both at work and at home.! Many women
of childbearing age are exposed occupationally to of-
ganic solvents.? Fuels such as petroleum? are mixtures
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of various hydrocarbons,* and may contain benzene,
toluene, xylene, and styrene, and other components.
Many organic solvents are teratogenic,’ embryotoxic,®
and genotoxic’® in laboratory animals.
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The effects of maternal exposure to organic solvents on
spontaneous abortion have been observed frequently,®
although some studies have not supported these find-
ings.'? In addition, several epidemiologic studies have
provided evidence that exposure to organic solvents dur-
ing pregnancy increased congenital anomaly,'>'* in-
creased stillbirth,'> reduced fertility,'®'” and increased
smail-for-gestational-age births.’®

The relationship between a mother’s organic solvent
exposure and reduced birth weight has been studied pre-
viously in hairdressers,'® laboratory workers," dry clean-
ing employees,? and laundry workers.?' The odds ratios
in these studies were increased, in the range of 1.5t0 1.7,
but were not statistically significant at the 5% level. A re-
cent Canadian study showed statistically significant re-
duced birth weights among individuals who experienced
a longer period of organic solvent exposure.'® The study
of national natality and fetal mortality showed a greater
proportion of employed mothers who gave birth to low-
birth-weight infants,22 and a substantial excess of low
birth weight in food and beverage and service employees
(observed/expected = 1.42). In addition, water pollution
was associated significantly with incidence of low birth
weight.?> The weight of mouse fetuses was reduced sig-
nificantly when exposure to the vapor of organic solvents
from a synthetic adhesive?* occurred. In some studies,
however, these findings have not been supported,? or
higher birth weights were evident among solvent-ex-
posed babies than unexposed infants.'?

The results of several studies have suggested an asso-
ciation between paternal solvent exposure and certain
adverse reproductive outcomes, such as reduced fertili-
ty,"” spontaneous abortion,’*?® and congenital anom-
alies.?”28 In one study, the authors found that paternal
exposure to benzene was associated with a 1.5-fold in-
crease in risk of having an infant who was small for his
or her gestational age.’ In a study of paternal occupa-
tional exposure, spray painters with frequent exposure to
solvents fathered babies with lower birth weights, com-
pared with babies fathered by electronic workers.?® The
risk of low birth weight also increased among infants
born to male workers exposed to solvents in autobody
shops, compared with a control group.3® In contrast to
the suggestive associations observed sporadically, a
more recent (i.e., 1997) study in which investigators
used prospectively collected occupational histories and
more detailed demographic and behavioral variables
failed to find a significant effect of paternal occupation-
al exposure on birth weight.?'

Such inconsistent results raise the need for further
study of the effects of parental solvent exposure on birth
weight. In the current study, therefore, we investigated
the association between birth weight and maternal and
paternal exposures to organic solvents among couples,
of which both members were employed in a large
petrochemical corporation in Beijing, China.

Method

Study site. This study was conducted at the Beijing
Yanshan Petrochemical Corporation (BYPC), which is
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located in a suburban area of Beijing, China. The BYPC,
which has been operational since 1986, employs more
than 47,000 individuals and comprises 17 major pro-
duction plants and institutes for petroleum and chemical
processing. The major occupational exposures are to
aromatic solvents, including benzene, toluene, styrene,
and xylene. The levels of these solvents are all main-
tained lower than 1 ppm as an 8-hr time-weighted
average.>? Approximately 80% of local residents are
employed at the BYPC. In general, pregnant employees
stop work at about 28 wk of gestation. The BYPC staff
hospital is the only regional hospital that serves the local
community and the employees of the BYPC. All of the
BYPC workers are entitled to free medical care, including
routine health examinations, family-planning counseling,
prenatal care, delivery care, and neonatal care.

Study population and procedure. Eligible women
were current employees at the BYPC who had had a
live birth at the BYPC staff hospital between May 1996
and December 1998. The women had various job titles,
including machine operator, quality-assurance labora-
tory technician, electrician, instrument personnel,
assistant engineer, and maintenance worker. Among the
1,426 potential subjects, those who had multiple ges-
tations (n = 28) or births with major congenital defects
(n = 12) were excluded. We also restricted the study
population to the women who had spouses employed
at the BYPC.

After obtaining informed consent, trained inter-
viewers administered a questionnaire to women and
men separately to obtain information on demographic
variables, active and passive smoking, alcohol con-
sumption, physical activity, occupational exposures,
and medical and reproductive histories. Maternal clin-
ical data, including prepregnancy weight and height,
the first day of the last menstrual period, and birth
outcomes (including the infant’s gender, gestational
age, and birth weight) were recorded by a trained nurse.
Given that few women smoke in China, those who had
smoked during or before their pregnancies were
excluded (n = 15). Of the remaining 1,371 pregnancies,
149 (10.8%) pregnancy outcomes were not recorded
completely; therefore, birth weights, adjusted for gesta-
tional age, could not be calculated. Finally, 1,222
mother—father-infant triads remained for data analysis.
The study protocol was approved by the institutional
review boards of the Harvard School of Public Health
and Beijing Medical University.

Occupational exposure data collection. Exposure
assessment was based on a questionnaire administered
by a trained interviewer. A detailed checklist of 42
chemical and physical reproductive hazards present in
the industry was developed on the basis of a toxico-
logical literature review and information regarding
petrochemical production processes. The interviewer
asked both the mother and father, separately, to
indicate on the checklist 3 major hazards that they
contacted in their daily work. If any of the 4 aromatic
solvents (i.e., benzene, toluene, xylene, or styrene)
were reported, the participant was rated as “exposed to
organic solvents.”
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Statistical analysis. Birth weight represents one out-
come of pregnancy. Reduced birth weight can result
from preterm delivery, intrauterine growth retardation,
or both. This study specifically focused on adverse ef-
fects of parental organic solvent exposures on intrauter-
ine growth; therefore, all regression models were ad-
justed for gestational age. To appropriately adjust for
gestational age, we examined its functional relationship
with birth weight using a generalized additive model
(GAM).?3 The GAM provides a flexible method for the
identification of nonlinear covariate effects in a variety
of modeling situations, and it can be used in a data-
analytic fashion for understanding the effects of co-
variates.3334 There was a significant departure from
linearity; therefore, birth weight was adjusted for with
locally weighted smoother (LOESS) function for all sub-
sequent analyses in S-PLUS.3>

We used GAMSs to examine the associations of birth
weight with maternal exposures to solvents and other
covariates. All exposure variables were treated as bina-
ry or dummy variables. We examined the association
between birth weight and maternal, paternal, and infant
variables. Infant gender, maternal prepregnancy body
mass index (BMI) and age, and paternal height and ed-
ucation were strong predictors for birth weight (p <
.001), so we entered these variables in the final model.

Gestational age suggested a nonlinear relationship;
therefore, we adjusted it with LOESS function. For all

analyses, we used SAS Unix version 6.08 and S-PLUS
(i.e., S-PLUS 2000). In S-PLUS, we started with the orig-
inal model and then attempted to improve the model fit
by several model selections. First, we estimated the ef-
fects of organic solvents on infant birth weight by 2 and
then by 4 categories, as well as the interactions of
parental exposure with a chi-square test, ttest, and sim-
ple regression models. Second, we adjusted crude ef-
fects for parental age, education, BMI, height, and
weight. Finally, in the analyses of low birth weight, the
effects of organic solvents were also adjusted for gesta-
tional age.

Results

The characteristics of the study population, such as
parental age, BMI, weight, height, education, infant
gender, alcohol consumption, and passive smoking, by
parental organic solvent exposure status, are shown in
Table 1. A total of 1,222 female workers and their hus-
bands were surveyed for exposure to organic solvents.
This sample was generally a low-risk group. The major-
ity of women were at their optimal reproductive ages,
and most women were nonsmokers who were at ideal
weights for their respective heights. The mothers and fa-
thers in the exposed and nonexposed groups were sim-
ilar with respect to age distribution, parental weight and
height, parity, and infant gender. However, most of the

Table 1.—Characteristics of the Study Population
Maternal group Paternal group
No exposure Exposure No exposure Exposure
(n=1,111) (n=111) (n=1,096) (n=126)

Variable x* SD x* SD x* SD x* sD
Age (yr) 26.8 2.4 26.9 2.3 28.4 31 28.9 2.8
BMI (kg/m?)t 22.4 35 22.8 4.1 235 3.0 23.5 2.8
Weight (kg) 58.3 9.3 59.1 109 70.5 10.0 70.0 8.9
Height (cm) 161.2 5.1 160.9 4.3 173.2 5.2 172.3 4.7
Infant birth weight (gm) 3,424.0 436.0 3,347.0 396.0 3,418.0 458.0 3,408.0 389.0
Gestational age (wk) 399 1.3 39.9 1.5 39.9 1.3 39.9 1.4
Variable Number¥  Percentage Numbert Percentage Numbert Percentage Number  Percentage
Infant sex (female) 533 48.1 56 50.9 530 48.5 59 46.7
Parity (first baby) 1,060 90.9 51 89.5 1,045 95.3 120 96.0
Education

Middle school or lower 173 15.6 12 10.8 223 203 24 19.0

High school 791 71.2 92 82.9 617 56.4 80 63.4

College or graduate level 147 13.2 7 6.3 257 23.3 21 16.6
Alcohol consumption (yes) 21 1.9 2 1.9 505 46.0 59 47.6
Active smoking (yes) 638 58.2 75 60.0
Passive smoking (yes) 673 60.6 59 53.2 662 60.5 70 56.0
Note: X = mean, and SD = standard deviation.
*Tested by t test, but there were no statistically significant differences between exposure and no-exposure groups, except with respect to pa-
ternal education.
+BMI = body mass index.
#Tested by % test, but there were no statistically significant differences between exposure and no-exposure groups, except with respect to
paternal education.
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Table 2.—Infant Birth Weight, by Characteristics of Study Population

Maternal Paternal
No exposure Exposure No exposure Exposure
(n=1,111) (n=111) (n=1,059) (n=126)

Variable X SD X SD X SD x sD
Age (yr)

<25 3,369 456 3,247 300 3,358 461 3,400 407

25-29 3,434 424 3,371 410 3,421 432 3,416 410

230 3,475 483 3,325 452 3,422 448 3,387 340
BMI (kg/m2)*

<25 3,353 387 3,319 463 3,403 429 3,458 366

25-29 3,438 447 3,356 423 3,460 462 3,285 427

230 3,486 476 3,406 375 3,426 434 3,175 459
Infant gender

Male 3,470 435 3,429 397 3,465 438 3,473 359

Female 3,373 431 3,268 386 3,367 449 3,325 397
Parity

First baby 3,422 435 3,357 393 3,417 437 3,403 388

Second and over 3,472 452 3,166 446 3,433 462 3,510 449
Education

Middle school or lower 3,371 418 3,204 337 3,357 452 3,522 343

High school 3,429 449 3,358 406 3,426 443 3,350 372

College or above 3,459 379 3,442 330 3,452 408 3,495 468
Alcohol consumption

Yes 3,288 340 3,276 330 3,418 471 3,330 384

No 3,426 437 3,356 385 3,418 407 3,476 386
Passive smoking

Yes 3,447 422 3,371 339 3,439 399 3,383 382

No 3,409 445 3,325 442 3,439 417 3,405 451

Notes: X = mean, and SD = standard deviation. There were some differences in infant birth weight between exposure and no-exposure

groups, but they were not statistically significant.
*BMI = body mass index.

mothers in the exposed group did not have a college
education, but most fathers in the exposed group were
college educated. The overall mean birth weight for the
sample was 3,427 gm (standard deviation [SD] = 433
gm). Gestational age had a near-normal distribution
(mean = 39.9 wk [SD = 1.3 wk {range = 33-44 wkj}]).

Infant birth weights, by parental organic solvent ex-
posure, and with adjustment for gestational age, are
shown in Table 2. The mean birth weight for mothers in
the organic-solvents—exposed group was 77.1 gm lower
{(p = .054) than for those in the nonexposed group. The
weight difference for fathers between these groups was
10.3 gm (p = .781), which reflected the same trend ob-
served for the mothers.

We, therefore, examined the relationship between
parental organic solvent exposures and low birth
weight by constructing several exposure models. Table
3 reveals marginally significant risks of low birth weight
resulting from maternal organic solvent exposure in the
basic GAM, in which gestational age—but not paternal
organic solvent exposure—was adjusted for.

The aforementioned associations were evaluated fur-
ther by multivariate analysis. The GAM included pa-
rental organic solvent exposure, infant gender, parity,
mother’s prepregnancy BMI, age, alcohol consumption,
father’s height, and father’s education (Table 4). Al-
though the organic solvent exposure level was low in
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our population, it was associated significantly with re-
duced birth weight (-81.7 gm; 95% confidence interval
[Cl] = -106.3, -3.1). The association between reduced
birth weight of female babies and of younger mothers’
babies and exposure was statistically significant, but
higher maternal BMI, paternal height, and paternal ed-
ucation were protective against low birth weight. Ma-
ternal passive smoking, alcohol consumption, and
“first” baby were not statistically significant predictors
of reduced birth weight. We also explored the associa-
tion between parental organic solvent exposure and
prematurity, but there were no differences between ex-
posed and nonexposed individuals.

Discussion

We found that maternal exposure to organic solvents
was associated with reduced birth weight in our popu-
lation, but no such association was found for paternal
exposure to solvents.

This is one of the few studies in which researchers ex-
amined self-reported organic solvent exposure relative
to birth weight. The study was based on a large number
of female workers from a modern petrochemical plant,
where epidemiologic and clinical data were collected
with a validated questionnaire. Consistent methods
were used by trained research staff, and occupational
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by 4 Different Models

Table 3.—Adjusted Association of Birth Weight with Parental Exposure to Organic Solvents,

Models of organic

Estimated change

solvent exposure*t n in birth weight 95% ClI p
Model 1

No maternal exposure 1,111 Referent

Maternal exposure m -79.0 -156.0, -1.9 .0447
Model 2

No paternal exposure 1,059 Referent

Paternal exposure 126 -3.3 -76.3, 701 930
Model 3

No exposure 1,019 Referent

Maternal exposure only 78 -36.6 -68.8, 4.2 .027

Paternal exposure only 92 -99 -52.1,42.2 .645

Maternal and paternal

exposures 33 14.2 -20.9,49.3 428

Model 4

No exposure 1,111 Referent

Maternal exposure m -81.7 -106.3, -3.1 .042

Paternal exposure 126 12.6 -62.0, 87.2 .740

Note: Cl = confidence interval.

smoothing of gestational age.

*If any of the 4 aromatic solvents (i.e., benzene, toluene, xylene, or styrene) were reported, the
participant was rated as “exposed to organic solvents.”

tAll estimates were derived from generalized additive models (GAMEs), including infant gender,
paternal education, parental height, maternal body mass index, age, passive smoking, and GAM

exposure was determined with objective exposure as-
sessment.3?

The results of this study support previous epidemio-
logic and animal studies in which organic solvents, as
reproductive toxins,'>3¢3% were associated with low
birth weight.* The relationship between occupational
exposure and low birth weight has been studied for
chemicals such as organic solvents,3 lead,3*4° and or-
ganic solvents in combination with lead.#' The afore-
mentioned studies have shown that the relationship be-
tween maternal exposure and low birth weight is
positive. No effects, however, were found from paternal
exposure to organic solvents.? In the evaluation of a re-
lationship between spontaneous abortion and benzene
exposure, paternal exposure did not increase risk.*?
Multivariate analysis that adjusted for confounders
showed that autobody painters fathered babies who
were 82 gm lighter on average than babies in a control
group.

The results of studies of the relationship between oc-
cupational parental exposure to organic solvents and
adverse pregnancy outcomes have often been conflict-
ing. In a recent case-referent study in which self-ad-
ministered questionnaires were used, hairdressers were
more likely to give birth to small-for-gestational-age in-
fants, and they had an increased risk of having low-
birth-weight infants, but these findings were not statisti-
cally significant.’ In a prospective controlled study,’?
investigators found an increased frequency of birth de-
fects among the group exposed to solvents and, as a
secondary result, birth weight was also significantly
lower among the exposed group. There have been
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Table 4.—Association of Birth Weight with Organic Solvent
Exposures, after Adjustment for Covariates

Variable Estimated p 95% Cl
Organic solvent
exposure*
(mother) -81.7 .042 -106.3, -3.1
Organic solvent
exposure*
(father) 12.6 .740 -62.0, 87.2
Infant gender
(female) -124.3 .0001 -168.4, -80.2
Parity -27.4 616 -134.6, 79.8
Age (mother) ~12.8 012 -22.8, -2.8
BMIt (mother) 1.5 .0001 53, 17.7
Height (father) 14.6 .0001 10.3, 189
Passive smoking =371 A 8.4, -82.6
Alcohol
consumption -30.4 719 -196.4, 135.6
Education (father) 70.3 .022 6.3, 144.3

Note: Cl = confidence interval.

*All estimates were derived from generalized additive models
(GAMEs), including infant gender, paternal education, parental
height, maternal body mass index, age, passive smoking, and
GAM smoothing of gestational age.

+BMI = body mass index.

strong indications of a relationship between maternal
organic solvent exposure and low birth weight. The re-
sults of our study are consistent with previous studies
with respect to parental exposure to organic solvents,
and the effect was most distinct for maternal exposure.

211



We used regression models to examine the associa-
tion between birth weight and maternal exposure to sol-
vents. We adjusted for potential confounders, after
which maternal exposure to solvents was significantly
associated with reduced birth weight (-81.7 gm; 95%
Cl =-106.3, -3.1); paternal exposure, however, did not
show a significant association. When we included both
maternal and paternal exposure in a generalized addi-
tive model, maternal organic solvent exposure retained
its statistically significant relationship with birth weight.
GAMs do not require the assumption of covariate-re-
sponse relation,*? and they are very useful for charac-
terizing effects of nonlinear covariates.?444

The father’s college education was associated signifi-
cantly with higher birth weight in our population, and
it may reflect some confounders that were not mea-
sured directly. We have examined other occupational
factors and information on lifestyle factors, and none of
them explained the effect of father’s education. Al-
though we did not have information on other measures
of socioeconomic status, which might have been asso-
ciated with the father’s education, we assumed that
such socioeconomic factors were not sufficiently asso-
ciated with maternal solvent exposure to explain the ef-
fects of solvent exposure on birth weight. Our results
showed that only maternal exposure, not paternal ex-
posure, was associated with birth weight. Our results
suggest that the association of maternal exposure likely
refiects true effects, rather than spurious results con-
founded by socioeconomic status. It is likely, therefore,
that socioeconomic status would have been associated
with both paternal and maternal exposure to a similar
degree.

Comparison of self-reported data with other sources
has indicated underreporting of solvent exposure.>4¢
This underreporting tends to dilute the effects, or, if it is
related to the outcome, it introduces a bias that can
overestimate or underestimate an effect.’” Some sup-
portive results from a recent study of the comparison of
self-assessed solvent exposure and occupational hy-
gienist-assessed exposure showed that there was fair
agreement between workers’ self-reports and measure-
ment or professional assessment.*’

When the results of this study are interpreted, several
methodological limitations should be taken into ac-
count. The major occupational exposures in this study
population were benzene, toluene, xylene, and styrene.
We studied a low-risk population with low-level organ-
ic solvent exposure as the major occupational expo-
sure. Thus, the generalizability of our findings to
women in other populations—and to other occupation-
al exposures—is limited. A dose-response relationship
between organic solvent exposure and birth weight
could not be examined given the lack of data on indi-
vidual cumulative exposure.

The misclassification of exposure and pregnancy out-
come is an important source of bias in studies of these
variables. Random error in the classification of expo-
sure status (i.e., nondifferential misclassification) may
have diluted the effects of exposures and may explain
the absence of association.?¢ None of the factors sub-
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stantially changed the effect of parental exposure by in-
clusion in or exclusion from the model, or by changing
the exposure variables, which were either 2 categories
or 4 categories.

In the biological mechanism involving maternal or-
ganic solvent exposure on birth weight, benzene pro-
duces several toxic metabolites that affect rapidly grow-
ing cells (e.g., bone marrow), cause oxidative damage in
the cells, and suppress cell growth.>#® Exposure to ben-
zene can cause embryotoxicity and reduced fetal
weight;*® and benzene and some of its metabolites (i.e.,
toluene and xylene) cross the placenta in pregnant
mice.’%> Embryo-fetal toxic effects of toluene were ap-
parent in female rats exposed to toluene before preg-
nancy and during its early stages.>? Investigators evalu-
ated the embryotoxicity of toluene, xylene, benzene,
styrene (and its metabolite, styrene oxide) by using the in
vitro culture of postimplantation rat embryos. The results
of this study showed that toluene, xylene, benzene, and
styrene all have a concentration-dependent embryotox-
ic effect on the developing rat embryo in vitro.>3

The mechanisms that involve paternal organic sol-
vent exposure and embryotoxicity are unknown. Inves-
tigators have speculated, however, that the etiologic
pathway might involve male-mediated exposure of
mothers or actual toxicity to paternal reproductive func-
tion that predisposes abnormal development of the
fetus.>* In this study, we saw no paternal effect. This ab-
sence may have been caused by low exposure and po-
tential exposure misclassification. Given that we used
the same method of exposure assessment for both par-
ents, our results demonstrated the relative importance
between maternal and paternal contribution, with ma-
ternal exposure showing a stronger association with
fetal maldevelopment.

Our study findings have several implications. First,
given that organic solvent exposure is prevalent in the
general population, even a small amount of shift in the
mean birth weight distribution curve toward the left
among those exposed may translate into a significantly
increased number of low-birth-weight infants. This
would contribute to a significant etiologic fraction of
low birth weight. Second, in our examination of simul-
taneous exposure, we found that maternal organic sol-
vent exposures are more important than paternal ones.
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