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Objectives This study investigated the role of maternal exposures at work during pregnancy in the occurrence of 
oral clefts. 
Methods The occupational exposures of 851 women (100 mothers of babies with oral clefts and 751 mothers of 
healthy referents) who worked during the first trimester of pregnancy were studied. All the women were part of a 
multicenter European case-referent study conducted using 6 congenital malfolmation registers between 1989 and 
1992. In each center, the mother's occupational histoty, obtained from an interview, was reviewed by industrial 
hygienists who were blinded to the subject's status and who assessed the presence of chemicals and the probability 
of exposure. Odds ratios (OR) were estimated by a multivariate analysis including maternal occupation or 
occupational exposures during the first trimester of pregnancy and possible confounding factors such as center of 
recruitment, maternal age, urbanization, socioeconomic status, and country of origin. 
Results After adjustment for confounding factors, cleft palate only was significantly associated with maternal 
occupation in services such as hairdressing [OR 5.1,95% confidence interval (95% CI) 1.0-26.01 and housekeep- 
ing (OR 2.8,95% CI 1.1-7.2). The analysis suggests that the following occupational exposures are associated 
with orofacial clefts: aliphatic aldehydes (OR 2.1,95% CI 0.8-5.9) and glycol ethers (OR 1.7,95% CI 0.9-3.3) 
for cleft lip with or without cleft palate and lead compounds (OR 4.0,95% CI 1.3-12.2), biocides (OR 2.5,95% 
CI 1.0-6.0), antineoplastic drugs (OR 5.0,95% CI 0.8-34.0), trichloroethylene (OR 6.7,95% CI 0.949.7) ,  and 
aliphatic acids (OR 6.0,95% CI 1.5-22.8) for cleft palate only. 
C O ~ C I U S ~ O ~ S  Due to the limited number of subjects, these results must be interpreted with caution. However, they 
point out some chemicals already known or suspected as reproductive toxins. 
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Oral clefts are among the most frequent congenital anom- 
alies, with a prevalence of approximately 1 per 700  births 
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multifactorial in origin and are caused by both genetic 
and environmental factors. Many genetic (risk of 
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in Europe (1). Investigators agree that oral clefts are recurrence) and epidemiologic (sex ratio, prevalence) 



Maternal occu~at ion and oral clefts 

characteristics tend to suggest that cleft lip with or with- 
out cleft palate [CL(P)] and cleft palate only (CP) are 
etiologically distinct, although most early studies in en- 
vironmental risk factors have considered them a group. 
Some of the environmental factors implicated in the cau- 
sation of nonsyndrolnic oral clefts include tobacco use 
[for all types of clefts (2-5) and also for CL(P) (3,4)], 
antiepileptic drugs (6,7), and possibly alcohol consump- 
tion [for CL(P)] (8, 9). Debate continues as to whether 
multivitamin supplements, especially folic acid, can pre- 
vent oral clefts (10-12). 

Various occupations and exposures have been asso- 
ciated with reproductive risks (13-17). For oral clefts, 
the occupations include those in the agricultural (18, 19) 
and health care fields (13). Maternal exposure to solvents 
has also been associated with clefts (20-22). Nonethe- 
less, not enough is yet known about the occupational risk 
factors related to orofacial clefts. The present analysis is 
a part of a larger study; our objective here is to investi- 
gate the role of maternal workplace exposures during 
pregnancy in the occurrence of oral clefts. 

Subjects and methods 

Data for this analysis were obtained from a multicenter 
European case-referent study conducted by 6 European 
congenital malformation registries, all members of 
EUROCAT (European Registration of Congenital Anom- 
alies): 2 in France (Paris and Bouches du Rhane), 1 in 
the United Kingdom (Glasgow), 2 in Italy (Emilia Ro- 
magna and Tuscany), and 1 in The Netherlands (Gronin- 
gen). The methods used in this investigation have been 
described in detail in a previous publication (23). 

Cases were defined as any product of conception (live 
or stillborn child or fetus from a therapeutic abortion per- 
formed because of the malformation) with a major con- 
genital malformation diagnosed prenatally or during the 
perinatal period (0 to 6 days). Cases were identified be- 
tween 1989 and 1992 by the 6 registries. For practical 

reasons, the registries in France and Italy recruited cases 
from only some of their hospitals. Each malformation 
was coded locally according to the British Paediatric 
Association Classification of Diseases (BPACD) (24). 
Coding and inclusion criteria were then verified central- 

ly. 
A healthy reference baby, without malformations, 

was recruited for each case in every center except Glas- 
gow, where 2 referents were recruited for each case. For 
the hospital-based cases, the referent was the next child 
born without malfosmations. For the cases recmited from 
a general population (Glasgow and Groningen), the ref- 
erent was a child born on the same date and in the same 
town. 

The medical file provided information about the baby: 
date of birth, gender, birthweight, gestational age, de- 
scription of the malformation, status (liveborn, stillborn, 
abortion). 

Specially trained investigators used a standardized 
questionnaire to interview mothers. The same investiga- 
tor saw both mothers of a case-referent pair, and all the 
interviews took place in the hospital during the week fol- 
lowing the birth or abortion for the hospital-based cent- 
ers or at home and during the month after birth for the 
centers that recruited referents from the general popula- 
tion. The interview provided information about the par- 
ents' sociodemographic characteristics, age, residence, 
and country of origin, as well as the mother's medical 
and obstetric history, alcohol, tobacco and drug use, and 
occupation and hobbies, both before conception and dur- 
ing each trimester of the pregnancy. The interviews elic- 
ited a detailed description of occupations before and dur- 
ing pregnancy - industrial activity and specific occu- 
pation. It included a description of tasks, products han- 
dled, frequency of use, and period (1 month before con- 
ception and lst, 2nd or 3rd trimester'). There were also 
supplemental questionnaires for typical job categories 
(cleaners and janitors, hairdressers and beauticians, 
cooks, waiters, and teachers) and for some jobs especially 
common at specific centers (eg, leather work, ceramics, 
and plastics manufacturing). All the interviewers had all 

Table 1. Distribution of the cases and referents by center and type of malformation (working mothers only). 

Center 
- - 

Cases Referents 

Cleft lip w~ th  or Cleft palate Matched Unmatched Total 
without cleft palate only 

Isolated Multlple Total Isolated Multlple Total 
- - - - - - 

Pal IS 10 7 17 7 1 8 24 253 277 
Bouches du RhBne 10 10 5 2 7 15 74 59 
Emilia Romagna and Tuscany 4 4 8 8 13 11 1 124 
Groningen 24 3 27 7 1 8 37 116 153 
Glasgow 6 6 3 2 5 26 164 138 

Total 
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the questionnaires and used them when relevant jobs 
were reported, at any center. 

Despite efforts at exhaustiveness, only 63% of the 
eligible cases of oral cleft could be interviewed, mostly 
because the mother left the hospital before the interview 
or because the mother or her physician refused to partic- 
ipate. Refusals were rare among the hospital referents 
(less than 10% in Paris). In the population-based stud- 
ies, however, more of the referents did not participate. 
In Groningen, about 150 of the referenece mothers con- 
tacted did not respond to the request for participation and 
were replaced by the next child meeting the same crite- 
ria; in Glasgow, 39 referents (15 refused, 24 not traced) 
had to be replaced. In all, between 1989 and 1992, a to- 
tal of 984 cases of malformation, including 161 oral clefts 
(BPACD code 749.01 to 749.29), and 1134 referents 
were included in this study. 

One hundred cases and 751 referents (66% of the to- 
tal) worked during pregnancy (table 1) and were includ- 
ed in the present analysis. Most of the cases were live- 
born babies (98.5%). Due to the small number of sub- 
jects, the Italian centers (Tuscany and Emilia Romagna) 
were combined in subsequent analyses. More than 80% 
of the malformations were isolated rather than syndro- 
mic forms. 

Because our analysis concerned only cases of oral 
clefts, we had 2 types of referents available, those 
matched with the cases of oral clefts, whom we will re- 
fer to as matched referents (N=183), and those referents 
matched with the other cases of malformations, called 
the unmatched referents (N=95 1). These 2 categories of 
referents did not differ significantly for characteristics 
such as maternal age, socioeconomic status, country of 
origin (maternal and paternal), urbanization (residence in 
a municipality with <200 000 inhabitants; 2200 000 in- 
habitants), and mother's employment during pregnancy. 
To increase the power of the analysis, therefore, we chose 
to consider the overall reference group (N=1134). 

The working mothers of the cases and referents did 
not differ notably for either sociodemographic variables 
or for obstetric history, except for place of residence 
[mothers of CL(P) cases came from less urban back- 
grounds than their referents] and mother's age [older for 
CL(P) cases] (table 2). Moreover, no relevant differenc- 
es were observed for the paternal sociodemographic var- 
iables. 

The coding of occupations and industrial activities 
followed the code of the International Standard Classifi- 
cation of all Economic Activities (25) for industrial ac- 
tivity and the code of the International Standard Classi- 
fication of Occupations (26) for occupations. In each 
center, an industrial hygiene expert blinded to the case- 
referent status interpreted the description of jobs during 
pregnancy and identified each potential workplace expo- 
sure (from a prepared list of 314 exposures) and the 

period of pregnancy when the exposure took place. Each 
exposure was defined by the following 4 parameters: (i) 
route of exposure: inhalation, cutaneous, both; (ii) level: 
low, medium, high; (iii) frequency: <5%, 5-50%, >50% 
of worktime; (iv) reliability of the assessment: possible, 
probable, or certain exposure. All occupational codes and 
center-specific exposures were centrally reviewed and 
standardized. 

The analysis of occupational exposures was restrict- 
ed to women who worked during pregnancy (100 cases 
and 751 referents). The association between occupation, 
occupational exposures, and orofacial clefts was studied 
by calculating the Mantel-Haenszel odds ratio (OR) and 
its 95% confidence interval (95% CI), separately for each 
type of cleft [CL(P) and CP]. The reference group for 
the odds ratios for each occupation were all women 

Table 2. Sociodemographic characteristics of the working moth- 
ers. [CL(P) = cleft lip with or without cleft palate, CP = cleft palate 
only1 

Characteristic Cases Referents 
(N=751) 

CL(P) CP (%) 

Mother's socioeconomic status (last job before delivery) 
Scientific, technical, professional, 25.7 31.3 
managerial, student 
Administrative, sales, services 68.6 56.2 
Agricultural, production workers 5.7 12.5 

Mother's country of origin 
Same as child's 91.7 84.3 
Foreign 8.3 15.6 

Mother's age 
r 2 4  years 22.2 4.7 
25-29 years 33.3 59.4 
30-34 years 25.0 25.0 
235 years 19.4 10.9 

Mother's residence 
Municipality of 61.1 78.1 
~ 2 0 0  000 inhabitants 
Municipality of 38.9 21.9 
>200 000 inhabitants 

Previous medical abortion 
Yes 0 3.2 
No 100 96.8 

Previous spontaneous abortion 
Yes 22.2 22.2 
No 77.8 77.8 

Previous stillbirth 
Yes 2.8 0 
No 97.2 100 

Parity 
Primiparous 58.3 49.2 
Multiparous 41.7 50.8 

Tobacco smoking during 1st trimester of pregnancy 
Yes 30.0 38.3 
No 70.0 61.7 

Alcohol drinking during 1st trimester of pregnancy 
Yes 34.5 21 .O 
No 65.5 79.0 
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working during pregnancy in any occupation except that 
under study. To minimize the possible effects of selec- 
tion, which might be related, for example, to hospital re- 
cruitment, we adjusted these odds ratios for center, moth- 
er's socioeconomic status (professional, clerical and stu- 
dent, sales and service, production or agriculture), urban- 
ization (<200 000 habitants; 2200 000 habitants), and 
country of origin. Moreover, because maternal age has 
been suggested as a possible risk factor for oral clefts 
(27-29), it was taken into account in the adjustment (4 
age classes: 524 years, 25-29 years, 30-34 years, 235 
years). 

The occupational exposures considered for the anal- 
ysis were those reported by the experts for more than 10% 
(N28, cases and referents combined) of working moth- 
ers for the first trimester of pregnancy. Women were con- 
sidered exposed, regardless of the frequency or proba- 
bility of exposure, as long as neither was zero. For each 
product, the "unexposed" category comprised all wom- 
en not exposed to that product, regardless of their expo- 
sure to any other product. 

Because most women had been exposed simultane- 
ously to several chemicals, our goal -in addition to es- 
timating individual risk - was to identify, at the end of 
the process, a limited number of chemicals independent- 
ly associated with an increased risk of orofacial clefts. 
Many of these exposures were highly correlated, either 
because of our study design (ie, exposure to formalde- 
hyde automatically entailed exposure to "aliphatic alde- 
hydes") or because of the work environments represent- 
ed in our sample (ie, bleaching agents and ammonia were 
considered present almost exclusively for hairdressers 
and almost always together). We decided in the first sit- 
uation to consider only the broader exposure, represent- 
ative of the chemical family, and in the second situation 
to consider only 1 exposure to be representative of hair- 
dressers. 

The adjusted odds ratios for each of these exposures 
were estimated for CL(P) and CP. To estimate the inde- 
pendent effects of these exposures, we selected for fur- 
ther analysis those associated with an odds ratio for 
which the P-value was 520%. We used a backward 

Table 3. Odds ratios associated with maternal occupation in the first trimester of pregnancy (subcategories reported only when at least 
10% of all subjects were employed in that category). [CL(P) = cleft lip with or without cleft palate, CP = cleft palate only, 95O/0Cl = 95% 
confidence interval] 

Maternal occupation CL(P) CP Referents Odds ratio 95% CI Odds ratio 95% CI 
(N=64) (N=36) (N=751) CL(P)a cL(p) C Pa C P 

Professional, technical and related workers 
Medical, dental, veterinarians, pharmacists 
Nurses, midwives, medical X-ray technicians 
Architects, engineers and related technicians 
Statisticians, mathematicians, system analysts 
Teachers 
Social workers 
Others professional and technical workers 

Students 
Administrative, managerial workers 
Clerical and related workers 

Stenographers, typists 
Bookkeepers, cashiers 
Computing machine operators 
Other clerical and related workers 

Sales workers 
Technical salesmen, commercial travellers 
Salesmen, shop assistant 
Other sales workers 

Service workers 
Housekeeping workers 
Nurses' aides 
Hairdressers, beauticians 
Cooks, waiters 
Other service workers 

Agricultural workers 
Production workers 

Textile workers 
Leather workers 
Other production workers 

a Adjusted for center, maternal age, mother's socioeconomic status, urbanization, and country of origin 
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stepwise logistic regression starting with a full model in- 
cluding all the exposures selected at the previous step and 
all the sociodemographic variables already discussed to 
obtain a final set of exposures independently associated 
with oral clefts. 

Most of the working mothers had administrative and pro- 
fessional or technical jobs. Only 14% worked in service 
industries, and 6% were in production (table 3). The odds 
ratios were estimated for each type of cleft and were 
highest for service occupations. Within this group, the 
odds ratios were higher for CP than for CL(P) and statis- 
tically significant for CP for only 2 occupations: house- 
keepers (OR 2.80,95% CI 1.08-7.24) and hairdressers 

(OR 5.10 95% CI 1.01-25.9). For production workers, 
the elevated odds ratios primarily concerned CL(P). 

Of the prepared list of 3 14 exposures, 96 chemicals, 
chemical groups, and end-use products were assessed as 
present in the workplaces of more than 10% of the sub- 
jects. Odds ratios adjusted for the potential confounders 
already discussed were estimated for each of these 96 ex- 
posures and for each type of cleft. Table 4 lists those 
products for which the P-value was 520% for at least 1 
type of cleft. Odds ratios significantly different from 1 
(P<0.05) were observed for aliphatic aldehydes, glycol 
ethers, cleaning agents, products used for duplicating 
processes, and formaldehyde for the CL(P) group and for 
hair dust, fluorocarbons, lead compounds, aliphatic al- 
cohols, toluene, hydrogen peroxide, trichloroethylene, al- 
kanes (Cl-C4), aliphatic acids, biocides, antineoplastic 
drugs, ammonia, bleaching agents, and spray gases for 
the CP group. 

Table 4. Adjusted odds ratios for occupational exposures in the 1st trimester in association with oral clefts (presented for exposures to 
which at least 10% of all the subjects were exposed and P 520% for at least one type of cleft). [CL(P) = cleft lip with or without cleft 
palate, CP = cleft palate only, 95%CI = 95% confidence interval] 

Exposure Referents 
(N=751) 

(Yo) 

Odds ratio 
CL(P)a 

Odds ratio 
CP8 

Hair dust 
Nitrogen oxides 
Fluorocarbons 
Lead compounds 
Aliphatic aldehydes 
Aliphatic alcohols 
Toluene 
Monocyclic aromatic hydrocarbons 
Alkalis and caustics 
Hydrogen peroxide 
Trichlorethylene 
Blood and by-products 
Polish 
Mineral oils 
Alkanes C1 -C4 
Aliphatic acids 
Aliphatic amines 
Glycol ethers 
Pharmaceutical products 
Laboratory products 
Biocides 
Antineoplastic drugs 
Microbiological contaminants 
House dust 
Ammoniac 
Adhesives 
Inorganic acids 
Cleaning agents 
Duplicating process 
Polyvinyl acetate 
Engine emission 
Aromatic amines 
Bleaching agents 
Spray gases 
Formaldehyde 
Ethanol 
Methanol 

a Adjusted for center, maternal age, mother's socioeconomic status, urbanization, and country of origin. 
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We then selected for multivariate analysis the expo- 
sures associated with an odds ratio for which the P-val- 
ue was 20% or less: 15 for CL(P) and 32 for CP (table 

4). 
Some of the exposures were highly correlated, and 

we therefore made some arbitrary decisions. Of the chem- 
ical products or end use products associated only with 
hairdressers (hair dust, polyvinyl acetate, ammonia, aro- 
matic amines, and bleaching agents), we chose only 1 
(hair dust) to be representative of hairdressers. Some ex- 
posures were hierarchically organized; that is, for exam- 
ple, formaldehyde represented more than 95% of the 
aliphatic aldehydes. Ethanol and methanol were similar- 
ly hierarchically related to aliphatic alcohols. In these 
situations we considered the exposure that was represent- 
ative of the chemical family (ie, aliphatic aldehydes, 
aliphatic alcohols). Spray gases and engine emissions 
(gasoline) were considered as possible end-use products 
for fluorocarbons and lead compounds, respectively. In 
our sample, all the women exposed to spray gases or en- 
gine emission were also coded as exposed to fluorocar- 
bons or lead compounds. Only 50% of the fluorocarbons 
were used as spray gases, however, and 82% of the lead 
compounds resulted from engine emissions. We therefore 
selected the chemical products (fluorocarbons and lead 
compounds) instead of the end-use products. At the end 
of this process, we kept 11 exposures for CL(P) and 22 
for CP. 

For each type of cleft, the exposures were included 
in a backward stepwise logistic regression model with 
the adjustment variables presented earlier. Three expo- 
sures were retained for CL(P); 2 of these - aliphatic al- 
dehydes and glycol ethers - were associated with an 

excess risk (table 5) .  The 3rd, which involved exposure 
to the duplicating process, showed an inverse relation 
with CL(P). At the end of the logistic regression, 5 ex- 
posures remained in the global CP model (table 6): lead 
compounds, trichlorethylene, aliphatic acids, biocides, 
and antineoplastic drugs. Forward or backward stepwise 
procedures gave the same results. Adjusting for tobacco 
use and alcohol consumption during the first trimester 
of pregnancy did not alter these results (table 5-6). 

We also compared the results obtained by estimating 
risk for individual exposures separately (the univariate 
analysis) and by simultaneous (multivariate) evaluation. 
Four occupational exposures were associated with an 
odds ratio that was statistically different from 1 (P<0.05) 
for CL(P) in the estimation of individual risks (table 4): 
aliphatic aldehydes, glycol ethers, cleaning agents, and 
the duplicating process. After the conlpetitive selection 
of 11 exposures with P-values of 50.20, 3 of these re- 
mained associated with the risk of CL(P). The end-use 
product group of cleaning agents was no longer includ- 
ed in the model, but much of its information was already 
included, with exposure to aliphatic aldehydes and gly- 
col ethers (70% of exposure to glycol ethers occurred 
through the use of cleaning agents). 

In the CP group, 14 exposures were individually as- 
sociated with a statistically significant increased risk 
(P<0.05). After we eliminated structurally related expo- 
sures, 11 statistically significant associations remained. 
After competitive selection, only 5 exposures remained 
significantly associated with the risk of CP. 

Table 7 summarizes the primary occupations of the 
mothers exposed to substances found to be significantly 
associated with an increase in oral clefts. Some exposures 

Table 5. Last step of the global model, including 11 significant exposures (P120%), for cleft lip with or without cleft palate. 

Exposures Referents Cases Odds 95% CI P-value Odds 95% CI P-value 
(N=751) (N=64) ratioa ratiob 

Aliphatic aldehydes 32 7 2.1 0.8-5.9 0.16 4.4 1.3-14.4 0.02 
Glycol ethers 137 23 1.7 0.9-3.3 0.13 1.5 0.6-3.5 0.40 
Duplicating process 201 10 0.5 0.2-1.1 0.08 0.4 0.1-1.1 0.06 

a Adjusted for center, maternal age, mother's socioeconomic status, urbanization, and country of origin. 
b Adjusted for center, maternal age, mother's socioeconomic status, urbanization, country of origin, and tobacco and alcohol consumption. 

Table 6. Last step of global model, including 22 significant exposures (P120%), for cleft palate only. 

Exposures Referents Cases Odds 95% CI P-value Odds 95% CI P-value 
(N=751) (N=36) ratioa ratiob 

Lead compounds 45 5 4.0 1.3-1 2.2 0.03 4.9 1.2-1 9.2 0.04 
Trichlorethylene 5 2 6.7 0.9-49.7 0.09 7.8 0.8-71.8 0.1 0 
Aliphatic acids 12  4 5.9 1.5-22.8 0.02 7.6 1.3-42.6 0.04 
Biocides 135 13 2.5 1 .O-5.95 0.05 1.9 0.6-6.4 0.29 
Antineoplastic drugs 7 2 5.1 0.8-34.0 0.13 4.4 0.3-73.5 0.34 

a Adjusted for center, maternal age, mother's socioeconomic status, urbanization, and country of origin. 
Adjusted for center, maternal age, mother's socioeconomic status, urbanization, country of origin, and tobacco and alcohol consumption. 
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Table 7. Principal occupations (%) of women exposed to substances found to be significantly associated with the risk of oral clefts. 

Occupation Lead Trichloro- Aliphatic Biocides Antineo- Aliphatic Glycol 
compounds ethylene acids (N=168) plastic aldehydes ethers 

(N=56) (N=9) (N=18) drugs (N=43) (N=171) 
(N=10) 

Professional, technical workers 
Medical doctors, dental, veterinarians, pharmacist 
Nurses, midwives, medical X-ray technicians 
Teachers 
Architects, engineers and related technicians 
Social workers 
Other professional and technical workers 

Administrative, managerial workers 
Clerical workers 
Sales workers 
Service workers 

Housekeeping workers 
Nurses' aides 
Hairdressers 
Cook, waiters 
Other service workers 

Agricultural workers 
Production workers 

Textile workers 
Leather workers 
Other production workers 

Total 100 100 100 100 100 100 100 

were specific to particular occupations, for example, an- 
tineoplastic drugs and health care workers. Other expo- 
sures, such as to lead compounds, were more widespread. 

A more-detailed analysis of the exposure variables of 
the level, frequency, and reliability of exposure could be 
performed only when enough subjects were exposed to 
each product. This analysis showed that, for glycol ethers 
among isolated CL(P) cases, the risk increased with the 
level, frequency, and reliability of exposure and therfore 
confirmed the results of a previous publication (23). For 
trichloroethylene exposure among the CP patients, it also 
showed that risk increased with the level and frequency 
of exposure (ie, for frequency: odds ratio low 6.6, 95% 
CL 0.6-79; odds ratio medium 13.9,95% CI 1.1-186). 
This analysis did not allow us to observe any increase in 
risk with the level, frequency, or reliability of any of the 
other exposures selected by the final model; this result, 
however, was sometimes due to a lack of variability 
among the exposure indicators. For example, all expo- 
sure to antineoplastic drugs was low-level, low-frequen- 
cy, and certain. 

Discussion 

Determining the role of chemical exposures in the oc- 
currence of congenital malformations in humans is an 
important challenge. Most of our knowledge about the 
effects of chemical exposures on reproductive outcomes 
comes from animal data. Because the reproductive 
processes of each species seem unique, extrapolation 

from animal data is always uncertain. It becomes all the 
more difficult if we presume, as appears to be the case, 
that humans are at least as sensitive as the most sensi- 
tive animal species tested (30). This study attempts to 
obtain some information about reproductive toxins in the 
workplace. 

Our analysis suggests that occupational exposure to 
some chemicals can present a hazard to the developing 
embryo that leads to an orofacial cleft. These chemicals 
include lead compounds, biocides, antineoplastic drugs, 
trichloroethylene and aliphatic acids for CP and aliphat- 
ic aldehydes and glycol ethers for CL(P). An important 
advantage of this investigation was that the exposure as- 
sessment was made by industrial hygiene experts. It 
helped to reduce possible recall bias and to standardize 
the assessments. 

Some of the limitations of this work are due to the 
population's occupational distribution. Conclusions are 
necessarily limited to chemicals present in the occupa- 
tions represented. For instance, because of the paucity 
of agricultural workers, we could not study pesticide ex- 
posures. Service and production workers were the 2 oc- 
cupational groups in our population that were specifical- 
ly associated with an increased risk. These results may 
be conservative, however, because overadjustment may 
have resulted from the adjustment for the mother's soci- 
oeconomic status. The only occupations with an odds 
ratio significantly greater than 1 were housekeeping and 
hairdressing. Reproductive disorders, including sponta- 
neous abortions (31, 32) and major malformations (32), 
have previously been observed among hairdressers, but 
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not to a statistically significant degree. It has been sug- 
gested that these effects are related to several specific 
chemicals to which this occupational group is exposed 
(33). A few studies have associated housekeeping work- 
ers with an increased risk of oral clefts (21, 34). Jani- 
tors, who perform essentially the same tasks as house- 
keeping workers, with the same chemicals, have also 
been reported to have reproductive disorders (preterm 
deliveries and stillbirths) (35). These different reproduc- 
tive disorders may not all have causes relevant to the eti- 
ology of oral clefts, but they do indicate that the work 
environment in these occupations is harmful to the re- 
productive process. 

As table 7 shows, some of the 7 products selected at 
the end are independent indicators of tasks, such as clean- 
ing and disinfection, that might on the whole increase 
the risk of CL(P) or CP. These particular chemical groups 
were selected at the end of the multivariate analysis, a 
finding that may have resulted from chance. The plausi- 
bility of these specific associations must therefore be 
evaluated together with additional evidence. Other prod- 
ucts (such as lead compounds, aliphatic aldehydes, gly- 
col ethers) are ubiquitous and not associated uniquely 
with 1 type of occupation or task. In these cases, an as- 
sociation with the specific product selected is more cred- 
ible. It must be added that for most of these 7 exposures, 
the reliability of the exposures was rated as at least prob- 
able or certain. 

Applying the selection process to occupational expo- 
sures resulted in multiple comparisons, and we cannot 
exclude the possibility that some results are due to 
chance. Nevertheless, this process gave us the opportu- 
nity to take into account the correlation between expo- 
sures. Obtaining the same results with the backward and 
forward procedures indicates that the procedure was ro- 
bust. In addition, most of the exposures selected are bio- 
logically plausible. Animal experiments have suggested 
that all the exposures selected by the logistic regression 
model may be reproductive toxins (36); some epidemio- 
logic evidence suggests that they have a similar effect 
on humans. 

Indeed, antineoplastic drugs are among the most po- 
tent teratogens known, as both animal studies and human 
observations have shown (36,37). They have also been 
linked to congenital malformations in epidemiologic 
studies (38, 39). Lead compounds are generally tera- 
togenic in animal studies. Lead compounds may induce 
stillbirth and spontaneous abortion in humans (36, 40, 
41). One study found prenatal exposure to lead to be as- 
sociated with minor anomalies (42). Maternal occupa- 
tional exposure to solvents (which may include trichlo- 
roethylene and glycol ethers) has been related to oral 
clefts (20-22). Moreover, solvents have been indirectly 
incriminated by studies that have found an excess risk of 
orofacial clefts among leather workers (43,44). 

The limited number of exposed subjects prevents us 
from drawing any firm conclusions. These results none- 
theless suggest that further evaluation of the effects of 
maternal occupational exposures on orofacial clefts may 
lead to useful findings. 
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