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Since 1976 the Finnish matched-pair Register of Congenital Malformations has been 
linked to a special project which screens for associations between selected congenital 
malformations and chemical and physical exposures during early pregnany. Case 
mothers and their referents are personally interviewed. Exposure data are quantitated 
blindly by a team of industrial hygienists and occupational health experts. An analysis 
of data from 1,047 pairs is now underway. The pairs consist of 289 defects of the 
central nervous system, 421 orofacial clefts, 200 selected structural malformations of 
the skeleton, and 137 selected cardiovascular defects. Exposure to organic solvents was 
associated with defects of the central nervous system in the initial two-year material. 
However this association was no longer detectable during the following three-year 
period. More pairs must be gathered before a reasonable judgment regarding the 
teratogenic potential of solvents becomes possible. 
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The etiology of human developmental 
defects is mostly unclear (6). Known 
environmental causes (including infections) 
do not exceed 10 O / o  although this figure 
could be an  underestimate. Some of the 
malformations of unknown etiology might 
be due to exposures a t  work. In  most 
studies so far, attention to environmental 
causes has been focused mainly on drugs 
or various infectious diseases, recently 
also on smoking habits and alcohol and 
coffee consumption. Epidemiologic studies 
on occupational etiologies of malformations 
are  scarce and often based on crude infor- 
mation. So far, evidence on exposures a t  
worksites as contributors to teratogenesis 
is circumstancial a t  best. 
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A register-based case-referent study on 
associations between congenital mal- 
formations and environmental exposures, 
particularly work-related, was started in  
Finland in 1976. This exploratory study 
a t  first focused on malformations of the 
central nervous system. The initial series 
showed an  interesting cluster of case 
mothers that had been occupationally ex- 
posed to organic solvents (2). In  1978 the 
investigation was extended to include 
other selected malformation groups as 
well. 

Methods 

The primary data of the present study are  
derived from the records of the Finnish 
matched-pair Register of Congenital Mal- 
formations to which notification of all 
congenital defects detected during the 
first year of life has been compulsory since 
1963 (5). 



Nested in the Register is another 
smaller register that consists of selected 
marker defects. This smaller register is 
specifically used for research purposes (5). 
Each mother selected for the special study 
is matched with a referent mother whose 
delivery immediately preceded that of the 
study mother in the same maternity wel- 
fare district. (Finland is divided into 1,329 
districts with a central unit in each 
district.) Nonmatched modifying and con- 
founding factors are considered in the 
data analysis. Validity aspects of the 
present approach have been previously 
discussed in detail (5). The pairs of mothers 
are routinely interviewed by means of 
standard register procedures. The retrieval 
rate of the questionnaires has been more 
than 99 O i o .  

In the present study further information 
concerning various exposures related to 
occupational or leisure-time activities of 
the mothers is obtained through personal 
interviews (3). These thorough interviews 
are undertaken by two practiced inter- 
viewers from the Institute of Occupation- 
al Health, Helsinki. Exposure data are 
collected with a specially designed 
questionnaire. The personal interviews 
usually take place within two to four 
months after delivery and are conducted 
at the local maternity welfare center of 
the mother. More than 95 O/o of the mothers 
have accepted participation in this 
special study. 

The mother is first requested to describe 
her ordinary workday with different 
work phases in detail. The interview is 
thus not restricted as to particular hypo- 
theses but registers exposures as they 
come from the mothers without attention 
to a priori biological meaningfulness of the 
exposure. Following this open question 
the interviewer requests, according to 
fixed rules, information on possible expo- 
sures to solvents, pesticides, decay-pre- 
venting agents, disinfectants, metals, and 
radiation. The open question usually 
reveals continuous exposures that have 
been more or less similar day to day, eg, 
styrene exposure in the reinforced plastics 
industry, whereas the fixed questions 
yield more accurate information on expo- 
sures of shorter duration, eg, 1 d of 
painting closets at hame. If the mother 
reports a chemical exposure, the inter- 

viewer records the specific trademarks and 
brand names of the products as detailedly 
as the mother can recall. Chemicals used 
during leisure time (eg, home painting) 
are similarly recorded. 

Two industrial hygienists use these 
questionnaire forms as their source for 
exposure estimation. The chemical com- 
position of commercial products that 
appear in the answers by their trade- 
names is clarified. Further contacts with 
the manufacturers or importers are some- 
times necessary to qualitate the exposure. 
This is not however a frequent problem 
as, according to new Finnish legislation, 
manufacturers and importers must provide 
users with a safety data sheet with 
detailed information on the hazardous 
ingredients of products. 

During the analysis of exposure infor- 
mation the hygienists are unaware of 
whether the information comes from a 
case or from a referent mother. The 
categorization of the strength of the 
exposure (none/minor/substantial/strong) is 
largely based on the industrial hygienic 
expertise of the Institute of Occupational 
Health, Helsinki. Hygienic measurements 
of the quantity of individual exposures 
are usually not available. Yet, if a mother 
has worked in a big or middle-sized 
factory, a quantitative estimate of the 
exposure can often be made from the 
files on hygienic measurements undertaken 
by the regional institute of occupational 
health in that area. When necessary, the 
hygienist requests further information on 
exposures through personal contacts with 
employers and may visit the workplaces. 

After the primary estimation of the 
exposure data, the hygienists classify the 
material, still blindly, together with two 
experts in occupational medicine, into the 
final exposure categories. For example, 
mothers are considered "substantially" 
exposed to organic solvents if their 
estimated exposure has reached approxi- 
mately one-third of the current threshold 
limit value of the American Conference of 
Governmental Industrial Hygienists or if 
the estimated peak exposure had reached 
the threshold limit concentration, eg, 
during home painting in confined spaces. 
Thereafter the codes are broken, and the 
exposure frequencies are statistically 
tested. For the time being, only exposures 



which have occurred during the first 
trimester of pregnancy are included in 
the analysis. 

preliminary results and comments 

Current case-referent distributions of 
pairs exposed to solvents are given in 
table 1. Included are solvent mixtures 
which contain mainly aliphatic hydro- 
carbons (such as lacquer petrol, white 
spirit), aromatic hydrocarbons (styrene, 
xylene, toluene, benzene), and chlorinated 
hydrocarbons ~(dichloromethane, tri- 
chloroethylene, perchloroethylene). Central 
nervous system malformations and oral 
clefts suggest interesting though not 
strong associations. I t  is important to bear 
in mind that the multiple-comparison 
situation in the present study is bound to 
produce some statistical associations in 
the present material, even if no meaning- 
ful associations existed in reality. 

Exposure to organic solvents was 
associated with central nervous system 
defects for the first two-year material (2), 
which indicated that 14 case and 3 referent 
mothers had been exposed to solvents in 
early pregnancy. For the following three- 
year period the respective distribution 
was 616, indicating no association. In an 
attempt to study this discrepancy, the 
initial two-year material was blindly 
reanalyzed by industrial hygienists not 
involved before. The renanalysis showed 
an outcome materially similar to the one 
originally reported (2). A possible ex- 
planation for the disappearence of the 
association might be that chance (mul- 
tiple-comparison situation) has been re- 
sponsible for the initial relation. There is 
another possibility however. Occupational 
health activities expanded in Finland 
during the latter part of the 1970s, in the 
midst of the present study. I t  was 
recommended that pregnant women should 
not be exposed to chemicals. The fre- 
quency of substantial exposure to organic 
solvents during pregnancy seems to have 
declined in the course of the present study. 
Nowadays we encounter only rare cases of 
exposure strengths as high as found 
earlier (2). 

An increased malformation rate has 
been reported for hospital personnel ex- 
posed to hexachlorophene (1). Our material 

so far includes 140 discordant pairs that 
have been exposed to disinfectants in 
hospitals or the like (fig 1). The case- 
referent distribution was 33/44 for the 
discordant pairs exposed to hand washing 
agents (chlorhexidine, hexachlorophene, 
iodine-containing agents, etc) and 51/55 
for the discordant pairs exposed to sur- 
face disinfectants (ampholytic compounds, 
chlorine, chlorhexidine, halocarbane, 
phenols, quaternary ammonium com- 
pounds, etc). Six case mothers and six 
referents had been exposed to hexachloro- 
phene. 

Table 2 shows preliminary distributions 
of some other exposure categories. These 
figures are subject to changes since final 
decisions regarding some individual expo- 
sures have not yet been made at our expo- 
sure meetings. Nonionizing radiation in 
table 2 refers mainly to restaurant 

Table 1. Exposure to organic solvents during 
early pregnancy - An analysis of 1,047 pairs. 

Malformation Case Referent 

Central nervous system defects 20 9 
Oral clefts 15 5 
Skeletal defects 5 3 
Cardiovascular defects 3 3 

Total 43 20 

TOTAL 
MATERIAL 

I 047 pairs 

TO DISIN- 
FECTANTS 

140 pairs 
(66174). 

'CASEIREFERENT RATIO 

Flg 1. Exposure to disinfectants. 



Table 2. Distributions of "substantially" exposed discordant pairs. (The distributions are preliminary 
and subject to change in the course of a more-detailed quantitation of the exposures.) 

Central ner- Oral Skeletal Cardio- 
vous system clefts defects vascular Total 

defects defects 
Exposure ( N  = 289) ( N  = 421) (N = 200) (N = 137) ( N  = 1,047) 

Case Refer- 
ent 

Refer- 
Case ent 

Case Refer- 
ent Case Refer- 

ent Case Refer- 
ent 

Anesthetic gases 
Disinfectants 

Hand washing 
agents 
Surface 
disinfectants 

Ionizing radiation 
Nonionizing radiation 
Noise 
Pesticides 
Antineoplastic drugs 
Pharmaceutical dust 
Metals 
Textile dust 
Fur dust 

968 pairs 
(42137)' 

*CASE/REFERENT RATIO 

Fig 2. Exposure to pesticides. 

personnel working with microwave ovens, 
but also to physiotherapists that use radio- 
frequency diathermy appliances. Most 
mothers in the "metal" group are dental 
nurses that have handled mercury at work. 
The mothers exposed to noise have been 
exposed a t  a noise level of about 82 dB(A) 
or more. 

We think that it is hard to miss many 
of the substantial exposures with the 
present method. The special interviews 
yield detailed information on exposures. 
A major problem is that only a small 
fraction of pregnant Finnish women is 
nowadays substantially exposed to any 
specific group of chemicals. Take for 
instance the possibility that an exposure 
to pesticides, a heterogeneous group of 
chemicals, would indeed result in an 
increased occurrence of malformations. 
Detailed data collection may have lasted 
for years. Yet the study may end up with 
too small a number of pairs (individual 
exposures) to allow for a meaningful 
statistical analysis (fig 2). The study can- 
not answer the scientifically important 
question of whether or not a certain 
exposure leg, individual pesticides) is 
teratogenic in humans. Yet the result 
might imply, with due precautions, that 
that particular type of exposure probably 
does not present a serious teratogenic risk 
in the current Finnish society. The latter 
argument may prove valid for some 
environmental exposures. In any case it  
is probably impossible to prove with an 
epidemiologic approach that a chemical 
that passes the placenta and has biological 
activity is not teratogenic. 



In 1978 there were approximately 
60,000 births in Finland, and the Register 
was notified of about 1,000 congenital 
defects, including minor malformations. 
This situation could mean that at  least 
85 O i o  of the estimated true occurrence of 
malformations detectable a t  birth, approxi- 
mately 2 O/o in Finland (4), were registered. 
The percentage is higher for the major 
malformations. Virtually all cases of 
some groups (eg, anencephalus, oral 
clefts) will be reported. At least in the 
case of these specific malformation groups 
i t  is possible to consider the data coming 
from a nationwide dynamic population 
consisting of all pregnancies that end up 
with the birth of a live or dead child. If 
a markedly enhanced risk for these major 
defects exists in Finland for any specified 
chemical or occupational group (labora- 
tory personnel, nurses, etc), we should be 
able to detect this hazard. On the other 
hand we only study those malformations 
which are considered to have the most 
reliable diagnosis and notification. Thus 
our study does not yield information con- 
cerning minor defects or other adverse 
outcomes related to possible dysmorpho- 
genesis. 
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