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Abstract 
Exposure to mercury vapour or inor­
ganic mercury compounds cai1 impair 
fertility in laboratory animals. To study 
the effects of mercury vapour on fertility 
in women, eligibility questionnaires were 
sent to 7000 registered dental assistants 
in CaHfornia. The final eligible sample of 
418 women, who had· become pregnant 
during the previous four years, were 
interviewed by telephone. Detailed infor­
mation was collected on mercury han­
dUng practices and the number of 
menstrual cycles without contraception it 
had taken them to become pregnant. 
Dental assistants not working with amal­
gam . s~rved as une:qJosed controls. 
Women with high occupational exposure 
to mercury were less fertile than unex­
posed controls. The fecundabllity (prob­
ability of conception each menstrual 
cycle) of women who prepared 30 or 
more amalgams per week and who had 
five or more poor mercury hygiene fac­
tors was only 63o/o of that for unexposed 
women (9So/o CI 42o/o-96o/o) after control­
Hng for covariates. Women with low 
exposure were more fertile, however, 
than unexposed controls. Possible expla­
nations for the U shaped dose response 
and Hmitations of the exposure measure 
are discussed. Further investigation is 
needed that uses biological measures of 
mercury exposure. 

(Occup Environ Med 1994;51:28-34) 

In laboratory mice, rats, and hamsters, 
chronic exposure to inorganic mercury com­
pounds disrupts the oestrous cycle, 1-5 impedes 
follicular development,2 and impairs embryo 
implantation. 5 Only one study has examined 
the effects of mercury vapour on fertility, 
reporting lengthening of the oestrous cycle 
and reductions in the number of implanta­
tions in exposed rats, but no differences in 
the number of mated females that became 
pregnant.6 

Little is known about the reproductive tox­
icity of mercury vapour in humans. Six stud­
ies, mostly conducted in Eastern Europe, 
have reported abnormalities of the menstrual 
cycle including painful menstruation and · 
changes in bleeding patterns and menstrual 
cycle duration among workers exposed to 
mercury7- 12; two of these studies involved 
dental workers. 10 12 

Although mercury is poorly absorbed 
through the skin and gastrointestinal tract, 
mercury vapour is efficiently absorbed 
through the lung. 13 The dissolved vapour 
remains in the blood long enough to cross the 
blood brain barrier where it is oxidised and 
eliminated only very slowly. 14 Necropsy stud­
ies of occupationally exposed subjects have 
found high .concentrations of mercury in the 
pituitary, thyroid, and brain15 16 and there is 
evidence that mercury persists in these tissues 
for many years. 17 Whether the mercury that 
accumulates is biologically active and there­
fore able to interfere with endocrine or repro­
ductive function is not known. Three small 
studies1s-20 have looked at pituitary and thy­
roid function in subjects with chronic expo­
sure to mercury vapour. The results were 
ambiguous; pituitary and thyroid function 
seemed clinically normal but there were dif­
ferences in prolactin or sex hormone binding 
globulin concentrations that might suggest an 
underlying effect. 

The evidence that mercury accumulates in 
the brain, pituitary, and thyroid, that it dis­
rupts ovulation in animals, and that women 
exposed to mercury experience abnormal 
menstrual cycles suggests that mercury 
vapour may impair fertility in humans. 

To date there have been no epidemiologi­
cal studies of the effect of mercury vapour on 
human female fertility. The purpose of this 
study was to investigate such effects among 
female dental assistants. Mercury is a princi­
pal component of the silver amalgam used to 
fill teeth. In most dental offices it is the job of 
the dental assistant to prepare the amalgam. 
Consequently most dental assistants are 
chronically exposed to low concentrations of 
mercury vapour unless they work in special­
ties like orthodontics or oral surgery and do 
not handle amalgam. As a group, dental assis­
tants have urinary mercury concentrations 
higher than the general population or other 
dental personnel,21 and cases of mercury poi­
soning have occasionally been reported. 22 

Most dental assistants, however, have urinary 
mercury concentrations well below 50 J..Uilg/g 
creatinine,21 the recommended exposure 
limit proposed by the World Health 
Organisation. 23 

In this study, subfertility was assessed ret­
rospectively by collecting information on time 
to pregnancy,24 defined as the number of 
menstrual cycles women took to become 
pregnant, adjusted for their frequency of 
unprotected sexual intercourse. This retro­
spective method of studying fertility24 has 
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been used to investigate the effects of such 
factors· as . -oral contraceptive use25 and·· ciga­
rette smoking26 27 and may be a sensitive 
screening tool for evaluating occupational 
exposures as well. 

Methods 
STUDY PARTICIPANTS 
This study was conducted in two phases. 
Firstly, 7000 dental assistants aged 18-39 
years were randomly selected from the dental 
assistant registry maintained by the California 
Department of Consumer Affairs and sent a 
four page screening questionnaire. The ques­
tionnaire data were used to determine eligibil­
ity for the second phase of study, which 
involved ,a -detailed teleph.one interview. 

Of the 7000 dental assistants, eight were 
dead or living out of the country. Of those 
remaining, 4856 (69%) completed screening 
information, 232 (3%) .could not be trac;ed,. 
204 (3%) acknowledged receipt but declined 
to participate, and 1704 (24%) did not 
respond. There were five eligibility criteria for 
further participation: (1) women had to have 
been pregnant within the past four years; (2) 
their most recent pregnancy could not have 
been due to failure of birth control; (3) they 
must have been married at. the time they dis­
continued contraception; (4) they must·have 
worked full time (at least 30 hours a week) in 
a dental profession during the six months 
before they began to have unprotected inter­
course; and (5) they must not have changed 
their exposure to mercury during this six 
month interval (that is, if a woman changed 
jobs, both jobs had to involve mercury expo­
sure or both jobs had to be free of mercury 
exposure). Four hundred and fifty nine 
women (9%) met these requirements. A fur­
ther 101 women (2%) completed the mail 
questionnaire but could not be classified 
because of missing data on the screening 
questionnaire and 108 women (2%) were 
potentially eligible but did not include a cor­
rect ~elephone number on their form so they 
could not be included in the telephone inter­
view. The most common reasons for exclu­
sion were never having been pregnant (35%) 
and not mving been pregnant in the past four 
years (27%). 

Women screened and found to be eligible 
for the study were asked to complete a tele­
phone interview. Of the 459 women eligible 
for the study, 418 (91 %) completed the full 
interview. Those not completing interviews 
either refused (n = 36), could not be inter­
viewed because of language problems (n = 2), 
or could not be contacted before data collec­
tion for the study ended (n = 3). The 418 
completed interviews constitute the data for 
this study. 

DATA COlLECTION 
Data were collected between June 1987 and 
May 1988. Telephone interviews, averaging 
38 minutes in duration, were aimed at 
obtaining detailed information about repro­
ductive and contraceptive history and occu-
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pational exposures. The interviews were con­
ducted by trained female interviewers who 
were not informed of the specific hypotheses 
of the study. 

Time to pregnancy was ascertained by 
establishing the interval before the most 
recent pregnancy during which each woman 
was having unprotected sexual intercourse. 24 

The date at the beginning of this interval was 
designated the "reference date." The number 
of menstrual cycles to pregnancy was calcu­
lated by taking the time between the refer­
ence date and the date of the last normal 
menstrual .cycle, dividing by usual menstrual 
cycle duration, and adding one cycle (to 
account for the cycle in which conception 
occurred). Any menstrual cycles within this 
interval in which no intercourse occurred 
were subtracted (affecting time to pregnancy 
for six women). Menstrual cycles during 
which birth control was used sporadically 
were added as half cycles and rounded down 
to the nearest whole cycle (affecting time to 
pregnancy for 23 women). Although women 
were required to have had a pregnancy during 
the past four years, some had begun trying to 
become pregnant many years before. The ref­
erence dates for women in this study ranged 
from January 1974 to October 1987. 

Data were collected on occupational expo­
sure to nitrous oxide, x rays, sterilising 
agents, and methyl methacrylate, a plastic 
compound used in composite resins and 
dental prostheses. Women also provided 
information on demographic, medical, repro­
ductive, and lifestyle factors as of the refer­
ence date. 

EXPOSURE ASSESSMENT 

Many researchers have reported a relation 
between the number of amalgams prepared 
and urinary or blood mercury 
concentrations/S-33 but others have not. 34-4° 
An explanation for this discrepancy may be 
that the variability depends on the way that 
mercury is handled in the dental environ­
ment, not simply the amount of mercury 
used.41 

Industrial hygiene surveys of dental offices 
have identified office characteristics and mer­
cury handling practices that are· likely to 
increase exposure to mercury vapour22 41 -47; 

detailed recommendations on the proper han­
dling of mercury that incorporate this infor­
mation have been published.4' 4648-51 We used 
these recommendations to identify mercury 
hygiene factors in the job held at the refer­
ence date that were likely to increase expo­
sure to mercury (table 1). We estimated a 
woman's exposure to mercury vapour both by 
the number of amalgams she reported prepar­
ing each week (a measure of her potential 
exposure) and by the number of poor mer­
cury hygiene factors in her job (a measure of 
her level of personal protection). 

ANALYTICAL APPROACH 
Time to pregnancy data were analysed with 
multivariate survivorship models to estimate 
the independent association of each factor of 
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Table 1 Poor hygiene factors induded in the mercury hygiene score and their frequency among 307 women who worked 
with amalgam 

Poor hygiene factor No ("/o) Comment References 

1 Hand contact with mercury 68 (23) Mixing mercury with mortar and pestle or expressing excess 41 

mercury through cheese cloth. Old technologies which 

2 Not using precapsulated 227 
amalgam or not closing precapsulated 
amalgam before disposal 

(74) 
increase potential for spills. Skin contamination likely. 
Precapsulated amalgam reduces need for handling large 
amounts of free mercury and decreases potential for spills. 
Disposable capsules can become source of contamination if 

2837 

they are not reclosed before disposal. 
3 Not wearing gloves when 184 

preparing amalgam 
(49) Increases probability of.skin absorption. Increases risk of 

contaminating hands, clothes, and work area. 
4 No cover on amalgamator 97 (32) Amalgamator is machine that shakes amalgam capsules at 

5 Carpet in operaring area 252 (82) 
high speed. Cover helps contain contamination. 
Reservoir for spills. Vacuuming carpet with household 
vacuum heats mercury and distributes it around room. 

47 66 

6 Baring in operating area or laboratory 205 (67) 
Vacuum can become seriously contaminated itself. 
Increases risk of gastrointestinal absorption of mercury. 
General poor hygiene practice. 

41 

7 History of spills in office 59 (19) Refers to large spills of containers of free mercury. 
Spills can contaminate an office for years. 

2236 

8 Improper disposal of mercury waste 105 (34) Disposing scrap amalgam down sink, in rubbish, or storing it " 44 

dry creates an ongoing source of mercury contamination. 

interest with fecundability, the probability of 
conception in any given menstrual cycle.24 52 

Because the number of cycles to conception 
is a discrete time variable and many women 
conceive in their first or second cycle, the 
usual Cox proportional hazards model53 is 
invalidated by numerous "ties". Instead, a 
discrete time analogue is used. 52 This model 
assumes the exposure and covariates have 
multiplicative effects on the cycle specific 
conception rates. The baseline conception 
rate is allowed to be different for each cycle. 
The analysis is based on cycle by cycle suc­
cesses and failures of the women for up to 13 
menstrual cycles. This censoring at 13 cycles 
(about one year) was done to exclude possi­
ble effects of medical treatment for infertility, 
which typically begins only after one year of 
trying. The coefficients from this model can 
be used to calculate a fecundability ratio 
(analogous to a risk ratio or hazard ratio). 
The fecundability ratio estimates the ratio of 
the per cycle conception rate for the exposed 
compared to the unexposed subjects, 
adjusted for other covariates included in the 
model. For example, if the exposed women 
have a fecundability ratio of 0·5, this would 
suggest that exposed women are half as likely 
as unexposed women to conceive in any given 
cycle. 

Statistical models were fitted by maximum 
like-lihood with the Generalised Unear 
Interactive Modelling (GUM) software. 54 

The fits of nested models were compared by 
likelihood ratio statistics. All p values given 
are two-sided. 

Mercury exposure was examined by cross 
classifying number of amalgams and number 
of poor hygiene factors into categories based 
on the distribution of the data (0-14, 15-29, 
and ~ 30 for weekly number of amalgams, 
and 0-3, 4, and 5-8 for the number of poor 
mercury hygiene factors). Other cutoff points 
were considered but the effects were not sen­
sitive to the boundaries used. Mercury was 
initially examined with only number of amal­
gams prepared each week and then with a 
model that incorporated both number of 
amalgams and number of poor hygiene fac­
tors. 

Ufetime occupational exposure to mercury 
was crudely estimated with employment his­
tory; data from the mail questionnaire were 
used to calculate cumulative lifetime number 
of amalgams prepared before the reference 
date. Non-occupational mercury exposure 
was ascertained from data on weekly fish con­
sumption and number of amalgam surfaces in 
the women's own mouth at the reference 
date. 

Other variables that might affect fecund­
ability were examined in preliminary analyses. 
Non-occupational exposures of potential 
importance were considered as of the refer­
ence date-namely, age, race, family income, 
exercise, Quetelet's index (weightlheight2), 

alcohol, fish consumption, number of amal­
gam surfaces, recreational drug use, smoking, 
douching, history of using an intrauterine 
device, age at menarche, history of pelvic 
inflammatory disease, frequency of inter­
course, lifetime number of sexual partners, 
and recent oral contraceptive use. Other 
occupational exposures examined were 
nitrous oxide, x rays, methyl methacrylate, 
ethylene oxide (gas sterilisation), use of a 
chemiclave (heated chemical sterilising sys­
tem containing formaldehyde), and cold steri­
lant use. Variables such as gravidity were not 
entered as potential confounders because 
they may have been caused, in part, by the 
exposure under study.55 Variables were 
entered in the model as dichotomous, as con­
tinuous, and as multilevel categorical vari­
ables to evaluate their relation to 
fecundability. With the exception of age, race, 
and history of pelvic inflammatory disease, 
variables not significantly related to fecund­
ability were dropped. Two way interactions of 
fertility related covariates and exposure to 
mercury were tested in the final multivariate 
model. 

A linear term for year the pregnancy 
attempt began was included in our statistical 
models to control for bias that could have 
been introduced by trends over calendar time 
in the opportunity for mercury exposure. 56 

Time trends may induce a spurious associa­
tion between individual hygiene factors and 
time to pregnancy. Because we sampled on a 
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woman's most recent pregnancy, women who 
took a long time to become pregnant (several 
years) had a greater opportunity to be 
exposed to poor mercury hygiene practices 
that were more common in the past than 
women who became pregnant more quickly 
and therefore, on average, more recently. 

Results 
Dental assistants who worked with amalgam 
(n = 296) were similar to women who did not 
work with amalgam (n = 111) for age, family 
income, history of pelvic inflammatory dis­
ease, oral contraceptive use, frequency of 
intercourse, and cigarette smoking (table 2). 
There was a higher percentage of non-whites 
among dental assistants exposed to mercury 
(20% v 8%) and a slightly higher percentage 
of women who had worked as a dental assis­
tant for less than six years (30% v 23%). The 
most striking differences between the two 
groups involved their patterns of occupational 
exposure; women who prepared amalgam 
were seven times more likely to administer 50 
or more x rays per week (55% v 8%) and 
were over four times as likely to work with 
nitrous oxide (60% v 13%). Also 97% of the 
exposed women worked with cold sterilants v 
86% of the unexposed women. 

The variables significantly related to time 
to pregnancy were: recent oral contraceptive 

Table 2 Characteristics of the study population by 
exposure state 

Unexposed Amalgam users 
Variable No(%) No(%) 

Total study population 111 (1 00) 296 (1 00) 
Age 

>30 years 17 (15) 35 (11) 
Race 

Non-white 9 (8) 60 (20) 
Family income 

<530 000/year 44 (40) 116 (38) 
530 000-545 000 39 (36) 128 (42) 
>545 000 26 (24) 58 (19) 

Total years working as dental assistant 
1-5 26 (23) 93 (30) 
6-10 57 (51) 146 (48) 
;;.11 28 (25) 68 (22) 

History of pelvic 
inflammatory disease 3 (3) 6 (2) 
Lifetime number of sexual partners 

>5 partners 19 (18) 39 (13) 
Oral contraceptive use 

Immediately before reference date 21 (19) 61 (20) 
Frequency of intercourse 

1 or less per week 17 (16) 49 (16) 
2-3 times per week 54 (51) 145 (48) 
;;. 4 times per week 36 (34) 109 (36) 

Cigarettes smoked per day 
0 103 (93) 279 (91) 
1-19 6 (5) 27 (9) 
;;.20 2 (2) 3 (1) 

Nitrous oxide exposure 
Unexposed 94 (87) 120 (41) 
Low exposed* 12 (II) 159 (54) 
High exposedt 2 (2) 17 (6) 

x Rays administered 
0 per week 53 (48) 3 (1) 
1-50 per week 48 (44) 134 (44) 
>50 per week 9 (8) 170 (55) 

Cold sterilant use 
0 per week 15 (14) 10 (3) 
1-50 per week 59 (53) 217 (71) 
>50 per week 37 (33) 79 (26) 

*Worked with nitrous oxide that was scavenged or worked 
with unscavenged nitrous oxide less than five hours a week. 
tWorked with unscavenged nitrous oxide five or more hours a 
week. 
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Table 3 Adjusted fecundability ratios* by number of 
amalgams prepared per week 

No of amalgams Fecundabiliry 
per week No ratio 95%CI 

0 100 1·00 
1-14 76 1·33 (1·03-1·72) 
15-29 79 1·25 (0·97-1·63) 
30-59 82 0·90 (0·68-1-19) 
60+ 36 0·87 (0·58-1·29) 

*Adjusted for recent oral contraceptive use, age, race, smok­
ing, pelvic inflammatory disease, number of sex partners, fre­
quency of intercourse, unscavenged nitrous oxide, and year 
the pregnancy attempt began. 

use, number of previous sexual partners (<6, 
~ 6), frequency of intercourse, exposure to 
unscavenged nitrous oxide (<5 hours/week, 
~ 5 hours/week), number of cigarettes 
smoked per day, and year the pregnancy 
attempt began. Age, race, and history of 
pelvic inflammatory disease were also 
included in all statistical models to improve 
interpretation of the results. Estimates of 
effect for these covariates other than mercury 
have been reported previously. 57 After covari­
ate adjustment, the estimated fecundability of 
the women varied according to the number of 
amalgams they prepared each week 
(p < 0·03); women who prepared fewer than 
30 amalgams per week had higher fecundabil­
ity than unexposed women, but women who 
prepared 30 or more amalgams per week 
tended to have lower fecundability than the 
unexposed subjects (table 3). 

Incorporating mercury hygiene factors 
added important information to our statistical 
models and suggested that considerable het­
erogeneity existed within groups of women 
preparing the same number of amalgams. 
When the model with number of amalgams 
prepared each week was augmented with 
mercury hygiene factors and the interaction 
between mercury hygiene factors and number 
of amalgams prepared per week, the improve­
ment in fit (for the nine parameter model 
shown in table 4) was statistically significant 
(likelihood ratio X2 6 df = 12·9, p < 0·05 
based on a comparison with a three parame­
ter model involving only the amalgam cate­
gories of table 4). The fit of the full model 
was also significantly better than a model 
with the same covariates but excluding mer­
cury (without any of the nine parameters 

Table 4 Adjustedfecundability ratios* by number of 
amalgams prepared per week and number of poor mercury 
hygiene factors 

No of No of poor hygiene facwrs 
amalgams 
per week 0-3 4 5-8 

0 1·0 (n = 100) 
1-14 1·39 (n = 32) 1·22 (n = 20) 1·53 (n = 24) 

(1·01-1·92) (0·81-1·83) (1·03-2·25) 
15-29 1·42 (n = 33) 1•17 (n = 23) 1·14 (n = 23) 

(1·05-1·92) (0·79-1·75) (0·73-1·77) 
;;.30 1·32 (n = 43) 0·81 (n = 37) 0·63 (n = 38) 

(0·97-1·80) (0·55-1·18) (0·42-{)·96) 

*Adjusted for recent oral contraceptive use, age, race, smok­
ing, pelvic inflammatory disease, partners, frequency of inter­
course, unscavenged nitrous oxide, and year the pregnancy 
attempt began. 95% CI in parentheses under the ratio; 
n = number of women. 
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involving categories of poor mercury hygiene 
factors or number of amalgams; X2 9 
df = 24·5, p < 0·01). 

Table 4 shows the results from the fully 
developed model and presents adjusted 
fecundability ratios both by number of amal­
gams and number of poor hygiene factors. 
Women who prepared fewer than 30 amal­
gams a week had better fecundability than the 

· tmexposed population regardless of their mer­
cury hygiene (fecundability ratios ranged 
from 1·14 to 1·53). Similarly, women who 
prepared 30 or more amalgams a week with 
the ·best mercury hygiene also had better 
fecundability than the unexposed women. 
Those with 30 or more amalgams a week and 
four or more poor mercury hygiene factors 
had lower fecundability, however, than the 
unexposed women. The thirty eight women 
in our highest exposure group (women 
preparing 30 or more amalgams a week and 
five or more poor hygiene factors) had 
the lowest fecundability (fecundability ratio = 
0·63; 95% CI 0·42-0·96) after adjustment for 
covariates. 

If only exposed women are . considered, 
there are gradients in the fecundability ratio 
for both the number of amalgams prepared 
per week (within work practice category) and 
the number of poor hygiene factors (within 
amalgam category) that suggest a dose­
response in the higher exposure categories. 
Among women who prepared 30 or more 
amalgams per week, there was a .steep gradi­
ent in fecundability ratio by the number of 
poor hygiene factors (1·3, 0·8, and 0·6). 
There was a similar but less steep gradient 
among women preparing 15-29 amalgams 
per week (1·4, 1·2, and 1·1). Among women 

Table 5 Mean number of menstrual cycles ra. conception 
and proportion of women taking more than 13 menstrual 
cycles ra conceive by number of amalgams and number of 
poor mercury hygiene factors 

No uf poor hygiene factors 
No of amalgams 
per week 0-3 4 5-8 

0 6•4 
12/100 (12) 

1-14 3•0 H 3,5 
0/32 (0) 1120 (5) 0/24 (0) 

15-29 3•0 6•S 6·8 
1/33 (3) 4/23 (17) 5/23 (22) 

;;,30 6•0 13·9 1S·1 
2/43 (5) 9/37 (24) 14/38 (37) 

Proportion of women in each cell taking more than 13 cycles 
expressed as a fraction (%). 

Table 6 Unadjusted fecundability ratios by number of 
amalgams and number of poor mercury hygiene factorS 

No of 
·amalgams 

per week 

0 
1-14 

15-29 

;;,30 

No of poor hygiene factors 

0-3 

1·00 (n = 100) 
1·49 (n = 32) 
(1·06--2·09) 
1·S4 (n = 33) 
(1·1 0-2-15) 
1•31 (n = 43) 
(0·95-1·80) 

4 

1·17 (n = 20) 
(0·76--1·80) 
0·98 (n = 23) 
(0·64-1·52) 
0·70 (n = 37) 
(0·48-1·04) 

5-8 

1•31 (n = 24) 
(0·89-1·93) 
0·87 (n = 23) 
(0·55-1·36) 
0·49 (n = 38) 
(0·32-{)·75) 

95% CI in parentheses under the ratio; n = number of women. 

Rowland, Baird, Weinberg, Shore, Sky, Wilcox 

preparing the fewest amalgams there was no 
gradient by number of poor hygiene factors 
(1·4, 1·2, 1·5). Similarly, there was a steep 
gradient by number of amalgams among 
women with the highest number of poor 
hygiene factors (1·5, 1·1; 0·6), a weakergl'a­
dient among women in the middle group for 
hygiene factors (1·2, 1·2, and 0·8), but no 
gradient among women with the best hygiene 
factors (1·4, 1·4, 1·3). 

The same dose-response pattern was seen 
in unadjusted measures of mean number of 
cycles to conception and the proportion of 
women taking more-th.an-13 menstrual cycles 
(about one year) to become pregnant (table 
5). The unadjusted fecundability ratios (table 
6) showed roughly the same picture. 

Discussion 
Women with occupational exposure to mer­
cury vapour (30 or more amalgams per week 
and four or more poor mercury hygiene fac­
tors) showed evidence of reduced fertility in 
this dataset. This is consistent with animal 
experiments and with repprts of menstrual 
cycle problems among women with occupa­
tional exposure to mercury. 

Our study relied on detailed descriptions of 
the work environment and mercury handling 
practices to infer amounts of exposure to 
mercury vapour based on previous research 
that has correlated urinary mercury concen­
trations or air monitoring results with mer­
cury hygiene factors in the dental office (table 
1). Among groups of women preparing the 
same number of amalgams we found differ­
ences in fecundability based on the dental 
assistant's reported number of poor mercury 
hygiene factors. This suggests that detailed 
occupational hygiene scales may be useful in 
other questionnaire studies of occupational 
disease because occupational groups with 
roughly the same potential for exposure often 
contain subjects whose actual exposures are 
quite different depending on their particular 
work environment and their work practices 
within that environment. 

Although most dental offices have mercury 
v.apour levels well below the OSHA permissi­
ble exposure limit of 50 pmg/m3, most studies 
have identified a group of offices with expo­
sures above this levef22 58 59 (about 10% to 
20% of the offices surveyed). Twenty per 
cent of the women in our final sample 
reported preparing more than 30 amalgams 
per week with four or more poor hygiene fac­
tors. Even though we do not have biological 
measures of exposure, it seems likely that 
many of these women may have worked in 
offices with exposures approaching or exceed­
ing the permissible exposure limit. 

An important limitation of using data on 
hygiene factors to estimate exposure is that it 
often will be correlated with other occupa­
tional or personal lifestyle exposures. 
Although we evaluated other potential occu­
pational exposures of concern such as use of 
nitrous oxide, x rays, and sterilants as well as 
many lifestyle factors such as smoking, alco-
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hol, and recreational drug use, our finding of 
reduced fertility among women in our high 
mercury group could reflect other exposures 
found among women working in offices with 
poor hygiene and many amalgams. 

Our exposure measure was based on expo­
sure around the time each woman began her 
attempt to become pregnant, not cumulative 
lifetime occupational exposure. To assess the 
effects of past exposure, we used data from 
the screening questionnaire to construct 
a cumulative index of lifetime number of 
amalgams placed before the 
reference date. There was no relation 
between cumulative lifetime number of amal­
gams placed and fertility although this num­
ber was only a crude approximation of 
lifetime mercury exposure. 

Unexposed women in our study had lower 
fertility than low exposed women (but better 
fertility than women in the two highest expo­
sure groups.) This pattern was consistently 
present within the univariate (tables 5 and 6) 
and the multivariate data (tables 3 and 4) but 
is not one that we can readily explain. One 
hypothesis we considered was that our "unex­
posed" group may have had other unmea­
sured occupational exposures that reduced 
their fertility. The unexposed group included 
both women who worked in orthodontic 
offices and a group of women from various 
other subspecialties who did not work with 
amalgam. Both groups showed similar lower 
fertility than the low exposed group, indicat­
ing that it was not due to some exposure 
exclusive to orthodontic offices, the largest 
subgroup within the unexposed women. 
More detailed data on other exposures 
incurred by dental assistants who do not work 
with amalgam would be needed to explore 
this further. We also explored the possibility 
that the low exposed group were primarily 
administrative personnel who were different 
in other respects. Examining such variables as 
family income, gravidity, and seniority in the 
job, however, did not support this hypothesis. 
In fact, the study sample is restricted to one 
occupational group and demographically is 
quite homogeneous. 

Another possible explanation for the U 
shaped dose response is that it may have been 
influenced by different participation rates 
between the unexposed and the low exposed. 
Unexposed women may have been less likely 
to participate. Among those who did, a dis­
proportionate number may have been dis­
posed to cooperate, in part, because they 
were having fertility problems. Unfortunately, 
we were unable to explore this possibility fur­
ther because the dental assistant registry 
included no data on the subspecialty of the 
offices in which women worked. 

Finally, a biological explanation for higher 
fertility among the low exposed women is 
possible. Predosing animals with low 
amounts of cadmium or mercury reduces the 
toxicity of subsequent, higher exposures to 
these metals. 60 61 The underlying mechanism 
for these results is believed to involve induc­
tion of metallothionein, an intracellular pro-
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tein that binds and detoxifies metals.6H>4 

Experimental evidence also suggests that 
metallothionein may offer some protection 
against low level exposures to x rays, free rad­
icals, and alkylating agents.65 Further research 
is needed before the plausibility of this 
hypothesis can be adequately addressed. 

We found reduced fertility among the two 
groups of women in our study with the high­
est estimated exposure to mercury vapour, 
and a suggestion of dose response trends in 
the fecundability ratios among the two high­
est categories of number of amalgams and the 
two highest categories of poor hygiene fac­
tors. This provides limited evidence that mer­
cury vapour may impair female fertility and 
justification for more intensive epidemiologi­
cal study of the reproductive toxicity of mer­
cury. In the interim, dental personnel would 
be wise to err on the side of caution and 
implement the already well established guide­
lines for good mercury hygiene.4851 
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