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Biological monitoring of arsenic, lead and cadmium in occupationally and environmentally exposed
pregnant women. Scand J Work Environ Health 1993;19:50-3. Lead and cadmium in blood (B-Pb
and B-Cd, respectively) and arsenic in urine (U-As) were analyzed three times during pregnancy for
women living around a metal smelter and women living in a reference town. The B-Pb levels were
significantly higher in the smelter town. In the women of both towns, the B-Pb levels increased dur­
ing pregnancy. Women who were employed at the smelter had higher B-Pb levels than women in the
surrounding area. There were no significant differences in the B-Cd levels between the smelter and
reference towns, except for non- and ex-smokers at the onset of pregnancy. No difference between
the two areas was seen among the smokers, whose cadmium levels were twice those of non- and ex­
smokers. There were no significant differences in the U-As levels, which were comparable with pre­
viously reported values in Sweden.
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A large copper and lead smelter (the Ronnskar smelt­
er) has been in operation in northern Sweden since
the late I920s. For many years this smelter was Swe­
den ' s largest single source of emis sions of heavy
met als and sulfur dioxide. As a consequ ence of leg­
islative regul ations, the emi ssions have gradually
decreased during the last 25 years (table I ). Annual
produ ction of the commercia lly most important met­
als is as follows: about 100 000 t of copper, 40 000
t of lead, 270 t of silver, and 8-9 t of gold.

Ad ver se effects on vegetatio n, bird s (fragile egg
shells), and marine fauna have been noted in a large
area around the smelter. Locally grown vegetables,
fruits, and berries have contained increased levels of

Table 1. Emissions of metal s to ambient air from the Ronn­
skar smelte r (t /year ).

lead , cadmium, and ar seni c. Special recommenda­
tions have therefore been issued by the local health
authorities with regard to the growth and consump­
tion of such crops ( 1). A recent study (2) showe d that
the metal levels had decreased, and the National Food
Adm inistration considered that the acceptable (ac­
cording to the Food and Agri culture Organiz ation of
the World Health Organ ization) weekly intake levels
were unlikely to be exceeded as a result of the normal
consumption of locally grown frui ts and vegetables.

The objective of this study was to monitor lead and
cadmium in blood (B-Pb and B-Cd, respectively) and
arseni c in urine (U-As) during pregnancy in an area
around the smelter and compare the result s with cor­
responding values from a reference area. The study
was approved by the ethical committee of the Umea
Univ ersity.
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Subjects

In Sweden, all pregnant wome n are registere d with
the Public Maternity Care, and all of the women who
became pregnant during a two-year period (Febru­
ary 1989-February 1991 ) were invited to join the
study . Th is study is a report on the pregnancies dur­
ing the first one and a half years. The women in the
smelter area were living within a distance of 0.3­
1.5 km from the smelte r (Skelleftehamn, N = 147)
or 10-15 km from it (Burea, N =62) . Onl y II of
these women were employed at the smelter. Like the
smelter area, the refer ence area (Holmsund) is si tu­
ated on the eas t coast of the Gul f of Bothnia. It is
located 130 km south of the smelt er and is not con-
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sidered to be influenced by the metal emissions from
it. The two areas are similar with regard to both the
size of the population and social and economic back­
ground factors . Of the women invited to participate
in the study from the smelter area and of those sim­
ilarly invited in the reference area, 85% (209 sub­
jects) and 90% (149 subjects), respectively , agreed
to do so. The age distribution was similar in both
groups, mean 27A (SD 4.8) years for the smelter area
and 28.1 (SD 5.0) years in the reference area.

Methods

The pregnant women were asked about their occu­
pation, place of residence , and smoking habits at the
beginning of pregnancy (around weeks 10-12).
Considered as non- or ex-smokers were those who
had never smoked or had not smoked during preg­
nancy or had stopped smoking at least six months
before the onset of pregnancy. Samples of antecu­
bital vein blood were taken from the mothers at about
weeks 10 and 32 of pregnancy and at delivery. The
blood was collected in heparinized metal-free ven­
oject glass tubes and stored at 4°C until the analy­
sis within 2-4 d. Morning samples of urine were
collected in acid-washed polyethylen e cups and
stored at -20°C. The third urine sample was collected
at week 39 of pregnancy .

Lead and cadmium were determined in whole
blood after acid digestion by flameless atomic ab­
sorption spectroscopy (AAS) on a Perkin Elmer 5000
Zeeman HGA-500 AA spectrophotometer. The meth­
od used (standard addition) was a modification ac­
cording to Stoeppler & Brandt (3). The equipment
used (cups and small tubes) was purchased ultra­
clean from Labasco, Vallingby, Stockholm . The de­
tect ion limits were 2 nmol · I-I for cadmium and
0.05 umol . I-I for lead. In the statistical analyses
samples below the detection limit were given the
values 0.03 umol . I-I for lead and I nmol I-I for
cadmium. In each run the absorbanc es of the sam­
ples were measured together with those of samples
with a standard added and blanks.

For determinations of B-Pb and B-Cd, the labo­
ratory participates in the quality control program of
the Swedish National Board of Occupational Health.
During the course of the study , agreement with the

Scand J Work Environ Health 1993, vol 19, suppl 1

target values (0.37-1.57 llmol · 1-1 ) for B-Pb, as
measured by the correlation coefficient r (xy), was
0.98. For cadmium (target values 7-49 nmol . I-I),
the r (xy) was 0.95. The median value was 104% of
the target value for lead and 96% of the target val­
ue for cadmium. The day-to-day variation during one
year was 7% for the lead analyses and II % for
the cadmium analyses (blood standard Nycomed
(Lidingo, Stockholm), batch number 902; lead =:

0.3 umol . 1.1, cadmium =: 8 nmol . I-I).
Inorganic arsenic and its methylated metabolites,

monomethylarsonic acid and dimethylarsinic acid, in
urine were analyzed by AAS (Perkin Elmer 5000Z
+ HGA 500) after hydride generation (MHS-20). The
method used was a slight modification of that given
in the operator' s manual. The test solution contained
500 III of urine and 100 III of freshly prepared 2%
solution of Antifoam Emulsion RD (Kebo 1,8297)
in 5 ml of 10% hydrochloric acid. The evaluation was
performed by the standard addition technique, and
the peak area of the curve deflections was measured.
At the beginning of the study and once during it, dou­
ble samples were analyzed at the Institute of Envi­
ronmental Medicine. The agreement between these
samples was acceptable [r(xy) =: 0.87, P<O.OI]. The
reported values were 104-2004 llg ' I-I (0.02­
0.27 umol - I-I) for the Institute of Environmental
Medicine and 2-21 llg· I-I (0.026-0.28 llmol ·
I-I) for the laboratory. The detection limit was 211g .
1-1 (0.026 umol . I-I) for inorgan ic arsenic (AS+3 +
AS+5). Samples below the detection limit were given
the value I ug . I-I.

For the statistical analysis, the computerized pro­
gram Status II (Foresco AB, Umea) was used. For
the compari son of the groups and for the testing of
changes in metal levels during pregnancy, the Wil­
coxon rank sum test and the Wilcoxon signed rank
test, respectively, were used.

Results

The blood lead levels during pregnancy were
higher in the smelter area than in the reference area
(P<O.OI), and they increased from 0.1311mol .1-1 at
week 10 of pregnancy to 0.16 umol . I-I (geometric
mean) at delivery (table 2). Five samples were be­
low the detection limit , 0.05 umol . 1-1, at week 10,

Table 2. Lead levels in blood (urnol . 1- 1)3 du ring the pregnancies of 209 women from a smelter area and 149 women from a
reference area (GM = geometric mean).

Smelter area Nonsmelter area
Time of
sampl ing Ar ith met ic

SD Arith metic Pvalue
GM SD GMmean mean

Week 10 0.14 0.07 0.13 0.12 0.04 0.11 < 0.05
Week 32 0.14 0.05 0.13 0.12 0.04 0.11 < 0.01
Deliveryb 0.17 0.05 0.16 0.14 0.04 0.14 < 0.001

3 0.1 urnot . 1- 1 =20 ~g' 1-1 .

b Stat ist ically si gnif icant increase, P<O.OOl , from week 32 10 delive ry in both groups .
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Table 3. Cadm ium levels in blood (nmol . 1- ' ) during the pregnanc ies of wome n from a smelter area (135 non- and ex-smokers
and 74 smokers) and from a reference area (96 non- and ex-smokers and 53 smokers). (GM = geometric mean).

Smelter area Nons meller area
Time of
sampli ng Arithmeti c

SD GM Arithmeti c
SD GMmean mean

Non- and ex-smokers
Week 10 6 4 5 5 2 4
Week 32 6 3 5 6 3 6
Delivery" 7 3 7 7 3 7

Smokers
Week 10 12 6 11 13 6 12
Week 32 10 5 9 10 4 10
Deliveryb 10 4 9 9 4 9

P·value

< 0.05
NS
NS

NS
NS
NS

a Stat ist ically s ignificant increase fro m week 32 to del ivery in both groups, P<O.Ol , and between weeks 10 and 32 in the refer­
ence area.

b Statis t ica lly s ignificant dec rease betwee n weeks 10 and 32, P< 0.05, in the smelter area and P<O.OOl , in the reference area.

Table 4. Arsenic levels in urin e (urnol . 1- ' ) duri ng the preg­
nancies of 209 women from a smelter area and 149 referents."
(GM =geometric mean)

Smelter area Nonsmelter area
Time of
samp ling Arithmetic SO GM Arithmetic SO GMmean mean

Week 10 0.11 0.10 0.08 0.11 0.13 0,07
Week 32 0.12 0.11 0.07 0.09 0.09 0.06
Week 39 0.10 0.13 0.07 0.08 0.08 0.05

a There were no sign if ican t differences between the groups nor among
the various gestat ional stages of pregnancy.

and six at week 32. Th ese samples were equally
dis tribute d between the two areas . Only I I of the
women living close to the smelter were emp loyed at
it. Their B-Pb levels were , however, significantly
higher than those of the rest, one of them having the
highes t B-Pb value of the study, 0.7 urnol . I-I.

There were no signi ficant differences in the B-Cd
levels between the two areas, except for the non- and
ex-s mokers at the onset of pregnancy, 5 nmol . I-I
versus 4 nmol . I-I for the smokers (geometric mean),
P < 0.05 (table 3). At the beginning of pregnancy, the
B-Cd level (geometric mean) was 7 nmol . I-I in the
smelter area and 6 nmol . I-I in the reference area.
At delivery, the B-Cd level was 7 nmol . I-I in both
groups. Altogether 18 samples were below the de­
tection limit, 2 nmo l . I-I, at week 10, seven at week
32, and three at delivery. No difference was seen be­
twee n the smokers from the two areas. They had B­
Cd levels twice as high as those of the non- and ex­
smokers .

The B-Cd levels increased from week 32 to de­
livery among the nonsmokers in both areas, P < 0.01.
For the smoke rs, there was a significant decrease
during pregnancy in both areas , especially from week
10 to week 32 of pregnancy.

There were no significant differences in the U-As
levels, either between the two areas or during preg­
nancy (table 4). Altoge ther 19 samples were below
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the detection limit, 2 ug . I- I, at week 10, 38 at week
32, and 23 at delivery.

Discussion

In the present study, B-Pb, B-Cd, and U-As leve ls
were monito red in 85-90% of the pregnant wom­
en in a smelter area and a reference area during a
period of one and a half years . The mate rna l B-Pb
leve ls were lower than in four longitudinal stud ies
from Cinci nnati, Cleveland, Port Pirie, and Sydney.
(For a review, see refe rence 4.) In these studies the
maternal B-Pb levels ranged from 65 to 95 ug . I-I
(0.33-0.48 umol . I-I), whereas in our study they
were 34 ug . I -I in the smelter area and 28 ug . I-I in
the refe rence area . Th ey were also lower than in a
previo us study from Swe den (5), including pregnan­
cies from the same area as in the present study, where
the B-Pb levels were 87 ug . I-I.

The B-Pb levels were, however, significantly
higher in the smelter area than in the reference area
during the entire pregnancy, though the differences
were small. However, the lead concen trati ons of
individual mothers working in some departments of
the sme lter may reach levels that cons titute a risk
for adverse effects on the mental devel opment of
their chi ldren . The highest lead leve l in this study
(0.7 /lmol · 1.1) is, however, the lowest level for
which such risks have been discussed (6) . No sig­
nifica nt corre lation was found between smoking and
B-Pb. The increase in B-Pb during pregnancy may
be caused by an increased mobilization from the skel­
eton. It has bee n suggested, although relatively lit­
tle is know n about this subject, that bone lead is mo­
bilized during pregnancy and is transferred to the
more readily bioavailable compartment of maternal
circulation (7).

The B-Cd levels during pregnancy were of the
same magnitude as in other studies reported from
western Europe and the United States (8- 10). They



were cons iderably lower than those acc epted for
Swedish wo rkers (50 nmol . 1-' ), although they were
slightly high er than in a group of 15 non sm oking
Swedi sh women in Stockholm [mean 3 (SD 1.6)
nmol . I-I] (11 ). These wome n were not pregnant,
however. There wa s a tenden cy towards increased
B-Cd levels during pregnancy in non- and ex-smok­
ers, whereas the B-Cd levels decreased in smokers.
These changes are considered to be depend ent mainly
on changes in smoking habits from the beginning of
pre gnancy to deli ver y.

Th ere was no significant variation in the V-As
level s during pregnancy, nor were there any sig nifi­
ca nt differences between the sme lter area and the
reference area . The geome tric means (0.05-0.08
umol . I-I) were 9-12 times lower than the corre­
spo nding mean of the expo sed workers and of the
same magnitude as that of un exposed 52-year-old
men (12). The levels found are considered to be nor­
mal and are not believed to cause any adverse health
effects (13). They are lower than previously report­
ed "no rma l" urinary levels in Swed en ( 14).

Concluding remarks

T he lead, cadmium, and arsenic levels of pregn ant
Swed ish wome n were found to be low. Th e lead lev­
els were significantly high er in the sme lte r area as
compared with tho se in the nonsm elt er one. Ho w­
ever, the differences were sma ll. Th e cadmium lev­
els we re influenced by smo king . The arsenic level s
were comparable with pre viou sly reported va lues in
Swed en , with no signific ant difference s between the
two areas.
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