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Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and poly-
chlorinated biphenyls (PCBs) were analyzed in 167 random human milk samples from urban and
rural areas in Finland. Dietary habits and background information on each mother and child were
gathered by questionnaire. Body mass indexes (BMI) before pregnancy and delivery in the rural
area were 5-10% higher than in the urban area, but fat content of mother’s milk was about 10%
higher in the urban area. The mean weights of children (+ standard deviation) were similar in the
rural and urban areas among primiparae, 3,500 + 597 g and 3,505 + 454 g, respectively, although
dioxin international toxic equivalents (I-TEQs) were significantly higher in the urban area. The
mother’s level of education did not affect the weight of the child, but concentrations of
PCDDs/PCDFs (I-TEQ, 2,.’),4,7,8—(315 dibenzofuran, 1,2,3,7,8—Cl5 dibenzodioxin) and PCBs
[sum of PCBs (XPCB), PCB-TEQ, and most PCB congeners] increased with advanced educa-
tion. This is considered to be due to differences in the mother’s consumption of fish. The birth
weight, especially of boys, slightly decreased with increasing concentrations of I-TEQ, 2,3,4,7,8-
Cl5 dibenzofuran, 1,2,3,7,8-(:15 dibenzodioxin, and 2,3,7,8-Cl, dibenzodioxin; however, when
the analysis was restricted to primiparae, there was no statistically significant correlation between
birth weight and the concentrations of PCDDs/PCDFs. No correlation was found between the
weight of the child and XPCBs, PCB-TEQs, or individual PCB congeners in the whole material
or among primiparae, or among boys or girls. The concentrations of PCDDs/PCDFs and XPCBs
in human milk were modeled for primiparae by weighing fish consumption, age of mother, milk
fat content, and BMI before pregnancy. The linear regression resulted in values of R = 0.67 and
0.30 for the modeled dioxin I-TEQs in the urban and rural areas, respectively, and the corre-
sponding values for XPCBs of R = 0.60 and 0.11. The increase of PCDD/PCDF body burden
was calculated to be on average 0.58 pg [-TEQ/g milk fat/year in the urban area and 0.39 pg I-
TEQ/g milk fat/year in the rural area. Key words: age, birth weight, BMI, body mass index, diet,
dioxins, human milk, modeling, non-ortho PCBs, parity, PCDDs/PCDFs. Environ Health
Perspect 106:61-66 (1998). [Online 15 January 1998]
http:/lebpnetl.niehs.nih.gov/docs/1998/106p61-66vartiainen/abstract.html

One might think that Finland would repre-
sent a low-exposure area with respect to
dioxins and polychlorinated biphenyls
(PCBs). This country of 5 million inhabi-
tants occupies an area of 338,000 km?,
almost the size of Germany, which houses
about 80 million inhabitants. About one-
half of the exports derive from forestry, but
only about 8% of the population work in
forestry and agriculture. Sales of pesticides
have decreased during recent years, from a
total of 5,469 tons in 1989 down to 1,929
tons (843 tons as active ingredients) in 1993
(I). 2,4,5-Trichlorophenoxyacetic acid,
which contains dioxins, was withdrawn from
the market in 1978. Pulp mills chlorinated
their products with chlorine and discharged
their wastes into the lakes or air until 1993.
Currently only chlorine dioxide or nonchlo-
rine bleaching methods are in use. Chlorine
production, as well as some chemical
processes that use chlorine, are possible diox-
in sources. However, a major domestic
source of polychlorinated dibenzo-p-dioxins

and polychlorinated dibenzofurans
(PCDDs/PCDFs) has been uncovered in
Finland: chlorophenols and chlorophenol
production. Chlorophenol formulations
were used as wood preservatives since the
1930s. They were imported from the
United States until 1940 when the produc-
tion of chlorophenols started in Finland
under the trade name Ky-5 (Kymi-
Kymmene, Kuusankoski, Finland). The
production of Ky-5 continued until 1984;
this amounted to 23,400 tons of Ky-5 pro-
duced between 1940 and 1984, which was
mainly used for the preservation of timber.
The use of chlorophenols was ultimately
banned in 1988. Ky-5 contained dioxins at
approximately 0.87 g/ton as international
TCDD toxic equivalents (I-TEQs) and 65
g/ton as total PCDDs/PCDFs (2). Hence,
the total amount of I-TEQs attributable to
Ky-5 is about 20 kg as I-TEQ or 1,500 kg
as total PCDDs/PCDFs. PCDFs and espe-
cially heptachlorinated furans account for
the main part of PCDDs/PCDFs; 95%
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of I-TEQ and 87% of the total PCDDs/
PCDFs were polychlorinated dibenzofurans
2.

Only one small municipal incinerator is
functioning in Finland in comparison with
the hundreds in Central Europe, but the
prevailing winds may carry their emissions
toward Finland as well. Because 40% of the
total SO, deposit in Finland comes via the
air from Central Europe, we may assume
that a major proportion of the total
PCDD/PCDEF load is also carried by the
wind from other parts of Europe.

Food is the main source of PCDDs/
PCDFs and PCBs in humans (3). In Finland,
meat, milk, and dairy products are virtually
devoid of PCDDs/PCDFs, but eggs some-
times contain PCDDs/PCDFs because chick-
en feed may contain marine products (4). The
Baltic Sea is badly polluted with PCDDs/
PCDFs and PCBs, leading to the contamina-
tion of Baltic fish (5). PCB concentrations in
Finnish food are low except for Baltic fish (6).
In 1993, the total intake of dioxins as I-TEQs
in Finland has been estimated to be about 94
pg/day/person (7), with the total PCB intake
of 1.64 pg/day/person (6).

The World Health Organization
Regional Office for Europe (WHO/EURO)
has coordinated two rounds of follow-up
studies on levels of PCDDs, PCDFs, and
PCBs in human milk. Fourteen countries
took part in the first follow-up study, with
Finland among them (8). The detailed, con-
gener-specific analytical results have been
published recently (9. The objectives of the
present study were to correlate the birth
weight and sex of a child to PCDD/PCDF
and PCB concentrations of its mother’s milk
and to assess the personal and environmental
determinants that correlated with the levels
of PCDD/PCDFs and PCBs in human milk
in two areas in Finland in 1987.

Methods
Sample collection and survey respondents.

This study was part of follow-up studies
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into levels of PCDDs, PCDFs, and PCBs
in human milk coordinated by
WHO/EURO. In Finland, we carried out a
larger population-based study in two geo-
graphical areas: Helsinki, the capital city,
and the province of Kuopio (260,000
inhabitants), located approximately 400 km
northeast from Helsinki. All consecutive
women giving birth were recruited between
January and May 1987 from one of the
maternity clinics in Helsinki and from the
maternity clinic of Kuopio University
Hospital. Four weeks after delivery, milk
samples were collected according to
WHO’s guidelines (for 2 weeks and
between 10 and 20 ml breast milk/day) (8).
Written consent was obtained from all
mothers. A questionnaire was distributed to
the participating mothers after the delivery,
including questions on maternal education,
age, parity, height and weight before preg-
nancy and after delivery, duration of resi-
dency in their present home region, smok-
ing, diet including use of milk and milk

products, fish consumption, details of possi-
ble occupational exposures, use of medi-
cines, and possible complications during
pregnancy or delivery. Information on
newborns’ sex, weight, and height was also
included in the questions. The study popu-
lation who collected and returned the milk
samples constituted a total of 167 mothers
(56% of those who initially indicated that
they would participate), 77 (26% of the
total number of childbirths) in Helsinki
and 90 (30%) in Kuopio. The study popu-
lation is described in Table 1.

The levels of education of mothers were
divided into five classes: A, high school edu-
cation (9 years or less; 7 = 4 and 12 among
primiparae and all mothers, respectively); B,
senior high school or technical school (n =
44 and 86 among primiparae and all moth-
ers, respectively); C, student in university (
= 5 and 8 among primiparae and all moth-
ers, respectively); D, college degree (7 = 19
and 38 among primiparae and all mothers,
respectively); E, university or professional

degree (n = 11 and 22 among primiparae
and all mothers, respectively). Mothers also
were divided into two groups: university or
college level education (C + D + E; n = 35
and 68 among primiparae and all mothers,
respectively) and others (A + B; n = 48 and
98 among primiparae and all mothers,
respectively).

Determination of PCDDs, PCDFs,
and PCBs. About 40-80 ml of each human
milk sample, equivalent to 1.4 g fat, was
spiked with 100 pg *C-labeled PCDD and
PCDF standards, with 100 pg !3C-labeled
non-ortho PCB standards, and with 100 pg
13C-labeled PCB standards. Milk fat was
extracted with diethyl ether/hexane, and the
fat content was determined and PCDDs/
PCDFs and PCBs were analyzed by high res-
olution mass spectrometry as described pre-
viously (9). The levels of the 17 most toxic
PCDDs/PCDFs were expressed in I-TEQ
calculated by using the international equiva-
lency factors (10). The toxic equivalents used
for PCBs were those recommended by

Table 1. Characteristics of the mothers and the weights of children in urban (n=77) and rural (n = 90) areas of Finland in 1987

Mother/parity 2 3 4 5 8 10
Urban area, Helsinki
Number of mothers 22 7 1 0 0 0
Maternal age (years)
Mean + SD 26.9+36 288+38 294+28 28 - - -
Range 20-37 21-36 25-34 - - - -
Body mass index before pregnancy (kg/m?)
Mean + SD 21.3+235 23.0+3.35 224 + 4,65 239 - - -
Range 16.4-28.4 19.3-30.9 17.7-30.5 - - - -
Body mass index before delivery (kg/m?)
Mean + SD 26.2 +2.90 27.9+345 27.8 +5.71 28.2 - - -
Range 20.1-34.2 21.0-34.7 225-31.0 - - - -
Weight of child (g)
Mean + SD 3,500 + 597 3,846 + 533 3,623 +415 3,720 - - -
Range 1,350-4,570 3,190-515 2,880-4,140 - - - -
Weight of child by sex (g)
Mean + SD (male) 3,460 + 739 4,395 + 464 3,518 + 447 - - - -~
Mean + SD (female) 3,530 + 423 3,532 + 231 3,885+ 75 3,720 - - -
Fat content of human milk (%)
Mean + SD 3.58+1.05 3.57+1.02 3.92+0.64 4.01 - - B
Range 1.24-6.53 2.18-5.7 2.96-5.18 - - - -
Rural area, Kuopio
Number of mothers 34 12 4 1 1 1
Maternal age (years)
Mean + SD 254 +339 283+4.20 30.5+240 30.3 +5.02 35 30 |
Range 19-34 19-35 27-36 24-38 - - -
Body mass index before pregnancy (kg/m?
Mean + SD 223 +3.15 223 +4.22 23.1+5.44 21.5+5.22 18.8 25.2 21.2
Range 18.1-32.8 17.4-37.2 13.5-34.9 21.2-35.7 - - -
Body mass index before delivery (kg/m?
Mean + SD 27.4 + 3.66 26.7 +4.87 28.6 + 4.61 31.6+3.25 248 25.2 26.5
Range 22.5-38.1 20.3-43.9 21.1-38.6 26.6-35.7 - - -
Weight of child (g)
Mean + SD 3,505 + 454 3,707 + 485 3,726 + 403 3,900 + 241 3,740 3,850 4,500
Range 2,450-4,490 2,460-4,800 3,270-4,800 3,590-4,150 - - -
Weight of child by sex (g)
Mean + SD (male) 3,730 + 446 315+ 371 3,733 + 380 3,900 + 241 3,740 - 4,500
Mean + SD (female) 3,370 + 400 3,620 + 582 3,723 + 410 - - 3,850 -
Fat content of human milk (%)
Mean + SD 3.30+0.85 2.88 +0.82 3.00 +0.92 3.99 +0.85 2.16 3.05 2.65
Range 2.10-5.45 1.63-4.36 1.57-4.52 2.74-4.85 - - -

SD, standard deviation. Numbers in the panel indicate the number of children that the mother had nursed.
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Table 2. Dioxin concentrations in human milk as international TCDD toxic equivalents (I-TEQs) and the
sum of polychlorinated biphenyls (XPCB) concentrations and PCB-TEQs in urban and rural areas in

Finland in 1987

Mother/parity 1 2 3 4 5 8 10
Urban area, Helsinki

Number 47 22 7 1 - - -
PCDDs/PCDFS (I-TEQ pg/g fat)

Mean + SD 263+11.8 168+58 16.2+85 4.46 - - -

Range 147-963  6.0-288 6.1-33.1 - - - -
YPCB (ng/g fat)

Mean + SD 496+218 385+132 285+ 197 68.5 - - -

Range 173-1624 196615 78-715 - - - -
PCBs (TEQ pg/g fat)

Mean + SD 370+248 276x118 215187 4.01 - - -

Range 8.86-162 10.1-606 5.01-65.4 - - - -
Rural area, Kuopio

Number 37 34 12 4 1 1 1
PCDDs/PCDFS (I-TEQ pg/g fat)

Mean + SD 201+65 181+62 165+63 158+439 102 386 542

Range 108-374  80-339 6.92-309 8.78-20.2 - - -
>PCB (ng/g fat)

Mean + SD 396+164 356209 258+126 332+479 180 606 169

Range 140-834  159-1,388 85-570 263-398 - - -
PCB (TEQs pg/g fat)

Mean + SD 265+990 26.7+148 194+126 220+738 167 37 14.1

Range 10.0-509 8.70-953 7.48-524 13.0-31.3 - - -

Abbreviations: SD, standard deviation; PCDDs/PCDFs, polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans.
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Figure 1. Correlation of newborn children’s birth weights with dioxin levels of mother’s milk. (A) Among all
children (regression intercept = 28.4 and slope = -0.00228). (B) Among all boys (regression intercept = 30.8
and slope = -0.00302). (C) Among all girls {regression intercept = 24.0 and slope = -0.00107). (D) Among all
primiparae (regression intercept = 24.3 and slope = -0.00021). (E) Among primiparae girls (regression inter-
cept = 20.3 and slope = 0.00065). (F} Among primiparae boys (regression intercept = 28.7 and slope =
-0.00106). Abbreviations: PCDDs/PCDFs, polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofu-
rans; |-TEQ, international-TCDD toxic equivalents.
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WHO, i.e., 0.1 for PCB 126; 0.01 for PCB
169; 0.0005 for PCBs 77, 114, 156, and
157; 0.0001 for PCBs 105, 118, 123, 170,
and 189; and 0.00001 for PCB 180 (11).
This laboratory has participated successfully
in international quality control studies for
the analysis of PCDDs and PCDFs in cow
milk samples organized by the European
Community Bureau of Reference (EU/BCR)
project in 1993 (12,13) and is an accredited
testing laboratory (No. T77) in Finland
(SFS-EN 4500 and ISO/IEC Guide 25).
The scope of accreditation includes
PCDDs/PCDFs, PCBs, and non-ortho
PCBs from milk. Regression analysis was car-
ried out using Lotus 1-2-3 (release 2.01;
Lotus, Cambridge, MA). Student’s #test,
Pearsson’s, and analysis of variance
(ANOVA) in SPSS (SPSSPC+, Chicago, IL)
were used to test the statistical significance of
results.

Results

The characteristics of the mothers and the
weights of children, all together as well as
boys and girls separately, in urban and
rural areas of Finland in 1987 are shown in
Table 1. Altogether, 47 of 77 mothers from
the urban area and 37 of 90 mothers from
the rural area were primiparae. A mother in
the rural area nursing her tenth child and a
mother in the urban area nursing her
fourth child were included in this study.
The ages of the mothers ranged between 20
and 37 years (both first-time mothers) in
the urban area and between 19 (first child)
and 41 years (tenth child) in the rural area.
Body mass indexes (BMI) before pregnancy
and delivery were 5-10% higher in the
rural area than in the urban area, but the
fat content of milk was about 10% higher
in the urban area than in the rural area.
The average weight of all children was
3,630 g, the median was 3,625 g, and the
standard deviation (SD) was 527 g.

Dioxin I-TEQ and PCB concentrations
of the milk are shown in Table 2. The
average dioxin and YPCB concentrations
of all primiparae were 26.3 pg I-TEQ/g
and 496 ng/g fat, respectively, in the urban
area and 20.1 pg I-TEQ/g and 396 ng/g
fat, respectively, in the rural area. The dif-
ferences were statistically significant
(p<0.001 for dioxin I-TEQs and p<0.01
for YPCB). Dioxin (as TEQs) and XPCB
levels in human milk decreased with the
number of children. In the urban area, the
mean decrease was on average 20% per one
breast-fed child; in the rural area, the
decrease was about 10% for both PCDD/
PCDF and Y, PCB concentrations.

Correlation of weight and sex of the
child with PCDD/PCDF and PCB con-
centrations in milk. The mean weights of
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children were similar in both areas, 3,500 g
in primiparae with an increasing trend in
multiparae (Table 1). The second child was
heavier than the first child, 10% in the urban
area and 6% in rural area. Using Pearsson’s
correlation 2-tailed test, the weight of the
child correlated negatively with I-TEQs in
mother’s milk in the whole group of children
(-0.1779; p = 0.022; n = 166; Fig. 1A) and
more so in boys (-0.239; p = 0.038; 7 = 76;
Fig. 1B), but not in girls (-0.0806; p = 0.450;
n=90; Fig. 1C). If the analysis was restricted
only to primiparae, no correlations were
detected in all firstborn children (-0.075; p =
0.502; » = 83; Fig. 1D), either in girls (Fig.
1E) or in boys (-0.179; p = 0.310; n = 34;
Fig. 1F). The slight decrease in weight of
children did slightly correlate with the con-
centrations of 2,3,4,7,8-Cl; dibenzofuran
(-0.159; p = 0.041; n = 1663, 1,2,3,7,8-Clg
dibenzodioxin (-0.156; p = 0.045), and
2,3,7,8-Cl, dibenzodioxin (-0.130; p =
0.095; 7 = 166). No correlation was found
between the weight of children and YPCBs
in all the children (-0.0953; p = 0.222; n =
166), in boys (-0.0551; p = 0.636, n = 76),
in girls (-0.1439; p = 0.176; n = 90), among
all primiparae (-0.0003; p = 0.998; 7 = 83),
or in primiparae gitls or boys (-0.0096; p =
0.957; n = 34). There was also no correlation
between the weight of the child and PCB-
TEQs (-0.0229; p = 0.769; n = 166) or indi-
vidual PCB congenets.

Influence of education of mother on
the weight of newborns and on
PCDD/PCDF and PCB concentrations in
milk. The education of the mother had no
effect on the weight of the children either

among primiparae (F=0.308 and p = 0.872
in the analysis of variance in five groups and
F=0.099 and p = 0.754 in two groups) or

_ among all mothers (F=0.084 and p = 0.987

in five groups and F = 0.099 and p = 0.754
in two groups). Also, no effect was found on
the weight of the child when boys and girls
were analyzed separately (Table 3).
However, a highly significant effect was
detected with respect to I-TEQ in primi-
parae (F=3.63 and p = 0.009 in five groups
and F=11.6 and p = 0.001 in two groups)
and in all mothers (F = 3.52 and p = 0.009
in five groups and F=9.53 and p = 0.002 in
two groups). The average dioxin and PCB
concentration in human milk increased with
the education of the mothers from group A
to E (Table 3). This correlation was particu-
larly clear with I-TEQ, 2,3,4,7,8-Cl, diben-
zofuran, 1,2,3,7,8-Cl; dibenzodioxin, and
octochloro dibenzo-p-dioxin (OCDD) con-
geners, and even more significant for XPCB
in primiparae (F = 4.69 and p = 0.002 in
five groups and F = 14.99 and p<0.001 in
two groups) and with all mothers (F = 6.14
and p<0.001 in five groups and F = 15.3
and p<0.001 in two groups). The average
2PCB concentration in human milk was
similar to I-TEQ, increased from group A to
E (Table 3). This effect was apparent for
most of the PCB congeners, but especially
clear for PCB-TEQ and PCBs 126, 153,
and 169. The mothers’ level of education
correlated with the weight of girls (p = 0.024
and 0.025 among primiparae and all moth-
ers, respectively), but not with the weight of
boys. Significant correlations between the
mothers’ level of education and the fish

Table 3. Effect of education of mother on weight of child and polychlorinated dibenzo-p-dioxins and poly-
chlorinated dibenzofurans and polychlorinated biphenyls (PCB) concentrations in mother's milk.

Mother/education A? B C D E
Primiparae :
Number boys/girls 13 22/22 1/4 5/14 5/6
Weight of child (g) 3,428 + 428 3,523 + 646 3,702 + 310 3,459 + 373 3,406 + 500
Boys 4,030 3,556 + 802 4,080 3,518 + 486 3,434 + 307
Girls 3,227 + 181 3,490 + 459 3,608 + 262 3,438 + 343 3,383 + 651
I-TEQ (pg/q fat) 18.7 +4.95 20.9 + 6.92 21.4 £6.81 259+4.41 26.3+5.32
Boys 121 21.5+17.36 317 26.4 +3.07 258 £5.15
Girls 20927 20.4 + 6.56 189+4.29 258+4.89 26.7 +5.90
Y.PCB (ng/g fat) 339+ 109 389 + 160 405+ 74.9 520 + 130 541+ 134
PCB-TEQ (pg/g fat) 23.0+7.30 260+ 11.4 28.9+3.94 36.1+15.0 445+ 20.1
All mothers
Number boys/girls 5/1 46/40 2/6 14/24 9/13
Weight of child (g) 3,638 + 481 3,641 + 600 3,676 + 262 3,624 + 394 3,576 + 547
Boys 4,022 + 335 3,709 + 682 3,940 + 198 3,709 + 394 3,760 + 611
- Girls 3,360 + 372 3,563 + 488 3,588 + 226 3,575 + 393 3,448 + 481
I-TEQ (pg/g fat) 16.0 + 4.66 18.6 £+ 7.46 17.7+£8.25 22.2+6.47 224+ 6.87
Boys 148 +4.43 18.5+8.05 20.2 +16.2 214531 209+ 8.05
Girls 16.8 + 5.00 18.7 + 6.81 16.9+6.29 226+7.14 235+6.09
>PCB (ng/g fat) 305+ 115 346 + 159 327 +136 432+ 149 516 + 249
PCB-TEQ( pg/gfat) 24.8+11.8 243+126 2231103 30.2:13.2 394+214

Abbreviations: I-TEQ, international TCDD toxic equivalents; SPCBs, sum of PCBs. Values shown are mean + standard

deviation.

“Letters indicate the mother’s level of education; A = high school education or less, B = senior high school or technical school, C = student in
university, D = college degree, E = university or professional degree.
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consumption and BMI before delivery were
also found.

Effect of fish consumption, smoking
habits, age, and body mass index of moth-
er on PCDD/PCDF and PCB concentra-
tions in human milk. Fish consumption
was categorized into five classes: more than
once a week (I; 2.6% and 1% of mothers in
urban and rural areas, respectively); once a
week (II; 38% and 38%); once in 2 weeks
(IIT; 36% and 32%); once or less than once
a month (IV; 21% and 24%); and never (V;
2.6% and 2.2%). Primiparae who ate fish
(classes I, II, and III) in the rural area
showed significantly higher concentrations
of PCDD/ PCDFs than primiparae who ate
lictle or no fish (classes IV and V; p<0.01;
Fig. 2). In the urban area, higher I-TEQs
were found in primiparae who ate fish than
in those who did not eat fish, but the differ-
ence was not statistically significant (Fig. 2).
Statistically nonsignificantly higher XPCB
concentrations were found among primi-
parae in the urban area who ate fish than in
those primiparae who did not regularly con-
sume fish; in the rural area, no differences
were found.

There was no systematic difference in
PCDD/PCDF or YPCB levels in human
milk between smoking and nonsmoking
mothers. The number of smokers was
small: in the rural area none of the mothers
smoked, but eight were ex-smokers (22%),
in the urban area six mothers (13%)
smoked and 17 (36%) were ex-smokers.

PCDD/PCDF and PCB concentrations
in human milk of primiparae increased
with age. The correlation coefficient R was
0.51 for both I-TEQs and YPCB in the
urban area but only 0.21 and 0.06 for I-
TEQs and XPCB, respectively, in the rural
area. A slight negative correlation between
I-TEQs or PCB in human milk and the
BMI of the mothers was found (R = 0.05
and 0.12 for I-TEQs and YXPCB in the
urban area, respectively, and R = 0.23 and

50

Bl Ate fish
Bl Did not eat fish

40

30

20

I-TEQ (pg/g) fat

Helsinki Kuopio

Figure 2. Effect of fish consumption on the levels
of polychlorinated dibenzo-p-dioxins and poly-
chlorinated dibenzofurans in human milk in the
urban (Helsinki) and rural (Kuopio) areas of
Finland. Only primiparae are included. I-TEQ,
international TCDD toxic equivalents.
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0.20 for I-TEQs and YPCB in the rural
area, respectively).

Modeling of PCDD/PCDF and PCB
concentrations in human milk. The dioxin
and furan I-TEQs were modeled by an
equation where slight effects, such as fat
content of milk and BMI, in addition to the
stronger effects such as age of the mother
and use of fish, were taken into account.
The model was used only for primiparae.
The equation is as follows:

Modeled I-TEQ for PCDD/PCDF =
ky/Fat X (4-19) X Fe /BMI + &,

where &, = constant (80 and 135 for I-
TEQs for urban and rural areas, respective-
ly); &, = constant [I-TEQ-concentration of a
19-year-old mother (I-TEQs of 13 for
urban and 7 for rural areas, respectively)];
Fat = fat content of human milk (%); 4 =
age of mother (years); F, = 0.1 for mothers
who never eat fish, 0.25 for mothers who eat
fish less than once in 2 weeks, 1 for mothers
who eat fish once in 2 weeks, 2 for mothers
who eat fish once a week, and 4 for mothers
who eat fish more frequently than once a
week; and BMI = body mass index before
pregnancy [weight (kg)/height? (m)].

The linear regression resulted in a correla-
tion between modeled and measured I-TEQs
in Helsinki (R = 0.67) and in Kuopio (R =
0.30), and for both together (R = 0.60). After
a mother with exceptionally high I-TEQ (96
pg/g fat; 37 years old; F, = 4) was excluded,
R decreased to 0.60 in Helsinki (Fig. 3). The
increase of PCDD/ PCDF body burden was
calculated to be on average 0.58 pg I-TEQ/g
milk fat/year in the urban area and 0.39 pg I-
TEQ/g milk fat/year in the rural area. Adding
the education of mother to the model slightly
worsened the model.

The same model could be used for mod-
eling PCB concentrations of human milk.
The linear regressions obtained for XPCB
were R = 0.60 in Helsinki and R = 0.11 in
Kuopio; for both together, R = 0.42. Adding

100

¢ All primiparae I

80

60

40

Modeled I-TEQ

20

0

Measured I-TEQ

Figure 3. Correlation between measured and mod-
eled polychlorinated dibenzo-p-dioxin and poly-
chlorinated dibenzofuran concentrations in human
milk. Only primiparae from Helsinki were included.
I-TEQ, international TCDD toxic equivalents.
Regression intercept = 6.34 and slope = 0.765.

smoking habits to the model did not alter

the outcome.

Discussion

The levels of dioxins and furans have been
analyzed in several countries under the
auspices of WHO/EURO. WHO orga-
nized the first sampling of human milk
samples in 1986-1987, and Finland was
one of several participating countries (8).
Due to the high costs of analyses, only two
pooled samples were analyzed; in these,
only PCDDs/PCDFs were analyzed in
Finland in 1987, but milk samples were
collected using a population-based sam-
pling frame that allowed generalization of
the results. Fat from the milk samples was
extracted into hexane soon after the collec-
tion of the samples, and these extracts were
analyzed after the quality assurance of the
methods used to analyze PCDDs/PCDFs
and individual PCB congeners. The moth-
ers also completed extensive questionnaires.
The detailed, congener-specific analytical
results have been published separately (9);
the present study attempted to model
PCDD/PCDF and PCB concentrations on
the basis of the individual dietary and liv-
ing habits and aimed to determine if an
elevated concentration of PCDDs/PCDFs
or PCBs in mother’s milk and in the body
of the mother could influence the birth
weight or sex of the newborn baby.

Dioxins and furans induce a number of
serious effects in experimental animals (74).
Humans have been thought to be less sensi-
tive than other animals, but there is little
direct information for such a claim.
Rylander et al. (15) studied infants born to
fishermen’s wives on the eastern Swedish
coast of the Baltic Sea and on the western
Swedish coast of the North Sea in a cohort
study and reported an increased risk of low
birth weight without any dose-response
relationship. The effect was more conspicu-
ous for the boys [odds ratio (OR) = 2.1]
than for the girls (OR = 1.1). The exposure
estimate was based simply on interview
only. In a study in Michigan (16), a lower
birth weight was reported to be in associa-
tion with higher fish (and PCB) intake,
although this result is not generally accept-
ed and severe criticisms have been raised
(17-21). In contrast, in North Carolina, no
such effect was observed (22). In our study,
the mean weights of children increased with
the numbers of children and the I-TEQs
decreased. However, first-born infants usu-
ally weigh less than second- or third-born
infants, a phenomenon that was recognized
long before PCDDs/PCDFs were released
into the environment (23). When one wish-
es to study the PCDD/PCDF concentra-
tions in human milk, controlling for parity
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is essential, especially in Nordic countries
where breast-feeding may last several
months, resulting in a decrease of PCDD/
PCDF body concentrations (24-28). This
decrease was clearly apparent in this study.
Despite the fact that the average PCDD/
PCDF concentrations of human milk
among primiparae in Helsinki were 33%
higher than in Kuopio, the average weights
of children were equal. Also no correlations
were found between the weight of the new-
born and the dioxin concentrations of
primiparae mothers. Hence, the present
results do not confirm the theory proposed
by Rylander et al. (15). However, the power
of the present study is not sufficiently great
to completely rule out the existence of some
relationship. It is possible that the con-
geners 2,3,4,7,8-Clg dibenzofuran,
1,2,3,7,8-Cls dibenzodioxin, and 2,3,7,8,-
Cl, dibenzodioxin might correlate with the
weight in children. It is somewhat surpris-
ing that the mother’s level of education had
no effect on the weight of child. The health
care for Finnish mothers is extremely well
organized and is free of charge throughout
the nation. On the other hand, a linear rela-
tionship was detected between dioxin and
PCB concentrations in mother’s milk and
the mother’s level of education. PCB con-
centrations in mother’s milk correlated even
better than dioxins or furans with the
mother’s educational degree. One explana-
tion is fish consumption in Finland: the
better educated the mother, the more likely
she is to eat fish. The mother’s education
positively correlated in this study with fish
consumption and negatively with BMIs.
Because analyses of dioxin are difficult
and expensive, an approximate model for
PCDD/PCDF body burden would be very
useful both for purposes of control as well as
for epidemiological studies. It is possible to
calculate the daily intake of PCDDs/PCDFs
from food if levels and amounts of different
food items are known. This has been per-
formed in many countries, and the intake
values vary between 49.5 pg/day in Norway
(29) to 18-192 pg/day in the United States
(30). However, other factors also influence
the concentrations of dioxins in humans,
e.g., age of the person. In our study, the
most important factors affecting the model
of PCDDs/PCDFs in human milk were the
frequency of fish consumption and the age of
the mother; minor factors were BMI and fat
concentration of human milk. The model
would probably have been better if the
species of fish had also been determined
along with the frequency of fish consump-
tion. The concentrations of PCDDs/PCDFs
in different fish species are well known in
Finland; mature Baltic fish contains high lev-
els of PCDDs/PCDFs and lake fish have low
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levels; fish from the Atlantic Ocean are
almost devoid of PCDD/PCDFs as are culti-
vated fish (5). This is a reasonable explana-
tion for the better fit of the model in Helsinki
than in Kuopio because in Kuopio mainly
lake fish with low levels of PCDDs/PCDFs
are used. The model also revealed that the I-
TEQ concentrations of 19-year-old primi-
parae mothers were almost the same in urban
and rural areas, 9.4 and 9.9 pg/g fat, respec-
tively. Addition of the education of the
mother to the model did not improve the fit,
probably because fish consumption and BMI
were already included. The model developed
in this study to evaluate the concentrations of
PCDDs/ PCDFs and PCBs in human milk
is valid only for primiparae. For second chil-
dren, we should have known at least the
duration of breast feeding of the previous
children and the time period between the first
and subsequent children. Beck et al. (31) cal-
culated the decrease of PCDDs/PCDFs dur-
ing a 12-week breast-feeding period to be
15-25%. With respect to the dependence on
the age of the mothers, they found the
increase of the PCDD/PCDF body burden
to be 0.71 pg I-TEQ/g fat/year. In our study,
the increase was 0.58 pg I-TEQ/g fat/year in
the urban area and 0.39 pg I-TEQ/g milk
fat/year in the rural area. Beck et al. (31) did
not find any dependence of PCDD/PCDF
levels on BMI or smoking, but we did detect
a slight negative correlation with BMI.
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