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Abstract. Samples of maternal blood, milk, and
umbilical cord blood were collected from mothers
and their infants at Ulleval University Hospital in
Oslo, Norway. All the mothers had lived in Oslo
during the last two years. Of the Norwegian
mothers, 16 were delivered by Caesarean opera-
tion, and samples of subcutaneous fat tissues were
collected. Hexachlorobenzene (HCB), polychlori-
nated biphenyls (PCBs), p,p’-DDE, p,p’-DDT, and
dieldrin were found in 157, 135, 168, 22, and 12,
respectively, of the 168 samples analyzed, while B,
and vy-hexachlorocyclohexane (HCH) were found
in 93 and 26, respectively, of the 152 samples ana-
lyzed for these compounds. In the samples ob-
tained from the Norwegian mothers and infants,
PCBs and p,p’-DDE were the major contaminants
present. In contrast, only traces of PCBs were
found in six immigrant samples, which, however,
contained 4-6 times higher levels of p,p’-DDE plus
p,p'-DDT than the corresponding Norwegian
samples. Of the HCH isomers, the B-HCH was the
predominant isomer present. Two to three times
significantly higher p,p’-DDE and PCBs levels
were found in maternal serum than cord serum. No
significant differences were found between the or-
ganochlorine residue levels in subcutaneous fat and
milk fat. A significant positive linear correlation
was found between the levels of p,p'-DDE and
PCBs in maternal serum and in milk fat, and be-
tween the levels of p,p’-DDE in maternal serum
and cord serum from Norwegian mothers giving
birth normally.

Significantly higher PCBs and p,p’-DDE residues
were found in the maternal and cord serum samples
obtained after Caesarean operation than after
normal delivery, while no other such differences
were found in the milk samples S days post partum.

The results demonstrate that organcchlorines are
transferred from mother to fetus and newborn
babies through the placenta and milk and that
human milk is a good indicator in monitoring
human beings and their environment for organo-
chlorine contamination. Possible toxicological im-
plications of the present results are discussed.

The intensive use of persistent organochlorine
chemicals (OC), both in agriculture and industry,
have lead to widespread contamination of the envi-
ronment, and residues are found at every level of
the food chain (Hayes 1975). Human beings are
placed at the top of most chains, and it is not sur-
prising that high levels of these compounds have
been found in human adipose fat and milk fat
(Jensen 1983; Slorach and Vaz 1983). For these
reasons, many industrial countries have restricted
or banned the use of these chemicals. Thus, in
Norway, the use of all persistent pesticides, except
lindane (y-hexachlorocyclohexane), which is still
certified for plant protection and insect and parasite
contral, has been prohibited since 1971. Further-
more, the use of the industrial chemicals, polychior-
inated biphenyls (PCBs) have been restricted to
closed systems since 1971, and a ban was imposed
in 1979. Many of the developing countries, how-
ever, are still using considerable amounts of persis-
tent pesticides.

Human milk monitoring programs have been
used in many countries for assessing levels of envi-
ronmental pollution by lipophilic substances in dif-
ferent areas within or between countries. Thus, in
industrial countries, PCBs have been the major or-
ganochlorine contaminant in human samples during
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the last 10-15 years (Jensen 1983), while devel-
oping countries have avoided the PCB contamina-
tion. In contrast, persistent pesticide contamination
is generally much higher in the developing as com-
pared to the industrial countries (Kanja ef al. 1986;
Slorach and Vaz 1983). In Norway, human milk
monitoring surveys were organized in our labora-
tory in 1970, 1976 and 1979 (Bjerk 1972; Brevik and
Bjerk 1978; Skaare 1981). Adipose fat was also ana-
lyzed in 1970 and 1976. However, organochlorine
residue levels in Norwegian maternal and infant
blood were not analyzed. Results from similar
surveys have been published from India (Ra-
makrishnan er al. 1985; Siddiqui and Saxena 1985;
Slorach and Vaz 1983).

The aims of the present study were to assess the
organochlorine contamination level in maternal adi-
pose tissue, blood, milk, and cord blood of Norwe-
gian mothers and their infants, and to examine the
relationship between them. Also, the trends in con-
tamination levels in Norway, and the effectiveness
of governmental regulations on the use of OC, was
evaluated by comparing the present results with
corresponding results from the human milk surveys
done earlier in the same laboratory. Finally, an in-
vestigation of the difference in pattern and levels of
organochlorines in blood and milk between Norwe-
gian mothers and their infants and Indian and Paki-
stanian immigrant mothers and their infants, was
included. The immigrant mothers had lived in
Norway the last two years.

Materials and Methods

Sampling and Collection

A total of 43 women (28.2 * 4.5 years of age) participated in the
study voluntarily and agreed with its aims. The women were
giving birth to their first or second child and all had lived in the
Oslo area during the last two years. Apart from these selection
criteria, they were selected at random. Immediately after de-
livery, either by Caesarean operation (16 Norwegians) or nor-
mally (20 Norwegians plus 7 immigrants to Norway from devel-
oping countries) at Ulleval University Hospital in Oslo during
1981-1982, samples of maternal blood serum (3-5 ml) and um-
bilical cord serum (3—5 ml) were obtained. Specimens of subcu-
taneous fat were also collected from the mothers during Cae-
sarean operations. Samples of colostrum and milk (10-20 ml)
were obtained 3 and S days post partum. The milk samples were
expressed manually preferentially before the infant was nursed
in the morning. The samples were frozen immediately in clean
glass bottles and stored at —20°C until analysis. All samples
were taken from donors with normal and healthy babies. Thir-
teen of 16 Caesarean operations were planned in advance and 6
and 10 women received epidural anesthetics (bupivacaine Mar-
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cain®) and narcosis (thiopentone Penthotal®), respectively. A
questionnaire including background data on mother and child,
such as sex, length, and weight of the infant, weight, height,
occupation, nationality, dietary habits, and smoking habits of the
mother was completed by each donor.

Sample Analysis

Extraction, clean-up, and analysis of milk and serum samples
were made according to a method described by Brevik (1978),
slightly modified. The method comprised extraction of milk
samples (10 ml) and serum samples (3-5 ml) with acetone (15
ml) and n-hexane (20 ml) by ultrasonic disintegration, repetition
of the extraction using 5 and 10 ml acetone and n-hexane, respec-
tively, and final evaporation of the n-hexane to an appropriate
volume. The milk fat content was determined by evaporation to
dryness and redissolving in #-hexane (0.05 g fat/ml hexane). The
subcutaneous fat tissue samples were prepared by a slight modi-
fication of the method described by Bjerk and Sundby (1970).
Details of the extraction procedures are described by Skaare et
al. (1985). Two aliquots of the different hexane extracts were
treated with concentrated sulphuric acid and methanolic potas-
sium hydroxide, respectively. Aliquots of the purified hexane
extracts were made up to an appropriate volume and analyzed
by gas chromatography (GLC), using a Varian model 3700, and a
Carlo Erba model 2350 with the following instrument parameters
and operating conditions: Detectors: ®Ni electron capture;
columns: glass 1.5 m X 2 mmi.d. packed with a mixture of 1.5%
SP-2250 and 1.95% SP-2401 on Supelcoport 100/120 mesh (a), a
mixture of 1.5% OV-1 and 1.5% OV-225 on Supelcoport 80/100
mesh (b); Column temperature: 205°C (a); temperature pro-
gram 190°C (1 min.) to 230°C, 5°C/min. (b); Carrier gas: Nitrogen
30 ml/min, and injection volume: 2-5 pl. No isolation of PCBs
from the DDT compounds was made prior to GLC analysis. The
organochlorine compounds were identified by analysis of both
acid and alkali-treated hexane fractions on both GLC-columns
after which the retention times of organochlorine chemical res-
idues and standards were compared. Recoveries of pesticides,
and PCBs were checked periodically by fortification of cow’s
milk and serum. The average recoveries for all compounds
varied from 80-115%. Repeated analysis gave a standard error
of about 10%. Participation in an interlaboratory analytical
quality assurance (AQA) test organized by WHO/UNEP, with
spiked cow milk samples provided from The National Food Ad-
ministration in Sweden, demonstrated that our laboratory had
good analytical quality (percentage deviation from spike con-
centration of 3-HCH, p,p'-DDE and PCBs were less than
+20%). The data do not include. corrections for recovery. The
quantification limits were set to 0.001 mg/kg wet weight for HCB
and B-HCH, and 0.002 mg/kg wet weight for the other organo-
chlorines in serum samples. In extractable fat from milk and s.c.
fat the quantification limits were set to 0.002 mg/kg for HCB,
lindane (vy-hexachlorocyclohexane, y-HCH), o-HCH, and
B-HCH, 0.015 mg/kg for p,p’-DDT and p,p’-DDE (sum DDT =
1.11 p,p'-DDE + p,p'-DDT), 0.004 mg/kg for aldrin and 0.050
mg/kg for the other organochlorines.

The limit of PCB quantification was 0.020 mg/kg fat. The
PCBs were determined gas chromotographically via pattern rec-
ognition using the commercial standard Aroclor 1254®. The sum
of as many peaks as possible was taken for comparison.
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Table 1. Residues (ppb, wg/kg wet weight, pg/kg fat weight listed in parentheses) of HCB, PCRBs, p,p'-DDE, and 8-HCH in samples
from Norwegian mothers and their infants delivered by Caesarean operation

Days post
Sample partum % extr. fat HCB PCBs p.p'-DDE B-HCH
Subcutaneous fat 0 80.5 = 48.1 494 + 636 662 + 401 448 + 389 not analyzed
(630 = 841) (952 = 518) (638 + 531)
16/16 16/16 16/16
Maternal serum 0 —— + 2% 10 = 4% 19 = 21%=2 <|
15/15 14/15 15/15 11/15
Umbilical cord serum 0 — 12 5+ 42 16 = o <1
10/12 9/12 12/12 2112
Colostrum 3 1.8 = 1.8 0 21 £ 18 it 7 <1
54 = 36)p (1165 = 508)2 (1054 = 831)p (79 = 72)
12/12 1112 12/12 1112
Milk S 2.6 = 1.1 2 20 = 11 20 = 13 2+ ]
(80 = 30) (810 = 410) (820 + 520) (60 = 50)
14/14 14/14 14/14 14/14

Results are expressed as means = S.D. Ratios of the number of samples containing quantifiable amounts over total number analyzed are

also given

* Significant differences (P < 0.05) between organochlorine residues in maternal serum and umbilical cord serum
2 Significant differences (P < 0.05) between corresponding samples from Norwegian mothers and their infants delivered normally (Ta-

ble 2)

Statistical Analysis

The different sets of data were examined for significant differ-
ence (p < 0.05) by Wilcoxon’s two-sample test (Hodges and
Lehmann 1970). Correlation analyses were done by simple linear
regression.

Results

Residue Levels of HCB, p,p’-DDE, p,p’-DDT,
PCBs and «, B, and v-HCH

The results, expressed on fat and wet weight basis,
respectively, are presented in Tables 1-3. The
means and the standard deviations together with
the ratios of the number of samples containing
quantifiable amounts over the total number ana-
lyzed are listed.

Hexachlorobenzene (HCB), PCBs, p,p’-DDE
and p,p'-DDT were found in 157, 135, 168, and 22
samples, respectively, of the 168 samples analyzed.
In the samples obtained from Norwegian mothers
and infants, p,p'-DDE was the only detectable
DDT metabolite (Tables 1 and 2). In the samples of
the immigrants to Norway and their infants, the
major DDT derived compound was p,p’-DDE.
However, low levels of p,p’-DDT were also found
in all samples (Table 3). PCBs are major organo-
chlorine contaminants in the Norwegian material
(Tables 1 and 2), while quantifiable PCB residues

were found in immigrant serum sampies only (Ta-
bie 3).

Of the HCH-isomers, the 3-HCH was the pre-
dominant isomer found in 93 of 152 samples ana-
lyzed (Tables 1-3) while quantifiable residue levels
of lindane, v-HCH, were found in serum samples
only. In 8 of 35 serum samples of Norwegian
mothers and 6 of 35 corresponding umbilical cord
serum samples lindane residues ranged from 0.2-27
ugkg wet weight. In all the serum samples of im-
migrant mothers and in 5 of 7 corresponding umbil-
ical cord serum samples, lindane residues ranged
from 0.1-3.4 pg/kg wet weight. a-HCH was not
found in amounts that could be quantified. In gen-
eral, a wide variation between individual samples
was observed.

Norwegian mothers and their infants: According to
Table 1, the highest mean contamination levels of
HCB, PCBs and p,p'-DDE were found in subcuta-
neous (s.c.) fat samples. However, no significant
differences were found between the residue levels
in the extractable fat of s.c. fat and milk respec-
tively. Furthermore, significant higher mean res-
idues for p,p’-DDE and PCBs, were found in the
maternal serum as compared to the umbilical cord
serum sampies (Tables 1 and 2). On a fat weight
basis, no significant differences were found be-
tween mean residue levels in colostrum and milk
from the mothers delivering their infants by Cae-
sarean operation (Table 1), while a significant higher
mean concentration of p,p’-DDE was found in milk
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Table 2. Residues (ppb, pg/kg wet weight, pg/kg fat weight listed in parentheses) of HCB, PCBs, p,p’-DDE, and B-HCH in samples
from Norwegian mothers and their infants delivered normally

Days post
Sample partum % extr. fat HCB PCBs p,p'-DDE B-HCH
Maternal serum 0 — 1+ 1% 10+ 7% 10 = 8% <1
18/20 20/20 20/20 6/20
Umbilical cord serum 0 — 1+ 2 3+ 1 3x 2 <1
17/20 13/20 20/20 2/20
Colostrum 3 1.7 = 0.7 0+ 0 18+ 9 12 + 13 1+ 1
(35 = 23)* (866 + 382) (640 = 450)* 51 = 30
13/17 12/17 17/17 717
Milk 5 24 =12 2+ 1 23+ 12 24 = 23 2+ 1
(90 = 50) (1000 = 350) (970 = 660) (80 + 110)
20/20 20/20 20/20 19/20

Results are expressed as means = S.D. Ratios of the number of samples containing quantifiable amounts over total number analyzed are
also given

* Significant differences (P < 0.05) between organochlorine residues in maternal serum and umbilical cord serum, and in colostrum and
milk

Table 3. Residues (ppb, pg/kg wet weight, ug/kg fat weight listed in parentheses) of HCB, PCBs, p,p’-DDE, sum-DDT (1.11 p,p’-DDE
+ p,p'-DDT), and R-HCH in samples from immigrants to Norway from developing countries and their infants delivered normally

Days post

Sample partum % extr. fat HCB PCBs p,p'-DDE sum-DDT 8-HCH

Maternal serum 0 — 7+ 122 4 = 52 126 = 622 150 = 75 2+ 1
5/5 4/5 5/5 5/5 5/5

Umbilical cord serum 0 — S+ 13 1+ 3 49 + 812 59 £ 100 1= 2
717 2/7 717 7117 6/7

Colostrum 3 0.9 +09 0+ 0 42 + 54 39 + 76 2+ 2
(80 = 492 — (8570 = 96501) (12040 + 13620) (400 + 340)2
4/4 4/4 4/4 4/4

Milk 5 30 =33 1= 1 78 = 30 107 = 45 8+ 7
(47 + 46) — (4421 = 1759)2 (5981 = 1541) (443 + 492)2
6/6 6/6 6/6 6/6

Results are expressed as means + S.D. Ratios of the number of samples containing quantifiable amounts over the total number analyzed
are also given

a Significant differences (P < 0.05) between organochlorine residues in corresponding samples of Norwegian mothers and their infants
delivered normally (Table 2)

fat as compared to colostrum fat of mothers who serum samples. There were, however, no signifi-
delivered their infants normally (Table 2). cant differences in mean organochlorine residue
No significant difference in mean weight/height levels in milk obtained five days post partum
ratio was found between the mothers delivering between the 2 groups of mothers (Tables 1 and 2).
their infants by Caesarean operation or vaginally. Furthermore, by subdividing the group of mothers
The mean residue levels of organochlorines were delivering their infants by Caesarean operation ac-
significantly higher in the samples of maternal cording to the anaesthesia used during the opera-
serum, umbilical cord serum, and colostrum ob- tion, comparison of the residue levels in maternal
tained 0, and 3 days, respectively following Cae- and cord blood and colostrum between these
sarean operation as compared to the corresponding groups revealed no significant differences.
samples from mothers and their infants delivered
normally. The only exception was the mean residue Immigrants to Norway from developing countries

level of PCBs, which was similar in the maternal and their infants: Significantly higher mean levels
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of the organochlorine pesticides DDT and HCH
were found in the samples from the immigrants and
their infants. Thus, the mean p,p’-DDE and B-HCH
residue levels in milk fat were about five times
higher than the corresponding levels in Norwegian
human milk fat.

Other Organochlorine Chemical Residues

In addition to the organochlorines mentioned, res-
idues of dieldrin were found in some of the
samples. Thus, residues of dieldrin were found in
the 12 serum samples of the immigrants and their
infants (7 = 7 pg/kg wet weight).

Correlation Analysis

A positive correlation between the levels of p,p'-
DDE and PCBs in extractable fat of human milk
and subcutaneous fat was found to be significant
(p,p-DDE: y = 08x + 0.4, r=0.76,n = 14, P <
0.05;PCBs:y =0.5x +03,r=065n=14,P<
0.05). Furthermore, a significant positive correla-
tion was found between the levels of p,p’-DDE and
PCBs in maternal serum and in extractable milk fat
(r = 0.46-0.79, n = 19, p < 0.05) and the levels of
p,p'-DDE in maternal serum and umbilical cord
serum from Norwegian mothers giving birth nor-
mally (r = 0.45,n = 19, P < 0.05).

Time Trends of HCB, DDT and PCBs

In Table 4, the present levels of some organochlo-
rines in Norwegian human milk from Oslo are com-
pared with the corresponding levels obtained in our
laboratory in 1970, 1976 and 1979. Basically the
same analytical methods were used in ail the
surveys.

The significant decrease in mean sum-DDT levels
in human milk observed during the period from
1970 to 1976 continues during the period from 1976
to 1979, while no further decrease was observed
from 1979 to 1982,

The mean HCB levels were significantly reduced
during the period 1976 to 1979, however, no change
was observed during the period 1979-1982.

Furthermore, it is illustrated in Table 4 that the
mean PCB levels significantly increased by more
than 100% from 1970 to 1976. From 1976 to 1982 no
significant change in PCB levels was found.
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Discussion

The organochlorines included in the present survey
constitute pesticides and their metabolites (DDT,
DDE, aldrin, dieldrin, lindane, and «, -HCH), as
well as industrial chemicals (PCBs and HCE). The
results demonstrate that these organochlorines are
transferred from mother to fetus and newborn
babies through the placenta and milk.

The observed large individual variations in the
present residue levels were not unexpected, since it
is well known that many factors may influence the
results. These factors cannot easily be controlled in
a monitoring survey e.g., exposure, age and weight
of the mothers, dietary habits, cigarette smoking,
parity of the mothers, and fat content of milk. The
results also depend on time of sampling during the
meal, the day, and the lactation period, and sea-
sonal variations (Jensen 1983).

The finding that significantly higher organochlo-
rine residues were found in the maternal and cord
serum samples obtained after Caesarean operation
than after vaginal delivery, while no such differ-
ences were found in the human milk samples 5 days
post partum, is difficult to explain. The mean
weight/height ratio of the groups were similar, and
different types of anaesthesia applied during the
Caesarean operations did not affect these results.
Brown and Lawton (1984) demonstrated that the
partitioning of PCBs between adipose tissue and
serum in humans is relaied to variations in the
lipid content of the serum. During pregnancy, the
plasma lipid concentration is changing (Vaysse
1986). This change is probably partly under hor-
monal control and plasma hormone status is
changing dramatically before parturition (Ganong
1977). The women undergoing elected Caesarean
section and vaginal delivery, respectively, may be
in different stages of gestation, thus having dif-
ferent endocrinogical status. This may be related to
the residue differences at delivery as opposed io
five days post partum when no differences were
observed.

Organochlorine Residues

The mean levels of the actual organochlorines in
Norwegian human milk are low compared to the
corresponding concentrations reported from some
other European countries (Jensen 1983; Weisen-
berg et al. 1985; Acker 1981). Furthermore, the
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Table 4. Residues (ppb, pg/kg) of some organochlorines in Norwegian human milk from mothers living in Oslo 19702, 1976°, 1979¢, and

1982

HCB Sum-DDT PCBs

1976 1979 1982 1970 1976 1979 1982 1970 1976 1979 1982
64 21 2x1 82 =73 50 = 384 24 £ 19 24 » 21 11 =5 24 = 9 27 = 15 22 + 12
(14) (19) (34 (25) (14) (19) (34) (25) (14) (19) (34)

Results are expressed as means = S.D., number analyzed as listed in parentheses

a Bjerk (1972)

b Brevik and Bjerk (1978)

¢ Skaare (1981)

4 Significant difference (P < 0.05) between 1976 and 1970.
¢ Significant difference (P < 0.05) between 1979 and 1976.

present Norwegian results correspond well with re-
sults from Denmark, Sweden and Finland, which
are among the lowest reported (Andersen and
Orbak 1984; Unger et al. 1982; Wickstrom et al.
1983; Norén 1983; Hofvander er al. 1981; Slorach
and Vaz 1983; Jensen 1983).

The difference in pattern and mean levels of or-
ganochlorine contamination in human milk between
Norwegians and immigrants to Norway from Paki-
stan and India, is assumed to reflect a difference in
previous exposure between the groups, since the
immigrants had lived in Norway at least during the
last 2 years prior to the present parturition. This
assumption is supported by the fact that the rela-
tively high mean organochlorine pesticide levels
found in immigrant milk fat correspond well with,
or are lower than, the levels reported from India
(Ramakrishnan er al. 1985; Siddiqui and Saxena
1985; Slorach and Vaz 1983). In this country DDT,
lindane and aldrin/dieldrin are used continuously as
insecticides for vector control, and HCB is used as
a fungicide. Norway, like most other industrialized
countries, banned the use of aldrin/dieldrin in 1967
and DDT in 1970, while lindane is still in use on a
relatively small scale (6 tons in 1982). HCB has not
been used directly in agriculture in Norway, but is
an industrial waste product.

The main metabolite p,p’-DDE is more persistent
in the environment than DDT (Hayes 1982). Thus,
when the use of p,p’-DDT in a country ceases, the
levels of this compound decreases more rapidly
than the levels of p,p’-DDE, resulting, in an in-
creasing DDE/DDT ratio. The present finding that
p,p'-DDE is the only DDT-related compound
present in detectable amounts in Norwegian human
milk, therefore, demonstrate the effectiveness of
the governmental imposed ban on the use of DDT.
The DDE concentrations in the Norwegian samples
represent cither past exposure of the mother to
DDT, or exposure to DDE as such through con-

sumption of foods. In contrast, both p,p'-DDE and
p,p'-DDT were found in the immigrant milk. How-
ever, the discontinuation in the exposure to DDT
due to the immigration is probably accounting for
the more than 40% higher mean DDE/DDT ratio in
the present material as compared to corresponding
results from India (Slorach and Vaz 1983).

The insecticide lindane, the y-isomer of HCH
was found in some serum samples only, while the
B-HCH was the only isomer found in the present
milk samples.

In Norway, the lindane used is the y-isomer of
high purity grade. However, technical HCH of
which B-HCH is a minor component is probably
continuously applied in most developing countries
(Slorach and Vaz 1983; Kanja et al. 1986). The pu-
rity of the pesticide may be partly responsible for
the ratio of the HCH isomers found since the dif-
ferent isomers has different biological properties.
The B-isomer is the most persistent HCH-isomer
{Steinwandter and Schliiter 1978; Jensen 1983) and
is eliminated more slowly from the body than lin-
dane (Pfeilsticker 1973). It has a 10—30 times higher
ability to accumulate in fat tissues than lindane
(Heeschen 1980). Also, the o~ and +v-isomers may
isomerize into the B-isomer in living organisms
(Jensen 1983). Thus, the ratio between different
HCH-isomer changes from the start of food chains
until the excretion in human milk, resulting in the
more persistent B-HCH being the predominant
isomer in human milk (Szokolay et al. 1977; Jensen
1983). Thus, the present results indicate that the
major route of exposure to lindane is via the food.

In industrial countries, including Norway, PCBs
are major contaminants in human milk (Jensen
1983). The finding that no quantifiable amounts of
PCBs were present in immigrant human milk, and
only traces were found in the immigrant plasma
samples, corresponds well with results from or-
ganochlorine monitoring surveys done in devel-
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oping countries where actually no PCB contamina-
tion has been reported (Slorach and Vaz 1983;
Kanja et gl. 1986; Ramakrishnan er al. 1985; Sid-
diqui and Saxena 1985).

Correlations

When maternal to cord serum regression was cal-
culated for DDE and PCBs to determine the
mother/child dependency, a significant regressive
coefficient was found only for DDE, and the mag-
nitude of the correlation corresponds well with ear-
lier findings (Bazulic er al. 1984; Bush er al. 1984;
Saxena er al. 1983). Opposedly, evidence con-
cerning the placental passage of PCBs is somewhat
contradictory, and the relationship between PCB
concentrations in maternal and cord blood has been
found to differ for each PCB congener (Akivama e¢
al. 1975; Ando et al. 1985; Bush et al. 1984; Ja-
cobson et al. 1984). In the present study, a signifi-
cant correlation was found between PCB and DDE
content in maternal blood and milk. Thus, the
present lack of correlation for PCBs in maternal
and cord serum may possibly be due to a selectivity
of the placenta towards the transfer of specific PCB
components. Furthermore, we and others have
found lower levels of PCBs and DDE in cord blood
than in maternal blood at term (Akiyama et al.
1975; Bush et al. 1984; Jacobson er al. 1984; Ko-
doma and Ota 1977; Rogan et al. 1986; Saxena et
al. 1981). This is in part reflecting the greater con-
centration of lipids in maternal serum, and it is also
consistent with the notion that the placenta may
function as a partial barrier (Masuda et al. 1978).

The significant correlation found between DDE
and PCBs residue levels in subcutaneous fat and
milk fat corresponds with the results of others
(Acker 1981; West66 and Norén 1978), and demon-
strates that human milk is a suitable indicator sub-
stance in biological monitoring of the human body
burden of persistent lipophilic pollutants.

Time Trends in Norway

Hexachlorobenzene is an industrial by-product and
a contaminant in some pesticides (1-3%), and may
thus find its way into the environment. The slight
decrease in the average HCB level in human milk
observed in the period 1976 to 1979 could be due to
increased awareness of HCB as an environmental
pollutant and the resulting improvements in the in-
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dustrial processes producing HCB as a by-product
(Ottar er al. 1980).

A result of the ban in 1970 on the use of DDT is
the significant decrease in both sum-DDT levels
and DDE levels in Norwegian human milk during
the period 1970 to 1979 (Table 4). As expected, the
levels of the parent compound DDT accounted for
most of the losses which are reflected in the DDE/
DDT ratios of 3.1, 3.7, and 6 in 1970, 1976, and
1979, respectively (Bjerk 1972; Brevik and Bjerk
1978; Skaare 1981). In the present study, p,p’-DDE
was the sole contributor to the 2 DDT. It is be-
lieved that the DDT contamination in Norway now
is reflecting global pollution and further reduction
will require restrictions on the use of DDT globally.

In spite of the fact that the use of PCBs in
Norway has been restricted to closed systems since
1971, the average levels in Norwegian human mitk
doubled in the period 1970 to 1976. The same trend
has been found in Sweden and Germany {Westds
and Norén 1978; Ottender 1984). In 1979, a ban was
imposed in Norway on the use of PCB. The pla-
teauing of the PCB contamination from 1976 to
1979, followed by the slight downward trend from
1979 to 1982, may indicate an effect of the restric-
tions and the ban.

These results indicate that human milk is a good
indicator for monitoring the environment for or-
ganochlorine chemical contamination.

Toxicological Evaluation

Overall, our data are consistent with the notion that
the general population exposure in Norway to
PCBs and DDE is the result of widespread low-
level contamination.

The possible toxicological implications of the
present results are difficult to interpret, since no
recommendations specifically aimed at infants have
been given by international bodies. However, for
adults, WHO/FAO expert groups have estimated
acceptable daily intakes, ADI-values, for some
chlorinated pesticides (FAO/WHO 1970 and 1974).
When applying such values for evaluation of the
potential health hazard for infants, the average in-
fant body weight is set to five kg and the mean in-
take of milk is set to 800 g/day (Jensen 1983). Thus,
a Norwegian infant will receive an average of 0.003
mg/kg/day of HCB, which is half the temporary
ADI-value. Of Z-DDT an infant of a Norwegian-
born mother will receive an average of 0.005 mg/kg/
day, which is identical to the ADI-value, while the
infant of an immigrant mother will receive four to
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five times this value. Nine of the 34 infants of Nor-
wegian-born mothers, and all the infants of immi-
grant mothers, will have daily intakes of sum-DDT
exceeding the proposed ADI-value. In the present
survey, individual PCB compounds were not quan-
tified, only the sum of PCBs. Thus, the well-known
differences in biological and toxic effects of the
various isomers and congeners (Safe 1984; Bush et
al. 1985) cannot be taken into consideration in a
toxicological evaluation of the present PCB results.
A five kg infant consuming 800 g of milk daily
containing the mean PCB concentration found here
(0.023 mg/kg) will consume 0.004 mg PCB/kg/day.
Nine of 34 infants of Norwegian-born mothers will
have daily intakes of PCBs exceeding 0.010 mg/kg/
day which Cordle et al. (1982) estimated as a safe
intake of PCBs for infants. Even though some of
the Norwegian infants will have daily intakes of the
actual organochlorines exceeding present proposed
acceptable daily intakes, there is no positive evi-
dence that the present levels does any harm to in-
fants. However, given the lack of weli-founded,
long-lasting epidemiological investigations, unde-
sirable or injurious long-term effects cannot be ex-
cluded. Thus, human milk should be under regular
surveillance with respect to organochlorine con-
tamination to control the quality and to discover
any changes in the environmental pollution load.
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