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The presence of DDT and its metabolites in human milk
has been reported in studies from various coyptries
during recent years (VUORI et al. 1977, WESTOO & NOREN
1972, BAKKEN & SEIP 1976, DILLON et al. 1981, DYMENT et
al. 1971, ACKER & SCHULTE 1970, BALUJA et al. 1982,
SUVAK 1970, MIYAZAKI et al. 1980). Polychlorinated
biphenyls (VUORI et al. 1977, WESTOO & NOREN 1972,
BAKKEN & SEIP 1976, DILLON et al. 1981, DYMENT et al.
1971), hexachlorobenzene (MIYAZAKI et al. 1980) and
chlordane compounds (MIYAZAKI et al. 1980, TAKAHASHI

et al. 1981) have also been detected in this substrate.

The use of DDT in Finland was closely restricted in the
early 1970's and totally banned in 1977. Similar steps
were taken in many other countries about the same time.
As a consequence, a decrease in the concentrations of
DDT and its metabolites has been reported in the Baltic
environment (MOILANEN et al. 1982) and in Baltic herring
which is suspected to be the main source of DDT in the
Finnish diet. In FinlTand the average yearly intake of
DDT compounds has been roughly estimated at 1 mg per
person (KIVIRANTA et al. 1982).

An increase has been demonstrated {(MOILANEN et al.

1982) in the concentration of chlordane insecticides in
Baltic fish. Oxychlordane is the main metabolite of
chlordane insecticides in mammals (TASHIRO & MATSUMURA
1977) and has been found in human adipose tissue
(ATALLAH et al. 1977).

The conventional analytical procedures for the determi-
nation of chiorinated hydrocarbons involve solvent
extraction, followed by cleanup of the extract with
liquid partitioning and column chromatography. VEIEROV &
AHARONSON (1980) introduced an efficient extraction and
cleanup procedure in which concentrated sulfuric acid is
used for the removal of fat and other interfering sub-
stances. The detection of the chlorinated compounds has
usually been accomplished by electron capture gas
chromatography.
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This paper describes the determination of polychlori-
nated biphenyls, DDT and its metabolites, hexachloroben-
zene and chlordane components in 50 samples of human
milk by a selected ion monitoring technique.

METHODS AND MATERIALS

Fifty individual human milk samples were kindly supplied
by the Milk Bank of the Children's Hospital, University
of Helsinki, during the period December 1981 to June
1982. Al1 the donors were from the Helsinki city area.
The age of the donors was 22-38 years, their length 152-
180 cm, weight 48-90 kg and they were mothers to 1-4
children. No data on the dietary habits of the donors
was available. Al1l except one were nonsmokers.

Extraction and cleanup of the samples were performed by
the method of VEIEROV & AHARONSON (198C). Hexane was
used instead of petroleum ether as the extracting
solvent. The extract was concentrated to about 0.5 ml
before GCMS analysis. o,p'-DDD, previously confirmed not
to be present in the samples, was used as an internal
standard and added to the milk sample before extrac-
tion.

The analysis of the concentrated extracts was made by
the selected ion monitoring technique. The instrument
used was a Hewlett Packard 5992 gas chromatograph mass
spectrometer equipped with an 0V 101 fused silica column
(25m, i.d. 0.32 mm). The on-column injection technique
was applied and the oven temperature was programmed from
120° (delay 0.5 min) to 240° at 15°/min. The ions moni-
tored were 237 (for detecting p,p'-DDT, o,p'-DDD and
p,p'-DDD), 248 (p,p'-DDE), 284 (HCB), 326 (penta-, hexa-
and heptachlorobiphenyls), 360 (hexa-, hepta- and
octachlorobiphenyls), 375 and 377 (a- and y-chlordane)
387 and 389 {oxychlordane) and 407 and 409 (for
nonachlor isomers). In ambiguous cases the identifi-
cations were confirmed by monitoring the six most
prominent ions in the mass spectrum of the compound in
question. Peak heights were used as the basis for
quantification.

The recoveries were found to be 85-100 % for all the
compounds studied.
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The data was statistically processed by CDC Cyber 173
computer using Pearson's correction analysis and
multiple regression analysis.

Fat content of the samples was analyzed according to the
method of AOAC (HORWITZ 1980).

The reference compounds were kindly supplied by the U.S.
Environmental Protection Agency.

RESULTS AND DISCUSSION
The results are presented in tables 1 and 2.
Table 1. Concentrations of organochlorine compounds in

Finnish human milk samples

In whole human milk* (mg/kg) In human milk fat (mg/kg)

mean S.D. range mean S.D. range
PCBs 0.016 0.008 0.002 -0.041 0.45 0.24 0.065-1.2
DDE 0.030 0.021 0.005 -0.083 0.85 0.61 0.15 -2.7
DOD 0.0003 0.0002 <0.0001-0.0012 0.009 0.006 <0.003-0.024
DOT 0.0012 0.0010 <0.0001-0.0033 0.036 0.026 <0.003-0.10
Total
DDT 0.031 0.022 0.005 -0.084 0.89 0.63 0.15 -2.7
HCB 0.0023 0.0013 0.0007-0.006 0.064 0.040 0.014-0.24

*Fat (%) 3.7 1.1 1.6-5.5

Chlordane components were not detected in the individual
samples owing to limited sensitivity. However, when ten
randomly selected samples were combined and further
concentrated, oxychlordane and nonachlor isomers could
be detected in the resulting extract (Table 2).

Table 2. Concentrations of chlordane compounds in
Finnish human milk samples (ten individual
samples combined)

Average concentration (ug/kg)

Whole milk Milk fat
Oxychlordane 0.2 5
trans~-Nonachlor 0.4 10
Nonachlor isomer (cis-?) 0.08 2
cis-(a) Chlordane <0.05 <1
trans-(y) Chlordane <0.05 <1
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The extraction and cleanup procedure was found superior
to previously used solvent partition methods. The only
drawback was that some pesticides, e.g. dieldrin and
endrine, are decomposed by the acid treatment. Efficient
cleanup of the extracts is especially important when
using capillary columns with their small sample capaci-
ty. No chromatographic prefractionation of the extracts
was necessary because of the great specificity of the
selected ion monitoring technique.

Some results of recently published human milk studies
from different countries are presented in Table 3.

Table 3. PCB and DDT concentrations in human milk (mg/kg
whole milk)

Country Year PCB Total DDT Ref.

Finland 1973-74 0.024 0.058 VUORI et al. 1977
Finland 1982 0.016 0.031 this _study

Sweden 1967 0.014 0.11 WESTOO &

1971-72 0.025 0.086 NOREN 1972
Norway 1975 - 0.082 BAKKEN & SEIP 1976
Canada 1975 0.029 0.039 DILLON et al. 1981

USA 1971 publ. - 0.11 DYMENT et al. 1971
Germany 1970 publ. 0.10 0.11 ACKER & SCHULTE 1970
Spain 1981 0.25 0.25 BALUJA et al. 1982
Soviet

Union 1970 publ. - 0.21 SUVAK 1970

Comparison of the results of this study with the data
from the Finnish investigation in 1973-74 indicates that
both the PCB and DDT concentrations are decreasing.

This is to be expected as a result of the restrictions
put on the use of these compounds. The methods of
analysis in the two studies also differed, however, and
the results must be compared with some caution.

The mean ratio of the DDE and DDT concentrations in the
present data is 25, whereas it was less than 3 in the
previous investigation. This 1is an indication of the
metabolism of DDT occurring in the environment.

Chlordane compounds have previously been detected

in human milk. The concentrations are summarized in
Table 4.
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Table 4. Concentrations of chlordane compounds in human
milk (pg/kg whole milk)

Country Year Oxychlor- Nonachlors Chlordanes Ref.
dane cis- trans- cis- trans-

Japan*) 1979 0.53 0.18 0.79 0.13 0.16 **)

USA,Hawaii 1979 1.9 - 2.5 - - *k* )

Finland*),

present study 1982 0.2 0.08 0.4 <0.05 <0.05

*) analysis by the selected ion monitoring technique
**) MIYAZAKI et al. 1980; ***) TAKAHASHI et al. 1981

Chlordane insecticide has never been used in Finland

or Scandinavian countries whereas it was heavily used

in Japan and especially in the USA. Chlordane and nonachlor
isomers are components of technical chlordane, while
oxychlordane is a metabolite of chlordane isomers.

Equation (1) mathematically expresses the dependence of the
DDT concentration on the age of the donor, number of
childbirths and fat percentage of the miitk. This was
obtained by computer processing of the data.

yDDT=0.249°10-2(age)-0.971-10-2(number of childbirths)
+0.590-10-2(fat%)-0.500-10-1 (1)

Similar equations were also obtained for PCB and HCRB
concentrations. These dependences were, however, not
significant.

It can be calculated that the average daily intake of
total DDT of a Finnish child weighing 5 kg and consuming

1 kg of milk a day is 0.006 mg/kg. Although low compared
with many other countries this value exceeds the ADI value
of 0.005 mg/kg proposed by WHO.
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