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Abstract

Lately, interest has focussed on the environmental presence of phenolic organochlorines with
endocrine disrupting potential, including pentachlorophenol (PCP) and phenolic PCB-
metabolites, and human exposure to these compounds. The present study,aims at determining
ten congeners of polychlorinated biphenyls (PCB), three major hydroxylated PCB metabolites
(40H-CB107, 40H-CB146, 40H-CB187), and pentachlorophenol (PCP) in serum from 30
pregnant and breast-feeding women from Uppsala County, Sweden. The studied PCB
congeners included both dioxin-like mono-ortho PCBs (CB105, CB118, CB156 and CB167)
and di-ortho PCBs with no reported dioxin-like activity (CB138, CB153, and CB180).

Results showed that the median levels of ) PCB decreased from 226 ng/g serum lipid in early
pregnancy to 150 ng/g serum lipid in late pregnancy. This pattern of decreasing PCB levels
during pregnancy was also evident when looking at the single PCB congeners. The clear
decrease in levels of these substances during pregnancy show that it is important to sample
blood from pregnant women within a short period of time during pregnancy in order to avoid
variation in PCB levels due to sampling timing within a study. Moreover, it is important to
know the timing of sample collection when comparing different studies reporting
serum/plasma concentrations of PCB in pregnant women.

Among the three hydroxylated PCB metabolites analysed in this study, concentrations did not
vary significantly during pregnancy. 4OH-CB187 showed highest levels in serum of the three
with median concentration of 0.2 ng/g serum. Metabolites 4OH-CB146 and 4OH-CB187 were
correlated to its parent compounds whilst 4OH-CB107 was not. This might indicate another
source of exposure of 4OH-CB107, which is unknown today. The metabolite 4OH-CB107
significantly increased in serum from late pregnancy (week 31-36) to three weeks after
delivery, whereas the levels of the other two metabolites did not change significantly during
this time.

PCP showed the highest median serum concentrations of the compounds analysed on wet
weigh basis, up to 3 ng/g serum in early pregnancy. Serum levels of PCP did not change
significantly during pregnancy and showed no correlation between early and late pregnancy.
However, a significant increase was observed from late pregnancy to three weeks after
delivery.

This study shows that PCB and several phenol compounds, of which PCP is dominating, are
found in the blood of pregnant and lactating Swedish women, and that the levels in some
cases may change during the studied period If the levels of the analysed compounds in
pregnant women may pose a health risk to the fetus has still to be determined.



Abbreviations

POP persistent organic pollutant

PCB polychlorinated biphenyl

OH-PCB  hydroxylated polychlorinated biphenyl/ polychlorinated biphenylol
PCP 2,3,4,5,6-pentachlorophenol

TSH thyroid stimulating hormone

FT4 free thyroxin

TT3 total triiodothyronine

CB28 2,4,4"-chlorinated biphenyl

CB52 2,2°,5,5’- chlorinated biphenyl

CB101 2,2°,4,5,5’- chlorinated biphenyl

CB105 2,3,3’4,4’- chlorinated biphenyl

CBI118 2,37,4,4",5- chlorinated biphenyl

CB138 2,2°,3,4,4°,5'- chlorinated biphenyl

CBI153 2,2°,4,4°,5,5 - chlorinated biphenyl

CB156 2,3,3,4,4,5- chlorinated biphenyl

CB167 2,37,4,4°,5,5- chlorinated biphenyl

CB180 2,2°,3,4,4°5,5 - chlorinated biphenyl

PCDD polychlorinated dibenzo-p-dioxin

PCDF polychlorinated dibenzofuran

IUPAC International Union of Pure and Applied Chemistry



Introduction

Persistent organic pollutants (POPs) are substances with high persistence and lipophilicity in
the environment. As a consequence many of these substances, for example dioxins and PCB
(polychlorinated biphenyls), are found as contaminants in many food groups, especially meat,
fish and poultry (CICAD 2003, ATSDR 2000). This results in POP accumulation in the
human body, with highest concentrations generally found in liver and adipose tissue (CICAD
2003).

In 1966, Soren Jensen found high concentrations of PCBs in samples from sea eagles that
showed difficulties in reproducing. Also, in the 1960s it became apparent that Baltic seals had
reproduction disorders, and a link with PCBs was suggested, showing correlations between
PCBs and disorders such as damage to the skin, claws, intestines, kidneys, adrenal glands,
skeletons and pathological uterine changes resulting in an 80 per cent decrease of the seal
population in Sweden. It became clear that PCBs posed serious health risks for humans, when
several thousand people in Japan were intoxicated by contaminated rice oil in 1968. They
showed a broad spectrum of symptoms, including chloracne and damage to the central
nervous system (Bernes 1998).

The import of PCBs was stopped in 1978 and the use of equipment containing PCBs has been
prohibited since 1995 in Sweden. Time trends now show a decrease of these substances in
Sweden’s human population and environment with 5-15 % per year (Bernes 1998). This is
supported by studies on breast milk, where a decrease of PCB levels (5-10% per year) has
been observed between 1996 and 2004 (Lignell et al. 2004).

It is of special importance to study exposure of the foetus, as the foetus is considered to be
more sensitive for effects caused by these substances (CICAD 2003). During breastfeeding
and lactation the baby may be exposed to 10-100 times higher concentrations per kg body
weight (bw) than the adult. It is generally agreed that the mother’s serum concentration of
PCB and related POPs are related to the body burden of the foetus/ infant (Bjerselius et al.
2001).

Fatty fish from the Baltic Sea may have particularly high concentrations of POPs (Lind et al.
2002) and might be a major route of human exposure. The National Food Administration in
Sweden has given dietary recommendations regarding consumption of fatty fish from this
region. Due to potential health effect on foetus, girls and women in childbearing age are
recommended not to eat herring, wild salmon and wild trout from the Baltic Sea more than
once a month.

Lately, interest has been focussed on halogenated phenolic compounds, such as
pentachlorophenol (PCP) and phenolic PCB-metabolites, regarding their presence in our
environment and in humans. Some of these phenol compounds can bind to serum proteins
and therefore reach high concentrations in the blood (Longnecker et al. 2003, Sandau et al.
2002, van den Berg 1990). Experimental data indicate that halogenated phenolic compounds
can alter the concentrations of thyroid hormones in blood, involving mechanism of binding to
transport proteins responsible for thyroid hormone transport (Sandau et al. 2002).

It is generally agreed that thyroid hormone balance during pregnancy is important since the
foetus is dependent of the mother’s thyroid hormones for normal organ and CNS



development. Therefore, it is of great importance to increase our knowledge about the blood
levels of phenol compounds during pregnancy and breastfeeding, and how they change over
time.

Polychlorinated biphenyls (PCBs)

PCBs are synthetic chlorinated hydrocarbon compounds that consist of two benzene rings
linked by a single carbon-carbon bond, with from one to all ten of the hydrogen atoms
replaced with chlorines (Merck Index 13" ed. 2001) (Fig. 1). There are 209 possible
congeners of PCBs (Bernes 1998). The benzene rings can rotate around the bond connecting
them, but the rings are forced towards either the same plane (planar or co-planar) or
perpendicular planes (non-planar) by the electrostatic repulsion of the highly electronegative
chlorine atoms. PCBs resist both acids and alkalis and have thermal stability.
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Figure 1. General structure of the PCB molecule.

PCB production started in late 1920s (CICAD 2003) and have been produced commercially
since 1929 (Merck Index 13" ed. 2001, CICAD 2003). PCBs have been used in dielectric
fluids in transformers and capacitors but also in plasticizers, surface coatings, inks, adhesives,
flame-retardants, pesticide extenders, paints, and micro-encapsulation of dyes for carbonless
duplicating paper (CICAD 2003, ATSDR 2000, Merck Index 13™ ed. 2001).

PCB pollution may occur during the incineration of municipal waste and has been detected in
fly ash from several municipal incinerators. Another source of pollution is volatilisation from
landfills containing transformers, capacitors, and other PCB waste, and from contaminated
water.

The use and production of PCBs are severely restricted or banned in many countries. Sweden
restricted use and production in 1972, and import of PCBs was banned in 1978 (CICAD 2003,



Bernes 1998). Since the restriction of PCB was set, the major exposure of these substances is
from food of animal origin (WHO 1993). An additional exposure may come from low-grade
chlorinated PCBs emitted from (building) sealants that were used in houses built between
1956-1973 (Naturvardsverket 2002).

Because of their high persistence and other physical and chemical properties, PCBs are
present in our global environment (WHO, 1993) and also in human food. Fish, especially fatty
fish from the Baltic Sea and the large Swedish lakes, contain high concentrations of PCB
compared to other foods in Sweden. High consumption of contaminated fish (several times
per week or day) is correlated to elevated serum/plasma concentrations of PCBs (Glynn et al.
2003). Except for food habits, serum/plasma concentrations of PCBs among women are also
associated with personal attributes such as age, body mass index (BMI), number of children
and duration of breast-feeding, and place of residence. Serum levels are increasing with age,
caused by an age-dependent bioaccumulation and a birth cohort effect, that is, the older
women have historically experienced higher exposures than younger women (Glynn et al.
2003). Also some medical conditions can affect the serum levels of PCBs, positive
associations have been found between serum concentrations of PCBs and type 1 diabetes
(Longnecker et al. 2003).

The mean concentration of PCBs in blood among older women is higher in the southern parts
of Sweden than in the northern parts, probably because of higher population and industrial
density in the south (Glynn et al. 2003). A south-north gradient of decreasing concentrations
of PCBs has also been reported in Swedish pig and cow meat products, dietary products, and
fresh water fish in Sweden (Glynn et al. 2000, Bernes 1998). Time trend studies of breast milk
show a decrease of PCB levels in breast milk of 5-10% per year between 1996-2003 (Lignell
et al. 2004).

Human toxicity

The skin and liver are the major sites of pathology, but the gastrointestinal tract, the immune
system, and the nervous system are also targets for PCB effects. Polychlorinated
dibenzofurans (PCDFs) and dioxins, which are contaminants in commercial PCB mixtures,
contribute significantly to the toxicity of commercial PCB mixtures (WHO 1993).
Behavioural effects, similar to those seen in monkeys, have been suggested for human infants
whose mothers were exposed to PCBs through intake of contaminated fish in Michigan,
U.S.A. The effects recorded in infants were slight, but should still be regarded as adverse.
Furthermore, supportive evidence comes from a similar study performed in North Carolina,
USA (Ahlborg et al. 1992). In other epidemiological studies on humans exposed to PCBs,
effects has been indicated on sperm motility, foetal growth rate (lower birth weight, smaller
head circumference) and development (shorter gestational age, neuromuscular immaturity),
and neurological functions of the offspring (impaired autonomic function, increased number
of weak reflexes, reduced memory capacity, lower 1Q scores, and attention deficit) (CICAD
2003). However, many of the studies are not fully conclusive from an epidemiological point
of view, due to confounding problems and difficulties to assess exposure.

Besides the biological and toxicological effects of parent compounds, certain hydroxylated
and methyl sulfone PCB metabolites show endocrine disrupting effects. Some hydroxylated
metabolites of PCB (also called polychlorbiphenylols or OH-PCBs) have strong binding
capacity to the thyroxin (T4) binding protein transthyretin (TTR), causing negative effects on
circulating thyroid hormones levels in animal studies (CICAD 2003). Some OH-PCBs have



more than 60% higher affinity for TTR than T4 itself (Meerts et al. 2002). In humans, thyroid
hormones are mainly bound to and transported by thyroxin binding globulin (TBG) (Brouwer
et al. 1998) and whether the binding of OH-PCBs to TTR has negative effect in humans is
unknown (Soechitram et al. 2004). Nevertheless, there are studies that indicate OH-PCB
transfer over the placenta to the foetus in concentrations of approximately 50% of maternal
plasma levels (Soechitram et al. 2004).

Tolerable intakes and maximum limits

In the risk assessment of PCBs made by Ahlborg and co-workers (1992), no tolerable daily
intake (TDI) was set. The data in the evaluation suggested that the exposure in Nordic
populations was at levels that might have impact on health effects in children exposed in utero
and, possible also, through breast-feeding. It was concluded that further studies were
necessary to clarify whether such effects do occur (Ahlborg et al. 1992).

The TDI value 0.02 pg/kg body weight per day was proposed by a group of WHO experts
based on a study on rhesus monkeys receiving daily doses of Aroclor 1254 for several months
showing dose-related immunological and hepatic adverse effects. The lowest-observed-
adverse-effect level (LOAEL) was 0.005 mg/kg body weight per day. The uncertainty factor
was set to 300 based on individual factors of 3 for interspecies variation, 10 for intraspecies
variation and 10 for extrapolation from LOAEL to no-adverse-effect-level (NOAEL). It
should be noted that the commercial PCB mixture has a different PCB composition than the
mixtures present in food. Around 5% of Swedish women in the age group 17 to 40 years have
a higher estimated daily intake than the proposed TDI for the technical mixture (Lind et al.
2002).

Swedish maximum PCB limits in foods of animal origin, based on one PCB congener (CB
153), are set in diary products (0.02 mg/kg lipid weight), eggs (0.1 mg/kg lipid weight), meat
and meat products (0.1 mg/kg lipid weight), and fish and fish products (0.1 mg/kg wet
weight) (Wicklund Glynn et al. 1996). The Environmental Protection Agency in the USA
(EPA) has set a limit of 0.0005 mg/L of drinking water PCBs. The US Food and Drug
Administration (FDA) requires that infant foods, eggs, milk and other dairy products, fish and
shellfish, poultry and red meat contain no more PCBs than 0.2-3 parts per million parts (ppm)
of food. Many states have established fish and wildlife consumption advisories for PCBs
(ATSDR 2000).

The NFA in Sweden have also established consumption advisory to protect Swedish
consumers with high intake of contaminated fatty fish from possible harmful effects of PCBs
and other halogenated organic compounds, since fish is the food group that makes the largest
contribution to the total intake of PCBs. Recommendation to girls and women in child-
bearing age, including pregnant and lactating women, is to limit the consumption of fatty fish
from the Baltic Sea, Gulf of Bothnia, Lake Vanern and Lake Véttern to once a month and not
eat liver from cod or burbot at all. Other consumers are recommended not to eat fatty fish
from the areas mentioned above more than once a week and not to eat liver from cod or
burbot at a regular basis (Wicklund Glynn et al. 1996).The mean consumption of the highly
contaminated fish among the Swedish population is far below the advisable rate, which show
that the advisories mainly concerns consumers with a high consumption of the fish (Lind et al.
2002.).



Pentachlorophenol

Pentachlorophenol (CgClsOH) is a derivate of phenol with five substituted chlorines (fig. 2)
There are 19 isomers of chlorophenols, and pentachlorophenol is one of the most used
isomers (Lind & Darnerud 2000). PCP is mainly produced by stepwise chlorination of
phenols with presence of catalysts (Lind & Darnerud 2000, WHO 1987). Pure
pentachlorophenol consists of colourless to white needlelike crystals and is relatively volatile.
It is soluble in most organic solvents, but practically insoluble in water at slightly acidic pH
(pKa 4.7) (Lind & Darnerud 2000, KemI 1995, WHO 1987). However, its salts, such as
sodium pentachlorophenol (Na-PCP), are readily dissolved in water. Pentachlorophenyl laurat
(PCPL) (C6CIsOCOR) the ester of PCP has not been used in the same extent as PCP and Na-
PCP but is the dominating form of PCP in textile industry. Na-PCP and PCPL are not as
volatile as PCP (Lind & Darnerud 2000, WHO 1987). The behaviour of PCP in the
environment is pH dependent. At pH values above 4.8, the ionised form dominates. Complete
ionisation occurs at pH 9.0 (Keml 1995). PCP has a very sharp phenolic smell when hot but
very little odour at room temperature. PCP is not known to occur as a natural product.
Commercial PCP mixtures are known by the trade names Penchlorol, Chlorophen, Preventol
P and Santophen 20. CAS number is 87-86-5 (KemI 1995).

Figure 2. Structure of the PCP molecule.

Apart from other chlorophenols, unpurified technical grade of PCP may contain several
contaminants, such as polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) (Lind & Darnerud 2000, WHO 1987). Use of PCP started in the late
1930s (Lind & Darnerud 2000). In the past PCP has mainly been used as a preservative to
protect wood from organisms that weaken the wood by undermining its structure. PCP,
NaPCP and PCPL have been used in the past also as a preservative in oil-based paint-like
products, as preservatives in glues (leather, toilet paper etc) and in adhesives, in mushroom
farms for wooden trays where mushrooms are grown, in slime control in pulp and paper
production and in weed control. (OSPAR 2000). In Sweden, the major use of PCP has been
the paper industry. PCPL has mainly been used in the textile industry to impregnate heavy-
duty textiles and fibres against fungus for outdoor use (e.g. tent, sails, and tarpaulins) (Lind &
Darnerud 2000).

Production of PCP in the European Union ceased in 1992, but the chemicals have been
imported to the European market from the USA and South-East Asia. In 1996 a total of 378



tonnes of Na-PCP and 30 tonnes of PCP were imported to the EU. From 378 tonnes NaPCP
imported, 126 tonnes were imported to France, 108 tonnes to Portugal and 144 tonnes to
Spain (Lind & Darnerud 2000). The majority of treatment carried out today in Europe is for
textiles used by the military (OSPAR 2000). Use of PCP has been banned in Sweden since
1977, but PCP may occur as wood preservative in imported wooden goods. In the European
countries where PCP is still in use, there are strict regulations in how to handle and use this
substance (Lind & Darnerud 2000). No evidence has ever been found for the natural
occurrence of PCP (Keml 1995).

Human exposure

Humans are exposed by ingestion, inhalation or dermal contact. PCP has been detected in
urine, blood, tissues, and milk (Keml 1995). The main route of exposure for the general
population is thought to be via food and water (WHO 1987; Lind & Darnerud 2000, Coad &
Newhook 1992, Veningerova et al. 1996, Hattemer-Frey & Travis 1989). In the WHO
document EHC 71 (WHO 1987), several older surveys of PCP in food are mentioned. In USA
(1973-1974) PCP was present in 2.8 per cent of the food samples with concentration between
10-30 pg/kg, and in a German study from 1981 mean PCP concentrations was 16.3 pg/kg.
Neither of these studies specified the food items. In potatoes and milk in Canada PCP
concentrations were in most cases <10 pg/kg but a few samples had concentrations up to
2,700 png/kg. These samples had been stored in contaminated containers (WHO 1987).

There are other reported cases where food have been contaminated by its containers, for
example a case from West Germany where mushrooms grown in boxes treated with PCP had
concentrations above the maximum limit of 10 pg/kg in 11 of 17 samples (Lind & Darnerud
2000, WHO 1987). The most complete survey of PCP in food was made in Canada between
1981 and 1990, see table 1 below.

PCP was the chlorophenol with highest concentrations in a study of human milk from 50
women from Bratislava, median concentration was 2.21 pg/kg whole milk (Veningerova et al.
1996). In a study on men from Latvia and Sweden, PCP was not related to fish consumption
and not associated to age, but was strongly correlated with the country in which the subjects
lived, with the PCP levels being much lower in Latvia (mean 610 ng/g lipid weight) than in
Sweden (mean 1,600 ng/g lipid weight) (Sjodin et al. 2000). Detectable PCP levels were
found in 95% of adipose tissues from autopsy samples taken in Canada (1979-1981), at an
average concentration 28 ng PCP/g wet weight adipose tissue (Coad & Newhook 1992).



Table 1. PCP levels in environment and foods in Canada, based on a detailed review of PCP concentrations
reported between 1981 and 1992.

Environmental media Grand mean (GM) or mid-point range value (MR)
Indoor air 55.5 ng/m3 (MR)

Drinking water mean value 2.6 ng/L (GM)

Soil 61.5 ng/g (MR)

Household dust 580 ng/g (GM)

Milk 0.6 ng/kg fresh weight (sample mean)
Cheese 2.5 ng/g fresh weight (estimated mean)
Butter 13.5 ng/g fresh weight (estimated mean)
Beef tissue 0.6 ng/g (GM)

Pork tissue 0.8 ng/g (GM)

Lamb tissue 0.4 ng/g fresh weight (GM)

Turkey tissue 0.1 ng/g fresh weight (GM)

Chicken tissue 0.7 ng/g fresh weight (GM)

Whole egg 2.7 ng/g fresh weight (GM)

Shellfish edible tissue 2.6 ng/g (GM)

Edible fish tissue 5.9 ng/g (GM, edible tissue)

Grains and cereals 2.5 ng/g fresh weight (GM)

Root vegetables 0.8 ng/g fresh weight (GM)

Garden vegetables (tomatoes) 0.5 ng/g fresh weight (GM)

Fruit (apples and peaches) 0.4 ng/g fresh weight (GM)

Sugars 2.3 ng/g (GM)

Oils and fats 4.2 ng/g (GM)

(Coad and Newhook 1992).

Toxicokinetics and metabolism

Animal studies show that PCP is readily absorbed by dermal and oral exposure as well as by
inhalation (Keml 1995, WHO 1998, Mussalo-Rauhamaa et al. 1988). In rats, the highest
levels of PCP are found in liver and blood after oral administration to rats. In human blood,
more than 99 per cent of PCP is bound to serum proteins (Lind & Darnerud 2000). Retention
of PCP in human blood may be caused by binding to albumin and TTR (Sj6din et al. 2000).
Distribution of PCP in humans show highest amounts in liver, kidneys and lungs from
autopsies from individuals deceased from poisoning of PCP by inhalation (Keml 1995). Rats
and mice metabolise PCP to tetrachlorohydroquinone by oxidation or by conjugation with
glucuronic acid, which are excreted via the kidneys. Half-life of elimination of PCP in rats is
between 6-24 hours and there were no sign of bioaccumulation. In humans, PCP is eliminated
via urin both as unmetabolised PCP and as glucuronide conjugate. Tetrachlorohydroquinone
have only been detected in individuals occupationally exposed by PCP. Data on half life of
elimination in man differ between studies, half-life in plasma vary between 30 hours and 16
days. This may be due to different administration vehicles and its pH because PCP is strongly
pH dependent. There are contradictory results on whether enterohepatic recirculation occurs
(Lind & Darnerud 2000, WHO 1987).

In a study by Bradman et al. (2003) amniotic fluid was used as a biomarker for foetal
exposure to pesticides. They found that pentachlorophenol was present in 15% (detection
frequency) of the samples, indicating that foetal exposure occurs already in 15-18 weeks
gestation, possibly during sensitive developmental periods.

Some animal data indicate that there may be long-term accumulation of small amount of PCP.
The fact that urine- and blood-PCP levels do not completely disappear in some occupationally
exposed people, even after long absence of PCP exposure, seems to confirm this, though the
biotransformation of hexachlorobenzene (HCB) and related compounds provides an




alternative explanation of this phenomenon (WHO 1987). Also HCB is a ubiquitous
compound and its major metabolite is PCP (To-Figueras et al. 1997). There is a lack of data
concerning long-term fate of low PCP levels in animals and human (WHO 1987).

Human toxicity

Pentachlorophenol is the most potent of all chlorophenols (Lind & Darnerud 2000). The most
mentioned toxic mechanism of pentachlorophenol is cellular uncoupling of oxidative
phosphorylation, the target being Na+, K+-ATPase (Cassarett & Doull 2001, KemlI 1995,
WHO 1998, Mussalo-Rauhamaa et al. 1989). Uncouplers speed the rate of electron transport,
which leads to hyperthermia (temperatures up to 42°C), tachycardia, extreme sweating
accompanied by profound thirst, increased basal metabolic rate, heart failure and, if death
occurs, early onset of rigor mortis (Keml 1995, WHO 1998; Reigner et al. 1992).

The toxic effects of in humans PCP are very similar to the effect in experimental animals
(Reigner et al. 1993). In humans, chloracne is a common finding but is probably caused by
contaminants of the technical PCP (Keml 1995). This contamination adds to the difficulty of
interpreting human studies, especially long-term studies. Studied people working in chemical
industries, in forestry or agriculture that are exposed to PCP are often also exposed to other
chlorophenols, dibenzodioxins, dibenzofurans, chlorophenoxy acids, and other pesticides.
However, vapour pressure and water solubility of chlorophenols are much higher than those
of dioxins and furans, favouring higher exposure via air and water. Also, absorption of
chlorophenols through the skin is probably better than that of dioxins (WHO 1998).

Drinking water exposure was associated with gastrointestinal symptoms (nausea, pains and
diarrhoea), and mild skin disorders (itching, eczema) (WHO 1998). It is not clear whether
PCP causes immunologic abnormalities, though T-cell activation and autoimmunity,
functional immunodepression, and B-cell dysregulation was seen among individuals living in
log houses treated with PCP. If these effects are true they are probably caused by volatile PCP
and not by non-volatile impurities. However, in another study, no major clinical or laboratory
signs of immune deficiency were found (WHO 1998). Also decreased learning ability and
concentration disability was indicated in studies on people living in PCP treated log houses
(Lind & Darnerud 2000). Gerhard et al. (1998) found that PCP concentration in blood was
significantly correlated with IgG and lymphocytes, LH, testosterone, and triiodothyronine in a
study on women with repeated miscarriages. Other effects by occupational exposure are
neurological symptoms such as dizziness, fatigue and nausea (Lind & Darnerud 2000, WHO
1987). Some studies reported in IARC (1991) show increased incidence of sarcoma and
carcinoma in humans occupationally exposed to PCP, but in this case co-exposure of
contaminants have probably occurred (Lind & Darnerud 2000). The estimated lethal dose in
humans has been calculated to be 29 mg/kg body weight (IARC 1991, Keml 1995).

Tolerable intakes and maximum limits

In FDAs Market Basket Survey, the daily intake of PCP from 1965 to 1970 was calculated to
1-6 pg per day (WHO 1987). In the risk assessment made by WHO (1987) the daily intake
through food was estimated to 6 pg per day, intake by drinking water was 2 pg per day, and
intake by air was calcualted to 2 pg per day. In latter studies from USA the daily intake was
calculated to 16 pg per day, 99.9 per cent from food and 93.4 per cent from fruit, vegetables
and grains. This daily intake was based on the distribution between different foods in a “six



compartment environmental partitioning model” where levels of PCP in different foods was
calculated with given constants (Lind & Darnerud 2000, Hattemer-Frey & Travis 1989). In
Canada, the daily intake was calculated to 0.05ug /kg body weight per day and from 74 to 89
per cent of the exposure was from food. The main group of food was reported to be diary
products, grains, and meats. This study was based on actual measured levels of PCP in several
surveys (Lind & Darnerud 2000, Coad & Newhook 1992).

In the WHO risk evaluation (WHO 1987) on pentachlorophenol, an ADI value of 3 pg/kg
body weight per day was set based on data from a feeding study on rats and a 1000-fold safety
factor. The maximum limits for foods vary from 0.01 to 0.05 mg/kg in different countries
(IARC 1991). There are no maximum limits for foods in Sweden (Lind & Darnerud 2000).
The drinking water guideline level proposed by the WHO is 9 pg/L, based on multistage
modelling of tumour incidence in a US NTP bioassay without incorporation of a body surface
area correction (WHO 1998). IARC (1991) classified PCP as possibly carcinogenic to humans
(Group 2B) and EPA classified PCP as probable human carcinogen (Group B2) (Keml 1995).

Aim of the present study

The aim of this study was to determine the levels of PCB, OH-PCB and PCP during
pregnancy and after delivery, to describe possible changes in levels during the sampling
period, and also to investigate if there were any correlations in levels between the studied
compounds. The data from this study are of importance in future revision of the dietary
recommendations regarding fish contaminated with POPs.

Materials and methods

Sample collection

Twenty primiparous women from the general population in Uppsala County in Sweden were
recruited in late pregnancy (Table 2, Appendix). The women had participated as controls in a
study of risk factors for early miscarriages and were asked to participate in the PCB/PCP
study at their last contact with the study nurses. A blood sample was taken in late pregnancy
(week 32-36) and during the 4™ week after delivery. Another ten women from the general
population in Uppsala County were asked to participate at their first visit at the Svartbacken
maternity clinic. They accepted repeated blood sampling during pregnancy (five to ten times,
about 30 ml blood each time, start week 9-13) and up to three months after delivery.

The women in the study answered questions from a questionnaire about life-style/medical
factors at the first visit to the maternity clinic and in late pregnancy. Concentrations of ten
PCB congeners with International Union of Pure and Applied Chemistry (IUPAC) numbers
28,52, 101, 105, 118, 138, 153, 156, 167, 180, three hydroxylated metabolites of PCB (4OH-
CB107, 40H-CB146, 40H-CB187) and pentachlorophenol (PCP) were analysed in serum of
the mothers. It is well known that breast-feeding is a major pathway of POP excretion in
women, and consequently the levels of POP concentration in serum declines with number of
births and breast-feeding periods. Primiparous mothers were therefore recruited to circumvent
this problem. The Ethics Committee of the Medical Faculty at Uppsala University approved
the study.



Analytical method

PCB congeners

PCB congeners were analysed by chemists at the Swedish National Food Administration. The
lipid portion of serum were analysed for ten PCB congeners chosen a priori based on earlier
occurrence data on plasma PCB levels and because of their likelihood of being present in the
food-chain in Sweden. Also, these congeners are interesting from a toxicological point of
view including both mono-ortho PCBs with dioxin-like activity (CB105, CB118, CB156 and
CB167) (van den Berg et al. 1998) and di-ortho PCBs with no reported dioxin-like activity in
vivo (CB138, CB153, and CB180) (Glynn et al. 2000).

Serum samples were mixed with methanol and a mixture of internal standards were added to
correct for recovery and ensure quality control. The samples were then extracted three times
with n-hexane-diethyl-ether (1:1 v/v). After evaporation of the solvents, the fat content was
determined gravimetrically. The fat was redissolved in n-hexane and treated with
concentrated sulphuric acid. The PCB congeners were separated from the bulk of the
chlorinated pesticides by elution through a silica gel column (4.5 g of 3% water-deactivated
silica gel). The first fraction, containing the PCB congeners, was eluted with ~30 ml of n-
hexane. Analysis was performed on a gas chromatograph with dual capillary columns and
electron capture detectors (**Ni). The columns were of different polarity to ease identification
of analytes, which was based on retention times relative to internal standards. Quantification
was performed using multilevel calibration curves obtained by injection of standard solutions
of at least three different concentrations.

The limit of determination (LOD) was determined as three standard deviations (SD) above the
value of the blank and varied between 1 and 7 pg/g serum (not lipid adjusted). Samples with
concentrations at LODs three SD above the blank have a 99% probability of being non-zero.
To increase this probability, the quantification limits (LOQ) were set at higher levels than the
LODs. In this case the lowest standard concentration was used: 10 pg/g serum. The
reproducibility of the method was demonstrated by 21 replicate determinations using an in-
house control serum sample included among the analytical batches during the course of the
study. The mean concentrations of the PCB congeners ranged from <10 pg/g serum (CB52
and 101) to 1310 pg/g serum (CB153). The coefficients of variation were <13% for most of
the PCBs except for the congeners CB28 (22%) and CBI105 (20%). The coefficient of
variation for fat content was 4%. The possibility of elimination during the evaporation step
was studied in a standard addition experiment. The average recoveries of the different PCB
congeners added to serum samples were 98+12 %. This shows that the loss of PCBs during
the analytical process was negligible. The results reported were not corrected for recovery.
Because concentrations of the compounds are dependent on the amount of lipid in serum at
the time of sampling, results were expressed in ng/g serum lipid in the serum. When the
concentrations were below the quantification limit, they were set to 50% of that limit.

Pentachlorophenol and PCB metabolites

Pentachlorophenol, 4OH-CB107, 4OH-CB146 and 40OH-CB187 were analysed by chemists at
Department of Environmental Chemistry, Stockholm University. The samples were analysed
according to Hovander et al. (2000) in series of 10 samples with one blank and one reference
sample. Internal standards (CB198 and 4-OD-CB162) were added before extraction. A Varian



3400 GC gas chromatograph with ECD (electron capture detector) and Varian 8200
autosampler was used for the analyses. The analysis of OH-PCB was performed with a CP-Sil
8 column (25 m, 0.15 mm i.d. and 0.12 um film) from Chrompack with hydrogen gas as
carrier gas. The injections were made in splitless-mode during one minute at 260 °C. The
oven was programmed from 80 °C in one minute, and then 20 °C/min to 300 °C were it was
kept steady for 4 minutes. The PCP analysis was performed on a DB5 column (30m, 0.25 mm
i.d. and 0.25 pm film) from Agilent J&W on a GC equipped with a SPI injector (septum
equipped temperature programmable injector) that was programmed from 80 °C to 280 °C in
150 °C/min. Quantification of PCP and OH-PCB was made by using one-point calibration and
the internal standards added before extraction. For the OH-PCB analysis the recovery of the
surrogate standard 4-OH-CB162 was also determined by adding CB209 to each sample and
reference before GC analysis; recovery was 87% med en standard deviation at 19%.

Analysis of albumin

Serum albumin was analysed at the laboratory of clinical chemistry at Uppsala University
Hospital.

Statistical analysis

Data was analysed statistically with GraphPad Software (Copyright (c) 1994-1999).

Wilcoxon matched pairs test, also called Wilcoxon matched pairs signed ranks test, is a
nonparametric test to compare two paired groups. The Wilcoxon test analyses only the
differences between the paired measurements for each subject. The P value answers the
question: If the median difference really is zero overall, what is the chance that random
sampling would result in a median difference as far from zero as observed in this experiment?
If the P value is small, you can reject the idea that the difference is a coincidence, and
conclude instead that the populations have different means. The means were obtained by
calculating the mean from the two first measurements in early pregnancy (week 9-13 and
week 15-18), and the two last measurements in late pregnancy (week 31-33 and 35-36) and
then using the mean retained. Correlation analysis was performed using Spearman non-
parametric correlation. Spearman correlation makes no assumption about the distribution of
the values, as the calculations are based on ranks, not the actual values.

Results
See appendix 1 for a detailed presentation of the data.

Serum PCB levels

The concentrations of selected PCB congeners (no 28, 52, 101, 105, 118, 138, 153, 156, 167
and 180) during pregnancy and up to three month after delivery were measured (Table 3 and
4, Appendix). The median concentrations of > PCB (no 28, 118, 138, 153, 156, 180) in early
pregnancy (week 9-13) were 887 ng/g fresh weight and 226 ng/g serum lipid, and in late
pregnancy (week 31-36) median concentrations were 1103 ng/g fresh weight and 150 ng/g
serum lipid.

On fresh weight basis a weak but statistically significant increase in serum concentration of
> PCB is seen from early to late pregnancy (Fig 3). Congeners CB156, CB118, CB138, and
CB180 all showed an increase in serum concentration on fresh weight basis during pregnancy,



whereas CB153 did not. There were too few samples above detection limit or too few samples
analysed during pregnancy to statistically establish differences in serum concentrations of
PCB congeners 28, 52, 101, 105 and 167 between early and late time of pregnancy.

The data show a significant decrease in ) PCB in serum from early pregnancy (week 9-13) to
late pregnancy (week 31-36) on lipid basis (Fig. 3). The same pattern was seen for the single
PCB congeners CB118, CB138, CB153, CB156 and CB180 (P<0.01, N=9). CB28, CB52,
CB101, CB105 and CB167 were present in concentrations close to the quantification limit
The highest levels was detected for CB 153, at levels of 96.8+34.6 ng/g serum lipid (CB153)
in early pregnancy and 67.2+37.7 ng/g serum lipid in late pregnancy. There were too few
samples taken after delivery to statistically verify if a change in serum PCB content (lipid
basis) was evident up to tree month after delivery.
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Figure 3. Serum lipid, and fresh weight, variation in concentration for sumPCB (no 28, 52, 101, 105, 118,
138, 153, 156, 167 and 180) in pregnant women from Svartbécken maternity clinic in Uppsala, Sweden,
during pregnancy and lactation. Significant decrease in PCB concentration (lipid weight) between early
and late time of gestation is noted by asterisks (**P=0.002, N=10) in the figure to the left. A weak, but
significant increase between early and late pregnancy (PCB fresh weight) is shown (P=0.027, N=10) in the
figure to the right.

Serum lipid content

Serum lipid content (%) during pregnancy significantly increased from early (week 9-13) to
late stage (week 31-36) of pregnancy (**P=0.004 N=9). There was a tendency for a decrease
in serum lipid concentrations during lactation but too few samples made it impossible to
perform an accurate statistical analysis (Fig 4).
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Figure 4. Serum lipid content (%) in pregnant women from Svartbacken maternity clinic in Uppsala,
Sweden, during pregnancy and lactation. Significant difference between early (week 9-13) and late (week
31-36) pregnancy is noted by asterisks (Wilcoxon **P=0.0039, N=9)

Hydroxylated PCB metabolites

Serum concentrations of hydroxylated PCB metabolites from the Svartbiacken mothers varied
between 0.13+0.07 ng/g serum (4OH-CB107) to 0.23+0.08 ng/g serum (4OH-CB187) in early
pregnancy and 0.11+0.04 ng/g serum (4OH-CB107, Fig. 5) to 0.20+0.07 ng/g serum (4OH-
CB187) in late pregnancy (Table 5, Appendix). No statistically significant difference in serum
levels of individual PCB metabolites were observed between early and late pregnancy
(P=0.062-0.219, N=6) in the women from Svartbdcken. Differences in serum level of OH-
PCBs from late pregnancy and three weeks after delivery were analysed in the mothers from
the Uppsala region. Significant increase in serum concentration of hydroxylated PCB
metabolite 4OH-CB107 between late pregnancy and three weeks after delivery was obtained
(**P=0.001 N=19, fig. 6). No significant difference between late pregnancy and three weeks
after delivery was seen for the other two metabolites; 4OH-CB187 and 40OH-CB146
(P=0.175-0.168 N=19). Detailed data on serum concentrations is shown in Table 6 in the
Appendix. Significant correlations between serum levels of 4OH-CB146 and 4OH-CB187
from late pregnancy and three weeks after delivery (*P=0.012 r=0.566 N=19 and *P=0.050
=0.456 N=19 respectively) was seen. This correlation was not significant for 4OH-CB107
(P=0.134 r=0.357 N=19).
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Figure 5. Individual variation in the PCB metabolite 4OH-CB107 during pregnancy. Metabolites 4OH-
CB146 and 40H-CB187 show similar patterns during pregnancy.
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Figure 6. Concentration of the PCB metabolite 40OH-CB107 show significant increase from late pregnancy
to three weeks after delivery (marked with line and asterisks** P=0.001, N=19, both Svartbacken and
Uppsala region mothers included). The same degree of significance is seen if sample-pair marked with

arrow is excluded (**P=0,002). The other two hydroxylated metabolites; 4OH-CB146 and 40H-CB187,
showed no significant difference between late pregnancy and three weeks after delivery (P=0.168 N=19
and P=0.175 N=19 respectively).

Correlation analysis was performed between hydroxylated PCB metabolite and parent
compound in late pregnancy. All samples from the Svartbidcken mothers together with the
mothers from Uppsala region were included in these correlations. A weak but significant
correlation was observed between metabolite 4OH-CB146 and parent compounds CB153 and
CB138 (*P=0.016, r=0.458, N=27, see fig 7) and between 40H-CB187 and parent compound
CB180 (*P=0.045, r=0.389, N=27). No correlation was seen between 4OH-CB107 and parent
compounds CB118 and CB105 (P=0.692, r=0.078, N=27).
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Figure 7. Correlation between hydroxylated metabolite 4OH-CB146 (fresh weight) and its parent
compounds CB153 and CB138 (fresh weight) in late pregnancy (Spearman *P=0.016, r=0.458, N=27).
When sample marked with an arrow is excluded, the same level of significance is obtained (Spearman

*P=0,039, r=0,407, N=26).

Pentachlorophenol

Pentachlorophenol (PCP) was measured in serum during pregnancy in the women from
Svartbdcken maternity clinic. Concentration of PCP was 3.23+2.85 ng/g serum in early
pregnancy and 1.66+0.67 ng/g serum in late pregnancy (Table 5, Appendix). There seems to
be a tendency that serum concentrations of PCP decreases during pregnancy but there are to
few samples for statistical significance (P=0.156 N=6, fig. 8) and no correlation in
concentrations between early pregnancy and late pregnancy was seen (P=0.419 r=-0.429
N=6). In mothers from Uppsala region, PCP serum concentration was analysed in late
pregnancy and three weeks after delivery (Table 6, Appendix), and the concentrations
obtained were 2.66+4.01 ng/g serum and 1.58+0.92 ng/g serum respectively (fig. 9). The
statistical analysis did not reveal any significant differences between the two sampling
periods. Concentrations were significantly correlated (*P=0.014 r=0.540 N=20).
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Figure 8. Individual variation in PCP concentration in serum during pregnancy in women from
Svartbécken maternity clinic in Uppsala County in Sweden. No statistically significant difference between
early and late pregnancy is seen (P=0.156 N=6). Note the high level of about 20 ng/g serum.

PCP late pregnancy and after

delivery
20
. R G
1S
o
)
n
o
S 104
£
o
O u A
o [ ]
e YT
[ -] AAAA

Late pregnancy 3 w. after delivery

Figure 9. No significant difference in serum concentrations of PCP is seen from late pregnancy (week 31-
36) to three weeks after delivery in the Uppsala County women (P=0.25 N=20). P=0.40 N=19 when sample
marked with arrow was excluded).

Serum albumin

Serum albumin concentrations were analysed during pregnancy and three weeks after delivery
in the Svartbidcken mothers. Concentrations were 40.1+1.5 g/L serum in early pregnancy and
32.3+2.1 g/L serum in late pregnancy. The concentrations did not change significantly three
weeks after delivery were (32.2+2.5 g/L serum) in the Svartbdcken mothers. Statistical
analysis shows significant decrease in serum albumin concentrations from early to late

pregnancy (*P=0.016, N=7) (fig 10).
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Figure 5. Serum albumin concentration during pregnancy in women from Svartbdcken maternity clinic in
Uppsala, Sweden. Significant differences in serum albumin concentrations from early to late pregnancy
are indicated with an asterisk (Wilcoxon *P=0,016, N=7)

Serum albumin concentrations increase from late pregnancy to three weeks after delivery in
the Uppsala region mothers (*P=0.031, N=6) (fig 11).
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Figure 11. Serum albumin concentrations in late pregnancy and three weeks after delivery in the Uppsala
region mothers. A significant increase is noted with a line and asterisk between these measurements
(*P=0.031 N=6).



Discussion

Serum PCB levels

Distribution of PCBs between serum lipids and lipids in body tissue is a dynamic equilibrium
and a change in the serum lipid content may alter the equilibrium (Lignell et al. 2004). In this
study, lipid-adjusted serum concentrations were used to give a better estimate of the body
burden than non-adjusted concentrations. Lipid-adjusted values compensate for the individual
differences in serum lipid content so data could be more accurately compared. The
concentration of PCBs, expressed in ng/g serum lipid, showed a significant decrease between
early (week 9-13) and late (week 31-36) pregnancy. Concomitantly, a significant increase in
maternal blood lipid content occurred. If the additional lipids in serum were of endogenous
origin from the body lipids the PCB levels in serum lipids would probably not change
significantly, because of the equilibrium with PCBs in body lipids. The decreased PCB level
in serum lipids during pregnancy could, at least partly, be due to that the additional lipids in
serum is derived from food consumed during pregnancy, with lower PCB content than the
body lipids. In this case the additional lipids in serum would dilute the serum PCBs in the
lipid fraction.

Taken together, the results show that the levels of PCB in serum lipids decrease significantly
during pregnancy, illustrating the importance of timing of blood sampling when different
studies are compared. The results also show that it is important to sample all the women
within a study during the same pregnancy period. A too long sampling period would add
variation to the results dependent on timing of sampling.

Congener CB153 is one of the congeners with highest concentrations in serum, and is often
used to compare results between studies. Interpretation and comparison of PCB exposure is
problematic because of differences between studies in study design (timing of sample
collection etc) and analytical methods. Longnecker et al. (2003) made a comparison of the
median CB153 concentrations in late pregnancy between 10 studies from US (median=30-140
ng/g serum lipid), Netherlands (median=100 ng/g serum lipid), Germany (median=140 ng/g
serum lipid), Faroe Islands (median=450 ng/g serum lipid), and Canada (median=100 ng/g
serum lipid) by laboratory reanalyses, calculations based on published data, and expert
opinion. These results indicate that in the US reported median concentrations were between 2
times lower and up to 2.2 times higher than in present study. For Germany a 2.2 times higher
median concentration was reported, whilst for Canada and Netherlands median concentrations
about 1.6 times higher were reported. Pregnant women from the Faroe Island had 7.2 times
higher median concentrations than in the present study.

The difference in median concentrations could partly be due to different year of sampling
(US-samples: higher concentration in the 70s and 80s) and different food habits (consumption
of contaminated whale blubber on the Faroe Islands). In another Swedish study median
concentration of CB153 in late pregnancy was similar as the median among the Uppsala
women at the same sampling period (56 ng/g serum lipids in late pregnancy in women from
Stockholm) (Guvenius et al. 2003).



Hydroxylated PCB metabolites

Three hydroxylated metabolites of PCB were analysed in this study, namely 4OH-CB107,
40H-CB146 and 4OH-CB187. Metabolite 4OH-CB187 showed highest concentrations of the
three and was also the most abundant metabolite in human umbilical cord plasma in Quebec,
Canada (Sandau et al. 2002), in human blood plasma in Sweden (Bergman et al. 1994,
Guvenius et al. 2003), in maternal blood plasma from the Faroe Islands (Féngstrom et al.
2002), and in breast milk from Sweden (Guvenius et al. 2003). In our study, no significant
changes in serum levels of OH-PCBs were seen on fresh weight basis during pregnancy and
after delivery, except for 4OH-CB107 for which the levels increased slightly between late
pregnancy and three weeks after delivery. Significant correlations between serum
concentrations in late pregnancy and three weeks after delivery for metabolites 4OH-CB146
and 40OH-CB187 show that the women with high concentrations in late pregnancy also have
high concentrations after delivery, whilst no such correlation was seen for 4OH-CB107.

Hydroxylated metabolites of PCB may have affinity to serum albumin (van den Berg 1990,
Longnecker et al. 2003) and a significant decrease in serum albumin during pregnancy was
shown among the Svartbdcken women. Serum concentrations of OH-PCBs did, however, not
change significantly during the same period, indicating that there was no assocation between
changes in serum albumin levels and OH-PCB levels. Moreover, the serum levels of albumin
increased significantly among the Uppsala region women between late pregnancy and three
weeks after delivery, but the serum concentrations of the two OH-PCBs 4OH-CB146 and
40H-187 did not change markedly during the same period. Only 4OH-CB107 showed a slight
increase in levels. Thus, the significance of albumin for retention of OH-PCBs in blood is not
confirmed by our data, supporting the proposal that the levels of this protein in blood does not
markedly influence the OH-PCB levels in blood (Longnecker et al. 2003).

A positive, but fairly weak, correlation was seen between metabolite 4OH-CB146 with parent
compounds CB153 and CB138 and between metabolite 4OH-CB187 and parent compound
CB180. This indicates that the OH-PCBs may partly originate from metabolism of the parent
compounds, either in the women or in important food organisms (fish, pigs, bovines etc.). A
reason for these weak correlations may be that many of the hydroxylated metabolites have
multiple parent compounds (Sandau et al. 2002) and not all of them are analysed in this study.
These weak or non-existing correlations might also indicate that the source of exposure is
different between the parent PCB congeners and OH-PCB.

Fresh weight concentration of 4OH-CB107 in serum in late pregnancy (week 31-36)
presented in this study is similar (1.25 times higher) as the level reported in late pregancy for
pregnant women from Faroe Islands with low consumption of whale blubber. The Faroe
Island women had slightly higher concentrations of the two other metabolites 4OH-CB146
(1.5 times higher) and 4OH-CB187 (1,8 times higher) than those presented in our study.
Moderate/high consumers of whale blubber had median concentrations that were considerably
higher than those found in the women from Uppsala, i.e. 0.49 ng/g fresh weight of 40OH-
CB107, 1.1 ng/g fresh weight of 4OH-CB146 and 1.6 ng/g fresh weight of 4OH-CB187
(Fangstrom et al. 2002). The present study show higher mean serum concentrations of some
OH-PCBs as in a Dutch cohort of pregnant women in third trimester. Levels of 4OH-
CB107/146 were 1.8 times higher and levels of 4OH-CB187 6.8 times higher than in the
Dutch cohort. In comparison to another Swedish study on pregnant women from Stockholm
the median levels of 4OH-CB107 were ten-fold higher among the Uppsala women on fresh
weight basis, whereas the levels of 4OH-CB146 and 4OH-CB187 were about 3-fold higher



among the Uppsala women (Guvenius et al. 2003). The reasons for this difference are difficult
to explain.

Pentachlorophenol (PCP)

Serum concentrations of PCP on a fresh weight basis were much higher than those of the
other analysed organochlorines in this study, although use of this substance have been banned
in Sweden since 1977 and the production of PCP ceased in 1992 in the EU. These results
indicate an ongoing exposure with unknown source. Other studies have also shown that PCP
is the major chlorinated compound found in serum, when compared with PCBs and OH-PCBs
(Sandau et al. 2002, Fangstron et al. 2002). The major route of exposure is probably through
drinking water and food. In Sweden, no information of PCP levels in food is available.

Results in this study showed no significant, change in serum levels of PCP during pregnancy
and after delivery, and there was a significant correlation of serum levels of PCP between late
pregnancy and three weeks after delivery. This shows that the PCP levels were relatively
stable during the sampling period, and that mothers with high PCP levels in late pregnancy
also have high concentrations after delivery. There were, however, a few cases of very high
PCP levels at one sampling occasion in certain individuals. The reason for these "jumps" in
PCP levels cannot be explained by our data.

It has been proposed that albumin concentrations are of importance when studying PCP levels
in blood since PCP may have affinity to albumin and serum levels of this protein may vary
during pregnancy (Longnecker et al. 2003). In our study there were no sings of influence of
serum albumin concentrations on PCP levels in serum during pregnancy and up to three
weeks after delivery.

An average blood plasma PCP level in late pregnancy of 2.83 ng/g serum was reported in a
study on pregnant women in Stockholm, Sweden (Guvenius et al. 2003), which is similar to
median levels seen in late pregnancy in our study (1.7 ng/g serum (Svartbdcken), and 1.6 ng/g
serum (Uppsala region). Serum levels of PCP in Latvian and Swedish man were determined
in a study by Sjodin et al. (2000) and the study showed that PCP levels were inversely
correlated with fish consumption, which suggest that fish consumption is not a major source
of exposure to PCP. The levels measured in serum from Swedish men were 1,600 ng/g serum
lipid for low consumers of fish, 720 ng/g serum lipid for moderate consumers of fish, and
1,100 ng/g serum lipid for men with high consumption of fish.

Conclusions

The timing of blood sampling of pregnant women for evaluation of PCB body burdens during
pregnancy is important since PCBs levels in serum lipids decreases continuously during
pregnancy. Our results also show that it is important to account for differences in timing of
sampling between studies when blood PCB levels are compared. Present study also shows
that in the Swedish population, serum levels of PCP are significantly higher than the OH-
PCBs analysed. This indicates an ongoing exposure with an unknown source, which needs
further attention. In the case of the phenolic compounds the levels did not change markedly
during and after pregnancy.
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Table 2. Basic information about the mothers participating in the study.

Svartbacken mothers

Uppsala region mothers

Age (years) (n=10) (n=20)
Mean £Stdv 29.843.5 28.4+4.5
Median 30 29
Max 36 35
Min 24 22
5/95 percentile 22/35
Weight (kg) before pregnancy (n=10) (n=20)
Mean £Stdv 6311 64+13
Median 60,25 62
Max 92 106
Min 51 51
5/95 percentile 51/91
Height (cm) (n=10) (n=20)
Mean £Stdv 168+0 1675
Median 168 166
Max 176 175
Min 162 160
5/95 percentile 161/174
BMI before pregnancy (n=10) (n=20)
Mean £Stdv 2244 2344
Median 21 22
Max 33 36
Min 19 18
5/95 percentile 19/32
Smoking (%) (n=10) (n=20)
Never 80 55
Before pregnancy 10 25
During pregnancy 10 20
Alcohol consumption (%) (n=10) (n=20)
Not during pregnancy 80 85
During pregnancy 20 15
Higher education (%0) (n=10) (n=20)
Yes 70 45
No 30 55
Weight increase % (n=10) (n=20)
Mean £Stdv 2116 2619
Median 20 17
Max 32 56
Min 12 12
5/95 percentile 17/36




Table 3 PCB levels in serum lipids in early and late pregnancy.

PCB congene Svartbéacken mothers Svartbécken mothers Uppsala region mothers
Early pregnancy (week 9-13) Late pregnancy (week 31-36) Late pregnancy (week 31-36)

CB28 ng/g serum lipid (n=10) (n=10) (n=20)
Mean +Stdv 2.5£3.5 2.3+£23 3.54£5.6
Median 1 1 2
Max 12 9 23
Min 1 1 1
5/95 percentile 1/16
CB52 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv Not detected Not detected 1.240.5
Median 1
Max 3
Min 1
5/95 percentile 23
CB101 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv Not detected Not detected 1.5+1.5
Median 1
Max 7
Min 1
5/95 percentile 1/5
CB118 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv 15.846.9 11.544.3 13.246.4
Median 15 10 12
Max 31 20 30
Min 6 6 4
5/95 percentile 6/25
CB153 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv 96.81+34.6 59.2£15.0 67.2£37.7
Median 95 64 61
Max 161 75 179
Min 41 32 14
5/95 percentile 27/119
CB105 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv 1.4+1.1 1.4+1.1 1.4+£0.9
Median 1 1 1
Max 5 5 4
Min 1 1 1
5/95 percentile 1/3
CB138 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv 46.9+14.9 31.7£7.7 33.9+17.4
Median 47 34 30
Max 74 40 80
Min 22 19 6
5/95 percentile 14/57
CB167 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv 1.8+1.4 Not detected 1.3£0.7
Median 1 1
Max 5 3
Min 1 1
5/95 percentile 1/3
CB156 ng/g serum lipid (n=10) (n=10) (n=20)
Mean +Stdv 5.9+2.6 4.2+1.7 4.843.3
Median 6 5 4
Max 10 6 13
Min 1 1 1
5/95 percentile 1/11
CB180 ng/g serum lipid (n=10) (n=10) (n=20)
Mean £Stdv 59.2422.0 37.4£11.2 43.8423.9
Median 62 39 38
Max 95 50 103
Min 20 16 8
5/95 percentile 17/82




Table 4. PCB levels in serum lipids after delivery in the Svartbédcken mothers.

PCB congene Week three after delivery Month three after delivery
CB28 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 1.31£0.5 1.7£0.9
Median 1 1
Max 2 3
Min 1 1
CB52 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 1.60.7 2.6+0.5
Median 2 3
Max 2 3
Min 1 2
CB101 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 2.5+0.3 2.6£0.3
Median 3 2
Max 3 3
Min 2 2
CB118 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 8.613.6 8.1+2.2
Median 8 7
Max 14 11
Min 5 6
CB153 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 65.7£11.8 57.9£28.5
Median 64 51
Max 81 103
Min 54 26
CB105 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 1.6%1.1 1.3+0.7
Median 1 1
Max 3 3
Min 1 1
CB138 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 30.9+4.4 26.249.8
Median 32 26
Max 35 41
Min 25 15
CB167 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 1.3+0.7 Not detected
Median 1
Max 2
Min 1
CB156 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 3.7£1.0 3.0£1.6
Median 4 3
Max 5 5
Min 3 1
CB180 ng/g serum lipid (n=4) (n=5)
Mean £Stdv 39.249.7 36.8£18.0
Median 38 33
Max 51,1 65
Min 30,4 17




Table 5. Serum levels of three metabolites of PCB and PCP in early and late pregnancy from the Svartbéacken

mothers.
Phenolic compound Early pregnancy Early pregnancy Late pregnancy Late pregnany
Fresh weight (ng/g Lipid weight (ng/g serum Fresh weight (ng/g Lipid weight (ng/g serum
serum) lipid) serum) lipid)
40H-CB107 (n=6) (n=6) (n=8) (n=8)
Mean £Stdv 0.2710.14 64.77£39.99 0.11+0.04 14.734£6.99
Median 0.2 52.4 0.1 13.7
Max 0.5 128.6 0.20 31.03
Min 0.15 27.35 0.07 9.31
40H-CB146 (n=6) (0=6) (n=8) (n=8)
Mean £Stdv 0.13£0.07 32.50£18.64 0.11£0.05 14.17£6.14
Median 0.1 25.6 0.1 14.3
Max 0.2 58.6 0.19 21.84
Min 0.05 9.91 0.05 5.34
40H-CB187 (n=6) (n=6) (n=8) (n=8)
Mean £Stdv 0.23£0.08 55.88+£23.45 0.20+0.07 25.9249.32
Median 0.2 39.7 0.2 25.8
Max 0.3 84.2 0.35 39.00
Min 0.15 30.46 0.12 13.99
PCP (n=6) (n=6) (n=8) (0=7)
Mean £Stdv 3.23+2.85 717.90+£547.48 1.6610.67 215.97£105.57
Median 3.0 623.7 1.5 169.5
Max 8.1 1476.7 2.87 434.03
Min 0.55 134.61 0.95 140.34

Table 6. Serum levels of three metabolites of PCB and PCP in late pregnancy and week three after delivery from the

Uppsala region mothers.

Phenolic compound Late pregnancy Late pregnancy Week three after delivery
Fresh weight (ng/g serum) Lipid weight (ng/g serum lipid) Fresh weight (ng/g serum)

40H-CB107 (n=19) (n=19) (n=20)
Mean £Stdv 0.1£0.0 10.2+7.7 0.1£0.1
Median 0.1 8.0 0.1
Max 0.2 38.2 0.3
Min 0.02 2.93 0.04
5/95 percentile 0.04/0.12 4.77/19.13 0.06/0.20
40H-CB146 (0=19) (0=19) (n=20)
Mean £Stdv 0.08+0.05 11.45£9.99 0.09+0.05
Median 0.1 7.7 0.1
Max 0.2 44.8 0.2
Min 0.02 2.20 0.02
5/95 percentile 0.03/0.18 3.60/24.83 0.03/0.18
40H-CB187 (n=19) (n=19) (n=20)
Mean £Stdv 0.15+0.07 22.53£14.06 0.16£0.06
Median 0.1 20.2 0.2
Max 0.3 67.7 0.3
Min 0.07 7.25 0.06
5/95 percentile 0.07/0.28 8.36/41.39 0.08/0.26
PCP (n=20) (n=20) (n=20)
Mean £Stdv 2.6614.01 361.19+470.79 1.58+0.92
Median 1.6 224.1 1.4
Max 18.7 2203.3 4.9
Min 0.20 23.87 0.64
5/95 percentile 0.22/5.95 36.19/679.53 0.65/2.40




	 Abstract
	 Abbreviations 
	 Introduction
	Polychlorinated biphenyls (PCBs)
	Human toxicity
	Tolerable intakes and maximum limits

	Pentachlorophenol
	Toxicokinetics and metabolism
	Human toxicity
	Tolerable intakes and maximum limits


	Aim of the present study
	Materials and methods
	Sample collection 
	Analytical method
	PCB congeners
	Pentachlorophenol and PCB metabolites
	Analysis of albumin
	Statistical analysis


	Results 
	Serum PCB levels
	Serum lipid content
	Hydroxylated PCB metabolites
	Pentachlorophenol
	Serum albumin

	Discussion
	Serum PCB levels
	Hydroxylated PCB metabolites
	Pentachlorophenol (PCP)

	Conclusions
	Acknowledgements
	References
	1  Appendix

