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Abstract

The high levels of persistent organic pollutants (POPs) in the Arctic have caused
serious concern regarding the possible health effects chronic exposure might cause.
The highest concentrations of POPs in human plasma, in the Arctic and surroundings,
have been observed in indigenous populations, who depend on marine mammals as a
source of food. High levels of some POPs have also been detected in non-indigenous

people from northwest Russia.

This thesis focuses on filling knowledge gaps related to levels of POPs in human
plasma in northern areas of Russia, as well as relating them to traditional diets. Both
the short-term and long-term effects of diet have been studied. The aim was further to
develop cost efficient methodology for the analysis of conventional POPs, as well as

for phenolic organohalogens, in small plasma volumes (0.5 ml).

The clean-up of plasma samples was improved when switching from a GPC column
and silica fractionating (Paper 1) to a single-step separation using florisil columns
(Paper 1 and 111). The method was further developed to determine phenolic

organohalogens (Paper V) in plasma volumes as small as 0.8 ml.

High concentrations of 3-HCH and p,p-DDT were found in plasma samples of 27
delivering women from Arkhangelsk (northwest Russia) (Paper I). The geometric
mean level of B-HCH (3.08 pg/1 plasma) was higher than what has been reported in
any of the previously studied indigenous Arctic populations. In addition to the high
levels, a DDE/DDT ratio as low as 7 was observed. This finding indicates the
presence of fresh sources, and the extent of their presence gives reason for concern.
The PCBs concentrations were low and comparable to Norwegian data. None of the
other pesticide concentrations were elevated. The sources of $-HCH and p,p’-DDT

have not been identified and efforts should be made to do so.

The PCBs and p,p -DDE contents were fow in the plasma of 33 people from Tromse
(northern Norway) (Paper 11). Short term changes in plasma levels of PCBs and p,p -
DDE were observed in relation to measured intake of the traditional dish “melje”. The
dish is rich in marine lipids and POPs. Both the lipid-weight and wet-weight
concentrations of p,p -DDE increased significantly (p<0.01) four hours after the meal.

This was not the case for any of the PCB congeners, despite the fact that some of the
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PCB congeners had concentrations comparable to the p,p’-DDE. The PCB congeners
with minor prevalence in the food, but prominent in the plasma, decreased
significantly (p<0.01) on a lipid-weight basis after four hours. The observed changes
were independent of the amount consumed and body mass index (BMI). Nine of
eleven compounds had significantly higher levels in plasma from non-fasting
individuals, when compared to samples from fasting individuals. Thus, the use of
plasma samples from fasting individuals and the reporting of both wet- and lipid-

weight data were advised.

Significant amounts of PCBs and pesticides, including toxaphene, were found in 50
plasma samples from the indigenous population (98 % Chukchi) of the coastal village
of Uelen (Chukotka Peninsula, Russia) (Paper 111}, Compared to other indigenous
populations who depend on marine mammals, the -HCH concentrations were
particularly elevated. Through the use of a dietary questionnaire, the consumption of
blubber was found to significantly affect the levels of some of the POPs. Below the
age of 40, women had significantly less POPs in their plasma than men, whereas
above the age of 40 the gender difference was no longer significant (p>0.05). There
was no significant age dependence for the POPs among the men whereas for the
women it was highly significant (p<0.01). BMI did not explain any of the variance in
the POPs concentrations for both genders. The consumption of store-bought goods in

this community was low.

in the individuals from Uelen with the highest PCBs exposure, high plasma levels of
OH-PCBs were also present, with 4-OH-CB 107 (median: 1673 pg/g plasma) as the
dominating congener (Paper 1V). There was, however, great individual variance in
congener pattern. The OH-PCBs were significantly correlated to the PCBs, and the
sum OH-PCRBs constituted 27 — 76 % of the sum PCBs. The median concentration of
pentachlorophenol was low (642 pg/g plasma), compared to levels previously reported

in native populations.

The following over-all conclusion can be drawn: There is great variation among
populations in the composition of POPs in plasma, and not enough information is
available to limit selection of a few indicator compounds when assessing exposure in
refation to health effects. To overcome this, larger populations need to be screened.

This requires even lower cost analytical methods than those developed.
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Introduction

Persistent organic pollutants

There are a great variety of compounds or molecules that are defined as persistent
organic pollutants (POPs), and they all have the ability to bio-accumulate. Due to their
persistence, they endure in the environment for years depending on their molecular
structure and composition and the physical and chemical conditions of the
environment. The lipophilicity makes these compounds accumulate in the food chain

with higher levels occurring in lipid-rich tissues (AMAP, 1998).

Most research and ongoing monitoring work on POPs in the Arctic have mainly
focused on industrial compounds like the polychiorinated biphenyls (PCBs), by-
products like polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) and pesticides
like the DDT group, chlordanes, hexachlorocyclohexanes (HCH) and the toxaphenes.
Toxic metals like mercury, lead and cadmium are also of major concern (AMAP,
1998 Hansen et al., 1996; Jensen et al., 1997). The production, use and sources of

exposure for several of these compounds are listed in Table 1.

The PCBs, consisting of 209 congeners, were produced for use in a large number of
industrial processes (additives, flame retardants, dielectric fluids etc.). The production
of PCBs began in 1929 and the total worldwide production has been estimated to be
1.3 million tons, with over a million kilograms thought to have been released annually
{o the environment via mobile environmental reserves. The production and use of the
PCBs were banned in most western countries from the late 1970s (Breivik et al.,

2002; Lang, 1992).

PCDD/Fs enter the environment mainly as by-products of industrial processes and the
two compound groups consist of 75 and 135 congeners, respectively. The most
significant sources are low-temperature, incomplete incineration of chlorine
containing materials such as plastics. Most PCDD/F congeners are extremely

hydrophobic and resistant to biodegradation in soils and sediments (AMAP, 1998).
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Table 1: Production, uses and sources of exposure to some of the major persistent organic

pollutants (POPs) (modified from Odland et al., 2003).

Polychlorinated biphenyls
(PCBs)

Hexachlorocyclohexanes
(HCHs, a—, B—, v}
[y-HCH is referred to as
lindane}

Hexachlorobenzene
(HCB)

DDT group

Chiordanes

Toxaphenes (CHB)

Thermal and electrical insulators,
and industrial used oils,
Restricted use,

Total world production estimated
to 1.3 mill. tons,

Currently produced as an
insecticide for fruit, vegetables and
forest crops (lindane),

Many countries still use large
amounts of lindane.

Total wortd production of 0.7 mill.
tons of lindane and 10 mill, tons of
the technical HCHs,

The use of the technical HCHs is
banned/restricted in many western
countries.

Chemical by-product, limited use
as fungicide in the 1960s.

HCB is banned or restricted in
many countries.

Global annual emission is 23 tons.

Pesticide used extensively until
1970,

Banned in most western countries,
but still in use for the control of
malaria spreading mosquitoes.
Total global usage of 2.6 mill.
tons.

Broad-spectrum insecticide used
on agricultural crops and for
termite controf,

Banned in many countries since
the early 1980s.

Total global usage of 8¢ 000 tons.,

Used as pesticide and to control
ticks and mites in livestock.
Banned in most countries since the
early 1980s.

Total world usage of 1.3 mill. fons.

Contaminant Production and uses Sources of Arctic exposure
Dibenzo-p-dioxins and By-product from combustion, Mainly long-range transport.
furanes (PCDD/PCDFs) | bleaching and metallurgic industry. | Some local industrial sources

exist.
Incineration processes.

Mainly long-range transport.
Some local sources identified,
including wastegrounds, old
electrical equipment and
military instailations.

Long-range transport.

Some local use as insecticide
and for control of head lice and
scabies caused by mites.

Mainly long-range transport.
Minor local sources including
industry and leakage from
fandfills.

Long-range transport.
Miner Jocal use as insecticide.

Long-range transport.

Mainly long-range transport.




Cyclodienes (chlordanes, heptachior, aldrin, dieldrin, endrin),
dichlorodiphenyltrichloroethane (DDT), hexachiorocyclohexanes (HCHs) and
toxaphenes are all examples of pesticides used in large quantities worldwide. Many of
these compounds consist of complex mixtures, where the cyclodiene pesticides
consists of at least 147 compounds and the toxaphenes consists of several hundred
chlorinated bornanes, polychlorinated camphenes, bornenes, and bornadiens. Several
of these compounds are found in the Arctic environment and some at high levels

(AMAP, 1998).

During the past five years, more polar organochlorine contaminants and metabolites
have received increased attention, both due to improved analytical capabilities and
their possible biological activity (AMAP, 2003). Both hydroxylated-PCBs (OH-
PCBs) and pentachlorophenol (PCP) cause concern, PCBs are biotransformed by the
cytochrome P-450 monooxygenases and in most of the known metabolic pathways the
formation of the OH-PCBs is the initial step. Even the more persistent PCB 153 is
metabolised to a certain extent, both in vitro and in vivo to form a number of
hydroxylated metabolites (Ariyoshi et al., 1992; Schnellmann et al., 1983; Sipes et al.,
1982). The OH-PCBs have also been found to be the main metabolite excreted in

faeces and/or urine (Guvenius et al., 2002).

PCP is a less persistent pesticide, widely used as fungicide, especially for wood
preservation. It is very persistent in water and sediment under aerobic conditions, but
degrades rapidly under anaerobic conditions. The worldwide production is estimated
to be less than 30000 tons per year (AMAP, 2003). In addition, PCP may be formed
by the metabolism of other pesticides (¢.g. HCB) (To-Figueras et al., 2000). The
fevels of PCP have been reported to be higher than OH-PCBs among various

populations from the Quebec region, Canada (Sandau et al,, 2002).

The brominated flame retardants (e.g., polybrominated diphenyl ethers and
tetrabromobisphenol-A (TBBPA)) are a group of compounds for which the
environmental levels seem to increase, and huge quantities are produced worldwide
(Thomsen et al., 2002). In this thesis, it is only TBBPA that is further discussed in

relation to development of the analytical methodology for phenolic organohalogens.



Sources of contamination in the Arctic

POPs are found everywhere in the environment, even in remote areas like the Arctic.
In general, present levels of POPs in the Arctic cannot be related to known use and/or
release from local sources, and can therefore only be explained by long-range
transport from lower latitudes (Burkow and Kallenborn, 2000; Hansen et al., 1996,
Jensen et al., 1997). Depending on geographic location, weather condition and the
physical-chemical properties of the contaminant, transposrt to and within the northern
regions can be carried out via the atmosphere, water currents, sea-ice drift and Arctic
rivers as shown in Figure 1 (AMAP, 1998). For a-HCH, the Arctic Ocean now also is
known to act as a source by revolitalisation of previous long-range transported
material (AMAP, 1998; Harner et al.,, 1999), whereas recent findings indicate that -
HCH is still entering the Arctic Ocean in ocean currents passing through the Bering

Strait (Li et al., 2002).

Figure 1: The contaminants are transported to and within the Arctic with air masses, ocean
currents and ice drift.
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The increasing information on POPs in the Arctic was reviewed in the early 1990s
(e.g., Barrie et al., 1992; Muir et al., 1992; Norstrom and Muir, 1994) and later in the
Arctic Monitoring and Assessment Reports (AMAP, 1998 and 2003) and by
Macdonald et al. (2000). Some of these reviews reported that the levels of POPs were
higher in top predators around Svalbard as compared to the Canadian Arctic. Recent
data on marine mammals have also indicated that the levels are not as high in
northeast Russia (AMAP, 2003). These findings clearly indicate a non-uniform
distribution throughout the Arctic.

A number of local sources have also been identified with mineral exploration, coal
mining and heavy industry accounting for the highest input. On Svalbard, both
Russian and Norwegian communities are local sources of contaminants to the
environment. Elevated PCB levels have also been found in sediments of harbours.
The levels are high enough compared to the surrounding areas that it can be

considered a source for PCBs in the Arctic marine environment (AMAP, 2002).

Figure 2: Example of bio-magnification in a food chain. The numbers are rough estimates of the

magnification between trophic levels.

Several of the indigenous populations in the Arctic harvest from the local food chain,

thereby being exposed to elevated levels of these bio-magnifying and bio-
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accumulating compounds. Figure 2 itlustrates bio-magnification in a food chain, with

rough estimates of magnification factors between trophic levels.

Human exposure

Exposure to organic contaminants begins prior to conception (gametogenesis),
continues throughout gestation (organogenesis), the neonatal stage by way of breast-

feeding, and subsequently through dietary intake (Feeley and Brouwer, 2000).

Absorption from the diet

The estimates of the absorption of POPs from the diet vary. In one study, an
absorption of 80 % for PCB 101 was used in the modelling of lifetime exposure
(Alcock et al., 2000). It has also been reported that the absorption is more than 90 %
of the amount consumed (Moser and McLachlan, 2001), but there are other papers
indicating that food composition influences the rate of absorption and excretion
(Morita et al., 1997; Narazaki et al., 1991). In human infants, the dietary absorption of
most PCB and dioxin congeners has been found to be more than 95 % (Dahl et al.,
1995; McLachlan, 1993). Kreuzer et al. (1997) support the lower absorption rate

among adults compared to young children.

Breast-feeding

Through breast-feeding, the human infant can be exposed to considerable amounts of
POPs, but the importance it has on lifetime exposure is still being discussed. The
levels of PCBs and pesticides in human breast milk have decreased considerably
during the last 20-30 years in Sweden and Norway (Johansen et al., 1994; Noren and
Meironyte, 2000). Despite this fact breast milk concentrations remain high relative to
those in other foods, and Alcock et al. (2000) estimated that for an individual born in
1980, breast-feeding may account for as much as 8 % of total body burden by the age
of 25. For an individual born in 1990 the contribution increases to 30 %, Ayotte et al,
(1996) estimated breast-feeding to markedly influence the body concentrations of
dioxin-like compounds in Inuits mainly during infancy and childhood, but not during

adulthood. Kreuzer et al. (1997) on the other hand, claim that the elevated levels in
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breast-fed infants decline during a few years, reaching the same concentration as the

children not breast fed.

Diet

For humans not occupationally exposed to POPs, food is the most important exposure
route and of major concern in some areas of the Arctic (AMAP, 1998). In relation to
background exposure, absorption through the skin and through inhalation can be

neglected, and thus is discussed no further in this thesis (Alcock et al., 2000).

The diet around the Arctic regions of the world is highly variable, with people in
Scandinavia, Iceland and the Faeroe Islands depending on a western diet modified by
local influences. Among native people in the Arctic, traditional food is more
important, with coastal populations depending heavily on marine mammals. The
traditional food is considered very nutritious and the main source of protein, fat,
minerals (Fe, Zn, Se, I}, vitamin D, and especially of the essential long chain n-3 fatty
acids (Kuhnlein et al., 2002; Van Oostdam et al., 1999). For many people these foods,
harvested through hunting, are also a source of community spirit, pride, and self-
respect. “They can provide health, bodily warmth to withstand the cold climate, and
well being in a way that imported food simply cannot” (Van Qostdam et al., 1999).
However, the use of traditional diets have declined during the past 50 years, resulting
in indigenous people from North America and Greenland getting between 60 and 90
% of their food from the grocery store. This trend is not as clear in Russia, where high
prices in combination with Jow income and strong traditions still make people rely
heavily on country foods (AMAP, 2002).

The highest human levels of POPs in the Arctic have been found in populations
depending heavily on marine mammals, such as the Inuit of Greenland and Arctic
Canada, or among people on the Faeroe Islands consuming pilot whale blubber
(Ayotte et al., 1997; Bjerregaard and Hansen, 2000; Deutch and Hansen, 2000;
Fangstrom et al., 2002). Assessing the Canadian Arctic diet, the highest levels of
POPs were found in the marine mammals, with the Inuit diet being above the tolerable

daily intake (TDI) for all compounds reported (Chan, 1998).



The 1998 AMAP Assessment Report (Phase 1) has made it clear that there is a
general lack of data on diet and contaminant levels in the Russian Arctic, where high
exposure is especially anticipated for indigenous costal populations in northeast
Russia who consume marine mammals. Besides the expected high human levels of
POPs related to consumption of marine mammals, there have been reports of high
concentrations in human plasma of p,p-DDT and 8-HCH in the town of Nikel in the
Kola Peninsula. These findings have been recognised as indications of current or
recent use of these pesticides in that region (AMAP, 1998; Klopov et al., 1998). It is
unknown whether this exposure is direct or through consumption of contaminated

food,

Plasma levels a good indication of body burden of POPs

The reliability of plasma levels of POPs as a measure of the total body burden is
widely discussed. Equilibrium among the organs is expected, and when relating the
amounts of POPs to the lipids in each tissue the concentrations are believed to be
approximately equal (Alcock et al., 1999; Filser et al., 1997). This was supported by
the work of Haddad et al. (2000) who found that, regardless of the identity of the
compound and log n-octanol:water partition coefficients, their adipose tissue:blood
partition coefficient was equal to the ratio of lipids in adipose tissue and blood.
Patterson et al. (1988) found that the ratio of the lipid weight concentration of 2,3,7,8-
TCDD in adipose tissue and serum was equal to one. On the other hand, Needham et
al. (1990) reported that the lipid-weight levels of different POPs were 1.34 — 2.60
times higher in adipose tissue compared to serum. Further, no correlation for 15 of 17
organochlorines was found between breast adipose tissue and serum, as well as a total

absence of the compound residues in serum (Archibeque-Engle et al., 1997).

The importance of fluctuations in plasma levels of POPs following a meal has also
been questioned. In one study, the PCB levels in plasma increased more than the
lipids after consumption of PCB-contaminated fish (Kuwabara et al., 1979). This was
supported by a study on breast cancer where it was found that serum levels were very
sensitive to short-term changes in diet, such as fasting, thereby constituting an
imperfect surrogate for the levels found in breast adipose tissue (Holford et al., 2000).
Phillips et al. (1989) on the other hand claim that when the plasma levels are lipid

normalised there is no change four to five hours after consumption of a lipid-rich
18



meal. Despite this conflicting evidence the major part of the POPs in plasma have
been reported to originate from the body’s depots, mainly adipose tissue, and that the
plasma levels are stabile over a period of 3 months (Gammon et al., 1997; Noren et
al., 1999). However, it is not unlikely that the distribution will differ with food intake
(Noren et al., 1999). Our current understanding of the transport and fate processes
within the body and of the rates/efficiencics of absorption and metabolism are,

however, relatively limited (Alcock et al., 1999).

Persistent organic pollutants and human health

“Among the many thousands of man-made bulk-chemicals in use today, only a
limited number have been tested or evaluated for their hazard potential. In
understanding the possible consequences for human health and the Arctic
environment, extensive evaluation is needed. The fact that the consequences often are
observed decades after emission to the environment complicates the issue further and
should always be kept in mind. Evaluation criteria must include long-range transport
ability, persistence, bioaccumulation potential and hazard for human health and the

environment” (Odland et al., 2003).

There is no doubt that the persistent organic pollutants discussed in this thesis are
toxic compounds, and that they have the potential to affect human health. The
question is if the fevels of these compounds found in the humans cause adverse
effects. The effects are however hard to measure, and if they are observed it is then
extremely difficult to state with certainty which chemical or confounding factor is
responsible (Van Qostdam et al., 1999). The list of relevant health issues is long and it
is beyond the scope of this thesis to include all those suspected and to discuss in depth

the suspected contaminants and mechanisms of action,

The POPs have, through animal studies and occupational accidents, been shown to
have a number of toxic effects. Experimental data from animal studies clearly show
that PCBs/PCDD/Fs induce P-450 metabolising enzymes and that the aryl
hydrocarbon receptor (AhR) plays a pivotal role in mediating most if not all of the
toxic and biochemical effects induced by PCBs/PCDD/Fs (Brouwer et al., 1995 and
references therein; Safe, 1994). A wide variety of endocrine systems are affected by

the PCBs, including the oestrogen and androgen system, the thyroid hormone system,
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retinoid system, corticosteroid system and several other endocrine pathways (Brouwer
et al., 1998b; Brouwer et al., 1999; Golden et al., 1998). New information on the
mechanisms of the toxic effects of POPs points to disruption of hormone systems.
Thyroid hormones have received a particular focus. These hormones control fetal
brain development and behaviour, as well as growth, metabolism, and reproduction
throughout the life of an animal (AMAP, 2002; Brouwer et al., 1998b). Experimental
studies have shown that several PCBs are capable of inducing enzymes in the liver,
resulting in increased vitamin K metabolism, which may ultimately lead to deficiency
of the vitamin (ten Tusscher et al., 1999). Neurotoxic effects of toxaphene exposure
have been reported and the toxaphenes are also believed to represent a potential
carcinogenic risk to humans (de Geus et al., 1999). A number of the POPs have been
listed as to their carcinogenicity by JARC (Table 2). It is only 2,3,7,8-TCDD that is
listed by the IARC as a definite carcinogen.

Table 2: POPs listed by the 1ARC as to their earcinogenicity*.

Group 1: Group 2A: Group 2B: Group 3:

Carcinogenic  Probably carcinogenic Possibly carcinogenic to  Not classifiable as to

to humans to humans humans carcinogenicity to humans

2,3,7,8- Polychlorinated biphenyls  Chlordane Aldrin

TCDD (Vol. (Vol. I8, Suppl. 7; 1987y  (Vol. 79; 2001) (Vol. 5, Suppl. 7;1987)

69; 1997)
pp-DDT Dieldrin
(Vol. 53; 1991} {Vol. 5, Suppl. 7; 1987)
Heptachlor Polychlorinated dibenzo-
(Vol, 79; 2001) para-dioxins (other than

2,3,7,8-TCDD)
(Val. 69; 1997)

Hexachlorobenzene Polychlorinated
(Vol, 79; 2001) dibenzofurans
(Vol, 69; 1997)

Hexachlorocyclohexanes
(Vol. 20, Suppl. 7; 1987)
Mirex

(Vol. 20, Suppl. 7; 1987)

Pentachlorophenol
(Vol. 53; 1991)

Toxaphene
(Vol. 79; 2001)

*Volume number and year of the appropriate IARC (International Agency for Research on Cancer)

monographs are indicated in parentheses.
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Figure 3; The structure of thyroxin (T4), 173-estradiol and 4-OH-CB167, where the aromatic

ring with the hydroxyl group is important mechanistieally,

The phenolic organohalogens have received increased attention due to the structural
similaritics to thyroxine (T4) and estrogen (Figure 3), and possible functional
mimicry. Phenolic compounds have been found to inhibit the sulfotransferase
catalysed E2 sulfation (Kester et al., 2000; Kester et al., 2002). The OH-PCBs have
also been shown to be anti-estrogenic (Kramer et al., 1997). With the exception of one
compound, the OH-PCBs had the same affinity (Ki = 10-80 nM) for transthyretin as

thyroid hormone (thyroxine; T4). Based on these results, OH-PCBs in vivo are more



likely to compete for binding to this serum transport protein than binding to the

thyroid receptor (Cheek et al., 1999).

The potential of these effects has been demonstrated, but the evidence of their

occurrence in relation to background exposure is highly uncertain.

Health effects caused by background levels

Severe health effects have been reported in relation to high accidental exposure to
PCBs/PCDD/Fs (Chen et al., 1994; Guo et al., 1999). Examples of effects are
abnormalities of liver function, skin (chloracne), and the nervous system (Longnecker
et al., 1997). ten Tusscher et al. (1999) found in a Dutch study that current
background concentrations of PCBs and dioxins disturb the thyroid hormone
metabolism in humans. Longnecker et al. (1997) reported that background exposure to
PCBs cause neonatal hypotonia or hyporeflexia. Another study reported higher levels
of PCBs, chlordanes and tetrabrominated dipheny! ether in patients with Non-
Hodgkins lymphoma (Hardell et al., 2001). The studies reporting significant
associations between compounds and different effects are many, but no further

descriptions of these are given.

However, several review papers conclude that the results of the various
epidemiological studies on the possible effects caused by background exposure are

mconclusive.

Swanson et al. (1995) claim that only a few reliable studies exist to suggest that
adverse effects in humans have resulted after occupational exposure to PCBs. Further,
there was no positive or suggestive evidence from 33 human studies to indicate that
environmental exposures other than in the workplace are associated with harmful

outcomes.

Adami et al. (2003) concludes that although a modest positive association between
organochlorine exposure and breast cancer is difficult to exclude, it is unlikely that

exposures to these compounds are important causes of breast cancer.

Kimbrough (1995) claims that the available evidence for cancer and for reproductive

effects of PCB exposure is inconclusive. She, however, found that obvious external

22



clinical signs are observed in the offspring of subhuman primates at dosage levels
below those experienced by female capacity workers and members of the general

population prior to the control of PCBs.

Independent of the possible effects caused by background exposure, there is no doubt
that the developing foetus and breast-fed infant are the age groups at greatest risk in

the Arctic (AMAP, 1998; Van Qostdam et al., 1999).

Developing foetus and breast fed infant

Several studies now claim to have observed health effects in children as a result of
background exposure. The major developmental endpoints related to in utero and
lactational exposure to POPs to date in infants are reduced birth weight, altered
circulating thyroid hormone levels and altered psychomotor and cognitive function
(Brouwer et al., 1995; Feeley and Brouwer, 2000; Golden et al., 1998). A Dutch
PCB/dioxin study has illustrated that subtle clinical, endocrine and
mental/psychomotor development effects can oceur in breast-fed infants (Brouwer et
al., 1998a; Patandin ct al., 1998). Background exposure might also be associated with
a greater susceptibility to infectious diseases (Dewailly et al., 2000; Weisglas-

Kuperus et al., 2000).

The most sensitive time period seems to be in ufero exposure (Brouwer et al., 1995;
Hansen, 2000). This is supported by Patandin et al. (1999) who, in a Dutch study,
found in that in ufere exposure, rather than postnatal exposure through breast-feeding,

was associated with poorer cognitive functioning in pre-school children.

Feeley and Brouwer (2000), however, describe the mentioned effects as subtle and
generally within what can be described as normal population background variation.
The only exception they mention is what occurred in two rice-oil poisoning episodes
in Asia. Further they claim that little if any clinically adverse health effects have been
associated with breast-feeding, stating the observed beneficial effect from breast

feeding on neurological measures.

The benefits of breast-feeding appear to outweigh the risks associated with the
presence of relatively low levels of PCBs/PCDD/Fs (Brouwer et al., 1995; Hansen,

2000). In a WHO recommendation, it was concluded that the current evidence of
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possible health effects does not warrant altering the previous WHO recommendation
for promotion/support of breast-feeding {(Brouwer et al., 1998a; van den Berg et al.,

2000).

Limitations of studies on human health effects

Risk assessments are in general based on evidence collected for individual
contaminants at often high concentrations and not for naturally occurring mixtures of
contaminants. They are based on extrapolations from single compound animal studies,
and when possible combined with data from occupational exposure or accidental
poisoning. Very little is known about interactions between different compounds, as
additive, synergistic or antagonistic effects might occur (Carpenter et al., 2002).
Grandjean et al. (2001) has also reported that limited PCB-related neurotoxicity
appears to be affected by correlated methylmercury exposure. The possible effects of
nutrients like trace elements and antioxidants present in traditional food must also be

considered (Hansen, 2000; Kuhnlein et al., 1995).

The epidemiological studies on effects in human populations and background levels
are all based on a limited number of cases or participants. With the low number of
participants the statistical power of these studies are limited. The extensive use of a
low significance criterion of p<0.05 has also been criticised (Sterne and Smith, 2001).
One of the main reasons for the low number of participants is the costly analysis of
POPs in tissue or plasma. Efforts have been made to reduce costs and one of the
possibilities has been the use of possible surrogate indicators of exposure instead of
analysing all compounds, One example is PCB congener 153 that in several studies
has been reported to be highly correlated to most PCB congeners and in particular the
sum PCBs (Furberg et al., 2002; Grimvall et al., 1997). However, because of
differential toxicities among the entire class of compounds and the limited
information on human health effects, it is recommended to continue to obtain isomer-

specific analyses for the PCBs and PCDDs/Fs (Woodruff et al., 1994).

Another important aspect is the sample volume required for valid quantification of the
POPs. Most analyses require several millilitres, whereas the amounts available in
plasma banks organised by amongst others; the European Prospective Investigation

into Cancer and Nutrition (EPIC) and Norwegian Women and Cancer Study
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(NOWAC) are kept in special straws and in general between 0.4 and 0.5 ml (Pers.
Comm. E. Lund). In relation to EPIC and NOWAC the participants have already
submitted dietary and lifestyle information of relevance for possible future studies.
There is thus a need to reduce the sample volume, as well as considerable reduction in

the time required for the analyses and thus their costs.
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Objectives

The principal objective of the present work was to fill knowledge gaps in the research
area of human plasma levels of POPs in Arctic regions, and the relation to traditional
food consumption. At the same time it was a goal to develop a cost-efficient analytical

method allowing small sample volumes.
Specifically:

o Fill knowledge gaps on human plasma concentrations of POPs in northern

Russia (Paper | and II1).

¢ Determine the impact of the consumption of traditional foods on the body

burden of POPs in a native Russian population {Paper I11).

¢ Study the short-term changes in plasma levels of POPs in relation to high

dietary intake of marine lipids and POPs (Paper I1).

» Establish a cost-effective analytical method for the determination of both
conventional POPs and phenolic compounds in the same small volume of

plasma (Paper 1l and V).

e Determine hydroxy-PCBs and PCP levels, in a highly exposed subgroup of

indigenous people from the Russian eastern Arctic (Paper [V).
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Materials and Methods

Details about the study groups and sample collection are thoroughly described in the
individual papers. The geographical areas where the different samples were collected
are shown in Figure 4. Table 3 summarizes the geographical areas, number of plasma
samples collected and analyzed, and the analytes determined in Publications I to IV.
In the last three papers, both lipid-weight and wet-weight levels of POPs were
reported. In Paper I, with a slightly less sensitive method, the sample amounts

available did not allow the determination of lipids as well as POPs.
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Figure 4: Map of the Arctic and surroundings with the different sampling sites marked.
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Table 3: Geographical areas, collection period, subjects and analytes measured.

Place Subjects (n), Analytes
{Period) Paper
Arkhangelsk Detlivering women {27), PCBs and pesticides
{Sept. - Oct. 1996) |
Tromsa General population PCBs and p,p-DDE
{March 2000) 33 x4),
iI
Uelen (General population PCBs and pesticides.
(July — Aug. 2001) (50), PCP and OH-PCBs (for 15
1+ 1V highly exposed individuals)

Statistical analyses were carried out employing the SAS software package, version
6.12 (SAS Institute Inc., 1989). The statistical approach was based on univariate
analysis, analysis of variance, analysis of variance with a repeated measurement
design, as well as multiple linear regressions; they are described in appropriate detail
in the individual papers. The findings were considered to be of significance when
p<0.01 and borderline when 0.01<p <0.05. This conservative criterion of significance
was used because of the high number of statistical analyses performed in some of the
studies and the fact that the levels determined have an uncertainty of approximately
+20 %. Further, the need for more powerful studies and stricter use of the p-value has
been emphasised by Sterne and Smith (2001). The low number of participants also

limited the statistical power of the studies presented in this thesis.

The levels of POPs had in general a skewed distribution and were log transformed
when needed for the statistical treatment of the data. Concentrations below the
detection {imit (L.LOD) were assigned the values of %2 LOD and were included in the

statistical analyses (AMAP, 1998).

The studies were approved by the Regional Ethical Committee, University of Tromsg,
Norway and the different regional Health Administrations in Russia. Participants were

asked to join the study by completing a consent form.
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Main results

Paper |

The analytical method developed to support this study involved gel permeation
chromatography and silica gel purification, making inclusion of acid labile
compounds possible. Quantification was done using GC-MS instrumentation
employing described analyte clean up and separation procedures. The geometric mean
plasma concentrations in 27 delivering women from Arkhangelsk, Russia of p,p -
DDE, B-HCH and p,p-DDT were 4.52, 3.08 and 0.83 pg/l, respectively. The
DDE/DDT ratio was as low as 7. Toxaphene 26 and 50 were the only toxaphenes
having levels above the 1.OD, with geometric mean levels of 0.05 g/l and 0.06 pg/l,
respectively. The concentration of sum PCBs (geometric mean, 1.75 pg/L plasma)
were low, with PCB 138/163 as the most abundant congeners (0.42 ug/L. plasma). The
high B-HCH and p,p -DDT levels as well as low DDE/DDT ratio supported previous

indications of the presence of fresh sources of -HCH and p.p -DDT.

Paper il

In this study, a one step clean-up procedure using florisil columns was developed
which replaced the GPC and silica columns employed in Paper 1. The plasma levels of
p.p -DDE was found to increase significantly four hours after a “melje” meal was
consumed by 33 volunteers, both when expressed as wet-weight (35 % change) and
lipid-weight (20 % change). The corresponding changes (0 — 4 h) in wet-weight
concentrations of the most prevalent PCB congeners were non-significant. By
contrast, PCB congeners with low levels in the food showed a significant drop during
the first four hours when lipid-weight adjusted. The observed changes were
independent of the amount of cod liver and cod liver oil consumed, age, gender and
BMI. Significant differences in concentrations for fasting and non-fasting participants
were found for most PCBs and p,p -DDE. The lipid-weight adjusted sum PCBs was

significantly lower (16 %) when the participants were fasting.
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Paper Ill

The Chukchi people from Uelen (Chukotka) in eastern Russia consumed extremely
high amounts of marine mammals. The combined intake of blubber from walrus, seal
and whale was a significant predictor (p<0.01) of plasma concentrations of sum
PCBs, and borderline (p<0.05) for sum CDs and sum DDTs. For males and females
combined, the geometric mean concentrations of sum PCBs, p,p -DDE and B-HCH
was 1316, 520 and 410 ng/g lipids, respectively. There was a significant gender
difference in the plasma levels of POPs for individuals below the age of 40, and
among women there was a significant increase with age. PCB 163, which partly co-
eluted with PCB 138, was found in high concentrations (40 % of PCB 138). This
raises questions regarding the reliability of the previously reported levels of PCB 138
and the use of PCB 138 and 153 to calculate plasma Arochlor 1260 concentrations.
Levels of B~-HCH were higher than observed for other “high” Arctic native

populations who depend on marine mammals.

Paper IV

The method for combined analysis of neutral and phenolic organohalogens developed
here was an extension of that employed in Papers 11 and II1. Additional acidification
and the use of a more polar solvent (hexane:dichloromethane (3+1)) improved the
efficiency of extraction of OH-PCBs and PCP. The use of florisil columns gave
complete separation of neutral and hydroxylated compounds and good recovery rates
(median; 83 ~ 116 %). The compounds were methylated using diazomethane, without
validating that step in this paper. A single florisil column was used for the final clean
up of the methoxylated compounds (median recovery rates; 67 — 90 %). Validating
the method using spiked plasma samples gave acceptable recovery rates for all
compounds (38 — 75 %), whereas real sample analyses gave good recovery rates for
$3C12-4-OH-CB 187 and "*Cg-PCP (72 and 64 %, respectively). In the plasma samples
from the more highly exposed Chukchi participants (n=15), the median sum OH-
PCBs was found to be 5916 pg/g. The major congener was 4-OH-CB107 with a
median concentration of 1673 pg/g plasma. The sum OH-PCBs and sum PCBs were
significantly correlated (1=0.7, p<0.01) and the median ratio of sum OH-PCBs to sum
PCBs was found to be as high as 0.4. The median PCP concentration was 642 pg/g

plasma.
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Discussion

Determination of persistent organic pollutants in human
plasma

The determination of lipophilic compounds in biota includes several steps in order to
obtain reliable data. These steps consist of extraction, lipid removal and
determination, clean up, chromatographic separation of different compounds and their
quantification. The levels of POPs in human samples are in general low, and complex
methods for extraction and clean-up are required to obtain clean samples with low
detection limits. For large epidemiological studies the costs of the analyses are still

too high and high throughputs at reduced cost is an important objective.

Extraction

The purpose of the extraction step is to extract the compounds of interest
quantitatively from the plasma into an organic solvent. Considering the fact that the
POPs in general are stored in the lipid fraction of samples, an efficient lipid extraction
technique is required. Quantitative lipid extraction has thus been a good estimate of
quantitative extraction of the conventional POPs. The phenolic compounds are,
however, more polar and a high proportion of these compounds are bound to proteins
and especially transport proteins (Letcher et al., 2000). For effective extraction, these
proteins must be denatured and the pH must also be low enough to ensure protonation

of the phenolic compounds and their transfer to the organic solvent.

As seen in Papers 1-111, the use of ethanol, saturated ammonium sulphate and hexane
was suitable for the extraction of PCBs and pesticides. But for the extraction of
phenolic compounds further acidification was needed, as well as the use of a more
polar extractant, Sulphuric acid (9 M) and hexane:dichloromethane (3+1) was used
for the third extraction step (Paper IV). Acidification to pH 1-2 was achieved with full
protonation of the OH-PCBs, considering that the lowest pK, values reported for the
OH-PCBs is 6.8 (Letcher et al., 2000); the same applics to most protonation sites on

proteins.



For phenolic organohalogens, spiking samples with specified amounts of a standard
solution was expected to give a poorer estimate of extraction efficiency compared to
the neutral non-phenolic compounds, because of the protein binding (Letcher et al.,
2000). Because of this protein binding, the amount of phenolic compounds extracted
might be highly variable depending on how efficiently the proteins are denatured. The
use of MC-labelled OH-PCBs administered to rats as shown in a study by Hovander et
al. (2000), gives a better indication of how efficient the extraction really is. However,
metabolism and protein binding might be different in humans and animals (van de
Waterbeemd and Gifford, 2003), making the estimate of extraction efficiency in
human plasma uncertain, Further work is required for better understanding of protein

binding and extractability from human plasma.

Liquid-liquid extraction methods have been criticised because of excessive use of
solvent and the possible problems of emulsion and concomitant reduction in
extraction efficiency (Thomsen et al., 2001). The use of 12-18 ml of hexane for the
extraction of neutral compounds and an additional 6 ml of hexane:dichloromethane
(3+1) for the phenolic compounds are however acceptable volumes and do not exceed
the volume required for solid phase extraction (SPE) (Thomsen et al., 2001). There
were no problems with emulsion formation in all but one sample, for which

centrifugation was needed.

As an alternative to liquid-liquid extraction, the SPE methods have given excellent
results for the extraction and clean-up of brominated flame retardants including their
phenolic derivatives (Thomsen et al., 2001). Especially low detection limits due to
reduced blank contamination of the brominated compounds have been reported. These
procedures do, however, involve the use of sulphuric acid for lipid removal, which

opens up the possibility of selective loss of acid labile compounds.

Clean up and separation of neutral and phenolic organohalogens

Initially, a gel permeation chromatography (GPC) column and silica-column with
several fractions was used for the clean up of the plasma samples (Paper I). The use of
a GPC column removed the bulk of the lipids in a non-invasive manner allowing acid
labile compounds to be quantified. This method was however tedious and needed

considerable amounts of solvent (88 ml cyclohexane:ethyl acetate). The single step
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clean-up using tandem florisil columns was thus tested, validated and implemented
(Paper II). This procedure also allowed the isolation of acid labile compounds, and it
was quick and demanded a considerable smaller volume of solvent (11 ml

hexane:dichloromethane).

The analysis of large number of samples and an increasing number of compounds are
required to obtain comprehensive information on exposure. With the increasing
number of compounds to be determined, the probability of interference in the final
step of quantification increases. Thus, the different groups of compounds should be
split in separate fractions based on their properties. Ideally then, all the lipids should
be removed in the same step as the different compound groups of inferest are

separated.

This was in part accomplished through the use of florisil columns, where the tandem
column efficiently removed the lipids from the fraction containing PCBs and
pesticides (Papers 11-111). The phenolic organohalogens were retained on the first
column and could thus be eluted from that column (after discarding the bottom
column), thereby affecting separation from the neutral compounds (Paper V). Efforts
were not made to separate the PCBs from the pesticides, considering there were no

problems in the quantification step.

The use of the florisil columns also avoided the common approach of using aqueous
potassium hydroxide (KOH) solution to separate phenolic and neutral organchalogens
(Hovander et al., 2000). The use of florisil columns considerably reduced the time for
the analysis of each sample and the reported problems of selective loss of the HCHs

with KOH was also avoided (Hovander et al., 2000}.

GC-MS analyses

Throughout this work, separation and quantification of the studied compounds were
achieved using a gas chromatograph connected to a mass spectrometer (GC-MS)
(Papers 1-1V). The instrumentation employed and the method of quantification is
thoroughly described in the papers. Both positive electron impact ionisation (EI+) and
negative chemical ionisation (NCI) have been employed in selected-ion-monitoring

(SIM) mode. Problems with poor sensitivity with the NCI source permitted only .
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detection of tox 26 and tox 50. Thus, we have no information on the amounts of other

toxaphene congeners.

Lipid determination

The amount of POPs can either be related to the wet weight of the sample or the
amount of lipids in the sample. Normalising the POP concentrations to the amount of
lipids is believed to remove the tissue differences caused by the different inherent
amounts of lipids (Brouwer et al., 1999). It is thus important to accurately determine
the amount of lipids in the plasma sample. This can be done gravimetrically or
enzymatically. The disadvantage of the gravimetric determination is the high LOD
resulting in high uncertainty or the need of large plasma volumes. The amount
determined gravimetrically is strictly the extractable organic material (EOM) with no
knowledge of the amount of lipids, lipid composition or the amount of lipoproteins in

the extract (Akins et al., 1989).

Enzymatic determination of different lipid classes has become more common, and this
procedure employs a summation formula to assess the total amount of lipids (Cheek
and Wease, 1969). The preferred formula is: TL = .677(TC-FC) + FC +TG+PL
(Akins et al., 1989; Phillips et al., 1989). The obvious advantage of this procedure is
the fact that the composition of lipids is determined, and it is only lipids that are

quantified.

In Papers I, [1] and IV the lipids were determined using the quoted summation
formula or a modification of it (Paper 11). In Paper 11, it was shown that the EOM
determined gravimetrically was [5 % lower than the amount of lipids determined
using the summation formula. A comparable difference was reported by Sjodin et al,
(2000). For more reliable data and better inter-comparisons, it has been suggested to
only use the enzymatic method for determination of lipids (Grimvall et al., 1997). On
the basis of our findings in paper Il and the problems with the gravimetric

determination, we strongly support this recommendation.

Quality assurance

Optimum quality assurance procedures are essential if small differences in health

outcomes and exposures are to be detected in epidemiologic studies, especially at the
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low POPs levels that may be expected to occur in humans during the next decades
(Woodruff et al., 1994). Through the work of AMAP and the monitoring of human
levels in the circumpolar regions, the need for an interlaboratory comparison
programme became evident (AMAP, 2003). The AMAP Human Health group thus
organised a ringtest for the participating laboratories. The Norwegian Institute for Air
Research (NILU) and the Centre of Human Toxicology (CTQ) initiated this work,
with CTQ being in charge of the continuing programme. We have therefore been
participating since the onset of the programme. In Figure 5, our reported levels are
compared to the target values for all compounds in Round 3 (2002). Our performance
has been excellent through all runs and this is summarized in Table 4. The compounds
included in the ringtest were: PCB 28, 118, 138, 153, 170 and 180, and p,p -DDE,
p,p’-DDT, B-HCH and oxy-chlordane. Mirex was included in one round but then
taken out, due to problems in a number of laboratories. The ringtest of today only
includes wet-weight data, but efforts should be made to extend it to also include lipid-
weight levels. The lipid weight levels are important and quality control is needed for

these data as well.
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Figure 5: A pseudo Youden plot displaying our performance on Round 3 in 2002. The results for
all compounds are indicated as squares, compared to the assigned value indicated by the straight

line.
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The participation in a ringtest like this is not enough to assure the quality of the data
produced. The daily quality controls in the laboratory are important to make sure that
performance is continuously good and that possible problems can be detected. Several
steps are in place to assure this. Laboratory blanks were analysed with each run,
making sure inadvertent contamination is detected. However, standard reference
materials with known levels should also be analysed regularly, but that was not done

in the present work.

Table 4: Performance (%) in the AMAP human ringtests.

Round Performance (%)* Ranking
1- 2001 Performance not calculated

2- 2001 98.0 4 0f25
1- 2002 83.0 10 of 21
2- 2002 95.0 3of23
3- 2002 88.3 7of22

*Each result within + 40 % of the assigned value, gives 1 point. Each result also within + 20% gives an
additional point, Only numerical results are counted. Laboratories must supply data for at least 5
analytes in order to be graded. Scores are expressed as percentages. For example, if a lab reported
numerical results for all three samples and all 10 analytes (i.e., a possibility of a total of 60 points) and
obtained 48 points, its score would be 80%,

To ensure that compounds are correctly identified, the isotopic ratio method is used.
This ratio should not deviate more than 20 %. If that is the case, there is likely some

interference and the compound cannot be quantified, and it should not be reported.

The detection limit (LOD) is also important in accurately determining the levels of the
different compounds. The LOD indicates the lowest amount that can be reliably
reported and by definition provides a confidence limit associated with such values
(Woodruff et al., 1994). By applying the International Union of Pure and Applied
Chemistry (IUPAC) definition, the LOD is estimated as three times the standard
deviation of the blank determinations (L.ong and Winefordner, 1983). We have,
however, chosen to use three times the blank conceniration itself as the LOD.
Considering the strictness of LLOD, and the fact that it may be preferable to retain all
determinations, all values below LOD were set to ¥ LOD and included in the
statistical analyses (Woodruff et al., 1994). The limit of quantification (LOQ) was set

1o 3 times LOD values.

Despite all efforts to produce reliable data, all reported values have an associated

uncertainty. This is evident from the way performance is calculated in the ringtest

36



(Table 4), where a reported value within + 20 % of the target (median) gives full score
and within £ 40 % gives half the score. As the quantified levels decrease this
uncertainty increases. This fact tends to be totally forgotten when differences in

concentration are compared among populations and in related health studies.

Evaluation of the total procedure

Initially the aim was to reduce the plasma volume required for the analyses to less
than 0.5 ml from about 2 ml, making it possible to analyse samples stored in plasma
banks in relation to conducting large epidemiological studies. With the available
instruments, the plasma volume could not be reduced too much without losing
valuable compound-specific information. However, the use of selected indicator
compounds could have enabled further reduction of the plasma volume. PCB 153 has
in several studies been shown to correlate extremely well with the other major PCB
congeners and sum PCBs (Furberg et al., 2002}, The correlations among dioxin like
compounds and PCBs has also been found to be fairly good (Gladen et al., 1999;
Koopman-Esseboom et al., 1994; Longnecker et al., 2000). Brouwer et al. (1995)
claim that when TEQpes > TEQpepprs, @ single marker PCB analysis gives an
accurate prediction of total TEQ concentration in a sample. However, Longnecker et
al. (2000) reported that due to different toxic mechanisms for different compounds or
compound classes the association might be distorted in studies of health effects
associated with background environmental exposure. The proportions may also vary
as the source or type of PCB exposure varies across different populations

(Longnecker et al., 2003).

The results from Paper -1V suggest that the use of PCB 153 alone as an indicator

compound is not sufficient in estimating total exposure. In Paper I, the levels of p,p’-
DDT and B-HCH were high, when PCBs were low. The concentration of B-HCH was
also high relative to the other compounds in the samples from Uelen (Paper 11I). The
OH-PCBs also scem to be high in the samples from Uelen (Paper 1V), and there is

little knowledge of the expected ratio to the PCBs. In the samples from Tromsa, only
PCBs and p,p-DDE were measured, but they were all at low levels (Paper 1I). These

results clearly indicate differences in mixtures of POPs when comparing populations.
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For a quick screening of exposure, it might be possible to use indicator compounds,
but they must be from different compound groups to enable detection of a number of
exposure scenarios. Based on Papers [-I1V, possible candidate compounds are PCB
153, p,p-DDE, p,p-DDT, B-HCH and HCB. These compounds would mostly cover
the most prevalent groups of POPs in these areas. However, for studies on human
health effects, Longnecker et al. (2000) claim it is not possible to use indicator

compounds due to the risk of misclassification.

It must not be forgotten that with a reduction in the sample volume and analysis of a
selected number of indicator compounds, compound specific information will be lost.
In particular for the brominated flame retardants this would be a problem. The levels
of these compounds seem to increase in the environment and at the same time the
levels are still low, requiring greater sample volumes (Noren and Meironyte, 2000).
This must be considered when compounds and plasma volumes for analysis are

selected.

The volumes required were nevertheless reduced to approximately 0.8 ml plasma for
the determination OH-PCBs and PCP (Paper 1V). This proved to be no problem for
highly contaminated samples, but for pesticide analyses at low concentrations, some
compound-specific information will be lost with this sample volume and the

instrumentation available today.

The effects of a traditional meal on the plasma levels of POPs

It is reasonable to assume that the POPs in blood and adipose tissue are close to being
in equilibrium with each other (Moser and McLachlan, 2002). As previously
mentioned, there are conflicting conclusions in the literature regarding the effects a
meal has on the plasma concentrations of POPs and how much the equilibrium is
shifted. Using lipid-weight adjusted levels is believed to prevent differences in
estimates after a meal (Phillips et al., 1989). There has, however, been a lack of data
corresponding to plasma POPs in relation to meals rich in both lipids and POPs,

which is often the case for traditional food.

With the traditional meal “malje”, large amounts of cod liver and fresh cod liver oil

were eaten, and with the food considerable amounts of PCBs and p,pp-DDE (Paper
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IN). The plasma levels of p,p -DDE increased significantly four hours after the meal,
both on a lipid-weight and wet-weight basis. The lipid-normalised levels of p,p’-DDE
did, however, fluctuate less than the wet-weight concentrations. In the cod liver oil,
the average level of p,p’-DDE was 88 ng/g wet-weight, whereas for marine mammals
concentrations of p,p ~DDE lie in the range of 100-300 ng/g blubber from female
ringed seals, and 1000 — 2000 ng/g blubber from beluga whales, with even higher
levels in narwhal whales (AMAP, 1998). With the consumption of blubber, a similar
or greater increase in plasma concentrations observed for ‘melje’ might thus be
anticipated. An increase in plasma levels is supported by Juan et al. (2002) who
hypothesised that following a potentially PCB-rich meal (e.g. contaminated fish), the
PCB concentrations in the blood will be temporarily elevated, but quickly buffered as

the lipid-based POPs in blood equilibrate with those in tissue fat.

No increase in plasma levels for PCB 153 and PCB 138/163 was observed four hours
after the meal, despite the fact that the levels (lipid-weight) were comparable to the
p.p -DDE, both in food and plasma. This indicates that there are compound specific
differences in adsorption rate and/or distribution rate, resulting in differences in time
to establish new steady states. For the PCB congeners where the lipid-weight levels in
the cod liver and cod liver oil were low compared to plasma there was a significant
decline in plasma levels (lipid-weight) after four hours. On a wet-weight basis, there
was no change. The decrease in lipid-weight adjusted concentrations of congeners
could thus only be caused by the increase in amounts of lipids in plasma after four
hours. This indicates that the remobilisation of the compounds from the adipose tissue
takes longer than the four hours, According to Phillips et al. (1989), the new
equilibrium would be established after 4-5 hours, considering the fact that they
observed no change in lipid-weight levels. The lipid peak in plasma is expected to
occur between four and six hours after the meal (Hansen et al., 1998). In another
study, it was found that the concentrations of PCBs and other POPs in various “lipid
pools” in the body (¢.g., blood lipid, subcutaneous fat, visceral fat, etc.) partitioned
with each other fairly rapidly (i.e., over days/weeks) (Juan et al., 2002). Our results
indicated that after 12 hours the levels were equilibrated again (Paper 11). The exact
time for the different compounds to establish equilibrium is not known, but an
equilibration time of 7 hours for lipophilic compounds is indicated (Rowland and

Tozer, 1995).
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It could be argued that the observed changes in Paper I were small and of no practical
consequence when human plasma levels are studied and compared. However, some of
the changes were of significance and for DDE the changes were considerable. It is
nevertheless of uttermost importance to fully understand the processes of absorption
and distribution, Several of the populations studied in the Arctic have extreme
traditional food dictary patterns and care should therefore be taken to avoid additional
errors in estimates, caused by fluctuating lipid concentrations. This is especially so
when the data are to be compared to western populations with non-traditional diets.
Paper 11 does show that lipid normalised values also fluctuate following a meal of

“molje”.

Based on these findings, we strongly recommend that plasma samples for the analysis
of POPs should be obtained from fasting individuals whenever possible. In studies of
populations in remote areas where the people are visited at home, this might be
difficult to put into practice. Note might then be taken of time passed from the last
meal or as in a recent study, the participants can be possibly asked to consume only a
light meal before sampling (Hardell et al., 2002). For increased comparability to
previous studies, both wet-weight and lipid-weight adjusted values should be

reported.

Predictors of POPs in plasma, with a focus on diet

Through the use of a dietary questionnaire, the amount of blubber (seal, whale and
walrus) consumed was identified as the only food item that significantly affected the
concentrations of POPs in plasma of the participants from Uelen (Paper [11).
However, it was found only to significantly affect the levels of sum PCBs and did so

in a borderline fashion for sum CDs and sum DDTs for males and females combined.

However, the use of dietary questionnaires to estimate the intake of POPs has in
several studies been shown to be rather inaccurate (Van Oostdam et al., 1999). There
are several reasons for this. Different dietary patterns make it difficult to design a
questionnaire that has the right combination of questions for the different populations.
People’s memory and perception of amounts consumed are subject to inaccuracies. In
a study by Deutch and Hansen (2000), the association between reported monthly food

frequency and POPs was relatively weak.
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The intake of marine mammals was considerable among the participants from Uelen,
with little consumption of commercial goods (Paper 111). There is reason to believe
that this is one of the native populations with the highest intake of marine mammals,
considering the fact that the reported intake of commercial goods has been reported to
be as high as 60 ~ 90 % among Inuits of Greenland and northern Canada (AMAP,
2002). Despite the extreme intake of blubber, the plasma concentrations of POPs were
not higher than those previously reported in native populations (AMAP, 1998; Ayotte
et al., 1997; Deutch and Hansen, 2000; Dewailly et al., 1993). The only exception to
this was the level of B-HCH (geometric mean; 410 ng/g lipids); it was higher than in
any other native population previously studied. This suggests that the contamination
by PCBs and pesticides (except f-HCH) are lower in marine mammals and polar
bears from the Chukotka area, compared to the other areas of the circumpolar
countries (AMAP, 1998; AMAP, 2002). Environmental assessments indicate that the
prevalence of B-HCH seems unusually high in Chukotka/Bering Strait area (AMAP,
2002).

Both age and gender were found to be significant predictors of all the studied
compounds. Age was, however, only borderline significant for the sum PCBs and sum
tox. For the men, in opposition to the women, there was no significant increase in the
plasma concentrations of POPs with age. Several studies have indicated that there is
an increase in POP concentrations in plasma with age, particularly in women
(Bjerregaard and Hansen, 2000; Grimvall et al., 1997). Ahlborg et al. (1992) state that
since the biological half-lives of many chlorinated biphenyls are rather long, the body
burden will increase during life, if the dietary intake is constant over time. However,
there are several factors that indicate that plasma levels of POPs would not increase
continuously with age. One study did show that for a given contamination level in the
diet, the net absorption of hexachlorobenzene (HCB), PCBs and PCDD/Fs in human
volunteers diminishes as the blood level of the compounds increases (Schlummer et
al., 1998). The dietary absorption of POPs appears to some extent be compensated by
excretion through the intestinal tract wall into the faeces. Further, a linear relationship
between the level of a given compound in blood and in faeces has been observed over
a range of blood concentrations covering several orders of magnitude (Moser and
McLachlan, 2001). The decline in the amounts of the conventional POPs in the

environment has been discussed as a possible explanation for the higher levels
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observed in older people (Ahlborg et al., 1995; Grimvall et al., 1997). This is
supported by Alcock et al. (2000) who state that the year in which the individual was
born, is more important than age for the determination of the shape and magnitude of

their exposure profile for a given compound.

Among the women from Uelen, the concentrations of POPs in plasma did increase
significantly with age, and the levels of POPs were significantly lower compared to
the men, This was also the case after correcting for differences in blubber intake.
Breast-feeding has been shown to reduce the mother’s stores of POPs considerably
(Furberg et al., 2002; Grimvall et al., 1997; Rylander et al., 1997). As much as a 50 %
decrease in maternal lipid-weight concentrations has been observed after up to 6
months of breast-feeding (Alcock et al., 2000). Even though the total period of breast-
feeding was not a significant factor in the statistical analyses, it was still indicated as
the cause of the lower levels and pronounced positive age dependence among the
women (Paper 111). When breast-feeding ends, the amount of POPs in lactating
females are expected to increase again. The total increase is then dependent on the
amount consumed and time passed from the last period of breast-feeding. It was not
possible to correct for the time passed since the last period of breast-feeding due to
lack of information on this, and this might have led to misclassification. The women
had been breast-feeding for a median period of 36 months, and the levels of POPs
were thus expected to be considerably affected. In the study by Furberg et al. (2002),
which showed significant effects of breast-feeding; the women were all of the same

age (40-42 years).

BMI and smoking are other factor known to affect the plasma concentrations of POPs
(Furberg et al., 2002; Deutch and Hansen, 2000; Long and Winefordner, 1983). BMI
was not found to be a significant predictor in the present study, and all the participants

but three were smokers. Smoking was therefore not included in the model (Paper HI).
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Levels of conventional POPs, PCP and OH-PCBs in human
plasma

The geometric mean plasma concentrations of the POPs for the three populations
studied are listed in Table 5. Since the OH-PCBs were determined only for samples
with the highest levels of PCBs, they are not listed, as they would not be

representative of the Uelen population (Paper 1V).

As observed in Table 5 the concentrations of sum PCBs are composed of different
numbers of congeners in the separate studies. This is often the case when different
studies are compared and care must be taken if important congeners are missing from
the sum values. The lowest numbers of PCB congeners were determined in Tromse,
but in that study only the congeners that had had levels above LOD were selected.
Thus, the contribution from the other congeners to the sum value was expected to be
small. The additional PCB congeners determined in Uelen compared to Arkhangelsk,
all had Ievels close to or befow the LOD values, Thus they did not make much of a
difference in the sum value. The participants from Tromse and Uelen were both men
and women, whereas the participants from Arkhangelsk were only women. In addition
the age distribution was not the same in the different studies. These factors make the
comparisons of levels more uncertain, but it does give an impression of the major

differences.
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Table 5: Geometric mean concentrations for all the individual POPs determined in the three
populations studied

Non-native
delivering . . . .
Campound | women from | O Dopuin | Nty popihih rom
Arkhhangelsk
(n=27)
Geometric Geometric mean Geometric mean
mean
pe/l plasma ng/g lipid  ug/l plasma | ng/g lipid g/l plasma

PCB 28 7.3 0.04
PCB 52 0.08 3.6 0.019
PCEB 99 0.02 124 0.08 85.4 0.44
PCB 101 0.03 6.3 0.04 9.5 0.05
PCB 105 0.08 20.1 0.10
PCB 118 0.29 27.4 0.18 109.6 0.57
PCB 126 0.8 0.004
PCB 128 1.1 0.005
PCB 138/PCB 183 0.42 70.2 0.47 210.5 1.09
PCB 149 1.7 0.01
PCB 153 0.39 100.4 0.67 537.8 278
PCB 156 0.05 11.2 0.08 16.4 0.08
PCB 169 0.5 0.002
PCB 170 0.07 39.1 0.26 66.9 0.35
PCB 180 0.13 81.5 0.56 1472 0.76
PCB 183 0.03 6.8 0.04 15.0 0.08
PCB 187 0.06 21.9 0.15 495 0.26
Sum PCBs 1.75 374.6 2.50 1316.4 6.79
HCB 0.47 167.7 0.86
o-HCH 015 3.5 0.02
B-HCH 3.08 400.6 2.10
y-HCH 0.15 0.8 0.004
Heptachlor 0.10 0.4 0.002
Mirex 0.20 27.0 0.14
Oxy Chlordane 0.18 204.5 1.05
¢c-Chlordane 0.05
{-Chlordane 0.6 0.003
c-Nonachlor 0.03 25.1 0.13
{-Nonachlor 0.12 260.6 1.33
Sum CDs 0.4 518.1 2.65
o,p-DDE 0.9 0.005
p,p-DDE 4.52 112.2 0.75 520.4 2.69
o,p-DDT 0.25
0,p~DDT/p,p-DDD 2.6 0.01
p,p-DDT 0.83 337 0.17
Sum DDTs 5.59 563.3 2.91
Tox 26 0.05 32.7 0.17
Tox 50 0.08 28.9 0.15
Sum Tox 0.11 62.7 0.32

*The levels reported from the study in Tromss are from the zero hour samples (non-fasting). Samples
from non-fasting individuals were used considering that in the other sampling areas the samples were
from non-fasting individuals as well.
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Arkhangelsk

High concentrations of B-HCH and p,p"-DDT were found in delivering women from
Arkhangelsk, with geometric mean values of 3.08 and 0.83 pg/L plasma, respectively
(Paper 1). The DDE/DDT ratio was calculated to be as low as 7 in these samples. The
p.p’-DDE concentrations were also high and even higher than in the samples from
Uelen, where they consume considerable amounts of marine mammals. The
Arkhangelsk data all correspond well with what was reported in human samples from
the town of Nikel on the Kola Peninsula of Russia (AMAP, 1998). Further, they
suggest the presence of fresh sources of B-HCH and p,p -DDT, but give no indication
of their origin. The low PCB levels (sum PCBs, 12 congeners =1.75 ng/L) in the same
samples suggest that PCBs and elevated pesticides have different origins. The high
plasma levels of B-HCH and p,p-DDT give reason for concern, and further efforts
should be made to identify the sources. For 22 of 27 women this was their first
delivery, indicating that their levels would not have been greatly affected by previous

periods of breast-feeding.

Tromsg

The plasma levels of PCBs and p,p-DDE were low in the participants from Tromse
(Paper 11). The geometric mean values of sum PCBs and p,p’-DDE were 2.01 pg/l.
plasma (310 ng/g lipids) and 0.51 ug/L plasma (78.2 ng/g lipids), respectively. The
PCB concentrations were comparable to what was found in delivering women from
Arkhangelsk, whereas the p,p -DDE levels were considerably lower. By comparison,
women who were or had been married to fishermen living on the east Coast of
Sweden had geometric mean values of sum PCBs (14 congeners) of 3.01 pg/L plasma

(620 ng/g lipids) (Grimvall et al., 1997).

Uelen

The participants from Uelen had rather high plasma levels of PCBs and pesticides.
The geometric mean concentrations of sum PCBs (17 congeners) and sum DDTs were
6.79 and 2.91 ug/L plasma, respectively. The geometric mean levels of f-HCH were
2.10 pg/L or 410 ng/g lipids. Compared to other native populations, it is in
particularly the amount of B-HCH in these plasma samples that is elevated, and the
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levels are not significantly different from levels in the delivering women from
Arkhangelsk (3.08 pg/L) (Paper 1}. The DDE/DDT ratio was 15.4 and gave no
indications of fresh sources as compared to the delivering women from Arkhangelsk.
High amounts of PCB 163 were found in 20 reanalysed samples, with a median level
of 0.31 pg/l plasma as compared to 0.83 ug/l for the PCB 138, The high levels of
PCB 163 in human plasma samples have to our knowledge not been reported before.
In a comparison of exposures to this congener, care must be taken that comparable

separation from the companion congener 138 occurs.

OH-PCBs and PCP were quantified in 15 samples with the higher PCB values (sum
PCBs; 2010 — 5614 ng/g lipid-weight) samples from Uelen (Paper IV). Sum OH-
PCBs were high (median; 5916 pg/g plasma) and constituted as much as 27 -- 76 % of
the sum PCBs. The sum values were significantly correlated with a Pearson
correlation coefficient of 0.7 (p<0.01). 4-OH-CB107 was the dominant congener with
a median level of 1673 pg/g plasma. There were a number of unidentified OH-PCBs
and some peaks had intensities comparable to the most abundant 4-OH-CB107. PCP
concentrations were low with median values of 642 pg/g plasma or [17 ng/g lipid
weight. PCP has been reported to be the dominant phenolic compound in Inuits from

northern Canada, with a geometric mean of 1670 pg/g plasma (Sandau et al., 2002).

The high levels of the OH-PCBs relative to the PCBs clearly indicate the need for

future research on these compounds, especially their behaviour in the human body.
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Risk evaluation

“The way we live - our lifestyle- can have a great impact on health. It includes the
everyday activities of work and leisure, our relationships to people around us, and our
food habits. The different components of a lifestyle are often difficult to separate from
one another. Weighing risk against benefits is extremely difficult. It is not possible to
precisely quantify the degree of risk when there is insufficient scientific information
about health outcomes at given contaminant exposure levels, nor is it possible to place
defensible quantitative value on the nutritional, social, and economic benefits of

traditional food consumption™ (Van Qostdam et al., 1999).

One of the most important benefits of a marine diet is the high content of n-3 fatty
acids that can protect against coronary heart disease and mortality (Oomen et al.,
2000). The n-3 fatty acids are also important in brain development in the growing
fetus and for the proper development of vision. Lower intake of these healthy fatty
acids and a higher proportion of other fats may also play a role in increasing the risk
for diabetes (Hu et al., 2001; Sirtori and Galli, 2002). In addition, cod liver and cod
liver oil are rich in vitamin A, D and E (Brustad et al., 2003; Rimestad et al., 2001}.
Recent data indicate that the intake of liver from saithe and cod might still be of
importance for the level of D-vitamin intake by people from northern Norway
(Brustad et al., 2003). In Barrow (Alaska), several people have a D-vitamin status
below the recommended range and the same people are consuming the smallest

amounts of traditional food (Specker, 1994).

Tolerable weekly intake (TWI) of dioxins and dioxin like PCBs constitutes a
threshold value frequently used in the risk assessment of food. TWI indicates the
amount of a compound a person can consume every week during life without any
damages to health. It is calculated in part from the no-observed-adverse-effect level
(NOAEL), and it is given in pg Toxic Equivalents (TE) /kg bodyweight. For the
calculations of the TE, the WHO model is being used (van den Berg et al., 1998). The
TW! is deduced from animal studies employing conversion factors to humans and
uncertainty factors such as taking into account interindividual variations in
metabolism, The method of calculating TW1s is described in some detail elsewhere

(SCF, 2001); the TWI now is set to 14 pg TE/kg bodyweight.
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Based on the TWI of 14 pg/kg bodyweight and levels of PCBs and dioxins in cod
liver, the Norwegian Food Control Authorities (SNT) issued a dietary advise in March
2003, All women of fertile age and children were advised to totally stop eating cod
liver and commercial products based on cod liver (SNT, 2003). The commercial
products did not include the commercial cod liver oil that has been distilled and
purified to remove pollutants. The dietary advisory did not mention the positive health
effects of the cod liver and what alternatives the people might eat to maintain the
same intake of vitamins and n-3 fatty acids. If people follow this advice and shift their
diet to include more saturated fats there could be several negative impacts that have
not been considered. For the citizens of Norway, several nutritional alternatives are
available, but what the people actually replace the cod liver with is not known, “It
would seem elementary that any risk assessment should consider the health benefits of
a product before regulatory actions are taken. Few risk assessors are ready to do that

today, but it should be strongly recommended” (Tuomisto, 2001).

For native people in remote areas like Uelen (Chukotka), where the TWI is exceeded
because of the consumption of blubber, a dietary advisory like this is impossible. The
people of Uelen have no alternative source of food with similar nutritional benefits,
and they do not have the financial resources to buy it from commercial sources. The
amounts of POPs in the participants plasmas from Uelen (Paper 11} are without doubt
elevated compared to the participants from Tromse (Paper I1} or even people from
Norwegian coastal populations, where fish is an important part of the diet (Furberg et
al., 2002). The amounts of POPs in the blubber are also considerably higher compared
to that found in cod liver. Blubber is also one of the main food items in the Chukchi
diet (Paper 111}, whereas the intake of cod liver in Norway is considerably lower.
Further, the consumption of “malje” is seasonal, with its availability lasting

approximately 3 months (Paper I1).

It is therefore appropriate to ask if actions are necessary to reduce the levels of POPs
in the people of Uelen. This is the Arctic dilemma and it is extremely difficult to give
an answer to this question. As already indicated, some indigenous populations are
beginning to consume an increasing proportion of commercial food. In Greenland and
northern Canada, as much as 60 — 90 % of the diet is now believed to consist of

commercial products (AMAP, 2002). This shift in diet might reduce exposure to
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POPs in several native communities, but it also introduces food with more saturated
fats and higher amounts of carbohydrates (AMAP, 2002). This might lead to other
health problems, like higher cardiovascular disease and mortality, making it hard to
estimate if the overall effect is positive or negative. The cultural aspect, as previously

mentioned, is also an important consideration.

The body burdens of POPs in human populations of western Europe seem to be
declining. Several studies from western and central Europe clearly indicate that
human breast milk concentrations of dioxins follow a downward trend (Alcock and
Jones, 1996; Wittsiepe et al., 2000). In breast milk samples from Norwegian women,
obtained in 1991, the levels of sum PCBs, HCB and sum DDTs had declined between
65 and 75 % during the last nine years (Johansen et al., [994). A significant reduction
in the levels of POPs in umbilical cord blood of newborns from the Quebec region has
also been reported (Dallaire et al., 2002). There is, however, a general lack of time-

trend data for native populations in the Arctic and this needs to be rectified.

The dietary advisory in Norway regarding the cod liver seems exaggerated
considering the small number of meals people have during the year and the fact that
the human levels of POPs are not elevated among people from areas where the cod
liver is still consumed (Paper 11) (AMAP, 1998). Larsen et al. (2001} have also stated
that both daily intake and the total body burden of a pregnant woman achieved over
time are important for possible health impairments. In the study by Furberg et al.
(2002), no association was found between consumption of the different {ish items
(mainly lean fish and farmed salmon) and human levels of POPs. The dish “melje” is
also of cultural importance along the coast of northern Norway. The consumption of
“malje” also have apparent health benefits (Brustad et al,, 2003). In addition, there
still seems to be conflicting evidence regarding to what extent the levels increase with
age or if the reported age dependence is partly caused by past exposure (Alcock et al.,
1999), The estimates of half-lives in the human body also vary greatly for the
compounds in question (Noten and Meironyte, 2000). The reported half-life estimates
for 2,3,7,8-TCDD in human varies from 5.5 to 11 years (Van der Molen et al,, 1998).
The apparent half-life is not absolute, but may vary with dose, body composition, age

and sex (van den Berg et al., 2000).

49



The use of additives in the diet to enhance excretion of POPs has been investigated,
and it has been reported that through the use of non-absorbable fat like olestra (six to
eight fatty acid chains attached to a sucrose core) the absorption of POPs from the diet
is reduced and excretion is increased (Moser and McLachlan, 1999). Rice-fibre bran
has also been shown to increase excretion, and there is evidence that the fatty acid
composition of typical dietary fats may influence the metabolism of organochlorine
compounds (Jandacek and Tso, 2001). However, together with the increased excretion
of POPs there are reports of an increase in excretion of the fat soluble vitamins A, D,
and E in addition to B-Carotene (Koonsvitsky et al., 1997; Peters et al., 1997). The
potential loss of other important nutrients makes the use of olestra risky, even though
several of these could be added to the olestra. These consequences need proper
validation before efforts are made to implement the use of this and other additives.
The suggested study on the effects of high-energy or high-fat diets in combination
with substances that interfere with enterohepatic circulation seems highly relevant for

several native populations (Jandacek and Tso, 2001).
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Conclusions

The main findings of this work are itemized below:

e The levels of B-HCH and p,p'-DDT are high in delivering women from
Arkhangelsk, Russia, indicating the presence of fresh sources or consumption of

contaminated food.

o The consumption of blubber is significantly associated with the levels of POPs
among people in Uelen, Chukotka, Russia. The levels of POPs are high and in
particular $-HCH is elevated.

e Highly PCB-exposed participants from Uelen also exhibited high concentrations

of OH-PCBs, including a number of unidentified OH-PCBs.

¢ There was no significant age dependence of plasma POPs among the men from

Uelen.

e Following a traditional meal rich in lipids and POPs (“melje”), the plasma PCBs
and p,p-DDE changed significantly when considering wet-weight or lipid-weight
concentrations. For the most accurate determination of levels in plasma, the use of

samples from fasting individuals is advised.

o The findings further support the practice of both wet-weight and lipid-weight data
to increase comparability to other studies. The lipids should be determined using

enzymatic techniques and a summation formula.

o The analytical method for determination of POPs in plasma has been streamlined
considerably. Further, it also allows the quantification of phenolic organohalogens

in a small plasma volume (0.8 ml).

e The mixture of POPs in plasina varies between populations, thereby complicating

the selection of indicator compounds in large screening strategies.
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Future perspectives

Based on the conclusions of this thesis there are several recommendations for future

work.

There is a need for an even simpler analytical method for efficient screening of
large number of samples at low cost, allowing larger epidemiological studies

with improved statistical power.

Future risk assessments must consider the positive health effects of traditional

food.

The absorption, distribution, metabolism and excretion of POPs in humans as
a function of dose and time is still not well understood and more work is

needed.

OH-PCBs and PCP in plasma must be investigated further to understand their

uptake, risk factors and toxicokinetics.

Further studies must be performed in northwest Russia to identify the sources

of p,p -DDT and B-HCH.

Further efforts must be made to ensure appropriate knowledge transfer back to

indigenous populations in question.
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Abbreviations

AhR:
AMAP:
ANOVA.
CDs:
CYP:
DDT-group:
El+:
EOM:
EPIC:
FC:
GC-MS:
GPC:
HCR:
HCH:
JARC:
INSPQ:
KOH:
LOC:
LOD:
LOQ:
NC:
NILU:
NOAEL:
NOWAC:
OCs:
OH-PCBs:
PCBs:
PCDD/F:
PCP:

Pi.:

POP:
p.p-DDE:
p.p -DDT:
PTS:
SIM:
SNT:

TC:
TCDD:
TDI:

TE:

TEF:
TEQ:

TG:

TL:

tox:

TWI:
WHO:

Aryl hydrocarbon receptor

Arctic Monitoring and Assessment Programme
Analyses of variance

Chlordanes

Cytochrome P450 enzyme

DDT, DDE and DDD

Positive electron impact ionisation
Extractable Organic Material

European Prospective Investigation into Cancer and Nutrition
Free cholesterol

Gas chromatograph-Mass spectrometer

Gel Permeation Chromatography
Hexachlorobenzene

Hexachlorocyclohexane

International Arctic Science Committee
Institut National de Santé Publique du Québec
Potassium hydroxide

Level of concern

Limit of detection

Limit of quantification

Negative chemical jonization

Norwegian Institute for Air Research

No observed adverse effect level

Norwegian Women and Cancer Study
Organochlorines

Hydroxylated polychlorinated biphenyls
Polychrorinated biphenyls

Polychiorinated dibenzo-p-dioxin and dibenzofuran
Pentachlorophenol

Phospholipids

Persistent organic pollutant
2,2°-bis(p-chlorophenyl)-1,1-dichloroethylene
1,1°-bis(p-chlorophenyl)-2,2,2-trichloroethane
Persistent toxic substances

Selected lon Monitoring

Norwegian Food Control Authorities

Total cholesterol
Tetrachlorodibenzo-p-dioxin

Tolerable daily intake

Toxic equivalent

Toxic equivalency factors

Dioxin toxic equivalents

Triacylglycerol

Total lipids

Toxaphene

Tolerable weekly intake

World Health Organization
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Abstract

The high levels of persistent organic pollutants have caused concern about human health, especiaily the health of
the foetus and newborn child. This has especially been the case for Greenlandic and Canadian Inuits, where elevated
levels of PCB and p,p/-DDE have been reported. In recent studies from arctic Russia the levels of B-HCH and the
DDT-group have been reported to be high, whereas the levels of PCB are low. However, the information from
Northern Russia is, so far, incomplete. In this study, 27 delivering women from the city of Arkhangelsk, Russia,
participated. They completed a questionnaire before delivery and plasma samples were coliected after delivery. The
analytical method developed to support this study involved gel permeation chromatography and silica gel purification,
in addition to a traditional GC-MS method, and thus include acid labile compounds. The arithmetic mean levels of
pp-DDE, B-HCH and p,p'-DDT were 542, 3.59 and 1.17 pg/l, respectively. Toxaphene 26 and 50 were the only
toxaphenes above the limit of detection, with arithmetic mean levels of 0.05 and 0.09 pe/l, respectively. Among the
PCB congeners, PCB 138/163 was the most abundant with an arithmetic mean of (.53 pg/l. The clevated levels of
B-HCH and p,p-DDT as well as a low DDE/DDT ratio is a strong indication of fresh and maybe local sources in
this area.
© 2002 Blsevier Science B.V. All rights reserved.
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1. Introduction The high levels found in the Arctic are in general

a result of long range transportation of contami-

The Arctic has some of the cleanest environ- pation from higher contaminated arcas (Burkow

ments in the world. Despite this fact high levels and Kallenborn, 2000}, with few local sources
of persistent organic pollutants (POPs) have been present.

found in environmental samples from this region. Due to their persistence the POPs bioaccumu-

—_— late, resulting in transfer to humans harvesting
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of animals and plants remain important dietary and
cultural resources (AMAP, 1998). Of the local
food items, animals from the marine food chains
have been found to be the most important sources
of exposure to POPs (Hansen, 2000). Therefore,
it is generally believed that people depending on
local food are more exposed to POPs. This diet is,
however, considered very nutritious and important
for the health and well being of the people.

In Greenland and northern Canada, where
marine mammals are an important part of the diet,
the levels of polychlorinated biphenyls (PCB) and
the metabolite dichlorodiphenyletylene (DDE)
have been found to be high (AMAP, 1998; Van
Qostdam et al,, 1999; Deutch and Hansen, 2000;
Bjerregaard and Hansen, 2000). In men from
Scoresbysund in Greenland the average level of
sum DDT was found to be 11.1 pg/1 plasma and
sum PCB was 41 pg/l plasma (Deutch and Han-
sen, 2000). In Scandinavia, where people depend
little on this kind of locally harvested food, the
levels are low. In Norwegian women the level of
sum PCB was measured to be 4.0 wg/l plasma
while sum DDT was 0.9 pg/l plasma (AMAP,
1998). In samples from Northern Russia the levels
of pp'-DDT and B-HCH have been found to be
high, while the levels of PCB are comparable to
Scandinavian samples. In women from Nikel the
level of B-HCH was found to be 1.9 pg/1 plasma
{AMAP, 1998). Based on this it has been indicated
that local fresh sources of selected organochlorine
pesticides must be present in Russia (Klopov et
al.,, 1998; AMAP, 1998).

The high levels found in human samples from
some arcas in the Arctic have caused concern
about human health effects (Hansen, 2000). How-
ever, assessing the human health impacts of expo-
swre to POPs is a very difficult task. Human
populations are always exposed to mixtures of
PQOPs in the ecosystem, never to single cormpounds,
A number of the risk assessment tests done in
animal studies, are based on single compounds
and the applicability to humans may often be
guestioned. Even though several of the compounds
have shown to be carcinogenic in animal studies,
their potential as human carcinogens remains
unclear (Hansen, 1998). Toxic effects of these
compounds are of major public concern, especially

for the foetus and breast-fed infant (Bjerregaard
and Hansen, 2000; Hansen, 1998, 2000).

Early development of the foetus is the period of
greatest susceptibility to the effects of toxic chem-
icals (Hansen, 1998). Effects such as low birth
weight and small head circumference, adverse
neurobehaviour, and impaired immune response
have been associated with high PCB concentra-
tions (Rogan et al., 1987; Rogan and Gladen,
1990; Gladen and Rogan, 1991). For a number of
POPs the concern also extends to male and female
fertility (Hansen, 1998). Elevated levels of DDT
and DDE found in humans have also shown to
reduce the length of lactation {Gladen and Rogan,
1995, 1996).

The mean birth weight and newborn child’s
body mass index (BMIC) have been found to be
statistically significant lower in Russian neonates,
compared to Norwegian newborn babies (Odland
et al., 1999a,b). The factors determining the birth
weight are complex and many, but POPs cannot
be excluded as a contributor. However, the infor-
mation on both POP exposure and possible health
effects is still scarce. One objective of this study
is to improve our knowledge of POP exposure and
body burden in arctic Russia,

2, Materials and methods

Personal contact with the colleagues at the city
hospital delivery department was established, and
all procedures and protocols were provided in
English and Russian language. Information based
on questionnaire, medical records, and blood was
collected from 27 consecutive patients coming to
the obstetric department for delivery. The enrol-
ment and sampling were performed in the period
September—October 1996, The women were asked
to join the study by completing a written consent
form. Enrolment, completion of the informed con-
sent form and the questionnaire implementation
were done before the delivery process started in
order to minimise stress. Blood samples were
obtained 2-5 days after the delivery process was
finished, at the normal morning procedure between
08.00 and 09.00 h. Specimens of antecubital vein
blood from the mother were taken in EDTA tubes
with standard vacutainer equipment. The blood
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was centrifuged and immediately stored at —20
°C. The blood samples were transported frozen to
Norway and kept frozen until analysis.

All reference materials used for quantification
were purchased as single standards from Promo-
chem (Wesel, Germany). All solvents used were
of Suprasolv quality and Purchased from Merck
{(Darmstadt, Germany), except ethanol (absolute
alcohol from Arcus, Norway) and water {deioni-
sed). The plasma samples were extracted using a
liquid—liquid extraction with ethanol, n-hexane
and deionised water saturated with ammonium
sulphate. This is a slight modification of the
method developed by Centre de Toxicologie du
Quebee, Canada (Romieu et al., 2000). Internal
standards were added to 4 ml of plasma, 4 mi of
ethanol and 4 ml of deionised water saturated with
ammonium sulphate. This solution was extracted
three times with 12 ml of n-hexane in a small
glass-tube. The organic fraction was collected and
evaporated to 0.5 ml using isooctane as a keeper.
Evaporation was done on a Zymark Turbovap 500
Closed Cell Concentrator (Hopkinton, USA). After
extraction, approximately 90% of the lipids were
removed using gel permeation chromatography
(GPC) column. This GPC system consisted of a
glass column (105 em, 1.0 ¢m i.d.) from LATEK
(Eppelheim, Germany) packed with 35 g Biobeads
S-X3 from Biorad, (Hercules, USA). Cyclohex-
ane/ethyl acetate {1:1) was used as eluent with a
flow of 0.8 ml/min. The fraction for further
analyses was collected between 60 and 110 min.

The remaining lipids were removed using small
silica columns with internal diameter of 1.0 em
{Gatermann et al., 1999). They were prepared by
packing 2 g of activated (120 °C for 12 h) silica
(average particle size of 40 pm, particle size
distribution; 20--60 pwm and an average pore diam-
eter of 60 A) in the columns with a glass frit fitted
at top and bottom. The columns were conditioned
with 10 ml of s#-hexane just before the sample was
added to the column. The following solvent com-
bination was used as eluent and collected for
further analyses: 10 mi n-hexane, 10 mi n-hexane/
dichloromethane (9:1), 10 ml n-hexane/dichloro-
methane (4:6), 10 ml dichloromethane, 10 ml
dichloromethane /ethyl acetate {1:1). After evapo-

ration to 0.5 ml the volume was further reduced
to 100 wl using a gentle flow of nitrogen.

Two microlitres of the sample was injected into
a Fisons 8060 Mega gas chromatograph (Milan,
Italy), using an on-column injector and an AS800
autosampler from CE instruments (Milan, Italy).
All analyses were done using a 30 m DB-5 MS
column (0.25 mm i.d. and 0.25 pm film thickness)
from J&W Scientific {CA, USA) connected to a
deactivated guard column (2.5 m and 0.53 mm
i.d.). The GC was connected to a low resolution
MDD 800 mass spectrometer from Fisons {Milan,
Italy). The compounds were quantified using inter-
nal standards added to the extraction tubes. The
internal standards used were C-13 marked PCB
77, 101, 118, 144 and 178. Octachioronaphtalene
was added to the extracts before quantification (o
calculate recovery rates for the internal standards.

The quantification was done using both negative
chemical ionisation (NCI) and positive electron
impact ionisation (El+), both in selected ion
monitoring (SIM) mode. PCBs and the DDT group
were calculated using El+, while the remaining
pesticides were quantified using NCI. Methane
was used as reagent. Helium (99.995%) was used
as carrjer gas with a flow of I ml/min {constant
flow control). The following temperature program
was used: 60 °C (2 min), then 15 °C/min to 180
°C (0 min) and 5 °C/min to 280 °C (5 min).
With the El mode, the transfer line temperature
was held at 220 °C and the quadropole at 200 °C,
using NCI the temperatures were 200°C and 180
°C, respectively.

The different compounds were identified based
on their SIM masses and retention times. Peaks
with differences in isotopic ratio greater than 20%
compared to the quantification standard were
rejected and not quantified. For every 10 samples
a blank was analysed for lab contamination.

Limit of detection {LLOD) was calculated using
three times the area of noise or if peaks were
found in blanks, three times the area of the blank.
The limit of quantification was set to three times
L.OD.

Statistical tests included r-test (small samples,
equal standard deviations), confidence intervals
using Student’s r-distribution, significance testing
and linear regression analyses.
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Table 1
Levels (ug/1) of polychlorinated biphenyls (PCBs) in human
plasma samples from Arkhangelsk

Compound Arithmetic  Geometric  Standard  Range
mean mean deviation (pg/)
g/ (ug/D (ug/D
PCB 52 0.1t 0.09 0.05 0.04-0.20
PCB 99 0.02 0.02 0.01 0.00--0.05
PCB 101 0.05 0.03 0.03 0.01-0.11
PCB 105 0.09 0.08 (.06 0.03-0.28
PCB 118 0.34 0.29 0.21 0.10~1.03
PCB 138/163 0.53 0.42 (.40 (.12-1.51
PCB 153 0.49 0.39 0.38 0.11-1.74
PCB 156 0.05 0.05 Q.03 0.03-0.13
PCB 170 0.10 0.07 0.09 0.04--0.37
PCB 180 0.17 0.13 0.18 0.04--1.00
PCB 183 0.04 0.03 0.03 0.03-0.15
PCB 187 0.08 0.06 0.08 0.02-0.39
3. Resuits

The mean age of the delivering women was
23.8 years (range 17-38). Twenty-two of the
women delivered their first child (range [-5).
Only one of the mothers smoked during pregnancy
(<10 cigarettes per day). The mean birth weight

was 3303 g (range 2170-4400). No congenital
malformations were observed.

Levels of polychlorinated biphenyls (PCB),
dichlorodiphenyltrichloroethane ~ (DDT)  and
metabolites, toxaphenes (Tox) and other pesticides
found in blood plasma are presented in Tables 1
and 2. The samples were analysed for a total of
18 PCBs, 11 toxaphenes and 16 other pesticides.
Several compounds were not detected above their
detection limit (LLOD) and therefore not included
in Tables 1 and 2. All analysed compounds are
listed in Table 3 with their LOD. For statistical
purposes, all levels below LOD are set as
0.5 X LOD. Recovery rates were calculated for the
C-13 marked PCB congeners 101, 118, 141 and
178, all of them being 59% for the entire analytical
method.

The method developed for analysing plasma
samples did not involve destruction of lipids with
acids or bases. Although time consuming, the GPC
column efficiently removes 90% of the lipids from
the POPs and the recovery rate is above 80% for
all compounds for this step. Acid labile compounds
can therefore be easily included in the method,
allowing all compounds to be included in the same

Table 2
Levels of pesticides (jLg/1) in human plasma samples from Arkhangelsk
Compound Arithmetic Geometric Standard Range
mean Mean deviation (pg/1)
(/1) (pg/1 (rg/N
o,p-DDT’ 0.30 0.25 0.20 0.08--0.89
pp-DDT 1.16 0.83 1.19 0.28-5.67
pp-DDE 542 4.52 3.36 1.76~13.11
cis-Chlordane 0.07 0.05 0.06 0.02-0.33
trans-Nonachior 0.16 0.12 0.13 0.03-0.66
cis-Nonachior 0.04 0.03 0.05 0.01-0.23
oxy-Chlordane 0.20 0.18 0.12 0.15-0.67
Heptachlor 0.13 6.10 0.17 0.09-0.95
Mirex 0.22 0.20 0.11 0.14-0.51
y-HCH" 0.16 0.15 0.07 0.08-0.37
B-HCH" 3.59 3.08 2.36 1.27-11.59
a-HCH" 0.13 0.09 0.13 0.03-0.52
Hexachlorobenzene 0.57 6.47 0.38 0.18-1.40
Toxaphene 26 0.03 0.05 0.02 0.04--0.10
Toxaphene 50 0.09 0.00 0.13 0.02-0.70

*p-DDT {1,1-bis(p-chloropheny])-2,2,2-trichioroethane}, o.p-DDT {1-{o-chlorophenyl)-1'-(p-chloropheny!)-2,2,2-trichloroe-
thane], p.p’-DDE [2,2"-bis(p-chiorophenyl)-1, -dichioroethylene], o,p'-DDE {2-(a-chlorophenyl)-2'-(p-chlorophenyl)-1,1-dichloroe-
thylene], HCH (hexachlorocyclohexane).
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Table 3

All compounds analysed with their detection limits (LOD?} calculated from three times the arca found in blind samples

Compound LOD Compound LOD Compound L.OD
{ng/D (ng/D (/D

PCB 52 0.06 a,p-DDT 0.19 Tox 26 0.05

PCB 99 0.01 pp-DDT 0.25 Tox 32 0.09

PCBI10I 0.03 pp'~-DDE 0.17 Tox 38 0.15

PCB105 0.04 o,p-DDE 0.04 Tox 40 075

PCBI118 0.05 cis-Chlordane 0.04 Tox 42a,b 0.10

PCBI126 0.04 trans-Chlordane 0.02 Tox 44 0.15

PCB128 Q.06 Heptachlorepoxide 0.30 Tox 50 0.08

PCB138/163 0.06 frans-Nonachlor 0.05 Tox 5t 0.18

PCBI149 0.00 cis-Nonachlor 0.03 Tox 58 0.09

PCBI153 0.05 oxy-Chlordane 0.35 Tox 62 0.15

PCB156 0.05 Heptachlor 0.15 Tox 69 0.11

PCB169 0.04 Mirex 0.25

PCBI170 0.08 y-HCH 0.22

PCR180 0.03 B-HCH 0.71

PCB183 0.06 o«-HCH 0.08

PCBL87 0.04 Hexachlorobenzene 0.08

PCB194 0.05

fraction throughout the extraction and clean-up
procedure.

Among the PCB congeners (Table 1) the PCB
138/163 was the most abundant one with an
arithmetic mean of 0.53 g/l (range 0.19-1.51).
As for the pesticides in Table 2 the level of B-
hexachlorocyclohexane (B-HCH) was high with
an arithmetic mean of 3.59 wg/l (rangel.27-
11.59). The arithmetic mean of p,p’-DDE (2.2
bis(p-chlorophenyl)-1,1-dichloroethylene) and
pp-DDT  (1,1%-bis(p-chiorophenyl)-2,2,2-trichlo-
rorethane) was 5.42 g/l (range 1.76~13.11) and
1.17 pg/l (range 0.28-5.07), respectively. As for
the other pesticides the levels are low with hex-
achlorobenzene (HCB) slightly above the others,
with an arithmetic mean of 0.57 g/l (range 0.18~
1.40). The toxaphenes were barely detectable with
only Tox 26 and Tox 50 above LLOD. The arith-
metic mean levels of these were 0.05 pg/l (range
0.04-0.10) and 0.09 wg/l (range 0.02-0.70),
respectively, Due to contamination of 10 samples
with o,p"-DDT and p,p'-DDT the level of these
compounds are only calculated for the remaining
17 samples. Based on, amongst other factors, a
high percentage of o,p-DDT in the contaminated
samples and the presence of the same contamina-
tion profile in some other samples, the source of

contamination was identified in the laboratory and
removed.

4, Discussion

The level of PCB was found to be low in the
samples from Arkhangelsk. For sum PCBs the
geometric mean was 1.75 pg/l. This level is
comparable to what is previously found in Russian,
Norwegian and Swedish samples from the Arctic
(AMAP, 1998; Klopov et al., 1998; Polder et al,,
1998; Sjodin et al., 2000). For comparison of data
with previous studies, see Table 4. According to
AMAP (AMAP, 2000), the arctic region of Russia
is not supposed to have a high number of PCB
containing equipment or hardly any PCB in PCB
containing wastes, resulting in few local sources.
There are minor differences in the number of PCB
congeners included in the sum PCB in this study
compared to other studies. However, the congeners
that are different do not contribute significantly to
the total, which should make the sum-values
compatable.

The PCB pattern reveals that the PCB 138/163
is more abundant than the PCB 153 in the samples
from Arkhangelsk. As previously found in samples
from Nikel (AMAP, 1998), PCB 118 contributes
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Table 4
PCB, DDT and 8-HCH levels found in this study compared to levels found in previous studies
Country; region Sum PCB® Sum DDTY DDE/ B-HCH

g/ (pe/N DDT (pg/N

° Rati e

© (AY ©) e (A) @
Russia; Arkhangeisk 175 5.8 4.8 4.7 36 3.1
Russia; Nikel £.70 39 34 8.2 1.9 1.7
Canada® 1.64 1.9 1.4 i6.8 0.1 0.1
Greenland; Disko Bay" 5.50 1.8 27.1" 0.2
Sweden® 223 1.1 0.9 35.0 0.1 0.1
Norway® [.36 0.9 0.7 26.0 0.1 0.1
Iceland” 1.79 1.1 0.9 28.6 0.3 0.3

" Data from AMAP (1998).
® Data from Deutch and Hansen (2000).

¢ Sum PCB: sum of PCB 28, 52, 99, 101, 105, 118, 128, (38/163, 153, 156, 170, 180, 183 and 187. (PCB 28 not included in

the data from Arkhangelsk.)
4 Sum DDT: sum of p,p'-DDT and pg’-DDE.
¢ Geometric mean.
! Arithmetic mean.

more to the sum than in Scandinavian samples.
This is not the case for PCB 99, which was found
in low levels in the samples from Arkhangelsk.
The level of PCB 52 was also relatively higher
which is in accordance with results from Monche-
gorsk (Polder et al, 1998), where the lower
chlorinated PCBs contributed relatively more to
the sum PCB. The greater contribution of the
lower chlorinated PCBs in Arkhangelsk, might be
explained by the different composition of the
Russian commercial mixtures {AMAP, 2000). The
levels of PCB found in this study are low and
possible health effects might not be expected.

2P -DDT was detected in all the samples with
an average level of 1.2 wg/1. The level of DDT is
comparable to what was found in human samples
from Veracruz, Mexico where they have up to
recently been applying DDT (Waliszewski et al.,
2000a). In the Veracruz study p,p’-DDT was
detected in only 41% of the mothers analysed with
an average level of 1.8 pg/l plasma. p,p-DDE
was detected in 98% of the samples in high levels
(14.5 g/l plasma) (Waliszewski et al., 1999).

The average sum DDT (p,p’-DDT +p,p"-DDE)
in the samples from Arkhangelsk was 5.81 pg/l
with & 95% confidence interval of 3.8-7.9 (geo-
mean; 4.8). This level is comparable to the highest
levels reported in the AMAP report (AMAP,

1998), where the Inuits from Greenland were
reported to have arithmetic mean levels of 5.2 pg/
i (sum DDT). Levels as high as 11.1 pg/l (sum
DDT) in some areas of Greenland have later been
reported by Deutch and Hansen (2000). Even
though the two sums are similar, the samples from
Arkhangelsk have a higher percentage of DDT. In
the women from Arkhangelsk the DDE/DDT ratio
was found to be 4.7 (95% CI 3.7-5.6) compared
to 27.1 in the samples from Greenland (AMAP,
1998). The ratio of 4.7 is significantly {#-test and
P <0.05) lower than 8.2 found in human samples
from Nikel in 1995 (AMAP, 1998). This might
indicate more recent sources in Arkhangelsk com-
pared to Nikel or a different application of DDT.
In the samples from Veracruz the DDE/DDT ratio
was approximately 12 (Waliszewski et al., 1999).

The concentration of p,p’-DDE, the metabolite
of p,p'-DDT, is expected to be higher than the
DDT because of the longer half life. The half life
of both o,p-DDT and p,p"-DDT has been reported
to be approximately 7 years in soil (Woodruff et
al,, 1994). These estimates of half-lives wvary
depending on medium (abiotic or biotic).

In the samples from Arkhengelsk the o,p-DDT
congener contributes to the total body burden of
sum DDT, lifting the average sum from 5.8 pg/1
to 6.1 g/l plasma. The o,p-DDT was detected
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above 1.OD in 83% of the samples. The o,p"-DDE
was detected in 40% of the samples, but only just
below LOD, and therefore not guantified. Consid-
ering the presence of the o,p-congeners and the
fact that the estrogenic and uterotropic activities
of DDT and DDE are most pronounced for the
o,p'-isomers (Bulger and Kupfer, 1983), these
isomers must also be included and elaborated
further in future studies.

The mean level of B-HCH (3.6 pg/1 plasma,
95% confidence interval of 2.7-4.5) was signifi-
cantly higher than what is previously reported
from Nikel (1.9 pg/1 plasma) (P <0.05) (AMAP,
1998). The levels of the other pesticides were
generally low in the samples from Arkhangelsk.
The low toxaphene amount is interesting in relation
to the high levels of this pesticide found in seal
samples from the Barents Sea indicating their
presence in arctic Russia (Wolkers et al., 2000).

p.p-DDE and PCB 138/163 were significantly
positively correlated (#?=0.422, P <0.001). Sum
DDT and B-HCH were also positively correlated
(r*==0.265, P<0.05}. p,p'-DDT and B-HCH were
also correlated but with no statistical significance.
The weak correlation seen for p.p’-DDT and [3-
HCH makes it hard to conclude whether these
compounds come from the same source or not.

No correlation between any of the compounds
and parity was found, but cannot be excluded as
the spread in this data set was low (first delivery
for 22 of 27 wormen).

The high levels of DDT and HCH found in
these samples support the assumptions that there
is a continuous use of DDT and B-HCH in Russia.
The exposure can either be direct from local use
of these compounds or it can be from contaminated
food from other contaminated regions of Russia.
Whether the exposure is a continuos exposure (o
high levels or several single exposures to even
higher levels have implications for the toxicology
of the compound. Tests on rats have shown that
appropriately timed toxicant exposure can initiate
a cascade of changes that can alter the reproductive
outcome, whereas a continuos exposure 10 same
compound do not alter the outcome (Stoker et al.,
2001).

There are several aspects to take into account
when the possible health effects of the high levels

of B-HCH and DDT-group found in the samples
from Arkhangelsk are to be considered. 3-HCH,
p.p'-DDT and p,p’-DDE concentrations in blood
of babies have been found to lie within the same
range as in the mothers, pointing out a free passage
through the placenta barrier (Klopov et al., 1998;
Waliszewski et al., 2000a,b). DeKoning and Kar-
maus {2000} claim that when assessed on a lipid
basis, placental transfer of PCBs seems to be
underestimated as a source of foetal exposure. The
size of newborns has also been found 10 be
negatively and statistically significant associated
with organochlorine exposure (Dewailly et al.,
1992). Gladen et al. (2000) claim that prenatal
exposures to high background level may affect
body size at puberty. For the heath of the newborn
these findings are concerning and the need for
further details on sources of exposure in Russia
and possible health effects of the levels found are
urgently needed. Correlation to pregnancy outcome
factors was not possible due to the small number
of samples in our study. It is noteworthy that this
was the first delivery for 22 of the delivering
women, probably due to the low birth rate in
Russia in the period after the ‘perestroijka’
(Odiand, 2000).
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The traditional northern Norwegian fish dish “malje”, consisting of boiled cod, ced liver, cod liver oil and hard
roe, is still consumed frequently during the winter months January to March. The liver of the cod is rich in
Hpids and the levels of persistent organic pollutants (POPs) are refatively high. To better understand the short-
term consequences of this (raditional meal on the piasma levels of PCBs and p,p'-DDE, individual intake of
liver and cod liver ol during one meal was measured, Blood samples were coliected from 33 participants before
the meal, and then 4 h, 12 I and 5 days after it. Lipid-weight and wet-weight levels of 10 PCB congeners and
p.p/-DDE were determined in the plasma samples and the food, The plasma levels of pp-DDE was found 1o
increase significantly from 0 to 4 h, both when expressed as wel-weight (35% change) and lipid-weight (20%
change). The corresponding changes (0-4 h) in wet-weight levels of the most prevalent PCB congeners were noin
stgnificant. By contrast, PCB congeners with low levels in the food showed a significant drop in lipid-weight
levels during the first 4 h, The observed changes were independent of amount consumed. Significant differences
in fasting and non-fasting samples were found for mest PCBs and p,p'-DDE. For the lipid weight levels of sum
PCBs there was a significant decrease of 16% from aon-fasting to fasting samples. To obtain reliable data on
human leveis of POPs it is, on the basis of these findings, recommended that blood samples should be collected

from fasting individuals and both wel-weight and lipid-weight levels should be reported.

Introduction

The Arctic has some of the cleanest environments in the world.
Despite this fact high levels of persisient organic pollutants
(POPs) have been found in environmental samples from this
region. Longrange transportation of contamination from
more contaminated areas is believed to be responsible, con-
sidering the few local sources.! Due to their persistence, the
POPs bioaccumulate, permitting transfer to humans harvesting
from the top of the food chain. Use of local and indigenous
food is a common characteristic of people in Arctic commu-
nities, and a wide range of animals and piants are consumed.’
Of these local food items, animals from the marine food chains
have been found to be the most important sources of exposure
to POPs.® A considerable part of the traditional diet is rich
in marine lipids and also POPs.

“Maelie™ consisting of boiled cod, cod liver, hard roe, and
fresh cod liver oil from the boiling of the cod liver, was
traditionally a considerable part of the diet during the winter
season among people living in the coastal areas of northern
Norway. Cod liver and cod liver oil are rich in vitamin IJ and a
dietary survey from northern Norway in 1931 did show that
cod liver and fresh cod Jiver oil was the most important vitamin
D and fat source.® Although the cod is a lean fish, the liver
is lipid rich containing up {0 60% in raw liver.” Today, the
contribution of “melje” in the daily northern Norwegian diet
is less promounced, but recent data from the nationwide
Norwegian Women and Cancer Study (NOWAC) have shown
that there are still places in northetn Norway where it is
frequently consumed (Lund, E. personal communication).

Considering the high lipid content of this meal, & short-term
increase in plasma lipids following the meal is expected. This
increase is further expected to affect the equilibrium of POPs
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between adipose tissue and plasma.® This is supported by
Haddad ef al.,” who have shown that the adipose tissue:blood-
partitioning coefficient is equal to the ratio of lipids in adipose
tissue and blood. The fevels of POPs found in plasma are
considered o reflect the body burden,” but there have been
discussions whether to use lipid-weight data or wet-weight
data."? 1" The levels of POPs have thus been reported in
different ways in different studies and some samples have been
from lasting and some from non-fasting individuals, making
comparison between studies difficult. Different methods for
determining lipids in plasma complicate the issuc more.
Lipids might be quantified by gravimetric determination of
the extractable organic material (EOM) or by a summation of
the different enzymatically determined lipid classes.® These
methods appear (o give different results and several studies
are recommending the enzymatic summation method. ®'!?

Due to the high lipid content as well as “high” levels of POPs
in cod liver, the intake of a meal of “malje” is a good oppor-
tunity to study the short-term consequences on the equilibrium
of POPs in plasma, both lipid-weight and wet-weight.

The aim of this study was to determine how much an inlake
of large amounts of marine lipids by consuming “matje”,
affects the levels of POPs in plasma and if they are influenced
dilferently depending on their relative amounts in food.

Materials and methods
Study group

The majority (60.6%) of the 33 people participating were
women; the average apge was 42 (range: 28-65) years with an
average body mass index (BMI) of 24,2 (range: 19.5-28.5). One
participant (of Bastern BEuropean origin) was excluded from
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the statistical analyses of the data, since the person had
p.p-DDE levels four times higher than the average values
(significant outlier). The participants were all working and
living in Tromsa.

The meal and the sampling

The participants were served the traditional hot northern
Norwegian fish dish consisting of cod with liver, hard roe, fresh
cod liver oil, and potatoes. The meal was prepared by boiling
the cod and the hard roe separately in water. Fresh cod fiver oil
was obtained by boiling Hiver (in small picces} in small amounts
of water. Participants could cat as much as they wanted, The
amount of Hver and cod liver oit consumed by ¢ach participant
was weighed and recorded separately.

The study was carried out in the beginning of April 2000.
The meal was served between 6 and 7 pm on Day 1. Blood
samples were collected just before the meal (O h), afterd4 h, 12 h,
and 5 days, The 12 h and 5 d blood specimens were taken in the
morning before breakfast thus designated as fasting specimens
compared to the § and 4 h as non-fasting. Participants were
asked to maintain their ordinary diet during the study period,
except not to have any meals between lunch and the cod dish
served on Day 1. Body weight was measured on Day 5.

Analytical precedures

Blood samples were drawn from a cubital vein into 7 ml
Vacutainer with cthylenediaminetetracetic acid (EDTA) as
anticoagulant (Hemoguard, Becton Dickinson, Sweden),
Plasma was separated by centrifugation at 2000 rev min™'
for 10 min (Kubota 2010 centrifuge, Kubota Corporation,
Tokyo, Japan), and transferred to pre-cleaned vials, which
were coded and kept frozen (=20 °C) until analysis,

p.p-DDE and 10 PCBs were inciuded in this study. Because
of the expected abundance below the detection limits, no other
compounds like p,p-DDT with metabolites, other pesticides
and toxaphenes were included in the study. Inclusion of these
components would have reduced the statistical power (data not
shown) or our ability to deteet changes.

The method empioyed for cxtraction and ¢lean up was a
slight modification of that developed at Centre de Toxicologic
du Quebee, Canada.'® Plasma samples were extracled using
liquid-liquid extraction with internal standards added before
the first extraction, Specifically, 3 ml of plasma, 3 ml of ethanol
and 3 mi of deionised water saturated with ammonium sulfate
were extracted twice with 10 mi of n-hexane in a small glass
tube. POPs were separated from the lipids using a tandem
florisif column manually packed with 1.5 g of 0.5% deactivated
florisit with 2 g of granulated sodium sulfate on tlop.
Hexane:dichloromethane {3:1)} was used as eluent. The columns
were pre-washed using 10 ml of cluent before the sample was
applied to the column, and the POPs were eluted using 11 ml of
eluent.™ The coliected {raction was evaporated to 0.5 mi using
a Zymark Turbovap 500 Closed Cell Concentrator (IHopkin-
ton, USA), followed by a gentle flow of nitrogen for reduction
to 100 pl. Gas chromatography (GC) was performed using a
Fisons 8060 Mega gas chromatograph (Milan, [taly). A 30 m
DB-5 MS column (6.25 mm id and 0.25 um fitm thickness;
J&W Scientific, CA, USA) and a deactivated guard column
(0.53 mm id, 2.5 m, J&W Scientific, CA, USA) were used for all
analyses. The GC was further connected to a low-resolution
Fisons MD 800 mass spectrometer (Milan, Ialy). The internal
standards used for quantification were C-13 labelled p,p'-DDE,
PCRB 101, 118, 141 and 178. Octachloronaphthalene (OCN})
was added to caleulate the recovery. The quantification was
done using both negative chemical ionization (NCI) and
positive ¢lectron-impact ionization (E1+) sources in the same
MS. In both cases selected ion monitoring (SIM) mode was
used. The different compounds were identified {rom their SIM

masses and retention times. Peaks with differences in isotopic
ratio greater than 20% compared with the quantification
standard were rejected and not guantified. For every 10
samples, a blank was analysed {0 assess laboratory-derived
(i.e., inadvertent) sample contamination. The Hmits of detec-
tion (LLOD) were calculated using three times the area of the
noise in 8 s (estimated peak width) at the given retention time,
or if peaks were found in the blanks, three times the area of the
blank. To account for the additional uncertainty with matrix
effects, the limits of quantification were set to 3 times the LOD
vatues.

Our laboratory participates in the AMAP’s Human Health
Ring test for human plasma samples. We have been
participating in this programme from its outset. We have
performed well throughout the participation performing a
score of 98, 85 and 95 of a 100 in the last three inter-laboratory
comparisons. We are still participating in this program.

The cod liver and cod liver oil was analysed according
to a method published by Herzke er al'® For the plasma
samples, the amount of lipids were determined using the
following summation formula; TL = 2,27 x TC + TG +
62.6 (mg d171)."% Here TL is total lipids, TC is total cholesteral,
and TG is triacylglycerols, The levels of lipids were determined
gravimetrically for 22 samples making comparison of the two
methods possible.

Statistical analyses

Statistical analyses were carried oul employing the SAS
software package, version 6.12 (SAS Institute, 1996).® One-
way ANOVA was used when trying to determine the predictors
of change in plasma levels of the different compounds. Change
in plasma PCB and DDE levels by time was assessed by
ANOVA with repcated measurement design, as well as paired
sample -test for comparison of two means for different
sampling times.

The data was not log transformed since most of the statistics
were based on differences that did show a normal distribution.

The criteria of significance has conservatively been sct to
99%, due to multiple comparisons and the high number of
components, as well as the uncertainties in these types of
analyses.

Results
Analytical aspects

For the analyses of the plasma samples the recovery rates were
good for all internal standards with a range of 65-95% (results
not shown). The calculated LOD and LOQ values are shown in
Table 1. Some values were below the LOQ but they were
included in the statistical analyses as they were, considering the
strict definition of LOQ and the lew levels in this range. The
few vatues below LOD were set to half the LOD value before
included. As for the PCB congeners the PCB 138 is not fully

Table 1 Limit of detection (LOD) and limit of quantfication (LOQ) for
the different compounds

Component LOD/ug 1" plasma LOQ/ug ¢ plasma
pp-DDE 0.121 0.363
PCB 99 0.024 0.063
PCB 101 0.010 0.030
PCB 118 0.040 0.120
PCB 138/163 0.053 0.159
PCB 153 (.063 0.189
PCB 156 0.015 0.045
PCE 170 0.018 0.054
PCB 180 (030 0.090
PCB 183 016 0.048
PCB 187 ¢.018 0.054
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Table 2 Measared intake of cod liver, cod liver oil, p,p’-DDE and of sum PCBs

Boiled cod liver/g

Freshly boited cod fiver oilfg

ppDDE/jg Sum PCBs"fug

Arithmetic mean il6 22
Median 107 5.5
Range 43.-281 0-152

6.3 239
5.2 20.8
1.6-24 6.3-89

“Sum PCBs = PCB (99 + 101 + 118 + 138/163* + 149 + 153 + 156 + 170 + 180 + 183 + 187 *PCB 138 and PCB 163 are co-ehuling,

Table 3 Lipid levels in plasma and average differences with corresponding p-values

0-4 h % 4-12 h % 12h5d%  0-12h%
difference difference difference difference
Oh/mgdl™' Ahmgdl™' 2 bmgdl™' S dmgdlTt {p-value) {p-value) {p-vatue) (p-vatue)
Arithmetic mean 680.8 753.2 6114 653.1 1.9 -18.3 7.2 -9.8
(<00l  (p<00D)  (p=08) (p<00D
Geonmelric mean 669.2 739.9 602.1 044.3
Range 464.4-954.5  460,9--1040,2  434.7-820.1 474.0-854.1  —~5.6-356 ~33.5- =32 ~-3.6-272 -27.5-74
Standard deviation  128.8 143.1 108.5 108.7 8.9 7.5 7.3 6.3

resolved from PCB 163, and thus reported as PCB 138/163.
PCB 163 however accounts {or less than 20% of the total peak
area (results not shown).

Consumption

The amount of cod liver and cod liver oil caten by the
parlicipants is shown in Table 2, together with the caleulated
amounts of PCBs and p,p’-DDE consumed. The fresh fish liver
oil contained 98% lipids, whereas the picces of cooked liver
itself contained 65% lipids (results not shown).

Lipids in plasma

The average amount of lipids in the plasma samples and the
differences in levels arc listed in Table 3. From 0 to 4 h, the
amount of lipids increased significantly by an average of 1%
and from 4 to 12 h the amount of lipids drepped significantly
by 18%. From 12 h to 5 d there was ne significant change in
the levels. The difference of 10% observed between ( and 12 1
was also significant. The changes observed in the amount of
total lipids are mainly caused by the changes in levels of
triacylglycerols. All PCBs and p,p’-DDE did however show a
betier correlation with the total lipids than the triacylglycerois
(data not shown).

POPs in the meal and plasma

In the fish liver and liver oil, p,p'-DDE was the most abun-
dant compound with wet-weight levels of 37.5 ng g~! and

Table 5§ Wet-weight levels of PCBs and p,p"-DDE in plasma

Table 4 Fresh-weight levels of PCBs and p,p-DDE in cod liver and cod
liver oil (after boiling)

Boiled cod livering g=' Fresh cod liver oilig g

' -DDE 3L5 88.0
PCB 99 11.9 28.2
PCB 101 14.7 35.2
PCB {18 27.0 34.7
PCR 138/163 352 71.6
PCB 149 6.6 i4,2
PCB 153 331 0.7
PCB 156 2.0 4.4
PCBR 170 34 7.3
PCB 180 7.1 15.4
PCB {83 1.8 35
PCB 187 4.4 9.5
Sum PCB 147 315

88.0 ng g~ respectively (Tabie 4). Of the PCBs, PCB 138/163
and PCB 153 dominated, followed by 118 > 101 > 99. In
human plasma, p,p-DDE and PCB 153 were the most
abundant compounds followed by PCB 180 > [38/163 >
170 > 118, 187. Wet-weight data are given in Table 5 and lipid-
weight data in Table 6,

The most pronounced difference in congener pattern
between human plasma and fish liver and oil samples was
observed for PCB 180, It was the sccond most abundant PCB
congener in human plasma, constituting 23% of the sum PCB
value, In liver and fish fver oil, PCB 180 was the 6th most
abundant congener constituting only 5% of the sum value. The

0 hipg 17 plasima 4 hipg 17 plasma

12 hipg ! plasma 5dipg 7! plasma

AMY (8D GM© AM“ (SD") GM* AMY (SD") GM© AM" (SD") GM"
pi-DDE 0.87 (0.47) 0.75 117 (0.71) 0.99 0.67 (0.44) 0.56 0.59 (0.31) 0.51
PCB 99 0.09 (0.04) 0.08 0.09 (0.04) 0.08 0.07 (0.04) 0.06 0.07 (0.03) 0.06
PCB 101 0.05 (0.02) 0.04 0.03 (0.02) 0,03 0.02 (0.04) 0.02 0.01 (0.00) 0.01
PCB 118 0.20 (0.08) 0.18 0.18 {0.08) 0.16 0.15 (0.07) 0.13 0.14 (0.07) 0.13
PCB 138/163 0.54 (0.27) 0.47 0.58 (0.29) 0.51 0.49 (0.28) 0.42 0.45 {0.23) 0.39
PCB 153 0.78 {0.42) 0,67 (.82 (0.44) 0.72 0.68 (0.39) 0.58 0,65 (0.33) 0.57
PCB 156 0,09 {0.05) 0.08 (108 (0.04) 0.07 0.07 (0.04) 0.05 0,07 (0.04) 0.06
PCB 170 (.30 {0.15) 0.26 (.27 (0.14) 0.24 0.24 (0.15) 0.20 0.25 (0.14} 0.21
PCB 180 (.65 {0.36) 0.56 0.58 (0.30) 0.50 0.52 (0.32) 0.41 0.49 (0.27) 0.42
PCB 183 0.05 (.03} 0.04 .05 (0.02) 0.04 0.04 (0.03) 0.04 0.04 (0.02) 0.04
PCB 187 0.17 (0.09) 0.5 0.17 (0.09) 0.15 .14 (0,11) 0.12 0.13 (0.07 0.12
Sum PCB 2.86 (1.44) 2.50 2.84 (1.40) 2.52 2.44 {1.38) 2.14 230 (1.14) 2.01

“AM = grithmetic mean. "SD = standard deviation. ‘GM = geometric mean.
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Table 6 Lipid normalised levels of PCBs and p,p/-IDDDE in plasma

0 hipg kg™ lipids 4 hipg kg™ lipids

Hipg kg™ lipids 5 ding kg * Hpids

AM® (SD") GM* AM® (SD) GM€ AM (SD*) GM© AM® (SD") GM¢
p.7-DDE 124,38 {54.59) H12.17  149.49 (71.95) 13232 103.54 (51.43) 90.61 §7.72 (40.90) 78.22
PCB 99 12.89 (4.49) 12,09 11.08 (4.37) 10.25 10.27 (4.46) 9.06 9.97 (4.01) 9.20
PCB 101 731 (3.42) 6.34 4.41 (2.46) 3.81 3.00 (1.24) 279 1.81 (0.56) 1.73
PCB 118 29.01 (10.35) 27.38 23,52 (9.94) 21.14 23.32 (9.12) 21.51 2171 (9.96) 10.65
PCB 138/163 77.77 (35.57) 70.20 73.89 (30.60) §7.91 74.82 (32.05) 68.87 67.13 (31.64) 60.08
PCB 153 112.43 (54.12) 10038 105,10 (46.48) 9547 100.93 (45.73) 94.83 98.17 (46.44) 87.49
PCRB 156 12.50 (6.12) 11.24 10.64 (4.84) 9.54 10.44 {5.71) 8.70 9.88 (4.88) 8.73
PCRB 170 43.34 (20.26) 39.08 35.05 (16.07) 31.65 36.70 {17.62) 27.87 36.83 (19.89) 2.1t
PCB 180 91.59 (47.10) 81.46 74.97 (35.80) 67.21 79.46 (39.16) 67.30 74.04 (38.48) 65.04
PCB 183 7.46 (3.34) 6.79 6.40 (2.64) 5.87 6.67 {2.96) 5.83 6.34 (2.90) 5.66
PCB 187 24.05 (21.85) 2185 2163 (9.5 19.74 21.82 {10.42) 19.44 20,17 (9.38) 18.05
sum PCB 41210 (185.05) 37463 366.17(150.55 33677 37581 (151.94) 34705 34520(159.65)  310.13

“AM = arithmetic mean. "SI = standard deviation. “‘GM = geometric mean.

Table 7 Average % change in levels of the different compounds between the different sampling hours

(-4 h % change 412 h % change

12 h--5 d % change

012 h % change 0 h-5 d % change

Wet Lipid Wet Lipid Wet Lipid Wet Lipid Wet Lipid

weiglt weight weight weight weight weight weight weight weight weight
ppr-DDE 35 207 ~40 =27 —12 —16% - 20 ~13 —~324 30"
PCB 99 -2 —13¢ 21 -4 2 -3 —25¢ —18¢ 25" —22¢
PCB 101 -20¢ - 28¢ —27 -10¢ =324 - 36% - 46" —-41¢ —68¢ -67¢
PCB 138 -8 - 187 - 187 | 0 =5 ~28¢ =224 294 - 26"
PCB 138/163 10 -2 -7 | -4 -10¢ =10 -2 16" -13¢
PCB 153 8 -4 ~-18¢ 0 0 —~6 ~12¢ -3 —15% —12¢
PCB 156 -1 - 11 -~ 16 2 12 5 - Ig? -9 - 174 -14
PCB 170 -3 -13¢ - 10 9 5 -2 -~ 137 -6 ~13 -10
PCRE 180 —~6 ~16" —10 9 -3 -9 —157 -9 —-21¢ —-18¢
PCRB 183 2 —12¢ =10 9 l -3 -7 -5 ~12 -12
PCR 187 1 —g¢ -11 6 4 -3 -10 -3 -17 —14
Sum PCR 2 -9 - 167 2 ~1 -7 ~15¢ —g —-18" -16"
“p 5 0.01,

food contained a higher proportion of lower chlorinated PCBs
compared to the plasma samples.

Comparing the lipid-weight levels of the major compounds
in plasma with the levels in liver and oif indicates that they are
slightly lower in the food. For PCB §38/163 the levels were
comparable,

Observed ehanges in plasma levels of p,p'-DDE and the PCBs

Using paired sample r-tests, several of the changes in the levels
of PCB and p,p/-DDE were found to be significant, The average
differences together with p-values are listed in Table 7. The
. -DDE showed the greatest fluctuations in levels (Fig 1). On
a wel-weight basis all changes observed were significant except
from 12 hto 5 d. From 0 to 4 I there was an increase of 35%

. — - ppDDE |
1,2
PR N —u— PCB 138M63
1 P < - & - -PCB153
-
g 1o pig g - % — PCB 180
@ ) - N
& 09 <
o 08 e Ao — S
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= 0,7 3
\ F i —
0.6 Koo, — et
l———-‘—""_""—;’x"“%—-\-.
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0 hour 4 hours 12 hours 5 days
Sampling hour

Fig. 1 Wet-weight levels of the major compounds in plasma at the
different sampling hours,

followed by a decrease of 40% from 4 h to 12 h. Comparing the
0 b samples to the 12 h and 5 d samples showed a drop of 20
and 32% respectively. On a lipid-weight basis the changes were
less pronounced even though they were all of significance.

The PCB congeners appear to behave differently and the
fluctuations are smaller than for the p,p’-DDE (Table 7, Fig. 1).
Looking at the wet-weight levels first, we found no significant
changes for any of the major congeners or the PCBs sum from
0 to 4 h. From 4 {o 12 h all concentrations drop between 0
and 27%, with the higher chlorinated congeners showing non-
significant changes. Differences observed between 12 hand 5 d
are in general non significand, From ¢ h to 12 h and 5 d most
congeners drop significantly. On a lipid-weight basis most
congeners and sum PCBs drop significantly from 0 to 4 h with
the PCB 138/163 and 153 as the only exception. No significant
differences were observed for any of the major congeners from
4to 12 hor 0 to 12 h, The only exception was for PCB 180 and
sum PCBs from & 1o 12 h.

No significant predictors of the changes in plasma levels of
POPs and lpids were found using ANOVA with a repeated
measurement design. Individual intake, age, gender and BMI
were included in the statistical model. As expected, the
correlations between lipids in plasma and levels of POPs
were significant (results not shown).

Discussion
Changes in plasma levels of PCBs and p,p-DDE

Significant changes in levels of most of the studied compounds
were found in connection to a meal of “melje” cven when the
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plasma levels were lipid adjusted. The study further found differ-
ences in levels of most compounds from fasting and non-fasting
individuals. As for the set-up of the study the 0 h piasma
sample should ideally have been fasting. This was however not
possible when attempts were made to serve this in a (raditional
way and a blood sample 12 hours after the meal was required
for D-vitamin analyses. [t would also be hard to find volunicers
to eal this heavy meal for breakfast. Further the fuil
summation formula for the lipid determination in plasma
shouid have been used, but due to missing free cholesterol
values this was not possible {discussed further below).

Based on ANOVA with a repealed measurement design
significant (p < 0.01) changes with time were found for all
compounds studied in this paper. There was however no
relationship beiween individuai consumption and concentra-
tion changes. Inclusion of BMI, age, and gender in the
statistical model did not strengthen it. BMI, age and gender arc
factors known to affect the levels of POPs.'”

The fact that changes in levels of cither POPs or lipids were
not at all related to individual intake, is surprising. There might
be several reasons for this. Small sample size giving low
statistical power might be ene. There also seem to be great
individual variation in rate of uptake. Another factor is the
time before the second sample was taken. After a meal, the
maximum amount of lipids in plasma is normally reached
between five and six hours. Based only on ene plasma sample
4 h after the meal it is impossible to conclude whether this was
the peak concentration of the studied compounds. Further it is
not possible o conclude if the peak concentration of POPs
occurs at the same time as the lipid peak or if the concentration
curves were different.

Previous studies have shown that absorption from the diet is
=>90% for persistent lipophilic compounds. For ceefficients
exceeding logKyw = 7.5, absorption diminishes with increasing
hydrophobicity.!® It has also been found that high intake of
lipids and POPs increases uptake from the gastrointestinal
tract. ' The relative uptake also seems to depend on the type
of lipids consumed.' In the present study the average amounts
of p,p-DDE and sum PCBs consumed was 6 g and 23.8 pg
respectively. In comparison the average daily intake of sum
PCBs in Scandinavia is estimated 1o be 1520 pg.** Further,
the concentration of p,p’-DDE in plasma was approximately
1 pg 17" and there is about 3 1 of plasma in an average body *

This should give a lotal amount of approximately 3 pg of

pp-DDE in the plasma before consumption of the meal
(6 pg p,p'-DDE}). This intake is thus expecied to significantly
alter the adipose tissue-plasma cquilibrium. The fact that the
level of p,p’-DDE actually increased with 35% on & wel-weight
basis confirms this assumption. The level even increased more
than the lipid levels, confirmed by the 20% lipid-weight
increase. There was no significant increase for any of the
PCB congeners with similar levels in plasma and food. For the
higher chlorinated PCBs there was even a significant decrease
on a lipid weight basis. These compeunds also had lower
concentrations in the food. No significant changes (0-4 h) on
wel weight basis were observed. Explanations for these
differences in concentration curves might be different uptake,
distribution and differeni excretion rates (into bile) for the
PCRs and p,p'~DDE. Several factors have been found to affect
uptake, adsorption and distribution.?! Our findings are further
supported by Schlummer ef al® who found thal absorption
cannot be explained only on the basis of the gradient between
the lipid-based lood and blood concentrations. Kuwabara
et al® found that digestion of PCB contaminated fish gave a
significant increase after 5 h in the levels of PCBs that was not
related to a similar increase in the amount of lipids.

For the PCB congeners the relative amounts in the food was
of importance (o the observed changes. From 0 to 4 h the levels
of the three major PCB congeners in plagima, PCB 153, 180
and 138 developed differently. The lipid concentrations of PCB
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153 and 138 were comparable in plasma, cod tiver and cod liver
oil, but no significant change in plasma levels was found. The
lipid level of PCB 180 in the liver and oil was only 17% of the
level in the plasma and a significant drop (—16%) from 0o 4 h
was observed. The other higher chlorinated PCBs with low
jevels in the food also exhibit significant decreases in plasma
levels. Further evidence that the congener pattern in the food is
reflected in the plasma, is given by a Finnish study where it was
found that the PCDD/F pattern in plasma was dependent on
the patterns in the fish consumed,?

The percent differences observed for the PCB congenets are
small. The immediate changes caused by diet should, however,
be considered when trends in human levels are monitored
making sure (hat plasma samples are collected in the same
manner under standardised dictary conditions.

Independent of the lipid rich meal, the § h and the 5 d
samples were considered as non-fasting and fasting samples
respectively. From Table 7 it is evident that the concentrations
are different (in both units) in the two sample sets, These
findings are in contrast to the findings by Phillips e al® and
Longnecker ef al.? who found no significant differences in lipid-
weight levels of POPs, between fasting and non-fasting
samples. The study by Phillips er al® did however not take
into consideration the levels of POPs in the meal itself and the
effect that has on the plasma levels, In that study the meal was
not expected to have “high” levels of POPs, Our results (0 h-
4 h) clearly indicate that there will be fluctuations in levels of
POPs depending on the {ood, the amount of POPs in the food
and the physicochemical properties of the compounds
consumed. The use of lipid-weight concentrations docs
however reduce the flugtuations for pp’-DDE. Bergman
et ' on the other hand claim that the lipid content in
human plasma varies depending on the diet and how soon after
the meal the blood sample is taken, and it is therefore more
correct to express the concentration on a fresh-weight basis.

POPs in plasma in relation to other studies

Comparing the plasma levels in this study with levels in other
studies yielded different resuits, depending on whether the
samples were from the [asting or non-fasting individuals. In a
study on 47 women in Vestviigey, a small fishing village
in northern Norway, the average levels of sum PCBs
{7 congeners) and p.p’-DDE was 2.34 and 1,20 pg 17! plasma
respectivcly.3K The samples from the Vestvigey study were
from non-fasting individuals, The 0 1 samples from the present
study had sum PCB and p,p’-DDE levels of 2,88 and 0.87 pg !
respectively. In the 4 h samples, the levels were 2.86 and
1.17 ug1™", As we see the concentrations in the two studies with
non-fasting samples are comparable. The average wet-weight
levels in the 5 d samples (fasting} of sum PCBs and p,p'-DDE
were 2.31 pg 17 and 0.59 ug 17" respectively. For pp-DDE #
appears that the level is now only half of that in the Vestvigay
siudy.“‘

The average concentrations of pp-DDE, PCB i53 and
PCB 138/163 found in human plasma (5 d) were 88, 98 and
67 pg kg™ ! lipid-weight respectively. These levels are compar-
able to Swedish and Norwegian dala in the AMAP report
1998,% but lower than what was found in Swedish men (p.p'-
DDE, PCB 153, PCB 138; 290, 220, 160 pg kg™ lipid-weight
rcspcclivclp who reported no or low intake of fish from the
Baltic Sea.?® By contrast for Swedish men reporting high intake
of fish from the Baltic Sea, the average levels of DDE and PCB
153 were 4500 and 1000 pg kg™! lipid.”’

The levels of POPs found in this study are low and & meal of
“mgije” gives a significant increase (after 4 h) only in the levels
of p,p'-DDE. No association between fish consumption and
levels of POPs was found in the northern-Norwegian fishing
village Vestvigay. *Based on this study, the findings of
Furberg ef o’ and the discussion of possible health effects



in the AMAP report? there is no reason to believe that the levels
found in these people and the intake of “malie” can cause
negative health effects refated to POPs,

Lipids in plasma

Plasma lipids determined gravimetrically were 15% lower than
the levels assessed using the summation formula. This is
comparable to the 20% difference reported by $jadin er al*®
They used the summation formula that included phospholipids
and free cholesterol. One of the main advantages of using the
summation method is that a defined total lipid value of known
composition is obtained, rather than a simple weight of
substances extracted by organic solvents,"! The correct work-
ing definition of what is determined gravimetrically refers to
extractable organic material (EOM) rather than lipids. The
gravimetric determination also requires greater sample
volumes for accurate determinations. Thus, scveral studics
are recommending the enzymatic summation method,' ™ with
the following formula being the preferred one; TL = 1.67HTC
- FC) + FC + TG + PL.M3% Here £C s ftee cholesterol.
The differences observed in lipid normalised tevels of PCBs
and p,p'-DDE between fasting and non-fasting samples, might
have been reduced if the full summation formula had been
used.® For the free cholesterol Akins er al.'' have shown that
this fraction ranged from 21.1% to 30.1% in their study,
showing the importance of including it in the summation
formula. Nevertheless, we suspect that the use of the complete
formula would not have removed the statistically significant
differences observed. The rcason why the short formula for
caleulating lipids was being adopted was that data on the free
cholesterol was not availabie for any of the samples.

POPs in cod liver

The sum PCBs levets found in the boiled cod liver (147 ng g™

wet-weight) and cod liver oil (315 ng g~° wet-weight) are
comparable to levels previously reported in raw cod liver
(240 ng g~' wel-weight) from northern Atlantic cod by
Kallenborn er ¢/* but slightty Jower than 660 ng g™! wet-
weight in Jiver from northern Atlantic cod, by SNT.*

Conclusions

The concentirations of PCBs and p,p'-DDE in plasma change
significantly after a meal rich in marine lipids and relatively
high levels of thesc compounds. This was in particular the case
for p,p'-DDIE.

As observed for the PCB congeners, this s(udy indicales that
the relative congener pattern of POPs in the food is reflected in
the plasma sample, when this sample is taken 4 h after the meal.

Consequently, it seems essential to collect plasma specimens
under fasting conditions and to continue to endorse the
practice of reporting both unadjusted and lipid adjusted
concentrations. One can then test when examining associations
which units explains most of the variability.

A common approach for determining lipids in plasma should
be employed to facilitate better comparison of data. The
enzymatic summation method is here recommended.

Further studies are needed for better understanding of the
kinetics of POPs during digestion and remobilisation from
adipose tissue.
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Abstract

Some of the people living in the Chukotka Peninsula of Russia depend heavily on
marine mammals, but little is known of the exact dietary patterns and plasma levels of
POPs among these populations. In this study, POPs levels in plasma from 50
participants from the isolated community of Uelen (Bering Strait) were determined
and related to dietary information obtained through a food frequency questionnaire.
The intake of marine mammals was high and the combined intake of blubber from
walrus, seal and whale was a significant predictor (p<0.01) of plasma concentrations
of sum PCBs and borderline for sum CDs (p=0.02) and sum DDTs (p=0.04). There
was a significant gender difference in the levels of POPs, and among women there
was a significant increase with age. Extensive breastfeeding and lower blubber intake
among women could be possible explanations for this gender difference. Despite the
high intake of blubber the plasma levels of PCBs and DDTs were lower than some of
those reported for the East Coast of Greenland. The geometric mean values for sum
PCRBs (17 congeners) and sum DDTs were 1316 ng/g lipids and 563 ng/g lipids,
respectively. PCB 163, which partly co-eluted with PCB 138, was found in high
concentrations (40 % of PCB 138). This raises questions regarding the validity of
using PCB 138 and PCB 153 to calculate the level of Arochlor 1260. The geometric
mean of sum CDs was 518 ng/g lipids. Concentrations of §-HCH (geometric mean;
410 ng/g lipids) were higher than observed for other native populations depending on
marine mammals. Transportation of B-HCH by ocean currents through the Bering
Strait into the Arctic Ocean or regional point sources might explain these elevated

levels.



Introduction

Polychlorinated biphenyls (PCBs) and other halogenated aromatic hydrocarbons are
ubiquitous environmental contaminants that accumulate in lipid-rich body tissues g
The lipophilicity and resistance to biodegradation are responsible for the
bioaccumulation in the food web, and in particular the aquatic food web 2, In humans,
biological half-lives of several years or longer have been reported for many

organochlorines 34,

Present levels of persistent organic pollutants (POPs) in the Arctic cannot generally be
related to known use and/or release from local sources, and can therefore only be
explained by long-range transport from lower latitudes 7 The long-range transport of
POPs to the Arctic is well-documented ®. However, for a-HCH the Arctic Ocean
appears now also to act as a source by revolatilization of long-range transported
material previously deposited °. Several review papers and reports have also indicated

a non-uniform distribution of POPs in the Arctic 10.2.5,11.12

High intake of blubber from marine mammals, by humans Greenland, northern-
Canada and the Faeroe Island have been found to lead to elevated blood levels of
POPs in humans, especially PCBs and the metabolite p,p -dichlorodiphenylethylene
{(p,p’-DDE) 51315 '1n men from Scoresbysund in Greenland, the average amount of
sum PCBs and sum DDTs in plasma was found to be 41 pg/L and 11.1 pg/L,
respectively '°. In Scandinavia and most areas in northwest Russia, where people eat
small amounts of marine mammals, the concentrations of PCBs are low. In
Norwegian women, the mean sum PCBs concentration in plasma has been reported to
be 4.0 pg/L, while sum DDT was 0.9 pg/L * However, high levels of p,p -
dichlorodiphenyltrichloroethane (p,p’-DDT) and A-HCH have been found in human
plasma from residents of the town of Nikel and city of Arkhangelsk indicating the
presence of de nova local sources at these sites in western Russia S""f’; their exact

origin have thus far not been identified.

The information on plasma levels of POPs and in diet in northeast Russia is very
limited in comparison to other Arctic countries. This is also highlighted in the 1998
AMAP report and Chukotka Peninsula is now one of the key areas in the future work
of AMAP *'7. Several of the communities in the Chukotka Peninsula depend heavily

on marine mammals, although the concentrations of POPs in the seals from that



region have been reported to be lower than in other arctic areas such as Spitsbergen,
Eastern Greenland and northwest Russia °. The levels of B-HCH have, on the other
hand, been reported to be high in polar bears from the Chukotka Peninsula . Further,
there is no information on the possibility of local point sources in this remote region

as compared to northwest Russia.

The data presented here clarify these various conflicting observations. We report
plasma concentrations of POPs for 50 participants from Uelen in the Chukotka
Peninsula, and examine the link to dietary intake of marine mammals and other

traditional foods,

Methods

The joint RAIPON/AMAP/GEF® study of pregnant women and their neonates was
initiated in 2001. Four regions are involved in the project, the Kola Peninsula,
Pechora Basin, Taimyr Peninsula and Chukotka Peninsula. During the fieldwork,
additional participants from the general population were interviewed and blood
samples were collected from them. In Uelen, situated by the Bering Strait and
Chukotka Sea, the intake of marine mammals was known to be considerable. A total
of 250 adults were interviewed and who donated blood. The 250 participants were all
the people available, from an adult population of 374, at the time of the field work. Of
these 250 samples, 50 were selected at random (corresponding to every 5" donor) and
analysed to get a first indication of the human POP content among the general
population of Uelen, The samples were collected in July and August of 2001 and the
weight and the height of the participants were measured at the time of the interview.
Specimens of antecubital vein blood were taken in EDTA tubes with standard
vacutainer equipment. The blood was centrifuged and plasma was immediately stored

at -20° C and kept frozen until analyses.

Of the 50 participants 92 % considered themselves Chukchi, whereas the remaining
were Eskimos or Evenk. There were 26 women and 24 men with an average age of

37.3 years (range, 20 — 70 years). Of the 50 study subjects, 36 (73.5 %) may be

*RAIPON: Russian Association of Indigenous Peoples of the North
AMAP: Arctic Monitoring and Assessment Programme (Arctic Council/AEPS group)
GEF: Global Environment Facility



considered to have normal weight (body mass index (BMI)= 18.5 - 24.9 kgm™) and
the remaining 14 were overweight (BMI>25 kg m?), based on WHO criteria. The
average height was 161.9 cm (range; 132 to 180 cm). Local health professionals
solicited information on breastfeeding, 6 months after the sample collection.
Unfortunately, no information on time elapsed from the last period of breastfeeding

was obtained.

Dietary information

The food frequency questionnaire was designed to include most food items consumed
focally, registering the frequency, the amount eaten and the season for consumption.
For the estimate of the frequency the following options were given to the participants:
‘daily’, ‘1-3 times per week’, ‘2-3 times per month’ or ‘once per month or fess’. Six
trained health personnel carried out the interviews. Use was not made of models
describing portion size due to very different dietary habits. For example, the hunters
ate much more during the hunting season (June - Sept.). The reported intake per meal
was thus estimated to the nearest 50 g. From the reported frequency of intake and
portion sizes, the average consumption per day was calculated. This intake in g per

day was used in the statistical models.

To facilitate the consideration of intakes of the 11 most common food articles, they
were normalised by calculating the corresponding energy intake using the Norwegian
Food Composition Table "8 The energy intake values were compared to energy
requirements for high physical activity calculated from ‘Energy and protein
requirements’ according to WHO ¥ These calculations enable comparison of energy
intake to other studies independent of food articles.

Despite the energy calculations, no attempts were made to validate the food
questionnaire and the self estimated intakes completely. The self reported intake was
used only to separate high and low consumers on a relative basis, remembering that

the questionnaire has not been validated .

Analytical procedures

The plasma samples were extracted and purified according to a slightly modified
method developed at the Centre of Human Toxicology (CTQ), National Institute of

Public Health, Quebec %, and the compounds were quantified according to a method



published previously 2", In short, the plasma samples were extracted using liquid—
liquid extraction with ethanol, deionised water saturated with ammonium sulphate and
hexane. The POPs were separated from the lipids using a tandem florisil column
manually packed with 1.5 g of 0.5 % deactivated florisil with 2 g of granulated
sodium sulphate on top in each of the columns. The POPs were eluted using 11 mi
hexane: dichloromethane (3+1). The collected fraction was evaporated to 0.5 m! using
a Zymark Turbovap 500 Closed Cell Concentrator (Hopkinton, USA), followed by a
gentle flow of nitrogen for reduction to 100 pl. Gas chromatography (GC) was
performed using a Fisons 8060 Mega Gas Chromatograph (Milan, Italy). A 30-m DB-
5 MS column (0.25 mm i.d. and 0.25 um film thickness; J&W Scientific, CA, USA)
and a deactivated guard column (0.53 mm i.d., 2.5 m, J&W Scientific, CA, USA)
were used for all analyses. The GC was further connected to a low-resolution Fisons

MD 800 Mass Spectrometer (Milan, Italy).

C-13 labelled PCB 101, 118, 141 and 178, p,p-DDE and p,p -DDT were used as
internal standards. Octachloronaphthalene was added as a recovery standard and the
recovery rates for the internal standards all were in the range of 65 to 97 % (results
not shown). The quantification was achieved using both positive electron-impact
ionisation (El+) and negative chemical ionisation (NC1); both were employed in the
selected ion-monitoring (SIM) mode in the same instrument. The different compounds
were identified from their SIM masses and retention times. Peaks with differences in
isotopic ratio greater than 20% compared to the quantification standard were rejected
and not quantified. For every 10 samples, a blank was analysed to assess laboratory-
derived (i.e. inadvertent) sample contamination. The limit of detection (1.OD) was
calculated using three times the area of the noise or, if peaks were found in the blanks,
three times the area of the blank. All levels below the LOD were set to half LOD and

included as such in the statistical analyses.

PCB 138 was only partially resolved from PCB 163 and integrated as one peak, and
thus was reported as PCB 138/163. Twenty samples were, however, reanalysed to
determine the presence of additional PCB congeners and possible co-elutions. In these
it was possible to quantify these two congeners separately due to better separation
caused by minor differences in column performance. The lipid content of the plasma

samples was determined enzymatically **.



In terms of quality control, our laboratory participates three times per year in the
AMAP Human Health Ringtest for plasma samples. The ringtest includes 6 PCB
congeners, p,p -DDE, p,p’-DDT, B-HCH and oxy chlordane, and three plasma
samples each round. We have been participating from the outset of this programme
and performed well throughout. During 2002 our performance was 85, 95 and 89 %
on the three runs. (Each result within 4 40 % of the assigned value, gives one point.
Each result also within & 20 % gives an additional point. Only numerical results are
counted. Laboratories must also supply results for at least 5 analytes to be graded.

Scores are expressed as a percentage.)

Statistical analyses

Analyses of Variance (ANOVA), t-tests and linear regression models were used when
assessing the predictors of POP concentrations in plasma. Shapiro-Wilks test criteria
were first used to decide whether the levels of the different compounds were normally
distributed. The levels of all compounds had to be log transformed to obtain a normal
distribution (results not shown). All statistics was performed on lipid weight data.
Pearson correlation coefficients (r) were calculated for linear relationships. Both
genders were included in the ANOVA. To better explore the gender differences and
the effects of breastfeeding; POPs and lipid levels were compared in men and women
below and above the age of 40 years. This was done using an independent sample t-
test and ANOVA adjusting for blubber intake, Different combinations of blubber
from seal, whale and walrus including their sums were used in the statistical models to

find the best predictor of POPs intake,

Because of the uncertainty in data on blubber intake, it was not treated as a continuous
variable. Participants were instead divided into two equal sized groups on the basis of
blubber consumption: low intake and high intake. They were first divided into tertiles
(results not shown), but the moderate and high consumer had very similar levels and it
was thus decided to divide them into two groups. Further, they were divided into two
age groups, 0-40 years and 41 years and above, and two BMI groups, 0 - 24.99 kgﬁ’m2
and 25 kg/m* and above. The women were divided into two equal-sized breastfeeding
groups, 0 — 36 months and 37 months and above, because categorical grouping
(breastfed or not) was not possible as only one had not been breastfeeding her child.

Smoking, also found to affect the levels of POPs 23 , was not included in the analyses



because 95 % of the participants were smokers and the remaining 5 % were previous

smokers.

All statistical analyses were done using the SAS software package, version 6.12 (SAS
Institute, 1996) **, The border for significance was set to 99 % instead of more
commonly used 95 % due to the high number of variables and uncertainties involved
in these types of analyses. Significance between 95 and 99 % was considered as

borderline.

Results

Breast feeding

Women reported breastfeeding for a median total of 36 months (range: 0 — 270), and

every child was breast-fed a median time of 18 months.

Diet

It must be noted that the food questionnaire has not been validated and the self
reported intake is presented here just to give an impression of the relative reported
intake values. The most common food items are listed in Table | with the median and
average amounts consumed. All participants reported eating local food with marine
mammals being the most important besides bread. Walrus and seal meat, as well as
walrus blubber were most frequently consumed with a frequency of 8 meals per
month for all three items. The median intakes were reported to be 105, 79 and 26 g
per day, respectively. The intake of blubber and marine meat was highly correlated (r-
coefficient of 0.81 and p<0.001). The most common fish, saithe was consumed 2.7

times per month corresponding to 26 g per day.

Bread was consumed daily at an intake rate of 200 g per day. Considerable amounts
of cereal and macaroni were also consumed with intakes of 100 and 86 g wet weight,
respectively. Besides those items, little vegetables and other commercial goods were

caten,

The median energy intake for the 11 most common food items was found for men to
be 20360 kl/day (18 - 30 years) and 16357 kJ/day (31-60 years). For women 18 to 30
years and 30 to 60 years, it was found to be 9096 and 18024 kJ/day, respectively.



Persistent organic pollutants (POPs)

The limits of detection (LOD) for all compounds are shown in Table 2. Wet-weight
and lipid-weight plasma concentrations of POPs are shown in Table 3 and Table 4,
respectively. In Table 3 the percentage of individuals with values below the LOD is
indicated. cis- Chlordane was also quantified, but due to isotopic interference in the
chromatograms it was not reported. The compounds with the highest concentrations
were PCB 153, p,p -DDE, B-HCH, frans-nonachlor and oxy-chlordane with
geometric means of 538, 520, 410, 261 and 205 ng/g lipids respectively (Table 4).
The geometric mean of B-HCH was 521 ng/g lipids for men and 331 ng/g lipids for
women (results not shown). Toxaphene 26 (tox 26) and 50 (tox 50) were detected in
82 % and 86 % of the samples, respectively. Geometric mean level of tox 26 + tox 50
(sum tox) was 62.7 ng/g lipids. The DDE/DDT ratio was found to be 15.4. Both mirex
and a-HCH were detected in all samples with geometric means of 27 ng/g lipids and

3.5 ng/g lipids.

The concentration of PCB 153 was more than twice as high as that of PCB 138/163,
followed in sequence by PCB 180 > 118 > 99> 170> 187; PCB 187 levels were
considerably higher than the remaining congeners. Reanalyses of 20 samples showed
no co-elution for PCB 153, but high amounts of PCB 163 were found to co-elute
partly with PCB 138. PCB 163 had a geometric mean of 0.22 pg/L plasma. It must be
noted that the separation of PCB 138 and 163 was only partial, adding uncertainty to
their relative amounts, PCB 146 was also identified in all 20 plasma samples with a
geometric mean of 0.15 pg/lL (Table 5). The PCB congeners were all highly inter-
correlated. These correlations were all significant, except for some of the lower
chlorinated congeners like PCB 28, 52 and 101. The correlation between PCB 170
and 180 had an r-coefficient of 0.994, while that of PCB 138/163 and PCB 153 was
0.984.

Diet, lipids and POPs

No food item except blubber was found to significantly affect the plasma
concentrations of POPs in the statistical models. Of the different combinations of
biubber intake, the sum of all three types of blubber was the best predictor of intake of
POPs. Attempts were also made to use the frequency of intake instead of intake in

g/day in the statistical models, and it was found not to be a good predictor of intake of
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POPs, The diet is highly seasonal and the whole year needs to be considered for the
complete input. The results from the ANOVA are shown in Table 6 where the
concentrations of POPs in the low and high blubber intake groups are listed. Here the
levels of POPs in both intake groups are adjusted for the other significant predictors,
age and gender. Age and gender were significant factors for all the studied
compounds and their respective p-values are listed. The intake of blubber was a
significant predictor of sum PCBs (p=0.01) and borderline for sum CDs (p=0.02) and
sum DDTs (p=0.04). It was not a significant factor for sum tox and B-HCH, even
though there seems to be an increase in levels with consumption. For the sum tox and
B-HCH there was a significant interaction between age and gender. The interaction
factor was however not included in the model because of the low number of
participants. BMI and the self-reported domestic use of pesticides were not significant

predictor variables for any of the compounds.

Clearly, the amount of lipids in plasma was found to increase significantly with age
independent of gender (Table 6). The same significant increase with age was observed
for free cholesterol, total cholesterol and phospholipds. The amount of triglycerides
did not increase with age nor blubber intake (results not shown). There was a slight
increase in the amounts of lipids with the consumption of blubber, but it was not of

significance (Table 6).

For men, none of the plasma concentrations of POPs increased significantly with age,
not even when age was treated as a continuous variable. The intake of blubber was
borderline significant (p=0.04) for the plasma sum CDs, otherwise not. BMI was only

borderline significant for the sum tox and sum CDs (results not shown).

For the women, the level of POPs increased significantly with age. The levels of
POPs did however not increase consistently but seemed to increase slowly at low age
with a greater increase at higher age. Below the age of 40 there was no significant
correlation between age and the sum PCBs and sum DDTs (lipid weight). Above the
age of 40 this association was borderline significant (p=0.04) for both compound
groups. Intake of blubber was only significant for the concentration of sum PCBs.
Duration of breastfeeding was not a significant factor in predicting plasma levels of

POPs, but the time spent breastfeeding was highly correlated to age.
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In Table 7, the results from an independent sample t-test of the gender differences in
two age groups are shown. Below the age of 40, the levels of POPs are significantly
(p<0.01) lower among the women. The only exception was for B-HCH where the
difference was borderline significant (p=0.03). Above 40 years of age, there is no
fonger a significant gender difference (p>0.05) in the levels except for the chlordanes
(p<0.01). As for the lipids, there was no gender difference in any age group. The same

results were obtained using ANOVA adjusting for the blubber intake.

Discussion

Methodological issues

Through the food frequency questionnaire we wete able to identify the infake of
blubber as a significant contributor to increased levels of PCBs and borderline for sum
DDTs and sum chlordanes. The dietary issue is, however, extremely complex with
great seasonal variations in both intake and physical activity, especially for the
hunters. Comparing calculated energy intake {median} to expected energy needs for
high physical activity, it seems that the self-estimated food intake was high for some
of the participants. Especially among women aged from 30 to 60 years, the estimated
intake was 18024 kJ/day compared to a calculated need of 10228 kJ/day. Among men
from the age of 18 to 30 years, the estimated energy intake was 20360 kJ/day
compared to a calculated need of 14825 kJ/day'®. It must however be noted that most
hunters were in this age group and they eat considerable amounts when hunting,
indicating that this discrepancy might be expected. In addition the people live under
extreme conditions with high energy needs. The reported energy intake in Greenland
in the year 1926, was also reported to be 1.5 times their expected needs "7, Among
men (30 = 60) and women (18-30), the energy intake was comparable to their
calculated energy need. These calculations constitute a crude comparison (0 assess
that the self-estimated intake could be used as an approximate measure of intake of
the different food items. It should be emphasised that the calculation of energy intake
was based only on 11 food items (approx 95 % of the energy intake) and not total
food intake. It must also be noted that the numbers in each group was low, adding

additional uncertainty to the values,



Levels of POPs

In a comparison of the concentrations of POPs in this study with previous studies, we
discuss the different compound groups separately. The geometric mean level of the
sum PCBs (17 congeners) found in men and women were 2027 ng/g lipids and 884
ng/g lipids respectively. This is considerable lower than what was found in men from
Scoresbysund (6750 ng/g lipids) on the Eastern Coast of Greenland, but in the same
range as from the other settlements of that region. As for the women, the levels were
in the same range as found in the Disko Bay area of Greenland 13 The mean sum PCB
level of 1755 ng/g lipids found in this study also appears to be lower than what was
found in Nunavik (northern Quebec), where the mean sum PCBs (20 congeners) was

4080 ng/g lipids >,

Of the PCB congeners the PCB 153 is by far the most dominant congener with levels
twice that of PCB 138/163. This has also been observed in other populations
depending heavily on marine mammals % The reanalyses of 20 samples revealed that
PCB 163 constituted about 40 % of the PCB 138 content (Table 5) in all the
reanalysed samples, thus increasing the difference in ratio of 153 to 138 further. The
high levels of PCB 163 have to our knowledge not been reported in human samples
before. The partial separation of PCB 138 and PCB 163, as well as the high levels of
PCB 163, questions the conversion of PCB 138 and PCB 153 levels to Arochlor 1260
by using the following summation formula; Arochlor 1260 = 5.2(153 + 138). This
formula was deducted from the congener composition in Arochlor 1260 % and
employed, among other places, in the AMAP report 1998 >, Our data suggest that it
should perhaps be 5.2 (138 + 153 + 163), if the PCB 138 and PCB 163 are separated.
This has, however, not been validated further, The few reports of PCB 163 in the
environment might be the consequence of its poor separation from PCB 138 in most

previous studies.

It was further found that PCB 146, 157, 163 and 167 constituted about 7 % of the
sum PCBs (Table 5). This adds up to a considerable part of the total burden and needs
to be considered when analysing individual congeners, especially since PCB 146 and
163 were present in all the analysed samples. As observed in previous studies, most
PCB congeners were highly correlated 7129 On a lipid weight basis the sum PCBs and

PCB 153 had a Pearson correlation coefficient of 0.99 (p<0.001).



The B-HCH level in women (1.7ug/L. plasma) was lower, but not significantly (t-test;
p>0.05), than what has been found in delivering women from Arkhangelsk (3.1 pg/L)
30 On the other hand, it was higher than in any of the native populations from
Greenland, Canada and the Faeroe Islands both for men and women 313253 The B-
HCH levels in men (331 ng/g lipids) was 4 times higher than the highest levels
reported previously (93 ng/g lipids) from Eastern Greenland 13 Elevated p-HCH
levels compared to the PCBs have also been observed in Polar Bears from the
Chukotka Peninsula '’. These findings are also consistent with oceanic transport data,

which indicates that B-HCH enters the Arctic Ocean through the Bering Strait 2,

As for the DDTs, chlordanes and toxaphenes, the observed concentrations are
comparable to what has been found in other native populations >3 Mirex was also
present in 96 % of the samples when analysing Inuit breast milk samples 31, The ratio
of DDE to DDT was found to be 15.4 (range; 5 - 45). This value seems lower than
what has been reported in Greenland, Sweden, Norway and Iceland (26.0 —35.0), but
comparable to Inuit women from Canada (16.8). The observed ratio is also higher
than what has been found in Nikel and Arkhangelsk (8 and 7, respectively) it is
thus not fow enough to conclude that fresh local sources are present. It might,
however, indicate a difference in metabolite pattern in the diet, or a combination of

exposure from marine mammals and another source of DD'T.

As noted the amount of lipids in plasma increased significantly with age. That is an

important consideration when using wet weight levels in plasma.

POPs and diet

First of all, we emphasise the fact that the traditional diet is rich in essential nutrients
and of great cultural importance for the native people °. However, as found elsewhere,
the consumption of marine mammals had a significant effect on the levels of some
POPs **'** Despite the uncertainties in estimated intake, there is no doubt that the
blubber intake is also higher than what has been published from other populations.
The intake of traditional food has declined in most other parts of the Arctic with 60 —
90 % of the diet in northern Canada and Greenland now being from a commercial
source . In Ittoqqortoormiit and Tassilag (Greenland), the median blubber intake was
estimated to be 6 g/d in both places (pers. Comm. B. Deutch), compared to a median

intake of 49 g/d in Uelen.
13



In the Faeroe Islands, the estimated datly intake of whale blubber between 1974 and
1980 was estimated to be 11.8 g **. By comparison the people from Uelen reported a
median daily consumption of 5 g whale blubber, in addition to 26 g of walrus blubber
and 18 g of seal blubber. The total daily intake of blubber and marine mammal meat
adds up to 253 g per day. This is comparable to a reported daily intake of 300 g of
ringed seal, bearded seal, beluga skin and walrus among the Canadian Inuits 3,
Despite the high intake of blubber, the PCB and DDE concentrations in plasma are
lower than found in some communities on the East Coast of Greenland by Deutch, B.
and Hansen, JC.", and slightly lower than among Inuits in northern Quebec 25 This
might indicate that the levels of these compounds are lower in the marine mammals
from the Russian eastern Arctic. Lower levels of PCBs and DDTs in marine mammals

fron this are of the Arctic has been reported in Arctic Pollution, 2002 .

Even though the plasma levels of POPs seem to increase with intake of blubber, it was
only for the sum PCBs (p=0.01) that blubber was a significant predictor. For sum CDs
and for sum DDTs the intake of blubber was of borderline significace (p=0.02 and
0.04, respectively). These findings suggest that even though there are apparent
uncertainties associated with the questionnaire used, we were still able to predict the

levels of some POPs using the dietary information.

As found in other studies, age and gender are significant predicting factors for all
POPs in plasma; 2335 but for sum tox and B-HCH there was also a significant
interaction (results not shown). The likely reason for the interaction was that there
was no significant age increase in POP plasma levels among men as opposed to the
women. Even though this interaction was not significant for the other compounds it

adds uncertainty to the statistical analyses of men and women together.

Even after adjusting for differences in blubber intake, which was higher among the
young men compared to the young women, the concentrations of POPs were still
significantly lower among premenopausal women. The observed difference can
possibly be explained by extensive breast-feeding keeping the plasma levels low in
that period. Breastfeeding has been found to reduce the levels of POPs in women
considerably **7, In the present study, however, breastfeeding was not found to
significantly reduce the levels of POPs when it was included in the ANOVA. The
reason for this we believe is the fact that age and period of breastfeeding was highly

correlated, implying that duration of breastfeeding was also correlated to the time
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elapsed since the last period of lactation. Thus the broad age distribution likely
masked the effects of lactation thereby reducing the importance of this factor in the
model. We had no information on time elapsed since the last period of breast-feeding
making it impossible to adjust for this. This is the reason for the age division by
considering that women below 40 are normally fertile and closer to the last lactation
period. The two age groups could thus be considered as recent breast feeders and old

breast feeders, explaining the difference in levels of POPs.

Above the age of 40, the plasma concentrations of POPs among women had increased
considerably, and the gender difference was no longer significant. The reason for the
lack of significance might be the small numbers in each group and the broad
concentration range. The increase in plasma concentrations with age among women
could likely be explained by accumulation with time since the last period of
breastfeeding (Table 7). The older women also reported eating more blubber than the
younger women (comparable to the amount older men consumed (results not
shown)). It was only for the chlordanes that the levels were still significantly (p<0.01)

different in the above-40 group.

The reason for the non-significant age increase among men is not clear, but might
indicate that the intake rate is not much above elimination rate. it seems like they are
approaching a steady state for these compounds but there appears not to be enough
statistical power 1o discern this in the present study. 1t has also been shown that for a
given contamination level in the diet, the net absorption of hexachlorobenzene (HCB),
PCBs and PCDD/Fs in human volunteers diminishes as the blood level of the
compounds increases 3 The amount of lipids also increased significantly with age
and the lipid weight data were employed in the analyses. Another explanation for the
slow increase in levels might be the observation that men’s consumption of wildlife
may be inversely correlated with age (Pers. Comm. E. Nicboer). The interviewers also
had that impression of the people in Uclen, but the energy intake was only slightly

higher among the younger men, and not of significance.

High B-HCH levels might be of special health concern considering the fact that this
compound is found in higher levels in the liver compared to adipose tissue ¥ Further
the most crucial time window of sensitivity for adverse effects by PCBs appears to be
the prenatal and the early postnatal period *As a Dutch PCB/dioxin study has

illustrated subtle clinical, endocrine and mental/psychomotor development effects can
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occur in breastfed infants "%

. It has also been reported that nursing babies absorb
more than 90 % of these compounds when present in breast milk 4 In a study by
Avyotte and colleagues of dioxin-like compounds, it was found that breastfeeding
strongly influenced body burden during childhood, but not after the age of 20 *_ The
women in this study breastfed their children for a long time period. It is reasonable to
assume that the first children breastfeeding likely will receive the highest amounts of
POPs from their mothers. Nevertheless, the health benefits of breastfeeding do appear
to outweigh the negative aspects from POP exposure; only extreme levels should

result in advice against breastfeeding 546,

Conclusions
Self-reported intake of the sum of seal, walrus and whale blubber was found to be a

significant predictor of the plasma concentrations of sum PCBs and borderline for

sum CDs and sum DDTs, for males and females combined.

The increase in levels of POPs with age is not significant among the men in this study,

whereas age is a highly significant factor for women.

Below the age of 40, the levels of POPs are significantly lower among women
compared to men. Above the age of 40 the levels are still different but no longer at

significance, except for the chlordanes.
High amounts of PCB 163 were found partly to co-elute with PCB 138

The levels of B-HCH were elevated compared to the PCBs confirming previous
findings that ocean currents through the Bering Strait are the main transporters of -

HCH to the Arctic Ocean or indicating the presence of fresh sources.
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Table 1: Self-reported daily intake of the 18 most common food articles in Uelen (n=50).

Food article {g/day) Mean daily intake Median daily intake Range

Seal meat 159 79 7 - 1000
Walrus meat 165 105 12 - 800
Whale meat 32 14 0173
Seat blubber 34 18 0-200
Wairus blubber 46 26 0-370
Whale blubber 5 12 0-132
Wheat bread 251 200 3-600
Cereal 108 100 8- 500
Macaroni 113 66 26 - 500
Sugar 50 40 0 - 400
Saithe 57 26 0-345
Arclic char I 21 0-164
Duck 26 19 0-132
Hunchback salmon 23 8 0-263
Conserved beef 17 3 0-200
Chum saimon 15 2 ¢ - 263
Hase 19 2 0-575
Polar bear meat 5 2 6-77
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Table 2: Limit of detection (LOD) for all compounds studied (ig/L plasma)

Compound LOD Compound LOD Compound  LOD

ug/t ngil ugiL
PCB28  0.007 PCE156  0.004 a-HCH 0.005
PCE52  0.004 PCB 169 0.005 B-HCH 0.012
PCBY9  0.009 PCB170  0.005 4-HCH 0.008
PCB 101 0.000 PCB 180  0.004 Heptachlor 4 04
PCB 105 0.007 PCB 183 0.005 Qxy-Chlordane 0.100
PCB 118 0.007 PCB18T 4 007 Mirex 0.001
PCB126  0.008 0p-DDE  0.005 #Chlordane 0.004
PCB 128 0.007 pp"DDE  0.045 c-Chiordane 0.005
PCB 138/163 0.009 ©,p-DDT/p,p-DDD 0.007 c-Nonachlor 0.003
PCB149  0.009 p.pDDT 0,010 t-Nonachlor 0.004
PCB153  0.008 HCE  0.006 Tox 26 0.058
Tox 50 £.050
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Table 3: Wet weight levels of POPs in human plasma from people in Uelen (n=50)

Compound Average stdev Median Geomean Range % helow LOD
{ngit. plasma) (pg/L plasma} (ng/L plasma) (ugfl. plasma)

Linids 53 a/l 1.3 51all 82all 31-79all
HCB 1.15 0.80 1.08 0.86 0.08-3.42 o
a-HCH 0.02 0.01 0.02 0.02 0.01-0.05
f-HCH 2.87 1.98 2.65 2.10 0.216-8.18 0
¥-HCH 0.005 0.006 0.004 0.004 0.004 - .048 98
Heptachlor 0.002 0.000 0.002 0.002 6.002 - 0.002 100
Mirex 0.22 0.24 0.18 0.14 0.02-1.44 0
Oxy Chlordane 1.83 1.85 1.68 1.05 0.05-9.7M 4
t-Chlordane 0.004 0.004 0.002 0.003 0.002-0.017 69
c-Nonachlor 0.19 0.15 0.165 0.13 0.013-0.57
t-Nonachtor 2.01 1.63 1.68 1.33 0.1%-6.97
Sum CDs 4.03 3.46 3.65 2.65 0.24-17.27
o.p-DDE 0.006 0.005 0.005 0.005 0.002 - 0.025 95
p.p-DDE 3.30 1.97 291 2.69 0.46 - 8.34 0
0.0-DDYip.pDDD 0.03 0.04 0.02 0.01 0.003-0.19 34
p.p-DDT 0.23 0.17 0.19 0.17 0.01-0.73 3
Sum DDTs 3.58 212 3.15 2.9 0.54 -9.28
PCB 28 0.05 0.03 .04 0.04 0.003-0.12
PCB 52 0.026 0.022 0.018 0.019 0.002 - 0.108 19
PCB 99 0.57 0.37 0.54 0.44 0.05-1.38
PCB 101 0.07 0.10 0.05 0.05 0.004 - 0.57
PCB 105 0.13 0.08 0.12 0.10 0.02 -0.29
PCB 118 0.76 0.50 0.73 0.57 0.07 - 1.84 0
PCB 126 0.006 0.017 0.004 0.004 0.004-0.125 98
PCB 128 0.025 0.1 0.004 0.005 0.004-0.73 76
PCB 138/PCB 163 1.51 1.14 1.23 1.0¢ 0.14-5.28 0
PCB 149 0.01 0.01 0.01 0.01 0.004 - 0.04 45
PCB 153 4.03 3.30 3.30 278 0.31-1575
PCB 166 013 0.12 0.10 0.08 0.01 - 0.59 0
PCRB 169 0.002 0.001 0.002 0.002 0.002-0.012 98
PCB 170 0.56 0.56 0.41 0.35 0.03-242 0
PCB 180 1.20 1.14 0.95 0.76 0.07-5.14 0
PCB 183 0.10 .07 0.09 0.08 0.012-0.28 0
PCB 187 0.386 .27 0.28 0.26 0.034-1.24 0
Sum PCBs 9.54 7.39 8.00 6.79 0.853 - 33.90
Tox 26 0.26 0.21 0.21 0.17 0.03-0.83 18
Tox 50 0.22 0.19 0.17 0.15 0.03-0.82 14
Sum tox 0.48 0.39 0.39 0.32 0.05-1.58
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Table 4: Lipid-weight levels of POPs in human plasma from Uelen (n=50)

Compound Average stdev Median Geomean Range
(ng/g lipids) {ng/g lipids} (ng/g lipids) {nglg lipids}
HCB 2114 130.4 204.0 i67.7 19.7 - 531.4
a-HCH 4.0 2.1 3.5 35 10-106
f3-HCH 524.3 3185 519.7 409.8 51.1-1281.5
y-HCH 1.0 1.2 0.8 0.8 05-9.2
Heptachior 0.4 0.1 0.4 0.4 £.3-07
Mirex 41.1 41.0 28.6 27.0 3.1-2287
Qxy Chiordane 339.2 327.3 281.2 204.5 7.0- 15379
t-Chlerdane Q.7 0.6 0.5 0.6 03-27
c-Nonachior 34.2 239 328 251 2.6-108.1
t-Nonachlor 362.2 264.2 3158 260.6 259-1123.0
Sum CDs 7364 592.1 683.0 518.1 56.2 - 27346
o.p~DDE 1.1 0.8 1.0 0.9 03-35
p.p-0DE 608.9 3229 563.2 520.4 90.7 - 1633.3
o.p-D0Tip.p-DDD 4.7 56 2.9 2.6 04-244
o.p-0DT 427 366 36.2 337 1.0-187.2
Sum DDTs 657.5 344.7 807.7 563.3 106.8 - 1726.0
FCB 28 8.6 4.4 8.1 7.3 04-197
PCB 52 4.9 4.2 3.5 36 0.3-245
PCB 99 105.3 61.4 100.4 854 10.8-311.9
PCB 101 14.0 20.4 10.4 9.5 0.8-123.3
PCB 105 24.2 13.1 23.8 201 356-524
PCB 118 139.9 85.0 142.5 109.6 16.5 - 336.8
PCB 126 1.2 2.8 0.8 .8 0.5-203
PCB 128 48 19.7 0.8 1.1 0.5-122.2
PCB 138/PCB 163 275.0 187.9 253.9 210.5 276-836.6
PCB 149 2.0 1.2 1.7 1.7 0.5-6.1
PCB 183 744.0 579.0 645.1 537.8 65.9 - 2645.3
PCH 156 24.0 21.1 201 16.4 1.9-9386
PCB 169 0.5 0.3 0.5 0.5 03-23
PCB 170 103.3 98.3 68.4 66.9 6.6-431.2
FCB 180 2201 196.8 164.0 147.2 16.9-813.6
PCB 183 18.4 10.8 18.8 15.0 2.7-434
PCB 187 64.9 43.4 60.2 49.5 7.5-196.4
Sum PCBs 1755.3 1262.7 1606.2 1316.4 175.2 - 5614.1
Tox 26 459 327 41.4 327 4.1-144.2
Tox 80 40.0 29.7 33.3 289 4.8-134.8
Sum tox 85.9 61.6 75.8 62.7 10.3 - 279.0
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Table 5: Additional PCB congeners and PCB 138 and PCB 163, based on repeat analyses of 20 of

the plasma samples (ug/L).

Compound Average stdev Median Geomean Range
{ugiL) {png/L) (ngil) {ngiL)
PCB 138 0.820 0.657 0.825 0.562 0.080 — 2.206
PCB 146 0.217 0.199 0171 0.137 G.017 - 0.660
PCB 157 0.056 0.055 0.042 0.031 0.002 - ¢.170
PCB 163 0.376 0.372 £.308 0.220 0.020 - 1.216
PCB 167 0.034 0.03C 0.028 0.022 0.004 - 0.117
Sum additional congeners® 0.683 0.650 0.578 0.414 0.043 -~ 2.136
% of total sum PCBs 7.2 1.4 7.3 7.1 51-111
% of 163 relative to 138 40.9 13.2 37.9 39.1 244-76.4

* Sum of PCI3 146, 157, 163 and (067
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Table 6: Lipid weight levels of POPs in two blubber intake groups*, adjusted for age and gender.
The p-values for the significant predictors used in the ANOVA are listed. Logarithmic values

were used in the model.

Low blubber intake (n=25} High biubber intake {n=25) p-value
Compound GM Range GM Range Age Gender  Blubber

ing/glip)  (ngiglip) | (ngiglip)  (ngfg lip) group** ntake*
Sum PCBs 1127.4 175.2 - 3378.8 1791.0 363.5 - 5614.1 0.04 <0.001 0.01
Sum DDTs 507.7 106.8 — 1379.0 686.3 223.8-1726.0 0.02 <0.001 0.05
Sum CDs 463.7 56.2 - 15695.4 742.9 112.6 - 2734.6 0.0% <0.001 0.02
Sum tox 59.9 10.3-175.2 78.5 13.3-279.0 0.04 0.002 >0.05
ff-HCH 390.2 51.1-1281.5 533.0 91.6~1160.7 0.01 0.006 >0.05
Lipids*** 507 336-7.84 5,52 3.06~7.85 <0.001 >0.05 »0.05
(g

* Blubber intake in two equal size groups, low and high intake.

#* Two age groups, 0 — 40 years and 41+ years.

##% The level of lipids is only adjusted for age.

GM-Geometric mean
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Table 7: The lipid weight levels (geometric mean, GM) of POPs for men and women in the two
age groups adjusted for blubber intake and the results from the independent sample t-test for the

gender differences in the two age groups.

40 ysars and below Above 40 years
Compound Men GM Women GM t-test Men GM Women GM t-tost
n=15 n=1§ {p-value) n=9 n=11 (p-value)
(nafg lipids)  (nalg lipids) (nglyg lipids) (ng/q lipids)
Sum PCBs* 2046.8 679.1 <0.001 22722 1280.3 >0.05
Sum DDTs* 699.4 357.6 0.002 7925 651.6 >0.05
Sum CDs* 822.1 2459 <0.001 1204.2 480.7 0.001
Sumfox* 99.1 30.5 <0.01 888 90.4 >0.05
B-HCH* 510.6 241.0 0.03 662.9 505.0 >(.05
Lipids (g/L} 4.69 4.51 >0.05 594 6.02 >0.05

* The logarithmic values where used for the t-test.
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Abstract

A trace analytical method is presented for the combined analyses of neutral and
phenolic organchalogens in human plasma samples. The method was based on a
method already validated for the neutral organohalogens, specifically the PCBs and
organochlorine pesticides. In short it includes liquid-liquid extraction with ethanol,
water saturated with ammonium sulphate and hexane. Further acidification and
hexane:dichloromethane (3+1) was needed for efficient extraction of hydroxylated
PCBs (OH-PCBs) and pentachlorophenol (PCP). Use of florisil columns for the clean
up allowed complete separation of the neutral and phenolic organohalogens, with
good recovery rates (83 — 116 %) for the phenolic organohalogens. The hydroxylated
compounds were methylated using diazomethane in ether. Another florisil column
was used for the final clean-up of the methoxylated compounds (median recovery
rates; 67 — 90 %). The clean up was also validated for tetrabromobisphenol-A
(TBBPA). The derivatised analytes were quantified using GC-MS (ECNI) with

methoxylated compounds as external standards.

Validating the method using spiked plasma samples gave acceptable median recovery
rates for OH-PCBs and PCP (38 - 75 %), whereas plasma sample analyses gave good
recovery rates for "C-labeled internal standards (64 and 72 %). The limit of detection
was in the range of 2-20 pg/g plasma for the OH-PCBs, and 2 pg/g plasma for PCP,

No matrix interference was observed in the chromatograms.

In high PCB exposed plasma samples from the native population of Uelen, Russia
(n=15), the median ratio of sum OH-PCBs to sum PCBs was as high as 0.4 and the
sum values were significantly correlated (r=0.7, p<0.01). The median sum OH-PCBs
(10 congeners) was 5916 pg/g plasma with 4-OH-CB107 as the dominating congener
(median: 1673 pg/g plasma). The PCP levels were moderate {(median: 642 pg/g
plasma). The high OH-PCB concentrations clearly indicate the need for further

research on the levels and the behaviour of these compounds in humans.



Introduction

Polychlorinated biphenyls (PCBs) are one of the most intensely studied compound
groups since they were discovered as environmental pollutants over 30 years ago
(Jensen, 1972). They have been found worldwide in high levels in biological and non-
biological samples. After the banning of production and use of PCBs in most
countries in the late 1970ies, the levels appear to be declining in the environment
(AMAP, 02). The knowledge of PCBs behaviour in the environment is considerable,
but the levels and effects of the metabolites of PCBs and other phenclic

organchalogens have been little studied.

PCBs are biotransformed by the cytochrome P-450 monooxygenases and in most of
the known metabolic pathways the formation of the OH-PCBs is the initial step. Even
the more persistent PCB 153 is metabolised both in vitro and in vivo to form a number
of hydroxylated metabolites (Ariyoshi et al., 1992; Schnellmann et al., 1983; Sipes et
al., 1982). The OH-PCBs can also be formed by direct hydroxylation of the parent
PCBs, and they have been found to be the main metabolites excreted in facces and/or

urine (Guvenius et al., 2002; Letcher et al., 2000).

In human plasma a number of OH-PCBs have been identified and some have been
found in relatively high levels (Bergman et al., 1994; Sandau et al,, 2000). In a study
by Klasson-Wehler et al. (1997) the OH-PCB levels in human plasma were
comparable to the levels of the PCBs, and as many as 38 different OH-PCB congeners
were reported in another study by Hovander et al. (2002). Guvenius et al. (2002)
found higher levels of OH-PCBs in human liver compared to adipose tissue. Plasma

is, however, the preferred tissue for specific localisation (Letcher et al., 2000).

In experimental studies with OH-PCBs, both estrogenic and antiestrogenic activities
have been demonstrated (Brouwer et al., 1998; Fielden et al., 1997). They have also
been shown to be more estrogenic than the PCBs (Andersson et al., 1999). OH-PCBs
have further been found to have the same affinity for transthyretin as thyroid hormone
(thyroxine; T4) (Cheek et al., 1999). In another study the OH-PCBs competitively
displaced T4 from transthyretin with differential potency (Lans et al., 1993},



Another phenolic compound that have caused concern is PCP, a fungicide mainly
used for wood preservation. It is still produced worldwide, however, it is banned in
Canada and Scandinavia, and registered only for restricted use in USA and western
Europe (AMAP, 1998). Because of its volatility PCP evaporates or leaches to a large
extent from wood structures (AMAP, 2002). PCP is also formed during metabolism of
hexachlorobenzene (van Raaij et al., 1991). PCP is, like OH-PCBs, retained in blood
and binds to transthyretin (van den Berg et al., 1991), and it has been found in higher
levels in human plasma than the OH-PCBs (Hovander et al., 2002; Sandau et al.,
2000; Sandau et al., 2002). PCP has been shown to be genotoxic (Tisch et al., 2002),
and the possible altered thyroid hormone status in newborns, caused by PCP and OH-

PCBs, could lead to neurodevelopmental effects in infants (Sandau et al., 2002).

One of the major commercial brominated flame-retardants is the covalently bound
tetrabromobisphenol-A (TBBPA). This compound, in addition to several other
brominated flame-retardants, has been detected in human plasma (Thomsen et al.,
2002). The levels are orders of magnitude lower than the PCBs and OH-metabolites,
but they seem to be increasing in environmental samples, indicating the need for close

monitoring (Thomsen et al., 2002).

The need to quantify the phenolic organohalogens in addition to the neutral
organohalogens is evident, Thus, the aim of this paper was to develop a method for
determination of both neutral and phenolic organohalogens in small plasma volumes.
The methodology was based on a method already validated for PCBs and
organochlorine pesticides (Romicu et al., 2000; Sandanger et al., 2003). Plasma
samples from two populations were analysed for verification of the method, and to
obtain the first indications of OH-PCBs and PCP status among high exposed native

people from the Russian arctic.



Methods

For the analytical procedure a scheme is shown in Figure 1, where numbers in

parentheses indicate individual steps. These numbers are referred to in the text.

Materials and reagents

The following solvents were used: acetone (pesticide grade), n-hexane (hex; optima),
methanol (MeOH; ACS) and sulphuric acid, all from Fisher (Pittsburgh, USA),
dichloromethane (DCM; omnisolv) from EM Science (Gibbstown, NJ, USA) and
anhydrous ethanol from Pierce (Rockford, USA). In addition anhydrous sodium
sulphate was obtained from Baker (Phillipsburg, USA) and florisil (60-100 mesh) and
ammonium sulphate (ACS) were purchased from Fisher (Pittsburgh, USA).

13¢)2-labeled 4-hydroxy-2,2",3,4’,5,5,6-heptachlorobiphenyl ('°C)»-4-OH-CB 187,
chemical >98 %, isotopic 99 %, 50 mg/L. in toluene) was obtained from Wellington
Laboratories Inc. (Guelph, Ontario, Canada), pentachlorophenol (PCP, 98 %) from
Sigma-Aldrich AS (Oslo, Norway) and B(e-PCP (isotopic 99 %, 103 mg/L in
nonane) and C12-PCB 141 (isotopic 99 %, 40 mg/L in nonane) from Cambridge
Isotope Laboratories (Andover, MA, USA). Tetrabromobisphenol A (TBBPA,
technical) was provided by LGC Promochem AB (Bords, Sweden).

Quantitative solutions of the following methoxylated PCBs (5 ug/mL in isooctane)
were obtained from the working group of Prof. Ake Bergman (Department of
Environmental Chemistry, Stockholm University, Stockholm, Sweden): 4-MeO-CB
107, 4’-Me(Q-CB 130, 3°-MeQ-CB 138, 4-MeQ-CB 146, 3-MeO-CB 153, 4-MeO-CB
162, 4’-MeO-CB 172, 3’-MeQ-CB 180, 4-MeQ-CB 187 and 4-MeO-CB 193. The
methoxylated PCBs were cleaved to their corresponding OH-PCBs according to Press
(1979). The step was not quantitative and the OH-standards were used for method
development only. The MeO-PCBs and OH-PCBs were numbered according to
Letcher et al. (2000}.

Diazomethane and diazoethane were prepared in ether with respectively solid
precursor N-methyl-N-nitroso-p-toluenesulfonamide and 1-ethyl-3-nitro-1-

nitrosoguanidine (both from Sigma Aldrich, Canada) in biphasic mixture of sodium



hydroxide and diethyl ether (McKay et al., 1950). The diazo-solutions were then

stored in small volume containers at ~80 °C until use.

Plasma samples

The plasma samples used for verification of the method were from two native
populations; the Chukchi population of Uelen (n=15), situated on the Chukotka
Peninsula by the Bering Strait, Russia and the Cree Indians (n=14) living in northern
Quebec, Canada. (The results from the Cree Indians could not be presented in fuil

details in this paper, since they belonged to a different project.)

These populations have different dietary patterns, with the people from Uelen
depending heavily on marine mammals and the Cree Indians depending heavily on
inland fish. The Cree samples were randomly selected for analysis of phenolic
compounds, whereas a subset of high PCB exposed samples were selected from the
Chukchi samples. The lipid content in the Uelen samples was determined

enzymatically according to a method published by Akins et al., (1989).

Based on the different population characteristics and selection of samples, differences
in levels and congener patterns of the phenolic compounds were expected. This
allowed a better verification of the method compared to using only one sample set,

and thus the Cree samples were included.

Extraction

The method of extraction (step | in Figure 1) was based on the liquid-liquid
extraction previously presented (Sandanger et al., 2003). Specifically, 2 m] of plasma,
2 ml of ethanof and 2 ml of deionised water saturated with ammonium sulphate was
extracted twice with 6 mi of n-hexane in a small glass tube. 13C\,-labeled 4-OH-
2,2°,3.4°,5,5° 6-heptachlorobipheny! (*C 2-4-OH-CB187) and "*C; -labeled
pentachlorophenol (*Cs -PCP) were used as internal standards for correction of the
recovery of the phenolic compounds. 20 pl of a 250 pg/ul solution was added to each
sample before the first extraction. A third extraction was done using hexane:DCM
(3+1) after acidifying the water/plasma phase to a pH of 1-2 using 100 ul 9 M H,804.
The organic fractions were treated separately, for some samples, to obtain information

on distribution of the different phenolic compounds in the different extracts. Recovery



tests were performed with spiked water, spiked plasma and unspiked plasma samples
(only "*C-labelled compounds). The organic fractions were evaporated to 0.5 mion a
Speed Vac ® plus No. SC210 A (Savant Instruments Inc., NY, USA). BC.marked
PCB 141 was used as recovery standard (20 ul of a 100 pg/ul solution) and as volume

standard for external quantification.

Clean-up and separation on florisil columns

The PCBs and pesticides were separated from the lipids and the phenolic
organohalogens using a tandem florisil column manually packed with 1.5 g of 0.5 %
deactivated florisil and 2 g of granulated sodium sulphate on top, in each of the two
columns (step 2 in Figure 1). The tandem column system was pre-washed using 10 ml
of n-hexane: DCM (3+1). The PCBs and pesticides were eluted through both columns
using 11 ml of n-hexane: DCM (3+1). After discarding the bottom column, PCP, OH-
PCBs and TBBPA were eluted from the top column using 10 mL of 10 % MeOH in
DCM followed by 6 mL of 20 % MeOH in DCM.

For recovery tests on the florisil columns, standards were applied directly on the

column and the collected fraction was evaporated, derivatised and injected on the GC.

Derivatisation

Diazomethane in ether (250 kL for | h at 20 °C) was used for methylation of the
phenolic compounds (step 3 in Figure 1). Excess ether and diazomethane was
evaporated using a gentle flow of nitrogen (Hovander et al., 2000). Due to the
reported problems of ethylation instead of methylation when using diazomethane in
ether (Sandau, 2000), one standard solution was ethylated using diazoethane in ether.
Injection of the ethylated standard on the GC-MS enabled the determination and
monitoring of the ethylated masses during method development. It must be kept in
mind that the OH-PCB solutions were only qualitative since they were obtained from
demethylation of the methoxylated compounds, thus no exact percentage of ethylation

could be determined.



Final clean-up

After derivatisation of phenolic fraction, further clean-up was needed for the analysis
of plasma samples, and a single florisil column identical to the ones used in step 2
was used for this purpose (step 4 in Figure 1). Me-PCP and MeO-PCBs were eluted
using 15 mL of hexane:DCM (3-+1). Me;-TBBPA was finally eluted with additional 6

ml of 15 % acetone in hexane.

GC-MS analyses

The MeO-PCBs, Me-PCP and Me,-TBBPA were analysed on a Hewlett Packard 5890
Series Il Plus gas chromatograph (GC) equipped with an HP G1512A automatic
injector and a Hewlett Packard 58908 (Engine) mass spectrometer (step 5 in Figure

1). The mass spectrometer was used in electron capture negative ionisation (ECNI})
mode with methane (99.97 %) as the reagent gas. It was used in selected ion
monitoring (SIM} mode and quantification was performed using the masses listed in
Table 1 as target and confirmation ions. Retention times for each compound are also
given in Table 1. The vacuum in the source was maintained at 1.8 torr and the source
temperature was kept at 150 °C. In scan mode, m/z 65 to 550 were scanned at a rate of

0.8 scan/s.

The GC was fitted with a 60 m DB-5 column (5 % phenyl-methylpolysiloxane), 0.25
mm i.d., 0.25 um film thickness from J&W Scientific (CA, USA). The carrier gas was
helium, and all injections were of 2 KL in splitless mode. The injector and transfer
line were kept at 275 °C and 280 °C, respectively. The temperature program was as
follows: Initial temperature 100 °C (7 min}, 20 °C/min to 200 °C (0 min), 1.5°C/min
to 245 °C (5 min) and finally at 10 °C/min to 280 (12 minutes), for a total run time of

57.5 minutes.

The methoxylated compounds were used as external standards, and calibration curves
were made for the individual compounds and congeners using solutions of 1, 10 and
100 pg/pl.. Response factors were calculated relative to the 3C1,-PCB 141. All levels
were finally corrected according to the recovery rates of BC-4-OH-CB 187 (for OH-
PCBs) and *C¢-PCP (for PCP). TBBPA was not analysed in plasma samples.



Resulis

Extraction

The first results from the extraction tests using spiked water indicated that ethanol,
water saturated with ammonium sulphate and hexane was sufficient for the extraction
of the phenolic compounds. However, for plasma samples (with BC-standards) a
significant proportion of the OH-PCBs and PCP was only extracted after further
acidification and the use of hexane:DCM (3+1) (Figure 2). In Figure 2, the
proportions of phenolic compounds extracted using hexane, is compared to the
proportions extracted with hexane:DCM (3+1) after acidification of the samples
(n=7). 4’-OH-CB130 and 4-OH-CB193 were not included in the figure because the
levels were close to LOD in one of the fractions. The error bars show the maximum
and minimum values in each fraction. The percentages were calculated on the basis of

the total amount extracted (defined as 100 %).

Clean up and separation of phenolic and neutral compounds

using florisil columns

The PCBs and organochlorine pesticides are known to elute with good recovery rates
in the first fraction of 1§ ml hex/DCM (3+1) through a tandem florisil column
(Sandanger et al., 2003). After discarding the bottom column, the top column could be
washed using 6 ml of 15 % acetone in hexane without loss of the phenolic

compounds.

Using 10 ml of 10 % methanol (MeOH) in DCM and 6 ml of 20 % MeOH in DCM all
phenolic compounds were eluted with good recovery rates from the top column (83 %

to 116 %; Table 2).

Derivatisation

The degree of methylation was not calculated, but it did seem to be satisfactory, even
though a certain percentage of the Jower chlorinated products was ethylated

(estimated to < 10 %). The degree of ethylation seemed to increase with time the



bottle of diazomethane had been out of the freezer (-80 °C), despite the fact that it was

being kept capped and in the fridge.

A small percentage ( < 10 %) of TBBPA was only mono-methylated. The degree of

mono-methylation seemed to be independent of the freshness of the diazomethane.

Final clean-up

Recovery rates for the methoxylated compounds on the final clean-up column are
shown in Table 2. They were good for all studied compounds with median values in

the range of 72 to 90 %.

GC-MS analyses

All methoxylated standard compounds were completely separated by the employed
GC system. The response for all the analysed methoxylated compounds was linear in
the range of 1 to 100 pg/ul. (r >0.99, p<0.001). A TIC chromatogram recorded in SIM
mode of a plasma sample from Uelen is displayed in Figure 3. Low detection limits
(LOD), calculated according to three times the signal to noise ratio, were obtained for
plasma samples. For the OH-PCBs they were in the range of 2 ~ 5 pg/g plasma,
except for 4’-OH-CB 130 that had a LOD of 20 pg/g plasma. For PCP the L.OD was 2
pg/g plasma, whereas for Me;-TBBPA the LOD was not determined in plasma

samples. Instrumental detection limit was 2 pg injected for Me,-TBBPA.

Validation of the total method

A scheme of the total procedure, indicating the individual steps, is displayed in Figure
1. However, the recovery rates for the individual compounds were variable using
spiked plasma samples, with median values in the range of 38 to 75 % for all
compounds (Table 2). The recovery rates of the native compounds and the *C-labeled
compounds were comparable. For the unspiked plasma samples the recovery rates
were good for the PCe-PCP and "*Cj2-4-OH-CB187, with median values of 64 and 72
%, respectively (Table 3). The chromatograms of plasma samples contained little

interference and noise.

Low levels of OH-PCBs and PCP were found in the 14 samples from the Cree

Indians. The dominant compound was PCP with a median level of 598 pg/g plasma
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(range; 161-1590). The median levels of OH-PCBs were in the range of <LOD to 163
pg/g plasma, with 4-OH-PCB187 as the most dominant congener. The median ratio of
sum OH-PCBs to sum PCBs was 0.08. The median recovery rates for 13C¢-labeled
PCP and "*C ,-labeled 4-OH-CB 187 were 61 % (30 — 105 %) and 89 % (52 ~ 113

%), respectively.

Levels of OH-PCBs and PCP in high contaminated plasma

samples from the native Chukchi population

The sum PCBs (17 congeners) in the 15 Uelen samples were in the range of 2010 to
5614 ng/g lipid. The levels of hydroxy PCBs were also high, with a median sum OH-
PCRB (10 congeners) concentration of 5916 pg/g plasma (1098 ng/g lipids). 4-OH-
CB107 was the dominant congener in most samples (Table 3). The median level of 4-
OH-CB107 was 1673 pg/g plasma (275 ng/g lipid weight) followed by 3- OH-CB153,
4- OH -CB146, 3°>-OH-CB138 and 4-OH-CB187. The median level of PCP was 642
pe/g plasma (117 ng/g lipid weight).

The sum OH-PCBs and the sum PCBs were significantly correlated (r=0.7, p<0.01)
and the median ratio of sum OH-PCBs to sum PCBs was 0.40 (range; 0.27 - 0.74).
The median recovery rates for Be.labeled PCP and 4-OH-CB187 were 64 % (43 - 83
%) and 72 % (41 - 90 %), respectively.

A SIM chromatogram of one of the Uelen samples is shown in Figure 3 and a full
scan chromatogram is shown in Figure 4. As can be seen in Figure 4 many OH-PCB
congeners were detected in full scan mode and it is evident that there were several
unidentified penta-, hexa-, hepta-, octa- and even a nona- chlorinated OH-PCB in this
sample. The mass spectrum of a pentachlorinated OH-PCB eluting just before the
13C,,-PCB 141, is shown in Figure 5. No attempts were made to analyse the TBBPA
in the real samples due to low sample volume, 0.8 — 1.8 ml for the Uelen samples, and
2 ml for the Cree samples, and the previously reported low levels in plasma (Thomsen

et al., 2002).
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Discussion

The analytical procedure was based on a strategy of simultaneously determining
PCBs, pesticides and the phenolic organohalogens in low volume (0.8-2 mi) plasma

sample.

Extraction

The recovery rates of the extraction step alone were difficult to assess due to the fact
that spiked plasma samples demanded clean-up before injection on the GC was
possible. Furthermore, spiking experiments might not be a good simulation of the way
phenolic compounds are naturally embedded in the matrix. The use of spiked water
only, as a test of extraction efficiency was not viable due to the fact that the
equilibrium between the organic phase and aqueous phase was shifted towards the
organic phase. The high amount of phenolic compounds found in the second, more
polar organic extract (Figure 2) clearly indicated that acidification with H,SOj and the
use of hex:DCM (3+1) was necessary for improved extraction. The ratio of the
compounds in the two organic fractions was consistent for all 7 samples, as shown by
the error bars in Figure 2. No explanation was found for the different partitioning of
the individual compounds/congeners, and it seemed to be independent of the degree
of chlorination. It was not tested if DCM in the solvent or the acid had more influence
on the improved extraction. The fact that the '*C-labeled compounds had identical
distribution as the corresponding unlabeled compounds, indicated that the more polar
solvent was the important factor, and not denaturation of the proteins. However, less
polar solvents like hexane and methyl ferf-butyl ether have been used, with success,

for the extraction of phenolic compounds (Hovander et al., 2000).

These results clearly emphasise the importance of the conditions for an efficient
extraction of phenolic compounds, Letcher et al, (2000) also described the extraction
as a crucial step considering possible protein binding. The use of ethanol in the
extraction might also affect the equilibrium between the organic phase and the
aqueous phase, and thus the extraction efficiency. However, other working groups
used 2-propanol and methanol in the extraction without reporting reduced recovery

rates (Bergman et al., 1994, Guvenius et al., 2002; Hovander et al., 2000).

12



The extraction efficiency can be controlled using 1C-labelled OH-PCBs dosed
intravenously to rats as shown in a study by Hovander et al. (2000). The protein
binding might, however, be different in humans, making it extremely difficult to

assess the extraction step fully for human plasma samples.

Separation of neutral and phenolic organohalogens

The use of florisil columns for the separation of neutral and phenolic compounds was
highly efficient. This method also avoided the use of KOH solution for the separation
of the compound groups and the possible problems of poor recovery rates for the
HCHs (Hovander et al., 2000). The use of KOH solution is also a more tedious
procedure than using the florisil columns that actually, in the same step, cleans the
fraction containing the PCBs and pesticides from matrix compounds. In addition, the
phenolic organohalogens were dissolved in methanol already during elution from the
florisil column. The use of methanol has been reported to reduce chances of loss

caused by adsorption to glassware (Hovander et al., 2000).

Derivatisation

No attempts were made to improve the method of derivatisation in this paper, and it
did seem to be satisfactory for all compounds determined. However, for TBBPA there
was a problem of a small percentage being only mono-methylated. Furthermore, the
relatively low recovery rates for the spiked plasma sample tests could have been
caused by an incomplete methylation. The diazomethane used for these tests was not
fresh from the freezer (-80 °C). For the unspiked plasma samples the fresh
diazomethane was used and the recovery rates for the PC-standards were improved
compared to the spiking tests. The importance of using freshly distilled diazomethane

has previously been reported (Sandau, 2000).

Final clean-up

The final clean up was highly efficient for Me-PCP, and all MeO-PCBs. This was
made evident by the good recovery rates (Table 2) and the chromatograms with little
interference (Figure 3 and 4). The Me>-TBBPA did, however, elute later than the

other compounds in a different fraction. The advantage of this was that it was
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completely separated from the other compounds, but at the same time it was more
likely that interferences co-eluted in the TBBPA-fraction. This last step was not

validated for TBBPA using plasma samples.

GC-MS analyses

The use of methoxylated compounds as external standards adds an additional
uncertainty to the results, caused by the possible variable degree of methylation for
the OH-PCBs with different numbers of chlorine atoms. Despite the fact that all levels
are corrected for the recovery rates of the internal standard, the recovery rates will be
different for individual congeners and in this study only one '3C12~OH-PCB was used
and it was hepta-chlorinated. Efforts should be made to have the underivatised OH-

PCBs available as single quantitative standards,

Validation of the total method

Using the method described in this paper clean chromatograms and low detection
limits were obtained for OH-PCBs and PCP. Sample extracts injected on the GC with
the MS in full scan mode gave chromatograms and mass spectra that made it easy to
identify the number of chlorine atoms of different OH-PCBs (Figure 4 and 5). The
florisil fractionation was tested over a period of one year with the same results,
indicating the robustness of the method. For the neutral compounds the method has

been validated earlier (Sandanger et al., 2003).

However, with spiked plasma samples the recovery rates of phenolic compounds were
variable, in particular for PCP. The florisil columns were thoroughly validated and
not believed to be the cause of the problem. The use of older diazomethane might
have reduced the degree of methylation and thus the recovery rates. For real sample
analyses, fresh diazomethane (from the freezer) was used, and the recovery rates were
improved (Table 2). Poor extraction might also have caused reduced recovery rates,
but the fact that the recovery rates improved with fresh diazomethane, with no
changes in extraction conditions, indicated that this was not the reason. The extraction

step is in any case difficult to validate, and further research is needed.
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Levels of OH-PCBs and PCP in high contaminated plasma

samples from Chukchi people

The levels of the OH-PCBs identified and quantified were high in the high PCB
exposed plasma samples from Chukchi people (Uelen; Table 3). As observed in other
studies (Fangstrom et al., 2002; Hovander et al., 2002; Sandau et al., 2000; Sandau et
al., 2002) the congener pattern was also here highly variable, with different congeners
dominating in different samples. The OH-PCB concentrations were higher than the
PCP in contrast to what was previously reported in Inuits from northern Canada
(Sandau et al., 2000; Sandau et al., 2002). The concentrations of OH-PCBs in the
Chukchi samples were comparable to the plasma levels in pregnant women from the
Faeroe [slands, reporting high recent intake of pilot whale blubber (Fangstrom et al.,
2002). In the Faroese study the two dominant congener was 4-OH-CB187 and 4-OH-
CB146 with a median level of 1.6 and 1.1 ng/g plasma, respectively. The two
dominant congeners in the Chukchi samples were 4-OH-CB107 and 3-OH-CB153
with a median level of 1.7 and 1.3 ng/g plasma, respectively. The native population of

Uelen also consume considerable amounts of marine mammal blubber.

Even though the levels of the dominant OH-PCBs seemed comparable, the ratio of
sum OH-PCBs to sum PCBs were different with a range of 0.27 to 0.76 in the Uelen
samples, and a range of 0.05 to 0.2 in the Faroese study (Fangstrom et al., 2002). The

sum OH-PCB in the Faroe study did, however, consist of only 5 congeners.

Geometric mean levels of sum OH-PCBs (11 congeners) in whole blood from
Canadian Inuits were 1040 and 614 pg/g plasma in males and females, respectively
(Sandau et al. 2000). Those levels seemed lower than reported for the high exposed
Chukehi samples (median: 5916 pg/g). In both studies the 4-OH-CB107 was the most
dominant congener. The individual variation in levels seemed to be less in the
Chukehi samples, but again it must be remembered that these samples were chosen
because of their high PCB levels, In the Canadian study the ratio of OH-PCBs to
PCBs was as low as 0.1 (Sandau et al., 2000). The reason for the differences in the

ratio of OH-PCBs to PCBs is not well understood.

It is evident from Figure 4 that there is a high number of OH-PCBs that have not been
identified. High numbers of unidentified congeners have also been observed in other

studies (Hovander et al., 2002; Klasson-Wehler et al., 1997). Some of the unidentified
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congeners were of comparable intensity to the more abundant identified congeners
(Figure 4). The pentachlorinated OH-PCB eluting just before the 4-OH-CB107 might
be 4’-OH-CB108, reported to co-elute using a DB-5 30 m column (Sandau et al.,
2002). Due to lack of standards this was not possible to verify. In addition to penta,
hexa, hepta and octa-chlorinated OH-PCBs, one nona chlorinated was also identified
in Figure 4. A nona-chlorinated congener has also been reported by Hovander et al.

(2002).

The low PCP concentration relative to the OH-PCBs was surprising based on
previous studies in northern Canada, where PCP has been the dominant phenolic
compound (Sandau et al., 2000; Sandau et al., 2002). Poor extraction and thus an
underestimation of the PCP levels might have been one reason for the lower levels in
the high exposed Chukchi samples. However, the fact that the amount of PCP was
higher than the OH-PCBs in the Cree samples indicated that the extraction was not
the reason for the difference. Differences in exposure through the diet might also be a
reason for low PCP levels in the Chukchi samples. However, since the samples were
not selected randomly from the Chukchi population of Uelen, the pattern might be

different among other people from the same population.
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Conclusions

On the basis of these findings the following is concluded:

The method developed is suitable for quantifying both neutral and phenolic

organohalogens in plasma samples at very low levels.

Florisil columns are efficient in separating PCBs and pesticides from PCP, OH-PCBs
and TBBPA.

Future studies must focus on the completeness of the extraction.

Chukchi people from Uelen (Bering Strait) with high PCB levels also had high OH-
PCB levels. The median ratio of OH-PCBs to PCBs was 0.4 and a high number of
unidentified OH-PCBs were found.

The reason for differences in the ratio of the sum OH-PCBs to sum PCBs among

individuals and populations is not well understood and needs to be studied further,
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Table 1: Masses used for identification and quantification of the MeOQ-PCBs, Me-PCP and Me;-

TBBPA.
Compound Retention time Target ions Confirmation ions
{minute) {miz} {miz)
Me-PCP* 12.89 280 282
*Cq-Me-PCP 12.89 286 288
4-MeO-CB107 35.21 354 356
3-MeO-CB153 36.35 354 356
4-MeO-CB146 36.59 390 392
3'-MeO-CB138 39.02 354 356
4'-Me0-CB130 39.31 390 302
4-MeO-CB187* 4119 409 411
B¢ ,-4-MeO-CB187 41.19 436 438
4-MeO-CB162 4299 375 377
3'-MeO-CB180 4527 424 426
4'-MeO-CB172 45.46 424 426
4-MeO-CB193 46.01 424 426
Me,-TBBPA 52.25 491 493
3C-PCB 141 30.07 372 374

*For Me-PCP and 4-MeQ-CB 187 fragment ions from the *C-labelled survogate interfered with the

quantification mass. Corrections were performed using the following formulas: area(m/z280) -(0.0127

x area(m/z286)) and {areca(m/z409) - (0.015 x arca(m/z436)), respectively,



Table 2: Recovery rates for the hydroxylated and the methoxylated compounds on florisil
columns, as well as the recovery rates for the whole procedure using spiked plasma samples

(n=3).
Compound Median recovery  Median recovery Median recovery
rate* rate** rate***
(%, range) {%, range) (%, range)
Me-PCP 112 (104-120) 89 {81-97) 50 (41-87)
*Ce-Me-PCP 116 (105-119) 90 (82-94) 38 (34-43)
4-MeQ-CB107 90 (54-109) 76 (76-84) 47 (37-62)
4-Me0-CB130 107(51-118) 73 (72-81) 56 (47-72)
3'-MeD-CB138 115 (65-151) 72 68-79) 75 (62-99)
4-MeQ-CB146 96 (56-119) 76 (68-77) 65 (56-81)
3-MeQ-CB153 107 (62-130) 77 (76-83) 73 (83-92)
4-MeO-CB162 99 (59-125) 67‘ {63-77) 46 (37-59)
4'-MeO-CB172 95 (58-125) 81 (79-87) 69 (57-90)
3-MeQ-CB180 101 (80-123) 84 (80-85) 75 (62-97)
4-MeQ-CB187 111 (105-130} 82 (75-84) 43 (34-61)
3C1-4-MeO-CB 187 95 (90-129) 85 (78-92) 54 (48-65)
4-MeQ-CB123 83 (77-125) 80 (78-89) 48 (40-64)
Me,-TBBPA 88 (63-90) 72 (70-81)

* Recovery rates for the hydroxylated compounds on the first florisil column (step 2 in Figure 1) using
10 ml DCM:MeOH (9+1) and 6 ml DCM:MeOH (8+2).
** Recovery rates for the methylated compounds on a singte florisil column as the final clean up step
(Step 4 in Figure 1) using 15 m! hexane;DCM (3-+1), Me,-TBBPA was etuted with 6 ml

hexane:acetone (85--15), following the first fraction.
***Recovery rates for the hydroxylated compeunds through the whole procedure. Plasma samples

were spiked with approximately 5 ng of each compound.
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Table 3: Wet weight and lipid weight levels of OH-PCBs and PCP in plasma of selected high PCB
exposed samples from Chukchi pcoplc from Uelen, Chukotka Peninsula (n=15). Recevery rates:

3CePCP = 64% (range 43 — 83 %), '

3C42 4-OH-CB 187 =72 % (range 41 -- 90 %).

Compound Median Range Median Range
(pglg wet {pg/g wet (ngfg lipid (ng/g lipid
weight) weight) weight) weight)
PCP 642 369-1197 117 51-252
4-OH-CB107 1673 697-3948 275 203-917
4'-0H-CB130 33 10-100 6 1-20
3'-0OH-CB138 859 536-1469 174 92-341
4-0OH-CB146 841 452-2105 191 87-348
3-0H-CB153 1313 558-2100 194 104-488
4-OH-CB182 85 48-251 18 8-58
4'-QH-CB172 188 90-439 37 17-82
3'-0H-CB180 92 46-227 18 9-53
4-OH-CB187 786 447-1967 136 74-457
4-0H-CB193 71 18-356 15 4-83
Sum OH-PCBs 5916 3304-12215 1098 707-2838
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0.8 — 2.0 mt plasma

v

Denaturation and extraction (1)

v

Clean-up and separation of neutral and
phenolic organohalogens on florisil columns (2)

e S

GC-MS analyses of PCBs and Derivatisation of the
pesticides hydroxylated compounds (3)

v

Final-clean up on florisil (4}

v

GC-MS analyses (5)

Figure 1: Scheme of the extraction and analyses of neutral and phenolic organohalogens in
plasma, The numbers in brackets indicate the different steps referred to in the text.
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Figure 2: The percentage of each compound in the two organic fractions from the extraction for
the same sample; the hexane fraction, and the hexane:DCM fraction from the acidified plasma
(n=7). Error bars indicate maximuwm and minimum values.
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Figare 3: Chromatogram (TIC) of a real sample from the Chukchi pepulation of Uelen analysed
in SIM-mode. a, Me-PCP+ *C¢-Me-PCP; b, “C1p-PCB141; ¢, 4-MeO-CB107; d, 3-MeO-CB153;

¢, 4-MeO-CB146; £, 3*-MeO-CB138; g, 4-MeO-CB187 +°C;;-4-MeO-CB187; h, 4-McO-CB162; i,
3*.MeO-CB180; j, 4°-MeO-CB172; k, 4-MeO-CB193
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Figure 4: Full-scan chromatogram of one of the samples from the Chukchi population of Uelen,
a, Me-PCP+ BCe-Me-PCP; b, °C,;-PCB 141; ¢, 4-MeO-CB107; d, 3-MeO-CB 153; ¢, 4-MeO-
CD146; f, 3-McO-CB138; g, 4-MeQ-CB187 +°C(;-4-MeO-CB187; h, 4-MeO-CB162; i, 3*-MeO-
CB180; j, 4-MeQ-CB172; k, 4-Me0Q-CB193, The numbers indicate number of chlorine atoms on
unidentified OH-PCBs. Unknown compounds that were not identified as OH-PCBs are indicated
with a question mark.
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Figure 5: Full-scan mass spectrum of the first peak identified with the number 5 (penta
chlorinated OH-PCB; Rt, 29.6 min) in Figure 4.
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