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In 1995 Olling K L?MJN O  proposed a method to assess the current body burden and the daily

absorption in the recent past of a lipophilic contaminant in on the basis of a limited number of

measurements in milk, blood or fat. This method also enables to calculate prospective

contaminant residues. In order to validate the applicability of this method, it was decided to

assess its performance by means of an experiment in goats that would receive known amounts

of PCB congeners or lindane (γ-HCH). Subsequently, contaminant concentrations in plasma

and milkfat were measured. These results were incorporated into a PBPK model of the goat in

order to describe the kinetics of the individual PCB congeners and lindane. Estimation of

kinetic parameters was carried out by fitting them to the data in an automated procedure. The

estimated standard physiological parameters of the goat together with the fitted kinetic

parameter values have been implemented into an estimation module based on the assessment

method. To validate the approach, only part of the data has been used to estimate the known

current body burden and recent past daily absorption. It appears that the method, when

considered as a first screening tool, offers sufficient insight into current body burden and

recent history of contamination of cattle.
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In 1995 is door Olling É Ê�Ë;Ì Í  een methode geïntroduceerd om in landbouwhuisdieren te schat-

ten wat de huidige lichaamsbelasting van een contaminant is en wat de dagelijkse opname in

het recente verleden is geweest. Bij deze methode wordt er vanuit gegaan dat slechts enkele

metingen van residuen van lipofiele milieucontaminanten in melk, bloed of vet van landbouw-

huisdieren beschikbaar zijn. Het doel van de in dit rapport beschreven studie is de methode te

valideren en vervolgens hieruit een rekenmodule plus een MS Windows computerprogramma

te ontwikkelen. Op deze manier wordt een gereedschap ontwikkeld dat bij verdenking van

contaminatie van een bedrijf door de Veterinaire Hoofd Inspectie gebruikt kan worden om een

eerste indruk te krijgen van de mate waarin de dieren aan bepaalde contaminanten zijn bloot-

gesteld, wat de huidige interne blootstelling is en met welke wachttijden rekening moet wor-

den gehouden. De ontwikkeling van de rekenmodule en het computerprogramma is beschre-

ven in rapport 643810 005 (Freijer Î Ï1Ð;Ñ Ò , 1999).

Om de bruikbaarheid van de methode te valideren, is een experiment opgezet, waarbij aan

geiten hetzij PCB’s (14 congeneren), hetzij lindaan (γ-HCH) is toegediend. Om de kinetiek

van de afzonderlijke PCB’s en lindaan te beschrijven is een PBPK model voor de geit opge-

steld, waarmee de meest relevante kinetische parameters die in de schattingsmethode in OllingÓ Ô:Õ;Ö ×  bekend worden verondersteld, kunnen worden geschat. Bij gebrek aan exacte gegevens

werd de fysiologie van de geit beschreven op grond van aannemelijke schattingen. Concentra-

ties van de contaminanten in plasma en melkvet van de geit zijn gemeten en gebruikt om de

specifieke klaring in de lever, de geabsorbeerde fractie over de darmwand en de partitiecoëffi-

ciënten t.o.v. bloed voor 1) het vetcompartiment, 2) het slecht doorbloede compartiment

(spier, bot en huid) en 3) melkvet te schatten door deze parameters in een geautomatiseerde

procedure te fitten aan de data. Gestreefd is naar een zo groot mogelijke genericiteit, d.w.z.

dat geprobeerd is om voor de verschillende PCB-congeneren één en dezelfde waarde voor de-

ze parameters te gebruiken. Zodoende zijn de drie partitiecoëfficiënten, ieder met hun afzon-

derlijke waarde, voor alle congeneren gelijk gekozen. De waarde voor de specifieke leverkla-

ring bleek af te hangen van de substitutiegraad van de congeneren, maar kon daarbinnen con-

stant gekozen worden, met als uitzondering congeneren die een ongesubstitueerd ØuÙ Ú Û;Ü ÝJÛ1Þ Û
paar bezaten. Het was niet mogelijk de geabsorbeerde fractie een generieke waarde toe te

kennen. Voor lindaan was zulk een generieke benadering niet mogelijk, omdat deze stof van-

wege chemische structuur en octanol-water partitiecoëfficiënt buiten de groep van PCB’s valt

en derhalve als "eenling" moest worden beschouwd.

De geschatte standaard fysiologische parameters en de gevonden parameters zijn geïmple-

menteerd in een schattingsmodule. Een gedeelte van de data is vervolgens gebruikt om huidige

lichaamsbelasting en dagelijkse absorptie te schatten. Slechts een gedeelte van de data is ge-

bruikt om zoveel mogelijk te vermijden "eruit te krijgen wat erin gestopt was". Daarbij moet
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bedacht worden dat de parameters niet alleen op alle data zijn geschat, maar ook met inacht-

neming van individuele lichaamsgewichten en lactatiestatus. Bij de validatie is uitgegaan van

zogenaamde "standaard" wel en niet lacterende geiten. Het blijkt dat de methode een zodanig

redelijke schatting geeft van huidige lichaamsbelasting en van dagelijkse absorptie van de on-

derzochte contaminanten in het recente verleden van een geit, dat het voor de Inspectie ge-

bruikt zou kunnen worden als een eerste test om inzicht te krijgen in de contaminatie van een

bedrijf.
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In Olling å æ�ç;è é  (1995) a method is introduced to assess the current body burden and the daily

absorption in the recent past of cattle contaminated with lipophilic compounds. In this method

it is assumed that only a few measurements of residues in milk, blood or fat are available. The

present study was aimed at validation of the method and to develop an MS Windows

computer program with an estimation module and a user friendly Graphical User Interface

(GUI). This way, a screening tool was developed which can be applied to obtain a first

impression of the degree to which animals were exposed to contaminants, what the body

burden is and which time interval should be taken into account before the animals or its

products can be consumed. The development of the GUI is reported in (Freijer ê ë1ì;í î , 1999).

In order to validate the applicability of the method, an experiment was performed with goats

to whom known amounts of a mixture of 14 PCBs or lindane were administered. Plasma and

milkfat were analysed for determining contaminant concentrations. Subsequently, a

Physiologically Based PharmacoKinetic model (PBPK model) of the goat was devised to

describe the kinetics of the individual PCB congeners and lindane (γ-HCH). Goat

physiological parameters were estimated by reasonable estimations, due to lack of literature

data. The model served for the estimation of the most relevant kinetic parameters that are

required for the assessment procedure in Olling ï ð1ñ;ò ó  (1995).

The contaminant concentrations in plasma and milkfat were applied to estimate specific liver

clearance, the fraction absorbed over the gut wall and the partition coefficients for 1) adipose

tissue, and 2) slowly perfused tissue (muscle, bone and skin), and 3) milkfat. Estimations were

carried out by fitting these parameters to the data in an automated procedure. Generic

parameter values were aimed at, i.e. obtaining a single value for a parameter for all PCB

congeners. In this way, for each of the three partition coefficients separately, one value could

be found. The value of the specific clearance parameter appeared to depend on the substitution

grade of congeners and could be kept constant within a group of specific degree, with

exception for those congeners that possessed an unsubstituted ôuõ ö ÷;ø ùJ÷1ú ÷  pair. It was not

possible to assign a generic value to the fraction absorbed over the gut wall. For lindane such a

generic approach was not possible. Its chemical structure and octanol-water partitioning are

clearly different from the group of PCBs and consequently, it had to be considered as a

compound on its own.

The estimated standard physiological parameters of the goat together with the parameter

values found were implemented into a computer module that is derived from the assessment

method in Olling û ü1ý;þ . Only part of the data has been used to estimate the known body burden

and daily absorption. This was done in order to avoid an estimation that yields "output which

is determined beforehand by its input". Also, parameters were estimated using individual body
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weights and lactation status. During the validation, "standard" physiology was assumed. It

appeared that the method offers a fairly reasonable estimation of current body burden and

recent history of the daily-absorbed amount of contaminants in goats.
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Recognition of contamination of cattle due to environmental compounds (like dioxins, PCBs,

heavy metals) is still subject to time consuming (experimental) research. Such research is

mainly focused on estimating the extent of exposure and the presence of residues in products

for consumption (meat, milk). As a consequence, remedial actions like destruction of animals

or reorganisation of a company can only be taken after long-term investigation. Moreover,

research at a suspect site may stigmatise a farmer. This situation is undesirable both for the

Inspectorate for Health Protection, Commodities and Veterinary Public Health as well as for

farmers. Therefore, the Laboratory of Exposure Assessment and Environmental Epidemiology

was asked to develop a tool to estimate exposure of cattle to contaminants using only a few,

easy to sample, data. In developing this tool the following criteria were taken into account:

I. It has to be easily applicable for people working at the Inspectorate, i.e. simple

sampling techniques and unambiguous interpretation of results.

II. It has to be applicable for various types of cattle, including sheep and goat.

III. It has to be applicable for various types of contaminants, i.e. organic compounds and

heavy metals. Based on daily practice, it was agreed with the Inspectorate that in first

instance attention had to be focused on lipophilic persistent compounds like PCBs and

lindane (γ-HCH).

In 1993, Derks ) *�+�, . published a report on a PBPK-model for dioxin (TCDD) in cows. This

model was used as a basis for the further set up of this project: an assessment method was

developed in Olling - .0/�1 2 , (1995) in order to estimate body burden and recent daily

absorption. Subsequently, the following phases were planned in this project:

I. Experiments on toxicokinetics of PCBs and lindane in goats as a model for cows

Toxicokinetics include multiple dosing, plasma concentrations, tissue concentrations

(especially fat and muscle) and excretion into milk.

II. Development of a PBPK-model for PCBs and lindane in lactating and non-lactating

goats based on the results of the experiments in goats, The kinetic parameters,

estimated by fitting the model to the experimental data served as input for the data

base linked with the GUI in III.

III. Implementation of the assessment method in an MS Windows computer program using

a Graphical User Interface (GUI) for the PC as a tool for estimating daily absorption

and body burden, and for estimating residues in meat and milk during times after

intake.

This report describes the results of phase I and II, whereas results of phase III are described in

report 643810 005 “Estimating uptake of lipophilic contaminants in cattle and goats”  (Freijer3 4#5�6 ., 1999). For an overview of the entire project, see the following scheme.
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798 : ; < = >%? = @�< A0<
: the two dotted line boxes show experimental effort, the 4 straight line boxes

modelling effort and the straight-dotted line box combined experimental/modelling effort.

There is a flow of physiological and kinetic data to the database associated with the GUI and

one flow of verification from the GUI back to the experimental data.

B�C DFE�G#H I J�K�G#L M!J#N%O�J�G#H
M P�Q�M R I S�M K�H
In Olling T U�V�W X  (1995) a method was introduced to estimate body burden and daily absorption

(= amount daily absorbed over the gut wall instead of daily orally ingested) of cattle exposed
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to an environmental contaminant. The estimation procedure is based on a few observations of

the contaminant concentration in milk, blood or in fat. The experiments in goats have been set

up for validation of this proposed method. The goat was chosen as a model for the cow

because it is a more manageable species sidewise, but its gastrointestinal anatomy and

physiology are similar. The experimental data may serve two purposes: 1) to estimate

unknown kinetic parameters and 2) to validate of the method, taking only a few measurements

of the total set into account.

w�x y{z%|�} |�~�� � � }�� � � � ~�|#� � �������0� � � � � ����~������ ����|�} |�~�� � � } �
A PBPK model for the kinetics of lindane and of the 14 various PCB congeners in the goat

after oral administration was developed. Physiological parameters of the goat for direct use in

the model, i.e. compartmental volumes and blood flows, were not available in the literature

and were estimated by means of expert judgement. The model parameters that are species

dependent, i.e. the fraction absorbed over the gut wall, specific liver clearance, and partition

coefficients, notably the partition coefficient for milkfat in relation to milk clearance, were

estimated by fitting these parameters to the experimental data in an automated procedure,

minimising the log-likelihood function.

��� �F����� � � ���!�#�%� � ����� �
The second section of the report is the "materials and method" section. It describes shortly the

goat experiments and the PBPK modelling set-up. Both experimental and parameter fitting

results are presented in section three. The fourth section discusses the fitting procedure, the

resulting parameter values obtained and the implementation of the parameters in the

assessment module� The report concludes with some recommendations and suggestions for

future research.
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Lindane, also known as γ-HCH (HCH = hexachlorocyclohexane, C6H6Cl6) and 14 polychlorinated

biphenyls (PCBs) were used as test compounds in lactating as well as in non-lactating goats.
The lindane dosing solution was prepared by dissolving lindane in olive oil, resulting in a concen-

tration of 5.0 mg lindane /ml oil. The PCB dosing solution was prepared by dissolving 1 mg of

14 PCBs (total dose: 14 mg PCBs) in olive oil resulting in a concentration of 0.05 mg PCB

congener/ml olive oil (14 x 0.05 mg = 0.7 mg PCB congeners/ml olive oil). In this latter solu-

tion the following congeners were dissolved:

IUPAC number Chemical name

28 2,4,4’-trichlorobiphenyl (TrCB)

52 2,5,2’ ,5’-tetrachlorobiphenyl (TeCB)

77 3,4,3’ ,4’-tetrachlorobiphenyl

101 2,4,5,2’ ,5’-pentachlorobiphenyl (PeCB)

105 2,3,4,3’ ,4’-pentachlorobiphenyl

114 2,3,4,5,4’-pentachlorobiphenyl

118 2,4,5,3’ ,4-pentachlorobiphenyl

128 2,3,4,2’ ,3’ ,4’-hexachlorobiphenyl (HxCB)

138 2,3,4,2’ ,4’ ,5’-hexachlorobiphenyl

153 2,4,5,2’ ,4’ ,5’-hexachlorobiphenyl

156 2,3,4,5’ ,3’ ,4’-hexachlorobiphenyl

157 2,3,4,3’ ,4’ ,5’-hexachlorobiphenyl

169 3,4,5,3’ ,4’ ,5’-hexachlorobiphenyl

180 2,3,4,5,2’ ,4’ ,5’-heptachlorobiphenyl (HpCB)

Ô�Õ Ö�Õ ÔØ×�Ù�Ú Û�Ü#Ý Þ
A total of 10 Dutch milk goats (Saanen goats), five lactating and five non-lactating, were

purchased at CoVeCo (veterinary market) The Netherlands. The animals arrived three days

before the start of the experiment, to allow time for acclimatisation. Subsequently, they were

housed in a stable that was temperature-stabilised at 15 - 25o C. Feed consisted of hay with

additional feed supplements (1424 schapekorrel, which are commercially available pellets).

Tap-water and hay were available ß#à�á â ã�â ä å�æ . The lactating animals were milked twice daily,

both during acclimatisation and during the experiment, at approximately 9.00 h and 15.00 h.
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A health statement was obtained from the Central Animals Facilities’  veterinary doctor. On

advice of the veterinary surgeon, two animals were treated since they showed signs of a

bacterial superinfection as a complication of a viral conjunctivitis. Furthermore, clinical signs

were noted on the individual animal forms. In addition, body weight and hematocrite, and for

the lactating animals milk production, was followed throughout the experiment. The weights

varied from 45 kg to 74.8 kg (see appendix B, table B-1 and B-2).

ç9è çêé�ë ì í#î ï�ì ð�î
ñ�ò ñ�ò óõô�ö�÷ ø ù�ú
It was decided to divide the total administered dose in three parts in the proportion 1:2:1. A

few arguments justify such an administration scheme. First, it gives an opportunity to check

whether saturation aspects, be it absorption or metabolism, play a role in the kinetics of the

various compounds, because different amounts are administered. Second, blood sampling is

limited for purposes of sustainable physiology and well finding of the animals. However,

administrating three times instead of only once, one can devise an observation scheme that

covers a more or less unrestricted sampling relative to the time point of administration. E.g.

sampling at day 1 after the first administration, at day 2 after the second and at day 3 after the

third, one has virtually devised a scheme of observation at day 1, 2 and 3 after a time point of

administration. This would be impossible without too great a disturbance of the physiological

condition if one administrates the total dose in one. Third, it was expected that after

administration and absorption, plasma levels would rapidly decrease from their maximum

value, because of the partitioning of the compound over the body and even further decrease,

be it more slowly, because of elimination. The administration scheme would provide plasma

levels to be detectable for a longer time span than after administration only once.

The animals were divided into two dosing groups. Group 1 consisted of 6 goats (3 lactating

and 3 non-lactating) and group 2 consisted of 4 goats (2 lactating and 2 non-lactating). The

animals in group 1 were dosed orally in total 100 mg of lindane; the dose administered was

divided over three dosing days. The first dose (day 0) was 25 mg in 5.0 ml olive oil, the

second one (day 8) 50 mg in 10.0 ml olive oil, and the third dose (day 30) was again 25 mg in

5.0 ml olive oil. The animals in group 2 were dosed orally in total 14 mg of 14 PCB congeners

(1 mg per congener); the dose administered was divided over the same three dosing days as in

group 1. The first dose was 0.25 mg per PCB congener, i.e. 14 x 0.25 mg = 3.5 mg PCB

congeners, in 5.0  ml olive oil. The second dose consisted of 14 x 0.50 mg = 7 mg PCB

congeners, in 10.0 ml olive soil, and the third dose was again the same as the first dosing day

(3.5 mg PCB congeners).

The dosing solutions were administered by gavage (stomach tube) after overnight fasting.

After dosing the tube was rinsed with 10.0 ml of olive oil. In order to prevent spilling of
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remaining olive oil into the trachea, the stomach tube was cleared with 50 ml of air prior to

removal.

û�ü û�ü ûþý�ÿ������ � �	��
����� 
�
���ÿ��	����� ÿ�� ��ÿ
At 11 predefined days, a blood sample of 5 ml for lindane and 50 ml for PCB measurement

was obtained via venapuncture of the jugular vein. Blood was sampled in a heparinized

vacutainer following the morning milking session. Immediately following sampling, the

hematocrite was determined. Blood was centrifuged at room temperature for 10 min at 1100�
within 2 h after sampling and plasma was obtained for measurement of lindane and its isomers

and PCB congeners.

��� ��� ����������� � �	�� !���� � "
At 11 (PCB congeners) or 13 (lindane)  predefined days, 24-h milk production was measured.

Of the morning milk yield, samples were obtained immediately. In group 1, 4 x 0.50 ml for

measurement of lindane and its isomers and 2 x 25 ml for measurement of fat content were

sampled, and in group 2, 2 x 25 ml for measurement of PCB congeners and fat content were

sampled. The remaining milk, and the afternoon milk yield, were discarded.

#%$ #%$ &�'�(�)�*�+ , -	.�/0�1 2	3	4 2�5 (�-	6 /�2	170 (5
According to protocol, subcutaneous fat tissue had to be sampled 5 times and additionally at

autopsy. Prior to subcutaneous fat sampling, the skin of the dewlap was sheared and

disinfected with iodine tincture. Local anaesthesia was obtained using lidocaine/adrenaline.

Two-and-a-half ml was injected after upwards subcutaneous puncture of the skin during slow

withdrawal of the needle, the other 2.5 ml using the same procedure some millimetres

alongside the first one, now after downwards puncture of the skin. Between the injection sites

a vertical cut was made with a scalpel. Using a pair of tweezers the subcutaneous fat was

prized off the epidermis locally. Then some milligrams of fat (0.8 to 7.0 g) were released from

the underlying tissue. Because of signs of discomfort (local tenderness of the dewlap and signs

of infection in some animals at the third predefined sampling time), sampling of subcutaneous

fat tissue was stopped from the third sampling point on (day 7) and the only further sample

was obtained at autopsy.

8�9 8�9 :�;�<�=�>�? @ A	B�<C7<�D�C E�>	F G
Autopsy was performed on all animals on the last day (day 50) of the experiment. Procedure

was started by sampling of approximately 200 ml of blood collected in a vacuum and

heparinized flask via venepuncture of the jugular vein. Then the animals were premedicated

with anaesthetics (Rompun/Nembutal). Subsequently, the anaesthetised animals were weighed

and then euthanised by severing the carotid artery. The following tissues were sampled:

subcutaneous fat from the dewlap, abdominal adipose tissue from the greater omentum, liver,
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and muscle tissue from both the left m. semimembranosus (buttock) and the left

m. longissimus dorsi (back), caudal starting from vertebra L3. Total liver weight was

determined and a sample of liver tissue was obtained. The remaining part of the liver was

discarded.

H%I JLK�M�N�O�P QSR T U�V M�W�Q
Blood, milk and tissue samples were stored at a temperature of -20 ± 8o C until analysis.

X�Y Z\[^] _ `	a�b	cdae�f�g	fh i�c j c
The analysis of lindane and its isomers α-HCH and δ-HCH in plasma samples was performed by

capillary gas chromatography with electrochemical detection after sample extraction, and using

aldrin as internal standard. The analysis was validated conform Good Laboratory Practice criteria at

the Laboratory of Exposure Assessment and Environmental Epidemiology. The analysis of lindane

in milk, subcutaneous fat and abdominal fat was carried out by the Laboratory of Organic

Analytical Chemistry (LOC) using capillary gas chromatography with mass spectrometry in

conformity with current rules for  STERLAB (accreditation criteria for laboratories as described in

the STERLAB Criteria which contain all of the criteria from EN 450001 and ISO guide 25 and the

relevant criteria from ISO 9001 and ISO 9002).  The concentrations of lindane in liver buttock

muscle  and back muscle were not measured, because the time required for developing an

analytical procedure in these matrices appeared to exceed the scientific use of these data.

PCBs were detected by means of capillary gas chromatography with electrochemical

detection. The analysis of the PCBs in plasma, milk, subcutaneous fat, abdominal fat, liver and

muscle was carried out by the Laboratory of Organic Analytical Chemistry (LOC) in conformity

with current rules for STERLAB criteria.

k%l m\n�o%p�q r st s�u�r v wt t pyxzw�q { |�n�o	w�} ~�w�v s���r �	{ � r vS~�s�|	{ t
For modelling the kinetics of the PCB congeners and lindane in the goat a PBPK model is

developed in this study. This compartmental model (figure 1) consists of the compartments 1)

blood, for transport and clearance by milkfat, 2) liver, for metabolic clearance, 3) fat, for

sequestering the highly lipophilic compounds and 4) a rest divided into a compartment that is

slowly perfused (muscle, bone and skin) and a one that is richly perfused (organs other than

liver). The model describes the kinetics of orally ingested compounds in terms of absorption

from the intestines, transport to the compartments by compartmental blood flows plus

partitioning between compartmental tissue and blood, and metabolism in the liver. For

lactating goats, clearance from blood, representing clearance by milkfat was also described.

It appeared to be difficult to obtain data on physiological parameters of goats. There is

abundant literature on biological aspects of the goat, especially with regard to handling goats

for agricultural purposes, but only one paper regarding more physiological aspects, i.e.
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(components of) compartmental volumes of goats was found. Neff Davis � ����� �  (1975)

performed a comparative study of body compositions of dog and goat. The goats were of the

Toggenburg race. In contrast to the Saanen goats used in our study, the mean body weight of

these Toggenburg goats was only 42.5 kg, whereas lactating Saanen goats weighted 53 kg and

non-lactating Saanen goats weighted 71 kg. Unfortunately, the fat compartment volume,

which is a very important parameter in modelling highly lipophilic contaminants was not

measured as a separate quantity by Neff Davis � �	��� �  Furthermore, the presentation of results

was not clear, because it was not mentioned whether results included blood volume,

gastrointestinal contents and a so called "miscellaneous category" including head and feet.

Also, they mentioned a mean total weight of 42.5 kg, and a mean total weight minus blood of

39 kg, which would imply a relative blood volume of about 8% with respect to total body

weight. However, a mean relative blood volume percentage of 4.1 was reported. Therefore,

compartmental volumes for lactating and non-lactating goats were estimated on the basis of

expert judgement (Bremmer, 1998; Dik, 1998).

The relative compartmental volumes are specified in Table 1.

���%��� ��� �
 �d� � �%� � � ��� ��� �¡�¢ � �S� £%� ���¤� �� ¥��S� ¦�§ ¨©� ª«� ��� ���S¬��� ®«¯7� � °%±%� ²³� ª´� ��� � �%� � £ °µ�£´£���£�¶

� ��� � �%� � £ °�·��£�� £z°����%� ¦ ¸
compartment lactating non-lactating

blood 7.1 6.5

liver 1.6 1.5

fat 17.5 25.0

richly perfused 18.0 16.4

poorly perfused 48.7 44.1

GI-content 7.1 6.5

With respect to cardiac output, it was assumed that a goat of about 70 kg bodyweight has a

cardiac output of 7200 [L/day], comparable to women (Guyton, 1991). The relative

contribution of the total flow to the liver was estimated to be about 25%, comparable to rat

and man. The division of the rest flow was specified as 35% for richly perfused tissue, the

same amount for slowly perfused tissue and 5 % for adipose tissue. Thus, the volumetric flows

have a ratio of 1 : 0.12 : 0.046 : 0.018 for liver : richly perfused : slowly perfused : fat,

respectively. For the non-lactating goat there is a minor difference in relative flows, that

conserves this ratio: liver 25%, fat 7%, richly and slowly perfused tissue 34%.

Absorption of the lipophilic compounds was modelled by a cascade of two processes: 1) con-

stant release from the stomach during a period of 0.1 day (2.4 hours, which is comparable to

man; compare also the excretion time of 11-19 hours after meal (Dijkstra, 1997) and 2) first

order absorption of a fraction of the released amount with a half life time of 0.04 day (about 1
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hour). As a model refinement, it was tried also to model a time lag between intake of the com-

pound and onset of constant release from the stomach. However, in the parameter estimation

procedure, too much parameters are involved, leading to unrealistic results for other parame-

ters. Notably, the partition coefficient for slowly perfused tissue was estimated to be about 0.

Nevertheless, from the experimental results, in particular the concentration-time course of the

PCB congeners in one of the non-lactating goats, it appears that such a more refined approach

of the absorption process could be justified. The fraction absorbed over the gut wall is one of

the parameters to be estimated.

Distribution was determined by the compartments partition coefficients. These coefficients

were unknown and had to be estimated. As the partition coefficients for the slowly perfused

and fat compartment are most sensitive, only these two are to be estimated, while setting the

other two at a reasonable value of 11.

Lindane and the PCB congeners are mainly cleared by metabolism in the liver and, for the

lactating goats, by excretion via milkfat. Specific liver clearance, i.e. the clearance per volume

of liver was estimated. In Derks ¹ º�»�¼ ½  (1993) an udder compartment was modelled explicitly.

However, it appeared that equilibrium between concentrations in milk and blood was almost

instantaneous, so in the goat model milk clearance was modelled by excretion from blood

directly. Clearance by milkfat was modelled by multiplying the blood concentration by the

milkfat-blood partition coefficient and by the milkfat production per time unit and integrating

the result over a period between two milk sessions. Milkfat production was monitored during

the experiment and the milkfat-blood partition coefficient was estimated. Note that this

coefficient determines both the ratio between concentrations in blood and milkfat

concentration and the excretion velocity.

A model scheme of the PBPK model is presented in figure 1. It shows the compartments with

their typical volumes and blood flows, together with the partition coefficients that determine

the contaminants distribution, and clearance from liver, representing metabolic clearance and

clearance from the blood compartment, representing milk clearance. Note that the fat

compartment is subdivided into a blood and a tissue subcompartment. Between the two

subcompartments, transport by way of diffusion takes place, denoted by κ. This approach was

adopted from Derks ¾ ¿À�Á Â  (1993).

Model simulation and parameter estimation were carried out with the Advanced Continuous

Simulation Language (ACSL) package. For model simulation it integrates a system of ordinary

differential equations that describe the kinetics of a compound based on mass balances of the

amounts in the compartments. For parameter estimation it searches for the maximum

likelihood of a combination of parameters, i.e. it finds the parameters that most likely give the

best fit of data.
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Implementation of the model and running the model in ACSL is straightforward.

Unfortunately, parameter estimation proved to be difficult. Several procedures were applied,

such as estimation of data per goat, per set of lactating or non-lactating goats, or all goats

together, fitting plasma data or milkfat data only, or using them together, Ã Ä Å Ã Ä Ã Æ Ç . After

several attempts, it was decided to use both plasma and milkfat data together and also to use

the combined data of all goats, both lactating and non-lactating, in the parameter estimation

for each separate congener. Body weights and milkfat production served as "exogenous

descriptors" for the different goats.

È7É Ê�Ë�Ì ÍSÎ ÏÐ�Ñ Ò�Í ÓzÔ%Õ É Ñ�Ö ×¡Ö Ø«ÓSÙ�Ú�Í Û%Ù ÜÝÕ Ò�Í�Ê�Ù�Ô%Õ ÏÞ
: blood flow; ß : volume; à : partition coefficient; á	â : clearance; F Dabs 0: fraction absorbed of

dose administered; κ subcompartmental diffusion; ã : blood, ä  : fat, å  : slowly perfused, æ  : richly
perfused, ç  : liver, è  : cellular subcompartment, é  : milkfat

One point of concern is that only concentrations in plasma have been observed. From Seidlerê ë�ì�í î (1976), who found a 1:1 partitioning between plasma and erythrocytes for lindane in rat
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blood, it is assumed that the partitioning for lindane and all the PCB congeners between

plasma and erythrocytes is 1:1 for the goat. The erythrocyte concentration itself, with respect

to total blood volume, was estimated by the hematocrite that was observed several times

during the experiments.
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Body weight was measured within 8 hours after dosing, but is assumed to be representative of

the actual body weight at the time of dosing. Body weight varied between 45 and 81 kg (see

Appendix B, Table B-1 and B-2). Lactating animals showed a significantly lower body weight

than non-lactating ones on days 8, 30 and 50 (end of experiment). Body weights did not

change significantly (homoscedastic 2-sided t-test, p< 0.05) during the experiment.

;*< =?>A@0B C
The absolute dose of the test substance administered was equal for all animals within one

group; as body weights differed, the dose corrected for body weight also varied between

individual goats. As the body weights for the lactating goats were lower than for non-lactating

goats the doses corrected for body weight were significantly higher for the lactating goats than

for the non-lactating goats.

D*E D?FHG I0J K&I3L M0NOL P N:Q R ISQ T M0NOJ
U*V U*V WYX[Z \&]S^ _0` a b ^ Z
Hematocrite values are presented in Appendix C, table C-1 and C-2. In nearly all animals, the

highest hematocrite value was observed prior to the first dose on day 0. Differences between

the pre-dose hematocrite values and the values at the other sampling days were statistically

significant except for the values observed on day 8. The decrease in hematocrite following the

first dose on day 0 is suggestive of lower health status of the animals. However, following the

second and third dose, on day 8 and 30, respectively, no decrease in hematocrite was

apparent. Hematocrite values on day 30 were 76 % ± 11% (mean ± SD) of the initial value on

day. On average lactating animals showed lower hematocrite values than non-lactating ones,

but differences never reached statistical significance at any sampling day.

c*d c*d egfHh i0j k&i3l m0nOl o n:p q iSp r m0nOj#mSsHh r nOtOi0nOo
Plasma lindane concentration - time curves did not differ significantly between lactating and

non-lactating goats, at any sampling time (Figure 2). Concentrations of the lindane isomers α-

HCH and δ-HCH were below the limit of detection in all plasma samples (0.9 and 1.5 ng/ml,

respectively).
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The limit of quantitation for PCB52 is 1.5 ng/g fat and for all other PCBs 1.0 ng/g fat.

However, the concentrations were calculated as pg/ml plasma using the estimated fat

percentage in the plasma. In figure 3 mean plasma concentration - time curves of PCB169

representative for other PCB congeners are given.
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: Average daily milk yield differed considerably between the lactating animals.

There were no consistent changes in milk production with time. Following the first lindane

dose (on day 0), milk yield decreased in two out of three animals, suggestive of lower health

status. However, following the second and third dose, on day 8 and 30, respectively, no

decrease in milk production was apparent (see figure 4). For the lactating animals receiving

PCB congeners, the milk production decreased substantially but the time of onset differed.

,�-�. / 021'. / 3)45-�670�. 8 / 9
: The percentage of milk fat from morning milk is representative for the

daily milk (except for de first day) and varied between 2.6 and 5.5% for the goats receiving

lindane and between 2.7 and 7.3% for the goats receiving PCB congeners. The daily milk fat

excretion was calculated by multiplication of the daily milk production with the percentage of

milk fat. This resulted in a daily milk fat excretion of 18.7 to 40.3 g (one outlier value of 62.1

g) in the lindane group and a daily milk fat excretion of 6.8 to 49.2 g in the PCB group. In this

latter group a pronounced decrease of milk fat excretion could be observed during the study

period of 50 days.

:�; <�; =?>
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Milk lindane concentrations are presented in figure 5. Concentrations of the lindane isomers α-

HCH and δ-HCH were not measured. The lower limit of quantitation of lindane in milk was

0.25 ng/ml milk.
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The milk concentrations of PCBs varied significantly during the time of experiment. Milk con-

centrations of PCB169, representative for all other PCB congeners, are shown in figure 6. The

lower limit of quantitation for all PCBs is 0.5 ng/g fat. The reported concentrations were cal-

culated with a standard calibration curve and corrected for procedure blanks and recoveries.

��� ���L� � � �F�'� ���F� � ��� � �7� � ���F�
Lindane concentrations were only determined in subcutaneous fat and abdominal fat. Other

tissues dissected at autopsy appeared to be too complex for analysis.

Analysis of the 14 PCB congeners appeared to be less complicated. Therefore, concentrations

of these congeners were determined in subcutaneous fat tissue, abdominal fat, liver, buttock

muscle and back muscle. The reported concentrations were calculated as ng/g tissue using the

estimated fat percentage in the tissue.

Concentrations of both PCB congeners were highest in abdominal fat, subcutaneous tissue and

liver. PCB 77 and 101 demonstrated substantially lower concentrations in these tissues than

other PCB congeners. Lindane concentrations were slightly higher in abdominal fat than in

subcutaneous tissue.
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The following parameters were estimated by fitting the model simulations to the data:

CLl s, , i.e. the specific metabolic liver clearance, Fabs , i.e. the fraction of the ingested amount

that is absorbed over the gut wall, Pf , i.e. the adipose tissue-plasma partition coefficient, Ps ,

i.e. the partitioning between slowly perfused tissue (muscle, skin and bone) and plasma and

Pm , i.e. the milkfat-plasma partition coefficient. Note that the last coefficient not only

determines partitioning to, but also the clearance by milkfat. The results for the PCBs are

summarised in Table 2.

The results for PCB nr. 52 , 77 and 101 led to a fit which could explain plasma data only to a

degree of about 75%. The results seemed not to indicate any relation of parameter values and

degree of chlorination, or an asymmetric charge distribution of the particular congener, or any

other molecular property.

In that case, one needs a powerful assumption for some explanation of the resulting parameter

values. All the congeners are highly lipophilic with a log(Kow) of 5.8 to 7 (Mackay Þ ßLà�á â ,
1992). Suppose that partitioning of the congeners with respect to plasma is only determined by

their lipophilicity and that it makes no difference whether the log(Kow) is 5.8 or higher. This

assumption is supported by QSARs that estimate the partition coefficient of an organic

compound based on its octanol-water partitioning (DeJongh ã ä7å�æ ç , 1997; Poulin and Krishnan,
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IUPAC
number

congener CLl s,

[day-1]

Fabs

%
Pf Ps Pm %

explained
variation

28 2,4,4’ 0.01 12 150 2.8 980 84

52 2,5,2’,5’ 120 15 320 7.7 600 79

77 3,4,3’,4’ 80 5.5 240 14 1000 64

101 2,4,5,2’,5’ 98 7.3 240 5.0 920 77

105 2,3,4,3’,4’ 11 22 190 5.4 870 90

114 2,3,4,5,4’ 0.0001 19 260 2.7 580 95

118 2,4,5,3’,4’ 0.001 20 310 3.6 540 92

128 2,3,4,2’,3’,4’ 44 33 180 5.9 830 86

138 2,3,4,2’,4’,5’ 69 45 140 12 990 79

153 2,4,5,2’,4’,5’ 76 57 180 12 940 90

156 2,3,4,5,3’,4’ 17 40 290 4.9 930 93

157 2,3,4,3’,4’,5’ 21 51 290 5.1 660 93

169 3,4,5,3’,4’,5’ 24 54 310 6.2 850 92

180 2,3,4,5,2’,4’,5’ 43 71 380 7.3 720 93

Note the dimension of CLl s,  representing clearance per unit volume of liver

1995), which indicate tissue-plasma partition coefficients to be independent of the octanol-

water partitioning when its value is great enough, i.e. greater than about 10000.

Under this assumption the partition coefficients for the fat compartment,Pf , as well as for the

slowly perfused compartment,Ps , and milkfat,Pm , would be the same for all congeners.

This assumption favours a more generic approach. Because the distribution of milkfat-blood

partition coefficient values found seemed to lend itself most for a generic approach (ratio 1.5

between maximal and minimal value found), it was decided to set the value Pm = 800, about

the geometric mean of the values in table 2 and restart the procedure, fitting the other four

parameters. In the second step, from the results obtained this way, Pf = 230 was determined

as a geometric mean, and in the third step Ps = 75. . This way, the parameter values for the

specific liver clearance and for the absorption fraction were found as in Table 3. In all the fit

procedures, the results for the PCBs nr. 52, 77 and 101 obtain an explanation for the plasma

data of only about 60 to 75%.

A careful look at the results for the specific liver clearance reveals that one could perhaps take

a constant value for CLl s,  of 40 [day-1] for the V�W X Y�Z chlorobiphenyls, 16 [day-1] for the [!\ ]�^ _�`
chlorobiphenyls (with a possible exception for PeCB 101) and possibly 83 [day-1] for the a b a c d�e
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IUPAC
number

congener CLl s,

[day-1]

Fabs

%
%

explained
variation

28 2,4,4’ 1.5 13 86

52 2,5,2’,5’ 130 14 77

77 3,4,3’,4’ 51 4.7 58

101 2,4,5,2’,5’ 136 10 76

105 2,3,4,3’,4’ 14 23 90

114 2,3,4,5,4’ 15 25 91

118 2,4,5,3’,4’ 20 27 89

128 2,3,4,2’,3’,4’ 45 35 86

138 2,3,4,2’,4’,5’ 33 34 80

153 2,4,5,2’,4’,5’ 40 42 90

156 2,3,4,5,3’,4’ 43 49 94

157 2,3,4,3’,4’,5’ 41 59 92

169 3,4,5,3’,4’,5’ 43 62 92

180 2,3,4,5,2’,4’,5’ 62 77 93
P P Pf s m= = =230 75 800, . ,

chlorobiphenyls. The fitting procedure was restarted with these different values for the

particular congeners. It appeared that almost the same degree of explanation of data could be

found for the ��� � ��� chlorobiphenyls taking a value of 40 [day-1] for the specific liver clearance

instead of a particular value for each congener. The same holds for the �!� ��� ��� chlorobiphenyls,

taking a value of 16 [day-1] instead of a particular value for each congener, with an exception

for 2,4,5,2’5’ PeCB. The degree of explanation of data decreased slightly from 65% to 63%

and from 79% to 75% for the two TeCBs by taking a value of 83 [day-1]. Note again that

these last three congeners always appeared to obtain a fit with low degree of explanation of

data. For the results, see Table 4.

Lindane has a log(Kow) of about 3.5, thus it cannot be expected that it will have the same

partitioning coefficients as the PCBs. So, for this compound again, all the five parameter

values ( � � � � � �� ��� � �������
, , , , and ) were fitted. However, the fitting procedure, regardless of the

starting values, always led to absurd results for � �  , its parameter value found to be much

smaller then 1. Taking still advantage of the generic approach for the PCBs, it was assumed

that the ratio’s of partition coefficients for lindane are the same as found for the PCBs. So, a
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IUPAC
number

congener CLl s,

[day-1]

Fabs

%
%

explained
variation

28 2,4,4’ 1.5 13 86

52 2,5,2’,5’ 83 (130) 8.6 (14) 73 (77)

77 3,4,3’,4’ 83 (51) 7.0 (4.7) 52 (58)

101 2,4,5,2’,5’ 16 (136) 3.1 (10) 57 (76)

105 2,3,4,3’,4’ 16 24 90

114 2,3,4,5,4’ 16 25 91

118 2,4,5,3’,4’ 16 26 89

128 2,3,4,2’,3’,4’ 40 33 86

138 2,3,4,2’,4’,5’ 40 38 80

153 2,4,5,2’,4’,5’ 40 42 90

156 2,3,4,5,3’,4’ 40 47 94

157 2,3,4,3’,4’,5’ 40 59 92

169 3,4,5,3’,4’,5’ 40 60 92

180 2,3,4,5,2’,4’,5’ 62 77 93

P P Pf s m= = =230 75 800, . , ; constant specific liver clearance per chlorination level. (Between

parenthesis: better fits with individual value for specific liver clearance)

scaling factor α  was introduced, to scale the partition coefficients for PCBs down to lindane.

The three parameters ³ ´ µ¶ ·�¸ ¹ ·, , and α  were fitted and a likelihood was found that was even

better as fitting the five parameters. The fit resulted in the following parameter values for

lindane:

ºQ» ¼ ½ ½ ½ ½¾½¿ À Á Â À Ã À Ä ¿¾Å
, [ ] . . .Æ Æ Æ Æ Æ Æ Æ33 61% 44 14 150 21day-1

where the values for the partition coefficients were obtained by multiplying the respective

values for the PCBs by the value found for α : 0.19. An overall percentage of 80% explained

variation was found. However, plots of the model fit and individual data for plasma showed

systematic over- or under-estimation. Individual fits of Ç ÈQÉ Ê, , while fixing the other parameter

values at their values found, resulted in substantial improvements. Individual values of the

specific liver clearance ranged from 24 [day-1] to 69 [day-1].
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During the procedure of fitting parameters to the experimental PCB data we have striven for a

generic instead of specific approach, i.e. obtaining parameter values, which could be used for

as wide as possible a range of congeners. Based on theoretical/empirical considerations

(DeJong é ê�ë�ì í , 1997) and (Poulin and Krishnan, 1995) it was decided to keep the tissue-blood

partition coefficients to a fixed value for all the congeners, rather than estimate them

separately for each particular one. After that, it was observed that the specific liver clearances

for î�ï ð ñ�ò  and ó!ô õ�ö ÷�ø chlorobiphenyls could be assumed to have a fixed value depending on the

degree of chlorination, with a clear exception for 2,3,4,2’,5’ PeCB.

One may question whether such a procedure is allowed, or whether one should stick to the

results obtained by the primary fits, giving a particular set of parameters for each of the

congeners separately. Firstly, it needs to be emphasised that one should not rely too strongly

on the particular results obtained. In assessing the reliability of the particular values obtained,

or, from another perspective, to assess the variability in the particular values found, the

method of “ jack-knifing”  may be used. Following this method one of the experimental data-

points is removed and the fitting procedure is restarted on the reduced set of data and

parameter values obtained are compared with the original ones.

A kind of “ jack-knifing”  was applied by re-estimation of parameter values removing a

complete set of data of one of the goats for one of the congeners (HpCB). The value for the

clearance parameter ranged from 0.0013 to 76 [day-1], while during the final parameter

estimation in the preceding section a value of 62 [day-1] was found. The absorption fractions

found range from 47 to 93% (final value in Table 4: 71%). The values for the partition

coefficients found ranged from 250 to 610 for adipose tissue (final value in Table 4: 230),

from 3.2 to 10 for slowly perfused tissue (final value in Table 4: 7.5) and from 550 (excluding

goat number 4) to 930 (excluding goat number 3) for milkfat (final value in Table 4: 800).

Despite the substantial variability of parameter values, simulated plasma concentrations in a

goat do only differ slightly. By excluding one of the lactating goats (number 3 or 4),

estimation of the blood-milkfat partitioning is based solely on the data of the other one.

Because the experimental plasma-milkfat concentration ratios vary almost a factor of two

between the two goats, one may expect a more clear difference in the simulation outcome of

the milkfat concentration simulations, given the plasma concentrations are almost the same.

For a few PCBs, notably with IUPAC number 28, 114, 156 and 180 simulations have been

performed with the parameters obtained from the starting fit procedure, fitting all five pa-

rameters, and the final procedure, fitting only two (PCB 28 and 180) or one (PCB 114 and
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156) parameter. The results are depicted in figure 8. The differences for the PCBs number 28

and 114 are more marked than for 156 and 180. Note that the fitting procedure leads to a  de-

gree of explanation of data that is decreased only slightly.
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Tanabe @ A�B�C D  (1981) reported on biological half life and absorption efficiency of individual

chlorobiphenyls in rats. By absorption efficiency they mean uptake from the intestine, i.e. the

total amount administered minus the amount excreted in faeces up to one day after the end of

administration (PCBs excreted via bile thereafter are supposed to be re-absorbed via the

intestine into the faeces). If it is assumed that the intestinal walls do not metabolise PCBs to an

appreciable amount, then the amount taken up by the intestine is equal to the amount absorbed

from the intestines, E�F G H  the intestinal wall, into the body. They observed a very clear

relationship between the fraction absorbed and the congeners molecular weight:

F M Cabs ⋅ =1
2 ( )onstant , where I is molecular weight.

The results tabulated in Table 2 and 4 do not show such a clear and easily understandable

relationship. It rather appears that the fraction absorbed has a minimum for congener nr. 77.
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From this congener, PCBs with a higher degree of substitution, and thus with a higher

molecular weight, have their fraction absorbed increased, rather then decreased, in

contradistinction to the result of Tanabe J K�L�M N (1981)

The results of Tanabe O P�Q�R S  (1981) indicate the absorption of PCBs in the rat to be governed

by passive diffusion over the gut wall. The results for the goat indicate that absorption in the

goat is perhaps a more complicated process involving mediated transport over the gut wall,

resulting in a minimal absorption fraction for congener 77 of the experimental congeners.

T�U VXW�Y�Z [ \ [ \ ]�^+\ ^+_
From the parameter estimation procedure fitting the 5 parameters to the data, no clear picture

can be obtained about a relation between partition coefficient and the related congeners

molecular structure. For example there is no constant ratio between the 3 partition

coefficients, independent of the typical congener, nor does there seem to be a relation between

substitution grade and other molecular properties, such as asymmetry of substitution or

polarity, and blood-fat partitioning. In Parham ` a�b�c d , (1997) human tissue-blood partition

coefficients are modelled as a function of molecular structure. Apart from a constant term

(which could be interpreted as the octanol-water partitioning) the number of non-chlorine

substituted e�f g h�i j�h�k h  carbon pairs, the number of lm n o�l  chlorine’s and the difference of

degree of substitution per ring (and thus the polarity of the molecule) determine the partition

coefficient. They based their regression model on experimental data (the decimal logarithm of

the adipose-plasma partition coefficients of 24 PCB congeners) of Wolff p q-r�s t , (1982).

Comparing observed values of the adipose-plasma partition coefficients, used for the

regression, and predicted ones it appears that their ratio can be about two.

In contrast, DeJong u v�w�x y , (1997) and Poulin and Krishnan (1995) derive human and rat

tissue-blood partition coefficients for organic chemicals based on the octanol-water partition

coefficient only. These kind of QSARs tend to obtain tissue-blood partition coefficients that

are independent of the octanol-water partitioning, if the value of latter is "high enough", say,

higher than 10000. Then, the tissue-blood partition coefficients reach a maximum level

determined by the ratio of the relative lipid contents of the particular tissue and blood.

Sparsity and variability of data did not allow a fine-tuned approach and it appears that the

empirical/theoretical background offered in the latter two papers is sufficient for a fair

explanation. If the values Pf c, = 230 and Ps = 75.  are accepted, then the ratio of their relative

lipid contents would be about 30. Suppose the relative lipid content of adipose tissue is 90%,

then that of slowly perfused tissue (composed of muscle, bone and skin) would be about 3%.

Moreover, the lipid content of blood would be about 0.4%. A lipid z�{ |�} ~�|  content ranging

from 0.1 to 0.3% was found experimentally.
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The value for the milkfat-blood partition coefficient Pm = 800 is about 3.5 times as high as that

for the adipose tissue-blood partition coefficient. Derks � ����� �  (1993) found a milkfat-blood

partition coefficient about 1.6 times as high as the adipose tissue-blood partition coefficient.

They explain the difference by pointing out that the fat compartment does not consist for

100% of fat. However, in our case this observation would have led to a correction of about

10%, which still cannot explain the factor 3.5. Perhaps fat composition, i.e. the difference in

composition of milkfat and fat in adipose tissue, could explain the difference.

��� �6��� � ���+��� � � �
Tanabe � ����� � , (1981) reported among other things, about the patterns of PCB decrease in the

total body of rats after oral administration of a mixture of PCBs. They classified the PCBs

roughly into three types: PCBs that are almost completely eliminated already shortly after their

oral administration, PCBs that show clearly a phase of fast elimination followed by a terminal

elimination phase and PCBs that show only one phase of slow elimination. They observed that

the metabolical stability of PCBs basically depends on the degree of substitution: the lower the

degree of substitution of a PCB, the faster its elimination. Within a group of PCBs with the

same number of chlorine atoms there is a tendency that the more unsubstituted ��� � ��� ����� �
positions there are, the faster elimination is.

In the introduction of Borlakoglu � ����  ¡ , (1991) some rules are reported indicating whether

elimination of specific PCB congeners exceeds accumulation or not. They conclude that PCBs

that lack adjacent H atoms in at least one of the rings exceed accumulation over elimination, as

well as (some) non- ¢£ ¤ ¥�¢  and ¦�§¨�§�© §ª « ¬�§  substituted congeners. Note that all PCBs with 8 or

more chlorine substitutions lack adjacent H atoms, �® ¯%° ±�² CBs can have only one pair, etc. By

contrast, in accordance with the observation of Tanabe ³ ´�µ�¶ · (1981), PCBs with ¸�¹ º »�¼ ½�»�¾ »
unsubstituted carbon atoms in at least one of the rings exceed elimination over accumulation.

Neither the parameter values for the specific clearance tabulated in Table 2, nor those in Table

4 indicate a relation between degree of chlorination and metabolism rate, apart from being the

same within a class of the same degree of chlorination. On the contrary, when accepting the

values in table 4, the ¿ À Á -CB seems to be the most persistent one (terminal half-life, t1
2
, ranging

from 130 [day] for the lactating goat nr. 3 to 1900 [day] for the non-lactating goats) followed

by the Â�Ã Ä�Å Æ -CBs (t1
2
 ranging from 83 [day] for the lactating goat nr. 3 to 200 [day] for the

non lactating goats). In between the Ç È Ç É Ê -CBs reach a local maximum and instead of an

increasing persistency, it decreases with higher degree of chlorination from degree 5.

Also, it was noted that PCB 101, one of the Ë�Ì Í�Î Ï -CBs deviates from its iso-substituted

chlorobiphenyls with respect to its metabolism rate: the value CLl s, = 136 instead of 16 should

be taken. This congener is the only experimental Ð�Ñ Ò�Ó Ô -CB with an unsubstituted Õ�Ö × Ø�Ù Ú�Ø�Û Ø
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pair. This corroborates the observation in Tanabe Ü Ý-Þ�ß à  (1981) and the findings in the

introduction of Borlakoglu á â-ã�ä å  (1991) that an unsubstituted æ�ç è é�ê ë�é�ì é  pair enhances

metabolism. This is further confirmed by the difference between the two í î í ï ð�ñ CBs, where

better fits were obtained by the values CLl s, = 133 for PCB 52, the one with 2 unsubstituted
ò�ó ô õ�ö ÷�õ�ø õ  pairs, and CLl s, = 51 for PCB 77, the one with no unsubstituted ù�ú û ü�ý þ�ü�ÿ ü  pairs.

Consistent with this "rule" of ��� � ��� ���
	 �  substitution is the fact that the results for all the ���  � -
CBs could well be explained using only one value for the specific liver clearance: all the ��� � ���
chlorobiphenyls used for the experiment have no unsubstituted ��� � ��� ���
� �  pair.

��� ���! " $# % & '
( % )�*+( )!( ,"-�.+- ( ,")�/0% *01!# # % *"243 5"6�7 8�9 :<;�;�=
>
The assessment method introduced in Olling ? @BA�C D  has been implemented into a module that

estimates body burden and recent history of daily absorption of cattle and goats (Freijer E FHG�I J ,
1999). For the assessment method it is necessary that all the physiological and kinetic

parameters, such as compartmental volumes and flows and kinetic parameters (partition

coefficients and clearance rates), be known. For PCB congener IUPAC nr. 169 (arbitrarily

chosen), all data have been put into the module. In this module "standard" physiological values

were used and not the individual values for the experimental goats as in the fitting procedure

described earlier. Also, only data regarding the period between the second and third

administration were used in order to avoid as much as possible the case of obtaining results

that were put in beforehand.

For the lactating goats, the initial body burden of  PCB169, i.e. the body burden shortly after

the second administration was estimated to be 0.53 mg, compared to a burden of 0.35 mg as

calculated from the fit to the model. During estimation both milk and plasma data were used.

When using only milk data, the body burden was estimated to be 0.82 mg, while using only

plasma data a value of 0.31 mg was estimated. Notice that these values are within a factor of

two from the first estimated value. The daily absorption was estimated to be 0 mg/day.

For the non-lactating goats body burden was estimated to be 0.47 mg, compared to 0.39 mg

as calculated from the fit to the model, while the daily absorption was estimated to be 0

mg/day. Note that because of fractional absorption over the gut wall the amount of calculated

as well as estimated body burden is generally different from the orally ingested amount.

The same procedure for lindane led to the following estimates: body burden 2.5 mg (2.0 mg

using only milk data and 2.7 mg using only plasma data), compared to 3.5 mg as calculated

from the fit to the model for the lactating goats and 2.4 mg, compared to 3.8 mg as calculated

from the fit to the model for the non-lactating ones. Daily absorption was estimated to be

0.0077 mg/day (0.023 using only milk data and 0 using only plasma data) for the lactating
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goats and 0.0072 mg/day for the non-lactating goats respectively. Note that these last values

are very small compared to the values found for the body burden.

More results and a description of the GUI are in Freijer K LNM�O P  Their results show that the

estimates can serve well as a first screening tool for the Inspectorate for Health Protection,

Commodities and Veterinary Public Health.
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In order to assess the validity of the method in Olling s tBu�v w  (1995) to estimate body burden

and recent history of daily intake of lipophilic environmental contaminants in cattle, an

experiment was carried out where goats served as model animals. To account for elimination

of the contaminant by way of milkfat clearance, both lactating and non-lactating goats were

used. As typical environmental contaminants 14 PCB congeners and lindane were applied.

Concentrations in plasma were observed as well as concentrations in milk (fat) for the

lactating goats: the method in Olling x y�z�{ |  is based on a few measurements in these rather

easily accessible fluids.

A PBPK model of the kinetics of an environmental lipophilic environmental contaminant in the

goat was set up. Five parameters in the model were fitted to the data, all the other parameters,

notably the physiological ones were estimated on considerations of reasonableness and expert

judgement (Bremmer, (1998); Dik, (1998)). The method of Olling } ~���� �  combines

measurements in blood or milk (fat) with mathematical approximation to the PBPK model to

assess body burden and daily intake. All physiological and kinetic parameters are assumed to

be known in this approximate model.

Estimated physiological parameters and fitted kinetic parameters were put into the model and

the known daily uptake and body burden was estimated retrospectively. Note that parameter

fitting compared theoretical results to all the combined data that were available: i.e.

concentration data in plasma and milkfat of all the goats. Individual body weights of the goats

were accounted for during the fitting procedure. In contrast, in estimating retrospectively,

standard body weights were applied, and not all, but only a few data were used. Despite these

differences, reasonable estimations were obtained (Freijer, � �
��� � , 1999).

��� ���4� � ���+�+� �"�"�
� � ���"�
Obviously, although it is useful to have data on goats, main interest goes to lactating and non-

lactating cows. Physiological parameters of cows are known or have been estimated (Derks � ���� �  (1993)), thus "physiological scaling" from goat to cow is not expected to be problematic.

Nevertheless, extrapolation of partition coefficients and specific liver clearance from goat to

cow can be more complicated.

For lipophilic contaminants, the tissue-blood partition coefficient is likely to depend on the

blood lipid content. QSARs relating the octanol-water partition coefficient of a compound to



RIVM report 643810 006 page 35 of 45

tissue-blood partition coefficients indicate that they depend on the inverse of blood lipid

content for Kow values higher then about 10000. In a first approach, one could assume the

blood lipid content to be the same for all ruminants. If such an assumption is also made for the

specific liver clearance, i.e. the metabolic clearance per unit of volume of liver tissue, then

kinetic parameters can be extrapolated between goat and cow.

In order to validate these assumptions, it will be necessary to perform experiments on cows

with (some of) the 14 PCB congeners and lindane, in order to support extrapolation from goat

to cow. Another direction of validation is also proposed, since data on the kinetics of TCDD

in the cow are available. This data could be compared with data on kinetics of TCDD in goats.

Such an approach would require an experiment with TCDD in goats in order to validate the

assumptions and the proposed method in Olling � �
��� . further.

 �¡ ¢¤£r¥"¦�§�¨ ¥"¦r© ª « ª ¬�©  ®
Based on the results described in this report and in the report on the Graphical User Interface

(Freijer ¯ °
±�² ³ ), the following studies are planned as a follow up:

I. experimental validation of the PBPK-model by determining toxicokinetics of lindane and/or

PCBs in cows and dioxin (TCDD) in goats and comparing these to predictions obtained

with the estimation procedure. This would validate the assumption that partition

coefficients and specific metabolic capacity of cows and sheep do not differ substantially.

II. development of a PBPK-model for heavy metals in cattle (in first instance on basis of

literature data).

III. inclusion of “grazing patterns in time” in the Graphical User Interface

IV. optimising the Graphical User Interface for other animals than cows and goats, like lamb,

sheep and refinement of the PBPK model for dairy cows versus meat cows.
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Undersigned states herewith that the research presented in this report has been carried out ac-

cording to the OECD principles of Good Laboratory Practice (GLP) and that this report re-

flects a complete, correct and reliable overview of the results obtained.

GLP inspections of the experiments and reports submitted to the management research team

leader took place on:

Date Report publication date Report inspection date���������� � ����� � ��� � ��� � ��� � � �  !� "$#�%'&! !� �)( *�� � *�� � � +,*���-�������� ( *�� � *�� � � +�+.��*��  
06/06/96 20/03/98 18/06/96

10+11/06/96 20/03/98 18/06/96

17/06/96 20/03/98 18/06/96

11/07/96 20/03/98 17/07/96

30/07/96 20/03/98 30/07/96

31/07/96 20/03/98 31/07/96
/�0�1�2�3�4 5 4 6)7 8 9�: ; 8�< : =�> 7 : ; ?!8 @�A : =�B�C�=�>$: =)A C�; 7 C�7 : = D,C�=�B�=�8�=�5 A C�; 7 C�7 : = D�D.8�C�7 ?
06/06/96 14/01/98 18/06/96

10+11/06/96 14/01/98 18/06/96

17/06/96 14/01/98 18/06/96

11/07/96 14/01/98 17/07/96

30/07/96 14/01/98 30/07/96

31/07/96 14/01/98 31/07/96
E�F�G�H�I�J K J�G�L M�N O P�M�Q O R�S)R T)Q U�VXWXYZK M�S�M�N [�\ O \!R T�N O S�P�M�S�V�M�S�P,Q ]!R�O \ R�^�V _ \!O SX`.R�M�Q�^�O N a
01/07/96 study was stopped 09/07/96

28/11/96 study was stopped 28/11/96
b�c�d�e�f�g h g�c�i j�k l m�j�n l o�p)o q)n r�sXtXuZh j�p�j�k v�w l w!o q�k l p�m�j�p�s�j�p�m,n x!o�l w o�y�s z w!l pX{.o�j�n |Zk j�w yXj
01/07/96 25/03/98 09/07/96

16/12/97 25/03/98 17/12/97

This report was inspected on  28/01/98

Inspection of report no. 643810-01

This report was inspected on  07/01/98
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Inspection of report no. 643810-02

This report was inspected on  02/04/98

Inspection of report no. 643810-04

Quality control officer:

name : mw ing M.A. Bruil

laboratory : Laboratory of Exposure Assessment and Environmental Epidemiology

date : 

signature : 
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time (days)

0 8 30 50

non-lactating (n=3)

5 73 73 74 71
6 74 76 81 80
7 67 68 64 65

lactating (n=3)

8 64 59 53 55
9 47 45 46 45
10 61 62 58 56

all animals (n=6)

5 73 73 74 71
6 74 76 81 80
7 67 68 64 65
8 64 59 53 55
9 47 45 46 45
10 61 62 58 56

mean 64 64 63 62

SD 10 11 13 13

Time is in days relative to the first dose on day 0.
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time (days)

0 8 30 50

non-lactating (n=2)

1 72 75 75 74

2 64 65 63 58

lactating (n=2)

3 55 55 55 54

4 53 49 49 45

all animals (n=4)

1 72 75 75 74

2 64 65 63 58

3 55 55 55 54

4 53 49 49 45

mean 61 61 61 58

SD 9 12 11 12

Time is in days relative to the first dose on day 0.
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ú � ��� ø � û .

animal

number

# 5 # 6 # 7 # 8 # 9 # 10

day non-lactating lactating

0 0.40 0.31 0.34 0.31 0.27 0.30

1 0.39 0.27 0.32 0.24 0.25 0.28

3 0.37 0.27 0.28 0.26 0.25 0.31

8 0.35 0.29 0.34 0.25 0.22 0.31

9 0.34 0.29 0.29 0.28 0.22 0.27

11 0.35 0.26 0.32 0.23 0.21 0.26

16 0.35 0.25 0.29 0.29 0.23 0.26

30 0.30 0.28 0.27 0.23 0.24 0.27

32 0.35 0.26 0.24 0.25 0.24 0.27

37 0.35 0.27 0.23 0.22 0.25 0.24

49 0.35 0.28 0.21 0.19 0.23 0.24

50 0.36 0.23 0.21 0.18 0.23 0.26

min 0.30 0.23 0.21 0.18 0.21 0.24

max. 0.40 0.31 0.34 0.31 0.27 0.31

Time is in days relative to the first dose
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# 1 # 2 # 3 # 4

day non-lactating lactating

0 0.35 0.31 0.33 0.25

1 0.31 0.31 0.28 0.25

3 0.27 0.28 0.26 0.25

8 0.24 0.28 0.25 0.20

9 0.23 0.30 0.28 0.21

11 0.23 0.25 0.27 0.20

16 0.20 0.24 0.24 0.15

30 0.23 0.25 0.24 0.17

32 0.22 0.27 0.24 0.16

37 0.22 0.25 0.24 0.17

49 0.23 0.27 0.25 0.18

50 0.24 0.27 0.25 0.18

min 0.20 0.24 0.24 0.15

max. 0.35 0.31 0.33 0.25

Time is in days relative to the first dose.


