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ABSTRACT

Many methods of analysis have been employed in the
determination of levels of Polycyclic Aromatic
Hydrocarbons (PAHS), present in various
environmental samples, each with its own distinct
advantages and limitations. The study reported here
involved the development of a chromatographic method
that was suitable for the analysis of these
compounds in roast meat and smoked fish, and
further, one that would be easily applied for the

analysis of similarly complex environmental samples.

A gradient elution High Performance Liquid
Chromatograph (HPLC), was interfaced with a micro-
computer and the necessary hardware and software
for data collection, storage and subsequent
chromatographic analysis was developed.

The PAHs were extracted in methanol and methylene
chloride, followed by clean-up on XAD-2. Removal of
soluble protein was achieved by cooling the methanol
extracts to -20-C and then Tfiltering under suction.
The samples were then analysed by reverse phase HPLC
employing a Vydac TP5 analytical column, coupled
with a precolumn (Vydac 201TP 300A), and a gradient
elution programme; 50:50(water:acetonitrile) for

3min then 100% acetonitrile over 7min linear



gradient. The chromatograph was interfaced with a

microcomputer for data collection and analysis.

It was observed that the system and method of

analysis was versatile and well suited to this type

of operations. As many as eleven PAHs were
identified in the roast meat and smoked fish
samples. In all the samples analysed two compounds,

phenanthrene and benzo(b)flouranthene were always
present, the latter being an established carcinogen,
though there was no correlation in their
concentrations. Benzo(a)pyrene (BaP), which is one
of the most carcinogenic PAH, was identified in only
two roast meat samples at levels of 15 and 24ug/kg.
Smoked fish was observed to contain most of the PAHs
found in roast meat and in case of
dibenz(a,h)anthracene, the Ilevels obtained were much
higher than in roast meat. However there were
significant, levels of other PAHs of various
carcinogenic potency in all the samples of roast

meat and smoked Tfish analysed.



ONE : INTRODUCTION

1. Polycyclic Aromatic Hydrocarbons (PAHs)

1.1a General Properties

Polycyclic aromatic compounds including both
polycyclic aromatic hydrocarbons (PAHSs) and
heterocyclic compounds form one of the most heavily
studied classes of environmental pollutants
[1,2,3,4,]- This widespread interest stems from the
demonstrated carcinogenic activity of many of these
compounds (2,5,6,7). Animal experiments have
revealed that a good number of these substances are
carcinogenic and/or mutagenic and furthermore, they
can act as tumor initiators or promoters [8]. In
fact, the polycyclic aromatic hydrocarbons are the
largest class of chemical environmental carcinogens
known today [1,3].

w

The PAHs are largely non-polar compounds with more
than one fused benzene ring and although they can be
found as substituted derivatives, the study reported
in this thesis pertains to the unsubstituted

ana logues.

The majority of PAHs in the atmosphere will be found
adsorbed on solid particles but the lighter ones

with only three to four fused benzene rings have



high vapour pressures and occasionally may be found
free in the air. Examples of low molecular weight
PAHs include anthracene, phenanthrene and fluorene
all of which have boiling points below 400- C.
However they form stable solids at room temperature
and pressure. The structures of some common PAHs

are shown in fig.1l.1.

1.1b Occurrence of PAHs

PAHs are by-products of virtually all pyrolysis
processes including for instance, wood burning,
petrol combustion, industrial processes such as
foundries, coking plants, ethylene cracking plants
and many others [1,3,9,10]. They are thus widely
distributed and are found 1iIn air, water, soil, foods
and in almost every type of environmental sample
matrix conggivable [1,3,4,8].- In the atmosphere
they are usually found, adsorbed on particulate
matter, but some of the volatile ones can be Tfounc
free - the latter including anthracene, naphthalene
fluorene, phenanthrene and some others of 10W9r
mo lecu lar mass. Not only are PAHs the most
extens ively studied components of airborne
parti culate matter but their occurrence in other

media is of great interest [2].



pyrene

Benzo(@)pyrene

1.1. Structures of some common polycyclic

Aromatic Hydrocarbons (PAHs).



1.2 PAHs In Cooked Foods

LIjinsky and Shubik [11] showed in 1964 that some
benzo(a)pyrene (BaP) and other PAHs are present on
the surface of charcoal-grilled meat which they
attributed to adsorption onto the meat of smoke from
pyrolysed fat that had dripped onto the fire. Later
studies have, however, revealed that all forms of
heat processing of foods such as smoking, direct
drying and even cooking, introduces substances with
mutagenic activity. The formation of PAHs on
cooking as measured by mutagenic activity varies
with the nature and type of food. For example, high
protein food such as meat has been observed to form
more mutagenic products than starchy foods
[10,12,13,14]. The nature of the food including
water and fat content also affect the formation of
PAHs on heating. On heating proteins, many nitrated
PAHs are formed [12,15], some of which are highly
carcinogenic and are believed to act as direct
mutagens, while other PAHs may play the role of co-
carcinogens or activators [7]. Even without
heating, PAHs contamination of foods can also occur
from the environment - water, air, or soil - and
many unprocessed foodstuffs including vegetables and
fruits have been found to contain these compounds
[2]. PAHs prevalence in foods is such that some
studies by Santodonato, Howard and colleagues [16]

have estimated that food 1intake might actually



surpass tobacco smoking as a major contributor to
PAHs exposure. The levels of PAH content of some

foods are shown in Tables 1.1 and 1.2.

Table 1.1 The concentration of PAHs found in

charcoal broiled steaks [source [17]]-

Compound Concentration ug/kg
Anthracene 2.0
Benzo(ghi)perylene 4.5
Dibenz(a)anthracene 4.5
Dibenz(a,h)anthracene 0.2
Benzo(e)pyrene 6.0
Fluoranthene 20.0
Anthanthrene 2.0
Pyrene 11.0
Phenanthrene 18.0
Benzo(a)pyrene 8.0
Chrysene 1.4
Cororene 2.3
Perylene 2.0



Table 1.2 The concentrations of three selected
PAHs 1in various food products.

Source - [17] (Cone.in ug/kg)

Food Benzo(a) Benz(a)

pyrene anthracene Chrysene
Cereals 0.19-4.13 0.40-6.80 0.8-14.2
Potato Peelings 0.36 - -
Potato Tubers 0.09 -
Grain 0.73-2.30 - -
Flour (dried) 4.40 - -
Flour (untreated) 0.73 - -
Bread |, 0.23 - -
Bread (Toasted) 0.39-0.56 - -
Lettuce 2.8-12.6 6.1-15.4 5.7-26.5
Tomatoes 0.21 0.3 0.5
Spinach 7.4 16.1 28.0
Coffee (Roasted) 0.3-15.8 0.5-42.7 0.6-19.1
Tea 3.9-21.3 2.9-36.0 4.6-63.0
Wh isky 0.04 0.04-0.08 0.04-0.08

1.2a Cooking Methods and PAHs Formation

Very little is known about the reaction pathways
which lead to PAH formation but some authors support
a free radical mechanism as a possible option
Larson [18]. In smoked foods, formation of PAHs is
thought to proceed through complex pyrosynthetic
chemistry in which fuel components are cracked to

small fragments and then reformed through



predominantly free radical reactions [18]. The
method of cooking can have profound effects on PAH

production owing to the fact that the intensity and
directness of heat transfer from the source to the
food governs the rate and extent of PAH formation
especially in meat products [10,13,15,18]. Many
other parameters however govern the formation of
PAHs in foods and all are iInteractive. These
include the nature of cooking surface, duration of
cooking, temperature, water and fat content of the

food [10].

Investigat ions by Hatch [13] and Bjeldanes [19]
revealed that stewed, simmered, boiled or deep fried
meat produces low PAH levels while higher levels
were obtained through roasting and baking.
Variations in levels of PAHs were also observed with
change of frying surfaces with teflon, enamel or
ceramic surfaces giving the lowest levels and
stainless steel and aluminium surfaces producing the
highest levels [10] These observations indicate
that the temperature of contact, i.e. the surface
temperature, affects PAH formation. The surface of
a steel pan or grill can rise to much higher
temperatures than enamel or teflon surfaces thus
prompting formation of more PAHs.

During boiling or deep frying, the food 1is not in

direct contact with the cooking surface and hence



the food temperatures may not be very high which
explains the low PAH levels observed. Felton, Healy
Berry et al [20] noted a general increase in mutagen
formation with increase in cooking temperature
though not in a simple linear relationship. Most of
the PAHs on the surfaces of smoked foods are
believed to originate from the fire and smoke rather

than from heat-induced reaction in the foods [21].

As noted earlier, water and fat content, including
the rate of dehydration, affect the Tformation of
PAHs iIn meat though the relationship is somewhat
unclear [10]. Hatch [13] observed that lean red
meat produced mutagens readily, followed by lighter
meats and Tfish, but Weisburger [22] found a more
complex relationship between fat content and mutagen
formation. He noted that very low fat content le:
to decreased mutagen formation which was at variance
with the OQEervation by Hatch. He proposed tha
increased fat content may enhance the rate of hea+
transfer from the source to the meat and thus speed
up PAH formation. However the results obtained
indicated that the hypothesis only held in the lower
ranges and when fat content rose to a certain level
total mutagen formation decreased with increased fat
which supported Hatch®s observation.

It would appear that at higher temperatures

production of many different types of compounds



occurs which catalyze mutagen Tformation 1in foods.
Glycerol, which may be produced by the thermal
decomposition of fat, has been found to stimulate
mutagen formation as does iron (I11) [22]. Other
findings indicate that it 1is possible to suppress
mutagen Tformation on meat by adding substances such
as ethylene diamine tetraacetic acid (EDTA) or soy
protein before cooking [22]. However most workers
concede that PAHs will appear on all major protein
foods 1if cooked to a "well done™ state [15].

The effect of time, 1i.e. the duration of cooking on
the formation of mutagens has been studied and the
relation found to ,be a complex one. At certain
times during the cooking at certain temperatures,
PAH formation was found to reach a maximum and to
gradually decrease after prolonged cooking [10,15].
The loss of mutagens after prolonged cooking was
attributed wto degradation of the PAHs and to

possible evaporation losses [15].

1.3 PAHs And Environmental Carcinogenesis

By the turn of the century, scientists had noted
that a particular type of cancer - cancer of the
scrotum - was predominant among "chimney sweeps-”.

In 1915, Yamag iwa and Ichiwaka [23] demonstrated



that repeated contact with coal tar could induce
cancer 1iIn mice. In 1962 Rocky, Speer, Ahn et al
[24] managed to i1nduce carcinomas in dogs throat by
direct application of tar to the bronchi. Earlier
in 1932 benzo(a)pyrene (BaP) had been isolated from
coal tar and another PAH - Dibenz(a,h)anthracene -
had been synthesized pure and both compounds had
proved carcinogenic. The study of environmental
carcinogens has greatly advanced since then and
mutagens and/or carcinogens have been identified
from many sources such as foods [2,10,15,20,25 -
29], air particulate [3.4,6,7,8], fossil fuels

[21,30,31] and soils [9,32,33].

Procedures for fast assessment of the mutagenic
activity of the many thousands of chemicals have
been developed. Short term testsdepend for their
effectiveness on the universal nature
deoxyribonucleic acid (DNA) which in higne
organisms is incorporated in the chromosomes. The
(Bruce) Ames test [34] is the most common procedure
employed for assessing mutagens. A mutation may be

defined as a stable heritable <change in a DNA

nucleotide sequence and is usually assayed by
methods which detect either forward or reverse
mutations. The Ames test 1is designed to detect

reverse mutations which are by their nature more

specific. Reverse mutation assays use bacteria that

10



are already mutated at an easily detectable Iloci and
the frequency at which the test chemical abolishes
the effect of the pre-existing mutation is then
determined. The Dbacteria used are strains of
Salmonella typhinurium which require the addition of
histidine to grow. During the assay of a particular
chemical, the number of bacteria reverted back to an
ability to grow without addition of histidine is
measured by counting the revertant colonies after
48h of iIncubation. A chemical is positive iIn a
test i1f it displays a reproducible dose-dependent
response in at least one tester strain.

In many cases, metabolic activation of the substance
IS necessary before it can interact with DNA and in
mammals these metabolic enzymes are supplied by the
liver. In the Ames test in vivo conditions can be
mimicked by adding an activating system (S9 mix)
derived from rat liver which has been treated with
the appropriate co-factors [12]. Other metabolizing

systems can be derived from mouse or hamster liver.

Although the Ames test 1s a very useful one,
confirmation of a carcinogen may not be possible
until the substance has been tested in a mammalian
systen, sometimes over a long period of time
[12,13,29,35]. However most mutagens 1identified so
tar have been shown to be carcinogenic and the

evidence indicates that there is a strong

11



correlation between mutagenic and carcinogenic
compounds [12,35]. One study reported by Sugimura
[12] tested four hundred  (400) chemicals on
Salmonella typhlnurium TA 98. The results are

11 lustrated in Fig. 1.2

Carc inogen

Non-mu

Non-carei nogen

Figure 1.2 The results of a study to evaluate the

correlation between mutagenic and carcinogenic

compounds.
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One hundred and forty of these were found to be
carcinogenic and sixty nine to be non-carcinogenic.
87% of the carcinogens were mutagenic while 73% of
the non-carcinogens were also non-mutagenic.

Most workers agree that the correlation between
mutagenicity and carcinogenicity IS greater for

aromatic amines and PAHs than for any other class of

compounds  [15]. Benzo(a)pyrene (BaP) is the
strongest carcinogen among the PAHs and IS
frequent ly measured as an "indicator” of the
potent ial dermal tumorigenicity of a samp le
[8.30,36].

Epidemiological data relating human lung cancer and
cigarette smok. Ing has been genera lly accepted
[10,12]. Chemical analysis of cigarette tar has
revealed that it contains PAHs such as BaP,
dibenz(a,h)anthracene and chrysene, which are
confirmed garcinogens. However the mutageni:
activity obtained from cigarette smoke condensate
vastly exceeds that which can be explained iIn terms
of the content of BaP and other known carcinogens
present, thus prompting the suggestion that other

unknown substances present may also be active.

Screening of smoke condensate obtained by charcoal
broiling of various types of fish gave the mutagenic

activity levels which indicated that the smoke had a

13



high activity even without metabolic activation.
Again 1t was observed that the activities obtained
were higher than could be explained by BaP content.

In another experiment a sample of charcoal roasted
steak was subjected to the mutagenic screening
procedure. It was observed that 5g off the surface
of 190g of beef steak had an activity equivalent to
that of 855ug BaP which works out at 4,600ug BaP/kg
of roast steak [12]. Some PAHs such as pyrene and
fluoranthene possess properties which enable them to
function as co-carcinogens and hence enhance the
role of BaP as a carcinogen. It has been suggested
that this synergistic action may be the reason for
the observed high mutagenic activity of samples of
roast meat and which can not be explained in terms

of BaP content alone or other known carcinogens.

1.3a Relation of Diet to Cancer Occurrences

Though epidemiological data has long associated high
incidence of lung cancer with cigarette smoking, the
causes of most human cancers are still unknown
[12,37].- There 1s, however, a Jlot of evidence
indicating some relationship between diet and some
types of cancer. Studies on Japanese immigrants in
the United States of America demonstrated that human

stomach cancer is probably related to diet and the

14



same may be true for colon and pancreatic cancers
[12]. Krepinsky [38] showed that dietary fat intake
and beer consumption are correlated with large
intestine cancer. This finding has been emphasized
by Weisburger [22] who showed that several mutagens
formed during cooking were carcinogenic to rodents.
The affected organs in the rodents are the colon,
breast and pancreas the same as in humans on western
diets. He also found that enhancement of this group
of cancers is associated with diets high in fats and
cholesterol . T. Sugimura [28] identified mutagens
in pyrolysates of proteins as well as in ordinary
fried foods. All these substances were later found
to be carcinogenic to rodents. Studies by the same
worker [35] have associated increased cancer risk

with excessive intake of calories, alcohol, salty

foods, very hot beverages and char on food. In
other parts of the world, similar studies have
revealed similar trends. Lawrence and Weber

identified 18 PAHs in a variety of selected foods
available in Canada including smoked fish, fried and
charcoal roasted meat. Eleven of the PAHs
identified are known carcinogens. Smoking of fish

has been shown to be the cause of the presence of

BaP in the product [39].

The aforegoing gives indication as to the extent of

the correlation of some cancers with dietary habits

15



and the following examples illustrate the situation

further.

Out of fourteen thousand cancer deaths in Japan over
a period of 50 years, Hiriyama [40] found that
stomach cancer had the highest incidence followed by
lung, liver and cervical cancer. He further
observed that breast cancer was associated with meat
eating and smoking while cancers of the mouth,
pharynx, esophagus and prostrate were correlated
with alcohol consumption. Though smoking was the
most important overall risk, factor, meat eating had
a higher risk than smoking for esophageal and
pancreatic cancer. In attempting to relate the
lifestyle and the risk involved he found that the

lowest cancer risk (0.40) was associated with the

lifestyle of non-smoking, non-alcohol or meat

consumption but with plenty of vegetables and
fruits. Th; highest risk (1.00) was just the
opposite. It was correlated to a [lifestyle of

smoking, alcohol and meat consumption with few or no
vegetables at all. He estimated that 33% of the
cancers were associated with smoking, 35% with diet,
5-6% with alcohol consumption and less than 3% with

occupation.

Carcinogenesis involves a balance between the

initiation and promotion processes. Both are dose

16



dependent and the latter process 1is reversible when
the stimuli is removed [22]. Experiments have shown
that promoters increase the incidence of cancer and
reduce the latent period after initiation. Typical
promoters are sodium chloride(NaCl) and croton oil
[12].- It is to be noted however that there are
substances which lower the cancer risk.

"Dismutagensl as they are called, 1inhibit the action

of, or even directly inactivate mutagens and
promutagens. Extracts from many fruits and
vegetables are dismutagenic. These include

peroxidases from cabbage and broccoli, vegetable
fibre (which absorbs many mutagens), and reducing
agents such as vitamin C [42]. Negative correlation
to cancer risk has been ’observed with high intakes
of fruits and vegetable fibre [28,43,44,45], thus

stressing the need for a diet rich in these foods.

1.4 Analysis of PAHs in Food
Methods of analyzing PAHs in food have evolved over
many years but even the simplest of them 1invariably
involves more than one step. In general there are
least two steps iIn preparing a sample for the
stage, which is analysis by either

chromatography or a biological technique. These

steps are:

17



a) Extraction of pahs from the sample
b) Clean-up from interfering substances
C) Analysis by gas chromatography, HPLC,

mutagenic assay, etc.

These steps vary in complexity and duration and none

can be assumed to be of less importance than the

other.

1.4a Extraction of PAH"s From Food Samples

PAH extraction from foods has been achieved by using
aqueous acid or base [10], mixtures of water and
miscible organic solvents [2,25,26], organic
solvents alone [20], or water [29,33]. In any of
the methods above, the food was first broken into
small fragments, then homogenized with the solvent
and the mixture filtered to capture the filtrate.
Though the filtrate contains the PAHs, it may also
carry along soluble proteins and other interferences

which need to be removed.

One of the earliest extraction methods to be
commonly adopted was developed by Commoner and co-
workers [45], In this method the cooked food was
homogenized with 0.1N HC1 +then filtered and soluble

proteins were precipitated by ammon ium sulphate,

18



(N \ SO 4, before a final filtration. When the
filtrate was adjusted to pH2 1t was extracted with
methylene chloride (4 Clj ) then adjusted to pHIO
followed by a final extraction with methylene
chloride. Use of (NH4) S04 in this method was later
observed to cause artificially high mutagenic
activities [47] and was later replaced by sodium
hydroxide (NaOH) [48].- Many variations and
modifications of this method were utilized in a bid
to improve the extraction efficiency but even then
the recoveries reported were only about 3% at the

highest [48].

A later development was the wuse of a mixture of
water and a miscible organic solvent such as
methanol, acetone or acetonitrile. This method has
been used by Weber and Lawrence [26] to determine
PAH Ilevels in Canadian smoked fish and meat products
[2]- They adged potassium hydroxide (KOH) to

mixture of water and methanol (1:9) and saponified
the sample under reflux for 3-4 hours. High

recoveries were reported and a total of 18 PAHs

detected.

Extraction with undiluted organic solvents has
proved to be a success, more so because of the
ability of such solvents - methanol, acetonitrile

etc.- to precipitate proteins, which 1is desirable

19



[20, 25, 29]. Food samples are homogenized with the

solvent and the mixture then filtered and subjected

to further clean-up procedures. High recoveries
have been reported, especially when a suitable
clean-up procedure was employed. Kato, Kikugawa and

Hayatsu [27] report the wuse of water alone as an
extraction media in their determination of mutagens
from Japanese smoked fish and other smoke dried
products. The sample was homogenized with distilled
water, then heated and the mixture filtered.

In this type of extraction however, the main
interest was in the determination of the general
mutagenic activity and not in the PAH content of the
sample. Quite a large number of the mutagens
contained in foods are polar compounds - substituted

PAHs which have appreciable solubility in water [7,

15, 27].

The above ”~are some of the methods employed to
extract PAHs from their enclosing matrix which form
only the first step in their analysis. A second
step is required to further free these compounds
from other interfering substances and to lend them

accessible for sensitive analysis. It 1is this
second stage, i.e. the clean-up stage, which in
conjunction with an appropriate extraction procedure

that seems to govern the extraction efficiency to a

large extent.

20



1.4b Clean-up or Pre-fractionation

The selective isolation of PAHs from interfering
compounds is of great importance and much effort has
been devoted to this challenge [33]. Numerous
methods for this purpose have been applied to purify
PAHs from various samples such as air particulate
[4,6], soil extracts [9,32,33] food [2, 26, 27] and
water [25]. Some form of chromatography is utilized
in all the separation techniques and TLC has found
wide acceptance. It was used in the early studies
[10] and is till common in recent ones [1,4,6,31]
In TLC the sample is spotted along with pure
standards and after development of the plate, the
PAH fraction is scrapped off and redissolved in
methanol for further analysis on gas chromatography,

HPLC or another analytical technique.

New developments have occurred in this area givin

rise to many other clean-up methods among the

chromatogragLy of the crude extract on a basic
alumina column which has been found to yield good
results [7,10,49]. Hagraves and Pariza [10]
utilized a silica gel column, Adsorbosil-5, anc
reported satisfactory results. In this column, the
non-polar compounds are eluted with n-hexane while
the polar ones are eluted with methylene chloricie.

The Sephadex-LH20 which is a gel permeation column

was often used in conjunction with a silica gel

21



column to achieve sufficient purification with
methanol or a combination of methanol: hexane:
chloroform being the mobile phase [10]. This method
has been criticized for being extremely slow [50]

and preparative HPLC has been found to serve the

same purpose and more efficiently [10]. Lawrence
and Weber [2,26] utilized another commercial
column - the Fluorosil column - to prefractionate

PAH extracts from smoked foods using toluene as the
mobile phase. Crosby and colleagues [25] employed
the Sep-pak column packed with silica gel and
elution with a combination of solvents to clean up a
crude PAH extract from food before a final
prefractionation on nkc. As mentioned above,

preparative HPLC can be used for clean-up and is
highly suitable for very sensitive analytical
systems such as GC-MS (gas chromatography-mass
spectroscopy) . Tomkins and Griest [30] employed a
preparative HPLC column - Partisil PAC 10 in their
determination of BaP at parts per billion

concentrations in highly refined fuels.

A more recent development in the field of PAH
analysis and which has roused great interest is the
Amberlite XAD-2 resin. This 1is a polyvinyl
butadiene co-polymer that 1is highly specific to
mutagens and especially PAHs and it has found wide

acceptance and application. It has been employed

22



with much success to collect air particulateSfor PAH
analysis [8,51] and to concentrate PAHs in liquids
such as urine [52] to mention a few. Many workers
have used XAD-2 for clean-up of PAHs from

Interfering compounds [9,10,27,32,33] and found it
efficient, reproducible and what®"s more, its
separation efficiency 1increases with increased use
especially with a careful choice of mobile phase.
Clean-up on XAD-2 is done 1in various stages usually
requiring more than one eluting solvent [9,32,33].
Some of the solvents that have been wused to elute

different fractions are as shown below.

the non-polar fraction: hexane or pentane.
- the polar fraction: ethanol, methanol or
acetonitrile.

the PAH fraction: acetone or toluene.

The portion containing PAHs 1is then concentrated for

ana lysis.

An alternative procedure 1is to use a single solvent
such as acetone on an XAD-2 column. The various
components will have different retention times and
by carefully taking off aliqots of the eluent, the
PAH fraction can be isolated [10]. This method was
used by Kato, Kikugawa and Hayatsu [27] in the

analysis of total mutagens by the Ames Salmonella
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assay- Using XAD-2 for <clean-up is reported to

yield high recoveries with losses as low as 1%

[8.51].

1.5 Chromatographic analysis of PAHs

As is the case in most classes of compounds, the
biological activity of PAHS is isomei- specific [21].
This is clearly illustrated by the fact that
benzo(a)pyrene is one of the most potent carcinogens
among the PAHs, while 1its 1isomer benzo(e)pyrene 1is
completely non-carcinogenic (see fTig 1.1). The need
arises, therefore, for a clear unambiguous
identification of the PAH* present in a sample

before any useful conclusions can be drawn.

Chromatography, coupled with some form of
spectroscopy” is the most extensively employed mode
of PAH analysis and 1identification. A sample after
purification 1is introduced into a chromatographic
column and eluted with a mobile phase of choice. A
suitable detector, (UV or fluorescence) which has
been adjusted for optimum sensitivity, is placed at
the end of the column and as the elution progresses,
components of the mixture are detected and the
results plotted on a chart. Identification, is

easily achieved by comparison of vretention times
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with those of known compounds or by subjecting the

components through a mass spectrometer.

1.5a Types of chromatography

The most common forms of chromatography employed for
PAHs analysis are gas chromatography (GC), or liquid
chromatography in the form of HPLC. In most
environmental PAH studies, G- was widely used with
either a glass or capillary column coupled to a
flame 1ionization detector (FID). Ciccioli and co-
workers [7] report of their work on atmospheric
samples where two preparative HPLC columns were used
to pre-fractionate the crude sample. When fractions
from these columns were applied to capillary GC, up
to twenty PAHS were identified from one fraction.
The GC was coupled to a mass spectrometer and a
complete anaJysis of each PAH was performed. This
combined GC-MS technique appears to be quite popular

for PAH analysis [2,7,26].

Recent development of high pressure pumps and
microparticulate columns for HPLC has resulted in a
steady increase in the use of HPLC for PAH
analysis. This form of chromatography usually
employs a UV or fluorescence detector and has been

employed on a wide range of samples including air
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particulate (1,4,36,53) smoke condensate (10) and
food (2,26). Most of the work has been carried out
on reverse phase columns which have C-8 or C-18
supports [37] but there exists various other columns
for HPLC work. Reverse phase is a special case of
partition (liquid-liquid) chromatography though it
iIs sometimes regarded as a separate category. In
normal adsorption chromatography the stationary
phase, usually silica gel or alumina, has active
sites for which the molecules of the mobile phase
and the sample components compete. Typical mobile
phasesused would comprise hexane or dichloromettfne
as a principal solvent, to which 1is added a second
modifying solvent usually a polar one iIn minor
proportions. Polar components in the sample are
retained more in the stationary phase and hence they
are last to elute. In a reverse phase
chromatographic system, the mobile phase 1iIs more
polar than the stationary phase. The stationary
phase is commonly a hydrocarbon chemically bonded
a support by the action of e.g.- an
octadecylchlorosilane. Mobile phases used in this
case are based on water to which a water- miscible
organic solvent is added to modify the elution
characteristics. Unlike 1in normal phase systems, it
is the more polar components of a sample that are
first eluted followed by the less polar ones. Common

phases are water mixed with either
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acetonitrile or methanol.
Columns with chemically modified support, have also

been successful in resolving PAHs as well [1].

Of equal importance to the choice of column is the
mobile phase and flow rate to enable separation of
closely related compounds such as PAHs. A non-polar
solvent such as n-hexane 1is suitable for chemically
modified column supports such as Lichrosorb NH2 or
Nucleosil No2 [1] while on reverse-phase columns, C-
8 and C-18, polar solvents such as acetonitrile or
methanol gives best results [2,26,30,49].
Introduction of the gradient elution technique has
greatly improved on the resolution previously
obtained under isocratic conditions. Gradient
elution also lessens the time required for analysis
as the change in solvent helps the slow component™
through the column much faster. Inclusion of e pre-
column before the analytical column also has tr-
effect of improving resolution and further provides

protection to the column against harmful particulate

in the sample.

Use of super-critical fluid chromatography (SCF) for
separation of PAHs has been reported by Takeuchi
and colleagues [54] and by Hirata and colleagues
[55]- Both groups of workers employed fused silica

packed columns but the former used carbon dioxide as
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the mobile phase while the later used n-hexane. It
was observed that SCF has the advantage of short
analysis time and efficiency over other
chromatographic systems. However, the
instrumentation 1involved is much more elaborate and

hence expensive.

1.5b Detection

On HPLC the detection of PAHs is effected by
utilizing some of the optical characteristics of
these compounds. Aromatic compounds are strong
chromophores and hence absorb ultraviolet (UV) light
over a wide band of wavelengths. After clean-up to
remove other substances that might absorb UV light,
the sample 1is introduced into a HPLC column at th?
end of which is attached a UV  absorption
spectrophotometer that has been set to a suitable
wavelength, commonly  254nm. This technique Is

widely used [1,7,31].

strong phosphors as well, and this
characteristic is exploited in fluorescence
detectors. When 1light of high 1intensity 1impinges on

these compounds, they absorb i1t and subsequently
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emit light of lower Intensity, 1i.e. they fluoresce.
By selecting suitable excitation and Tfluorescence
wavelengths, PAHs can be detected with high
selectivity. Fluorescence detectors, though more
expensive than UV absorbance detectors, are more
suitable for PAH detection due to their high
selectivity and sensitivity. They are thus
frequently employed [31,53] Rossi, Desilers and
Pardue [56] demonstrated the use of a
mu lliwave length detector for PAH detection. This
detector consists of a diode array spectrophotometer
in which the diodes emit UV light at different
wavelengths and as a sample progresses along this
array, a UV absorbance scan of the constituents is
obtained. Since a sample may contain many UV -
absorbing PAHs, some of them not well resolved, the
spectra obtained is usually quite complicated and
may not be easy to interpret. However this detector
has the advantage that after interpreting the
spectrum with the aid of a microcomputer, a clear
and unambiguous identification of each constituent
can be obtained since each compound has a unique UV

absorbance pattern.

Amperometric or cyclic voltammetry methods have been
used for 1identification of PAHs, by Khaled and Dorsy
[3], using liguid chnomatography. Amperometric

detectors are very selective and when used in
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conjunction with a UV absorbance detector, a clear

identification of components can be achieved.

A more recent development in PAH detection using
liquid chromatography is the High Resolution
Sphol"skii Spectroscopy (HRSS) [21]. The authors
reported total and unambiguous identification using
this method which utilizes the luminescence
characteristics of the compounds and combines the
use of a micro-computer to analyse the complex

spectra generated.

1.6 Use of microcomputers in chemical analysis

The demands of modern research are such that
precision and accuracy are of prime importance,
while at the same time great emphasis is laid on
speed and efficiency. Consequently, analytical
instruments have had to grow in sophistication and
invariably the volume and complexity of data
generated has 1increased proportionally. In order to
meet the high standards and to achieve the set
objectives in research the modes of handling data,

have had to change accordingly.

A development that has aided this process greatly is

advent of the microprocessor. The
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microprocessor has made it possible for low-cost
computers to be available for acquiring and
processing complex data sets thus enabling more
effective analysis than was previously possible
[59]- Most modern analytical instruments now have
on-board microprocessors or computers for performing
functions such as instrument control, data logging
and analysis. Use of computer systems on analytical
instruments has greatly simplified the task of
chemical analysis and has enabled researchers to
make more effective use of several steps 1in chemical
determination than was previously practical.

Chromatographic analysis is one such area where
computers have found (great applicability and
especially in the analysis of complex mixtures.
Though many modern materials for column

chromatography that are capable of separating a wide-

range of compounds, including isomers of on-
compound, Jhave been developed, rarely doe
separation occur with 100% resolution. Othe
variables such as temperature, electrica
fluctuations, solvent composition add to the

complexity of the spectra obtained thus making it
difficult to interpret. A computer system can very
effectively be employed to resolve peaks of comnle

spectra by mathematical methods [57,58] and at the
same time keep track of the changes or drift in the

baseline. Further, the system can obtain heights-,

31



peak areas and retention times of the various
components and calculate their concentrations. The
system may obtain other parameters 1if instructed and
it can be used to control the numerous functions
pertaining to the instrument and hence reduce human
intervention. The net effect is to minimize possible
errors, increase reproducibility and save on time.
In the study vreported in this thesis, a micro
computer was interfaced with a HPLC mainly for the
purposes of data collection and analysis. It was
thus possible to acquire data, remove random noise,
store data on disk, analyse it for peak areas and
retention times, resolve merged peaks, display and
print results. The chromatograms included in this
text are computer print-outs generated by the

system.

1.7 Proposed objective

The 1mportance of PAHs in the process of
carcinogenesis has been demonstrated and hence the
great interest which these compounds arouse. As

they have different potency levels, 1t 1Is necessary

o ldentify and quantify their occurrence and
especially in foods. Though many such studies have
been carried out iIn other parts of the world

[2.10.20 2A = "0l ;16 had yet been done in Kenya.
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Meat roasting is a much enjoyed social activity in
Kenya, whereas smoked fish is a popular diet among
some peoples of Kenya and as such it was important
to identify and quantify the PAHs that might be
present in these +two foods . This was thus the

project®"s main objective.



CHARTER TWO: XRERIMENTAL

2.1 Reagents and chemicals
All solvents used were either of HPLC grade or glass
-distilled analytical grade. Each was scanned under

a UV spectrophotometer to ascertain Its purity.

HPLC-grade acetonitrile and water were purchased
from Aldrich Chemical Co. as was n-pentane, methanol
and acetone, all of (99.9%+) purity. Analytical
grade methylene chloride (99.9%) was obtained from
Alpha Chemicals Co. Except for anthracene, all
other PAH standards and the XAD-2 resin were
obtained from Aldrich Chemical Co. Anthracene was
obtained from the Department of Chemistry

laboratories and recrystallized twice from methanol.

2.2 Instrumentation

The HPLC instrument available was a Gradient Liquid
Chromatograph Model 332 which employed +two Model
110A  high pressure pumps and a Model 210 samp le
injector  with & 20um1 sample  1loop, all from
Beckmann. The detector was a Hitachi model 100-40
UV spectrophotometer of variable wave length wh ich
was fTitted with a flow cell of pathlength Icm.

analytical column was a reverse phase Vydac TPS,
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packed with C18 hydrocarbon bonded on an inert
support, 25cm long and 4.6mm 1.D which was protected
by a guard column Vydac 201TP C18 300A with a 2.0
micron filter. For data collection and analysis a
BBC Model B micro-computer was used. It was
connected to the detector output through an
interface which had been constructed earlier for
this purpose comprising of a zener diode and a
resistor. Access to the computer was through the
analog port which contained an on-board analog to
digital converter (ABC). This feature (the ADC)
made the BBC micro-computer an 1i1deal system for
interfacing unlike other computers that do not
possess this facility.

To protect the ADC input circuit, the iInterface was
designed to "cut off"" voltages outside the range -
ve 0.3 V - +ve 2.3 V. The operation of the
interface defended on the programs (software) that

were developed to perform the following:-

)] Sampling of the detector output. This was
done at the vrate of 10 data points per
second but only the average of each Tfive
successive points was sent to the computer
memory, hence In one second, two points
were recorded. These were found to be
sufficient data points from which to

reconstruct a continuous chromatogram.
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ii) Removal of random noise from the data,
ill) Saving of chromatogram on magnetic
diskette,

iv) Analysis of spectra,

2.3 Preparation of standards

Not all the standards were readily soluble in
methanol and some of them needed to be dissolved in
methylene chloride Dbefore dilution to the required
volume with methanol. The peak due to methylene
chloride on HPLC did not interfere with the
detection of the PAHs as its absorbance was low and
its retention time was less than that of any PAH
analysed. One of the standards available,
benz(b)anthracene, was not utilized in the analysis
due to its poor solubility in any of the solvents in
use such as methanol, methylene chloride, pentane o
acetone and tjence could not be analysed on HPLC.

Once the standards were prepared individually 1in a
stock solution, a mixture containing all the
standards was then made 1in methanol 1in the various
concentrations shown in Table 2.1.

The various PAHs had to be prepared in different
concentrations as they all had different extinction
co efficients at the wavelength chosen for detection
(254nm) . Suitable concentrations were prepared to

obtain comparable peak heights on the chromatogram.
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TIME IN MINUTES

Figure 2.1 The HPLC trace of a standard mixture
for verification of the column
eff iciency

1= Bawe, 2= Nghttelee, 3= Bigeyl, 4 Flloee, 5Feethree,

Ooluin: Weke T5, Zor kag, 1.D. 46b». Pre-colun: \ydec 201 TP CI8 300A

' rae: LOilkin. dat ged: ldAin. Gadiet  elubdon: 3in
(icctnitrileveater}(1z) ten 10 acetonitrile oer 7iin liner  gradient
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Table 2.1 Concentration of various PAHs in the

standard mixture prepared.

Compound Cone. in ug/ml.
A.  Fluorene 5.00
B. Phenanthrene 2.00
C. Anthracene 4.00
D. Pyrene 5.00
E. Benz(a)anthracene 5.00
F. Chrysene 4_00
G. Benzo(b)fluoranthene 5.00
H. Dibenz(a,c)anthracene 5.00
J. Benzo(a)Pyrene 5.00
K. Dibenz(a,h)anthracene 20.00
L. Benzo(ghi) perylene 20.00

The above mixture was analysed on HPLC using the
established gradient elution program and a spectra
of all the eleven (11) standards was obtained. The
mixture was then enriched (doped) with a single
standard and again analysed on HPLC to enable the
determination of the retention time of that
particular compound in the standard mixture, Tfigures

3*la and 3.1. - This was repeated for every

standard.
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Table 2.2 The retention times (R.T.) and
relative retention times (R.R.T) of some selected

standards in a mixture.

(Ave) +(-) (Ave) + (-
Compound R.T.(min) R.R.T.(min)
Fluorene 9.23 0.15 5.73 0.06
Phenanthrene 10.05 0.08 4_.90 0.05
Dibenz(ah)anthracene 17.18 0.10 2.21 0.03
Benzo(ghi)perylene 17.95 0.11 3.00 0.05
The R.R.T was calculated w.r.t.

Benzo(b)fluoranthene whose R.T. was about. 15min.

The relationship between concentration and the area
under a peak was obtained by analyzing different
concentrations of the PAH and plotting a calibration
curve. Figure 2.2 illustrates this relationship for

phenanthrene.
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1000 v

Concentration in ug/ml.

Figure 2.2 « Calibration curve for Phenanthrene

Sample preparation
ttmples of roast beef were purchased from three
we 11-known meat-roasting centers in Nairobi at

K* @™ times of the day, i.e., before lunch

0O0a.m. - 12.30p.m.), during lunch (12.30p.m.
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2.00p.m.) and after lunch (2.00p.m. - 3.30p-m.).
The three centers were: Kariokor, Kenyatta and
Dagoretti Markets. Care was taken not to prejudice
the study by posing as an ordinary customer
throughout the sampling exercise. All the samples
were of boneless meat and were purchased from
different stalls at random. They were all roasted
over charcoal to a "well done"™ state and were then
wrapped in aluminium foil and transported to the

laboratory.

Once in the laboratory the sample was treated by a
modification of a method that had been applied by
Kato, Kikugawa and Hayatsu (27) in PAH analysis from
smoked fish. The meat was minced wusing a domestic
manual meat mincer and divided into two portions o°
100g each, which were placed in beakers and 100n
methanol added to both. The beakers were the
covered wit!> aluminium foil and kept in the dart
several hours to allow the methanol to permeate the
fibre. The sample was transferred into a blender
along with 200mlI methanol and the mixture biendec
over a period of 5min. It was then filtered unde:*
suction over clean glass wool and the residue agai”
blended with 200ml methanol for another 5min.

After filtration the filtrates were combined and the

volume reduced to about 20ml  using a rotary

vaporator. The concentrated mixture was then
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gquantitatively transferred to a small sample bottle
which was then tightly sealed and protected from
light. It was left overnight in a deep freezer at

minus 20° C.

A liquid and solid phase appeared after freezing and
these were quickly separated over No.l Whatman
filter paper under suction. Cold methanol was used
to wash the residue that comprised of gelatinous
matter which quickly melted on warming. The excess
solvent was removed over a rotary evaporator and the

residue taken up in deionized water and transferred

to a separating Tfunnel. The mixture was extracted
three times in agueous methylene chloride
(CFfACIljrHj0)  (1:5). All the methylene chloride

extracts were combined and the solvent removed on a
rotary evaporator. The sample was taken up 1in 3ml
methanol and was now ready for the next stage, i.e.

clean-up.

2.5 Sample Clean-up on XAD-2

A column of 2cm I.D was filled up to 10cm with the
Amberlite XAD-2 resin. The packing was first washed
with 50ml acetone followed by 50ml methanol and
finally 25ml  n-pentane at a flowrate of 4 ml/min.

of the methanol extract from the previous stage
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was applied at the top of the column and a reservoir
of solvent was placed above it. The flow rate was
adjusted to 2 ml/min and the column was not allowed
to dry out at any time during the clean-up process.
The following fractionation procedure which 1is based
on the method by T. Spitzer [32] for elution of PAHs

was applied.

Solvent Used Compounds Eluted

25ml methanol Polar compounds

15mlI n-pentane followed by

10ml methanol Non-po 1ar

compounds

10ml acetone followed by

20ml methanol PAHs

Flow rate: 2ml /min

Column : 10cm long , 2cm 1.D

The column was then washed with 15ml acetone

followed by 15ml methanol at flowrate 3ml/min and
was then ready for the next sample. The total time

spent on each clean-up operation was 50min.

The pah fraction was then reduced iIn volume and

adjusted to 2ml with methanol. It was immediately
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analysed on HPLC or stored overnight in a cold dark
place. All samples were done in duplicate and the

average value in ug/kg of PAH present recorded.

Smoked fish samples were purchased from Gi komba Fish
Market 1in Nailrobi. It was not possible to determine
how 1long the fish had stayed in that state or how
they had been smoked but 1t was certain that they
were Tilapia from the Lake Victoria Region. Three
batches were purchased and taken to the laboratory
where the flesh was carefully separated from the
bones.

All the fish had flesh of about 100g and thus each

sample was divided into two equal portions of 50g

each and the extracting solvent reduced
proportionally. The rest of the extraction
procedure was as for roast beef. The concentrations

obtained were converted to ug/kg.

2.6 Determination of extraction efficiency

Eight (8 of the available standards were utilized
1n the determination of extraction efficiency. They
were selected to represent the most polar, least
Polar and the medium polarity PAHs. The use of BaP
was avoided due to difficulties iIn handling. The

91Qht standards were as fTollows;
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A.  Fluorene

B. Phenanthrene

E. Benz(a)anthracene

F. Chrysene

G. Benzo(b)fluoranthene
H. Dibenz(a,c)anthracene
K. Dibenz(a,h)anthracene

L. Benzo (ghi) perylene

20ml of a standard mixture of these compounds in
methanol was added to the residue of extracted meat
sample in a 250ml beaker. After thorough mixing,
the beaker was loosely covered and placed in a dark
cabinet to allow the methanol to evaporate. A
similar "sample™ was placed into a beaker with pure
methanol and was treated alongside as a control.
Once the methanol had evaporated 24h later, the
"samples™ were re-extracted using the procedure
previously described. The resulting extracts were
analysed on HPLC to determine the concentration of
PAHs . The process was repeated using a different
concentration of standards and the results obtained

are shown in Table 2.3.



Table 2.3 shows the percentage recoveries of
selected PAH standards extracted from meat sample

residues:- Cone.in ug/ml.

Initial Observed

Standard Cone. Cone. Recovery %
A 5.0 4.0 80

B 2.0 1.8 90

E 5.0 3.4 68

F 4.0 3.5 87

G 5.0 4.1 82

H 5.0 4.4 88

K 20.0 17.3 86

L 20.0 16.9 84
AVERAGE RECOVERY 83.2%

From the results, the average recovery was hence

taken to be 83%.

2.7 HPLC Operating Conditions

The HPLC column was always kept in methanol. Before
analysis would begin acetonitrile was pumped through
the column to flush out the methanol and afterwards
water was gradually introduced until a vratio of

50:50 (waterracetonitrile) was established at a flow

46



rate of 1.5 ml/min. With the detector on, the

system was left to stabilize over a period of Ihr.

When stability had been attained, the sample was
introduced to the column through the sample injector
which had a 20uml sample loop. This was the
beginning of data collection by the computer and
also the start of the gradient elution program which
was as follows: the 50:50 (acetonitrile :water)
composition was allowed to continue for the first
3min, then the ratio of acetonitrile was increased
to 100% linearly over the next 7min. There were no
more changes 1in the mobile phase composition until
the end of the elution when the systenm was
programmed to revert to 50:50 (acetonitrile:water)
over a linear gradient of 3min and then allowed to
stabilize for I0Omin before thenext sample was
introduced. Meanwhile the data collected by the
computer was “~aved as a digital spectrum on diskette

after removal of random noise.
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CHAPTEHR THREE

RESULTS AND DI SCUSSI1ION

3.1 Extraction and clean-up

The extraction and clean-up procedure employed here
yielded satisfactory results as can be inferred from
the observed 83% extraction efficiency. Hate,
Felton and Bjeldanes [70] managed 85% efficiency
using direct methanol extraction and employing a

final extraction into methylene chloride.

Throughout the extraction, the pH was maintained
neutral and it was not found necessary to vary the
pH as other workers had done for determination of
mutagens [20] . In meat, the polar ends of the amino
acids bind to the polar ends of PAHs but this
happens to a larger extent when the PAH IS
subst ituted by a polar group say; NOj or Nfj. The
bond is mucyh weaker for a non-substituted PAH such
as BaP or anthracene. Varying the pH of the
extracting solution from neutral to pH2 then to pHIO
has been found to contribute significantly to the
level of mutagenic activity observed in a sample
[29], This variation in pH helps release the polar
groups bound to the amino-acid, chains. While this
may be a necessary step in total mutagen

determination, 1t may not be so in the analysis of

unsubstituted. PAHs which were of main interest in
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this study due to their low polarity. Figures 3.2
and 3.3 show the results of extraction by both
methods. They are derived from one sample which was
divided into two equal parts and each portion was
extracted using a different method. The same set of
PAHs were 1identified in both chromatograms but there
is significantly better resolution in Fig 3.3. This
may be a result of less interference from the polar
compounds which may have been extracted along with
the PAHs using the pH variation method 1iIn Fig 3.2.
However the extraction of compound G

(benzo(b)fluoranthene) - appears to have been more
complete in Figure 3.2 where the pH variation method
was employed but the observed peak 1is nevertheless
too high to be explained 1in terms of extraction
efficiency of compound G. A close comparison of the
two chromatograms helps to explain the difference.
In Fig 3.3 the peak attributed to compound G s
fairly small and well resolved from the preceding
unidentified one and the successive peak due to
compound  H. In Fig 3.2 all these three peaks are
poorly resolved and in such cases, the tendency 1is
to complement each othersl peak heights resulting in
one high peak. As stated above many other
substances are extracted along with the PAHs, in the
pH variation method, and it is possible that some of
these compounds contributed to increase the peak

height at RT=15 min.
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Figure 3.la The HPLC trace of a standard mixture
enriched with anthracene (Original
trace from chart plotter).

A =Huwrae, B= Feaithvae, G Mthvacae, DPrae, Eav@atthracere, FChrysere,

SBewo(p)fuoranthere, HOIbez(a,Cattiveore, JBawo@Pyrere,

KDlbaz(a,hyanthrecare,  L=8awo(ghiperylee

Goluin: Wdec T, 2o lag, 1D. 4.6n. Pre-ooluin: Wdbe 201 TP €18 30A. Hice rate:
L5il/iin, Gadiatt elution: 3xin (eostnitrilevater)(1:) then 1001 acetonitrile oer
7iln linear gradient.
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Figure 3.1 The HPLC chromatogram of a standard
mixture enriched with anthracene
(Computer print out).

A Fluorere, B= Frerenthrare, G Attvacare, DPrae, Earv@atthracee, FChrysere,

GBaro()yfAuwratthere, HDibaz(@,Oatthvacae, JBaw(@Prae,

K=0ibere(@,h@tthracee, L=Bawo(ghi)perylee

Glum: Waee 5, Z2¢* lag, 1D. 4.6m. Pre-colum: Wokc 201 TP (I8 I

Hce rate; 1.5nmin. Gediet eludon; Jin (acstonltrilez*aten)(1:1) then 1001

acstoitrile oer 74n lirer gadint
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Figure 3.2 The HPLC chromatogram of PAHs from
roast meat sample extracted by the pH
variation method.

A=Huwree, B=- Femittrae, G Attthvaore, Eer@athraoae,

GBemo()yfluworantrere, HDibez(a,Catthveore, JFBaw(@Pyreare,

KDibere(@,h)atthracae,

Glumn: Waee 5, 2¢* lag, 1D. 4.6m. Pre-coluin: Wobc 201 TP CI8 30A

Hov rate: 1.Sil/iin. Gradiatt elution: Sin (acetonitrlleaten)(:I) then 1006
acetonitrile oer Ain linear gradient.
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Figure 3.3 The HPLC chromatogram of PAHs from

roast meat sample extracted by the
neutral pH method.

A Fluwrere, B= Preraenthrere, G- Athvacee, Eav@anthracare, FOhrysae,

GBaro(@Awratthere, HDibawv(,Caithvacae, JBawo(@Prae,
K=Dibaz(@,hathracere,

Coluin: Weke 5, ¢ kag, 1D, 4.6s. Pre-coluin: ke 201 TP CI8 300A

Flov rate; 1.5Wiin. Gradient elutian: 3iin (acetonitrileivater)(1D) then 1001
acstitrile oer Ain lirear gradient.
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A  major problem in the extraction and clean-up
processes which was not documented in most studies
was that of dissolved fat and proteins in the meat
and fish samples. These substances made it extremely
difficult to work with the sample especially during

removal of excess solvent under vacuum where the
tendency to “shoot out" was very frequent and the
process had to be done over a long period of time
under close observation. Also, the sample could not
be passed through XAD-2 for <clean-up without prior
elimination of these substances. A solution to this
problem was found in freezing the methanol extract
at -20" C for at least ©6h in the dark and quickly
filtering it under suction followed by a final rinse

with cold methanol.

XAD-2 clean—up had the effect of improving
resolution by eliminating other substances that
might absorb UV “at the same wavelength, and further
protecting the HPLC analytical column from non-polar
compounds that would otherwise ruin it by binding on
the active sites of the stationary phase. The
process was, however, lengthy and tedious requiring

almost Ih under close supervision.

As mentioned earlier, this fractionation procedure
was adopted from the one employed by Spitzer [32]

in the GC analysis of PAHs in soil. Where he had
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used ethanol, methanol was used instead and acetone
was utilized in place of toluene. These solvents
were found to give satisfactory separation and the
use of acetone was advantageous in that solvent
removal was much easier on rotary evaporation than
would have been with toluene which has a boiling
point of 110°C. Toluene also has a high extinction
co-efficient at 254nm and its presence interfered
greatly with the detection of PAHs that had R.T less
than 12 minutes.

The procedure employed <can be summarized as shown

below:

Crude extract
#

25ml M%thanol Polars

15ml n-pentane
10ml m%thanol Non-polars

- 10ml acetone
20ml methanol PAHs

Figure 3.4 shows the results of the clean-up of

sample on XAD-2 using the above procedure.
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S-S I

4 6 8 10 2 14 IS 18 20 22

Retention time (R.T) Min

Fig.3.4 The HPLC chromatogram of all the three
fractions obtained after the clean-up of a sample on
XAD-2 and the above procedure.

Clean-up Column; 10cm long, 2cm 1.D

Flow rate: 2ml /min

HALC Goluin; Wdbec TS, &« lag, 10. 4.6m, Pre-colum; Wobkc 201 TP CI8 A
Ho* rae: L15iV/iin. Gadiet elutdon: 3in  (Eeetrmitrflesaten)(@:) ten 100*

acstmitrile oer 7iin lirear gradient.
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The non-polar fraction was eluted first followed by
the polar fraction and Tfinally the PAH fraction.
Each fraction was analysed on HPLC and the results
plotted on the same chart to illustrate their

relation.

The single large peak appearing on all the three
chromatograms at approximately R.T.= IOmin 1is
attributed to phenanthrene. This compound has a
very high extinction coefficient at 254nm as can be
deduced from the table of standards prepared where
anthracene has the least concentration. The peak

appearing in the polar and non-polar fractions is

due to a small quantity of the substance. All the
other PAHs were, however, eluted in the PAH
fract lon.

The HPLC chromatograms of some roast meat samples
from three different meat roasting centres in

Nairobi are shown in Figures 3.5 - 3.7.
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Figure 3.5 The HPLC chromatogram of PAHs in
roast meat sample from Kenyatta
Market.

B= Preranthrere, Eoav@athracee, GBarwo()fuoranthere, KDibaz(@,hanthraoae,
L=Barmo(chi)perylere

Glu: Waec %5, Zai layg, 1D. 4.6m. Pre-colum: Waec 201 TP CI8 30A

Ho* rae: 1.Sil/iln. Gadiet eludon: 3ain (eostonitrilevater) (D) then 1000
acetonitrile oer 7iin lirear gradient.
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Figure 3.6 The HPLC chromatogram of PAHs in
roast meat sample from Dagoretti

Market.

A=A , B= Freathrae, G Attvaoare, Een:@atthvacee,  GBamo(p)yfluoranthere,
Fmibe?%?c)mﬁmjere, @ n

Coluin: cke 5, i kg, 10, 4.6». Pre-ooluin: Woec 201 TP CI8 3

Flo* rate: 1.51/1In. Gadient elution: 3%in (acetonitrileanaten)(:D) then 10010
acstonitrile oer 7iin lirear gradient.
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Figure 3.7 The HPLC chromatogram of PAHs in
roast meat sample from Kariokor
Market.

A =Fluworere, 8 Prerenthrere, G= Aittvacare, G-Barro(o)fluorantihere,
K=0ibere (g, hatthracae,

olum: ek T5, S lag, 1D. 4.6ri . Pre-col it \yoee 201 TP CI8 30A

r,K rae: LSilViin. Gadiet eluio: 3iin (aetonitrflevaten)(:1) then or*
acetonitrile oer Tran liner gradiait
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In calculating the concentration of PAHs in a
particular sample, the volumes involved had to be
accounted for. The volume of the extracted sample
was 3.0ml. 1.0ml was applied to XAD-2 column for
clean up and the eluted PAH fraction was contained
in 2.0ml  of methanol. Hence to obtain the total
content of a particular PAH in the sample the
observed concentration had to be multiplied by 2 to
obtain the concentration in 1.0ml of sample and then
multiplied by 3 to obtain the total PAH content.
This was the concentration of the PAH in 100g of

sample and from here, the concentration could be

expressed 1in ug/g or ug/kg.

For any PAH the concentration [C] 1in ug/100 g,

[C]1=AxFx6.0x 1.2

where: A = Area
F = Conversion factor(concentration/Area)
6 = Dilution factor

1.2 = Recovery co-efficient (100/83)

Therefore [C] = 7.2 x A x F

3.2 PAH Analysis of Roast Meat Samples
In all the meat samples analysed, the salient

feature was the certain presence of
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benzo(b)fluoranthene and phenanthrene. These two
compounds were 1identified in all the samples tested,
but were present iIn varying concentrations. The
product moment correlation obtained for
corresponding concentrations was 0.064 which is to
be compared with the figure of 1.000 for perfectly
correlated products. Hence the concentration of
these two compounds were not correlated.

There were in total -eleven PAHs 1identified iIn the
samples but this number 1is by no means exhaustive as
it was possible to identify only those compounds
whose standards were available for HPLC analysis.
Table 3.1 shows the levels of the PAHs detected iIn
all the roast meat samples analysed. They are
classified according to "market or center from which
they were got and the time of day. The values given

are the average of two determinations.
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Table 3.1 Concentration of various PAHs found in
roast meat from three meat roasting centres in

Na irobi .
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TABLE 3.1 Continued

| Saiple AL B C 0O E F 6 H J K L
A0 m 6 16% 2
MO 3 1 16 D 250 B
A BY 66 1 3 2 il
A BB 180 - 7 ® 2
1A B® 14 & 37 28 (0]
g0 13 1% 3 121 B
@B 63 3 ™= 2 139 16
aw 4 20 27 5 7l 5 - |
a0 24 1™ 33 - X I3 .

Sampling period.

@ = 11.00a.m - 12.30p-m.
# = 12.30p.m - 2 .00p.m.
& = 2.00p.m - 3.30p.m.

Samples: A0 =Kariokor Market, BO =Kenyatta Market,
CO =Dagorett i*Market.

Key to compounds:

A=Huwree, B-Feathrae, C=Atvaee, 0=Prae, E=bav@aitvaae, F=

(e, G = Brwo()fluorathae, H = Dlbaz(@,Oathracere,  J = Bawvo@Pyrere,
K = Diberz(@,h)atthracere L = Barwo(@Dyperylere

Tables 3.2 - 3.4 depict other characteristics of

the results obtained.
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Table 3.2 The mean

from the three centres.

Compound

Fluorene

Phenanthrene
Anthracene

Pyrene
benz(a)anthracene
Chrysene
Benzo(b)fluoranthene
Dibenz(a,c)anthracene
Benzo(a)pyrene
Dibenz(a,h)anthra'cene

Benzo(ghi)perylene

levels of PAHs obtained

(Concentration

Kariokor

Market

1.7
147.0
1.0
2.0
«70.2
4.4
1302.0
3.4
1.9
62.3
0.0
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in meat
in ug/kg.)
1
Kenyatta Dagorett i
Market Market
0.5 - 3.2
124.0 199.8
2.5 1.5
1.1 9.6
220.2 92.6
0.0 28.7
1042.0 gsa.n
i
5.3 no .a ;
3.0 0.0
36.0 23.0
4.0 n n i
]



Table 3.3 Variations iIn the concentration of PAHS in
roast meat from the three Nairobi Markets

(cone.in ug/kg ).

jCompound minimum maximum mean
SFluorene 0.0 6.3 1.8
JPhenanthrene 34.0 309.0 160.0
Anthracene 0.0 16.0 1.6
JPyrene 0.0 56.0 4.7
benz(a)anthracene 0.0 786.0 125.0
Chrysene 0.0 145.0 12.0
Benzo(b)fluoranthene 241.0 2980.0 1088.0
Dibenz(a,c)anthracene 0.0 150.0 14.0
Benzo(a)pyrene «0.0 24.0 1.5
dibenz(a,h)anthracene 0.0 162.0 39.n
jBenzo(ghi)perylene 0.0 32.0 17
i
b —

One of the main factors affecting PAH formation in
roast meat is the rate of heat transfer from the
source to the meat. PAH formation 1is also dependent
on the smoke emanating from the fire as observed in
cases of fish smoking where most of the PAHs were
attributed to the smoke [12]. During the day,

variations were expected in the intensity and
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character of the roasting fires, and indeed such
variation were observed. At some times of the day
(11.00a.m. - 12.30p-m.) the Ffires were fresh and
levels of smoke from the charcoal were higher during
this period but from 12.30 - 2.00p.m. the fires
settled to bright glowing embers with little smoke
from the charcoal and it was at this period that the
fires were hottest. Later in the day (2.00 -
3.30p.m.), some fires were refuelled depending on
requirements, and the fresh charcoal did introduce
some smoke, while others were left to continue
without addition of more fuel. The condition of the
grill at the later hours of the day was mainly
greasy. An attempt was made to observe the
variation in levels of PAHs detected in the roast
meat samples against the time of sampling and the
results are given in Table 3.4 below. These
figures are averages of the values from the three

markets.
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Table 3.4 : Average concentrations of PAHs in
relation to time of sampling

(Cone .in u.g/kg) -

Time of Day

JCompound 11.00-12.30 12.30-2.00 g 00 g oo
Fluorene 1.3 2.0 2.0
JPhenanthrene 149.0 169.0 163.0
Anthracene 2.4 1.3 1.4
|Pyrene 0.0 8.5 4.9
Ibenz(a)anthracene 155.0 129.0 94 .4
Chrysene 22.5 0.0 0.0
Benzo(b)fluoranthene 835.0 1048.0 1353.0
Dibenz(a,c)anthracene 17.6 21.0 4.6
Benzo(a)pyrene 4.9 0.0 0.0
dibenz(a ,h)anthracene 30.6 20.1 65.1
IBenzo(ghi)perylene 0.0 0.0 3.5

The levels of the different compounds were generally
different throughout the sampling period.

Fluorene levels were however almost constant during
the whole period and the same could be said for
phenanthrene and anthracene. Chrysene and
Benzo(a)pyrene were detected only 1in the early hours

(11.00a.m. - 12.30p-m.) and are probably due to
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smoke from the Tfires. Levels of phenanthrene,
pyrene and dibenz(a,c)anthracene were highest at the
peak hours (12.30 - 2.00p.m.). Pyrene was non-
existent during the 11.00a.m. - 12.30p.m. period
while dibenz(a,c)anthracene was lowest in the late
afternoon session. It is also noted that levels of
1,2-benzanthracene diminished progressively with the
time of sampling while those of benzo(b)fluoranthene
increased. Benzo(ghi)perylene was only detected in
samples taken between 2.00 - 3.30p.m. The sharp
differences observed illustrate that there are many
factors that govern PAH formation 1in roast meat and
many of these are interrelated. Though 1t was
difficult to vretain constant conditions over the
fires for long periods *(1 could not ask for this
without divulging my real intentions) there were
some general characteristics that were somewhat
constant. These have been described above such as
the smoky state of the fires during the hours before
12_.30p.-m. ancT the general stability of the fires
from 12.30 - 2.00p-m. The compound BaP and chrysene
were only detected in samples taken before 12.30p.m.
suggesting that the source may have been the smoke
from fresh charcoal. On the other hand

benzo(ghi)perylene was only found in samples taken

between 2.00 - 3.30p.-m. Other PAHs such as
phenanthrene, fluorene, anthracene,
benz(a)anthracene, and benzo(b)fluoranthene were
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present in all samples and did not show marked

variations with the time of sampling.

3.3 PAH Analysis 1in Samples of Smoked Fish

Samples of smoked fish bought from a popular Nairobi
fish market (Gikomba) were analysed for PAHs using
the procedure previously described. The levels

obtained are shown in Table 3.5

Table 3.5 Levels of PAHs in samples of smoked

fish obtained from a Nairobi fish market, (cone.in

ug/kg)
.............. [
Ycompoeund T TT TS Fish 1 Fish 2 Fish 3
Fluorene . 0.0 0.0 180.0
Phenanthrene 274.0 322.0 194.0
Anthracene 15.0 0.0 0.0
Pyrene 57.0 70.0 0.0
benz(b)anthracene 0.0 0.0 0.0
Chrysene ! 0.0 31.0 0.0
jBenzo(b)fluoranthene 1497.0 1206.0 965.0
IDibenz(a,c)anthracene 0.0 0.0 98.0
jBenzo(a)pyrene 0.0 0.0 0.0
jDi benz(a ,h)anthracene 0.0 743.0 446.0
Benzo(ghi)perylene 0.0 0.0 0.0
e
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Not all the PAHs that were detected in meat samp les

could be 1identified in the smoked fish. Notable
among these was the absence of BaP,
benzo(ghi)perylene and benz(b)anthracene. Some

compounds were detected only once in the three
samples tested. These were fluorene, anthracene,
chrysene and dibenz(a,c)anthracene . Of significance
was the presence of both phenanthrene and
benzo(b)fluoranthene in all the fish samples just
like in the roast meat samples, but the levels of
phenanthrene were even higher in the smoked fish
samples. It 1is noteworthy that there is sufficient
evidence for the fairly high carcinogenicity of
oenzo(b)f luoranthene, (see Tables 3.7 and 3.8). The
amount of dibenz(a.,h)anthracene , which is also an
established carcinogen, detected in two of the
samples was much higher than had been observed in
any roast meat sample. The observed low values or
total absence of some of the PAHs could probably be
due to the Ilong storage periods of the Tish.

Two HPLC chromatograms of fish samples are shown in

Figures 3.8 and 3.9.
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Figure 3.8a The HPLC trace of PAHs in smoked fish

sample from Gikomba Market Nairobi
(trace from original plot).

B= Prerenthrare, C= Aithvacare, DPyrae, GBawo(b)fuorathere,

ol Waee 5, Zan kog, 1.D. 4.6m. Pre-colum: Wobc 201 TP CI8 300A
Ho* rate: 1.5nl/min. Gradiatt eluion: 3»in @Ecetnitrilevater)(1:) then 1001
acctitrile oer Min lirear gradient.
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SPEC- F15H1 - TIME IN HIN

Figure 3.8 The HPLC chromatogram of PAHs in
smoked fish sample from Gikomba

Market Nai robi.

B= Pheranthrere, C= Anthraoae, DPrere, GBazo(b)fuoranthere,
Ooluin: Wec T, Zm lag, 1D, 4.6n . Pre-ooluin: Wdec 201 TP CIS 30

Ho* rate: 1.51/1in. Greadient elution: 3ain (ecetonitrilenaten)(:1) then 1001
acstitrile oer 7iin lirear gradiatt
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Figure 3.9 The HPLC chromatogram of PAHs in

smoked fish sample from Gikomba

Market Nairobi.

T Prerenthrere, DPyrae, Fonysae, GBaw(@yAwranthee,  KDiberz(a,h@thraore,

Goluin: Wdec TS, 25¢i blag, 1D. 4.6m. Pre-cluiin: Wobsc 201 TP CI8 3A
Flov rate: 1.5V/iin. Gradiett eluion: 3din (ostonitrilevater)(:l) then 100%
acetonitrile oer 7nin linear gredient.
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3.4 Computer Assistance
Right from the start, the project was intended to be
one that would feature the application of computers
in the solution of common chemical analysis
problems. Computers have been widely used to solve
many chemical problems and are indeed available for
the solution of many others as long as the mode of
communication to tap the computer®s "intelligence”
can be established. This communication link is
called an interface which normally comprises of a
piece of hardware and a set of instructions
(software) to operate it. At the beginning of the
project, the Department of Chemistry had a
microcomputer but without the necessary interface to
link it with the various analytical instruments in
the laboratory. As a result of my interest in
computers | undertook to construct an interface and
develop the operating software that would Tfacilitate
communication b%tween the computer and a HPLC
instrument to accomplish the" foilowing

enter data into the computer from the detector,

store data on magnetic disk for future

man ipulation,

perform chromatographic analysis i.e. peak

integration and determination of retention

times

produce various displays of data,, results or

spectra for ease of reference and analysis.
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The hardware requ irements were few but a lot was
requ ired py way of software. The data was to be
obta ined by tapping the output voltages of the
detector. Since this output voltage varied between
a minimum of -ve 0.5V and +ve 1.0V, there was no
need for signal amplification and the interface
hardware consisted of a resistor and zener diode
configured to protect the input port of the computer

from excessive voltages.

In developing the software the following factors had

to be taken into account:

a) electronic noise from the instrument,
b) the size of the microcomputer memory

(storage capacity).

The signal to noise ratio (SNR) at the detector
output was at a poor level and required some
modificatiom in order to free the signal from the
noise. Some of this noise could be eliminated by
increasing the attenuation on the spectrophotometer
flowcell but this was unfortunately accompanied, by a
corresponding loss in sensitivity. A criterion for
handling the noise problem was established after
studying the detector output over a long period of
time and under® different conditions. As previously

explained, the computer lumped five consecutive
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points and recorded the average which was taken as
the true point on the curve and in this way, 2
points were recorded every second. Even after this
initial noise reduction, another "smoothing"
operation had to be done before saving the spectra.
This was achieved by employing a 20 points box car
average. It was noticed that after this '"smoothing"
operation the retention times of the peaks in the
spectra were slightly altered and an adjustment in
the software had to be incorporated to counter this

shift.

The size of the computer memory was also one of the
limiting factors in the development of the software.
As the BBC microcomputer model B had a memory size
of only 32 Kilobytes (32K RAM) and not all of which
is available for data storage, measures had to be

taken to conserve memory as much as possible.

Two data points per second were Tfound to be the
minimum possible points that if stored in the
computer would allow a faithful reproduction of a
chromatogram. Any given peak spanned at least 10
seconds. Another measure taken to conserve memory
was to write (poke) the data directly into specific
memory locations instead of leaving the computer to
assign memory automatically. A lot of space in the

memory was conserved in this way as the computer
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normally reserves five memory spaces (bytes) for
each datum which sometimes 1is in excess of
requirement. Only one byte is needed to store a
point whose digital value does not exceed 255, and
two bytes for higher values but which do not exceed
255 x 255. The values entering the computer were
"controlled™ not to exceed the latter value and
hence only a maximum of two bytes were required per
datum. Up to Ih. of chromatography could be stored
in the computer memory by this method. The saving
in memory was accompanied by a slight loss in
operation speed of the computer but not of a
magnitude to hamper the fluent collection of data.
Making use of the BBC microcomputer second processor
enhanced the memory to 64K from 32K and it was
poss ib le to col lect up to 36 minutes of
chromatography without having to write directly into
memory and therefore without |loss of operation
speed. This arrangement was very useful during the
analysis of the chromatogram where speed was

essential.

3.6a Obtaining areas and retention times
Quantification in chromatography requires the
determination of the size of the peak either in

units of area or weight, both of which are related
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to concentration and in some instances, peak heights
are used. These determinations are sometimes
complicated by the inability of the chromatographic
system to fully resolve all the components in a
sample, thus resulting in poorly defined merged
peaks and Tfurther, by the instability of the

base line.

Since the introduction of computers into
chromatography various methods have been developed
for peak area determination. These range from the
simple ones such as the height times width (at half
height) and the trapezium methods, to -elaborate

gaussian curve-fitting methods [57,58]

A fTairly simple method was employed in our study to
obtain peak areas and to resolve merged peaks. This
involved the summation of consecutive heights alonn
a curve and after substraction of the baseline, the
values obtained were directly proportional to the
area of the peak. As this method follows the actual
curve, all points along it are taken into
consideration and i1s hence more accurate than the
trapezium or the height X width (at half height)
methods. For resolving merged peaks, the

perpendicular drop method [58] was adopted.

It was also possible to obtain areas of peaks that
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on an ordinary chromatogram chart would be
considered out of range and hence not quantifiable,
With the computer systenm, peaks exceeding the
maximum peak height of the chart could be stored in
memory and later reconstructed for the purposes of

analysis or display.

Identification in chromatography relies on the
location of the peak iIn the chromatogram 1i.e. the
retention time which is a factor of the polarity of
the substance. Retention times were easily
determined even for broad peaks as the program could
pick out slight changes in the gradient. Where
ambiguity or doubt arose in the identification of a
peak, the sample was spiked with the suspected
compound and an increase in heignt confirmed the
inference.

It was noted that the retention time of a compound
in a mixture was slightly different from the one
obtained by SZtting the single compound through the
HPLC. The R.T. for all standards were found to be
very consistent and this made identification of the

sample components a less tedious task.

The computer assisted HPLC method developed here
proved to be a versatile system for performing HPLC
analysis. It has since then been employed for the

analysis of PAHs in wood smoke, pyrethrins from

80



pyrethrum extract and even drug metabolites. It has
also been used for instruction in course work and 1in
a workshop on applications of HPLC- for natural

products analysis to mention a few.

As the system is not confined entirely to HPLC work
and can be easily adopted for GC, IR or NMR 1its
applications are expected to expand. Though it took
a considerable length of time to develop the system
the gains in efficiency and accuracy were worth the
while and as other workers can make use of 1iIt, 1its
usefulness iIs enhanced and this further justifies
the amount of time spent on its development. Such a
system is ideal for Ilow budget [laboratories found in
many institutions which a‘re mainly stocked with non-
computerized instruments. The system extends to
these instruments all the benefits of a computer but
at the same time the computer retains its
independence and is available for other tasks. The

end result is a great deal of efficiency and

flexibility at a low cost.
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3.5 Health Effects of Eating Roasted Meat and
Smoked Fish
Roast meat and smoked fish have been shown to be
potential sources of PAH exposure to man [10,12,39].
Since the time when Percival and co-workers [59]
observed the high 1incidence of epithelioma of the
scrotum among "chimney sweeps’, the study of
chemical carcinogenesis has widely progressed [60].
The successful induction of tumors in animal models
[61] opened the way to experimental carcinogenesis
and soon BaP was 1identified as the main active
compound in the carcinogenic activity of coal tar
[63]- Evidence exists for carcinogenicity of BaP to
animals and in short term tests with bacteria but,
ironically, the evidence is insufficient when
applied to human beings [33].- Assessment of the
risk due to BaP is difficult since human populations
are also exposed simultaneously to mixtures of other
compounds of known or possible carcinogenicity

including (bu"t not limited to) other PAHs.

There has been some attempts to quantify the
carcinogenic risk to humans due to BaP based on its
observed activity in animals and bacteria. One such
estimate has postulated that exposure to 10ng BaP
can potentially produce 10-40 total cancers per one

million persons [64].
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Many of the PAHs that were found in roasted meat and
smoked fish have been identified in wood smoke as
well. The results of the analysis of kitchen smoke

from a Kenyan household are shown 1in table 3.6.

Table 3.6. Concentration of various PAHs in

kitchen smoke from a Kenyan household. (Cone, ng/m3)

Compound Mean Max Min
1. Fluoranthene 254 779 34
2. Pyrene 77 2387 103
3. Benz(a)anthracene 273 838 36
4. Chrysene 262 801 34
5. Benzo(b)fluoranthene 106 324 14
6. Benzo(k)fluoranthene 36 109 5
7. Benzo(a)pyrene 86 263 11
8. Benzo(ghi)perylene 252 771 33
9, Dibenz(a.h)anthracene 143 438 19
10. Indeno(?,Z,B—cd)pyrene 51 158 7

Source T491

An earlier study done in the Kenyan Highlands had
found the concentrat ion of BaP in the tota
suspended particulate in a smoky house to be 145

ng/m3 [65]
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As 1iIn the case of diet, the evidence on the
relationship between exposure to biomass smoke and
cancer risk 1is sparse [66]. There have been a few
studies that have indicated as possible the
relationship between exposure to biomass smoke and
nasopharyngeal cancer but in general, however, the
link between cancers and biomass smoke has not been
established in spite of the large quantities of
known carcinogens in biomass smoke [66]. Some
established characteristics of some PAHs are shown

in Tables 3.7 and 3.8.

Table 3.7 The established degree of evidence of

carcinogenicity for some PAHs. (source [63])-

fownnunH Degree of Evidence o Car ci no-

genicity for experimental Animals

Anthracene No evidence
Ben2 (a)fluor®nthene Sufficient
Benzo(b)fluoranthene LI
Benzo(k.)fluoranthene noon
Benzo(ghi)fluoranthene Inadequate
Benzo(ghi)perylene i
Benzo(c)Phenanthrene ool
Benzo(a)pyrene Sufficient
Benzo(e)pyrene Inadequate
Chrysene Limited
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Table 3.7 cont
Dibenz(a,c)anthracene
Dibenz(a,h)anthracene
Fluoranthene

F luorene
Indeno(1,2,3-cd)pyren
Perylene

Phenanthrene

Pyrene

Table 3.8
carcinogenic activity

system. Source [68].

Compound.
Naphtha lene

Anthracene

Carcino-genicity

Limited
Sufficient
No evidence
Inadequate
e

Sufficient

Inadequate
1 1

No evidence

The relation between PAHs

and their effect on the iImmune

Immuno
suppression(%)

Chrysene -f 26
Benz(a)anthracene + 56
Dibenz(a,c)anthracene + 55
Dibenz(a,h)anthracene t++ 91
Benzo(a)pyrene ++++ 64
Benzo(e)pyrene - -
Perylene -
Pyrene - -
Key: No effect Very weakly active +-,
Weakly active +, Active ++,i Very active +++,
Extremely active ++++.
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Shown in Table 3.8 1is the effect of the PAHs on the
immune system of the body. It has been observed
that all known carcinogenic PAHs, e.g. BaP, also
suppress the immune system whereas the non-
carcinogenic PAHs such as anthracene are devoid of
immunosuppressive activity [68]. It is also known
that some PAHs act as co-carcinogens which activate
other PAHs that would otherwise be dormant and cause

them to become carcinogenic.

3.6 Conclusion.

Roasted meat and smoked fish have been shown in this
study and in others [10,12,39] to contain PAHs many
of which are carcinogenic. Many of these PAHs have
also been 1identified in Dbiomass smoke and i1t 1is
likeiy mat these compounds end wup iIn tne foods
treated over open fires. Eating roasted meat (n.yam.
choma) is a celebrated social activity 1in many parts
of the county and smoked fish is very popular with
the people o; the Lake Victoria Region. In view of
the rising number of cancer deaths in Kenyan
Hospitals [41] and also the growing evidence of the
relationship of some types of cancer to diet, a more
intensive investigation is required to clearly
elucidate the correlation, 1if any, of roast meat and
smoked, fish consumption and cancer. As has been

shown in this study, the compound,

dibenz(a ,h)anthracene 1is present in smoked fish in
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not quite insignificant levels and so is BaP in

roast meat among others. Evidence exists relating
these compounds to cancer occurrence and high
immunosuppression (see Tables 3.7 and 3.8). There

is also a need to evaluate the relationship between
emission of PAHs from wood fuel and the levels of
these compounds that are to be found in roasted meat

or smoked fish.

There are however other factors that make the
evaluation of the carcinogenic potential of a
particular food even more complicated. This 1is the
presence of dismutagens* in some of the foods
consumed along with the suspected carcinogenic
foods. These compounds exhibit antimutagenic
properties and act by either directly inactivating
mutagens or by inhibiting metabolic activation C?
promutagens as well as blocking the formation c
mutagens from precursors [42], Extracts from msr

fruits and vegetables are dismutagenic. Tnese
include peroxidases from cabbage and Dbroccoli

vegetable fibre (which absorb many mutagens) and
reducing agents such as vitamin C. In assessing
carcinogenic potential of a diet, it 1is necessary to
take all the food components into consideration, and
to mention the need, iIn the light of the above, of
eating a balanced diet and to avoid foods with high

levels of carcinogens.
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>LOAD'""MENU""
100 SOUND 1,-12,150,2
110 MQDE1
120 PRINT:PRINT
130 PRINT:PRINT
140 PRINT:PRINT
150 ON ERROR GOTO 100
160 REM VDU 19,4,2,0,0,0
170 COLOUR 129
180 PRINT ™ YOU CAN CHOOSE ANY
190 PRINT " OF THE FOLLOWING OPTIONS"
200 VDU 19,2,4,0,0,0
210 COLOUR 130
220 PRINT:PRINT

230 PRINT

240 PRINT ™ (1) ENTER NEW SPECTRUM
250 PR INI-

260 PRINT " (2) DISPLAY SPECTRUM

270 PRINT

280 PRINT " (3) OBTAIN PLOT ON PAPER"
290 PRINT

300 PRINT ™  (4) ANALYSE SPECTRUM

310 PRINT

320 PRINT " (5) QuUIT"

330 PRINT.-PRINT
340 COLOUR 129

350 PRINT ™ For ANALYSIS You Will need
360 PRINT "™ SECOND PROCESSOR

370 PRINT:PRINT ™ If it is not ENGAGED
380 PRINT" and START again"

390 COLOUR 130

400 PRINT

410 PRINT ™ ENTER OPTION "

420 C=GET

430 IF C=(49) THEN 490

440 IF C=(50) THEN 500

450 IF 0(51) THEN 510

460 IF C=(52) THEN 520

470 IF C=(53) THEN 560

480 GOTO 420

490 CHAIN"COLLECT"

500 CHAIN"F"LOTC"

510 CHAIN"PLOT3"

520 CLS

530 PRINT TAB(12,10)"PRESS (fO)"
540 VDU21

550 *KEY 0 *FX 142,10!M :CH."SUMM™"IM
560 PRINT:END v
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>L.QAD"COLLECT "N
>L.
100 MDDE7
110 DIM M 10000
120 REM PROGRAMME TO ENTER DATA TO MEMORY AND ONTO DISC
130 REM THIS PROGRAM DOES NOT USE THE SECOND PROCESSOR
140 ON ERROR GOTO9BO
150 REM THE PROGRAM COLLECTS 2 POINTS EVERY SECOND
160 PD=2
170 SOUND 1,-15,100,2
I1SO PRINT TAB(5,24);"PRESS";CHR* <130);SPACE BAR ";CHR$(135);"TO CONTINUE

190 PRINT TAB(1,2);CHR*(129);"** THE SPECTRA MUST NOT EXCEED 30. Min"
200 BFfc=GET$:1F B$< >CHR*(32) THEN 200

210 SOUND 1,-15,150,4

220 PRINT TAB<1,4);CHR*(130);"DO NOT USE THE SECOND PROCESSOR "

230 B$=GET$: IF B$OCHR*(32) THEN 230

240 SOUND 1,-15,100,2

250 PRINT TAB(1,6) CHR*(131);"CHECK THE FOLLOWING ON THE DETECTOR"
260 B$=GET*:1F B*<>CHR*(32) THEN 260

270 SOUND 1,-15,100,2

280 PRINT:PRINT "™ 1. TIME CONSTANT SETTING IS 0.3

290 BS=GET4>:1F B*OCHR#<32> THEN 290

300 SOUND 1,-15,100,2

310 PRINT:PRINT ™ 2. TH.,.DETECTOR OUTPUT IS ABOUT +0.014

320 B$=GET-£: IF B*<>CHR*(32) THEN 320

330 SOUND 1,-15,100,2

340 PRINT:INPUT™ ENTER RANGE SETTING (0.01 _ 0.1) "5 RS:IF RSC.0l OR
RS>.1 THEN 330

350 IF RS=. 01 THEN F"D=20

360 IF RS=.02 THEN PD=10

370 IF RS=.05 THEN PD=4

330 IF RS=. 1 THEN F"D=2

390 SOUND 1,-15,100,2

400 REM B*=GET$:IF B*<>CHR*(32) THEN 360

410 SOUND 2,-10,20,15

420 CLS:PRINT:PRINT ;CHR*(129); "ENTER TITLE OF CHROMATOGRAM
"hinx Mnpcr tuaki -~r nutp-c? 'l

430 PRINT:PRINT ;CHRIi(130)5:INPUT F*

440 K=LEN(F$):IF K<1 OR K>7 THEN 410

450 PRINT:PRINT:PRINT

460 ?M=0: XV.~0:N*/.=0:Q7.=0

470 CLS:PRINT:PRINT;CHR*(130)5"™ TYPE IN "SET" WHEN ABOUT TO START
4S0 PRINT TAB(2,10);CHR$(141);CHR4>(129);"YOU WILL HAVE EXACTLY FIVE SECONDS"
490 PRINT TAB(2,11);CHR$(141);CHFLFf (129);"YOU WILL HAVE EXACTLY FIVE SECONDS"
500 PRINT TAB (2,16) ;CHR4-(141) ;CHR$ (129) ;"BEFORE SAMPLE INJECTION"

510 PRINT TAB(2,17~;CHR# (141);CHR$(129);"BEFORE SAMPLE INJECTION"

520 INPUT TAB(15,13) P$slIF P»<>"SET"™ THEN 470

530 Z7.=5

540 CLS:REPEAT:TIME=0

550 SOUND 1,-15,150,1

560 PRINT TAB (10, 10) CHR$ (141) ;CHR$ (130) ;Zr.
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570 PRINT TAB (10,11) CHRi> (141) ;CHR$ <130) ;Z7

580 REPEAT UNTIL TIME>=100

590 Z7.=Z7.-1<«UNTIL Z7.=0

600 *FX16,1

610 SOUND 1,-15,150,10

620 MODE4:PRINT:PRINT" RUNNING SAMPLE  "5F$

630 VDU24,0;0;1230;720;

640 ON ERROR GOTO 710

650 PRINTSPRINT ™ TO STOP PRESS ESCAPE"

660 TIME=0.0:07=131850:5S7=0:PRINT TAB(2,7) ;"TIME ELAPSED="

670 FOR E7= 0 TO 1230
XT680 S7.=0:FOR A7.=0TO 4: REPEAT: UNTIL TIME>=10*N7:N7=N7+1sS7=S7+ADVAL (1)DIV PD: NE

690 Y7.=S7. DIV5: ? (M#X7.) =Y7. DIV128: ? (M#X7.+1)=Y7. MOD128:DRAW E7,Y7:X7=X7+2:PRINT
TAB(17,7);TIME/6000:NEXT

700 VDU 16: MOVE 30, Y7.:GOTO 670

710 @7=10:PRINT

720 VDU12:PRINT TAB<2,10);"DO YOU WISH TO SAVE SPECTRA? Y/N":INPUT D*:IF D*="Y
" THEN 750 ELSE 740

730 PRINT:PRINT

740 VDU12:INPUT TAB(2,10);"SURE YOU DONT WANT TO SAVE Y/N";Y*:IF Y*-="Y" THEN 9
70 ELSE 720

750 G7.=0:0N ERROR OFF

760 SOUND 1,-15,100,2

770 CLS:PRINT:PRINT "USE A DISKETTE WITH AMPLE SPACE"

780 PRINT:PRINT "PRESS SPACE TO CONTINUE"

790 C*=6ET*:1F C$<>CHR*(32) THEN 790

800 SOUND 1,-15,100,2

BIO ON ERROR GOTO 760

820 IF B7.=1 THEN 920

830 CLS:g?égléEBINT:PRINT:PRINT:PRINT:PRINT "THE DATA IS BEING SMOOTHED BEFORE

840 PRINT:PRINT:PRINT"THIS IS A SLOW PROCCESS BE PATIENT"

850 REM A 20 POINT MOVING AVERAGE

860 G7.=1

870 C7.=0

880 AV7.=0: W7.=0

890 IF C7+405X7 THEN 920

900 ruK x/.-o TO 39 STEP 2:W7=W7+(2(M+C7+17)*128)+?2(M+C7+17+1>:NEXT

910 AV7=W7 DIV 20;?<M+C7>=AV7 DIV128:2 (M+C7+1)=AV7 MOD 128: C7=C7+2: GOTO 880

920 CLS:PRINT:PRINT "SAVING FILE ON DISC"

930 N=OPENOUT <F$)

940 FOR 17=0 TO C7 STEP 2: PRINTDN, (? (M+17) *128) +? (M+17.+1) :NFXT

950 CLOSEEN:PRINT

960 PRINT"RECORDED AND FILE CLOSED"

970 ON ERROR OFF

980 VDU7

986 CLS:PRINT:PRINTFPRINT“WANT TO ENTER ONOTHER SPECTRA ? Y/N"

990 ON ERROR GO0T0980

1000 P*=GET*:1F P$=CHR*(89)THEN 1010 ELSE 1020

1010 MODE7:GOTO 120

1020 CHAIN"MENU":END
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tmsr > | QAD"SUMM'

L.

100 MODE4

110 vpu 19,0,4,0,0,0

120 REM PROGRAM TO FIND AREA UNDER CHROMATOGRAM PEAKS,R.T AND RRT
130 VDUe6

140 ON ERROR GOTO 850

150 DIM Y7. (4000) ,V7. (4000)

160 VDU3:CLS:MOVE O ,0:PRINT:REM ROUTINE TO READ DATA FROM DISC
170 vDU24,0;0;1279;800;

180 VDU7

190 PRINT:PRINT"ENTER DATA FILE"

200 PRINT:INPUT R*

210 @7.=&20209

220 B=OPENIN (R*):V7.=0

230 ON ERROR GOTO 170

240 REPEAT

250 DRAW 0,800:DRAW 1279,800:DRAW 1279,0:DRAW 0,0

260 FOR D7.=0T0 1278

270 INFTUTEB,Y7. (V7.) :Y7.=Y7. (VX) :DRAW D7.,Y7. (V7.)

280 ON ERROR GOTO 310

290 IF V7.>=3800 THEN 310

300 V7.=V7.+1:NEXT:VDU 16: MOVEO,Y7. (V7.) :UNTIL EQF£(B)

310 CLOSE£B:VDU12

320 ON ERROR GOTO 810

330 SOUND 1,-13,110,2

340 S=0

350 P7.-0: X7.=0: BL7.=Y7. (X7.+2) :PE7.=2: X7.=X7.42: Q7.=0

360 PRINT:PRINT" PEAK INTEGRATION™

370 PRINT:PRINT:PRINT:PRINT "DO YOU WANT TO PRINT RESULTS? Y/N"
380 C*=GET$:1F C$=CHR*(89)THEN 410

390 IF C~=CHRJ;(78) THEN 450

400 GOTO 380

410 PRINT SPRINT"MAKE SURE THE PRINTER IS READY AND PRESS SPACE"
420 K$=GETS$:1F K*<>CHR*(32) THEN 420

430 CLS

440 VDU2:SPRINT"™

450 PRINTSPRINTSPRINT ™ SAMPLE --——- R*

462> PRINTS PRINT

470 IF S>0 THEN 510

480 PRINT TAB(4);"PEAK";TAB<14);"RETENTION"

490 PRINT TAB(5);"No";TAB(14);"TIME(Min)" ;TABC28);"AREA"

500 GOTO 520

510 PRINT TAB (3) ;"PEAK"™ ;TAB (13) ;"R.T",;;TAB(20);"R.R.T. :TAB(30);"AREA"
520 PRINT

530 REM PEAK SEARCHING ROUTINE

540 IF 07.=1 THEN 620

550 REPEAT

560 IF X7.>V7. THEN 810 *

570 B7.=Y7. (XX) :G7.=Y7. (X7.+1>:D7.=Y7. (X7.+2)

580 X7.=X7.+1:UNTIL DX>G7. AND GX>B7.

590 PSX=X7.—1:PRQCbaseln

600 REM NOTE THAT B7. IS THE START OF A PEAK AND N7. IS AN INCREAMENT COUNTER
610 REM ROUTINE TO TRACK PEAK MAX AND RT.

620 N7.=0

630 REPEAT
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640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

1000

1010

1020

1030

1040

1050

1060

1070

1080

1090

1100

1110

J7-YT7 <X7.) :K7.2Y7. (X7.+1) :L7.=Y7. (X7.+2)

IF X7>V7 THEN 810

X7.=X7.+1:N7.=N7.+1:UNTIL J7>K7

MI N= <X7.+4) /120: RRT=MIN-S

REM ROUTINE TO TRACK FALLILNG EDGE AND PEAK END.
REPEAT: J7=Y7(X7) :K7=Y7. (X7+1 >:L7.=Y7. (X7.+2)

IF X7>V7. THEN 810

X7.=X7.+1:N7=N7.+1:UNTIL (J7.-K7) < 1 AND <K7.-L7.X1

REM THIS 1S THE PEAK END AND START OF PEAK INTEGRATION
PE7.=X7.

PROC-fall

PROCiInt

IF A7.C-300 THEN 530

P7.=P7.+1

IF S>0 THEN 800

PRINT TAB (5) ;P7; TAB (15);MIN; TAB (28) ;A7/ 10; TAB (36) :GOTO 530

PRINT TAB (3) 5P7.; TAB (13) 5MIN; TAB (20) ;RRT;TAB(30) ;A7./10: GOTO5

VDU3:PRINT:PRINT" Press *R" to Obtain R.R.T."
KS-"GET": IF K*<>CHR*(82) THEN 850

VDU7

PRINT: INPUT" Enter Re-ference R.T. ":;S:G0T0350
@7=10

PRINT:PRINT"DO YOU WANT ANOTHER RUN Y/N"

A*=GET$:1F A*=CHR*(89) THEN 160
IF A*=CHR*(78> THEN 900
GOTO 870
CHAIN"MENU2"
END
DEFPROCbaseln

IF ABS (B7.-BL7.) >150 THEN 1020
IF PS7.-PE7. <10 THEN 1020
U7.=Y7. (PS7.) :W7.=Y7. (F'E7.)

IF W7.-U7. >=40 THEN 1020
BL7.=U7.

FOR M7.=0 TO (PS7.-PE7.)
R7.=Y7. (X7.-M7.)

IF R7.<BL7. THEN BL7.=R7.
NEXT
ENDPROC
DEFF*ROC-fal 1
07=0: IF K7.-L7.<0 THEN 07.=1
ENDPROC
DEFPROCI nt
A7.=0
FOR 17=0 TO N7.

A7=A7.+ (Y7 (X7.~17.)) -BL7.
NEXT *
ENDPROC
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>LOAD"PLOT3"

>L.
100 *LOAD "SDUMF"1 A00
110 MODEO
120 REM ON ERROR 60TO 420
130 PRINT: PRINT ™ THIS PROGRAM DISPLAYS A SPECTRA

140 PRINT:PRINT"™ AND ALSO PLOTS IT ON PAPER™

150 PRINT:PRINT" MAKE SURE PRINTER IS READY!™

160 VDU5

170 vDU24,0;051250; 1000;

180 N=0.0:S7.=1

190 MOVE 20,800:DRAW 900,800:DRAW 900,680:DRAW 20,680:DRAW 20,800

200 PRINT:INPUT ™ ENTER THE DATA FILE";F*
210 PROCRUB
220 INPUT ™ ENTER LENGTH OF PLOT IN MIN. ™;L:F"7.=L*120

230 PROCRUB

240 PRINT"™ Press (A) to Alter Scale else RETURN"
250 K$=GET$

260 IF K$=CHRS$(65)THEN 290

270 IF K$=CHR$(13)THEN 310

280 GOTO 250

290 PROCRUB

300 INPUT ™ ENTER NEW SCALE 2 _ 10 ";Sr.
310 CLS

320 MOVE 5,100:DRAW 1205,100:DRAW 1205,1000:DRAW 5,1000:DRAW 5,100
330 FOR 17.=0 TO 1200 STEP 60: MOVE 5+17., 80: DRAW 5+17., 100: NEXT
340 FOR 17.=0 TO 1200 STEP 120:MOVE 17.,70: PRINT; N: N=N+L/10: NEXT
350 PRINT ™ SPEC- ";F*

360 MOVE 500,30:PRINT"TIME IN MIN"

370 ON ERROR GOTO 520

380 B= OPEN IN (F#> :X7.=0

390 MOVE 5,100

400 Q7.=1024*S7.

410" REPEAT

420 INPUTEB,Y7.

430 A7.= (Y7./Q7.)*900: X7.=X7.+1

440 DRAW 5+1200*X7./P7., 100+A7.

450 |IF X7.=P7. THEN 470

460 "IN .*_

470 CLOSECB

480 REM SCREEN DUMP

490 ON ERROR OFF

500 CALL &AO0O0

510 VvDU4

520 PRINT™ ONOTHER RUN ? Y/N"

530 J$=GET*

540 IF J$=CHR$(89> THEN 110

550 IF J$=CHR$(7S) THEg 570

560 GOTO 530

570 CHAIN"MENU"

580 END

590 DEFF"ROCRUB

600 VDU7

610 MOVE 830,775

620 T7.=3:REPEAT:VDU127:T7.=T7.+1:UNTI LT7.=52
630 ENDPROC

98



10.

12.

LIST OF REFERENCES
Lankmayr E. P. and Muller K.,(1979) J.
Chromatogr 170: 139-146
Lawrence J.F. and Weber D. F.,(1984) J. Agric
Food chem 32: 689-794
Khaledi M.G. and Dorsey J.D.,(1984) Analvtica
Clinica Acta 161: 201-209
Dong M., Locke D.C. and Ferrad E.,(1976)

Analytical Chemistry Vol 48: 2 368

Krstulovic AM_, Rossie D.M. and Brown
P.R.,(1976) Analytical Chemistry Vol. 48: 9
1383

Nelsen T., (1979) J. Chromatogr 170: 147-156

Ciccioli P., Brancaleoni E., Cecinato A.,

Dipalo C., Buttini P. and Liberti A_, (1986)

oCc1
N1 H NN \WN\AZLL AAXAS K

r AE 4 A
- —ra 1 -

CA
Knecht U._, Lammler C. and Tobias S., (1987)
Fresenus Z. Anal Chem 326: 25-32

Spitzer T. and Kuwaskuka S., (1986) J,
Chromatfogr 358: 434-437

Hagraves W. A. and Pariza M. W., (1984) J-
Environ Sci. Health C2(l1): 1-49

Lijinsky W. and Shubik P., (1964) Science 145:
53

Sugimura T., Nagao M., Kawachi J., Honda M.,
Yahagi T., Seino Y., Sato S. and Matsukura N._,
(1977) Origins of Human Cancer (c¢) Cold Spring

Habour Laboratory

9



13.

14.

15.

16.

17.

18.

19.

20.

21.

Hatch F. T., Feton J. S., Stuener D. H.
Bjeldanes L.F., (1984)  "Chemical Mutagens
Principles and methods for their Detection™.
Vol .9 New York Plenum Press, 111-164

Wakabayashi K., Nagao M., Ochiai M., Yamaizumi
Z., Saito H., Sugimura T., (1984) IARC Sci
Publications 57: 17-24 and Wakabayashi K.,
Nagao M., Ochiai M., Saito H., Tsuda M., Suma
Y., Sugimura T.,(1983) Proc Natl Acad Sci USA
80: 2912-2916

Lodge D. C. and Daniel J.W., (1984) BNF Nutri
Bull 9(1): 32-36

Santodonato J., Howard P., Basu D., (1981)
Environ. Pathol. Toxicol 5: 20-292

International Agency for Research on Cancer
(1ARC) Monographs on trie Evaluation of the
Carcinogenic Risk of Chemicalss to Man. (PAHs)
1982 Vol 32

Larson B. K., (1985) J. Sci Food Agric: 36(6):
463-470 *

Bjeldanes L.F., Morris M.M., Timourian H. and
Hatch F. T.,(1983) J. Aqric Food Chem . 31 : 18
Felton J.S., Healy S., Stuerner D., Berry C.,
Timourian H. Hatch F.T., Morris M. and Bjeldnes
L.F., (1981) Mutat Res. 88: 33-44

Garrigues P., Marniesse M.P., Wise S.A.
Bellocq J. and Ewald M., (1987) Ana 1yt ical

Chem. 59: 1695-1700

100



22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Welsburger J. H. and Wynder E.L., (1984) Acta
Pharmacol Toxicol (copenh) 55(11): 53-68
Kamagiwa K. and Ichiwaka K., (1975) Mitt. Med.
Fak. Kaisel. Univ. Tokyo 15: 295

Rocky E.E., Speer F.D., Ahn K.J., Thomson S._A.
and Hirose T., (1962) Cancer 15: 1100

Croshy N.T., Hunt D.C., Philip L .A. and Patel
1., (1981) Analyst 106: 135-145

Lawrence J.F. and Weber D.F., (1984) J. Agric.
Food Chem, 32: 794-797

Kato T., Kikugawa K. and Hayatsu H., (1986) J,
Agric Food Chem. 34: 810-814

Sugimura T., (1986) Science 233: 312-318
Krone C.A. and Iwaoka W.T., (1983) J. Agric
Food Chem. 31: 428-431

TomkinsC.A. arm Gri«si. W.H. , (1987y) 3 -
Chromatogr 386: 103-110

Ziccolillo L., Liberti A, Coccioli F. and
Ronchetti M., (1984) J. Chromatogr 28: 347-355
Spi tzer*T ., (1982) J. Chromatogr 237: 273-278
Spitzer T. and Kuwatsuka S ., (1988) J,
Chromatogr 435: 489-495

Ames B.N., McCann J. and Yamasaki E., (1975)
Mutat Res 31: 347-364

Sugimura T. and Sato S. "Developments and the
Science and Practice of Toxicology"™. Amsterdam:
Elsevier Science Publishers B.V., 115-133

Kodama Y., Keiichi A. and Yoshikawa M., (1983)

101



37.

38.

39

40.

41.

42.

43

44 .

45.

46.

J .Chromatoqr 261: 103-110

Autrup H., Lechner J.F., Harris C.C., (1983)
"Saftey Evaluation and Regulation of Chemicals:
1st International Conference™ New York: S.
Krager AG, 151-159

Gupta 1., Batista J ., Bruce W.R., Che C.T.,
Furrer R., Gingerich J.S., Grey A_A_, Marai L.,
Yates P. Krepinsky J.J., (1983) Biochemistry
22(2): 241-245

Engst R. and Fritz W. Acta Ailment Pol (1977)
3, 255-267

Hirayama T., (1981) WHO: IARC Sci Publ No 39
Proc of Symp. 1in Greece. 531-540 and Hirayama
T., Jpn J.Clin Oncolm 14(2): 159-168

Abok . (Kenya Medical Research Institute)
Director of |International Center for Cancer
Research, Nairobi, Kenya:, (Private
Commun icat ion)

Kato K.T., Aikawa M., Kiriyama K.,(1984) Mut
Res. 141 (3-4): 149-152

Renner H.W., (1984) Mutat Res. 135(2): 125-130
Miller A.B., Howe G.R., Jain M., Craib K.J.P.
and Harrison L., Inst J. Cancer 32: 155-161
Commoner B. , Vithayathil A, Dolara P.
J.,(1978) Food Protect 41: 966

Iwaoka W.T., Krone C.A., Sullivan J.J., Meak.er

E.H., Johnson C.A., and Miyasaka L.S., (1981)

102



47.

48.

49

50

51.

52.

53.

54.

55.

56.

57.

58.

Cancer Lett. 11: 225
Pariza M.W., Ashoor S.H. , Chu F.S. and Lund
D.B., (1979) Cancer Lett. 7: 63
Bjeldanes L.F., Grose K.R. , Davis P.H. | Stuener
D.H. , Healy S.K. and Felton J.S., (1982) Mut.
Res. 105: 43
Jan S_.M.B..Ruigewaard P .,Hoek F. ,Thai ru
H.,Wafula E.,Onyango F. de Koning H. World
Health Organization . Unpublished data
Jadaud P ., Caude M. and Rosset R.1 (1987)
J .Chromatoqr 393: 39-49
Otson R. Leach J.M., Chung L .T .K.,(1987) Anal
Chem 59: 1701-1705
DeRaat W.K., and Van Ardenne R .A .M .,(1984)

J. Chromatoqr Biomedical applications 310:
41-49
Fox M .A. and Staley S.W., (1976) Anal Chem 48:
992-994
Takeuchi T. and Ishii D.,(1984), J. Chromatoqr
298: 323-331
Hirata Y and Nakata F.,(1984) J, Chromatoqr
254: 315-322
Rossi D.T., Desilets D.J., and Pardue
H.L.,(1984) Analytica Chimica Acta 161: 191-199
Gladney H.M., Dowden B.F. and Swalen J.D.,
(1969) Anal. Chem. 41: 883
Westerberg A_W.,(1969) Anal. Chem. 41(13):

1770

103



59.

60.

61 .

62.

63.

64.

65.

66.

67.

68.

Polt P.. (1963) Natl Cancer Inst. Monoqr. 10:
-

Zedeck M .S., (1980) J. Environ Path. Toxicol 3:
537

Harvey R .G ., (1982) Amer. Scien. 70: 386
Kennaway E ., (1955) "The Ildentification of a
care inogeni ¢ compounds in coal tar™, Brit, Med.
J. @iz 749-752

International Agenc.y for Research on Cancer
(IARC) Monoqraphs on the evaluation of the
carcinogenic risk of chemicals to humans Vol .
1-29 Supplement 4: (1982 October)

Jensen O0.M. and Lynge E., (1984) J. Cancer Res.
Clin. Oncol 108 (3): 257-263

Hoffman D. and Wynder E.L.,(1972) Proceed ings

of tiic liiLernal ional Sympos ium on
ident 1ficat ion and measurements of
environmental pollutants. National Research

Council, Ottawa, Canada: 9-16

Smith £_.R. and Ramakrishna J., Biomass fuels
and Health; Energy Research Group paper No.
098. East West Center Honolulu, Hawaii 96848
IARC Monographs on the evaluation of the
carcinogenic risk of chemicals to humans.
Polycyclic Aromatic Hydrocarbons, Part 2 VolL.
33

Kimber L. W Jr., (1986) Envir. Carcino Revs

4(2): 163-202

104



69.

70.

Emmelot E. and Krlek E. eds, (c) 1979

Elsevier/North-Holland Biomedical Press,
Amsterdanm.
Hatch F.T., Felton J.S. and Bjeldanes

L.F.,(1982) Carcinogens and mutagens 1in the
environment: Food products Vol I. Edited by

H.F. Stich, pl47 CRC Press, Boca Baton F. L.



