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<ABSTRACT> 

The amount of urinary conJugated glucuronic acid 

excreted by a free-living male population and the effect of 

certain factors, i.e. vegetable, fruit, meat, and 

charbroiled food intake, tobacco, alcohol, caffeine, and 

mariJuana use, exposure to chemicals and familial cancer 

incidence, were investigated. Urine was collected for 24 

hours from 117 subJects who complied with the collection 

protocol and analyzed for each subJect. Three days of 

urine were analyzed for a randomly selected subgroup of 

forty subJects. 

For the one-day sample, the mean conJugated glucuronic 

acid excreted was 0.725 mmole/24 hr or 0.0492 mole/mole 

creatinine. The values for the three-day sample were 0.848 

mmole/24 hr or 0.0562 mole/mole creatinine. 

An analysis of the one-day data revealed a large degree 

of between-subJect <inter-) variability: 47.1¾. The 

corresponding coefficient of variation for the three-day 



data was 48.2¾ when three day averages were compared. The 

within-subJect (intra-) variability for the three-day data 

corresponded to a coefficient of variation of 29.2%. 

The large intervariability probably masked any effects 

of diet, environment, or genetics upon the observed urinary 

conJugated glucuronic acid excretion. Caffeine use, 

vegetable, and fruit intake did show differences between 

low, moderate, and high consumers, although the biological 

importance of these associations for the small sample sizes 

is questionable. Further research regarding conJugated 

glucuronic acid excretion and dietary, environmental, and 

genetic influences is therefore warranted. 



ACKNOWLEDGEMENTS 

I sincerely express my gratitude to Doctors Ryland 

Webb, Forrest Thye, and Bruce Anderson for serving on my 

graduate committee and for being true sources of 

inspiration to me in this undertaking. 

I gratefully acknowledge the technical advice and 

assistance provided by Carolyn Harris and Leslie Reynolds, 

and to my colleagues Jane Santi and Vernice Robichaud. 

Special thanks are due Ann Giovannitti-Jensen for the 

statistical analysis and her tireless patience. 

Most of all I praise the support and assistance given 

me by my wife Elsie; to her, to my parents, and to my Lord 

this thesis is dedicated. 

iv 



TABLE OF CONTENTS 

Chapter Page 

I. INTRODUCTION AND OBJECTIVES ••.••..•..•.••.•••..• 1 

II. REVIEW OF LITERATURE •••.•.••••...••..•••.•••.•.. 5 

III. 

ConJugation of Xenobiotics ••••.••••••••.••••.. 5 
Background Information .•.••••..•..•..•..•• 5 
The Eight Classical ConJugation 

Reactions . ........................... 7 
Competitive ConJugation ••.•.•••.•.••.•.• 12 

The Metabolism of Glucuronic Acid •••.•••••.••. 14 
Glucuronic Acid Biosynthesis ••...••••.•.• 14 
Glucuronide Biosynthesis .••••.••.••.••..• 19 
Fate of Glucuronic Acid ConJugates •••.•.. 19 
UDP-Glucuronyltransferase •.••.•.•...•.... 22 
D-Glucuronic Acid Pathway ................ 26 
Microsomal Oxidation: Relationship 

to G l ucuronidati on .••••.•••......... 30 

External Factors Affecting Biotransformation 
React i ens . ............................... 36 
Nutritional Influences •.•.•..••.••.•..•.• 36 

Analytical Methods Used to Cuantify 
Glucuronide Excretion ••••.•..••.•..•••.•• 43 

Summary • •.••••••••.••••••••••••••••••••••••••• 53 

METHODOLOGY • ••••••••••••••••••••••••••••••••••• 56 

SubJect Recruitment .•.••••••..•••..•.•••••••.. 56 

Data Collection . .............................. 57 
Pre-Experimental Survey •.•.......•.•..•.. 58 
Food Frequency Cuestionnaire •..••••.•••.. 58 
Urine Collection •.....••.•••.•.•••.•••••• 59 

V 



IV. 

v. 

VI. 

Laboratory Analysis ................... . 
Urinary Creatinine Determination .. 
Urinary ConJugated Glucuronic 

••. 60 
• •. 60 

Acid Determination .•..•..•.......... 62 

Variables to Assess •.•..•.•........•.......... 68 
Vegetable, Fruit and Meat 

Consumption .•.••. 
Dietary Non-Nutrients •. 
Genetics. . . .•••. 
Summary ... 

. . 68 
. .••• 69 

.72 
.. 73 

RESULTS • •••••••••••••••••••.•••••.•.•••..••.... 74 

SubJects .•.••..••.•.•.•••.•..•...••.••.•....•. 74 

ConJugated Glucuronic Acid Excretion 
vs. Various Factors. 
Dietary Factors •.•.••. 
Non-Dietary Factors •.. 
Exposure to Chemicals .. 
Genetics •. 
Comments •• 

•••• 84 
• • 84 
.85 

. •.. 87 
.87 

. •.• 88 

DISCUSSION .•...•..•..••..••.••..••....•........ 91 

SUMMARY AND CONCLUSIONS ...•.•................. 103 

REFERENCES • •••••.••••••.•••••••••••••••••••••••.•.. • 105 

APPENDICES ..•..............•.•.•..•....•..•......... 114 

A. Consent Form ........•..•.•..• 
B. Detoxification Profile Study 1984. 
C. Pre-Experimental Survey •....•.....••• 
D. Food Frequency Questionnaire •. 

vi 

.. 115 
• .117 
.. 118 

.125 



E. Creatinine ............................... . 129 
F. Exposure of 

Chemical 
SubJects to 

Substances ... . ................. 131 

VITA ............•••................................. 139 

ABSTRACT 

vii 



LIST OF TABLES 

Table Page 

1. The eight classical conJugation reactions •.•..•... 9 
2. Glucuronidation which results in activation of 

xenobiotics . .................................. 11 
3. Range of xenobiotic structures glucuronidated ••.• 24 
4. Urinary conJugated glucuronic acid excretion 

calculated from Fishman and Green .•••...••...• 44 
5. Urinary conJugated glucuronic acid excretion 

calculated from Mazzuchin et al .•••.•••••.•... 46 
6. Total glucuronic acid concentrations determined 

in urine samples by the CL and NR methods •...• 52 
7. Urinary excretion of conJugated glucuronic 

acid for the one-day sample ••.•••••••.•.••.•.. 75 
8. Between-subJect variation in urinary 

excretion of conJugated glucuronic acid 
for the one-day sample •.•.••.•••.••.••.•..•.•. 77 

9. Urinary excretion of conJugated glucuronic 
acid for the three-day sample •••..••....••••.. 80 

10. Within-subJect variation in urinary 
excretion of conJugated glucuronic 
acid for the three-day sample ...••..•...•..... 81 

11. Urinary excretion of conJugated glucuronic 
acid according to certain factors 
for the one-day sample .••......•....•.....•... 86 

12. Between-subJect variation in urinary 
excretion of conJugated glucuronic 
acid for the three-day sample using three-
day average .. ................................. 89 

13. Urinary excretion of conJugated glucuronic 
acid according to certain factors 
for the three-day Sample ..•.•..•••••.•••••••.. 90 

viii 



LIST OF FIGURES 

Figure Page 

1. Interactions between chemical compounds and 
the organism . .................................. 6 

2. Interactions between MFO and conJugase enzymes ... 8 
3. Structure of D-glucuronic acid ...•..•••.••••..•• 15 
4. Structure of UDPglucuronic acid ••••••••••..•••.. 17 
5. Synthesis of UDPGA and glucuronidation 

reactions . .................................... 18 
6. Conversion of-<. -UDPGA to /$ -glucuronide 

in glucuronidation reaction ••••••••••••.•.•••. 20 
7. Two models proposed as the mechanism for the 

latency 0£ UDPGT activity ••••••••••••••••.•••• 27 
B. D-glucuronic acid pathway ••..••••••••••••••••••• 29 
9. Proposed scheme for the metabolism of 

substrates by the cytochrome P-450 
-containing monooxygenases ••.•........•••••••. 32 

10. Hypothetical reaction sequence for 
aicrosomal drug hydroxylation 
and glucuronidation ••••••••..••••••••••••..•.• 33 

11. Proposed clusterlike arrangement of the drug-
metabolizing enzymes within the 
aicrosomal membrane ••••..••••••••••••....•••.• 34 

12. Glucuronide hydrolysis coupled with lucigenin 
chemiluminescence ••.•.•••••..........•••..•••. 51 

13. Flow chart for urinary conJugated glucuronic 
acid determination •••••••..••••••.••.......... 63 

14. Standard curve plot of absorbance units 
vs. P-Gide concentration •••...•.••••.......... 65 

15. Boxplot representative of between-subJect 
variability of conJugated glucuronic 
acid (mmole/24 hr) for the one-day sample ..... 78 

16. Boxplot representative of between-subJect 
variability of conJugated glucuronic 
acid <mole/mole creatinine) for the 
one-day sample ...•••.•..•••...••...•••••••••.• 79 

ix 



17. Boxplot representative of between-subJect 
variability <mmole/24 hr) for the 
three-day sample .......••..................... 82 

18. Boxplot representative of within-subJect 
variability (mole/mole creatinine> for 
the three-day sample •.••.•••.••••••.•••••..... 83 

19. Summary 0£ the effects of dietary nutrients 
on drug metabolism ............................ 96 

20. Side-by-side boxplots representative of 
the variability in urinary conJugated 
glucuronic acid excretion (mmole/24 hr) 
among caffeine·users .•.•.•.•••.••...••...•.... 97 

21. Side-by-side boxplots representative of 
the variability in urinary conJugated 
glucuronic acid excretion <mole/mole 
creatinine) among ca££eine users ..•........... 98 

22. Summary 0£ the in£luence of dietary non-
nutrients on drug metabolism •••........•...•. 100 

23. Dynamic interactions among dietary factors 
that may influence drug response in 
hum.ans • ••••••.••.•.••••••••••••••..••...••••. 103 

X 



CHAPTER I: INTRODUCTION AND OBJECTIVES 

On a daily basis people come in contact with hundreds 

0£ chemical 

combinations. 

substances in an in£inite number 0£ 

These chemicals reach us by way 0£ £ood, 

water, medications, the air, and via skin contact. They 

are £ound in domestic, 

settings. 

occupational, and recreational 

While many of these substances are benign and some are 

necessary in order to sustain life, some compounds which 

are present in the diet or elsewhere in the external 

environment are 0£ no known functional value to us. Such 

exogenous, nonbene£icial compounds are termed xenobiotics 

( 1) • Exposure to xenobiotics is considered undesirable to 

a normal healthy species as it may prove harm£ul. 

Xenobiotics, then, are potential toxins. 

Upon absorption into the body, the £ate 0£ these 

nonnutrient compounds varies. Excretion by way 0£ the 

urine, perspiration, or expired air is possible £or those 

which are water soluble. Lipophilic compounds, which can 

be excreted in the feces, tend to accumulate in the body. 

This accumulation may elicit a toxic response 

counter this, lipophilic xenobiotics are subJect to 

1 

(2). To 
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enzymatic reactions in the liver which render them more 

water soluble and easily excreted. 

biotrans£ormation. 

This process is called 

Williams (3) proposed these enzymatic reactions to be 

0£ two types: phase I and phase II reactions. During 

phase I reactions, foreign compounds are converted to 

metabolites that can serve as substrates £or phase II 

enzymes. The kinds of reactions which characterize phase I 

include oxidations, reductions, and hydrolyses. Phase II 

reactions include acetylations, amino acid conJugations, 

glucuronidations, 

and sulfations. 

glutathione conJugations, methylations, 

Products 0£ phase II reactions are called conJugates. 

ConJugation reactions involve the combination of an 

endogenous conJugating agent <ex: glutathione, glucuronic 

acid, sulfur, etc.> with a foreign compound or its 

metabolite. ConJugation serves to end the biological 

activity 0£ the compound and is termed a detoxification 

reaction, although there are recorded examples of metabolic 

activation resulting from phase II metabolism (4). In 

general, though, the formation of conJugates plays an 

essential role in the elimination of xenobiotics £rem the 

body. 
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ForJRation 0£ glucuronic acid conJugates 

<glucuronidation> represents the most important phase II 

reaction (5). Its significance lies in the readily 

available supply of glucuronic acid in the tissues plus the 

large number of functional groups which are capable of 

forming glucuronic acid 

moat 

conJugates <also called 

glucuronides>, the signi£icant 0£ these being 

alcohols, phenols, carboxylic acids, thiols, and amines 

( 6) • 

ConJugation with glucuronic acid can occur both with 

and without previous phase I metabolism, depending upon the 

nature of the xenobiotic being conJugated. According to 

Dutton (7) the balance between the toxification and 

detoxi£ication of phase I products is delicate and may be 

upset by genetic changes, age, hormones, diet, and drug 

treatment. These £actors, then, may influence the 

detoxification of xenobiotics by glucuronidation. 

The main obJective of this research is to assess the 24 

hour urinary excretion of conJugated glucuronic acid in a 

free-living population of 117 young adult males. This will 

provide a profile of detoxification via glucuronidation for 

the population. Additionally, 

1. The range and intraindividual variation of 



2. 

3. 

4. 

4 

conJugated glucuronic acid excretion over three 

consecutive days for a subgroup of 40 males will be 

examined. 

Information regarding each individual's frequency 

of exposure to xenobiotics will be examined. 

Inforlllation regarding each individual's dietary 

habits will be examined. 

InforJRation obtained frolll 2 and 3 will be compared 

to the detoxification profile obtained to determine 

whether correlations exist between the amount of 

conJugated glucuronic acid excreted and the 

xenobiotic and/or dietary information. 



CHAPTER II: REVIEW OF LITERATURE 

2.1 Con1ugation of Xenobiotics 

2.1.1 Background Information 

When xenobiotic compounds enter the body. several 

alternatives may occur: Ca> the xenobiotic may be excreted 

unchanged. if the compound is already very polar and 

unreactive to cellular constituents; Cb> the xenobiotic may 

undergo spontaneous <non-enzymatic> reactions to form new 

products that may be more or less reactive than the parent 

compound; and Cc> the xenobiotic may undergo enzymatic 

metabolism to enhance its clearance from the body <usually 

resulting in the conversion of a lipophilic compound to a 

more hydrophilic form> <B>. The balance between metabolism 

which results in activation of a compound and metabolism 

which results in its detoxification determines the degree 

of toxicity of the compound <Figure 1). 

The enzyme systems most responsible for detoxifying 

xenobiotic compounds are the mixed-function oxidases CMFO> 

or monooxygenases and several conJugating enzymes including 

glucuronyltransferaae. aulfotransferase. and glutathione 

transferase. The enzymes are prevalent in the liver. 

5 
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although the small intestine, kidney, lung, and various 

other tissues also possess a degree 0£ detoxi£ication 

ability. Interactions between the components 0£ the MFO 

and conJugase enzymes during xenobiotic detoxi£ication is 

shown in Figure 2. 

The enzymatic reactions which alter existing £unctional 

groups or introduce polar groups onto non-polar compounds 

are the phase I reactions which are directly related to the 

MFO reactions. The phase II reactions include those that 

speci£ically conJugate polar groups 0£ xenobiotic compounds 

with endogenous cofactors, 

and glutathione. 

such as glucuronate, sul£ate, 

Caldwell (9) de£ines conJugation as a group 0£ 

synthetic reactions in which a foreign compound or a 

metabolite thereof is covalently linked with an endogenous 

molecule or grouping to give a characteristic product known 

as a conJugate. 

2.1.2 The Eight Classical Con1uqation Reactions 

Table 1 presents the eight maJor conJugation reactions, 

all 0£ which involve the combination of a xenobiotic with 

small endogenous moieties derived £rom carbohydrate or 

amino acid sources. Differences occur in terms of the 
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Table 1: The eight classical conJugation reactions (9). 

REACTION 

Glucuronidatiori 

Glucose conju~ation 

Sulfation 

Hethylation 

Acetylatiun 

Cyanide 
Detoxication 

Glutathione 
Conjugation 

Amino Acid 
Conjugation 

CONJUGATING 
AGENT 

UDPGA 

UDPglucose 

PAPS 

SAMe 

AcetylCoA 

sulfane sulfur 

GSH 

gly, gln, orn, 
taurine 

FUNCTIONAL CROUPS 
INVOLVED 

-OH -COOH -NH 2 

-NR2 -SH -;C-H 

-OH -COOH -SH ~NH 

-OH -NH2 -SH 

CN 

arene oxide, epoxide 
alkyl and aryl halides 

-COOR 
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nature of the xenobiotic substrate involved, the reaction 

aechanisms, and the biological consequences. 

The products of the maJority of the classical 

conJugation reactions are hydrophilic and are eliminated in 

the urine and/or bile. Less often, further metabolism of 

conJugated xenobiotics occurs. Hydrolysis of the conJugate 

with further phase I and/or phase II reactions is possible 

< 10 >. In rare instances there may be even further phase I 

metabolism of conJugates without deconJugation, 

the formation of double conJugates. 

and even 

ConJugation which results in activation of xenobiotic 

compounds also is known to occur. Three types of such 

"active conJugates" may be distinguished, according to 

(9): <a> chemically stable conJugates with Caldwell 

biological activity (b> conJugates whose chemical 

reactivity results in aetabolic activation and <c> 

conJugates which are not end products of metabolism but 

which undergo further metabolism resulting in biological 

activity different from that of the parent molecule. 

Examples involving glucuronidation are given in Table 2. 

Organic acids are, in fact, activated by conJugation 

with glucuronic acid because the carbonyl carbon of the 
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Table 2: Glucuronidation which results 
activation 0£ xenobiotics <9>. 

CLUCURONIDATION PRODUCING STAJ;LE ACTIVE METABOLITES 

compound: morphine 
comment: potent analgesic 

in 

CLUCURONIDATION CONTRIBUTING TO FORMATION OF REACTIVE METABOLITES 

compound: N-hydroxy-2-acetamido fluorene 

metabolic 

comment: conjugation favors formation of reactive carcinogens 

CLUCURONIDATION YIELDING GLUCURONIDES ACTIVE AFTER FURTHER HETABOLISM 

compound: N-hydroxy-2-acetamido fluorene (N-glucuronide) 
comment: transport form of proximate carcinogen to target (bladder) 
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ester linkage is susceptible to nucleophilic attack. Acyl 

glucuronides can react with biological nucleophiles and 

this may be important toxicologically <11) since acylation 

0£ cellular macromolecules by reactive glucuronides is 

possible. There also have been reports 0£ intramolecular 

rearrangement by acyl group migration in the ester 

glucuronides o£ xenobiotics, although the biological 

signi£icance 0£ £orming various pO$itional isomers 0£ acyl 

glucuronides is perhaps insigni£icant (12}. 

2.1.3 Competitive con1ugation 

When more than one type 0£ conJugation can occur with a 

compound, the conJugating enzymes <trans£erases> will 

compete with each other £or the same compound <substrate>. 

Bray et al. (13> have shown that sul£ate may become 

depleted in some instances 0£ substrate overload, in which 

case competing glucuronidation takes over. The 

glucuronidation process is known to have a very high 

substrate capacity and a rate almost as £ast as that of 

sul£ation at similar substrate concentrations £or certain 

substances (14>. 

The rate 0£ disappearance 0£ the substrate and the 

rates 0£ appearance and disappearance 0£ the conJugates in 

blood, urine, and bile may indicate whether the rate 0£ 
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conJugation is affected by either the capacity 0£ one of 

the conJugating pathways, the rate 0£ supply of the 

substrate to the site 0£ conJugation, or by blood flow 

through the organ where conJugation takes place. At 

increasing substrate concentrations, the conJugating 

enzymes may become saturated at some point. The 

concentration 0£ the substrate at the site 0£ conJugation 

aay be very di££erent £ram that in blood or plasma. The 

rate at which the substrate is supplied to the site of 

conJugation may be a £actor in competitive conJugation. 

When conJugation takes place in two or more organs 

(compartments), differential saturation 0£ the conJugating 

enzymes involved can occur in each compartment depending 

upon the pharmacokinetics of substrate entry <15). 

Additional factors which influence and determine the 

aechanism 0£ conJugation reactions with xenobiotics are: 

species differences, interference by other compounds, and 

the molecular structure 0£ the functional groups involved 

in the conJugation (16). 

The enzymes involved in drug biotransformation 

reactions are to a degree regulated by the structure and 

composition 0£ the membranes to which they are bound. The 

phospholipid environment of the enzyme 



14 

UDP-glucuronyltrans£erase has been shown to regulate its 

activity < 17 > • The 

phospholipid-induced 

current views 

regulation 

regarding 

of 

UDP-glucuronyltrans£erase are outlined in section 2.2.2. 

In summary, conJugation reactions involve the 

combination of an endogenous conJugating agent with a 

£oreign compound or a metabolite, under the influence of a 

transferase enzyae specific for the conJugating agent. The 

conJugation reactions are important to the overall response 

of an organisa to foreign compounds, affecting their· 

disposition and elimination. ConJugates in general are 

acidic, water-soluble compounds, properties which minimize 

their reabsorption and maximize their excretion. 

ConJugation of foreign compounds and their metabolites 

serves to prevent toxic accumulations in an organism, and 

as such is a life-sustaining process. 

2.2 The Metabolism of Glucuronic Acid 

2.2.1 Glucuronic Acid Biosynthesis 

In glucuronide biosynthesis, the sugar acid 

D-glucuronic acid <Figure 3) is coupled with a wide variety 

0£ compounds to form glucuronides. 
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COOR 

H ---
HO 

OR OH 

Figure 3: D-glucuronic acid structure. 
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Dutton and Storey (18) found that glucuronide 

synthesis required a certain thermostable factor, a 

compound which was identified as UDPglucuronic acid <Figure 

4). 

Since the liver was known to contain both UDPg1ucuronic 

acid and UDPglucose, it was suspected that UDPglucuronic 

acid was a metabolite of UDPglucose. Strominger et 

al. (19) discovered that UDPglucuronic acid was formed in 

liver tissue from UDPglucose by a specific enzyme, 

UDPglucose dehydrogenase, and NAO+. 

UDPglucuronic acid <UDPGA> is synthesized in a two step 

reaction, shown in Figure 5. It is not known whether the 

rate of formation of UDPGA or the transfer 0£ the 

glucuronic acid moiety to the acceptor substrate is rate 

limiting in glucuronidation. 

UDPGA-synthesizing enzymes are present in many body 

tissues, and UDPGA synthesis may occur in each of those 

tissues. Researchers have shown that the rate of synthesis 

of UDPGA in the healthy liver is sufficient to cope with 

very high demands. Glucuronidation of harmol in rat liver 

maintained a high sustained rate for more than one hour 

(20). Few xenobiotics are known to require such high rates 

of UDPGA supply for their conJugation, so depletion of 
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COOR 

0 0 
ll ll 

- p - 0 - P - 0 - Cl½ 
I. I 

OH 0 0 

OH OH 

Figure 4: UDPglucuronic acid structure. 
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UDP glucose 
phosphorylase 

UTP + glucose-1-P -------~ UDPglucose + PPi 

UDPglucose 
dehydrogenase 

UDPglucose + 2 NAD+ + H2o------~ UDPGA + 2 NADH + 2H+ 

UDP-
glucuronyltransferase 

UDPGA + substrate -----------~UDP+ glucuronide 

Figure 5: Synthesis 
glucuronidation reactions. 

of UDPglucuronic acid and 
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UDPGA in vivo is an unlikely event. 

2.2.2 Glucuronide Biosynthesis 

In glucuronidation, UDPglucuronic acid <UDPGA) is 

coupled to a wide variety of compounds to form glucuronides 

<also called glucuronic acid conJugates, glucosiduronic 

acid conJugates, or glucopyranosiduronic acid conJugates), 

as shown in Figure 5. 

Axelrod et al. <21) have shown that UDPGA exists in the 

o(-configuration but inverts to form ;.3 -glucuronides 

(Figure E,) during the reaction catalyzed by 

UDP-glucuronyltransferase <UDPGT). The glucuronidation 

reaction seems to involve an attack by the acceptor site or 

the /J -side of the C1 carbon of glucuronic acid leading to 

displacement of the UDP from the opposite -<,-side. 

Transfer of glucuronic acid from UDPGA to a 

nucleophilic site on a suitable acceptor substrate molecule 

(called the aglycone> by UDPGT appears to be the only maJor 

pathway for glucuronide biosynthesis <22). 

2.2.3 The Fate of Glucuronic Acid Con1ugates 

The conJugation of UDPglucuronic acid with various 

exogenous and endogenous compounds results in the formation 

of several classes of compounds according to Tomasic <23>: 



a-UDPGA 

J; 
H 
I 

:O-R 

H 

P-P-U 
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> OR + UDP 

/J -GLUCURONIDE 

Figure 6: Conversion of oc. -UDPGA to /.J -glucuronide in 
glucuronidation reaction. 
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glucuronides <ether, enol, and N-hydroxy), 1-0-acyl 

glucuronides ("ester"), N-glucuronides, and S-glucuronides. 

Ether glucuronides are £ormed from primary, secondary, 

and tertiary alcohols and phenols (ex: steroid 

glucuronides>. In enol glucuronides, the aglycone is 

conJugated with UDPGA through an enolized ketone group. 

N-hydroxy compounds £orm N-substituted glucuronides. 

Compounds containing a carboxyl group £orm 1-0-acyl 

glucuronic acids. Compounds containing an aromatic or 

aliphatic amino group, a sulfonamide or carbamoyl group, or 

heterocyclic nitrogen atom form N-glucuronides. Compounds 

containing the sulfhydryl group form S-glucuronides. C-

glucuronides are also known to exist, and have been 

described by Dutton (7) in his review 0£ glucuronidation. 

ConJugation of substances <aglycones> with glucuronic 

acid results in the for•ation of strongly acidic, ionized 

compounds which are excreted in the urine and bile. The 

mechanism by which the body directs some compounds to the 

bile and some to the urine is not clear. According to 

Levine (24> compounds with molecular weights greater than 

500 are generally excreted in the bile by humans, while 

those with molecular weights less than 300 are excreted 

principally in the urine. Compounds of intermediate 
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molecular weights may be excreted by either route. Hirom 

et al. (25) have stated that for these intermediate weight 

compounds, occlusion of one route of excretion results in a 

compensatory excretion via the other. 

The cycle 0£ enterohepatic circulation, wherein the 

products of biliary excretion are deposited in the duodenum 

to be either excreted in the £aces or reabsorbed from the 

intestine into the bloodstream, is responsible for the 

conservation 0£ many substances within the body (ex: the 

bile salts). In the case of a drug or some other 

xenobiotic which is converted to its glucuronide and then 

undergoes enterohepatic circulation, further metabolism of 

the conJugate can occur. This is due to the presence of 

the bacterial flora within the large bowel. These 

microorganisms posses a glucuronidase enzyme which is 

capable 0£ hydrolyzing the conJugate and releasing the free 

parent compound which can then be reabsorbed. Any 

conclusions regarding the £ate of xenobiotics which undergo 

enterohepatic circulation must be carefully considered. 

2.2.4 UDP-Glucuronyltransferase <UDPGT) 

The UDP-glucuronyltransferases are a family of enzymes 

of unknown number which are able to catalyze the transfer 



0£ UDPglucuronic acid 

These enzymes catalyze 
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<UDPGA) 

the 

to an acceptor compound. 

glucuronidation 0£ both 

endogenous compounds (ex: bilirubin and steroid hormones) 

as well as exogenous xenobiotic compounds. Many 

xenobiotics which are not themselves substrates can be 

aetabolized to compounds that are substrates via phase I 

metabolism <sections 2.1.1 and 2.2.6) 

Table 3 lists the £unctional groups known to be 

glucuronidated, and shows the structures for substrates in 

each class. 

UDPGT activity has been detected in most body tissues, 

including the adrenal gland, brain, diaphragm, 

gastrointestinal mucosa, heart muscle, kidney, liver, lung, 

skin, spleen, thymus, and testis. The liver, due to its 

high specific activity and large size, plays the maJor role 

in the total glucuronidating capacity of the organism. 

Glucuronidation in other tissues is important only in 

instances when the tissue is a port of entry of the 

xenobiotic to the body (lungs, skin) or when the substance 

to be glucuronidated is generated or accumulated in the 

tissue (26). 

It is possible to increase the activity 0£ UDPGT in 

tissues by treatment with certain substances. This 
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Table 3: 
(43). 

Range of xenobiotic structures glucuronidated 

GROUP 

Linkage ghrough oxygen 

Aryl-OH 

Aryl or alkyl enolic 

Alkyl-OH (1 ,2 ,3) 

Acyl-OH (aryl or alkyl) 

Hydroxylaminic 

Linkage through sulfur 

Thiolic 

Carbodithiolic 

Linkage tl1rou1'.h nitrogen 

Amino 

Ureido 

1-Thioureido 

Sulfonirnido 

Heterocyclic 

linkage through Carbon 

STRUCTURE 

Ar• 0 · GA 
I 

CH=C • 0 • GA 
I 

-C • 0 • GA 
I 

-COO· GA 

-N • 0 • GA 
I 

-S • GA 

-C • S • S • GA 

AR· NH • GA 

-NH • CO • NH • GA 

NH • CS · NII • CA 

S02 • N • GA 

=N • GA 

' -f • GA 
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enhancement is called induction and is thought to be a 

consequence of increased de-novo synthesis of UDPGT. 

Although inducibility appears to be a general property of 

UDPGT, the degree of induction varies according to tissue 

and inducing agent. It also is postulated that differences 

in the microenvironment of UDPGT in liver vs. extrahepatic 

tissues accounts for at least some of the differences in 

induction/activation of the enzyme (26). 

Species differences in UDPGT activities are known. 

Among mammals, the cat possesses negligible 

UDP-glucuronyltransferase activity with the most common 

exogenous aglycones, while the guinea pig has the highest 

activity for a wide range of substrates (27). 

Latency, or the observed delay in the activity of an 

enzyme, is displayed by various integral microsomal enzymes 

including UDPGT. Two models have been proposed as the 

mechanism £or latency of the activity of UDPGT. The first, 

referred to as the ''conformational model" (28), imagines 

that each UDPGT can exist as different conformational forms 

or isomers, being stabilized differentially by the nature 

of the phospholipid in their environments. This sort of 

conformational constraint by the membrane microenvironment 

is postulated to maintain UDPGT in a catalytically 
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incompetent con£ormation. The presence of a suitable 

allosteric effector or activator is then required to 

"switch on" the enzyme (29). 

The '"compartmentation model" for latency proposes that 

the active sites of UDPGT(s) are located on the inside of 

the microsomal vesicle, which is not freely permeable to 

UDPGA (29), meaning that access of substrate to the enzyme 

is limited. The latency of the enzyme activity is thought 

to reflect a removal of the barrier to permeability which 

would thus allow free access of substrates to active sites 

<Figure 7). 

This siiaple compartmentalization model has been 

modified in order to account for the base-line activity of 

the enzyme in intact, untreated microsomal vesicles and for 

its activation by the compound UDP-N-acetylglucosamine. In 

the modified model, a specific transport protein for UDPGA 

is envisioned, one whose function is activated by 

UDP-N-acetylglucosamine (30). 

2.2.5 The D-Glucuronic Acid Pathway 

UDPGA is also an intermediate in the D-glucuronic acid 

pathway, which leads to the synthesis of further 

metabolites of UDPGA. In a sequence of biochemical 

reactions, hexose is transformed via UDPglucose, 



CuNFOR.'IATIO,l,\L 
MODEL 

GT (PL) + (PL) 
X y 

j I' 
GT (PL) + (PL) 

y X 

------------

Figure 7: Two 
latency of UDPGT 
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Transporter f,1r 
UDPGA (acted ,in by UDl'-rlAG) 

----- ----------------------------

models proposed 
< 43 > • 

as the mechanism for the 
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UDPglucuronic acid, and D-glucuronic acid to L-ascorbic 

acid, D-xylulose, and D-glucaric acid. This overall 

process is referred to as the glucuronic acid pathway 

<Figure 8). 

The metabolism 0£ glucuronic acid via xylulose into the 

pentose phosphate cycle (hexose monophosphate shunt> 

represents an additional route £or the catabolism 0£ 

glucose. 

Further metabolism 0£ glucuronic acid is associated 

with the detoxification process, according to Conney (31>, 

who noticed that drugs which stiaulate the xenobiotic 

metabolizing enzymes 0£ the microsomes also stimulated the 

glucuronic acid pathway without themselves being 

necessarily conJugated with glucuronic acid. 

Motten and Henderson (32) reported stimulation 0£ the 

glucuronic acid pathway in rats eight hours after exposure 

to sodium barbital and £our other exogenous compounds, 

without concomitant increases in glucuronidation. Ethanol 

administration resulted in enhanced glucuronide excretion 

but without stimulation 0£ the glucuronic acid pathway, 

which is demonstrated by increased urinary excretion 0£ end 

products 0£ the cycle <ex: gulonic, ascorbic, and glucaric 

acids>. Therefore, these investigators concluded that 
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Figure a: The D-glucuronic acid pathway (33). 
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stimulation 0£ the glucuronic acid pathway is not directly 

related to accelerated glucuronidation. They also have 

stated that stimulation 0£ the glucuronic acid pathway is 

based upon increased availability 0£ UDP glucose in the 

liver cell due to an inhibition 0£ glycogen synthesis, and 

is independent of enhanced UDPGT activity < 33 > • The 

authors suggested using the urinary D-glucaric acid 

excretion as a reliable non-specific test for diagnosing 

exposure to chemical compounds as well as the 

drug-metabolic capacity. 

2.2.6 Microsomal Oxidation: Relationship to 
Glucuronidation 

The biotransformation 0£ xenobiotics in the liver is 

accomplished by the enzyme systems which reside in the 

endoplasaic reticulum 0£ hepatocytes. Both rough and 

smooth endoplasmic reticulum £unction to assemble the 

enzymatic complexes which transform foreign compounds, and 

also serve as the site of those transformations (34>. 

Kidney, lung, intestine, brain, and skin also contain 

measurable activities of these enzyme systems, which is 

conventionally classified according to Mason 

mixed function oxidases <MFO>. 

KFO are comprised of cytochrome P-450, a 

(35) as the 
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heme-containing enzyme, and NADPH-cytochrome c reductase, 

which is also known as NADPH-cytochrome P-450 reductase. 

The MFO, or cytochrome P-450-containing monooxygenases, are 

able to catalyze the introduction of oxygen atoms into 

xenobiotics of widely different structure <Figure 9). 

UDP-glucuronyltransferase, 

the glucuronidation reaction, 

the enzyme which catalyzes 

is situated in close 

proxiaity to the microsomal vesicles, and is thought to be 

localized in the inside compartment (36). Figure 10 

represents a hypothetical reaction sequence for microsomal 

oxidation of a substrate followed by glucuronidation. 

The above sequence is consistent with the fact that 

many compounds undergo glucuronidation following 

hydroxylation by MFO. Furthermore, since the two reactions 

occur in the same subcellular structure, it has been 

assumed that they are functionally and topochemically 

closely related. 

Vainio (37) has speculated that the microsomal mixed 

function oxidase and UDP-glucuronyltransferase systems may 

form a vectorially oriented multienzyme complex in the 

microsomal membrane (Figure 11). 

Both systems have been increased in vivo following 

administration of various chemicals <38,39> with induction 



ROHV 

3+ (RH)P-450(fe-0) 

HOH~ 
3+ -(RH)P-450(Fe )(H02 ) 

\ 

P-450 

32 

3+ 
(Fe)~ 

3+ 

(RH)P-450~ :e-
'+ [(R.H)P-450(Fe- )j l o 

J+ ?- 2 
(RI!)P-450(Fe )(0 2-) 

' r(RH)P-4'. 2+ i-~O(Fe ) (o2)J 

Figure 9: Proposed scheme for the metabolism of substrates 
by the cytochrome p-450-containing monooxygenases <2). 
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Figure 10: Hypothetical reaction sequence for microsomal 
drug hydroxylation and glucuronidation (37>. 
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J 
RO-GA 
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Figure 11: Proposed clusterlike arrangement of the drug-
aetabolizing enzymes within the microsomal membrane (37>. 
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in the hydroxylation step preceeding that in the 

glucuronidation step. 

Recently, Ehrich and co-workers (40) noticed that 

microsomes prepared £rom the livers 0£ chicks given enzyme 

inducers <IB -naphtho£lavone and 3-methylcholanthrene> had 

an increased capability to convert a£latoxin P1 to its 

glucuronic acid conJugate. Increased glucuronidation was 

attributed to increased speci£ic activity 0£ the microsomal 

enzymes. 

It has been reported that a£latoxin B1 will inhibit 

£or the metabolism 0£ £oreign enzymes 

collpounds, 

responsible 

including itself (41). Ehrich's group 

determined that glucuronidation 0£ a£latoxin P1 was 

inhibited by 48~ in chicks £ed aflatoxin B1 for 40 days, 

further demonstrating the coupled nature of the MF0 and 

glucuronidation. 

Genetic studies in mice have revealed that a common 

receptor regulates the concentration of 

UDP-glucuronyltrans£erase and cytochrome P-450-dependent 

benzo(a)pyrene hydroxy lase (42). Since increases in 

activities of cytochrome P-450 are due to actual induction 

(increased mRNA leading to increased enzyme synthesis>, a 

coordinated regulation of increases in the activity of 
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UDP-glucuronyltrans£erase and cytochrome P-450 may 

constitute evidence, according to Vessey and Zakim (43), 

£or the idea that the increased activity 0£ UDP-glucur-

onyltrans£erase a£ter administration 0£ cytochrome P-450 

inducers is due to true induction of 

UDP-glucuronyltransferase. 

2.3 External Factors A££ectinq Biotrans£ormation Reactions 

2.3.1 Nutritional Influences 

The e££ects 0£ specific dietary alterations on drug 

metabolism in humans has been studied only within the last 

decade. Drug oxidations mediated by cytochrome P-450 have 

received the greatest attention while conJugations have 

been less studied. In many experiments, drugs which are 

extensively oxidized in the liver, such as antipyrine, 

theophylline, and phenacetin, were administered to fasting 

individuals. The relationship between the diets the 

subJects had been receiving and the hal£-lives 0£ the drugs 

was therefore able to be examined without the complication 

of drug-nutrient interactions. 

Alvares et al. (44) £ed six healthy male subJects a 

high protein diet (44 percent 0£ total calories> £or two 

weeks followed by a high (70 percent 0£ total calories) 
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carbohydrate diet £or two weeks. The study entailed an 

isocaloric substitution of carbohydrate for protein; 

dietary £at remained at roughly 20 percent of total 

calories. The mean plasma hal£ lives 0£ antipyrine and 

theophylline <given at day 10 and 14 0£ each dietary 

period> were almost 

protein intake than 

50 percent shorter during the high 

during the high carbohydrate intake. 

The drugs were there£ore aetabolized more rapidly during 

the period when subJects were ingesting the high protein 

diet. 

The opposite e££ect was seen, however, in a study 

wherein either a 100g supplement 0£ sodium caseinate 

(protein suppleaent> or a 200g 

<carbohydrate supplement> were fed 

sucrose supplement 

to £our subJects 

consuaing a well-balanced diet <15 percent protein, 50 

percent carbohydrate, 35 percent fat>. The well-balanced 

control diet was £ed £or two weeks prior to addition 0£ the 

supplements to their regimens. Reaoval rates of antipyrine 

and theophylline from plasaa were increased with the 

sucrose-supplemented diet rather than the 

casein-supplemented diet (45>. 

Anderson and co-workers (46> studied the effects of 

substituting fat for carbohydrate or protein. Six normal 
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males were sequentially £ed high (80¾) carbohydrate, high 

(70%) £at, and high (50¾) protein diets over a total study 

period 0£ six weeks. Each diet was £ed £or two weeks and 

antipyrine and theophylline metabolism was examined on days 

10 and 14 0£ each sequence. The mean hal£-lives £or the 

two drugs were £ound to be longer during the high 

carbohydrate as well as high £at dietary periods than 

during the high protein period. The researchers concluded 

that a substitution 0£ dietary protein £or either 

was shown to accelerate drug carbohydrate or £at 

metabolism, whereas 

little or no e££ect. 

substituting £at £or carbohydrate had 

During protein restriction in rats, activity 0£ 

UDP-glucuronyltrans£erase has been seen to increase. A 

seven day protein-de£icient diet was associated with a 100 

percent increase in UDPGT activity in rat liver towards two 

substrates <p-nitrophenol and o-aminophenol) (47}. 

Anderson and associates (46) found that adding 

saturated £at <butter) or polyunsaturated (corn oil) £at in 

place 0£ carbohydrate in the diet had no apparent in£luence 

on the metabolism 0£ antipyrine and theophylline. These 

£indings are in contrast to those £rom animal studies, 

where the amounts 0£ saturated and unsaturated £atty acids 
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in the diet can in£luence the mixed £unction oxidase 

system. Mucklow et al. (48) confirmed that exchanging 

saturated £or unsaturated £at in the diet had no 

significant effect on drug oxidations in humans. 

The mechanisms 0£. diet-induced changes in drug 

metabolism rates have not clearly been established. 

Phospholipid may be involved in molecular associations 

between cytochrome P-450 and the flavoprotein reductase, in 

electron trans£er to cytochrome P-450, and may provide 

binding sites for substrates (49). The diet influences the 

amounts of phospholipid in the liver endoplasmic reticulum 

and their fatty acid compositions as well (50) . The 

addition of cholesterol to olive oil or cocoa butter diets 

caused a significant elevation 

UDP-glucuronyltrans£erase activity in rats 

in 

(51 >. 

hepatic 

It was 

the contention of these authors that the activities 0£ the 

drug-metabolizing enzymes was dependent upon the structure 

of the membrane, which in turn, was altered by the 

cholesterol content of the dietary lipid. 

The integrity of the microsomal membrane has been 

shown to be essential for proper functioning of the MFO. 

The membrane is approximately 35 percent lipid, of which 85 

percent are phospholipid. The composition of the membrane 
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is alterable by variations in the dietary lipids; without 

the essential fatty acids present in the diet, microsomal 

membrane lipids do become more saturated. As said, the few 

studies examining the effects of unsaturated versus 

saturated fats fed to humans have shown no maJor changes in 

MFO activities. This may be due to the time duration of 

the dietary changes, the composition of the existing body 

fat, and the limited number of substrates evaluated <52). 

Vegetables contain a variety of natural substances 

which may affect oxidation and conJugation reactions. Rats 

fed commercial laboratory stock diets containing alfalfa as 

well as diets containing Brussels sprouts, cabbage, and 

other vegetables have shown increased oxidative xenobiotic 

metabolism in the small intestine and liver (53). Certain 

indoles have been observed to be potent inducers 0£ MFO 

enzymes in the liver and intestine (54), as has sa£role 

(55), a plant constituent used as a flavoring agent, and 

some of the flavonoids. 

Pantuck et al. (56) studied the effects of feeding a 

diet containing Brussels sprouts and cabbage for a seven 

day period to ten normal individuals. A small but 

significant <13 percent> decrease in the mean antipyrine 

plasma half-life and an increase <11 percent> in the mean 
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metabolic clearance rate indicated a stimulatory e££ect of 

these vegetables on the metabolism 0£ this drug. Another 

drug administered to those receiving the cabbage-Brussels 

sprouts diet, phenacetin, was shown to undergo enhanced 

oxidative metabolism to N-acetyl-p-aminophenol <APAP>. The 

mean ratio 0£ conJugated APAP to unconJugated APAP in 

plasma increased, suggesting that the £eeding 0£ these 

vegetables could also enhance glucuronic acid conJugation 

0£ this metabolite. 

Charcoal-broiling 0£ meats results in the £ormation 0£ 

polycyclic aromatic hydrocarbons similar to those £ound in 

cigarette smoke (57). Since the oxidative metabolism of 

several compounds, including antipyrine, theophylline, 

caf£eine, and phenacetin is known to be accelerated in 

smokers, presumably due to the presence 0£ the polycyclic 

been suggested that £eeding hydrocarbons, it has 

charcoal-broiled bee£ to normal subJects might achieve the 

same e£fect. A study on antipyrine, phenacetin, and 

theophylline metabolism in normal subJects who received 

charbroiled meats twice daily was per£ormed by Kappas and 

associates (58). 0-dealkylation 0£ phenacetin was 

enhanced, and the mean half-lives 0£ antipyrine and 

theophylline were decreased. These results indicate that 
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charcoal broiling 0£ meats can enhance the oxidation rates 

of certain substrates in humans. The authors commented 

that glucuronic acid conJugation • 0£ APAP is not increased 

by charcoal-broiled £eeding, in contrast to the e££ect seen 

with cabbage-Brussels sprouts consumption. 

In a rat study, alcohol lowered UDPGA levels in more 

than 60 percent 0£ the rodents after 72 hours (59}. 

Glucuronidation 0£ acetaminophen, increased by £sating 

alone, was decreased in the presence 0£ alcohol. The 

investigators reasoned that the metabolism 0£ alcohol, 

which increased the intracellular NADH/NAD ratio, would 

decrease the conversion 0£ UDPglucose to UDPglucuronic acid 

and thereby diminish the UDPGA levels 

glucuronidation. 

available £or 

The situation 0£ drug metabolism in humans during 

starvation is complex. Some reports indicate no change in 

drug clearance in £sated obese patients (60} while children 

with protein-energy malnutrition exhibited impaired drug 

oxidations and conJugations (61}. The latter example may 

indicate a multi£actorial mechanism £or the e££ects seen, 

however, as severe protein-energy malnutrition is regularly 

accompanied by several nutritional deficiencies as well as 

fatty infiltration 0£ the liver. 
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2.4 Analytical Methods Used to Cuanti£y Glucuronide 
Excretion 

Direct estimation 0£ glucuronic acid conJugates in 

biological material has been accomplished by several 

•eans. Methods based upon reaction 0£ naphthoresorcinol 

and carbazole with glucuronic acid have been used with 

success £or colorimetric determination 0£ the glucuronic 

acid equivalent in the glucuronide moiety. 

Fishman and Green (62> established a procedure £or 

determining glucuronides in the presence 0£ glucuronic acid 

based upon the oxidation 0£ glucuronic acid and other 

inter£ering aldehydes with alkaline hypoiodite solution. 

The remaining glucuronide, being protected £rom oxidation 

by its linkage to the aglycone, was analyzed by the 

naphthoresorcinol color reaction. The strongly acid 

conditions employed in the naphthoresorcinol reaction 

cleaved the glycosidic linkage, and liberated the 

glucuronic acid £rom its aglycone. This gave rise to a 

blue-violet pigment which was extracted into an organic 

solvent (toluene> and measured photocolorimetrically at 560 

to 570 nm. Urinary glucuronides were determined as mg per 

24 hr <Table 4). 
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Table 4: Urinary conJugated glucuronic acid excretion 
calculated from <62>. 

Sub1ect 

1 

2 

ConJugated Glucuronic 
Acid Cmmoles/24 hr> 

1 • 6 7, 1 • 83, 1 • 86 

2.06, 2.32, 1.99, 2.38 
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The use of alkaline conditions for the oxidation limits 

the application of this method to alkali-stable ether 

glucuronides. Fishman and Yuki (63) successfully used the 

carbazole reaction of Dische (64) who reacted hexuronic 

acid with carbazole instead of naphthoresorcinol in the 

differential analysis 0£ free glucuronic acid, 

glucosiduronic acid, and hyaluronic acid. 

One problem with the above methods when analyzing 

physiological fluids is that 0£ glucose interference. 

Mazzuchin et al. <65) reported a modification 0£ the 

naphthoresorcinol method wherein alkaline degradation of 

free glucuronic acid using sodium hydroxide was used. 

Glucose was selectively oxidized by glucose oxidase prior 

to the assay 0£ the conJugates. The method was examined 

extensively for accuracy and reproducibility. Up to an 

eight-fold increase in sensitivity compared to previous 

naphthoresorcinol procedures was claimed. Glucuronic acid 

assays were determined from 5 to 100 ug with the best 

results in the 5 to 50 ug range <average error 5¾). 

Urinary conJugated glucuronic acid was determined as mg/24 

hr <Table 5). 
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Table S: Urinary conJugated glucuronic acid excretion 
calculated from (65). 

Sample 

1 

2 

3 

ConJugated Glucuronic 
Acid (mmoles/24 hr> 

1.61 

2.06 

2.52 
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The use 0£ NaOH £or the degradation 0£ £ree glucuronic acid 

limited the applicability 0£ the procedure 

glucuronides. 

to ether 

The use 0£ methods based upon the naphthoresorcinol and 

carbazole reaction allows £or the quantitative assay 0£ 

glucuronic acid conJugates in physiological £luids. The 

disadvantages they share, however, are the inability to 

distinguish between the individual metabolites, and the 

absence 0£ in£ormation regarding 

aglycone. 

the nature 0£ the 

Use 0£ the lead salt technique, in which glucuronides 

are precipitated as their lead salts, was reported by Kami! 

et al. <66}. In this method, saturated normal lead acetate 

was added to urine at pH 4. The £irst precipitate was 

discarded and the supernate brought to pH 8. Saturated 

aqueous basic lead acetate was then added in excess. Lead 

was removed by treatment 0£ the resulting precipitate with 

H2S yielding the glucuronide alone in the supernate. An 

advantage to this method is that the mild conditions permit 

isolation 0£ both acid- and alkali-labile glucuronic acid 

conJugates. Un£ortunately, the overall recovery 0£ the 

glucuronide is usually poor. 

Paper and thin-layer chromatography techniques have 
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been employed in the analysis of glucuronic acid 

conJugates. These conJugates, following separation, can be 

eluted from the paper strips and characterized. 

Alkali-labile "ester" glucuronides (1-0-acylglucuronic 

acids> have been detected in the urine based upon their 

ability to form characteristic hydroxamic acids after 

reacting with hydroxylamine. Since free glucuronic acid 

and conJugates with nonacyl groups do not yield hydroxamic 

acids, a method for identifying, purifying, 

ester glucuronides directly was possible. 

or estimating 

Schachter <67> 

presented a technique for the estimation 

glucuronides based upon the hydroxylamine reaction. 

of acyl 

Stable 

hydroxymates of benzoate, salicylate, and probenecid were 

recovered from the urine of a male subJect. These 

hydroxamate derivatives were formed at neutral pH and at 

room temperature after a two hour incubation of the 

patient's urine with freshly prepared hydroxylamine. 

Identification of the specific metabolites was accomplished 

by extraction with ether and subsequent use of paper 

chromatography. A single hydroxamate spot was detected for 

each compound using Whatman No. 1 paper 

n-butanol:glacial acetic acid as the solvent system. 

spot was identified as a specific metabolite based upon 

and 

Each 
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comparison of Rf values with those of reference compounds. 

Wagner and Hollmann (68) have described an enzymatic 

method for the quantitative determination of conJugated 

glucuronic acid. The technique is based upon the 

NAO-linked oxidation of uronic acids to the corresponding 

dicarboxylic acids and is measured in the presence of 

uronic acid dehydrogenase. In a multi-step procedure, 

urine samples were sequentially incubated with 

dehydrogenase,, ;3 -glucuronidase,, and then dehydrogenase 

enzymes. The initial oxidation of free glucuronic acid in 

the sample yielded a corresponding NADH concentration. The 

f!-glucuronidase enzyme was then used to cleave off 

glucuronic acid from its aglycone. This produced 

additional free glucuronic acid in the sample, which was 

then re-oxidized with the dehydrogenase enzyme and another 

determination of NADH concentration was made. 

of conJugated glucuronic in the original 

The amount 

sample was 

therefore equivalent to the difference in initial and final 

NADH concentrations. 

Deter111ination of 

combining enzymatic 

conJugated 

hydrolysis 

glucuronic 

with 

acid by 

lucigenin 

chemiluminescence has been performed recently by Klopf and 

Nieman (69>. Lucigenin <N,N-dimethyl-9,9-diacridinium 
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nitrate) is known to undergo chemiluminescent (CL) reaction 

in alkaline solution in the presence of reductants <ex: 

glucuronic acid) and oxygen. 

The technique involves passing the 

glucuronide-containing urine through a small column <IMER, 

or immobilized enzyme reactor) packed with /.9 
-glucuronidase enzyme. The glucuronide bond is hydrolyzed 

and the glucuronic acid concentration can be determined by 

the lucigenin CL reaction (Figure 12). 

Table 6 presents a comparison of total glucuronic acid 

concentrations determined in urine samples by the CL method 

vs. the NR (naphthoresorcinol) method. The higher values 

obtained by the NR method were thought to be due to "the 

e:ffects of other species on the NR reagent" (69). 

The presence of competing organic reductants in urine 

would interfere in a deterJRination of glucuronic acid by 

this method. Chromatographic separation of glucuronic acid 

from the other reductants was reported to be successful in 

eliminating this interference (69>. 

In the above discussion, the methods available to 

directly assay and quantify glucuronides in biological 

fluids were presented. Separate from these are techniques 

used to isolate glucuronic acid conJugates from biological 
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o"© IMER 
pR::6.8 

rNOR 

+ 

+ 
base 

Lucigenin + 0 2---->~ CL 

Figure 12: Glucuronide hydrolysis coupled with lucigenin 
chemiluminescence <CL> (69). 
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Table 6: Total glucuronic acid concentrations determined 
in urine samples by the chemiluminescence <CL> and 
naphthoresorcinol <NR> methods (69). 

rnM glucuronic acid 
SAHPLE CL METHOD NR METHOD 

1 1.59 2.16 

2 1. 14 2.03 

3 2.32 3.62 

4 0.47 1.85 

5 3.09 4.53 

6 2.28 2.88 

7 0.41 1. 47 

8 1. 72 3.27 
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£luida, including: adsorption onto activated charcoal, 

adsorption onto XAD resins, use of Sephadex gel filtration, 

and use of ion-exchange chromatography (23). These are 

nonspecific processes which yield complex mixtures that 

require further separation; there£ore their use as a means 

to quantify glucuronides is limited. Such procedures are 

useful however as a basis for further analysis. 

A great body of data has accumulated in recent years 

regarding the separation and characterization of specific 

glucuronic acid conJugates. The techniques involved in 

this area of glucuronide analysis include: counter-current 

distribution, 

chromatography, 

high resolution liquid chromatography, gas 

mass spectrophotometry, nuclear magnetic 

spectroscopy, and in£rared spectroscopy <23). 

Other research has focused upon the pharmacokinetic 

aspect of drug conJugations. Also, clinical investigations 

have attempted to correlate the concentration of conJugates 

in biological fluids to various diseases. Both Tomasic 

(23) and Dutton 

areas. 

2.5 Summary 

Glucuronidation 

(7) 

is 

have summarized the work in these 

one of several phase II 

detoxification reactions which compete for various 
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endogenous and exogenous substrates. It is quantitatively 

the most important and can occur in all mammalian tissue 

but especially in the liver. The substrate required £or 

glucuronide £ormation, UDPglucuronic acid, is part 0£ 

intermediary metabolism and closely related to glycogen 

synthesis. The enzymes involved in the £ormation 0£ UDPGA 

are located in the cytosol. 

As the chemical environ•ent in which we live has become 

increasingly complex owing in large part to the growing 

array 0£ both intentional <i.e.: medicines) and incidental 

<i.e.: environmental pollutants) xenobiotics, interest in 

glucuronidation reactions has expanded apace. Many factors 

are known to a££ect the rate and pathway 0£ xenobiotic 

metabolism, with diet and the environment representing 

external influences while age, sex, hormones, and disease 

represent internal influencing £actors. 

Given the importance 0£ glucuronidation and the 

interest in conJugation reactions, relatively little has 

been reported in the scienti£ic literature regarding the 

normal total daily excretion 0£ conJugated glucuronic acid 

in humans. By contrast, much e££ort has been put forth in 

quantifying the excretion of speci£ic, characterized 

glucuronides in pharmacokinetic experiments. 
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The main obJective 0£ this study was to quantify the 

urinary conJugated glucuronic acid excreted by adult male 

humans representative 0£ the "£ree-living" population at 

large. As such, a broad spectrum 0£ environmental 

genetic di£:ferences, and dietary habits was di:f:ferences, 

represented. As these £actors are thought to influence 

xenobiotic disposition (71>, dietary and environmental data 

was obtained :from questionnaires completed by the subJects 

who submitted urines £or analysis. A secondary obJective 

0£ this study was to examine what association, i£ any, 

several £actors (dietary, environmental, and genetic> might 

have on the excretion 0£· glucuronic acid conJugates in 

these subJects. 



CHAPTER III. METHODOLOGY 

3.1 Sub1ect Recruitment 

Healthy adult males who were not taking medications and 

who were not under a physician's care, were invited to 

participate in the Human Detoxification Profile Study. The 

subJects were recruited through advertisements in the 

campus paper and through the distribution of posters and 

fliers around campus and the town of Blacksburg. A cash 

compensation of Sl0.00 was offered to each subJect as an 

incentive to participate. The advertisement campaign was 

conducted 

recruited, 

until approximately 150-200 subJects were 

Weekly meetings were scheduled for the purpose of 

explaining the obJectives of the Human Detoxification 

Profile Study to all persons interested. Additionally, the 

rights and responsibilities of the subJect, the possible 

risks and benefits of participation, and the detailed 

procedures for data collection were carefully explained as 

required by the Institutional Review Board for Research 

With Human SubJects. At the closure of each meeting, all 

volunteers who had decided to participate were asked to 

sign the Informed Consent Form which is presented in 

56 



57 

Appendix A. Personal in£ormation was also obtained £or 

contacting purposes, such as the scheduling 0£ the data 

collection period. All persons who were interested in the 

study, but unable to attend an introductory meeting, were 

given a handout "Detoxi£ication Pro£ile Study 1984" which 

is presented in Appendix B, 

explanation. 

along with an individual 

3.2 Data Collection 

Considering the limitations 0£ time, manpower, and 

collection bottles, a maximum 0£ 45 subJects were scheduled 

each week; there£ore, a total period 0£ 4-6 weeks were 

required £or sample and questionnaire collection. During 

the collection period, each subJect was allowed to pursue a 

normal unrestricted li£estyle with one exception. The only 

imposition on the environment of the subJect was to abstain 

£rem the use 0£ medications £or three days prior to and 

during the collection period. It was emphasized that if 

the use 0£ medications became necessary, the subJect was 

then expected to report the identity and dosage of the 

drug, as well as the £requency and duration of 

consumption. This emphasis was an attempt to encourage 

honesty and cooperation since the data £rom subJects 
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consuming medications 

period were excluded. 

during the three-day collection 

3.2.1. Pre-Experimental Survey 

Each sub3ect was required to complete the 

Pre-Experimental Survey, which is presented in Appendix C, 

and to submit it prior to the scheduled urine collection 

period. The Survey was an attempt to quantitate the 

frequency of exposure to caffeine, alcohol, tobacco, social 

drugs, medications, and environmental xenobiotics. It also 

provided a means of describing the sub3ect population. To 

ensure anonymity, each subJect was assigned a code number 

for use on all data that was collected. Hopefully, this 

enhanced the honesty and reliability of answers to delicate 

questions in the Survey, such as the use of social drugs. 

3.2.2. Food Frequency Questionnaire 

During the collection period, no impositions were 

placed on the regular dietary habits of the sub3ects, 

except that weight maintenance was expected. Sub3ects who 

were involved in a weight loss or weight gain program were 

excluded from participation in the study. Each sub3ect was 

required to complete the Food Frequency Questionnaire which 

is presented in the Appendix D. The purposes of the 
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questionnaire were to obtain presumptive evidence of 

dietary adequacy and to obtain descriptive information on 

the dietary patterns of the population. The foods which 

were presented in the questionnaire were categorized 

according to the ADA Exchange Plan (72). Considering the 

limitations of accuracy, reliability, and time requirements 

involved in the collection of detailed dietary records <73, 

74), and considering the type of nutrition information 

required by the Human Detoxification Profile Study, the 

development of a Food Frequency Questionnaire was 

considered to be most appropriate, least expensive, and 

easiest to administer £or a large population. 

3.2.3. Urine Collection 

On the Monday of the scheduled collection period, each 

subJect was given two acid-washed and autoclaved collection 

bottles <polypropylene, 1 liter) which were clearly 

labelled with the subJect code number and collection date. 

The handout, "Instructions £or Collection and Handling of 

Urine" which is included in the Appendix, was distributed 

to each subJect along with an oral explanation of the 

procedures. The urine was collected on Tuesday, Wednesday, 

and Thursday, as three consecutive, yet individual 24-hour 

periods. A 24-hour period was defined as beginning with 
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the collection 0£ the second voiding on day one, through 

the first voiding on day two. Hence, on Wednesday, 

Thursday, and Friday mornings after the first voiding of 

urine, each 24-hour specimen was submitted to the 

laboratory and new collection bottles were distributed. 

Additional collection bottles were readily available for 

subJects requiring more than 2 liters in a 24-hour period. 

Upon the delivery of each 24-hour specimen, the weight 

of each subJect was recorded, and questions were asked 

concerning any deviations from the collection and handling 

procedures; specifically, incomplete collections or 

spillages, and consumption of medications. Using 

acid-washed volumetric cylinders, the total volume of each 

specimen was recorded, and after thorough mixing, pH 

determinations were made. Several aliquots from each 

specimen were obtained and immediately frozen for future 

analysis. 

3.3 Laboratory Analysis 

3.3. 1. Urinary Creatinine Determination 

The Technicon Auto Analyzer <Technicon Instrument 

Corp., Tarrytown, N.Y.) was employed for the determination 
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0£ urinary creatinine. The procedure was based on the 

Jaffe reaction which consists 0£ the alkaline £ormation of 

a red 1:1 addition product between creatinine and sodium 

picrate. The reagents required £or the automated 

creatinine technique were prepared according to the 

handout, "creatinine'' which is presented in Appendix E and 

was provided by the Technicon Instruments Corp., N.Y. The 

handout also contains a diagram and a general description 

0£ the operation 0£ the Auto Analyzer. The standards were 

prepared from a Fisher Scienti£ic Creatinine Stock Solution 

0£ 1 mg/ml in O.lM HCl. 

Randomly selected, £rozen urine samples which had been 

aliquoted £or creatinine determination were thawed in the 

re£rigerator £or 24 hours, and then placed in a warm water 

bath to accelerate the achievement 0£ room temperature 

prior to analysis. Duplicate 1 ml samples 0£ urine were 

diluted to 5 mls with deionized water and placed in a 

sample tray of the Auto Analyzer following a series of 

standard samples. A graphic recorder was attached to the 

colorimeter for recording the peak absorbance values of the 

standard and urine samples. Less than 5¾ error between 

duplicate samples was accepted and the average urinary 

creatinine concentration was reported as mg creatinine/kg 
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body wt/24 hr. The intraindividual and interindividual 

variability in creatinine excretion/kg body wt/24 hr was 

determined for the population and each sample exceeding 

2 standard deviations from the average within and among 

variability were excluded from further analysis. 

3.3.2 Urinary Con1ugated Glucuronic Acid Determination 

The modified naphthoresorcinol <MNR> method of 

Mazzuchin et al. (65> was used in the quantitation of 

urinary conJugated glucuronic acid for this proJect. A 

flow chart for this procedure is given in Figure 13. 

This method was chosen on the basis of its ability to: 

<a> prevent glucose and free glucuronic acid, both of 

which are NR-positive substances, from interfering 

in the assay of conJugated glucuronic acid 

Cb> exhibit improved sensitivity at low levels of 

conJugated glucuronic acid when compared to 

previous methods with a molar absorptivity of 30.1 

X 103 

Cc) provide a more stable reagent CMNR reagent) than 

was available with previous methods 

Cd> provide a technique applicable to quantifying 

conJugated glucuronic acid present in human urine 

at the optimum concentration range with error 
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1.0 Ml urine sample 
(bc•i led, filtered) 

1.0 ml H2o 

1.9 ml acetate buffer pH 5.6 

0.1 ml glucose oxidase 

i r,cubat i ,:,r, with 
continuous aeration 
( 45 r,1 in I!' 37 C) 

QS to 100 ml with H20 

vortex 

remove three 
1.5 ml aliquots 

0.5 ml 2N NaOH 

1.0 ml H20 

boil 20 min. 

perform MNR procedure 
on each al iquc,t 

2.0 ml HNR reagent 

2.0 ml cone. HCl 

vortex; boil 30 min; ice 10 min. 

g l 1.1cur,:1nide 
extract i,:,r, 

vortex 

3.0 ml ethyl acetate 

vortex 

lread absorbance@ 564 nmj 

Figure 13: Flow chart £or 
acid determination. 

urinary conJugated glucuronic 
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limits claimed at+/- 5¾. 

Glucose interference is selectively eliminated with 

glucose oxidase enzyme. This permits the determination of 

conJugated glucuronic acid though the urine may contain 

high glucose concentrations. 

In the determination of conJugated glucuronic acid, the 

free glucuronic acid present in urine must be eliminated. 

Sodium hydroxide is used to decompose free glucuronic acid 

to a product insensitive to the NR reagent. 

The method uses an naphthoresorcinol reagent <NR> 

prepared as follows: 400 mg NR is dissolved in 80 ml 

distilled, deionized water and 0.5N sodium hydroxide is 

added dropwise to adJust the pH between 8 - 8.5. After 15 

minutes, 10¾ 

pipet until 

Cw/v) phosphoric acid is added from a pasteur 

the pH reaches between 2 2.5. Sodium 

bisulfite (200 mg> is added and the volume is brought up to 

100 ml with distilled water. The solution is then filtered 

twice, wrapped in a foil-covered flask, and refrigerated 

until use. 

The total 

The reagent will remain stable for seven days. 

time required £or a complete analysis is 

approximately £our hours. This analysis was limited to 

quantification of alkali-stable ether glucuronides. No 

attempt was made to distinguish between the individual 
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Figure 14: Standard Curve Plot of Absorbance vs. P-Gide 
(phenolphthalein glucuronide) Concentration. Linearity of 
the assay for P-Gide standard added to human urine. 1.0 ml 
of solutions containing 0, 10, 15, 20, 30, and 40 ug of P-
Gide standard were added to 1.0 ml of diluted human urine 
and subJected to the entire MNR procedure for the assay of 
conJugated glucuronic acid in the urine. Each point 
represents the average of three determinations Cr= 0.997). 
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metabolites or to identify the aglycones. 

Before determining the urinary conJugated glucuronic 

acid excretion £or the subJects in this study, a standard 

curve of diluted urine spiked with a known concentration 0£ 

phenolphthalein glucuronide CP-Gide> was prepared. 

The standard curve <Figure 14) was obtained £or spike 

concentrations 0£ 0 - 40 ug/ml, with a linear increase in 

absorbance vs. P-Gide concentration. Recoveries 0£ P-Gide 

added to the urine assay system were over 85% in the 

concentration range examined, indicating good sensitivity. 

There was an interassay variation 0£ 12.9% £or six 

determinations. 

For the urinary conJugated glucuronic acid 

determination, one day was randomly selected and analyzed 

£or each of 117 subJects that complied with the collection 

protocol, compliance being based upon a creatinine 

excretion within two standard deviations from the mean Cmg 

creatinine/24 hrs/kg body weight>. The group of data which 

passed this criterion was the sample from which the random 

selections were made. Also, all three days £or a randomly 

selected subgroup 0£ forty subJects were analyzed £or 

determining the within-subJect variability. 

The actual determination 0£ urinary conJugated 
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glucuronic acid excretion was according to the following 

aethod <Figure 13). A well-mixed 5.0 ml aliquot of urine 

was filtered through Whatman No. 541 filter paper, boiled 

for 20 minutes in a 100 C water bath, and filtered again to 

remove any precipitate. For the conJugated glucuronic acid 

analysis <Figure 13>, 1.0 ml of this boiled and filtered 

urine was then incubated at 37 C for 45 minutes along with 

1.9 ml acetate buffer, pH=5.6 and 0.1 ml glucose oxidase 

type V in a 100-ml volumetric flask. Continuous aeration 

was achieved by blowing air into the flask from the 

laboratory hood air valve using a pasteur pipet attached to 

a aanifold connected to the air line. After the incubation 

period, the flasks were brought up to volume with 

The flasks were inverted to distilled, de-ionized water. 

mix the contents, and three 1.5 ml aliquots of diluted 

urine were removed and transferred to test tubes containing 

0.5 ml 2N NaOH and 1.0 ml of distilled, de-ionized water. 

These samples were then boiled for 20 minutes. After this 

time, to the samples were added 2.0 ml MNR reagent and 2.0 

al concentrated HCl. The test tubes with sample were then 

vortexed, boiled for 30 minutes, and then put in ice for 10 

ainutes. The test tubes were again vortexed, and 3.0 ml 

ethyl acetate was added to each tube which was re-vortexed. 
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The acetate layer was pipetted into a quartz cuvette and 

the absorbance was read against a blank at 564 nm in a 

Bausch & Lomb Spectronic 20 spectrophotometer <Bausch & 

Loab, Rochester, N. V.>. Concentrations 0£ conJugated 

glucuronic acid were determined £rom the standard curve and 

corrected £or the dilution £actor. 

measured concentrations 0£ P-Gide. 

The standard curve 

The concentration of 

conJugated glucuronic acid alone was determined by 

multiplying the P-Gide concentration by the ratio 0£ the 

aolecular weights 0£ the glucuronic acid moiety to that 0£ 

P-Gide. 

3.4 Variable to Assess 

3.4.1 Vegetable, Fruit, and Meat Consumption 

Data obtained from the food frequency questionnaire 

were used to ascertain the frequency of consumption of 

various foods and also charbroiled foods. 

vegetable consumption, meat consumption, 

food consumption were analyzed and 

Frequencies of 

and charbroiled 

subJects were 

categorized as being either low consumers, moderate 

consuaers, or high consumers as £ollowa: 

Low Range CL> = 0 - 3 times/month 

Moderate Range CM) = up to once/day 
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High Range <H> = more than once/day 

Meat intake was chosen as a potential variable 

a££ecting conJugated glucuronic acid excretion because meat 

is a good source 0£ protein and high protein intake has 

been shown to enhance drug metabolism (44,46). 

Vegetable intake was chosen as a potential variable 

a££ecting conJugated glucuronic acid excretion because 

diets high in certain vegetables have been associated with 

an increase in drug metabolism and enhanced glucuronidation 

(56). 

Fruit intake was chosen as a potential variable 

a££ecting conJugated glucuronic acid excretion because 

£ruit is a good source 0£ carbohydrate and feeding high 

carbohydrate diets has been shown to enhance drug clearance 

in humans (45). Additionally, UDPglucuronic acid is £or~ed 

£rom the simplest unit 0£ carbohydrate, glucose. 

3.4.2 Dietary Non-Nutrients 

Charbroiled meat intake was chosen as a potential 

variable a££ecting conJugated glucuronic acid excretion 

because increased consumption 0£ these meats can increase 

oxidative enzyme activity (58). Both benzo<a>pyrene, a 

polycyclic hydrocarbon and inducer 0£ cytochrome P-450, and 
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tryptophan pyrolysis 

from the amino acid 

products, which are compounds derived 

tryptophan and known to induce 

cytochrome P-448, are found in charbroiled foods. SubJects 

were categorized as being either low 

consumers as follows: 

Low Range <L> = 0 - 3 times/month 

High Range <H> = > 3 times/month 

<L> or high <H> 

Data obtained from the pre-experimental survey was used 

to ascertain each subJect's exposure to various substances. 

Tobacco smoking was chosen as a potential variable 

affecting conJugated glucuronic acid excretion because 

increased tobacco use can enhance drug metabolism <75>. 

Tobacco users were classified as follows: 

Low <L> = smoking leas than 1 cigarette/day 

Moderate CM> = smoking 1-10 cigarettes/day 

High <H> = smoking more than 10 cigarettes/day 

Alcohol use was chosen as a potential variable 

affecting conJugated glucuronic acid excretion because 

alcohol is known to inhibit the synthesis of UDP-glucuronic 

acid from UDP-glucose by increasing the intracellular 

NADH/NAD ratio <76>. 

follows according 

beverages: 

Alcohol users were classified as 

to their consumption of alcoholic 
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Low <L> = 3 times/month or less (including non-

users> 

Moderate <M> = up to 6 times/week 

High <H> = up to 3 times/day or more 

MariJuana was chosen as a potential variable affecting 

conJugated glucuronic acid excretion because mariJuana 

smoke contains high levels of polycyclic hydrocarbons as 

well as delta-tetrahydrocannabinol compounds which may 

stimulate drug metabolizing enzymes. MariJuana users were 

classified according to use as follows: 

Low <L> = less than once/week (including non-users> 

Moderate <M> = 1 to 4 times/week 

High <H> = greater than 4 times/week 

Chemical exposure was chosen as a potential variable 

affecting conJugated glucuronic acid excretion since it is 

known that numerous chemical substances. including heavy 

aetals. industrial pollutants. insecticides. and the like 

are potent inducers as well as inhibitors of xenobiotic-

metabolizing enzymes. SubJects were first classified as 

being low. low/medium, medium, high, or very highly exposed 

(Appendix), based upon their responses to question F of the 

pre-experimental survey. They were then reclassified into 

low (low only>, moderately <low/medium, medium> or highly 
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(high, very high> exposed to chemicals. 

Caffeine intake was chosen as a potential variable 

affecting conJugated glucuronic acid excretion since it has 

been shown that, amounts commonly present in a couple 0£ 

cups 0£ co££ee or tea are equivalent to the 

pharmacologically active dose, which is a potent inducer of 

the MFO enzymes 

follows: 

(78). Caffeine use was reported as 

Low <L> = up to 2 cups/week 

Moderate CM) = up to 6 cups/week 

High <H> = a cup a day and more 

3.4.3 Genetics 

The intervariability 0£ xenobiotic metabolism is based 

upon many £actors, including genetics 

genetics was chosen as a potential 

conJugated glucuronic acid excretion. 

(76). Therefore, 

variable affecting 

In this study, 

genetic £actors were assessed solely in terms 0£ cancer 

incidences among family members. SubJects who responded 

"yes" to knowing 0£ cancer incidences among their relatives 

were classified as "Y" and those having no known relatives 

with cancer were classified as "N". 
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3.4.4 Summary 

Variables chosen as being potential influences on the 

urinary conJugated glucuronic acid excretion £or the 

subJects of this study included vegetable, fruit, and meat 

consumption; consumption 0£ charbroiled food; use 0£ 

tobacco, alcohol, mariJuana, and caffeine; exposure to 

chemicals, and incidence 0£ cancer in genetically-related 

individuals. 

Since this study did not impose a measured quantity 0£ 

any of the above variables on the subJects but instead 

merely obtained intake or exposure frequency data regarding 

each variable (except genetics> according to the 

recollection of each subJect, it would be unfair to elevate 

the results of this portion 0£ the study to a "treatment 

e££ect 0£ variable x on conJugated 

excretion" when in fact none existed. 

glucuronic acid 

Instead, the mean 

and standard deviation of urinary conJugated glucuronic 

acid excreted by each grouping according to the above 

variables were calculated, and the statistical F-test was 

employed in testing the hypothesis of no difference between 

the respective groups. 



CHAPTER IV. RESULTS 

4.1 Sub1ects 

The 117 subJects used in this study were derived £rem a 

group of 135 males, mean age 20.7 years. Dietary analysis 

indicated the subJects' £cod intake to be nutritionally 

adequate (79). Alcohol, tobacco, and ca££eine consumption 

varied, as detailed in section 4.2.2. Their three-day 

urinary creatinine excretions were measured and analyzed 

for between-subJect and within-subJect variability. 

Creatinine excretion normally remains relatively constant 

for an individual £rem day to day. For this study, 

subJects whose creatinine excretions were at the extremes 

of the range <greater than two standard deviations £rem the 

mean, which was 24.55 mg/kg 0£ body weight/24 hr) and/or 

whose day-to-day creatinine excretions were inconsistent, 

were excluded from further analysis. 

The mean, standard deviation, and range £or the urinary 

excretion 0£ conJugated glucuronic acid in mmole per 24 hr 

and in mole conJugated glucuronic acid per mole creatinine 

per 24 hr for the one-day sample are listed in Table 7. 

The between-subJect variation in urinary conJugated 

glucuronic acid excretion in mmole/24 hr and mole/mole 

creatinine/24 hr £or the one-day sample is given in Table 

74 
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Table 7: Urinary Excretion of ConJugated Glucuronic Acid 
For The One-Day Sample. 

ConJugated 
Glucuronic Acid 

mmole/24 hr 

mole/mole creatinine 

n = 117 

Excretion 

Mean CSD> 

0.725 (0.341) 

0.0492 (0.0292) 

Range 

0.228-1.976 

0.0138-0.1981 
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8. Finally, the boxplots of mmole conJugated glucuronic 

acid per 24 hr and mole conJugated glucuronic acid per mole 

creatinine per 24 hr for the one-day sample are shown in 

Figures 15 and 16, respectively. 

A three-day urine sample from forty subJects was 

randomly selected from the 117 subJects whose creatinine 

excretions were assessed to exhibit acceptable between-

subJect and within-subJect variability. The mean, standard 

deviation, and range for the urinary excretion of 

conJugated glucuronic acid for the three-day sample in 

mmole per 24 hr and in mole per mole creatinine per 24 hr 

are listed in Table 9. The within-subJect variation in 

urinary conJugated glucuronic acid excretion for the three-

day sample in mmole conJugated glucuronic acid per 24 hr 

and mole per mole creatinine per 24 hr is shown in Table 

10. Finally, the boxplots of mmole conJugated glucuronic 

acid excreted per 24 hr and mole/mole creatinine per 24 hr 

for the three-day sample, 

18, respectively. 

are presented in Figures 17 and 
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Table 8: Between-SubJect Variation in Urinary Excretion of 
ConJugated Glucuronic Acid For The One-Day Sample. 

ConJugated 
Glucuronic Acid 

JIJROle/24 hr 

mole/mole creatinine 

n; 117 

Variation a 

Inter 

0.3410 

0.0292 

cvb 

47.1 

59.2 

a1nter-variation reported as standard deviation. 

bcv = coe££icient 0£ variation <~>. 
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Figure 15: Boxplot representative of between-subJect 
variability of conJugated glucuronic acid <mmole/24 hr> for 
the one-day sample. 
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Figure 16: Boxplot representative 0£ between-subJect 
variability 0£ conJugated glucuronic acid <mole /mole 
creatinine> for the one-day sample. 
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Table 9: Urinary Excretion of ConJugated Glucuronic Acid 
For The Three-Day Sample. 

ConJugated 
Glucuronic Acid 

n=40 

amole/24 hr 

mole/mole creatinine 

Excretion 

Mean <SD> Range 

0.848 (0.409) 0.199-1.893 

0.0562 (0.0294) 0.0138-1.1772 
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Table 10: Within-SubJect Variation ip Urinary Excretion of 
ConJugated Glucuronic Acid For The Three-Day Sample 

ConJugated 
Glucuronic Acid 

1111ole/24 hr 

mole/11ole creatinine 

n = 'tO 

Variationa 

Intra 

0.2476 

0.0161 

cvb 

29.2 

28.7 

aJntra-variation reported as standard deviation. 

bcv = coefficient of variation C¾). 
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Figure 17: Boxplot representative of within-subJect 
variability (mmole/24 hr) for the three-day sample. 
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4.2 Con1ugated Glucuronic Acid Excretion vs. Various 
Factors 

4.2.1 Dietary Factors 

SubJects were classi£ied according to their intake of 

vegetables, fruit, meat, and charbroiled food as being low, 

moderate, or high consumers. 

For the one-day sample, 

consumption, 55% were classified 

regarding 

as low, 

vegetable 

27" were 

classified as moderate, and 18% were classified as high. 

Regarding fruit consumption, 76" were classified as 

low, 18% were classified as moderate, and 6" were 

classified as high. 

Regarding meat consumption, 49% were classi£ied as low, 

38% were classified as moderate, and 13% were classified as 

high. 

Regarding charbroiled food consumption, 72% were 

classified as low, and 28% were classified as high. 

The mean and standard deviation £or the urinary 

excretion of conJugated glucuronic acid in mmole per 24 hr 

and mole per mole creatinine per 24 hr £or the one-day 

sample, according to vegetable, fruit, meat, and 

charbroiled food intake are listed in Table 11. 
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4.2.2 Non-Dietary Factors 

SubJects were classified according to their using 

tobacco, alcohol, mariJuana, 

moderate, or high users. 

and caffeine as being low, 

For the one-day sample regarding tobacco use, 87% were 

classified as low, 7% were classified as moderate, 

were classified as high. 

and 6¾ 

Regarding alcohol use, 67% wre classified as low, and 

33% were classified as high. 

Regarding mariJuana use, 88% were classified as low, 8% 

were classified as moderate, and 4% were classified as 

high. 

Regarding caffeine use, 54% were classified as low, 20% 

were classified as moderate, and 26% were classified as 

high. 

The mean and standard deviation for the urinary 

excretion of conJugated glucuronic acid in mmole per 24 hr 

and mole per mole creatinine per 24 hr for the one-day 

sample according to tobacco, alcohol, mariJuana, and 

caffeine use are listed in Table 11. 
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Table 11: Urinary Excretion of ConJugated Glucuronic Acid 
According to Certain Factors For The One-Day Sample. 

Parameter n (mmole/24 hr)a (mole/mole Creat/24 hr)a -
vegetable L 65 
intake M 31 

H 21 

fruit L 89 
intake M 21 

H 7 

aeat L 57 
intake M 45 

H 15 

char- L 84 
broiled H 33 
intake 

tobacco 
use 

alcohol 
useb 

L 102 
M 8 
H 7 

L 76 
M 37 

mariJuana L 100 
useb M 9 

H 4 

caffeine L 59 
usec M 22 

H 28 

chemical L 61 
exposure M 33 

H 23 

cancer in Y 55 
fallilyb N 58 

0.718 (0.346) 
0.778 (0.345) 
0.667 (0.325) 

0.711 (0.322) 
0.736 (0.356) 
0.860 (0.527) 

0.7168 (0.354) 
0.7366 (0.313) 
0.7190 (0.393) 

0.717 (0.355) 
0.745 (0.308) 

0.741 (0.356) 
0.577 (0.134) 
0.654 (0.237) 

0.729 (0.361) 
0.711 (0.312) 

0.723 C0.342) 
0.630 (0.208) 
0.940 C0.603)d 

0.685 (0.292) 
0.646 (0.344) 
0.845 C0.436)d 

0.722 (0.369) 
0.746 (0.295) 
0.702 (0.338) 

0.731 (0.397) 
0.716 (0.289) 

0.0504 (0.0247) 
0.0490 (0.0333) 
0.0461 (0.0361) 

0.0464 (0.0218) 
0.0561 (0.0432) 
0.0645 (0.0518) 

0.0501 (0.0278) 
0.0471 C0.0234) 
0.0524 (0.0469) 

0.0499 (0.0312) 
0.0475 (0.0236) 

0.0490 (0.0292) 
0.0382 (0.0104) 
0.0650 (0.0388) 

0.0492 C0.0310) 
0.0495 (0.0256) 

0.0499 (0.0305) 
0.0421 (0.0180) 
0.0503 (0.0140) 

0.0475 (0.0272) 
0.0472 (0.0366) 
0.0547 (0.0285) 

0.0464 (0.0256) 
0.0537 (0.0331) 
0.0505 (0.0325) 

0.0501 (0.0344) 
0.0486 (0.0236) 

SExcretion values reported as mean (SD> 
bResponses were not £ound £or this parameter £or 4 subJects 
CResponses were not found for this parameter for 8 subJects 
dMarginally sign1£icant d1££erence among L, M, & H <p<0.10> 
NOTE: L = low, M = moderate, H = high 
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4.2.3 Exposure to Chemicals 

SubJects were classified according to their exposure to 

chemicals (Appendix F> as being low, moderate, or high. 

For the one-day sample, 

were classified as moderate, 

52% were classified as low, 28% 

and 20% were classified as 

high. 

The mean and standard deviation for the urinary 

excretion of conJugated glucuronic acid in mmole per 24 hr 

and mole in mole creatinine per 24 hr for the one-day 

sample according to exposure to chemicals is given in Table 

11. 

4.2.4 Genetics 

SubJects were classified according to whether or not 

any incidence of cancer among their relatives was known. 

For the one day sample, 49% were classified as having a 

genetic predisposition to cancer and 51% were classified as 

not having a genetic predisposition to cancer. 

The mean and standard deviation for the urinary 

excretion of conJugated glucuronic acid in mmole per 24 hr 

and mole per mole creatinine per 24 hr for the one-day 

sample according to cancer incidence among relatives is 

given in Table 11. 
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4.2.5 Comments 

Table 12 shows the between-subJect variation in urinary 

conJugated glucuronic acid excretion in mmole per 24 hr and 

•ole per mole creatinine per 24 hr for the three-day sample 

comparing all 40 subJects' 

values. 

three-day average excretion 

Table 13 lists the mean urinary excretion of conJugated 

glucuronic acid according to certain factors for the 40 

subJects. ConJugated glucuronic acid excretion for the 

factors vegetable intake, fruit intake, and caffeine use 

were found to be significantly (p <0.05) different among 

the low, moderate, and high groups when expressed as mole 

per mole creatinine per day. Additionally, the excretion 

was significantly (p <0.05) different among low, moderate, 

and high caffeine users when expressed as mmole conJugated 

glucuronic acid per 24 hr. 
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Table 12: Between-SubJect Variation in Urinary Excretion 
of ConJugated Glucuronic Acid For The Three-Day Sample 
Using Three-Day Average. 

ConJugated 
Glucuronic Acid 

mmole/24 hr 

mole/mole creatinine 

n: q,o 

Excretion 

Mean <SD> 

0.848 (0.409) 

0.0562 (0.0294) 

acv = coefficient of variation <~>. 

cva 

48.2 

52.4 
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Table 13: Urinary Excretion of ConJugated Glucuronic Acid 
According To Certain Factors For The Three-Day Sample. 

Parameter n <mmole/24 hr)a <mole/mole Creat/24 hr> 8 -
vegetable L 26 0.854 (0.377) 0.0534 <0.0204)b 

intake M 8 0.955 (0.329) 0.0753 (0.0417) 
H 6 0.681 (0.298) 0.0426 (0.0108) 

fruit L 31 0.845 (0.359) 0.0525 (0.0192>b 
intake M 6 0.730 (0.218) 0.0547 (0.0267) 

H 3 1.116 (0.552) 0.0972 (0.0606) 

lleat L 25 0.865 (0.426) 0.0605 (0.0297) 
intake M 10 0.889 (0.190) 0.0529 (0.0199) 

H 5 0.680 (0.195) 0.0412 (0.0158) 

char- L 32 0.846 (0.390) 0.0574 (0.0291> 
broiled H 8 0.857 (0.207) 0.0511 (0.0114) 
intake 

tobacco L 35 0.881 (0.370) 0.0577 (0.0280) 
use M 4 0.638 (0.102) 0.0431 (0.0061) 

H 1 0.538 0.540 

alcohol L 30 0.858 (0.384) 0.0563 (0.0287) 
use M 10 0.818 (0.280) 0.0559 (0.0200) 

mariJuana L 34 0.858 (0.382) 0.0564 (0.0280) 
use M 3 0.662 (0.138) 0.0470 (0.0082) 

H 3 0.927 (0.081) 0.0628 (0.0236) 

ca:f:feine L 20 0.816 C0.285)b 0.0616 C0.0307>b 
use M 7 0.628 (0.182) 0.0406 (0.0128) 

H 9 1.096 (0.532) 0.0613 (0.0249) 

chemical L 19 0.857 (0.458) 0.0507 (0.0217) 
exposure M 11 0.845 (0.125) 0.0601 (0.0219) 

H 10 0.835 (0.344) 0.0621 (0.0382) 

cancer in y 20 0.902 (0.437) 0.0609 (0.0325) 
£a:aily N 20 0.794 (0.257) 0.0514 (0.0185) 

aExcretion values reported as mean <SD>. 
bSigni£icant di££erence among L, M, and H (p<0.05). 



CHAPTER V: DISCUSSION 

The primary obJective 0£ this study was to quanti£y the 

urinary conJugated glucuronic acid excretion £or a £ree-

living male population. The mean urinary conJugated 

glucuronic acid excretion £or 117 males in this study 

<Table 7) was approximately 

calculated £ram Fishman and Green 

1.99 mmole/24 hr. 

36% 0£ the mean value 

<Table 4): 0.725 vs. 

It was approximately 35% 0£ the mean value calculated 

£rem Mazzuchin et al <Table 5): 0.725 vs. 2.06 mmole/24 

hr. The mean urinary conJugated glucuronic acid excretion 

£or the subgroup of 40 males in this study <Table 9) was 

approximately 43% of that calculated £ram Fishman and Green 

<Table 4) and approximately 41% of that calculated from 

Nazzuchin et al <Table 5). 

The upper range values <maximum 1.98 mmole/24 hr) £or the 

117 males did, however, compare more closely to those 

calculated from Fishman and Green (maximum 2.38 mmole/24 

hr) and also Mazzuchin et al <maximum 2.52 mmole/24 hr). 

The published values for glucuronide excretion are also 

higher than those obtained in this study £or the three-day 

sample of 40 subJects, although this group had a higher 

mean conJugated glucuronic acid excretion than the one-day 

91 
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sample 0£ 117 subJects. 

Differences between the published values for 

glucuronide excretion and those obtained in this study 

could be the result of several £actors. Different 

analytical methods tend to give di££erent measures of 

glucuronides even £rom the same sample (69). Mazzuchin et 

al. (65> point out that there are as many normal values for 

glucuronide excretion as there are methods. 

Most 0£ the values reported in the scientific 

literature are for small sample sizes. It is possible that 

for a larger population, the normal range in mg per day of 

conJugated glucuronic acid excretion is much greater, and 

that the published data only contained representatives from 

the upper range. 

In this study, most of the 117 subJects excreted less 

than 200 mg conJugated glucuronic acid per day. However, 

15 subJects excreted over 200 mg and of those, 5 excreted 

300 mg or more per day. 

Another possible reason for the lower values obtained 

in this study is that of the dif£iculties with urine 

collection and storage. 

glucuronidase, which 

Urine contains the enzyme /3-

catalyzes the hydrolysis 0£ the 

glucuronide conJugate, resulting in the formation of £ree 
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glucuronic acid from conJugated glucuronic acid. It is 

known that bladder /J -glucuronidase has a low optimum pH 

and that acidification of urine causes increased activity 

of the enzyme (76). Dutton (7) has remarked that the 

enzyme may be increased in urine during local infection 

from bacteria and with increased sloughing-off of genito-

urinary epithelial cells. 

Urines analyzed in this study may have been left 

standing prior to refrigeration and freezing for critcal 

lengths of time. 

conJugated glucuronic 

Thia would allow cleavage of the 

acid 

glucuronidase activity. 

collection may have occurred, 

to 

Also, 

occur due to -

contamination during 

resulting in bacterial 

glucuronidase being introduced into the urine specimen. 

Measurements of bound sulfate excretion from the same 

subJects <79) were much higher compared to the published 

data of Lundquist et al. (80). Sulfation and 

glucuronidation are competing detoxification pathways for 

many substrates. Caldwell and co-workers (81) have 

demonstrated a ratio of glucuronidation to sulfation in 

patients receiving the drug paracetamol <G:S ratio) ranging 

from 0.35 to 4.64 and a G:S ratio ranging from 0.26 to 4.26 

among patients receiving salicylamide. Therefore it 
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appears possible £or sul£ation to be the predominant 

pathway in some instances. 

The secondary obJective 0£ this study was to examine 

dietary and other habits 0£ the subJects relative to 

exposure to various £ood and non-£ood inJestion or 

substances. This in£ormation was then compared to the 

urinary conJugated glucuronic acid excretion. The 

variables assessed along with brie£ descriptive in£ormation 

is provided in section 3.4. 

employed to identi£y any 

The statistical F-test was 

signi£icant di££erences in 

conJugated glucuronic acid excretion at d1££erent levels 0£ 

consumption 0£ each variable assessed. 

The dietary in£ormation obtained £rem the £cod 

frequency questionnaire was useful in a qualitative rather 

than quantitative sense. From it, the subJects were 

classi£ied according to frequency of consumption of certain 

foods as shown in a previous section <4.2.1> as being low, 

moderate, or high consumers. 

For the one-day sample <Table 11) neither vegetable, 

£ruit, meat, nor charbroiled food intake demonstrated 

significant differences among low, moderate, and high 

consumers relative to conJugated glucuronic acid excretion 

measured as mmole per 24 hr or mole per mole creatinine per 
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24 hr. The three-day sample (Table 13>, however, 

de11onstrated a significant difference (p<0.05) in 

conJugated glucuronic acid excretion <mmole/24 hr and 

11ole/mole creatinine/24 hr) for the vegetable and fruit 

categories. It should be noted, though, that the sample 

sizes for the low, moderate, and high categories are 

greatly diminished in size 

day sample. Based upon the 

c~mpared to those for the one-

known influence that diet can 

have on xenobiotic metabolism, the results obtained in this 

study were not without precedent. Gibson and Skett (76) 

have summarized the effects of dietary nutrients on drug 

metabolism <Figure 19). 

Of the non-food factors examined, the only category 

that demonstrated a marginally significant difference in 

conJugated glucuronic acid excretion among its subgroupings 

for the one-day data was caffeine use <p<0.1). Figures 20 

and 21 present the side-by-side boxplots which 

schematically represent the variability in conJugated 

glucuronic acid excretion among caffeine users in mmole per 

24 hr and mole per mole creatinine per 24 hr, respectively. 

For the three-day data, the difference was also significant 

<p<0.05) among caffeine users. Although each of the 

remaining non-food factors examined did not explain the 
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Figure 19: Summary 0£ the e££ects 0£ dietary nutrients on 
drug metabolism (76). 
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variability in urinary conJugated glucuronic acid excretion 
<mmole/24 hr) among caffeine users <one-day sample; H=high 
ca££eine uae; L=low; M=moderate). 



i:: 
0 

•r-l 

.zoo 

,168 

,1l7 

,i.J ,105 
Cil 
i-. 

,I.J 

i:: 
OJ 
(.) 
i:: 
0 
(.) ,7330-01 

,1,110-01 

, 

I • I ·---· I I ·----

98 

. 

J 

l ·---· I • I ·---· L_J 
I 

, 1000-01-----------
H 

L 

boxplots 

I • I ·---· I I 

"' 

Figure 21: Side-by-side boxplots representative of the 
variability in urinary conJugated glucuronic acid excretion 
<mole/mole creatinine> among caffeine users <one-day 
sample; H=high caffeine use; L=low; M=moderate>. 
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variation in the conJugated glucuronic acid excretion £or 

the one-day and three-day samples, other research has 

demonstrated the influence 0£ dietary non-nutrients and 

genetic and environmental £actors on xenobiotic metabolism 

<Figure 22). 

The relative importance of physiological and 

environmental £actors in determining the xenobiotic (i.e.: 

drug> metabolizing capacity in a population is open to 

debate. Two opposing views exist. From twin and £amily 

studies comes the notion that most, if not all, 0£ the 

di££erences in drug metabolism in a population are due to 

genetic differences. Other research has indicated that 

interindividual variations in drug metabolism can be 

totally accounted £or by environmental factors (including 

alcohol, caffeine, and tobacco use>. The influence of 

environmental factors in addition to genetic differences is 

very likely the cause 0£ the interindividual variation seen 

in a population. 

In addition to separate genetic and environmental 

influences on xenobiotic metabolism, Vesell (82) has 

suggested the possibility of dynamic interactions among 

suspected or established dietary factors that may influence 

drug response in humans. He also has stated that 
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Figure 22: Summary of the influence of dietary non-
nutrients on drug metabolism (76>. 
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conflicting results obtained from drug clearance studies 

resulting in large interindividual variations are not 

necessarily contradictory due to the multiple genetic and 

environmental di££erences between the subJects examined. 

In this study, the large interindividual variation most 

likely masks any ef£ects 0£ diet, environment, or genetics 

upon urinary conJugated glucuronic acid excretion. The 

three-day subJect means were tested £or significance in 

order to minimize this effect, and differences were noticed 

in three categories <vegetable intake, fruit intake, and 

caffeine use). The importance of these findings is unclear 

due to the small sample sizes in the subgroupings. Even 

so, it is recognized by this writer that "P" is a 

mathematical concept that stands for probability and not 

significance; experiments do not automatically have 

biological meaning because statistical analysis yields a 

p<0.05. The reason for the large interindividual variation 

in conJugated glucuronic acid excretion seen in this study 

is not obvious. Therefore further research is indicated in 

order to clarify the urinary conJugated glucuronic acid 

excretion of a free-living population. 

I acknowledge the complexity of the subJect matter 

represented by this study, with its many interactive 
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£actors. Hope£ully the reader has been stimulated into 

£urther examination 0£ one 

glucuronidation of xenobiotics. 

or more aspects of the 



CHAPTER VI: SUMMARY AND CONCLUSIONS 

The amount of urinary conJugated glucuronic acid 

excreted by a free-living male population and the effect of 

certain factors, i.e. vegetable, fruit, meat, and 

charbroiled food intake, tobacco, alcohol, caffeine, and 

mariJuana use, exposure to chemicals and familial cancer 

incidence, were investigated. One day of urine from 117 

subJects who complied with the collection protocol was 

analyzed for each subJect and three days of urine were 

analyzed for 

subJects. 

a randomly selected sub-group of forty 

For the one-day sample, the mean conJugated glucuronic 

acid excreted was 0.725 mmole/24 hr or 0.0492 mole/mole 

creatinine. The values for the three-day sample were 0.848 

mmole/24 hr or 0.0562 mole/mole creatinine. 

An analysis of the one-day data revealed a large degree 

of between-subJect (inter-> variability: 47.1%. The 

corresponding coefficient of variation for the three-day 

data was 48.2% when three day averages were compared. The 

within-subJect <intra-) variability for the three-day data 

corresponded to a coefficient of variation of 29.2%. 

The large intervariability probably masked any effects 

of diet, environment, or genetics upon the observed urinary 
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conJugated glucuronic acid excretion. Ca££eine use, 

vegetable, and fruit intake did show differences between 

low, moderate, and high consumers, although the biological 

importance of these associations for the small sample sizes 

is questionable. Further research regarding urinary 

conJugated glucuronic 

environmental, 

warranted. 

and 

acid 

genetic 

excretion 

influences 

and dietary, 

is there£ore 
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AJPENDIX A 

INFOR."!?!) CONSE:-IT FOR.'! FOR 
PAltTICIPATION IN IIUTiUTION RESEARCH CONDUC-:'E!l 

BY THE RtntAN lfIURITION AND FOODS DEPA!t~'1T 
AT V!RCINL\ POLYTECHNIC INSTI!"JTE AND STATE UNtvEitSITI 

You are iavited Co participate in the Human Detoxi:i.c.ation Profile Study. Our 
coal is co deter:i,ine Chi! relative ability of adult males to detoxify non-,pecific, 
aon-nutrici.ve sub,t.Jnce,, commonly rl!ferr~ co as Xotoobiocics. Plot.isl! read Che fol-
lowing i.nior:i,acion which outlinots the specifications of this research l!Xperi.ment. 

I. sus_,:c-:- REOO!R~:ITS: 

You :nust be a healthy adult 111alo1 who is not currently CJ.king any prescribed 
M<iic.ition sad who i,:, oot currently under a physici .. n's care. 

II. P'!.OC::OURES: 

A. F'!.EOU'E~CY QUESTIONNAIRE: You vil l be required to complottot a food 
freqW1ncy qu,uti.onna1re, identical co the one submitted at the Pro&-Ex-
periment.al screening session. 

11. SA.'1PLES: You will be required to collect all urinary excretion 
produced during a consecutive three day period. The collection will con-
sist of three, 24-hour s.1111ples, co be sub!lli.tted to the lab at the end of 
e..:h 24-hour period. You vil l be provi.dcd with the oecessary urine bot-
tlu and complete instructions for collection and proper handling. 

I II. POSSBLE RISKS: 

n,,. procedures involved in this 1tudy are -1pproved by the Institution Re-
view 80-1rd for Rue arch involving Huaun Subj,.ccs, and ar• cons id .. r..d to ia-
vo lvt! ".ainim•l ri,K. '' 

IV. POSS!SL! ,E:IEF!-:'S: 

Si.nee chis study is designed for re,earch purpo~es, possibl" benefi:s fr0111 
your individual participation include Chi! personal 1ati.sfaction of contri-
buting to the body of scientific information which may ultimately ;,rove 
b,rneficial. co society aad decerminei.ng tbe relative ability of iadi.viduds 
to detoxify xe:,,ob,iot ics. 

V. C,~E~SAT!OH: 

for your participation aad ccmplete cooperation, you vill be offered a cash 
pay,i,,eat of $10.00, payable upoa complctioa of your involvement in Cbe atudy, 
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A. You have Che ri6hc co coniidenti.ility. All lntonucion obt.1ined during 
chis study chat caa be identified with you, shall remain concidencial. 

8. You have Che right co ex;,ecc an honest answer co any questions c!iat you 
may havo!! ac anytime during the study. 

C. You ue free co withdraw frOIII Che study u any time, without prejudice. 

D. You have Che d 6hc co receivo!! a ~opy of chis document. 

Your signature indicates chac you have agreed co parcici?ate in accordance 
wi:h the conoi;ions described in the pr,icet!ding pages. 

I hJve read, and fully understand chis consent documo!!nC. All Qf my qu,ucions 
have b,un answered co my satisfaction and I agree co parcici?ate ia the study. 

Ple.1se contact che following people if you have any additional qu.esciona: 

1. Dr. Ryland E. Webb, Principal Invescigacor 
Depart!'llent of Ruman :fuc :-ic ion and Fooda 
P!ionoe :fWll!ler 

2. Dr. For:est ~- Thye 
De;,art:nent of Ruinan Yue:- it ion and Foods 
Phone !fumboer 

3. Graduate Students: Jane Santi ani 'lerni.ce !lobich.iud 
Phon11 Number 
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APPENDIX B 
DETOXIFICATION PROFILE STUUY 1984 

Xenooiotics Jre CQnpounds which do not have nutritive value. Conman examples 

of xenoDiotic$ Jre caffeine, tobacco, and a host of canpounds found in conman 

feeds. These cu11pounds undergo a series of react ions in the bOdy in order for 

them to be reriJert,J less toxic and to be excreted. Most research to date has in-

vest iyJteJ the vJrious detoxication pathways by observing how a specific ccmpound 

is 111t!tJDolized Jou how long it takes for excretion to occur. This study will mea-

sure the eriJ µruJucts of detoxication, i.e. conjugates, that are excreted in the 

urine in order tu establish a profile of your detoxification capability. 

Subjects wil I be required to canplete a food frequency survey (no quantities 

or 111easurL,11ents Jre involved) and to collect their urine for 3 days. You must be 

on a weiuht 111Jintenance program, i.e. any weight loss or gain during the collec-

tion period would jeopardize the validity of your data. Regular food habits and 

levels of activity are strongly encouraged during this period. Remember, this stu-

dy is desivnL-'\J to assess your detoxification capability under nonnal conditions. 

Ir' you llJVt! ,my questions, ple.:ise do not hesitate to contact Jane or Vernice 

.it ':lril-!:i84U lletween the hours of 9:00 am and 12:00 NOON. 

Thank you for your time and consideration. 
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APPENDIX C 
DA!!. _________ _ 

NL~!ER;.... ________ _ 

OETOX!FICAT!ON PROF!U: ST::OY 
1984 

PRE-~X?~Rt!'iE~TAL SURVEY 

In ord,.r co uuss your rel.1cive ability co detoxify foreign SOJbsc.inc,u 
(xenobioti.csl, we muse learn about Che frequenc:1 of your e.-.posure to thl!m. Plotasl! 
an.:,wl!r all of ch11 following qwutions as accuratdy .ind as honl!stl:1 as ;,ossi.blot, 
r""'"""'"ri.ng th"t any informac ion disc los11d, wit l rot::iain confi.dl!nt i.il. To 11nsurl! 
anon)l'Ulit:,, pl,usl! notice the number in the spact: providt:d above. 
Thi.s number will i,., us11d as a cod11 for purposes of data analys11s. 

l. Ii.is anyone, gl!nl!tic.il ly rl!l.iced to you, ever h.ad any !orm of canc.ar? 
(PL11a.., d.rcl11 the appropri.1t11 l11ccer.) 

a. Yes b. No 

z. tf yes, pleue indicacoe which relative by circling the appropriacoe letter. 
tf more than one relative in ,each category had canc.ar, pl11ase indicacoe how 
awny in ch11 spacoe provid11d. 

a. Mocher g. !1ac,1rnal grandparencCs) 
b. Facn11: h. Pac ,irnal gr.1nd?ar11nc ( s) 

c. 8roch11rC s) i. Aunc(s) -d. Siscu(s) j. Unc 111(1) ... Son( s) k . First cou~) 
f. 0aughcer\sl ___ 

s. or::::-.HY ----
l. Ar11 you a Veg11carian? (Please circl• th11 appropriate l11tter.) 

a. llo. 
b. Yu, t avoid all nieacs, oeg;:s, and dair:, ;,roduc:s. 
c. Yu, I ave id alt m,ucs, but con.:, ume •s:• and/or .:la i.ry _;,r oduc: s. 

:?. Curing th,o past mooch, on ch• aver.ig", how many ,Ll!.:. cu;,s of hoc/iced 
cof:,u did you consume? (Circle th11 appropriate l11t:.ar.) 

a. llon11 
b. 1-2 cup(sl/vuk 
c:. l-4 cups/we11k 
d. 5-o cups/we11k 

a. c:affeinaced, instant. 
b. c:affeinat,od, brev11d. 

e. 1-Z cup(s)/day 
f. J-5 cups/day 
g. 6-10 cups/day 
h. more than 10 cups/day 

c:. decaffeioacad, brewed. 
d. decaf :e ioacod, ins tact. 
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4. D uring tht! p,ut cnonch, on tht! avt!rage, how cnany � c:ups of hoc/ict!d c"a 
d id you consume? 

a. Non� e. 1-2 cup( s)/day 
b. 1-z cu9( s) /we,?k f . 3-5 cups/day 
C:. J-.:. c:ups/Wt!t!k &· 6-10 c:ups/day 
d. 5-'l c:ups/we�k n. mo re than 10 cups/d.iy 

S. If Ct!.l w,u c:onsum.,d, d"scribt! th" kind :uosc frequt!ntl :,, ust!d, (Plt!aSI! 
circ:t" tht! appropriatt! lt!tt,,r ,1nd sp.,c:ify th" b r.Jnci n.im" in :h" soac"· pro­
vidt!d.) 

,1. Regular or Slack Tt!as _________________________ _ b. Ori.,ncal or Grt!t!n Tt!as 
c. Herbal Tt!o1s --------------------------

6. Is tht! Ct!.1 describo1d in qut!sti on ii5, decaf:,.inaud? (Ci.rel" t�" ,1ppro9ri­
o1c" lt!t ... r.) 

b. No c:. Uncertain 

7. During Cho! put cnonth, n ow frequently did you consume EACrl of Chi! follow­
i�� kinds of o1lconolic beve ro1ges? Using the c:od• below, circle the number 
following eo1c:n product that cnost c:loso!ly correspo nds to your intake. 

o. Nontt the encue �oncn 
1. 1-3 timu/nsonth 
2. l-2 t im.,s/week 
J. J-4 c im.,s/weo!k 
4. 5-6 t im .. s/·-,el!i< 
s. on c .. /d ay 
6. 2-J times/day 
7. mo rt:! than 3 C imt!, /da.v 

,1. a .... r 0 2 J 4 5 6 

b. Wint! 0 2 J 4 5 6 7 
C • �i.x"d Drinks 0 2 J 4 5 6 7 
d. Cvrdials 0 z J 4 5 6 7 

C. � ?�OD�C,S 

1. Do you 91110ka co bac:c:o products? (Ci.rdt! tht! approprio1ce lo!t, .. r.) 

a. y,., b. No 

2. If yes, whicn producdsl d o  you use? (Circ:le EAC:i appropriac.. lettH, acd 
Jp,tc:ify thot 3rand :fo1111e :iiost fro!qu&atly , .. ,..d.) 

a. Ci.ga rattu (br,1.-.i) 
b. Ci6ars ------,,(-,-b-r-_.a:1 ) 
c:. Pipe !obac:co (braRI) 
d. Oth11r (dt!SCCl.Od) 
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J. I: you smoi<d, how much of dach produc: do you use? (Ci:c:e che aporopri.-
au lt!Cter undt!r ,iach appl icab 1,. cac,.gory.) 

Cii3rH:o0s ..£is2..!: Pi~ .. f il 1 s 

a. 1 ... s chan !/day a. !,ass than !/day a. 1 .. s s than !/day 
b. 1-5/day b. 1/day b. l /day 
C. 6-10/day c:. 2/day C • 2/day 
d. 11-15/day d. J/day d. J/day ... 16-:0/day ... 4/day e. 4/d.1v 
f. :1-:5/day f. 5 .. /day f. 5 .. /d~y 
g. 26-30/day 
h. JO .. .'day 

... If you smoi<", do you regular:y i.nnal" ch" smoi<o! i.nco your lungs? (Ci.rel" 
tho! appropri.ace 1 .. c:er.) 

a. Ye,, roost of the ti.me. 
b. Oc~asionally, some of the ti.me. 
c. No, I cry nee co • 

• •. If you use other tobacco produces, plo!ase i.ndi.c.ltd dach fot"ll ,u.,d, and the 
frdque:ic:1 with which eac:h is used. (Please cht!c~ (,.r) the appropriat" box.) 

'font hl ,, Da: ,, 
a. Snuff l J l J l J 
b. Ch.,•Jin~ 'Tobacco ( l ( I 1 l 
C. Oth"r ( l l·l I l 

Pleas" ch .. ck (,I) the appropri.ace box which indi.caCds tht! relaciv" f:o0quo!nc:1 
w1:h wnich you have uso!d che followi.~ typt!s of drui• wi.chi.n the lase :nonch, 

I jUS:::l, i!ut I USi:::l l-3 I JSi:::l at I us::::i at 
Nt!ver \ Noc in t imt!s in I l,iast l lo!.1s c .:. 
T:io!d lase i,onth l.1sc itonch c .. 1·-eei< c \:,., · .. ,,.,.k 

2 . rl.t .. :..ic:. nog1: ns 
(LS:), "'!esc.1li.:ie) 

6. Stllllulancs ! 
(Ampnet&in,.,, diet 
oil'.s, ,o.,,,<J) 

7. Tr.1nq u1l ue rs I 
(Vdiua, q,w,dud11s, 
~nenaoa roi. Co'.1 l) 

d. Ot~cr ~arcoc1cs 
(Codein ... Ooi.um) 

I I I us:::i [ 
DAr:·t 
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E. :-1!'.JICAT:ONS 

I. During choe ?ast month, did you cake any prt1sc:ipcion moedicacion for any 
reason? (i.11. hyp11rtt1nsion, diaboett!s, soeizurt!, pain, colds or :lu, insom-
nia, t1tc.) 

a. Yes b. llo 

2. If yoes, pl .. asoe namt1 Choe mt1dicacion and "scimatt1 tht1 .miounc Cai<.t1n. 

llamt1 of Dru~ 

I E:(A.'1.P!:.Z: 
A.".P c: Lu:1 

llwnot1r or Jay, T,Kt!n 
Lase '!onch 

10 DAYS 

llumot1r ot Joscs or ?l~lsl 
Tak~~ ~ac~ Jav Ust!d 

3 TS? 1 '.lAY 

J. Duri:i~ thtt past :nonch, did you take any non-::,ruc:ipci.on :ut1dicacion Eor 
any reason? (i .... aspiri:i, cough mt1dicine, vicamin/mi.nt1:al/her~ Juppl,.-
ments, laxatives, antacids, etc:.) 

a. y,., b. No 

I+. If Yt1s, pl .. asoe n.moe tht1 medication and 11stimac.t the amounc Cai<.t1n. 

IE:w.n.,:: 
E:<C:JR~'.I 

~umot!r -~c :Jays !a.cc!n 
Las: '!onch 

~I) JAYS 

llwnooer ot Jos~• or ? i I ls, 
I 
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We .1re interested in knowing if you .1rc exposed to any chcmic.11s during work-
hours or wnil" ?ursuing a hobby which aiisht "ffec: vour he.11th. Such chemi-
c,lls aiay be organic solvents such as xylene, b .. n:en~, gasoline, car~on tetr.1-
cnlori.de, acetone, or agents us"d in far.iing such as insec: ic ides ar.d her~i-
cides. P.1ints, glues, and binding agents could also b" inc:udcd. Pleas.a 
answer the following questions so that we can assess your level of oe.'Cposure. 

l. Ple.Jse list the names of subs:ances which you know ,ou h.1ve har.dled or 
been aposed co in Che l.Jst mon::.h. If vou do not know ::.he n.:im", =ite a 
description. We arc ch"7;IT,~ested 0 in org.1nic (car~on-~ased) com-
pounds. Such compounds often h.ive distinctive odors. If you are doubt:ul 
about wn .. ther a subst.1nc" qu.ilifies, list it and l"t us Jecide. 

EX;..'IP!.E: AC:::O~E -------a. __________ f. 

b. --------- g. 
C. ---------- h. d. __________ i. 

•. ---------- j. 

2. Place a star (*) by each substance lisced above, which you have !leer. 
expoud to in Che 

J. Please il,INlC your level of exposure to each substance (listed in qut!stion 
l) accoroin~ to the following categories: 

I 
ai 
I 

b1 

I c: 

.I 

D;,;.i.·t uR .U.:·!OST 
DAIL':' EX?OSURE. 
LOW ?9.ECAUT:ONS 

!Ai<E:1 1'0 ?!lE-
VE:IT EXPOSURE 
('!BY ~!GH) 

DAI!.':' OR AL.:-!OST 
DAI!.':' EX?OSURE. 

GREAT PRECAU-
!ION rAKEcl !O 
P!lE'IE:lT EX?O-

SURE (H!Grl) 

.,;: ;'.:(1.'l E:<?OSuRE t."E~~:.·t :::c?os..:a::, 
OR u:ss. LOW OR USS. GREAT! 

PRECAU::ON P!I.ECAl:T!ON 
TAJ<E:1 TO ?RE- TAKZ:1 TO ?!l.E-
VE:lT EXPO Su RE v.:··-... ;:;(?OSI:?-!: 

(~!l!L~) (LJ!./l 

&:,L _____ _l_ ______ -;-------1-----, 
11I 

ilL------~--------...;.. _______________ __._ 
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4. To Cht! bt!SC of your recol l<!cC i.on, havt! you~ bet!n exposed :o or~anic 
suoscances such as pt!sticidt!s, oil-o.ast!d pai.nc,;, ecc., for pt0:i.o,u of c·.,o 
weeks or :110re? (Circl" Cht! appropriar<! lt!CCer.) 

a. Y"s b. No. 

5. To ch" bt!sC of your recollt!c:ion, have you "ve: sorav"d a cropfi.,ld vi:h 
.an ht!:biciJe or bt!t!n downwind of. a far:11 vn iz;;--;joe~? · 

... y,., b. ~o 

6. If you answered yes co t!iCher qut!sCion ,;4 or ,;5, how long ago did chis ex-
posur" occur? (Circle Chi! .appropriate lt!CCl!r.) 

a. ll!ss Chan 6 monchs ago c:. 1-5 years ago 
b. 6 :nonchs - l year .ago d. more Chan 5 years ago 

7. I: you answt0rl!d yes co ai.Cht!r qut0sC ions •14 or •>5, ,,nae was chc exccnC of 
your o!Xposurl! ac ch.ac ciin.,? (Us" ch" ll!vels of verv hign, high, :nedium, 
and low, as defined in quescion ;1J of chis sec:c ion. i 
a. Very high 
b. High 

c:. Medi.um 
d. Low 

8. If you .inswe:ed .. icher .a orb in quescion n, and if you c.in scill remem-
b .. r che "'""'" of Cht! subsc.inc:e(s) co ,..hi.en you w":~ expos .. c, ~l,.asl! lisc 
C ht!m bod ow. 

a. Ycs b. No 

10. If yes, how :n.any d.ays did you uu ic 1.asc moneh? (Ci.rclc c:,,. .appro9dae,. 
lee :er.) 

a. ~one 
b. 1-Z cimt!s/•.,.,ei<. 
c:. J-.. ·cu:i .. s/w,..,i<. 

c. E.V~~c:sE :1.,ar-:s 

d. 5-~ cimcs/wt!t!i<. 
". d.aily 

1. How wuld you cl.auify your daily cx"rciH r•'!i,.,,.? (i:i.rcl" Chis .appropri-
ac .. letc•r.) 

... 
b. 
c:. 
d. 

ligne (ud,.ac,u:y) 
ail<i (l ll.R ,cruc::ured .ac:i.vi.cy, i.•. spores, dance, ee:.) 
-d•rac• (l-? aR/Oay, scruc::1.1r"d .ac:i.vicy, i.•. spores, <iancing) 
vigorous (coaacruccion work, ecc.) 
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2. If you answ11red Vi3orous above, pl,use desc:-ibe: 

3. Oo you participate in any type of a,aruhon races such as running, cycling, 
11t:? 

a. Yes b, No 

4. If yu, did chis participation oc:ur within :he past month? 

a. Y,u b. No, 
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APPENDIX D 
DETOXIFICATION ?ROFILE STUDY 

1984 
FOOD FREQUE~CY QUESTIONNAIRE 

DATE NUMBE~,--------

I. A variety of ccmmon food ;tans are listed below ac:ording to major food :lte-
gor,es. Ple!se use the following coding systan to inaicate how freq~ently you 
cons1,111ed eac?i of the foods listed below over the past montn. (Ple!se :frcle 
tne appropriate numcer.) 

l.UUt. r<l:.~r'•J,'l::it. I u Ne•1tH" I 
l , rice a :noncn I 
2 -J t 1mes/:nonc:, I 
j , nee a .. ee!< I 
4 --- t ,mes, wee!!. I 
:, :,-, t 1mesi' .. ee~ I 
0 2-J t1mes1a<1v I 
I 4-'J C ,meS,'OdV I 
:, ove!"' o t 1mes:aav I 

rJuu::ii 1.uCE. 
A. 1>rtUU? I 

.. no ,e :n1 "' ano ice ,:ream u 4 ' J .. :) 0 I d 
3~1m or low f.it m1l~ a 1 2 J 4 5 6 7 a 
But:e~i lie: a l 2 3 4 5 6 7 8 
Canned, e•,aporated milk a l 2 J 4 5 6 7 8 
Reconstituted powdered milk a l 2 3 4 s 6 7 a 
Yogurt, fruit flavored a l 2 J 4 s 6 7 8 
Yoaur~. olain a 1 2 3 4 5 6 7 8 

B. 1:-.:at., ,.oL:~ I 

A,raifa sorouts 0 l 2 3 4 :, 0 1 a 
Articho~e a l 2 3 4 5 6 7 8 
A soar 1gus a 1 2 3 4 5 6 7 8 
Sean s;irouts a l 2 3 4 5 6 7 8 
Beets a l z 3 4 5 6 7 8 
Broc::il i a l 2 3 4 5 6 7 a 
ar:.issel sprouts a 1 2 J 4 5 6 7 a 
C .l!loage a l 2 3 4 5_ 5 7 8 
Car,..ot s a l 2 3 4 5 6 7 a 
C ~u I i flower a l 2 3 4 s 6 7 a 
Cele!"':, a l 2 3 4 5 6 7 8 
Chicory a l 2 3 4 s 6 7 8 
C.1c:Jm0ers a l 2 3 4 s 6 7 a 
Eggplant a l 2 3 4 s 6 7 8 
Green peepers 0 l 2 3 4 5 6 7 a 
Beet greens a l z 3 4 s 6 7 a 
Char:1 greens a l z 3 4 5 6 7 8 
C.J 11 ar:2 greeris 0 l 2 3 4 s 6 7 8 
Danae 1 ion greens a 1 z J 4 s 6 7 s 
E:iaive or Escarole a 1 2 J 4 s 6 7 8 
Kale greens 0 1 z 3 4 s 5 7 8 
Lettuce 0 1 2 3 4 s 6 7 8 



II. 

o. 

FOCDS 
... -.. -

Mus tJrd 6r,..,ns or '""ds 
Sp Lnach 6 r .... ns 
'rurnip i=,.,m, 
:-tiuilroaus 
O:tr.1 
Onions 
Radish,., 
Parsi":, 
Parsnips 
Rhubar:> 
Rue .lbag.i 
Sau,e:Kr.lut 
St: i ng !>t!.Jns, gr,.,.n or Y"l low 
Summoir squ,un 
T<lTll .. tOo!S 
!urni?s 
Veget.11> Id juice 
Zuc :h in i - ·-.. . 
Appio! 
Applesauc" 
Apric~t s 
3.anan.a 
Berrio 
Ch,.rri .. , 
Cider 
Oat,., 
Figs 
Gr.ipl!!ruit 
Cr,1p,., 
Hon"y 
Mango 
!idons 
Nee: ,1rint1 
Orar~~ 
Pap.Jya 
Peac:, 
Pear 
Persi=im,n 
Pin"J!)ple 
Plums 
Prun .. , 
R.aisill.l 
T .inae ~ine 

. ·- -
1 l. 3r .. aas 

lihLt,t, ,r .. ncn, tC.UlJQ 
'Jh•.at 
ly• or pump• ruickel 
R.ai,i:i 
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. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 

I) 

0 
0 
0 

I 
I 
1 
I 
1 
1 
I 
1 
1 
1 
1 
I 
l 
l 
l 
1 
1 
I 

1 
l 
l 
1 
l 
I 
l 
l 
l 
I 
l 
l 
l 
1 
I 
I 
1 
l 
l 
l 
l 
l 
l 
l 
I 

z J 4 5 " 2 J 4 3 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 .5 6 
2 J 4 .5 c, 
2 J 4 .5 6 
2 J 4 5 

2 J .. 5 , 
2 J 4 5 6 
2 J 4 s 6 
2 J 4 .5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 s 6 
2 J 4 5 6 
2 J 4 -5 6 
2 J 4 5 6 
2 J 4 .5 6 
2 J 4 .5 6 
2 3 4 .5 6 
2 3 4 .5 6 
2 3 4 5 6 
2 3 4 .5 6 
2 J 4 5 6 

2 .l • 5 o 
2 3 4 5 6 
2 3 4 5 6 
2 3 4 5 

7 il 
7 8 
7 8 
7 8 
7 8 
7 a 
7 8 
7 a 
7 a 
7 a 
7 8 
7 8 
7 a 
7 8 
7 8 
7 8 
7 8 
7 8 

7 d 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 a 
7 a 
7 8 
7 a 
7 s 
7 8 
7 a 
7 3 
7 a 
7 a 
7 a 
7 a 
7 8 
7 8 
7 8 .., 8 
7 8 
7 3 

7 d 
7 8 
7 8 
7 8 

I 

i 



o. 
I fOODS 
3R:'..\.JS, c::2r \l.3 'cone.) 

11. 3r:':!3ClS \cane.} 

-. 

I) 

3.g .. , 
Mutfins 
Rolls 
Suns 
Coi!re.11 .:i 

illl.lQ:r-:::a-~.ac Ct!r~.1!s 
Cook"d cer ... .i. 
Cries, rict! oc b,ddy 
Pa•e~ noodlds 
Be.in fl.ik.u 
Wh,iae i" roi 
?ooc :,r~ 
Cr.le<~ ... , 
s .. a .,, ... or soaa 
c,.n.1111 
Bue eer-eyp" er.eke rs 
•~•at oc rye w,i,.rs 
~ae:och oc Ov•cdr 

Beans ,exc"?C l1ma) 
P~3s ~r l~!iC ils 

15 Sc:Jr- .... , '/t!.,. .. ,.-w·t:!, _ .. - . 
C.;,r:1 
Lim.i o .... ns 
Poc.ie.;,, Wl\1Cd ( exce;,c 
Pumpkin 
Winedr squ.asn, ~corn, 
S"e"c ~oc ~to or vam 

irencn er ... o ?Ot .JC0,!3 
Poe .ico or COC:\ chip• 
Otner fried saadu 
?Jncakt!, or . .,af:lt!s 

·-· .. 3.,,.: <lr 'I~ .Ji 

L..,.o 
Poult :y 
Pock, h.im, or ••us•~" 
Shel l!isn 
Fish 
Liver, ki<iney oc tongue 
Col<i cues 
Hot<io~• 
Eggs 
Peaauc!lut:dr 
C.ltta~e cheese 
Hard chee••• 
Sor: sord.Jd.io lo! .:het!'!4! 

fried) 

etc. 
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' 

' 

0 
0 
0 
o· 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
i) 
0 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
f) 

<J 
0 
0 
0 

0 
0 
0 
0 
0 
i) 

0 
0 
0 

l 
l 
l 
l 
l 
l 
1 

l 
l 
l 
l 
l 

l 
l 
l 
l 
l 
I 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
I 

co~:: 

2 3 .:. 5 o 
2 J 4 5 6 
2 J 4 5 6 
' J 4 5 6 -
2 ) .. 5 0 

:? J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 

2 ) .. 5 0 

2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 3 4 5 6 

2 3 " 5 0 
2 J 4 5 6 
2 J 4 5 6 
2 3 4 5 6 
2 J 4 5 6 
2 3 4 5 6 

2 3 ; 0 
2 3 4 5 6 
2 J 4 5 6 
2 J :. 5 6 

2 ) .. 5 i 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 3 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 J 4 5 6 
2 l 4 5 6 
:? J 4 5 6 

7 B 
7 a 
7 a 
1 a 
7 B 
7 a 
7 a 
7 a 
7 a 
7 s 
7 8 

7 d 
7 8 
7 8 
7 8 
7 8 

B 
7 3 

7 d 
7 a 
7 8 
7 8 
7 8 
7 8 

7 d 
7 a 
7 8 
7 8 

7 d 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 

I 

' 
I 
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rJccs 
F. 

du,:e!" J l 2 3 ;~drgdri ne 0 l .z 3 
8dc:n 0 l 2 3 
Cre::m 0 l 2 3 
C~t tonseed oi 1 0 l 2 3 
Otne!" 01 Is 0 l 2 3 
Nuts 0 l 2 3 
,'1dyo nna i se 0 l 2 3 
L ¾ra I) l 2 · 3 

G. i·h .::1...~~~.••11'·h: .. U~ I 
,t1, JC( peppe!" 

I 
J. ' j 

Choco!Jte or :oc:Ja l 2 3 
Horse~~; sn l 2 3 

c• •• ..,1.,;. 

.. 
4 
4 
4 
4 
4 
4 
4 
4 

.. 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 

: 
5 
5 

0 I a 
6 7 8 
6 7 8 
6 7 8 
6 7 8 
6 7 8 
6 7 3 
6 7 8 
6 7 3 

0 I d 
6 7 8 
5 7 3 

I I. If there are any foods wll ich are not inc 1 uelea in ;> art l and .. n ic~ you r~u-
1 arl y consune, please list below and inciic.lte tile frequency. 

ru u l.~i.. 
I J ' l 0 I J 

I ·J . J .. 0 ' 
J .. J 0 I , 0 .. 0 .. J 0 , 0 

i : 1 .. 0 

I .~ i .. 0 ; .j J I) 

u 3 .. , 
! J 1 ' .: .. :) 0 

I ·J . 2 ,! , , 

Ir!. During cne ~ast :nonth, ho.,, frequent:y did you cons1..me :nar-oroilea or ~urnt 
fooos? (Circ!e the appropridte Jette!".) 

a. None d. 4-6 t imes/·,.ee!( 
b. l-3 times/month e. l-2 times/ddy 
c. l-3 t imes/·,.e~'< f. over 2 times/day 

3 
::l 

0 

1 
C 

3 
:i 
:l 
C 

:l 

I 

I 

! 

i 

I 

I 

I 
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APPENDIX E 

CREATININE 

GENERAL DESCRIPTION 

The- mo~r tr,•qut'fllly L:'-il"tl .s11..1lvt1CJI J)ll>l·edw~ 

ff)r Cr1:::·:..1t1111ne 1.:- U,4:,01..•d uri 11,t-· rt·<•t rf,111 l,_.,,.\,1n·11 .~j-

"'-~,I in-.· pll r.1le .. rnc! cr•·.11 in 111p lJafr'-• rl',h:t·1t)11) 

The .rntnr:t~lt i1Jll ut Uh• l.TL•a1111111L) h·~.:1111 it.jlll' ....,,,1:,. 

a«.:0mpl 1s:1c•d t·:,,: 

n.L . .s,,/u·11, ,cut Lr ~,,·,·:;.,;_, 
2. rh,hSdf >1 T t_;ru:I) Jnd .\J A. '")r..-:.'7,'(!y 

T~,e sarr:µit• ~treJ1i1. ::-'-.. b"'!nt.")rih-d '-'llh ;.ur. 1s d1• 

lutt"ci "-JUl 1.6'.i; S..,l1um Chlornle. T111~ c:11111b111l·tl 
,tr.,Hm JS m1.,t:d .1ftcr "h1ch 11 l.'11ter, tilt' donor ~1dt' 
of lhe d1al)zer. The anJ!Ytll·,d ,ucam co11•1~ls of 
Vi-ut.er St:abT.)('ntrd \\tth ;ur. Al\rr cmcrcmt.: fror.1 th1· 
din!yzer. 1t ,~ i,ii11ed ·w,th 0.5 N N,1OH. Tlw,;e l\1.<1 
component.., Jr!' m1,c>d and 1h.>11 Joined "11h Pin1c 
Acid. The three components ar(• n11~L'd. ,111cl phas .. d 
tD the C'olori,,,,.u,r. Ab~orbunc .. of th<- a11al,vtic.il 
st:-cam 1s ll>L'Ssur,,d at 505nm lmµl in .i 15 mm tlowcell. 

TIMEPAC REAGENTS ,. 
Reai;ents necessary for opera11on of tho> A11lo• 

Analyzer I I Creatinine proce<lure for a m1111m11m of 
12 hours oprratmi:: time. are supplied by Tech111con 
1n one canven1enr to use packai::e contatn111~ appro• 
pnate proportions for :he oper:llm~ time indicated. 
TIMEPAC CREATININE REAGENT, Technicon 

No. T 40-0004. 

PREPARED REAGENTS 

Techmcon also supplies tho> followini:: p:ickai::ed 
reei:cnts for use in this mctl"•I: 

SODIUM CHLORIDE 1.8~ Technicon No. T0l. 
0385. 

SODIUM HYDROXIDE. 0.SN Technicon No. 
T0l-0044. 

PICRIC ACID (So1ura1ed) Te-chnicon No. T.Ql. 
0043 

BRIJ-35, 30fo Solution,_Technicon No. T21.0110 

REAGENTS 

SODIUM CHLORIDE 1.8~; IT echnicon No. T0l-0385) 

(h.,,.,,,col Compos,r,on· 
Sod,um Chloride 
D,srdled water, q.s. 
Brii-35, 30% Solut,cn 

(Techn1con N,,. T21-Gl 10, 

Preporot1on. 

18.0; 
1000.0 ml 

0,3,.1 

I. tJIJi·l• ,1pp111>,.1m-1l1-·ly 5()U ml nf d1:,tilled w,Hf'r 
in .\ 1-11lur volu111~•fril fi..,!)k. 

1. Add 18.0,: ,,f S<xli11111 Chlorult', J1;,J shak" lh,, 
fla,k unriJ ,h., Sc,d,um Chlorirle is c-omplc1C'lj 
d1s..,:ulvcd. 

3. l>dut1: f11 \'t'Jlun,e with d1sttli4l-d w;Jter. Jmi mi,. 

~- .-\rid l .U ml of Brii-J.5. 30•1. Sol11lu111 :u11I !Tll\. 

SOOIUM HYDROXIDE, 0.5 N 
(Technicon No. TOl-0044) 

Chemical Composition: 
Sodium Hydroxide 
Distill~ water, q.s. 

Preporolion: 

20.0 g 
1000.0 ml 

I. Plal'l• ,1ppro,imnt1.•ly800 ml of distillL-<l water 
in ii l-1 ilt•r vol111111c-tric· nask. 

2. Add 20.0 i; of So<l ium H>droxidc. and shake 
lhc n11sk until the Sodium Hydro.~ide is complet.cly 
dissolved. 

3. Oilut.c lo volume with distilled wawr, and mix. 

PICRIC ACID (Saturated) (T echnicon No. T0l-004.3) 

Oiemicol Composition: 
Picric Acid (reogenr grade) 
Distilled waler, q.s. 

Preporolion: 

13.0 g 
1000.0 ml 

I. Pia('~ IJ.0 f: <1f P,c·r,c· .<kul 111 JI-liter \'Olu-
rn~tru.- ... ~. 

~- O1J111e 10 volume "'Ith d1sn!led 111a1er. 



J. ,~il0\v the t.·xc1.:~::i 
'.(11,t;u·t '-'•1lh tl1t..' "'•thr 

_.., ,._ r, (.. .\,._id fv ,·l- 111.~ 1H 1r1 

,,ju1c! '.')h-.k...: OCC'•~ ior,a)ly. 

CREATININE WATER 
Cherr.,col Com;iosition: 

Di stilled wcler 

Brir-35, 30'; Solution 
(Technicon No. T21-0110) 

Preparation: 

1000.0 ml 

0.3,nl 

I. P\.ic~ 1<1~) ml qt L:,~rdhrl w.~h·r in d l•litcr 
~vnt.Jrn,.:r. 

2 And I.ii 11;! ,,f ,:J11j-J'.i. 30'i; S,,iuri,~1. and m,x. 

GENERAL NOTES 

I. Tl,., Cr~Jtini:'l· p1ocedurt• trln be m11 •I <,I) 
Cererrr,i11at1on5 pt'r hour u::.:nb sing It" po111t sr,inrL1rd• 
izarioo 1nrti Ill<' D1~11.d Pr1111,·r. 

2. Tilt: ran1:~ fnr this r11e:~cx! i:; 1-211 111~•- Sera 
11,·ar. values o,·er 20 rn;Z CJ11 b~ diluted 11,1th dis· 
l.illed ... -arer and re-:un. 
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~e:-um. 

., All s~1rl should be ... .,JJ c"111rifu1:ed ,u,d care· 
fully dec·,11,1,•u to uv.;HI u,rrcxlucwi,:. clrit~ into the 
SY~f~n:. 

5 If nois~• rp(ords. are t''liit.ainC'i!. 1t m3y be dLie 
tu tiil· hJ11n11fll>ll of l1r<•cIpIt~1Ie. It such is the cas~. 
clt!alli11,; tht> p1cr1<· n1:u.J and :-;aQH lme~ as well a,; 
1111: n11I,, ,.,rt, JU% ~n·t,c- ;,crJ •.viii probahl) rcsolvt' 
tlil' pr,,hlem. 

Ci. At 1111· ,.,ul ol eJch work int; d.iy. the system 
sho11lr. l>P. tlushPd wrrh d1s1tlled water for 15 
,~inures. If rhe Tcchnico11 TirnPpd<: is bein,: usE:1 
11;,., t·;,11 1,.- Jccon,pl1~hPd h>· pl,1cir:g the v,1l11e in 
1ht- '-N••s:.h position. 

7. Btttore running 1?11s n1t>tt1c.,U. sw1kh th~ ran~e 
on tilt:' D1:.:.11Jl Pr1111c1 to 200; ~l:"r tilt' mode ~\l·~tch 
1n the NtH11,nl posillou: St'! the Sampllnr; FtaTe 
s"'·11r:h fa liO, .ind plJt·~ n .. : D.-c:n,dl Sw11ch in the 
00.0 posit ir,11. 1 S-.e lr1s1ructio11 \1JIIUJI TAO-IJl 70.00). 

8. If th .. T,•l"irnicon Timcµat.: 1s nol b,;111~ usd 
w11h tlw systPm. 1l ma_, l'J(' ach;rnt.;i,::c:ou~ to add filters 
t,1 tht" r"-·;tJ._;Qllt l1n<:'S. 

CREATININE AA I 1.11 
MANIFOLD NO. l70-A009-0I 

COlOl!IMEHR 
sos"'" 

BOTTOM 
177-B010 

..r,;..;;.;;:....;.>-;_tR_ tl-w· 
HzO I(. 

.SN ... OH 0-....., 
SAT. PICRIC I.CIDO-W 

0 040 F /C PULL THRU IN __ .,. -.. ----~- . 
To So..,plo, IV G-· 
Wosh R.ceplo<i• ---- u oC:-<: o.()f'JJ,,{ -
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APPENDIX F - Exposure of subjects to chemical substances 
F. Environmt!UL.Jl NA•7U 

Code ;; 

2 

3 

4 

8 

11 

12 

14 

15 

lt. 

19 

22 

23 

24 

lilut!-Print AwWDnia V.:ipor 
D-76 Photo Developt!r 
Photo Fixer Soln, 
D~ktol Photo o~velcper 
Stop li"th - l'hotu Soln. 
l,;.i::.u Li ni: 

Aj .. x Dett!rgcnt 
Di•hwasher Detergent 

Caso line 

Roach lns~cticide 

Wi11dc:< 

L.~qucr Sp, .. y Paint 
t::Tull 

GJ.: . .u..> l iol! 
Kotur Oil 
!:i;:-r J)' l-'.t. int 

t,;"'.:,olin~ 
Grcas~ bulv~nl ti 

Al:.-.:tO[i.l: 

ho .. or Oil 

Cual Ailh 
Fr<:,h, Ch=, L_,b, 

P .. int Thinner 
Va,-ath,rne 1'<1 int 

Mutor Oil 
G.i»o liof! 

l::poxy Glue 
lnccnb~ 

t:xposur~ 

v .. ry High 
Med iu111 
Mt!diu1a 
Medium 
Medium 
M<:d ium 

Very High 
Very High 

M<:dium 

Low 

Low 

Very High 

Vt!ry High 

M1:dium 
Low 
Lew 

v.,ry High 
Very High 
Very High 

Medi um 
v .. ry High 
hcdi'"" 
v .. ry High 

v.,ry High 
Med iu ... 

Mt!d iuo. 
Medium 

H.::c.liuo.J 

Mediuui 
Low 

Medium 

Medium 
l-h:diuw 

Exposure in 
last two 

Wt:~ks * 

* 
* 
* 
* 
* 
* 

* 

* 

* 
* 
* 

* 
* 
* 
* 

* 
* 

* 

* 

* 
* 
* 

* 

* 



CoJe 11 

25 

28 

31 

32 

33 

35 

36 

37 

36 

4G 

41 

42 

44 

45 

47 

Substance 

!::TOH 
Acetic Acid 
NJOH 

G;,soline 
Paint 

HcAdChlorophine Topical 

Ga~oline 

Brauoo 
Sh:.,,; Poli sh 
Tt:n~c it in 
Wia..ic~ 

G.isvl i,H: 

G~bolint: 

Or 0 .rnic Ch=. I ... b. 

Cli<..u. L.:.b. 
c.,n,vn 1'\onoxide 

t:L !,I.! 1· 

u~:•.:c;;.,.! Dcrivat ivco 
Py, 1din'-· 

ACl..!l.Ort\! 

lh.:n:.-:1:nt:. 
Xy lenc 

Act!tonu 
J:::tht:r 
Py,·idia.: 
b~1u.~nt: Derivativ-=l:i 

She," Poliah 
Snoe EJge Dresoin~ 
liraliciO 
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Exposure 

Medium 
Medium 
Mt:dium 

Low 
MeJium 

VHy High 

Low 

Very High 
Very nigh 
Medium 
Medium 

Low 

Low 

Luw 

L->w 

Lo. 
Med iWD 

hcJiuw 
Med iulil 
kt!..:lium 
1-i\!JiuLiJ 

High 

HcJiuw 
H~Uiuril 
Hcdiuu. 

Very High 

Medium 
M"d i""' 
Hedi= 
Medium 

Very High 
V..ry High 
Very High 

Exposure in 
last two 
weeks * 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

" 

* 

* 
* 
* 
* 
* 
* 
* 
* 



Codt! II 

48 

49 

61 

65 

68 

72 

74 

78 

80 

112 

83 

87 

118 

89 

90 

92 

93 

Substanc" 

Exhaust Fumes 

Motor Oil 
Gr .. adt! 
t:xhdust 

Polyurethant! 
W"od Stain 
Paint (Model) 
Spray Paint 
Wuod Glu., 

c .. 11. Cht!m. Ldb. 

C,·,.zy Clu" 

Hydr.,i;.in Sulfidt! 
Aw~nia 
Spray Paint (Krylon) 

Gu->oline 

Gen. Chlllll. Lab. 

Fi.ri,place Smukt! 
Lighter Fluid 

c .. uulint! 
Printer's Sulv .. nt 

Ca~olint! 

Xerox Printi,r's Dry Ink 

CadO line 

Caaoline 
Ki,ro• ine 
Pa int 

Act:ton" 
Alllonia 

Ro11ch P"a tic id" 
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Exposure 

Mi,dium 

Very High 
v .. ry Hi.gh 
Very Hi.;h 

Low 

Low 
Low 
Low 
Low 
Low 

Low 

Low 

Medium 
H ... Hu111 
Mediuw 

Mt:Jiu .. 

Mt:Jium 

Very High 
Medium 

Low 
Lo., 

Mt:Jiu111 

Mt!,Jium 

M.,Ji.um 

Medium 
Mdiu111 
hedium 

Ml!dium 

Low 
Very High 

M"dium 

Exposure in 
last two 
w"eks * 

* 
* 
* 
* 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

" 

* 
* .• 
* 

* 
* 
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Exposure in 
last twu 

Cud" II Subs t anc'" Exeosure weeks * 
94 Gasulin" Low ... 
96 Gagulin" Medium ... 

B.ttL"ry A.:id M,:dium 

97 0i I Bast:d Paints Very High 

104 Caso Ii nl! Low ... 
107 G.tsu Ii ne M,:dium ... 

l'J int Low 

120 G.uuline Low ... 
llik" Pat.:h Cena" nt Low ... 
K~ roount: High ... 
House P.iint Low 

121 Gdsolin" Medium ... 

122 bt:n:cnt: Low/Mt:diu111 ... 
Ucxc:nc: Low/Mt:d i u,a ... 
Chem, Lab. Low/M,.dium ... 

123 Gasolin" Low ... 
LJCt:X Pai,lt M .. dium 

124 Gasoline Mi!dium ... 
126 P11int Rt:u.ovt:r M"dium ... 

127 Ch,.,o, Lab. (HCl, K2Cr04, l:inCl2, 11202, 
HN03, Nl¾0H) Low * c .... uli ne M"diu111 * 

lj(, l'o1 int Very Hi.;h * 
133 Awaunia Vilpor Very High 

139 Ga .. uline it..Jium * 
140 Cu:iio lint: M .. dium * c .... 1 Low 

Colo1,n" V,:ry High ... 
141 \food Stain Vury llii;h * c .... olin" Fum"" v .. ry Hii:h ... 
142 Ch.,111, Lab, T"chn ic ian High ... 



Code Ii 

144 

146 

147 

154 

157 

158 

loO 

161 

163 

166 

168 

17 ~-

176 

177 

180 

183 

190 

Substan~I:! 

Caso lint: 
Wall Paint 
Aaua>nia 

Liquid Ama,onia 

Cci.M,lint! 
Hot<>r lli 1 
Ch 1 orohexa ne 
CGl4 
NJ Thi<>~ulfate 
M.id..:l Glu-, 

A~:-.;LUlh! 
hcc h~:.,ul 
Er t • .1n~l 
h~.;.:.llh.:t: 
Cit i OCt)!:U n..i 

T1 i.t:tl&yl..&1i1.i ne 
C1 cJSt.: ~o!v~nl 

c..:1 4 
c~ ~.u l.i 1l.!-: 

P ,~ i.nt 

Liwe (Concr~te Mix) 

G,.s<>li:,e 

Cl.,:u,, Ldb. 

G~uolint: 

cu~olin,o 

c.,11, Cht:111. l .. b. 

GJaolin.: 

135 

Exposure 

Medium 
Very High 
High 

Medium 

Med iuw 

MeJ ium 
Medium 
Low 
Low 
Low 
Medium 

High 
Hi,;h 
High 
High 
lli.gh 

h.-..:J iut.:. 
l':c.1 iu.u 

lfod iuw 

Ht=diuL&1 
I.:1w 
Low 

Mcdiw.1 

Low 

Vc.ry !ugh 

Mediuw 

Med iui. 

Low 

Mt:dium 

Hediwa 
Medium 

Exposure in 
last two 
weeks * 

* 
* 
* 

* 

* 
* 
* 
* 
* 
* 
* ... 

·• 
" 

* 

• 

* 



Cod" II 

190 

192 

194 

195 

199 

201 

204 

205 

200 

Substdnc~ 

Sup,,r glu" 
Awlla)ll iJ 

Suntan Oil 

Act:ton~ 
CCl4 
M .. l.ithion 
Di.Jzinon 
PCll 
l'h.,nol 
lit!nzcnt: 
T-llutyl Acohol 

HCl 
Ht-03 
Nll,.OH 

Vdrnitih 
Wow :it ain 

Wow Stain 
Polyurothan" 
Cll..,m. Lab. 

A~t'.tunc 
Methyl Alcohol 
Su.trunin 
c, Y• cal Violet 
G..athl lint: 
Motor Oil 

IICl 
Nitric Acid 
A.ua.>nium Hydroxid" 
M,:i·cury 
Acd ic Ac id 
Aw1110nia 
Lead Dioxid" 
Sodium Hydroxide 

HCl 
Ni tc ic Ac id 
A.i.111Unium Hydroxide 
H"rcury 
Ac"t ic Acid 
Am1111Jnia 
Lt0.xl Dioxid" 
Sodium Hydroxid" 
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Exposur" 

Med iuw 
Medium 

Medium 

Very High 
High 
M.,dium 
Medium 
M"d iuw 
Low 
v.,ry High 
v.,ry High 

H"d ium 
Hcd ium 
Ht!d iuni 

Low 
Low 

lofod iuu. 
Med iui.i 
Low 

M"d iuui 
Ji\(!J iun. 
i'loed iu10 
H.:dium 
Low 
Low 

Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 

Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 

Exposure in 
last two 

wedcs * 

* 
* 

* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

* 
* 

* 
* 

* 
* 
* 

-* 

* 

* 
* 
* 

* 
* 



F.8. 

ii 

II 6 

Ii 27 

II JS 

Ii 43 

II 66 

Ii 78 

II 93 

Ii 97 

#127 

;;143 

1,1157 

11168 

137 

To!1uin, Benuate, Di,izinon, M .. tasystox-R, Pirimor, Dipel, Banrot, Rencap, 
P"nt.1c, 8-9, Round-up, Paraquat, Malathion, Triforene, Sevin, Lannatl! 
( VHy lligh) 

Ext.,rio1· Spray Paint, H"rbicido, Insecticides, Hur ionic Acid (Very High) 

Atrazin", Gasoline, Tordon, Etc. (V.,ry High) 

Oil-Baso!d Paints (High) 

Oil-Based Paints (Very High) 

Oil-Bado!d Paints (V.,ry High) 

"S .. foty Kl.,.,n" Auto Parts Ot,gro:aser Solvent (Hlgh) 

Cad1•ium Yd luw (lli;;h) 

MH30, HoCap, Sucker Pucker, Sevin, Malathion (High) 

CCI_,, B,:nzyl Alcohol, ll~iu:,rno:, Film Pro<.:.:s~il"li! Cwpdi;. (Vo!ry High) 

Oil-li~scd Paint (High) 

Oil-li.;~cd lloust! l'aint (V,:ry High) 

1192 ca~..>lin<!, Air F~t:~llll<'r (Hi;:h) 

f"l94 Dia:i:in.;n, Mulati-.iora, Ct,loradane, DIT..: (iii.;h) 

#199 ~l.,=troplating Acids (High) 

11209 ii.u\lnJ-UI' l!t,rbiciJ., (High) 



Code It 

209 

210 

212 

Sub!> cane~ 

Round-Up Herbicide 

Ace tone 
Diethylether 
Ca,bonyl Cmpds 
Ethan<>! 

Ac.,ton-, 
H<;l 
IINv3 
NU40H 
Stain 
r'r.,on 
C..1sulin~ 
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Exposure 

High 

Medium 
Medium 
Medium 
Medium 

Medium 
Medium 
Mtedium 
Mtldium 
Low 
Low 
Low 

Exposur" in 
last two 
weeks * 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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