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Abstract 

Background: An increase in toluene metabolite (hippuric acid) excretion in urine can be stimulated by such 

factors as fasting, smoking and coffee consumption. This research aimed at studying the effects of fasting on 

urinary toluene excretion of shoemakers in Tambak Oso Wilangun-Surabaya. 

Method : This controlled case-study was conducted to 20 workers with purposive sampling method from 

the population. The independent variables of the study include toluene concentration, fasting or not fasting 

condition, smoking, and coffee consumption. The dependent variable was urinary hippuric acid concentration. 

Pearson Correlation test was conducted to identify the correlation between toluene concentration and 

hippuric acid concentration. Paired-t-test was used to compare hippuric acid concentration in fasting 

and non-fasting condition. The correlations between coffee consumption and smoking and hippuric acid 

concentration were analyzed by using chi-square test ( a=0,05). Risk assessment was used to identify the 

health risk from occupational toluene exposure. 

Result: The research showed that most of the respondents ( 65%) were at risk to health problems related 

to toluene exposure (RQ> 1 ). The statistical tests showed no significant correlation between toluene 

concentration and hippuric acid concentration; there was a significant difference between hippuric acid 

concentration before and after fasting (p=0,016; p<a); there was a significant correlation between hippuric 

acid concentration (non fasting) with smoking habit (p=0,022), coffee consuming habit (p=0,025); and 

between hippuric acid concentration (in fasting condition) with coffee consuming (p=0,039). 

Conclusion: Fasting, coffee consuming and smoking habit can increase urinary hippuric acid excretion. It 

is recommended for future researcher to control both coffee consumption and smoking when investigating 

the effects of fasting to urinary hippuric acid excretion to avoid biased results. Respondents are suggested 

to improve ventilation system in their workshops and use chemical cartridge respirator, apron and gloves 

while working. 
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Toluene found in shoe adhesive is a member of 

BTX (Benzene, Toluene, and Xilene) solvents and its 

toxic effects are often debated. This solvent is derived 

from benzene and is mostly used to replace benzene 

for its lower effect for health. However, the effects of 

occupational exposure of this solvent should still be 

considered because this solvent is non- polaric and 
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can be accumulated in the body (adiposal tissue). 

Toluene accumulation may cause irreversible chronic 

neurological symptoms. 

An effective toluene metabolism can increase 

toluene elimination in the form of hippuric acid, and 

therefore it reduces its toxicity. Several factors that 

influence the urinary excretion of hippuric acid include 

fasting and low carbohidrate and high protein diets. Tea 

and coffee consumptions can also increase the urinary 

hippuric acid concentration. Tomukin argues that 

the hippuric acid in urine of persons without toluene 

exposure is 0,44 ± 0,2 gr/L. The test is conducted 

immediately after the end of the shift1• This reseach 

particularly aimed at investigating the effect of fasting 

on toluene metabolite excretion in urine of shoe makers 

at workshops in Tambak Oso Wilangun, Surabaya. 

Methods and Material 

This research used a case control approach with 20 

respondents selected purposively among shoe makers 

in several workshops located in Kelurahan Tambak 

Oso Wilangun, RW I and RW II. The independent 

variables in this research were the toluene consentration 

found in breathing zone of the workers ( during fasting 

and non-fasting condition), smoking habit, and coffee 

consuming habit. The dependent variables were the 

concentration of hippuric acid in urine with unit of mg/ 

L2 . .  The correlation between toluene and hippuric acid 

concentration was tested using Pearson correlation test. 

The differences of hippuric acid in urine in fasting and 

non-fasting conditions were tested using paired t-test. 

The correlation between hippuric acid concentration in 

urine and smoking and coffee intake was tested using 

chi square ( a=0,05). Risk assessment was conducted to 

identify the risk of long term occupational exposure of 

toluene by comparing the exposure with RfC (Rejference 

Concentration) and calculating the RQ (Risk Quotients). 

Preliminary research to find the location of shoe 

workshops was conducted before field samplings were 

taken. 

The risk characteristic was formulated by calculating 

the estimated risk level using RQ equation below: 

Risk Quotients (RQ) = Intake (m3/kg-day) 

RfC/ RfD (m3/kg-day) (2) 

If RQ value is less than 1 (RQ :S 1 ), this indicates 

that the risk is acceptable. However, any efforts should 

be done to keep the RQ value less than 1 .  If the RQ 

value is more than 1 (RQ > 1 ), this denotes that the 

risk is unacceptable as the exposure of the risk agent 

is becoming serious health hazard. In this situation, the 

risk control of the exposure is required3• 

The measurement of toluene concentration in 

breathing zone around the workshops was conducted 

using NIOSH 1501  method with charcoal sorbent tubes 

and Gas Chromatography technique4• The toluene 

sampling was done from 12.22 - 13 . 55  p.m. (Western 

Indonesia Time). The urinary hippuric acid test was 

conducted using HPLC instruments with NI OSH 

8301 method1• The measurement of hippuric acid 

concentration was done twice; first, when the workers 

were not fasting; and second, after they were fasting for 

consecutive three days. The urine samplings were taken 

at 12.00 p.m. 

Result and Discussion 

Toluene Concentration 

The measurement of the toluene concentration 

found in workers 's respiratory area showed that the 

level of toluene concentration were around 0 .212 

ppm and 138 .882 ppm (0.365mg/m3 sd 523.224 mg/ 

m3). Integrated Risk Information System proposed 

that the inhalation reference dose or RfC (Reference 

Concentration) of toluene is 5 mg/m3(=1.43 mg/ 

Kgweight/ day )5• When the workers experience long term 

occupational exposure of toluene, the concentration of 

the toluene should be less than 5 mg/m3, so that this will 

not cause any neurological symptoms and disorders. 

Table 1. Distribution of of toluene concentration 

found in breathing zone of the workers based on RfC 

level at shoe workshops in Tambak Oso Wilangun 

Surabaya, 2015 

Respondentsxposure of 

Tolueneshops in Tam bak 

Exposure of Oso Wilangun-Surabaya. Percentage 

Toluene thing zone of the workers (%) 

based on Rf c vating for 

three days. 

>RfC 13  65 

:SRfC 7 35 

Total 20 100 

Note : RfC= 5 mg/m3 
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Table 1 shows The RQ measurement indicated that 

65% of the respondents have RQ value more than 1 (RQ 

> 1 ). In other words, the workers in these workshops 

experienced health problems as they were occupationally 

exposed to toluene for a long period of time. 

In addition to the RfC level, RQ value can also be 

used to assess the risk of toluene exposure. When the 

RQ value is more than 1 (RQ > 1 ), the workers will be 

at risk of health problems other than cancers. The RQ 

value is obtained by dividing the daily intake (/) with 

Rfc. Workers with long term occupational exposure of 

toluene will mainly experience neurologic symptoms. 

A previous research found that about 80,88% of shoe 

workers in these areas experienced neurologic symptoms 

in the form of tingling. This research found that these 

symptoms were caused by polyneuropathy resulted 

from long term exposure of high concentrated toluene. 

Hippuric Acid Concentration 

Table 2 The concentration of hippuric acid in 

urine in fasting and non-fasting condition, Tambak 

Oso Wilangun Surabaya, 2015. 

Hippuric acid Non fasting Fasting 

concentration 
(g/L) Respondents O/o 

Respon- 
% 

dents 

< 0.24 3 15 2 10 

0.24-0.64 1 1  55 12 60 

>0.64 6 30 6 30 

The urinary hippuric acid concentration of majority 

of the respondents in this research was at normal 

range which was around 0.24-0.64 g/L. The statistical 

test indicated significant difference of hippuric acid 

concentration in fasting and non-fasting conditions 

(p=0,016; p<a;a=0,05). 

These findings were in line with that of Hogan 

C Michael who did similar research of the effects of 

fasting on the excretion of hippuric acid. Fasting and 

low carbohydrate diet will increase the production 

of CYP2El (cytochrome P450) enzymes that play 

important roles in toluene metabolism6
• 

Cytochrome P450 enzymes are very essential for 

functional reaction of human body, particularly when 

exposed to poisonous chemical substance. These 

enzymes will metabolise the toluenes to mainly benzyl 

alcohol and o-cresol and p-cresol. The benzyl alcohol 

will then be metabolised by CYP into benzaldehide. 

Benzaldehide will then be metabolised into benzoate 

acid mainly by ALDH-2 (Aldhehyde dehydrogenase-2) 

from mitochondria, and some by ALDH-1 from cytosol. 

Benzoate acid will react through two metabolism routes. 

First, the route of glucoronate acid that will metabolize 

benzoate acid to benzoyl glucoronide will be excreted 

in urine (10-20%). Second, benzoate acid will be 

metabolised to benzoyl Co-A by benzoyl co-A synthetase 

enzymes, and this will be changed into hippuric acid 

by benzoyl Co-A:glycine N-Acyltrenasferase enzym. 

Hippuric acid is the main metabolite of the toluene. 

Correlation Between Toluene and Hippuric Acid 

Concentrations 

The correlation between toluene concentration 

and the first hippuric acid concentration indicated 

that higher toluene concentration results in higher the 

hippuric acid concentration with values ranged between 

0.24-0.64 g/L and > 0.64 g/L. However, there was no 

significant correlation between toluene and hippuric 

acid concentrations before fasting (p=0.9; p>a), and 

there was also no significant correlation between toluene 

and hippuric acid concentration after a three-day fasting 

(p=0.068; p>a). 

Table 4 The correlation between toluene concentration and first hippuric acid concentration of workers 

based on RfC value, Tambak Oso Wilangun- Surabaya, 2015. 

First Hipp uric Acid Concentration (mg/m3) 

Toluene Concentration 
<0.24 O/o 0.24-0.64 O/o >0.64 % 

:S RfC 2 100 2 16.67 3 50 

>RfC 0 0 10 83.33 3 50 

Total(%) 2 100 12 100 6 100 
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In the research conducted in Tambak Oso Wilangun, 

it was difficult to find respondents who were not smokers 

and coffee consumers. Therefore, it was assumed that 

the hippuric acid concentration found at the beginning 

of the research was contributed by the cigarette and 

coffee intake. The statistical test showed that there was 

a correlation between the hippuric acid concentration 

and coffee intake before and during fasting. When the 

hippuric acid during the fasting (where the respondents 

were not smoking and consuming coffee) was tested, it 

was found that the concentration of hippuric acid (0.64 

gr/L) was a lot higher. In this case, it could be said that 

fasting affects the urinary hippuric acid concentration. 

Fasting, together with smoking and coffee 

consumption, increases the urinary hippuric acid 

concentration. When fasting, the toluene exposure 

was only from adhesive vapor and its solvent, and it 

was strongly argued that fasting was the main cause 

of the increase of hippuric acid concentration. It has 

been known that fasting can increase the production 

of cytochrome P450 which functions as the main route 

of toluene metabolism into hippuric acid. In this case, 

fasting benefits the respondents as it increase the urinary 

hippuric acid excretion. 

The increase of hippuric acid in smokers and coffee 

consumers is caused by the fact that cigarette smoke 

contains toluene and coffee contains chlorogenic and 

quinic acid that will be metabolised into hippuric acid. 

There is an increase of toluene intake among smokers 

and coffee consumers, and therefore the excretion of 

hippuric acid increases as well. Both smoking and coffee 

consumption do not increase the urinary hippuric acid 

excretion caused by occupational exposure of toluene. 

Dr. Anaya Mandal, MD. in his article about caffeine 

pharmacology proposes that coffee has 5 - 6 hour 

half life12• When coffee consumption is accompanied 

with cigarette smoking, then the half life of coffee is 

half shorter. In other words, coffee contents will have 

been completely urinary excreted 5 - 6 hours after 

the consumption. When the smoking respondents 

consumed coffee at 4.30 in the morning, they would not 

longer excrete any hippuric acid metabolite at 10 .30.  In 

this research, hippuric acid sampling was taken from 

12.00 to 13 .50 in the afternoon, and therefore the urinary 

hippuric acid excreted was mainly from the occupational 

toluene metabolite and not from the coffee consumption. 

More attention should be paid to toluene from cigarette 

smoke that can be completely excreted after 12 hours8
• 

Based on ATSDR report (2007), cigarette smoker 

absorbs 800-1000 ug toluene per cigarette8• There 

was a significant correlation between hippuric acid 

concentration and smoking in non-fasting condition, 

but these two were not significantly correlated in fasting 

condition. In this research, the respondents smoked 

around 5 - 16 cigarettes per day, and the majority of the 

respondents smoked 12 cigarettes per day. The workers 

are strongly recommended not to smoke during the 

work hours, because their bodies have to metabolize not 

only toluene, but also other dangerous substances taken 

into the bodies6
• The excessive amount of toluene that 

should be metabolized by glycin will reduce its capacity 

for detoxification of other poisonous substances. This 

affects the immunity and therefore the workers are 

vulnerable to health problems. 

Conclusion 

This research concluded that the majority of the 

respondents were exposed to toluene with concentration 

higher than that of the accepted reference concentration 

(RfC) value, and therefore they were at risk of health 

problems. Fasting, coffee consumption, and smoking 

are factors that can increase the urinary hippuric acid 

excretion. 

Recommendation 

Future research related to toluene exposure may 

need to control such factors as smoking and coffee 

consumption to avoid biased results. The respondents 

are strongly recommended not to smoke when they 

are at work due to the increase of toluene within the 

breathing zone and the fact that the toluene vapor is 

flammable. The respondents are also suggested to wear 

chemical cartridge respirator, apron, and gloves while 

working. The installation of electric fans and exhauster 

is also recommended to improve the ventilation system 

in the workshops. 
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