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IntroductionIntroduction

0.5 mg/l0.5 mg/l0.05 mg/l0.05 mg/lToluene in Toluene in 
bloodblood

3.0 mg/l3.0 mg/l0.5mg/l0.5mg/lOO--cresolcresol
In urineIn urine

1.6 mg/g 1.6 mg/g 
creatcreat. . 

HippuricHippuric
acid in urineacid in urine
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IntroductionIntroduction
Urinary toluene
is not introduced in the
BAT or BEI lists,
but it is present in 
biological exposure 
indices lists by the 
Japanese Society for 
Occupational Hygiene, with 
a value of 
60 µg/L in the urine sample 
collected at the end of the 
shift.



IntroductionIntroduction

of this study was to 
investigate the comparability 
of toluene  concentrations in 
urine or saliva after toluene  
exposure.

The aim



Material and MethodsMaterial and Methods
SubjectsSubjects

The study involved  40 male 
subjects  employed  in a 
synthetic leathers industry



Material and MethodsMaterial and Methods
SubjectsSubjects

For each examined worker , 
exposure was measured in 
breathing zone  with personal 
passive dosimeters



Material and MethodsMaterial and Methods
SubjectsSubjects

Morning and afternoon half  
shifts were monitored 
separately, each sampling period 
lasting 4h.

The occupational exposure 
included , in addition to toluene, 
DMF



Material and MethodsMaterial and Methods
SubjectsSubjects

On the same day of 
environmental monitoring, 

elimination of toluene in urina
and saliva  were estimated. 



Material and MethodsMaterial and Methods
SubjectsSubjects

All workers were asked to empty their 
bladder completely at 8.00 ( this urine was 
discharged). 
At 12.00 ( end of first half-shift) a sample of 
urine was collected. .



Material and MethodsMaterial and Methods
SubjectsSubjects

A commercial 
device, called the 
Salivette (Sarstadt, 
DE),was used for 
collecting pre and 
post exposure 
samples of  saliva. 
Saliva samples  were 
collected  at 8.0 , at 
12.00 and at the end 
of shift . 



Material and MethodsMaterial and Methods
SubjectsSubjects

SALIVETTE



Material and MethodsMaterial and Methods
SubjectsSubjects

Sampling and Toluene Analyses

Toluene was measured both 
in environmental air, 
saliva, 
and urine samples



RESULTSRESULTS

4.005.2111.4510.3453.9 - 0.2237Afternoon half shift 
(13.00 – 17.00)

4.067.2914.2514.3457.2 - 0.2238Morning half shift 
(8.00 – 12.00 )

Airborne Toluene
levels mg/m3

GSDGM+ ASDAMRangeN°of
subje
cts

Results of environmental monitoring ( AM, arithmetic mean, ASD, arithmetic 
standard deviation, GM  geometric mean, GSD Geometric standard deviation) 
of workers exposed to toluene



RESULTSRESULTS

1.677.094.008.0518.30 
– 2.20

37Afternoon half shift 
(13.00 – 17.00)

1.955.083.196.0513.78 
- 0.56

36Morning half shift (8.00 
– 12.00 )

2.700.961.501.525.49 –
0.12

39At the beginning work 
shift (8.00) 

Saliva Toluene  µg/L   

2.705.556.418.1426.64 
– 0.47

40Morning half shift (8.00 
– 12.00 )

Urinary Toluene  µg/L   

GSDGM+
ASD

AMRangeN°of
subj
ects



RESULTSRESULTS
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Correlation and 95% confidence 
intervalsf or expected values of y 
between the time-weighted 
average (TWA) of environmental 
toluene levels.

A) urinary toluene level, 
measured at the end of the first 
half- shift

B) Saliva toluene level , measured 
at the end of the first half- shift 



DISCUSSIONDISCUSSION



DISCUSSIONDISCUSSION

The advantage of the 
Salivette® over many other 
sampling devices is that it 

reliably absorbs a relatively 
large volume of saliva 

(1.5ml) in a short time. 



DISCUSSIONDISCUSSION

Urinary toluene concentrations of the 
samples collected during morning half 
shift was closely related to the 
environmental exposure during the 
same work period . 
Because of fast excretion kinetics, the 
levels of toluene found in urine 
samples taken at 12.00 represented 
morning exposure well.



DISCUSSIONDISCUSSION

It can be interpolated from this study that 
the mean toluene concentration in urine 
after 4 h exposure to 75 mg/m3 of toluene 
was 32.33 µg/L with 95% confidence limit 
of  28.6 µg/L .
These values are in agreement with the values of
78.4 and 87.8 µg/L found respectively by Kawai et  
and Monster  with an exposure of 188 mg/m3. 

Fustinoni reported that continuos exposure to 75 
mg/m3 of toluene caused an urine concentration 
(after exposure) of  51.4µg/L with 95% confidence 
limit  of 48µg/L 



DISCUSSIONDISCUSSION

Finally a  correlation was found 
between the concentration of 

toluene in saliva and toluene in 
urine.
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DISCUSSIONDISCUSSION
With regard to the meaning and 
the values used to ascribe to the 
various biological indicators 
proposed, it should be pointed out 
that the blood and saliva collected 
after exposure are instantaneous 
value

while the unchanged toluene in 
urine , toluene in blood collected 
after 16 h , and  toluene urinary  
metabolites are weighted values



DISCUSSIONDISCUSSION

The main aim of this report was, 
however , to determine if a 
correlation exists between 
toluene exposure standards  and 
the concentration of toluene in 
samples of saliva collected at the 
end of  morning and afternoon 
half-shift



DISCUSSIONDISCUSSION
Cs toluene  end of morning half-shift (µg/L) = 
4,0324683 + 0,1407226 Ci Toluene morning half-shift (mg/m3)
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DISCUSSIONDISCUSSION

Toluene environmental Toluene environmental 
concentration and concentration and 
toluene biological fluids toluene biological fluids 
present a lognormal present a lognormal 
distribution, for this distribution, for this 
reason the calculation of reason the calculation of 
the regressions evidence the regressions evidence 
correlations more correlations more 
significant when data significant when data 
are log transformed.are log transformed.
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DISCUSSIONDISCUSSION

11.850.770.38 +
0.05

0.37 
+

0.05

37Log Ci Morning 

half shift mg/m3
Log Cs end of morning  half 

shift (µg/L)

Concentration (µg/L) 
corresponding to the

TLV-TWA

rQ + SEqm
+ SEm

N°xy

The salivary concentration corresponding 
to the TLV-TWA is 11.85

To propose a biological exposure limit – based  
on 4h of occupational exposure and on 
conditions of a light work load – it is necessary 
to consider the corresponding 95% lower 
confidence limit of the regression line 
(biological threshold 8.5   µg/L ).



CONCLUSIONSCONCLUSIONS

The results obtained in groupsThe results obtained in groups
of subjects occupationallyof subjects occupationally
exposed  enable us to include alsoexposed  enable us to include also
toluene saliva concentrationtoluene saliva concentration
in the already proposed biologicalin the already proposed biological
exposure indexexposure index
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CONCLUSIONSCONCLUSIONS



QUESTIONS?QUESTIONS?
Everyone is here to express 
himself!  
But if nobody asks anything,   
it will end sooner!!!!!


