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Benzene 

 Benzene is a known carcinogenic 
substance for humans  (IARC 
group 1) and a widely used 
chemical. Being  an ubiquitous 
pollutant, environmental exposure 
even to low doses is a common 
problem. 
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Occupational Exposure 

Therefore, benzene is one of the main concerns for 

occupational medicine today: occupational exposure can 

occur in urban workers, chemical industry and specially in 

oil plants. 
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The benzene exposure  biomarkers 

can be classified in three groups:  

 1.dose biomarkers 

2.effect biomarkers  

3.susceptibility markers 

Risk assessment is based mainly on dose biomarkers,  

corroborated by information about susceptibility and 

effect biomarkers 



A little of history…. 

The first dose biomarker adopted by ACGIH in 

1987 for the assessment of benzene occupational 

exposure was urinary phenol:  

 

 

for a benzene TLV TWA exposure of 10 ppm, the 

suggested BEI until 1996 was 50 mg/l in the urine 

at the end of the work shift. 

 



Because of phenol low specificity the ACGIH 

recommended also to monitor benzene 

 in exhaled breath prior to the next shift 

  

 

 

 

with an acceptable maximum concentration of  

0.08 ppm for mixed-exhaled breath  

and 0.12 ppm for end-exhaled breath. 

 



SPMA and t,t-MA 

• In 1997 S-phenylmercapturic acid 

(SPMA) was adopted and in 2000 

trans,trans-muconic acid (t,t-MA) was 

added. 

•  The ACGIH BEI measured in the end-

shift urine of workers are the following: 

• SPMA 25 μg/g of creatinine  

• t,t-MA 500 μg/g of creatinine 



Benzene metabolic 

pathway 

SPMA 

ttMA 

Glutathione-S-Transferase (GST) enzymes conjugate glutathione to toxic molecules 

(benzene) forming metabolites easier to be excreted (SPMA) 

GST 

Benzene metabolic pathway 

Phenol 



Cigarette smoking causes the inhalation of significant amounts of 

benzene, besides many other toxic substances.  Therefore smoking is an 

important confounding factor in the benzene exposure assessment, and 

the smoking habit must be investigated  by means of interviews with the 

workers. 

 If very low levels of occupational benzene exposure are reached 

nowadays thanks to the growing culture of prevention and to the 

reinforcement of the laws on safety and health at work, 

occupational exposure to benzene appears to be negligible in 

comparison with that deriving from cigarette smoking.  

Confounding factors 



In urine samples of benzene exposed subjects, a precursor of SPMA  is 

present :   N-acetyl-S (1,2-dihydro-2-hydroxyphenyl)-L-cysteine (pre-SPMA).  

It can be transformed into SPMA by means of acid hydrolysis.  

The amount of SPMA measured therefore depends on the degree of 

hydrolysis, that is dependent on the urine pH, on the sample storage 

conditions and on the analytical pretreatment.   

Therefore acidic hydrolysis before analysis is mandatory! 



t,t-MA and SPMA urinary concentrations can be 

determined quantitatively using HPLC-MS/MS a very 

sensitive and specific technique, using isotopic 

dilution in order to compensate for the matrix effect 

PHASE 1 ANALYTICAL METHODS 



XIC of -MRM (2 pairs): 238.1/109.1 amu from Sample 2 (Sample009) of 4SET1.wiff (Turbo Spray) Max. 1.2e4 cps.
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Quantitative analysis has been 

performed using a commercial 

deuterium isotope of SPMA as internal 

standard.  

Transitions: 

 -238.1 → -109.1 for S-PMA 

 -240.1 → -109.1 for the deuterium-

labeled internal standard.  

LOD  0.05 µg/L, and LLOQ 0.1 µg/L  

 



t,t – MA analysis 

The following m/z ion combinations (precursor → product) were 

monitored and in the negative mode:  

m/z 141 → m/z 97 for t,t-MA  

m/z 145 → m/z 100 for the deuterium labeled internal standard.   

LOD and LLOQ were respectively 0.5 μg/L and 1.5 μg/L  

 

t,t-MA 

t,t-MA-d4  10.11 

Intensity,cps 



t,t-MA  is a metabolite of sorbic acid  

 

Sorbic acid (SA), a common food preservative, could be an important  confounding factor 

when t,t - MA is used as a biomarker for low doses  exposures to Benzene.  

Negri et al. suggest a possible use of urinary SA determination as a tool to correct t,t-MA 

levels measured in subjects exposed to low benzene concentrations.  

However, because of its rapid elimination urine, if sampling for occupational 

benzene biomonitoring is done a few hours after meals, it can be considered 

negligible (DFG 2006). 



TIC: from Sample 2 (028) of sol 6 dopoSET1.wiff (Turbo Spray) Max. 5.3e6 cps.
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Simultaneous determination can be performed for the 

benzene metabolites t,t-MA and SPMA by HPLC tandem 

mass spectrometry. 
 



SPMA 

SPMA 

BENZENE 

Subject  

Gst 

positive 
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 GST null 

 

The genetic polymorphisms of the genes coding GSTT1 and GSTM1 enzymes involved 

in benzene detoxification can influence the levels of SPMA.  

A lower  excretion  of SPMA, but not of t,t-MA was found in 

GSTT1 and GSTM1 null subjects compared to the positive ones 

= Glutathione – S – Transferases        

 

 

Individual susceptibility 



The theoretical t,t-

MA/SPMA ratio (R) 

calculated from the 

ratio between the 

ACGIH BEIs is 20 

(500/25 = 20) But 

measured R is not a  

constant number.  

R shows the effect of the 

individual genetic differences 

independently from the benzene 

exposure:  

R values are significantly 

higher for GSTT1 or GSTM1 

null subjects than for positive 

ones. 

t,t-MA/SPMA ratio (R)  



Benzene in urine 

Urinary unchanged benzene 

has been proposed as a new 

biomarker for exposure to very 

low concentrations of benzene, 

similar to those observed in 

the general environment. 

It can be determined in the 

head space of urine samples 

by means of GC/MS.   

to GC/MS 



Unchanged benzene in the urine should be not affected by 

genetic polymorphism or other confounding factors; however, 

no consensus on its use has yet been reached.  



Urinary benzene was found a valid biomarker for occupational 

exposure to low benzene concentrations, but it is  strongly 

affected by smoking habit and does not show any real 

advantage over SPMA. 

The analytical determination of this parameter still presents 

some difficulties that have hindered its adoption in routine 

practice mainly in the pre-analytical phases of collection and 

preservation of samples. 



A comparison between Urinary benzene and SPMA presented in 2011 

for sampling conditions and analytical techniques concludes that: 

although urinary benzene presents critical sampling conditions, 

due to the sophisticated analytical requirements SPMA 

determination is less suitable for investigations on the general 

population, while both markers are suggested for occupational 

exposure assessment. 



Benzene levels in blood of laboratory workers were 4-fold and in gasoline 

service attendants were 10-fold higher than those of control workers. 

Individual benzene exposure correlated well with the levels of benzene in 

blood (R2 = 0.6509, p < 0.01).  
 

In some cases benzene is measured in blood by means of GC/MS often with 

the SPME (Solid phase micro extraction) technique. Blood is quite an invasive 

sample, but sometimes it is already available because it is the matrix for 

different kind of analysis, like genetic polymorphisms, DNA damage or repair 

capacity tests, or DNA adducts. 

Benzene in blood 



Nucleic Acids Oxidation Biomarkers 

The advent of liquid chromatography–tandem mass 

spectrometry (LC-MS/MS) has enabled the determination of 

extracellular oxidized guanine derivatives in urine, such as 

8-oxodGuo, 8-oxo-7,8-dihydroguanosine (8-oxoGuo), and 8-oxo-

7,8-dihydroguanine (8-oxoGua); the non-invasive determination 

of biomarkers of nucleic acid oxidation in the same urinary 

sample used to assess exposure biomarkers could be useful to 

assess RNA oxidation and, in the case of DNA, also the 

effectiveness of repair pathways. In addition, owing to the 

antioxidant properties of urine these biomarkers are stable for 

several years when samples are properly stored.  

8-Hydroxyguanine CAS 5614-64 

CAS: 3868-31-3  

 8-HYDROXYGUANOSINE  



Higher concentrations of 8-oxoGua were detected in smoking traffic 

policemen compared to non-smoking subjects (p<0.0001), whereas 

higher concentrations of 8-oxodGuo were observed in smoking 

gasoline pump attendants compared to the corresponding non-

smoking group (p < 0.05). In taxi drivers, the levels of 8-oxoGuo 

and 8-oxoGua were higher in smokers than in non-smokers 

(p<0.05). 



Metabolism of benzene produces reactive electrophiles, including benzene oxide (BO), 1,4-benzoquinone (1,4-

BQ), and 1,2-benzoquinone (1,2-BQ), that are capable of reacting with blood proteins to produce adducts. Levels 

of BO-Alb, 1,4-BQ-Alb, and 1,2-BQ-Alb in 250 benzene-exposed workers and 140 control workers in Tianjin, 

China are reported. Albumin was isolated from serum or plasma, dried to constant weight, and analyzed by 

derivatization and gas chromatography mass spectrometry;  

 

at benzene concentrations < 1 ppm there are  rather small contributions of benzene-

derived adducts to adducts arising from unknown dietary and endogenous sources. Above 

1 ppm, the contributions of benzene exposure to albumin adducts become apparent. 

Benzene exposures were associated with increased production of albumin adducts of BO, 

1,4-BQ and 1,2-BQ.  

 

Results also indicate that none of the three albumin adducts would be useful biomarkers 

of benzene exposure in ambient populations, where air concentrations rarely exceed 0.1 

ppm, or in working populations where exposures are consistently maintained at < 1 ppm. 

Albumin adducts 



Conclusions 

For the occupational assessment to benzene 
exposure  we suggest that: 

1.  both t,t-Ma and SPMA are determined to 
identify possible interferences: simultaneous 
analysis is possible 

2.  their ratio R is regarded as a marker of 
individual susceptibility: infact at the same 
exposure levels, higher R values are 
associated with GSTT1 or GSTM1 null 
genotypes, considered a risk factor for cancer 
disease. Further studies are needed to identify 
a R “warning” threshold  value  


