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Abstract
Objectives: 1-hydroxypyrene is an important biomarker of exposure to polycyclic aromatic hydrocarbons (PAHs), which 
appears in the urine of exposed human subjects. In developing countries, where advanced instruments are not available, 
the importance of this biomarker demands convenient and sensitive methods for determination purposes. This study 
aimed at developing a methodology to quantify 1-hydroxypyrene (a biomarker of PAHs exposure) based on the UV-visible 
detector in the reverse phase high pressure liquid chromatography (HPLC). Material and Methods: A 20 μl injection 
of sample was used for manual injection into the HPLC Shimadzu, equipped with the SPD-20 A UV-visible detector, 
the LC-20AT pump and the DGU-20A5 degasser. The C-18 column was used for the purpose of the analysis. Results:  
The method showed a good linearity (the range: R2 = 0.979–0.989), and high detectability up to the nmol level.  
The average retention was 6.37, with the accuracy of 2%, and the percentage of recovery remained 108%. The overall perfor-
mance of this method was comparable (in terms of detection sensitivity) and relatively better than previously reported stud-
ies using the HPLC system equipped with the UV-detector. Conclusions: This method is suitable and reliable for the detec-
tion/quantification of the 1-OHP in human urine samples, using the UV-detector, however, it is less sensitive as compared  
to the results of a florescence detector.
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with 5% HNO3, including subsequent washing with dis-
tilled water, and oven drying. The standards were prepared 
in the HPLC-grade acetonitrile (mmol/l). Serial dilutions 
of standards were carried out using the stock of 1 mmol/l 
in strength. The stock standard was diluted up to nmol/l. 
All the dilutions were prepared afresh each day before 
starting the calibration procedure. The stock standards 
were kept in a refrigerator in sterile glass vials to avoid sol-
vent evaporation and contamination.

Analytical procedures 
All the samples were filtered through the 0.02 μl syrin-
ge filters. A 20 μl injection of sample was used for manu-
al injection into the HPLC Shimadzu equipped with 
the SPD-20 A UV-visible detector, the LC-20AT pump 
and the DGU-20A5 degasser. The C-18 column was used 
for the analysis purposes.

HPLC optimization for the 1-OHPyr analysis
The HPLC conditions were optimized for the 1-OHPyr. 
The optimization was carried out by running a series of 
standard dilutions for a number of times, and the con-
ditions were observed for 3 consecutive days to validate 
optimization. The optimum conditions for the 1-OHPyr 
were as follows: 20 μl injection, 250 bars pressure, a flow 
rate of 0.8 ml/minute, with a run time of 10 min, which 
was later reduced to 8 min. The mobile phase consist-
ed of acetonitrile and the HPLC gradient grade water  
of 70:30. The column temperature was set at 30°C. Wave-
length was set at 250 nm, and the average elution time 
was 6.371 min (Table 1).

RESULTS AND DISCUSSION
The analysis of the 1-OHPyr was carried using the UV-
visible detector. In published literature studies, the 
florescence detector is preferably used for the quanti-
fication of the urinary hydoxylated-PAHs biomarkers 
because of its high sensitivity, however, this is undermi- 

INTRODUCTION
Exposure to environmental contaminants is often evalu-
ated using tools known as biomarkers of exposure [1,2]. 
The urinary 1-hydroxypyrene (1-OHPyr) is a reliable and 
sensitive biomarker of exposure to the low-level occupa-
tional and environmental exposure to polycyclic aromatic 
hydrocarbons (PAHs). 1-OHPyr is one of the metabolites 
of PAHs, and can be used as a good biological indicator of 
exposure to the mixture of PAHs [3–5].
The urinary levels of the 1-OHPyr are commonly de-
termined using the high pressure liquid chromatogra-
phy (HPLC) equipped with a fluorescence detector, 
however, a limited number of literature studies has also 
referred to the UV-visible detector with the HPLC used 
for this purpose, whereas the quantified 1-OHPyr is also 
being carried out using a gas chromatography/mass spec-
trometry (GC/MS), which is the most preferable due to 
its high sensitivity and reliability, however, the procedures 
for sample cleanup for the GC/MS analysis are very la-
borious, limiting its usage [5]. Nevertheless, in many de-
veloping countries, such high sensitive techniques are 
rarely available; HPLC systems are commonly equipped 
with the UV-visible detector. Since we could not access 
any reliable method based on the UV-visible analysis for 
quantification of the 1-OHPyr, this study therefore aimed 
at developing a methodology in order to evaluate the effi-
ciency of the UV-visible detector to quantify the 1-OHPyr 
in human urine, and providing a convenient method for 
quantification of the urinary 1-OHPyr.

MATERIAL AND METHODS
Chemicals used for the method development includ-
ed the HPLC gradient grade water, from Sigma-Al-
drich (99.8% pure), acetonitrile (98.9% pure), the 1-hy-
droxypyrene biomarker (1-OHPyr, linear formu-
la (LF) = C16H10O, molecular weight (MW) = 218.25, 
98% pure), that was purchased from sigma-Aldrich.  
All the glassware (Pyrex) was thoroughly washed 
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ning the importance of the UV-visible detections for 
this purpose since the UV-visible detector also gives 
good results, although it is not as sensitive as the flores-
cent detector. In order to develop a new method based 
on the UV-visible detector system, we used 1-OHPyr 
concentrations up to the nm/l level, with an average elu-
sion time less than 10 min i.e., 6.37 min (Table 1 and 2). 
We have demonstrated that quantification of the 
1-OHPyr using the UV-visible detector can also provide 
good results. The detector response provided a recov-
ery percentage rate of more than 95% (Table 1 and 2). 
Overall recovery remained up to 108%. The linearity 
of the method ranged between R2 = 0.979 and  0.989. 
The overall percentage of the standard recovery is men-
tioned in the Table 1 and 2.

A brief review of the 1-OHPyr quantification 
using UV-visible detectors 
A study by Ifegwu et al. [6], was reported from Nigeria, in 
which they used the UV-visible detector for quantification 
of the urinary 1-OHPyr (the reverse phase HPLC, 250 nm 
wavelength, X-Bridge C18 (150×4.6 mm, 5 μm column). 
They used a flow rate of 1.2 ml/min, and the mobile phase 
consisted of water and methanol at the ratio of 12:88 v/v 

Table 1. Details of instrumental and analytical parameters used 
in the method development

Used in method Parameter

Instrumental conditions

column C18–5 μm, 25×0.46 μm

detector SPD-20A, UV-visible

elute A acetonitrile 70% 

elute B high purity HPLC grade water 30% 

mode gradient

flow rate 0.8 ml/min

column temperature 30°C

wavelength UV at 250 nm

injection volume 20 μl

run time 8 min

mean RT 6.3786

Method performance

LOD 10 nmol/l

linearity 0.9799–0.989

precision of retention 
time

2%, 6–7 runs

peak area precision 2%, 6–7 runs

RT – retention time; LOD – limit of detection; HPLC – high pressure 
liquid chromatography.

Table 2. Summary of standard dilutions, detector’s response and percentage recovery

No. Concentration spiked
(μmol/l)

Response
(n)

Concentration calculated Recovery
(%)μmol/l nmol/l

1 1.000 3 511 0.99 988.69 98.87

2 0.500 2 331 0.48 476.13 95.23

3 0.250 2 043 0.35 351.03 140.41

4 0.125 1 562 0.14 142.10 113.68

5 0.050 1 159 0.03 32.95 96.01

M±SD – – – – 108.84±17.14

Intercept – – – – 1 234.90

Slope – – – – 2 302.20

M – mean; SD – standard deviation.
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to the PAHs in human urine. Due to the rare usage of the 
UV-visible detection for quantification of the 1-OHPyr, 
this study has focused on developing a method which could 
possibly provide good results with the UV-visible detector. 
Moreover, the current method (provided the quantifica-
tion of up to nm/l) seems more sensitive than the previ-
ously described UV-visible detector based methodologies, 
however the retention time is longer than it was indicated 
in the previous literature on this subject.
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