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Method Development and Cross Validation of Analysis of Hydroxylated
Polycyclic Aromatic Hydrocarbons (OH-PAHs) in Human Urine
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ABSTRACTS

Objectives: This study was performed to evaluate the analytical method for PAH metabolites in human urine
using enzyme hydrolysis and solid-phase extraction coupled with LC-(ESI)-MS/MS technique.

Methods: We employed HPLC tandem mass spectrometry techniques with appropriate pre-treatment for
analysis of 16 OH-PAHs in human urine. Samples were hydrolysis by -flucuronidase/Aryl sulfatase, and target
compounds were extracted by solid-phase extraction with a strata-x cartridge. Cross-validation was performed
between Eulji University and Green Cross laboratories with 200 human urine samples.

Results: The accuracies were between 90.3% and 118.8%, and precisions (relative standard deviations) were
lower than 10%. The linearity obtained was satisfying for the 16 OH-PAH compounds, with a coefficient of
determination (r*) higher than 0.99. The results of cross-validation at the two organizations were compared by ICC
(interclass correlation coefficient) values. The cross-validation results were excellent or good for all compounds.

Conclusion: An analytical method was validated for low nanogram levels of 16 OH-PAHs in human urine. Also,
satisfying results were obtained for method validation such as accuracy, precision and ICC of cross-validation.

Keywords: Cross validation, LC-MS/MS, OH-PAHs, urine
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Table 1. The mass spectrometer parameter of PAHs

metabolites
compound Ql(m/z) Q3(m/z) DP CE CXP
1-Na 1429 1149 -55 -34 -5
2-Na 143.1 1430 -65 -30 -11
2-OH-Flu 181.0 1810 -75 -35 -7
3-OH-Flu 181.1 1810 -85 -26 -9

1928 1651 -90 -40 -9

OH-Phe(1,2,4,9)
1930  193.0 -110 -48 -11

3-OH-Phe 193.1 1649 -55 -40 -11
1-OHP 2169 189.0 -50 -44 -7
3-OH-Fluoran 2170 2170 -50 -30 -5
6-OH-Chr 243.0  243.0 -100 -44 -13
3-OH-BaA 243.0 2149 -110 -44 -15
3-OH-BaP 267.0 2389 -115 -46 -13
3-OH-BjF 2670 2670 -95 -50 -5
3-OH-DBA 293.0 2930 -90 -45 -6
1-Na-d, 150.0 1500 -65 -30 -11
Cs-2-OH-Flu 187.0 1870 -80 -22 -3
1C4-3-OH-Phe 199.0 170.1 -80 -44 -17
13C4-1-OHP 2230 1948 -115 -48 -13

C4-3-OH-Chr 249.0 249.0 -105 -46 -11
BCe-1-OH-BaA 249.1  221.1 -105 -44 -13

DP: declustering potential, CE: collision energy, CXP:
collision cell exit potential

Aetal, BE A U/-EZ 2] EP(entrance potential)
£ -100VE 3FSt}h lon sourcex electrospray
ionization (ESI) negative 22 ©]83}%2™ ion
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Table 2. Validation results; intra-day and inter-day accuracy

Intra-day (n=5), ng/ml Inter-day (3days), ng/ml
compound
0.05 0.1 0.5 1 5 0.05 0.1 0.5 1 5
1-Na 108.7 105.2 100.8 96.9 98.7 101.3
2-Na 95.1 98.0 98.0 91.3 99.2 103.1
2-OH-Flu 92.5 96.1 99.1 104.2 96.8 94.9 97.0 100.0 103.4 98.1
3-OH-Flu 104.1 105.6 102.9 118.8 107.0 103.2
(149)-OH-Phe 100.2 102.5 108.3 116.6 106.7 103.1 108.8 111.8 118.9 107.3
(2+3)-OH-Phe 98.0 99.4 98.8 104.4 100.5 92.9 97.5 99.2 104.3 99.5
4-OH-Phe 100.8 103.7 105.7 109.8 99.8 107.1 106.8 106.2 109.0 100.4
1-OHP 103.5 100.2 97.7 101.8 98.4 100.6 100.0 97.7 102.6 98.5
3-OH-Fluoran 99.3 99.7 89.2 95.7 90.2 100.3 100.9 92.0 96.9 90.6
6-OH-Chr 104.8 106.9 109.9 113.4 110.8 103.2 104.8 100.1 104.9 101.9
3-OH-BaA 100.8 1023 92.2 98.1 93.1 102.1 103.6 95.5 100.8 95.7
3-OH-BaP 98.7 99.4 103.0 108.2 107.2 98.7 90.3 103.3 106.3 105.9
3-OH-BjF 98.9 104.4 102.9 109.9 102.4 98.5 106.6 102.9 110.1 101.7
3-OH-DBA 102.0 104.6 95.3 95.6 89.2 112.6 103.4 94.4 97.7 93.1

Table 3. Validation results; intra-day and inter-day precision and limit of detection

Intra-day (n=5), ng/ml Inter-day (3days), ng/ml LOD
compound

0.05 0.1 0.5 1 5 0.05 0.1 0.5 1 5 ng/ml

1-Na 0.5 0.9 1.6 1.7 2.0 2.2 0.051
2-Na 1.4 1.3 2.2 2.0 2.7 3.8 0.125
2-OH-Flu 0.7 1.6 2.5 29 24 1.8 1.9 2.1 2.9 33 0.056
3-OH-Flu 3.0 47 3.4 3.7 4.1 2.9 0.050
(149)-OH-Phe 1.9 1.3 2.7 32 4.2 24 1.7 3.0 3.8 3.8 0.050
(2+3)-OH-Phe 2.6 32 1.2 1.6 2.7 33 3.1 1.2 2.6 24 0.020
4-OH-Phe 5.5 2.0 2.2 2.7 24 4.4 24 2.6 3.0 2.1 0.037
1-OHP 1.9 1.4 2.1 1.6 2.0 2.8 24 1.8 1.7 1.6 0.037
3-OH-Fluoran 3.9 6.2 1.6 32 1.7 33 5.5 2.0 2.6 2.0 0.022
6-OH-Chr 3.1 33 3.8 23 2.7 35 5.6 43 3.7 39 0.066
3-OH-BaA 6.3 5.4 2.0 2.6 4.9 5.5 4.2 3.0 32 5.5 0.029
3-OH-BaP 2.8 4.8 2.6 5.6 5.0 2.8 4.0 34 54 54 0.042
3-OH-BjF 5.5 3.5 3.8 43 3.6 4.1 4.1 4.2 35 43 0.061
3-OH-DBA 7.3 4.6 5.4 4.1 3.9 7.7 3.0 5.9 3.5 44 0.081

1. AA7AD} &A= Table 300 AAI&}

gl +
SAth. OH-PAHs 2= 93] ¥E2ds 7t
4% LC

1. 28 A|E & OH-PAHs 1652 SA| 2MY g LC-MS/MS A=2wtEI Fig. 13 7o)
2¥ AR F OH-PAHs 45 #13F HAFAd LR
A B AR AARAFE) B2 0.9988~1.0002% 7AZ3H(LOD)E 0.02ng/ml ((2+3)-OH-Phe) ~

A AAEE HAFAUT 7 BAN 28 0.125 ng/ml (2-Na)®] M= Yepdrh 1652 OH-

Ay 2 A7k A= Table 20 AN PAHs®] AT EE= 89.2~118.8%, AUEE 10%7] 9+

(o

i
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Fig 1. LC-MS/MS Chromatograms of PAHs metabolites.
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Table 4. Cross-Validation results between Eulji University and Green Cross Laboratory

AZETA o] #S vER HE&2 2-Na (96%),
1-Na (93%), 2-OH-Flu (84%), (2+3)-OH-Phe (84%),
1-OHP (76%), (1+9)-OH-Phe (61%), 3-OH-Flu (47%),
3-OH-Fluoran (31%), 4-OH-Phe (26%), 3-OH-BaA
(3%) T2 AEFNoH, Unx] e BF
HAEEA &tk 7MY & 558 B EFE 2-
Naolloem, 7 th2©& 1-Na, 2-OH-Flu, (1+9)-
OH-Phe =°]%lt} (Table 4).

2 A= AMEL OH-PAHs
gt = PGS sk f18) SXdl
o|FEAoNA WAREAS T

ML
12
rE
tilo
> ot
]

Aol ol 89 1A P FAA AHgT
Ao, B, AR, EAALE 5 ARAL 20
o) uH JElN HHEG YUt FAHEAE
Bashs B NEEe] 9Fe Ange o
7K Rolek. F 71%ke] mARLY AAE AEH]

(unit: ng/ml)

Eulji University

Green Cross-labs

Log transformation

compound - ; -

N Mean SD N Mean SD LOD N r ICC(95% CI)
1-Na 185 4.95 9.47 173 571 11.08  0.152 169 0.86 (Ogig.S‘))
2-Na 192 5.07 7.38 197 6.21 8.95 0.125 190 0.87 086

(0.82-0.89)
2-OH-Flu 168 0.459 0.70 166 0.666 0.98 0.141 158 0.90 0.78
(0.71-0.83)
3-OH-Flu 94 0.152 0.43 72 0.164 0.37 0.168 74 0.83 049
(0.25-0.67)
(1+9)-OH-Phe’ 122 0.096 0.10 133 0.118 0.20 0.068 115 0.84 0.77
(0.68-0.83)
(2+3)-OH-Phe* 167 0.087 0.08 72 0.079 0.11 0.12 72 0.72 0.70
(0.56-0.80)
4-OH-Phe 51 0.029 0.03 15 0.011 0.11 0.069 14 0.75 065
(0.24-0.86)
1-OHP 152 0.124 0.11 172 0.209 0.19 0.053 147 0.78 0.56
(0.44-0.66)
3-OH-Fluoran 62 0.022 0.03 1 0.002 0.339 1 NC* NC

N : number of detected.

®Mean was calculated assuming that levels <LOD are equal to 1/2 LOD.

°SD : standard deviation of detected sample concentration.

d : two OH-phenanthrenes were simultaneously eluted.
°NC: not calculated.

*Four compounds were not presented in the table; 6-OH-Chr, 3-OH-BaP and 3-OH-BjF were not detected in all samples. 3-OH-
BaA and 3-OH-DBA was detected in only 5 and 6 samples, respectively.
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Fig 2. Cross validation results of urinary OH-PAHs between Eulji University and Green Cross Laboratory.
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Table 5. The concentration of urinary PAHs metabolites (unit: ng/ml)
Amorim (2009)"*  Fan (2012)" Zhao (2013)' Onyemauwa (2009)"®  This sturdy
Ref. Smoker Non smoker _ Smoker Non smoker Steel workers  Controls _

(0=5)  (=5) (n=92) =8)  (n=4) (0=57) (0=27) (n=200)
1-Na 4.34 1.76 1.954 +4917° 9 2.3 7.39+2.51 2,181 43.8 4.945+9.468
2-Na 3.48 1.93 5.992 £8.334 208 3.5 7.12+£2.73  3.08£427 5.067%7375
2-OH-Flu 2.43 0.89 0.325+0.572 73 2.8 4.11+2.85 0.600% 3.94 0.459+ 0.698
3-OH-Flu 0.263 +0.641 5.9 0.57 0.152+0.433
1-OH-Phe 0.397+2.84 0.068+t 5.25
2-OH-Phe 0.064 +0.069 1.3 0.87
3-OH-Phe 0.063 £0.0104 2.6 1.2
4-OH-Phe 0.077 £0.091 0.138+3.17 0.029£4.09 0.029+ 0.031
9-OH-Phe 2.26 0.83 0.7 0.06 0.437+£2.87 0.095%4.26
(1+4)-OH-Phe* 42 1.8
(1+9)-OH-Phe* 0.031 £0.034 0.096% 0.098
(2+3)-OH-Phe* 0.980+2.36 0.246+2.79 0.087% 0.083
1-OHP 0.038 £0.056 34 22 0.5861+3.04 0.104£4.81 0.124+0.114
3-OH-Fluoran 0.022+ 0.027
6-OH-Chr ND*
3-OH-BaA 0.016=% 0.007
3-OH-BaP ND*
3-OH-BjF ND®
3-OH-DBA 0.043+ 0.009

a: meantstandard deviation, where the concentration of not detected samples were replaced by 1/2LOD.
b: the concentrations of all samples were below the LOD.
c: two OH-phenanthrenes were simultaneously eluted.
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2. 28 A|2 & PAHs jARA| & H|I
4W AlE 5 OH-PAHs®EA A3 H[HAAg
(naphthalene, fluorene, phenanthrene, pyrene)e] T
AHAIES tiFEe] AlROM AEEHIUCH, HAEH
5o HHFFH(LOD Pk 32 12LOD A8 2-
Na (5.07 ng/ml), 1-Na (4.95 ng/ml), 2-OH-Flu (0.46
ng/ml), 1-OHP (0.12 ng/ml), (1+9)-OH-Phe (0.096
ng/ml), (2+3)-OH-Phe (0.087 ng/ml), 4-OH-Phe (0.029
ng/ml), 3-OH-Fluoran (0.022 ng/ml) <=0|At}. & A
7o A5 vhE A7Ate] EA4 e} vlwshd 7t
& =2 =5 H2 naphthole] AH$ S A
AEEAO Hthe b2 FEE BAAINE
() B FAAY Hrks =2 T2 e
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2T} (Table 5).
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