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Abstract: Urinary hydroxy polycyclic aromatic hydrocarbons ( OH-PAHs) are internal dose indicators of human exposure to PAH. We recruited 60 urban
residents ( F/M =1:1 age: 30 ~60) and 60 rural residents ( F/M =1:1 age: 30 ~60) in Taiyuan Shanxi Province and measured 6 OH-PAHs in
collected first morning urine samples in heating and non-heating season respectively. The results showed that the medians of concentrations of 2—
hydroxynaphthalene ( 2-OHNap)  2-hydroxyfluorene ( 2-OHFlu)  3-hydryxyphenanthrene ( 3-OHPhe)  9-hydryxyphenanthrene ( 9-OHPhe) 1-
hydroxypyrene ( 1-OHPy) and 3-hydroxybenzo( a) pyrene ( 3-OHBaP) were 8.97 0.34 0.19 0.18 0.34 0.002 pwmol*mol ~! creatinine in urban
residents and 5.01 0.85 0.18 0.24 0.61 0.001pumol*mol ~! creatinine in rural residents respectively. For urban residents the concentrations of
2-OHNap and 1-OHPy for males were higher than those for females ( p <0.05) . The concentrations of 1-OHPy in heating season were significantly higher

than those in non-heating season ( p <0.05) while the concentrations of 2-OHNap showed no significant seasonal differences. For rural residents OH-
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PAHs for males were higher than those for females ( p <0.05) . 2-OHNap and 2-OHFlu were higher in heating season than those in non-heating season
while 3-OHPhe 9-OHPhe and 1-OHPy were different ( p <0.05) . The concentrations of urinary 1-OHPy 2-OHNap 2-OHFlu and 3-OHPhe were higher
than those for American residents reported by National Report on Human Exposure to Environmental Chemicals in USA. This study indicated that the
levels of OH-PAHs in rural and urban residents were different owing to the different exposure sources of PAHs in different groups. Since toxicity and
carcinogenicity of PAHs were different with different structures and rings external exposure research of PAHs for urban and rural residents were suggested
in future studies.

Keywords: hydroxy polycyclic aromatic hydrocarbons; urban residents; rural residents; urinary; Taiyuan City

1 ( Introduction) (
( PAHs) )
N N N 30 ~60
20
80
PAHs PAHs ( OH-
PAHS) PAHs
( Jongeneelen et al. 2001) . OH- 2.2
PAHS ( Py) 2.2.1 HP 1200 (
1- ( 1-OHPy) Agilent ) G1321A ( Agilent
OH-PAHs Py ) SB-Cyq (4.6 mm x 150 mm 5.0 pm
PAHs Agilent ) 24 (
( Supeclo ) ProElut C,,-U (1000 mg 6 mL
2004) Waters ).
2- ( 2-OHNap 99%) \2- (2-
OHFlu 98%) . 3- ( 3-OHPhe
PAHs . 98%) .9- (9-OHPhe 99%) 1-
( 1-OHPy 99% ) 3- (a) (3-
OHBap 98%) Aldrich-Sigma
OH-PAHs B- -
. Merck ( mL 122400 B-
— OH-PAHs 3160 ).
OH- 2.2.2 10 mL
PAHs 100 mL 1 mol-L™" pH
OH-PAHs 5 2.5 mL
PAHs . 20 pL B- -
2 ( Materials and methods)
2.1 37 C 4 h .
— .10 mL
Cig 20 mL
99.5%
20 mL KD
KD
2009 9 ( ) 12 |

) 60 60 45 C. 1
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mL 1 mL.

2.2 pm 1.5
mL .
2.2.3 - -
HPLC/FLD 20 nL
I mLemin". :0 ~30 min 50%
~90% ;30 ~32 min 90% ~50% ;32 ~40 min

50% . ( Ao

Aem Aol A
227/355 nm; 10 ~13 min A_/A,, =277/355 nm; 13
~16 min A_/A,, =244/400 nm; 16 ~20 min A/
Aoy = 239/402 nm; 20 ~ 40 min A /A, = 263/
439 nm.

F‘,“]) :0 ~ 10 min A’F‘\’ /A’F‘n] =

2.2.4 6  OH-PAHs
R
0. 990 0.5 pgeL7".
70% ~80% . 10
1 :
10 1
2.3
SPSS13.0
3 ( Results and discussion)
3.1 OH-PAHs
1 OH-PAHs
. 1 2-OHNap
( ) 8.97 wmol*mol ' (
) (2010) 58
PAHs ( 48 10 )
OHNap (2.92 ~6.35 wmol*mol ') .
1 2-OHNap
(p<0.05).
2-OHNap PAHs
( 2005) .
(2002)
3 3:1:2
(2003) PAHs

2-OHNap 6

1/2 2-OHNap

2
2-OHNap .
PAHs
2-OHFlu.3-OHPhe.9-OHPhe
1.13.0.19.0. 18 pmol *mol '
2-OHFlu 3-OHPhe  9-
OHPhe (p<0.05).
2-OHFlu  3-OHPhe
9-OHPhe
(p<0.05).
1-OHPy 0.34
pmol *mol ~'. (2008) 25
1-OHPy
0.1 pmolemol ~"; (2009)
1-OHPy 0.34 ~0.62
pmol * mol ™' 1-OHPy
(2005)
1-OHPy (0.11
pmol *mol ~')
2.1. 1
1-OHPy
1-OHPy 2
1-OHPy PAHs
1-OHPy 2
100
5 ~27 pg( Lafontaine et al.
2006)
1-OHPy
PAHs (a)
3-OHBap 0. 01
pmol *mol ™' 3-OHBap

(a)
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1 6 OH-PAHs
Table 1  The concentration of urinary six OH-PAHs of the urban residents wmol *mol ~!
2-OHNap 2-OHFlu 3-OHPhe 9-OHPhe 1-OHPy 3-OHBap
14.23 0.88 0.08 0.25 0.54 0.001
25% 4.34 0.58 0.05 0.11 0.13 0.001
(N =30) 75% 26.49 1.45 0.24 0.35 0.88 0.002
21.51 1.24 0.24 0.40 0.58 0.002
15.51 0.65 0.70 0.65 0.59 0.018
12.68 1.63 0.41 0.12 0.22 0.020
25% 1.77 0.30 0.07 0.01 0.04 0.002
(N =30) 75% 33.31 4.16 0.96 0.35 0.62 0. 190
20.01 2.51 0.64 0.35 0.44 0.240
24.27 1.15 0.39 0.84 0.56 0.001
13.21 1.22 0.18 0.16 0.35 0.002
25% 3.63 0.50 0.05 0.05 0.11 0.001
5% 29.14 2.28 0.64 0.35 0.73 0.020
20.73 1.84 0.43 0.38 0.51 0.120
14.68 1.09 0.59 0.75 0.58 0. 140
8.24 1.10 0.12 0.25 0.42 0.002
25% 2.46 0.56 0.06 0.08 0.23 0.001
(N =30) 75% 24.36 2.15 0.23 0.45 0.95 0.002
19.20 1.46 0.20 0.30 0.99 0.002
9.25 1.81 0.34 0.16 0.21 0.024
6.38 1.17 0.28 0.15 0.14 0.002
25% 3.45 0.81 0.20 0.02 0.04 0.001
(N =30) 5% 13.53 1.89 0.51 0.30 0.38 0.030
9.49 1.77 0.38 0.19 0.23 0.040
8.66 1.19 0.21 0.26 1.65 0.032
7.20 1.12 0.20 0.22 0.31 0.002
25% 3.24 0.69 0.07 0.07 0.12 0.001
75% 16.97 2.00 0.36 0.36 0.64 0.003
14.34 1.61 0.29 0.24 0.61 0.020
19.10 1.53 0.29 0.22 1.23 0.039
9.57 0.96 0.11 0.25 0.49 0.001
25% 3.88 0.60 0.06 0.11 0.15 0.001
(N =30) 75% 25.78 1.59 0.23 0.39 0.89 0.002
19.64 1.34 0.22 0.35 0.77 0.002
15.20 2.29 0.57 0.49 0.46 0.046
8.41 1.46 0.31 0.13 0.21 0.004
25% 3.06 0.68 0.07 0.01 0.04 0.002
(N =30) 5% 19.47 2.82 0.74 0.32 0.42 0.080
15.70 2.15 0.51 0.27 0.34 0. 140
24.26 1.16 0.32 0.64 1.20 0.053
8.97 1.13 0.19 0.18 0.34 0.002
25% 3.36 0.64 0.06 0.06 0.12 0.001
75% 23.05 2.08 0.48 0.36 0.65 0.004
17.72 1.74 0.36 0.31 0.56 0.070
22.37 1.84 0.48 0.57 0.94 0. 060
3.2 OH-PAHs OH-PAHs
2 OH-PAHs (2010) 50 OH-PAHs
2 2-OHNap- 2-OHNap.2-OHFlu
2-OHFlu.3-OHPhe \9-OHPhe . 1-OHPy ~ 3-OHBap 1-OHPy 10. 18.7. 14

5.01.0.85.0.18.0.24.0.61 0.001
pmol * mol ™' ( ).

1. 77 wmol*mol ~'(
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OH-PAHS( (p <0.05)  3-OHPhe.9-OHPhe-
1-OHPy. 2-OHFlu) 1-OHPy  3-OHBap
(p <0.05). OH- (p <0.05).
PAHs(2-OHNap  2-OHFlu)
2 6 OH-PAHs
Table 2 The concentration of urinary six OH-PAHs of the rural residents pmol *mol -
2-OHNap 2-OHFlu 3-OHPhe 9-OHPhe 1-OHPy 3-OHBap

7.13 1.15 0.11 0.25 0.51 0.001

25% 3.57 0.62 0.03 0.12 0.24 0.001
(N =30) 75% 15.36 1.68 0.26 0.50 0.76 0.002
10.41 1.19 0.17 0.33 0.77 0.001

10.13 0.99 0.26 0.35 0.87 0.04

4.72 0.69 0.24 0.27 0.71 0.001

25% 2.43 0.54 0.12 0.13 0.47 0.001
(N =30) 75% 15.52 1.74 0.38 0.61 1.35 0.002
9.48 1.15 0.30 0.40 1.02 0.008

9.87 0.72 0.17 0.31 1.19 0.001

6.25 0.90 0.18 0.25 0.63 0.001

25% 3.01 0.56 0.09 0.13 0.36 0.001
75% 15.52 1.67 0.33 0.54 1.15 0.002

9.91 1.17 0.24 0.37 0.90 0.005
9.94 0.87 0.23 0.33 1.02 0.030
4.94 1.18 0.11 0.16 0.59 0.002

25% 2.34 0.62 0.05 0.09 0.34 0.001
(N =30) 75% 11.48 2.05 0.32 0.40 0.93 0.004
23.70 3.07 0.21 0.67 1.32 0.004
19.24 2.63 0.36 1.31 1.71 0.010
3.34 0.82 0.20 0.22 0.56 0.002

25% 1.47 0.49 0.12 0.18 0.30 0.001
(N =30) 75% 7.17 1.39 0.32 0.33 1.08 0.003
5.27 0.97 0.24 0.33 0.82 0.002

5.70 0.68 0.18 0.30 0.70 0.001
4.02 0.84 0.17 0.21 0.58 0.002

25% 2.02 0.56 0.06 0.13 0.32 0.001
75% 8.12 1.70 0.32 0.34 0.98 0.003
14.8 2.06 0.23 0.50 1.08 0.003
13.41 6.26 0.29 1.67 2.70 0.007

6.44 1.15 0.11 0.23 0.56 0.001

25% 3.09 0.62 0.04 0.10 0.32 0.001
(N =30) 75% 14.43 1.82 0.28 0.48 0.80 0.003
17.29 2.16 0.19 0.51 1.05 0.003
17.32 2.25 0.28 0.67 0.79 0.010
4.36 0.74 0.21 0.25 0.68 0.002

25% 1.92 0.53 0.12 0.17 0.39 0.001
(N =30) 75% 10.5 1.47 0.37 0.43 1.28 0.002
7.55 1.07 0.28 0.37 0.92 0.005
8.59 0.86 0.23 0.33 0.79 0.030

5.01 0.85 0.18 0.24 0.61 0.001

25% 2.34 0.57 0.07 0.13 0.34 0.001
75% 10.91 1.70 0.32 0.48 1.01 0.002
12.29 1.60 0.23 0.43 0.99 0.004
10. 60 1.42 0.26 0.48 1.02 0.020
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3.3 OH-PAHs
PAHs
OH-PAHs
1 2
2-OHNap (p <
0. 05) . 2-OHNap
. ( 2010) .
OH-PAHs .
2-OHFlu.3-OHPhe  9-
OHPhe (p<0.05).
1-OHPy
(p<0.05).1-OHPy  PAHs
PAHs
( Chen et al. 2007, 2010)
(
) .
1-OHPy
3-OHBap
(p<0.05).3-OHBap  PAHs (a)
(a)
(a)
3-OHBap
(2008)
3-OHBap
3.4
PAHs
OH-PAHs

1 “National Report on
Human Exposure to Environmental Chemicals”
2000 OH-PAH
( Amercian Centers for Disease Control and Prevention
2010) . 1 OH-
PAHs( 1-OHPy.2-OHNap.2-OHFlu =~ 3-OHPhe)

5.8.1.7.3.3 2.0

4500 ~

3500 |- O =

O A5
2700 -

1800

OH-PAHs i /& /(ng- L1

900

Ll

1-OHPyr

2-OHNap 2-OHFlu 3-OHPhe

1 OH-PAHs

Fig.1 The compare of concentration of urinary OH-PAHs of

American and Taiyuan City

4 ( Conclusions)
1) 2-OHNap  1-OHPy
8.97  0.34 pmol *mol ™' (
)
1-OHPy
2-OHNap .
2) OH-
PAHs ;
OH-PAHs(2-OHNap  2-OHFlu)
3-OHPhe.9-OHPhe  1-OHPy
3) OH-PAHs(2-OHNap.2-
OHFlu  3-OHPhe) 9-
OHPhe 1-OHPy 3-
OHBap .
4) OH-PAHs

(1-OHPy.2-OHNap.2-OHFlu  3-OHPhe)
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