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To investigate the exposure effect of polyriuclear 
aromatic hydrocarbons (PAHs), we measured airborne 
total PAHs as an external dose, urinary 1-hydroxypyrene 
(1 -0HP) as an internal dose of PAHs exposure, and 
analyzed the relationship between urinary 1-OHP 
concentration and PAHs exposure. The study population 
contained 44 workers in steel-pipe coating and paint 
manufacture industries. The airborne PAHs was obtained 
during survey day, and urine were sampled at the end of 
shift. Personal information on age, body weight, height, 
eniployment duration, smoking habit, and alcohol 
consumption was obtained by a structured questionnaire. 
Airborne PAHs were analyzed by the gas chromatograph 
with mass selective detector. Urinary 1 -0HP levels 
were analyzed by the high performance l iquid 
chromatograph with ultraviolet wavelength detector. For 
statistical estimation, t-test. X-test, analysis of variance. 
correlation analysis, arid regression analysis were 
executed by SPSS/PC (Windows version 10). The mean 
of environmental total PAHs was 87.8'7.81 p d m .  The 
mean concentration (526.5'2.85 p d m )  of workers in 
steel-pipe coating industries using coal tar ellamel was 
the higher than that (17.5k3.36 pglnf) of workers in 

paint manufacture industries using coal tar paint. The 
mean of urinary 1 -0HP concentration (51.63 ' 3.1 44 p 

mol/mol creatinine) of workers in steel-pipe coating 
indl~stries was the higher than that (2.33*4.709 p 

mol/rnol creatinine) of workers in paint manufacture 
iridustries. The mean of i~ririary 1-OHP concentration of 
smokers was the higher than that of non-smokers. There 
was signif icant correlatiori between the urinary 
concentration of 1 - 0HP  and the environmental 
concentration of PAHs (r=O.S48, p<0.001), 
pyrene(r=0.859, p<0.001), and urinary cotinine (r=0.324, 
p<0.05). The regression equation between the urinary 
concentration of I -0HP in pg/g creatinine(C1 (11') and 
airborne concentration of PAHs (or pyrene) in pg/m' 
(CI'III. or Cpyrene) is: Log (CI-~II I~) = -0.650 + 0.889 x Log 
( C ~ \ \ I I ~ ,  where R2=0.694 arid n=38 for p<0.001. Log (Cl-rrii) 
= 1.087 + 0.707 x Log (Cpyrene), where R2=0.713 arid 
n=38 for p<0.001. From the resdts of stepwise multiple 
regression analysis about 1 -OHP, signif icant 
independents were total PAHs and urinary cotinine 
(adjusted K'=0.743, p<0.001). In this study, there were 
significant correlation between the urinary concentration 
of 1-OHP and the airborne concentration of PAHs. The 
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urinary 1 -0HP was effective index as a biomarker of Key Words :Cotiriine, Coal-tar, 1-Hydroxypyrene, Polyriuclear 
airborne PAHs in workplace. But it was influenced by aromatic hydrocarbons 
non-occupational PAHs source, smoking. 
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Table 1. Number of workers sampled for airbor~ie PAHs in workplace, urine, and blood by the type of industries 

Industry Handhg material No. of 

plants 

No. of c s e  

h h m e  PAHs Urine 

Paints manufacture cod-tar paint 5 

Steel-pipe coating coal-tar enamel 2 

Total subjects 7 

Table 3. Analyzing conditions for airborne PAHs it1 workplace 
- - - - - - - -- - -= - - - -- -~ --- 

Parameter Analytical conditions 

Instmment 
Gas Chromatograph Agilent 6890Al5973 MSD 
Column HP-5MS (30.0 m X 250 ym X 0.25 pm) 

Operating Conditions 
Temperdm 

Injector 280 "C 
Oven 80 "C ( I .5 min) + 220 "C'(rarnp 20 lmin). hold 1 min - 290 "cramp 3 "Cnlin), hold 7 min 
Interface 280 'C 

Carrier gas Helium 0.5 mUmin 
Split ratio 10: 1 
Electron energy 70 eV 
Database for searching mass spectmm Wdey 138 Library 

Table 3. Analyzing conditions for the i~rinary I -0HP 
- -- - -  - -- - 

Parameter Andflcd conditions 

Instmment 

Column 

Mobile phase 

Wavelength 

HPLC. A a e n t  1 100 

YMC J'sphere ODS-H80,250 x 4.6 mn. 4 ,m 

A: acetonimle, B: d e i o d  water 

(0-  16min)A:35%B:65% 

(16 - 30 min) A: 80% B: 20% 

Ex 242 nm, Em 388 nm 

Iniect Volume 100 LLL 
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Fig. 1. Chromatograrn of 1 -hydroxypyrene by HPLC. 

Ill," 

Retention rime 

Fig. 2. Chrornatogram of cotinine by HPLC. (A) standard. (B) urine sample. 

Table 4. Analyzing conditions for tlie urinary cotinine 
a--. - -- _ -- ___ - _ I _  - _-- _ _ -  -_-- _-__I___ I__-- I __I__ 

Parameter Analyhcal conditions 
pppp-p 

instrument HPLC. Ag~lient 1 100 

Column C18, 150 x 4.6 mm, 3.5 pm 

Mobile phaqe A: acetonitrile 

R: 3 rnM I-decan-sulfonic acid. 20 rnM KKPO4 (pH 4.7) 

Wavelength 

Flow rdte 

Inject volume l(J)d- 



Table 5. General cliaracteristics of the study subjects by the type of industries 

Type of industries N Mean i SD Range p-values 

Age (yean) Paint manufacture 

Steel-pipe coating 

BMl (kglm') Paint manufacture 

Steel-pipe coating 

Work duration Paint manufacture 

(years) Steel-pipe coating 

Smolung (yes) Paint manufacture 

Steel-pipe coating 

Smoking amount' Paint manufacture 

(cigarettes/day) Steel-pipe coating 

Cotinine Paint manufacture 

(04 g creatinine) Steel-pipe coating 

Drin!ung (yes) Paint manufacture 

Steel-pipe coating 

Arithmetic mean * Arithmetic star~dard deviation 
tGconietric niran * Geometric standard deviatlori 
'Number of srnokers; \umber of drinkus 
'Calc~ ~lated by t-test 
Calculated by X-test 

"Amo~lnt of c~garette consuniptiori uritil sanipling time of i~riric for tlie survey ddy 

Table 6. Concentratiols on airborne PAHs according to the type of industries 

Type of industries N GM* GSD Range t p-values ' 

Paint. manufacture 

Steel-pipe coating 

GM: geonietric mean. 'CSD: georrietric standard deviation 
'~~rvalues: calculated by t-test 
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Table 7. Comparison with the mean concentrations on urinary 1 -0HP by age. BMI, work duration, smoking, and drinking 

unit : ~moVmol creatinine 

N GM GSD Range F pvalues' 

Age (yean) 
< 40 

40 1 

BMI (kg/m2) 

< 25 

25 I 

Work durdtion (years) 

< 10 

10 I 

Smoking 

Non-smokers 

Smoken 

Dnnking 

No 

Yes 

'GM: geometric mean, ' CSD: georrletric standard deviation 
'p-values: calculated by ANOVA test 

Table 8. Con- pari is on with the mean concentrations on ~~rinai-y 1 -0HP by the type of industries 

N GM* GSD Range t p-valuesi 

1 -0HP (pmoYmol creatinine) 

Paint manufacture 20 2.33 4.709 0.24-53.77 7.61 7 0.000 

Steel-pipe coating 24 5 1.63 3.144 7.35-664.95 

GM: geornetric mean, 'GSU: georrletric standard deviation 
'p-values: calccrlated by t-test 



" d g  g7qAJz)q qg qz 
51 29 7J3 "rgg611Aj g7qAJ 
314 gg,  BMI, ?**+, 9 9 
cotinine $54 -133%5% 41 9E 341 

EW9.q -f+q %FA] %%qp<0.05). 
354 o_l 0  t l L2  = 0-1Z7) 3)oj 

x F T ~ T L  T t l o  

71 32Wable5 ) .  

95% #,7] 9 PAHs 332%52 
Table64 Gq. 7&3 F T y $ q  332 
$52 526.5 k2.85 pg/rn%Aj 41 9E 
xj)E*q 17.5 k3.36 g/m'9.q 30U) 

6]AJ 

I )  qAJz)q %@"?Ad'r#, 
2 9% 'g 9 9 1-OHP g2%5 
924 9 9 1-OW 313% 

E7Fq tl]Z 442 Table 7 4  Gq .  -L 

q$g 3% 341 q51 9 5 
I-OHPq -1&i3$57) -f+q Z)7-)1 %% 
3, t*g+ 5 g  qo ,F  3s qz 2 
& = I b  1 LT 72q L 9 9 1awq 333 
$ 5 7 )  +-q%);F7-1 %%q. 9 g ' g ,  
B M I % , 2 + 9 + 3 ,  343 +Fq? 
\#, 9 9 1-OHF' 33$$~2 +qg 
46171 mq)-. 

95% 9 9 I-OHF' -1!3$5q -)) 
6 1 s  tl]jjIg 44, 7&$- 535!%6] 

5 1.63 ,mol/mol mathine OSq 41 9 E 

3413 q59.q 22q 6IAJ &%q 
(Table 8). 

2) 9 5 LQHP %;j=Eq gg$+a 
q '??%%A1 
9 9 1-OW $E2 a 7 1  5 pyrene 

$!G(I3.859, p=O.G03) $ PAHs $!% 

Lon P:Hr concentra t~on In alr 

Fig. 3. Scatter diagram between urinary 1 -0HP (pmolirnol creatinine) 
coricentration and total PAHs (pg/m) in air. 

Log pyrene concentration in ai l  

Fig. 4. Scatter diagram between urinary 1 -0HP (pmol/niol creatinirie) 
concentration and pyrene (pg/rn ) in air. 

(13.848, p=O.O00)~61] 3s AJ%+jq AJgAJ 61 9 g W a b l e  9). 
9.93, 9 5 cotinine (4.324, N.032) %7] 5 PAHs $5, pyrene $S 
$ 5  q J 9 . .  q 9 5 I-OW %5aq qqgq 
g g ,  BMI g t+*+q+ +qg 44, *q g-g q q ~ J 3 q s  3 



Table 9. Correlation c o e f  icient of urinary 1 -0HP with associated each variables 

Variables N Mean SD r pvalues 

Age (years)+ 44 43.8 8.7 0.266 0.08 1 

BMI (kdm')' 44 23.04 2.35 0.180 0.241 

Work duration (years) ' 44 12.14 9.54 0.104 0.503 

Total PAHs (,ugh )' 38 87.82 7.81 0.848 0.000 

Pyrene (,ug/ml)' 38 0.97 13.74 0.859 0.000 

Cotinine (pdg matinine)' 44 178.38 11.35 0.324 0.032 

Pearson's product moment correlation coefficient 
'Mean: arithmetic mean, SD: arithmetic standard deviatiori 
'Mean: geometric mean. SD: geonietric standard deviatiori 

Table 10. Stepwise rr~ultiple regression analysis of log (1 -OHPI against associated variables 

Variables B* SE b pvalue 

Intercept -1.015 0.210 

PAHs ' 0.852 0.092 0.798 

Cotinine 0.203 0.078 0.225 

R! 0.862 

adjusted R' 0.743 

F 50.721 (p=0.000) 

" B : regressiori coefficients. SE : standard error. B : standardized B 
+Log trarisforlned value 
Variables not in equatiori : Age, BMI, Alcohol drinkirig 

g Z ) % ~ l g .  3 - fig. 4). (PAHs, pyrene: 1 -OW: pmoVmol %%Table 10). 
Log ( I  -OW in urine) = 4.650 + 0.889 X &nine) 

Log (total PAHs in air) (F=8 1.757, R2=0.694, 9 % 1 -OW %Sq 61 4 @ $ 
n=38) 3 qeq 4 9 4  (stepwise 

v .  il z 
Log (I-OHP in urine) = 1.087 + 0.707 X multiple re~ssion analysis) 44, 9 5 

Log (pyrene in air), (F=89.469, R2=0.71?. 8-OWql q g l  %7] 5 PAHsq 9 5 %7] 5 PAHs k g Z 3 7 ) g  81 S 
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