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Biological Monitoring of Paint Handling Workers exposed to PAHs using Urinary 1-Hydroxypyrene

Jong-Seong Lee!

- Eun-A Kim . Yong-Hag Lee . Deog-Hwan Moon'

- Kwang-Jong Kim

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency +
'Institute of Industrial Medicine and Department of Occupational & Environmental Medicine, Paik Hospital,
Inje University

To investigate the exposure effect of polynuclear
aromatic hydrocarbons (PAHs), we measured airborne
total PAHs as an external dose, urinary 1-hydroxypyrene
(1-OHP) 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,
employment duration, smoking habit, and alcohol
consumption was obtained by a structured guestionnaire.
Airborne PAHs were analyzed by the gas chromatograph
with mass selective detector. Urinary 1-OHP levels
were analyzed by the high performance liquid
chromatograph with ultraviolet wavelength detector. For
statistical estimation, t-test, y'-test, analysis of variance,
correlation analysis, and regression analysis were
executed by SPSS/PC (Windows version 10). The mean
of environmental total PAHs was 87.8T7.81 pg/m". The
mean concentration (526.5+2.85 ug/m’) of workers in
steel-pipe coating industries using coal tar enamel was
the higher than that (17.5£3.36 pg/m’) of workers in

paint manufacture industries using coal tar paint. The
mean of urinary 1-OHP concentration (51.63=3.144 ¢
mol/mol creatinine) of workers in steel-pipe coating
industries was the higher than that (2.33£4.709 g
mol/mol creatinine) of workers in paint manufacture
industries. The mean of urinary 1-OHP concentration of
smokers was the higher than that of non—smokers. There
was significant correlation between the urinary
concentration of 1-OHP and the environmental
concentration of PAHs (r=0.848, 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 1-OHP in pg/g creatinine(Ci-ar) and
airborne concentration of PAHs (or pyrene) in pg/m’
(Cras or Cpyrene) is: Log (Cr-ow) = -0.650 + 0.889 X Log
{Cea), where R*=0.694 and n=38 for p<0.001. Log (Cr-u#)
= 1.087 + 0.707 % Log (Cpyrene), where R'=0.713 and
n=38 for p<0.001. From the results of stepwise multiple
regression analysis about 1-OHP, significant
independents were total PAHs and urinary cotinine
(adjusted R*=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




urinary 1-OHP was effective index as a biomarker of
airborne PAHs in workplace. But it was influenced by

non-occupational PAHs source, smoking.
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Table 1. Number of workers sampled for airborne PAHs in workplace, urine, and blood by the type of industries

Industry Handling material No. of No. of case
plants Airborne PAHs Urine
Paints manufacture coal-tar paint 5 20 20
Steel-pipe coating coal-tar enamel 2 18 24
Total subjects 7 38 44
Table 2. Analyzing conditions for airborne PAHs in workplace
Parameter Analytical conditions i
Instrument
Gas Chromatograph Agilent 6890A/5973 MSD
Column HP-5MS (30.0m X 250 gm X 0.25 pm)
Operating Conditions
Temperature
Injector 20T
Oven 80 C(1.5 min) — 220 C(ramp 20 ‘C/min), hold 1 min
— 290 C(ramp 3 C/min), hold 7 min
Interface 280C
Carrier gas Helium 0.5 mL/min
Split ratio 10:1
Electron energy T0eV
Database for searching mass spectrum Wiley 138 Library
Table 3. Analyzing conditions for the urinary 1-OHP
Parameter Analytical conditions o
Instrument HPLC, Agilient 1100
Column YMC I'sphere ODS-H&0, 250 x 4.6 mm. 4 zm
Mobile phase A: acetonitrile, B: deionized water
(0— 16 min) A: 35% B: 65%
(16 — 30 min) A: 80% B: 20%
Wavelength Ex 242 nm, Em 388 nm

Inject Volume

100 L
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Fig. 2. Chromatogram of cotinine by HPLC. (A) standard. (B) urine sample.

Table 4. Analyzing conditions for the urinary cotinine

Parameter

Instrument

Column

Mobile phase

Wavelength
Flow rate

Inject volume

Analytical conditions
HPLC. Agilient 1100
CI8, 150 x 46 mm, 35 zm

A: acetonitrile

B: 3 mM [-decan-sulfonic acid, 20 mM KH:PO: (pH 4.7)
A:B=10/90

260nm

1 mL/min
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Table 5. General characteristics of the study subjects by the type of industries

Type of industries N Mean L SD Range p-values
Age (years) Paint manufacture 20 389 T 8.67 22~54 0.000° 7
Steel-pipe coating 24 479 T 632 32~58
BMI (kg/m) Paint manufacture 20 219 T 1.775° 20.10~27.00 0.026'
Steel-pipe coating 24 2375 =* 2.560 19.00~29.30
Work duration Paint manufacture 20 74 T 702 0.1~19.38 0.002°
{years) Steel-pipe coating 24 16.1 + 9.67 (0.26~28.51
Smoking (yes)  Paint manufacture 0 14 B 0952
Steel-pipe coating 24 17
Smoking amount’  Paint manufacture 20 6.2 x 6.14 0~18 0495° .
(cigarettes/day)  Steel-pipe coating 24 N * 799 0~22
Cotinine Paint manufacture 20 69.8 T 861" 2 6~42526 0017
{18/ g creatinine)  Steel-pipe coating 24 390.1 =+ (.1’ 0.8~4364.8
Drinking (yes) Paint manufacture 20 18° 0.795
Steel-pipe coating 24 217
‘Arithmetic mean = Arithmetic standard deviation
TGeometric mean + Geometric standard deviation
"Number of smokers; \umber of drinkers
*Calculated by t-test
Calculated by ' -test
YAmount of cigarette consumption until sampling time of urine for the survey day
Table 6. Concentrations on airborne PAHs according to the type of industries
Type of industries N GM* GSD' Range t p-values*
Paints manufacture 20 175 336 26 ~ 1484 9.220 0.000
Steel-pipe coating 18 526.5 285 112.1 ~ 63113

CM: geometric mean, TGSD: geometric standard deviation

"p-values: calculated by t-test
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Table 7. Comparison with the mean concentrations on urinary 1-OHP by age, BMI, work duration, smoking, and drinking

unit ; zamol/mol creatinine

N GM GSD' Range F p-values®
Age (years)
< 40 12 1601 8.109 0.76 ~ 664.95 0218 0643
40 < 32 11.55 7.836 0.24 ~ 455.70
BMI (kg/m’)
<25 34 1069 8.52 0.24 ~ 664.95 0984 0327
25 < 10 07 527 0.62 ~ 21583
Work duration (years)
< 10 20 13.57 9413 0.51 ~ 664.95 0044 0835
10 < 24 11.89 6.823 0.24 ~ 100.68
Smoking
Non-smokers 13 428 8.53 0.24 ~ 830 55710 0021
Smokers 31 19.88 642 0.62 ~ 664.95
Drinking
No 5 445 12.33 024 ~31.85 1476 0.231
Yes 39 1443 7.25 043 ~ 664.95

‘GM: geometric mean,
"p-values: calculated by ANOVA test

"GSD: geometric standard deviation

Table 8. Comparison with the mean concentrations on urinary 1-OHP by the type of industries

N GM* GSD' Range t p-values’
1-OHP (zzamol/mol creatinine) :
Paint manufacture 20 233 4709 024-5377 7617 0.000
Steel-pipe coating 24 51.63 3144 7.35—664.95

GM: geometric mean, 'GSD: geometric standard deviation

Tp—values: calculated by t-test
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Table 9. Correlation coefficient of urinary 1-OHP with associated each variables
Variables N Mean SD r p-values
Age (years)' 44 438 8.7 0.266 0.081
BMI (kg/m’)' 44 23.4 235 0.180 0.241
Work duration (years)' 44 12.14 954 0.14 0.503
Total PAHs (ug/m)* 38 8782 7.81 0.848 0.000
Pyrene (1g/m')’ 38 097 13.74 0.859 0.000
Cotinine (/g creatinine)" 44 178.38 11.35 0.324 0032
" Pearson's product moment correlation coefficient
"Mean: arithmetic mean, SD: arithmetic standard deviation
"Mean: geometric mean, SD: geometric standard deviation
Table 10. Stepwise multiple regression analysis of log {1-OHP) against associated variables
Variables B* SE B p-value
Intercept -1.015 0.210 0.000
PAHs' 0.852 0.092 0.798 0.000
Cotinine' 0.203 0.078 0225 0014
R 0.862
adjusted R° 0.743
F 50.721 (p=0.000)
"B : regression coefficients, SE : standard error, 5 : standardized B
" og transformed value
Variables not in equation : Age, BMI, Alcohol drinking
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Log (1-OHP in urine) = 0.650 + 0.889 X  creatinine)
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n=39) 52 S ko) Uh2 3] A B A (stepwise L=
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