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Biological monitoring of miners exposed to diesel exhaust using urinary 1-hydroxypyrene
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Died vehidesare asgnificant source of fine carbon particle
emissions including polynuclear aromatic hydrocarbons
(PAHS). Urinary 1-hydroxypyrene (1-OHP) is firmly
edablished asaussful biomarker of PAHS uptake in human. To
investigate the exposure effect of PAHS in miners according to
using diesdl truck which was for transportation of ore, we
messured urinary 1-OHP as the PAHS exposure biomarker, and
andyzed the rdaionship between urinary 1-OHP concentration
and using diesdl truck. The study was performed on 118
workers (56 minersin factories using diesd truck, 62 minersin
factories non-using diesd truck) and 21 controls. Urine samples
were obtained a the end of hift on the survey day. There was
no significance in comparison with the mean concentrations on
urinary 1-OHP by age, BMI, work duration, smoking, drinking
and ventilation type. But significant difference were found

using diesel truck (p=0.000). The urinary 1-OHP mean
concentration on underground miners using diesd truck (0.54 ¢
mol/mol  cregtining) was higher than those of surface miners
using diesel truck (0.33 zmol/mol creatinine, p=0.028),
underground miners non-using diesdl truck (0.32 #mol/mal |
credtining, p=0.001) and controls (0.22 zmol/mal credtinine,
p=0.000). In comparison with using status diesdl truck, the
urinary 1-OHP mean concentration of underground miners
using diesd trucks was higher than those of other mine datus.
The sudy results would be beneficid to future environmental
and biologicd studies of PAHS exposure to diesdl exhaudt in
mines
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PAHsE= 3571, 3% 12|10 A7 5 st 7
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(intemdl dose)} 717393 SHhedlth effect) S HH 5= *ﬁgﬁm
BUH o] Fto] Wol o] ¥ Qltk B mEAR
F5 PAHsO] 234 7 pyrene?] &AW F fﬂ/\H}%OL 1-
hydroxypyrene(©] s} 1-OHP) 3} A3 A jell A F-7HA] FEj= &
Asl= benzo(@)pyrene®] w7t thAF:HE<] benzo(@)pyrene-diol-
epoxide”} A} o8- a1 QItH(Weistein, 1982; Shugart, 1965,
Jongeneden 5, 1990; Hummelen 5, 1993; Boogard<} Sittert,
1994; Farreira s, 1994; Pagtordli 5, 1999; Kwack 2} Les, 2000;
Scherer s, 2000).
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Table 1. General characteristics of surveyed factories
Groups* Factories NT Types of mining Us ?r%gll(esel Workplaces Ve?;lrl)gtslon
Total 139

I A 12 Iron ore Yes Underground Natural

I B 22 Lime stone Yes Underground Mechanical

I C 22 Lime stone Yes Surface Natural

m D 7 Mica No Underground Natural

m E 9 Lead/Zinc ore No Underground Natural

m F 17 Cod No Underground Mechanica

m G 29 Cod No Underground Mechanica

v Control 21 No Surface -

* [ . Using diesel truck at the underground workplace;
II. Using diesel truck at the surface workplace;
1. No using diesel truck at the underground workplace;
IV. Control

T Number of workers
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Table 2. Analyzing conditions for the urinary 1-OHP

o]3} BMI, kgm?) 2 ¥ 3kstgiTt.

2. & Z1-0HP SE&4

% 1-0HP 5% Jongeneden (1987)3} Kim 5(1999)
o) & A Aol Al A g sto] ARE-Slalt.

Zejold el ol AFH s = EA S wj7hA] -80 T
Hysiitt, AAEE] 7] 2ml &7]0] AW 600U E ¥
11, 2N sodium ecetate 9454 (pH 50) 60 L5 H7HeE § &3
33t A-glucuronidesesulfatase (Sigma-Aldrich, USA) 100,000
UimL 6 L5 H7Fskar WS 2pdket & 37 Col A 16437Hs
oF 7k R-a A Atk oAIEYED 1mLE #7}ske] 10%7F
G F 4 TAA L4 $2(10000% g, 108)3H3A Tt 42
ol S HHgto] o) 3 FukE 78 3 (high performance
chromatograph, HPLC, Agilent 1100, Agilent A}, USA)ol] 529 &t
T Tdle2d] =107 EAsIGIh AR A4S MfEE A
ads #HAaghslr] 98 279 1-0HP (Janssen, Belgium) =
o] gsto] ZF H7PH & AHgsllon Alsel wdT
HoR A - Al LOHP s oW F

Parameters Analytica conditions
Instrument HPLC, Agilient 1100
Column YMC Jsphere ODS-H80, 250 x 4.6 mm, 4 4m
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 Volumn 100 (L
LU
ol
400 [‘
m - }
20 1
wil / & g
] W/ __/.,\ S 2ngnthol & Lhydroxypyrene
07 — TN A
I5 1IO 1|5 éO 2'5 25' min

Fig. 1. Chromatogram of 1-hydroxypyrene by HPLC.
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575 22 = SPSYPC (datistical package for sodid sience:
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Table 3. General characteristics of the study subject
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) A2}k R0 Ho| w2 ol LrjAbae] BMI, S0 5
it FAF U FF01 ol Aol gl o vole
)AL v AR FAko] 454 24 T2 AT ol 13
Eokom, LH7INE YA vARE: Fato] ARG A
BT} E9THp<005) (Tadle 3). AFQ 7 Lo o) 2571712
7}7} 3544 ~5394] 9} 261 ~1361 0] Q1 Th A} 1-OHP
=7 b 20k 3L BAIAH (T AR EkS A8l A

Using diesel truck Non-using diesdl truck Control

Number of workers 56 62 21
Age(years)* 400+ 88 445174 3%4+68
Work duration (years* 49 = 37 109+t74 -

BMI (kg/nre)* " 234+32 241+ 28 237129
Smoking gaus

Smokers(%)* 39 (69.6%) 49 (79.0%) 14 (66.7%)
(Smoking amount)* * (150£70 (169 £ 57) (159 * 64)
Drinkers (%) 44 (786%) 48 (77.5%) 19 (90.5%)

* Arithmetic mean = Arithmetic standard deviation
* Body mass index: weight (kg) / height (m)*

¥ Number of smokers and drinkers (percentile, %)

¥ Amount of cigarette consumption per day

Table 4. Comparison with age, work duration, and urinary 1-OHP according to the factories

Factories N Age (years) Work duration (years) 1-OHP (mal/moal cregtining)

Mean* SD Mean SD GM* GSD

A 12 395 117 46 28 041 147

B 2 372 79 31 24 063 191

C 2 431 6.9 6.9 43 033 249

D 7 539 59 90 54 037 181

E 9 437 90 26 48 042 19

F 17 428 6.0 136 6.7 037 183

G 2 436 6.5 126 72 027 155
Control 21 B4 6.8 - 022 171

p=0.000" p=0.000 p=0.000

* Mean: arithmetic mean SD: arithmetic standard deviation
T GM: geometric mean, GSD: geometric standard deviation,
" p-values: calculated by ANOVA test
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sh2rd ) ©. 2 4 063 mol/mal creatinineo] a7, 71 B oJ3FS HH=2 2 17|93 o) Axek AFLol R g RG]
o 3 T 2 022 imol/imal credinine®] % th(Table ). o] H) w3t tHTales). AT Jhd R o) BMI, F¢io]
9§70 e] THE LOHP Hiz 5w Aol Sk 4

Aol Ast 7Rl Fat T v AR AR R B A

2. &8 31-OHP Sz Hli Al 87148 Aesa g PAbe] LOHP S 063
1) AR Ao Bl ANk 5/ v mol/mol creatinine £ 4 A E7]%41 9] 0.41 zmol/mol
2 T LOHP s =7k Aol dake] dnts 574l o) cregtinine KU} =9k 0 LHp=0047), T] A 1A} BATo] A=

Table 5. Comparison with the mean concentrations on urinary 1-OHP by age, BMI, work duration, smoking,
drinking, and ventilation

Using diesel truck Non-using diesdl truck Control
N GM* GSD pvdue' N GM GSD  pvdue' N GM GSD pvdue

Agfgyoeas) 24 052 201 020 19 030 18 0518 14 02 179 0997
2 040 25 B 0B 17 7 021 162

<

B'Vl'z(gg/ Mg oer 229 03m M 03 18 0172 14 023 18 0538
13 037 168 21 028 16l 7 019 14

25 <

Work duration

(yef;‘) 20 058 202 0045 5 036 166 0414 -
% 038 217 17 03l 180 i

5<

S N'Om" 9 S e 702 219 o7 13 03 178 084 7 017 15 0210
9 045 217 0 02 177 14 024 176

Smokers

Dr'lil";'”g 1 033 229 0169 14 031 155 078 2 018 125 0656

" 4 048 213 B8 0 18 19 02 17

S

Valllt‘g'rgmype 12 04l 147 0047 16 040 18  00%0 ;

i 2 08 191 % 00 171 )

* GM: geometric mean, GSD: geometric standard deviation, Unit: #mol/mol creatinine
" p-value: calculated by t-test
* Only underground workplace

Table 6. Urinary 1-OHP concentrations on according to workplace status

Using diesel truck ~ Workplaces N GM* GSD pvaluesd diference!
I il I\
[.Yes undeground A 054 182 0028 0001 0.000
II.Yes Surface 2 033 249 1000 0202
1II.No underground 62 032 176 0075
IV. Control - 21 022 171

F=0682  (p=0.000)

* GM: geometric mean, GSD: geometric standard deviation, unit: #mol/mol creatinine
" p-values: calculated by ANOVA (Bonferroni) test
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Fig 2. Composition of urinary 1-OHP
concentrations by using diesel truck. Using diesel
truck, 0.44 zmol/mol creatinine (N=56); Non-diesel
truck, 0.32 /mol/mol creatinine (N=62); Control,
0.22 xmol/mol creatinine (N=21). There was a
significant difference among the miners using
diesel truck (p=0.000).

71 o whE o9t 2kol= §121tH(p=0.090).

2) T A ARg-o] - 9l 291720 vl

AR ARG} o] WE AW 5 1OHP s - v
ApeF ALEFAko] 044 mol/mol creatinine©. 24 PALE
AFe] 0.32 gmol/mol creatinine W ] Z12] 0.22 #mol/mol
credinine 5.0} 2] 31| 253k tHp=0.000) (Figure2).

AAFAERE MFate] vlwst A3} o AxEFS A}
= 7% A5t 1-0HP 5% += 054 smal/moal cregtinine®.
24 A4 =234k 0.33 imol/mal creatinine. T -] 31|
FUTHP=0028). =5t #|3t2] 2k4) ol A ut T AAfeE-S A
&otA of B2 £W F LOHP s 27t 032 4
mol/mol cregtinine (p=0.001) ©. 2 A| AR&-3FA+H.T} 2] 81
SEXTHp=0000). $HH, ]S Aok A3e]
Ak OAREF v A AlekgdAat W AREA g 2T ) 72

& 2ol 2 UER)A) QktTH(Tabies).
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do] Eotrjo|git), ® = FAF ZEAFO F7
PAHs =E3 715 98] tAAES o]gsto] Fas
Sk A AAA0 L2AE O R pyrened] tiAMER

o 27 F % PAHsY pyrene H5 7hol| 93 AMaA
(r=088)0] EA|FHTIaL 3}ATt. B3 Buchet 51992 4
% 1-OHP:= pyrene (=067) 558} 371 & PAHs(=0.72) &
I ZRO] A 1, o] $A (2005 A T 1-OHP Bt
T pyrene (r=0.859) 5%} 37| & PAHs(r=0848) 5% 7+
of & Aol EAtia 3T Ny 5(1993)2 Tt
A PAHS7} pyrene} 2+ A 20 diAP | AE ZHETHE 38
718} 9 T BE S5 AE2E ks PAHSY) Al =&
A% ARZAM W F 1OHPS S4at= Zlo] 37] &
PAHs 2o} a¥}4]o)v PAHsYE T E A o] e &
ATk ARSI wWekA] B AFe X = ¥ F
PAHS?| mE e F7Fe] Sle) &1 & LOHPE o] 8-}
%t

A7) AW AFHE AGAA 29 A E ASlo] TR
¥ 3 A3 8k =), Brzemicki 5(1997)S AFe] AW F 1-
OHP R717F 33t 98MRkol=hil st or] e 295
T =29 wdF dFo] ojFojHta §49la,
Ruzgyte 5-(2006)2] 4|55 o]-&-gt v A Aol A pyrene
& UFAL 39S ) 17 vl oJst W) 7E 41413
(Sprague-Dawley rets) 7} 5,14 THWidtar rats)o] 2} 3ttt o] 7
e yEfshd, & ATl AR Alse AF LY 9 AIRE
of w2 P ¢S Ao R wkynh T2y Bouchad
5(2002)2 A=) 57-9] 1-0HP ¥H71 71 2654 7ko)2kal 3
1, Lu 5 (2002) & 798 2 Ao A 1-0HPS] HH
717} 18671 7to| g astSithe s sk, YAt
w2} 1-OHP7L F4E 7hsAdo] olvks RS Wit u
2 F & olgfel g vt ABAF 2o uhE 1-
OHP 5 5=0] W3lE ZAFslaL 7k ot T8 29fF8R Al
Aol A EE AFstofokeh=A] o] -5 AL H 27} 9
=

2 AFeM = AR ARSRAE FEAHES] 1-0HPE
(044 pmal/mal cregtining)= T AA}RF w|ARE FATEA)
(0.32 mol/mol credtining) 2! AFF2] o Z74(0.22 mol/mol
creatining 2T} 0] 5HA] =9kTh A AAE Efste] At
& TR A, HAAES AHske BAtolgt et
25178 263 AFe] 1-0HPE% 054 mol/mol cregtinine= 7
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OHP 3 5 = 0.745 imol/mal creatininel. th= Wk

il 4 7] ofli= 400 ™ 50001 2] 7k &4 7} 35000759
AR o] EAH o] & Ak =kt 27]5= 400~500
mg¥} 0.1~1.0 ym (37 0.25 ym) 2 Lolt}. 53] Tl 3t 7iH]
2:0] QI A} B4 Fof| = 03~05 1] pyrened} 3| Wb
PAHS7} 0.1~0.25 go] EA)5}17] Wio] A¥ Z 1-0HP £ &
o JFs T 22 T shuprt o)tk gl gk sl <]
57 A(main stream) | = pyrene©] 0.3~05 g0 T+ 1312
] WM PAHSE 0.1-0.25 go] 31+ o] 3 th(Hoffmann}
Hoffmann, 1997). Burgaz 5-(1992)& =% & Ao & 31 o
Tol|A FAo] F7Hskel et AW F 1-OHP =7} 57t
Bhar aFl e B Ao s RE A ko A Sddoi gt
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ZEAZY] AW F 1-0HP 5= o] 98 93-S Kol
A 9k A o7 Holt), o] 3k Aup= o)W Folo
W7} AEZ2AE Fall Qoixl7] wlitel AAl S
Folol oot o ge FH-3) thdahA] Ea13id A
SHoE Lu 5(200202 543} A F 1-OHP 5= 71of]
Ao] 1givkar 3491 a1, Caraballo 5(2001)2 A4 i3}
7F 1A A 7k B o] #ek Ao YRl &
Aol JEFS A= FAFH L IS E o2 A IF
S Wty St weEka] S 3
A= W F ootinine} 12 A SAA E 52 FAl
A ste] o] g8 F 2 7k 3l

OAzEF AFE-FAE 5 51 w|TE 22212 AW F 1-0HP
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mol/mol cregtinine .t} 12317 =2 71 0.2 YEhki=d), o
28t o) AW F LOHP 5 =7t 7Hd =3k d 34k B2 3
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a1 9= AR A0 AW 3 1-OHP= 0.63 #zmol/mol
creatinine® 2 2kl 7S A8 334k] 041 pmol/mol
cregtinine .U} 379k O LH(p=0.047), U A} ARG Ak A
= 734 874 o] 030 smol/moal creatinine] ¢ 1 A4 317]
v} o] 040 mol/mol creatinine® 2 £-2] 3t 2}o] & Ho| A=
ook}, ol st A b U A ARE-gARe] 79 3]
W32 77 1) 20190 7] wlioll F12-3] 37w S kg 8]
A S3QAY H15 A S-S AEEka Qe A BkE
FUA O E YAALEAD Y wjEFo] 29 T 7] W
o & % 37| 5 PAHs =24 719} e JaFase] djgh =
A7FE Q81T

L-OHP g5 Aol dabz o] ks 5493t f2J 3t 2jo)
= UERA) ks, YA ARgA T EAF 53] 4|81
Abe) 2R Aol 4 F L-OHP o) £3E H 0 B
HARE ARGt TRARE ] A A el o 3
PAHSOl =531 Q1 A0 2 HRlth T2t o)l A
AR A b Aske] 7k Afoly] e o] 4]
oA = Al flsiMe FF 271 T PRl T
o e EG 7tk WA A FAA me 2 21 1LOHPS
]

= 7 AR o E YA A AR AL 56
8, HIARS G EAR 6278 B AR tlE 217 5 5 139
S U oE A9o] FRE F 4WS AF skl 1-0HPE:
248 &, AR AREgARE 2 A AW 1
HP-5 =5 H] 2 3t A 7= th 2} e
L oA ARGl o), FA, 558 1-0HPS] 4t
FEE Aol 7k §lalth

2. T A AFE FAE 2212 1-0HP 3 5 5(0.44 1
mol/mol credining) 4] T Ak w]ARE: G EAH0.32 ¢
mol/mol creatining) 2@ th %+%(0.22 zmol/mol creatining) 5.t}
] 5HA| 3= SEtHp=0.000).

3 O AN AREFAL 5 A S8l 9] Bkt = ARe] 1-0HP
3315 52(054 mol/moal credtining) = t] A} 2R AFR-51= A
AF) 12 BAF 2 2H0.33 pmolimol creatining), T] A} 1]
AHE A 3}gARE 2 2H0.32 smol/imol creatining), 2 T %7022
rmol/mol crestining) 2.0} 12 31| 35 $FTHp=0.000).
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