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Composition of air polycyclic aromatic hydrocarbons in automobile emission inspection offices

and a waste incinerating company and urinary 1-hydroxypyrene and 2-naphthol
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The composition of air polycyclic aromatic hydrocarbons
(PAHs) and the wurinary 1-hydroxypyrene(1-OHP) and
2-naphthol were compared among workers in automobile
emission inspection offices(AO) and a waste incinerating
company(WI).

Forty-nine workers from three AO, 26 workers from a WI,
and 82 matched unexposed healthy subjects were enrolled
in the study. PAHs in air were sampled and analyzed
according to a NIOSH method 5515. Urinary 1-OHP and
2-naphthol were analyzed according to the method
developed by Kim et al.

The air concentrations of total PAHs in AO and a WI were
1884.3511662.29 and 6066.21=4011.41ng/m3, respectively.
The main constituents of air PAHs were naphthalene
(1753.94£1635.22ng/m), acenaphthylene(39.58 =55.08ng/m’),
fluorene(15.91+9.68ng/m’), benzolgh,ilperylene(18.06£23.62
ng/m’) in AO and naphthalene(5054.80£3721.23ng/m’), ace-
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naphthylene(202.39%+157.06ng/m’),  acenaphthene(117.94 £
60.35ng/m’), phenanthrene(222.501131.36ng/m’), in a WI. The
mean values of 1-OHP in AO workers, WI workers and
control subjects were 0.298%0.212, 0.531£0.427, and
0.061£0.094 umol/mol creatinine, respectively. The mean
values of 2-naphthol 5.896£4.683, 8.947£5.931, and 1.924
+3.441 umol/mol creatinine, respectively. The urinary 2-
naphthol was increased by smoking and eating roasted meat.
The correlation coefficient between urinary 2-naphthol and
air naphthalene was 0.43 (p=0.057).

The concentration of total PAHs and carcinogenic PAHs
was higher in a WI than in AO. 2-naphthol could be a more
useful exposure marker than 1-OHP in low PAHs exposure.

1-hydroxy-
pyrene, 2-naphthol, automobile  emission
inspection office, waste incinerating company
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Table 1. Composition of polycyclic hydrocarbons in the air of automobile emission inspection offices

Compounds Concentrations (ng/m)" Relative amounts (%)
Number of samples 49
Naphthalene 1753.94+1635.22 88.78+14.12
Acenaphthylene 39.58+55.08 2.89+4.76
Acenaphthene 9.74£9.78 0.74£1.32
Fluorene 15.9149.68 1.39+1.86
Phenanthrene 15.48+12.02 1.31+1.79
Anthracene 0.11£0.74 0.01£0.04
Fluoranthene 4.34+4.93 0.38+0.68
Pyrene 5.4143.26 0.47+0.47
Benzo[a]anthracene 1.98+4.44 0.14+0.31
Chrysene 1.43£1.54 0.12£0.18
Benzo[b]fluoranthene 2.69+2.23 0.24£0.27
Benzo[k]fluoranthene 1.07+1.11 0.09+0.11
Benzo[a]pyrene 6.75£7.90 0.99+2.86
Indeno[1,2,3-cd]pyrene 0.06+0.26 0.01£0.03
Dibenz[a,hJanthracene 7.79+17.88 0.75£2.27
Benzo[g,h,i]perylene 18.06+23.62 1.69£3.05
Total 1884.35£1662.29 100.00
1) Mean£S.D.
(selected ion monitoring) YR = Aot ZEAHARROA WHAE FQ93%F PAHsT  2A Growpd] AF- Wi7|I7FAolM = 1.89

A3k,

HFAEE PAHs %29(1,000 ppm
in methylene chloride, Supelco, USA)S &
AREE 3Mste] ARGl EA =
212 naphthalene, acenaphthylene, acena-
phthene, fluorene, phenanthrene, anthracene,
fluoranthene, pyrene, benzo[a]anthracene,
Chrysene,  benzo[b]fluoranthene,  benzo
[k]fluoranthene, benzo[a]pyrene, benzo[g,h,i]
perylene, dibez[a,hJanthracene, indeno[1,2,3

-cd]pyrene ] 16501t

nE AR

50 A 9 FAREAE SAS
8.1 BAIZZ 1S ARSSIGITE Al 1E
9% 1-OHP¥} 2-naphthol @] H+ats
H|w3l7] $J8] ANOVA %! Duncan 4]
= ARt Al % Bae vlasigic
gt FAxksel vlgAzte] Aols 1
A3t ttestE ARS-3H Bl wSISITE

do |

I A2}

1652] PAHs 3}3+e% 7]

naphthalene(1753.94+1635.22ng/m’), acena-
phthylene(39.58+55.08ng/m’), fluorene(15.91
19.68ng/m’), phenanthrene(15.48+ 12.02ng/
m’), benzo[g,h,i]perylene(18.06+ 23.62ng/m)
A, A 1884.35£1662.29ng/m'S] PAHs
7} S T Table 1).

2ZPgol A 2 PAHs=
naphthalene(5054.80+£3721.23ng/m’), acena-
phthylene(202.39+157.06ng/m),
thene(117.94460.35ng/m’),
(222.50+£131.36ng/m’),  benzo[a]anthracene
(114.88+145.39ng/m) == A 6066.21+
4011.42ng/m'o] ek HA| PAHs & 4
Zige] Wpks BARE W Hkn
(Table 2), 7155 PAHs®] L& 3] 7}
2 3khEE0]9]10 53] naphthalene
o] 83~93 %] Hl&= Aok FoE
o]tk Table 13} 2).

a2l W77k AR 2
2] phenanthrene®] 1} benzo[a]anthracene
o] & HIEE WHgon TP =4
o] 78t benzo[a]pyrene®] 75 wi7]7kA
AR Y2 HIE(0.99 % vs 0.24 %)
Z A ARCEA 2573 W
of we} ek At webrksdo] w2

acenaph-
phenanthrene

+4.16 %1 Whde] AZPgolM= 538
+787 %A T2 HIEE e 1
< Benzo[aJanthracene©| =274 &40]
ATHTable 3).

AR W7k NS ) 271 2
AE 283 gizrtellA 8% 1-0HPS)
2-naphthol-& w23+ A3} 7|7}~ AA}
A 27 ZEARECAA 549
1-OHPE] &2 7}7] 0.298+0.212 zzmol/mol
creatinine @} 0.531£0.427 pmol/mol creati-
nine &2 7P A] oF 184l =A 57
o] E3IT} (Table 4). thshd thz:ol
0.061+0.094 zmol/mol creatinine 1-OHPSF
o B e o et E SullellA] 9ufel
O|Z& &2 9 1-0HPE HoFl 9)
ek w717k ARG A7V SRAL
oM 4017 2-naphthol ¢ FEE= 7t
7} 5.896+4.683 pmol/mol creatinine 2}
8.94745.931  pmol/mol  creatinine O.=
1-OHP S} o] ZAzPgoll M 154 32 1
7 HEo] Holor el thxe
2-naphth019] 1.924+3.441 pmol/mol crea-
tinine®] H|SF]  3~4.68fe] o]+
2-naphthol &] %5 RT3 TH(Table 4).
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Table 2. Composition of polycyclic hydrocarbons in the air of weste incineration company

Compounds Concentrations (ng/m)” Relative amount (%)
Number of samples 6

Naphthalene 5054.80+3721.23 79.79+8.27
Acenaphthylene 202.39£157.06 2.96+0.99
Acenaphthene 117.94+60.35 2.3741.19
Fluorene 99.10+84.68 1.62+0.50
Phenanthrene 222.50+131.36 3.96+1.39
Anthracene 23.08+13.42 0.40£0.12
Fluoranthene 53.65+53.17 0.91+0.78
Pyrene 54.54+53.76 0.93+0.78
Benzo[a]anthracene 114.88+145.39 5.11+8.06
Chrysene 24.82+42.99 0.40+0.68
Benzo[b]fluoranthene 30.46+52.75 0.49+0.84
Benzo[k]fluoranthene 10.19£9.19 0.14+0.14
Benzo[a]pyrene 15.27£26.46 0.24+0.42
Indeno[1,2,3-cd]pyrene 17.20+29.79 0.27£0.47
Dibenz[a,hJanthracene trace trace

Benzo[g,h,i]perylene 25.384+43.96 0.40+0.70

Total 6066.21+4011.42 100.00
1) MeantS.D.

Table 3. Compoasition of palvevelic hydrocarbons by IARC classification in the automobile emission inspection offices and the waste

incineration company

Relative amount (%)

Automobile emission inspection offices (n=46)

Waste incineration company (n=26)

Group 2A
Group 2B
Group 3
Others

1.88+4.16
3.41+4.50
2.30£2.59
92.41+9.77

5.35¢7.87
2.65£1.17
60.88+4.12
85.1248.23

Group 2A : Probably carcinogenic to humans (benzo[a]anthracene, benzo[a]pyrene, dibenz[a,h]anthracene)

Group 2B : Possibly carcinogenic to humans (fluorene, benzo[b]fluoranthene, benzo[k]fluoranthene, indeno [1,2,3-cd]pyrene)
Group 3 : Unclassifiable as to carcinogenicity to humans (phenanthrene, anthracene, fluoranthene, pyrene, chrysene, benzo[g,h,i]perylene)
Other : Not included to groups (naphthalene, acenaphthylene, acenaphthene)

& 717k AR SO I e Tl
| oAM= &7t A Wb od &
7Pg ZEAA Qo= FAR] ¢
| 5AAE 28] HEO] =2 1-0HPE
Stk WhHol| 2-naphthol &) -9 Al T
B FAAp vlEdztel w8 A4

2 52 FAE Bt Table 4). 2 ++
AzLe] A Hat FAYE A
A 11.57+11.04 743, w§717k~ 7
A 6671793 ¥ IElal diE
7.67£7.56 & A7 L2217} 1)
A = o FAFES ol Il

(Table 4).
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[g,h,i]perylene, benzo[b]fluoranthene, indeno
[1,2,3-cd]pyrene, benzo[a]pyrene, fluoran-

thene 52 °]%13l, Benner 5(1989)°]
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Table 4. Mean values of 1-hvdroxvovrene(1-OHP) and 2-naphthal in automobile emission inspection workers, waste incineration

workers and control subjects

Automobile emission

Waste incineration

inspection workers workers Control
No. of samples 49 26 82
1-OHP AM+£ASD 0.298+0.212° 0.531£0.427" 0.061+0.094"°
(u ol/mol creatinine) (Range) (0.000 - 1.012) (0.127 - 1.485) (0.000 - 0.663)
Total GM=GSD 0.232+0.003 0.405+0.002 0.034+0.003
2-Naphthol” AM£ASD 5.896+4.683"¢ 8.94745.931% 1.924+3.441*"
(n ol/mol creatinine) (Range) (0.846 - 20.883) (0.000 - 23.222) (0.000 - 17.794)
GM+GSD 4.208+0.002 7.484+0.002 0.236+0.023
No. of samples 25 17 30
1-OHP AM#ASD 0.283+0.194"¢ *0.655+0.478" 0.043£0.038""
(u ol/mol creatinine) (Range) (0.001 - 0.742) (0.127 - 1.4895) (0.000 - 0.142)
GM=GSD 0.205+0.003 0.494+0.002 0.026+0.003
Smoker 2-Naphthol” AM+ASD 7.657+5.140" 10.982+6.296™ 3.217+4.687%
( ol/mol creatinine) (Range) (0.979 - 20.833) (0.000 - 23.222) (0.000 - 17.794)
GM=GSD 5.790+0.02 4.856+0.006 0.572+0.018
Cigarette per day 6.670+7.930 11.570+11.040 7.670+7.560
No. of samples 24 9 52
1-OHP AM+£ASD 0.313+0.233° *0.282+0.069° 0.071+0.114*°
( ol/mol creatinine) (Range) (0.000 - 1.012) (0.156 - 0.385) (0.000 - 0.663)
Non- GM=GSD 0.266+0.002 0.273+0.001 0.040+0.002
smoker .
2-Naphthol AM=ASD 4.135+3.463" 5.89443.928"¢ 1.189+2.209*°
(n ol/mol creatinine) (Range) (0.846 - 14.186) (1.191 - 11.689) (0.000 - 17.794)
GM=GSD 3.058+0.002 4.465+0.002 0.142+0.024

* O O ®

* Significantly different with automobile emission inspection workers by Duncan test and ANOVA (p<0.0001)

* Significantly different with waste incineration workers by Duncan test and ANOVA (p<0.0001)
* Significantly different with control by Duncan test and ANOVA (p<0.0001)
> Significantly different between smokers and non-smokers in waste incineration workers by t-test

**  Significantly different between smokers and non-smokers in Automobile emission inspection workers and Waste incineration workers and Control by t-test

P B Qo] 1A B el 2R
A3} pyrene, 13-, 2,10-, 3,9-, and 3,10-
dimethyphenanthrene, fluoranthene, cyclo-
penta[cd]pyrene 5-2] =°]{t}. Brown &
(1996)°] T SHFE AR A=
phenanthrene, pyrene, fluoranthene, benzo[c]
phenanthrene,  benzo[b]napthol[1,2-d]-thio-
phene ¢ oIt Baek®} Perry
(1996)7} A3} o 50l dd A5 =
ARt AdfellA= benzo[gh,ilperylene,
coronene, benzo[elpyrene, benzo[b]fluoran-
thene, benzo[b]fluoranthene, benzo[a]pyrene
8 = o= yeht 2Ak] whE B A
o7} Q58 RT3t Perico 5{(2001)
o] oJekgjo} Lz AlMoA] AR A=

pyrene, benzo[g,h,iJperylene, chrysene®] =
°JAH.

= A7) 7|7k ZARS: PAHS T
dT ZAIA= naphthalene, acenaph-
thylene,  benzo[g,h,i]perylene,  fluorene,
phenanthrene 59| 0% YER} thE A
TE EE Holx| Q=
naphthalene, acenaphthylene 5©] &<
X2 KT (Table 1). 7L o= THE 4
TES W77 7] SollM 8=
#gell A 421 naphthalene,
acenaphthylene “s©| 3 %|7] A=Ak
o] Aol i w7 )7k ZARAeA]
AEE TRV vl S B4E
o] ol ¥H7] Wil Ao A7

HsT 2
—XE

gk ST w77k IS R
ZAFSE Schauer  5(2002)9]  AollA,
PAHs & th7]5ollA vl 7t =
< phenanthrene®]] H]3l| naphthalene> 46
Hl|, acenaphthylene-> 1.74l] =7 ¥l&5| %]
t}. benzo[gh,iJperylene, fluorene o 3|
W H|7]7k20 4= phenanthrene®]] H]
3l W FolARk o] AgelME Y =
& ARHIE Bolal itk oA Abs
AF ZAEel ST ARkl K A
B, S A Foll met wiE7tAl] 1A
a7Fgebd = 9lan, v Ak 5 o
T Aol U] Wl ew A
Ztsit},

27Pgel A wAek= PAHs T8
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Table 5. Change of 1-hydroxypyrene(1-OHP) and 2-naphthol in the urine of control subjects after eating grilled or smoked meats

1-OHP
(#mol/mol creatinine)

2-naphthol
(#mol/mol creatinine)

Total (n=82)

< 4hrs (n=14) 0.04+0.03 2.56+3.82
< 24hrs (n=18) 0.08+0.14 1.69+3.79
< 72 hrs (n=24) 0.05+0.04 1.60+2.63
one week ago (n=16) 0.07£0.12 1.23+1.47
two weeks ago (n=10) 0.08+0.10 4.2246.80
smoker (n=30)

< 4hrs (n=3) 0.04+0.01 3.8745.11
< 24hrs (n=9) 0.05+0.03 3.0945.29
< 72 hrs (n=7) 0.05+0.04 2.69+3.66
one week ago (n=5) 0.04+0.05 2.29+2.03
two weeks ago (n=6) 0.05+0.06 5.8148.16
non-smoker (n=52)

< 4hrs (n=11) 0.04+0.02 2.3143.81
< 24hrs (n=9) 0.12+£0.21 0.44+0.39
< 72 hrs (n=17) 0.05+0.04 1.15£2.05
one week ago (n=11) 0.09£0.14 0.74+0.87
two weeks ago (n=4) 0.08+0.01 0.95+0.81

& &7 240 w} tEA 3E2 0
= naphthalene, acenaphthylene 5©] 7}
=7 "HAUSkAL,  acenaphthene, fluorene,

phenanthrene, benzo[e]pyrene &°] &7 =

Ao wet hEAGE =AY KL
s, 2001). +# <A75l|A= naphthalene,
acenaphthylene,  phenanthrene,  benzo[a]
anthracene 52| A TAEH O] FARSH
AE BT Table 2).

PAHs Toll= 2ol 2l | 54=
o] Q1OT(IARC, 1983), IARCY] oM

ol ™l Group 2A(probably carci-
nogenic to humans)®] &dh= =450
benzo[a]anthracene, benzo[a]pyrene, dibenz
[a,h]anthracene 5©]™, Group 2B(possibly
o EHES
benzo[k]
fluoranthene, indeno[1,2,3-cd]pyrene ]
o} ol oMy BAEL indeno [1,2,3-
cdjpyrene 2 A 9|8l vl717MA AR
BT} 27 o] Eo| W v (Table
1, 2), A4 PAHs & Mg =4o] 2]
Sk 1SS 7Pl o =0T Table 3).

SevEt ti7] 5 Group 2A SH3k=2)
SEE 043~84mgm o2 4]

O -1

carcinogenic to humans)®f <

fluorene,  benzo[b]fluoranthene,

EIZARLE el S SRR 4 o e 7 o
9 FEETR= R WU Al
S HITHEE 5, 1998). LA 1]
t71% PAHs 9] 5% Whie] Atz A
Aol 2lol5 HolFaL Q=] w3 As
] di71% PAHs 57t ¢35, 7Hell 1]
glo] Ags] EA Uehton o]Fe]
Group 2A°] %3t 371<] PAHs 3}3HEE<!
benzo[a]pyrene, benzo[a]anthracene, dibenz
[a,h]anthracene$] &> 9.5~78.Ing/m' =
et $elel olug B3, w)vh
2 HAART =& 70|t Ollivon
5, 2002).

PAHs®] A=8H] HUHHS 2A

(parent)”} 5= PAHs 7I7=49] tiil=

AL aFolX S48 & PAHsE T
F Q= o B T o)) ik
A& o] &3 XLJE A= el 1o
n 9Z0] Toimo] GATEHN S
ojge] EAE ks WHo] ltt
(Clonfero 5, 1995). T8t % o] tf

St AAAEEA immuno assay, enzyme
linked immunosorbent assay(ELISA),
Zge Ayl DNA

2ATHVan

postlabelling=
adduct W o] olgyy

Schooten &, 1995). w=ZH7}2A o]
AHEERE 21 PAHs ] tAHEAS o] &
st Q% 1-OHP¥} 2-naphthol ‘5o|th
(Jongeneelen, 1997; Kim 5, 1999).
w717k AR 9 AP SEARES
Q% 1-OHP¥} 2-naphthol &= Uzl
Hla) FAACE FH =& FAE
Helom, o]d Aol FA 1}9} Hl5ed
A WrolE tixtd E e Aleld|
518t 2107} Q) ATK Table 4). 1311/} Q
% 1-OHPE "k = Jl= ¥ &
pyrene 159 =432 A= FA
Ao 7 o8k EAThp> 0.5). Zhao &
(1992 )S 371 % pyrene?} 25 1-0HPY)]
& AR A3 FAAIETE 0.659)
o*%“é% HYom o]FA 5(1997)
Hﬁﬂr 1-OHPS}2] 7
JﬂL/ﬂ o wol

rlo rL

w7
A

ML rlo HiF o
ﬁf

o,
o

Zhao 5{(1992)°
Tl HlE i o ‘%%71 HH—ErOlE}ﬂ
*§7 Feitk 98] Aol ¥7] % pyrene
FE Pg/im e9ld] R, Zhao &
=

(1992)9] S1ollA= 400 pgm7HA|9] 3=

,Lﬂ
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=
mor_ml_o
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O]
oot
UL
o o
=
RS

2E HOJFA] At w717k AR
= HFAR 23S dPdo s S
AR Ayt BAHCZ on) 9l AT
AL BT =043, p=0.057). &1x}9
749 371 % naphthalene©] 2] ]
of oJg o] YIS = &
2 75k, 1-0HPS] 739 Sl 9
3 Aol & vERA) ok ARE A
AE oz At gujdr]el=
PAHsE E3Het T2 SAE4S 3y
ok oR2HIARC, 1986),
cytochrome p-450 enzyme®l| %3 F7]
wlZof PAHs o] tiAtel| e JEE v|A &
?10] 1-0HPY] F%E F7MIZITh: o1+
A Q) 3(Jongeneelen 5, 1990; Sherson
5, 1992; Van Rooij 5, 1993), 71 Z7}3
o] folskA Atk ATHIE Utk
(Jongeneelen &, 1990; Zaho &, 1992, Van
Rooij 5, 1993). Scherson 5{1992)2] -+
of ¢Jal FA}Y| 1-O0HPE == 578}
L, 3 5 Hlldref oJek 4559l
s 74 g AR Hastal gk
2 Aol A FARRe} vl EARR2] vl
AeIA 9] 1-0HP:= Azl Soixt
o] 1-0HP +%7} H58 HoFqlou
2-naphthol 8] 749 HE oA SA
7} v EAE T o
SATH(Table 4).

FA o9l % 1-OHPZ} 2-naphtholo]
FFE E F Ue A2 T ) AFs)
710, %}Jo] Oét‘s]:_@. Z 2= 9}1‘4{@1—/\3%

30 o, T

o

s

X0 k= y_oqf’lz

I o0&

E o= = T

5, 1997). 2] AT dizTs dd
o% - 7] FAY] AFel mEE &
= HAFEA ] W3l 1-0HPS] 7% A
Zbol wheh I0HA] vEA VA Sk
O} 2-naphthol &] 7-$+= 2574 A3 st
IEWS AgEtas e ] AH %
A7l w23 2-naphthol o] A5 A
B 7} K Table 5). $-2] < tollA
o] A¥fE A = u] PAHs 3H5HEC] A

& 371 F PAHsS TR 9 25AEY

AR FEZA] 2-naphthol ] 73 &
S} -8 7152 AFEel &g
ARl A¥gdo] vebdE HolF3lth Ki
52002 Ao FA B SAE
F 50| 2% 2-naphthol&ol| FaFs T+
ZAo% Hil sl
25 1-0HPS] Hiido] 87 % pyrenes
59, 7 27] A3 sl v
2] Ok= A1 - A7) o]lel =
w210] pyrene©] FFEo] Qo] &
F9| Y= Wol W] vl Ao
718} Van Rooji 5(1994) A
3 == pyrene Foll 545 F3l A
F¥]= vlgo] vFARe] A9 99%, &
Akl A4S 53wt Hausida, T
7] oleleflm A, A, AR, A=
M, 22 5 U 245l pyrene
o] $hHf3la QS Bl o)¢h &
o] pyrene®] ThFE 2ol 23k 9
7] whel AEE o] ohd Z-9- PAHs
9] % X|3%ZA 1-OHPX.T} 2-naphthol

o 1 o] Q= A= el

o
1N o
i S

rﬁ?

¢

o
E ol

d
1=
o~ Flo

Ao Ho1x o

V.d &

PAHs<= il w2} Fiee) 94
ol e 4 Qo] AER W7kAS
AABHE Akt 229 o
35 PAHs ] w1 Bl S WAL
R v S e A
W 2EAEY 8% 1-0HP ¥ 2-
naphthol-& FALete] ool w|= ks
Hrrstodch 1 Avke o 2t

1. ¥)7] 7i7AA o e F g
PAHs Q452  naphthalene(1753.94+
1635.22ng/m’), acenaphthylene(39.58+55.08
ng/m’), fluorene(15.91+£9.68ng/m’), phenan-
threne(15.48+12.02ng/m’),  benzo[g,h,i]pe-
rylene(18.06+23.62ng/m') S ZA A
1884.35£1662.29ng/m'®] PAHs7} =73%|
Atk 278l ek 52 PAHs
naphthalene(5054.80+£3721.23ng/m’), acena-
phthylene(202.39£157.06ng/m’), acenaphth-
ene(117.94460.35ng/m’),
(222.50+131.36ng/m),

phenanthrene
benzo[a]anthracene

Q% 1-Hydroxypyrene2} 2-Naphthol 7} 141

(114.88+145.30ng/m) S A4 6066.21+
4011.42ng/mol et Azdo] wj7| 7k~
AR PAHs 557} 39501, TARC
7b w58 dFsAdel 2 2A Group
of aFE= BAE] e w77 kA
A 1.89£4.16% 31 WHAS] 7P golr=
5.38+7.87% 24 = HIEE UERGIL
1% benzo[a]anthracene®] T2 3}3HE0]
ik

2. AR w717k AR AP
AAFE 123 tizTtelA 2F 1-0HP
& A A3 247} 02980212, 0531
£0.427, 0.061£0.094 z2mol/mol creatinine ©.
2 gzl vl8) k3ol felskAl =
oL, 27 Azl 7P =St
g7 )7k AR, AP 2EAL g
oA SAE 01 2-naphthol &] F 5=
Z¥Z} 5.896+4.683, 8.947£5.931, 1924+
3441 pmol/mol creatinine = thEETtol
Hla) wmEro] FosAl L A7
Agapzo] 71 =3k

3. 2% 1-OHP¥} 2-naphthol©| *rZ&~*3}
2 Afolof] F=E5isk 2lo]E HoA |k
51 2 92 =21 A3l 28l 2-naphthol
S7kshE Zdeo] vepstor, that
oA 4AIZE ol -2 71 eSS
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A T 219 AAH ARl 3712 54
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