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hydrocarbons(PAHS) for heat treat workers using M etalworking fluids
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The purpose of this Sudy was to assess the ambient level of
Polynuclear aromatic hydrocarbons(PAHS), oil mist of the
metdworking fluidsMWFs), especidly in heat treet industry
and non hedt treat indudry. And we assessed the rdlaionship of
the pattern of exposed PAHswith ol mist during survey day.

The study population of heat treat industries contained 98
workers, non-hedt tregt industry contained 40 workers. Persondl
sanples were taken for anbient monitoring of PAHS and ail
mist. PAHswasto andyzethe rdaionship of arborneall mig.

The geometric mean of arborne totd PAHS was 344 pg/m’
in heet-treat indugtry and 0.13 ;zg/m’ in non heat treat industry.
Pyrene, Benzo(g)pyrene was detected from hegt treat industry
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v} kaFE el 34 A (Polynuclear aromatic  hydrocarbons,
PAHS) &= 33k, B9k, geh-s e 7k /o) o, &
T AT S0 AT el o] Q= AoE deA
A o 7 =4 ol ) (Boffettaet d, 1997) PAHs:= 3}
Aol A st Agolu A 3 A
ok 45 PAHsl eEE = e, @A =
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and Naphthalenein heet treat industry was Sgnificantly detected
higher then in non-heet treet industry. The geometric meen of
arborme oil migt was 0.19 mg/m' in heet treet industry and 0.70
wg/m’ innon-heat tregt industry.

The corrdation between ail mist and totd PAHS was shown
below, total PAHs in workers of non heet treat industry and hest
treat industry were not Sgnificantly corrdaed with oil mig.

Key Words : Polynuclear aromatic hydrocarbong(PAHS),
metaworking fluidgMWFs)

9]of| A o]g} Tt T2 ATE AF2 A ZEFE o
TE2HE 4Ed ZAA A, A5 A, FERE 9
#H39%F So]tH(Patanen 5, 1995; Buchet 5, 1992 Hummden
5, 1993).
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sk wle) /b 9iekn Basn Qov, B4R
of 3 st FEfrolA WAE = PAHs7F 9107 4
91T} (Schroeder 5, 1997: Rushton, 1993).

w57 e v AN P R AT (US.
National Institute for Occupational Safety and Health,
NIOSH) (NIOSH, 1996) 0| A B|+87 w471t T84 =
&7V, T SRR E5E s, SAYATA
(Internationad Agency for Research on Cancey, IARC) 2] 74 3%
247 AAE AEE 7308 B Seues 34
4o Gref mE E7el s E ity (K= ARk 9l
thKS EelMe 2457 e Ao R AMshe Hlrd
A 7 E 2 A A ARGt T YR YRrTH(EE
I, 1988). H 349 S wet w57}
S5 AAHA, FUAL A E A TR ety &
Ao KSitie Y2453 S = 5ol et 1, 2,
3T Uil 7t & T 159 25 & et (3717
A E A2, 2000).

S U el SE5bE 2R LUNAE
(FE4) 24 5 mg/meo]H | w4kl kA H A A (US.
Occupdiond Safety and Hedlth Adminigtration, OSHA) 2] 3]-4-7]
< (Permissible Exposure limit, PEL) o] t] = AF] S8 A7
9] 3] (American Conference of Governmental Industrial
Hygienisis ACGIH) 2] TLV= 5 mgin o|th, B89 kokA]
of thgk A7k 52 ol wh2} IARCE 1987 A=A &
UAY et A FERE ARelA Bedo] &4
¥ group 102 A3} 11 (IARC, 1987), 1992\ o] &2
ACGIHo| M & FE9 90U nAES] 27|55 0.2
mgnt o2 G = ks il Folth

LAWAE] o5 PAHs eEE HHohs 557k
Fi, A4, @71 Soll wet skl vekd: 5 9l
o} th-9] PAHSsE ]3] 300 C Wi <jo), Al e] 7}
47 o) d3l Mg PAHs?] 73 400-500 Co] =2 (WHO,
1998) 2 %=o w2} PAHS & ol g ol s < 3l
o} wheb GAE ASleMs SR B o R
AHEEA] ko B R B WA QuAE MRS whs 4 9
O34 T wAshs 1ol o8l EA Rt A S
©] PAHs =255 58 7Fe/do] Itk PAHs 22 29
Jol 2 LA 9li= Bezo(@pyrene(BAP) & A| % 575}
7] 5 Bz, LubQlellA a1 et BAP A1 H &< 120-2800
ngday?] M2 B ¥ tHBukley 5, 1992). F412> BAP
g Tt A1, 28 Fuf o] B A7lelM vhess
BAPS] ofo] Bl gt 7ils] F 10nge = kefA glom, sk
of & 7+e] Pl E 919 A 200 nglday 2] BAPE 41515}

—

= o] F ok (Grimmer 5, 1997, Hoffman, 1997).

7b 23 S5 FE IAY 22 S
2 vk vI7dste] A9 dEoR <l
(37t 5, 200D PAHse] o] st 297 <F oo oA
s Lo, dAZEA Sule] SEAES e R
AE FAA AR ZEANM Y] Bl 212 A}
A xEAo| o8t PAHs 3 7HEo|H (0]4
5, 1997, 423 5, 2000) S&57ME FHa LEARA
PAHS =542 a1 ¥ np7) glck

whpd B o] 22 by Al AAjee] &
228} p o] e 7hsAdo] B S Aw A
A2 AAE] B7] F PAHS w3 o) 90 | AE wZ4
& Bkt &4 S5 HeElE gt 71x2As
S AASt A} gt
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2001), vl ARk B A ¢ (Nationd Indtitute for
Occupationd Sefety and Health, NIOSH) 2] 24 A1 3% (NIOSH
method) (NIOSH, 1994) & v] = -5 AFe] Qb =7 (Oooupetiondl
Sdety and Health Administration, OSHA) ¢] 24 A& (OSHA
method) (OSHA, 1985) 2- o] &3}t

1) YA Z 9] PAHs

FE7HES YA E B4 |P(Inditute of Petroleum) 374 A]
NS o] gste] AAESITHIP 1994). A E24S 95t
ZAF 2 ALE 29 A EE JH e F FujgA R
230~400mesh =171 ¢] 41271 40g& F1EHB0~100me) o] 4]
olx AY A2ntE 18 vo] FUFHA T F A7 05



£ 001 gl anthracene(200 pg/ml)©] Y2552 235
o] Q= #er05mE Ay A ZnkE o] T8t A
AzvtE ool A4 02pd L0 oS ThetHA e
(eF400ml)-= Ad AZvHE TP ol SfFo] e 42
NS ALEA 10 m A E e Wol 250 nm~400 nm (375
nm:anthracene) ¢] A} #3333 T A = scannings S}
anthracene ] =.(UV 375 nm) 7} AEE = AIRFEH ] &2
& B ol 557] (Rotary eveporator) £ AF-810] oF 1ml %
&% - Gas Chromatograph [ (Hewlett Packard, 6890 Plus) /Mass
Sdective Detector (Hewlett Packard, 5973 Saries) (GC/MSD) ] o]
TYUAA A A 5 A A-FFAE7 7 FaE 1%

Table 1. Conditions for HPLC to analyze PAHs

N

FEIVBR AT 2RAY DO L wE W} T3

N A = 20 71 el 9] (HP-1100 series) & o450 % 19
el A JetAl S shoieh

BN

2) ¥7] = PAHs

PAHsE= NIOSH Method 5506 ©.5 2% 8lo] #4180t &
7] % PAHsE 20 /minl.E 9 F71 ¥4 X (Gillian,
USA.) ol EA4oJA1Z PTFE membrane filter (2 um, 37 mm) S}
XAD—-2 (100 mg/50 mg) tubeZ ©]-8-5}93 © ™ PTFE membrane
filter S 3—piece cassettec]] =5 (AH)A =E = &l PAHS7}
wallH= AS Haskeb] fl8 AL Hol 22 53 &
casstte ol XAD—2 tubeE AAa}o] 2Hx1o] 55

[tems

Conditions

Parameter
Detector
Column
Flow rate
Eluent

Eluent gradient

Injection volume
Extraction solution

HPLC, HP1100 series
UV @254 nn/ FLD@340 nm(excitation)
425 nm(emission)
Nucleosil 100—5 C18 PAH
250 4.6 nm reversed-phase, 5 ym C18
1.0 m¢/min
Water/Acetonitrile
0-15 min, 40% water
15-52 min, 10% water
52-58 min, 40% water
25 1l
5 m{ AcetonitrileTable

Table 2. Limit of Detection for PAHs

[tems LOD(ug/mr)
Acenaphthylene 0.291
Anthracene 0.007
Benz(a)anthracene 0.035
Benzo(a)pyrene 0.042
Benzo(b)fluoranthene 0.016
Benzo(ghi)perylene 0.021
Benzo(k)fluoranthene 0.009
Chrysene 0.026
Dibenz(a,h)anthracene 0.011
Fluorathene 0.012
Fluorene, Acenaphthene 0.032
Indeno(1,2,3-cd)pyrene 0.052
Naphthalene 0.014
Phenanthrene 0.022
Pyrene 0.047
Total PAHs 0.634
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A A AAAITE FoF A W A GA 5= AF sl oH,
=4 5 @407 PIFE filtgS 24 nlo| (R4l wEH
Aol &7 & XAD-2 tubes} 37 WA H ste] Alals
At PTFE filter %893} XAD-2 tube B384
Syringe filter (0.45 (m, Millex—SR 25MM, Millipore Co.) = o137}
35 1 19] Z7ol|A] 167F4] PAHsel| tial A4S A A
sF9IT}. PTFE filter9} XAD—2 tube=3-E] 167}%] PAHs 77}
9] %= 4 16714 PAHs =5 33t 5 PAHSs 5 =5 84t
A7 VER T (Time Weighted Average, TWA) © 2 $H416191
t}. 16714 PAHs O] H<sHA1 = 1 29} 2t

3 LmAE

S| AEE AA 2 Ao} vl GA 2] A1AHE e,
Z I L AGAEE AH o, S 9 EA I
NIOSH Method No. 5026 ©]-8-3F31 T, Polyvinyl chloride
(PVC, 27 37 mm, &= 504m, SKCINC.) o] 825 UG A7
<t HA Al E o] Yol ths 37 mn dlosed—face 3—piece
casstteo] 28 200 /ming] 4407 A 22 1 s}o]
FEAN 22 WO Z QUNAES FARAE ST

TR Az gt FAEH] A4S SPSS 100 Verson<:
o] g3to] BAEIGITE 7] 5 PAHs9 QUM AE B4
ol A= Komogorov—Smimov A4S dto] A2
e AESto] Al s oFA g WgE g Wk &
A S Flsith =143 A S Bl 9A

2] Zgarel nl Al 2] AAE FAAE sl

. a3 25
1. ¥AE2| PAHs

AR AR eIA A Fd AREER S5
YA BT GAAY S s AR 214, BIE A AL
e 7hoIT}, ZA BRAS0] AE N E
B9 B PAHSS] A Ae] A AR
47136 T Myl 004-34328), M| A2 Al
7F FEs 257 E 106 mglg(H S 008-133)0]9lT
AlAA g AdA7E Hast S57k ol A= Nephthalene,
Acenaphthylene, Phenanthrene, Anthracenee] 22} 0.01 mg/g,
1.33 mg/g, 0.08 mg/g, 080 mylge] == ATk AAl=] A=k

7} H5E F571froll A= Phenanthreneo] 1g @ 28.07 mg
o7 7H =9koH Anthracene 17.98 mg/g, Pyrene 9.39 mg/g
TOE =TI D).

2. 87| & PAHs2} 2YR|AE

37] & PAHse} @ Au|A~Eof gjst 7oA & 9 2| GA| 7
AFg el ost A2 7F Ak v gA & eollA 2
M2 408 T o2 40705 S35 o ¥ PAHSE 117,
QAW AEE 40710] AEH T, A2 olA] 47)4 98
HE OO R S LFE A 807S S5t F PAHs
o} 9 An|AEV} B AZH I,

H]AA A A; 9l A2 292k F PAHSe} @ dm| A
E Aol thate] Komogorov—Smimov 7172 AA 8 A}
H|GH 2|2 AEe] LA e F PAHS0.721, L. dv] A~
E 0847 YAt s o], GAgAdAe] &
ARFOIEES 2 PAHS 0017, QU1 AE 08RZA] t4A
XS O] FIT,

Z PAHsE A AR 1207 & 917 el A& o) do]
A=, AETA o)A AlE F 1 pg? vk 17.6%% ©.
™, 2-3 puglnt 0] 2%= 7HE Wkt S| AEE= A
Al AR 120710] HAESH o) dollom, wFE i wEE
0.2 mg/m?® m|vko] 3871 (3L.7%), 02—10 mg? A H+= 6671
(550%), 10 mg/ o]Ao] 1671 (133%) 0. & w55 w37
=9 5mgmtS B 23skA] btk

7] F A=A PAHSS] AEES IA ] 242 100%
AZFHR oY njdA g 242 275%3 . A2 2ol A
16714 PAHs % Nephthdeneo] 975%= 718 =& A& 8-S
Holom BAP 66.7%, Acengohthylene 64.2%7} 7% 5| gITh.
71 9] 50% o)Ak AEES Kol PAHst Phenanthrene,
Fluorene+Acenaphtheneo] 712} 60.0%, 525%%3t}. Chrysene,
Benzo(ghi) perylene, Anthracene, Indeno(1,2,.3—cd) pyrene, Pyrene
& 77} 5.8%, 4.2%, 33%, 25%, 08% % W AZ LS HY O
], AZE]7] 9k PAHsE Dibenzo(ah)anthracene ©] ¢t} 1)
A 2] 29] 2 Ngphthdeneo| 275%% 71 & 58S 1.
FoHa™ 2).

371 % F PAHs a2 GA 2] 25zt A 344 pgh?
o= n|gA AAAe] 013 pgt Kk FAX 05 st
Al =9k} (p<0.001). Pyrene, Benzo (@) pyrene(BAP) & QA g]
2z ol| Aul AEH 9 o H Nephthdene =% 94 &
A2l AA2p7F v|d A2 AR AN CE FolsH
FAUTHP<000D). LY AE ] wE:a2 vl A 2] 2 A
oA 070mgime 0.2 G2 2A+e] 019 mgnt .ok 9



concentration(mg/g)

] Heat Treat
[ Non Heat Teat

114

BAA
PAHs

1.66 1.40
! EI 0.18 0.13 0.16 m 0.36 0.31
CHR  BBF BKF  BAP IND DIB GHI

Fig. 1. PAHs concentration of bulk samples in metalworking fluids

NAP. Naphthdene, ACE: Acengphthylene, ACEN: Acengphthene, FLUO: Huorene, PHEN: Phenanthrene, ANTH: Anthracene, FLUOR:
Huorantheng, PYR: Pyrene, BAA: Benz(g)anthracene, CHR: Chrysene, BBF: Benzo(b)fluoranthene, BKF: Benzo(k)fluoranthene, BAP:
Benzo(a)pyrene IND: Indeno(1,2,3-cd)pyrene, DIB: Dibenz(ah)anthracene, GHI: Benzo(ghi)perylene
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Fig. 2. Detect percent of PAHs in heat treat(n=80) and non heat treat(n=40) workers
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1Al =94tH(p<000D) (3£ 3).

2 m|AE ) PAHSS] TR A3t v A A e 241t
A= PAHSS @ AV AE F o7} o3t & HolA| &
ek b A Aol M= & PAHsE L dvAES)
Fadel ey EAA Fo4d /Ut (r=0212,
p=0059) (1% 3).

=

V. D%t

PHs= WAl 2] (CHo) 71 2-67112 T8 B4 RA],
Aol 231 1E)57E sk 57 o)l Q1AM Pk 4
ol AL arefa7t 474k 37 ofakel 7k PAHSE T
2 4 liztl, Z710] mle} o} Tkt 7. PAHSH )
G}E} NIOSH®] PAHs 4] 2|3 oAl += o] % Benzo(e) pyrene
S A93 16714 PAHS7} &3] 7o 2 thRoj )
(NIOSH, 1994).

ACGIH+= Benzo(a) pyrene, Benzo(b)fluoranthene,
Benz(a) anthracenes , IARC+= Benz(a) anthracene}
D|m(ah)ﬂhrm_ /\].3—01]/\1_/] o]/\]-ﬂ’ oﬂ‘d—ﬁ 171‘—

RES, BEoA 9] B TA7} Fislo] AltlA

Table 3. Exposure assessment of ambient PAHs

m-ol-/ﬂo] 4)\1 = %@ Z A 7§ }OﬂD}(IARC 1973; 1983;
1984;1985) °] 17| =45 T E7]50] vhdE A2 A
ol Eahge)], el wEre BehEd gl
PAHs 167}4] % Naphthaleneo] 10 ppm (50 mg/mi) 0% %]
o] A= gl #oltk. T2 PHZL SHrE o Sl
%xl % 01H%;do] _AHI-/K‘] ELE].E jﬂ ‘] T Fglzs=
ACGIHS} IARCe] g3l et =42 gelel =4 (AL,
Groupl) = 53131 Ut U5 AFoly PAHSs & 7154
o] 2 Aol taME wB71F0] AN 1t ow—cﬂ
ACGIH= ZER= 33| Sk (Al 7Hg-d) o e
715 02 mg/m' O & 43k 9lom, NIOSHS} IARC—~
PAH} e8] 4 9 291) T2 AZS), 78, 22
g Al T wede] =2 Addow Ry
(IARC, 1973; 1983; 1984; 1985).

3 F571E-F 5 PAHS =& 9] 8o] & &
=, IARCOAN = FEE ol &8 247} El
$A ol wet 2elak7] $1ske] AA ol whe} 8711 dass:
wreraletl, A= St A el ek A w A
AGAY AER A FEE Goup 1 HHEHE T
ST, 15 AAE FEF+ Goup 382 F7FEth
IARCE TSRS Fathe ZEA A oF BTt

37}
3 2}

A=
30
o T

Ezposed group’
[tem
HT"(n=80) NHT*(N=40)

Ambient PAHS (ug/m?)’ GM(GSD)
Total PAHs 3.44(2.31) 0.13(1.84)
Naphthalene 1.60(2.12) 0.13(1.84)
Acenaphthylene 1.08(2.53) ND
Fluorene, Acenaphthene 0.06(5.22) ND
Phenanthrene 0.25(2.20) ND
Anthracene 0.10(2.77) ND
Fluoranthene 0.39(2.46) ND
Pyrene 0.49 ND
Benz(a)anthracene 0.03(2.95) ND
Chrysene 0.04(2.47) ND
Benzo(b)fluoranthene 0.02(5.07) ND
Benzo(k)fluoranthene 0.03(1.87) ND
Benzo(a)pyrene 0.07(2.36) ND
Indeno(1,2,3-cd)pyrene 0.01(3.07) ND
Dibenz(a,h)anthracene ND ND
Benzo(ghi)perylene 0.01(1.75) ND

Oil mist (mg/m?)" GM(GSD) 0.19(2.88) 0.70(1.91)

T:P<001 “:CM(GSD)  *HT : heat treat industry ~ ** NHT : non heat treat industry



e A5 A= A3} A, gebAlz, 7AVE Y
oA S18Eo] T2 E18k3ITHIARC, 1984).

& Aol FFE BT B AR Sl vl
A od=, vgAE] Aol HAue gt 557kt
A7t ek SHEY AH-FQ PAHs &% 4143,
A2l 77.10 mglg(H$] 0.04-34328), 1A A 2] 2k}
7k A S5 7bfis 106 mglg(H 9] 008-133) |3l
vkl A B84 54 7Fs ol sk PAHs 4 B
(199 93l Hargn} glek. ¥k 5 (1998)> Al 3

FEVER AT DAY DRI L 0 E G T

7l o]4+9] 1171 PAHSs S-S 8138t 5 PAHSE 41515 =),
7)ol A= 569-256.36 mglkg ©] .01, LG Ao
A AFEA ] A1E- S 354-830.78 mgkg, AHE FQ1 AJES
343314-933.75mgrkg ©] At} 1 AFriake] Aup= B4 o)
A} PAHS 571 1671 PAHS o] 2.2 H| W& Yal] A
O] A5 ¥} 5-(1998) o] FA Y =491 1] PAHSE RE gt
Asto] ALtsl B dA 2] 2] PAHSs 3 4386 mglg(H
2] 004-261.8) 0. H} =(1998) o] AL = 0. UofA 9] A}
Hr} 953 =2 FFolk

|
o
N

1

log total PAHS(ug/m?)
b
w
[ |

|
o
~
1

‘
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log oil mist(mg/m?)
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Fig. 3. Correlation between ambient oil mist and Total PAHs in non heat(left; log total PAHs= -3.90 + -0.01 * log
oil mist) and heat treat workers(right; log total PAHs= -2.34 + 0.17 * log oil mist)

Table 4. Review for ambient BAP concentratin by industry (zg/m?)

Industry Country Year Concentration Reference
Coke-Oven Finland 1988—1990 0.01-22.9 Yrjanheikki et al(1995)
Italy 1993 0.03-12.63 Assennato et al(1993)
Italy 1993 0.9-46.02 Cenni et al(1993)
Sweden 1983 38 Anderson et al(1983)
United Kingdom 1986 0.1-29 Davies et a(1986)
USA 1986 7.3 Haugen et al(1986)
Roofing India 1987 1300 Rao et a(1987)
Germany 1992 <0.03-0.037 Schmidt(1992)
USA 1987 0.9/1.5 Wolff et a(1989)
USA 1991 <0.13—-<0.18 Radian(1991)
USA 1990 <0.11-<0.13 Radian(1991)
Canada 1977 0.049-0.152 Gibson et a(1997)
Foundry Germany 1986 0.47 Knesht et al(1986)
Denmark 1994 0.02 Omland et al(1994)
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vk 5(1998) 9] A 3}of| A= Chrysane, Berzo(b)fluorantheng,
Benzo (k) fluoranthene, Benzo (a) pyrene, Indeno(1,2.3—cd) pyrere,
Diberz(ah) anthracene, Benzo(ghi) perylene 5 Wro-4do] H] w4
T EAS 2 AESA olskld Aol vls] & Ao
o] A frelM e olget BAEC] njwy tHoR A%
= 3lrt.

Boffetta 5-(1997)0] PAHS £ =25 79408 2
Aol At 1 A=A, FEE S3HE d AES A
wohs EExg Aexd 59 A, FEY 5 otk Z
A QB o] 4] Hummeden 5 (1993)- % PAHS 1965 g/
m' 9] w=EFo] Bardk v} 9191 Jongeneelen & (1990)
2 6.9-13.9 ug/m', Buchet 5 (1992) & 0.2—255 pg/m’,
Joneneden 5-(1992) 2 0.3-0.7 mg/m'©] 2} it 3} T} ATH 1
89 A=A 2o M= & PAHS7} 9.9-840 pg/m' (Ny
5, 1993) £ HuE ek eyt AR FEANE
oM 9] F PAHs rZof B3t A= @ 5(2000)0] B g
34471153 pg/m'o] Utk 2 ATt F7] T PAHs =&
78 F PAHsE 7|81 344 pugnt (1<) 0.02—20.33) ©.
7 I Aoy AT A5 AR Witk F
PAHS7} 95 W ARSI A9 Aol ke v BrkE
A B B F7F gt E e s A0 2 Az,

7 PAHs Z obd A e Atold SAEHA 7)50]
¥ Bawo(@pyrene(BAP) (Collins 5, 1998) of] thst Au}=
U5 2L 4).

71 9)ef AEW L F7lA Ny 5 (1993)0] 09-48 g/,
FAALE oA Joneneden 5 (1992)0] 0112 ug/m’,
Midyska 5 (1997) & 01-15.1 yg/m' 2 K 118}3I T} 2 A7)
Akol F7) % BAPE= 718FE 1 007 pgfn (9] 001-04) ©.
F FIAAE AR uekor A ygol FEF
& EEAET AR ol gleh

B AT QUNAE wE4ad HjdAY A9 9
N AE w2532 070119 mght, 948 F4]= 019129
mgnt o2 AAz2] FA M E QUNAE wE4F0] A
&) worom Fa e w2750 smgmes 23814 &
of wobgof| ojst A7 b E

z

orck. Zrefu H 2 a8
A ACGIHE F=77F e LY AES] 75 02 my/?

o7 dRele= Qo] ¥aL FolH, QUWAE ] FHrE
PAHsS] 52 ulo 9 =8 =54 X 2 73 (National
Toxicology Program, NTP) (NTR, 2001) 7} %4 3t 157 PAHs)
gto] 5 pght o) o] HA] 9k A& Aastal Atk 2 AT
Aol A 6883%2] LEAE wEE L. UH|A~E7}02 mgh?
ol/FolH, PAHSE 318k FEfr A QU AE| R
w&57Fe AT AR EA A et A1949E Brkek] AlsiA
T UAE FHE Wit G o]9]9] JFE =

i)

i

o 4o
12 M o ¢

E7heA FEAl AR Fa dRe g7k A od
VAE weERg7EE sk Jlo] e Ao s Az,

= A7) AR AAESY AIrE A5 AR
tel] &> 713k ot 371 o) A7} kA B HeE Y
2 5 ltks Aolvk webM &5 717 AR 74 9
B T ARl Tt AR RO RH QUrAE Yl
PAHSO! tdh =457k A58 2hsiakell thgt g2t 3
7Fe & e Ao AR,

-

LR F A9ARl G a4 80, ARt =
%7183 2704 408S Vg oR 37) F PAHs 2 I]AE
rEFES UL

L A 22480l Hud Mg 247k
PAHsE dA 2] A2t Faet 2579 dAE e
7711 mgig(H 9] 004-34328), WA 2 IA7E H5 3 =
%715 106 mylg (1 91 008-133) 0] glth. 1] =] 24
A7E F e 545 7kg-frell A Nephthdlene, Acenephthylene,
Phenanthrene, Anthracene©| Z}2} 0.01 mg/g, 1.33 mg/g, 0.08
mglg, 080 mg/g®] W9l = AZ= et dAfe] A7t A
5 F&7hafroll 4= Phenanthreneo] 1g & 2807 mgo = 7}
A =okom Anthracene 17.98 my/g, Pyrene 9.39 mglg <=9
=94

2. 37] F PAHs= 120719] A& % 9171 (75.8%) o]l A
PAHs7} AZE3H o]/l 3ith. Nephthelene, Benzo(a) pyrene
07 =okor AEE A 92 PAHsE Dibezo(ah)anthracene
|3l

3 371 % % PAHs mE 5T mE ol dAe] 214
ol X} 344 pghmf 0 2 NG A 2] 2 A2] 013 g/ BTt -2
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