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Exposure assessment of Polynuclear aromatichydrocar bons(PAHS) for heat treat workersusing
Metalworking fluids
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The purpose of this Sudy was to assess the ambient leve of
Polynuclear aromatic hydrocarbons(PAHS), oil mist of the
metaworking fluidMWFs), especidly in heet tregt industry
and non heet treat indudtry. And we assessed the rdlationship of
the pattern of exposed PAHswith ail mist during survey day.

The study population of hegt treat industries contained 98
workers, non-heet tregt industry contained 40 workers. Personal
sanples were taken for anbient monitoring of PAHs and ail
mist. PAHswasto andyzetherdaionship of airborne oil migt.

The geometric meen of arborne totd PAHS was 344 g/m’
in heet treat indudtry and 0.13 ;z¢/m’ in non heat trest industry,
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Pyrene and Benzo(a)pyrene was detected from heat treat
industry and Naphthaenein heet treat indusry was Sgnificantly
detected higher than in non heet treat indudtry. The geometric
meen of arborne oil mis was 0.19 mg/m'’ in het treet industry
and 0.70 mg/m? in non-het tregt indudtry.

The corrdlation between ail migt and totd PAHS was shown
below, total PAHsin workers of non heet tregt industry and hest
treat industry were not Sgnificantly corrdaed with oil mis.

Key Words : Polynuclear aromatic hydrocarbong(PAHS),
metaworking fluidgMWFs)
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of 23He FEfrol A A= PAHs7F Q102 45 11
21t} (Schroeder 5, 1997; Rushion, 1993).

TE7FE R v AP R A AT (US.
National Institute for Occupational Safety and Health,
NIOSH) (NIOSH, 1998) |4 1183 4714, 58]
SN B FRARE BRE o, ALY TR
(International Agency for Research on Cancer, IARC) ¢] 79~ %
47 A TS VFo g BRI Seuie 34
o] g mhe BRel #EA KS) & A 9)
TLKS ERINE 2471545 29102 A1 vl 5 g
9 02Uk ER A4 A3 £84 20 el @

3P| EAE A, 1988). FT 549 Sl wet w57t
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3F0E U1 7t F& A 199} 25 2 et (3717
A2, 2000)

Fevgt mE Y] aETe T 2R SUVAE
(F=4) 24 5 mg/meo]H, w]=akgd b H A (US.
Occupationd Safety and Hedlth Adminigtration, OSHA) 2] 3]-4-7)
<= (Parmissible Exposure limit, PEL) o]} o] =74 9] A A 77}
& 9] 3] (American Conference of Governmental Industrial
Hygienists ACGIH) ¢] TLV+= 5 mgint o]t} FE-f-0] 1HolA]
of thet A7} 4] wke} IARCE 1987 A A1) 4] ¢
SIAY ZulsHAl AE FEGE ARl dedo] gl
%l group 1°.% M7 a}9 11 (IARC, 1987), 1992 o] & &
ACGIHAIN = FEF<2 2 vAEY wE7]FS 0.2
mgnt o2 U= ks ol Folth

Qu|1Eo| o PAHs \-E > HdsHs 35 7HEfre
&5, A, SIAA ol whet theFstAl VrERd: = 9l
E} 1‘41 9] PAHsE HIA10] 300 TC wielolH, vl ae|7}
47 oAkl HkolAl PAHS] 7-$- 400—500 ‘Co| = & (WHO,
1998) = 5zof whe} PAHs ‘= rolv =g o] v 3l
o webA dAe Aol e 257 AL

AR ER] ko v ¥ A Qu|AE Hhgeke LkS 4= o)

ou 34 7 ks 190 gal AAE 7T AA S
©] PAHs =277 =5 7Fs/d o] It} PAHs =& et
Ao] 2 A4 Q1= Bezo(@) pyrene(BAP) = ZLLE I
7] % sz, ARkl 8l 3t BAP 4] 3 @+ 120—-2800
ng’dayﬂ o8 W15 tHBukley 5, 1992). S-S BAP
=20 Fogk dield], IE gule] A4 Av|olA o=
BAPJ ool whilf gt 79 F 10ngo® A A 9loH, o
of g 7ol whillE 9]+ 7-F 200 nglday ] BAPE 4155t
+= Z1o] HtHGrimmer 5, 1997; Hoffman, 1997).
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2001), V)= AR b 1A -2 (Nationd Ingtitute for
Occupationd Sefety and Health, NIOSH) 2] 24 A1 3% (NIOSH
method) (NIOSH, 1994) 4 1] = -5 2+ 91 =7 (Oooupationd
Sefety and Hedth Adminigration, OSHA) ] - J A1 3% (OSHA
method) (OSHA, 1985) & o] &3} th.

1) YA 2] PAHs

FE7HE AA B E4-E IP(Inditute of Petroleum) -7 A]
NS o] gate] AABISITHIP 1994). A4S 918t
ZAF 3 ARE Fol AAEE AF 3 T FHUAR
230~400 mesh =171 2]} 40 & FEHB0~100ml) o)) A1
ojA A7 F=2nkE 17 of FUsA FXIAZ] - A5 05
+ 001 gl anthracene(200 pgimt) ©] WH-EFE4 T L3y
o] Q= e 05 E A A2nE Yo T8t AY



AznkE Jgg)o] A4 02pd AR S ThahdA ek
(eF400ml) S 2y AZvlE YT ol SfFo] B3y 42
NS ALE|A 10 m A E e wol 250 nm~400 nm (375
nm:anthracene) 2] #}&]A B3B3 = A Z scanningS 3t
anthracene ] =.(UV 375 nm) 7} A& = AIRHH S &2
& B ol 557] (Rotary eveporator) £ AF-810] oF 1ml %
&= % Gas Chromatograph (Hewlett Packard, 6890 Plus)/Mass
Selective Detector (Hewlett Packard, 5973 Series) (GC/MSD) of]
YAIA A T4 $ A4 -FFHE77F Fakd 15
A A b 173 (HP-1100 sries) 2 0] &-3}0] & 19] 27
oA A4S 3l

Table 1. Conditions for HPLC to analyze PAHs

FEIVBR AT 2RAY DO L wE W} T3

2) 7] = PAHs

PAHs= NIOSH Method 5506 ©_ % 2% 5to] #-A1819it)
7] % PAHs= 20 /mino.2 93 2724 B3 (Gillian,
USA) ¢l EZoJAZ PTFE membrane filter (2 m, 37 mm) 9}
XAD—2 (100 ng/50 mg) tubeZ ©]-4-3}51.. ™) PTFE membrane
filterE 3—piece cassettec] =5 (A9 E R &l PAHS7}
BaEe S Hask] 8 A o=z Fehe &
cassette 7 o] XAD—-2tubes 1Asto] AR 55l
A A AGAITE FoE AR W AR E HH 5o,
=4 5 907 PTFE filterS 24 ulo] & (#F9) A =21
Aol #71 $- XAD-2 tubes} 3| W Asto] A=

[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 mm 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
Fluoranthene 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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%71t} PTFE filter 3% & 913} XAD-2 tube B80S
Syringefilter (0.45 ym, Millex—SR 25MM, Millipore Co.) = o3}
33 37 19] 2704 16714 PAHsol| thal] A& A A]
3193}, PTFE filter2} XAD—2 tubeZ 5-E] 16714 PAHs 7}2}
o] F% 2 16714 PHs 555 33 & PAHs 5= E 82 7F
N7 (Time Weighted Average, TWA) 0.2 3H41H519
t}. 16714 PAHs | A% 8= 3 29} At}

3 LUNAE

QAWAEE AA Y 2o} v FA 2] AAAFE tie.
2 9 AYGAEE AFHGGeH, 54 2 AP
NIOSH Method No. 5026 ©]4-3}%1th. Polyvinyl chloride
(PVC, 217 37 mm, 3= 50 m, SKCINC.) oA & A7+
5<F dlAIAo]H el HolE Tk 37 mn dosed—face 3—piece
casstted] 23k 2 200 /ming] 508 A 52 2)F s}

FRAI} 2L O R QN AES ZHRA S St}
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TR Azl ek FA1EH] A2 PSS 100 Versons:
o]-gstd LAl 571 & PAHsS} LUVAE w44
ol thalA = Komogorov—Smimov A4S ato] A
e ARSI A2 E oHA o W vl Bigke &
AEEA S SIS t-AA Y AN S Fa8 A

2] Akl v] Al e AYARE S A Sl

. A3 At
1. YA E9| PAHs

ZAE ARl A4 B AHEE BT
ANEFE AR S i AP 217, ] Af] A
AL 7010t AR ERAS0] HFE AR T
7F5r2) F PAHSS] AkEE S AR At #HEE =+
&7hHTE 7710 myg(H 9] 0.04-34328), Bl A A 444
7} #HF3 FE57F-E 106 myg(H9) 008-1.33) )31t
HldA Y g2t Fa5st S457s el A= Nephthdene,
Acenaphthylene, Phenanthrene, Anthracene©| 212} 0.01 mg/g,
1.33 mglg, 0.08 mg/g, 080 mg/ge] =5 Atk A2 2HAt
7} AFE F571roll A= Phenanthreneo] 1g & 28.07 mg
o2 7P ¥3ko | Anthracene 17.98 mg/g, Pyrene 9.39 mg/g
O (Y.

Ao,

2. 37| & PAHs2} 2N|AE

37| % PAHse} L du]AEof thdt ZjolA & Ul 2| A 8
AF el Sst 2187 Ak njdA g g ellA 2
M 4078 o2 40718 S5l o F PAHSE 117,
QAW AEE 40710] AEH I, AA 2 ellA 47)2: 9B
WS U o R S QFE A9l 8071 573t F PAHs
o} QAW AET} B HEH )

H] A A2t 9 A2 22k & PAHse} @ m| A
E ZA}o| thato] Komogorov—Smimov 772 AA 8 At
nj A2 2 24 ALe] TAMFYEES F PAHS0.721, L. dr] A
E 084ZA UIFHTHEEE o] F9aL, GA ARt &
AFO SRS & PAHS 0017, S U1 AE 08RFA tf43
TEEE o] F3t.

F PAHs= A A8 1207 5 1ol A] AESHA o)
A=, AETA o) A F 1 pge v ek 17.6%% ©.
™, 2-3 puglmt 230] 2% 714 Wekt) 9 oln AEL A
A A= 12070] HESHA o]dellor, wFE FF XS
02 mgin? w]uko] 3871 (3L7%), 02—1.0 mgm® Al 5+ 6671
(55.0%), 1.0 mg o]0] 1671 (133%) 0.7 w54 &7
=9 5myintS B 231814 Rtk

371 F AN EIA PAHSY| AEES AT 22 100%
AZH 0 om njGdA Y 2L 275%AT) AAje] 2ol A
167}4] PAHs % Nephthdeneo] 975%% 71 & A& 82
18] © ™, Benzo(a)pyrene 66.7%, Acengphthylene 64.2%7} 7=
HOth I 9 50% o]/t HEES HQl PAHsE
Phenanthrene, Fluorene+Acengphthenee] 212+ 60.0%, 52.5%%]
t}. Chrysene, Benzo(ghi) perylene, Anthracene, Indeno(1,2,3—
o) pyrene, Pyrene Z}7} 5:8%, 4.2%, 3.3%, 2.5%, 08%= SHe-
AZES 2oy, A&57 &2 PAHsE
Dibenzo(ah)anthracene ©] 31t} H]H 3 2] 2412 Naphthdene
o] 215%% 7MY & AEES B (1H 2).

371 T % PAHs & A2 2 Aol A 344 pglme
O3 H9Az] AA4e] 013 pght KTt FAIH S Z fol st
Al =9k} (p<0.001). Pyrene, Benzo(a)pyrene(BAP) & &4 g]
A 2ol M uk AEE o, Nephthdene =555 94 <4
A A4zt vlgdA g GGt EAH o 25k
EXTHPO00D). LUV AES] wdaE H BA 22kl A
ol 0.70 mg/? 0.2 A2 Z21e] 019 mgimt B} £-2)
1Al =34t (p<000D) (G 3).

9% w|AEQL PAHS| AR A} u|d 2] 2Rt
A= PAHSSE QAP AE w7 fo 8 S KolA] ¢
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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. The percentage of detection of PAHs in heat treat(n=80) and non heat treat(n=40) workers



PAHsE HlAdl 2] (CHe) 7F 2-670 2 74 B4 =X, &
Aol 31 157} 4719} 57) o)l A PAHS 4t
o] 23 )57} st ) ol3kel 72 PAHSE T
3 4 Qletl, 270] mre} o} Theket 72 PAHSH )
Stk NIOSHS] PAHs 14 %] 3ol A= ] % Benzo(e) pyrene
& A5t 16714 PAHS7} &3] B7o® oo vt
(NIOSH, 1994).

ACGIH+= Benzo(a)pyrene, Benzo(b)fluoranthene,
Benz(a) anthracenes , IARCYE Benz(a) anthracene=}
Dibenz(ah) anthrecenes: Abholl A1 2] Q4] o8h4] SA=
FEsh, smellAe] e SA7F Tste] Akl <]
Hrero] SAlEE EEE AABISITHIARC, 1973; 1983;
1984, 1985) o] 167} B4 = 5 wE7]Fo] nhdd A o
ol Eaetd], ekt mEte el wETleele

Table 3. Exposure assessment of ambient PAHs

PAHs 167}4] % Naphthdene®] 10 pom (50 mg/m') .2 =7
o] AAE o] Q1S #olt}, T2u PAHS} SHrEo] gl
B4 T YFEAQ Y FEHE 9K Be FEHEE
ACGIHS} IARCe] 9J&l] Mt ed® 2ld =4 (AL
Groupl) & H-75faL Qltk A4 §lFol PAHS 3t 7HsAd
o] & B4 tsiM= &7l AAE vt e,
ACGIH:= ZEHE 3]%] S (Al 7H89) of] dist =%
%S 02 ngm' © & g8k 91om, NIOSHS} IARCE
PAHS7F =2 = Gl A9lel FA2 Al 29, &7
g AlES] T HeAde] =2 Ader ERdt
(IARC, 1973; 1983; 1984; 1985).

S F47bE1 5 PAHS & go] 2 B4R b A
Sl IARCAN = Fais o8-8 B47hes b7t
s/l whet Hefslr] flsto] A ArER ol whe 8744 dass®
el F=te S A el whet GA 1w A
APAY HER GAE FEGE Goup 1 TUEHE it
90, 152 AAY FERE Group 307 H718 T
IARCE =471-15 Fluehe T2AIA o 24Tl
thet A5 HES A3 BAS, dirAlx, 71AVY =
oAl $18&0] STtk e= ER1eHATHIARC, 1984).

2 Aol HES w5k rE BT AR 9 vl

It Exposed group’
o 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



44 Sd= vdAY ZelA] Haet Avt 5574l
%ﬂ%ﬂ Atk 4G AH-F91 PAHs $HF #4143},
A 2= 7711 mglg(H9) 004-34328), H| DA ]2 A}
7k #5247 106 mgig(H9] 0.08-133) o1k
S-2ufetell A nj4=g4d F471arel ek PAHs ¥4 1}
o (1998) o Jal] B} olek. vt 5-(1998)> wlAl e 3
7)) o] 1) PAHSs S-S 25t 5 PAHSE 43199,
7)ol 4= 5.69-256.36 mgkg 1R o™, FE5 7 Xﬂﬁoﬂ
e AR 9] A1F-2 354-830.78 mykg, AFHE F91 Al E

FEIVBR AT LRAY DI PEAANL
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7y T

34331493375 mgkg ©| it & Aol Aaks B4 1
A PAHs 577} 167 PAHs o] & Hl WE FlEl E2AL o
O] A¥}E v 5(1998) o WA £ 1) PAHSE R ¢t
ko] Akl H AA 2] PAHSs 32 4386 mglg(H
2] 004-261.8) 0.7 1} 5(1998) o] A 5 2 Aof|x 2] A}
Hr} Y58 =2 otk

I, vt 5 (1998) ©] A fol| M = Chrysene Benzo(b) fluorarnthene,
Benzo (k) fluoranthene, Benzo (8) pyrene, Indeno(1,2,3—cd) pyrene,
Dibenz (ah) anthreoene, Benzo(ghi) parylene 5 1-oFAd o] H] w4
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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 al(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)




2 AL o2 AET olsigld Zlof wisl & Aol
o AAg]frelMe oled 2dEo] vl HFoR HE
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Boffetta 5 (1997) 0] PAHS 78 = ZUF> &
Holuf AT 7 ASAZS, ZE= SE e AF = F
wote RREAN AgEY 5 A9, TEd T oItk &
208 Zdo] A Hummeen 5 (1993) & < PAHS 19.65 11g/
m' 9] x=EF70] Hask v} 910w Jongeneelen 5 (1990)
2 6.9-13.9 pg/m’, Buchet & (1992) 2 0.2—255 pg/m',
Joneneden 5 (1992) 2 03-0.7 mg/m'o] 2k BFGIT}. A0H 1
T A=84F AdolM= F PAHS7E 99-840 pg/m' (Ny
&, 199) = HuE it} felutel IaAed ZEAE
ofA€] & PAHs ‘=Zof ¥t A7 A (20000 0] Hast
4471183 pg/m'o] k. ¥ AFde] ¥7] T PAHs =&
& T PAHsE 71813 344 pghm? (1 $] 002-20.33) ©.
Z FIA Aoy g 1 A Al 2 Bk ygit) &
PAHS7} §1E 9 AREE = A1 9] Afolel| whE vl B7HE
QA Hep B2 37 A7 e Ao g Az

/N PAHs & o] sk Aol 5484 7150
%= Benzo (@) pyrene(BAP) (Callins 5, 1998) ol th3t Avh=
O3} 2GR 4).

71 9]l At FelA Ny 5 (1993)©] 0948 g/,
FAALE 2]oA] Joneneden 5-(1992)¢] 01-1.2 pg/m’,
Midyska 5 (1997)-&- 01-15.1 pg/m' = B8}l th, & A7)
] ¥7] % BAP:= 7|81+t 007 pg/mP(FH$] 0.01-04) ©.
T FIAARE AR Woton, Ag o FE¥
& LEAEI AR FEol Tk

2 A7 LYPAE kE2FES HEAE FA9 o
UAE »E5FL 070219 mght, G2 F44= 019429
mymt O E AAe] FA M= LURAE mEFTo] A4
3] sgton, {3l w5t w71 bmghte S| ¢
Sxek euh FH 2 FE o] ool gt A =
A ACGIHE &7 &1 Ldv|2Ee] 7% 02 myne
O G Sl ¥ FolH, LUn|AE| gt
PAHSS &2 1= 35422 79 (National
Toxicology Program, NTP) (NTR, 2001) 7} %

o] 5 pgnt o)/do] ¥]7] ok& A& Aalskal gk & A
Aol 683%2] LEA} wEH QYn|AET}F 02 mgnt
ojAtoln PAHSES 8hi-3t FE- A9 Qn| AEo| g
w57t FE T EAIA S 9N S Bk § oHH
T UAE FHE Wi A9 G H o]9]9] dFelE
E7F FuAl AAIRS BT e Bk A 2 °‘
U AE 2R AA ol~ o] AQ3 AT AztHt.
2 A7 AT AAHESE A7 AF AR

=

)
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i

5L B7kEof SHA7F A s gt
Aol upeh] - 713k As T 7
o

& /\l~€ FAFO A SouAE U
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ERKC AR Wx}o] AA 702 807, vt
S7he ] 274 A0 = tPEOR 57 T PAHS 2.9 Wl
eErTe B

1L A 220l AET AR w57kl &
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