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Analysis of Polynuclear Aromatic Hydrocarbons(PAHs) and their derivatives
in Metalworking Fluids Using Solid Phase Extraction and GC/MSD

Ho-Chun Choi * Kang-Yoon Kim'

* Sun-Hee An - Hyung-Jung Moon

Korean Industrial Health Association, Seoul, Korea

This study was performed to confirm an analytical method
for polynuclear aromatic hydrocarbons (PAHs) in metal-
working fluids(MWFs) which were used in metalworking
factories. To ensure the analysis with accuracy and precision
for the results of PAHs in MWFs, this study was tried to use
solid phase extraction(SPE) and gas chromatography/mass
selective detector(GC/MSD). Also, this study was examined
the concentrations of PAHs in MWF bulks and the
qualitative analysis polycyclic aromatic compounds(PACs)
excluding PAHSs.

21 bulk samples were sampled in 7 metalworking fac-
tories. 21 bulk samples were 18 cutting oil(13 straight oils
and 5 soluble oils) and 3 others(lubricating oil, discharge oil,
compressed oil). 6 SPE cartridges were used to analyze
PAHs in MWFs and GC/MSD(Saturn 2000, Varian, U.S.A.).
Among the the 6 SPE cartridges, this study was selected
strong cation exchanger(SCX, aromatic benzene sulfonic acid
functional group) cartrige for PAHs extraction in MWFs. Also
the recovery test was performed.

1. The appropriated cartridge of SPE for analysis of PAHs
in MWFs was found to be SCX.

2. The detected PAHs in MWFs were naphthalene(n=2),
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acenaphthylene(n=1), phenanthrene(n=1), anthracene(n=2),
fluoranthene(n=7), pyrene(n=11), benz(alanthracene(n=1), chr-
ysene(n=1), benzolbJfluoranthene(n=1), benzolklfluoranthene
(n=1), benzolalpyrene(n=1), dibenzlahlanthracene(n=2) and
benzolghilperylene(n=8). Total PAHs(n=12) concentrations
range were lower than LOD-270.03ug/mL.

3. The component of the PACs excluding PAHs were naph-
thalenes, acenaphthenes, chrysenes, anthracenes, indenes,
fluoranthenes, fluorenes, pyrenes, benzopyrenes, phenan-
threnes and others. volitile organic compounds(VOCs) were
amines, phenols, aldehydes and others.

For the results, SCX cartridge was better than other 5 SPE
cartridges. 13 of 16 PAHs components were detected in
MWFs. However recovery rate in this study should be
improved analytical techniques on PAHs in MWFs. Also this
study was need for further investigation for more MWFs
samples and environmental monitoring and evaluation of
MWFs exposed workers.

Key Words : Polynuclear aromatic hydrocarbons(PAHSs), Poly-

cyclic aromatic compounds(PACs), Metalworking
fluids(MWFs), Solid phase extraction(SPE)

9 12003 % 2, el 120039 3€ 102
AL 73 (1 AT 7WEE 604 ZoFEH A8 AR AR AR AdT A

Tel : 02-863-9322, Fax : 02-863-9320, E-mail : kykim91@freechal.com)



oA S E sk A (polynuclear
aromatic hydrocarbons, ©|3} PAHs)<= 771
opdel Wk a7 ARE o2 79
12 P o]FolR "ErAE U
H, §hag) p2019]9) ) EF o]
& e RIS (polycyclic
aromatic compounds, PACs)ol2} 3k
PAHs®] RHAQ) 542 v} g3l
=L, /1] wom 5o, Ak 57t
of whet Eof| st vhe S8 =E Ve
o] Fel 1718wl 2 gafe
th PAHst= 24 7] 9 FAROR
Ho} =2 F=HS Zh=d| naphthalene
< 218 C, phenanthren<> 340 Co|T}:

PAHst Bharl] 48 Hl&o] AT
= gl o QMyah, olegt kgl
< WAlve7F e FejellA Rt
o e WiAle)7r AdgEE e
H Afolle FAge] S71E 3ok
o% Eebgsitt mdt g4 5 nlEojd
A]9] '} sebA] o7 oFst olF AR

3kaL glo] HkeAdo] At PAHsO| &

c

A
7]=H PAHs®] E7ell whel 434
ePgAde] thEH E¢bd Aan g8t &
HZ AR s ess A
73, 2001).

100 5 oAre] PAHs7} th7] JAMA
B2 9 Mgk A4 FAREeA ER1E9)
om, o] o] JHELe] B
A L 715 dEslE wAE Y, <
Aol Tt F23k o] Fr Qlrk A
Bl wiEE, AbeAt A5 9 wiETEA
sk H2.Y, gujdr) el 22 oy
A 9] E3HEoel g PAHs7} et
Aol Qhsol BelA ok w47k
FH{metalworking fluids, ©|&} MWFs) %
PAHsE= T2 7|72 A7 |=0] s
A3} PAHs wEF 0] H4e} #edo] 9
TR 38tk Calvert &, 1998). 53] 1970
dol SWk ojde] ARgE BlEA
MWFsi= 379k, #1789, 1499, 599,
WagtolM SR Ert 57k et 8
Ak Calvert 5, 1998). “12u} H]5=84

MWFsii ofe} #5-51d MWFsell % 7]
78 AR EE A3 dsle] opd:
PAHs9} nitrosamines®]] &]3F 2l7sA
of #st A S 7Ieola Sl
(Jarvholm 5, 1991; Sullivan -5, 1998;
Kazerouni %, 2000).

MWFs A& 5 o4& 4o 7Fs4de]
O AT PAHS, 584 MWFs A
HHA7Fs40] Q1 nitrosamine, 3}t
¥, IFLUBIE so] tsAelrk 1%
PAHst= MWFsE A28 o A= 7]
froll 3] o, HZole A
=9 Wdg Aol AAHL gk 1
g MWFs7F 2 AlEo] ekl
SfEiete ARSI ol A E = D& <
3 A LAl MWFs 5 PAHs
S5t soRIval g4 QI Evans 5,
1989; Grannela 5, 1991; Apostoli 5, 1993;
Bisen ‘5, 1994; Wong & Wang, 2001).

AN O = PAHs Aol i3l v At
AP E A NA4(National  Institute  for
Occupational Safety and Health, ©J3}
NIOSH, 1994)%= vl 37 A& (NIOSH
Manual of Analytical Methods, ©|3}
NMAM) #5515 2Pl 7kAd ZolE ]
HEIZ/EE 23 HE7(gas
chromatograph/flame ionization detector, ©]
&} GC/FID), #5506 "ol A] A= =2w}
ET73/347E7 |(high
liquid chromatograph/fluorescence detector,
olsl HPLC/FD), WI= AMIRdRAA
(Occupational Safety and Health Admi-
nistration,  ©]8} OSHA)  #58*%] oA
HPLCFDE ©]-83h= o] &efA gl

MWFs A 5ol g HAje] Wy o
2 A A == (liquid-liquid extrac-
tion, ©|&} LLE)Grimmer -, 1981a, b;
Pruell & Quinn, 1988; Ostman & Colmajo,
1989; Paschke &, 1992), AH F=nE"T
#2E ARA| ¢ F HPLC S} o] 2w e
A5 Al A= WH(Pullen & Sca-
mmells, 1988), ZQAl A FEH
(supercritical fluid extraction, ©|3} SFE)
(Wong & Wang, 2001) @ 1A} F5H
(solid phase extraction, ©]3} SPE)(Wang
5, 2001) 5°] Stk

performance

oM BaE MWFs HAA R
% PAHs 5% FAHS Bk vk

< olgste] A ST AR
oA ARFE AL Q= UH MWFs A
Zof ti3t PAHs 5EAEIE AT
o]Z3 A= MWFsol| =%51 Q=
LEARNA AR wFE 7ol
i 4ol tiet A SIErs 7% 2

BE &84 F 3 Aok

w57k 770 ARellA AR
3 Qe 207 AN EE ARSI 21
N MANEE AR 18719 ZTEN R
25, &8 B 3%k 18749
Aol g8 Ha 1370, 5
A Ay s77F 2o Sl

2. Mg AAE R I8 54

MWFs & PAHs ®4WH& A7)
1] AV FEol ARE THERA =
CN/SI(Simpson & Van Horne, 1993), SI
(Wang &, 2001), C18, FL(florisil), PCB
(Varian method #2210P), SCX(Varian
method # M1921) 67F4SIt}. 6714 7HE
24500 mg, Varian, US.A)E ©]-8-5}]
A # GeMSDell F33ko] PAHS
Ao gt 7P w2 Hjo| ATkl
Zh= FERAIE WA AAeisith

% 7P £ 29E HQl strong
cation exchanger(aromatic benzene sulfonic
acid functional group, ©]3} SCX) 7}EZIA|
= olzudkEAZE 23Ho] itk sCX
FHERAIE o] g81o] -4 SCX 7HERA
7} olZud = w5 =S 7t
Egjxje]| AgNO; H
ACN), acetone, methylene chloride, octane
& TIA AT F MWEsE 24
FAale] scx FFERAC] Qe
hexane 0 2 FFEZ | oA A8 1A} &
= =dol9le] Z& Ak AT

acetonitirile(© |3}



IAE FE3} GOMSDE 8% w57k et W

i

Balrad 9 O fE2A49 B4 25

PAHs FE= ACN=  olgsigltt Table 1. Spiked concentration into MWFE bulks for recovery test
(Varian #M1921).

o H ol To] AL H]Z284) MWFs Recovery 1 Recovery 2 Recovery 3
A bR el du g 2000 0 0.0
9] PAHSE MWFO 90310} 81588\ cenaphthene 10.00 20.00 30.00
Sesl BE S4= S8l sl Fluorene 2.00 4.00 6.00
Tl 3w 13l 7k Phenanthrene 1.00 2.00 3.00
s%= 13 24 Anthracene 1.00 2.00 301

Fluoranthene 2.00 4.00 6.00

3. A|8EA Pyrene 1.00 2.00 3.00
Benz[a]anthracene 1.00 2.00 3.00

o= Chrysene 1.00 2.00 3.00

w47l e PAHs O] A=A GO/ Benzo[a]fluoranthene 2.00 4.00 6.01
MSD(Saturn 2000, Varian, U.S.A.)E ©]& Benzo[k]fluoranthene 1.00 2.00 3.00
sigar, ARl i AgEAS Eledrézn(:)[[al]%yggg]pyrene %88 %88 ig(l)
NIST 98 MS library = ©]-83I3ik 4% Dibenz[a,h]anthracene 2.00 4.00 6.00
AL ¥ 29 7k Benzo[ghi]perylene 2.00 4.00 6.01
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F%4 JEGAE o] 43 GCMSDOIA
9 AgvlEaRE I9 13} gk o)F |
7V Qe ARE HFE FlERRA= ‘
ol & wEGA)7} S0} 9= scx itk ‘

%2932 SCX TFEYAE o] 43S
wj o] F702] MWFs Alg.2] F=ZrkE 713
ot} A& 19] 75 vl g wjo] A Figure 1. Chromatograms of MWFs sample for PAHs analysis by 6 types

of solid phase extraction cartridges.

Table 2. Analytical conditions for PAHS in MWFs analysis

Parameter Analytical condition
GC/MSD Saturn 2000(Varian, U.S.A.)
GC Column VA-5MS(60 mx0.25 mmx0.25 m)
Temperature Injctor: 320 C . o 5 .
Column: 80 C(I min)—8 C/min—310 C(30.25 min)
Column flow He 1 mL/min
Split ratio Initial 30:1—0.00 min.(splitless)—1.00 min. 30:1
Injection volume 1 ¢l
MSD Temperature Trap 220 C, Manifold 80 C transferline 230 C
El 70 eV

Qualitative analysis NIST 98 MS library
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Figure 2. Chromatogram of MWF sample |.
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Figure 4. Chromatogram of PAHs standard solution.
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pyrene(n=9), fluoranthene(n=6), benzo[ghi]
perylene(n=6), naphthalene(n=2), acena-
phthylene(n=1), anthracene(n=1), benz[a]
anthracene(n=1), chrysene(n=1), benzo[b]
fluoranthene(n=1), benzo[k]fluoranthene
(n=1), benzo[a]pyrene(n=1), dibenz[a,h]
anthracene(n=1)$1t}. 167F4] PAHs % 12
7 o] HEESAL, pyrene¥} benzo
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Table 3. Standard curves, limit of detection and recovery of PAHs in this study
PAH Standard calibration curve LOD*(ug/sample) Recovery(%)
Naphthalene Y=11516.11X+ 8150.60 (r=0.999) 0.81 56.47+ 2.56
Acenaphthylene Y=14345.14X- 1721.33 (=0.999) 0.22 96.20+ 5.79
Acenaphthene Y=12013.36X-64380.20 (=0.993) 452 7753+ 6.77
Fluorene Y=13413.52X- 5233.40 (r=0.999) 0.36 101.76+ 4.89
Phenanthrene Y=11477.85X- 2424.80 (r=0.999) 0.18 114.70+ 6.67
Anthracene Y=10419.99X- 2784.40 (r=0.998) 0.24 93.46+11.20
Fluoranthene Y=17133.57X-11259.20 (1=0.997) 0.57 12440+ 8.99
Pyrene Y=17296.21X- 4908.40 (r=0.998) 0.24 130.00+26.64
Benz[a]anthracene Y= 6576.35X- 5182.80 (1=0.984) 0.70 221.46+18.21
Chrysene Y=11454.74X- 5384.60 (r=0.995) 0.40 235.41£10.39
Benzo[b]fluoranthene Y=15441.40X-13810.40 (=0.995) 0.81 157.52+14.75
Benzo[k]fluoranthene Y=12705.35X+ 3671.00 (r=0.993) 0.45 158.71£17.18
Benzo[a]pyrene Y= 1073.85X- 207.00 (r=0.991) 0.36 168.47+19.94
Indeno[1,2,3-cd]pyrene Y= 974.77X+ 420.40 (r=0.979) 0.81 93.51+18.47
Dibenz[a,h]anthracene Y= 702.16X- 65540 (r=0.987) 1.28 118.47£21.36
Benzo[ghi]perylene Y= 71426X+ 828.00 (r=0.982) 1.50 116.27422.42
* LOD(Limit of Detection)=3*SE(standard error)/b(slope)(AIHA, 1988)
Table 4. 16 PAHs concentrations by soluble and straight cutting oil and other MWFs
PA Soluble Straight Others
n* Conc.(g/mL) n Conc.(g/mL) n Conc.(¢gmL)
Naphthalene 0/5 < LOD 2/13 < LOD 0/3 < LOD
Acenaphthylene 0/5 < LOD 1/13 < LOD 0/3 < LOD
Acenaphthene 0/5 < LOD 0/13 < LOD 0/3 < LOD
Fluorene 0/5 < LOD 0/13 < LOD 0/3 < LOD
Phenanthrene 0/5 < LOD 0/13 < LOD 1/3 0.886
Anthracene 0/5 < LOD 1/13 7317 1/3 1.273
Fluoranthene 1/5 < LOD 6/13 0.316-3.528 0/3 < LOD
Pyrene 1/5 8.244 9/13 7.041-135.456 1/3 1.887
Benz[a]anthracene 0/5 < LOD 1/13 1.885 0/3 < LOD
Chrysene 0/5 < LOD 113 4271 0/3 < LOD
Benzo[b]fluoranthene 0/5 < LOD 1/13 13.319 0/3 < LOD
Benzo[k]fluoranthene 0/5 < LOD 1/13 0.774 0/3 < LOD
Benzo[a]pyrene 0/5 < LOD 1/13 10.770 0/3 < LOD
Indeno[1,2,3-cd]pyrene 0/5 < LOD 0/13 < LOD 0/3 < LOD
Dibenz[a,h]anthracene 0/5 < LOD 1/13 5.072 1/3 6.283
Benzo[ghi]perylene 1/5 2.335 6/13 1.933-129.182 1/3 191.321
Total PAHs 1/5 10.58 9/13 <LOD-270.03 2/3 < LOD-199.49

* 1 No. of detected samples/No. of total samples

[ghi]perylene= 100 ugmL ©1d2] &%=
ow, TARCS} ACGIHOIA 247}
2A(probably carcinogenic to human)2}

Group

A2(suspected human carcinogen)= -+
benz[a]anthracene, benzo[a]pyrene’s. =
H3IC}. TPAHs 554+ < LOD-270.33 sg
/mL A

7VE} RHAER, G2, AR
271 AEelA PAHs E20] AEHICE
phenanthrene,

anthracene, pyrene, dibenz

[a,h]anthracene, benzo[ghilperylene©] 712} 9l
1714 == 0H, benzo[ghilperylene>  F7Ho1/d]
pgmLSIE  TPAHS

191.321
<LOD-199.49 pgmL itk
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JM=
(1,2,3,4,5,6-hexahydro-1,1,5,5-tetramethyl-7

naphthalene 7+

H-2,4a-methano naphthalene-7-one, 1- (1,3,
4,4a,5,6,7-hexahydro-2,5,5-trimethyl-2H-2,4a

==

-ethanonaphthalene ethanon), anth- racene
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(7H-benz[de]anthracen-7-one, 7,12-dihydro-
benz[a]anthracene), chrysene7(1-methyl ch-

7|€(dibenzo [b,f] thiepin, dibenzo
oxepin-11-(6H)-one,

rysene),
[b.e]
zine, thianthrene, 5-aminoindole, proflavin,
5 PACs®} amine
(4,4'-thiobisbenzeneamine, N-(3-[(2-cyanoe-

benzo[a]phena-
benz[clacridine)

thyl)ethylamino]-4-ethoxyphenyl]-acetamide,
alpha-2-diamino-3-hydroxy-gamma-oxo-(s)-b
phenol7(4-(1-phenylethyl)
1-methoxy-3-(2-phenylethenyl)-(E)-
benzene, pentafluoro phenol, 2,6-dinitrophe-
nol, 2,4-bis(1,1-dimethylethyl)phenol, 1,3-di-
hydro-3, 3-dimethyl-1-phenyl-1-isobenzofur-
aldehyde¥7(3,5-di-tert-butyl-4-hydro-
7]E}(butylated hydroxy-
D-n-octylphthalate, ~ 3,5-bis(1,1-
dime-thy-lethyl)-4-hydroxy-benzoic acid, di-
methyl-2.4-furandicarboxylacetate, 1,2,3-tri-
chlorobenzene, 2,6-bis(1,1-dimethylethyl)- 2,
S-cyclohexadiene, monobutyl ester-1,2-ben-

utanoic  acid),
phenol,

anol),
xybenzaldehyde),
toluene,

zene dicarboxylic acid, 1,1',1"-(bromo meth-
ylidyne)tris benzene, oxymetazoline) “5-<]
VOCs7} AZH AT E ).

H)584d Aol A= naphthalene
(1,2,3,4,5,6-hexahydro-1,1,5,5-tetramethyl-7
H-2,4a-methano  naphthalene-7-one, 1-(1-
cyclohexene-1-yl)-naphthalene, 1,2,3,4-tetra-

hydro-2,6-dimethyl  naphthalene,
-tetrahydro-1,1'-binaphthalene),

ene{5-acetylacenaphthene), ~anthracene ¥
(9,10-dihydro- 9,10[1'2']-benzenoanthracene,
1,2,3,4,5,6,7,8-octahydro  anthracene, benz
(a)anthracene-7,12-dione), Indene¥(1-(phe-
2,3-dihydrol,1,2,
3,3-pentamethyl-1H-indene), fluoranthene ¥
(2,3-dihydrofluoranthene),  fluorene<+7H-
benzo[c]fluorene,  2-methoxy-9H-fluorene),

3344
acenaphth-

nylmethylene)-1H-indene,

pyrener-
4-methyl
3 ,4-dihydrocyclopenta(cd) pyrene
1,2,3,3a,4,5-hexahydropyrene),
benzopyrene(3-hydroxy-7-methoxy-2-phen

chrysene{1-methyl ~chrysene),
(1,2,3,3a,4,5-hexahydropyrene,

pyrene,
(acepyrene),

yl-4H-benzopyran- 4-one), phe- nanthrene-
(9-methoxy phenanthrene, 2-me- thoxy
7|E}(11H-benzo[a]carbazole,
2-chloro-7-methoxy-10H-phenothiazine, nor-
dazepam, imipramine, 4,11-dimethoxy-1,
3-dioxolo[4,5-b] (5H)-one,
lumiflavine, agroclavine) ‘5-°] PACs7} 7
Z59ltk VOCs:= phenol F(2,2'-dimethy-
Ibiphenyl, 2-(1-methylethyl)methylcarbamate
phenol, 2,4-bis(1,1-dimethylethyl)phenol, 3-
(1-methy-lethyl)-1,1"-biphenyl, bis(1-methy-
lethyl) 1,1-biphenyl), amine¥H1,2-dihydro
-4,6-dimethyl-2-ox03-pyridinecarbonitrile,

phenanthrene),

acridine-10

N-(5-chloro-2,4-dimethoxyphenyl)-3-hydrox
y-2-naphthalenecarboxamide, 1-(4-nitro phe-
nyl)piperazine, 24-diphenyl-1H-pyrrole, 1,
5-dimethyl-3,3-diphenyl-2-pyrrolidinone),
aldehyde+{2,3-dihydro-2-methyl-5-benzofu-
rancarboxaldehyde, 3,5-di-tert-butyl-4-hydro-
xybenzaldehyde), 7|EKbutylated hydro-
xytoluene, bis(2-ethylhexyl)phthalate, buty-
lated hydroxyanisole, 3,4-didehydromethy-
lester, (2-alpha, 5-beta, 6)Ibogamine-18-
carboxylic acid, S-tert-butyl -4,6-dinitro-1,2,
3-trimethylbenzene) 0] A& LKL 6).
7]E} MWFslA%= naphthalene1,2,
3,4-tetrahydro-1,1,6-trimethy!
1,7-dimethoxy naphthalene,

naphthalene,
6-(1-ethylpro-
pyl)-1,2,34-tetrahydro naphthalene), pyrene
FH(4-methyl pyrene), Indene{1-(phenylme-
2,3-dihydro-1,1,2,3,3-
pentamethyl 1H indene), chrysene~{(1-me-
thyl chrysene, S-ethyl chrysene), 7|EKbenzo
[2,1-b:3,4-b'[bis[ 1 Jbenzothiophene, 9-hydro-
xy-4-methoxyacridine, 13H-dibenzo [a,[]car-
bazole, dinaphtho[2,1-b:1'2'-d]thio- phene)
52 PACs7} 1Z = 31T} VOCsi= phenol
F#4-chloro-3-methylphenol), 7] S45F
(chlorotrimethyl stannane, choromethyl mer-
cury), 7|EKbutylated hydroxytoluene, bis
(2-ethylhexyl)phthalate, ethylmethylthiambu-

thylene)-1H-indene,

Table 5. Qualitative analysis of PACs and other hydrocarbons excluding 16 PAHSs in soluble cutting ails

Group Compounds*
PACs Naphthalenes 1,2,3,4,5,6-hexahydro-1,1,5,5-tetramethyl-7H-2 4a-methanonaphthalene-
7-one, 1-(1,3,4,4a,5,6,7-hexahydro-2,5,5-trimethyl-2H-2,4a-ethanonaphthalene ethanon
Anthracenes 7H-benz[de]anthracen-7-one, 7,12-dihydrobenz[a]anthracene
Chrysenes 1-methyl chrysene
Others dibenzo[b,f]thiepin, dibenzo[b,eJoxepin-11-(6H)-one, benzo[a]phenazine, thianthrene,
5-aminoindole, proflavin, benz[c]acridine
VOCs Amines 4 4'-thiobisbenzeneamine, N-(3-[(2-cyanoethyl)ethylamino]-4-ethoxyphenyl]-acetamide,
alpha-2-diamino-3-hydroxy-gamma-oxo-(s)-butanoic acid
Phenols 4-(1-phenylethyl)phenol, 1-methoxy-3-(2-phenylethenyl)-(E)-benzene, pentafluorophenol,
2,6-dinitrophenol, 2,4-bis(1,1-dimethylethyl) phenol,
1,3-dihydro-3,3-dimethyl-1-phenyl-1-isobenzofuranol
Aldehydes 3,5-di-tert-butyl-4-hydroxybenzaldehyde
Others butylated hydroxytoluene, D-n-octyl phthalate, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-benzoic

acid, dimethyl-2,4-furandicarboxyl acetate, 1,2,3-trichlorobenzene,
2,6-bis(1,1-dimethylethyl)-2,5-cyclohexadiene, monobutyl ester-1,2-benzenedicarboxylic acid,
1,1',1"-(bromomethylidyne)tris benzene, oxymetazoline

* These compounds were identified to choose the higher probability using NIST 98 MS library.
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diphenyl-s-triazolo[4,3-a] pyrazine, o-terph-  xystilbe)'s°] AEEATHE 7).

enyl, 4-styryl-quinoline, 4-amino-4'-hydro-

Table 6. Qualitative analysis of PACs and other hydrocarbons excluding 16 PAHS in straight cutting oils

Group Compounds*

PACs Naphthalenes 1,2,3,4,5,6-hexahydro-1,1,5,5-tetramethyl-7H-2,4a-methanonaphthalene- 7-one,
1-(1-cyclohexene-1-yl)-naphthalene, 1,2,3 4-tetrahydro-2,6-dimethyl naphthalene,
3,3',4,4'-tetrahydro-1,1"-binaphthalene

Acenaphthenes S-acetyl acenaphthene

Anthracenes 9,10-dihydro-9,10[1'2']-benzenoanthracene, 1,2,3,4,5,6,7,8-octahydro anthracene,
benz(a)anthracene-7,12-dione

Indenes 1-(phenylmethylene)-1H-indene, 2,3-dihydro-1,1,2,3,3-pentamethyl-1H-indene

Fluoranthenes 2,3-dihydrofluoranthene

Fluorenes TH-benzo[c]fluorene, 2-methoxy-9H-fluorene

Chrysenes l-methyl chrysene

Pyrenes 1,2,3,3a,4,5-hexahydropyrene, 4-methyl pyrene, 3,4-dihydrocyclopenta(cd)pyrene (acepyrene),
1,2,3,3a,4,5-hexahydropyrene

Benzopyrenes 3-hydroxy-7-methoxy-2-phenyl -4H-benzopyran-4-one

Phenanthrenes 9-methoxy phenanthrene, 2-methoxy phenanthrene

Others 11H-benzo[a]carbazole, 2-chloro-7-methoxy-10H-phenothiazine, Nordazepam, imipramine,
4,11-dimethoxy-1,3-dioxolo[4,5-blacridine-10(SH)-one, lumiflavine, agroclavine

VOCs Phenols 2,2"-dimethylbiphenyl, 2-(1-methylethyl)methyl carbamate phenol, 2,4-bis(1,1-dimethylethyl) phenol,
3-(1-methylethyl)-1,1"-biphenyl, bis(1-methylethyl)1,1'- biphenyl

Amines 1,2-dihydro-4,6-dimethyl-2-oxo-3-pyridinecarbonitrile,
N-(5-chloro-2,4-dimethoxyphenyl)-3-hydroxy-2-naphthalenecarboxamide,
1-(4-nitrophenyl)piperazine, 2,4-diphenyl-1H-pyrrole, 1,5-dimethyl-3,3-diphenyl-2- pyrrolidinone

Aldehydes 2,3-dihydro-2-methyl-5-benzofurancarboxaldehyde, 3,5-di-tert-butyl-4-hydroxybenzaldehyde

Others butylated hydroxytoluene, bis(2-cthylhexyl)phthalate, butylated hydroxyanisole,

3 4-didehydro-methylester, (2-alpha, 5-beta, 6) Ibogamine-18-carboxylic acid,
5-tert-butyl-4,6-dinitro-1,2,3-trimethylbenzene

* These compounds were identified to choose the higher probability using NIST 98 MS library.

Table 7. Qualitative analysis of PACs and other hydrocarbons excluding 16 PAHs in other MWFs

Group Compounds*
PACs Naphthalenes 1,2,3 4-tetrahydro-1,1,6-trimethyl naphthalene, 1,7-dimethoxy naphthalene,
6-(1-ethylpropyl)-1,2,3,4-tetrahydro naphthalene
Pyrenes 4-methyl pyrene
Indenes 1-(phenyl methylene)-1H-indene, 2,3-dihydro-1,1,2,3,3-pentamethyl 1H indene
Chrysenes 1-methyl-chrysene, S-ethyl-chrysene
Others benzo[2,1-b:3,4-b']bis[ 1 [benzothiophene, 9-hydroxy-4-methoxyacridine, 13H-dibenzo[a,l]carbazole,
dinaphtho[2,1-b:1'2'-d]thiophene
VOCs Phenols 4-chloro-3-methyl-phenol

Organic metals
Others

chlorotrimethyl stannane, choromethyl mercury

2,4-dihydro-4-methyl-3H-1,2,4-triazole-3-thionen, probenecid, Morazone,
5,6-diphenyl-s-triazolo[4,3-a]pyrazine, o-terphenyl, 4-styryl-quinoline, 4-amino-4'-hydroxystilbe,
butylated hydroxytoluene, bis(2-ethylhexyl)phthalate, ethylmethylthiambutene

* These compounds were identified to choose the higher probability using NIST 98 MS library.
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Q907 Q| PAHs F57F ol 4= 2 Qs AAIAQ TAIS 3 A I “mystery” 22U F PAHsE A5k
ATkl SISITHEvans 5, 1989; Granmela ¥ TAVE HAE 4= Qlom, Aeaprt  kds] wAY a8 AYS o8 &
& Clonfero, 1991; Apostoli 5, 1993; Eisen 7| &uljol] =2 7lsAdo] 2 #ntk o} Q= HPHo|XeE oW At =54 4
S, 1994). 18P FE 7T 48 Y AR & @RS 2t gtk | AREShe o] 7P E8A0E ¢
R 51 058/ MWFs ¥ ofal, 58 Pullen & Scammells(1988)+= 20 A U F PAHsE w4 & QA £
d MWFsOlM & PAHs= 88 7FsA] ARrkETe2E AXA ¢ F HPLCSE  A7F B8l
Table 8. Carcinogenecity of PAHs
Carcinogenic potential
PAH . t t
IARC ACGIH-TLV MOL-KPEL

Naphthalene - A4 -

Acenaphthylene - - -

Acenaphthene - - -

Fluorene Group 3 - -

Phenanthrene Group 3 - -

Anthracene Group 3 - -

Fluoranthene Group 3 - -

Pyrene Group 3 - -

Benz[a]anthracene Group 2A A2 -

Chrysene Group 3 A3 A2

Benzo[b]fluoranthene Group 2B A2 -

Benzo[k]fluoranthene Group 2B - -

Benzo[a]pyrene Group 2A A2 A2

Indeno[1,2,3-cd]pyrene Group 2B - -

Dibenz[a,h]anthracene Group 2A - -

Benzo[ghi]perylene Group 3 - -

# IARC : International Agency for Research on Cancer.
Group 2A : The agent (mixture) is probably carcinogenic to humans. The exposure circumstance entails exposures that are probably carcinogenic to humans.
Group 2B : The agent (mixture) is possibly carcinogenic to humans. The exposure circumstance entails exposures that are possibly carcinogenic to humans.
Group 3 : The agent (mixture or exposure circumstance) is not classifiable as to its carcinogenicity to humans.

TACGIH : American Conference of Governmental Industrial Hygienists.

A2 : Suspected human carcinogen

A3 : Confirmed animal carcinogen with unknown relevance to human

A4 Not classifiable as a human carcinogen

FKPE : Korean Permissible Exposure Limit by Ministry of Labor

A2 : Suspected human carcinogen
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phthene 38.6%°I1*1 phenanthrene 94.9%
3, SFEW  naphthalene  59.1%°1A]
benzo[a]pyrene 120.7%%= TS 7t 3
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fluoranthene(n=7),  pyrene(n=11),  benz
[a]anthracene(n=1), chrysene(n=1), benzo[b]
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& Al vl E w2 AelA
AZEA &2 acenaphthene, fluorene %
indeno[1,2,3-cd]pyrene &)1, 1 9
1 o19tof| M= 7= ¥ naphthalene, acena-
phthylene, benzo[b]fluoranthene, benzo[k]
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benzo[ghilperylene = =54 ¢kakch
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Table 9. Comparison of LOD values of PAHs by preparation methods

Recovery(%)
PAH Wong & Wang(2001) This study
LLE' SFE spE”

Naphthalene 55.246.9 59.143.9 5647+ 2.56
Acenaphthylene 59.3+1.6 59.4+1.4 96.20+ 5.79
Acenaphthene 38.6£6.6 72.8+0.9 7753+ 6.77
Fluorene 64.5+4.6 99.9+5.1 101.76+ 4.89
Phenanthrene 94.9+£3.3 115.746.0 114.70+ 6.67
Anthracene 92.444.1 99.8+2.6 93.46+11.20
Fluoranthene 84.848.7 103.6+1.8 12440+ 8.99
Pyrene 88.3+8.7 111.343.0 130.00+26.64
Benz[a]anthracene 80.7+£9.9 96.6+4.1 221.46+18.21
Chrysene 82.249.0 96.0+6.8 235.41£10.39
Benzo[b]fluoranthene 67.4£74 111.849.7 157.52£14.75
Benzo[k]fluoranthene 78.2£6.0 112.746.7 158.71£17.18
Benzo[a]pyrene 78.3£6.1 120.5¢7.7 168.47+19.94
Indeno[1,2,3-cd]pyrene 642454 94.6+4.2 93.51+18.47
Dibenz[a,h]anthracene 76.4£9.2 108.5+¢7.9 118.47£21.36
Benzo[ghi]perylene 66.1£2.8 108.3£2.6 116.27+22.42

# LLE : liquid-liquid extraction
TSFE : supercritical fluid extraction
FSPE : solid phase extraction
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