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SAMA e Ao ZRa 565 578 HS-SPME GCMSE ©|-&3}9] ethylbenzene
0.089~0.244 pg/mL, o-xylene 0.072~O.331 pg/mL, m,p-xylene 0.062~0.318 pg/mL, benzene 0.003~0.173 pg/
mL, 1,1-dichloroethylene 0.003~0.295 pg/mL, toluene 0.007~0.484 pg/mLe} 7+-& 31Uk HEEA AR5 S
Fusigom YR A Solds 2L Mo s IR BEE 5 9&e T & Ak

Abstract: In forensic examinations of question document, analysis about inks components and the dating of
ink entries is often of considerable importance and forensic examination of inks is principally concerned with
the classification and comparison of chemically complex mixtures. The authenticity about inks analysis of a
questioned document may be examined through the analysis of inks used to TLC, HPLC/MS, GC/MS, LDI/
MS. We collected 56 difference types of black ballpoint pen inks manufactured from 5 country groups. We
identified major 6 species volatile organic components (VOCs), ethylbenzene (0.089-0.244 pg/mL), o-xylene
(0.072-0.331 pg/mL), m,p-xylene (0.062-0.318 pg/mL), benzene (0.003-0.173 pg/mL), 1,1-dichloroethylene
(0.003-0.295 pg/mL), toluene (0.007-0.484 png/mL) using HS-SPME GC/MS. The results of this study indicated
that determined VOCs of black ballpoint pen inks could make a discriminating tool of inks analysis for forensic
question document and can supply methodology for classification and identification of between ballpoints pen

inks.
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HS-SPME GC/MSE o]&3+ &2

W3St thin-layer chromatography (TLC), high-pressure
liquid chromatography/mass spectrometry (HPLC/MS),
gas-chromatography/mass spectrometry (GC/MS), laser
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Table 1. Specifications of black ballpoint pens

Sample

No. Country Manufacture Pen name

S1 Korea DONG-A anyball 501 (K-D-1)
S2 Office Grip (K-D-2)
S3 Office ball (K-D-3)

S 4 Ardor (K-D-4)

S5 Speedy ball (K-D-5)
S6 EVERGREEN Hi-Ball (K-E-1)

S7 Soft Pen2 (K-E-2)

S8 Clyckie (K-E-3)

S9 BARUNSON Deskball (K-B-1)

S10 MonAmi MonAmi 153 (K-M(1)-1)
S11 FX speed RT (K-M(1)-2)
S12 Tock star (K-M(1)-3)
S13 Rolling 360 (K-M(1)-4)
S14 STOPEN]| (K-M(1)-5)
S15 0OA-300 (K-C-1)

S16 CROWN CB-400NR (K-C-2)
S17 Office Ball (K-F-1)
S18 Best Ball (K-F-2)

S19 innocent (K-F-3)

S20 Munhwa Campus (K-M(2)-1)
S21 SK Slimmer 200 (K-S-1)

S22 Monokuroboo (K-S-2)
S23  Japan Pentel Star V (J-P(1)-1)

S24 E ball BK127 (J-P(1)-2)
S25 BK708-A (J-P(1)-3)
S26 Rolly C4 (J-P(1)-4)

S27 ZEBRA Tapliclip BN5 (J-Z-1)
S28 Clip-on (J-Z-3)

S29 Penac E Grip BBO301 (J-P(2)-1)
S30 Side 101 (J-P(2)-2)

S31 PILOT Super-GP (J-P(3)-1)

S32 Feed GP4 (J-P(3-)2)
S33 Uni Laknock (J-U-1)

S34 Power Tank (J-U-2)

S35 Ta-shock2s (J-U-3)

S36 TOMBOW CALNO (J-T-1)

S37 REPORTER 3 (J-T-2)
S38 XENO Soft (J-X-1)
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Table 1. Continued

Sa;]r:f e Country Manufacture Pen name
S39  China Best office crystal swing (C-B-1)
S40 BASIC (C-B-2)
S41 economic (C-B-3)
S42 FORAY MEDIUM PT. (C-F-1)
S43 FINE PT. (C-F-2)
S44 Niceday SOFT CLICK.M (C-N-1)
S45  America BiC round stic (A-B-1)
S46 round stic grip (A-B-2)
S47 Fine (A-B-3)
S48 Velocity (A-B-4)
S49 Atlantis (A-B-5)
S50 Crystal (A-B-6)
Ss1 Bu2 (A-B-7)
S52 Sheaffer Sentinel (A-S-1)
S53 Parker UL Parker UK T (A-P-1)
S54  Germany SCHNEIDER Tops 505 m (G-S(1)-1)
S55 STAEDTLER 422G (G-S(1)-2)
S56 432 F (G-S(2)-1)

52 Table 13+ 2T},
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Table 2. Analytical conditions of HS-SPME GC/MS for
determination of VOCs in black ballpoint pen ink
catridge

GC Info. Simadzu 2010
DB-624 (60 m x 0.32 mm LD,

Column 1.8 umdf)

Oven Program 50 C (3 min) - 10 °C/min -250 °C
(5 min)

Inlet Temp. 230 °C

Carrier Gas He at a constant flow of 1 mL/min

Inlet Mode split (25:1)

Detector MSD(EI)

Mass range 35~500 amu

Acquisition Rate 20 spectra/sec

Ionization energy 70 eV

Ion Source Temperature 230 °C

SPME Headspace sampler

75 um Carboxen™-polydimethylsilox-

SPME fiber anc(PDMS)
Extraction time 20 min
Extraction Temperature 90 °C
Sample volume 100 pL in

£ conical vial (Supelco™, Buchs, Switzerland)oll ¢
3k 2087k, 90 °Col4] SPME 75 um Carboxen™-
PDMSE AME-81e] 4481 1481 TH(Tuble 2).

232. EXAXz|H

Ao A= SAS FA ZZ13<21 JMP package
(SAS statistical discovery™)Z o] &3lo] Alg 7ho] &
HAREAL S 2AEIAH. & 24 S HEFE o] 831y
A& 7H] FAMS S AR E-8HAY AL
Al AF| U = multivariate method%: hierarical clusterS
o] &3t AZH +3 T WARDH S AM&3tor
twoway clustering(CHH 3 £4)& A =38te] &3
Aol gt 71 =A5E Tttt Egk AlsdA A
5 JETNA NEEAES aRH o= ofslr] 9
3] 0=0.05 oAl oneway analysis % Tukey-
Kramer HSDE ©]-&-3}o] Al 4b= HaA]7ke] £
A& A8kt

3. &dn ¢ nE

3.1. M
AFZAE F37] A8l 0.5~5.0 pg/mlLe] F=H
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Table 3. Retention time and standard calibration for determination of VOCs in black ballpoint pen ink catridge

Compound RT(min) ii;i?ﬁﬁgi‘; Regression eqn. cgg;fr.liliaet::(nrz)
1,1-Dichloroethylene 4.04 0.005~0.500 y=129071 x + 4545 0.999
Dichloromethane 4.58 0.005~0.500 y=139506 x — 1910 0.999
Chloroform 6.33 0.005~0.500 y=173477 x — 1710 0.999
1,1,1-Trichloroethane 6.57 0.005~0.500 y=168419 x — 1358 0.999
Carbon terachloride 6.76 0.005~0.500 y=139461 x — 2634 0.999
Benzene 6.98 0.005~0.500 y=498578 x + 1255 0.999
Trichloroethylene 7.66 0.005~0.500 y= 98770 x — 9160 0.999
Bromodichloromethane 8.19 0.005~0.500 y=117207 x — 9197 0.998
Toluene 9.06 0.005~0.500 y=399902 x + 3040 0.998
Tetrachloroethylene 9.69 0.005~0.500 y= 84318 x — 4534 0.999
Dibromochloromethane 9.95 0.005~0.500 y= 70026 x — 1138 0.995
Ethylbenzene 10.75 0.005~0.500 y=441837 x — 3690 0.998
m,p-Xylene 10.88 0.005~0.500 y=724597 x — 4309 0.998
0-Xylene 11.34 0.005~0.500 y=369552 x — 2532 0.998
Bromoform 11.60 0.005~0.500 y= 39097 x — 6382 0.999
1,2-Dibromo-3-chloropropane 14.68 0.005~0.500 y= 30585 x — 2719 0.999
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Fig. 1. Total ion chromatogram of standard VOCs obtained by HP-SPME GC/MS. (a) standard, (b) sample (S9).
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Types of black ballpoint pens(S1-S56)
Fig. 2. Concentration (ug/mL) of VOCs in black ballpoint pen ink catridge.

AEH A eFgron =k 84, S5, 89, S17, SI18S.2
2F F 5%, B4 829, 32, S359] 3F, w|HAte]
79- 850, S51 A 871 AE A Fkor F4ks)
UL A BoME BT AEHe BAS ER1EA
T}, Benzened 735 56F A8 F 26594+ A=EE
A gskomn skl 749 22%F F 12%<1 S, S2,
S3, S6, S7, S11, S13, S15, S16, S17, S212.2 77 A
ZA R xohE Qo B HS 16% T 11F
o] A&HR grom 13 S$23, S24, S25, S26<]
PentelAl A|E.9} S27, S289] ZebraAte] A|EoA = &
T AZEHA &9kon Pilote} Unirte] d¥ox= 7
EH A AT m Ak A 846, S47, S49, S50,
S519] BicAle] 570X &9} Parkerd] 17HAIEA = A
ZHA ko =YL SchneiderAte] A FolM = 7
Z5X] Skl Toluene®] 739 56% A&F 5%°lA
T A& o], =2k A|EF S3, S5, 7, 213 5
b 854 AlBOA T AEEHASH YA 51500 =
AEE A golt.

1,1-dichloroethylene, benzene, toluene2] 7 &5
HtS o 37k BF HEFHA ge AEE o
S4, S1732F A4k §32, w4k S50, S512] 4% o|H
benzene, toluene®] 2714 2] 3 Adio] AEHA
Re ANEE F 26522 U] 565 AENAM F
FH 07 71& 5+ ethylbenzene, o-xylene, m,p-xylene
S A €)% 1,1-dichloroethylene, benzene, toluene2] 73
EE5H2Z MAEE S 1T = U

yal

. o

benzene 0.089~0.244 pg/mL, o-xylene 0.072~0.331 ng/
mL, m,p-xylene 0.062~0.318 pg/mL, benzene 0.003~0.173

pg/mL, 1,1-dichloroethylene 0.003~0.295 pg/mL, toluene
0.007~0.484 pg/mLe] FEHE AZLUoH 565
Agol o FHFFELS mlS S-S & U
TH(Table 4).
d3 FTEYA NN AEE PR T M =
22 ethylbenzene &2 H=
2F 0.098~0.126 pg/mL, 9 EAF 0.089~0.128 pg/mL,
Z=4F 0.098~0.119 pg/mL, P14t 0.095~0.126 pg/
mL, 24 0.096~0.117 pg/mLe] =¥ 2 Vet
1} 0.08~0.12 pg/mLe] F=F R E o] FAISH
S EHFES ¢ & dRY F4t AR S439]
0244 pg/mLe] FO R ThE A F H|Ef 2 H)
Vg e TS JERAT. E3E o-xylene
ethylbenzene®] 74-5-9F 7o) =4 S43 A 87}
0331 pgmLe| FFoE & A5 FFRT} 4
v o]e] E& gt Aol & YERN R 1 o]9]
ol= w4t S46 AlF9] 0.072 pg/mL ¥z &2
2F 8299] 0.122 pg/mL F=ol °]|27|71A] thsA
Hxso] A MEALE AT 5 AU mp-
xylene 0.062~0.091 pg/mLe] F=HHE Ve
AL S439] FFAE A5 Ao T 4w o]}
=2 FFE YA S benzened| Aol
0.003~0.173 pg/mLe] MHE FH5=rt v-¢- o
3 1T & Ao HEHA e AEE
o, =2t 22F F 12%F, dE2 16% 5 11F, 7
T 10T T 6%, ZUA 3F T 150 HEHA
Fhoy T 65olME BF HAEHAeH 5
3] FFAF S43 A BE 0.173 pg/mLOZ THEA RO
H3l 2~60 Wi 7FE E=UTH
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Table 4. Concentration (ug/mL) of VOCs in black ballpoint pen ink catridge
Component Mean’+SD
Samples L 1;3;2::?0_ 0-Xylene Benzene Ethylbenzene m,p-Xylene Toluene

S1 0.024 + 0.006  0.080 + 0.009 - 0.098 + 0.004  0.067 + 0.006 -
S2 0.094 + 0.007  0.078 + 0.013 - 0.094 £ 0.002 0.072 + 0.007 -
S3 0.071 + 0.004  0.117 £ 0.006  0.004 + 0.001  0.105 + 0.027 0.078 £ 0.003  0.007 + 0.001
S4 - 0.091 + 0.003 - 0.095 + 0.006  0.079 + 0.002 -
S5 - 0.084 £ 0.003  0.011 £0.007 0.092 £ 0.002 0.068 + 0.004 0.027 + 0.004
S6 0.040 + 0.005  0.077 £ 0.001 - 0.109 £ 0.019  0.076 + 0.002 -
S7 0.097 £ 0.007  0.084 + 0.004 - 0.121 £0.012  0.081 + 0.007 0.484 + 0.083
S8 0.046 £ 0.002  0.078 £ 0.001  0.004 £ 0.001  0.111 £ 0.024  0.071 £ 0.003 -
S9 - 0.092 + 0.004 0.017 £ 0.009 0.094 £ 0.002 0.070 + 0.001 -
S10 0.010 + 0.009  0.094 + 0.002 - 0.114 £ 0.019  0.072 + 0.001 -
S11 0.026 + 0.002  0.083 + 0.008 - 0.098 + 0.008 0.068 + 0.003 -

Korea 12 0.037+0004 0075+ 0006 0.006+0001 0.102+0013 0078 +0.002 -
S13 0.031 + 0.001 0.079 = 0.009 - 0.126 £ 0.019  0.075 + 0.008 -
S14 0.009 + 0.001 0.096 + 0.011  0.012 £ 0.002  0.108 + 0.009  0.083 + 0.009 -
S15 0.068 + 0.005  0.089 + 0.007 - 0.106 + 0.006  0.080 + 0.004 -
S16 0.050 + 0.003  0.096 + 0.014 - 0.116 £ 0.018  0.071 £ 0.005 -
S17 - 0.091 + 0.009 - 0.107 £ 0.009  0.074 + 0.002 -
S18 - 0.098 + 0.005 0.014 £ 0.006  0.102 £ 0.007  0.070 + 0.001 -

S19 0.112 £ 0.017 0.082 = 0.001  0.011 £ 0.006  0.092 £ 0.009  0.065 + 0.003 -
S20 0.020 £+ 0.005 0.085 = 0.006  0.058 £ 0.010  0.096 £ 0.012  0.063 + 0.001 -

S21 0.034+0.003  0.091 + 0.008 - 0.107 £ 0.020  0.074 = 0.007  0.041 + 0.016
S22 0295+0.042  0.089+0.013 0.004 +0.001 0.103 + 0.007 0.071  0.001 .
$23  0.061 +£0.007  0.078  0.017 - 0.094 £ 0.003  0.074 £ 0.004 -
S24  0.08040.005  0.088 % 0.008 - 0.094 = 0.001  0.074 % 0.003 -
$25  0.006+0.001  0.077  0.001 - 0.100 £ 0.008  0.070  0.002 -
$26  0.101 +0.040  0.082  0.002 ; 0.128 + 0.011  0.072 % 0.002 -
$27  0.197+0.032  0.083  0.003 - 0.106 + 0.012  0.071 % 0.007 -
$28  0.014+0.003  0.098 + 0.005 . 0.096 = 0.015  0.067 = 0.009 .
$29 ; 0.122 = 0.032  0.049 = 0.011  0.108 = 0.009  0.076 + 0.004 .
S30  0.052+0.004  0.077 + 0.008 . 0.089 = 0.003  0.063 = 0.003 .

Japan g3i 0058£ 0002  0.078+0.009 0017 %0005 0.101 £0.009 0.070 £ 0.006 -
$32 - 0.085 + 0.002 - 0.092 = 0.008  0.071 = 0.007 -
S33  0.041 +0.004  0.117 + 0.087 - 0.102 = 0.008  0.078 = 0.008 -
S34  0.044+0.001  0.086 % 0.004 - 0.107 = 0.016  0.082 = 0.002 -
$35 - 0.096 = 0.017  0.033 £ 0.009  0.089 £ 0.005  0.066 + 0.005 -
S36 0.02940.003  0.084 +0.002 0.006 +0.001 0.089 + 0.005 0.073 % 0.009 -
S37  0.040+0.005  0.083 +0.009 0.015+0.002 0.095 % 0.002 0.073 % 0.012 -
$38  0.03040.007  0.083  0.003 - 0.104 £ 0.027  0.077  0.007 -
$39 001740003  0.08+ 0001 0.024 +0.006 0.099 + 0.002 0.070 + 0.002 -
S40  0.060+0.009  0.089 + 0.001  0.030 + 0.007 0.098 + 0.006  0.069 % 0.005 -

ching 541 00890006 00820004 00300003 0.119£0012 0,093+ 0.008 -

S42 0.026 £ 0.002 0.096 = 0.009  0.019 £ 0.003  0.109 £ 0.023  0.071 + 0.004 -
S43 0.060 £ 0.005 0.331 £0.048 0.173 £0.024 0.244 £ 0.028 0.318 £ 0.072 -
S44 0.003 £ 0.001 0.094 +£ 0.009 0.005 £ 0.001 0.101 £ 0.007 0.074 + 0.003 -

Vol. 23, No. 4, 2010
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Table 4. Concentration (ng/mL) of VOCs in black ballpoint pen ink catridge

Component Mean’+SD

Samples L 16-3;32111?0- 0-Xylene Benzene Ethylbenzene m,p-Xylene Toluene

S45  0.035+0.004 0092 +0.002 0.003 £ 0.001 0.106 + 0.004 0.067 = 0.003 -

S46  0.099 £ 0.009  0.072 = 0.003 - 0.115 £ 0.020  0.077 + 0.004 -

S47  0.048 £0.002  0.087 £ 0.009 - 0.107 + 0.017  0.064 % 0.002 -

S48 0.078 £ 0.011  0.089 = 0.004 0.009 +0.002 0.108 + 0.008  0.070 = 0.001 -
America  S49  0.159 £0.036  0.098 £ 0.004 - 0.106 + 0.009  0.075 % 0.002 -

S50 - 0.073  0.009 - 0.114 £ 0.01  0.072 % 0.007 -

$51 - 0.077 + 0.007 - 0.098 + 0.006  0.069 % 0.008 -

§52  0.163+0.072  0.095+0.002 0.017 +0.001 0.126 + 0.022  0.084 % 0.009 -

$53  0.008 +0.001  0.079 + 0.001 . 0.104 + 0.005  0.091 + 0.014 -

S54  0218+0.055  0.078 £ 0.009 - 0.117 £ 0.009  0.072 £ 0.008  0.129 = 0.027

S55  0.053+0.007  0.085+0.007 0003 £ 0001 0.103 +0.019 0.083 £ 0.003 -
Germany g6 0071 £0010 0093 £0.014 0045 £ 0,004 0096 = 0.008 0.068 £ 0.009 -

range  0.003~0295  0.072~0.331  0.003~0.173  0.089~0.244  0.062~0318  0.007~0.484

“Mean value from 3 measurements

3k 1,1-dichloroethylene] 7-$- $H=+4F AlFE S22
7} 0295 pg/mLe] FFoF o LS HYon =
A2k 8549 734 0218 ug/mL, LEAF $27 0.197 ug/
mL, B4k §52 0.163 ug/mL, S49 0.159 ug/mLO 2
o2 A=l vlE o SREs & 5 AJT AE
H 7% ¥l i & 0.003~0.295 pg/mLE A]g

7+e] F&zke) 7t 100 vi7HES] ztolE Ko 7H
949l A 87k AolE AAT 5 e ARYS ¢
I AR om A 55 QB 43 ] SHAF 3504

= A& A 29Ut} Toluened 56% Al oA 5%F0]
AEFAoW 2 FoA TFiko] 3F 02 S7 0.484
pg/mL, S21 0.041 pg/mL, S3 0.007 pg/mLe] FE
Z3 592 $54 0.129 pg/mLeE AEHo] 3t &

olde Bl = U

33. SHAEME 0|88 =H ¥ HE=SY

3 JIA SHEA AR IR EA4A
tdeted A g7k FAME R HIRAMEE A
sto] ohgFe] AlgolA HEE Adie
Zhe] Fmgaidel @A
clusteringS A] =3}t

Fig 32 571 AA=714 A
QHLHHH 7“’"‘2]3 o]_Q.i:sl- _‘—LL;QEO]E]
AL 5 grouple 2 -_IL'v—E]‘ﬂ k=t 115, ‘%l—"ﬁ: 7%,
T2 4%, VT 6%, Y 23S X3= group 1(A
5 30%)F 3= 8%, Y& U]‘-'—#C‘] Zyzb 3%, 1
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Fig. 3. Dendrogram showing relationship among black
ballpoint pen ink catridge and detected VOCs
components using the modified hieradical cluster
method (nearest neighbor, euclidean distance).

i 59 150 EFHIL Fo] TFHA &
group 2N & 15%), 2812 A& 65, o= 2%, 5
15°] ZH group 3(NE 9%F)02 FEE AT )
Bado] Hold 3=t 87, T S43& TE A F919
HfALE7E & A8 2 R AT fAM o] 7HE
2 A8 FF2 S13 Si1o]H HlfALET 7 &

e
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HS-SPME GC/MSE ©]-§-3 Ed Y =] 304 4 &4 421
Table 5. Means comparisons for manufacturer each pair using one way analysis
I\E;EE?;C?S?; 1,1-Dichloroethylene  o-Xylene Benzene Ethylbenzene m,p-Xylene Toluene
Korea A A B B B A
Japan A A B B B A
China A A A A A A
America A A B AB B A
Germany A A AB AB AB A
Values with a same superscript letter are not significantly different (P<0.05)
03 033 W5
035+ 13
3 L]
£y ] A 4 021
;) | tDh ¢
H 0154 s E‘
i 3 :
i, ' 7_\\ 1 HIE
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Fig. 4. One way analysis (Tukey-Kramer HSD) on detected VOCs components of black ballpoint pens ink catridge. (a) 1,1-

Dichloromethane, (b) o-Xylene, (c) Ethylbenzene

A8 e=2F 823 vk 8450190t

B Table 59} 7ol AEE BE 650 BLAR
Az =7 vl we loiA & 1,1-dichloroethylene,
o-xylene, toluene®] 739~ AF=7ke] [-2o] &2l zfol=
$1 3L benzene, ethylbenzene, m,p-xylene®] 7%, &=
AFE g, dEAES Haste] o421 Aol&
gl o v+ FUAE] 4 A g9
g AATE benzene®] ZAF-olwt PISA| R} T
dEo] o TES & & USUTH

HEH A7 vl JoA = o-xylened} m,p-
xylene®] 7Fg fALE7F EolA A|87ke] gExlol =
= 2¥o] o]#]9-1 ethylbenzene, benzene®] FAF=7}
ol A e = 9= AJHo|0.2 1 1,1-dichloroethylene
3} toluene Th2 Aol B8] /EA o] Hoju T
2598 B st AEYES ¢ T oA Y=
FIEA A HEE 659 JUPHE F A8
MEGE EAXS F Jde= AEEES Els] 4
A= Fig 49 ol A= NEZe] AEFe] Apel7t
£ 1,1-dichloroethylene S ©]-&3l] 7/|E A S vlotst
T AFS s THFig 4).
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4.4 B

J=0] AAE S BHOE 7] F7olA A
A2 565S AN SR HS-SPMEE ©]&3}o]
J £ gH, JIAANEY MNE S8
sto] AEztE R E-8-3kaat &ttt

1. &% 32 E S Z = ethylbenzene, o-xylene,
m,p-xylene, benzene, 1,1-dichloroethylene, toluene®] 6
0|9l o ™ 15 ethylbenzene, o-xylene, m,p-xylene->
56% RE A BolA 7ZE% I benzene, 1,1-dichloro-
ethylene, toluene> HEE A &= ANEE IHFS &
T AUk Benzene®| A9 26%°] HEEA FRe
] E3] dEAF PentelA} (S23, S24, S25, S26)¢9}
Zebrark(S27, $28), "l=rAte] 7§ BicAle] STHAIRE
(S46, S47, 849, S50, S51) 25 ZHEE A oo} A|ZzAL
of Z HE EALS T 4 AT 1,1-dichloro-
ethylene®] 7% 56% A& F 10%, = 3= 5%
(S4, S5, S9, S17, S18), L& AF 3%(S29, S32, S35),
v =2k 25(S50, S51) AlE7F AEEA 22 \haA
A} 5YAHY AlRoAME BE AEEHE 54

o ofN



422 Aoy - AR -

213}t Toluene?| A% 56%F A& F 5FoA 7+
AEE o], stk AR 83, S5, 87, S213 HU4k S54
A Zo AR AEE Qo™ U] 5154 E AEH
A ¢kkt}. Benzene, 1,1-dichloroethylene, toluene =5
AEHA Fe AR 21 84, 8173 J &4t
S32, u]=2F S50, S519] 5%°]™ benzene, toluene®] 2
7R 9] I Aol AEHA Se AEE T 265
© 2 Z2lg o] [,1-dichloroethylene, benzene, toluene
9 HEEA] JEARERE 82 S UES ¢ F
AT

2AE T AEE PR g JoAM=
EE AZo|A AEH = ethylbenzene, o-xylene, m,p-
xylene®] 73$- 0.08~0.12 pg/mLe] FEHSE A&H
o AEZE T folFQl ol 1T T gl
U F5A AR S439] A9-ow thE Al s vl
2~ 9] =2 s HAS oO F ddnh HEE
&% 1,1-dichloroethylene 0.003~0.295 pg/mL<]
FEHIAR HAEH L A A8 S22 0.295 pg/mL,
=92 $54 0218 pg/mL, YEAF $27 0.197 pg/mL,
u] =4k $52 0.163 pg/mL, S49 0.159 pg/mLe o}3)
8 2oz = vhd, S44% 0.003 pgmLoZ
S FEOR HE AER oM AL HES
Ao Z A TFsAde] E AEYS ¢ T ATk

3. AlEZFY] R0l holX= 5 grouplE AR
of = 1%, & 7%, T 45, VIS 65, 54U 2
S X33E group 1(30%)3 = 8%, U E 3%,
H= 3E, 59 1% XTI T XA d=
group 2 (15%), 222 ¥ 6%, 3= 2%, 51 1%
o] 234 group 3(AIE 95)0Z FEEF X
‘do] Hold gt 87, T3 S432 ThE AlE 9] H]
A= 78 AX 584 2502 FEH R
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