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Abstract

Hazardous air pollutants (HAPs) in the atmosphere are regulated as major air pollutants in Korea by the Air Pollution
Control Act. In order to manage and control HAPs, accurate standards, which are traceable to the International System
of Units (SI), are required. In this study, primary standard gas mixtures (PSMs) of volatile organic compounds (VOCs)
which are specified as HAPs were developed at 1 pmol/mol levels. The selected fourteen VOCs include Benzene,
Toluene, Ethylbenzene, m-Xylene, Styrene, o-Xylene, Chloroform, 7,1,2-Trichloroethane, Trichloroethylene,
Tetrachloroethylene, /,/-Dichloroethane, Carbon tetrachloride, /,3-Butadiene, and Dichloromethane. The HAPs PSMs
were gravimetrically prepared in aluminum cylinders and their consistency was verified within the relative expanded
uncertainty of 0.71% (k=2). Potential adsorption loss onto the internal surface of cylinders was estimated by cylinder-
to-cylinder division method. No adsorption loss was observed within the uncerainty of 0.53%. The long-term stability
of the HAPs PSMs was evaluated comparing with freshly prepared HAPs PSMs. The HAPs PSMs were stable for one
year within the uncertainty of 0.38%. The final uncertainty of the PSMs was determined by combining the preparation
uncertainty, verification uncertainty, and stability uncertainty. Finally, traceable and stable HAPs PSMs at 1 umol/mol
levels were developed with the uncertainty of less than 0.76% in high-pressure aluminum cylinders.
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N7 AED 2L SAAYT|EH A o A7kA, A
Absterds, o]AbEtE A, @&, WA, 29 F Folth
(Korea MOE, 2017a). o] 33 A A] A
st Sl B2 Yo ot faEstEd Sl e
™, o] 5] tgt wel QA ZRsIH(NIER, 2012). &
3t 7] 2 G52 (HAPs, Hazardous Air Pollutants)E-&
=4 B4z dd 7] FolA ottt SA4AFEH=E
HEY =W (Kelly et al., 1994), t7] FoA njgutoz
T B4, 8N, B AAEY FY 2AE €A A
2 AR AF9FE £ 4+ U (Suheral,
2000). 3]A-5-713}HE (VOC; Volatile Organic Com-
pounds) HAPs9] 8 AH = sILp2 K (Caldwell et
al., 1998), 252k & A2 AE T thefgt vjEdol
A v&E 1 9tk (Ozkaynak et al., 2008). $-2|1ta}to
A= HAPs 5 VOCs A7t vj&sfo] oF 383k Eo &
B 53 (Hong et al., 2003), u]Zo| A= A7 oF
1,830%F Eo] Hj&EE Ao=Z RHIEQTHUS EPA,
2015). o2 £ute] tj7] ¥ VOCs9| =& oF
0.06 nmol/mol°f| 4] 19.2 nmol/mol $F2 2 ZAE| Q]
T(Kim, 2006), HAPs ] t7] 3% ok 245 nmol/mol
oA 41.1 nmol/mol &2 2 ALt (Ahn ef al.,
2006). o] H HASEE 23] 98] BUHZT
Huste Jro] gy EojoF kAT HAPs § VOCs
o 27 Wuia NS e YA e A
o]tk (Seo et al.,2011).

H HAPsE £o|7] 98 Uiz Hgoez 39

staL o] S AL Ut STl A HAPs| &9
= WA EAGA N SR RAEE 2 A
2%, Aitelu FAE Aol AR T AL
2 E & St A a2 2N SRS
°Z At AL W3t} (Korea MOE, 2017b). B|=Z9]
739 Clean Air Act - Section 112 (b)of| A 9] s-2+1}
2ol Are] A7l Azt FFFE 7IAAUL A
£ GUsh Ao JUHE 0gEUR Fos
™, 18729 HAPsZ +AI81 Qth(US EPA, 2011).
E3H FAE /N7 (OECD, Organization for Eco-

nomic Cooperation and Development)o] A= 54| &0|
7o A7 AHE F= 54 5= 7 W7l F
vigke) had Ei AR 2R Hojst gk

D71 A A 34 A A2 &

(OECD, 1999). £8jute} A Roe H7] o=
A4 wWiEEHe drledEds Beshy] s vl
BEAY A ot FAdLdEESETS
20119 A stglar, HAPs HAHIESAE A =S
201597 Agstict. Ft71L9EESH Y-S
ARG, AR R v e A oA HAPs 5 5
55 AT RS ddez SJHTh HAPs 5 of
7l E aE, 54 2 2 §Y A fa=e &
3 gol4 5& HESIY VOCs 5 1453 PAHs
(Polycyclic Aromatic Hydrocarbon) & 73&0] AX =
t}. VOCs 14%2 Benzene, Toluene, Ethylbenzene,
m-Xylene, Styrene, 0-Xylene, Chloroform, /,/,/-Tri-
chloroethane, Trichloroethylene, Tetrachloroethylene,
1,1-Dichloroethane, Carbon tetrachloride, /,3-Butadi-
ene, 18] 1 Dichloromethane©]t}. o]& gt VOCsE 2!
FAoA F3s7] M Leed EdEEER
< nmol/mol +F L2 HEF FHY o 34ste] AHE-
joF 3} (Korea MOE, 2016), o] 42 S o
St BAN Y S AR 25 o
7= 7] Yol 7] & F= F2 4= nmol/molof A
o] FES FE7IAS] HoAol 845 QY. ol
ARt F sk oEY EE7FAY ARES B4
A7t B FojUe] BEEe] EFREIAS I4
oo BE 5 Qe BRE 2912 AAGC 53¢
AF4 TR L 24 A3ty A4S AL > 9
o} mhEkA 2 Aol A= HAPs 3 VOCs 1459 gt
4= nmol/mol =F9] EFE7IA Y LS 93t 7|2 A+
ZH ZFH SO 6142-1, 2015)S A-g3}o] 1 umol/
mol 4:29] RE7IAS AWslaA s o2 93
Az Aote] BaE B, BEVIA) A2AA A, A
Hel @] 9 A7) A WS Bolo] JEREE

e Aot

2. 4

]

HFEH
oH

2.1 Alef & 1=z
2.1.1 #& Ao & HIETIA
1,1,1-Trichloroethane2 $-z|ualol| A Tuj7} FX
H A|efo]lm R [,],2-Trichloroethane (98%) (Tokyo
Chemical Industry, Japan)©. 2 tj#|5te] EZEZ A



MR

Zof| AMg3IT). 1,1 2-TrichloroethaneS A|&J3 133
A7 AoFS £=7} 99% (Sigma Aldrich, USA) o]AFel
Ae AgHGOn, BPAARE 2NEELL
99.9999% (S 7kA, Korea)S AMR3FATH EE7PA
Az A vFE7RA7E AEA] (SP600-203FV, SAES
Pure Gas, USA)E E1}3}=& 3}o] VOCs ¥ H,0 5
9] E&=°] 100 pmol/mol o]3} +E 22 A|AH AH

oI 298 4 A=F st

aeie %$”]H SEEERREEE SR
A1 ¢ (Luxfer, United Kingdom)Q} YFEE25]7} 6 L3l
2t (Luxfer, Australia)S AME-8}4iTh Al2iE o 2
& HojgFo] 26.1 kgol T Hafso] 1mgl HxA
(XP-26003L, Mettler-Toledo, Switzerland)& AM&-3}
o 24sglom. 27 Ao 10kg] FELF Mettler-
Toledo, E23) 22 &L wA3Th Y= Aok 2
e HohgFo] 205 gol 1 Halol 0.01mesl Bst
]2 (AT201, Mettler-Toledo, Switzerland)& AN&3}o]
=4stect.

to o >

2.2 HzACte] 2EEA
ArAofe) SERME BEol A2717L A3
H 7|A22utEa8 = 7]7] (GC/FID; gas chromato-
graph/flame ionization detector, 7890B Agilent, USA)
¢} £~BH47] (831 KF Coulometer, Metrohm, Swiss)
5 AMEste 433519t GC/FID= automatic liquid
sampler (G4513A, Agilent, USA)o|| 9J3te] ZF 9= A
SF 0.2 uL7} 2% 200°C, split ratio 100: 12 A& H
U2 =AEAT FAE d=AF W 4%
714l AEol 9ste] 1 mL/mingd] &
ZA9] 2E (40°C (20 min)—30°C/min (75°C, 30 min)
—10°C/min (200°C, 5 min))of| X" 2AT A
(DB-WAX, 60 m x 320 um X 0.5 um, Agilent, USA)&
=3slE A Balw 3 250°CE 7Mg9® A&7)0)4 A
253t} okl A ()L olgele] FAT 2AH 2t
L Aoko] dhato] 4319 vka B4 aalsc.

to Ho N

HEO
LE'C
2
%oz %

xpurityz 1= in (1)

A7IA, N2 &

&=
olH, x= &4 —46H Hed £xE 9

2 1429 LAY SFE 13} E27FAANE (1 umol/mol 2= 333

l% AR $ieto] A
LH HE Hzz oF 1.33x107Pa
x 107 torn)7}A] 24A17F ZoF X2 wj7|3tgc}. =3
A ool WAeh 2 ol BAL AATFOEH
F2Aol GFE E 4+ Yk AASS HaHY

ARy AEA Aol 39 Bel e Ask
S A3 A8 B AL (tare cylinder)@} A
A 233519k 1 umol/mol HAPs £ EZ7IAE
9 13} o] AEE A wEhA ¥ FEOZ 1
Fo] 28 0 2 A X3} t}(Part 1: Benzene, Toluene,
Ethylbenzene, m-Xylene, Styrene, o-Xylene / Part 2:

60°C= 7]—<§ 3}

Chloroform, /,/,2-Trichloroethane, Trichloroethylene,
Tetrachloroethylene, /,/-Dichloroethane, Carbon tetra-
chloride / Part 3: 1,3-Butadiene / Part 4: Dichlorometh-
ane).

WA FA7IE olgd nAFRNeR YaEa)
44 6% (Benzene, Toluene, Ethylbenzene, m-Xylene,
Styrene, 0-Xylene)®] A|¢F2 7TmL 83| A& 2
ol Esilet. ol Ao oF 190 uLo] AxH
SAES HYUAE ol&sto] st ik daE
F%15to] 10 pmol/mol EE7FAE A28 FLT
W o 2 H35letsle4 6% (Chloroform, 1,1,2-Tri-
chloroethane, Trichloroethylene, Tetrachloroethylene,
1,1-Dichloroethane, Carbon tetrachloride)& 2F 230 puL
© 2 10 ymol/mol E&7t2E A Z3}4 ). 1,3-Butadi-
ened FEoA 7tA FejolBR FFHE o] &3 o
B7FA 9 8o AeT AAZE 3]431e] 5,000 umol/
mol EE7}AF 6L Ao YaH o2 Azttt
o]& <F 13 g2 5,000 umol/molS 22} 3]4J3}o] 100
pumol/mol EE7FAE A28} upX| T2 2 Dichlo-
romethaneE THE A& H3) 2 S71¢S 7K
ooz oF 290 uL9| Dichloromethane @ JEOS 2
100 pmol/mol E&7}A5 A| 231ttt ZF Partd 2 4
Ae 439 AZAAYS AP 9stel AT
Z7+25 GC/FID (7890B, Agilent, USA)o| A v
Hoto] AzUANS BAIsteich. AzAAHo| 3%
H Z asr 3F7IAE Adge] £ & 148k
42 343t | pmol/mol HAPs TR E7IAE 4
of ATl A z3hec.

oE: Y o Hm
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Vial Benzene vial Chloroform 1,3-Butadiene
. Toluene . 1,1,2-Trichloroethane 5,000 pmol/mol
Ethylbenzene Trichloroethylene * * * *
‘ | m-Xylene ‘ ‘ Tetrachloroethylene
=g Styrene =g 1,1-Dichloroethane (A) (B) (C) (D)
o-Xylene Carbontetrachloride
L J L J L \L J
‘l’ ‘L 1,3-Butadiene Dichloromethane
10 umol/mol 10 pmol/mol 100 pmol/mol 100 pmol/mol
- - - - - - - - - - - - - - - -
(A (B (€ (O (A B (©) O (A) (B) (€) (D) (A) (B) (€) (D)
L | J L | J L | J
Benzene, Toluene, Ethylbenzene, m-Xylene
- “ - - Styrene, o-Xylene, Chloroform,
HAPs : ‘ : ' 1,1,2-Trichloroethane,
1 ymol/mol (A) (B) (C) (D) Trichloroethylene, Tetrachloroethylene

1,1-Dichloroethane, Carbontetrachloride

1,3-Butadiene, Dichloromethane

Fig. 1. Preparation of a 1 pmol/mol primary standard gas mixtures of HAPs.

2.4 HAPs 1 umol/mol EE7IA MZYUX|M
2 upy

HAPs 1 umol/mol E&71249] AZLAAS &2ls}
7] glete] 7t AL o] Axe EZ7HAS GOFID
(7890B, Agilent, USA)|| A v EA3}¢ Tt 7124
o] B£47|7]o] FY=H7] Ml &2 £4E 74
2|43t5l7] flste] BE7FATE FHEhs AEBS
g4y HEo=z F-YE T (Sulfinert® coating, Swage-
lok, USA)& ARGSHEEL, A #7hE AR 74
oF 50°Co] =5 A8kt &4 3 Al 7]7] =9
ZEE HAFH] 9Jste] 71% AUy A(Cylinder No.
D500821)E 2 AHAHE (B (D500817), C (D500
759), D (D500762))] &4 1} Fof EAsHTHE
XA A-B-A-C-A-D-A). EF71A5= 6-XE WH7}
A A% 5mL (Sulfinert® coating) sample loopo] EZ ¥
5, 2% 200°C, split ratio 1:1 2ZA 2] GC/FID FY+
o == R7EAY BFY {2 GC-FID &
2 22 WL 0|83} 15.5mL/min (39.5 min)— 1
mL/min, 10.8 mL/min®. 2 A#A3}%th. Column& DB-
VRX (60 m X 320 um X 1.8 pm, Agilent, USA)9} DB-
624 (60 m X 320 um X 1.8 um, Agilent, USA)E 2|2
ddsto] ARSIt Columno] HXH o8 ==

e ﬂllo H

D71 A A 34 A A2 &

40°C (22 min) —20°C/min (55°C, 18 min) —50°C/min
(100°C, 13.5min) 2.2 AAstgoH, 7} o] A&
HE AE7] 25 250°CE2 A3t gubzl
column AFE §3F2 50m x 320 um ZZA oA 1.35mL/
min® 2 HFA3HH (Mcnair and Miller, 2009). 3} A 5E,
BE7EE AR 4TS T 7HR] EA2H0E
BB A0 BANLE O olste BE317] 9
oH aubz 9] 2Hl7tA GFHET £ 15mL/mine 2 B

B 754 aiu}izeﬂi a9 23} 2t ®

AA R

pi i

194 SEAS B GComt Bl
Hojoch AzUAY Brke GC BAL
49 3 19€ 7% AAHE shgen,
U Z| 3®1}-9] ratio X}o] (sample cylinder sensitivity/
okstel 2

reference cylinder sensitivity) 2 B3 =&

A& FUsHA

2.5 HAPs 1 umol/mol ERZEIIA &M
(Et7|Qt A M) SOl it

HAPs 1 pmol/mol ZEF71A7F AAH Yo A
Fabol of7 &Alo] A Hrkslo) Fisto] HulAY
< 3T (Lee et al., 2017). ©15 95t} &A A
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1 © 1,3-Butadiene

@ Dichloromethane
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®
L
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Fig. 2. Chromatogram of 1 pmol/mol HAPs.

23 49o] TREEL AU F 19
(mother cylinder, D500759)2} & 87| % A
(daughter cylinder, D500758)& “T”A} & 2]
(Sulfinert® coating)©2 HAZA3}¢ch o,
15T AA7IAZ B (purge)st 50°CE 71E st
Al 2394 33] HHESte] g wj7|E S35k o
% mother cylinder Y] ¥&F7122 2 HA|SE T “T”
A ol B3| BEE HH3S] €O mother cylin-
der Y| ¥&712E daughter cylinder2 Eujs}ict &
W gnd T AACE RS o gate] 347
EoF ERSAT. B4 A AY o] 4B L
o ZES 437l 98] APl 1% EF A}
o] GC/FIDE ©]&3to] 2o o3t F=¥3tE &<l
sl 48 A (mother cylinder)-B (daughter cylin-
der)-A (mother cylinder) =2 2 A 345}t

(o3

> 1o

o o
b qr o
T = A v v

oy
=

14
o

2.6 HAPs 1pmol/mol EEEZItA
Foloray sol w
20169 99 1027} 2017 99 7o) ZHz A =8
HAPs 1 pmol/mol EFEE7}AE 7
B4t dFRulE AUEoA 14 2SS 19 F
7128 4E IsHginh £42 A (2016 cylinder)-B
(2017 cylinder)-A (2016 cylinder) <A 2 B3}t

2HE AR TFrtA0 BRSO REIA AR
A2}A (IS0 6142-1, 2015)2 B850 4] 29} Zro] X
A}

ZP Xja XMy
At Z:l:l'xi,AXMi
x= @
on
P
i1 XiaXM;

A7, xE HEERE F A i BEEoI, PE
o] F A e HEEUE F9 A
£ AeE Aol o) AR Fhae] Aok M AR i

o FAF, xa2 7HE A AR 9] EEE0IT

2.8 S=t HIt gy

ZZH Az E8% #7H= GUM Workbench Pro
(version 2.3.6.141, Metrodata GmbH, Germany)Z 271
B ALgste] Syt Eak 24 2w W
ISO 6142-13} JCGM 100:2008 (JCGM 100, 2008)°]|
w4 (3)7 2ol st

Uprep) = U (X ) 12 (Xys) F 1P () ©)

A7NA, ulx,, )= AR BEE, ux, e &
= u(g e WRERA BT, uln,)e B8 E

ol

o
i
ifid
ok

u(xgrav.) = \/uz(xpurily) + uz(xweighing) (4)
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ofol

Lol

Aok 2ol FFY BRE (u(r,,)E PRAE B
HPR7AY SERA BOE (U)o EETA xﬂ
% N0) AHEA BEE Ut yne)?t THHUT @
A%k SERAE 43 W2 BT 23t R Y
A Asg xﬂw HolA 33 4 Aks xw

UK i) = o W (X, repealabili(y) + 1 (X roproducibility) )
TR A (5)2 Zo] WRIAAY E= (u(x, )= 24
HhEA Eﬂi(u(xanal l‘epealabilil)))g]- EAAE] B
(UKt reproducivitiy) 2Bl T/ E AT o714 £4 ¥HE
X4 BUEL 9B BAsie] Le BUEE TR
o BAA Y BeEs 2 AACE b B4 g 4

ol i3t BEE BE EFEE H7ISIH

— /2 2
U(Xyy) = \/ U (Xghort term stabitity) T U (x]ong (erm stability) (6)

mR g 2 A(6)T} Zo] ¢t BEE (ulxg,)) = o
714 32]'E(’/‘(thon[erm ilabl]ny))g]- 7148 2
= (U(Xiong em stabitioy)) = FAstTh @AY B8
= A4S BEZF mother A E 9} daughter AU
o) AolE 28 U VIO Uiol F4 A4t
A4 BUEL woloA BOwo U A4
g Bx2 72490 (2016W)9 AZ A (2017)
2ke) 3jol7} T =il

3. 8

£
mY

ot 9 ;mE

3.1 Aleke 222N Hyt At

A|oFo] £EHML GC/FIDS SEEN7|E o] L3}
of 43] whE A% A7 F A A4 2745 A Qg o
w7 33 £49 AWE o|&sto] ZF JE £=F
Brbellet AoFe] BElea BN At 7 13
Zro] AEHZ 98. 794 99.9 cmol/mol (%mol/mol) 2
I 4714 FHFESEE A 33] E45)
o doj BN vrEA B r2 o 460 umol/mol 2

D71 A A 34 A A2 &

H7HE e

3.2 HAPs 5
mI} Ao
7} Partdl I % WFETSEL 627} Atesise

BEIIAS R LXY

4 6%, 1,3-Butadiene, Dichloromethane2] A& 44
O WRAXAY A= 39 37 Ak O oA £ =
L Y Rd)Y BEwe 29 EFr S FASH Ao

o, BE A7 £k HolA dAste Ae &
st

P

3.3 HAPs 1umol/mol ESHZE7IA9|
LHEQUX|A Tt ZHa}

he) asulEARY A AR BREE 3
Wy Bewel YR B s 1 2
I} Atjehg B8 == Benzene 0.08%, Toluene 0.33%,
Ethylbenzene 0.26%, m-Xylene 0.17%, Styrene 0.28%,
o0-Xylene 0.38%, Chloroform 0.19%, 1,1,2-Trichloro-
ethane 0.20%, Trichloroethylene 0.04%, Tetrachloro-
ethylene 0.11%, 1,1-Dichloroethane 0.17%, Carbon tet-
rachloride 0.26%, 1,3-Butadiene 0.17%, 18] 11 Dich-
loromethane 0.42% =2 4% 2% 35 S HE W

A AAE AL At

Table 1. Purity analysis results of HAPs. The main impuri-
ties are hydrocarbon impurities and water impuri-

ties.
Analysis
Components Purity Expan(.icd
uncertainty
(cmol/mol) (umol/mol)
Benzene 99.98 11
Toluene 99.96 11
Ethylbenzene 99.82 33
m-Xylene 99.71 130
Styrene 99.93 10
0-Xylene 9948 77
Chloroform 99.80 120
1,1,2-Trichloroethane 98.69 170
Trichloroethylene 99.99 14
Tetrachloroethylene 99.98 10
1,1-Dichloroethane 98.83 89
Carbon tetrachloride 99.99 1
1,3-Butadiene 99.60 460
Dichloromethane 99.92 38
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Part 1 : 10 pmol/mol

Part 2 : 10 pmol/mol

102 | Benzene Toluene

101

1.00 { 1.000 % 1.001 1 1003 Emm { 1000-2-1.001 I 1.001 Iwal
0.99 A B C D A B C D
0.98

1.02 | Ethylbenzene m-Xylene

1.01

1.00 { 1000 § 0999 I 1003 }--002 { 1000 % = I 1002 Il,ouo
0.99 A B G D A B c b
0.98

.1-02 Styrene o-Xylene

. ] T s]

T
1.00 1.000 % 1001 | 1.002 11.002 1,000 1.001 ILDOZ
0997 J.

1.02

0.98

1.02

1.01

1.00

0.99

0.98

1.02

Tetrachloroethylene 1,1,2-Trichloroethane

f

A

Trichloroethylene 1,1-dichloroethane

{

A B

Carbon tetrachloride Chloroform

Lo '1 100017 5og l 0.998 Io.ess } “’“0} 0'999.I 0998 10.997

T
1:000 % 10011002 }'001 1000, 0.9991

0996 10.997
B c D

A B € D

T
1000 ‘% 101 ] 58 —}_998 {t.ow %0:999 '-["1.000 Lon
1 L
¢

D A B C D

l

058 0.99
A 8 ¢ P A B c D A s ¢ b A B o D
0.8 o8
Part 3 : 7,3-Butadiene Part 4 : 100 pmol/mol
102 | 1,3-Butadiene_5000 pmol/mol | 1,3-Butadiene_100 umol/mol 102 | Dichloromethane
101 101
1 1 I . .
100 ] 1000 § 1001 1002 [1003 } 000 % o959 | ot} 100 { o0 % voo1 ] 1002 I
oos | A B c D l 1.003 050 1.002
‘ A B c D ’ A B C D
098 098

Fig. 3. Internal consistency of premixtures (Part 1: Benzene, Toluene, Ethylbenzene, m-Xylene, Styrene, o-Xylene / Part
2: Chloroform, 1,1,2-Trichloroethane, Trichloroethylene, Tetrachloroethylene, 1,7-Dichloroethane, Carbon tetra-
chloride / Part 3: 1,3-Butadiene / Part 4: Dichloromethane).
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Fig. 4. Adsorption loss test of the 1 umol/mol HAPs primary standard gas mixtures in a cylinder. All ratios of 14 compo-

nents were consistent within the uncertainties (k=2).
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Fig. 5. 1-year long term stability results of 1 pmol/mol HAPs primary standard gas mixtures. Gravimetric uncertainty
and verification uncertainty were combined (k=2). The results in 2016 and 2017 were consistent each other.
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Fig. 6. Verification results of 1 pmol/mol HAPs primary standard gas mixtures (k=2).
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Table 2. Mole fractions and uncertainties of 1 umol/mol HAPs. (k=2)
Concentration U Concentration U

Cylinder Component of preparation (x_prep.) Component of preparation (x_prep.)
(umol/mol) (%) (umol/mol) (%)
D500759 1.034 0.15 1.015 044
D500762 1.041 0.14 . 1.009 042
D500817 Benzene 1.023 0.14 1,1,2-Trichloroethane 0.997 047
D500821 1.035 0.14 1.012 044
D500759 1.023 0.31 1.035 0.27
D500762 1.031 0.30 . 1.029 0.54
D500817 m-Xylene 1012 0.29 L,I-Dichloroethane 1016 0.29
D500821 1.025 0.29 1.031 0.50
D500759 1.060 0.36 1.048 0.74
D500762 1.055 0.76 . 1.066 0.51
D500817 Chloroform 1041 047 Di-chloromethane 1.009 055
D500821 1.057 0.53 1.065 0.52
D500759 1.015 0.20 1.031 0.30
D500762 1.009 0.16 1.038 0.28
D500817 Tetra-cloroethylene 0996 018 Ethylbenzene 1019 028
D500821 1.011 0.19 1.032 0.29
D500759 1.030 0.39 1.028 0.44
D500762 . 1.030 0.38 1.033 044
D500817 I.3-Butadiene 1010 033 o-Xylene 1015 042
D500821 1.083 0.33 1.027 043
D500759 1.039 042 1.041 0.17
D500762 1.044 042 . 1.035 0.11
D500817 Toluene 1,025 041 Trichloroethylene 1022 017
D500821 1.038 041 1.037 0.12
D500759 1.019 0.63 1.029 0.75
D500762 1.026 0.61 . 1.023 0.37
D500817 Styrene 1.008 0.60 Carbon tetrachloride 1010 0.56
D500821 1.020 0.61 1.026 0.53
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