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- Abstract -

A Study on Internationalization of Sampling
and Analysis Methods in Workplaces

- an Evaluation of Accuracy and Precision on Low Levels B, T, X
Analysis Using Thermal Desorption/Gas  Chromatograph/Flame
Ionization Detector

Jung Keun Park and Se Min Oh

Department of Industrial Hygiene, Industrial Health Research Institute

Bv using thermal desorption/gas chromatograph/flame ionization
detector( TD/GC/FID), this study was carried out to evaluate accuracy
and precision on low levels(less than lppm) Benzene(B), Toluene(T),
o-Xvlene(X) analysis in an industrial hygiene laboratory.

Limits of detection(LOD) of TD/GC/FID on B, T, X were showed
13.75ng/sample or less. For the accuracy of the method by analytes, the
biases were showed 09% or less as an absolute value and the
coefficients of variance(CV) showed 2.09% or less. Also the accuracy
by concentration levels and sorbents(Tenax TA and Chromosorb 106)
was evaluated. For the precision on repeatability of peak area and
retention time between within-run and between-run of analytical
system, It is showed the results of within-run gave better than those
of between-run. And the precision on reproducibility between MDHS72
and this study was compared in this paper.

Conclusively LOD of TD/GC/FID was showed a high sensitivity
and accuracy and precision on low levels B, T, X analysis using
TD/GC/FID were showed good in this study. Therefore it is showed it
is possible for TD/GC/FID to evaluate accurately low concentration
levels B, T, X of less than lppm at indoor or outdoor of workplaces in
Korea.

Key Words: thermal desorption, accuracy, precision, bias, coefficient of
variance, desorption efficiency, limit of detection, limit of quantity
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F718AE L - AdstdA Aol sl dA o, @428 FF

du Qe frlsnEeA 239 AW WRANA 2z EHNL F
gl 2ded AL ZHe] we ©E To THEd] AYWFAA dal

ALSE 1 QoHETAb oA 3, 1998; Hor, et. al, 1989)

ZAEAF Fr&AE FE2 G des A e FHAR
AF e F 7l2mzviEaZfE 9 BEo| 23 HE7|(Gas Chromatograph/
Flame Ionization Detector, GC/FID)E E4sted 24 A 4 F34
BZRE f718AE 2FAI = AAIYAAES AHof FH, o Fuf
(solvent)7} AF&Hh 28 o] 9fzto] &-mje3H(solvent extraction) &=
Mg HLo AHEEE &0 oo} AA FHE EHo|7] #HE
A gAdA Erfo 23 =&& HxF FHAY ofd =2HA =
o)A o 24 S22 (thermal desorption)e] Halk el Alg=m g
(Mol = 1997, Woolfenden, 1995; Perkin Elmer, 1991; Hori, et. al,
1989).

AL di} o] FA7IEE ]85t T A v F (solid matrix)E ¥
H #71&448 2FHAAH GCo EyTI} ZTE A28 A(system
elements) 2 AL WHo 2N Lol AMESHA ¢t (Woolfenden,
1997). =7 o] WL o3 EolkdAM S$E£HI sl F2 AHEH, 4
Wz7] 2 dizld J2457188E(Volatile Organic Compounds, VOCs)
H7t AE9 F 24 5o o]&" ) (Perkin Elmer, 1991).

eI ol&F f71EA AERAMHE HZ4 FFHF(pumped
sorbent tube), +F4 7Y 2E(passivated canister), &2 ¥ (Tedlar
bag), #4tEF7|(diffusive sampler) ¥ 282l A| 2" (on-line system)S
o] 48 = e ojd WHolEA AHE ARE ITHIE GCA FY3H
ENE & glevz AXIGAAdA AEE CAANFE €23FAG H
2.8 tH(Woolfenden, 1995).

geratg e degatAdAdA g23tg i E4EFISE 2.4 100%7
7 GCol AEg = 97| HEd +73 =t dAAAdF ] AFEA} 7]



T8 o] 9t & YA ZAste Fu|TFe LrLAAAE 2
dat BS54 GEglel FAEAC] 7hEdtth £ F3A}de] gl KA
SulE ALRSHA] @Fon, AR 2@Vl Z3 ASAFHE HA 1003
o4 AMAEE & Jdv FF= o a8y 23E AEE ©A 13 F¢
o2 FZA=HE ©3o] glti(Woolfenden, 1995; Perkin Elmer, 1991). 3t#
FERFA g ANEAH7]Y 71Fe] "ML FATE HA gov, @d
ANEF E4Az70] 71 A= GHY Aol

AFAFTE 923 I FHAAEHE Bel Ads] ged 95 24
¢+ A (Health and Safety Executive, HSE)¢] 7]¥§ &7 %4 ¥ (Methods
for the Determination of Hazardous Substances, MDHS)F MDHS72+
423 9 GCFID(TD/GC/FID)E c<l&3dts HHF9 3ol cHHSE,
1992). vl FP4HAtA R A <E T Y (National Institution for Occupational
and Safety Health, NIOSH) ¥ #7 % (Environmental Protection Agency,
EPA)S €=3 g GC/Mass SpectrometryS o] £3l= wtyoz i zhzh
NIOSH Manual of Analytical Methods 2549(NMAM  2549)¢}
Compendium Method TO-17(TO-17)% IE3cHNIOSH, 1996, EPA,
1997). &= = A & F 3} 7] - (International Organization for
Standardization, ISO)E VOCs, Cs~Cw ©&r4F, o3d2=2UEd
(acrylonitrile) & 42z FATEI FAYS FWsx AHLAZ,
1998).

U AdEP Rkl E AZ7A EEHFHES o|&FH F7EA9
ZAEMoY Bd dF7F BaHA @gten, o WHe #F QAHe] n
% dAo AL Sdgigd] o3 Ao FHFE dFAU
T BEFsn dgiid 2o A2 wy e =9 2 HE Se B
3 AFEF] FEFNSE AAEFT A

S-Eldets 80dd FubRE Fuo] AHHFH EAZE FAEHTEA ZF
A7 SAHZA) FIFT AFoRe Aoz FLPoz N FH
$AZAH dE x - A7ke] B o] EolA A HAUh odd wet FHEA
W] o A=A 2dZAe] AFE T i =o] Al #H
A7 A& gitHeAds gAZ 197, &9 F, 1993). £% 97



AderA B AY A A A93x7F A SYAGANA FAE A
SAT  de 893 2A7 otHEHAL A8 AFAEC] HF3}FyF
o]z dis] FAAEAE HI7F Hages F3F o AHHEZE
, 1997, =AE F, 1997, 9%, 1997, A9 AT, 1997).

#7184 FFHQA A mE g FFE £FHH, 48 7
A 22 AMEHEdW 969 v HEEA fEAHRA 2
Benzene(B), Toluene(T), o-Xylene(X)2 FH&EZF AlL%F +=9oA Zz}
1494(975,181.5 ton), 4191(296,779.2 ton) 2 2791(454,4226 ton)E eI}
(o] &, 1997). oA U A4dAFNAH %ol AHEHT & B, T, X&
A+3eE% FA93E ddesE £ug3/GC/FIDE o &3t HAA
#2387 449 B, T, X= ZZ 0315ppm, 0.454ppm, 1.231ppme] &3]
ATE FEL2 YEHG(EAH, 1997; ZFF 5, 1997).

#H v S5EF7184 244 ST ¥ 54 F2gel

S E-CS:9 Wl &3 HEEFS 8L, 1997). 28y &
g e 41 AFE M ¥ 221 &4 YUY 4 F
ol (74 &3 WY, 1995, Woolfenden, 1995) HAE %= #7184 =557}
o] WHHE ALSE FEF SAHEAY HEx =Fo] LAE F UL Ao
=

o o} e L

MDHS72¢] HEeE AABAFTAAN F3ded AFHE £ 37
2508 7122 02~100mg/m'(0.06~31.3ppm)e]l 8, TO-17& di7]Fel A
Fae] AAYE = F7] 508 71202 05~25ppbo] tHEPA, 1997;
HSE, 1992). ©] Y EL #7184 E4A Sojeiy di SLSFHE A}
L3l SHEAY £310, FEHYA JElYRe] AFE F7]&49
Z2HEHd HYY Aeltd. e 2 -9 AJEARHF ATEE EA
e F71EAd g =&HUhA olgk T2 THES HEY FS A=
7} 535l 2AEN Y HEBEE F4AE F A& Holdh

Y2 HAFA o]fe] F7tE T I ISOAME S A7F4%
ZAgoe] A= oz o WUyle #F AFE UM E AFs
of AdrAFcr A2 Fd498 R AFEES 4HAE 287 &
Zolth, & de3e] I Adud okl HA o= Ao F



ME oldd FHEAYY F2 EA HEAH 2 44 59 B A1
AE7L S83] o|FojAHof & ol 53] 27dAdAE = 48R
oM Eel AMR2HI sle F718A4AE Yoz TD/GC/FIDY #§ A¥x
(accuracy) ¥ %@ E(precision) H7le] #3 d7=E E8F oo

ozl £ 99 53L& TD/GC/FIDE °l&3td As= BTX £4
o FAFx 4 ALEE HIHo 2N FFd F 4F A 2249 A
ZE& BE3de dFdd 712AEE EE4HES sluzl o

o0 A % TH

1. A=
7t ddE3

E dFdAMeE dH4EZE=H  Benzene(Sigma-Aldrich, USA),
Toluene(Sigma-Aldrich, USA), o-Xylene(Sigma-Aldrich, USA)& A}& 3l
o, 3H 23} EE FAL 939 n-Heptane(Sigma-Aldrich, USA)& A}
£ 2o (HSE, 1992), A& Z=A|A] &vl= Methanol(J. T. Baker, USA)&
ALEgch OAEFY HAAL E4A 2EAE, U AEE 52 23 F
o},

U, 34

d238 FHA(sorbent)s AFHIL 9lE  200mge] Tenax
TA(60/80 mesh, Supelco, USA)E 33 2H<glH2 2¥ F2H(6.3mm
OD, 5mm ID, 90mm long, Perkin-Elmer, UK)& A}& 3ot =38 &34
Z57c 02 AFx Hrls: 98 37mge Chromosorb 106(60/80 mesh,
Supelco, USA)& 3% 2H<d2 2¥ FFH6.3mm OD, Smm ID,
90mm long, Perkin-Elmer, UK)2 Al&8lch A A7 53 ston,
7t de AlEHE AL FHez ®;1d o] HA g Woolfenden,
1997).

2. ¥H

7} NEzA 2 24
NEzA R EAe A FARA LN LRHUL 088 37
4 FAAYEOE 7MY 99 o845 9% HAAYYHSDY



Table 1. Sample Tube Sorbents Used in This Study.

Approx. it
Sample Max. | Specific
Analyte
53;%1:;1: Volatility ey Suﬁrfr:;:e Example Analytes

(strength) HESPHE-E] (T) (m'/g)

Psmlmatics excep& lgenze%ej
apolar components (b.p.> 100
Tenax TA |100_400! 350 35 |and less  volatile  polar

(week) components(h.p.> 150C), n-C;
to n—Cgs

c Suits a wide range of VOCs

hromosorb 50~200 | 250 750 including hydrocarbons from

106(medium) n-Cs to n-Ciz. Also good for

volatile oxygenated compounds

MDHS72% ¢l wlg} dA $cHHSE, 1992).

AEE FH8Y AHE £ 271% 2505 7|22 BTX B&49
(B: 1.7186 mg/mé, T: 17010 mg/mé, X: 1.7108 mg/mi)S ZFZ A5t A& o
H, & (calibration graph) 4 A Al#=E1T 9lE 7|52 (EPA TO-1
Toxic Organic Mix 14, 2mg/ml, Cat. No. 4-8896, Supelco, USA)& o] &
3le] BTX EE 8902 A3 A5 s ZAs

A4 2 AZFAA HrE ¥ ANBEE BTX Z&FLd9g
Methanol2 343t = fled FUd2 B, T, X= Z+zh 13.75 - 41 25ng,
1361 - 40.82ng, 13.69 - 41.06ngel 2t AFAEE #3 A2 d4dE2d
Bl H§ E29 LevelV2 FYdld ZAPxn F=sE Hrle A%
Level I - LevelllZ ZA| it £§ T34 S/ 8 A&, E4A~
e FAFF R FW FUE FHIME 4T AEE R29 Levelll2 =4
o

BEE AE+e 10pl £ v 3dFAL7](Hewlett Packard, Australia)S
o] &3t aglzy T WHoeE BTX FFE£4L Z78A7A 58 =9
TFAAHLY, i T2 vl FAPE =713 AA FAE A E(blank
test)& A ofg A& EUTHEPA, 1997; HSE, 1992).

THE AFEEIFH(ATDA00, Perkin-Elmer, UK)® <dZd3d
GC(Hewlett Packard 5890 SeriesIl, USA)E o|&stgen, B oA
AREE ATD4003F GC Al=de] 74 2 BEAzAe #37 2o



Table 2. Korea Exposure Limits of Samples Selected and Spiked Mass
for Analvsis

Samples KEL" SG4 Spiked Mass, pg/sample(ppm)”

ppm | mg/m’ Level I | Levelll | Levelll | LevellV

. 0.0687 | 03437 | 34372 | 68744
Benzene | 10 | 319 | 0.5893 | (yo036) | (0.0430) | (0.4304) | (0.8607)

0.0680 | 03402 | 34020 | 6.8040
Toluene | 100 | 3769 | 0.8505 | (o'0072) | (0.0361) | (0:3611) | (0.7222)

00684 | 03422 | 34216 | 68432
o-Xylene| 100 | 434.2 | 0.8554 | (y'0063) | (0.0315) | (0.3152) | (0.6304)

1) KEL: Korea Exposure Limits(Ministry of Labor, 1998)

2) SG: Specific gravitv(@ 25T)

3) ppm: The concentration of B,T,X on the basis of the assumed
sampling air of 25¢

Carrier gas in
Injection using 1

& conventional

GG syringe

Stainless steel gauze

Retaining
spring

e
100 milfmin
Carrier gas Mow

Figure 1. Introduction of Liquid Standard onto a Sample Tube via
a Conventional GC Injetor(Woolfelden, 1995)

G 29 2 A%eA

Bajubd el 7428 (Limit of Detection, LOD)$+ # &8 7| (Limit of
Quantity, LOQ)¥ NIOSH®] A He] mte} H7FgIoH(NIOSH, 1995). A&+
BTX EZ8%2 5439 671 AN LODE 6718 £Astel 13
AA(Y-mX + b)& 7& F A 13 o] AEH T+ LOD A¥, 73
we E2eds A= FUF % AYHANS 71e7(Y AHo] 259



Table 3. ATD400 and GC System Conditions for Analysis

Systems Parameters Conditions Remarks
Oven Temp. 250°C
| Desorb Time 5 min = h;jeitﬁn Vol.;
( Valve Temp. 180T e Sl )
_.L i — 20T (Split Ratio, 100:1)
| Trap High 300C — Carrier Gas: Nz
! Thermal Line Temp. 1501
. Trap Hold Dmin
Pieeacn Pressure & psi
Apparatus Desorb Flow 25mé,/min
Inlet Split 25mi,/min
Outlet Split 89.6m{,/min
Cloumn Flow 1.83 mé/min
Cold Trap %}; : Monitoring
Detector FID(230C)
Oven Initial Temp. [70C for 1lmin
Ramp Rate 12°C/min
Gas Oven Final Temp. |150C for lmin
Chromatograph I]_;IPI{ 1 (Iélexf}gi :
Column (S5in %00
x 0.52m) {

A9)F MR B &2 o 2Awe] LODE Ut LOQE 244
o LODE o] &aked 4 29 o] 22 HTh

LOD(ng/sample) = 3 X Sy/M coeeeeerssmmie iy (1)
sy | BT+ 23 (standard error of regression)
m: A AN 7]L&7]

LOQ(ng/sample) = 3.33 X LOD rwrerereremremminmtemin e, (2)

o AEE 3 ALE
A8=st YUEE BTX EE89¢E ol &5t =Ad AN&2 H7HH



. MDHST2¢ €& Eg° %% °4H=s A Ay EF €%
Z} 2] (thermal desorber)el 2 #HF% & A (direct liquid injection facility)7}
gle A B4 dHAEZAF n-Heptaneo] EFE A2E B4 o&
n-Heptane2] H#&4do iz £4 dAEDY HFAS vasiyd SFESE
2 AAEE AAsm YrHHSE, 1992). =, n-Heptane HZFH 7]1L7]4]
e fAEA HAFMe 7]&719 dH(ratio)s HAEREe] Adiurgla
(relative response factor)®} H|2 & F 11 3}o|7} 10%°| Y 5o Lo
A AFME o] &3 AEA HFFL L FEEF s 9ot

E dAFo|A =33 & (Desorption Efficiency, DE) MDHS72 449
mel ZAL dA8led, BTX EF899 FY4T AE YL o] &35 4
3z} o] AEFAH(NIOSH, 1995). ®AHtrueness =+ bias, B)E 100%=
71 & gk (accepted reference value)22 23 & &2 ¥ F(mean)d ©| &3}
A 49} o] A& FHISO, 1994; ISO, 1993).

HEF

DE(%) = X 100 +serssrssrerrseniansasaesarsnrssasisssssness (3)
FUF

E(%) = mean - lm P S Y {4;]

¥ o] A (Coefficient of Variation, CV) == At 53 3} (Relative
Standard Deviation, RSD) ©#i&<9 HTd IFFHA(Standard
Deviation, SD)E ©°]&3l9q 4 59 #Zo] 4 FHNIOSH, 1995 ISO,
1994). =% FEFTdE FHY=E HrtA HAAN R dig FHHlAFsE
(pooled coefficient of variation, CVpooled =& overall CV)E 2] 6 #
o] 4+&F M OSHA, 1990; Taylor, et. al, 1977).

sDh
oy R B N S S T
mean
CVpooled(%) = [ZNi-1)CVH/Z(N- DY ovvvvvvicvncvencnnnenns (6)
N : A8+
i #E5E

CVi:i A &9 CV

Y T



2 d7dAe B4AAN @39 HFE(accuracy) B ALE
(precision)& #H7}3d. A= 2HE &2 #Halel AHUEE HYrigion,
AEEE ZFELS dHolAly & FHHAFE HrFPHISO, 1994;
ISO, 1993). 8 AFE & FYE4 571594 Tenax TA FFHT
o AHAY & F7|E 2505 7|F22 B, T, X EF Ippmol&tgl ALE
T30, B, T, X 249 A% 2 AYE Hrle 01~1ppmé FHo=
et

m-d2= 2 33

1. AS%A 9 FFEA
BTX EE&98& A838o 4€F TD/GC/FID %Y HEsHA
(LOD) 2 AFIALOQ+E =48t Zo. B, T, X ZrZe LODE
13.75ng/sample, 13.61ng/sample, 13.69ng/sample® 2 el on, LOQE
45.79ng/sample, 45.32ng/sample, 45.59ng/sample2 & WE}yET

Table 4. LOD and LOQ of TD/GC/FID for Analyzing B, T.X Spiked

on Sample Tube. (unit: ng/sample)
Samples Calculated LOD LOD LOQ(ppm)”
Benzene 4.09 13.75 45.79(0.0057)
Toluene 4.56 13.61 45.32(0.0048)
o-Xylene 452 13.69 45.595(0.0042)

# ppm . The concentration of B, T.X on the basis of the assumed
sampling air of 254¢

EF LOD 2 LOQ &€ A% H%4E BTX EE8d FUAF ¥
9, slAWMA 4 2 2 A A (coefficient of determination, )= F59 zt}
E5elA AFHe AAASGCHE B, T, X z2zF 09919, 0.9397, 0.99002
ey zt 243 wre-ee 3EF AFBAE Jehdd



Table 5. Spiked Mass Range, Regression Equation and r° of B, T, X
Spiked on Sample Tube for Obtaining LOD and LOG.

Spiked Mass

Samples Range. ng Regression Equation r

Benzene 13.75~41.25 Y = 264X + 342 0.9919
Toluene 13.61 ~40.82 Y = 284X + 546 0.9897
o-Xylene 13.69~41.06 Y = 251X + 281 (0.95900

40 uYeEld ups} FPo] B AFeM 4 1& o]fdld iEd
TD/GC/FID ¥l LODE B, T, X ZZt 4.09ng/sample, 4.56ng/sample,
452ng/sample2 2 Yelgt. a8y NIOSHE & A71A - © 483
A4 & F§ LOD A4tgk(calculated LOD), @ 7} @& EFE£99 AR
FUdY 18 n @ HYEIHAYY 71L€7(Y HHo| & HFE) - T 7
=2 g< LODE Y ES AFExn IH(NIOSH, 1995).

E dFoMe HAEFA 2 AFEA HoLE 4% A5 =A4A
go gFEfgde] Alg FULdeEx B, T, Xt Z+zt 13.75ng/sample,
13.61ng/sample, 13.69ng/sample®]$lch. E=§ {5¢] epbd sble) o] 48
A YHHAL UF2Z ey, 222 NIOSHAA dFsis o
He HELg ALd 1LOD= B, T, X ZtZ+  13.75ng/sample,
13.61ng/sample, 13.69ng/samplec]gt & 4 gict. LOQE LODE 4 29
H4so A4g Z3 B, T, X Z&Z 45.79ng/sample, 45.32ng/sample,
45.59ng/sample & 2 Y E}RT

NMAM 15012 B, T, X& Z @3 434F d3ls4E Sojgd ¢
GC/FID ¥Wgez SHEMsc HHdd HE8A 43 (Estimated
LOD)E 0.001~0.0lmg/samplec 2 ¥ =9 IcH(NIOSH, 1994). ¢] #H=
A FAHAANE E 479 vng Ay E d7dA dEd B, T, X9
LODE Z+2z} 1/72.7~1/727.3, 1/735~1/734.8, 1/73.0~1/73054 +2 3o
2 ey TD/GC/FID w9 Z=7t vj¢ 3 s fddn

LOQe B, T, X ZZ 4579ng/sample, 4532ng/sample,
4559ng/sample & UEh} o]EL FHH MIHAHE F TV 25L& 7]
Fzoz A4Eg AL B T, X Z 5= 0.0057ppm, 0.0048ppm, 0.0042ppm

-lﬂ_



o] & ot} o] FE FEL& MDHS72¢] 3% #-499(0.06ppm) Eot
93 TO-179 &% HE¥W$(05pph)Eo &, 2822 TD/GC/FIDE
ol &¥ ZA$ B dFdM AEE EHzddAME $EvdeE S - 9] 2y
74 M =2=He B, T, X& ZZ 0.0057ppm, 0.0048ppm, 0.0042ppm <+
=74 &3 715 HALeE FHEY

2. AEdE A¥gx
BTX EF8#92 Tenax TA F3dd FFAA EA3 23 didE
A4 AN A= ¥6 3 1d29 ok 267 €20 AM YEY
vke}  Zre] Benzened Witsl WHolAlFE #AZ -06%3F  0.58%c] 1,
Tolueneg] A5+ -04%< 0.66%, o-Xylened ZA$E -09%% 209%=
HERSE T

Table 6. Accuracy of TD/GC/FID for Analyzing B, T, X in This Study.

Benzene Toluene o-Xylene

No. Mass Mass pE Mass Mass Mass Mass
spiked, found, _ spiked, found, DQ/E* spiked, found, D.}];: 4
ug  pg % UE 1 ug  ug

6.8744 6.7630 984 6.8040 6.7355 990 6.8432 6.8419 100.0
6.8744 6.8810 100.1 6.8040 6.7760 996 6.8432 65799 96.2
6.8744 6.8736 1000 6.8040 6.8612 1008 6.8432 7.0001 102.3
6.8744 6.8187 992 6.8040 6.7633 994 6.8432 68016 994
6.8744 6.8203 992 6.8040 67284 989 6.8432 66309 96.9
6.8744 6.8466 99.6 6.8040 6.8057 100.0 6.8432 6.83545 100.2
Mean 6.8339 994 6.7784 99.6 6.7848 99.1

SD 0.0396 0.58 0.0450 0.66 0.1417 2.07
CV (%) 0.58 0.66 2.09
B(%) -0.6 -0.4 =30

G N s W B

_ll_



| |
04 Toluene | 0.66
le = D uw[%]
o | TB(%) |
-0.6 hmmD 0.58 ETE e,
-2 1 1] 1 2 3
Bias(%) and CV{%)

Figure 2. Bias and CV of TD/GC/FID for Analyzing B, T, X in This
Study.

g d7M F&= H7te E29 LevelVE 6719 AEE& =A 8
AAgc A8 2AA FYUE 4L Tenax TA F33e AP £+ 7
=% 2518 7|22 @ A5 B, T, X9 F= F Z4Z 0.86ppm,
0.72ppm 2 063ppme|t}. o] H L Benzene? #AS$ =% =&7|%(10ppm
T 319mg/m)ANAM FF 005L/minE 50% T AMHF F0.0798mg) 2
1/11.64f #Fo|v, F9 ¥dco2 Toluene® o-Xylened] tis] A4k 7
$-ol Z+zb 1/1389wH, 1/158.74] Feo|c}. dj4E A HAE Tenax TA9)
Haq 24 AR, 7124 dEd £ Y AEF £H T 2
H#oH(o] <, 1997; EPA, 1997).

Agre B4 ZI(test result)?t A€ 7]Fgk(accepted reference
value)Zte] YA =tn Ao, HAHtrueness £ bias)?t HAEE
(precision) %¥Zo] HE&do AEYr|Eg2 v|2E AT 7IE@#dd 45
22l 3o ZAF o Ex HAFLEREH A2HH, TY £ F4
2l Z]gelv e DAl AT dFEI 2AS HAGoRR
B d&dHch AUEs dold 7 EHZAAEY dAAxE FHeHA,
Hiale AEYr7EaE 7€ sfo E4Z0 HTgads dAAE =
E B2 7dix k] zolztm FHeolH i AHISO, 1994; ISO, 1993).
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E Hg3= w28 v E&7F8 7|22 B, T, X ZZ 1/11.64),
1/138.94), 1/158.74f ¢]&}gl F=HHelA 2FA L] HolAFE AH&F)
of EA A% (analytical precision)& H7IZA #od, 100%E 7|Eo=
g3 E &9 E4HA(analytical bias)E &8s EAALUT A £4
AE=E HriaA HAo.

26 € 23244 #HAE Tolueneo]l ZUiXEM 04%=E 7HF Z%x
Benzene©] 0.6%, o-Xylene°] 09% =2 = uelgct T3 Held+=
Benzeneo] 058%Z 7} ZHAl YeElwt: Toluenee| 0.66%, o-Xylene©]
209% ¢2o2 JEEY. o7ldAM B, T, X9 #Has fAEHA Yebkt
o T F gley HelASFE o-Xyleneol Benzene T+ Toluened} }o]
€ Uedd. 23& B, T, X9 23F &0 §Y E4=ddA 4EHA
<A ZgE AH7A EAF o-Xylened F7|¢de] dUiHoz 7 don
(Z7olgf Widd, 1997), A9 F=7F ExFsidA Hoz & 3 53
#3d€ ez FAHY 18y B T, X EF9 H#Hale HdI=H
0.9% eo]sle]l ¥WelAlF+E 2.09% ol YEelY E6 2 -2 YEhd
ExAAe YRS E 45§ Aoz gwddc oM B, T, X7 4%
0.86ppm, 0.72ppm % 063ppm3 B HAFE FToz2 AP T &
AE ZA$ Tenax TA ¥ 9 TD/GCFID WEez A& FHEY
o] 7t5 & ot}

3 TEFEE AEx

FosFEd EMugle] AR = 7 goh FE7A JERd uiel 2
o] Levell |4 WAz} Fdia124 31.4% eoldlo]lz Woe|A471 7.21% o]
&2 velhgon, Levelll ¢ LevelllolA B, T, X¢] ®Hate} dielA & 2
Z+ 16% °l3, 208% |32 YEEY EF HAFHeZ LdHEY
Benzene2] 2% #3l(overall bias)®t Bl AlFE= &7 -78%7 067%
o]la, Toluene2] ZHA$E -57%% 359%, o-Xylened 7%= -10.0%%}
435% 2 ERO.
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Table 7. Accuracy of TD/GC/FID for Analyzing B, T, X by
Concentration Level.

Samples” Conc.  Mass  Mass found, ug  DE, % 7 gl -
Level spiked, ug (Mean*SD) (Mean®*SD) % %
Benzene I 0.0687 0.0515%0.0006 74908 108 -251
0.3437 0344300014 1002x04 040 0.2
3.4372 34929+0.0072 101602 0.21 1.6
Overall 92205 067 =78
Toluene I 0.0680 0.0550%£0.0034 81.0+x50 6.15 -190
I 0.3402 0.3427£0.0032 100710 095 0.7
11l 3.4020 3.4435+0.0052 101.2*02 0.15 1.2
Overall 943=20' 380 57
o-Xylene 00684 00469+00034 686%x49 721 -314
03422 03435100072 1004%+21 2.08 04
34216 3.4604+0.0239 101.1x0.7 0.69 1.1
Overall 900x26 435 -100
1) Number of samples by each concentration level : 3
2) CV: Coefficient of Variation. Overall CV: Pooled Coefficient of
Variation(CVpooled)
3) B: bias. Overall B: Mean of bias on all concentration level

==

SN=

e43d A¥E Hrte BTX FF49L 8439 E29 2
Leveld2 A8EE 374 ZAsd AL F4E AEY F= #9ce
Tenax TA F&d MY & FT7IF 25L& 7I1£2=2 & 394 B, T,
X Z+z} 0.0086-0.43ppm, 0.0072-0.36ppm, 0.0063-0.32ppme] %itt. o] <} 2ol
AAE FxEsle =589 =27|F3 ¢ug F$ B T, X &%
1/23.3-1/1162.8u), 1/277.8-1/13,888.94}, 1/3125-1/15873.08 2 4 & T
o},

2 dAP3dA AEE ¥9E B, T, X 2% lppme] 38 L3, 74
Zo] FEFFE AE: HsME #s HA 0.0086ppm, 0.0072ppm =
0.0063ppm 7HA 2 Ak 2R L fvet A9 B T, X9 v
FE(EAS, 1997; AHF 5, 19972 neistd E49{e LOQ &%
B lppmeldt +£&7A ddFoz2 Yo FErEE FH¥ESE HIM
#3 zol2d.
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79 238 AHEd FHHMNE HAAZH 10%0]32 YElgn
e AFE 435%0|3E YENT Hale 25 dA4EZNA Levell
7b 7% 93 Levellll, Level I &0l 2™, @WolA <+ Levelll, Levelll,
Level | #2.2 FEFFo] 5245 A veldo Levell 9 Levellle
m& B, T, X o #Hzalel wolAFE= 2tz 1.6%0]3}, 2.08%°|32 YEl
ot 238y Levell A B, T, X¢ ¥ale Adx=24 314%°8 =2 e
S We|AlsE 721%°l3dE YEY Levell 8] HEBEE Levell 9
Levelll®] A3Eo] st Az& Ro2 Uehsth Levell § AU =7}
AZF AL Levell 8 TEFTo #4949 LOQ 54 23HE AF
2ol7] WEY FHeolH, o|AL dFFH P =X BeGERHEe H 4o
E Fxdidle ot €FFge] 2o FEit GEFE TR Hol
Az EaEe A fdd HoltE¥HS e HHES, 1997, F A S o
24, 1995).

MDHS72¢] €258 AA7FL HB%olAoln, 95% njgtez e
g Agole BENFAL UAEE sz 9 oHHSE, 1992). 72 Level I °l
dAgsEeE B, T, Xof 2582 MDHS729] €358 A7 & vigtez
vetkt aeEg A AAE8ASHA =53 7te 748 didde] Level I
FEY Aol B dFcA Al EAZPL ¥AE et g S
#39] Jebd split ratio(100 : 1)E #F4AA FEE F7HNE A 2
2 Wlo] & Zoln

W HET Levelll, Levellls] WAL B WolAl¢g} HeolA et #H
a2 4 "HolAlF vzd] B vl§ FAEA JElddn & F sld. 2
B2 B dFoM Algg E4FAdAM F29 Levelll ~LevellVel &3
HEe FEFTEY AFEE 4353 7les Auddg & A4+ E433 4
@3t FARE B opE AE=E HiHA FEFEE US ALFEA
Zt v5E AGEE YeldA] £ ATdHe slenzE od diF dFE
] o]Feojzof & Zo|od EF B AFdM AlLE EHZAI} {FASH
gt AHA ALSE F34, 4 dAEE, E4A4 2" T e AR
7} =24 Jelg Ho|EZ o|d #|F AFE ¢ o|Foiol T Helrh



4 F2A F79 O& ¥
&34 FH 02 FExE Hrle Tenax TAS Chromosorb 1062
o] &3t HjEFPor A= HE L 237 Tk HE8 I 2H3AAM e
¢ g}l Zo] Tenax TAE ©|8T A% B, T, X9 HA= 2z 0.8%,
02%, -1.0%=2 Yelga ®HelAses 1.22%, 2.29%, 412%= ey
Chromosorb 1062] A%< B, T, X-—~l A= 2zt 1.2%, 16%, 1.9%= o}
Bl ¥ol A+t 256%, 3.28%, 430%= el

Table 8. Accuracy of TD/GC/FID for Analyzing B, T, X by Sorbent.

1} z Mass Mass found,pug DE, % cCV, B,
Samples Sorbent™ ieq yg  (Mean=SD) (Mean+SD) % %

Benzene T 34372 3.4655%00424 1008%*12 122 08

C 34372 3477500890 101.2x26 256 1.2
Toluene E 3.4020 3.4085x0.0781 1002*x23 229 02

C 34020 3.4560*0.1135 1016*33 328 16
o-Xylene T 34216 3.3863*0.1394 990x41 412 -10

C 34216  34867*0.1498 101.9*44 430 159

1) Number of each sample by sorbent: 6
2) T: Tenax TA, C: Chrmosorb 106

"gBiTenax TA) oCViTenax TA)

= — CV{Chromosorb 106) |
Etl:l'mnmwh106'll1ﬁ o | 442 43

Bias of B, T, X
CVofB, T,

i) ]

Eln.:w Toluene o-Xylene

Bias(%s) CV(%)

Figure 3. Bias and CV of TD/GC/FID for Analyzing B, T, X by Sorbent.
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FAA e F/77F 9422 TD/GC/FIDE ©| &34 {7848 =
AENE A5 dAZY, A5 AEx, AN EAHEH(Safe Sampling
Volume, SSV), #3}% 3] (Breakthrough Volume) 2 &# g4 =9 3
2] 58 1n8dte dAs o & o]t (Woolfenden, 1997).

274 EZAQ FFE Tenax TA 5 20F o422 BuH3 3l
o, £33 AAY FHE 2dHL 28, §8 232 FI7F 4¥A =
Helels 282 B3 Heo ity £¢ AxAA et F4 /7 2 &
Zf@e]l 277 21 FY FZv|EE dYd3(single bed Ev EES
(multi-bed) 22 FHE FBo] UTHEPA, 1997, Woolfenden, 1995;
HSE, 1992). ¥¥td o2 Tenax TA, Tenax GR, Carbosieve?} o] A&
g3 sley Chromosorb 102 % Chromosorb 106, Carbotrap %
Carbopack B 22|31 Porapack Q7F 82 #H92 f7]8A48 diaez A}
SHEE AFHT A3 AH, 1997, EPA, 1997).

MDHS7291= Tenax TA® F4H22 F34 FF/d o=t L &
7] 44 e v]FE54(Retention Volume, RV), SSV, 8&2x Sd 3

EL A2 9o 23y Tenax TA ¢l8dles FFAdE Adxse &
ZHF & BE H7F 27 AAIHA FJTHHSE, 1992). £ dFoM=
MDHS729] 4 RV, SSV @ 23 Zo I3 A= AAEge) A
Aol g3 % Hr7t 2847 AAHA gL FFHAFT VOCs =5
H 7ol Z§E Chromosorb 106€ Wide= A= B, T, X €49 A&
EE 4&%9 Tenax TAS v|& Hrlaat o

Tenax TAE F&AF 717 de] AHEH+= AAZ4 Benzened A
9§ W P2, HIFAHEHDBp>100T) E AHEAH SHEE
(b.p.>150T)ell A Ftstch 28y} Chromosorb 1062 n-Csoll 4 n-Ci27HA] 2
B3lr4s EEFH ZWS B9 VOCso Atz A st
g, Hn SEIEE, vjEEH 9 HE dAEHY AT HHA%
Tenax TAS d2d, #H FAAE ZTEH 4ol wat F3A 59
(sorbent strength)2 T2t %(weak: 50m'/g P4, F(medium: 100 -
500m'/g) 2 ZF(strong: 1000m/g H=)2Z F7{dtcdl Tenax TA #
Chromosorb 1062 E1oA ¢} #e] zZtz: <kt Feof &g (Woolfenden,
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1997; EPA, 1997).

H8 9 O§3eA ZF Ede dig F3AE Hilel WolAFE A
HH B, T, X 2594 Tenax TAS Hate} WHo|A 7t Chromosorb 106
o] ®Halel wWHelAlFEn © vA JeElgd. 2722 Tenax TAY
Chromosorb 1062] E®H =zlo], F FT A9 diAEZE7He A=
(affinity) zte]<} #HE Fe|tHEPA, 1997). £ dF<ME Chromosorb
106 2} Tenax TAA FEE7 o ¢ A UeBdAwT F F3Ad o
g #Hats HYAEZH 19% olste]l2 WolAleE 43% °|FHE YEY
Tenax TA ¥ Chromosorb 106 25 A& &7 *3sidsn gl

5. 24A2d AFF 9 F57 AEUE H2
B A 299 25 F(within-run) ¥ 25 7Hbetween-run) I3 H A
3 5 &30 diz] 24uEe AYEE HoMe 23 299 29 ®
9 dmuEd "adHd g B, T, Xo Ho|AFE FF5Fe A zZHzt
1.43%, 1.79%, 343%= JEs, 2530 35 247 251%, 1.93%,

Table 9. Comparision Precision on Peak Area and Retention Time of
TD/GC/FID for Analyzing B, T, X by Within-run and Between-run.

L Peak Area Retention Time, min
Samples (Mean+SD) (Mean+SD)

Within-run Between-run Within-run ~ Between-run
Benzene 93413+1339.7 9456723750 3.5790=0.0061 3.6010X0.0258
CV(%) 1.43 251 017 0.72
Toluene 92281X1651.0 92613+17834 4.4140=0.0061 4.4370=0.0274
CV(%) 1.79 1.93 0.14 0.62
o-Xylene 89406+=3067.8 8996118785 5.8410=0.0053 5.8660+0.0278

CV(%) 3.43 2.09 0.09 0.47
1) Number of each sample : 6
2) Mass of sample spiked(ug);

Benzene: 3.4372, Toluene: 3.4020, o-Xylene: 3.4216
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2.09% 2 el s EEAIze did B, T, X8 dHelAsE 559 #
£+ ZzF 0.17%, 0.14%, 0.09%=2 uYelgx, E7e AL Z7 0.72%,
0.62%, 0.47% = el

E4A 299 AF5F 2L FAFN JaHEFHI 72N g Fd
= H7le E29 Levelll2 9718 ZA3le 4% Zxisl F79 Levelll
of slFsls 3719 EMZEAE AL Il ARE EAE F F39=
671 AAse FE5F 2522 ARD UrliA 3709 FE79 Levellllel 3%
3 379 EMERE el FABR 2522 A 2 dFdAM FAEF
4 3FF 4 37 disl 24E 8 HE 2NN FHe] 7Y %
¥ ENZAL 5494 o7ldM AUEE A HA (repeatabilty) & 2] v] &}
o, 494, B4z 9 2437 593 AEHdAM Y98 E4wde=
Hol Al 4HE (IS0, 1994 1SO, 1993).

2 d7dA4 FHaddm ofFEgARE diidez FF5F 2 FEH
FANYe HAYEE Hrlma @ AL Aged Alsd YA 2"e] 7E
9] g Fd/GC/FID Al=d< 945 HF3std Al§A 2E TD/GC/FID A
Zdlo|g]7] ujFo] st

detdog Az o EMAY Bz dHE A He
(variability)= $Y% £4Z ENFu2 @2 A7 BFd44 8% 2
o] HolErh aCHISO, 1994). GC/FIDE A4 ¢ EMzudAg=
wE|#de Zeo] 2 &x, o544 7122 {f& 1En ASARET ZARD
8] sty Fo ue AFEAR] 4§ F oy, 48728 o FATL
22| H & AR F=d ME AF € =9 W Fd o HE:7]9
Rbgo] & 4 Ack(A A4, 1998).

94 Yeld Z3E A9y fadHd o AE5EF 2 FAED
Hol Al Z+Z 3.43%°l3) 251%°15t2 JElgn o REA7e HE 7
Z} 017%°l3}, 0.72%¢°]|5t2 el 38 o-Xyvlened 4 I ZHFH
e AFF WHelAsrt AN dolArEd o ZA deEwEo I olF
= HFEEAAA FAFETd FFF dolAsrt o vA JEHG AL
AEE o] FAAVIEY fFHoly 2x¥izlE o3 HE7 AAe E
2 e UAAY NEZAAN FYF £ FF9 ¥o HEY Fe=
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249, 598 ANHOE ATE AS 457 WolALud 357 W
olAlF7t ¥ ¥A JdElgi sadAEc v FFAZ did wWolAlFr)
A dEtet oqr)dAM ZEF HolAFr o 2A JEd AL AEF
59 7 NEg &4 TFAT] AFH J21§FEY o #FSh7] Wi &%
WHE, ol T4 7t2e #% Fol FAEFWN 2159 E¥4FAEY FFEF aF
of EMZFe o FHA 4TS vIFH7] HEL 3ol

#H Fd 24Uz §FF(within-run)® U 7Hbetween-run)<
2 FEHo AU AHAH HriHued HavHy Fy FFF
2 Az AEAo] Z+z; 5% oW, 10% ol sien, H{EEAZre] AL z}
Z} 0.5% ©|d, 1% °l3ts] A= By HAUTHHAd L, 1998). o] dFEH
gt B dFEAe AHEE diAAE, B4 TFEADT 2 E4F23 5ol A=
g2t 2 v  floey HAAH] HALE FFLE FAE L= e
pia=g

#92] A3 9sid £ d7ddAs EAAMNEEY FEF R A5
v HUEE HIAWHI o|FEAT d& AFEF ALUE7 o
$5F o= JeEyd 1HEE AQPEFE SHANE F AEE B4E
o 257 E4Ed FAEF 24 AT AS 24ETY FLYES o
o BaEHY, o2 EMAAY FEFEI o $4E Feold.

6. MDHS72¢} A4 % H| I

2 a3 Jeid ALxe MDHS72¢] ALEE v|md Zis
E103} 2o E109 JERd uviel Zeo] E A9 HelASFE B, T, X &4
z} 0.58%, 0.66%, 2.09%= YEGI MDHS72¢] #A|A|E WHelAl++ B, T,
X Z+z} 25%, 2.6%, 2.4%°] o}

2 AFE AR A 2 £4& MDHS72¢| ot dAglenz 2
ATl Uehd EAMubde] HAxE MDHS72¢ HYUxe v mdnz
otk vlmE MDHS729] B, T, X AE%3d 713 2H$ £89 E29
LevelVE A 2E& =4, 2434 Jeld Z62] ZAF ALt ZA
E &A= MDHST28} 59 £79 Tenax TAS A& 974 AL



Table 10. Comparision Precision of TD/GC/FID for Analyvzing B, T, X
between MDHS72 and This Study.

This Study MDHS 72

Samples dyo, %'~ Mass DE, % CV, Mass DE % OV,

spiked, ug (Mean) % spiked, ug (Mean) %
Benzene 6 6.8744 094 058 11.0 98.7 2.5
Toluene §] 5.8040 996 0.66 109 1000 26
o—Xylene 6 6.8432 992 2.09 11.0 1000 24

£ A ¥ (reproducibility) & &rldte, 484, 242 9 E43u7} 2
Fefold FLE EANMEHoE HelAlsE AEICHISO, 1994 ISO,
1993).

3ol el vie} Zo] £ dAFelM AlEE EAA2€2 MDHS72
o FddA g TP HE E dTA AEE EH 2B
HP-1(25m x 0.32mm x 052m)o] ey MDHS72¢ A4 #AAldE #AL 1A
“}(stationary phase)°] BP-1¢]4 BP-10%! 24 #2 #(50m x 0.22mm)°]
SITHHSE, 1992). MDHS72¢l &= B, T, X& =3 42712 VOCsE di4 e
2 AN HAExe #% 484 AY(laboratory tests) BIHE UEHE
H 2 d3F B, T, X9 ®HolA+E #1099 Yetwc

109 ZHE A0y B d7< MDHS72¢ si2 =& oAl
26% |32 JElGAw 8 AT vEd B, T, X ZZg] ®HolAs+E
MDHS72¢ AAl€ ®e|Asrd o @A Jeldd. 2822 TD/GC/FID
£ o]fde E dFdM AlLdE EMxHPes FAHENE T A
MDHS728] AYE 84& ©FAZ # A& Fo|o

V. 248

2 4d3E Benzene(B), Toluene(T) % o-Xylene(X)& U2z

Thermal Desorption/Gas Chromatograph/Flame Ionization
Detector(TD/GC/FID)E <] &3 AFE B, T, X €49 A= 3 HY
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=& H7Mit A& Tenax TA F#de AAE F F7F 2518 7
Fo2 BTX EF44L ol88ld zAHUeH, Hrte HEHA £ AP
A, AFE a1 AYEE Yo AT FE=e HAg AUER
Br7Hn FUEE HolAly T FTTHoAFE HrYc B A3 7
3= g3 2o

1. EMdde HAFSSA(OD)E B, T, X, 27 13.75ng/sample,
13.61ng/sample, 13.69ng/sample22 YEleon, HFFFALOQ= ZF
45.79ng/sample, 45.32ng/sample, 45.59ng/sample®2 YElgth, LODE
NMAM 150137 v 23 Z= TD/GC/FID wHe #AE7 of¢ 5% 3o
2 et

2. daEdd H¥=E= B, T, X Zz 0.8607ppm, 0.7222ppm,
0.6304ppm FETTAAM H7IE A, Benzened] ZA-§ Halgl wolA 7}
Z+z} -06%3 0.58%9°]3, Toluene®] 7%+ -0.4%<} 0.66%, o-Xyleneg]
BEt -09%% 209%=2 EHUHY HBEE 5T o= Ueoh

3. ¥=5+Fd A¥EL Levell (0.0086ppm ©|3})elA B, T, X9 #HA}
7} A2 31.4%°]3te|n Ho|AlF7t 721%°l 32 YEsen, Level
I (0.0430ppm ©]3})st Levelll(0.4304ppm ©]3})el A B, T, X Hiaksl H
olAlFe 47 16% °lsh 2.08% ol3t2 Yetkt. E3 HAHo=Z 4
B Benzene?2 3 #Hziel FHo|Als7 T -78%F 067%°] 1,
Toluenegl 745+ -5.7%%t 3.59%, o-Xyleneg] A%+ -10.0%%} 43B%=
ERS T

4, FFA 274 2 HAY¥=+ Tenax TAE o|£48 35 B, T, X9
Ha7l 7k 0.8%, 02%, -1.0%2 JElgD wHelAlfs 1.22%, 2.29%,
412% 2 el Chromosorb 1068 2% B, T, X¢ #Ha7r Zz 1.2%,
16%, 1.9%2 Yels HelAlate 256%, 3.28%, 4.30%=E YElRT 47|
ol 4] Chromosorb 1065t} Tenax TAS 4% #HS$ AET7 ¢ 45
3 Ao2 e

5 EXA2de] ZAFF(within-run) ¥ 25 Hbetween-run) ¥ ZHH
o o] FEAZH O] £49de FAEE HrlE AAFHY. ga3aE A o



g B, T, X8 dolAre 5359 3% 77 143%, 1.79%, 343%E Y
Ehx, AS57re A9 zz 251%, 1.93%, 209%=2 JE o FEAT
o dig B, T, X9 #Hoeld+E A5FY 4+ 77 017%, 0.14%, 0.09%
2 by s, 5o AS 2 0.72%, 062%, 047% =2 YRS o 7] ¢
A saEAS FEATG @ 229 FEF ALEE AST
ARErc o F5aA JeERT

6. MDHS72¢ AWE dlmdA £ 479 B, T, X HolAFE &7
0.58%, 0.66%, 2.09% = ‘teh} MDHS724 #AAE B, T, Xo HelAlF #
7} 25%, 26%, 24% B o A YEgT.

AEHo2 B dFd A TD/GC/FID WL &3 A% =(lppme]sh)
B, T, X £4¢ H¥: 2 HAYZE Hrig 24 FE7 vis S8 F
ol BT ¢ AHAYES FI5H A2 YERT a¥E=2R Iyt
2 -9 FAgHaAF 1ppmeldy A= FELE EAE B T, X
o ¥ =27s= sluA & o TD/GC/FID HE< |48 A AET
B717F 7hed Aotk
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2AT, 93 g4gddd TId AT EA gX s BF A
T, 34 A A e 3 =], 1995:5(1):104-118

23F, R4, 294 478eAdde S24@He A =297}, o

Tt A3 SExAEY HFRIA, 1997

=5 3883 9 EFHAAY =&7|F, 1A A97-65%, 1998

SAE, 928, AAY, F£A44, AvH, EAH, B geF, o443,
Aed: FEAY AFPH HYrtel B AF, A od AFRAAT
2, 1997

T4 dHIG 222 AjHEg € FAAE8E HEHZzAL, FHEIA,
AU HTE AP EPATF Y, 1997:67-192

A dgAy e o848 #7844 SAHEANe 1B FFAULHT
o, kAR A 1998;10(10):68-74

B2 gi71F VOC &34 lolAd QC/QAL Fa4, xdizl2dg
3, 24893 7753, 1998:58-68

£HF P2 4G Td =Y F4 € I3 f71EA BEHA €
e F7e W SFEE vn, FFAAH A G A, 1997;7(1):3-18

AR WA AgH P HAFY AT - FAHAY g ¥
A3 uhge] S FHLE, AYEAETE dT7EL F7, 1997,
Vol. 6, pp: 3-46

SHZE, oA, o4, WEY, ¢iF, FEF, ol4E, olFH: HAYE
AEAAE 2 SANSF ZAHAAT Mo BT FEIAM, 1993

o] £:'06 3882 FEAHZAL FHE d7E99A, dEFSY A
HEA 998, 1997.34-37

Z7o], Wil 48 g FHALEY FrF FLo B 4F, =
A4 ¢ A €3] A], 1997;7(2):245-263
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