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An Evaluation of Reference Values Used for Quality Control of
the Kerean Industrial Hygiene Laboratories

Cheong Hwa Cheon and Nam Won Paik
Division of Industrial Health, School of Public Health Seoul Natimal University, Seoul, Korea

This study was conducted to evaluate accuracy and precision of reference values used for

quality control of the Korean industrial hygiene laboratory for three rounds. Factors

affecting on accuracy and precision, including analytical procedures, were investigated.

The results are summarized as follows.

1. Pooled relative standard deviation of reference values analyzed by reference laborator-
tes was 2.01—591%, and that by both reference laboratories and participated labor-
atories was 3.18—6.63%. Better results were obtained when results of reference labor-
atories were employed.

2. Significant relationship was indicated between analytical precision and concentration
of materials in samples. Variation increased by decreasing sample concentration.

3. Recoveries of lead and cadmium were about 98.6% and 99.8% respectively. There was
a significant difference between lead values with and without recovery correction.

4. Organic solvent results corrected by desorption efficiency only and those corrected by
Both internal standards and desorption efficiency were more accurate than those un-
corrected. But, the latter was the best.
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g #este AE @2 (Quality Control)8] &
dol A4ddA 87Ut (AIHA, 1988; Kirch-
mer, 1983). FAABAESZAL 2A A5AHY A
s8¥4oz Yred, oHA7A AlgHd di
Az e MEs U fon @A AsEY
o A AxzddE 39 AR Hodee
x#Fo] glojsit.

AR o oln LAARE A= st
o 197295 AAE vz FHLYAARA
A79(U.S National Institute for Occupational
Safety and Health, ©}3} NIOSH)¢] ¥45&%7}
A & (Proficiency Analytical Testing Program, ©]
3 PAT)9 1988 % EH AAIE 9% Bu¢AY
93] (British Health and Safety Excutive)®] ¥4
=¥ % 7bA % (Workplace Analysis Scheme for
Proficiency, °©18 WASP)& & 3= it}

I e 19929 499 FPYEAEEA Y Fx
#eo] @3 A7 FEH A A=
19924 59, A23] Az 19929 10949,
A38 Axdele 19939 29 AAHNUT. 18
3o A 13]ol& 3071 #ol, A 28l 3571&0,
A3F e 677180 FA3d FEEH F7184
of st Ao g Fx#eE P

FA/A S By T E Arske B
o] ¥& 7I1Eaty AU 1A, & Hvig
ol g8t ed vl=9 NIOSH PATS &3}
o BH5YHo| ¢ Aos Hrid Negdga
HAEY e ddads Agradtdo]
7EAPAR AR ZlEgtol AFFHAY V)
TAEAES B4} U FHBA S e
BHZ2HAE FAA 7|Eate] 44U

meba] B =§9 5FHE& 71EH ARyl

g 71@ake] Wolgt 7 W EF wxe w
2 B4Rl E B3, AxwY AEEANA
Y FUxe 4% F& 8998 AYde
g gtk zeldte ko J1Eg AR 21EA
852N #8dE F Jdon, Fréed Iz
Ae 4R APBHE SR @] M AP
AYUEE AT dH T80 € Ao VY
L=

O. S97AR % 9y

1. AFAE

19923 5¥%E 1993 29714 % 33d) 24
ZIEAYEA T 4N FARRF 27BN FFS
# 7184 NEE F4F AZE o]g

7IEEEE e g nagEY Agrd
Sudad Aduddrdes 2718oj9ey 1
9] J1¢& Forigog EFsq4rt

A=dY AR 5 38 B¢ BF 59
dded, FF45c2¢ B(Llead)d H=F(Ca
dmium)} 2ZFFo)2 7184+ A (Benzene),
E5<A(Toluene) ¥ A (0-Xylene) 3FFoIAU
o 2 BAF AR AQTHAM ANFE 6-970
9 ZIAAIEE PAZ w9 AN8E MAso &
FA71@e A BHFH=E Y, NE2AFA
Ae 4 s2E2 6137148 24352 s
Z Bz AU AEse ® 19 24,

2. Xtz BA 4y

A 13w A3 J|EAPAHY ENANS
o] &% JIEZ YAWHH A 2, 339 HAdH
2 XRANA JIERE AT WY 2MAE 33
2T H&3ld Zzte J1EgE vin HriEd
1= 3
Aa AL uEAS sEFF0 dEmg
T4 ol & o] &3td dotsiged, 2 Hrhhy
< e 2

(1) 7| &4 d¥YHo| og 2Auo| My}t

Ay EHHolge AdEF A2 Relative
Standard Deviation, RSD, Sr)& o] &3+,
o] &2 7IE¢t M} EFHX s o] 43ty e
@A TR}

— 104 —



Table 1. Participated Industrial Hygiene Laboratories and Number of Samples Analyzed

Number of Samples by Materials

Laborator
i Organic Solvents

Metals

Reference lab 2 labs
X 3 materials/lab
X9 level/material
X 12 samples/level
=648

Participated lab 30 labs
X 3 materials/lab
X4 samples/material
=360

2 labs
X 2 materials/lab
X7 level/material
X 12 samples/level
=336

29 labs
X 2 materials/lab
X 4 samples/material
=232

Reference lab 2 lab
X 3 materials/lab
X6 level/material
X6 samples/level
=216

Participated lab 35 labs
X 3 materials/lab
X 4 samples/material
=420

2 lab
X2 materials/lab
X7 level/material
X 12 samples/level
=336

34 labs
X2 materials/lab
X 4 samples/material
=272

Reference lab 2 labs
X 3 materials/lab
X6 level/materials
X 13 samples/level
=468

Participated lab 66 labs
X3 materials/lab

X4 samples/materials
= 792 SRR —

2 labs
X 2 materials/lab
X6 level/materials
X 13 samples/level
=312

67 labs
X2 materials/lab
X 4 samples/material
=536

2 @AM FHA 4 FEY JUEFHAE
ol §3td JFEFHA PHFAHA, Srlpool-
ed) 8 2 A @dA FRH Taylor, 1987 ; Abell
X 1989 Burkart ¥, 1984 ; Paik, 1993).

Sr{pooled) =

‘/sﬂx(N,—1)+Sﬁx(Nz—1)+-~-+SﬁX(Nnj_1l
(Ni—1)+(No—1)+-+(Na—1)

N:%¥x¥ A&5(number of sample)
n. %% £%9 4 {(number of concentration le-
vel)

A @A FHY e EAE EAHoIRA
a5 NIOSH PATS ¥4%dH7HAE 106-112
3o dEE FHols W mIAA(Groff,
1991-1993).

(2) 712at AFUHN HE S8 EMHO|
ot

Axde A8EH U ANaFEst #49
olsto] 4WAPEL Yoty A& # 33 ¥ JE
7 1 71280l HFse FYHel Si(4 O F
Z)g ojgsixth 71ZFAPEY EMFAGE
o] £3ld 7|ZFE AAY A4 148 ¥
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Fo718e FHARE o) 839 Ve 47
A2 YoM HARNsAY

(1) (2)& 7387 93 449 7|&a 43
H(A, B)g AHyd g3} 2o

A 7|EAEAS BMUAE O|BS 7|1FU 4

NEPAYAY FNARE 2] ¢o8 YEdE
o AA AgFY 39 5% Fe 1FAAH Ad
Z @goz Wsn, 49 5% e 2 FoAA 7}
A9 gog WYY ¥ Hagy XTFEUAES
Fatsich.

B. 7| ZAHAIZ MoV |MES BAMuE Ol
3 o|EA 4

&3 Zo] Smimov AL 3 AL A
ANAGH(HFA, 1990).

1) NZE494 Foiri@e RE BNERE
Azl ¢o2 Jg#

X <KL Ko e < Ko < Xy

2) 7P A& @ Xolv MR & 3 Xwe o
T m3 EFHA 5§ o] 8§38l o33 go] WP
AlZlt},

T._-_..,..___S*i = T=,A._,_vs,___ ceresesenens @

3) A @A & Mgk TE Smimovy] 95%
AFeEAA 1 ggarie #3de 71434
29} vmate F 34, 714k

4) M9 E ol ghol AN o 1Y o
de fe WHog FEEe MY AAEA
yeizl B8 dEe Az d9 rAdHERe
AF3HA Saate] UdehA &2 w7tA] HAg
At

Smimov A&l FUH 95% A7 A
d =& Z#4g MRS Had FEUAE A
A3kt

(3) /2| ABEMe| Hatxet HAUTE ¢t

20 24

Mg n BAYEY AR dGgadels ¥
A Fzdel g JENEY EXEHE o3}
. "A AzTdAANE BN A¥so] I
< vA & gle 802 43 YA /18
Ale WH EEEH(internal standard)® €2 &

I PN

&(desorption efficiency) 249 9¥&, $34
2 5 &(recovery) A8 98¢ B3z &
] i (paired t—test)& QA ATH o) E$, 1985)

ggez Nz e 5= 554 Hse B
Mg Ao g A8 4 FrFId
AF3e olE2@ &, AEE AZY FA Al
o FRJE F:=8 EHEAEL UE EFsh
(Standardized ratio)& T3ATHA @)(4F4
%, 1992; Park &, 1993)

A

;}_%g}ﬁ]:?‘i—g% ....................... ®

o]ZA FHA gAY EFEIuE FHYRE
¥E o] 83t BN Ay AU g 9713
Q.

b a3 % 3%

1. 7|E4 Yugyol mE EAMgo| "ot

ool Aol M A g A s
Ae 249 7IEH 43UY e Y oL
#}.

1972955 AAd 92 NIOSH PATHIAM+
o] Axe] AVl Y&t 7HE FAM & Fo
Mo FNZHA7 RE A EZ dste 53}
A, vFNAAAY 3 (American Industrial
Hygiene Association)24%8 AL AL S
7124 ¥ (reference laboratory)2 At 28
gk, o3 o 7070 Axe 7FEAEde] 242
#E A7) ¢o2 Ygso AN AgFe s
5% @< I FoA AY E gos My,
AU 5% 1 FolM AY gL goz Ws}
o BAEg 3 JIEges ARG gAY
€ 7lEdd 2FUaY ¢S e w9z
3 AT Groff%, 1990).

1988 EH HAE 929 WASPAME Aw
e 71 BES] RE BAHURES ARA ol&
T 82-118% € Wlolue g Mg F YyF
g pe VEges dFsn, FHAHUAE F
gl A EEHAL 285 713 WYz stn 9l
{Jackson® West, 1992).

I 79, v]= NIOSH PATHE 71&3&
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AR57] 18 7IEddd € 4AsEE 4 4y
49 E4FYE H1Y 4+ de A7t YL
T, FF9 WASPAE Az=@ed Fodste 7
#59 $NAAE Ao Vs 4AsY
A R 718E0] E4E e vay 3§
33 AitExstodor @k 2y FHY A
Ax@L7}t 27] GAolng oH @ AuIt RE
& 4 ool gid 2za, 41N Fxdes 7

Z4& ul=9 NIOSH PATo} Holdte] 4%

ol L% Aoz Yrid Mgultta B
A g wdsd YegeldE FUsA A4
g AYPRAATHE IF4PAE AAso A
A ANz 50%E ENEYT. 2 BAERE A
7l €22 Y4gitd, A Agse 34 5%9
$e 2FAA AY o g HEHRT, F9 5%
#& 1 FoA AY G groz AfEan. ¥
28 AA zAEe NeWdde VIERLRE 43
A1, o] 7lEge]l EEHUA uE 7R
HAE HAEAZ AHYE o de] WolAF
7} 4% vl A, BHAE 3] AR
s Ay U9 FA wE wolA S
4% 72 Az sted Q7R E dAAG (%
F8£%, 1992 Park ¥, 1993).

A2, A3ZAAME 2749 7IFAPHANM HA
MNEZ T2 12%8 e $4% dae Fo7Ee
EAE olgset. ¥4dHAE Smirnov H
A& B39 Fage AYdsn, $B% A7
HAYe =& AHE Qs iz HFAEA
g AAtsidd. o] 9o Haghg 7IFgez 3
A1, §AYYe 71SadddM EFUA s
g /17 392 sk o] w9 wolAl4st
4% vgtel A B AE H¥3F A ¢
3 Aee fgsle FAA wel HolAS 4%
A AEgzRE H7bEAE A s oH Paik,
1993 ; Barkarts, 1984).

ol 3 Axtel we} T 1Eqe EAHo]
£ H7ist7| el 94 EMdne] £XE HU|H
& 71EFges Uro 7 EEE FAAW
¥z Yehgid.

a2y 19 WAL duud, JEAgde] Y
AnEL &3y 1o 23E AFEEE ¥4

99.9 T T

®  gof -
£
[
g 90t -
=
¢ 70 ]
1
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Fig. 1. Distribution of standardized ratio of data by refe -
rence lab and data by both reference lab and par -
ticipated lab for benzene at the Korean QC Ro -
und 3.

3t e ¥ Forde ENANE ¥y
71EEE ASE ASde EF3H) 18 240
2 RS AFEEE Y45 IS 2 9 g
BEFE9 FAAFEET A2 WAy vs
TEE YeERRA

AR o ok F FLo ARE wE =
e A% 2 3G FYEA Y& A9E
29 tizte] oA 4 F ey o 23
ol Mz AYschd 12 FAoz Y A7
TEE 34 "o

o= NIOSH PATolY 9439 WASPAS 7]
Ea AAY Ao FYERge YAZ AFEE
g Yehdo. ol Ax#d Frtste s15A
Y 2 vl dYd9 BHERE] v
oA FFg3cie AL ¢ 5 AUk

U S FArBL XEAA JS2ge A4
ARE A YAZ FFEEE SAY AFE
E 77 £XE Uehn YU 2z A9
THAE A=dY J5E AFES4E o] ¥
TEENA o U FES HAEY ol 34
Mzol A8sE AYBAZ2A7 Ho] Bo] Ho
#7) dEolet AGET. & A7 AY@yREA
71#E BRSNS FUE A Ul otglm 2N
A= Aol A9 e ALt Bol BAo AY
=7 do A HQ Exo] gge vjHo e}

B ool
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1=
NEEEEY ENEFANE o8 e B
5 AFEEE el 2 ded, o F 7/1E4
oA Y E4EHE] iy AT HE
ojt}.
F e A% Mg & Aole 14 14Mx
ghiso] Fodrld@o] EHE 447 J1E4¥
B ¥R ade Aot ojRAE 2 7
gte] EXviolz s BB
ANge FNBANA BN APy ¥
59 FEAY agdolt AA, A 44
1 24, 2271 € 7179 By AHE §2
BNt wAEnt o8 £HLAE F
|33 o] EAojolrt. AMAog HPHIL
B =% (Intra laboratory Quality Control Pr-
gram)\t A84A AR A= #2(Internal
uality Control Program)& 4A18 W 42
dolN e EMwel, FY HAPEW YA
Mol 9 AP44e] ENNolE FA48A o]
#AaNF R AAE 2H FEHE FIANE
Aoz AHgdrh
Z1&23e FMwelet Y dutiow FUE
=@ ANEE oY dPHdA R W
7l P4t HolE ouldn, Z B4
95 & Yepdo, £ oA Az dE 43

Aol BA ¥ L daste AN A
& Faed olgdh wElA o EMolrt &
£48 AdxE AAD AgFLe] FohAA =
H, $Mdol7} 248 HUdxr}t oA
F3to] WolAA €9 & 4 U

dutNez AUPAF 349 F¥ZE MR
AXRE FNEARE LY HA AN A2
A uF FPAGGARAGTUNY vl Y
M B A A (U.S. Occupational Safety and Health
Administration)l A& +25%¢|3+&, #¥ =7}
o] A9 +30% vigg dAsta g oA A
249 2a7 gl HAAY Al ANaAMHY
BN el 15%F Ve

gt AgadEge A e ANEAHA
A gy ste LARA EPHLg B HE
HE 239 #AlE 15% 20 o golof gtk v
% NIOSH PATS 7#A$dle a2 71844
A A 2ot F&9 N1F:5 BAelr} 3-5%9 ¥
o) A REPTY. GF9 WASPAAE £4
o] AP Aer BASE category 29 ¥
(A e )d sigse Eodole 6%0],
Hyz s 4=v B0l (cut—off value)E 8%
olth(Jackson# West, 1992).

29 &g 439y 4 8480 F,
NEAPde dater 73S ARE BS

ble 2. Summary of Pooled Relative Standard Deviation, Sr (paoled), in Reference Values in the Korean QC Round 1, 2

and 3
Material Method Sr (pooled) %

Analyzed Round 1 Round 2 Round 3 NIOSH***
|.ead A* 5.46 591 3.96 44-50
B** 541 5.98 575
Cadmium A 298 525 4.33 39-52
B 3.18 5.02 4.64
Benzene A 313 356 300 42638
B 3.94 4.83 6.63
Toluene A 3.18 428 2.88 3.8—46
B 364 371 4.05
o*-xylene A 3.23 209 4.36 46—5.1
B 4.05 3.74 4.81

*A : Reference laboratories (reference lab)
**B : Reference laboratories and participated laboratories
***NIOSH : Sr of NIOSH PAT round 106-112
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(A)sh 71e4 ¥4 ¥ Fo7|we £HAHE o
43l 71ERE 2AT 45 (B)E 4 Y9 B
oA w2t FHA J1Eeke F2olA vladh

olw dA Ax#EE Fdse AL
e #oA71@ BAHLANE F83) QA 9
o] FAMol7} 4% MRd B 4% AR R
A3 HrPAAE dAsed. a8y o) 97
dAE 2@ BAL 32 $L A adgs By
e, & 2404 JeEdRe] Jledg4y A
A BEHdolE 2.09-5.91% 2 A o7 #e] B4
Ade XFAN 7 $9 Aol 3.64—6.63%
Bot 22 ZA%E 24

2 2, 3& ZZe] Eadz EAyole ¥
g Yehd Aol

a9 200 We] 398 HY, 7|24 gde ¢
EA¥ole 3.96—5.91% 2 Foqrido] e
349l BMWlo] 541-575%8 Fe AL
B

NIOSH PATY #AwWo|s vjmsjgu 37|
Ho] TEE AL9 EAMwolx vl NIOSH
PATS] E4Wo] 4,5—5%HTE & AL B
W, JEHEE L o] ¥YE EXHdE A W
< A% 2yt

=g A U 7EAPAY =g U

PAT

—_ >
—i
>
-

g
>
'-31

Sr(pooled), %

Lead Cadmium-

A reference lab
B  reference lab and participated lab
T renge

Fig. 2. Precision of reference value by type of metal in
the Korean QC program.

3 BAMol: 2.98—5.25%% Fdv)@o] EH
H A% BAwol 3.18—5.02% S vj<® £X
g YeSla, § A9 25 NIOSH PATS 3.9
—5.2% WHE To}c WS EEE eI
o}
a9 39 WA A% I 7| FEEYEY ¥4
Hole 3-3.56% 8 7| FHwe] 39—
6.63% 1 tt gt NIOSH PATS ¥4wiels}
Hassd, 7|&4849 #4¥ele NIOSH
PATS BAMw¥o] 4.2—6.8% Rt 93tx, 39
71#e] E¥E A 49 Mol NIOSH PAT
o HHs vy FEXE HAFC

E5d49 7% U9 484 £40
T 2.88—4.28% 2 FA7|@e] THE Ao ¥
Mo] 3.64—4.05% 2}t A%rth. NIOSH PAT
o] EMwolel nlaHyRE, 5 F$ ZF NIOSH
PATS #A¥o] 3.8—4.6%20h 9ttt

Adde) ASE BY, 3 848 §
MulolE 2.09—4.36% 2 o 71@e] EHE A
9-9] FAHo] 3.74—4.81% 2t} Zgtch. NIOSH
PATS E4¥ol9 vudiud, § A% BF
NIOSH PAT®] #4wo] 4.6-5.1%8c} =gt
t}.
A Ao 2 NIOSH PAT 7143849 M&#

7+ B 4
6 -
PAT
w 5 BIPML
= B
Al IIPAT I |
= A
8 I* A
a 3 .
&
2+ _
1

Benzene Toluene Xylene

A reference lab
B reference lab and participated lab

T range

Fig- 3. Precision of reference value by type of organic
solvents in the Korean QC program.
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Aol I VAP EAMwolE ¥
Hrd I EHPLY EdHole 2.19-5.
91%2A ®ul= NIOSH PAT 7124949 24
Wo] 3.64-6.63%HT} Al )AL Fuhe 7
THPHY £4 8o ¢ AYsdE AL B
oo, w9, ForAE X F 9o ¥4
ol& vZ9 NIOSH PATH vl&8AY & A%
€ 294 agEg, 18943 29 7Ags
g o83t VEZE 4ATYWE, F9rRE
of dE FAYA7L 43484 5 U

49 A=#d Z FPFF ARy BY
of WE 2Ag FHEIL oE MoIEE §Ho
24 Y FEE I AE BHos @
o}
weby feivet AN A2 AdE FHes
Z47180] d4E A dn FHxEo] Al
2 FEEA 23 AdE g o, Jx@e %2
Zlle FA7IRESY EMEAAE o)f3o F
g 4R3I o=Ax JBEY BYEYo)
FAHNAG D BEEHE AvldE 2o &
T AYAE g5 AR JEge dREn
H Fr1e ENFEHE ¢ gAY + 4
oeg Mddc).

2. 350 o8 EA0| WIt

A8 Nae FA/FAAN 248 N8 E
HEY & U=F HA APdEd Jeo vsd
FEFESEZ AxEr NRS WAEAY g
AAVE T FAEAY H_F5EE VFoE &
o ¢ 0.1-2009 FEHANANAN F71HE §7)
£A42] 3% 9F 10 Liter, 352 2 300 Liter2
14 F oz ARHAAG (R E F, 1992
Park% 1993). #Al =ujo] A e £7
o2 gt sl=F9 FE&EEE 0.05mg/m*
I, EFdad 2499 34F5EE 100ppmel T,
WA} HEEre 10ppmol TH =B 5, 1991).

a9 49 E& 2Y, VA9 EAdle
8%oldtoll Al Fmrt Fhgel wal BAolz}
ZopAle AYL BYon o o ABFAFE 0.
46 °|AH(p<0.05). Fo7|Fo] T 2S¢ ¥
E9 Aoty AABAE HolA gtrh

8r,
»~
1

0.00 0.02 0.04 0.06 0.08
Pb, mg/Sample

v reference lab
(— Y=-30.93X+86.338, r=0.48, p<0.05)

¢ reference lab and participated Iab
Fig. 4. Correlation between Sr and lead concentration.

29 59 =g 59, Foride) ¥¥E A
9 £M¥ele 27 27189 mat FolAe
S RYon F@ASFE 0.420 A p<o.
05). WA 7|EAH P49 BAHdole FEo] mg
UL Qlodth

3% 69 WAg B, Fo7)do] THE A
o] E4uols}l 7ZAgHe EMHolE ¥R}
F7hgl wel B4wolr) Folxe AYL BY

10 T T

gl -

6} . .
®
'_: v
n v

4r * oV b T

v' Ve i e
2} ve VY e i
v
1 1
0.00 0.01 0.02 0.03

Cd, mg/Sample
v reference lab
® reference lab and participated lab
( Y=-110.808X+5.507, r=0.42, p<0.05)
Fig. 5. Correlation between Sr and cadmium concentra-
tion.
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Sr, %
F9
1

0 L I ] | ] I |
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8
Benzene, mg/Sample

v reference lab
( —— Y=-5.738 X+4.885, r=0.73, p<0.05)

e reference lab and participated lab
( Y=-9.815 X+7.807, r=0.68, p<0.05)

Fig. 6. Comelation between Sr and benzene concentration.

i, ol F@AFe 24 0.66, 0.732 A 2]
7F AR H(p<0.05).

a9 79 EFAL vy, Forido] x3d A
9 EMWole ¥=7t S wel 4ol
7t ZolAe A¥E A FBAFE 0.458 9
v 7F AATHp<0.05). ¥ s AP #4
Hole sxote] F@Ao] Rolx gstuh

14 89 IS BY, 7|FHEAY A¢4
Fo71de]l IFE BE EF FEIF FUHeH
wel EMHolst Folxle AL HYon o
o] ABAFE 0.39, 0.39824 9n7 AAkp
<0.05).

o4 WA, ERd, 2dde) yrd g &
Aol Wms] B, WA e
o]7} How, ol WAl EFdoly m AU
vjgtd HEEZ7 FEo2 Qs ANE Fo
e WAl Fo] Hol FuHozw BN} of
71 w&olgt A

T FE459 #1849 Edole e
ALY BENADRE o837 B4t FAriwd
PAANE g3 A9 ZA debg, o
T AE#Y A 5EAN gl AMAEYA FEFFE
AA ZEHFAL Fr|dE AU BY S

10 ] 1 1 T
v
8_ -y
e ST 1
- .
% 4 L& e ® ® |
\.-F.kt"v\‘*\: ’
v
vV ’vﬂvv .
2+ v v v -
o ] Jd bl 1
0 1 2 3 4 5

Toluene, mg/Sample

v reference lab
¢ reference lab and participated lab
(— ¥Y=-0.37X+4.592, r=0.45, p<0.05)

Fig. 7. Correlation between Sr and toluene concentra-

tion.
10 :
8t i
®
8 °f R . 1
[ e _o% o
4L ‘_\'T':\ﬁ\ i
v, v v
v L ARRET R L 4
2+ e 3 v i
) 1 ] L v
0 1 2 3 4 5

Xylene, mg/Sample

v reference lab

(- = Y=-0.413X+4.17, r=0.39, p=0.05)
® reference lab and participated lab
(—— Y=-0.387X+4.964, r=0.39, p<0.05)

Fig. 8. Correlation between Sr and xylene concentration.

1 eS¢ F Uk

ZEHEAL F, WA, 4NN 5t F
7Hetel wat BAwole ol AL ek
A Fdz)@e] THE A fole Jl= g, WM,
54, a4AAN =7t Fo13 wat B4
#Wol7l #Folx= Ake AT}
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oz AxHY NEY B B4 Fdx
od 4%g uXe Aoz BdH

3. 3T I MEEMe e}t AT 0|

ie= 20l 8o

ANaide Faedd Adxd 4%E Fe 8
AL Yolny] A& AMgoista wARSY A4
BAGHRA BHYY J|EAEY HHAE o
439 o] Bydao] HUW Algg o&F
29 AE5E E 39 Jehlud.

(1) E3% 249 M= US| 0|X=

Table 3. Theoretical Values of Spiked Samples

20l 84

TES B4 AY=g ALEE PIAE
P2 e HEE E 7 AW AR
9 F5E BNY o B=A 98¢ HFA A8
o AA (5% 33 )M FASdE LAHE
Botati, HHE 49 F& AHA J2s
7] A%t B4 &g ol 8t Ao} Bt A
=32 ANige ENAMdEe H4e¢ ARG 5
AEF P=BAAE A2 AHEE A 22
AEFS 9HA7F AFEHHF-F, 1992). 3
gt 4@ HEF 0.5, 1, 280 FFANA

Type of Sample Group Theoretical Value Number of
Matenal mg/Sample Sample
Lead 1 0.0245 13
2 0.0296 13
3 0.0439 13
4 0.0571 13
5 0.0663 13
6 0.0755 13
Cadmium 1 0.0072 13
2 0.0092 13
3 0.0118 13
4 0.0164 13
5 0.0195 13
6 0.0215 13
Benzene 1 0.1304 10
2 0.1928 10
3 0.2474 10
4 0.3237 10
5 0.3642 10
6 0.4298 10
Toluene 1 1.2750 10
2 1.6056 10
3 1.8063 10
4 2.2902 10
5 24873 10
6 3.2351 10
o—xylene 1 0.9806 10
2 1.4361 10
3 1.8181 10
4 2.1900 10
5 24333 10
6 2.8985 10
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24z} 39 ol WHEHAGEE ARsILE UL
4 Fdrj@dMEe FEHAN8E EHE 9 9
d3& AXNA ge 3¢5 g4

H05EE A4WE B9 A A% A4 E
42t 95% A8 FAAA KA Zol7t YEA F
H) L (paired t—test) & & A3}, ¢ FAY 2ol
7t A2 (p<0.05), Ft=&L FAF FHol7t 9
A

33} =g ENEARE 47 Fde o
ERez Uy BEH 9 wFRAAFEEE M7
£ A4 A+ A A%e de2 TR
of 29 9% 19 1091 22 Yepdch 29 9

g9.9 1 . ,
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Fig. 9. Distribution of standardized ratio with and with -
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Fig

out recovery correction for lead.
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Bl 9 109 Fl=gAdE E Aolvt g
th AY 9 de HE A5EL B.6%AL,
Ft=E9 HT sde 99.8% AT waA )
ZE9 H5LEE 100%°] 7M7) A& AA 8
TEE AEE A3 ¢ F AN AolJ} e A
o2 Jesdun 44

AZHAYABY BS 29HA 4L A=A
BEE BFEEE A7) g 3580l &
38 F#4WE Aoz wAdh a1y, 33 #3449
ato]l e TAHERY EAFoZ A JFEo
A BAAE A 589 AL ARe E A
olg 7tAeele 2o}

wekA, F7I1#e o W AFA R s
AollAe] 28 wdstn AHE F59 Fg
YA A&37] Y5t g AN B
Ao AYxe FUEE FHAAH & Aot}

(2) B718M B9 Yot HYEH Olxl
291 24

ag 11, 12, 13 g3a gy Yy EFERY
g Ro g FFHHE FHAFEEE Y
bl Aol WAz #H, EFd, 24 =%
UREFEITE HEste BAY Aeugd &
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Fig. 11. Distribution of standardized ratio for benzene with
and without application of desorption efficiency
and internal standard.
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Fig. 13. Distribution of standardized ratio for xylene with
and without application of desorption efficiency
and internal standard.

FEewE A4 A ¥ kA PHe o A
LWL A7t ol8gk o M EXE X
At

Itz oz AYFAAA HAHE AT A8
79 f718AIE ENY dole SXEE S AA
EE Ho| Sl o)A A xHdE {7

S£AE HAP ful2 28 AN B
€ 2348 uAH7 Aol Ax#e AR
g5 &S HAE HEFEY 0.5 1, 299 4
FEFEANAN 27 3Wol Y HEAAYINEE H o
dovt, FHr|BANe Z ojFojAA gu 3
g(uts4 §, 1992).

Aot Zo] SAHEL HAY A AL H
T 86.17%, EFIL 86.63%, AL 84.16%
Aok SRAEE HEH H¥Y 4¥L Yoin
7l A8 29S¢ B T 2RELE FHEH
€ A9 A ¥4g A$E Avad Ay
95% AZTFAAAN KA AolE BRAY(p<
0.05). AFHoz RFLL FHLPYES Wl o
3l o A Jeps.

ggez iy BEEE A4AY 988 g}
Btk #7184 & 7tagvtEa#d 9(Gas Ch-
romatography, GC)ol 48 ® 9] FFA7} mic-
rosyringe) & AF&3Medl 2 o] 4-5418 nujg
o]7] W&ol FHZ LA7F AL 4 AUk, 23
A BAEE AHIA 37 3 wR EEER
2 decane, n-undecane, octane® UE A€o
F7180Q ol FAFAL(CS,)o 0.1%(v/v)AE
H7H¥cH(NIOSH, 1987). ol#stgid H7td
BEEEAL A8 e f71&A% B33
2 ga JtiAZetEOGEe] I E oA <t
A8 HH (peak area)& UERH, ENUFER
3} o] B8 A7 retention time)o] @&} 1 T2
HHo] g3 FeElHv BHolook #t.

oeby Wi EEEFC AR g 2P
Wi EEEF A3 o839 A8 HAE
BAFoZM AA BN ALg" ANaFe A
3 £ Wyold, o] Ad¥dME d9 2L W
o2 Y BFEEIZAN &S AME34

EEEA] SEE L8PS A5 A g%
& 4S5 BAuag dn, 5% 700N &
g% ol & BHTHp<0.05).

AT W ZFEAA SES A4 AL
2388 HB&A F& F¢HT) go] BAaHrly
At F718H4E B4 AEE EFAIIE &
el ol g e sl U BFEHo] YAJ v
€8 FVMEY o] YT SWE AMEE BFE
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89 (standard solution)& TWEA Hvj, o]g ¥
@A H{A A EAHse dojF WA FE e
#AZ HAFHE FA €9, oid olgas
7t NeE 2R 9 @§4€H o= AE 3
#gsted 2 A= R BEEARG § A4S
29 olgdeLuy S 27 HE F9
HET FolAA HEg olg HFPHd ad=
Hgdte A$ dAgtad 338 BAMrEHA
St g v ojHe] XA &L ol &3
o ohA] BR8]0} s o) f7) €l

wabx B A7 AL Uy 258 % @3
E&E BN A48 35 SdEEL iAo
88.52%, EFdo] 89.84%, ANWo] 87.18% =
ol A HAT o]lg HEsho AN ge o
Egtel 7Hsid

WA 2 71EGS ol&3Y 97-104% HW
EAsted, eXEETS J4% F49 UR
EEEA 9 42588 AR AL ¥ Ve
gkl ¥elel e4d. 2y, 29 11-138 B9
Wy 2583 ¥ S3EEE 3L A o
w3 EREEVE A4 AET o ZYY
EHo] oo HLEE & ¢ U

et {718 B4 ABce AYEE
FAA717] e U BEFEEIS A48y
FAYE A ¥ gFA LS Hedor
Azdo

N.& &

B dPoiMe 1992 5HURE 19939 2¥971R
Z 33 ZAAN fevEtd Hgoz dAAE F
RS H 71 A AN NELHAY
o A=deE Frige wiEd A=dY A8
FE&% f718A9 RHAAE o] &3 JE
W&o EAdolg Husdx, NEENY FYgs
o AUz JFgE A odd dF B
sttt
1 71248 243 399 B4l Sr(p-

ooled)& 2.09-5.91% 24 <4ut AP[F A

1o X¥¥E H¢9 EAHo]l Sr(pooled)

3.18-6.63% Kt} %gtx, v =¢ NIOSH

2.

PAT7I 289 E£XWendx g, 39
Zl#ol TYE H %9 ¥A4wole NIOSH
PATS ¥4wols} vi&diAY & BXE B
At

EAYE Fxol B EMolg BY, &
A¥4de d, WA, 2dA4N F=7 F7)
ol wel £} Fole AL BY
o, zpzte] AAAFE 0.46, 0.73, 0.66%
. Zo7i@o| XgE Afde A=E, @
A, 54, 24NN =7t F7Hgl o
g $4dol7} Rl A% Byey, g
zto] A BAFE 0.42, 0.66, 0.45, 0.39% ).
T V1 EAYAY EMHolEY ¥XxE Y
v A4 BHSH718o] XY AT A
et oz ¥4 AUsE x| 9
&g wetn Bad.

W EHA 4§ 98.6%S AL Ao 3
F&E LA & F4E Auny 45
Fog ZolE UEHon(p<0.05), HA+E
<+ A3 A7 s g e HeEA ge A
Bt} o] &gtel 71gA Yo

=g HA5-E 9.8%S HALPL A$9
&2 %tE H$9 Aolzt gtk sA U,
TAA H3Ae Ao] e H4EAY
AEog QA BFgol aA "oz AS
H4go ALe 2 o8 AL 2o,
71849 EXA SRELLS WA g6.
17%, &%) 86.63%, TAHo] 84.16% o
Ao, i BFEFEU S&S Agyeq
o &AH LS WAl 88.52%, EFAo] 89.
84%, AW 87.18%Ar}t. EHAELL H
€, UF ZEEHE 4, YR 55223 ¢
dHEENE AL s 44 A B
Aot 2 At v age o AT 2o
& B AHp<0.05).

Wy FEEANE F 43 Afolle Bl
Brgr EAn, 2FE8S LT ALY
Wi EEEd ¥ €388S H4Y Aee
25 o]Eghel sMgA ez, FA o
AU 2NAE By

2z 330 dA AYHYY A=de FF
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