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— Abstract—

Performance of Institute of Occupational Health,
Korean Industrial Health Association in Proficiency Analytical Testing Program

Jun-Seung Lee, Ho-Kyum Yoo, Mi-Soon Oh, Wha-Me Park,
Gi-Sang Yun, Ho-Chun Choi and Kyocu-Chull Chung

Institute of Occupational Health, Korean Industrial Health Association Seoul 152-020, Korea

Our laboratoy has been participated in Proficiency Analytical Testing (PAT) program which is
operated by the Americal Industrial Hygiene Association in cooperation with the National Instituie
for Occupational Safety and Health (NTOSH). The program is designed to assist a laboratory improve
its analytical performance by providing samples on a quarterly basis, evaluating the results, and pro-
viding reports on how well the laboratory performed.

Evaluation of the results reported here covers five rounds of the PAT program (round 121~round
125).

The way a laboratory is evaluated by PAT program is as follows:

1) There is no overall proficiency rating given to a laboratory. :

2) A proficiency rating is given for each type of analyte (i.e., metals, silica, asbestos, solvents) that
a laboratory analyzed.

3) Proficiency is rated acceptable ("A"} if Z score lies between -3 and +3, and unacceptable if Z
score is either higher than +3 ("H") or lower than -3 ("Lo").

Z score = (reported data - reference value) / standard deviation

4) For a laboratory to be rated proficient it must either have had no outliers over the most recent
two rounds or of the samples actually analyzed over the past year (past four rounds}, 73 % or more of
the analyte sample results must be acceptable.

According to the above rating criteria of PAT program, performance of metals including cadmium,

1) Chairman, Sungnam Branch Office, Kyunggi Province Industrial Health Center, Korean Industrial Health
Association.
7) Director, Institute of Occupational Health, Korean Industrial Health Association.
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lead, chromium and zinc, and asbestos sample analyses were rated acceptable ("A"). For silica analy-
ses, all samples except one out of four samples in round 122 was rated high("H") were acceptable
showing 95 % of ing 95 % of acceptance rate (19/20) throughout the rounds.

Analyses of organic solvents were done on 52 samples in 9 types including methanol(MOH),
1,1,1-trichloroethane(MCM), tetrachloroethylene(PCE), trichloroethylene(TCE), benzene(BNZ), o-
xylene(OXY), toluene(TOL), chloroform(CFM), 1,2-dichloroethane(DCE). All samples analyzed
were rated acceptable except 2 samples that were rated high; one out of each four MCM and TCE
samples in round 121, and one that was low out of four o-xylene analytes in round 122 indicating 94

% of acceptance rate(49/52) throughout the rounds.

According to the laboratory rating criteria, our laboratory is rated proficient so far for all types of

contaminants.
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Table 1. Lists of contaminant samples analyzed in each round

Round Metals (mg) Solvents (mg)

Silica (mg) Asbestos (ffmm?®)

12124(1995. 5) Cd, Zn, Pb

1,1,1-Trichloroethane(MCM),

Silica Asbestos(Asbh)

Tetrachloroethylene(PCE),

Trichloroethylene(TCE)

1223](1995. 8) Cd,Cr,Pb Benzene(BNZ),

0-Xylene(OXY),
Toluene(TOL)
Chloroform(CFM),

1238(1995. 11)  Cd, Zn, Pb

- 1,2-Dichloroethane(DCE),

Silica Asbestos

Silica Asb/Man-made fiber(MMF)

Tetrachloroethylene(PCE)

12421(1996.2) - Cd,Cr,Pb

1,2-Dichloroethane(DCE),

Silica Asbestos

Tetrachloroethylene(PCE),

1253§(1996. 5) Cd,Zn,Pb Methanol(MOH)

" Trichiorethylene(TCE)

Silica Asb/MMF

Table 2. Standard calibration curves and recovery rates of metals

71(infrared spectrophotome-

Metals Standard Calibration Curve Recovery Rate (%) ter (BIO-RADAL U.S.ANE
Pb Y = 0.0148X + 0.0001 r = 0.9999 101.0 (100~102) g, 499 BRI
Cd Y =0.2184X + 0.0011 r = 0.9998 101.0 ( 99~103) 798.5 em?, 779.7 cm’'s}
Zn Y =0.3617X + 0.0032 r = 0.9997 97.5( 95~100) §95.5 em™s] 34 2 W39 T
Cr Y =0.0380X + 0.0003 r =0.9998 94.0( 93~ 95) =5} AY =& 798.5 cmel B
X o
*'Y = absorbance, X = concentration Aoal & FATE s B
: : ~ £AF2HE AT ARFER
) \ £ FAAHaE D).
2) Felt(Silica)

w2 Trae] 42 NIOSH method 7602 (Eler
and Cassenelli, 1994b)¥e] &3l =27 ¥¥I
W @ EE 5, 1988) 9 w2t EHsEY. #E4
FZHS E7] % BEEFEL U.S. Silica Co.
AEA MIN-U-8IL-5(99.2%, Si0pE A3
ot ®FEA 50, 100, 200rg HE& P A
9] EFEANEE A APE (motar & pestle)oid 20
B Eot FA & ZobA 110~120¢elA EE T
et & F=A71 KBr(Aldrich, U.S. A) 2 80
megell d7ske] gabAbE <beflA A ERES] press
2 pellet2 THE. ,

Age] AME At 244 de AFAE X
7idel Y3 74E2 (furnace) i 650T2 241
Ztgstn Aeda 48 ¥ =rhgtel delkle #
274 A28 FEE ¢33 AAE KBr 200mg
3} & 4olA pressE pellet® TEUT

FZEAT 23] $AHE 2 ALHER

238 1004 798.5 cm's] gl EFA RS
#2748 $57b 500 9o} FB=5F 0.0714590
2, 100#g¥ = 0.13785, 2004 WE 0.2812%
ettt EEIFHe] AAEZHL Y-
0.0014X-0, 00009, SEFreEst FH=sle] 4
A+ r=0.9999%h

IMH

AU 87 97 dF3A g 1/42 FEHA gool=
g2tx flo 3 olHE FVIE FEIAY F E
2lolMEl S YolEF T #nSeLE YEH

Agg8e #4280 (Nicon, Japan) 2
NIOSH method 740082] A-rule(Eller, 1989)
of mat A4t ASAA HuAz Fol 4
AE 5= WA (chrysotile), B44H (amosite) R
9124 % (man-made fiber)$! glass fiber7t A%
on gaAEeides B 7 4¥d9E 19 29
29 (BEREE, IBAI634C1988).
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(1) B384 g Merck A} Germany) A
S Agadn, 3 %o #718AE Junseirt
(Japan) S3A %L AHEERTE

(2) AEe Axe:

@ Methanol(MOH): A37HA#E AN ¢3
I H3E 2% 424E o E viald] 92 F F
4 1ml 42 Y3 £742 g2 4T $AEgd
(Eller and Cassenelli, 1994¢).

@ EFH718A: S4EDE AN 93 932
23] 42 b2 vialdf B2 F 1ml8] 5,8 €
I 308 A% £8°] FUHEler and Cassenelli,
19944d).

Q) €38 73

@ Methanol(MOH): 9332 H&aS 49
Al FPshd Mg} Bge Wyoz BN
o @3&2 dolth

@ ERF718A g3 ERRIAE 24
g FYsl] A8 £ Wez 43

22428 d3ch :

MOH % 4718419 @3& F2dE43A
9 FA¥EAL & 39 Zo, MOHS A%e ol
w23 EX3te] Y A¥Yol FE HEES
A4S ARG sl aEA OE EER1EA

B} 718719 471 28 =0.9997°11 HHF

3-gol 100%95. TFH4718A FEo] @8 w3
WA ol ARASTE r0.999 ool HAeRs
< 94, 5~100%%). -
4 ¥4

- BE89% A BE gas chromatograph (Hitachi
G-3000, Japan)Z EH3th. BNE o ALg@
AYL MOHS Afole 0.2 % carbowax 1500
on graphpac GC 60/80 6 ftx1/8" s.s.
(Alltech, U.S. A.}E AH33, ERHR718A19
A3ele AT-1000 on 10% chromosorb W, AL W.
DMCS 80/100 12°x1/8" O.D 0.085" s.s.
{Alltech, U.S.A.)8} AT-1 30mm %0, 25mm
capillary column (Alltech, U.S.A.)& AHgid
= 3
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oo oo oD

OO = = N o WD
QWO Lh O L O

100 150 200

concentration (ug)

Fig. 1. Standard calibration curve of silica.

Amosite
Fig. 2. Types of asbestos fibers in the samples.

— 316 —




32 H

1) 121~12582| PAT 7|&giat #Aznie|
=y

PAT programolA & A9 =97
C0.1TLV~2.0TLV & wEejalzn glon
121~125231¢] 531 23 Z ¥2o g A5IE
grel s ATidA AAIG Azgke] ¥4
49 20}

Table 3. Standard calibration curves & desorption efficiency of organic solvents

L3

-F&Fe €49l ASdE JlEite EeA
0.0048-0. 0184mge} FlASH dFholA AA
AFF=] W€ 0.0048-0,0188mgoisith. Cde o
2 I vistd Agxe AlEs FoiHn WAl
= A& SoldE AFE Bolx gtk Pbel A9
£ 0.0195-0.0940mg Hsie] A|87} FoiRew A
A1§ Ake] WA 0.0198-0.0957mgelYt. Zn
£ 0.0520-0.1898mg¥™ 0.0515-0.1%01Imgsl 2
e ez Cre 0.0502-0.2296mgs} 718#
] 0.0531-0.2369 mge Btk Creol Afdde
T 259 vzl e A
87}t FolArt
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I Desorption fEi e 7€ HHSt
Solvents Standard Calibration Curve Efficiency(%) 0.0504-0. 1521mgwf AA &
MOH  Y=1823823 X-2873.0 r=009997  1000(98~102) Z3st=l FAE 0.0394-0.2209
MCM  Y=42823 X+00760 r=09998 .99.0(98-100) mgelith. MERFY AB E4
PCE Y=43732 X+00680 r=0.9998 . 99.0(98-100) 7} 116.4434-634, 1432mg2]
TCE Y=13832 X+00136 r=0999 99.5 (98~101) _
BNZ Y=02984 X-00068 r=0.999 96.5 ( 95-98) %1'}!;;?:} 67.1000-669. 3000
TOL  Y=03058 X-00135 r=0.999 96.0( 95-07y TDEIAT
OXY  Y=03138 X-00364 r=09998 94.5 ( 93~96) #7180 MCMsl 713
CFM Y=15762 X+00087 r=09998 98.5( 93-99) HH(R)7t 0.2012-0.9926mg¥
DCE Y=62437 X+00211 r=09999 98.5( 98-99) of EBF WAMD)E 0.2469-
Y : peak area, X : concentration(mg) ' 0.9124mg< AAIFAL PCE
MOH : unused intamal standard solution _ R=0.2047-0.9323mg (D=
Mixed organic solvents : used internal standard solution 0.1499-0.8963mg), TCE R=
Table 4. Lab data & Reference values of 121~125 rounds 0.1945-0. 9644mg (D=0. 1735~
Contaminants B} Reference values - Lab data 0.9523), BNZ R=0.0530-
0. 3816mg (D=0. 0553-0. 3896
Cd 0.0048-0.0184 0.0048-0.0188 mg) & Vel qit}. BNZS A
Pb 0.0195-0.0940 0.0198-0.0957 o
Metals (mg) Zn 0.0520-0.1898 0.0515-0.1501 "“;: a2 %ﬂf‘u%iq’ﬁ%
Cr 0.0502-0.2296 0.0531-0.2369 =8 Ng7t FiAR A
OXY R=0.1544-0.8919mg4]
Silica (mg) Silica 0.0504-0.1521 0.0394-0.2209 1235 (D=0, 1169-0. 9076
Asbestos(f/mm?)  Asbestos | 116.4434-634.1432 | 67.1000-669.3000  mo)o] vhsti, TOL R=0.2604
MCM 0.2012-0.9926 0.2469-0.9124 -0.7380mg (D= 0.2469-0.7396
' PCE 0.2047-0.9323 0.1499-0.8963 mg), CFM R=0.1953-0.9071
TCE 0.1945-0.9644 0.1735-0.9523 mg (D=0. 1880-0. 9213mg),
. BNZ 0.0590-0.3816 0.0553-0.3896
Organie OXY | 0155408919 0116909076  DCE R-0.1630-0.9664 mg(D-
solvents (mg) TOL 0.2604-0.7380 0.2469-0.7396 0.1499-0.9183mg), MOH R=
CFM 0.1953-0.9071 0.1880-0.9213 0. 1312-0. 9540mg (D=0. 1361-
DCE 0.1630-0.9664 0.1499-0.9183 0.8644mg) s} HARL AA
MOH 0.1312-0.9540 0.1361-0.8644 ade}



2) PAT Program 121~125%|e| &7, ||+
b, MHF 2l 7|27l chst Z-Score =%

PAT ProgramolA ZA3gtel izt #Fy7|EL
¥ 59 2}

PAT ProgramdlAe #A7|&ES
71E#£3FEEAA(3SD) B ==
23 P), old mgdte

1203741 &
E%E
A& %2 %o a2
ol ZIIe AL L HH)oZ YEHoy
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g AAEdte -3=7Z2+3¢ AE FEEHE E4%
Aoz AHstm, 7332 BFE =2 # @) 2=
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T e BA#eE AF s

PAT Program 121~1253]9] 247%<] Z-Score
TX+= X 63 2o} 530 AAMA 1233]9] Pb 471
A &% 1707} Z-Score +201 AL YA &=

AEE -1=Z=2+19] HHEA FEF7FY EE A
7271 8390 EAh

PAT Program 121~1253]¢] faliatat A4

Table 5. Analysis acceptable range of PAT Program

F A8 Z-score ¥ ¥ 7% 2t

Fe) T 12280 470 Al&% 1707} Z-Score
+3& HolA F8HAE Holgou vUnA Alge
BE 89 Eh

AAFE 53 2R RE
FEHAY] STk

PAT Program 1213]¢llA] 1253]9] f7]&AF
9] Z-Score ¥¥x I 8% Zth EFH&AF
1213]9] MCM 471 A1&% 170}t TCE 470 A 8%
1707t Z-Score +3& HolA FEHHE Hlojyr)
1228wl OXYS] 47] Al&% 1707} Z-Score -3
< Hojgeoy Unz] RE AEE S8 =
ojA “H3} TS YEih

3) PAT Program 121~125%|2| Z&tA=

121~1253]74A] 53] 23 X2 #AE F33te

e FEF9 AR 42 100%Y 428

UeRdon, fElTAke] B4 slejA e 1223]9) 4

N AEFT U7 22 4% E) & JEde] 95%
(19/20) 9] 88 BAHFE 9).

F718A T 46 oM

12129 1,1, 1-Trichloroethane

A 87t 257=2+12

Z Score=(reported result-reference value)/standard deviation

(MCM) 9] 470 ANEZF 1749

357243 Analysis acceptable : A
Z>+3 Results > Upper limit : H
7<-3 Results < Lower limit : L

Trichloroethylene (TCE) 47}
AgF U7t =& #H) < Y=

Not bl
otaccepiable o 19281m o-Xylene (OXY)_

Table 6. Z-score of Metals

AR ViF 07 g2 3=

121 R 122 R
Cd"™“Pb"Zn ¢Cd Pb ' Cr
1234 1234 1234 1234 1234 1234

123 R
Cd Pb Zn Cd
1234 1234 1234

124 R 125 R
Pb iCr Cd Pbui¥n
1234 1234 1234 1234 1234 1234

*

+]1 * * H K o *

* k% *

* * * %k *k
() s e o o e e e e A e g T T

k-
3

*
*

* ok *
e 3 oo S e
* ok *
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Ha] 94% (49/52) 9] 852 et
PAT Program® #37|Fe=2 Eu wix|g3)z 4.1  #

HE 43 (1d8) 013 A9 F850°] 75% °1F

olAY mix|g 23]o] BAAFe] FLEo] 100%Y PAT ProgramolA AAlsle 3EF F579 5
AL 1 APAY EA5EH L AT (Proficient F= H¥ Pbel Cd2 wi3] o] gozM F94
P Aoz Fstn Qe A3 AFidlA o] Eoha ATHE 1). Zejy Zn Cre viF ¥
' RE ¥gEo| Ao AA 94% ol F& F  Zobx AAEL itk A EEHJYD TFAP L
' B E AP (E 9). BABHA (1FA 5, 1995)HE 71E%+1 SD

Table 7. Z-score of Silica & Asbestos

Silica Asbestos
121IR  122R 123R 124R 125R 12IR 122R 123R  124R 125R
1234 1234 1234 1234 1234 1234 1234 1234 1234 1234

+1 : = * =*
B L T e S —
* *
=1 * * *ek *
* *

gy
% %k

|
[\
*

Table 8. Z-score of Organic Solvents

121 R 122 R 123 R 124 R 125 R
MCM PCE TCE BNZ OXY TOL CFM DCE PCE DCE PCE TCE MOH
1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 124

+
a1
*

* dk * *

* * *% *k *%
-1 * ok ek B o 1 e
* *

_2 *

*

=095



olfiel EEEA AY #WHL Wskn E 68 &
o 24438 B8 dF2dME Ae RE A8
Ee] *1 Z-Score WHVZ "AY “}7210]?4-\: FL
43§ A,

" AH A e PAT Program®] %é—ﬁ-"ﬂ FHodstm
e 7iEsE 531 (121~12530) o) AAA o 38174
Zlgez "AY BFE o 3504 71¥e] wegos
A 92%(350/381)9l P &S EYD(PAT
Program results of 121~125 rounds, 1995-
1996).

FrejTrate] AS 122309 4 NEF 1A Z-
Score 13& EATH cl& Age] HAe] HAFeA
=7hel delsle MRS KBre 4e H3dA4 2

1% o)A fedA. o oall A 7&“:}(35. 7.
ERF HYUS {Ge= o] ofgen FEI
AlZbe 7R3 BAES e Ao 248 HgF &
oledl ul¢ Fa3dlt), PAT Programdde §&

Tkl Alge] HERY WIHEAS FVsted

1213 calcite”F 12231 talcgon 1238&
tale & coal mine dust, 1243 eoal mine dust,
1253 W& calcitet 719300 PAT Programef
A frETded Flen sl s OE ¥ER
ot 7P e (< 82 A FudAT A8
Atis %ﬂ"‘"‘ﬁ"‘r’,‘i T, Med whdgsg 7§E.
oct, '

Mol 498 AHEA 121~1223] 1243 ol A
= WAd (chrysotile}, &AW (amosite) el
1233], 125%j<l- & AEFYH(man-made fiber)
9 glass fiber7t 7150l ANSAHE 1). ¥
2 AAReE Be 47 He BEE PAT
Programi X% & ¥ERT Fojxrt 743 22
9—F 10807H 71ge] Fejsle} 53] A “AY AR

o 1018124 '94% (1018/1080)¢] #FE&2 a_ -2
013!_ Aok @M EEE HEdiME F& HAF 9
Eel, 19922 UgiA e d7LdME Ao AN
A v e F£ 2FE vz Ak

Table 9. Overail laboratory. performance results of PAT program for Rounds 121~125

Round* ' Accumulated Performance Proficiency
Sample Type  Round - v mance > R85 (%) 4 pounds (%) 3 Rounds (%) 2 0" (%) Roting
Metals 121 12112 P
122 1212 P
123 1212 P
124 12112 P
125 12/12 60/60 100 48/48 100 36/36 100 24/24 100 P
Silica 121 4/4 P
' 122 3/4 P
123 4/4 P
124 44 . . . P
125 44 19/20 95 151694 . 12112100 &8 100 P
Asbestos 121 4/4 i P
122 4/4 P
123 4f4 P
124 444 P .
125 444 20/20 100 16/16 100 12/12 100 /3 100 P
Organic 121 10712 ’ P
Solvents 122 11/12 P
123 1212 P.
124’ 12/12 . . _ P
125 4/4 49/5294 3940975 28/28 100 16/16 100 P

* : The denominators represent the number of total samples analyzed

#:P: Proficient N : Nonproficient

-1 Not rated
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T BAACA At 714 B 3] JTX
olth, ogt Mol 7|EFe BAFE dFudsie
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£ 89 f7]&ARAAE 1213]9] MCM2| 471
AgF 1708t TCE 470 A% 1707} Z-Score +3
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N AEF 7P ATz ARERAN BEXA FHo
240l o3 AYHIRI R 2} 571 8AF BAA
e FET HH Ao dasitdn Yzen.
122399 OXY9 4/l Al&%5 1707} Z-Score -3
< "ot (L) ol & 3049} o] OXY7}F ot
2 f718ARED €380 B%31(94.5%) A=
dXe Hd ZAEHET ol F4HUYE Hol
@G I AEE BT 2EEET B2 AR A7
2A FET 23E B S 3R &L Aol a9
ARlol A,

drLolxe 29 33 (123~1253]) ] A3 %
TH EE AR 242371 100% F&HH &
A3, 53ld A EXAN} FE57F9 AR ¢
oJdE 100%, |rElTtitel SloiMe= 95% (19/20)
a8 {718AFel oI e 94% (49/50) 9] &
S UePd o 24 53l A3 BE FEN Y
o] “HF' L ARz Q)

D

S B

QA EAYEE] AFRAAT LA E 19959
RE ©l=9 Proficiency Analytical Testing
(PAT) Programel| #7lste] 53] (121~1253]) ol
A &7, FETE, AEF 2 571847 A
25 4% dde o 2o

(1) 257

ARZ ARSE 342 Cd, Pb, Cr ¥ Zn9| 47}
AR AFE ZE A8 E4ZAIL 889
Eo] BM5e] At AF =AU

2) et

FElTAe 12131 7E 1243707] 20719 Al82
Ao o = 12230 47 Al8F 17 =
< &2 UEIA 95%9] #4852 Bk o

33lo] 27 EMZAN} BF F8H9 Uo] Bo] B
5ol Attt AF = ATk

() NHEF

MEFo B4L AAdn|4es H44E A%
e ALE 53l A3 A AR EXANL 4
Heol E1oh

@ f718AF

B4 /71849 FF= MOHI MCM,
PCE, TCE, BNZ, TOL, OXY, CFM, DCE<
N FFG20 AB)AE 2 F MCM 474 A&s
17i, TCE 87 Al&% 177} &2 e ey,
OXY 4/ A &F I7F & 3hg Uehllo] AXF
o2 94%(49/52) 2] EAMke] £ o =
o HZ9| v 330 ZI EAFko] BRE £
Heel EJornR {7]8A EN5Y JA] HE
stk AA Ak

Dz

rk

T AJBASH Bl B A=ALFA.
B34 1992; #]92-183%

S E, AAF  HRE DET EMEERNE Sk
BN T OuREEREY SR BTZRRT, 1989

olgAl, °lsd, V¥, AFTE, ALY : AIF AA
F371% U, 9 I I Adx FFTARIYAE
], 1995; 5(1):87-103

g - AN TAY Axe Al FP¥AES
3 A=de A 3] 2537, AL, 1992;77-86

BAAMHE. ERENSCHTS AT ABRBRIE
FHek  HA/EEERBER A FBFI634E (1988)

Eller PM : NIOSH Manual of Analytical Methods,
3rd Ed., 4th Suppllement, Asbestos and other Fiber by
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