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- Abstract -

A Comparison of Efficiency of Two Pretreatment Methods for
Extracting Heavy Metals from Welding Fume Samples

Dooyoung Son, Hyunwook Kim*
Joongang M edical Center, Graduate School of Occupational Health, Catholic University, Seoul, Korea*

The purposes of this study were to survey types of
pretreatment methods adopted by industrial hygiene
laboratories in Korea for extracting heavy metals in
welding fume samples and to compare performances of
two pretreatment methods, the acid extraction and the
microwave digestion, in extracting heavy metals
contained in the real workplace samples from various welding
jabs including arc, argon, and carbon dioxide. A total of
25 analytical chemists in the industrial hygiene
laboratories participating the quality control program
directed by the Korea Industrial Safety Corporation were
interviewed by telephone. For the purpose of
comparing performance of extracting heavy metals
from real workplace samples, a total of 53 welders from
21 workplaces located in Anyang, Uiwang, and Kunpo
areas were sampled from the period of March 22, 1999
to April 20, 1999.

It was found that the most frequently adopted method
for samples from the quality control program was the
acid extraction method(40%) followed by the NIOSH
7300 method(36%). The NIOSH method, however, was

the dominant method(36%) for samples from workplace
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followed by the acid extraction method(28%). In this
study, two extraction methods, the acid extraction and
the microwave digestion, were compared in terms of
recovery rate, accuracy, and precision for both
manganese and chromium. Both methods produced
comparable results for the samples prepared for the
quality control program. In contrast, concentrations of two
heavy metals determined from real workplace samples
pretreated with the microwave digestion method were
statistically significantly higher, manganese(166%) and
chromium (200%), than those of utilizing the acid
extraction method. These findings were consistent
regardless of types of welding techniques used.

The results of this study clearly show the importance
of verifying the analytical performances of extraction
methods for heavy metals not only for the samples from
the quality control program but also from the real world

samples collected from welding jobs.

Key Words
extraction, digestion

metal, concentration, pretreatment,

386), Fax) 0343-448- 3682

- 135 -



I.
’ ( ’
1994)
(Torok , 1978 ;
, 1990 ; , 1991b)
(matrix
effect) , )
( , 1993
; , 1994).

(National Institute for Occupational Safety and
Health, NIOSH)
(Occupational Safety and Health Administration,
OSHA)

(1)NIOSH
7300 (HNO3 : HCIO4 = 41) ,

10me NIOSH ,

@2 2u 8 ml

(Mark, 1991)
. (3)
15N 1N
10 me , 24 (%H 15,
1970), (4) 50 mf
3ml 05 md 5
50 m¢ Karlsen (1992,
1994) .
NIOSH
(
)
. Karlsen
2H
1£(1970)
100 md 80 T
30
250 ml ,

(spiked sample)

- 136 -



. (2
( )
©)
II.
1
%
25

199 3 22 4 20 Vo

21 53

8 13, Co2

32

NIOSH 0500(NIOSH, 1994)

( 37mm, 0.8ym pore size, Seoul
Sciences, KOREA)
(HFS. Gilian,
USA)
( ,1994) 20 2
210- 420
15 ¢ /min
(calibration) ,

(The Gilibrator, Gilian, U.S.A)

2

(R200D, Sartorius, Germany)

NIOSH

- 137 -



7300
NIOSH
(D)
(2
matrix effect
1 1 (3)
3mf )
Tmd
Tmd
(Millipore, Milli-Q plus, U.S.A)
18 MQ
, (Junsei, Japan) 61 %, 35 %
15N 1N
10
mé 24
3mf
Tmd
(Microwave, Questron, US.A))
Table 1
3
5
5

(Varian SpectrAA

200, Australia) ,

20-30
(re- calibration)
Table 2

Table 1. Pretreatment condition of microwave
digestion system

Program Variable Condition
Temperature (T) 170
Press (psig) 0
Power (%) 900
Ramp (min) 5
Hold Time (min) 25
Temperature Limit () 180
Pressure Limit (psig) 170

Table 2. Analytical condition of AAS-Flame for
heavy metal analysis

Condition Mn Cr
Wavelength (mm) 2795 357.9
Slit width (nm) 0.2 0.2
Background correction On Off
Lamp current (ph) 5.0 7.0
Air flow ( £/min) 13.50 1350
Acetylene flow ( ¢/min) 20 2.9
3.
SAS 612 SPSS 75
(D
(2
3
paired t-test
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Figure 1. The distribution of pretreatment type used by analytical laboratories for anayizing heavy

metals in welding fume
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Figure 2. Cumulative Distribution of Welding Fume
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Table 3. Precision, accuracy of metal concentration by type of pretreatment

Metal Pretreatment  Spiked Conc. Detected conc. cv pr,\élc?zir:)n | Bias | ac’\(/:lfglcy
+ 9 9
type (mg) (mg, mean+SD) (%) oV (%) (%)
0.005 5 0.0049+0.0001 191 159
0.010 5 0.0099+0.0001 0.88 155
Extraction 0.020 5 0.0203+0.0003 151 1.16 132 1.25
0.040 5 0.0403+0.0004 0.97 0.76
" 0.060 5 0.0594 +0.0003 055 104
" 0.005 5 0.0052+0.0003 5.09 339
0.010 5 0.0101+0.0009 091 0.98
Digestion 0.020 5 0.0200+0.0002 0.74 175 0.20 1.05
0.040 5 0.0403+0.0003 0.71 0.62
0.060 5 0.0600+0.0008 129 0.08
0.060 5 0.0581+0.0010 173 3.07
0.040 5 0.0381+0.0003 0.87 482
Extraction 0.020 5 0.0197 +0.0004 191 1.74 163 258
0.010 5 0.0102+0.0001 1.00 169
or 0.005 5 0.0049+0.0002 320 169
0.060 5 0.0595+0.0029 481 0.87
0.040 5 0.0395+0.0006 143 132
Digestion 0.020 5 0.0191+0.0004 197 2.90 455 2.74
0.010 5 0.0102+0.0002 212 1.70
0.005 5 0.0053+0.0002 417 5.27
Spiked Conc. : Spiked Concentration
Detected Conc. : Detected Concentration
CV : Coefficient of Variation
Bias : [(Detected conc.- Spiked conc.) / Spiked conc] X 100
3. 4,
Table 3
3 1.16,
3 9 175 174,
2.9
98.6 %, 100.1 % .
99.9 %, 100.8 % 2SD * | Bias | (Leidel , 1977)
(Coefficient
of Variation) , 0.02 - 125, 105
0.03
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Table 4. Comparison of metal concentration between extraction and digestion method by welding type

) Pretreatment Concentration
Welding type N Metal e GM(ng/m)
Mn Extraction 0.0044
Ar i 3 Digestion 0.0078
pivgdne c Extraction 0.0012
i Digestion 0.0022
o
0, . 2 0102
O reding s C Extraction 0.0012
; Digestion 0.0022
Mn E}ftract.ion 0.0047
b il 13 Digestion 0.0069
e I c Extraction 0.0030
- Digestion 0.0083
Mn E)ftract.ion 0.0060*
A g =3 Digestion 0.0038
ey C Extraction 0.0016
: Digestion 0.0032**
= P<0.05, = P<0.05
GM : Geometric Mean
258 =99t 3gHo] 2742 FEHe] £ o AFst  EWo] 0.0016mg/m, 23 330l 0.0032mg/m' 2.
At 2 FEyo] P 2 v HAH7t H3loh T AHe
X719 A3 g Hol A/ EE Ao R 3 He W 7k paired t-test® AAIZ A3} {3k o]
FEHY zdg Yy HEFEE o]43ld 7t es & T ‘%M(P 0.05).
paired t-tests A AlgH éﬁr frefst zolzt gl FEY xd M3 3 7153
ATE, AUEAA T Y BT WIS SRS Folg Lohus] A3 ok, I, COEA
% % gk o B} Hug A% Yo Aot G4
el Aol7t 147 2 7HF 3 CO-8Fo] 179 2
5. ZHEAEH AZ0 CHSt EX 74 Eokeh WHE A8 A9 o384 COEF
YHE JISsE Hld 2 13 w2 gAY d2&HY A4 277 )
Bo| A&xo] U2 24 e 2} vjaste] A
A2 ANgs giord FEREEL gyoz Z ZolE yehlrh
7 @A el Aigle] 24 YT
TEP < 000D)E o]F1 9Jo] T o} o] Al Q
gl EAlste 91 ] e el
2 8\, Hrlsldctk o Ay 4zt e FE NIOSHOl A+ ZH & 244 5 4288 9
Bol 0.0060mg/m', %o} 3|3 ng/m' O gk AIZA S Aol Eﬂﬁ}o% A4 &2 8 A=)
FE&Ro] Hit 1.33 v HAH7} aAge F EAAEES BAY S| g0} @akgo] 9
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