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The Non-Destructive Determination of Heavy Metals in Welding Fume by EDXRF

Seunghyun Park « Jee Yeon Jeong - Jang Jin Ryoo - Naroo Lee - Il Je Yu - Kyung Seuk Song
Yong Hag Lee - Jeong Hee Han - Sung Jin Kim - Jungsun Park - Ho Keun Chung

Oceupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

The EDXRFEnergy Dispersive X-ray Fluorescence Spec-  at 3.45 % for Cr, 257 % for Fe and 3.78 % for Mn as relative
frometer) technique was applied to the determination of standard deviation(RSD), respectively. The limits of detection
heavy metals in welding fume. The EDXRE method designed were calculated at 0.46 ug/sample for Cr. 0.20 we/sample for

in this study was a non-destructive analysis method, Samples  Fe and 1.14 ug/sample for Mn, respectively.

were analyzed directly by EDXRE without any pre-treatment 4. A comparison between the resulls of Cr, Fe, Mn analyzed
such as digestion and dilution. The samples used to evaluate by EDXRF and AAS was made in order to assess the accuracy
this method were laboratory samples exposed i a chamber  of EDXRF method. The correlation coefficient between the
connected with a welding fume generator. The samples were  results of EDXRE and AAS was 0.9985 for Cr, 0.9995 for Fe
first analyzed using a non-destructive EDXRF method. The  and 0.9982 for Mn, respectively. The overall uncertainty was
samples subseguently were analyzed using AAS method to  determined to be = 12.31 %, 8.64 % and 11.91 % for Cr, Fe

verify accuracy of the EDXRF method. The purpose of this  and Mn, respectively.

study was to evaluate the possibility of the non—destructive In conclusion, this study showed that Cr, Fe, Mn in welding
analysis of heavy metals in welding fume by EDXRE. The fume were sticcessfully analyzed by the EDXRF without any
restuits of this study were as follow: sample pre~treatment such as digestion and dilution and a

good correlation between the results of EDXRE and AAS was

1, When the samples were collected under the open-face  obtained. It was thus possible to use the EDXRF technique as
sampling condition, a surface distribution of welding fume an analysis method of working environment samples. The
particles on sample filters was uniform, which made EDXRF method was an efficient method in a non-destructive

non-destructive analysis possible. analysis of heavy metals in welding fume.
2. The method was statistically evaluated according to the

NIOSH{National Institute for Occupational Safety and Healthy  Key Words | EDXRFE, Energy dispersive X-ray fluorescence

and HSE{Health and Safety Executive) method. spectrometer, Heaw metal, Welding fume.,
3. The overall precision of the EDXRE method was calculated Nor-destructive determination
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Figure 1. Diagram of welding fume generating system
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Table 1. Instrument parameters of EDXRF
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Table 3. Uniformity of particle distribution on surface of sample filter

Cr Fe Mn
Amount  Intensity RSD  Amount Intensity RSD  Amount Intensity ~RSD
(mg)  (mean) (%) (mg)  (mean) (%) (mg) (mean) (%)
0.027 0.183  3.73 0.032 0345 281 0.018  0.170 3.49
0.059 0354 329 0.090 0.831 295 0.038 0318 3.69
0.091 0524  1.57 0.164 1451 217 0.055  0.450 1.39
0.118 0.668  3.00 0232 2027 230 0.073  0.586 267
0.281 1527  1.84 0.560 4781 1.74 0.177 1377 1.81
Table 4. Limit of Detection(LOD) and Limit of Quantification(LOQ)
Cr Fe Mn
Sample No. ug i pr i p” n
S1 1.25 0.012 1.25 0.017 1.25 0.017
S2 2.50 0.019 2.50 0.028 2.50 0.023
S3 5.00 0.036 5.00 0.051 5.00 0.042
S4 10.00 0.070 10.00 0.099 10.00 0.082
S5 20.00 0.133 20.00 0.192 20.00 0.168
Reg. Equation Y= 0.006X+0.004 Y= 0.009X+0.005 Y= 0.008X-+0.003
Sy 0.001 0.001 0.003
LOD 0.46 0.20 1.14
LOQ 1.53 0.65 377
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Table 5 FPrecision of Cr analysis ty ECKEF Table 8 Overall Uncerirty of ECUHF

(unit : Intensity)

Anahsis -

Amouni(mg) 0023 0069 0106 0132 0286 e ) (it : %)
Mean 0164 0406 06 0741 155 _ a Fe Mn
H) 0004 0013 008 0008 0013 bias 541 351 435
RSD(%) 244 323 132 112 0.86 RSDprecision 200 08 258
RSDdigtribution 281 243 2.76

RSDtotd 345 257 378

Table & Pregision of Fe ansheis by EDXEF 1231 8.64 1191

it : Intesy) QU
Amount(mg) 0027 0103 0192 0266 0567

Mean 0.305 0943 1.686 2301 4,843 Table @ Owerall Urecertsirty of 2BF Anakysis
SD 0.004 0.009 0.008 0.015 0.019 by HSE Methiod (it : %9
RSD(%) 131 0.96 0.45 0.67 0.39
C Fe Mn
. . ou 254 214 25.3
Table 7. Pregision of Mn anaksis by EDXRE (uit : Intensiy)
Amount(mg) 0016 0042 0.065 0082 0.184 ,
Mean 0.153 0.353 0530 0.655 1.429 HSE WDXRF
SD 0.006 0.013 0012 0.009 0.006 ~
RSD(%) 359 3.68 2.23 1.30 045 % 2M  (Teble 9
NIOSH
+ 25%
3 d&s W @ EDXRF
(Overdl Uncertainty, OU) o,
(1) EDXRF AAS 2
. RSD
EDXRF RSDprecision
AAS RSDyiigribution
2 v . AAS
EDXRF EDXRF
. 1231
r 0.9985,  0.9995, %, 8.64 %, 1191 % (Table
0.9982 8). o
HSE NIOSH EDXRF
AAS
0.5 1.
g 0.4
5 open face
v EDXRF
0.0 0.1 0.2 0.3 0.4 0.5 0.6 2l EDXRF

AAS(mg)

. | . |
Finlre 2. Corelation bhetween recuts of EDXEF and AAS 046 /sample, 020 fsample
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