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[ 1] §9 &89 F 99 &F

Pb (ug/10ml)

Sample No.
Replication #1 Replication #2 Replication #3
1 20.0000 18.0000 16.0000
2 10.0000 9.0000 8.0000
3 5.0000 4.5000 4.0000
4 2.5000 2.2500 2.0000
5 1.2500 1.1250 1.0000
6 0.6250 0.5625 0.5000
7 0.3125 0.2813 0.2500
8 0.1563 0.1406 0.1250
9 0.0781 0.0703 0.0625
10 0.0391 0.0352 0.0313
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Sample No. Ni* (Hg/10m)
Replication #1 Replication #2 Replication #3
1 15.0000 13 11.0000
2 7.5000 6.5000 5.5000
3 3.7500 3.2500 2.7500
4 1.8750 1.6250 1.3750
5 0.9375 0.8125 0.6875
6 0.4688 0.4063 0.3438
7 0.2344 0.2031 0.1719
8 0.1172 0.1016 0.0859
9 0.0586 0.0508 0.0430
10 0.0293 0.0254 0.0215

[® 3] 2F9] 2F8Y T A7 &F
Sample No. Cr (hg/10mD
Replication #1 Replication #2 Replication #3
1 20.0000 18.0000 16.0000
2 10.0000 9.0000 8.0000
3 5.0000 4.5000 4.0000
4 2.5000 2.2500 2.0000
5 1.2500 1.1250 1.0000
6 0.6250 0.5625 0.5000
7 0.3125 0.2813 0.2500
8 0.1563 0.1406 0.1250
9 0.0781 0.0703 0.0625
10 0.0391 0.0352 0.0313
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BA7171= ICP= 9= ThermoAte] iCAP-6000 (Thermo
Inc, England)elle™, AASE 9= ThermoAte] iCE-3500Z (Thermo,
England) At}

71719] ANmEA 7tARE= ICPY A$ of2(Argon), AASE =ZHH
(Air—Acetylene) 2 2 steith. 7zt 2471719 242 [® 4] 4 [F 5] Zth

[¥ 4] ICP Analytical Condition

RF Power(W) 1350
Nebulizer Flow(L/min) 0.5
Auxiliary Gas Flow(L/min) 0.5
Sample Flush Time(sec) 30
Max Intergration Time(sec) 30
Plasma View Axial

Low WL Range 15

Analysis Maximum Intergration Times(sec) High WL Range 5

Wavelength(nm) : Pb 216.999 Ni 216.556 Cr 283.563

[® 5] AAS Analytical Condition

Metals
Pb Ni Cr
Wavelength(nm) 2170 2320 3579
Bandpass(nm) 0.5 0.5 0.5
Lamp Current(%) 75 75 75
Fuel Flow(L/min) 0.9 0.8 42
Fuel Type Air—Csz Ail’-Csz NzO-Csz
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A, 1 olske “AEA nT(KLOQ) ol2tal E7|5todoF g,
DR R 3 pe7bA] BAE o, 3%
9] 0.08¥1¢1 0.0042 mg/m37tA] EAjo] 7}53}H
ootz ‘WA mIRHCLOQ) 0|kl ®7|stofof g
dutdo g 2 F falale] sk 5 7|Fo] gl ¢ 37
F 1/10744] 274steS st Qlct. wata] o] 7]Ee] SHHEH 15709
A = fgte] w&7|Z0] oF 1/107H4] ZH AT :

g A nng 5
APHoR BAstn qekn ¥ 4 ek
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ﬂllﬂl

oo

¥0

[¥ 6] Range of Pb Standard Curve

7|2 STD 1 STD 2 STD 3 STD 4 STD 5 STD 6
(ug/10ml)  (png/10ml) (ug/10ml) (pg/10ml) (ug/10ml) (ug/10ml)
1 - 10 - 30 50 70
2 - 10 - 30 40 50
3 - 10 20 30 40 50
4 - 10 20 30 40 50
5 - 10 20 30 40 50
6 - 10 20 30 40 50
7 - 10 20 30 40 -
8 - 10 20 30 40 -
9 - 10 20 30 40 -
10 - 10 20 30 40 -
11 5 10 20 30 40 -
12 5 10 15 20 25 -
13 5 10 15 20 25 -
14 5 10 15 20 - -
15 3 6 9 15 - -




L M

[E 7]A YAS 15719] 2454718 24 25kl e
THFA] FEHAE Ha FEE Vel E ot o] 3 AFoeR
ol & & Aot

« 10 pg/10ml : 37 71& (20%)

« 5 ug/10ml : 770 71 (47%)

e 3 ug/10ml : 371 7] (20%)

e 2 ug/10ml : 27] 71 (13%)

[ 7] Ni Standrad solution range

J|2 STD 1 STD 2 STD 3 STD 4 STD 5 STD 6

“ | (ug/10ml) (ug/10ml) (ug/10ml) (ug/10ml) (ug/10ml) (ug/10ml)
1 - 10 - 30 50 70
2 - 10 20 30 40 50
3 - 10 20 30 40 -

4 5 10 20 30 40 -

5 5 10 20 30 40 -

6 5 10 20 30 40 -

7 5 10 15 20 25 -

8 5 10 20 25 -

9 5 10 15 20 - -
10 5 10 15 20 - -
11 3 6 9 12 - -
12 3 6 9 12 - -
13 3 6 9 12 15 -
14 2 4 6 12 12 -
15 2 4 8 12 16 -




3) 289 BAN AFA A4 99 A%

L M

(£ 8lolA 282 159 AABHEHAT AU 2T g
EPPH] FEHIE Ak FEE JEOR e Zo] ) 1FoR
o] 2 % 9]

« 10 xg/10ml : 77} 713 (47%)
e 5 ug/10ml : 67 71T (40%)
e 4 pg/10ml @ 170 713 (T%)
3 ug/10ml @ 178 713 (7%)

[ 8] Cr Standrad solution range

I STD 1 STD 2 STD 3 STD 4 STD 5 STD 6
(ug/10ml)  (ug/10ml) (ug/10ml) (ug/10ml) (ug/10ml) (ug/10ml)

1 - 10 20 40 80 100
2 - 10 20 30 40 50
3 - 10 20 30 40 50
4 - 10 20 30 40 50
5 - 10 20 30 40 -

6 - 10 20 30 40 -

7 10 20 30 40 -

8 5 10 20 30 50 -

9 5 10 20 30 40 -
10 5 10 20 - 25 -
11 5 10 15 20 25 -
12 5 10 15 20 25 -
13 5 10 15 20 25 -
14 4 8 12 16 - -
15 3 6 9 12 - -
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A2 A d U8, 289 FYVASAPAR SEEE A4

AZ|EellAq 20129 195E 129712 149 59t 243 &, YA, 89| %
AASAHN RS T EEE HH Fo 39 AAAR 19470 FolA AY
2 1&7]%(Occupational Exposure Limit; OEL, °]s} ‘OEL’e|g} 3hH <]
0.014f o]s}, = <0.01xOEL®] 17471(90%), 0.01-0.05xOEL(6.7%)°] 137,
0.05-0.10xOELo]  57(2.6%),  0.10-0.50xOELo]  27A(1%)°]e
0.50-1.00xOEL¥} >1.00xOEL9] 7A$¢= & A giich

R40] o AYRY ZHNRE wE/1FN HuY FErEE BIE

I8 DI 2

M)

- 5 2 0 o

0.010/5 0.01-0.05 0.05-0.1 0.10-0.50 0.:50-1.00 1000] &

(1¥ 1) 20124¥ EAo] 9=E Pb A8 37 & =¥ AL

(=E71E9 vlez EA.

yAol Ae HAA=mS7F 1117090, e&7]=2] 0.01 8jolstzt 9671
(86.5%), 0.0141~0.054¥17}  1173(9.9%), 0.0581~0.1087F 27(1.8%),
0.10~0.50817} 27(1.8%)°1¢ 2w, 0.508) oAL AL gathad 2>

2=x).
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29 AL AAA BT} 9770190, L&7|F T vlwste] 0.018) o|st
7} 9571(97.5%), 0.01~0.05817F 271(2.1%), 0.058f o]/d2 7t Ax ATt
(I 3 #=).

2 o 0 0 0

0.010]5¢ 0.01-0.05 0.05-01 0.1-05 0510 1.00] At

(¥ 3) 20129 BAo] oFH Cr A5 37] 5 =9 A4
(27]|E9] Hj82 FA]).

o, YA, 389 HAY AE S 40270]90eH, kE7|Ed Hwste
SRS 0018 olskF 36571(92.2%), 0.01~0.05817F  267(6.2%),
0.05~0.1087F 771(1.5%), 0.10~0.50¥47}F 471(0.9%) 1212 H, 0.508 o]/
FAX It
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A3d Eo E427 v
D ¥ fEAF Sehznt 24Fn

g 24ARE 2457 g8 Qidos BAdN s A
o

571 &
FAY] He= FollA [ 6]oflA EHi= HReF Zo] 3-70 xg/10mlSiH.
h

WA e FEdQels AgAol A4 (linearity)o] & UehtEz] @<l
of B7] fIof 1.25-20 pg/10mle] HNA AFAS 2HAdsielen, o] H&F
Aoz o] HRHG W2 n|jEo AlgnE B4 wjo] FGLE Sls Hk
o AZAL (73 459} o] Aol & et
2600
2400
y=68.2 x + 1056.6
2200 R? = 0.9999
2000
=
§ 1800
£
1600
1400
1200
1000
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000

Amountof Pb (ug/10ml)

(1Y 4) Pb Standard Curve at 1.25-20 pg/10ml range with ICP.
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(2 9] AFA 249 AN R 1 APHOR WdE 24T 2

ICP

S'Ic:cr)'l.dg:d P(?[g?ﬂ)?#lr)‘t (Iiﬁigr?;:;) Standard Curve
1 20.0000 2416.3 y=68.2x+1056.6
2 10.0000 1748.0 R*=0.9999
3 5.0000 1398.0
4 2.5000 12253
5 1.2500 11383

SaNmpIe Pb Amount r(-:‘S-)Ipcopnse Analysis Result
o. (g/10mb e dity) P(t:; gA/1m0?1l1JI')1t Error (%)*
1 20.0000 2416.3 19.9370 -0.3
2 10.0000 1748.0 10.1378 14
3 5.0000 1398.0 5.0059 0.1
4 2.5000 12253 24736 -11
5 1.2500 11383 1.1979 -4.2
6 0.6250 1091.7 0.5147 -17.7
7 0.3125 1070.3 0.2009 -35.7
8 0.1563 1057.3 0.0103 -934
9 0.0781 1048.3 -0.1217 -255.8
10 0.0391 1042.7 -0.2038 -621.8

— Pb(analyzed)-Pb(standard)
Pb(standard)

x100%

Az 1]oA SH7IA = AAde 2t A U a9 Al
é AT SEHS7E st e o, AdAls st Ao ¢
FS ICP 71718373 = (Intensity) & 7FA] 2L

0.3%, 1.4%, 0.1%, —1.1%, -4.2%= YERY A5 A Aoz vebygdtt

[& 9].

T
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JEv o] Aol HelE Holths W2 P AlRE BAT 4
Q27F Ao AReH, e2b= Pbytgo]l AE4E B AR Pbo 3
o] 3lgtd 10 mlgd 0.6250 ug, 0.3125 ug, 0.1563 pug, 0.0781 pug,
0.0391 pg¥d wf BHext= Z47t —17.7%, -35.7%, —93.4%, —255.8%,
-621.8%= 7etg5Aor Zrlsl= Ao2 UehdTHE 9].

i)

r{m
ol rr

2600

2400

y =68.363x + 1054.3

2200 R2 = 0.9999

2000

1800

Intensity

1600
1400
1200
1000

0.0000 5.0000 10.0000 15.0000 20.0000 25.0000
Amountof Pb (ug/10ml)

(1% 5) Pb Standard Curve at 0.625-20 xg/10ml range with ICP.
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[& 10] HZFA

449 =9 9 O AFAder dE 24 Ay

ICP

S'Ic:(r)'l'dg:d P&gﬁ%c:::lr)ﬁ (liﬁiggg:;) Standard Curve
1 20.0000 2416.3 y=68.363x+1054.3
2 10.0000 1748.0 R?=0.9999
3 5.0000 1398.0
4 2.5000 12253
5 1.2500 11383
6 0.6250 1091.7

Sa£1ple Pb Amount resI:oPnse Analysis Resul
0. (Hg/10ml) (Intensity) P(':lg‘?lmocr,::lr;t Error (%)*
1 20.0000 2416.3 19.9231 -04
2 10.0000 1748.0 10.1473 1.5
3 5.0000 1398.0 5.0276 0.6
4 2.5000 1225.3 2.5014 0.1
5 1.2500 1138.3 1.2287 -1.7
6 0.6250 1091.7 0.5471 -12.5
7 0.3125 1070.3 0.2340 -25.1
8 0.1563 1057.3 0.0439 -71.9
9 0.0781 1048.3 -0.0878 -212.3
10 0.0391 1042.7 -0.1697 -5344
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ALste] d=Ade] Pt HAE otz oF & § YA 0.3125-20 g

g/10mle] oA 2HAFT AFHdor Amrs EH
ot Hepdol o] ZFEH Ay #Asia
;A 4= olvt 2y W2 14 eat= oA
= o 4 o

2600

2400

y = 68.456x + 1053.0
2200 R? = 0.9999
2000

Intensity
[y
(o]
o
o

1600

1400

1200

1000

0.0000 5.0000 10.0000 15.0000
Amountof Pb (ug/10ml)

20.0000

25.0000

(1% 6) Pb Standard Curve at 0.3125-20 xg/10ml range with ICP.
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[ 11] AF4 249 s=de 9 I dF4de= d& 24 2%

ICP
S'Ic:cr)'l'dgrfd P&gﬁ%ﬁgt (rlﬁigr?;:;) Standard Curve
1 20.0000 2416.3 y = 68.456x + 1053
2 10.0000 1748.0 R? = 0.9999
3 5.0000 1398.0
4 2.5000 12253
5 1.2500 1138.3
6 0.6250 1091.7
7 0.3125 1070.3
ICP Analysis Result
Sal(lnop?le P(t})xg?%cr,rl:l?t response Pb Amount
(Intensity) (ng/10ml) Error (%)*
1 20.0000 2416.3 19.7862 -11
2 10.0000 1748.0 10.0776 0.8
3 5.0000 1398.0 4.9930 -0.1
4 2.5000 12253 2.4842 -0.6
5 1.2500 11383 1.2203 -24
6 0.6250 1091.7 0.5433 -13.1
7 0.3125 1070.3 0.2324 -25.6
8 0.1563 1057.3 0.0436 -72.1
9 0.0781 1048.3 -0.0872 -211.6
10 0.0391 1042.7 -0.1685 -531.4

- 18 -



AFAe 71e7] 2 AR =2 FhoAe At IA JFS 1A
92 LR 44E 71719 AR MR tEA UEE 5 Sl wEbA
2 FEHOIA Y ANE JHAA HFAAe skl O Ao R g
o] Pb& FAlste Zlo] vigzldr Zolrh wehs] H=Alo] Photd HelE W
S ool 0.1563-2.5 xg/10mlz sto] ZASH Aekpdog Aggs 24

-

[¢}
g A [# 1217 Aok " FEHSE A Fod mEke] Pb:
8] AEotA EAEE AL g1 & Aok I8y 0.1563 1g/10mlo]
Stoll A= 9xp7t A Yebtom o ol At FAFER] AT

1250

1200 y=71.480x + 1047.3
R?=0.9997

1150

Intensity

1100

1050

1000
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000
Amountof Pb (ug/10ml)

<a1¥ 7> Pb Standard Curve at 0.1563-2.5 pg/10ml range with ICP.
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[& 12] AFAH 249 s=dY 9 I dF4de= d& 24 2%

ICP
S'Ic:cr)'l'dgrfd P&gﬁ%ﬁgt (rlﬁigr?;:;) Standard Curve

4 2.5000 12253 y = 71.48x + 1047.3
5 1.2500 11383 R2 = 0.9997
6 0.6250 1091.7
7 0.3125 1070.3
8 0.1563 1057.3

ICP Analysis Result

(Intensity) (ug/10ml) Error (%)*

1 20.0000 2416.3 19.1522 -4.2
2 10.0000 1748.0 9.8027 -2.0
3 5.0000 1398.0 4.9063 -1.9
4 2.5000 12253 24902 -04
5 1.2500 11383 1.2731 1.8
6 0.6250 1091.7 0.6212 -0.6
7 0.3125 1070.3 0.3218 3.0
8 0.1563 1057.3 0.1399 -10.5
9 0.0781 1048.3 0.0140 -82.1
10 0.0391 1042.7 -0.0644 -264.7
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e

=0 ¥ 9] pboll wisiAlEs ICPO] kv WtEol A7t
th. ICPE Pb& AFE 4 3= HAE TeIstr] o A=A
£ o]H f @& 0.0391-0.0625 x£g/10ml2 W35o] A#FALS ZF
(9 &3 Ak 223 1 Amo BAF Ade [® 13]9 Zrh
8yellA Hzo] Pb 3tsFo] dAolstz Hopxd ICP 717|982 ¢ o
Aol B7Fsd AE= golXt

30
o

e
roh ook
"~ o
BogE

@)

M o rr do

0¢

1100

1090

y=81.59x + 1041
R?=0.9858

1080

1070

1060

1050

Intensity

1040
1030
1020
1010

1000
0.0000 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000 0.7000
Amountof Pb (ug/10ml)

{19 8> Pb Standard Curve at 0.0391-0.6250 xg/10ml range with
ICP.
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[2 13] AFAH 249 s=¥Y 9 I dF4de= d& 24 2%

ICP
S'Ic:cr)'l'dgrfd P&gﬁ%ﬁgt (rlﬁigr?;:;) Standard Curve

6 0.6250 1091.7 y = 81.59x + 1041.0
7 0.3125 1070.3 R? = 0.9858
8 0.1563 1057.3
9 0.0781 1048.3
10 0.0391 1042.7

ICP Analysis Result

(Intensity) (ug/10ml) Error (%)*

1 20.0000 2416.3 16.8562 -15.7
2 10.0000 1748.0 8.6653 -133
3 5.0000 1398.0 4.3755 -12.5
4 2.5000 12253 2.2589 -9.6
5 1.2500 11383 1.1925 -4.6
6 0.6250 1091.7 0.6214 -0.6
7 0.3125 1070.3 0.3591 14.9
8 0.1563 1057.3 0.1998 27.9
9 0.0781 1048.3 0.0895 145
10 0.0391 1042.7 0.0208 -46.7
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(I98 P& dutroz A= B4 A PbE 457 HAs) A%
AL et B9l G 1.25-20 xg/10mle] H9jolA 2 A
FHAo= ofy] @A g1 ol P AlRE EAS Aatoltt. (O™ 9
oA Hi= Hpe} o] o] ¢Fo] HATSE a7t AAH, dol 2 ug o|st
AotA AZth wEbA mEFe] Pb =2 koA HEFA
k=

o2 pAsY 9t FAs| FUIek] RHERE A

u

50
40

30

20
a0 '
% 0 — [ 4 é L 4 &

g IR v 2 ¥ X
50 4 4 § 8 1 12 1 16 1R
|4

-0

L3
-40
50 L

Amount of P {ug/10ml)

{29 9> Analytical Errors for Pb Analysis with the Standard Curve
obtained at 1.25-20 pg/10ml range with ICP.
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O™ 1002 w|Fe] Phtadt ARt

WelelA Pb2 BAet7] S8l A

e AP SENAS olgt ML 0.1563-2.5 1g/10mbt HEE &
ek 2 Av (2 100014 B e} o] e o] e WA= ©
A7} sl ZolE9IEh BE Pbe] ool Hohw At AXZ ShAE
8 4 ok SAUNYR Soler BAUSE A WelHee & 4 9
.
50.00
40.00
30.00
2000
gID.DD .‘ N
E'iziz ’” ;“ ! ! § ; ’ l’ﬂ 1 14 % 1§
-20.00
-30.00
-40.00
-50.00

Amaount of Pb {ug/10ml)

{294 10> Analytical Errors for Pb Analysis with the Standard Curve
obtained at 0.1563-2.5 xg/10ml range with ICP.

HrEste] Almo] 9 elst 5 % oUiel AL A
FAALOQ«E 025 pg/l0mlez F75]

o7 sstE, F7] 720 LS 7&C
}\11 0.00034 mg/m3°]™ ©]Z2 k=F7|E9] 0.00698, =
1/150 Z<=o|tt.

el 7
1

U 32 ofk

LE7)+9e] of



2) 99 9AFF F=A 24EH

7 % iH 0

FA] A= dollA [ 6lolA Ei= HRel 2ol 3 - 70 pg/10ml At
E2 EHNA Aol AHA(linearity)o] & YehtEx] &

s ®7] 918l 1.25-20 pg/10mle] HlolA A zHdston, o A

Aoz o] M9ETt W2 ngke] AnE B4 wfo] s FRIs] B

o "JFA2 (O™ 1D ol HA4de] & yehdt.

o ZAARE BAS] S GuHoR BAUCA FAste
o

¢l
i
o}
AR

rlo jue

0.0500

0.0450

y =0.0024x - 0.0002
R?=0.9997

0.0400
0.0350

2.0300

c

(5]

2.0250

o

(7]

0.0200
0.0150
0.0100
0.0050

0.0000
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000
Amountof Pb (ug/10ml)

{19Y 11) Pb Standard Curve at 1.25-20 xg/10ml range with AAS.
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[& 14] AFAH 249 =¥ 9 I dF4de= d& 24 2%

AAS
S'Ic:cr)'l.dg:d P(TlgA/%?;ISt (ALisoprgr;;ie) Standard Curve
1 20.0000 2416.3 y = 0.002x - 0.0002
2 10.0000 1748.0 R? = 0.9997
3 5.0000 1398.0
4 2.5000 12253
5 1.2500 1138.3
SaNmo?Ie P(I;g%moc:rl:l:;t o S‘:?)f;?\se " Am:n:,:ZSIS Result —
(Absorbance) (1g/10ml) Error (%)
1 20.0000 0.0473 19.7917 -1.0
2 10.0000 0.0235 9.8750 -1.3
3 5.0000 0.0117 4.9583 -0.8
4 2.5000 0.0062 2.6667 6.7
5 1.2500 0.0024 1.0833 -133
6 0.6250 0.0011 0.5417 -133
7 0.3125 0.0003 0.2083 -333
8 0.1563 0.0005 0.2917 86.7
9 0.0781 0.0017 0.7917 9133
10 0.0391 0.0006 0.3333 753.3
AR DHA SHARE ARAe AAT A3 FIT S Aol
o 2 AYHT SR B 22 o, AYHL sl ARl &
dFe AA FF=(Absorbance)E 7ML B4 B3 eats 27 -1.0%,

-1.3%, -0.8%, 6.7%, -13.3%= Ueh} Adds] ATt Zoz Vet E
14].



o] stl 10 mlF 0.6250 ug, 03125 ug 0.1563 ug 0.0781 ug,
0.0391 xgd o EMez= Z7t -133%, -33.3%, 86.7%, 913.3%,
153.3%=% 71stades F7lstke A= UsutHE 14].

HRE otz A 23 0.625-20 1 g/10mle] o
AFAHew Algg 24t A= [® 15]9F 2o d3d4e sk

FEW oAt Factn AT} FohHE AL FAT 4 Uk

0.0500

0.0450

y =0.0024x - 0.0002
R?=0.9998

0.0400

0.0350

0.0300

0.0250

Absorbance

0.0200
0.0150
0.0100
0.0050

0.0000
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000
Amountof Pb (ug/10ml)

{19 12) Pb Standard Curve at 0.625-20 xg/10ml range with AAS.
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[E 15] AZA 249 s=HY 92 1 AFAeE de 24T 4%
AAS
No. of Pb Amount
response Standard Curve
Standard (1g/10ml) (Absorbance)
1 20.0000 0.0473 y = 0.0024x - 0.0002
2 10.0000 0.0235 R? = 0.9998
3 5.0000 0.0117
4 2.5000 0.0062
5 1.2500 0.0024
6 0.6250 0.0011
Analysis Result
Sample Pb Amount res;oAﬁise
No. (ng/10ml) Absorb Pb Amount
(Absorbance) (1g/10ml) Error (%)*
1 20.0000 0.0473 19.7917 -1.0
2 10.0000 0.0235 9.8750 -1.3
3 5.0000 0.0117 49583 -0.8
4 2.5000 0.0062 2.6667 6.7
5 1.2500 0.0024 1.0833 -13.3
6 0.6250 0.0011 0.5417 -13.3
7 0.3125 0.0003 0.2083 -33.3
8 0.1563 0.0005 0.2917 86.7
9 0.0781 0.0017 0.7917 9133
10 0.0391 0.0006 0.3333 753.3
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A%stel @A PhE WIS obdlz
g/10mle] HjollM 2det dFdos A=
o AAel sEuglel TREY et
shelgr &= ok, I8yt 0.3125 pg/10mlofstol A
o PbolAr A7} SFANE]R] oAkt

oA o IF 0.3125-20 u
At A= [® 16l &

al @QPJ} %7}54% 7/32
M=

i r&l‘
Mr

0.0500

0.0450

y = 0.0024x - 0.0003
R?=0.9998

0.0400

0.0350

0.0300

0.0250

Absorbance

0.0200
0.0150
0.0100
0.0050

0.0000
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000
Amountof Pb (ug/10ml)

{19 13) Pb Standard Curve at 0.3125-20 xg/10ml range with AAS.
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[& 16] AFAH 249 s 9 I AFde= d& 24 2%

AAS
No. of Pb Amount
response Standard Curve
Standard (1g/10ml) (Absorbance)
1 20.0000 0.0473 y = 0.0024x - 0.0003
2 10.0000 0.0235 R? = 0.9998
3 5.0000 0.0117
4 2.5000 0.0062
5 1.2500 0.0024
6 0.6250 0.0011
7 0.3125 0.0003
Analysis Result
Sample Pb Amount res;oAﬁfise
No. (1g/10ml) Pb Amount
(Absorbance) (ng/10ml) Error (%)*
1 20.0000 0.0473 19.8333 -0.8
2 10.0000 0.0235 9.9167 -0.8
3 5.0000 0.0117 5.0000 0.0
4 2.5000 0.0062 2.7083 83
5 1.2500 0.0024 1.1250 -10.0
6 0.6250 0.0011 0.5833 -6.7
7 0.3125 0.0003 0.2500 -20.0
8 0.1563 0.0005 0.3333 1133
9 0.0781 0.0017 0.8333 966.7
10 0.0391 0.0006 0.3750 860.0
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Aol 7127 W WS e swoldel AWt 2A G mxe,
2e BER 748 J7)e FEel ugEst g2d debd S ek mebA
R BTYSlel Y ANE T AYHS AT 1 AFHOE w3
o Pbg BAHE Aol uhAE Flolth. 3] e o] Pholl HishHt AA
o AEu WEe] A U4 Aol AAR Phe AT 4 Gl BAZ

M9le ot © e 03125-25
FHS 2T AvHe (Y 149 2 2eln 1 A
2o 243 ATE [ 1707 2oh (OF 14004 ®Eo] Pb gero] U4
o5t WolX W AA 7]7HH3-2 ©f ol Bajo] Brhsd Yz Wol itk

0.0070

0.0060

y =0.0027x - 0.0007
0.0050 R2=0.9937

0.0040

0.0030

Absorbance

0.0020
0.0010

0.0000
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000

Amountof Pb (ug/10ml)

{19 14> Pb Standard Curve at 0.3125-2.5 uxg/10ml range with AAS.
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B 17] 494 A4 =9 2 1 AdgAeE 92 24T AR
AAS
No. of Pb Amount
response Standard Curve
Standard (1g/10ml) (Absorbance)
4 2.5000 0.0062 y = 0.0027x - 0.0007
5 1.2500 0.0024 R2 = 0.9937
6 0.6250 0.0011
7 0.3125 0.0003
Analysis Result
Sample Pb Amoulnt res;oAﬁf\se
No. /10m
(g ) (Absorbance) P(Ii’l g?lmo?;jlr)‘t Error (%)*
1 20.0000 0.0473 17.7778 -111
2 10.0000 0.0235 8.9630 -104
3 5.0000 0.0117 4.5926 -8.1
4 2.5000 0.0062 2.5556 2.2
5 1.2500 0.0024 1.1481 -8.1
6 0.6250 0.0011 0.6667 6.7
7 0.3125 0.0003 0.3704 18.5
8 0.1563 0.0005 0.4444 184.4
9 0.0781 0.0017 0.8889 1037.8
10 0.0391 0.0006 0.4815 1132.6
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O™ 15+ dider AP =54 24494 Pbe 2435171 fs 4

25-20 pg/10mle] HW9lolA AT

2 g st Alg=s BAst Axfoldt (1
155014 HE viep Zo] @o] o] fgada® xp7F 7129, ol 4 ug
o|s}7}

|9 oAks FASH AR webd mlFe Phe ke FEA 7
2 o

FHS AT T NOR BAsH oxpt FAs Frietel BAANE
N & A Pk

3000 | ¢
2000

1000 ¢

-
R

000 4 -

Error (34}
&>
-

-10.00

-20.00

-30.00

-40.00

Amount of Ph (ug/10ml)

{a2¥ 15> Analytical Errors for Pb Analysis with the Standard Curve
obtained at 1.25-20 pxg/10ml range with AAS.

(I 1602 b|=Fe] pbatE}t A Helo|A Pbg EASH7] $Isl A
Ag Aot FHAE o9t vk 0.3125-20 pg/10ml7t HEE
Aot 1 Ay (¥ 16004 He HRel Zo] ol o] W2 WMk
A7} Ags] EolEQth BE Pbol o] oty oaprt AR AT 5

8% & 9 LAEAYE Bolok BAUMF A HARSS & 4

oo

30,

o
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4000
3000
2000
10.00 ¢

0400 &4 —*

-

Error (34}
-
-

‘.

<1000 +
2000 |4

-30.00

-40.00

Amount of Ph (ug/10ml)

(1% 16> Analytical Errors for Pb Analysis with the Standard Curve
obtained at 0.3125-20 xg/10ml range with AAS.

FAALOQE 4 pg/10mlez FAHH <}, o
T Tl R ey, 3] 720 LE VIEo R o
0.00056 mg/m3°]®] °]AL L&7]&9] 0.11114], & =Z7]F<9] oF 1/90

ol
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371 T YA SAANRE 2457 Sldl dutdler E44A 2Adst=
AZFAY] e elA [&F 7]elA Ei= biel Zo] 2-70 1g/10mlISiH.

HA =2 FHLA Aol 2 (linearity)o] & YE=A] &<l
sf ®7] $fs 0.9375-15 ng/10mle] HeloA HFAdS 2Hdstlem, o
AFder o] HeHy W njEo AuE 24T wo HS=E S5

Hokth AYHES (1Y 113} 2ol a4l F vehiny

13000

11000
y = 710.76x + 846.53

R?=0.9999
9000

7000

Intensity

5000
3000

1000
0.0000 2.0000 4.0000 6.0000 8.0000 10.0000 12.0000  14.0000 16.0000

Amountof Ni (ug/10ml)

{9 17> Ni Standard Curve at 0.9375-15 pg/10ml range with ICP.
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(% 18] A 239 =¥ 2 1AM Yds B4 4%

; ICP

Sgﬁag:d héLgp}T(;’rg{)‘t (rlﬁ:grc:;:;) Standard Curve

1 15.0000 114833 y = 710.76x + 846.53

2 7.5000 6232.7 R2 = 0.9999

3 3.7500 3509.3

4 1.8750 2167.0

5 0.9375 1496.7

SalTple Ni Amount res}ocopnse | Analysis Result

0. (Hg/10ml) (Intensity) ":L;}T&:ﬂ{;t Error (%)*

1 15.0000 114833 14.9653 -0.2

2 7.5000 6232.7 7.5780 1.0

3 3.7500 3509.3 3.7464 -0.1

4 1.8750 2167.0 1.8578 -0.9

5 0.9375 1496.7 0.9148 -24

6 0.4688 1153.0 0.4312 -8.0

7 0.2344 983.9 0.1933 -17.5

8 0.1172 899.3 0.0742 -36.6

9 0.0586 852.9 0.0090 -84.7

10 0.0293 829.0 -0.0247 -184.2

AR THelH SIS ARAS AT AT 5UAT HEH9Y Aol

o = A SRt A 22 o, dRae AAste] AR U
AGFE ICP 7171 E(Inensity) & 71T B4 A oAb 77 -
0.2%, 1.0%, -0.1%, -0.9%, -2.4%= Uett Ads] Jest 2oz et
18]
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Qe o FeAe] WelE Wolut we Nigere Aas 2
oAl e ARow, oAt Niggo] A4S tg AR Niol ¢
o] 3lgt 10 mld 0.4688 ug, 0.2344 pug, 0.1172 pg, 0.0586 ug
0.0293 ug¥d W EAHeA= ZAZF -8.0%, -17.5%, —36.6%, -84.7%,
-184.2% % 7|otg4Ao R Zrlol= Aor e tHE 18],

A Nigks HeE ofdlz htA W3 0.4688-15 ng/10mlo] H ¢
oA At AFHoE AlgE 24T A= [® 1919 Ao AEAY &
ERQol ZetEW A7t FAasty et S7HE= As g1 4 Uk

Ty W2 oA 2= s AHs] A dEidES & 4 A

ol rr

13000

11000
y=711.53x + 838.29

R?=0.9999
9000

7000

Intensity

5000
3000

1000
0.0000 2.0000 4.0000 6.0000 8.0000 10.0000 12.0000 14.0000 16.0000
Amount of Ni (ug/10ml)

{19 18> Ni Standard Curve at 0.4688-15 xg/10ml range with ICP.
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(£ 19] AFH 49 S=99 2 1 AFHOR AL 24T A

. ICP
Sgcl:'dglfd '\é:xgp}T(;)rglr)‘t (rlﬁ:grc:s?i:;) Standard Curve
1 15.0000 114833 y = 711.53x + 838.29
2 7.5000 6232.7 R2 = 0.9999
3 3.7500 3509.3
4 1.8750 2167.0
5 0.9375 1496.7
6 0.4688 1153.0
) IcP Analysis Result
Samfle '\:lllgp}?(?fgst Toaboros Ni Amount
(Intensity) (ug/10ml) Error (%)*
1 15.0000 114833 14.9607 -0.3
2 7.5000 6232.7 7.5814 11
3 3.7500 3509.3 3.7539 0.1
4 1.8750 2167.0 1.8674 -04
5 0.9375 1496.7 0.9253 -1.3
6 0.4688 1153.0 0.4423 -5.6
7 0.2344 983.9 0.2046 -12.7
8 0.1172 899.3 0.0857 -26.8
9 0.0586 852.9 0.0205 -65.0
10 0.0293 829.0 -0.0131 -144.6
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Adstel APl Nige HS offz & 9/ o B3 0.2344-15 4
g/10mle] WSolH AT AFHoR ARE BAG Fut [E 200 2
oh AYAe] SRSl TFHY oAt gasty FREst FAEE AL

Sg 4 ot T we b % &
oF

& 4 o

o

13000

11000
y=712.02x + 833.19

R?=0.9999
9000

7000

Intensity

5000
3000

1000
0.0000 2.0000 4.0000 6.0000 8.0000  10.0000 12.0000 14.0000 16.0000

Amountof Ni (ug/10ml)

(19 19> Ni Standard Curve at 0.3125-15 xg/10ml range with ICP.
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200 AFA B4 HEHY 9 1 FFHoE YA 2N Az
; ICP

Stl\;cl)‘\agl.‘fd '\é:xgp}T(;)rglr)‘t (rlﬁ:gggi:;) Standard Curve
1 15.0000 114833 y = 712.02x + 833.19
2 7.5000 6232.7 R2 = 0.9999
3 3.7500 3509.3
4 1.8750 2167.0
5 0.9375 1496.7
6 0.4688 1153.0
7 0.2344 983.9

) IcP Analysis Result
SaNmop?Ie '\éL;/T(?r:Bt response Ni Amount
(Intensity) (hg/10ml) Error (%)*

1 15.0000 11483.3 14.9576 -0.3
2 7.5000 6232.7 7.5834 11
3 3.7500 3509.3 3.7585 0.2
4 1.8750 2167.0 1.8733 -0.1
5 0.9375 1496.7 0.9319 -0.6
6 0.4688 1153.0 0.4492 -4.2
7 0.2344 983.9 0.2117 -9.7
8 0.1172 899.3 0.0928 -20.8
9 0.0586 852.9 0.0277 -52.8
10 0.0293 829.0 -0.0059 -120.1
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960 R? = 0.9993
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900

Intensity

880
860
840

820
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500
Amountof Ni (ug/10ml)

{29 20> Ni Standard Curve at 0.0293-0.2344 1 g/10ml range with
ICP.
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[® 21] AZA 249 s=de] 9 I AFde=z Y2S 24T 2%
. ICP
Sgcr)\-dg:d ":LQT&;‘IBt (rlﬁs;gﬁ:i:)% Standard Curve
7 0.2344 983.9 y = 752.80x + 808.57
8 0.1172 899.3 R2 = 0.9993
9 0.0586 852.9
10 0.0293 829.0
Analysis Result
Sample | NI Amountoqponge
- (Intensity) ":L ;}T&gst Error (%)*

1 15.0000 114833 14.1800 -55
2 7.5000 6232.7 7.2053 -39
3 3.7500 3509.3 3.5876 -4.3
4 1.8750 2167.0 1.8045 -3.8
5 0.9375 1496.7 0.9141 -2.5
6 0.4688 1153.0 0.4575 -2.4
7 0.2344 983.9 0.2329 -0.6
8 0.1172 899.3 0.1205 2.8
9 0.0586 852.9 0.0589 0.5
10 0.0293 829.0 0.0271 -74
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¥ 22 dird o AP =54 244HNA4 Nig 2435171 fs 4
0.

9375-15 pg/10mle] ®9jolA ZHATH

FAS A SRS HaT

AgHoR ofg WA gm ol NighF ARE BT Aot (13
2D el B et gol Yol o] AATLE oAt AAE, U] 2
ug o7 HE e FAsA AU wetd wEe] Nig e e

spoE BAsH oAbt F29 ikl 47

Error {28)

Amount of Ni {ug/10ml)

{349 21> Analytical Errors for Ni Analysis with the Standard Curve
obtained at 0.9375-15 xg/10ml range with ICP.
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(Od 22+ vl Nid=a) AR BelelA Nig 45171 s 43
As Agoke eSS o9k HotAl 0.0293-0.2344 £g/10mI7t ===
shoich. 1 Ax <O 2204 B wreh Zo] Y] ¢fo] W2 WelofA

= 93} 4s] ZolEdUth. BE Nie] ool Hohd ex} A oA
W S8F 4 Ut AWM Soler BAM} A Helnes o
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40

a3
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-

R

Error [(25)
=]
€
P
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-
-
-

B
=
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v s do
(=T — =1

n
=

Amount of Ni {uz/10ml)

<% 22> Analytical Errors for Ni Analysis with the Standard Curve
obtained at 0.0293-0.2344 xg/10ml range with ICP.

oo} e AFPL 3 whEste] AR QAW 5 % olfel AL
AR Hole ICPR YA AFFALOQE 0043 xg/l0mlo=

sl
FAEAL} o] Nio] &S 37 & skssor M, 7] 720 LE
ZIZo2 SPH 0.000006 mg/m3o]lH o] L&7|F9] 0.00068], =
L E27)F0] oF 1/167504=20]t}.
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o
H1
2,
M
M

AAT}

QA =E B0k flof ditdoz RAMA 2dct=
ol [& T]ollA B Hie} Zo] 2-70 ng/10mlISiT,

A w2 TR HFA A (inearity)o] ZF UEhtER] g1l
s 7] 98l 0.9375-15 ug/10mle] WHlolA HFHS ZAstalon, o
AFHdor o] Heur F2 g AmnE BAY w9 JFEE Il
Hoyoh AL (O™ 23)3 o] HAilAol & YErtT

0.0800
0.0700
y = 0.0049x + 0.00007
0.0600 R?=0.9998
P-0500
o

0.0200
0.0100
0.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000 12.0000 14.0000 16.0000
Amountof Ni (ug/10ml)

<29 23> Ni Standard Curve at 0.9375-15 xg/10ml range with AAS.
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[ 22] AFA A4 BEW L I FAFHOE UAS BAT A

. AAS

S'Ic:%dg:d '\:L;‘/Toor:{)'t (ALisoprgg;ece) Standard Curve
1 15.0000 0.0739 y = 0.0049x + 0.00007
2 7.5000 0.0375 R? = 0.9998
3 3.7500 0.0191
4 1.8750 0.0090
5 0.9375 0.0044

SaNmopIe l\:i Amount . s’?‘)f;i . . Analysis Result

: Kg/10ml) (Absorbance) '\:L;/?(?mulr)‘t Error (%)*

1 15.0000 0.0739 15.0673 04
2 7.5000 0.0375 7.6388 19
3 3.7500 0.0191 3.8837 3.6
4 1.8750 0.0090 1.8224 -2.8
5 0.9375 0.0044 0.8837 -5.7
6 0.4688 0.0011 0.2102 -55.2
7 0.2344 0.0008 0.1490 -36.4
8 0.1172 -0.0006 -0.1367 -216.7
9 0.0586 -0.0008 -0.1776 -403.0
10 0.0293 -0.0013 -0.2796 -1054.3

E]—' - vl =

At AA F3=(Absorbance)E 7FAaL ZA4%E AW @24= Z7F 0.4%,

1.9% 3.6%, —2.8%, —5.7%2 YeR} Atds] Agst 7oz YepgoHE 9]
a2 o] HEAC] HAE "Hojus U2 NigkFe] Alags B4 A=
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QAp7F As] AR Ln, exH= Nigtgo] A24E oS Ak Ni9 &
o] 3|3t 10 mld 0.4688 ug, 0.2344 pg 0.1172 g, 0.0586 ug,
0.0293 g wf BAOX= 247 -55.2%, -36.4%, —216.7%, -403.0%,
~1054.3%2 7|stg5Hog Zrtele Aoz YehgtHE 22].

AAol Nigds HeE oz g ©A ¥ 0.4688-15 pg/10mlo] <]
AN AT AFHoR AnE BAHF Ay (2 23] Zoh A4 '
Qo ZIEW et fgasty ATt FUtEE AS SRIF 4 Sl
T8y W2 FroA e oHds] A 3A eSS o 4 ok

>

0.0800
0.0700

y = 0.00498x - 0.0003
0.0600 R? = 0.9995

0.0500

0.0400

Absorbance

0.0300
0.0200
0.0100
0.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000 12.0000 14.0000 16.0000
Amountof Ni (ug/10ml)

{19 24) Ni Standard Curve at 0.4688-15 xg/10ml range with AAS.
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= 23] AFA A4 =9 2 1 AFHeR YAs 24 A%

AAS

Standerd | (ug/10m (/Iﬁi‘é’;"b"asr?ce Standard Curve
1 15.0000 0.0739 y = 0.00498x - 0.0003
2 7.5000 0.0375 Rz = 0.9995
3 3.7500 0.0191
4 1.8750 0.0090
5 0.9375 0.0044
6 0.4688 0.0011

AAS Analysis Result

Sample Ni Amount response
No. (ng/10ml) (Absm)'bance I\H1 gA/T(?mu{)It Error (%)*
1 15.0000 0.0739 14.9107 -0.6
2 7.5000 0.0375 7.5960 13
3 3.7500 0.0191 3.8985 4.0
4 1.8750 0.0090 1.8689 -0.3
5 0.9375 0.0044 0.9445 0.7
6 0.4688 0.0011 0.2813 -40.0
7 0.2344 0.0008 0.2210 -5.7
8 0.1172 -0.0006 -0.0603 -151.4
9 0.0586 -0.0008 -0.1005 -271.5
10 0.0293 -0.0013 -0.2010 -785.9
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Asstel A=pile] Nigke WSS ofdl2 @ A o W 0.2344-15 4
g/lomle] WelolA AT Ados AnE BAG A [E 2419 2
ok A sl TR oxt ast
ShQIg 4 9tk LEY 0,234 g/ 10mlolstol A
ol ABhEst FAIHA ekret.

d

n)

0.0800
0.0700

y = 0.00498x - 0.0003
0.0600 R?=0.9996

0.0500

0.0400

Absorbance

0.0300
0.0200
0.0100
0.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000 12.0000 14.0000 16.0000
Amountof Ni (ug/10ml)

{19 25) Ni Standard Curve at 0.2344-15 pg/10ml range with AAS.
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B 24] AFA A9 =Y 2 O A¥Ader YAS 4% AR
. AAS
No. of Ni Amount
response Standard Curve

Standard (1g/10ml) (Absorbance)
1 15.0000 0.0739 y = 0.00498x - 0.0003
2 7.5000 0.0375 R? = 0.9996
3 3.7500 0.0191
4 1.8750 0.0090
5 0.9375 0.0044
6 0.4688 0.0011
7 0.2344 0.0008

Analysis Result
Sample Ni Amount resﬁ;ﬁ?\se ]

No. (hg/10ml) (Absorbance) '\2;‘ gA/T(;)mu:;t Error (%)*
1 15.0000 0.0739 14.9080 -0.6
2 7.5000 0.0375 7.5946 13
3 3.7500 0.0191 3.8978 3.9
4 1.8750 0.0090 1.8685 -0.3
5 0.9375 0.0044 0.9443 0.7
6 0.4688 0.0011 0.2813 -40.0
7 0.2344 0.0008 0.2210 -5.7
8 0.1172 -0.0006 -0.0603 -1514
9 0.0586 -0.0008 -0.1005 -2714
10 0.0293 -0.0013 -0.2009 -785.8
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] st Aotk 28] We ool Nie]l fiajAls AA

7L mgkEd] A g;-g.j Aolt}, AAR Nig e 4 9= dA2

ol HE olH © w2 0.2344-1.875 u

g/10mli Uxo] ARAS A4H AE (1Y 2D 2T d8T 1 A
mo| BAG A= [® 25)7 2ok (1F 2DoA B0 Ni §o] 9%
olstz WolAm AA 77|18 T o4} BAo| Erhsd Az "ol

0.0100

0.0090

0.0080 y =0.0052x - 0.0008
R*=0.9879

0.0070

0.0060

0.0050

0.0040

Absorbance

0.0030
0.0020
0.0010

0.0000
0.0000 0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000 1.6000 1.8000 2.0000
Amountof Ni (ug/10ml)

{19 26) Ni Standard Curve at 0.2344-1.875 prg/10ml range with AAS.
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B 25] AFA A4 =¥ 2 O AFHer YAs 243 2y
. AAS
No. of Ni Amount
response Standard Curve

Standard (1g/10ml) (Absorbance)
4 1.8750 0.0090 y = 0.0052x - 0.0008
5 0.9375 0.0044 R? = 0.9879
6 0.4688 0.0011
7 0.2344 0.0008

Analysis Result

Sample Ni Amoulnt res;)Aﬁ?\se
No. 10 i
o (g/10ml) (Absorbance) r\:ll-l ;/r{‘(?mulr)'t Error (%)*
1 20.0000 0.0739 14.3654 -4.2
2 10.0000 0.0375 7.3654 -1.8
3 5.0000 0.0191 3.8269 21
4 2.5000 0.0090 1.8846 0.5
5 1.2500 0.0044 1.0000 6.7
6 0.6250 0.0011 0.3654 -22.1
7 0.3125 0.0008 0.3077 313
8 0.1563 -0.0006 0.0385 -67.2
9 0.0781 -0.0008 0.0000 -100.0
10 0.0391 -0.0013 -0.0962 -428.2
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1 e GO RABAEY AU Nig BHst] 919 2
Al 0.9375-15 pg/10mle] HH QA 2HAd3gH
FHOZ ofdf WA AW ol NigH ARE BAG Aol (1Y
A BE Bhst Zo] WAL o] FATSE oA AXE, U] |
oSt HW e FAS AAk webd vl Nie ke HEo

A AFHL AT T APHOR B oAt FA5 Friete] 2

£ A¥E 5 g Ao

=

110

%0
70 Y
50
30

10
¢ ‘0 [ 4
10 [ ¢ ¢

Error (24)

-30

-50

-10

80

-110

Amount of Ni {ug/10ml)

{1¥ 27> Analytical Errors for Ni Analysis with the Standard Curve
obtained at 0.9375-15 pg/10ml range with AAS.

(O™ 28> wiFe] Nigkgat fAret ¥ lelA Nig 24571 sl d%
AZ Aeke RS oleh HlaA 0.0293-15 pg/10ml7} === o
k. 2 As (Od 2804 R et go] YAo| ¢fo] w2 MMk
QA7F sl FolEdlth. &8 Nigl <ol Zotaw eapt AL spAw
82 & A AWAUE Soles RARSE A Holdles & £
2Tk

o,



110

50

70

50

a0

10

Error {2£)

-30

-50

-70

-80

-110
Amount of Ni {ug/10ml)

<% 28> Analytical Errors for Ni Analysis with the Standard Curve
obtained at 0.0293-15 xg/10ml range with AAS.

ol9} 22 AES 3 FHEStA] Almo] @97 5 % oWl A AL
SR Hobg AAZR YA HFFA(LOQE 0.6875 ng/l0mlez FA5]
k. o] Nio] e 37 & sE4wos gitetd, 37] 720 LE 7|E2
2 3FH 0.000095 mg/m3o]H o]A-L LE7]F9] 0.0191H], & L=E&7|F9
o

oF 1/1050 3ot}
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As5 A TEY 2423 Hu

37l % 2% SRS BAS] 98] QNHOR BAMeN AYsHE
Ampio] Wl golA [E lolA i utel 2ol 3-100 ug/10mI%it,

WA e LEwleld @R AMA (incarity)e] & tEhbeA] gl
1

s B2 fIs 1.25-20 pg/10mle] HelolM AFde 2Adstal e, o 4%
T

Aoz o] MR vre njgko] AgE B4 wfjo] HILE Rls] HS)
o AAde (™ 29>¢f Fo] 2ol & YERTh
121000
101000
y =4804x + 4299.3
81000 R? = 1.0000
2
€ 61000
Q
-
£
41000
21000
1000
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000

Amountof Cr (ug/10ml)

(1% 29> Cr Standard Curve at 1.25-20 xg/10ml range with ICP.
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(& 26] A% A9 =¥ 2 1 AFHoz 35S 24T A

ICP
S'Ic:cr)'l'dgrfd C(L;\/T(?r:ﬂ;t (rlﬁigg;:;) Standard Curve
1 20.0000 100093.3 y = 4804x + 4299.3
2 10.0000 52860.0 R2 = 1.0000
3 5.0000 28546.7
4 2.5000 16096.7
5 1.2500 10037.3
SaNmple Cr Amount resg:opnse Analysts Resul
o. (ng/10ml) (ntensity) C(L gA/T(?I;JIBt Error (%)*
1 20.0000 100093.3 19.9405 -0.3
2 10.0000 52860.0 10.1084 11
3 5.0000 28546.7 5.0473 0.9
4 2.5000 16096.7 24557 -1.8
5 1.2500 10037.3 1.1944 -4.4
6 0.6250 6893.3 0.5400 -13.6
7 0.3125 5382.3 0.2254 -27.9
8 0.1563 4585.0 0.0595 -61.9
9 0.0781 4181.0 -0.0246 -1315
10 0.0391 3990.0 -0.0644 -264.8
AR THelH SIS ARAS AT AT 5AT ST Aol
. & AR SEEst ges 2 W, ARAe AAste] Amol 2
wogS ICP 7171 (Intensity) & 7HA 2L 249 23 eaks A7 -
0.3%, 1.1%, 0.9%, ~1.8%, ~4.4%% ert As] Hest Aog ettt
[ 26]
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Qe o e Wl Wolut we G Aas 2 L
QAprl el ARow, AL Critgel A4S Hg AR Crol we
o] 3lgtd 10 mlgd 0.6250 ug, 0.3125 ug, 0.1563 pug, 0.0781 pug,
0.0391 ug¥ W BEHext= 242y -13.6%, —27.9%, -61.9%, —131.5%,
—-264.8%% 7|slgA o2 FUtel= Ao 2 YERHTHE 26].

HolE ofgl2 A W3 0.625-20 xg/10mle] H el
A 2 AFHCR ARE BATH A= [E 27]3 2o HHEAY sk

121000

101000

y=4812x +4173.4
81000 R?=1.0000

61000

Intensity

41000
21000

1000
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000
Amount of Cr (ug/10ml)

{19 30 Cr Standard Curve at 0.625-20 xg/10ml range with ICP.
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B 27] AFA ALY s=Hf 2 O ARAeR a5S 24 AR
ICP

Sg%dg:d C(Lgp}T(;)rglr)‘t (rlﬁigr?:i:;) Standard Curve
1 20.0000 100093.3 y = 4812x + 41734
2 10.0000 52860.0 R? = 1.0000
3 5.0000 28546.7
4 2.5000 16096.7
5 1.2500 10037.3
6 0.6250 6893.3

IcP Analysis Result
Sa'{lnopfle C(L(_;}T(())r:ﬂ;t response Cr Amount
(Intensity) (1g/10ml) Error (%)*

1 20.0000 100093.3 19.9335 -0.3
2 10.0000 52860.0 10.1177 12
3 5.0000 28546.7 5.0651 13
4 2.5000 16096.7 24778 -0.9
5 1.2500 10037.3 1.2186 -2.5
6 0.6250 6893.3 0.5652 -9.6
7 0.3125 5382.3 0.2512 -19.6
8 0.1563 4585.0 0.0855 -45.3
9 0.0781 4181.0 0.0016 -98.0
10 0.0391 3990.0 -0.0381 -197.6
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Astel A Cratd WIS oflE @ WA o WA 03125-20 4

g/10mle] HSJollA] 2T AgHor Amrg £4

o @A) SRSl TFHE oA} gas

121000
101000
y=4817x +4102.2

81000 R? = 1.0000

61000

Intensity

41000

21000

1000
0.0000 5.0000 10.0000 15.0000
Amountof Cr (ug/10ml)

20.0000

25.0000

{19 31) Cr Standard Curve at 0.3125-20 xg/10ml range with ICP.
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B 28] AT A9 =9 2 1 Ao A5S AT AR
ICP

Stl\;cl)‘\agl.‘fd C&;}T&ﬂ{;t (rlﬁigg;:;) Standard Curve
1 20.0000 100093.3 y = 4817x + 4102.2
2 10.0000 52860.0 R2 = 1.0000
3 5.0000 28546.7
4 2.5000 16096.7
5 1.2500 10037.3
6 0.6250 6893.3
7 0.3125 53823

IcP Analysis Result
Samfle C(Lgp}T(;::Ir)‘t response Cr Amount
(Intensity) (1g/10ml) Error (%)*

1 20.0000 100093.3 19.9276 -04
2 10.0000 52860.0 10.1220 1.2
3 5.0000 28546.7 5.0746 1.5
4 2.5000 16096.7 2.4900 -04
5 1.2500 10037.3 1.2321 -14
6 0.6250 6893.3 0.5794 -7.3
7 0.3125 53823 0.2657 -15.0
8 0.1563 4585.0 0.1002 -359
9 0.0781 4181.0 0.0164 -79.1
10 0.0391 3990.0 -0.0233 -159.6
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AFAY J127] W BHL £ SEoHY AWt 2A 9L njAv,
We BEE 248 7719 Anet ugnst oA tehd 4 ek aiebd
e sEyslole AvE JHL ARAe AYstn 1 Agdoz n
o Cre BAsH: Zlo] vlAE Zolth. wetd PFA Craw WS @
o Frwolel 0.0391-0.3125 xg/10mlz2 ste] ZHAet AFHoz Aas
5 %hu SEHSIE WA Fow e ph

6000

5500
y = 5104x + 3787

>000 R? = 1.0000

4500
4000

3500

Intensity

3000
2500
2000
1500

1000
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500
Amountof Cr (ug/10ml)

<29 32> Cr Standard Curve at 0.0391-0.3125 #g/10ml range with
ICP.
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B 29] AFA A9 =9 % 1 Ao A5S AT AR
ICP
Stl\;cl)‘\agl.‘fd C&;}T&ﬂ{;t &ﬁigﬁg:}% Standard Curve
7 0.3125 5382.3 y = 5104x + 3787
8 0.1563 4585.0 R2 = 1.0000
9 0.0781 4181.0
10 0.0391 3990.0
Analysis Result
Sample | Cr Amount yoquonge
- (Intensity) (L gA/T(;)r:let Error (%)*
1 20.0000 100093.3 18.8688 -5.7
2 10.0000 52860.0 9.6146 -39
3 5.0000 28546.7 4.8510 -3.0
4 2.5000 16096.7 24118 -3.5
5 1.2500 10037.3 1.2246 -2.0
6 0.6250 6893.3 0.6086 -2.6
7 0.3125 53823 0.3126 0.0
8 0.1563 4585.0 0.1563 0.1
9 0.0781 4181.0 0.0772 -1.2
10 0.0391 3990.0 0.0398 18
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{a¥ 33> Analytical Errors for Cr Analysis with the Standard Curve
obtained at 1.25-20 xg/10ml range with ICP.
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(1% 34> Analytical Errors for Cr Analysis with the Standard Curve
obtained at 0.0391-0.3125 xg/10ml range with ICP.

o|¢} T2 AYS 3W WHESto] A|lmo] QA7 5 % olUi]l A HF
A= HLE ICPE AE9 AFIALOQ= 0.039 ng/l0mlez F4 5
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|
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oF 1/92300 F=<=o]tt.
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{19 35) Cr Standard Curve at 1.25-20 xg/10ml range with AAS.
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S AA 3T (Absorbance)E 7FA| Al
2

—2.6%, 0.0%, 0.4%,

[E 301 AFA 249 =¥y @ 1 AFdoz 388 BA% A%
AAS
Sgcn:.dg:d C(LQP}T&::B" (ALes:)pr%g;ece) Standard Curve
1 20.0000 0.1067 y = 0.0053x - 0.0005
2 10.0000 0.0511 2 = 0.9994
3 5.0000 0.0260
4 2.5000 0.0128
5 1.2500 0.0070
Salipople C(r Amount . Qf;i . Analysis Result
: 1g/10ml) (Absorbance) C(L;/T(?nﬂ:;t Error (%)*
1 20.0000 0.1067 20.2264 11
2 10.0000 0.0511 9.7358 -2.6
3 5.0000 0.0260 5.0000 0.0
4 2.5000 0.0128 2.5094 0.4
5 1.2500 0.0070 14151 13.2
6 0.6250 0.0035 0.7547 20.8
7 0.3125 0.0020 0.4717 50.9
8 0.1563 0.0013 0.3396 117.4
9 0.0781 0.0008 0.2453 214.0
10 0.0391 0.0002 0.1321 2381
Alm 1HoA SH7AlE AfFde 2t A Sdt s=HAY A=l
o = FAT S ASE] 22w, AP A5t AR
3 2T AT o= 27 11%

13.2%% Yert s gt Zoez yeEt{®
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{19 36) Cr Standard Curve at 0.625-20 xg/10ml range with AAS.
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AAS
Stl\;cl)‘\aglfd C(LQT&;:Bt (A[)isc?rcl))g:ece) Standard Curve
1 20.0000 0.1067 y = 0.0053x - 0.0003
2 10.0000 0.0511 R2 = 0.9994
3 5.0000 0.0260
4 2.5000 0.0128
5 1.2500 0.0070
6 0.6250 0.0035
sa&nple & Amount ) S’?)ﬁi . Analysis Result

0. (ng/10ml) (Absorbance) C(L gA}T(;)nL:Bt Error (%)*
1 20.0000 0.1067 20.1887 0.9
2 10.0000 0.0511 9.6981 -3.0
3 5.0000 0.0260 49623 -0.8
4 2.5000 0.0128 24717 -11
5 1.2500 0.0070 1.3774 10.2
6 0.6250 0.0035 0.7170 147
7 0.3125 0.0020 0.4340 389
8 0.1563 0.0013 0.3019 93.2
9 0.0781 0.0008 0.2075 165.7
10 0.0391 0.0002 0.0943 141.5
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{19 37) Cr Standard Curve at 0.3125-20 xg/10ml range with AAS.
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[£ 32] A4 B4 $5H9 9 1 AFHoR 25 BN A

AAS
No. of Cr Amount
response Standard Curve

Standard (1g/10ml) (Absorbance)

1 20.0000 0.1067 y = 0.0053x - 0.0002

2 10.0000 0.0511 R2 = 0.9995

3 5.0000 0.0260

4 2.5000 0.0128

5 1.2500 0.0070

6 0.6250 0.0035

7 0.3125 0.0020

Analysis Result

Sample Cr Amourt res?)f;?\se

No. 10

° (hg/10ml) (Absorbance) C(L ;}Too#‘i;t Error (%)*

1 20.0000 0.1067 20.1698 0.8

2 10.0000 0.0511 9.6792 -3.2

3 5.0000 0.0260 49434 -11

4 2.5000 0.0128 2.4528 -1.9

5 1.2500 0.0070 1.3585 8.7

6 0.6250 0.0035 0.6981 11.7

7 0.3125 0.0020 0.4151 328

8 0.1563 0.0013 0.2830 81.1

9 0.0781 0.0008 0.1887 141.5

10 0.0391 0.0002 0.0755 93.2
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(¥ 38) Cr Standard Curve at 0.3125-5 xg/10ml range with AAS.
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E 33] AFA A9 =9 2 O A¥4Hez 35S 24 29

AAS

Stl\;cl)‘\aglfd C&;}T&ﬂ{;t (A[)iscg'gg;ie) Standard Curve
3 5.0000 0.0260 y = 0.0051x + 0.0004
4 2.5000 0.0128 R2 = 0.9995
5 1.2500 0.0070
6 0.6250 0.0035
7 0.3125 0.0020

Analysis Result
Sample | Cr Amount yeionge
- (Absorbance) C(L g‘o}T(;"n":Bt Error (%)*

1 20.0000 0.1067 20.8431 4.2
2 10.0000 0.0511 9.9412 -0.6
3 5.0000 0.0260 5.0196 04
4 2.5000 0.0128 24314 -2.7
5 1.2500 0.0070 1.2941 3.5
6 0.6250 0.0035 0.6078 -2.7
7 0.3125 0.0020 0.3137 04
8 0.1563 0.0013 0.1765 12.9
9 0.0781 0.0008 0.0784 04
10 0.0391 0.0002 -0.0392 -200.4
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<394 39> Cr Standard Curve at 0.0391-0.3125 xg/10ml range with
AAS.
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AAS
No. of Cr Amount
response Standard Curve
Standard (1g/10ml) (Absorbance)
7 0.3125 0.0020 y = 0.0061x + 0.0002
8 0.1563 0.0013 R2 = 0.9408
9 0.0781 0.0008
10 0.0391 0.0002
Analysis Result
Sample Cr Amoui1t res;oAﬁise
No. (1g/10ml) Cr Amount
(Absorbance) (ng/10ml) Error (%)*
1 20.0000 0.1067 17.4590 -12.7
2 10.0000 0.0511 8.3443 -16.6
3 5.0000 0.0260 4.2295 -154
4 2.5000 0.0128 2.0656 -174
5 1.2500 0.0070 1.1148 -10.8
6 0.6250 0.0035 0.5410 -134
7 0.3125 0.0020 0.2951 -5.6
8 0.1563 0.0013 0.1803 154
9 0.0781 0.0008 0.0984 25.9
10 0.0391 0.0002 0.0000 -100.0
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(1% 40> Analytical Errors for Cr Analysis with the Standard Curve
obtained at 1.25-20 xg/10ml range with AAS.
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{39 41> Analytical Errors for Cr Analysis with the Standard Curve
obtained at 0.3125-5 pg/10ml range with AAS.
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ABSTRACT

A Study on Limit of Quantification and Accuracy for Metal Analysis
using Inductively Coupled Plasma Atomic Emission Spectrometer

(ICP-AES) and Atomic Absorption Spectrometer; (AAS)

Shin, Na Ri

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study was conducted to estimate optimal concentration range of
standard solutions and limit of quantification (LOQ) for metal analysis of
workers’ exposure monitoring samples in the industrial hygiene laboratories
(IH lab.). Lead, nickel, and chromium were selected for the test since they
were commonly found in the workplace. Standard solutions prepared for
wide range of concentrations to cover from 2xOEL (Occupational Exposure
Limit) to 0.001xOEL were analyzed using both Inductively Coupled Plasma
Atomic  Emission  Spectrometer(ICP-AES) and  Atomic  Absorption
Spectrometer(AAS).

It was found that 365 samples (92.9%) among 402 samples taken in
the workplace for monitoring exposure to lead, nickel and chromium were

below 0.01xOEL in an IH lab. in 2012. Therefore, the sampled amount of
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metals on the filter would be just traceable or near the detection limit and it
should be analyzed with using a standard curve obtained in the low
concentration range which is roughly estimated below 0.5 wg for lead
analysis.

A survey conducted for the lowest standard solution concentration for
metal analysis for 15 IH labs. For lead, the lowest concentration of the
standard was 10 ug/10ml in 10 labs(67%) and 3 ug/10ml in 1 lab.(7%); for
nickel, 10 wg/10ml in 3 labs(20%), 5 ug/10ml in 7 labs(47%), 3 ug/10ml in
3 labs(20%), 2 ug/10ml in 2 labs(13%); for chromium, 10 ug/10ml in 7
labs(47%), 5 ug/10ml in 6 labs(40%), 4 ug/10ml in 1 labs(7%) and 3 ug
/10ml in 1 labs(7%). According the above data, it was believed that a great
ma ny samples are being analyzed below the LOQ in many IH labs.

LOQ for lead with ICP was estimated 0.25 ug if the standard curve is
obtained between 0.25~2.5 ug range. LOQ of lead with AAS was estimated
4 ug. If air is sampled for 720 liters in the workplace and 4 ug of lead is
collected, the airborne concentration level is 0.1xOEL. Thus, it is impossible
to quantify airborne lead concentration with the samples taken below the
0.1xOEL condition using AAS.

LOQ of nickel with ICP was estimated 0.043 ug if the standard
curve is obtained between 0.0215~2.5 ug range, and with AAS 0.7 ug.

LOQ of chromium with ICP was estimated 0.04 ug if the standard
curve is obtained between 0.03~0.3 ug range, and with AAS 0.3 ug.

[Keyword) lead, nickel, chromium, limit of quantification, LOQ, limit of
detection, LOD, ICP, AAS
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