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ABSTRACT

The accuracy of analytical results in response to the use of different additives (NH,Cl, KCI, LaCl;) and oxidant gases was
evaluated and compared by using Atomic Absorption Spectrometry (AAS). Identification of spectroscopic interferences
and possible improvements in Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) analysis were also
discussed. The average accuracies of total chromium using Certified Reference Materials (CRMs) were found to be
72.1~94.2% in air/acetylene flame condition by AAS, and they were improved to 100.5~110.5% when the oxidants was
changed to nitrous oxide rather than adding the additives. The field samples showed similar trends to CRMs, but
chromium concentrations were highly variable depending on analytical conditions. The average accuracies using CRMs
were estimated to be 89.3~166.1% by ICP-AES, and improved to below 121.7% after eliminating iron interference. Field
samples with low chromium and high iron concentration were measured to be >30% lower in total chromium
concentrations by ICP-AES than AAS in nitrous oxide/acetylene flame. Total chromium concentrations in soil could be
analyzed with better accuracy under nitrous oxide/acetylene flame by AAS because it was more effective to increase the
temperature of the flame than to eliminate the chemical interference for maximizing atomization of chromium. When
using ICP-AES, interference substances, total chromium levels, and analytical conditions should be also considered.
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Table 1. Concentrations of metals in soils

AR H) 23

FIE B4 A= 9] releasing agents AMESI=E &}
I THLim, 1993). F=2Zef=vl-GApd=3-E37)
(Inductively coupled plasma-atomic emission spectrop-
hotometry, ICP-AES)= o8] 945 Al 4% &
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WEE A7t B0 o HPYFS WS 5 AUThUK
Environment Agency, 2006; USEPA, 2007).
£ AToxde AASE o83l F7|etgle] 21
ol 37HA] FF9 HZ7HAI(NHLCI, KCl, LaCly)l wpE
EOO]: = Z?:;_,V_E =L 72-17]_1-“ O%o] }\}§Jr7];‘q]§_ o].lx]_:@;}ﬂ
AF BROEE B9 499 FEE vusl] 398 ¥
2ol Hew sPlolS AESIYIYE S ICP-AESE 9]
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2.1 A2t EAAE

2.1.1. A2k
PrrEl AR B Y QU FATEEYE
(Wako, Japany& M-8R, AAS #41 ] St 71

A AA FES dolrr] Y8l AR Al 25 &
H(Guaranteed Reagent)A |2k 2 NH,CI(Wako 017-02995,

Fe (gkg™) Al (gkg™) Ca (gkg™) Mg (gkg™) K (gkg™) Na (mgkg™)
CRMs
CRM026 215405 11.8£03 6.4+0.1 27400 23+0.1 759422
CRMO030 117404 3.440.1 13.840.2 24400 1.0£0.0 801.0+11.5
CRMO51 63102 6.1£0.3 8.1+03 1.5+0.0 6.120.1 656.4+12.6
SQC001 11.8£02 63£03 41%0.1 17£0.0 24+0.1 743.1+13.8
BAM-U110 24.0+0.4 137402 40.8+0.1 7.0£0.1 37+0.1 684.7+27.5
Field samples
S 209402 152407 1.1£0.0 4.0%0.0 2.0£0.0 1002425
s2 14.6+0.3 153406 10.840.2 2.740.1 2.0£0.0 3022+2.6
83 24.0%0.1 193403 3.940.0 48400 3.540.0 73.0+£2.2
sS4 21.0£0.1 16.740.1 8.9+0.1 3.620.0 22400 75.6 0.4
85 38.6202 23.0+0.1 5.6+0.0 62+0.0 63%0.0 4753%7.0
S6 345406 20603 1.940.0 47+0.1 3.6%0.1 108.54+2.5
7 375+ 1.1 183+1.1 3.140.1 6.0+02 3240.1 134.5+4.0
S8 28.4+0.8 26%1.0 1.840.0 122403 1.740.1 145.6+8.9
S9 225403 164403 0.840.0 8.0+0.1 0.6%0.0 101.4+3.5
S10 405408 374+15 25400 13.7402 10.0+0.2 198.9+8.6
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3} B AFllAE ICP-AES(Perkin Elmer Optima 8300,
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nmES Ag3sle] B3 THISO 22036, 2008, EPA
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uUl10004 71 EJJJ} —3— &0 7= KCE:
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2003, EPA 7000B, 2007, ISO 11047, 1998). AI8}7|A] RE WSS Bole 9 &42& ﬁﬂ7}ﬂait‘r(Fig 1.
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Table 2. Results of quality assurance and quality control

AAS ICP-AES
Air/Ac N,O Wavelength (nm)
No additive NH,Cl KCl LaCl; /Ac 267.716 205.560 283.563

Linearity (%) 0.9992 0.9994 0.9998 0.9999 1.0000 0.9999 0.9999 0.9998
Average (n=7, mg'kg™)  3.233 3.303 3.390 4.157 3.267 1.712 1.722 1.763
Standard deviation 0.097 0.115 0.023 0.034 0.056 0.005 0.005 0.008
accuracy (%) 96.9 99.1 101.7 124.7 98.0 102.7 103.3 105.8
Precision (%) 3.0 35 0.7 0.8 1.7 0.1 0.3 0.2
MDL (mgkg™) 0.304 0.360 0.073 0.108 0.177 0.016 0.017 0.025
LOQ (mgkg™) 0.967 1.147 0.233 0.343 0.563 0.051 0.054 0.080
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Table 3. Total chromium mean concentrations in soil samples according to additives (NH4Cl, KCIl, LaCl;) under air/acetylene flame

condition using AAS
Total chromium concentration (mg-kg™)
Without additive With additives
(mgkg™) NH,CI (mgkg™) KCI (mgkg™) LaCl; (mgkg™)

S-1 2.8%0.1 3.3+02 5.7£0.0 3.6+0.1
S-2 6.1+0.1 8.3+0.0 5.6+0.2 5.3%0.1
S-3 9.0+0.2 9.1£0.2 9.61£0.2 9.0+£0.2
S-4 10.4%+0.1 12.3£0.1 12.7£0.1 10.5£0.1
S-5 29.2+0.2 32.5+0.2 324+0.2 20.0£0.1
S-6 26.1£0.2 31.7£0.6 31.7£0.1 17.9+0.3
S-7 353104 41.9£0.7 42.0£0.3 27.9+0.9
S-8 48.8+0.4 59.9+0.4 59.5+0.5 40.2+0.3
S-9 71.8+0.5 73.8+1.0 63.310.6 44.11£0.7
S-10 76.4%+0.5 84.1+0.3 100.7+ 1.6 52.5+1.2

Values were reported as mean of 3 replicates= standard deviation
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Fig. 1. Accuracies according to additives (NH,Cl, KCI, LaCls)
under air/acetylene flame condition using CRMs.

BAM-U110

NH,CE 3718 A9 1.2-35.7% 32557} ZVlshe
AES HYoy Hex 50 we SHEde Jepd
A ATt KCH: F7K ZAS tiRE A 5 7P
2 VHEAE BYoH, Na®t Ke=r) 7P =2 Al
ES10004 FAEEE7F 7P 2A S7FsE ¥, Nast
K&=7F 7FE 22 AR (S8elre 2318 5557t
skt LaClys 3718 9= CRM #4279} v}
FVHAZE g2 FH7HAe vlE] B4 SR BHA

23|y FAFETEI} HoRAlE Ao=E HriE o]

Table 4. Total chromium concentrations in soil samples using
different oxidants; (A) Air, (B) Nitrous oxide

Total chromium concentration (mg-kg™)

(A) Air/Ac (B) N,O/Ac
S-1 2.8+0.1 7.7£0.1
S-2 6.1£0.1 10.8+£0.5
S-3 9.0£0.2 13.6+0.3
S-4 10.4%+0.1 17.4£0.8
S-5 29.2+0.2 48.6£0.3
S-6 26.1£0.2 524102
S-7 353+04 558t 1.1
S-8 48.8+0.4 81.9+1.7
S-9 71.8£0.5 127.9+0.5
S-10 76.4%£0.5 152.0£0.5

o} Zo] AirAc BROE FaFS FAY W 7P
HEEA] FaE0] EAEE el TIdeAe gon A
7o =9 B EYSAC wt deee] Y A
5 83} HE=A vebd S AeS SRISIITHTable 3).

3.1.2. 2Bl e Agw vl

2BPIAIE N0 ARSSE 73-9elle CRMOl gk Bt
A5 (%)= CRM026 100.5+5.1, CRM030 110.5+22,
CRMO051 101.0+ 1.4, SQC001 105.3+0.7, BAM-U110
101.8 + 1.192 /M o ¢ $2 Fx /|d a9&
etk SR s 9] ABEPIAE 37I= S A
o] FA%F F= ¥ N,0F ABPAZ A3
) HF Bt 1,527 7181900 CRMellA 9]
AR} F71E0] @R A Yeht AAARNME 4F
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3.2. ICP-AES HEM HJ|
3.2.1. 23 2 w7t
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gt FF8NS TAFEAE I 267.716, 205.560,
283.563 nmelA] SAgE A He o3 FE HI
(Partial overlap)o] 7P & F3Fo =2 SRIATHFig. 2).
ST, 44, vk, YER, 2FY A9 back-
ground shift 7Hdo] ASE A= dEA ot
1000 mg - L™ $&=2 ZASl] 7} apd= ZA3 23
BT S olslE SgEo] FAIR 5o JAR] A
o2 HriE Aot
He] P T TR Fov R oE I
Fon, BAo Fo] FaEsT(ye B4 T Ho T
Tt AFTAE 7KL U= Aoz ) 7t 5t
A BAAXL 267.716 nmOl Ay =0.0004x — 0.0225(° =
0.9990), 205.560 nmol| 4]y =0.0004x — 0.022(2= 0.9994),
283.563 nm A y=0.0013x — 0.0426(% = 0.9984)°] 1t}
sER FHe| 7Hds AT 7% 267.716 2 205.560

o

Of
o o

Nr

o=
T

871

Ho

@7 -

ol B Aelwe] =jolrl 0-5%ol Eakslgont
283.563 nmol| A= 0~50.8%71A] zto]7} WAsh= Ao
HrkElol FaE A Al vpgol we) Ao o8k #3s}
A 230 digh At BAgo] Mg 4+ Qltal FHE]
AtHFig. 3).

3.22. 3H A4 ot

2389 =4 oz AP 267.716, 205.560,
283.563 nmolA4] CRM 5%l tgt Ho A== 2z}
89.3~105.6%, 90.5~99.3%, 92.8~166.1%% H7}= At}
283.563 nmel|x19] it FEE= Ho] IHHATS 1A
T AT 92.8~121.7%=2 FE] EYFLATBAIRTE
o] H3w =3 WS UESIAthFig. 3).

HAANE F ASFEE N,02 BP7IAR ARSSH
AASS] EAA3 thH] 267.716 nmo A E 68.2~93.0%,
205.560 nmolIAE 60.6~96.8% FC& H7lEo] CRM
o Hlgl] o & Aol YEMIHE 53], TA7] F&
7F 20 mg-kg™! vRtol HEIEL] F= HI7F 1000 ©]
Al AlE(S1~S4)°14 ICP-AES E4123R= AAS(N,0/
Ac BEZ7) 45239} 30% ol IA Zolrh Y=
Ao WriEo] Aek FAFE B4 Al Fosiolor &
Aoz ATt 283.563 nmolA EHE FIABEE
+ AAS(N;O/Ac EZEZ7) #AEAHT BE AR
A B7EERlen FH) 3u7kA] Zfol7b Witk 283.563
nmol|Ae] A= He| A TS AT He
AAS(N,O/Ac E5Z3) A4 ete] 2tol7t 30% oW
¢l Ao YERO™(S5~810), 20 mg-kg ™! H|THe] F=
S TS A8 A Y F 557F AAS(N,O/Ac
B22A)] 50% nlut 02 Hrlwo] 2HE 1BAo]
ole}e Ao FAAHEUTH(Table 5). ICP-AESE ©]-8&-3}]
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Fig. 2. Spectra arising from Fe interference at different wavelengths in ICP-AES; at (A) 267.716 nm, (B) 205.560 nm, (C) 283.563 nm.
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Fig. 3. Comparison of accuracies of CRMs at different wavelengths depending on the correction of iron interferences; (A) No correction,

(B) Fe interferences corrected.

Table 5. Total chromium concentrations in soil samples by ICP-AES

Total chromium concentration (mg-kg™)

283.563 nm
267.716 nm 205.560 nm
Before correction After correction

S-1 52402 6.4£0.3 23.5+0.2 Below LOQ*

S-2 72103 7.81£0.3 20.3+0.5 2.7%£0.5

S-3 9.1£0.1 82+0.2 30.9£0.9 2,609

S-4 11.3£0.5 10.7£0.5 327104 83104

S-5 40.0+0.5 41.8+0.5 79.2+1.1 36.2+1.1

S-6 43.3£0.9 45.0+£0.9 81.0+1.5 432+1.5

S-7 474+04 48.31+0.3 81.6+0.3 40.0+0.3

S-8 69.31£0.5 73.3£0.6 91.1£14 61314

S-9 107.4+3.1 111.7£3.3 139.0+4.1 116.8xt4.1

S-10 141.3+1.9 147.1+23 191.1£3.2 145.5+3.2
* LOQ : Limit of Quantification
B F 338 B4 A B0 BAgule wgEe .8 B
F82 A FN] A (viscosity), 3E7dE (surface tension),
271 (vapour pressure), Wx(density) 52 G WS B9 = 20 okl Budo g ZER)5=r 3
S ol B8 SeFzoe BAsie 49 NI B 39 BEE 248 fel] B 3 S350 2%

FEA 7+ Axo] zpo]lZ Q18K nebulizerd] &-80] W
 Aedl, 283 2ol HlE Au|E@A|EHE emission
signals®ll &S v]AH AP systemic errorsE o7&
< 2JthShirdam et al., 2008; Miles, 2007). <, ICP-
AESEA1S AASEAC] Hlste] EYEA we} #4424
o] JIr) olx)7] AEZ 9T F5E 1
ate] FAstool & Aoz dAE| Tt

9} tiekst 2|7k 2] ke mEsforsitt. 71 del A
B3h= AASY} ICP-AES—% olgsle] 2I2S BAE A
o 71—2_1{-9_ *ﬂi E}.E_ 7]-/}30316‘1:—— 113:1-{_1:}. AAS %@I%}q
3% AirAc X EY F FAES w4 A FAE
o) FEET BEYSA, e FRel wt £49) 3
I o Ax 9 G} b2A dehde Ao 7}

HAtk. FAFL ABPIAE T8} oplsEAS BF
AREE = e Aoz dEA Yot N0 2EAE
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