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Abstract: ICP-AES has been used in many laboratories due to the advantages of wide calibration range and
multi-element analysis, but it may give erroneous results and suffer from spectral interference due to the large
number of emission lines associated with each element. In this study, certified reference materials (CRMs) and
field samples were analyzed by ICP-AES and HG-AAS according to the official Korean testing method for
soil pollution to investigate analytical problems. The applicability of HG-ICP-AES was also tested as an
alternative method. HG-AAS showed good accuracies (90.8~106.3%) in all CRMs, while ICP-AES deviated
from the desired range in CRMs with low arsenic and high Fe/Al. The accuracy in CRM030 was estimated
as below 39% at the wavelength of 193.696 nm by ICP-AES. Significant partial overlaps and sloping background
interferences were observed near to 193.696 nm with the presence of 50 mg/L Fe and Al. Most CRMs were
quantified with few or no interferences of Fe and Al at 188.980 nm. ICP-AES properly assessed low and
high level arsenic for field samples, at 188.980 nm and 193.696 nm, respectively. The importance of the choice
of measurement wavelengths corresponding to relative arsenic level should be noted. Because interferences were
affected by the sample matrix, operation conditions and instrument figures, the analysts were required to consider
spectral interferences and compare the analytical performance of the recommended wavelengths. HG-ICP-AES
was evaluated as a suitable alternative method for ICP-AES due to improvement of the detection limit, wide

calibration ranges, and reduced spectral interferences by HG.
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Table 1. Given concentrations of metals in four CRMs
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Certified value (mg/kg)

CRM No. Soil texture pH
As Fe Al Cr v Mn Mg Ca
CRMO026 5.41 21900 17700 272 32 633 2840 6220  sandy loam 4.29
CRMO030 13.1 8320 4810 43.8 29 127 2470 14200  loamy sand 6.54
CRMO51 79.4 6490 12600 171 213 408 1440 8320 clay -
SQC-001 264 11200 - 168 278 218 1690 4170 - -
Table 2. Operating conditions for ICP-AES and HG-ICP-AES
ICP-AES ICP-AES HG-ICP-AES
(Varian 720ES) (PerkinElmer Optima 8300) (Varian 720ES + VGA-77)
RF power 1200W 1500W 1000W
Plasma gas flow 15 L/min 15 L/min 15 L/min
Auxiliary gas flow 1.5 L/min 0.2 L/min 1.5 L/min
Nebulizer gas flow 0.75 L/min 0.55 L/min 0.75 L/min
Sample uptake rate 1.5 mL/min 1.5 mL/min 1.5 mL/min
Calibration range 0~2 mg/L 0~2 mg/L 0~50 pg/LL
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Table 3. Comparison of arsenic concentrations in CRMs measured by ICP-AES and HG-AAS

(Unit : mg/kg)

ICP-AES? ICP-AES® HG-AAS
193.696 188.980 197.198 193.696 188.980 197.198 193.7
CRMO026 - 7.366+0.634  5.192+1.844 - 5.600+£0.220  5.307£0.213  4.910+0.105
CRMO030  5.056+2.675 12.363+0.656 12.473+7.351 5.133£0.400 12.533+£0.292  12.160+0.998 13.929+0.776

CRMO51 70.963+£2.910 75.151£2.187 79.098+5.184
SQC-001 269.639+8.292 274.758+7.532 263.245+7.468

66.733+1.236 74.333+1.414
266.667+2.797 268.667+3.584 269.533+£3.364 263.902+15.347

74.333+£1.989  76.190+2.639

a) Varian 720ES
b) PerkinElmer Optima 8300

AMEER oM, AL 0.05, 0.1, 0.5, 1, 2 mg/Le]
EEg&do=z AAATE IFLS 193.696, 188.979
(188.980), 197.198(197.197) nmZ ©]-&3ted H]w - 7
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(Table 2).
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Fig. 1. Arsenic spectra for four CRMs(A: CRM026 and CRM030; spectral interferences observed at 193.696nm, B: CRM051
and SQC-001).
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Fig. 2. Arsenic spectra arising from interference at 50mg/L. level (A: Fe solution; partial overlap, B: Al solution; sloping

background).
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Table 4. Comparison of arsenic concentrations using ICP-AES and HG-AAS (Unit : mg/kg)
ICP-AES HG-AAS
Sample
193.696 188.980 197.198 193.7
S-1 - 2.922+0.103 5.728+0.318 3.151£0.042
S-2 5.800+1.027 22.678+0.220 27.372+0.399 23.946+0.154
S-3 17.689+0.558 30.067+0.497 36.8610.558 33.381+0.283
S-4 62.389:£0.393 76.167+0.490 86.889+0.393 68.422+1.738
S-5 543.778+6.914 556.778+4.629 568.833+5.702 522.583+6.345
Z9] AsIE B3 bias7t £ EAL HYr}’ 2 Table 5. Results of quality assurance and quality control for(
Ao M durgo s 714 do] AL 188979 nm 3 instruments
AgA A, dFnF T AZPREY ¥Evt =L ICP-AES ~ HG-AAS HG-ICP-AES
CRMO0269] 73-¢- 5742 o7k BT <= &= ¢  Spiking Conc. 1,500 0.083 0.083
sl (mgke)
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32, BEANE BM Z3 "It QA/QC sample
Mo wEsb gogs @FAE 5@ thete]  concentration 33 0080 0.056
o= o wesle O ) 1.500 0.078 0.069
193.696, 188.979 nm ‘;’i 197.198 I]I'Iloﬂ}‘i ICP-AES= Zr;?]ilc)ates 1.400 0.077 0.119
- ) - m
A A3 AsrdA s 24 43 Zolrt o g 1.533 0.083 0.077
710, S ppmaFe] WEEoA B Azl 2} 1.500 0.077 0.110
o= +10% °|W= YEFSITH(Table 4). ICP-AES®] & Average (mg/kg) — 1.471 0.080 0.092
M Ase AR AES-1-3)004 3709 97 = SD (mg/kg) 0.055 0.003 0.023
188.979 nmolA1 el A7} HG-AAS B4 Axe} 714 Precision ((%) 3.72 3.95 24.90
_ ~ Accuracy (%) 98.10 96.67 111.16
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I I
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Table 6. Arsenic contents evaluated at 3 wavelength using HG-ICP-AES (Unit : mg/kg)
Wavelength(nm
Material gihipm)
193.696 188.980 197.198
CRMO026 4.754+0.331 4.92240.428 5.008+0.363
CRMO030 13.413+0.313 13.134+0.426 13.889+1.293
CRMO51 77.071+2.880 78.532+3.796 80.591+5.679
SQC-001 297.328+10.602 297.38549.591 294.857£9.917
As 193.696 As 188979 As197.198
400 400 19
- CRM030 - CRM030
, CRM026 . CRM026
] = £
\/‘\‘/‘ N \‘\/J\\‘/\‘/ \/_* A

0 0
193.664 Wavelength(nm) 193726 188.949

Wavelength(nm)

0
189.009 197.167 197.229

Fig. 3. Arsenic spectra for CRM026 and CRM030 using HG-ICP-AES.
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