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Elemental Analysis of Drinking Water with ICP/AES

Kye-Hun Park*, Hyung-Seon Shin* and Cheong-Hee Han*

ABSTRACT : Inductively coupled plasma atomic emission spectrophotometer (ICP/AES) is a versatile
modern instruments for the multi-element analysis, but quantitative analysis using ICP/AES with nor-
mal pneumatic nebulizer is not applicable for the measurement of elemental concentrations in water
down to the drinkining water standard level except a few elements because of poor detection limits.
However, the detection limit can be lowered enough to measure drinking water standard, if ultrasonic
nebulizer and/or hydride vapor generator is attached. This method is tested with groundwater samples
from Tajeon area. It is confirmed that the elemental concentrations in these samples are within the
limit of drinking water standard for the most elements. However, uranium concentration is very high
in some samples compared with the concentrations suggested by Environmental Protection Agency of
U.S.A. There is no standard concentration level to this element in Korea and it should be prepared im-

mediately.
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Table 1. Elemental concentration limit for the drink-
ing water.

AZA - 843

Table 2. Detection limits of ICP/AES for the drinking
water analysis.

Drinking water standard(ppb)

Elemeat Korea USA
Ag 100(S)
Al 200 50(S)
As 50 50
Ba 2000
Be 4.0
Cd 10 5.0
Cr 50(+6) 100(T)
Cu 1000 1300(A)
Fe 300 300(S)
Hg non-detect 2.0
Mn 300 50(8)
Ni 100
Pb 50 15(A)
Sb 6
Se 10.0 50.0
U 20
Zn 1000 5000(S)

* A @ action level, S : secondary maximum contaminant
level, T : total, (+6) : VI chromium
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Detection limit* (ppb)

Wavelength Concentric hydride ultrasonic
Elemeat (nm) pneumatic  vapor  nebulizer
nebulizer generator

Ag 328.068 2.0 0.1
Al 396.153 9.5 0.3
As 193.696 15.0 0.2 1.2
Ba 455.404 0.5

Be 313.042 0.1

Cd 226.502 1.5 0.1

Cr 267.716 15 0.07
Cu 324.754 3.0 0.09
Fe 259.940 2.0 0.2
Hg 194.227 6.5 0.1 0.2
Mn 257.610 0.5 0.02
Ni 221.647 6.0 0.3
Pb 220.353 15.0 0.6
Sh 206.838 9.5 0.2 0.8
Se 196.026 10.1 0.2 0.9

U 385.958 13.8 15
Zn 213.856 2.0 0.08

* Detection limit=k XRXC/Sx100 (k=3, R=relative stan-
dard deviation of blank from 10 replicate analyses, C=
analyte concentration, S=signal to background ratio).

Table 3. Experimental conditions for the ICP/AES mea-
surement.

ICP RF power 1.2kw
RF frequency 27.12 MHz
Coolant gas 15 liter/min
Auxiliary gas 1.2 liter/min
Carrier gas 0.8 liter/min
Sample uptake 2 m//min

USN  Heating chamber 140°C

Condenser 5°C
Sample uptake 1 m//min
HVG HCl 5M
NaBH, 0.8%(w/v) in 0.5%
Sample uptake NaOH
HCI uptake 4 m//min.
NaBH, uptake 2 m//min,
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Fig. 1. Calibration lines for the (a) Pb and (b) Cd
when USN (ultrasonic nebulizer) is attached to the
ICP/AES.

Fig. 2. Calibration lines for the (a) As and (b) Se
when HVG(hydride vapor generator) is attached to
the ICP/AES.

Table 4. Concentration of elements(ppb) in groundwater from Taejeon area.

Al Cr Mn Fe Cu Zn Cd Pb As Se Sb Hg U
KROISS 194 <1 <1 <2 <3 <1 <1 <6 <1 <1 <1 <1 <15
KOSEF 258 <1 <1 <2 141 <1 <1 <6 <1 <1 <1 <1 351
KAIST 238 <1 <1 <2 <3 408 <1 <6 <1 <1 <1 <1 56
Chungnam U. 104 <1 <1 <2 <3 7.2 <1 <6 <1 <1 <1 <1 <15
Hotspring Park 25.7 <1 <1 <2 <3 <1 <1 <6 <1 <1 <1 <1 93
Jangdae Spring 324 <1 7.65 10 <3 109 <1 <6 <1 <1 <1 <1 105
Hanul Apt. 147 <1 212 654 <3 1499 <1 <6 <1 <1 <1 <1 <15
Eoeun Spring 223 <1 403 >400 <3 948 <1 <6 <1 <1 <1 <1
Dangdae Spring 356 <1 6.73 <2 <3 662 <1 <6 <1 <1 <1 <1 4
Indong HD Apt 255 <1 221 163 <3 393 <1 <6 <1 <1 <1 <1 <15
Kyeongnam Apt. 20.4 <1 <1 8.7 7.6 10.7 <1 <6 <1 <1 <1 <1 <15
Namseon Park 405 <1 <1 5.9 <3 140 <1 <6 <1 <1 <1 <1 <15
Damsudae 259 <1 <1 50 <3 1275 <1 <6 <1 <1 <1 <1 <15

* Lower limits of the quantitative analysis are set to values approximately 10 times higher than the detection limits list-

ed in Table 2.
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