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Abstract 

For the ICP atomic emision spectrophotometireal analysis of the heavy metals in industrial 
wastewater, it is important to take the spectral interferences and nonspectal interference of major 
elements into consideration, because in some cases the interferences lead wrong analytical values.  
 We studied that the spectral interferences and nonspectal interference of nitric acid, sodium and 
calcium have influence on analytical values of heavy metals (Cr, Mn, Fe, Cu, Zn, Cd, Pb). The 
results showed that these interferences gave a wrong recovery of heavy metals. However the wrong 
effect was almost controlled by internal standard method. We also confirmed that internal standard 
method was effective for simulations analysis of the heavy metals in industrial wastewater. 
Key words ICP-AES, heavy metal, industrial wastewater, interference, internal standard method 
 

 
 

, JIS K 0102 (JIS )

. ICP
(ICP-AES), ICP

(ICP-MS), , 
. 

, , 
, ICP-AES

. 
ICP-AES , JIS

, 
ICP-AES , 

10
ICP-AES JIS , 

(Na), (K), (Mg), 

(Ca) , 

, 

. , , 
. 

, 
, 

, 
. , 

ICP-AES
. 

, 
, 10 .  
, 

, 
, 

. 
 



－ 96 －

 
 

 
 

ICP-AES
(Cd) (Pb) (Cu) (Zn) (Fe)

(Mn) (Cr) 7
 

WAKO  
Cd, Pb, Cu, Zn, Fe, Mn, Cr ICP

W-  100mg/L(WAKO , 
Y ,  Na , Ca , K , Mg

1000mg/L(WAKO  
 

 
 

500mL , 
5% 25mL , 

15mL
. , 5B

, 50mL 10
. 
 

0.1N ,
. 

  
   0, 0.1, 1.0, 10 mg/L 

 0, 0.05, 0.1, 1.0 mg/L 
 
1mg/L
. , 

, 1mg/L

. 
 
(Y)

1mg/L
0.1mg/L . 
Na, K, Ca, Mg  

NaCl, KCl, CaCl2, 
MgCl2 0.1N , . 

 

 
Table 1  Operating conditions of ICP-AES 

Spectroscope Sequential monochromator
Frequency 27.12 MHz
RF power 1.2 kW
Coolant gas 14 L/min
Plasma gas 1.2 L/min
Carrier gas 1.0 L/min
Observation height
in plasma 15 mm

Integration time 5.0 sec
Analytical line Cr  267.716 nm Cu  327.396 nm

Zn  213.856 nm Cd  226.502 nm
Mn  257.610 nm Y   371.029 nm
Pb  220.351 nm Fe  259.940 nm
Na  589.592 nm K   766.491 nm
Ca  393.366 nm Mg  279.553 nm
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Fig.1  Effect of nitric acid concentration on 

recovery of heavy metals 
  

 
 
Fig.2  Effect of nitric acid concentration on 

recovery of heavy metals by internal 
standard method 
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Fig.3-1  Effect of calcium concentration on 

recovery of heavy metals 
 

 
 
Fig.3-2  Effect of sodium concentration on recovery 

of heavy metals 
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Fig.4-1  Effect of calcium concentration on 

recovery of heavy metals by internal 
standard method 

 
 

 
 
Fig.4-2  Effect of sodium concentration on recovery 

of heavy metals by internal standard 
method 
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Figre 5  Effect of sodium concentration on 
recovery of heavy metals by various 
wavelength 
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Fig.6-1  Effect of nitric acid concentration on 

recovery of heavy metals on ultra sonic 
aerosol generator 

 
 

 
 
Fig.6-2  Effect of calcium concentration on 

recovery of heavy metals on ultra sonic 
aerosol generator 
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Fig.6-3  Effect of sodium concentration on recovery 

of heavy metals on ultra sonic aerosol 
generator 
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Table 2  Recovery of heavy metals on industrial 

wastewater 
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Na
K
Ca
Mg

- + - + - + - +

Cr 46 89 91 96 71 93 56 81
Mn 49 88 95 110 77 94 69 83
Fe 46 102 113 110 96 103 65 79
Cu 62 115 105 108 101 105 91 110
Zn 55 98 97 95 86 101 96 100
Cd 46 95 88 98 67 89 63 77
Pb 50 89 75 91 70 90 70 84
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