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Abstract

A method is developed for the simultaneous determination of dissolved iron, copper, and zinc
in rainwater. The method involves 25-fold evaporative concentration, ion chromatographic
separation and subsequent spectrophotometric detection after post-column reaction with 4-(2
-pyridylazo) resorcinol.

Analytical sensitivities, being defined by the slopes of calibration curves, are 0.93, 0.54, and
0.11 Abs/ pg/ml for iron, copper, zinc, respectively. Detection limits render around a few tenth
of one ng/ml. Precisions evaluated by replicate analysis of real sample are better than 10%
RSD. Due to the lack of certified standards for rainwater, the accuracy of the method could
not be assessed directly. However, the results of this method agree well with those by induc-
tively coupled plasma mass spectrometry.

Analytical results for a suite of Seoul rainwaters are presented herein.
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Table 1. Instrumental parameters and analytical
conditions for ion chromatographic analy-

sis.

Ion Chromatograph Dionex 4000i

Sample Loop Volume 500 gl

Concentrator Column  HPIC-CG5 (4 mm ID x 250
mm)

Separator Column HPIC-CS5 (4 mm ID X 50
mm)

Detector UV Detector

Eluent 6 mM PDCA,

50 mM Acetic Acid,
33 mM Sodium Acetate

Eluent Flow Rate 1.0 ml/min
Mixing Device Mixing Tee
Postcolumn Reagent 0.2 mM PAR,

1M Acetic Acid,
3M Ammonium Hydroxide

0.35 ml/min
520 nm

Reagent Flow Rate
Detector Wavelength

Table 2. ICP-MS measurement conditions.
Plasma power 1.3 kW

Reflected power <10W

Coolant Ar gas 14.0 I/min

Plasma Ar gas 0.5 1/min

Carrier Ar gas 0.75 I/min

Sample uptake rate 0.35 ml/min

Position of sampling 10 mm from the load coil

cone orifice

Nickel-coated Nicone
(aperture 1.0 mm)

Sampling cone

Nickel-coated Nicone
(aperture 0.7 mm)

Skimmer cone

Pressure in spectrometer

1st stage 0.23kPa

2nd stage 2.0x107%kPa

3rd stage 24x1077 kPa
Dwell time 0.01 s channel™!
Number of sweeps 200 times
Analysis time 66 sec
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Fig. 1. Variation of capacity factor as a function of
the eluent pH.
Table 3. Peak resolution as a function of eluent pH.
H Fe (III) Cu(Il) NidI) Zn(ID)
p ~Cu(Il} -Ni() -Zn(I) -Co(Ii)
4.0 16.5 3.02 2.04 3.21
4.2 10.4 2.64 1.43 2.77
4.3 8.63 2.42 1.36 2.77
4.4 6.78 2.26 1.27 2.16
4.5 5.54 2.10 1.28 2.25
4.6 2.25 1.70 1.02 1.71
4.7 2.84 1.73 1.02 2.69
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Fig. 2. Variation of absorbance as a function of the
flow rate of PAR solution.
Table 4. Absorption maxima of metal-PAR com-
plexes.
Metal-PAR Amax £
Complex (nm) (cm~'mole~'liter)
Fe (II1) 500 2.54 %10
Cu(Il) 510 3.97x10*
Ni(II) 495 7.01x10*
Zn(II) 495 3.58x10*
Co(II) 515 5.72x10*
& ; molar absorptivity
Fe3+
(a)
(b)
Cuz‘ C02+
oy N

Fig. 3. Ion chromatograms for standard and Seoul
rainwater.
(a) Seoul rainwater, (b) mixed standard

solution treated with H.O, (each metal con-
tent : 1 ppm)
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Table 5. Sensitivity and limit of detection.
Metal Sensitivity Limit of Detection
ion (abs/ ug/ml) (ug/ml)
Fe(III) 1.03 1.2%x1073
Cu(Il) 0.420 3.0%x1078
NiIl) 0.125 5.2x107%
Zn(II) 0.096 1.3x10°2
Co(ID) 0.480 4.5%1073
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Table 6. Reproducibility of ion chromatographic
analysis for Seoul rainwater.
(value : peak height)

4 F A, T,

Run No. Fe (III) Cu(ID) Zn(II)
1 116981 6167 7151
2 122191 4412* 6869
3 121118 4481* 7215
4 107279 6224 7215
5 119160 6757 7201
6 136187 6393 8181
7 120680 6717 7530
8 132955 6806 7428

Average 122069 6511 7349

RSD (%) +6.94 +3.99 +4.95

* . Rejected on the basis of Q-test.
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Table 7. Zinc concentration in Seoul rainwater
determined by the present method (IC) and
flame AAS.
n (ug/l)
Run No.
IC AAS IC/AAS

1 60.3 70.0 0.86

2 57.0 52.0 1.10

3 61.0 62.0 0.98

4 61.6 58.0 1.06

5 60.9 60.0 1.02

6 72.4 72.0 1.01

7 64.8 72.0 0.90

8 63.6 70.0 0.91

Average 62.7 64.5 0.98

RSD (%) +6.8 +10.9 +8.0
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Table 8. Analytical results for Seoul rainwater
obtained by the present method (IC) and
ICP-MS.
(unit : pg/1)
Fe(lII) Cu(ID) Zn(ID)
Date
IC IC ICP-MS IC ICP-MS
HNO, BK 0.85 — 0.10 0.29 0.23
samp BK 1.47 0.54 0.28 0.43 0.47
’90/7/2 25.2 2.88 3.62 15.2 11.4
7/7 36.8 2.97 3.89 16.2 17.4
7/10 21.1 3.73 4.29 11.3 11.8
7/17 8.11 0.92 1.17 7.42 7.04
7/22 136 15.6 13.7 64.3 59.2
7/24 13.5 1.26 1.44 16.4 12.3
8/16 4.86 6.06 5.39 19.0 14.1
8/20 6.01 0.95 0.73 1.87 2.67
8/31 5.58 1.50 1.76 13.9 13.9
9/1 14.8 1.29 0.90 7.48 6.58
9/11 2.51 0.45 0.35 1.90 2.44
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