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Interpretation of Chemistry Analytical Data in Precipitation

Gong-Unn Kang, Chong-Nam Chun, Hui-Kang Kim*
Dept. of Environmental Industry, Wonkwang Public Health Junior College
*Dept. of Environmental Engineering, Kon-Kuk University

ABSTRACT

Precipitation samples were collected by the wet-only event sampling method at Seoul from Sep-
tember 1991 to April 1995. Concentrations of samples for the ion components(NO,, NO,, SO.*, Cl,
F, Na’, K", Ca”’, Mg", and NH.") were measured in addition to pH and electric conductivity. During
the sampling period, 182 samples were collected, but only 163 samples were identified as valid. The
pH, calculated from the volume-weighted H' concentration, was found to be 4.7, indicating a re-
latively intensive acidity compared with data from other regions of the world, where acid deposition
was known to be a problem. Above all, the concentration of non-seasalt sulfate was 84 peq/L, which
was the highest compared to that measured in other regions of the world. The major acidifying ions
in the precipitation at Seoul were identified as sulfate and nitrate except for chloride, because the
Cl/Na ratio in the precipitation was close to the ratio in seawater. If all of the non-seasalt sulfate
and nitrate existed in the form of sulfuric and nitric acids, respectively, the average pH in the pre-
cipitation was calculated as 3.7, lower than the measured value. Consequently, the difference
between the calculated and measured pH suggest that the acidity of precipitation was neutralized by
alkaline species, not due to the low contribution of an anthropogenic air pollutants to the pre-
cipitation. The equivalent concentration ratio of sulfate to nitrate was 3.5, which indicated that the
contributions of sulfuric and nitric acids to the precipitation acidity were 78% and 22%, respectively.

Keywords : Precipitation samples, ion components, acidity. non-seasalt sulfate and nitrate.
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Table 1. Analytical parameter, method and instrument for chemical analysis of precipitation samples.

Analytical parameter

Method

Instrument

pH Electrode method
Electric conductivity Electrode method

SO, NOy, CI, F, NO, Ion chromatography

NH,’ Indophenol blue method;

Ion chromatography
Atomic absorption

spectrophotometry;
Ion chromatography

Na', K*, Ca‘”, Mgz+

pH/ion analyser-250, Corning Inc.
Conductivity meter SC-17A4,
Suntex Inc.; CM-20S, TOA Inc.
ICA-3000, TOA Inc.

UV-240, Shimadzu Inc.;

GBC 901, GBC Inc.;
AA 6500, Shimadzu Inc.;
Dionex 100, Dionex Inc.
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Table 1. Analytical results of chemical composition in the precipitation samples(n=163).

u ECobs Ca*™ Mg K- Na®* NH," NO;y NO. (I F SO
p
(uS/cm) (peq/L)
VWM* 4.71 24.4 30.3 6.2 7.2 227 55.2 24.1 0.4 19.4 1.5 86.6( 83.9)¢
STD* 147 8.3 8.1 1.7 2.6 83 178 79 0.1 5.7 0.7 29.3( 28.4)
MAx 5.85 29.6 835 132 105 324 764 332 1.1 403 5.1 121.8(117.9)
MIN 4.48 16.5 240 4.9 48 153 415 179 0.0 16.0 0.2 58.4( 56.6)
AM’  5.37(4.74)* 50.1 946 199 166 555 1136 55.0 0.8 57.3 5.9 190.2(183.6)
STD 0.54 10.1 31.0 5.5 4.0 15.8 124 157 0.5 154 4.6 38.3( 38.1)
MAX 6.29 584 1514 284 219 797 1257 811 829 829 137 232.3(224.9)
MIN 4.71 30.6 574 120 116 37.3 90.2 356 394 394 0.2 120.6(116.2)
* VWM : volume-weighted arithmetic mean
n n
VWM of analytical parameter except pH = [ z (X, P)/( 2 Pyl (1)
=1 i1
n n
VWMopr=—log[2(Hi*XP,)/(ZP‘)] ...................................................... (2)
=1 i=1
y SO42"
" nss - SO =(SO} )pv(~N_w Teawater X (N@T Jy -+ oo (3)
a+
" STD: volume-weighted standard deviation
N N
2 PXP-(XPIX]Y
STD = i=1 S L PRSPPI (4)
(P P(n-1)
i1
n
# AM : arithmetic mean AM of analytical parameter = [z (X)/m] e (5)
i=1
§ (4.74):AMopr=—log[(2(l-lf))/n] ........................................................ (6)
i=1

Here.n :the number of valid sample  H," : H' concentration of event i; (mole/L)

P, :rainfall of event i; (mm)

(4.74)% (6)A]3} 7o) ztzhe) 7bpAlgel pHEH
B H'e 2535 Es 73 F olie deied
Fshod ThA] pHE BAksle] Lhehll Zlolch, of7]d]

X; :anlytical parameter of event 1; (yeq/L)

MAX) % #HAZ(minimum; MIN)-& 22 AbE3)
o vepd el b 71 ol wE it
Eubyol] wle} zbzt o BAREE Pk o7

, ZA 77 Foke] WA o] gt EEH A A
7rekr e o] A (DA 7o) AlEale] viEl

A ne AlFAel e Aoz FAHE 4t Alv A

5 fuisty, H'e 2 Al8e pHEY Y A2 &

H™9] E%a5=(mole/L)E, Piv 7+ A& 7 W Zlojc 2
F(mm)E& 223 X= 2 A EF o)A ¥ 2

EX(peq/L)E ovidict 2w Zbae] 3hakaAd 3. 2o MY
o e B4 s 4] SO~ A 1 Abdego] A

dubgdal sjdol falshe A2 deiA gl
Blal g 7199 SO (nss-SOL)E (3)A] 7} 7o) At
Z3te] Yehligdcl®

w3 FAAH Y AT S Fetstr] ¢
sle] 2t BAEES] JdWaad dig 25
(standard deviation; STD)¢} #dligt(maximum;

23717 S A Aae] AHE D 2 2
Mapel g ¥4ske]l QoRE Table 17 2ol
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i, o) oI5 2ok A 21 AETHAE A
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Fig. 1. Monthly variation of pH according to VWM
and AM in precipitation samples.
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Fig. 2. Frequency distribution curve of pH by the
polynominal fit statistics treatment.
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Table 2. T-test results of annually analytical data according to the computation methods of central tendency

value in the chemical components of precipitation.

NH, K' Ca” Mg* Na' F NOy NO, SO Cr
weq/L
VWM (N=5) 59.5 7.5 40.5 7.7 23.4 1.9 25.8 0.4 93.3 23.3
AM (N=5) 113.6 16.6 94.6 19.9 55.5 5.9 55.0 0.8 190.2 57.3
Prob> | T | 0.000"  0.004*  0.021*  0.005* 0.005* 0.143 0.008* 0.283 0.002*  0.005*

* Prob<().05

Table 3. Comparison of volume-weighted average concentration of major ions in the precipitation.

Caz~ Mgzo K+

Na’ NH, NOy cr SO (nss-SO4)*

pH
(ueq/L)
Albany, New York* 4.1 10 3 6 5 27 45 8 63 (67)
Ontario, Canada® 53 13 3 1 3 17 11 5 64 (64)
Hebden Bridge., U.K.” 4.3 18 18 3 69 60 42 99 34 (76)
Japan” 47 26 21 5 86 22 16 108 55 (45)
Seoul® 4.7 30 6 7 23 55 24 19 87 (84)

2-

SO?
*:ngs — SO7 =(S07 ), — ( T e X (Na®)

N precipitation

Khwaja and Husain (1990); *
: Tamaki et al. (1991); * : This study

: Zeng and Hopke (1989); “

: Lee and Longhurst (1992)
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