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Acid rain has recently become a serious environmental 
problem in Japan. The observation of acid rain by the 
O.E.C.D. project "Long Range Transport of Air pol- 
lutants" have shown that acid rain is widespread in 
Europe (Marsh 1978). Acidification of many lakes in 
the northeast areas of the United States and Canada 
has impacted fish life (Hultberg et ai.1982). Acid 
rain is regarded as the results of air pollution mainly 
derived from SO_ and NO , which are hydrolyzed and/or 
oxidized to H S~. and H~O_, respectively (Mcnaughton 
1981, Gallowa~ e~ ai.1981~. Marsh(m978) reported that 
the acidity of rain is governed by the overall charge 
balance equation of the ions in solution. Krupa et al. 
(1976) stated that no correlation could be found be- 
tween the concentrations of SO~-, NO[ and Cl- and the 
observed change in pH of rain ~ater. J Therefore, there 
is no general theory for the acidity of rain water. 
Since few detailed investigations have been appeared in 
the effects of various kinds of air-polluted chemical 
components on acidity of rain water, we performed the 
determinations of pH, electric conductivity (EC) and 
cationic and anionic ions in rain water collected from 
industrial and residential areas in the southern part 
of Hyogo prefecture in Japan and compared the re- 
spective data. 

MATERIALS AND METHODS 

Sixty two samples of rain water were collected through 
a year ( from January in 1986 - to December in 1986 ) 
from two different locations: Kobe and Tsuchiyama. 
The two locations, situated in the southern part of 
Hyogo prefecture in Japan, were chosen as representa- 
tives of residential and industrial areas, respectively. 
During this period there were thirty one times of rain- 
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falls. All the rainfalls were individually collected 
in funnel-bottle samplers (volume: 2000ml) and the col- 
lected rain water was kept at 4~ until analyzed. 

The concentrations of SO 2-, NO3, NO2, CI- and NH 4 in 

rain water were assayed by colorimetric methods, while 

those of Na +, K +, Mg -+ and Ca 2+ were determined by an 
atomic absorption spectrophotometric method. 

RESULTS AND DISCUSSION 

Figure 1 shows variations of the amounts of rainfall 
and pH in rain water collected from the two locations. 
In almost all cases, the pH value of the rain water 
collected from the industrial area was higher than 
those from the residential area. The respective 
amounts of rainfall were closed to each other except 
in 1 May and 29 August 1986. Table 1 shows the as- 
sayed values of pH, EC and the ion concentrations in 

the rain water. The average concentration of SO~- 

regarded as the most probable concomitant to acid rain 
in industrial area was 5.1 mg/l, which was signifi- 
cantly higher than those in the residential area(2.5 
mg/l). On the other hand, the mean value of pH in 
the rain water of industrial area was 6.3, which was 
a little higher than that in those of residential area 
(5.8) but not significant. This is a discrepancy, be- 
cause air pollution in industrial area is generally 
more heavy than that in residential area and therefore 
everybody can imagine the formers may be more acidic 
than the farters. In order to clarify the discrepancy, 
we assayed all the ions in the rain water. The results 
showed that the concentrations of cations (NH~, Ca z+, 

Na + and Mg 2+) in the rain water of industrial area were 
significantly higher than those in the residential area 
(Table i). Figure 2 shows the comparison between the 
levels of anions and cations in the two rain water col- 
lections(~equivalent/l). The total cations levels in 
the rain water collected from the industrial area are 
about 2 times higher than those from the residential 
area. The results suggested that these cations neu- 

tralized the acidic anions(SO~- and NO3). Marsh(1978) 

commented that usually SO~- a~d NO3 are dominantly 
+ 

contributing to acidity of rain water while NH. is 
�9 4 neutralization of acid. Sullivan et ai.(1988) reported 

that the acidity of rain water depends on the balance 
between anions and cations levels in the water. The 
higher concentration of these cations in the formers 
might be derived from dust and ash from many factories 
in the industrial area. Our results suggest that these 
cations may act an important role to neutralize acidic 
a~ions. 
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Figure 2. 

Table i. 

[Anion'] 

C! 

~ NO2 

CI-  

NO~ 
0 4  ~" ~ 

so " 

H + ['Cation'] 

Ca 

\'o, w,'r ~ % ~ , . %  

Comparision of between the levels of anions 
and cations in rain water collected from 
locations in the southern part of Hyogo 
prefecture 

Assayed Values of pH, EC and Ions in Rain 
Water at the Southern Part of Hyogo 
Prefecture 

Substance 

pH 
EC (tj~vcm) 

S024" (rag/I) 

NO 3 - (rag/I) 

NO=" (rag/I) 
C i -  (rag/I) 

NH + (mg/I) 
2+ 

Ca (rag/I) 

K + (mg/I) 

Na + (rag/=) 
2+ Mg (mg/l) 

Industrial area Residential area 
Min.-Max. Mi-SD Min.-Max. M~SD 

6.0-6.7 6.3+0.2 5.5-6.4 5.8•  
11.3-89.0 34.1+21.8 14.9-186.0 46.2z~38.4 
0.23-22.10 5.1• 0.02-9.00 2.5• 
0.92-8.7-1 3.4• 0.5-14.2 2.5+2.1 
0.07-1.16 0.30-t-0.29 0.01-0.53 0.19-t-0.15 

0.2-6.2 1.6-t-1.5 0.6-5.8 1.9+1.5 

0.11-7.89 0.89-1-1,51 "~ 0.05-3.72 0.34+0.70 

0.20-10.03 2.32~3.50 ~C 0.13-10.52 1.02.-h2.05 
0.04-1.79 0.25_-/-0.35 0.03-0.55 0.15:L--0.13 
0.01-2.77 0.57~_0.76~ 0.01-1.00 0.30• 
0.02-0.93 0.63_+1.01 "~  0.02-0.81 0.35:!'0.30 

Significantly different from the respective data of industrial area, p<O.05. 

498 



REFERENCES 

Marsh ARW(1978) Sulphur and nitrogen contributions to 
the acidity of rain. Atmos Environ 12:401-406 

Hultberg H, Andersson IB(1982) Liming of acidified 
lakes: induced long-term changes. Water Air Soil 
Pollut 18:311-331 

Mcnaughton DJ(1981) Relationships between sulfate and 
nitrate ion concentrations and rainfall pH for use 
in modeling applications. Atmos Environ 15:1075-1079 

Krupa SV, Coscio MR, Wood FA(1976) Evidence for 
multiple hydrogen-ion donor systems in rain. Water 
Air Soil Pollut 6:415-422 

Galloway JN(1981) Acid precipitation: The importance 
of nitric acid. Atmos Environ 15:1081-1085 

Sullivan TJ, Eilers JM, Church MR, Eshlemen KN, 
Landers DH, Dehaan MS(1988) Atmospheric wet sulphate 
deposition and lakewater chemistry. Nature 331:607- 
609 

Received September 14,1989; accepted February 8,1990. 

499 


