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A FEW CONSIDERATIONS CONCERNING ACID SNOW AND ACID RAIN
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Yoji TAGUCHI, Kiyomichi AOYAMA, Koichi KATOH, Jiro ENDO
and Masashi YAMAMOTO

(Abstract)

The pH of snow and rain falling in Niigata City was measured and the anions contained in
the snow and rain were also measured. In addition, the influence of such acid snow and rain
on the social and natural environment was considered.

The pH values of the melted snow were mostly between 4.6 and 5.4, less than 5.3 the value
used to identify acid snow and acid rain. The pH values of the rain, meanwhile, were slightly
greater than that of the acid snow. The acids, which caused the pH to decrease, were estima-
ted to be sulfuric acid and nitric acid, besides the existence of some salts, e.g., sodium chlo-
ride, magnesium chloride, magnesium sulfate. The concentrations of such salts were larger than
those of the acids. The snow and rain falling in Niigata City were strongly influenced by the
sea breeze containing the salts coming from the Japan Sea to which Niigata City is facing.

The influences of the acidic snowfall and rainfall on structures and sculptures, and on forest
and trees were also considered with respect to social and natural conservation. From observa-
tions of construction materials, some buildings damaged by the acidic snowfall and rainfall
have been found in and around Niigata Prefecture. Also in Eastern Europe, many damaged
structures and sculptures were easily found due to the scidic rain fall probably coming from
the large consumption of coal. From some field surveys in forests at Niigata Prefecture, few
withered trees due to acid snow and rain have been found, although the possibility such dama-
ged trees should exist. One source of this possibility is the acidified soil. From our measureme-
nt of soil pH, almost all of the measured soils were acidified. By analysis of the components
leached from the soil with a solution mixture of nitric and sulfuric acids, a relatively small
amount of leached phosphate was found along with aluminum, calcium and manganese. A large

amount of phosphate migth have already been dissolved due to the acidification of the soil.

Key words : Acid Snow and Rain, Structure, Coal, Forest Conservation, Soil, Acidification,
Aluminum, Phosphate
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Tablel Composition of MS medium.

Soil. 1 NH,NO, 82.5¢ KNO, 95.0g
KH,PO, 8.5¢ H;BO, 310mg
MnSO,- 4 H,0 1115mg Kl 41.4mg
ZnS0,- 4 H,0 430mg CuSO,- 5 H,0 1.2mg
NazNIOO..' 2 Hzo ]2.5mg COClz' 6 Hzo I.ng
in 1000ml

Soil. 2 CaCl,* 2 H,O 22.2g in 500ml

Soil. 3 MgSO,- 7H,0 18.5¢ in 500ml

Soil. 4 Na,EDTA 1.87g FeSO,- 7H,0 1.39 in 500ml

Soil. 5 myo-inositol 10g, etc. in 500ml

Preparation of MS medium:
water (500ml) +Soln.1(20ml) + Soln.2 (10ml) + Soln.3(10ml) +

Soln . 4 (10ml) 4+ Soln.5 (5ml) + cane sugar (30g) + hormone +
water =1000ml (pH =5.6) +agar 7g=
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Table 2 Soil samples gathered in autumn and winter in 1994.

Sample No. Location Month/Day
1 PrighHERESE FELAH BRokoic 9,25
2 PRI B RokaF 10/ 4
3 ARl Bok (ME1mizdN) o F 10/ 2
4 EMHEZORILD BRDARDOTF 10/ 2
5 FH7FEaRRA X -4 —&xRokRHF ALl 10/ 7
6 F7FERRAX -4 2 REHT (?7) #nokaoTF 107
7 BET7FERAX =8, 7FDKRNTF 5mikivicitss 1077
8 BT FERAX = ZHOAKRDHTF 10/ 7
9 HZWR{SEDIZDAKRDTF 107
10 B EIHFZSRENO AL k2 BRR100ELLED ?7) DRDTF 107
11 LW 7FHKRDTF 108
12 HEWMSE L EOADTF 10/ 8
13 LW R R X —Hrhil BoARoF 108
14 EHABEW RN R X —Hhl T FDKDTF 10/ 8
15 IR AIREAMES A o TKRIBICRUT BERPHE i 1500mELHE

CIEERTMAE A RN T 10,731
16 W e S KIBISTA 280 ARG B cAdEo kT 10731
17 HEaL CRIBADAE FHIR AR iAo kaT

REDHIP WBIRDIR L 572 H v 10731
18 ARIBIL KR LAGE TR AR BB AR T

il AR 3IF 22, WA E->Twie DS/ RlnR L > 7220 10731
19 18D fHED I IESA K FIHEDARD T MEEHAAE 10731
20 FEL KIEOHEA RAMSE B @ wilEa bR 0 10731
21 WS NFRERIE R RIDO A 57k 10731
22 FHBIL BEINZBILEAT 7 FoRD T R0Mael 10731
23 WL A BT O {HE W2 SDRDTF LM 10731
24 KifAeMowg (5% -k SR & FUARE & DB D QAR LA D AFE

R AR D ARDT oM. 10731
25 KIBAEM k20 L Fht- 2Bl ISR M S 3 11/1
26 ZE b A BEBRE b Ancmedighm DALDEKRHOTF

SRR Y6 R dnt 111
27 ZHE b A @ElE17E PSR b e S ov o AR

BUANRGEE  fHECHARR S HT M ) 11/1
28 Ao —77 = £ T B L D 100mELES - 22 SOk TF ¢ 11/1
29 AN DK (BRE250FEFEED) OTF 1 miREREI 7o 1171
30 MHHE R291 & R17D% 3% St 111

(i & V) 10~ 15emDE S O 1 3F £ FRA)
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Fig.5 Procedures of the measurement of the pH for Table 3 pH for soil-suspended
soil and of the amount leached substances from soutions.

the same soil.

Sample No. pH(H,0) pH(KCD) ApH
1) PREPARATION OF SAMPLE 1 5 95 539 0.56
Drying at room temperature 2 6.76 5.84 0.92
Pulverization by a mortar with a pestle 3 4.37 4.39 -0.02
Classification (by wire screen of 1 mm) 4 4.81 4.53 0.28
Fine particles with the size of less than 1 mm = Soil sample 2 ig(l) gg.lf (l)ég
7 4.14 3.38 0.76
2) pH MEASUREMENT FOR SOIL 8 4.87 4.02  0.85
Soil sample of 10 g (in 30 ml-beaker) 9 5.56 4.25 1.31
Addition of deionized water or KCl-solution of 25 ml 10 5.02 3.83 1.19
KCl-solution: 75 g-grand reagent of KCl1/ ¢ 1 5 02 3.62  1.40
Mixing (by a glass rod for one min and 12 5:09 3:97 1:12
by a sonicator for 5 min) 13 4.20 3.30 0.90
Leaving for greater than 30 min but less than 3 h }g :1”-8)3 4323 ggg
™ PH measurement 16 471 390 0.8l
17 4.45 3.72 0.73
3) LEACHING TEST OF SOIL WITH DEIONIZED WATER 18 5.50 4.55 0.95
OR ACIDIC SOLUTION 19 5.21 4.29 0.92
Soil sample of 10 g to 50 ml-water or acidic solution 20 6.72 6.09 0.63
(in a 100 ml-flask with a stopper)
Shaking (one hour) — pH measurement %% 233 iig (l)gi
! 23 4.89  4.03 0.86
Centrifugation (3000 rpm, 5 min) 24 5.07 4.07 1.00
and filtration (0.2 g m-cellose filter) %2 .Zgg ggg 8%2
Analysis of element (P, Al, Fe, Mn, Ca) by ICP 27 403 334 0.69
. . . . 28 4.70 3.83 0.87
Preparation of primary acidic solution : 29 5.89 5.15 0.74
The ratio of sulfuric acid to nitric acid is 2.5 /1.0 30 4.78 3.79 0.99
(containing 1.0 mol-H*/ ¢)°
Dilution of primary acidic solution with water
to obtain a acidic solution of pH=3.0
“Amount of sulfuric and nitric acids /1 ¢
Conc. Sulfuric acid: 36N-H;S0,, 21.21 ml (A)
Conc. Nitric acid: 16N-HNOjz, 14.78 ml (B)
Mess-up of (A+B) ml to 1 ¢ — Primary acidic solution




5.50, 4.92, 5.07£/35 v ¥HHN, HITBEHN LW I Lidhh o, BICEEEMICH 20D bH
N, 4.37, 4.41, 4.20, 4.03%4EvpH (H,0) %R L 72R¥INo. 3, 7, 13, 27 TLLgM
RALOLVWEANBRCGRLEMTHRIRLIZLNTH S,

RICRIRAE 2K — 5 D) DFIFTIHFLEREZTV, HONTHEREER - 4I1TR L7z, pH3.0NE
MIEEIC L 2N RBRERN—BITH 2, §k, TLIZTL, ANVIL, =2y, )ikt
32T (mg/l) TRL7, ICPIZE 2R TH B, ZNHLOTHEDBEZ HALITMEL, 158
Blofge bk, Fe, Mn, P, Al, CanJHIC£<EH L TWwWB I Eradr 5, M- 3 Ny pH
T, Fe, Al, CadEiciE A2 A2 L & —8 L T3, pHOffIE, pH3.0nBMEEEIRMEL
DETH o728, WIFRHI 0L D&, TAh VNc#HiT Lz, #£-3aKickbpH (H0) &
RT3 L, [ JIFBEDMHEE LN Ah b b, BIITREL > Ty 3 DIFRKRIFEN,

YrizonTl, SOBHRRTIE, 10
®— 4 EHRBREE OH=3 0&HIC L 3) V¥ RT3, 10g

Table 4 The results of leaching test with DL EsmloEEEREMA LT, f
an acidic silution of pH=3.0. 15, #BNo. 100.19mg/1 T3, 1802
Sample No. pHl__Fe Ml ___C M P_ gmyncon) vBreTRBLLoRET
1 55 ND 0.15 6.1  0.20 0.19 _
2 5.62 0.22 0.19 2.2 0.08 0.19 3% &, 0.19mg/1x (50/1000) /10-soil=0.01
) 13 1.1 5. 2. .19 . "
3 igg %]]]53 0.02 Z.i 0.?0 3.34 mg-P/lOg—so:l:‘:’f:'), F—1Tual~70.4
5 5.21 0.74 059 6.1  0.16 0.18 : eni ) A shr
6 161 ND 042 4.0 01l 093 mg-P/10g-soil® (1/40) {5 & % 5, {LHEF
7 4.28 0.13 0.79 3.2 0.17 0.22 TLIEL, Y1EBLY L BEIAEEATH
12 521 043 1.3 35 0.2 ND bifi< j_ﬁ"_ RIS &
13 441 ND 0.38 36 1.2 0.2 5 LifEEE NS, REIN0.2704.9mg-P/10
14 462 ND 0.03 0.23 0.62 0.25 s
17 4.5 ND 1.4 3.4 0.3 0.14 H&TYH, 0.25mg-P/10g-soil THH¥3IZH
19 5.2 0.20 1.3 6.2 071 0.7 -
50 648 ND 002 1.6 017 019 #42, @ENo. 17N 2 AN KRN T,
27 4.09 031 1.3 4.7 0.10 49  No.24i3WNABHRORDTFOLETH B, &

(pH values are at the addititon of acidic solution of A < Dy M LA LAl
50 ml to the soil sample of 10g, the amounts of Fe, DHE DY Y OWEHEI0.14, 0.19 LRl

Al, Ca, Mn, P are shown in [mg/1] , ND means “not ThrEMEINL, TIEhDY ViBREIZY
detectable™) DI > T LIS ZIEV A, Z O
PR E 2 TR ETOHEWE B LA T, 0+ FT—sENTHw, LPL,
Y EERRBOMRERIIE -, SKICL2FNRBRELEL, REoKEHRL, 77— 2HEML

EHICRHEMEIILWEFZ TS,

vi 8 b W (=

SEFBTEABRREER L T 2RETOHE GREUFHE | 1994) Ik iid, BARDERER (F-
%) OpHid, 4.4~5.5(H94.7) T, 2—o w3, TAYATHRUELSpH, FZITIERK?4.0~4.5
DR, FNFEBCHLIEERI T, LAL, BIEME LTERL TVS5.5UFAHETH
D(HA, Fl, Wik ; 1994), £vizid, Ik, AENRE, e bRk, 7 o BRR{thir e &
NTW B, HRABUCEWITRT IR BT PRI P ICE, 2ORITH2 6, #RICL-THA
LE3NBIPNRHE L, BEE2RTERIIBEREIC KNV ROENE, Wik BEETHL LHEINL,

Rt (3) IS & REE PR MRADBEIREWEF I Lhid, 207 Y — FRAEM»H
EBMLELGTOIRERRE=2 AL FPTIRREFOEFENMET LI LI, AIRETH-H2, LAL,
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LT B Fikb %k, A0 IABIEM () 1Tk DR LRI T E AR OTET D
RWHEnTwion,

BRI oG RMILRGA L 2 ), TFHon| - §iE - BsIcin 355, pHAWE - % & [
It TR X 2 L2, FHIBETHB L%, HFTHETREL T, HTARRY
SOHEKRTHERINAELTY, pHEIETES, B1H, B EOLHEAIEC IV bMENS,
Loy 5OH-»HIE N T v 5, FRIKN & ICEERRMIT RN GRE CHET 254
(acid shock) i2ld, FD &) HEMIKRNDBHEZHHEZ T TV 28N OREEIENICY 2 3 B8
CEMRUTH B LN,

MM HEZHDFENLBND—DIZT N I = LDEHNH ZH, TLI=Ts BNz >~
B4 LEMRTRLZVWEEDLNE, 74—V FlERZEBEL, AL LELIRRL, B4 A
SELTY EAF %, BAALELTAHAYVTA, ANSTL, PALIZL 8, 2rHril
EAFLTVAEA, Y0LEbo) vELARELTWS L) ichbiie, 51BN HER L
FRHARWZ EISHRELL 720,

BB ABIREZRITT R840, AT F 4 2800 E F LOHEEBICEEIE R
AHERAE B & U R R EFRATR SRR MR AR R R OB TS B 2 LT,
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