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Abstract

This paper describes the process of acidic precipitation from the atmosphere to the
ground water. The net deposition of wet precipitation to the ground surface is obtained
by subtracting the interception loss due to plant leaves and evaporation from the amount
of total precipitation. As the water immerses through the vegetation and the different soil
layers, the various chemical reactions take place. The relationship between the acidic pre-
cipitation by increasing industrial emissions and the soil acidification mechanism is dis-
cussed. The report focuses on the buffering action that involves the proton budget in soil
and rocks. Based on the soil constituents, the six buffer ranges of the soil are classified
and each buffering process is illustrated. In addition, the possibility of the contamination
of drinking— water reservoirs by continuous acid burden is emphasized.
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Table 1. Precipitation and interception deposition
in Schonbuch and Taunus( Krieter, 1988).

Fig. 1. Total global water volume and its distribu-
tion in several reservoirs(origin, Baumg-
arther and Reichel, 1975).
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Fig. 2. Scheme of water cycle and water balance in
the Federal Republic of Germany(origin;
Keller, 1971).
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Precipitation Interception
P Beech forest Spruce forest
Schdnbuch
(1079-g3) 90(100%) 597(75%)  454(57%)
Taunus
(1984-85) S95(100%) 655(77%)  505(59%)
Unit : mm/year
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Table 2. Sulphur and nitrogen deposition during
1979-1980 in Germany(Georgii et al,

1983).
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ement wet ry
g/(ni year) g/(ni year) x10° ton
S 1.0-20 03- 07 13- 27 14
N 5.2-71 52-276 104-34.7 0.6
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Table 3. Average solution content(in mg/¢ ) in
rain, river and sea waters( Voigt, 1990).
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Fig. 3. Emission of sulfur dioxide(SO;) and nitro-
gen oxide{ NO;) in the Federal Republic of
Germany 1850-1989.( origin; UBA, 1982).
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Fig. 4. Mean annual rates of total deposition of
nitrgen( N), sulfur{S) and proton load of
open land-, beech- and spruce forest in
south Tanuns and Hunsriick(1982-88) in
kg/ha vear.
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Fig. 5. Dependence of the weathering depth on dif-
ferent climate zones.(origin; Seim and
Tischendorf, 1990)
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Fig. 6. Ecosystemic scheme of substance circulation
and ion flow in soil.
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Table 4. Buffer systems in soils( Ulrich, 1981 ).

Buffer system pH range
Carbonate buffer 6.2-8.3
Silicate buffer 5.0-6.2
Exchange buffer 4.2-5.0
Aluminium buffer 38-4.2
Aluminium/iron buffer 3.0-38
Iron buffer 24-3.0

6.1 EHAteie] RBAIAH (pH 8.3-6.2)
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Table 5. Rates of proton consumption of the sili-
cate weathering of different rocks( Ulrich,

1981).
Rock kmol H*/ha year

Basalt, Gabbro 2
Andesit, Diorite 1-2
Boulder clay 1
Rhyolite, granite <1
Graywacke( culm) 0.5(-1)
Sandstone( middle lower triassic) 0.5
Clay(lower triassic) 05
Loess 04
Clay( triassic) 02-05
Clay schist 02-05
Tertiary sand 0.2
Siliceous schist( culm), Quartzite 0.2
Flying sand 0-0.5
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Table 6. Present production rates of ecosystem im
manent protons and proton production by
deposition in Solling( Ulrich and Matzner,

1983).
Beech forest Spruce forest

Production of 0.9 2.0
Ecosystem
immanent

protons
Proton 2.2 5.0

production
by deposition
Total proton 31 7.0

load
( maximum load of silicate buffer system 0.2-2.0)

Unit : kmol H*/ha year
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6.4 YF0lE, UR0|E/H, HY SEA2Y

A e B e A&AH fgloz FAY 3
£ & dF ARAdY 2k AAEE dFoF
29 9(pH 4.2-38)¢l ol23 1, olu] LFuly/
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H% LF0|FARE, BASE, & LTl

9] o) ddale W L

(12) AIOOH+H:0+3H' — AP*+3H0
(13) Fe(OH);+3H* — Fe'* +3H.0

ol ¥He] dFA2RAN YFSEE I HTF
2 kmol H /haelc}. o] & wig ¥& 43-83ko]

A qk BFF7ho] ou] 42-24¢ @& pHel”] w&
o, A drl2Hy F4se diye ANER
(pH>42)3} A9 x o2 YA=EE Ao F3lo] 9

TE A I2Ae deoh 2vd dge) A4
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o] BAol AT dF-E2 EcofilA LA o]F
AAA A @& Zolth eyt oFolme 324
s vlag o, o] ¢34 A EPpol FA
dFoEelE T F2E F7HA717) Al A4
vl 2 2214 298 oY Aoz A
122

Eok o) AL Eokd ETgH o
FEAx(A, AL T4 FESH)EE £EU. o
T F W Y2EL Ae, Aske, 4EA 54
gt wiek 2939] pHrt dFuly Sl =2
¥ g AR Sdohd 87 SAEAQ S

A % ol o Az Aol o23y ¥ 4 9l
. & 29 £8347 ¢ 29EE YshlE ®
o}e) wizprlol s AUHASE ujych &

A ol BoFE Fhpo)d B M #F
ZF54% 4H35t7) gl o A5 A3l
o]l Bal, 29 ANX Y sS4 slHe

2 32 B2 A4z e AMEAe] &
d€E A A F4EAY ¥EU N2 54
& £3] %} Eeke] pH 3te] 4.30]512 wWejxx,
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98 A4S FAEE A9AHQ F&E AR ¢
ZF HEAY AapFe 02 mg AP/ o)k JA %

REr 35 F ol9) o] FAA egd NI
54 FAA & 5 ek 4AdstR Qe =
3} Aol FAIBHA 2499 AYGdA ATE 4
AE A4S A4 vjgdedy B ow oy AFe
71&ooF i}, o]2ijt A9 ?‘]ﬁ*“ &Fu]Fol
23 wrtel&9 Fxr A9 §{4x s1E(0.05
mg/f-0.2mg/€ )& olv] B uwl ol Z3Fovaz
27L& AAHF &7 wEelr)

7. E5E o{2plsel 5

2] A3 3§tzFo] 80mg/¢ CaO o]t R|s}4=el
e AAASE A E9) g3tz 2AAHSE A
34 Aol Bk sl Asge Fol
X &ghg-gfo] ol Al e J B dfs] A= o]
7] it r)edEA 9 A F24

= H3ENA AA dpR(aquifer)o 2 F4= A
?%’3’- A&l ARE AV Eol BESIH Ze 4
222 &} 7oA AFe} RslpSalele F
7t B 948 wed oAFdr)sRn oz
8985 3= e o) F83)

A B4 XRAddAE d7x3xet 93
o] & wlstA|) o] A E(¢, moraine, sand F)
9] Y22 AR 7 T tigdo] PAH
A7] "ol &5 {dol da ArlEe] A
ot 5949 F8 AgAde BEAue] AR d e
H)d E3E AAEo] xR WA HgS
(cover of debries)? AF2(mud layer)2.2 o]F
oA glohe] Qe HE2EQ FE(loess)s AHA
3} FETE Falato Aalped a0l #4
& o} -f_-"-"f}- E2Ec sy HeSo2A #d

A & A7etod seures 3% sAN, 2
230 i HAX mlo|x wolo 2w JE3IR

glel NEH EF47E o) $2F F AR &
YS7)E Pk HFFol B BN o] B2
£ 457 2 e 239 HARHE o) £
£ Aol Arhs A¢ sulch.

x|si4e] A5t

}Lﬂ-ri Fiso] B3} 2o
3 1%& 5‘ ol o8 Ao 23
B A %-S-i °I HAct, )23 EdgASe 2
= FFAelA Eo] olFEHe &5 gAY F
Z(|, porosity), Az+e] Fz(], stratum), 9
3 o], flow gradient) 52 Z A @ 932
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of @2} Ee) dFFoE ol¥se Yu 1Y 7
ol HAME Zizke] 3yefz FEgrl

— [
Joint- Karst-
aquifer

Fig. 7. Schematic description of pore-, joint- and
karst aquifer( origin; Bender. 1984 ).
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W aalz2 A, f19 3714 dieSe g6 oy
Aol g ofll o FHo2 AT = g5 By
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Run off( m/s)

Time( Days)

Fig. 8. Diagram of discharge curves of springs of
pore-, joint~ and karst aquifer.

EoForri 2o A Joint aquifer®} Karst aquifer:
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st ezl £ xlelE F8 Bol wel e Wy
77 gl FeHel o3zt s ¥
g e Alzke} &7 et} e wigrde ¢
Aol izl Fol B AM3std hHFez YA
Hol e A$7E ol W7l 2gEAle] neA
A3teE 292171 Ul "ot Joint aquifers
AgoliAy HCOs dse] #& A58 Asge
A4} A2 AYHEE SEY FoE 9
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2y 9 5Ad9 wdel B2 Taunusx|ge] 2
ol wtE }itol e FEE eIl < 304

el Az} AH29 3$iatde FE+ Smg/l o)}
Z AdAe e = $E9% sl 22y A
R gty ARl Falo] 9 Pupo] 2 AL aFT
of oln] AMAMIIL Y HUASE SAH Eo
(Krieter, 1988). o]} zto] &34l 7)o &R
9] fqdol 23 xeoko] AMAZE AN AA ] A
2 H834E ol7|¥ 4 glch ot Joint aqui-
fere] o & Al3& 34 Fxr) At ol
7\7b-8 Smg/f olm R AFy dHE-2tA] 49
o 93¢ A= sistzAdusie ofF ¢ ¥
T Qloh B2 7 FAHRA(W2], 4EA, 2,
A Tl vlXE AAdstalE dabe dee 397
AeA R o]Fd A2 " 2Y 102 59
o A2 dAEE YR ez, g AQ6A
A #42] pH7} 5.5 olglelx, 1 A Fe Y& %
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ACIDIFICATION OF
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Fig. 9. Advance of the acidification in water stor-
eys of quartzitic Taunus.
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Aol A8 AgHo] ok} A X9 pHE B2,
dF8 AT ARG ¢F0EFH e ENF
%9 S AdYeAE A Ut 2D 5
A7 AEHes FrHg AL dES NI
2o okl AuAE P} edA)7ln gleER
34y o4 ©7hiE, ERAASY] o8, aen
7149l AL dFshe A FR3) 5oz
7b W 2 AFsHeEs e ez Asr) 9
ol 2ok A= FAT Y 2949 A9
£ ASEITE 77k vlHel AZAE 9] g
Aoz WejAt. a2y 4D W4ssd (Y ¥
7hest, AeA 9] stas 2E A3ge) edde
AR A7k EYY e A¥ske vl A9A
d BALAEAR Bztsl= Aeo] vlwdsich

&= Areas, whichare
endangered by
acidification(total  *¥
hardness of ground 2.
water<8°dh}’

D Acidificated surface
water{ pH<55)

Fig. 10. Acidificated surface waters and areas,
where the water is endangered by acidifi-
cation in the Federal Republic of Germany.
(origin; Hydrological Atlas of F R G, Geo-
chemical Atlas of FR G)

AT E7E ool frols®, Bk 2 FAAE
o] miz} felsEe A4S AR} Eokd TEHe]
e FAAEC g2 62 EFEe 93U

&4t (pH 6.2-8.3), FAr4(5.0-6.2), Folemst
(4.2-5.0), ¢F9|¥(38-4.2), ¢F0%/H(3.0-3.
8), H(24-3.0) X312, 279 pH el
A YR2RE RUsAY 2R A= A
< F3dd. 442 A4S AR AFAse
A71QdAke) A9 gpagoe B Eoke| pHr)
28 = dey, 2710219 AL i
U} W Eofe] F3hige] A dFAFY
AEE 7HAS} @22 AlED e AR
E5E 7715 34, €% pH W47t 2L ¢%0)
T 5 A 93994 o)1= FAHFHY F&e
ZA e} = Fol (e, Aol ) F3, w3
o AL HHIEA Eofel Pe] T 3ot
A Adedde] Ay WA fye S
A 23] i-Fol el o) Frlsle A
22 BokitAste ARA el HA3 Yehta Qi
A PRt mety JEF, Ao A E
49 pH, AF3EF, Foled A& 53¢
T3 Hrlsjojof Art

2o E2s

Baumgartner, A. and E.Reichel (1975) Die Wel-
twasserbilanz, Miinchen.

Bender, F. (1984) Geologie der Kohlen was
serstoffe, Hydrogeologie, Ingenieurgeologie,
In: Angewandte Geowissenschaften, Bd. 1.,
Stuttgart.

Deutsche Forschungsgemeinschaft (1986) lands-
chaftstkologische Forschungsprojekt, Natu-
rpark Schénbuch, Wissenschaftl. Koordi-na-
tion, G. Einsele, Weinheim.

Georgii et al. (1983) Trockene und nasse Deposi-
tion s#urebildender Verbindungen, VDI-
RDL.

Grunow, J. (1955) Der Niederschlag im Bergwald,
Niederschlagszur iickhaltung und Nebeln-
iederschlag, Forstwiss. Centralblatt 74,5.21-
36.

Hamilton, E.L. and P.B. Rowe (1949) Rainfall in-
terception by chapperal in California. San
Fransisco ( Calif. Dept. Nat. Ressources. Div.
of Forestry.).

Holting, B. (1989 ) Hydrogeologie, Stuttgart.

Keller, H. (1971 ) Wasserbilanz der Bundesrepublik
Deutschland, Umschau Wiss. Technik, 71, S.
73-78



ARRE

Krieter, M. (1988) Gefdhrdung der Trinkwa-
sserversorgung in der Bundesrepublik
Deutschland durch “Saure Niederschlige”,
Eschborn, {DVGW-Schriftenreihe Wasser
57).

Krieter, M. and K. Haberer (1985) Gefihrdung des
Grundwassers durch Saure Niederschldge,
Weinheim (Vom Wasser, Bd. 64, S. 220-
241).

Krieter, M. et.al (1988) Bilanzierung und Prog-
nostizierung der immissionsbedingten Ver-
sauerung des Wasservorkommens in Walds
kosystemen, Berlin, (UBA- Forschungsbe-
richt Wasser 10204349 ).

Leyton, L., etal (1967) Rainfall interception in
forest and moorland, In: W.E.Sopper and H.
W.Lull (Eds.), Forest Hydrology, Oxford, S.
163-178.

Matthess, G. and K. Ubell (1983) Allgemeine
Hydrogeologie Grundwasserhaushalt, Berlin.

Mitscherlich, G. (1981) Wald, Wachstum und
Umwelt, 11 .Band,Waldklima und Wasserhau-
shalt. Frankfurt a.M.

Richter, D (1989) Ingenieur und Hydrologie, Ber-

s} %9

i 169

o

lin.

Seim, R. and G. Tischendorf (1990) Grundlagen
der Geochemie. Leipzig.

Schultz, J. (1988) Die Okozonen der Erde, Stutt-
gart. (UTB fiir Wissenschaft/Uni-
Taschenbiicher, 1514).

Ulrich, B. (1981 )Okologische Gruppierungen von
Boden nach ihrem chemischen Bodenzu-
stand. Z. Pflanzenerndhr, Bodenk., 144, S.
289-305.

Ulrich, B. and E. Matzer (1983) Abiotische
Folgewirkungen der weiterdumigen Ausbre-
itung von Luft verunreinigungen. Berlin
(UFOPLAN Nr. 10402615 ).

Umweltbundesamt (Hrsg.) (1984) Gewisserver-
sauverung in der Bundesrepulik Deutschland.
Berlin, Materialien 1/84.

Dass. (Hrsg.) (1986) Boden- und Gewisserver-
saverung in der Bundesrepublik Deutschl-
and,Berlin, ( Texte).

Voigt, H.]. (1990 ) Hydrogeochemie, Leipzig.

Wilhelm, F. (1987) Hydrogeographie, Braun-
schweig ( Das Geographische Seminar ).



