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Geochemical modeling of pH buffering by soil components

Tsutomu SATO!, Shoko NOZAWA? and Takato NISHITA?

Abstract: In this paper, pH buffering reaction by soil com-
ponents is explained to renew soil scientist’s and engineer’s
awareness of importance for chemical reaction in soil and
role of minerals to the reaction. This paper also contains an
overview of engineering importance for understanding of
pH buffering reaction in soils to realize availability of geo-
chemical modeling. One of case studies in applied geo-
chemical modeling by the authors is also introduced to
show how to determine a pH buffering reaction capacity
of soil.
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1. (ZC&®HIZ

NE&EGTHER BB AW, THE2ERE L
Ko TWegh72 /2 f§) e ddnEickloTXzxbh
TW5. ZOFEOHFTY, FRHCBARDTER O HKE D
JE#R & Tl Critical Zone & E# =4 (Fig. 1, Chorover et
al., 2007), Rt alRE/ 2B DEHR DD, Kix 2B O
e D A L CEREIZ IR D e R E IR EE XD
nTns.

Critical Zone 1%, 225, K, G, S8, £ O
RE, HEROREIZRIT ALY, WE, AT o
TABNERE L CWD VAT ATHY, FSIcHEDZN
& —#3%. Critical Zone IZ N EFEZDOHDOTY
HHDT, TOVAT LOBRIL, EFHEOFMLET LI
FOBTHREERMENRTHS. LEHHTIE, L
BB YL BIFEY T F % 00 4y B © LI O BRAE S BT
RAENEHT S, L, BEIEER L R—FR
MR SN TS OT, HELEOMMRITMHE T
V. BlzE, TEOERBREMICL I THEOT AT
U7 41%, RO FH (ARvzm—32) ITE-TK
EELASN, FOANYT— g VTFBBKD pH %
ALETEIC Lo TIRESNS. LovL, KD pH
X, T ORkx o R—x v M ko TREB &,
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LD, MERLERET U 70, ZOHEMEMmE Y
RN a ZAOHMBIZER R Y — L EEZ R, £ D
eIz Lo CTRIHERTWAD. L, s EkD
TWD &, KO HEF LRI F OMEE A1
Wk L, LRSS LT oL FEOGRE IS D
DEMOEEZIOIFEH Z L DTE HHEMFEIL, #EirL
PNHS LR HRNWEIITELD.
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Fig. 1 7 UF 4 HNY—rOHitgd R 10K
(Chorover et al., 2007). (A) R&KHHWE, (B) 71 Bk
s (03, A, E2LE), (O #¥—RMEDESK,
(D) Wit e REARY2—T 7, (B) Bk - K
L8, IREBISES 2 —T 1 .

Ilustration of “critical zone” and components of soil
(Chorover et al., 2007). (A) natural organic matter, (B)
nanoporous silicate minerals, (C) mineral-microbe com-
plexes, (D) secondary aluminosilicate clays and their surface
organic coatings, and (E) oxide and/or carbonate coatings.
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Fig. 2 RFHEREA A REN 1mM (£) & 100mM () OFIRICK T 28R X 2 1€ fh#
Acid titration curves by HCI solution for fluids with 1 mM (left) and 100 mM (right) bicarbonate .

., k[E Aqueous Solutions LLC 1 HHRFEN TV D
The Geochemist’s Workbench®) software (GWB, Bethke,
2008) TH 5.

2. TEIC kB pHEEER

TR D pH 1%, FIBAKE 2R —% 2 FETO
HY R OH™ OV ik - THEEHSND. Lok
NI L R K= FO BB SN TN D
T, ZREZERRLVEUBEZHNDHH, EICHEBEAKH
DORIFHE, W ORE, SO - LSS, 72
EOHBEY, WMEMONEERENEST 5.

IBR7K o DEEAFFE CREA 72 DB EAFREE T, pH IZ
£ v HyCO3, HCO;, CO}™ SDURfFRICAY, Zow
FROBLOBRIZHT OO 235 0, pH AR &
Wb, BlIE, HHERBRKT OBEFEREA A U IREN
1 mM Tho25%5H1E, BREREHET S5 L EHIZ pH
MNTRETS23, 100 mM ThH 2 354 1TEREERIR 2 e L
THAEM ST pH O FREITIEIET S (Fig. 2). #Fk
WA AL D54, pH 10 135 & pH 6 1571 pH #51E7332
HDHNDD, TRNENEHEEICL > TN bz HE 2
5|2 CO3™+ HT = HCO; & HCO; + HT = H,CO;
(aq) LW E > THE SN D720 pH O Fi%
BTz izl THD.

TR E EN D EREWILR LI T L R
72 ORISR TH DD, ZOREMEERRIL
MR- SN TWRVEBEENRHDHDT, TOMEDSE
<MK O HY ASEAL L CKBERIE L 220, FRikEg
FEOTa b URREAKESYEY i pH BREE IS
(Fig. 3). Fig. 4%, WAFEREA A RED 1 mM O
VIR & ORI 10g L1 T8k (7= U
A RITA M) ZMATHEOMEHRE LR LZLDT
b5, ZopHEEIX, 7=V A KT FEREOKEE
12 X % Fe-OH + H* = Fe-OH?>* 35 L (8 Fe-O~+ H*
= Fe-OH IC L2 bDThH 5. F7=, SHOwRIc HY
OH™ OV I b 5356 b HEEM AR D pH 134 E S
n5. Bz, GWB IZEENIZHERES LWL T —4

R—=R%ERBE, BEAO—FTH5 Anorthite DIER
Jia b

CaAl,Si,Og+ 8HT +4H,0
= Ca’**+ 2AP* + 2Si0;(aq)

Lo TNWDHDT, ZOWMKIGHEET & IR IC
HT AMifaEn < pH IEfEE S D, HRaAR, 20k
MBSO Iz HY ° OH™ BNEN L5681, %
D YRR E LV E IR O pH IZ L » THEAR S Z LI
5. —J, ABOEBOLEIL,

CaS04-2H,0 = Caf + SO}~ + 2H,0

THHDOT, pHIEEIIZES LRV L, & OWRMECU
FRHE BRI O pH IZ L » THE SN

BRI LA RS EE R R —3 bz
5. O ORI bR KRR DY,
DOKEEFENGL OF wAKERFED K 912 pH BEICHF G55
D, BAEMORBEHERICIT A RIKERE 2 LD N,
B H™ OO EY 2352500, BTN IR
BIZ X o THFRD AR —2 g UREBT 52 &1
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Fig. 3 43R mE ORI L2 pH HEE
pH buffering by hydroxyls on mineral surface.
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Lo TpH BfEE SN D56 H 5. ARHER L TOD
H D GWB Ti, AFEED Bethke (2018) OFEFLIZH
5 &0, WAEMORBHENCZ ORER SRV FZ D
DT, NTRA—=ERT — 2 _X—2R3biE, Fig. 2 X Fig.
4Tplr L=k 2, Bl L7294 _To pH EEEMH %
EEMICIROHE D) Z LB TES.

3. pH BE/ERZEMETH LD
TEHEEN

FERIAFAET 5 kD pH X, Bk X 9 72Kk~ 72 pH #%
EEHICEY pHO~ 8 RREICa Y Fr— L STV 5.
L2 L, k[E D Iron mountain 84 1LIFE/K D 3.6 (Nordstrom
et al, 2000), I ~H VU MK OH KD pH »
12.9 Z/x% & 91z (Khoury et al., 1992), K5X? pH %%
EIEA % El-> Tt Ze pH I/ 2 B840 H 5. KK T
3k % 72 pH BEEAEEAET 20T, 20O K D 22kl
e pHIZ72 5D TH DA, LFMICITEEL bk %
A5 Z Llzk - T, fin7e pH 1278 2R3 Thk 2 7258
EE RS 2 MBI OGN AN E V. bSO
DHTT AN VEELNPMEE R ERHDLN, Zh
LAV R Y= BRI S OH™ IR D 2
ENFEALETHD.

BRILFEAKZR P AMIR L K 5 & LI=840E, &V pH ©
BB EOFETCHKOEE LR L 22T ER o0
L (FED,2008), B 7 U — hOBEAAZ 7, HEA
K72 EDRIFEMZFE AT 2561, % E Ladiud
LRV PpH X 11 ZBAHHENITLEALETHD. Ll
1Yo FAKTG YD TR ORIR OB, x5 L5
HEBESIRE L, FTASRBEM 2 A L CILESOW A
LHORICEFH L TRBEAK O, Z05E, HES
HTFAKRF DO R—% M &% pHBEEH HED T,
AW EM ZBAZIZENLS BV pH 12722 T8
TOHVNENDD. R 0I1E, WELWAEDKONERD
pH I KELIKEFETHRIETHDEI ML THD. -, L

12

TR ORI FEY) & MR BT SCEEERBUG CHEAT 28RS, £
DO OBREEFBEO—> & L% OMBRAKD pH T
BIAMENZ 72 5. EHEBRBEICALY S DK L~ L i
FESEMD b L TR Y MUFIZERNT Y, Bk
KR OB EHE I AT RIS O LEERIBR K O pH 2N 5284 5
DT, ZOpH O FRANEEL 2D, S HITIE, AWM
TRENSS bR FE OB IR VT, AlE IR
B LTS i ki RO O RIRK pH O 7
HIFARAIR E7poTNND.

4. pH EEERD
HEEZRISE T 2 O—Pl

EHE DL, BRx R TREIRICHEREERSET U 7
ERALCWS. 22Tk, MEoge b, pH R
M OMEACZOGET Y 7O TS E LT,
MERF & LCHRUH A T 27 (DCS) & M7= BR o0 &30 - e
Bk pH OWE, Z OB S/ pH ZFELT 5729
DETINOHE, HEINETT L D HERBAKD
pH OBAELLDO TR, &V ol —HEOIEEERNT5.

EUDIZ, MG ETEHRTOHX RSET VEER
THMLENRDD. HH L7 DCS IZe&aT 2WEDEN -
EESTEITV, 70— A L—IERBRE1T->C, &F
WEOEMREET VEER LTz, X BESHRE T m 7 7
ANDY — UL MEMIZE Y, DCS 25 7 OEHY
BIERNV T o FA NN 10 %, HEx A BB 77
%, LT T AN13 % ThoT-. ZDODCS AT 7%
FEHLTT o — 2 V—¥fa 21T > 7. Fig. 51C% D
7 a—AN—ERRBROM R E RS, TR (= F,
2011) %#&E2, Liko> DCS D&M E I A i s
ER A%, 7O Ny MNERD pH SOWETFICHRIEE O
RISEALDT 4 v T 4 v T EATH T, WIREEEE DK
BbEAT- 7. WICHh 7 LREAKERZITY, 7a—2R
I — YRR RBR RS L IRl T T V2 W CTET L
DORFEZATV, EfEEEET NV ZMABAAT 1 IRTTUE
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Fig. 4 EAFERIBEA A REN 1 mM OFIR (/) LZ2DOERICT7 = VA RT74 M5 10g Lt
TR ST REIR () 12X RIS X 2 il
Acid titration curves by HCI solution for 1 mM bicarbonate fluids without (left) and with (right) ferri-

hydrite (10g L™1).
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Fig. 5 BRA T 7 & W e 7 m— 2V —EMFEROFER. ZRIE7 v b7y MERO pH, %A+ Ca
BLOSIREDORIEE(L L TOBMEERET VICE DY Iab—vay, ARETY Ry ME
RO Mg 36 KO ALIREE DRI & Z OBIREERETNCE DY I ab—Ya Y aRT.
Results of flow-throw dissolution experiments using decarburized slag. Left figure shows pH, dissolved
Ca and silica concentrations of the outlet fluid samples at different duration and their simulation results.
Right figure shows dissolved Mg and Al concentrations of the outlet fluid samples at different duration
and their simulation results.
Table 1 RO LIEPICEHEN L0 LIBHEOEHE, £ 5HICK5 pH EEOREIAEET L EBRHET L, BLUZ

BTN T A —2 & 2D 5| HIE 3k

Contents of minerals and humic substances (HSs), mineral dissolution kinetic and surface complex models for pH buffering,

parameters for the modeling and their references.

Anorthite Quartz Ferrihydrite Allophane HSs

Mineral content

wi%) 80.0 4.9 1.5 4.0 9.6

Reference of Amrhein and Brady and ey ey

Kinetic data Suarez (1992) Walther (1990) Equilibrium Equilibrium Insoluble

Z‘mety of surface SiOH AIOH SiOH FeOH SiIOH AIOH COOH ROH

ydroxyl
Exchange capacity 7.19x107% 7.19x1076  8.32x10~4 1.92 0.0843 0459 1.85258 1.39
(mmol g™)
- +_
MO”+H™ =MOH, ;g 7.78 7.06 8.93 557 796 127 427 9.95
log K
+_ +
MOH; = MOH + H™, - 124 —7.92 3.47 -
logK>
Arnold et al. Prikryl etal.  Dzombak etal.  Fukushi and .

Reference (2001) (2001) (1990) Suzuki (2004) ~ Kidaetal.(2005)
BEET AN, BT LAEROEREREFHRTESH0 13
ThB L BRI B —

Wiz, RDLHOX v 5 5P a v 2 FE T o . W

Lo, B HEREER TS LICE Y, MRmEIC K z f
D7 N ACSOS EBL T 1 N ALROE, REESEET L ! f =
%*ﬁ% L7-. Flg 61z %(EIJ é ﬂft {%E Eﬁif‘%ﬁ (Titration) , 5 o Titration
BT Ebil, TEARALOPAEOHKEIZLI - TERDH —Calculation

N Y S -, .y, o 3 L L L
N7-EE MR (Blank), THEERWE OFRKEKEEILD T 0.0 02 04 0.6 08 1.0
o M ALB IO T v N AL ORESERI G EERE LT Added titration solution (mL)
FBT MK o TR IZFHRE Sz ih#t (Calculation) % Fig. 6 k% i L7z Bpro £ o 7 v Y i dh

A AEIOREE, XRD 0@ R, WERYE
AEHIESIZX Y, Anorthite 78 80 wt%, Quartz 73 4.9
wt%, Ferrihydrite 73 1.5 wt%, Allophone 7% 4.0 wt% T,
THERHEWER 9.6 W% 5 HTHZ EnH LN LS
7. ZnHm 95 H, Anothite & Quarts DOVEARILIH Y
12, FEE°UESE @ Ferrihydrite X° Allophane O fiF
TR o Te. Teds, TEEEMEIIT AL
U REOBRME L KE L7z (Tablel). AEIEEA L72F
HEEARE T L TIX, Tablel (2% & LN ATHFED )

B BT EEZ2 Lo OFHRICE > TR b
WEM# (Blank), FEH S 7-EMMR (Titration), +
BB ORFKBEDO T 0 N ALB IO T v b
MEDORESEHRFIEE BB LICET VT L > TRDTZ
FE S Z#i#R (Calculation) 2RENTWA.

Alkali titration curves of solution with soil collected from
the test site. This figure includes the observed (Titration)
and the calculated titration curves for solution with (Cal-
culation) and without (Blank) soil. The calculated titra-
tion curve was obtained by surface complex modeling of
soil components considering protonation and deprotona-
tion of each component.
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HORBRRXOFE (F) E8E LB (7).

Photo of test road constructed by decarburized slag as
roadbed material (upper) and monitoring wells installed
around the test road.
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Bt \z, BRiko> &5 ITHERR L7z pH #E & 7 VIRGED
723, DCS & BiEb & LT L 72 B o0 st iR X % 2
L, kR BB 2% LT (Fig. 7), pH W%
1A A I ORAEZEL &2 ME L=, Fig. 8 1%, 2 /E/
ERiLT-E=Z ) IRERD I B, Kix RALEICRE L

T BRI B EREL L 727Kk 0 pH O FHRFZEAL & & O FHE#E
RERLELDOTHSD. BHEE T2 bEREL 72 Kko pH
1, DCSIZE ENDKBALA N T LG TH DR b
FURA POERIZEY 12~ 13BREEZRLTNS. B
BEORBENIRNEEZ BN DLANCEE LB~ S
BB LZAKOpHIZS ~6FRETHY, HEERELL
BT OB HE HERT L 72K O pH 1% 9 ~ 10 FRE %R
LTV, 2o pH Ok 5, 8% 5 < DCS %%
& U722 5 pH12 BL DR HKAMAT O 1381232 7
AA, BHEMBUKSIRAGT D EEBIC, BBICEATD
Kz 2B OH T % pH BEEREIC & - TREKNR A
BT TNBIZH b 5T, pH A 9 ~ 10 FEEEITHER:
INTVDEHDEHRITE SH. DCS OKFISCUER
FOSOREE, 5D pH RE AR D D RIEFEIKET V%
—RITI AT T VAT Y iAZ, BIIFHEO pH ORRA:
BAbZ TR LIZE Z A, Fig. 8 LK & 5 [T EH K%
BETLHZENTE ., ELZOET LV EMHo7 pH O
FEWRERILEZRDIZEZA, ZO+BOHT 5 pH #%
EREAR A T, MUK pH 23 12 FLEE % ¢ L9 % fEl
N1ImZEEZDETCETIREMN 30FLULETHDLZ &
LN ER ST
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+ % pH FRMERE & BT 5 720 DEH OHRY fHIx D —1fF]
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Temporal change in pH of water collected from the wells in different places (left) and the calculated

pH (right).



26 TEOEME

138 & (2018)

1Y, EFRPARMHOPEKRELZH LI ANOS
WERINZZ 2D, £z, MERILFEONET Y
T eV Y=, L FOREICER Y — L Th
D EREMENTZZTIUE, TOBEMEERLZZ R
2%, THEHIHBRICED D F A X BICELVO
T, RO LEZFSHIME DL N Y —/L & L THIER
{EZET VT OHEMERD, Frlr—AAZT 41—
FEATHRILET S Z LT, HERSoHT-
REBIC DR N DO T AV E T S, TV Rk
ZOY =N BRI DHIO X I ICHELHNTRWERZ T
DEEEER TAROELBEBE 2.

51 Rk

Amrhein, C. and Suarez, D.L. (1992): Some factors affecting
the dissolution kinetics of anorthite at 25 °C. Geochim. Cos-
mochim. Acta, 56: 1815-1826.

Arnold, J.G., Allen, PM. and Morgan, D.S. (2001): Hydro-
logic model for design and constructed wetlands. Wetlands,
21: 167-178.

Bethke, C.M. (2008): Geochemical and Biogeochemical Reaction
Modeling, p.543. Cambridge.

Brady, P.V. and Walther, J.V. (1990): Kinetics of quartz dissolu-
tion at low temperatures. Chem. Geol., 82: 256-264.

Chorover, J., Kretzschmar, R., Garcia-Pichel, F. and Sparks,
D.L. (2007): Soil biogeochemical processes within the Crit-

7

ical Zone. Elements, Vol.3, No.5, 321-326.

Dzombak, D.A. and Morel, EEM. (1990): Surface complexation
modeling. Hydrous Ferric Oxide, p.393, Wiley, New York.

fE =g, SiRIESR (2004): RIRFET v 7 = L RIElE [ HEFAHE
ORESEKRET U v 712 K DT, #i TR, 43: 180-185.

GHRRE—, LB, AR —, H /N, RS, RS, Sk H
P81 (2008): F SR EALBRAR 1 5 ST LG R B R Vi
BEKALERFTVEDBRFE. J. MMU, 124: 519-528.

Khoury, H.N., Salameh, E., Clark, I.D., Fritz, P., Bajjali, W,
Milodowski, A.E., Cave, M.R. and Alexander, W.R. (1992):
A natural analogue of high pH cement pore waters from the
Magqarin area of Northern Jordan, I. Introduction to the site. J.
Geochem. Explor., 46: 133-146.

Kida, Y., Mita, Y., Fukushi, K., Sato, T. (2005): Mechanisms
of alkaline buffering by peat and quantitative estimation of its
buffering capacity. Landscape and Ecological Engineering, 1:
127-134.

= EEAQ011): AR 7 JEIBEMICBIT D= Y A+ D
AR & HIERL S - e T U v 7, dhiiE K T RE
#i, p.40.

Nordstrom, D.K., Alpers, C.N., Ptacek, C.J. and Blowes, D.W.
(2000): Negative pH and extremely acidic mine waters from
Iron Mountain, California. Environ. Sci. Technol., 34: 254—
258.

Prikryl, J.D., Jain, A., Turner, D.R. and Pabalan, R.T. (2001):
Uranium VI sorption behavior on silicate mineral mixtures. J.
Contaminant Hydrology, 47: 241-253.

=
=

ARETIE, EERFOIIEER X OHERE O 212, TSR Z Wb 8 0% E D E
AR L TV ), MIEMEFEUSET Y 7O E IR L Tz 2, Bk
% pH #EME{ER 2 M7 L, pH fEEEAOBMO T EEMEAMH L. £, EFEREMLTEL
THED pH FEEAEH &2 x5 & L HEME P RET U o 7 O TR B &R Lz,

*—7—F : EEEN, HEkET Y 2, pH





