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Prediction of adsorption behavior of trace elements on soil minerals

Keisuke FUKUSHI!

Abstract: The term “adsorption” represents the accumu-
lation of dissolved species on mineral surfaces or the re-
moval of dissolved species on existing minerals. When the
minerals are added to the solutions with trace elements,
certain amounts of trace elements are removed by the min-
erals while rests of trace elements are remained in the so-
lutions. Researchers, who are interested in the adsorption
of trace metals on minerals, desire to understand and pre-
dict the adsorption behavior, quantitatively. In this paper, I
review the methodologies to model the adsorption behav-
iors.
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Fig. 6 77— A MIWAET 5 = UVEEO RIS A4
i (Sverjensky and Fukushi, 2006b)
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TBG LWy 77 72— (Ay,) & JiTh 22 SCM
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RO RAEEOBER B> TRAICEET 5720
BOINAEFERELRT. ZOEEEHRL, %@%m
DI, ThbbLWAE L E e KRR EN R EAKBIED
TR, VR = URIEEE, pH, %= L CFEs K OR%K
ThobbanbdZ EERLTWA. SCM TlE K 2#k®
HZEIZEY, EEOKEFMFITE T WA REEZFHD
WL TE 5. PETER K 1ZERIICHE 2 2 b THE S
NI EFERT — 4%, (9) XCHEIFT L & THED
L. 7L, BYRMEEEATED e VIREWVEGOE
BT —5 (WMEFRBOBET YY) 2HIRL, R
74y NCEDLH—0O K ZRIIEEZITHOLENDD.
WIRIe N D, EEIEARIIZ DL RIEFT 5.
SF VEFGRAER USOA MA X4 A FY—) §
RESEEET VT DNRFGA—=FTh 5. {LFRIGK
&, AR, DF D RESEROMAR & BRI L o TRD
b5, REEERTT ) o 23R m A E O F A
WL L 720 W SRR L IIMNIIT T 7 E D B HEE
THULERDD. I TIESHGITICL > TRD LI
FKHEEAE I SNT, £ 9o TG A HEE
T 50% PbAl) WA BN 5. ZNETIE, SF
S FE 22 b~ Po(Il) W2 BT 2 X MR
AW A s ST b (Usiyama and
Fukushi, 2016 Tl B = —). X T X TOEITHFIEICLE
@LT,i%&%ﬁ%wdﬁm%%%ﬁiéﬁﬁkﬁﬁ
TRIBEER 3.2 ~ 3.4 A TS Ty VNS F
T— MEATH D (Fig. 7a). THIIMZ T, FFEDOKE
ST LY R REER O R WREEANBN D &L @5 X
NTW5. ZOJRFHEEEREN RV 5 OR SR IZILFE

HHN, WEUNCHHATE DL OIXEMERA A (Cl
RNO; : L™ L—fik¥2) #FH LY —F ) —
/)T T— MEERTHAS EBZ 2 BNS (Fig. Tbe).
ULEDSNZHERICES &, NA T 07— MK,
Y —FV—% )T 7 — MEREERT 2L E
ZOEBEARIZENENRATRT I ENTES

2>SOH + Pb” + 2H,0

11
= (>S0),Pb(OH)?>~ (v

+4H"

0
K (=50),pb(0m),2

4(~50),Pb(OH > Al oy
_ _(>80),Pb(OH), 102303RT (12)

2
a5 soHapp2+

>SOH +Pb** +L~ = SOPbL+H* (13)

RBEHER K OB FD 01%, YA b EAEEREE
(Sverjensky, 2005) 2SS EMER THLZ L &R L
TW%. Fig. 5 OERIL, L2 >OIFERIERZE K
EL, TNENDOTMORET — X% 7 4 b LTIZHER
ERLTWD. BRx oW EEBRFERR, 2 20k
WOAFGERUCHE S 70 MTEY, S9FELHHRE
NTWDZ LR TES. Fig. 81371 v Mcko
TR DAY O R EE L ~7 . HFO, 7 —
PA NMIRRD 2 ODXLMDOT —FEETNENT 4 v
FMLTZbDEN, RRLIEFHCLIDRRDT 2ty
FCH, HRPILIZEHERTY 4 v R TETWD. 1B
Fig. 8 DFHMIIENEN DI DFHFE RO WA~ L T
W5, FEROWHOEKE L TOMEERN Ty M
DL, FOVEHBERSDZ EXMETE S, ZoBRE

(>S0),Pb(OH)”

Fig. 7 $Ewic

WA A Gt X—F U —F )T o7 — K (b),

(). ORI ERIEEER 2R
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W3 % Pb(Il) OFEmisk A (Usiyama and Fukushi, 2016) .
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2011) & @ T (Usiyama and Fukushi, 2016) .

FIRAT DL, ERET> TOARWIEYTH-> THFER
BEEMTHLE, ZOFREERE TRITES. Z0E
HRPEIZFRER A2 1X Born Solvation theory & L Catli S
% (Sverjensky, 2005). PHiERE RIEH D Z LN TE
D75, SEIERKERMETOEOHYOWAEZE )N
THICX 5. Bartonetal, (2011) (XD ~~¥ A b~
& Po(Il) W HB A HE SHLTVS (Fig. 9). ~v XA
FOFEERIZEDNT PRSI NIERENT A —F &flio
T AE2XE % 515 L C A% (Usiyama and Fukushi,
2016) NEHTHD. A > - FHERIT~~ 21 b
~O Pb(Il) WEZEEH %2 & TH L HH LTS,

5. REHEAET) VI DOBEK

SCM 23 s E8FE Y TETANDY, BEDL X
<HbhTWwWsd b oo, I#kEE 7 /L (Diffuse layer
Model: DLM: Dzombak and Morel, 1990), ¥L9E =&+
7 /L (Extended Triple Layer Model: ETLM; Sverjeensky
and Fukushi, 2006a), &0~/ T A MEEKRET
s (Charge Distribution- MUIti Site Complexation: CD-
MUSIC: Hiemstra and van Riemsdijk, 1996) 3% 5.
ROV TETNVEIENENR R 2EEFENRBZF
e, BEOYTET NV THLNINT A= (REK
IS O ESR R L) XMoo T =T A TIIBEHAT S Z
ERTERW. YT NAVRETAORRITNT A —X
WHIRNZ ETHY, BHERET NORRITHE TR
WE DML FRI) 7 U T ¢ (GtFRINCRD b bk
EWER L) AT AR THD. iy T
DLM TCiZ Dzombak and Morel (1990) 2% HFO (2%} %
B ORBOREIZEHTHRIA—Z DT —H =2
fELTHY, < OHER{LF2— K (The Geochemist’s
Workbench, PHREEQC, VISUAL-MINTEQ 7z &) & —
ik Tnsd., DIM T TESHTH L b T
DM, WEAI=ALEZBFETERVOT, BEFEHE
IELHBTERNWI EAZLV (Mahoney et al., 2009).
ko> Po(IT) DWea5 2B DFEHTIZ 72 SCM 1% ETLM
Th5. ETLM IZHBIEHE T RTI A —F DL NET IV
ThHN, BIELL ONRT A =2 FEHbd L I3HH
HICRBS D Z ENAEEE 25 TS, ETLM IZ L 50K
BT =B DT A= 3 liGA T BLORA A4,
ToH Y HEEEA A, As (DD L, As (V) ,1 (-D ,1
(VD) ,C aOV) ,Se (VD) ,S (VD) ,Pb(l) ®WFHFIZx L
T5ET LTW5 (Sverjensky, 2005; 2006; Sverjensky and
Fukushi, 2006b; Fukushi and Sverjensky, 2007a; 2007b;
Nagata et al., 2009; Nagata and Fukushi 2010; Kanematsu
et al., 2011; Usiyama and Fukushi, 2016). ETLM [3¥54
FICRA L TRBY, T—FXR—A LR INS>OH D,
BRERPOOLEVFHINTWRW., ZORKE LT
ETLM (TR 2 gk {b a2 — R TRV 5> O EE L
WERHIT NS, EiRoMiEk{bFa— D955, The
Geochemist’s Workbench 35 & O PHREEQC T/ ETLM
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