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Equilibrium Model for Humic Iron Complex in Estuary

R, KFTER
Manabu FUJII*, Tatsuo OMURA*

Abstract ; Iron complexed by humic substance (HS) is one of the most essential metals for the growth of
aquatic organisms in estuary. In this study, we investigated the equilibrium behavior of humic iron complex
with mathematical model. The equilibrium model was developed on the basis of Debye-Huckel theory, which
can take account of the potential energy of iron around the surface of HS. The dissociation of iron from HS in
estuarine water was described as results of the competition with divalent cations (Mg”’, Ca2+) and the decrease
of surface potential of HS with increase of ionic strength. In this model, adsorption sites on HS were divided
into two classes depending on the affinity with iron. This classification resulted in the good agreement with the
experimental data in artificial estuarine water. Furthermore, the experimental data in NaCl solution was also
well explained by using the calculated intrinsic equilibrium constant. The calculated equilibrium constant
between adsorption sites and iron exhibited similar value with reported equilibrium constants. In conclusjons,
developed model could theoretically describe the equilibrium behavior of humic iron complex with the
variation of salinity in estuary.
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FUU PATHMALICS WL 2o T0 B Y, —F, WEARYE LI EER L T D8I,

* B R AR T 2B e R H AR T B B (Department of Civil Engineering, Graduate School of Engineering, Tohoku University)

- 145 -



BHEECHEL, YT I 7 NZERLOTUVWEETHE EEX LN TS ), )RR
BT, SR EERTHIBREABDEDZIFEEAEO T I VBE(T I VBRI AR TH
D, MERLIEES ﬁ?é@&ﬁ%&(ﬁw?#/wg%mﬁg)Ki@%ﬁ&%@%ﬁykﬁw
EERTHZEBMLATHE Y, 0 - R TIE, B4 A Na', Ca®, MgH Ao 10t
~10° UL LY OBETHEET D20, 7 IVWERE THA A2 EINbLDOLBA U REATS
LT, BOEIET IVWEIOREET S Y, ZOXIRREETOT I UEO¥E, & Ik
EAEY~ORBELTRICTEML TV BT, 73 UWH &S0 PHEEE 2 BRI S Lo
H¥HETNLEBETHIILREERRETH D,

TIVHBEEERBA A OMEERICET AR, TNETEELITPhTETEY, #EEEC
B 25T 7 AR (Fl A1, NICCA Donnan Model ®° Humic metal binding model VI) HiE5 &
NTWAE PO “nb0EFARE, 7IVWEREORE-XEFRL, SOV FI A, Iy
ULREDEB/A A EOEVEERSEFRET S LICRI LTS, LELAREL, 2hbngl
73 pH R B ERBA A RETIE I BRERB(LEAFRILEFRETHY, MOREPEELEZLD
RERE (A A RELRESBA A BE) BRI SEFERE L RRTIICES>TRY, &5
W, B pH (HE TEROSKB LM TR T DHE 2RO 2 LR, 7 I VBB E O R RIE SR
ZEDD, 7IVWELSOBTEICE L TEDETFAUIIEIE > TOAVOBEIRTH B 19,

ULD X3 RERDID, RFEL TR, 7 I VS0l r RT3 AREEEL, W0 -8
R TORBEEIZ &97 VEBROS R A ERAICHAT A LR HWE L, 7 I VD

A LR RBT D003, 7 I vWEOBEEEERECFORBE, ST E, BIROA 4 HE
@pH%@%ﬁm%m&n7f SRERTHOMNERS D, TIT, UEOEFHE2EETED
Debye-Huckel BERIZEE-S%, BRALFMHRANLT O - IGEICBIT 5 7 2 V0T 1%
R L, BRI, WO - BBEEAGTTO7 I VO EEEBRERICERT3 22T, MEL
' T NROFEEIT - 72,

2 JEVUMHEERA A D DETEEIC -
BT HEHR B +4M4%) FRIE 1 :Laplace OB

A — < o - $EE 11 :Laplace ROER
2.1 Debye-Huckel BERIZE S Ry o S8 111 :Poisson XD
Uy LIRNXE—DOEH REEE (BILIABRee,) N

(METLIZBITFIN2HMDRE
K1rTE52, 7I0WELS
BA AL BHFEEss (=6.9X10[CPN
M NOKFIZHFEET B ET S, 73
WEIINRESE THE R (m]OBRE, A
FATHER b (=10 [m] DBk & R E ke
Ui, TRTOEREA FALEEHT — /////M%m$§%”’
HY, TOREZIFT7IVHEITHEL  E1 Debye-Huckel EFIICR S 73 VB ESBAA > ORI,
LicbEDRBREINDG, &BA AV
7 IVEOEREGBA TV OEEOMTHD a FR+E) ML VIS I EETERVDT, a
PRI BA AV REELRY, BT 257 IVEEEEMOHEICRBNT, 7IUWENOHE
M1 L FERge DKDH TR S 23 588 11121, BRESASIETE L2V 2 ® Laplace XA B L,
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(2)Debye-Huckel BRIZ £ 2 73 UPEREENOES
WREEIE R T Poisson-Boltzman FIFOX TR EN D,

2
1{‘1 tz } = {Cﬂz*exp(—‘ ‘;ZT"’) +c_0zexp[~——‘ ekZT"’) ) M)

ri{ dr? &9,

ZIT, T I VB OBL G OBBEm], wIEM[V], e 131 A OER (1.60X107°[C), N,
BT RT Fuk, s iEZ0HER 885X107[CINm?), &l3KDHFEERGTS at 25 [°C)), C.0&
CHIFNENT I VHEREN O +DCEEN MR TOBA > L BA F 2 OE N Emol/m’], Z,
L ZRENTNEA AV LA AU OFFM, FiZARAY = ERA38X10P0/K]Y), T idHxHEEK]
FET, (ODRCBWTHFARIOE %, THOLBERPICENOBEEARSE U2V & X Laplace 3
85, BEANOBMNIEEICNEL, eZ w/kT <1 (Debye-Huckel Bgn D ERET S &,
Poisson-Boltzman JTFERXDO—RIELZEL LB TE 5,
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AENAE L, 52, FERI & I OBRICEBNT, BiLyD Al & REEFEE o[C m ik dydr
= -o/ee DEENH D, ULOBREHEZER L, BEIK], 11 T Laplace K, FI [T Tid Poisson
REEETHE, BROICEHSND 7 IV YWHEOREEM QX TRENS 7,

R KR
Vo 47:06,R(1—1+Ka) @
IIT, gCIR T IVHBEOFRRENEEL, TIVMEREOENE Y Zyy THET L, g=eZys OB
ZRbHb, £, QRPIZBITBAAIUTORXTEREINS,

1

2y L

K= 2Noe 12 (3)
kTe,e,

Z 2T, I[mol dm™)iZA AV REEEF T, /KT Debye D¥AR LTI, A A OFEKOEL$ER
Y, «kOEIZA FVBEIZLFITIOT, A FBENEWVES, Debye O¥BITNIEIL L0 AF
VEBSIITOICEEET S, WEEO L D A AU BENEVIBRAG)RITR Y SI72 22, Davies
R L Wk DWERTOMHERSHD Y,

1
(2Nge® o T
K—(kTgogr] [1+\/7 0.21] )

RRFUIYILIRNLFE—DEH
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g W7 I VMERERE EEEMw CEF-TWAREBIIBWT, B A VI0T0OEORT v
VE NIRRT — (W [J]) HRATEREND,

Wee = qcw )
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B 5z, WRPOA A BE & AREWTEHEER(og Kuen)) DEALH, TARBERITTIVEBES
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EREIENER1[M], f'=1 &L LEEEITo 72, RENFEEEEN/NSWHRE, 14 EOHMN
WAEWEBERREROBBIZL Y, v 3RO RBD 2R Lz, —F T, AEREEEESEMT 5
A FUREDBEMIES &BA AV OMBEREIT/NE lpoTe, 7VREEE 7 I VEROBE %
LTCHDBE, 7IVBORAEE, RNEMFEBERD log Kiem) =3~9 LHEBICEMEEZRLTWHI L
Db, ZhiE, 7IVBOSTEPKEL, 44 VBEOEMIHY > REEMAEHEDE TR 7
AR ER L TRKEWEZHEEZLND,

32 NTEBKFTOII VBOEFEHETIL
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I (a) —@-log Kint=-3 (b) —@—log Kint=3
2 ]> —&—log Kint = 1 2 L —k—log Kint=86
l —@—log Kint=3 —@-—log Kint=9

vV Me()

0 0t 02 03 04 05 o o1 02 03 04 05
AAAETE (mol/L)
BS5 A+ MEEARNTHRENS viegi25 X 288, @), O)EEFhFI, JALKREETS VBOBEERT.

FhieEm L TITSRERD D, SEVHEETETNVEBET S LTo7 IV WEBREEREOR VRV
CBL T, BMEREORAREIC LI MEERTION—BINTHS 'O ThETIC, BIEEREE
DFEGEZH & FF o D Distribution Ligand Model %0, BEREFEZFEEIREEIT L 0 88T 3 Discrete
Ligand Model B3RFE ST\ %, Discrete Ligand Model D3 E, vl ILA FOUSRA TR EN D,

ul 3 KMe(n i)[Me]1=i
Vei = anveni = an - (15
Me(t) ; Metni) ; (1+KMe(n,i)[Me]I=lJ )
ZIT, NIZEAHEIZE ST A bOSER, o, X2RkEV A MIxrd 5 Site n DEHREFRT,
TIVED OB LT E SR A T T SR EAkEESk o g FEBREL, Fo%, SEEERGIZIT
BELAWEEZBND D, AFRICEBWT, KBbgko 4 R SHERIEOSBEL, 10M D
A—F—ThHs W, ZOX I ICESEOHN LB EBE CHEET 35S, [ A VEBTHEEYT 5 E
DOEFMELT, —E10° M]atpH 8.0 7252, LIEXY, FMWEK K rephd K regy=Krep [Fe]i-i TIE
HL7-,
ANTHARETE, MR CaNEET A0, 7IVvWE~ORECB T EBEEE2IT), BE
BBAALTHD M & COBEETIER, wrpll(16RTET Z LN TE B,

_ & K}"e(n,i)
VFe(i) = ;a,, 1+ K;ve(n,i) + KMg(n,i)[Mg‘?*] + KCa(n,i)[Ca2+]] (19
(16)F 06, BE OREII Mg Ca' DA RECBEILL - TR R TL DI EDRS0 5, Thb
DIMOERBA A L REFA + OAEHIEE EEIL, log Kyew=3.5 AL P, BEYA +D
REWERENMTIVE, AENPEEELELT IR, TOELRBITEKOBPE L& L ThEn, 3
5T, BEYA MK ST Mg & Ca*OAREMEEERIT—F L L,

A A EOR-EREIZ L VRENA M 2 BRI L 756 RE N TS E KX Site 1<Site 2)
WZDOWT, $EFMET VE ATHARTOT I VHOSTEHERBRICGER L (K6), ERE~D
T AT 4 TIERNT, RF V¥ VR NAF—OHIERES RO Site 1, Site 2 DAE R FH
ERETILERSD, M6 10 BEBT DI, vegb KES BT I LMMERD, £OF
Th, %029, mEZINARBOEE 1, 7IVEBOEE2 L LZHEICBWT, EBREL PHIED
BAEFHFNRENTHoT @K, ZDLE, Site ] R Site 2 DAEH M T (log K reprimp)tE, 7V
RBOBEENEN-15L 07 THY, 7IVEBOBAZNETN06 L 40 ThHhoTe, Eik, Site 1 R
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V Fe

0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 02 03 04 05 0.6

AFEE (mol/L)

6 AIBKBIIHEITI I UHOEFHEETILOEM. @), OIFETNETRILREL IS VBOBEERT.
BERBAI2BLT, mIETLRBOBE 1, JI0BOBR2THDH. FENTHERIR 1R,

£1 ERE~DETFLOBERIZEYB/OoNIISA—5,

Fraction Number of Solution* Ocuppation (a,) log K'reqn, ing 109 Keegn, ing™ 109 Kregn, 06" log {Re}
site groups (N} Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
Fulvic acid 2 ASW 060 0.40 15 0.7  32x10" 50x10° 4.1x10° 65x10° -173
Humic acid 2 ASW  0.95 0.05 0.6 40 4.0x10°1.0x10"™ 3.4x10° 8.4x 10" -168
Fulvic acid 2 NaCl 0.60 0.40 15 07 3.2x107 50x10° 41x10° 65%x10° -3.60
Humic acid 2 NaCl 0.95 0.05 06 40  4.0x10° 1.0x10"™ 3.4x10° 84x10"  -340

*  NaCllENaCLBE&. ASWITALEKEERT,
** log Kiy BT REREOBEF10MIEREL TEB L,

W Site 2 EERIL, TURBIZBOTERLER 60%, 40%, 7 I VBBZBWTENRLEN 95%, S%TH
o7, Site 1 RO\ Site 2 ORBHEHER & SEREZBILEE, ERE~DT 1 v T 4 V7 2R B2,
FREOS—ARELERBEIHE LTz, 7IVHEOREYA MIFRH—THY, ZITH ST
FENEEEET, B2 REESRELFOWEY A ORI ETH D, HSAB {E](Hard and Soft,
Acid-Base Roles))» kOB FHMEE R TH B &, FEGKIZY 7 MEZTRL, BEROY 7 MEERFRTT
T ERALRELROENMEE AT P, B2, EEEEO YT 17 4 7 (Desferrioxamine B)i
hydroxamate #H L TE Y, #k&HERFITHEOEMMElogK =31.9 )2 LD, —F T, IARFVILER
Tz ) AR N — FEORETH Y, S ottizy 7 MEOHEE XY HIEWZ LMD
NTW5, 73 UWE LSOETESENT, YLDl > RBEABEAMICLY RESHEBERTHLE
ZBND, T, KM TIToEEEREICE S YA FooliT, UL X ) RWEY A gk
DORHEEHFEERBLELDLEEZS,

B 60, 4 AVRERINIES TAVRBE DT 2 VEEA~OHORERITEEICERRE L RO
BRI ZRL, BEISNLZETNMLT I VSO TEEH L BN LI RATETWS LN 5,
L L s, ZLVRBICOWTEF VR ERBEICER LIEZER, (A VBREMEWE Z A TERE
EETMEIZRZDEABR SN 6(a), ERER TIHEA 4 ME TEHROMBERE NN &L,
—3FTC, BT VCIIRMEEL KESBEHTAHRE L ko7, ZOHEBEDO—DODERE LT, $ER
EVA DD I2RANETOND, SFiIZT7IVWERLYT R 7T 2 EDTRx REBHE LA
L, ZORAFEL LT 11 FEE0ORRLTHERARG 12 A BT, FlziE, U FABR R
3 Boa-hydroxycarboxylate & #1388 22 1:2 /A (og K=17.6 Y&1T 5, #- T, Mg™= Ca” 2Kl
Bz T, BFETA e 12@E LIESIRE@R» O OREEZT R o127z, TARBNL
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DRI/ N E oo LHERIEND, ZOX D REMIE, TARBROBEDHRONTZR, T
ik, 7ARBBLEREIESFTHY, SREERET D2 0OWREY A B 12KEE 1D L0 EE
ThoHlebLFREND, —F, 7IVBEESFTHY, BRITITEBET%ET 1 F2idl,
BREMEY A PR 2R LARVEYD, TARRERROERBRON N2 bDEERZLND,

33NaClBERTO I I UHOBTEHETIL
TIVHE~ORBFIZEALT, Na'38 LB LA LCEAET, BEDROLIIVEEL S X T
HEEZOND, oT, BEPROHLEZER L, NaCl BT CTOERF HEHET I Vil 7R
IOV EEET VR B UL, BT72000, A A VEEOBMIIMAES BETROSOMEEL L&
RTETWBENRD, ZDEE, MIERERUCAENEEERIIATEKIIBIT 7 I/ HROF
BWEBRIITTLVAERTH L TBLONAEERERALE (R 1), UE»D, AR THRELZETV
IATHEAR O NaCLERT BT 27 I VE L SOMTEEH 2 L RBATETVD L VA D,

BAFEHINE-EHEROR UM

ABFETIE, TEFADOBEHEN vy B ERIEIC T 4 T 4 VT SHBI LT, KB BH L
Tro A¥, 7IVWHEEBORENTEERE LT KepmE BT RETHED, BEE~FEFT
D MIEOIETFEBE R RIB CE LD o 727e®, Krep,imy T EEREH T2 Z LN TERP I, £ T
WAL K vepnimg=Keemmy [Fe i EEHRTH L TETNVOBEET o 72,
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