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Functions of Humic Substances for Enhancing

Remedial Processes in Soil Environments

Masami FUKUSHIMA *

Abstract

Humic substances (HSs), which are ubiquitous in soil environments, are directly and/or in-
directly related to the detoxification of organic pollutants. To enhance the catalytic activity of
iron (III) -porphyrins (Fe(III)-Por) and phthalocyanines (Fe(III)-Pc), which mimick the active
centers of oxidative enzymes from soil microorganisms, the effects of adding of HSs were exam-
ined. In this paper, the author reviews a series of works on the effects of humic substances on
the oxidative degradation of organic pollutants by biomimetic catalytic systems. The degrada-
tion of pentachlorophenol by both Fe (III)-Por and Fe (III) -Pc was dramatically enhanced in the
presence of some HSs with lower polarity. It was found that self-degradation of catalysts result-
ed in a reduction of catalytic activity. In addition, Fe (III)-Por was incorporated into HS via hy-
drophobic interactions, and kinetic constants for self-degradation decreased with an increase in
the binding constant. Therefore, the formation of a supramolecular complex between Fe (III)-Por
and HS can stabilize the catalyst, and this leads to enhanced catalytic activity.

Key words : humic substances, biomimetic catalysts, pentachlorophenol, oxidation, toxicity,
catalytic activity
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Fig.1 Scheme for extracting and purifying HA and FA.
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B, TEAROEBCUHELZELZ) LEALRN
bo SBIT, BEEBEOWMIRD X 9 7 ZRIN 72 [HE
LAELD Bo LA T, 20X RBREANE
R/ANBRIZT % 2 & ASTT R 20 AL (L 7 B O B 3G
PREIEND, FRFENEELEE LT+ LR
TA L= a YPETFONDDS, MAEMANDHE
oM, pH RiELR EOLMNEHEIVLETD
DA YTF Y RZFMDBDHh 5. —HRIS, bl
BEZIAV pH RIRELRGTIEH T2 LM TE S
DT, AVTF VY ADFHPERTELLEZD
Nb, T/, fLBMIICE ) EEREE RIS 2 &
MWHHRETH D, VAT LARERHICHETE S, @
22, HEE IO ET DR OO &
LTHIOENTWDER-KVT 1) VfliEiczEH
L7zo COMBEIIEALIE 2SS 0, ARG 5
WAL RS A Z & TE S (Meunier, 1992) o

GIE-FRIV 7 4 ) Vil F ORI L LTHS
NTWAEEE-7y0 Y7 = VMKIE, BEEOW
PERLEBERLTWS I ER D [Nf 4+ 3 2
T4y 7] EIFZhTWwA, KT, N
£ F I AT 4 v 7 X 2 i o A RS G
B D5 - LI BT HS ORFICHET 5%
HO—HDOWIEE BT %o

II. SEXE,SHMEL EEDED
Xy oa2)E—-3>

2 12FE4A (FHAR) 123 (Stevenson, 1982),
TEEHERTY (Gagosian and Stuermer, 1977) 3
LK UEAR 2 - (Hatcher et al., 1994) %5 i
L7: FA, HA O FILFEMEEZ R T, TN O
BAPSERWE LY =R ZF= VIZHEBL
LESTAEERN TH L Ebh b, Tz, EHE
ETBTIEIC Lo THIENREC R LRI ELH
S50 CTHb, Lo T, HELEWEOEL -
MBI % HS O - A2Rk1E, € o g
FICE OV RESRRZEEZOND, WRIZ, K
W TIRER2 +, R VVIRE, B, H
MB, kL, W& CHRXDER) 25,
HA, FA #458 - L, ZhZhofmnzhR
IZDOWTHE %475 720 HS OAL2ERYEF 9
AHIgELE LCom#EMk (C, H, N, O, S, [K%5), 47
W A =%, BUHERESEIZOVWTONTZ
fTo7ze 22T, 40787 A—% L3280 nm (2
BT 2645, 465 nm & 665 nm O WOLLREK
DO EEIELTBY, TnEh, HEHEEES
DEH R EFRALEISHIG L TWw5 (Chin et al.,
1994), FEHDVHVIZHS ORFEL LI 50
LF DGR R 2 1 ITRT .

II. N FIAXAT 1y 7BERIZEITS
HHTLEMEOBLRE

1) EHEDEOEEDR

M 3ICRLAZ#ERLT 1) it (Fe(IID)-
Por) ®#k7 a7 = filllft (Fe(Il)-Pe) 1%,
FRALEER OO 2 B L 2RI TH D,
H,0, % KHSO; % O Mt =R+ 52 & T
M4DEHI AN ZANIZEY CP % EHBALE

— 907 —



(a)

(c)

0_OH
OH HO@
HO "

OH R)\fo N HO O
o 0

O OH OH OH

OH OHO

OHC@
HOOC ~~

HOOC-CH

M 2 HAB XU FAOMEET IV (a) 8 &AM I FA (Stevenson, 1982), (b) i ¥ He At 1
HA (Gagosian and Stuermer, 1977), (c) B 7 1 HA (Hatcher et al., 1994).

Fig. 2 Structural models of HA and FA: (a) brown forest soil FA (Stevenson, 1982), (b) marine

sediment HA (Gagosian and Stuermer, 1977),

WEBLSHT LI L 75‘7’51] LN Twb (Fukushi-
ma et al., 2008b), F3II/RENTWVD LI,
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(c) ando soil HA (Hatcher et al., 1994).
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R= *\/7\/*803
(Fe(I)-TPPS)
R= *@NtCH3

(Fe(Il)-TPyP)

M=Fe R= —SO;
(Fe(ll)-PcTs)

3 HMD-KN741) >~ (Fe(IlD)-Por) B & 87
a7 = Vit (Fe (IMI) -Pc) Db 244 7k,

Fig. 3 Chemical structures of iron ((III)-porphy-
rins (Fe(III)-Por) and phthalocyanines (Fe

(I11)-Pec) .
R+ H,0 KHSOg
Por-Fe(lll
H* + R-H KHSO,
Por -Fe(IV)=0 Por**-Fe(IV)=0
R®+ H* R-H

Overall reaction:
Por-Fe(lll)

2R-H + KHSO; 2R®+ KHSO, + H,0
M4 AD-KN 74 » il X 2 485G
W8 O B AL B A,

Fig. 4 Oxidation mechanism of organic substrates
by iron (III)-porphyrin catalysts (peroxidase
shunt pathway).
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Fig. 5 Correlation between % 0 (PCP)g and the O/C
atomic ratio for the Fe (IIT) -Pc catalytic system.

LT, BoMEAMIE SN (Fukushima and
Tatsumi, 2006b), Fe (III)-Por iR I2DOWT
[FER 7RG R b7z O/C HlE, ANV EF I
K L HS bR ERIIREE LTS
NTwb (Tanakaetal., 2005), WZIZINHD
R, mEEEEIPLRVWHS IZE, PCP O
AL E ISR R TH B Z L ZRLTHED, HS
& Fe(IID)-Por ¥ 7:13 Fe(IID)-Pc fillif: & DBk
A DSOS b B 2 & 2R L7z,

2) Ris&Em# & Zh 5 OF b

PCP OFEEALA W IZDWT, s HS A3k
TG LBWVIEAICHL THREEZITo 72
(Fukushima et al., 2003a; Rismayani et al.,
2004) . MWL, KINBOBRE NFH~
M LERESF Az OS T T 7 RS E
(GC/MS) NEATHZ LI EN - ER L7
F72, CO ~NDIEEREILIZOWTIE, “C TINW
EL72PCP Z W/ FEERIZ X DL D7z X6
ORLZZEIICHS BREL WA, o-T + T
rauX /v (0-TeCQ), e Fuxs/JFruu
V7xz=)x—75) (H-NCDEs), #27%7un
IRV p-F¥A4FFT Y (OCDD) ZHEK L7,
L#aL, HS 233454 % & /1K TdHh 5 H-NCDEs
L OCDD KT OGN o7z T OFERIT,
HS 252 1 54 & 7% A28 o Bl A & 30 3 2 R 2R
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Fig.6 Influences of HS on the distribution of
byproducts as a result of catalytic oxidations of
PCP with Fe (III) -Por and Fe (IIT) -Pc.

100 T T T T

O PCP+HS, 5 min
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Fig. 7 Comparisons of toxicity curves for a mixture
without a catalytic reaction (PCP + HS) and
HS fraction after a catalytic reaction with PCP.
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Fe(III)-Por T3 MLV R SN o7z L7
o T, Fe(Ill)-Pc ®J5 75 Fe(I1I)-Por |2 L~ 45
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8872354, “Unknown” DAY OEE DK

ELHML72e 2@ “Unknown” & HS |2 PCP
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MS & BC-NMR A7 N VTN %175 720 K
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LIZBWT, PCPITHIRT % CPFL S % 45 M H
RS Z 23 T& 72, 72, BC-NMR D4
»H, TS CPERXE HS I —F VA EAN
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—77, HA & PCP OB b A2 LG/ G L
TS EGFALEW ORI T 2 M EIE 4 H
LNTWiw, 22T, IR (Photobacteri-
um phosphoreum) % JI\»72 Microtox® 1 3 &
#1757 MITIZPCP L HSOREMB L U
PCP & BB D &5 FAL GR35 2 Bk i
ZaRY, MO % E &, HHEWEORMICL S
N T T 05 DOFENEEOWPH G RTMET
HY, ZOMEPKEL BBIEEHEEWHI L DI
KD HEENTWAEZ EEERL TS, $7,
Kl SEHA R T O PCP & 5 W I3 AR 12 Bk
T2 WA A RIERRE (AOX) 2/RLTWwh,
F5 2% E = 50% & 72 2 W E OMREEZ, N7
77 OLFRHEWREIH YT E2D0TH D
EC50 & I-iZh Twa, X7 oMl s,
PCP®»EC50130.24 = 0.03A0Xmgl1 ' TH 1,
ERE R 2SR L 2 A ofE (0.28 + 0.02
AOX mgl™!) &—3L, /2HIZHS 283t L
7272 TIE EC50 ICELB A b e w2 & % i
ABL7ze LAL, B5TLEW O M#RIZH 40%
THITH &% D, EC50 3FFMiTE 2oz B
LofERE2 S, PCP AL IC MM T HS (23
HREET B LICL Y IEESND L O a1
HZENTE,

3) MERICDREICETFLS T 2 EHEME DL

el

Fe(III)-Por 72 £ 34 % I A 5 4 v 7 fil k13,
KHSO; @ & 9 % @AW T CHOART 5
(Fukushima and Tatsumi, 2005), v i filt
DURIFICHBRL, AREEOmIbEE K& K
TE€5, £ZT, HOHEHEEIIKITT HS ©
WBIZOW TR E1T > 720 RMBERICBIT
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HS O %) 1%, HS & Fe(III)-Por & A H/EJH 2
MRTsEERbND, 22T, Fe(Ill)-Por ®
fl B L) S 54 5 HS ORE R FR AL o R %
Hrye L<C, HA % A4 XHkrru~ 77
7 4 —TH I LA TE & 4555 T oM 35 i 5% &

T T T T
40 + R
2
2
i3]
30 < ]
0 2
g =
o £
(&) ©
& 20 + 1 © b
2]
10 - g
F1 Retardation of the self-degradation
- - —f—
0 1 1 1 1
0 4 8 12 16

kO/kHA
8 0 (PCP)i=5 & ko/kna & O B F2.
Fig. 8 Relationship between 0 (PCP); - 5 and ko/kma.
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OBEPEIZ DWW THE L7z (Fukushima et al.,
2007) ., FEHED HA R L THTFEOKE
WIEE I F1, F2, F3 L 304 %37 (UF
RS D HA #7R77)o

8%, HANEAE L 2 wihE (ko) &IAFL
7234 (kua) @ Fe(IID)-TPPS @ [ T4 34 B
EBOE, HA OILEIZ X % PCP 43R0 HY
MO EEWEEW®T 50 (PCP) -5 & DR E R
LTwb, 0(PCP)=s1x, HADS A 726G D
PCP 5fse (RIGKER 545) 225 AL RWwihéE
DGHFEE LIV TEME L7z kolkna JL O3
I rs s MI il 22 2 L 2EKL,
0 (PCP) -5 DI HA #MNC X 5 filt i35 v o
HEZEHRLTWS, ThHOBRIZTEOME%
A~ L, HOSFOIE 2SO 1835
CENFIATE . WRIZ, S m EICik
AR5 MIE F3 T, ®EPRDED 72013
F1THoZedbhrolze MKW IIHT
AHEAEBC NMR AXRY ML EZENL DY — 7 Ff

W

F1 0
_V_____M,Jw’“ﬂ \) o UF F1 F2 F3
[  Aliphatic carbon (0 — 90 ppm)
W Il Anomeric carbon (90 — 105 ppm)
UF : _
\ [ | Aromatic carbon (105 — 160 ppm)
- B [ ] carbonyl carbon (160 — 220 ppm)
DR S DA SR A AR R

300 250 200 150 100 50 O 50
ppm

9 43 HA @ [ f& CP-MS ®C NMR ARZ MV (a) BEO & I KO E 4 (b).
Fig. 9 Solid-state CP-MS **C NMR spectra of fractionated HAs (a) and rates of carbon

species in HAs (b).
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GHBEEMNIET b0 MIODO A NVEZINVERE
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IZ& D HA OBUKEM~NEDEHL 2D LA
L, F3DOXIICANVKEINENL L D &,
HOFELI/NSL 2 ) FBWEITFHE 572
W, ANVEKI— 7z = VA HA O BRI
«AO%<&o#t%itouL#6 i T
AR R OREE N IE, HHERESEL A
WARFE D IVIEEEIM D IEIZH B EfETmO T 72,
oI EAET AL LT, RRPHEN
7 CIRE AL E O TR Z 2817 5 2 L 5T
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o S
=
P& S

i
-

IVv. £ &8

AfFe T, Fe(Ill)-Por % Fe(III)-Pc 7 &N
AFIAT 4y 7R IIIC I F ¥ ZATHHAE
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D, TFHEERBEIC ORI & IR R &
fFC PCP 7 L@ E A B 2L & % 4551t
TEDLIEZWONII LI WA T IRXT AV
il O, TROSOBECHRICE ) KEE
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