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RS KA W TR RSB AR R T 1080 R K M 2 8 F F 35 At B i1 E(persistent free radicals, PFRs)#Y
KA Gk 4B 2R U104 08 HR A 8 & B 24 91 B PFRs, K 3% B 70.11x10'°~5.79x10' spins/g, 3tgE 74
<2.0030, BT LAB N ot T Hikk E . HE R TR A KAT A . ST W8 RO I BB M
Bl Mk B, A Rt B A A TPFRsty &, A PFRsIKE 5B A48 2 iM% % 2(P<0.05), [E5% 24
&2 EA KK A(P<0.05). H ied# KR € 7 B E 5 7= & & M A 4 FF (reactive oxygen species, ROS)# # 77, 10
B E AN B A b P E£5.25%10" spins/g), WA S RER(riE. B4+, 48 L8 HRR
WG )P AN B2 B B R AEEOT - % £-2-= 8 £ F B(DPPH) 7 =l & T W& Z WA
IR M, H A AR 77 38 B 24~376 nmol/(min g), 75 JF fiE 77 ICso i 3 Bl 40.19~1.83 g/mL. 48 5% oA 45 & ¥, # 4k
ZFWEAMNES G HIEFE~ EROSH R A BA X, MHAELZHLL RGN FETUHAR. 3t —F L XHABPA)
HERIT LY, FRT AR RFEHBERFEBPAZ LG, R LT, BPAZRFE EHHBE AN EEH LR
#(P<0.05), T &5 7 5ROS £ IE A8 5% % % (P<0.05), iF 52 T ROSXTBPA % [ % By Fr k. xXx 45 R AP A/ £ A

PR Y A S IR N SR T B KAR.
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— R KAV A R, JEE SO REAME A |
I (persistent free radicals, PFRs). 1 —JSH RIFREE X
B, AN 4iiE S PFRSTE PR 2 5% 5 | (1950 b
1 FEFVEMH, LLKXPFRsHED L LR A B4 B T 58 11
AYEE RN, PRRSIGTEMEIR T IR S G 1, AT
PEAETE RS H FTEE(ROS) Y™ A=, X SEROS ARG 1Y
JitE, UGBS T AE WA & A AR Y, 7T
REET 7l Ra ok =214 3 AR SR S A /81 B = AN 1 L)
PFRs ] DL i o, 55 3% Al (ol 2 0k HY R IR AR 24 R A e
fift. TP EAY B A BT (HS)H BB E B i R 2 A
B AR I AT, T LK B %38 45 Fe(11T) AR i
Fe(ID'"”. Xu% A"VR L9t % th (9 PFRs AT LA 57
HEROS, {2 #ECr(VI)id B Cr(IID).

SaabfIMartin-Neto! "% # 4=+ I )PFRs 5] &
ERIPFRS S IFAHE R (R=0.91), TFSLHGLE S+ 5
HIPFRs A B4R, AR 2> Atk 0,
DT 35% -E vh 43 B 4 B 1 3 P PR R sk J (8.6 10"
spins/g) it it &5 T I AR (2.0x10'°  spins/g) Fl & HLiR
(4.6x10' spins/g). I, FRATHEFESAGE WFFRT4E.
IR, AFERRIESAESER A Y HER 2 B ], sy
FEER A TR A (AR . By, TR AR AH
XTHe EE AR, PRRFFHEAAAE ISR 22 57, HAA LR R fg
3R, B XA ] g o R S
TIE S5 PFRsIYAH IO RN Z EL D, SRR [ 554
5 HAR AR [ RE 7 YOG 2R i AN T

YT UL, AFSE R R B AR 4t e ek 4 S T A
i (attenuated total reflection flourier transform
infrared spectroscopy, ATR-FTIR). 454 n] Ui 57 5t (ul-
traviolet-visible, UV-Vis) XAk W57 T HHEEE Y
2 TSR RRAIE ;>R FH HL 5 A 2 4R % 3% (electron
paramagnetic resonance, EPR)F5Y T WA ZX HPFRsHY
£V IS SYE 530N Q W B IR i M el 7 N [ 3-8 e 2
FIE AR JFRE ), (A3 -3 i Ui e A A
BPAY' Ul H kR, BFFE T AR IR e )
HALBIPERE. FERLIERE b, S5 ARSI, I
W E LS RRIE 5PFRs. ROS. %A fbifJ5ihE 11 X BPA
EBRFBZMPRR, NGRS Pk
AT SRR S A R R YR S SR

15

(1) SRS, HRERE0ME 1)
90~20 e FYBFIEJZ L HERE AL VIVULLIE. LR,

WPEH 1 AR NS TS £ BRI L
M HORER . KR . EPCAM L. B
Je, K HAERERAE R T HARRT, RS S 22 mmif
WS, A PR S R S AR TR SN B I
SEM IR S T [ I P P o o [ A
a5, B 20 gt ERE S I AE 5 A 200 mL
0.1 mol/L Na,P,O,fR ZJ&HiH, FHimgsashiE AR
O FOMRAIE, LL120 t/minfl R 0. AP
BRSBTS, Fi2s BT, MIUTHE A 200 mL
0.1 mol/L NaOHI#F W, Y774 h, HE 12 h)5 F-E L4
Bla, 7k DER. R EE6RE, KUTEY IR
1£0.1 mol/L HCIA10.3 mol/L HF(v:v=1:1){J200 mLiE%
W, Rmn, BRIV LB FKEZRYE
BEEWODTOEE T BRI, 572 BV, Kt
TR AR IR TG B T B2 T b s m. Fl
FH HL PR I PR D %35 E PFRs. i ABFSE B IE S A5
WESR AT VRN 2 BB 2 P PR YR B, BRI 2
P E AR RS A E R R AR I A, 220
RN S N R N NCIE S U e g iL5 & %N
FRARE T WL

(i) SHBCEREM M S RAE. JEis A R RAL
ATR-FTIR G 7EBruker Vertex 70 %2, Yo SRl
61 74000~400 cm ™', 3% k4 cm ™, Ffie4k.
Omnic 8. 28K X FTIR G K VE— G IELL AL 1 E MR ifEfL
AR PR EERN I, XHEZEBURRIEIE, SRAF45 Bk
PR B, Xo AHVE ) B RE TR T s Al TARL. [ A58
HNEHE H A B EUV-2600 F 52, YEisic st A
200~800 nm. 7E254 nmAbiE WG R, 10 M SUVA,sy; 7F
465F1665 nmAb 53l E WL, e REME, FFitHE
EJE((H.

PFRsHG: ARELSO mgtAB R FEM T A&, H
FETE B, TR AR I 351X (Bruker  EMXmicro-6/1/P/L,
FEEN i, A TAESEOE SR Xk B i
9.7 GHz. I %2.02 mW. HULR43%3470 G ]
PRME4.0 G. FTEE200 G FHHEITTE]30 s, FA3 K.

ROSIZE: FRE20 mgiAfCR RS TR AT,
A200uL 0.1 mol/L 5,5- 1 JL-1-mnguk-N-S Ak 4
(DMPO)ZKIEW. IRA )G, WHERZE 1 min, F0.45 um
JENEIT S, MEMEL BRI EAE T, HES Mg S. R
J&, KBS AAIE D, EEE TIE AEmEY
B E. - H A B(DM SO IR 4 % I DM PO 5
A A I, BAOD IR b EPRIEZET : due g
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Table 1 The physical and chemical properties of humin from different soils

tHE T R TT R AN I 5
F e KFES EZYa i AT 5 A ¥4 A
(g/kg) (mmol/g) (mmol/g) (mmol/g)
. . 28°12'N
R ;
g AN 116°56'E 6.78 36.51 38.75 272 2.39 0.20 2.19
FrigE LR 1311731512 11.62 16.84 22.94 2.40 2.99 0.18 2.81
. 37°22'N
B+ 17 112°98'E 13.44 17.74 56.11 5.86 0.76 0.37 0.39
43°31'N
o TN 12 4AS'E 19.05 30.18 50.22 477 1.36 0.27 1.09
JEEE A+ NELn f1103()31q'\1]5 9.45 10.51 23.25 2.88 2.66 0.29 2.37
"t B 43056,N 11.27 9.57 31.62 3.44 2.71 0.16 2.55
87°16'E
. R 35°00'N
Wt R 113°41E 10.32 18.18 34.41 3.13 1.46 0.14 1.32
o 38°52'N
TR Ho 100°26'E 11.18 6.66 23.56 2.57 2.82 0.17 2.65
. . 38°45'N
b Y
Lt Kt L17°06'E 12.77 7.59 31.93 3.46 3.39 0.26 3.13
. 29°48'N
ittt GilN 106°24'E 10.14 24.96 25.42 2.18 3.78 0.23 3.55

3500 G+ 320 mW. FHHETEEE200 G 4
IFIR]30 s/ FIHE 157K, HISpinFitffLIEPRIEGE, *iE
A PFRsFIROSHEA T5E PR A2 43 HT.

AALRE S 58 ERE T B SR B I b
(DTT) P RAEB R A AL RE J1. PRI mghA i = RE
i, W HAECT9.8 mL - 0.05 mol/LIKBiR 5 2% itk (pH
7.4, F37°CHKAF T NS min, Bl MA200 uL
1 mmol/L DTT, 7E37°CHa iR hRi2:5E. BEPF10 min
H400 uLAIRAFES, BESINA20 uL 1 mmol/L A —
EERH FR(DTNB), {25071 W46 B 11(Ther-
mo Scientific, 3 E)IE412 nmAbIEEE, DUt & F
ARDTTRIMREE, 25 F LI SIS RS A il S 46 On
FARR)RIBT AT, B T AR S X DT TS B R
h4EAkfE JI (oxidative potential, OP”™"), FAfs; Anmol/
(min g), TTEAXUT:

, _ Ny
oDTT = oAbsXAbSO, @)

DTT _ oDTTs _OVDTTb
op°'' = AT 2
e
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1, o'Abs 412 nmAb M YR 5 Ry st 1a] Ak 1 B0
MIRER,  Abso IO EE 5 B W I R VEZR A 1m0 01 8 B
BIHE4 BRI A G Ny 9 ADTTHIRI IR RE K%L,
o'DTT Mo DTT, Z il 1 il S 56 A4S L VE BRDTT
Y34 (nmol/min); VNV, 73 i AR EEHUAFR SR
IR (mL); w2k TR BURE & 5 i ().

R 1-ZOREE-2- = A B (DPPH) L 2 S A 3
(R JE BE 11123 BEERO. 1 mL B2 AW (100~1000
pg/mL) & T 10 mLIFEE T, B MA6 mL 50 ug/mL
HIDPPHIA W, LSS Thef niasr I, T=ER TR
[;40 min, 110.45 pmAYIE S T 56 RT UL e T
EE 515 nmAb 9O, XFDPPHAYIR R H P, %)
THRART:
IP(%) = AOA;OAt x 100, (3)
K, AP AR WOEAE; AR 40 minf5 B
EAH. TP(%) e AR FE SR B (1 R gk, MR a] A
1Cso(iJ550% DPPHT R BSHMGE AL M IR BE), BIIC,
(HARK, SRR ORI RE 7).

BPARYEFR: LABPA HARIG YY), WFFEHHMEEXT
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HABREA. FRER0.1 gfAfER & 710 mLESL.OE T, B
JEIAS mL 10 mg/LAYBPAR, M5 & THEK LT
220 r/min FEE% R0, TO0. 1. 2. 3. 4. 5. 7dI%E
VAR BPARYR . Ry T ARIEURER S, BN ORE Y
HUA BAph p S0, BB B3N BPAYK S E
A ERORAR %Y (Thermo Fisher Scientific U3000, 3¢
FENE, it hC-184E. @ikt R HE30°C. i
BhAH N SR (P S /7K=70/30) {7i330.8 mL/min. ik
FETE100 pL  ZEAMRGNJE 1225 nm.

2 g5

2.1 AW EENICGE I G AT

ARTRIZE AR 4 HE4R U5 S 2R B AU TR AE, (2
TESRIE FAAE S, MENPR, 1038135550
BRI WO AR 3536~3745 cm (. T
K. BRI —O—HEBEN—H). 1550~1774 cm ' (3%
FEHC=CHARMELCOO-—H FEREHF).
836~1303 cm ' (Bl M2 C—O L2 i 5t B d i
HSi—OZe Bk Kb &9 EiIC—0). 694~830 cm ™' (%
B EC—H), XIS LM A Wi T ARG A T
Ry, MR A W e v R o A e T RRURITAY 7 40
A T 1N B BE AL & B 2 T, 10
KA IEFHBZETEL003 em ™ AL R TE R WIHE, Wik
T FRAES9.21% LA I, UiBH ELAA Bk NG I IR RAIE. 4
IR 71635 cm b A FF FFRC=CIP 45 4% 5 1] 58

THAM LA EAY, LR PR e R b5 A G
oy AR R, XA RRIR B S5 H A A T PFRs YRR

E [26]

EJE SR 55 75 8 I35 BRb 0 45 S TR
5, T LIME ST 1eARCT. EYEEMOR, 57
MG TERD, S A5 B, 2 TN
WA R I EYEEARTF, 1+ IR E & T HAb
JURNETY + R IEATARL R, DR PR B
SEALFRE RIXTBR, B T45HI A SUVA,s,
FEIEHAS KT B57 &I SURCH A5 E H
TG, FrLSUVA, ZEUH PR L AEHS 17
FERY. 1026 130 23 B B 8 R Y SU VA s, (3 B 75
0.49~0.79, M AHISUVA s fimy, FEHI IR 15325 A
T AR /. 2RI B I RS & i 4540 2
s, RAFIERZNEERITEIIR, X556
2R —3L

2.2 AFIR-EERIECR IR AYE B HEAEFAE

h TR RIS + b SR PFRSARFIE, X
Ay B IS S R AL S TEPRMT. WnE2(a) iR, 10
25+ A R WEPRGE #7229 o — HLXTFR AL,
A B AG AH  24 454, H g 92.0027~2.0030
(E12(b)), 5. VIR KR KSR HLBPFRsIF)
HRERAERY,

LI AR 5 55 Y g R P AEAS T b ) e T 43
WERRE R R, AR T A5 0 SO IR B By

@A 3605 1635

S (%)
|
/

S -

(0) [
1 1003 786
7m . —
;\37ﬂ N —
M| F T ]
I
5]

LRI

39ISO 35|20 3OIBO 26l40 22]00 17l60
B (cm™)

1500 1200 900 600
S (cm™)

Bl 1 (48 BR () N RIS -+ SRR LT MGE. (a) 1360~4000 cm ™' (b) 600~1500 cm . A, £T4§; B, §54%; C, #8+; D, 2+ E, JL46+; F, i1

+; G, Wit H, #EWR+; 1, it ), At

Figure 1 (Color online) The infrared spectra of humin from different soils. (a) 1360-4000 em™; (b) 600—1500 cm™". A, Red soil; B, brown soil; C,
cinnamon soil; D, black soil; E, chestnut soil; F, desert soil; G, alluvial soil; H, irrigation-silted soil; I, saline soil; J, lithological soil
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%2 FTIREZER ISR EEER)RUV-VisSH

Table 2 The relative intensity (semi-quantitative) of the main absorption peaks of FTIR and UV-Vis parameters

N LN R (em ™) IS
4
3536~3745 1550~1774 836~1303 694~830 SUVA,s, E,Eq
R 0.68 0.72 91.81 6.79 0.64 4.18
bt 0.33 0.37 89.36 9.75 0.53 4.08
(R 0.33 0.88 92.76 5.43 0.77 3.38
o 0.46 0.86 89.21 9.47 0.79 425
TEAL 4 0.50 0.44 90.15 8.91 0.55 458
Wt 0.50 0.74 89.86 8.91 0.53 4.10
4 0.59 0.39 91.71 7.26 0.49 497
Rt 1.17 0.43 90.23 8.21 0.61 3.80
gt 0.91 0.56 90.85 7.67 0.53 3.55
At 0.40 0.35 92.42 6.83 0.55 428
@A (b) 20031 7
2.0030F ~
_ W0
s Y g
o
2.0027 g
20026} g
|
T T T T 2.0025 ) ‘
3440 3483 3526 3569 A B C D E F G H I J
Wi5 (G) il
(c) 5.6 (d) 72
— e e 1
4.2 — %{» .
)
829 ok
4 \ V';;
RS
1.4 [95%
XX
%02,
HE
0.0 RS e S IR R
’ A B C D E F G H I J DEF GH I J
=it il

B2 (MEROR E)AIRZE8 1 SR PFRSEUEPRIE Kl (). g[H T (b). LRIE(c) SRE(). A, £LIE; B, 3% C, #51: D, B4 E, FU0 L F, i
45 G, WL H, WL L #hEE s 1, AL
Figure 2 (Color online) EPR spectra (a), g factor (b), line width (c) and concentration (d) of PFRs in humin from different soils. A, Red soil; B, brown

soil; C, cinnamon soil; D, black soil; E, chestnut soil; F, desert soil; G, alluvial soil; H, irrigation-silted soil; I, saline soil; J, lithological soil

BER, AR SO kUL, X TER 2.003~2.0042 18], JRBRIET YRR AR
B RIA L, MEgH 7R [l 32k g TN A AR S, SURIE T A & A
{f<2.003, JELMBRIFFNHLE A B3 oW F> EREFARR PO H . MR, A2 1
2.004, ELVAETAFORAHE; gHTEAT  HERTIBEREPFRsYJE T LRI T 0 b i< 95 &
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T 1 B A, R MR TN BRI R B e
¢ 1 S AELL AT Ta], B4 ] ),

H [#12(c)ml 20, ANIRIZEEY 335 U Z EPRIE I 1 2%
ST N3~4.7 G, LIS + SR TR L T A, X
5 G PFRsUR BE AL IRAT ¢, PFRs2Z [A] A HE B 4,
o R 1 - I A A P, s e e s ) (i
EER IR, AR 4 R PFRs 1Y A7 AR 8
KSR, FIIEEF1.67%10' spins/g, 3% 5HHE FIA 7]
AR A A AR AN R LR A PFR YR BE Ak T [l —1
R e, DAL A R AR IR A R T B PFR s
We B B A, 3A5.79x10' spins/g, LAPISE T YA + 2
AR A R I A PRSI JB /D8, 14501110 spins/
g KRR S A At 39 A T L2 (55 A R R R
TR R, AR TPFRsRGE AEE S, S EiE T 41
AN R L ST DL 45 2R

H €13 AT 1, PFRsHR R 55 o i B A SE R
(P<0.05). X2 AR E 2 S0 N U C LRk T
RE 1%, AHTPFRsAURREAME, X 5HTAMIE—
FH SRS B RIEMXEER(P<0.05), 5B
W L5 ROV DY A, KL P X PR YN IE S
HIBURAT B K, B Y hRILTEC-2 BT,

@) =

a
IS
1

w
[

-
o)
1

o
o

FAMBEBERE (10 spins/g)

012 018 024 030 036
BESE (mmol/g)

5.4

3.6

R*=0.44
] P<0.05

BAMEBERE (10 spins/g)

0450 0525 0600 0675 0750 0.825

SUVA,s,

SHENC-3. C-4. C-5FIC-TALAYPFRsHR D, HilEI3(c)
A1, PFRsYEE 5 EEALTE S UV, 5, B IEAH KK R
(P<0.05), JEFEACFLRE R, PFRsY LM, BIEM1L
i B2 A FTFPFRs WL BURN 2. [K3(d) ML AN AL
1550~1774 cm’ Ak i T AR (B 35 75 14 25 ) S5 PFR s i [
H4 8, PFRsHUMKIE S35 &R T &2 IEM KK R
(P<0.05). AR, 175 Fbe S i S HSH, M
TR R E N 5ER, ARG R T &
A B, HUPFRsHYR EEE . Bayer A AN, 2k
MR LA 2 5 A AL T,  PFRs(5 508 3 i %5 i A AL P
FERHE MG . A SCHR[42,4314005, FEE R 7H AR
HIBEET, FRIEFIT R S BN, X 5 AHF I 45 5
2.3 IRPERIGZ K He

FIR A TEfsRAm 2 TR A S~ EROSHIRE
1. El4@)Zi i T DMPOSE AR [RIZE A 1 8
M EWEPRIEK, JEIDMPO-OH(a"=14.3 G,
ag =127 G, a,'=0.61 G)HIDMPO-OOH(a"=14.3 G,
a"=8.1 GFRMEREXT HIATI G, AL LM, X
TELLEE. B, M4 T4 ARk 8 B i B A R

®),

o
IS
!

w
o
1

R?*=0.35
s P<0.05

BB BESRE (10" spins/g)
»

o
=)
N

0 08 16 24 32 40
BHERESE8 (mmol/g)

o

> (d)

2 54 "
&

S

< 3.6

X

o

]

8 1.8

m

H - R?=0.39
NS = = pP<0.05
#p 0.0 -

039 052 065 078 001
»ERSE

B 3 (FI45HUR ()R PFRs S S (a) s FR3E(D)y SUVAsy(e)s FFRIE ST (AIIRIT ST, (d)FE Y55 3 A £ AR 1550~1774 em ™

Ak A TR

Figure 3 (Color online) Regression analyses of PFRs with phenolic hydroxyl (a), carboxyl (b) and SUVA,s, (c¢) aromatic group (d) of humin. The
content of aromatic group in (d) meant the area at the 1550-1774 cm™ region of infrared spectra
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@] A q q 1 ® [2 . »
B %MWWWMMWM
c e ———— ] > I i At A
~|D — I“E AWV T .
2 ““‘“—““—‘lf"“f“‘*{"“‘f‘—‘*‘““_‘ > My o
S| E & | F
D( —"—'-—‘-——*—’\/—'J\f‘——,\/“‘-’\f hat JWA"W“WM’WWWW*
G H
H WMWM”MM
| I
J J AR I
3430 3500 3570 3430 3500 3570
Wit (G) W7 (G)
(c) DMPO-OH (d) B DMPO-O0OH
1.95-
_ % S 844
o %
) k=
£ o
& 1.304 o -
e © 56 B i
S < e
vt 1Y B ke
® 2.8 s s
KXY XK
es K
0.004 o s
i CAAAVACANA 0.0 ]
D EF GH I J ’ H oI
£l

Bl 4 (MU0 AS R R 4 A 8 2 % 4 B i 3EEPRIE [ (a), (b) R EE(c), (d). A, £13%; B, B2HE; C, #1; D, B4 E, F45 4 F, %+ G,

WA H, B L S T, AL

Figure 4 (Color online) EPR spectra (a), (b) and concentration (c), (d) of ROS in humin from different soils. A, Red soil; B, brown soil; C, cinnamon

soil; D, black soil; E, chestnut soil; F, desert soil; G, alluvial soil; H, irrigation-silted soil; 1, saline soil; J, lithological soil

HR L T 1:2:2: 14 IE(F S, gl /2 DMPO-OHAY R
iU, FWIRIE [ 2R Y DMPORDMSO
WG TR, & B 10FhZE 7 + 4G 2| DMPO-
OOHRIAFAEWE(S 5, FMIME A hEmy )z fee
R BEROSHE FE 5 DMPO-ROS [ Jié 44 i i 2 4 >4,
DL AL ROS MR BE . 78 BB 4 FNZT e/ 25 (R i R
v G 0 B F) 5 R Pl VR B4 ) 1.80x 10" A
1.37x10" spins/g, S5 1 FIHE 14388 A A= rhAs Il
B BRI [ ol SR B 43 5 0.80x10"°F10.35%10"°
spins/g. AN[FIZEH + e 43 25 A4 HH A5 ThoR I 21 A AR A
Hy Bk B 14 495,255 10" spins/g. For, ZEREIR AR
43 B R A R PP ARG ) AR 4R 1 R SRR R RO,
A3K8.57x10 F17.42x 10" spins/g, 7ELTHEFRNIF]
(4 PR /D, 1R1.69%10" spins/g. AR
T 439805 25 A S AR PR I 21 1 PR3 B R SRR AR A
PSR AT, DEIH AN (] 28 1 438 BT #5747 F PFR s Y [
NEEPEARR], B EE T AVIE R NER
FEAL R AN ] ),

ROS=A: ] A R T E {3 S /AR
N SRR RS AD, SRR A R IERE
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Figure 5 The redox capacity (a) and removal efficiency of BPA (b) of humin from different soils. A, Red soil; B, brown soil; C, cinnamon soil; D,

black soil; E, chestnut soil; F, desert soil; G, alluvial soil; H, irrigation-silted soil; I, saline soil; J, lithological soil
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Table 3 Correlation analysis of redox ability with acid groups and PFRs in humin

—OH —COOH PFRs ROS op°™" ICs, BPA LR
—-OH 1.00
—COOH —0.42 1.00
PFRs —0.65% 0.68* 1.00
ROS —0.40 0.09 0.27 1.00
op"™ —0.52 0.56 0.54 0.78%* 1.00
ICs, —0.74% 0.50 0.72% -0.21 0.09 1.00
BPAZfR#% 0.10 0.28 0.09 0.52 0.67* -0.39 1.00

a) *FIRLE0.057KFCRUIM) |- i FAHE; **FRAE0.0 LKECRUIN) | i 5%
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Humic substances (HS) contain considerable quantities of persistent free radicals (PFRs), which have been detected by the
electron paramagnetic resonance (EPR) technique. Among three HS fractions (humin, fulvic acid, and humic acid), humin
is recognized as the predominant fraction possessing PFRs. Most of the previous studies of HS-PFRs involved their
environmental effect; however, very few investigations have been conducted to explore the relationship among structural
characteristics, PFRs, and redox capacity of humin. To address the above-mentioned scientific questions, the types and
concentrations of PFRs in 10 representative types of soils were investigated by EPR technique. We found that humin from
different soils contained PFRs concentration of 0.11x10'°~5.79x10'° spins/g and g-factors of less than 2.0030. These PFRs
were assigned as carbon-centered “aromatic-type” radicals. Fourier transform infrared (FTIR) spectroscopy, ultraviolet-
visible, and the contents of acid groups indicated that the aromatic structure of humin was beneficial for the formation of
PFRs. The concentration of PFRs was negatively correlated with phenolic hydroxyl contents (P<0.05) and positively
correlated with carboxyl contents (P<0.01). The potential generation of reactive oxygen species (ROS) in humin was
determined by spin-trapping EPR technique. Superoxide radicals (average concentration of up to 5.25x10" spins/g) were
detected in humin from all soils while hydroxyl radicals were detected only in the samples extracted from red soil, black
soil, chestnut soil and brown soil. The redox capacity of humin was evaluated by dithiothreitol (DTT) and 1,1-diphenyl-2-
picrylhydrazyl (DPPH). The oxidation capacity of humin was in the range of 24—376 nmol/ (min g) and the ICs, was in the
range of 0.19—1.83 g/mL, and the It was shown by correlation analysis that the oxidation capacity of humin was directly
related to its ROS concentration, and phenolic hydroxyl contributed to the reduction capacity. The removal of bisphenol A
(BPA) by humins derived from 10 representative soils indicated that the removal rate of BPA was positively correlated with
the oxidation capacity of humin (P<0.05), and the oxidation ability was positively correlated with ROS concentration
(P<0.05), confirming that the contribution of ROS to BPA removal efficiency. These results provided a theoretical basis for
evaluating the ecological and environmental effects of humin in various soil systems.

humin, persistent free radicals, reactive oxygen species, redox capacity
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