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Promotion and Mechanisms of -DOM on Copper Adsorptlon by Suspended

Sediment Particles r g LA i 4
DING Xiang', LI Zhong-wu'?* , XU Wei-hua",, HUANG Mei', WEN,Jia—jup-l'; JIN! Chang-sheng', ZHO_U»"M_,i?",
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Abstract:; The/ adsorptlon of heavy metals! by su&,pended sediment particles is a key p{:)wss in the| migration of heavy metals i in ldkes
and_is" affected| by various environmental conditions. To feyeal the effects and mechanisms of dissolved organic matter ( DOM ) on the
adsorption 6f copper ions by suspended sddiment particles, a Cu( II) adsorption #est was conducted through a laboratory simulation
test:. The tresults showed that POM promoted the adsorption of Cu( I onto the suspended particles. Under the respective influences of
fulvig' acid#and DOM extracted from the sediment of the: .Xrang]lanﬂ River, the adsorption percentage of Cu( Il ) increased from
71.51% Ao 75.31% dnd 85.69% . Scanning electron microscope-energy spectroscopy results showed that under the influence of DOM,
Cu( II )'existed inside the sediment particles after being adsorbed. The results of UV-visible ( UV-Vis) spectroscopy showed that
Cu( II') and DOM were first complexed and then dissociated during the adsorption reaction. The results of fluorescent excitation-
emission matrix spectroscopy combined with parallel factor analysis and synchronous fluorescence spectroscopy combined with two-
dimensional correlation analysis indicate that protein-like components promoted the adsorption of Cu( Il ) onto the sediment suspended
particles. In particular, tyrosine-like components played a critical role in promoting adsorption. However, humic-like components
hardly promote this adsorption. This study has improved the theory of heavy metal migration in lakes and can be used as a basis for the
prevention and control of heavy metal pollution in sediments.

Key words: dissolved organic matter ( DOM) ; suspended sediment particle; copper ions; absorption; parallel factor analysis; two-

dimensional correlation analysis
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B4 R TEDUR BT R W il 32 Z R 3R R
ORI, AP RIS IRER T BRI
(1) pH {H LA 2 PR 0RDR A2 25 B A% 5% i B 4 8 i Wi
B, 277 W R A 0N WG B R 7 R I R
0T Bt AT T 5 A B R I ORI I R 4 O E
FHETEYI RS E |, 52 30 B 77 P oAt 49 I 4 1
SR, AT B AR R M A AL ( dissolved
organic matter, DOM ) J& A ML it 1Y 55 25K 53, - ik 17
TV E HARIAEE T B Z A gl il 45
VI KA TG A2E AT R A ZFE B e, 5
HCu( ) RAZKA RN e Ca( 1) K IE
Bk, BN #E K2 R ET DOM X ULk
R B 4 T s ), K 2 8027 A DOM g BR i 1T
FxF Cu( 1) AR H At 2230 DOM
S UTR R T A A AR ELAE R G T 0k %
RIS BRHASE A5, DT 52 5 Cu ( T ) AR B o7 L)
%ﬁ‘?ﬁz‘%‘?ﬁﬁ%%ﬁ%%@%%,Lﬁ‘?ﬁfﬂ%f\%é\
. ZEKAFREEH DOM 5 Cu( 1) % 4 I 16 14 o
Cu( 1) ERZRE S . 1T DOM A B &2 2Lk

LR R BT R R S 7K i 2

41 S DON LR A Gl ) TR
SENAYE (B N b, DOM 3 T i e TR L
ST B I R R 008, 2

7 LT AR 3% 42 T ( schnfiing eléetron |
micr’éscof;e-enefgy spedfrum analysis SEM-E]?_.S)@'??? "_‘,,-

W I PR S b R X A e
Ph( )" Zn( 1) SCu( 1) % E 48 i Fid i h &
T TCEE A e FH I AR A o T e i 1 R fi
Bt ARG, SEM-EDS #H FH IR 47)
T UKL IR o8 402 T s 29 T 1Y) 70 3 A, 4 4 v SRl
E 5% B TR % (inductively coupled plasma mass
spectrometry , ICP-MS) F T 43t 5 4 J& & ¥ 7£ Ui R
YW P i 3 A, BT DOM B R & Btk
FRSHEN], H DOM 5 5 4 J& B 1 & AR 2% 5 JO b
Je i 25 [ DOM GG R AR, PG [ a0
8 Ah-AT IL Wz Y& Y% 3% ( UV-visible absorbance, UV-
Vis) IECTUR R R G 1 (fluorescent excitation-
emission matrix , EEM) F1[F] 25 5¢ 7 6 1 ( synchronous
fluorescence spectroscopy, SFS) | il # #% H k& BR ¢
DOM [&145 M5 (9 25 Ak 55 265 5 RORE AL 434102 S
iXF UV-Vis 2387, FTIRAE 17 2 280, #00 T DOM
SAME BT KM 5B &R B T A= 50k
Y8 45 4 P47 T (parallel factor, PARAFAC)
S HT AN Z 4E AH 5 43 B ((two-dimensional correlation
analysis, 2D-COS) 38 9% H T K5 848 75 DOM H1 iy
G L K AE DOM 55 T 43 Ji 25 & b F vh By

EAMER2 1 H R Ttk k B R UE
i R PR AR S e i RN A ) B S RS, AE
DOM ({1 R AE K DOM 5 8 4R 4 Al BRI 5T
T 92 2 A TR ) A T R I B i A
o1 DOM (1) EEM ¥4 #1417 PARAFAC 4 #7, Al i —
HARAEG7R DOM BYAS [F 556 53 % DL AR ) Ak o
7 I B 2 4 S B T R K- 25 53 L B EEM (158
BB ¥ EEM-PARAFAC Z3#F #1 2D-SFS-COS
1 Gi FH AT 5109 2 b At 7 9 4 o3 X TRR P 7
SO 1 B 4 I 1) AL

FEAMEIE 1, 32 FHRE % G o # & B R ANt
T DOM Y A e Jo S B P ORI B Cu ( 1)
IR, B85 A UV-Vis S EEE IR 17
Wb Y SN ok B HE AT FI AT, 4 EEM-PARAFAC 73
HiI 2D-SFS-COS *F DOM {19 /= ML k457 AR
5, LA W OB 4B 15 e 1A Bkt 3
IR S R . ol o

=

1 #esEE | L & 7
L1 UiRWRARE L

1

VUBUIRE ST 2020 4F'5 1 I 91 44 £ DL
YT A BEWSI T (282371 18"N, 112°48'24"E). il
AT A I B9 60 2 4 5
FE R 22— HR B AR EE R RIZ (0 ~ 10
em) PUBRAIRE i A L85 AT DR A7 A R I RS b B
18 A 5L 5 5 7E - 24°C AVKAE ¥4 1% 24 b, SRJG TE
EREIAEE T H2SWR UR T k 48 h, B4 WFEE | 3 0
(100 H) JRA¥ARMRETROm AL, 8 F+
B P A A BGE B RE il . SEM-EDS Il &2 UL
TR JURE 2% THI 76 2R ALK
1.2 DOM #i4

FHRB A K 32 BOU R B P i DOMY LK
+ 1 5: 1 ARA 1E 25°C &4 F LA 220 romin ' 3%
224 24 h, B0 (25°C, 4000 remin~")30 min, B
VEWGE 0. 45 wm K R UEME, U R R IR A TOR
Y] DOM , {47 T i, & T 4°C KA —JE
fif H.

FHRB KL E & HLAR 0 B 20 mg B LMK
A1 L4k d 78 25°C 5000 F G At HE s bt
FE24 o BT 0.45 wm K R UERE, JE W R
5 E B, R T RSO, U T 4°C kA h— A
Pt .

A3 S BGER AUU AR ) DOM 1 B2 FH T4 HLBR
F M E (TOC-VCPH, H A St ) |, 3 5 FHV i A
HLEK (dissolved organic carbon, DOC) ¥t DOM
S B ST DOM s BRI DOC ¥k



8 THAAF . DOM XHICER Ay A8 3 AU S B i 1) e A T B AL 3839

4394 32. 613 mg-L ™' 1 19. 566 mg-L~".
1.3 YUY BRI AL
1.3.1  Cu( Il) WPk 56

FREC13 3 30 mg FIDTRRIAE S T 50 mL 5.0
B, Bl A 30 mL ¥R 0. 01 mol - L' 1) NaCl
VU, DR e A L gL AR R AR 5 A
(25°C, 200 r-min~") "R 30 min, FETIRY Y
BIFWAR R 4500 A 30 uL ¥k BN S0
mmol - L.~ Y CuCl, B HEw P Cu( )RR 50
pmol « L. 4K S2 i B F1E R IR 3% #% i, 7640 [ i) 15
FEFM TR, 43 IESR Y 10 min, 30 min, 1 h, 2
h.4h 8h,14h.24h . 30h, 38 h, 48 h, 60 h #l
72 h JEHURE it 0. 45 wm K R IERR, F ICP-MS 2
PEWE I Cu( 1T ) He .
1.3.2 Cu( II) W RHAT

FREL 21 1 30 mg BUUTARYIAE 5L T 50 mL 2500
B AT 6 mL ¥ B 0.05 molt L7 Y
NaCl 70, Fh 7 B3 A 4.6 mL 4 FA 0B
DOM VAW, BAN T AN 7.7 mL & B0 & B iR

W, AVRAN DOM M 7) 03 7F Ay %3 BEAL (CK) | sk 24

— ‘ Wy =,
B R SR DR ] L ALK LA
DOM,:19. 4 ml; EHLFR.16.3 mk; €K 24 mLy. fil
BB R RAR R 30 mIL, BF R NaCl

HERE 0,01 'mol g™, LW DOM il HL R e Fr
—([ DO 5 mg ) . B TR B 2507

200 /remin 'Y AR % 30 min, 285 A 30°RL
Cu( )W (50 pmol - L"), 4RSE4R % ST 1. 1647 %
J5f9 10 min, 30 min, 1 h, 4 h 12 h, 24 h f148 h
HUHE 3 0.45 pum K R UERE S H ICP-MS 72 18
HCu( 1) ¥R B, 48 40h-7T WL 43 J6 06 B 3 (UV-
2250, Shimadzu, Japan) Fl Hitachi F-7000 HY%¢5%0%
BE/MTAY (Hitachi, Japan) XF I8 H B9 DOM #E4T36
T K525 IS 48 h i B TURR M 0k: B 25 ¥4 5 T 44
T SEM-EDS ill5E. i LA i 4 & 3 74T
.
1.4 SEismE 50
1.4.1 UV-Vis € 55307

SR A1 UL 4356 BE 10 2 8 R B UV-Vis
T I K LA 200 ~ 800 nm, 3 TG A 1
nm, LR ZAKAE R ZS .

Wk A MBI R EL a(A) (m ™) AN

a(A) =2.303 x A(A) /1

AN WK AE A ARG 1 N R B AR
(m) [34]

PARTATHLERMEOEE SUVA(A) HEAR N

SUVA(A) = a(A)/[DOC]

AP, a(r) 2 DOM WU %, [ DOC ] N DOC ¥
BE (mg-L~") P ARSI SUVA,, Fil SUVA,,, %6
fiE DOM 75 4143 Rgi K 44310 & . i
KK 250 nm #1365 nm (IR EW LA (E2/E3)
HeAE 7R DOM ()5 T8 K/, B2/E3 {HilR, 7 F &
ﬁlj\}ﬂ .
1.4.2 OO E 55t

FH Hitachi F-7000 B¢ 50G15 M1 {GHTT EEM
M7E . JEE WA (E,) TR 200 ~500 nm, & 5§13 K
JEE(E,) JEFE N 250 ~ 600 nm, 314 5 & 42 400
nm - min "' JE, gl E O SR iy ) nm . P
Milli-Q B2l 7K i 7 = o 1% W 3 6 2o 72 v 28l
A RS e P

£ MATLAB 2012b ( MathWorks, Natick , MA) A
JH AR (L 22 B 1 B I AR HCT 5 BT 20
R LI RELEKE A 850 nm,E, N 371 ~428 am i
FEI P L E2 6 08 00 3 B OE , 91 DOMFlyér TH
% B 2 7 s 0 DO il H R 40391 1 £
PARAFAC 43§, FFE £ (R TR IS A 5 i gL
EIIEE R S TE i o ARl P

32 1) Highhl 2 70009856 M 4 AUAE 3
FHEFT SFS W WA B 2001~ 550 nm,
kTR 0.6 i, 1T 1 9 240 nm - min=" . o5
WK 5 & S R 22 (E 2 R 50 nm, Bk LA S
BB B 5 nm. 15 ] Kwansei-Gakuin F<2F % 7 1)
2D-Shige X4 X% JE W H 9 DOM 1) SFS #4 i 17
2D-COS, H3 4% Noda HI Ozaki fY 77 ¥k HE 17 15 24 Al ik
[Z]HOJ.

H OriginPro 2016 2 FAE 6T E S FE b
. JH SPSS Statistics 22 #E47 5 244047

2 HR5ITR

2.1 UUEA DOM [FEEATE BT

Xof TSR 6 B DUAR R S R AR BE 404, T A
WA TR L R Sk = (43 BOh 72.73% ~
81.82% ), Wb ki IR Z (Ft & 4r LA 9.09% ~
18.18% ), & ki fx /b (ot & 7 N 2.94% ~
9.09% ). A WFFE LI, I B2 0 4 W0 DT R v b ey
Tl BRDRLRE /N TSRO X R T AT
PR ARG RAS R /N TR A 0k 76 30] 11 =
FAPTR. XTI EIE W LA B DOM [ pH {H 4T
T, WAF VLR Y B VR A pH {EH 6.36 =
0. 056, & B IR AMPLAY DOM ¥ ) pH 18 20 59 K
6.70 +0.004 F16.10 £0. 147. =¥ pH {E &2
PR, RIS 220047 Cu (1) MR RS8BT pH XF
Cu( 1) PLYE A5 . X IO A J0k: 22 11 oG AT 43



3840 7 S 0%
B, 250N 1 R Bk (C) B AR, i (Si) R
R 80 |-
(0)& iﬁ?m PRI G TR Ay A T ek R R % i A . R
ﬁ/\ﬁ E’J%}:(Al)%ﬂ%{( Fe) , .ltt{ﬂ*/\%%%ﬁ 75 }
L AL .| %
{
Seb g {
L X
s =, } :
55 —f
50 L1 I ! ! 1 ! ! I L I I 1 L
JTCH i8I v ] 0 6 12 18 24 30 36 42 48 54 60 66 72 78
c 1.810 B /b
o el B2 WM T RN E((RES ) HEL
,4\11 Tg:g;@,g Fig. 2 Variation in adsorbed amount ( mass fraction)
" jl};r{eﬁr, :;'? g of copper ions in adsorption equilibrium test
& ——
o ULV N B, DOM {238 T 3L B 90t Ca (1) OB 7 10
C 2 3 4 s 6 7 8 9 0 min B KIDOM , WERCu( I) M BSR4

Hifri/keV

I P P A BRIC A Sk W BUT T8 2 IS KO U PR 5
E1 R SE SEM-EDS & .
Fig. 1 SILM EDS image of sedlment sample [

/DOM E’Jy'mﬁ B4 %E/T Eﬁﬁ[@%ﬁ\
Y DOM ) swA254 (L C i) ﬁh@ﬁv 2
0.4487) Lf ‘¢mg<m) "' Al (3.700 A "o, 5270)
L g m) SUYAzﬁo(UCﬁ’)ﬁE'jﬂ(7’632_ .
0. 5@0) L (mg m) 74 A (3 501+
L- (mg- ) - “ ff]ﬂilﬁ Eﬁaﬂﬁﬁﬁﬁéﬂﬁ%ﬂiﬁﬂk
R T # DOM(P <0.05). & MR £2/
E3 {E(S. 974 +0.076 5) X F LAY DOM (4. 280 =+
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