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Complexation Between Copper( II ) and Colored Dissolved Organic Matter from
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Abstract: In order to elucidate the evolution mechanism of heavy metal species in landfill cells, three-dimensional excitation emission
matrix fluorescence spectroscopy (3DEEM) , fluorescence quenching titration and parallel factor analysis (PARAFAC) were employed
to study the complexation process between Cu( Il ) and colored dissolved organic matter (CDOM) from landfill with different ages. The
experimental results indicated that the landfilled CDOM comprised protein-like, humic-like and fuvic-like matter. The relative content
of protein-like matter decreased during the landfill process, whereas the humic-like and fuvic-like matter increased during the process.
The range of the conditional stability constants and the percentage of fluorophores participated the complextion between Cu( Il ) and
protein-like matter with different ages were 4. 00-5.75 and 22. 78% -95.30% , respectively. Those parameters changed slightly for
humic-like matter with different ages, which ranged from 4.71 to 5.54 and from 42.35% to 61.46% , respectively. As regard to
fulvic-like matter, those parameters were 4.44-5.25 and 46. 14%-57.22% , respectively. The complexation ability of humic-like
substances with Cu( Il ) decreased during the landfill process, though the percentage of fluorophores participated the complexation
increased. The complexation ability of humic-like substances with Cu( Il ) was stronger than that of fulvic-like matter, though the
percentage of fluorophores participated the complexation in humic-like matter was low compared with fulvic-like matter.

Key words ; municipal solid waste landfill; colored dissolved organic matter ( CDOM ) ; parallel factor (PARAFAC) analysis; copper;

complexation

Bt 5 R 1 22 5F 0 A W7 kR, e [ AR R W)
(MSW) 7= B2 A5 N Az 56 S 3 1 A 8 Ak 5 i)
RIS Y AR L RO AR B TR R AR
BRSPS T a7 3 Ak B A 5 3 ) 7 5K
TEFE [E, 1 809% AY A= 1% 7 3 i i B 1 Bk Ay Ak
P AR R A AL A R A
K HE A HIORE T — JR AW T TR K 3 A

Bl ( dissolved organic matter, DOM ) 148 1k, L [& 4H
AL S R 6% S AR 3 1 A M R A e R
H A0 R A HLY (colored dissolved organic

Wim B A 2016-10-24; fEITHH: 2016-11-24
E&WE: ERARPAREG T FR#RE 4T H (51408573 )
EEBN: H5E(1992 ~) , L, AW os A, BRI w0 Sk [ AR 1%
%ﬂﬂ!éljﬁ/)ﬂt, E-mail ; xiaoxmonkey@ 126. com
* W EVEZE , E-mail : hexs82@ 126. com



1874 2N 5%

Boox 38 &

matter, CDOM ) j& DOM 1] R H 45 A Fll o et ik A
WA 43 A AL, © AR R R &AL,
H45H - AY—COOH, —OH, —SH FI—NH, % £
FhIhRER A 4 5 S E &8 kA AT, sk
AL O Ba - AN YR I o7/ 1D R
Seo %' & PRSI DOM AU [ 28 64 3 5
Cu( 1) A RESIANTE. Wu &S =459
G R S I S N T 7 N 1 o | R4 R D R o
Cu(Il). Hg(Il) . Zn( ) #RAFAELS SR, B
I FRBI A ML S AE R E MR TR kA B A
Ak, AT AN B w1 DOM R E K EN
Yy, I b A R R A R . ORI
MR 1T = A ) DOM Rl 2 45 0 1 o A7 78 22 57,
M SESECa( ) ML A AR, XA B N4
WFoE e A fGE. EAEK, R T AT BT B . T
TREEVL BRI 3RAS B A7 B R A, =49k
B2 T RFSE RARA WL AR AT R, Xt R f
FAYURS 4 B AN AR R TR AR S
B R A TR RO R L . SEORT ., &
R B A5 BL T 42 8 2 AN A iE A SR 3R RS DR
Wb, AREGEFIA 2 A I s 3 b L
BHLSFELE (2915 68% ~80% ) , Hivk J& % i 2 Fl ik
FRERES A4S, A S AL S AT S S BT o L AR /.
R, ASCR I = eSO O GERN G AT R 40T, 2
B IINCHE R & H AR FARL M )3 404, BIFTE A
[ B % b CDOM 5 Cu( 1) B9Z5-A A, 1)
A SR A P R 25 i AR ML, DA Ry A 5 8
FerbiCu( 1) A ERIE XU B HERL S I A, i Ay fige e
B Cu( ) 5 G $2 AL IS LAtk

1 MRS

1.1 FESCREES Tikb 3

FE AR T AU BT R 95 T b7 ) 3538 37,2009 478
FUR I rh T HBURE | SR A IFHHIAERR 2007 ~ 2009 419
Yl B FIHLHEAE B 1996 ~ 2003 4E MV BTG, 43
SRR RO S T 3. O A
MY RIZIF R RRPUKIE 5380 ~2,2~4 4~
6 m KK GS A TS, TZ K TX ; HHE i 5 5] T
BRIZIFFG BRI 20 ~2,2~4 4~6,
6~8.8~10, 10 ~12 F1 12 ~ 14 m MRS H K2,
K4 . K6, K8, K10, K12, K14. F T HIFRL I T iy
SE . SR ORI B e S R A D o R
A T A HRRE 5 IRA SRR A BT,
24 h W IRISC = — o BT 4°CUKEE T IR AR, 5

— TSR E T - 20°C UKAE A HRARAE.
1.2 DOM BS54 %

FRESCAN ] S0 ML 300 sy SR &, 42 BRRE T
ABAKARFREE N 1: 10 (W/V) InA KB4k | 7E%% 55 Ky
200 r-min "' K FHRZHILE 16 h, 7E 4°C 35 F12 000
remin "' BELOHLHF R 20 min, ;U EEWRGE 0. 45 pm
TERR S BT A AT ED o} DOM. 7E TOC X (7% Jena
Z3H) Multi N/C 2100 7)) JUl %2 DOM ¥ B ( LK 1
AP DOC Fon ). MRAE FaRe g R, a5
JIRE LN K =K BT A FE LR B #) DOC = 6
mg-L "% H.

1.3 DOM 5Cu( I ) 5505

BRI E AR T8 DOM HCu( 1) Z
454 SR MR e R HRaE " e SE g A 0. 01
mL-L™" Cu(NO,),,Cu( I ) ZER R i &k BEMR IR Ry
10,20, 30, 40,50, 60, 70, 80 }2 90 wmol-L~" ¥
HARINAZREA 20 mL FE5 B, 0. 10
pmol - L.™" HNO, Fll NaOH ¥ ¥ ¥ 14 & pH 4 +5 7F
7.00 +0. 05, il A [ R kX 7] B AN 100w,
ZWE R PR RN, EICHRG RN 24 h, (4G I
N FEA T4, B G FH = 4E9 GRS AT AR .

1.4 “FA7HF (PARAFAC) 50 #7

i B S22 B AR B 9043 6O BE T (Hitachi
F-7000) Ml 5E = 4580061, — 48980tk H it
PP (excitation wavelength, E ) B 43 45 Y1 Fl
200 ~400 nm, k%ﬁf{ﬁﬁ( emission wavelength, £, ) id]
VL 280 ~ 550 nm, 5EEOEIEFEEIEE 5 nm,
B2 400 nm-min ', PMT B JEJy 700 V. LLaf
IKAE R 2 1 KA AR i — 4k (R I 25 25 U
Je AT AT . R DOM 286 E s 1
EEAL R BE A B (10 MRESY x 9 ANCu( TD) He BE B

x50 E_x 55 E,_), £ MATLAB7.0 ( Mathworks,
Natick, MA) F1J DOMFluor toolbox ( www. models.
life. ku. dk) s AT R 7 X = 4R B4 0 B b 47 00
Br. M EH F,, fERER  H F, G AR ORIEY
EEM-PARAFAC 43 M5 540 70 ) 2 1>

1.5 %GR

Ryan-Weber 7 Fl Stern-Volmer F71 2 F Ak
B4 JE 45 A BOM AR AL 0 Ryan-
Weber #5275 T4 J@ FITBCAAR 1: 1485 ARG 100, (E2 n
R R M IOCE G EH LR E A
FEAERBIE A5 B 00 8, & 8 S U R 45 &9
YRR K DOM 2658 FE 22 [ i Ze M 6 R kA
. MBIER Stern-Volmer F I AE % fiff phe A L



5

LA

B SHIAT ( fAEAT HILIT S A 2% 5 PL )

1875

L) b 3R] R IR g A S SR B IE Y
Stern-Volmer BRI A AR & WAUNZS G RE ), BAK
B .
F,/(F, - F) = 1/(fk[Cu]) + 1/f
A, F R F, 20500 DOM B ANAAR B Cu( 11) i
PR PE, b R R RRE W, fF IO ER S
Cu( ) &5E 09 HuB, v h
£ = (100 = 1..)/100

K, 1 TR A S 5B RN 19 G (1) L)
SUANRE S Cu (1) Bzl () 5 ZE P 1) Ee A5 (A ek
IR EE N 100% ).

TEAEIERY Stern-Volmer AR 415 F /(F, -
F) 5 1/[ Ca ] PEROE , B Ar 52N i 25 AR e W8 k

S5 Cu( ) BEA A9 2963 H G LB £ 0 E 53 5
W LR BB (L) FEREE (1/) s>

2 HFR5ITE

2.1 I CDOM =4E5 G is 4t

fiiFl PARAFAC J7i5 50 i3 CDOM =49
Sk, Qi 1 iR, BR 25 e HT 5 LAY RN 6 414
RIGE 22 ZE M, M 6 240 F1 7 1435 H0 A7 A
RN 220, A YCEAT B 43 W7 o de 4 43 4
6. XA oA HE— 2B W AE TR RE L AR R 6 A
A AT S RSE 0 6 DO o R AL dE 2
AN JE 5 BT (humic-like ) Jz 4 A28 & 1 ¥ o
(protein-like ) 20453, A [R] 41 53 DA K %oF o7 L3 & & 4

(a) BRIE ST
3.0
s — 5#i4
S 25 — 64141
% — 74l
& 2.0 i
& 15
A
1.0
&
0.5
1 1 1 L |
220 240 260 280 300 320 340 360 380 400
WK /om
12 |
T 10
X 2
z 8
=f -
QIE i)
54
&
2 -
1 1 1 | 1
300 350 400 450 500 550
A 9 A nm
(b) & 241 Hr
.
6 =
X 5 X
z =
=] 3 =
iy iy
- -
@ 2 B
1
220 240 260 280 300 320 340 360 380 400 220 240 260 280 300 320 340 360 380 400
A /nm R K /nm
) 4 I [ 4 |
X 3r X 3}
=z =
w2 ®n o,
R =
= =
2% | % 1k
300 350 400 450 500 550 300 350 400 450 500 550
S ik 4 /nm H B /nm

1 BEEIERKRE S50
Fig. 1 Residual analysis and split half analysis for model validation



1876 AN 5%

B 38 %

WAL E AN 2 Fros, & o) F,, (R I OR & 5

P B PE Bl iR 1 B,

550 550 550
500 500 500
E g £
£ 450 £ 450 £ 450
B4 K H
504 = -
Z 400 Z 400 §, 400
B &= &=
350 350 350
300 300 41432 300
220 240 260 280 300 320 340 360 380 400 250 350 400 220 240 260 280 300 320 340 360 380 400
550 550 550
500 500 500
E 450 E 450 £ 450
Ry K H
2400 2400 2 400
= = =
= 350 ® 350 = 350
300 300 300 :))
220 240 260 280 300 320 340 360 380 400 220 240 260 280 300 320 340 360 380 400 220 240 260 280 300 320 340 360 380 400
W5 e/nm 0 e /nm I ¥o/nm
0.6 0.35 0.35 3
I
0l 4141 0.30 4142 030 {1\ 41433
04l 025 A\ 025 | '.I
R w 020b [ = 020} |
= — matuk | ¥ 001 - £ 0201 |
& [ A 2N | Bonsl | e osp |/
okl 7 WA .' ! |/
LW .10} | \ ot} |/
Il 0.05} | 0.05 iR
v )1 '-‘ !
0 - 0 0 /

250 300 350 400 450 500 550

0.5

250 300 350 400 450 500 550

250 300 350 400 450 500 550

0.35 " 1444 41445 0.4 A #1436
0.30 S 04}/) § il
025 I," : [\ 03t | Ilf\
2020 | g 03] | = Ll
®oist | # 02ff ® o) | I
0.10 ||' | 55 |/ A
005 | | . | V2
i \ 0 i o \ —
250 300 350 400 450 500 550 250 300 350 400 450 500 550 250 300 350 400 450 500 550
#HK/mm # K/mm i Fe/mm

B2 TATEFANEEL 6 MEAASREMEHE ., REBKMLE
Fig. 2 Six different components indentified by the EEM-PARAFAC model and their excitation and emission loading
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Fo/(F, = F) = 1/(fk[Cu]) + 1/f

Wit Fo/(Fy - F) 5 1/[ Cu ] Z-MEARSC i@ i 40
AR AR (/) AR (1/f) e sRAS B A7 &1
FREH Bk IS 544 Ca( 1) B 2GR A
[ ELA £

CDOM = ZLE i & SUH e (i 72 38 | R
WA S5 &/ 2 ESAERS AR h 171
(B RE AN, PRI CDOM HhoR [RIZH 4 5 Cu( 1) 1Y
AN AR, k2 Fiw, NFE 4% CDOM-
Cu( 1) 7EA RIS VR BE A 45 B 10 SR AR R s o B gk
LA, R TR R A CDOM A A4 535
Cu( 1) KA ReT) BFES A RIA (TS, TZ, TX) il
HEIH (K2, K4, K6, K8, K10, K12, K14) ¥ TS,
TZ. TX BCE), 8% K2, K4, K6, K8, K10, K12,
K14 O35 45 [a) 2R 3] 4% 4 0 25 1R RS e 0 5
lek F1 £ {H, W4 3 Fw.

mk2 fiw, AR E N REAY RS
Cu( IN) EHR S A B BN S 54 & Pt ik
W LA HE — o 1 A8 4, 2% 1 R 8 UL 4. 00 ~
575 B El Z H, 2 5% A 196 5L A L i 7E
22.78% ~ 95.30% . [l Z [8] ; Ifif 25 )& % Jo ) ot 5
Cu( D) EHA S A B B S 54 & Pt ik
P L AR AN Foh KR Y I 5 Ca (1) %A
H) ARG E T BUIE 4. 71 ~5. 54 Z ], B 5485 158
SCHEA LU 42.35% ~61. 46% Z 18], 25 & H IR Y
FiECu( ) HAEMARMREFEAE4.44 ~5.25 2
B, Z 545 W0 CEE P LB E 46.14% ~57.22%
Z [A].
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Table 2 The Igk, f and R? values of six CDOM components with Cu( I ) determined by Stern-Volmer model at different depths of the landfill

B Cl Q2 a3 c4 s c6

ek f/% R* gk f% R gk /% R gk /% R gk % R gk /% R
TS 5.12 94.98 0.99 5.54 54.86 0.94 5.25 46.14 0.88 FM M M
TZ 5.29 94.38 0.94 4.98 4529 0.98 FM M M M

TX 4.41 95.30 0.99 4.83 48.60 1.00 4.73 57.22 1.00 4.94 41.99 0.97 5.75 31.96 0.93 4.60 22.78 0.94
K2 4.84 64.53 0.96 4.72 42.35 0.87 4.44 47.16 0.99 4.54 53.09 0.92 4.56 35.29 0.99 4.73 48.90 0.95

K4 FM 5.02 61.46 0.99 4.98 54.89 0.98 4.94 59.98 0.98 4.53 43.92 0.95 FM
K6 5.20 65.93 0.88 4.99 50.40 0.98 4.73 55.29 0.98 5.74 37.68 0.70 5.20 65.93 0.88 5.25 36.82 0.82
K8 4.40 92.76 0.98 5.22 44.78 0.81 5.16 49.51 0.85 FM FM FM
KIO 5.19 69.10 0.97 4.71 50.16 0.91 FM 5.19 47.89 0.94 4.95 23.82 0.80 4.47 65.86 0.96
K12 FM 5.01 58.90 0.97 4.83 55.00 1.00 4.88 50.08 0.99 4.00 53.24 1.00 4.80 32.14 0.96
KI4 5.04 71.27 0.91 5.27 47.49 0.98 4.94 50.01 0.99 FM FM FM

1) FM FR IR 4G H 5

#*3 AREEERE CDOM &Eid Stern-Volmer AT H 6 MAS 5Cu( I ) BHH gk, f. R* H
Table 3 The lgk, f and R* values of six CDOM components with Cu( 1) determined by Stern-Volmer model at different period of the landfill
Cl C2 C3 Cc4 C5 C6
lek f/% R? lek /% R? lek /% R? lek  f/% R? lek  f/% R? lek  f/% R?
w494 94.89 0.97 5.12 49.58 0.97 5.00 51.71 0.94 4.94 41.99 0.97 5.75 57.22 0.94 4.60 22.78 0.94
FiEH] 3.53 72.72 0.94 5.02 51.26 0.93 4.85 51.98 0.97 5.46 46.52 0.91 4.65 44.44 0.92 4.81 45.93 3.70

it H
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Y5 TRATOLIEI O 2 Tk, 415 %) Bl SIca( D) RIENE, 58 F LA R
Cl % 55 W30 1 92 36 11 F 09 i 94.89% W30 0L TURAL AT, AW 75 MO AF ML E 1, s
72.72% 414 €5 B 50 M B A It CDOM 414 C2 CRBIBRmIIT) ALY €3 (K
57.22% %) 44. 44% . XA RER R FREE BB BBV SCu( 1) 44 RE SRR, B BRI R
TFREERYT L THM ™ LB Geu( )/ I, 5 5 Al o6 B B0 SE AT | J6F 90 % o5 ik 76 5 00
AT T, 2 ST RIS, 45 €4 DS TR g, A% 5 WO 9 B PRk
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BLRIPENCHEA LB 41. 99% G INE] 46.52% 204y il 49. 58% 34N E 51.26% , 414 €3 S 5l
C6 HCu( IN) Bz iy 45 PHRE B 80 4,60 M%) WFOLIEM Ly 51.719% 540 %] 51.98% . 7] L,
4.81 , Z 5B PR W LB 22.78% S B 414y C2 (IR YT ) 1 A (A W BOR T 410y
45.93% . BGRFBUTA IR E PR AH LA C3CHE EEIR) 5 5 R 3 Ll
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