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Fluorescence Spectroscopic Characteristics and Cu’*-complexing Ability of Soil

Dissolved Organic Matter

TIAN Yu, WANG Xue-dong* , CHEN Xiao-lin, HUA Luo
(College of Resource Environment and Tourism, Capital Normal University, Beijing 100048, China)

Abstract: Extracted and dialyzed from four kinds of soil and chicken manure, DOM samples were analyzed to investigate their
molecular weight distribution, chemical structure characteristics and the metal binding capacity. The results showed that the integral
area of the molecular weight of chicken manure DOM was much higher than those of other samples, which indicated the high content of
organic matter. And the peat soil followed it. The integral areas of dark brown soil, cinnamon soil and black soil were low, accounting
for only 4. 5% -5% of chicken manure integral area. The integral area of chicken manure DOM in middle molecular weight fraction
accounted for about 34. 1% of the total material, while those in low molecular weight and high molecular weight fractions accounted for
about 41. 7% and 24.2% , respectively. The protein-like fluorescence peaks (E /E  =240-270/300-350 nm) were present in all
samples, and absent in middle and high molecular fractions (M, >500) for dark brown soil. The visible fulvic acid-like florescence
peaks (E /E, =325/420 nm) observed in peat soil, and the florescence peaks of black soil in the middle and high molecular fractions
(M, >500) both had a red shift phenomenon. The DOM of chicken manure had the UV-fulvic acid-like florescence peaks similar to
black soil, and the visible fulvic acid-like florescence peaks similar to peat soil. Furthermore, it had a kind of protein-like fluorescence
peak (E /E, =280/350 nm) that was absent in the middle molecular weight fraction (500 < M, <12000). The Cu** complexation

constant was 4. 13 for peat soil, and smaller for other three kinds of soil (between 2.10 and 3.10). Chicken manure showed the

** with a resulting complexation constant of 6. 66, indicating the importance of the unique peak, protein-like

greatest ability to bind Cu
fluorescence peak, in the chicken manure of the low and high molecular weight fractions.

peax, g g
Key words: dissolved organic matter; three-dimensional fluorescence spectroscopy; relative molecular mass distribution; metal

binding; soil

BATE TACI K, T A BB R RO L2 0 I R S 104
FAE S WA PR BRI PR B/ T . A B . Jof | A LR AR
SR L TS Y D PRI A AL, R BP0 B AR A i
P VLB GREEL RARBML T R, ————

A LIS M B A I LR AR T R B i oA PO st ] 001042« 1551 F
BRI AR SR8 % e S (8122014); b5 Fo4 B 5 1 U 51 H

(YETP1632)
Pe BRI B IR A . AN, BT ZE R (1990 <), % B BRI, E BRI I 4

YeBiifs , E-mail ; tianyu9011 @ sina. com

X FAMFIA AR 2 A KOyt e At e R B % AR Z A, E-mail : wangxuedongd801 @ 126. com



6 IR A LR AR A LSO R AE B S i B 455 BE ) 2339

WAEPEA ML (DOM) S27E HARRAS T hREH
BRI B KA B T HA/NT 0.45 um BH
PLAL 53, S — FRANAR XS 43 B a5 K/ INAS [ 1 45 74 4
PIRIRA Y . DOM S + 36 i) 5 2 41 Wi B 4 2
— AR RO ALY F R (H A
B RIS BRI 2 —. AR RN, LR
FEBI 1 V5 it M 4 Jm AR AL T T DOML 1 2% 5 1R
B, HXESROIESMAEY A SR £ EEY
w7l {H DOM 4> F25k 5 2% , H B 4 4L A
S, [, AR IR A DOM AH X 23 5 2 41 %,
FE SRR X BB R R4 52 i HORN EE 42 JE 1 45 A LA
R SO, T ST DOM (9 4k 27 20 1 25+ %
AT o4 A % B DOM 5 8 4 J@ A H AR
FRLT , tefb T 4 R M PR A2 A 7o B S A 3L
AR E 5 X DOM ALt T — 26/, £
%5 LT ST DOM FIE 42 J8 4% A R Fad 2 iAok
P HA Fl FA 25 DOM 18 50% E i M & 4
Dwane % MIZERFFE H {5 40% ~80% 1) DOM 3k
H HA Fl FA SR 76 SEBR &L, 2547 17 5109 B 3]
B ASRE T /3 R I SEPR T FE h DOM B 43 19 2 44
PE. FETXM%IE, Inaba & RV ERK /T
AR (FrEmR , SRR ER) , W5 EE T
BHRNZ VU 2,12 (EDTA) #1 = 20 = e 1. 2. 1
(DTPA) VA K J55 58 R A - 3895 W v A7 X A= W A 58
PERFEPEE A . BEELE T E R &,
VLA | —Be22 200 = Yk 9 661 o FH 7 T A
BT A Z5F 4307 L. A8 20 ) = 4 2 6
HEEMFSE DOM 55K FIAH AR, A58 DOM HoR
[ 2GR SR B BCAAEH]. 4R R —SE o221k
I 43 E R 6 43 5 a2 SR IF 98 A AL M 5T, De
Zarruk S5 VR FHEAR | 392 H R R R AL
i 5y B ATt e A5 R [R5 B AL 1 i e L
AR, B b Ak T SRR JE DOM A X} 43+
[ AV 25 5 e 0 2Z IR G R H G 26 5 1k i R
R F 3 R AR ) DOM.

TIHAVURARIEMRZ TR+, F 5%
ERHEEEMOREZ —. Hp WY 280E Ik E I
PR W R B I =, R FE AT i A A RE T
ELLAL IR TR R A FAE TS N E A H b 2 3R 6
TFRGLER—Ff i AL 3 7 . R A B R NG
i DOM 5 &4 | BA a4 Ame ' A
I, HEH AR S AR Sk I+ 3 DOM BB X AF 52 4
JRz—" P ST AR ST T R R MR
AL X 4 Fp A HESSA R BERE T A AL

Joi 5 A ) S 2, 25 AN [l A LR R
R DOM BUARXS 731 B 2 A . G I e Ak &
SHIRZ-ERES), LUB Y B R SR S A L
AR EAE BB , 4 75 13 b 5 6 i BRIk 27
1R At IR

1 RS

1.1 HEacRE ST

GRREAE LR Ade s Rl BER AR
VLA ek S AN 26 A0 I VL0548 i i ik
FH B84 46 77 P 2 4.

13 DOM fHEE: F2BE K L 1 55 281 KR
A ESARY 24 h 58 K UEWAET 000 remin ',
4CHIZAE R0 30 min, FWEWGE A 0.45 pm 3§
I, 45 e AR AR A B R IR AR

+-3 DOM AHXT 43 i it 4 K. AR 48 5250 BT 15
L0 AR RO - o R 3 A YL (22 ~ 765 026) , LU
A5 R T AR TR R O 2 R B, SR FH 3 L AT
P RE ST AR X 43T B R A BB LAE AT X
AR B DOM ZEA7 4 AE 43 #r. BT R A
PR AR 4T YR 3R B HT I Spectra/Pord (M, 12 000
~ 14 000 ) FIAE W) E AR G 27 2t F TR B AT (M, 500 ~
1000). AT HEHE R4S B 30 & 18 K B LA 40 20
mL $EHY) 12 HTE 258 T K TP AT B H Il A& A
B PHZE IR K vh e T, SR i K IS DI FH i o e
S it W AR B E AR e 354 PT , DAA AR A4S B PR A
BHTRC. BT FRAE 1 LA TIA 900 mL 2%
B REOGIRIE (4°C) BT 24 h, BT A SN ED
SRS 43 F /N 500 HREUY B Y 4 I 4k
SEPEAT R — M. HRZ&IR18 M, <500 ~1 000, 500
~1000 <M, <12000, M, >120003% 3 4 AHXF 437
i B ) DOM. 3% 28 ) A 7= 15 A A5 28 RS I 48
P B/DIREN 90% . [, S T K50 R FH 3k e 4 B
D5 A AN 232 B DOM B fe FH 3t 1) J 48 382 o 7
EBE /K IEH ToC & . 455 B8 DOM 7%
B <5%.
1.2 M7 B A A

7 FH ZKORH B £ 335 00 72 398 DOM. A X} 43 ikt
A ARHE. 2R H A Shimadzu 23 Rl EERL S
% Prominence R 51 R 4, 1 45 Hi W 2 ( LC-
20AD) | /R ZEHTCAL IS (RID-10A) | H3hEFE &S
(SIL-20A) | HEJRAH (CTO-20A) S5 HJE. (G AE
Shodex A= 77 fifk ¢ 56 o FFURE K 5 M €2 35 4 kw802. 5.
e ) e A A 7 25 RO 24 b AT S, ARG 2%



2340 AN 5%

B % 37 %

P ACTHE S SO, (SRR Sk BE 34 57, HfRE TR
WL (I APSC 2 A & B4 SR ARV L A R bR iR
AT AL I, AH X 43 F BT R 43 i 281000, 12 600
21000, 44 000, 60 600, 43 7 ¥ fE 24 5 A o R ATk
FERECH]. BRESR BN AT LL 1 mL e min ~' BEAT RS
ABEARTR 50 L. AKIEARE AR X 43 5 5 4 ot
R R M A BRI X 43 BT i W iz TR A ek DG &R
FER]—SE 6 55 1 T AR SEBRAE S i PE A B 55
HRR S AR 2 F . RESL B TR (M) |
FITRM,) IR p MR B,

M= ShsS (b4 (1)
M, = i(hi xM,.)/ihi (2)
p=M/M, (3)

Kb, n ARSI FECGE b, FRER SRR
i PRSI A W (L, M, SR R AR R Ry B A S A A
X3 i

DIEBFSE 2 DL X Sl oy e RIS 8] Y 4 Sk 4 DU
M 1 A5 1 1 T 3%, ELAE 45 DOM. B 1) AH X 40
A A L R TR AR X 4 o R R A
A7 He 38 13 4544 LCsolution GPC 114
1.3 =HEBOURHE BT

W 2R %Ot 6 43 H A ( Hitachi F-
4500) HEATFE & = 4SOOI E. WOk OGRS
150W ok AT; A MK (E) =5 nm, EH K
(E,) =10 nm; HEHEE 1200 nm-minfl; Wk
S KIEE A E, =200 ~400 nm, E, =300 ~ 550
nm. VERHHE | RIEAMEALERHEEA) DOM, Hifk
R v v RE A& AR 8 N BN, A T T o PN D N
(T4, BT A DOM 76 B 2 10 mg- L' Je 4T

ST, DOC ¥ B 7 Sk FH A2 [ Analytikjena 23
F) multiN/C2100 &4 HLEK/ B2 AT
L4 TR E L5
B 20 mL DOM #£ & i i 0.01 mol-L~"
Cu(NO;), ¥ W, fff Cu®" W 24 T 0 ~ 110
pwmol - L™ 2], 3] HNO, 1 NaOH & 8 15 14 &
PFF pH =6.0 £0. 05" T A B9 R BT B A
13 100 L, ZWs ok BERR RN . AR,
F0F+ Fo_ Kym[Me:] @)
0 L+ [Me™]
K Fy FREZRIBK DO, v, ARG
KPERAREE 3 K, TR mBHE 7R M.
e P B R Sy TR S el Gl U R/ W

10°
K, = — (5)
b KL

K, K, Bone B 6 %8 pH W& R H % H
Spectrum A F] pH Meter 1Q150. i 1 ¥ B I % % FH
JEF RSO ( AAS, WEFX2100).

2 ZER5HM

2.1 RI[A] 45 DOM FHXS73F i it 43 A B AR

T UESE XS DOM ¥ fh #E 47 43 Bt 43 Bt 19 1l 7
PE, 00T T4 DOM FE S 3 B R k. & HE 5 DOM
B KA BRI R 1. £FREM B E AR
Bop>1, R0tk Aoey, i p=1. 44
x 10" J8 8 13 HoAth DOM A 5. HR 4R 45 FF & A X 2
I T A TR OF- 35 4 R 0 0 45 0 A IR
BT 1 M2 Z0E. i SEUE B E SR DOM & 78 AH Xt
Sy P HA SRS Y, (BT DR 4
HAEMAXS 43 F i i o0 A b A7 7 A X 4 o g B 4 ok
FTU R 43

x1 BEERESHRH
Table 1  Average polydispersity index of each sample

R I ot 1 ¥t Bt e+ pLUE
sk 68. 04 89.39 93.27 164. 56 1.44 x 10"
I 1 1.02 1.02 1.04 2.39 1.13
) 1.04 1.04 1.01 1.02 1.71
%3 1.41 1.37 1.05 1.39 1.17
I 4 _D — 1.34 1.91 1.16
W% 5 - — — — 1.20
I 6 — — - — 1.23

1) “—" FoRAK

DL 4 Fh 438 K 38 FE 5L DOM H BIr | Fb fe i 1Y)
WEME A 100% , HEESAAE AR 70 F i B AR,
AR 1. X52E DOM AHX 0+ B & AR AR
2 141 684 , i = T HAWAE &, U e R Z 2780 865.

Wb 4 A R B IR, A XS 2 A o T AR Y
4.5% ~5%. WMULATLIE HXGIET DOM & & ik =
THABRES. K 1 AT, XS R R S =R
75 (100032) |, H1(1813) Ak (432) X 3 (. H



6 IR LR A LR DE

JCHRHE RS 5 19 2% 5 BE T

2341

FRORS ZEAE 7 TR BE (500 ~ 1000 < M, <12 000) F
YRR b R R Y 34. 1% R T8 B (M, <500
~1000) Fl i 40 F B (M, > 12000) 5 51 2 o5
41.7% F124.2% . FIHIGFE DOM FEA A 4> F =
B LAY EEN 2SS, Jeit DOM FZ K
FHXT 0 F A3 AV oA 391 ~ 126 755. ek + &
AP BT o HUE T, T B S MR A IS TR AR X A, &2
S AT B A 0] REAE AR A LB U 5 R A
B RIS R .

IR TN 7 2 e D S & e s 0 12D i

100

90
80
70
60

50

S3A%

40
30

20

0 05 1.0 1.5 20 25 30

HIAF 91 Btk lg(M,)

35 40 45

TR EEERLE 20, 190, 13 6693% 3 AN 43
TR, W AR AR RSy = BB A AR
ST LB, 2k 84.8% . e RN R 1)
TR 2 BRI 92% . fEh o i
B, AT B ) AE X A A R A A v 6%
10%. Tims T, BEHBTIERMERN M, =
TASTHI M, =11 477/« W0E” L. KEAREE DOM
TN B R A i 1T RE R P R A AL ok I
ELVER MO 3 FE LRAE YRR RE R A
BEZH /N TR

100

O B ®)

o #t
ARt

90
80 -
70

60 -

41 #il%

50 |-

40 -
30 -

20

SR

4.0 45

1.0

15 20 25 30
HIA T Bk g (M)

0 05 3.5

(a) UTTARE SR s 1 (AL T 8) BEE S IR 100% 5 (b) LARGERSE | 48 L AR - vpfe i e (3 T FR ) BE S 1R 100%
E1 EHERKENITFRESH

Fig. 1

2.2 AEFES DOM AgAL244H i
2.2.1 A[EFES DOM DG GIERAE

Relative molecular mass distribution of all DOM samples

ik, 7350 254 i DOM 547 =4E5O0EE 70 M. an
B2, A ke B I B R R 9O (E/E, =240 ~

N . 2o S N TSN I
N T HE— I RE S DOM (2 B MIZE R4S 270/300 ~ 350 nm) DA K 4% [ MhH (96 e 6. 03 2%
400 400 400
i
350 350 350
g,, 300 300 300
s
250 250 250
200 200 200
300 350 400 450 500 550 300 350 400 450 500 550 300 350 400 450 500 550
E./nm E./nm EJnm
b BB
3000
350 I 2 500
= 2 000
& 300
=) 1500
250 . 1000
l 500
200 200 1]
300 350 400 450 500 550 300 350 400 450 500 550
Eq/nm En/nm
E2 & DOM #m=4% KL E
Fig. 2 Fluorescence excitation-emission spectra of dark brown soil, cinnamon soil, black soil, peat soil and chicken manure
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