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Abstract: By using synchronous fluorescence spectroscopy and three-dimensional excitation emission matrix ( EEM) spectroscopy,
dissolved organic matter (DOM) in the Hongfeng and Baihua Lakes in Guizhou Province and their surrounding rivers were identified
and traced during summer, with specific focus on the transport and influences of the anthropogenic DOMs. The results showed that the
synchronous fluorescence spectroscopy index r(287 nm/332 nm) of the water with high proportion of anthropogenic DOM was larger
than 1. The characteristic peak was at about 287 nm, and its EEM spectroscopy index r( B/C) was larger than that of the DOM with
low portion of anthropogenic sources. The synchronous fluorescence spectroscopy index r(287 nm/332 nm) of the surface water of Lake
Baihua (2.7) was much higher than that of Lake Hongfeng (0.7). There was an obvious protein-like fluorescence peak in the
spectroscopy of Lake Baihua, which indicated a higher portion of anthropogenic DOM. The results also demonstrated that a large
amount of anthropogenic DOM was transported to Lake Baibua by Dongmengiao River, and this inflow mainly affected the water layer of
0 m to 4 m depth. After dilution and degradation, p( DOM) decreased to a very low level by the time the water was discharged from
Lake Baithua. It is useful to combine synchronous fluorescence spectroscopy with three-dimensional excitation emission matrix
fluorescence spectroscopy for anthropogenic DOM identification and tracing in river-lake water systems.

Key words: synchronous fluorescence spectroscopy; three-dimensional excitation emission matrix fluorescence spectroscopy; dissolved

organic matter; lake
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3DEEMs ( three-dimensional excitation emission
matrix fluorescence spectroscopy , =#4E%% Y661 ) SR
AR X 7 DOM 32 6tk i A [R] B9 45 47, LA 6 7R
DOM i 4 & 1 % |7,
fluorescence spectroscopy , Al 238 Y661t ) EHRH B
BEBANS RHEHHKE AL(AL =4, —A), 5
RN R IR EML, ERAHES
A S AE R . 3DEEMs 5 SFS 4547
RER{it DOM ZH RLAIR IR 5 T 3B HERA 15 .-

HETX K& RS B AN R DOM #H47TRF A
BMIRNHREKIES. HXEHF 3DEEMs fil
SFS X M B RAMBI M B LM R - MIHREH
ARRIER DOM #A7 IR B MR B, LR R A R 3k
HHDOM EHRKEANMEIBNEWEE, N A
RAKEANERYW M MEBERAETEEN
FB.

1 HBE5FE
L1 HRERE

ARMAMBEBMRAT RS HTRN—
MEBRANTKERG, BKRIRBMA T LS, R
JBICA SIS WA BR . LD EEKIEXR B
F4ZAMAR, BB EEXKERILNBH T
Mok, B AATERE T A R

F2004 FE8 ARETAMMMBLY KHEE
BEABKEREKEE, 3 A Niskin R HEEEH
MNEZETER2 m RESZKE(BHO m BH4 m,
BH 6 m.BH 8 m.BH 10 m.BH 12 m#1 BH 14 m %
BER) . REESSEWE 1. FABETA50 TS
h &) B 35 2 4k 38 B ( Whatman GF/F, B 0.7
pm) FHWKEE, ~HBRBRTRZHEBF, AT
p(NH,-N) B & , 55 — B B T AR G BB - A
F 3% Y6 F1 DOC ( dissolved organic carbon, % f# F #l
BOBRBRKREMNNE. BBEL CRETRAEIR
Bl . Btk 750 mL /K S A U8 B A Y R
S IE Ep (Chla).

1.2 rEE

BN AR F - 4500 B 3% 36 36 33 43 #7 X
(HBZ,Hitachi) L 52 8%. FFARESS pH b 7.46 ~
8.77, LB B AR K, B Mok o 38 5 AT 0
E. BRIEHEN 150 - W RIRAT. Bk MR S BEE

SFS ( synchronous

FEABHS 10 nam, H# 5 F X1 200 nm/min.
PHEEH TN B S KIE. 3DEEMs 8% A, N
220 ~400 nm, £ K 5 nm; A, 250 ~ 550 nm, 2
nm. SFS f A, HRTEE R 260 ~ 540 nm, Ar 43 5l
BX 20,40 #0160 nm, & BUX 2 B89 AL, FEAHE 5%
41 Milli-Q # 47k %) 3DEEMs 1 SFS fE bz 5
Jukk. f# F SigmaPlot %k {4 # 47 SFS 1 3DEEMs ¥
AL, R E T p(NH, "-N) Mp(DOC) LA 5 5
AR KK E TSR EE Mp(DOM). p(NH,"-N) |
p(DOC) Fip(Chla) By & 75 ¥ WICER[23].

REES: 1—HF (LLHB) 5 2—HQ(FEHF) ;
3—BH(EZEM) ; 4—HL(EAM)
5—MaX(FRE) ; 6—YC(RBM);

T—THY (BEZEE W ) ; 8—HFC (fLAET 5t

HEBEK) s 9—DMQUARTTHF ) 5
10—CC(HE M) s HI—MC(FEHEM) ;
12—MX(EAER); 13—MT(HBEH ).
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Fig. 1 Sampling sites of river-lakes

(Hongfeng and Baihua) system
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% C(Ag/Ag, =310 nm/414 nm) , A RBEFEH KL
B(Ag /A, =280 nm/342 nm) 1l D(Ag /A, =230
nm/344 nm) , Hr(B/C) (=45 KB4, 1% B
W CIERHLE)RHO0.4(RER1). BEEF L
BHSARCERFECEMEREARE L, Hb
FREABRNEERBRESZ KPS ETH, L
B A BRI L W R AR W BN, 4 R 2 A BP
HRPEARFTE. —BRAALRTEREATER
B RE A, MAREH KRB AW HE I RFERA
HENHERD T WA RER, REE B KE
WEFKEN R LXCEARRAEMLETERRK
FH5 . aRMBMETERERIYXH 3 KFABTRE
AW (HL RBER) EEF(YC RE Q) FMRE T
(MaX KB &) A dh B9 3DEEMs 28 B B BB 3% % 1%

A Mg C HEHHA (R L), R RRE AR
A DOM B EERIE. K E 3 KRR HIEL M
FRAM(HF RO N EHRALRE. LR
T AL RE T BEK e L AW SR A s AL (HF SRR D)
T#ICA. BRERE W (THY R # &) B & 3DEEMs
WER 4 MR EE(# AC.B D), HHOEREY
55T LB (HF RAE R BER,r(B/C) R 0.6 (R
1), ZRHERp(NH, " -N) R &, Hp(DOC) R &
(=2 FE 2), LB B8 B W K o B8 32 208w
BR(nsi A Y) M-, B sk £ E " DOM
MRS Hf 3 ZFEHRAR. LET KK
p(NH,"-N) fMp(DOC) EFBFH(RE2 M@ 2) , B4
WBIK 875 F I Z — , F 3DEEMs L 8R 4 9%
i, r(B/C)XH0.8(FE1).

F1 ORW. EHERREENMARRHE
Table 1 Characterization of DOM in lakes ( Hongfeng and Baihua) and their inflowing river waters using fluorescence spectroscopy

RER %A % C W% D ﬁ%ﬁwf 1,3E SFSppy SFSyy o r§32§7n::;/ r(BIC)
BHO m 159 99 159 120 98.0 36.0 2.7 1.2
BH4 m 271 128 263 121 94.0 54.0 1.7 0.9
BH6 m 325 158 258 118 74.0 67.0 1.1 0.7
BH8 m 376 193 295 130 76.0 83.0 0.9 0.7
BH 10 m 390 198 272 116 71.0 84.0 0.8 0.6
BH12 m 370 197 266 117 73.0 84.0 0.9 0.6
BH 14 m 386 198 271 120 76.0 86.0 0.9 0.6
HF 272 196 82 81 58.0 82.0 0.7 0.4
HFC 374 241 308 193 159.0 121.0 1.3 0.8
DMQ 557 411 2227 1039 835.0 241.0 3.5 2.5
MT 254 152 170 91 65.0 67.0 1.0 0.6
HQ 344 218 463 279 233.0 94.0 2.5 1.3
HL 449 264 — — 50.0 93.0 0.5 —
MaX 475 293 64 65 — — — 0.2
YC 449 278 — — 44.0 97.0 0.5 —
THY 162 99 42 62 55.0 39.0 1.4 0.6
CC 46 24 — — — 11.0 — —
MC 174 104 48 42 28.0 35.0 0.8 0.4
MX 155 78 52 33 33.0 34.0 1.0 0.4

TE: r(287 nm/332 nm) Jy RSB0 E I, 8 SFS B (287 nm) LM HGRE S KK (332 nm) LM HGREM LE. —FREQH D

BAFLE.
*2

AR BEAREZAMKEREKe (NH, *-N)

Table 2 Ammonia content of lakes ( Hongfeng and Baihua) and their inflowing river surface waters

R HL MaX YC HF  THY

HFC

DMQ cC HQ MC MX BHOm BH8m MT

p(NH,*-N)/(mg/L) 0.02 0.07 0.25 0.05 3.53 103

2.38 — .29 0.01 0.10 0.13 1.21 0. 64

. —RRFRND.



136

2 A

5 25 %

HAEHIRZKH K 3DEEMs @R il 4
e, SANBHEEREAR K EER LR,
r(B/IC)X 1.2. BIEBMEBR K AMEFARITH
] (DMQ R &) p(DOC) R EBEMERE KK 3 15
£ (WE2),HH DOM ) 3DEEMs &/ HiRBM AR
HXAEBMD, KARFELELEMNREKERH
—NEER,r(BIC)K2.5,BRHFAHSBFHEKRME
(RFED. RIMFEHRESEANTX, EHEFZ/E
AP ELB Z AW E, EBERNT —LT I
BK, B2 A B E K T EKBRES SR MR, H
p(NH, " -N) #lp(DOC) ¥R & , i A HIs R B E K
H(RR2ME2). R (HQ RAER) HHAHEH
4 YIS, r(B/C)K 1.3, BHEMKNHEM2 KRR
R B A BT W22 3 (MC SRR 1) B 22 P ) ( MX
KHER)HM 4 MNFObE, HAEEHKE B M D K
FHIBEMR/AN,r(BIC)HR 0.4, F—FKABWA KK
I (CCRBES) R BIEER/PHEE RRK
i AR C,RRMBIREORLE. BB LY
K—R Bk W (MT R B &) B3 4 A%,
r(B/IC)X 0.6, SEEMBERK(KE=10m) ¥ I

—_ —_
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Fig.2 p(DOC) of the sampling sites from

upstream to downstream
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Fig. 3 Three-dimensional excitation emission matrix fluorescence spectroscopy of

polluted water (DMQ River) and clean water (CC River)

BIABIRE,r(B/C) BE R B LY R EM
REEVSROKER. REGFENEMEERESD
AHILFEWr(BIC) N2 ~5, TEEZBBHr(B/C)AE
20 PA b, BERTF LA CEHER 0.4) . %t
A B O FFF X DOM B 58 R 3L, r(B/C)
K F 1 #47% DOM SR (M) Lo B ™.

BEELS®HAERR, BETLRYILEK S DOM
Bir(B/C) 7 0.54 ~0.96, Ti 3% 15 Y& 7] il DOM
r(BIC)KTF 1.5. ZHRZANTBLRERE KKK
RALAE T K (HFC SR &) MAR T Hr ik (DMQ
RHE 5 )DOM #r(B/C) 43510 0.8 F1 2.5, KT
ARBEEK(HF REL,0.4), ST AMHFRS
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2.2 ¥ - BIARGEAKER SFS

SrAIEE AX 2 20,40 F1 60 nm, Xt B & HEAT
SFS . FUAK R KW, AL 25 40 nm BFI§ X
ST, HEEE AL O 40 nm S HTALARE B AW
KEABIK IR DOM ¥ & iy SFS. ZL WK # (HF
KA REABT R E B (YC RE L) ML
J"E K (HFC SR ) DOM [ SFS 7 A, %y 286 #
334 nm [} 4 B0 RFAE W8, AL AR K K (HFC R A£
S )DOM B 7E 312 nm bF —/NE( B 4(a)). 4
W REK(HF RHER) MFEBMAK(YC RER)
DOM Y r(287 nm/332 nm) 43524 0.7 1 0.5, 4L BB
JTE K (HFC R 5D B r(287 nm/332 nm) 2 1. 3.
SANTOS %' 3 5 4K 3K ) Wi th 4 ¥5 0K h R B0 /%
FAYIFEAE Ay, 280 nm &b H BRAR 55 B 47 AE W (A
60 nm) , T K Z 275 4L AW _L WK P EHEY
FRAE Mg, 280 nm Ab B A WEH B, LLRBITT B R AL
FET K (HFC KA R0) 7E Ag, 286 nm 40 H BLGR
FIFFIE W , 5 OCHR [ 14 ] DRSS 4R T 15 K O FP 1R 1%
LB R (KRB R AL 40 om 5 AL 25 60 nm
B SFS Wef B H: ). 4B B MR SFS
FRAE3E Y0t BLAE 475 nm JEE" . R R AR AR
SFS >k ti B/ 7 BR A AE 22 0 e, X & |y Tk ik op
DOM WEERHRABHERMN T HR . K&
WK (MaX RAE ) R7E 312 nm 4bF — AR (&
VaATHEAS).

HAEH (BH O m fl BH 8 m RAE ) RHAM .
B3 (MX DMQ 1 MT R4 ) DOM ) SFS 7E
280 ~295 nm 2 |8].335 nm =Y, 346 nm Wi ¥T H PR AE
% ,BH 8 m RHE & £F M B 75 303,315 1 365 nm 4t
B/, B BT (MT SR B ) R 7E 315 nm 4b i 31
—A/NE(RE 4(b) (c) ). ALK A B W
ARIIBFE (DMQ R A 5) 7E 287 nm 4b H HIR R A
#,r(287 nm/332 nm) N 3.5, XEH T HEMHF(HQ R
HR)MBEEMRZEK(BH O m R K) 7E 285 nm
AR B A (LB 4(b) (¢)),2 MREAL
r(287 nm/332 nm) 3K 2.5 2. 7(REL). F—
FABFIFAS v (CC R A ) W R7E 358 nm &b
HA—MRDRRIERE(RAFATE 4 $).

32 A 3k 8 DOM B 85 K K AL AR )™ (HFC
KHE ) BK VAR T (DMQ R A% ) Bk 76
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Fig. 4 Synchronous fluorescence spectroscopy
of DOM in lakes ( Hongfeng and Baihua)

and representative source samples

332 nm) RF L, Hfl¥s e B2 M7k 4K 7 (287 nm/
332 nm) ¥/NFERE T 1,7 0L 7(287 nm/332 nm) §E
R IR B N K IR DOM, 75 % 57 55 1 X B i 7 PR
fEiR1. 5r(B/C)HE,7(287 nm/332 nm) EiF#iE
AT MR E W (THY R 8) KB A KRR
DOM.

2.3 SFS #1 3DEEMs #£7~ A 3k DOM KB H

- 2]

MBHEMEE (BH O m RHE 8 KB H#KH
BT (MT A ) ,p(DOC) M 2.70 mg/LIEE 1. 97
mg/L, r(287 nm/332 nm) M 2.7 FFEH] 1.0, 358K
FIF A B E LM 8 A K IR DOM 253 #1A K
HErmBENS, BN LA REEE L TR

C TIRZE. BAEMAE 4 m L (287 nm/332 nm) k

F 1,4 m PLF r(287 nm/332 nm) BEEH /NPT 1,X
AREHFHIKEAEZNSEASZMIET LB
LYIETRERY B, EEEM 4 m LT AEZ R4



138 & OB ¥ M R

$25 %

B AN R R IR DOM KR /.

MNEEWRE (BH 0 m R 5 KB Bk
B (MT REER) K, r(BIOOKN L2 FEE 0.6, 5
SFS M5 R —B, RIS A B BB M A
R IR DOM 7E MifE A 318 B o 3x B 12 g i 1
e, f(B/C)RIBEERE LB KEYN M HmL 4
m @ Fr(B/C) /N, 6 m BKEEMMB/ND, BIE
BEER 4 m DITKEZR S ERARANRERR
DOM B & I35 /).

K 3 Oy SFS W3R 55 3DEEMs U438 JF ) AH 56 44
SGItEER. BT RIS (DMQ RE &) MR NIR
EHREBAR, Bt RALEX RS 8K
Ag, (332 nm) Mt A SFS 1258 E 5 4 # 3DEEMs i%
BEHEREMX, KHXETERIOCYRMAEE
B IEY B ™= 4E 332 nm MG K SFS . 34 A,
(287 nm) MK SFS W3R B R 5K F 5 R IER
EERZEMK, U 287 nm MLy SFS 142 K E
H 3R G - .

% 3 SFS k5 3DEEMs if 58 & A9 16 X 1%

Table 3 Pearson correlation coefficients between fluorescence

intensities of SFS peaks and EEM peaks

3DEEMs SFS267 nm SFS432 am
P R P
WA 0. 201 NS(n =16) 0.916 <0.01(n=17)
B C 0.279 NS(n =16) 0.955 <0.01(n=17)
% B 0.972 <0.01(n=14) 0.696 <0.01(n=14)
%D 0.804 <0.01(n=14) 0.728 <0.01(n=14)

Vi NGEHHRKE; NSEREREHEL.
3 4

a. BRAWMBPIFEEBERZKp(DOC) #iT,
BEBEEMERKS AN RBKHELBEAFTOLIE
WS, BN EHEBEREK r(287 nm/332 nm) (2.7)
HERFLAMNB(0.7) , BREBIEB D ARRER
DOM E KB AE. RITHEWRBELERRE TR
£ ANRIEE DOM, {HE 5T T W18 7K 44 B B 70 o
o, HHMANARREECETRTRES EE8H
WAEARBEL 4 m UTZEMEREB/D.

b. r(287 nm/332 nm) B] KRB RE R K
RN b3k ¥ DOM & & DOM b 4 B9 A8 T & K.
r(287 nm/332 nm) Kk F 1 A KEZ AR FKE
DOM M WHB K, /M T 1 WHZBIWEME /D
T K 4 U R U AS B 287 nm Ab B4 SFS . % AR
JE.DOM M mB KWK EEA(B/CO)ER. Hi

r(287 nm/332 nm) Fir(B/C) & A T B Kk A
EERIREE kU R P e A

c. REERIFO LY HMEEOR LY Ry ™=
H 332 nm ML AY SFS U&, 1 287 nm [T #) SFS i
WREHRELIYE=EN.
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