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Abstract: A total of 78 water samples from mesotrophic and eutrophic urban lakes in Nanjing, Jiangsu Province, China were
systematically analysed using three-dimensional excitation-emission matrix (EEM) fluorescence spectroscopy coupled with parallel
factor analysis (PARAFAC) to characterize dissolved organic matter (DOM) composition and sources as well as their links with
water physiochemistry parameters. This study was designed to unravel the effects of eutrophication on the fluorescence
characteristics of DOM and its influence pathway. Three distinct fluorescent components were identified: anthropogenic-derived
humic-like substances (C1), terrestrial humic-like substances (C2), and microbial-produced protein-like substances (C3). Eutrophic
urban lakes exhibited significantly higher fluorescence intensities in both C2 and C3 relative to mesotrophic urban lakes.
Fluorescence indices confirmed dual DOM sources-terrestrial inputs and autochthonous production. Meanwhile, although the
humification index of DOM in mesotrophic urban lakes exceeded that in eutrophic urban lakes, the humification index of DOM was
below 1.0 for all samples. Moreover, the biological index of DOM exhibited an increasing trend with the elevation of trophic status
of water column. Additionally, significantly elevated Chla concentration were observed in eutrophic lakes compared to mesotrophic
lakes. Strong positive correlations were identified between Chla concentration and the fluorescence intensity of C2 and C3
components alongside the biological index of DOM, suggesting that eutrophication may induced autochthonous DOM by stimulating
algae reproduction.

Key words: urban lakes; eutrophication; dissolved organic matter; three-dimensional fluorescence spectra; compositional

characteristics; source analysis
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{f ] MATLAB %A+ {¥] DOM_fluor T HAFX}
FE I = 4 98 06 6 1% B ds AT AT I 4 A
(PARAFAC). T 5644 £ 4w 180 Ik 4% =46 56 &l 49 kg Y A
Bl L~ Pm 46, F T 9020 1 e A 7R 2 0 B0 B ) g o
JE 1) 20 3 £ 18 0 BE AL W) 46 46 4 AT A1 TCC(Total
Correlation Criterion)# 5 73 BT b 4730k — 22 43 BT G AIE,
Ee G FRE G ) DOM %21 40 112528 S i 7 2%
s %2 Openflour(https://openfluor.lablicate.com/) Lt
SHEREL DOM 47015 K.

O CFREL(FID) i BEFEE(Fel) SR TE TR
H (HIX) A A M0 35 BUBIX) 20 BT K 7K DOM. % 564
HEFlul 7] SRR ALK A DOM PR, 2 E,7E 370nm
Wb, E 75 4700m F 520nm 15268 HAE P, Fel w7
KA ARG E, 2 EAE 310nm Ab,E,, 7F 380nm
RCHRE Y E,, JuFEILE 420~435nm 58 60 FME )

EEA S HIX AT TSR AR DOM JE T AR 2 By AE
254nm AbE,, VUFE{E 435~480nm 78 GHRERME L
En J5ITE 300~345nm 56508 BUME R HLE P, BIX
A LAR KK A DOM [ AL PR 5 59510, & B, 1E
310nm 4b,E,, 75 380 Fl 430nm [F15¢ 5 iR,

WF9T 2 B, R R ) DOM BV B I A= )35
P, BE A8 T LA ) 8 2 10 A K P Tang 2520 i
DOM M 1 A= W AR 6 s 2R (0 B R o 5 2
P B LA AR 0 1A 5%, TR B e T Al N2
TG BT DOM 3 8 1 26 25 KU A 0K QR (1 R
YT C2 4l E N I DOM ¥ 7E A= 25 AU 1) 45
b, R C2 413 196 5 35T T35 J 9 e o
JEE PR 5 /M 1) L AR A A 52 DOME. ¥ 78 A 2 XU 46 50
(HI=I/1 i i), HUAELBR K S5 2R R K A4 C2 44y
(1 £ ) 2 P R, DOM Y8 77 4 25 XU i .



5 3 EAERE

B}

TR R E RIS AR A LS AL SRR SRR 3 B

2523

1.4 WIAKIRE FRRSTREOT

SR AR PR AR SR R B (TS Te)idoks %
WIUKEE AT T BB A4 0Pl 91390 & 75 TR 1R
A Z R HTE(AHP)SE 4 TN TP fl Chla —Ff
FERTEEE TSIe, v A T
TSIc = 0.420% TSl +0.283x TSlew +0.297 x TSIer (1)

TSIcaw =10x(2.5+1.089 xIn(Chla))  (2)
TSIen =10x(5.453+1.694xIn(TN)) 3
TSIen =10x(9.436 +1.624xIn(TP))  (4)

TSIc K0 B v U W 1% /K RE 08 7 P 1 0 e,
TSIe<40 KA T2 TR, TSIe = 40~50 KW ik
TrE SRR, TSIe>50 R UL T 58 TR,

1.5 Hdl ot

KRB FEARE] ) Spearman AH <2341 #)H R 15
SR EE IR IE X DOM #4175y, 9L
KRR AR bR AT 5 40 BT (PCA); i IBM
SPSS Statistics 27 A AT - FR bR EHE I 1E A5
ks J7 25 R AR AE T BB R AR
()30 25 P25 A 0 T PCA FE L5 20 BT 1) 45
TR0 326 AH DG 0 25 1K i A A R %A% 5 O Y
DOM 41T HI 15 A A8 (1 AR A AMOS
24.0 AR ERIEAT S5 89 T FERL AL AT LR VR4 R
PRl 10 25 A5 ] GraphPad Prism 8 Fil
Origin 2021 A 43 #r 45 R kAT v #4620

2 HR5WE

.. e . s N, e
1§ FH Origin 2021 #£47 DOM %41/ 2 0] e H 5 2.1 DOM I =45t RF
600 gy 0.15
Cl Cl — Ex
I\‘ e+ Em
500 Ao
= 0.10 MR
o 400 %% ' \
0.05 + .
:' \
300 i X
’ \
0.00 LN Ze
400 200 300 400 500 600
Ex (nm) P (am)
600
— Iy
=< Fm
500 PN
—~ A \
g 1’ \
N \
K] , \
g8 \
o 400 ) \
LS \
! \
1 N
1 \‘
300 H N
L/
400 500 600
Ex (nm) WK (nm)
600 0.20
c3 — K
- Em
500 015 X
—_ 2R
g My
£ 0.10 7\
o§ 400 ! !
4 \
0.05 e
» A
300 ! K JP
0.00 -J . \ N A
200 300 400 7200 300 400 500 600

Ex (nm)
2
Fig.2

K (nm)

FLFAT I T M2 R0 ) =~ DOM %@l il e 1% P S Mt KR RSB . 960 B A1

Identification of the fluorescence spectral characteristics of three DOM components based on parallel factor analysis,

including their maximum excitation/emission wavelengths and fluorescence intensity distribution



2524 o

i

R 45 %

iz [fl EEMs 454 PARAFAC 5k sk AT 8 4
LR IR T IA 78 AN KFEREAT iR b SR
A C1~C3 =/~ DOM 453 (E1 2).C1 (158 Yo IEAL B
F& 335nm/407nm(E,/E,);C2 K58 Y64 E 360nm/
468nm(E/E);C3 158 Y6 WE A H j& 288nm/341nm
(EJ/Ey). 83T 5 Openflour 7F 25 ¥4 25 (R A 3k 4T
FEAR I, CL ALy 2 — i N i 80 7= A IR 2 6 BT
PRCNC2 A3 JE TR IR C3 410 Rl
DA IR By A R 4 el

N 1 5 G5 B o LR AR BE ST K
PA1) DOM & 5 = 2252 B 8 [ RIS J3T B VT P R 1.
Hor M R B CL R C2 414318 A -5
KA 2RI B AR E AV C3 45

JIT o T EE A A 6T 2658 v, LA S8-S0 P B 2 el
A 7 — e P 3R & b i 28 8 1 o T
At 5 NKIESh S BRI KRS Je s e,
22 . BEFRNKAET DOM Sk S S Kk
PRAL SRR AR G

IKARBRAL bR 45 AL R (R 1), EE BB TSIe i
FART AT, A AR AR YRR e B IR R HL A
TATEAN R RE 38 T KA 78 A R XU, S
Wi U BRI A 2R 2 T
¥ TSIc &b T 50~60 2 1] J& T4 5 & E FRAIRAS; 408
[ TSIe KT 60,)8 T BE S FRAIRES Mk, A
WIS TR AT AR
FRPE DL A 18 5 S5 B i &5 Lk 2.

FEEE
[Z<y==A

1 ERHEATERRAEERKEESH
Table 1 Sampling sites information and water chemistry in each urban lake
sk Z il SR R EE L] WA EEEW %W JERZRU
(n=21) (n=12) (n=2) (n=9) (n=13) (n=5) (n="7) (n=9)
EC(uS/cm) 253.76 £35.35 263.08+7.63  227.00+7.07 252.00+13.89 241.30+5.81 162.68 £7.49 291.42+10.53 325.11+49.31
DO(mg/L) 4.50+2.25 4.44 +1.30 6.87+1.81 3.50 £ 0.65 2.94+1.36 1.78 £ 1.33 4.88£0.86 5.22+0.84
Td (NTU) 32.30+39.13 4.76 £ 0.85 29.90 + 12.59 23.13+3.15 - 6.34+1.99 25.16 + 18.69 9.77 + 14.35
pH 8.150 £ 0.55 7.62+0.72 7.81 +£0.06 7.61 £0.26 6.97 £0.21 7.30£0.10 7.85+0.33 7.38 £0.22
NO; “N(mg/L) 0.20 +0.22 0.05+0.01 0.24£0.11 0.25+£0.11 0.26 £0.10 0.26£0.12 0.05 £ 0.03 0.48+0.18
NHJ—N(mg/L) 0.19+0.12 0.09 + 0.05 0.12+0.02 0.28 £0.05 0.10£0.03 0.10£0.03 0.04 £ 0.02 0.28 £0.18
NO> -N(mg/L) 0.03 +0.06 0.003 +0.003 0.01 £0.005 0.02+0.01 0.02 +0.01 0.03 +£0.02 0.01 £ 0.003 0.04 £0.02
PO -P(mg/L) 0.09+£0.07 0.01 £ 0.04 0.09£0.01 0.03 £0.04 0.04 +0.03 0.02 +0.02 0.02 +0.02 0.03 £ 0.02
Chla(pg/L) 15.94 + 6.09 7.16 +£2.41 29.05 +28.24 10.11 +4.49 9.30 + 4.47 2.87+1.73 39.40 +12.81 1522 +23.17
TN(mg/L) 1.13+0.54 1.74 +£2.51 1.62+0.38 1.37+£0.19 1.26+£0.14 1.28£0.07 0.68 £0.22 1.88£0.77
TP(mg/L) 0.14+0.08 0.20 £ 0.45 0.17£0.02 0.10£0.03 0.10£0.03 0.10 £ 0.05 0.08 £ 0.03 0.17+0.07
DOC(mg/L) 4.74 £1.56 6.55+1.59 3.61+0.32 4.36+1.81 3.92 +1.59 7.64+1.20 4.40£1.07 4.58+0.93
DIC(mg/L) 8.87+£2.35 7.35+£1.20 9.59+2.18 10.75 +3.45 10.08 +2.24 8.20 + 1.80 11.29+2.45 15.90 + 3.69
TSIc 56.94 + 4.59 52.72 + 8.45 62.26 +3.78 54.73 £2.19 54.11 £2.66 48.27 +2.85 56.97 + 3.41 55.92+8.73
HI 0.59 + 0.64 0.25+0.43 0.42+£0.43 0.42+0.55 1.83+1.57 0.45+0.42 1.41 £1.06 0.49 £ 0.20
ey RFE AL
*2 BRMEWTHEEFRKRSMZIALNBENNTIREE
Table 2 The nutritional status and degree of disturbance by human activities in each urban lake
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Fig.3 Comparative analysis of DOM fluorescence characteristics and water chemistry in mesotrophic/eutrophic waters bodies
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