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Abstract: Dissolved organic matter (DOM) is ubiquitous in environmental waters. It has a characteristic of continuous molecular
weight distribution and can significantly affect the migration, transformation, and fate of pollutants in natural waters. Water samples
of Lake Poyang were collected in the spring of 2019, and DOM samples were divided into low molecular weight (LMW, <1 kDa)
and high molecular weight ( HMW, 1 kDa - 0.45 pum) components through ultrafiltration. Fluorescence parallel factor
(PARAFAC) analysis and ICP-MS were used to analyze the spectral and metal properties in different molecular weight solutions.
Results showed that 43% —55% of Lake Poyang’s DOC was LMW, and 45% -57% HMW. DOM fluorescence samples were identi-
fied as two fulvic-like components (C1, C2) and a humic-like component C3, of which 60% =73% of C1 was distributed in LMW ,
77%-93% of C2 distributed in HMW, and C3 almost evenly distributed in the LMW- and HMW-DOM, which may be related to
the traditional fluorescent peak contained in each fluorescent components. Calculation of fluorescence index ( FIX, <1.4) and bio-

logical index (BIX, <0.8) indicates that the DOM of Lake Poyang’s terrestrial source characteristics were significant, and the
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HMW-DOM had higher terrigenous characteristics and aromaticity than the LMW-DOM. Heavy metal Cr, Mn, Fe, and Pb were
mainly distributed in HMW (63% -94% ), As, Cd, Ba, Se, and Sb were mainly distributed in LMW (63% —84% ), and Cu,
Zn, Ni, and Co were almost evenly distributed in LMW- and HMW-DOM. Most metals had negative correlations with C2 percent-
age and positive correlation with C3 percentage, indicating that the complexation of heavy metal ions with DOM in water may be
mainly through humic-like component C3. The distribution of heavy metal content was greatly affected by HMW-DOM, indicating
the important role of anthropogenic activities in Lake Poyang’s heavy metal distribution.

Keywords: Lake Poyang; dissolved organic matter; ultrafiltration; EEM-PARAFAC; heavy metal
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12.04 mg/L 2 ]! {2 Fip DOM [RFSE H 36 Hp i & 5, R [R5 F-i DOM 75 W3 /K 14 b 43 15 1 6
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Fig.1 Locations of sampling sites in Lake Poyang
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480 nm KIRFVMEIE L, Em 300~345 nm 5 Em 435~480 nm X IHFME = F1) [
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Tab.1 Physicochemical properties of each water sample site in Lake Poyang

RAFE A pH  HSFR/(pS/em) HE/ (mg/L)  WHER/(mg/L) WiHAE/ (mg/L) Bt/ (mg/L)
T PH A 7.67 108.1 0.196 0.775 0.022 0.045
£ 7.77 95.9 0.167 0.746 — 0.051
PRy e 7.82 95.7 0.155 0.754 0.009 0.042
Bl 7.81 102.7 0.161 0.635 0.016 0.068
i 1 31 7.74 92.7 0.225 0.699 0.028 0.049
[ERA 7.81 154.0 0.173 0.490 0.005 0.021
Ml 7.74 100.3 0.150 0.223 0.0004 0.014
ERI 7.46 50.7 0.249 0.181 0.000 0.010
EAg=PON) 7.72 129.9 0.249 0.632 0.009 0.033

=T RN AM .

2.2 DOC £ %1
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FEE S AU 55 1 S AR A IR TAR L , TR P 308 0 e L DA B 2 X i 3 A A2 DOC 3 A 8 e T A
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17155 5 e L NS 2 6T TP AS s KRR HMW 41537 o5 Uil ik 57% , AT RR A JSEPR 434 I 2.3 55715
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B A (230~260/380~460 nm) EE A E LMW-DOM | 1] I 5% X i 5t 16 € (320 ~ 360,420 ~ 480 nm) 7
LMW-DOM 1 HMW-DOM rh #4434 , 25 11 (R 0580/ ) 960 T(S ) (225 ~230/345 ~ 350 nm ) ] 3%
FAAET HMW-DOM. 8k, %o 0 5 % 10 RIS 12 g LK A 5 (52 HMW-DOM Y = 4 5¢ ' P 3% (i et B [, S
Ry ) GG BEEATIEE AT, A BUHC P B 1 W T WA ) T2 15 1 380 B LAt 57, 5 T MR 38
A BEAFRE T 3X 2 AN LAY R HMW-DOM Hf3i].
2.3.2 EEM-PARAFAC = 4§ K E—FATH F o4 it PARAFAC AT 43 %t 27 Al 1 = 2820807
PEIHEAT A, Fr=FA 05 5 2 TR b DOM (1) 3 Fh IO 4 (18 4) A8 5 BRSSO LAL 43 C1.C2 Al
KIS DA 5y €37 C1 43 (Ex = 235 nm(300 nm) ,Em = 395 nm) J& TJ e S E RIS 53, LT
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Fig.2 DOC concentration of each water sample site in Lake Poyang (a) and

contributions of LMW and HMW components (b)
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Fig.3 Typical three-dimensional fluorescence spectra of DOM with different molecular weights in Lake Poyang
(Taking Zhupaoshan as an example,a; LMW-DOM,b: HMW-DOM,c: bulk DOM)
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(K 5a). &5 51 T84 S AKEE DOM Hr 3 Fa¢ a2 43 CL(E 5b) (C2( & 5¢) (C3 (& 5d) £ 4 F it
DOM H1 [ 5345 :60% ~T73% 1) C1 44 A2 LMW 243 H,67% ~93% 19 C2 25353 A A HMW 2143+, C3 21
SAEILT B0 A fE LMW HMW 343 3 o G4 400 7 T e AR RRE nl 5 5 31y 2.3.2 hIL gy
MBS DGR ST, C U 55 MU A L 28 ply — U XERR A 00 R 40 F i W T2 B, T T AR R Koy F R 26
ATHL , PRI 43 Tt 7, C2>C3>C1L Yao 257 sl 050 4007 & 81 €2 4143 (EE43 4 T HMW-DOM tfr)
EERE TR IR AN, 45 BT SCHER VTG LA S (Al Bt T 8 B s 1) /9 DOC ¥ Ji 54> 1
3, KT RMNA AR = C2 4143 AT fig & Ak 55 DOC ¥k B 5 = HMW-DOM b 451 ) 5 A
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Fig.4 Three fluorescent components C1,C2 and C3 in Lake Poyang derived from EEM-PARAFAC
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Fig.5 Proportions of fluorescent components ( C1,C2 and C3) in each sample site (a) and
distributions of fluorescent components among DOM with different molecular weights (b,c,d)
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Tab.2 Spectral parameters of different molecular weights of water sample sites in Lake Poyang

s HBFH Ak . . s , #E #E
i L {47 I . ]
iS5 DOM Wi S &5 L i REERTL I = R4 I = O il pen
SUVA,s,/ LMW 0.026 0.028 0.021 0.027 0.029 0.031 0.028 0.022 0.027

(L/(mg-m)) HMW 0.033 0.055 0.045 0.030 0.073 0.034 0.027 0.051 0.048
DOM 0.026 0.046 0.037 0.028 0.052 0.031 0.022 0.048 0.045

FIX LMW 1.38 1.35 1.40 1.38 1.37 1.41 1.31 1.41 1.38
HMW 1.46 1.25 1.20 1.17 1.24 1.21 1.24 1.26 1.20
DOM 1.27 1.30 1.34 1.30 1.30 1.31 1.27 1.23 1.29
BIX LMW 0.78 0.77 0.78 0.81 0.79 0.81 0.86 0.77 0.79
HMW 0.60 0.63 0.62 0.65 0.65 0.65 0.70 0.59 0.63
DOM 0.70 0.70 0.68 0.70 0.72 0.73 0.76 0.66 0.72

FIX JZWe T 356 5 AE 55 A % DOM (AR BTk, A AR T 75 55 DOM (35 7 3 1 (A 6, ml AR 56 T
DOM 4 i ) S VR B 8 A A2 2 1 435 L. Bt RN (32 5K U5 DOML 19 FIX {43308 1.4 F1 1.9, FIX> 1.9 i, F7R
DOM el 335 LA U5 (MR 2 265 3) S 3, B AR TEURRAE W 48 5 FIX< 1.4 1F, DOM I 32 22950 i 2 ( 4
WA P BRI O AMRES FIX (HIEATE 1.4 LT, 2B EF ML, 5 Yan S0 45 50— 8 %
EBRSE AN, 25 5K RE R LMW 24310 FIX T HMW 2045, D00 P96 (B DI (0 36 A £ B4 i 7
LMW 443+, Tifili I DOM 332504 8 HMW 253, 5 5eRiBFos 45 5 — 80 . BIX {f{E 9 DOM A A6~
ZHC T HE B YOG IAEAE , X R R R KRR IR AL WE P IARAE. BIX (0] TARA A 2 ok
TEEG DOM (AT BTk R0 BIX A/ RE AL B 6 AR IR STIR R, R 1 BIX {478 A N8, BIX {8
HAKNTF 0.6~0.8 Z[A], Z2 0] [ A= P Tifkny DOM /01, LMW-DOM [y BIX {EF HMW-DOM F1 bulk DOM,
VLA 5 A1 LMW 3843 B Rei B A B A JEAF , 1 £ U5 DOM %50 A 76 LMW 4143, 4% 322 ] FIX fEA
BIX {H22 3R (B BRI #8E R 1L AR E XA 3 Ak A FIX A BIX {308/ T H AR &, B B I DOM L
175 T AR ; 254 2.2 % DOC Z3A4HAEfrix 3 4b DOC it HMW-DOM L {51 i 25 O , 23 3 ANRE 15 3T 7T
A T A A L T4, 7T RE S SR A K VTR K 8 E BB W e
2ABESBRLERERSH

A SRR AT GO R A R TE Z IR R g0 MW-DOM ] LMW-DOM

&, B IR TE 4 @ W B HEF M : Zn>Cu>Pb>Cr> s ed 16%
Cd, 5 O SCIRIN 2 HE/ i JR P T 4 R AR 80 0 1 O
(Zn>Pb>Cr>Cu>Cd) M, Cu 75K BE  BAT e 5 e Him
(e E. LIS T AE S Cu XF DOM ARSR N2 A RE ) 009 ALy |
A5, EA DI EEM-PARAFAC R E 8 Cu l5 1 4 | Himll Ll
DOM fEREF 93 PR B JED Cu 5 DOM 22 i
AR A A 20-

38 8 B X B A 35 {8 K6 B ( pair-sample t-test ) X =
LMW-DOM il HMW-DOM i T BIKIE B G T e v oo o P 25 & & w9
(£ 3) , B Cr.Co.Cu.Zn X JLAVEE 4 J8 £ LMW EaIRICHE
A HMW 217357 0.05 #9128 3 Mok B i 3% & 6 £ 4 J8 TC R AE B FHI LMW-DOM |
22 AN HATEE AR 42 Tk DOM i1 53 2% 7 HMW-DOM 1)

BE,BEEEARET 95% LI L (BRT Cd A 93%). Fig.6 Percentage of various heavy metal elements
LEAE 6 4 8 C Z 76 B P W LMW-DOM , HMW-  in LMW-DOM and HMW-DOM of Lake Poyang
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DOM i 5 1, &P Co Ni Cu Zn JLFPICEAE LMW HMW 2 70 Hh 5950 A5 EAM Y (5 AR 2 T &P
ZESA B FE R AR IS RALT) 5 Se(63% ) (Cd(71% ) (Sh(75% ) \As(76% ) \Ba(84% ) T2 /3 AifE
LMW 4143, Cr(63% ) \Mn(73% ) K543 i £ HMW 4155, Fe [Ph W45 K343 (>90% ) 43 #ii £ HMW 21 53
Fe J:% 53 AiifE HMW-DOM Hrr] 2 iy T 3% 51 i1 LMW-DOM 1) C1 %f Fe H%%- G E S AR™ 5 Pb 953
A 05 HoAth STk b 5 53 F /N T 0.5 ku 19 DOM £ & 2805 8 I RUEEA T A 45 b o 4 J 72 AN ) 4
T DOM H iy A n] UL F2 2050 A 5 LMW 273 i JR T R AP 2R A L (H il T £ 840 Ai 76 HMW 21 53
M4 )8 (Fe Pb) ik B2 5 T HALIC K, Py HMW-DOM 1% 5 43 & (0.080 mg/L) KX T LMW-DOM (0.046
me/L). HICTT B DOM 55 4 IR 0% £+ 11 R — HETTIE 6 245 A S 0 T 4 T 43 S 4 s, T
TE4 e BOWTSE i PO A K A T Btk A T T
%3 K P E AR CE AR LMW-DOM HMW-DOM ) 434 ( Bfy - x 107 pg/L) S EIEAG S P (H
Tab.3 Distribution of various heavy metal elements (Unit; X107 pg/L)
in LMW-DOM and HMW-DOM of Lake Poyang and P values of pair-sample i-test

HEFH KU ' ikee) b R HE HE

N T T S

Cr LMW 7.39 8.99 8.77 5.91 9.18 15.58 6.51 10.43 14.47 0.158
HMW 3.92 11.69 5.93 12.45 37.69 12.15 14.26 39.74 11.18

Mn LMW 14.60 3.32 18.32 4.27 4.69 40.37 14.53 52.45 14.50 0.027
HMW 0.39 56.35 15.75 50.97 103.77 57.71 26.14 73.87 58.88

Fe LMW 2259 231.3 241.6 248.8 1012.5 286.1 259.1 1063.1 215.4 0.039
HMW 973 5815 1955 2819 16659 2116 2034 23469 3788

Co LMW 3.59 3.20 3.52 3.20 3.76 5.04 2.39 5.15 5.41 0.867
HMW 1.98 4.06 2.45 4.45 8.73 4.50 1.43 5.37 3.39

Ni LMW 38.79 34.59 35.11 37.70 38.56 50.24 28.31 44.99 33.83 0.038
HMW 22.09 25.86 22.66 30.02 37.60 28.23 15.65 55.78 32.17

Cu LMW 80.34 70.24 66.29 58.55 74.91 88.87 86.24 44.87 58.44 0.172
HMW 82.37 70.09 71.13 77.03 81.99 83.92 69.59 121.04 98.24

Zn LMW 542 440 475 590 381 716 626 577 143 0.966
HMW 256 654 296 787 261 598 214 803 661

As LMW 117.52 116.02 118.43 109.54 105.08 97.30 82.31 43.11 98.40 <0.001
HMW 22.71 35.17 37.87 36.43 42.60 24.97 22.67 24.98 35.65

Se LMW 0.71 0.68 0.78 0.76 0.94 1.08 1.21 0.38 1.16 0.002
HMW 0.33 0.40 0.49 0.49 0.65 0.40 0.67 0.49 0.52

Cd LMW 1.27 1.45 1.42 1.48 2.05 2.13 1.53 3.42 7.25 0.062
HMW 0.31 1.77 0.65 1.18 1.69 1.34 0.27 0.90 0.90

Sh LMW 23.29 16.80 15.05 15.85 17.29 27.43 22.16 17.76 21.88 0.002
HMW 3.31 24.03 2.33 3.42 3.87 4.90 3.26 9.38 4.81

Ba LMW 4135 3584 3598 4172 3559 4125 3092 1796 2480 <0.001
HMW 463 503 593 764 693 645 626 760 666

Pb LMW 2.14 1.53 2.18 1.23 4.51 1.60 1.25 8.88 1.99 0.001

HMW 15.96 45.04 19.18 34.28 47.40 65.46 16.31 84.13 21.84

FFESATE HMW 41401 4 FiEE 4B 02 Fe .Pb Mn . Cr 1, Fe 94% 4 i 78 HMW 414y, 5K 7130 11 1)
86.19% 7 3[BT VY mullica 7 (¥) 80% ™ LA K &K F Venice Lagoon (¥ 87.4% " 43T , 5 Hifth A (A5 It
[ 52 0 LR 4 KR 43 43 AR FE HMW 243 i ; Ph 7E HMW 2 43t 43 A5 5 25 19 93% , 5 26 3 7 mullica
T (88% ) M A, 75 4 HoAth Scilikh Ph LU ZS O 3 (12% ~ 100% ) B45E s HMW 4143 1 Mn 5 4 B
73% , i FR L (60.63% ) P2 & JCF] Venice Lagoon(54% ) ™75 Cr 63% 4345 16 HMW 414>, & F K0
(42.27%) 7. HAE &I ITZEH, Cu 55% 4304 76 HMW-DOM w1, 5 K VT3] 11 (67.1% ) 7 09 [ g 7 45 1]
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(53% ) 2 EIT L B TR (22.3% ) 2. Zn 50% 4345 16 HMW 2153 A% T K0T 11 (58.91% ) 7' Ni 7
HMW 20404345 -4 o R 14 44% A% TR0 53.14% 27 FEAS B HMW 15 LMW i 434 # 22 1
K, SGHTABIE 8. As 24% SR 1E HMW 2143 A% T VI 1119 59.43% 7.

AR 4 EJCE A LMW-DOM F1 HMW-DOM i ¢ BE AR #E 22, Bk As . Se Cd Ba 4b, A 4 JB 7F
HMW-DOM Hh & BE (bR e 22 K T Hode LMW-DOM H (v 22 , 158 BH 8 PH I8 X PR vh 3 4 Ja oo R 1 22 7k
FEFET HMW-DOM Hr. £5 AR 2.3 45340 R AT 43445 H B9 Bl R DOM. 32 22431 78 HMW 4143
R ZEIE, IR B X K IR E 4B A i A R EZ IR R AR XA A (Tl i K A 15 15 7K)
AR
25 EEREIRESEIIEFREXES

HE—2E 5% & B, B BHI AR E 4 Ja v B S5 ok 4026 DOM 45 Tl 48 b 2 [H] fUAH et R 2 AN B3 (£ 4) , 7]
RBP4 SRR (LS DOM ¥k B R H S DOM AR ELAE FH RS8R 55 4 5% , th T 58 5 _L Uik H At
WEEHEZEA . 4 PACHE B2 (P<0.05) (G R4k 4 %), Horft Cr Cu 5 C3 2143 5 3 v 5 B2 IE AH G
(r>0.7) ,Cr 5 C2 44315 L2 P EEIEAH X (0.5<r<0.7) ,Se 5 C1 2043 i b 22 P s BE IE ARG (7>0.7) . LMW-
5 HMW-DOM H 85 4 & Wk 8 -5 RF T8 AR 09 AH SC 1 2 4% i T s i I DR AS 270 1, S0 i S B ddi . LMW -
DOM AR et 1 2 (P<0.05) [ AL 2 5, 433124 Co(r=0.73,P =0.02) 1 Ni(r=0.80,P=0.01) , H ik
5 FIX {f 5 4 s B IE A5, HMW-DOM i35 ( P<0.05) fYH 552 &35 9 %, Cr Mn Fe ,Co \Ni 5 Slope s s
S I EE AR O (—0.82<r<—0.69) ,Mn Fe .Co 5 SUVA {5 7138 1E 4154 (0.65<r<0.8) , Cu 5 DOC ¥ JiF 5
W 52 1 5 BE IEAH G (r>0.9, P<0.01) . A H HMW-DOM 1) Cu i &, LMW-DOM 1 Cu 5 DOC Y& EE) r<
0.1 HB#E N2 (P =0.83) , 4] HMW-DOM 5 Cu f945 & RE 180 , 50 SR 45 B e 45 - — 3L

B4 T PHI K AT 5 SRR B 5 R 23 % DOM. A IR B ) AR A 23 A

Tab.4 Correlation analysis between the heavy metal concentration and various indexes of bulk DOM in Lake Poyang

HEE DOC BIX FIX HIX SUVA Slopezs_os Cl 5Lk C2 5k C3 51k
Cr -0.37 -0.30 0.50 -0.54 -0.45 0.35 0.55 -0.67" 0.76 "
Mn -0.29 -0.26 0.63 -0.30 -0.07 0.25 0.26 -0.44 0.66
Fe -0.48 -0.25 0.53 -0.36 0.07 -0.01 -0.06 -0.05 0.22
Co -0.30 -0.49 0.46 -0.21 -0.08 0.10 0.02 -0.18 0.43
Ni -0.12 -0.39 0.12 -0.21 -0.04 -0.03 0.09 -0.29 0.61
Cu 0.09 -0.49 -0.11 -0.68 -0.18 -0.06 0.45 -0.59 0.72*
Zn -0.10 -0.25 0.17 -0.35 0.18 -0.13 0.03 -0.19 0.45
As 0.21 0.14  -0.14 0.32 -0.46 0.45 0.13 -0.01 -0.20
Se 0.38 -0.04 -0.27 -0.40 -0.41 0.21 0.73 " -0.75 0.62
Cd -0.13 -0.03 0.18 0.29 0.49 -0.36 -0.17 0.02 0.27
Sb 0.36 -0.46 -0.41 -0.35 0.15 -0.39 0.29 -0.44 0.63
Ba -0.03 -0.13  -0.10 0.23 -0.14 -0.05 0.00 0.05 -0.14
Pb -0.60 -0.20 0.45 -0.29 -0.15 0.04 0.22 -0.29 0.37

* P<0.05,n=9.

Ph_I- 2 LMW-DOM . HMW-DOM \bulk DOM H - Fil 5 43 Jg ¥ B 5 45 W48 AR 336 3 #h DOM Z [A] 347 &
IR LA HE , &30 HMW-DOM ¥ ¥ v i) 22 4 T Wk 5 5 45 TUHG A 1) B2 ZR FRAH 56 R 8 r (0.36) 15 T LMW-DOM
(0.30) F1 bulk DOM(0.29) %% , H A& 34 P 5 (0.42) 4T LMW-DOM(0.48) il bulk DOM( 0.50). a4k
M5, EL/EAE HMW-DOM 1 5 A A bR iy AHOC R4 5 o R R F HAh s> 75 DOM. 454 2.4 i 4
JEAE HMW 453 HARHEZEAEAE R T LMW 2 23 BYAFAIE , 0 ) 3 4 B8 76 4% SR A iU 40 57 322252 HMW-DOM

R,
3 &it

1) ZEoK A 8 B K & DOC e BERAER, 7394 1.95+0.33 mg/ L. 6 FHIB AT 5w 1L LB B 6 1 3 4
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JSATHY DOC e J3E w85 F o 07, e B w1 36 S X 1 2 A 57 A9 HMW-DOM Fb f5i) th, 2 3 755 T o b
A7, T RS2 ~F /KU VA K A1 360 B WA 4 D P SR 8, 86 BRI /K A4 i LMW T HMW 2 43X DOC i (1
pe- N

2) %] EEM-PARAFAC # A M 7K H DOM $EELH C1.C2 .C3 =I5y, Horp C1 414) 70% 4346 7E
LMW 20431, C2 2043 83% 434 1 HMW £ 43, C3 20 4370 R 43 Fi DOM o 43 A3 ZE A AR 24 , 7] g 5 4%
oo A IR GO M T i (C (iP5 A 5. LMW-DOM ELAT 558 1) [ 2E JRAFAE , HMW-DOM 1]
LA T 4 Bl DR AR R (4 55 A 1, DI K A DOM 357 B 52 A A ARG IR DOM B2 45 K.

3) RV T 2K T 4B T E B W & 5 7 HMW-DOM A1 LMW-DOM 1443777 , J i Se .Cd .S As Ba
FE4MH7E LMW-DOM H1, Co Ni .Cu.Zn JCE F LMW-DOM . HMW-DOM 1 () 43 4 FE A K 24, Cr, Mn 3 5243
AitE HMW 2145, Fe (Pb W45 K534 i £ HMW 20 45

4) HMW-DOM ¥ ¥ Hh (1 5 42 i v JiE 5 4% T0U 45 A A AH D& A2 BE A0 2 35 M (r=0.36, P = 0.42) B R4 T
LMW-DOM ( r=0.30,P=0.48) Fil bulk DOM(r=0.29, P=0.50) % , FLAI 1k 25 i 5 R B th B T LMW-
DOM I bulk DOM , i B E 4 i 85 1 1F £ SRAE i 19 43 5 2225 HMW-DOM 4 J5i #H 5.
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