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LYLPEE B2 BB URIF ST, e B 3300965 2. 9 E Bl 24 B A AR PR ST 58 o 0 KI5 Yo il S2 50 =, bt 1000855
3. E BB, dbat 100049

W OE RIS IR XS e R RO A S AR A B A L, SRS (3D-EEM) M EIETE
AR BN E | POCIEREE | FORIEANEUE B AEOESETE ARl A B (DOM) POGRHIE ., 456 FAT
K773t (PARAFAC) X g & 17 39 (1) 3D-EEMs #4773 7 37 £ 4T DOM 1R AESY , 45 REH, %00 DOM £ A5
3ANTENCE Y, 43 B 2B R 5 G LH 5 Cl(Ap/Ae, =245 nm/430 nm) . 252 FE/R AL 5 T4 73 IR B C2(0 /A=
240, 300 nm/365 nm) FIZE O E PRI CA Y C3(Ap/Ae,=225, 275 nm/335 nm), 4395 E 5 GLH MY 35.93%, 26.62% FiI
37.45% I FEA T L MK ABE BT R AR HE (GB 3838-2002)I11 2K bRk, 7MY 2 i o, I PR i g
oo VYIRS RN, %W DOM FEAE AR AR, AiE PR, FBOR IR TR IR ) A A A B A AT
FAE s MUK IER R A IR e . BBOZ IR A S B E HARIH IR AR RSIEPE DOM 154, JfResk
B 1T B | ASMNE TS YL

K ANATEANLY; TSUAIE SHEROOLRE; AT T

TGN IR N LA A A AT S AR 205 A R K . SRR A Il B s DR N U e R SR A
T Tolk . RPOVGYLIR, A 0T Y S K AR FFRE PR K AR S a2 HO R R
FEACBREN RS . WK IEA HTE YRR EE AR B OCHEE, XA ML A Bh T s g
Uk, AT ERXI R B A I, RORBEK 4 EEhA TR AR . RS
R, XA YA T A

ALY (dissolved organic matter, DOM) J&H ZFA WA —FI 2R EY, 501
INGTI (BRI T RA VRS Mo TR JEYIR . B, 25, R EE
ZHEVE, WP K AT AR G e . DOM s A7AE T B SRR K, R R 2t TR AL BRI
TAMEKABER S K DOM. KA RS H ) DOM SRIES AN (EAIKAAEY) . Ty A e
FERAMRSE) FAME (5K, Bk, BRI, AZETE S T30 DOM BS MR A B8 ™, iR Rk IR Y
DOM 2= R A S T REAEAE R 25 7

HRLRK Ba bR anfb2= 75 (COD). AELFR4%R (BOD) FLEAHLEK (TOC) REMUKIAAHLIL YA

s BHE: 2023-05-30; FAHHEA: 2023-09-05

EEWH: ™A TRITAESHE AP IS (2022-LHYI-02-0505-01) 5 FE K A AR &P H (52060008) ; 71.V5 4 Bl B 4 %
T H1 H (2022YSBG22019;5 2023YSBG10004) 5 {17548 B2 B s Hh 75 45 A A 45 7 314 (2022YSBG50006; 2023 YSBGS50010)
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R, (BICEFR AV REFILLR . 7 L AMER GRS (FTIR) . SAH-FEHCH (GC-MS). SR0iAH
il (HPLC) S5 R RERNMEA NI AIEEH , (H T BAE SR SR A TR BORM At AR, =49t
(3D-EEM) £ AR AT AT /KA 851 DOM A CRIZ B 5y, RESRAS/K RS DOM 2 GHI%0R | M
FAEEREER, HAMGE, REUEm . JCReS . SAMRSEILS . 456 FATHE 7081 (PARAFAC), iBnl R}
2EH YUK A E SR DOM, {2 T 3D-EEM 7 DOM Z5#a 30 i ms FHE .

JKAA 3D-EEM HYEIREIEAR . ZEIENIE | FORERE | ORI NS B TS UM E AT RHIE
PR FIS B . TANG 550 2 H = 4E5 025 6747 1 (EEM-PARAFAC) B3 i T sURa i J 121
i) DOM 4, 4878 1 s A4S DOM 4LH AR I AZKIE S, WANG 2509 12 ] EEM-
PARAFAC XF A5 Yt A T, B 2 A1 S5 25 8U% K . Al G sh AL 16 R K s BEAH G
AT R BRI X 337 B 2 Fhim Juilisg . ARPSHESF! FH EEM-PARAFAC PUsAG SOt H AT XS Ay
IARIEA NS (CDOM) AR, WFFREs Ui TR IR /K SRS AT CDOM I8 & 5200

AT = HE5S AT F it v E Rt vy, D T f#Kkikd DOM 1Ze Gy
fE, MKk DOM 2 Al o0 a . ZRA G YR IERE, TR AR DOM 4 AARxT 53
BRI CRHIE SO KR DOM Wi, SETTSIMNZIm i A7 MR, AT N 2K AR S PR BT G N
=%

1 MR5EREZ®
1.1 HRXEEHRERE

METENAEEKY 6.5 km, HhEIiEY "

53 km, PEMIISCIEZ 1.2 km, “FIKE 1~2 m,
SEPRTE 40~50 m, EJE 20 m’sT ., RS
ARSI Wk 84, BT AR
WS 4ERT 200~300 m BEE 1 /NA] T R ARE
M,OTHROKI 1 A, CEERE 0.6 mtsT) XF
20 MR A 18 A HEK I ATAHE #4717 K
FERAE, RIS 10 B e K HE LS, K
W4y BB (DO1~D04), i Bt (D05~D07).
HhiiEEL (D08~D17) I F Bt (D18~D20), KA AL
WK1 PR . KRR RES IR (MK G
FRWEI ARFE Y (HI/T 91-2002) F1 (KT RAER;
RIGF) (HI 494-2009), 7KFEAIEAL TG i 2 18
CARJBE HE A A AR AT R B R RE ) (HD 493-
2009). RAERKERTEIER ¢ 7 Bl p) 10 H i
ARIRRAA T 4 C BOGIRAE, S EDRE[RISLER
FJA M 0.45 pm JEFEITIERRIN HAD S = F5hr .
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Fig. 1 Locations of sampling sites in the study area

i PO Y (DR6000, FAZY) ME, ZA (INH,-N]) . BZ (TN) . S (TP) 23 5IR I8 EIRF 66
FEV . Bl B RR BT R SR AN O | R CEE IR R AN GG T (UV-1800, 557

ME
1.3 =HZRSeENE

25 0.45 pm UE B U8 05 Y 1R 00K RE 4K (MIlL-Q,  Millipore, >18.2 Q) i B 22 W Ot JiF
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A4,5,<0.05, HHZOEEEET (F7100, HA7) LA 1 emx1 em PURREGAYE AR /KEE EEM., {X#%
JEWE R 150 W AT, SeH A BTl 700 V, kK (Ay) N 200~400 nm, & HEK (4,) N
220~550 nm, LA AIK GRS SEEY N S nm, FHEE#EE R 30 000 nm-min', DA Milli-Q #R4l/K s
.
1.4 PARAFAC 5#F

PARAFAC AT =M e, RASCE N ik ) —Fhgies il ™, % EEM $dde
I3 —2H = LI NRIAYE . PARAFAC BRBHE AR (1) k.

N
Xip= ). @ubpuCuty, i=1oo 03 j= 1o Ji k=1 K (1

P X, WA L RERERCR IR ko RS j AR GBI a,, E n DHTHGHRIE | RS
FERIELB; by, ¢, WRETISHEL, G305 RS § RO k B3 n AN AP TR AR
Ky N NESHEMSVEL, FORIEMI BRI ENENEG ¢ NIRRT,
1.5 ZTRIBH S

FENFERL (FI) 24524 A, 4 370 nm B, Ay 7 450 nm F1 500 nm AbRIZEECIRE HE & @), 185
AR (HIX) N Ap, 7F 254 nm B, A, FEIEFN 435~480 nm 5 300~345 nm (2 GHRERUME R (X
GO, AR (BIX) J245°4 Ay, oM 310 nm B, A, 7E 380 nm A1 430 nm AL AYHEEHRE HLE (X (4)!19,
Hor ) 1 ARRERUR ) R SR I At B

I = nm
FI = o= g =370 nm )
I Agm=500 nm
480 nm
Ligm
HIX = Zgjg—g“":/lE =254 nm 3)
Z300nm I AEm
[ =. nm
BIX = =00 =310nm 4)
Agm=430 nm

M FI>1.9 i, DOM FESRIET/KAAY); Y4 FI<1.4 B, #Y). TIEAHURIMRERIRGA & 3254
75 4 1.4<FI<1.9 i, DOM 5 [RImF3ZEEFIZEPE DOM 507, 24 BIX<0.8 i, DOM FE Ml
A 4 0.8<BIX<I Hf, DOM Mfiim AR E A RIRER; 2 BIX>1 B, DOM FEZ R Py s AL,
HIX>4 B AR R, HIX (HE0 DOM ARSI, J5 &g, DOM e,
1.6 HUEAIE

{4 F Matlab 2020 #XAFH ) dreem 6.0 J2 N-Way T HA{X 20 MEES ) EEM $0dE1E1T PARAFAC 43
Mro FEbANBR Millipore 217K 4S (RS FNE AR R M1 R SCPRIEI ORI, P Eom B IH—fb A
R.UN, ZEEHE STELICIEE (the OpenFluor website, http://www.openfluor.org) A1 HIEHE T HEL,
OpenFluor ZHs 224 51 3 B AR LD S0 A A RN A ST B S AR T 0952 Bl & A Flzs ]
{4/} OriginLab Origin 2018, f#i[i] IBM SPSS Statistics 26 FFF T4 HRAGEH20HT, K FH R IR 5 b A 7 AH G
PESIAT, p<0.05 Jgik#|) SRR, p<0.01 A EIKT. KIREEFRFEEL (BD) RAER R R
EFEEAITR, n IR EFRERE EL R AR WL (5). 2L (6) Bk

EI = 10.77 x (Inx;)""**° 5)

El= Z/l W, XEI (6)
AP EL 48R j & EFATHEE 684G X VAEhs j IR E”, MRAESTER [21] rhasdabrit Hia s
AOHRARE]; W, OEbR j I —BGE(E, AN A TE I E AR
2 HR5ESH

2.1 AR Rk HEO 7K BUHE
AT T B 7K HE T B K B EARIIRES R 0 N l&] 2 181 3 Bizs . $liiKAR pH 4 6.50~7.39, DO
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Fig. 2 Water quality parameters of river sections
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Fig.3 Water quality parameters of wading outfalls

7.33~8.73 mg-L™'(H1 % /K 1T 27K DO AR EFR(E N =5 mg'L™"), COD N 4~18 mg-L™'(M 3R 7K 1T 2K
COD HrfERRME N <20 mg-L™"), TN 4 0.3~10.2 mg-L", n~§%@aﬁ%£{i€r“ 4 0.09~1.66 pg-L™', Chla Fifiifk
Bk 0.80~12.79 ug-L™", [NH,-N] A 0.13~0.68 mg-L" (ﬂt%%ﬂ( 11T 257K [NH,-N] #T/EBE{Ej\Jq mg- L"),
TP 4 0.056~0.204 mg-L™", HriE D07 4 TP(0.204 mg-L") M HbFIK 111 25K TP HRERRME (0.2 mg-L™),
552N DO(8.32 mg- L") >k, With DO7 BIARRIFACIRA, HEH PO7 7K TP &k 1.43 mg' L', X
UEHLEHE D AN A BB DO7 /Y TP WREE FF, SO EA MoK 1T SR Bpnife.



5114 s BT =HE00 0 MV AT R Bt B i T als A AL IR 6 B SR 3491

PEEL DO, CODy,. [NH;-N]. TN, TP. Chla fEAFEMFaER, TGRS BRI Ta 4. XM
437K Bi4§hR (CODy, . [NH,-N]. TN, TP, #5%4%¥ . Chla), &ML (N/P) K EI #F47 Bz R b AH K1 23
B, Z5RWEE 1 PR, SRS MRE a BT EIEMC, XU R Y E 8 sk, Bl Y
[NH,-N] #l TN 2 B2 1EAHK, 5 TP A N/P 2R EMK.

1 IKEIEIRR EEFF I BE B S

Table 1 Correlation analysis based on water quality parameters and EI

[NH,~N] TN TP N/P [ s Chla EI

COD,,, —0.240 -0.019 —0.053 —0.041 0.271 0.274 0.127
[NH,-N] 0.282 0.183 0.176 -0.187 -0.186 0.633"
TN 0.042 0.938™ -0.238 -0.311 0.598"™
TP —0.173 0.471° 0.383 0.526
N/P -0.282 -0.319 0.470

i S 0.747" 0.171
Chla 0.144

W TR0, ARG B TFR0.05], MR E .

%2 K 4 MNBOKFAERREN, STRBR FIFEAY DO A W= BRI B COD A 3
225, BT FIEBOCH/KHED Hazii i), mhifEBidHE R 7K COD fifr diizinl 5 dmd A be 25 i b 3
K, EFHNIFE COD IR CEE, FUFBFI B . SCmBAIrPIiEEs . SCRUBORT MBI TP ALk
PRI M2, 0B TP 5iESk it ARG, OB IiEE: TP Fiss 2= 5 T s 2 HE
P7 i TP HEK 3L,

=2 4 NARMIKBIBITIER

Table 2 Water quality indexes of 4 river segments

DO/ COD/ [NH,-NY/ TN/ TP/ [l Chla/
(mg'L™) (mg'L™) (mg'L™) (mg'L™) (mg'L™) (ng'L™) (ng'L™)
B 7.2840.12° 7.87+0.25% 11.25+4.92° 0.18+0.03* 1.1240.67* 0.10+0.03° 0.31+0.08° 7.25+0.58"

B pH

HHB 6.86+0.19° 8.31+0.07° 12.67£2.31°  0.25+0.17" 1.67£0.40°  0.18+0.03" 1.09£0.63*  9.83+2.56"

iR 7.0440.32° 7.91£0.54® 9.40+3.03° 0.64+0.72° 2.8442.61° 0.1240.03° 0.41£0.37°  4.75+1.94°

TUE 6.90+£0.22° 7.54+0.17° 15.0042.65*  0.19£0.04°  4.20+£520°  0.09+0.03°  0.17+0.06°  4.44+1.39"
e [FESVEHE S AR NG TR R [F]— e bR AN R B2 8] 22 534 ) i 27K (p<0.05)

2.2 DOM Am4FHE

K H EEM-PARAFAC Xz 20 AN K AERY 3D-EEM Sl i A rAb B, 5 21i% 0 DOM 2t
H 3 FCHSY (B 4), 2352 Cl(Au/Ap, =245 nm/430 nm) ., C2(A/Ap, =240, 300 nm/365 nm). C3(Ay/Ag,=
225, 275 nm/335 nm). %414 C1 7E OpenFluor i HICELA B4 A 76 4>, A IR E
BT, FESRIE TR AFREYE o s R At | R R K AR e
WA . LS C2 7€ OpenFluor £l 12 H VCEC Y B K 7 4>, TEHAbBEG b/ R 80, 414y
C2 W RSHGIERTE, TR I S5 FARRL, (HHEK A, K 365 nm, /T MRS 58 5 1)
400~500 nm. 4143 C2 BYEE 1 MK (A, /A, =240 nm/365 nm) [RIHESE T 28 (0BRSS A R A6,
55 2 ME (A2, =300 nm/365 nm) [ Ag, M WAZREEIRIRIL Ay, FKME (270~280 nm) EEK, FIHLIE
RN TSI A E R TR P, 453 C2 ANRESAIMIZ MR IR el S IR, Al RE R L
R R TE A A TR S, 566243 C3 1 OpenFluor B e VEELECRAT 90 4>, SR BUIR 2 (558
MRAAAE I EC, 43 C3 1Y 2 MG INFRRER N BRSO R =R, SHCEYFENIRAEY)
TGS, T2 AE T EMKEARR G T,
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Fig. 4 Fluorescent components and loads of DOM in the river

4 EEM-PARAFAC 15 8T HE i th S AN R RIS (F,) ., TR RS 437K
TR BT, IR EEE T 4 N Be 3 A o AN BTk (K] 5). 7RI 20 MM, 28
FAJTT (C1) (5 S5 EAIME R 35.93%, JEEFERAEHTIR G (C2) (B4 26.62%, (4
R (C3) LM 37.45%., 1E 4 NRIBOH, 443 C1 MR STERERICI 225, Ry C2 HAN o1
HoRE LB B, B E S . OB S C3 BUARXT DTk S MBI 2 R
2.3 DOM XKiE&HHh

it ERGE 2 DOM HERIEAEEACREE, RASOCHEE F1, AWHe%L BIX FURFEAL TSR HIX XF
FCATHTIZIT DOM SEIEAHIE (K] 6). ZEtH8%L FI 5 DOM R fAHXE, FLBGE L] DOM (1) [ A4 Pk
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Fig. 5 Distribution of fluorescence intensity and relative contribution rate of fluorescent components in the river
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Fig. 6 Fluorescence indices of FI, HIX, BIX of DOM in the river
S8, AR R HU R R B AR BIX HRAM R A A TEAUR B TTECR,, B BIX B E
DOM FZk HAWIR, AFETRIAa Y ARt = 8, BARA BIX Fonbbila A STRkE K B IbiE 5k
HIX 53R DOM RS TEALTREE .

JKAEEH DOM 1 FI. BIX Fil HIX 43518 1.789~2.295, 0.839~1.227 il 0.604~0.819, “F-I43{H 435K
1.920, 0.937 f10.746., FrA/KFE FI¥RT 1.7, [RIEZEGEEFAD0E DOM #0. FiAKEE BIX F84035m
F 0.8, XUHAZM DOM ki Y5 AR NI AR G, FE M GUZEDL A Bg sh =AY B ke
HIX #/NF 1.5, XRMPGA KSR RAC, EYEtes, DOM BA AAREHE, R F2h
AP A AEARTE . FI, BIX. HIX 87— 8R KA DOM JEFb R, AAYimtaem, &
BORIR TR AR DA R A LU S R shils FUK I E R R P A i T 5 5%

2.4 RHEAMRSKERSH. KSR

¥4 DOM 4153 15 HCIEMH (Fe, . Feoo Foy) FIAXT BTHRE (C1% . C2%. C3%), S/KFifghs (DO,
COD. [NH;-N]. TN, TP, N/P. ¥k&kie . MERE a) Ko ES% (F1. BIX. HIX) YT R IR N7,
FEANER 3 v, TN 54145 C1 BYAX DTRRR 2 B 2 AHDC, N/P 54145 C1 BYARXS DTk S A% ik 3 £ AH
Ko TP 5T/ HE G FIARXT DTik R4 0 B AH5E, nTRE- STt Ho Bl () &2 2R JRRIG 2R 2P,
FI 54143 C1. C2 BB R B AHIC, BIX 5414 Cl., C2 UGG (E M B35 DG, X ULIRI
HRSS SRS R AW (C2) MTRELIZRIEAERR M . HIX 5245 C1 A9 CIG E AN STkR S A%
FIEME, XU P2EIER (C1) EERIFE TR
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R 3 KEIERR TOREN RFSESHIERRX ST

Table 3 Correlation analysis based on water quality parameters, fluorescence components and indices

E 2 DO COD [NH,—N] N TP N/P TR Chla FI BIX HIX
Fo,  -0.115  —0.156 0.220 -0.133  0.056 0272 —0.007 -0262 —0.527° —0913"  0.761"
F, 0262  0.265 -0.060 0.346 0.001 0.197 -0.061 0293  —0452°  —0.575" 0.224
Fe, 0354  —0.036  —0.022 0.138 0.265 0.153 0.392 0.224 0.114 0.021 -0.408

Cl%  —0.140 -0.213 0.228 -0476"  -0.136  —0.569"  -0.176  —0220  -0.341  —0.699"  0.934"

C2%  -0313  0.297 -0.112 0275  —0.132 0.170 -0.155  -0302  -0.393  —0.410 0.212

C3% 0333  —0.078  —0.073 0.120 0.193 0.263 0.238 0.380 0.531" 0.791"  -0.803"

e R RIR0.01900, MR 2 *FR0.05405), MR,

2.5 DOM MRiSHAIRHAE

HRABWREAFAT, 120 DOM FZARIE TR A E W R A L S TR e v FOK IV ERT R
W5, RIo SR A AN R RaA . TR BT TR A B B K B B 4 B it A5 A
FEHXTZIT DOM PRTS YL IE RN

1) TR IER . XTI BDKAATRIEARY) A S S A 0 Gl 25 1 DOM, TR
BEATA AR S A e A AT 5, IRENG bR, FRAUKART DOM By, 7etshitie2z i
BERHBESTF B, B KR S T ORI BRI Sl , B AR4eL, UK A IR, SiéeliR
BHGHIRE BAFEIRAS, TR A E P aE R G, PRI SE S E B i s s K

2) UGS, DU AN IR e — 0 TERIE TR i E WA T AR i R AN D™= A ()2
EEYR, 55— IR TR SRR R MINEE Y . SRR, IR Ak
Z R FAS T TR, DR A ML AOKIR, JEH SRR RS | BhEMstT, insk
PIVRTS YL BRSNS Y AR B AR FEA MAEIR AR, et IR AL RR L B
KA R, SCBUKIRSE . (FREA A . BRI A S A2 . B A RIS YAt . AL
YN IETS PR R AR BT R IBURA B s HR S A MR HOR . TR 55 TRk ek B 208 T B H e %
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Abstract  Pollution source identification of surface river is of great significance for pollution control and
improving river ecological environment. The shape, fluorescence peak position, peak intensity, peak number of
the there-dimensional excitation emission matrix (3D-EEM) and fluorescence indices are the fluorescence
characteristics of dissolved organic matter (DOM). 3D-EEMs of a river in Nanchang were analyzed coupled
with parallel factor analysis (PARAFAC) and DOM source identification was conducted. Results showed that
the DOM mainly contained three fluorescent components. The components were humic-like component C1
(Ap/Aen=245 nm/430 nm), mixture of amino acid-like and humic-like components C2 (4,/A;,=240, 300 nm/
365 nm) and tryptophan-like component C3 (Ag/Ag,, =225, 275 nm/335 nm). The contribution rates of the three
components to the total fluorescence intensity were 35.93%, 26.62% and 37.45%, respectively. The quality of
the river basically reached the class III level of the surface water environmental quality standard (GB 3838-
2002). The phytoplankton were mainly blue-green algae, and the sources of phosphorus were complex. The
results of pollution source identification showed that DOM in the river had low humification degree and strong
biological activity. DOM in this river mainly came from endogenous pollution generated by the metabolic
degradation of phytoplankton and microorganisms and sediments under shock and hydraulic action. Results
suggested that ecological restoration technology and auxiliary aeration system could be adopted for pollution
control of the river, and the exogenous pollution should be prevented continually.

Keywords dissolved organic matter (DOM); pollution source identification; there-dimensional excitation
emission matrix (3D-EEM); parallel factor analysis (PARAFAC)
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