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Abstract: UV-visible absorption spectroscopy, fluorescence spectroscopy, and parallel factor analysis were used to analyze the
composition of chromophoric dissolved organic matter (CDOM) in the waters of the Wangchuan River in summer, and the source of this
CDOM was explored. The redundant analysis method and Pearson correlation were used to analyze the correlation between optical
parameters and water quality parameters. The results showed that the CDOM of the Wangchuan River is composed of the tryptophan-
like component C1 (245, 300/335 nm) , the short-wave humus component C2 (240, 320-340/405 nm) , and the long-wave humus
component C3 (270, 350-370/470 nm), in which components C1 and C2 have some homology (r =0.859, P <0.001). CDOM
absorption coefficient @(355) indicates that the CDOM concentration in the water body of the Wangchuan River is at a low level, and
the correlation between a(355) and DOC concentration is significant (r =0. 850, P <0.001) , which is conducive to the establishment
of a DOC inversion model. Water fluorescence index FI (2.36 +0.20), HIX (3.66 +2.47), BIX (1.56 +0.82), and freshness
index (B:a) (1.33+£0.62), and the spectral slope ratio S; (0.76 +0.25) indicate that the CDOM of the Wangchuan River has
strong self-generated characteristics, weak humification characteristics, and more new CDOM. Redundancy analysis showed that the
humic components (C2, C3) are affected by algae metabolism and microbial action, while tryptophan-like components (Cl) are
related to land-based input, and negatively correlated with dissolved total nitrogen. The humic components C2 and C3 are positively
correlated with total phosphorus, dissolved total phosphorus, and dissolved organic carbon. This paper clarifies the characteristics and
influencing factors of CDOM in the Qinling valley, and provides a theoretical basis for water body management in the Qinling valley.

Key words: Qinling valley; chromophoric dissolved organic matter ( CDOM ) ; three-dimensional excitation-emission matrix

spectroscopy ; UV-visible spectroscopy; redundancy analysis (RDA)

KRS EHEA: 2019-09-11; fEITHHA: 2019-12-15
ESTE . [WF AR ST H (51979217) ; PP 48 T A AF & 11 X135 H (2018ZDXM-SF-020, 2019ZDLSF06-01, 2019ZDLSF06-02 )
EE =T MRTFIR(1993 ~) ,53,E;ﬁii,a‘zﬁﬁﬁﬁiﬁrﬁ]%m?ﬁ%%ﬁﬁm}ﬁﬂz%, E-mail ; 1zs18764878700@ 163. com

WEIEVEE , E-mail ; huangtinglin@ xauat. edu. cn



5 M IRAT . ZRICICRE R A G A DL 0 A R IE L 3

0 [N R 2211

A O f#A P ( chromophoric dissolved organic
matter,CDOM)&%/ﬁffﬁﬂ T ARHET RIR KR Z
Hr. CDOM J2 ¥ fift ' A HL W) ( DOM ) FY) H 22 2 i A
o3 oy B Ak, FEMEEAA S (KA
RN B IR LH 73 55 ) PSS T BT 20 3 (SR
AL SRR e 8 I8 I ) A 12 KA eh cDoM
FORTRF I i A FVR Ui A ) R AR ), CDOM 7 42
BREFAE PR P 43185 120 A 6 WX KR TS e Y
TR B EE AW — B N SME A 5R

AR S U T 5 R

=2 PO BOR MV AT T 40 T B (EEMs-
PARAFAC) J& H i 43 #1 CDOM 5 JH ik, 45 & 4%
Aha] W% (UV-Vis spectral ), AT LUERSE RS B
HfE AT KA CDOM YL I RRAIE , FF AR 624 2 X0
SE CDOM SRR 7 JE 4R, B N4 CDOM St il
FROEHEAT T K A B 5%, 7K 33 [l 3 4R v 7 Vg
FELT AT R N A dn, DIk vk AET s
FHEE51- 0] DL G WSO 1% 4 A0E A1 = 2 5 506k o3
TAN[E]HE X ) CDOM 43 A FRAIE K s i PR 2% X ot
2515 3 53 EEMs-PARAFAC 87 7 B FHHI GDOM 14

)O'ﬁéﬂﬁ’&/ﬂ\: SRR TR IR, LA .
S4BT T A COOMA,

S AR LI
&%ﬁ% @ﬁﬁ%ﬂ&ﬁ%ﬁﬁ%ﬁéﬁwﬁ%
S 2| 2R R KB A B L bR 4 9
S, S R 2 T G % U T, fh

K G Bk s, 2K O e

T T Bl S G Tk 5 4. T [
Hi DX AT K 1K CDOM. FTIF 5 fof LR

AWESE 3 EAR P 20 (19 )11 97 B 2 CDOM (1
WG TE S EON 1S S8, W] T Z3 04 1 X
ZEIR KR CDOM Y2z ik 52k U8, IF8 1 T4 43
M7 (redundancy analysis, RDA) X} 7K il 2% 5 CDOM
MG R ESEGIAT 20 A, W10 W CDOM 1y 32 %2
SN R, DA F B 2206 1 XK 1 CDOM (1 fF 5% ¢
BE IR ZR 08 b X K ST I 58 F0 K B¢ AE B4R AR A
s

1 HREHE

1.1 ARSI SRR SR A

)T (109°17" ~ 109°36'E, 33°51" ~34°09’
N SR A2 RS, IR TR LR IL X, 2K
56.7 km, ¥ B 0E R 534.1 km?, Z 4 W R G E
2.24 ¢ w’ . BANATA AR VS R RIERACR I, K
21 km, I T B SRR A BB, PHACI 2 PITRE
EPGIEAIL ; PR 2 PE R, 2K 20 km, Y T4L01)
SEAR BB, PUALIE R 2L 1SEE , S R KA S L

i, FRC B 7K Z A, 5 A U AR, 911w ph E
T A W B, P A YA AR XY B K T
KRR, # 12] 2018 4 )1 N A AR K
R171 R, Hh B 166 K, 2FE/REE 97 ~
102 7 NIRRT T H 25 | Bl A5 4R 5 AR B 84T
BN, PN K T Yl 5 N, K IR B R OR 2%
SR

F2019 4% 7 A XN AR VG Rl A7 552 iR
FE TR EE 12 A F1 13 AR, SREE S I 1
JIF7I . a5UAT B2 D ) 2 340 5 43 A 2RV SR TP R 5K
IR\ BB ARG AR R T B XA AT B AR AE 1Y A
VTG YL, B AT SRR R4 2 LKA, B TR
VKPR ORAE. I D8 7E RS R 2 d INSE K.

A K
® Fbfs T KEHIRN IR

E1 T CDOM KEREE S HRE F
Fig. 1 Samp]ir;é sites of CDOM in the Wuangchuan River

1.2 FEshE
1.2.1 =HE5S0 ikt

K F-7000 G ( HAS, H A7) #4700 E
PENEIE B 1 em AT A ILEFT2EE 6, L
150 W GUKT & G, o't Fa A9 15 48 TR I R
700 V, ¥k 5 kST BEEES FEYIN 5 nm, R K
(E,) FHTERE A 200 ~ 450 nm, Z 5K (E, ) F4
JLE A 250 ~ 600 nm, $14# 33 )& ~1 200 nm-min .
FIBR Mili-Q Zfi7K = ZE 5 CE R AR S i 45 51, FF)
H Delaunnay = fJE AR (B 7518 1IE L Brar & 0 H
FNE FIEC

DECHEEL(F1) H TR AE CDOM H i 5 5 41 4%
RO IR , FI {2 E, =370 nm Bﬂ‘,Em 1E 470 nm 5
520 nm ZbAYZEEHRBE LS IZE KT 1.8 B4R
FHAEWTE SR B A RS, CDOM &5 1k
PRI B AR by (HIX) R RAENT FE E, =254
nm [, E 7 435 ~480 nm 9638 B FL4ME AN 300 ~
345 nm FENCBUMEZ S5 HIX A, /K& CDOM H
APRRFIESR T A AR TR A8 B8 ( BIX) R R, BIX B
E_ =310 nm [, E_ 7£ 380 nm 1430 nm AbAY75E G0



2212 2D 5%

oo a1 %

JE A, HAE R T 0. 8 WM CDOM 2L AEH) ok
A F L R (B o) R TR AR
CDOM fE#4K CDOM H i He ™) | B: o (HRTE E,
=310 nm F,E, N 380 nm 7G50 5 420 ~ 435
nm X 7] 5 K7 R BE 1 HUARL
1.2.2  FMMmERITAE

AT R AT AR L g AT H A 2 45 B0 )RR 7
HEHE E (scores ) , 45 LA AU G B 1 ¥ FELLTR A
A

I. = Score; x E_ (A, ) XE_(A,..)

A, Score, FEFHT @ Bl o YA X 28GR S E
(/\ OARESE Rk R R K E,,

o) TR i B & i B 3R i B KA. & X;‘ﬁ
ﬁif“ Lo, B 535 B el P, # BRLL TR 45K
.

ITl = ili
P, =1/1, -
1.2.3  CDOM WSO #r
JK#EEFR FH Whatman GF/F (0. 22 Mm)L{fé Ik
FORPRTEIF YRR SR DR 6000285153

T HACHZY ) JEF T, DA Ml Q K A

A em Ey&tls@,huf 200 ~800 nnj nﬁl Vw{ *‘%‘ﬁ
B OD(A). SRR A5t 14 cpoM E’Jw&%@z
a ()\) = 2.303 - D(A)gr [/ / (1)

7 a()\) =" "(A).— a’(700) -
HHf (A ) WA 28 1 B R I 5 B K A Mﬁ}f
WA B, a(A) 2 SRR IE 5 RO K A A
MR RE (m ™" ) 5 A BB (nm) 5 r OB B AR
(m).

T CDOM ¥ Ji Jo ik i 1 22, H e 2 Moy
Br. E AN R 3500 355121 &% 375 nm' !
ALY CDOM WIS R BOEFRAE CDOM VR . A SR
H CDOM 7£ 355 nm &b )W I R 5L o (355) Ak
CDOM By .

JEIERER S H A E : CDOM WG T M 48 41
AT LY Bl %) 28 T 2 8 BRI R, — B
W AXHFATER

a(A) = a(ry)exp[S(A, = A)] (3)
KA, WERIEK (nm) , — & PEEL 440 nm; S Hy
FER PR B OISR R (um ) AT R /N —
Tk XHE P BE 275 ~295 nm %nfé‘i)i%z 350 ~400 nm
Z ) )P B E AT LA, A5 265 BHR S50
Ss0400 » P %tbﬁj@ﬁ‘tﬁ%ﬂ}: EE S.

1.2.4  JKBHEARIHT
ARSI 7 SR FH b R B AR k- 52 AN A O BE 1 |

- /700 (2)/

FRBRPLAT L | AN g G D
B4y I E BA(TN) R (TP) & (NO; -N)
A (NH, -N) |, R 5 S 198 h v I =) 6 R 3k 45
B, K BE 2 Ky Be it |5 ) Whatman GF/F i (0. 45
pm ) 3 38 B B IS B9 KR T TOC-L-CPN & A7
PLER I HTAL ( H A, B8 ME DOC k.
1.3 Hduib s

Ba Ab R R 3 2 ) % F Microsoft Excel
2016 , ArcGis10. 3 Fl Origin 2017 X fF; PARAFAC 43
HIfE Matlab 2014a #Fi#47. SR ] SPSS 23.0 3 fF
HEAT Pearson AHICH: ST (P < 0. 001 FRs i b & AH
K, P <0.05 £ WFEMKC) FEHEZR ANOVA J5
387 (ANOVA P <0. 001 Fnth B F225 P <0.05
KRB EER, P>005 XRELER), R
CanocoS. O AT LAY T (RDA) 4347

2 HBRESW

2.1 7J<Jﬁé%§&%ﬁ

XA R 12 /l\mﬁﬁﬂ:‘ﬂ@ﬁﬂlﬁ 14 /lkmiﬁf‘"f'ﬂ(
Wkﬁ/%ﬁ?ﬁl(@m 7R TR TN /a‘zﬁﬂ?ﬂj{ﬁ
G310 2. 84 gL 'f12.55 mg- L7, AR @*ﬂ@%
%#@(ANOVA P = 0. 260) 1Hﬁjﬁ$ﬁ£$ & T
%V HK T, DIN A 5555 TN I TP 1 e
1%, 75 . PR TP 3 BE 4 B 7E 0. 016..~ 0. 070
mg-L~ '%u0.027w 0.090 mg-L~' 2], J& FE% I
s~ MZOKMR, TP 5 EERLDTP A 3, 4% PG R I TP
WEEAN DTP ¥R B2 TC 25 55 7R DU R U NH, -N ¥k i
53 0E (ANOVA, P <0.001) , 75 RUENH, -N¥ B
YA A 0.023 mg-L7", FERIEHA 0. 076 mg-L.~",
NH, -N¥& BESIAE T R 1 2K 4 R 1= 4 R
FEBAE 1.16 ~ 1.87 mg-L~' Z (8], V- {H K 1.53
mg-L™", 5 PR IS ¥ B 22 55 3K (ANOVA, P <
0.001), PG >R I & 4 IR 46 18 20 {6 0 2.25
TR TSRS DOC VR JE Y (E 4y oA 1,56
mg-L~" 1 2.06 mg-L~', DOC ¥ & 22 7 ¥t W 3%
(ANOVA,P <0.05). &£ ERRR SNk AR B A5
Y HAK B AR 440 T8 RARES.

2.2 SHESEIGTE KA AR

it PARAFAC BRI Z2 040 /KK CDOM 11y

*Qﬁ“)u‘éj'ﬁ AT T, RT3 R4y,
X 3 AU AL R AE Bk RN & S D K g 28
3.

M3 AT LIE 45 C1 AR A B 3%
KWK 245 nm 1300 nm, Fx K &5 K TE 335 nm
b B SE R LA A T G S e S R SR A 3l ok
TR T 8 2 W i B A 5 U5 KRR s c2 A

I
..-"‘ & 4

mg- L



5 4 MFIREE . BISILEIIE = A G iR VL 500 Rk S R R 2213
45 45 0.10 0.10
@ p-0260 ®  p_ 0605 ©  p-0.144 @ popos2
40 t 40} .
0.08 | 0.08 |
35t 35}
T, a0} "_, 30l T 0.06 | T, 006}
25 - Z 25 = 5
-E a = 004 | @ 5 0.04 b
20 | 20 b %I
002 | 002 }
15t 15+
1.0 : : 1.0 . s 0 . : 0
[ g3d [ipd g3 [ipd 34
0.15 4.0 35 35
€  p<0.001 M __ p=0.09 (8  p<0.001 M p<oos
35| 30 b 30f
0.12 3. .
- st 25t
T 009 T, 30T ! é -
oy oy E 201} 2 20¢
E E = E
4 z 257 = &
w2, 0.06 | - £ 15+ % g 15t
o] =] & a
r = 20} M
c 1ot 10}
0.03 | =
L5 0.5 0.5}
0 L
. : 1.0 . : 0 . : 0 . .
PORME ARG WORME AR PRI ARM WRMARM
m2| IR EREATRRSE . | ” ol = €
& Flg 2 Chdrdcterlstlcs of water qua],ity m_Donnglyu and Xl(,dl'yu. of thc Wudné&,hudn Rlver ¥ “‘.u
(240 320 ~ 349/405 nm) HAF Wﬁ/\ﬁﬁﬁﬂ@/ —*‘“/*7)2 Bz—, X %ﬁiﬁ(ﬁ%ﬂ*‘ﬂ ]

it RNV F IR %ﬁﬁdamﬁi%ﬁfﬂﬁ'}w
WG 4Ly €3(270, 350 ~ 370/476 nm)

UNEEE] B?}T/\{;'%‘(?ytmk — A z%iﬁ%%{wﬁz*ﬁ*

ST RN Ay £ 4 0, e R

Kit ﬁﬁ“ﬂ

*ﬁ’a CDOM £5-A~41 43 (A A X 75 & an 1l 4 o
7, BRASERAE AL A3 o b2 S AR, A R UK
& CDOM 21437 (5 He g K AR A ], e v 28t 20 o
% 1E 13.2% ~ 83. 9% 2 [a], -1 (5 L 41. 4%;
TS AE T 5 L e R 10. 0% ~ 42. 2%, P35
H29.1%; KER BB S EANF 6.1% ~
45. 1%, 315 1. 29. 5% .

IR VU RIA A 4153 T o LA 53 B o] 0 AR Ry
C1 5315 FLIIME K 38. 5%, 1M1 PG SR 5 L k44, 1%,
PURIE C2 F C3 21 43 i L 3B 5301 R 27. 6% Fi
28.3%, 7R Ky C2 FI C3 5 L 1H K 30.8% A
30.7%;C2 5 C3 H 7R | VH RIGAH 2248 K, T v R
WA 2B 2R T o LGB b A R 0 8, 3 PT B2 T Y
SR PR AR IR AN SR8 I LU 3R &2, 2445 (W3 R
W4) FIFE537 (W9 W11 Fl W12) , 7EixX SRk 5 2
TR 53 7 LU L, R R — OR IR T4
Yidsh T A WA R Y AR NS sh AR T
D N {Op NS S G R T NE R R SR =N S RS

iﬁJllmﬁ’iﬁﬁ CDOM 4 jt;‘f:%ﬁf“%n%éﬂ Tt

B2 SR e 5 BT JHEL S (a) 7 iR PSR U

TR 43 7 9 T 22 - CANOVA, P =0. 093 ) , i
RIS 73 KA C1L PR K[ B 5(b) ],
52 RS —E, 14U RRIEE A 25
SRIEA R RAE SR R IR AR TS K
HERCT 20 C2 1 C3 (W28 658 B 76 AR R IR e B
PN F TSI T U 98 B 52, AT R R T AR SR L
JEAE N A AR AR B TEVE SR I C2
C3 DGR B IF I AT ML A2 HeAh, 2R VE R C1 %%
SR E 2% AR K (ANOVA,P =0. 123) , NK 5(¢) FiI
EI5(d)E i C2 il C3 HArTEAR | PU R IR 2 o B
ZFER(ANOVA,P <0.05) , X FHI &K V6 RIAHE
DU 25 2R LA SR Hb AR AS () ) 21 J8 o 2 - - A
FEAE T —E M.

T 3 X )T 7K A CDOM 4 3 /S5 6 41 43 it
FFARSEAE ST ST 9 414 Z IRl A LR AR . AR
1 A C1 I C2 fEEEIEADCC R M5 C3 AHCHEA
3 UL R FE T4 4 C2 AERTE B 5 CL
AT ARL, BAT —E N IRRRTE. VR G GE i 2 5
Fdl 4y C2 Fn C3, B — 2 iy [a) .

2.3 CDOM W WOGig 5t
R VRIS RAE S 1) CDOM WG a2



2214 7R = 41 %
600 0.35
—
550 0.30 — I
500 0.25
= 450 =020
=400 0.15
350 0.10
300 0.05 cl
250 0 i
200 250 300 350 400 450 200 300 400 500 600
600 035
550 030
500 025 |
= 450 = 020
£ o
& "
=400 0.15 -
350 0.10
C2
300 0.05
250 0 L L
200 250 300 350 400 450 200 300 400 500 600
600 0.35
550 0.30
500 025+
_ 450 s 020}
£ &
= 400 0.15
350 0.10 +
C3
300 0.05 |
250 0 mx A s 1
200 250 300 350 400 450 200 300 400 500 600
E/nm i K/nm

B3 PARAFAC ZHIH)IT CDOM B3 N RFAEENREHE L EHEKAE

Fig. 3 PARAFAC recognizes the three fluorescent components of CDOM of the Wuanchuan River and their excitation-emission wavelength positions
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Table 1  Correlation coefficient of three fluorescent components
in the water body of the Wuangchuan River
Cl1 c2 C3
Cl1 1 0.859 ™ 0.362
C2 1 0.715 ™
C3 1
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Table 3 Correlation between optical characteristic parameters of CDOM and water quality parameter
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