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FE: AR AR B R MK K AHE % 38 --F 47 B T 547 (EEMs-PARAFAC), Bt T # &
By W AR IR R R A G M AU (CDOM)A R . 2BAR, . SRR AL =T FIR M, F4EH T s Mdn &
¥ %33 CDOM A EA A 4T # A H CDOM #4977k, %R &M, £. KEHKT CDOM KE (VLA
LR K ays0it) B A ) A 1.6240.42 m™ ' A= 1.3020.47 m™!, K4 F (Syr5.005) T 315 F1 4 0.022+
0.003 nm ™' #= 0.023+0.003 nm™'. F| /] PARAFAC A£A! iR 5] th 4 A 5 K204, o5 1R KGR Cl.
RERBR C2.EBERBR C3 M AEM IR LB C4. 3 AARB(FIX). & 781038 S (HIX)F= £ 45 45 4 (BIX)
277, CDOM Z M RIMAA B3 O ARG EEH 0, FMERERIF, K. REHNKF AYT A A K
CDOM B %" bt (Y%Aasso)F HME > H 4 (23.36%+17.94%)#2(8.93%+20.30%). C1. C2 F= C4 L0549 % 7%
BAEBERZ G, T C3AMNRAIRE LA SR AL AW T AR HARK LRI A %ACI
(23.75%+8.96%) > %AC4 (20.83%+11.71%) > %AC2 (11.67%+38.87%) > %AC3(—29.61%+39.90%), &7
BHRZ G CDOM #-F ¥ 5F 24 AR E K. REBKT ass0. %Aaszso 5 Chla Z 18 4 £ 2 % 4
MAR R K A, BT AEL B FHMM A KL CDOM 8T #KA 36.9%, *FEA & 4T 4 A K
CDOM #TT#k % 85.0%.
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K 50 do FE I FRATT SR AR TR AKRE i, 2 & MR
VIR S50, IF R RSO T F 2 GOk - & 56 4 e
i - 47 A T 43 B (EEMs-PARAFAC)BF 5% 1 3% 55 1
BT Y S 4 2B 1 CDOM 1Y G R AE RN s A 1y ]
FIFRYE, JEASS T IRl 4 K B % CDOM 151
ko XIS N B B4R & AL ] CDOM Y RFAIE B 3F
Be B HE 08 T BT AP0 A, 6 TR 9 T R e A AT
WHAEEEZE L.
1 mR5FE
1.1 AR R

WF 586 X (35 55 I B 30T 96 B, 37°44'~37°63'N,
121°39'~122°87'E) i FAL ¥ i, K AR & AR &R 1+
LU 1), JE TSR B A, A2 B R AR
NS EY, A EE A . A b, %R E L
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Fig. 1 Sampling sites in the coastal waters adjacent to Yangma
Island (On drawing No. GS(2020)4618)

1.2 HeXf

F 2021 4E 11 H 15 = 17 H, X35 5 1 0w v 35
FERE ML, S amanE 1 Fos. A Niskin
KKK 15 DUt RIZOKEE 1~2 m &), K2
(FEEIR 1 m UREE 2240 )i KFE i, ARFREY 500 mL, Jf:
T Y Kz 5250 % A 0.7 um Whatman GF/F(J %8
550 'C, 5 h)JEMERTEKEE, HAEUE R AU E T

'M@AWME

—20 CWIHRIEAE, T Chl a f20Hm g 2324 3
A3 U (100 B 300 mL) FH Tl A= W KA S0 56, el T
4 “CUKAA N ARAT LAME 5 S S0 04 4 .
1.3 ¥AZE

B 100 mL 354 2 HDPE ¥RHH(HCI 120
It M 4K Z R b k), R R e, LMEIRN &R
GiGas A . K HLE TR R T 25 °C L BREA
PR EER R 28 dP), AR TFEFERIGE 0 ) 3E
Jii (55 28 d)BUEE 50 mL, JH 0.22 pm R EEARJE I (PALL)
g, WM B ARV E IR BE(550 C, 5 h)Y
FEEOTNEERRER B P, FHT CDOM Y #4514y
P JET 4 CHROGIRAA H B MEATIRE 2= .
Hrf, #£ 83, S5. S7. S10. S13 I S15 #hfifh3= .
JEZREfR S, R BEE 3 PATSCE, E SR
iV @SR [
1.4 #H&nx
1.4.1 Chla WE

BB T 10 mL 90% Ay 75 il 1% W P 1R R
(4 C), HEOEHEHR 12 h, 7EEXELHLLELL 4 000 rpm
(5% B0 10 min, B L3 W HRRYN Trilogy 7200
RIS EAL AT 52 P2, HOKEBE R 0.01 pg L'
1.4.2  RECEIEN =

AL 10 cm £ 9% Ho @ LAY AT TU-1810 %!
AR WAL, #E 200~800 nm P YE N
L 1 nm B E] B39 CDOM MR ISOGIES 27 I X638 it
0.22 pm HEEOUIE B U8 iy B gl K HEA T 4, F HAE
g FE . I R R (a) BOETERER S B A
FE R LR 10 AR SCERBUE K AE 350 nm 4b 1 W2
Z B (asso) E R IE M CDOM ¥k B 1 48 47 2%, %t
275~295 nm YK 0 OGR4 T AR R ARG 15 5
FEIERFR Sy75.005°00
1.4.3  FOREEME

S HEGOCI - A [ (EEMs) i H 37 F-7000
AU JENCBE TN AE o 3 % A (B BITE LA 200~
500 nm([H]ff 5 nm), KA (E,)BITEFER 200~500 nm
(BB >R 2 nm), K 8)5(0.22 pm R EEIE )
A KAVE o ARES . MATLAB(R2018b) 4% 4
"1 /) DOMFluor T EAi%} EEMs #E47F47 H 10 #r
(PARAFAC), FfH 4 H il i) 4l K7E 2£,=350 nm
T AR 1 B A T B B (ROUDAE IEP MR A 28
TR T 98 E(FIX) | 5 A8 B (HIX) A A 4 $5 5
(BIX), EARMTHE I RIEm i XL 1.

Marine Sciences / Vol. 47, No. 6 / 2023 31



it

F1 AXHEAMEFEROBHERITE
Tab. 1

'M@Amww

Descriptions and calculations of the optical indices used in the text

JGE R AL A N84
UL ES e a,=2.303A,/1 T #AE CDOM e P!
HIERER S a;=a;o exp[ =S(ho — )]HK FHT3R1E CDOM W4r ¥ 8, Bm M ERR BRI 5T
AR A 35 7 i D)
WHFRB(FIX)  FIX=gy 370 nm, £m 450 nm /LEx 370 nm, Em 500 nm FHTF s fh IR A AE P CDOM AE T ok, s nI(E

JE T AL FE BU(HIX) HIX=Igx 255 nm, £m 434-480 nm/TEx 255 nm, £m 300~346 nm

IR EU(BIX)

BIX:IEX 310 nm, Em 380 nm/IEx:310 nm, Em 430 nm

FORMAEWIE CDOM 1 B ik A v 122!

FHFRAE CDOM Y JE5 i AL B, (F % 1o 27 S A AL 1
T e )

FHT3RAE A AR CDOM ByAEX BTk, %5 i 3= 1
P [ LR CDOM 1 5tk 250

1.5 HEXEE
1.5.1 AYFIFHE CDOM HHE

%A AT AR B AWl R A s i HL
(BT HAT WU B E o P BRI B AR

%AA=(Aoq — Ar5a)/Aoa>x100%

Hor, A4 SRR BT azso K45 DAL o ISR EE
1.5.2 FAEam

FIF OriginPro 2018 X} Chl a FGIESHOHAT %
5 HT (Mann-Whitney U K355)(P<0.05 Fon A7 1 . &P
AN, R ODV(Ocean Data View)Fl
MATLAB R2018b #AF22  RAE sl o7 B (B 1) A2 64
Iy, HAZs B 2F] ] OriginPro 2018 #1452 1

2 ER5W®

2.1 Chla%4E

JH A 1A K Z WK Chl @ BYMREEN 4.02~
29.24 g L7'(14.97+8.79 ug L"), BFHm TIEJZ[0.51~
32.20 ug-L7'(5.81£9.92 pg-L™H](P<0.05), It & T

&2 REBKP Chla FIFEMRETF CDOM KIES LR

2019 4F 7 12 5 3 1Y) 4 A5 25 SR (0.57+0.18 pg- L),
Harrison %:°"HAN 24 Chl a > 5 pg L' B B4R & 4=
RrRE, PIILR)ZER ST sGf4h, HARE Tk BHE
RAREIE, JEHZ S9 AL TR R HEH S7. S10 F
S123ifv, HMkEEH 24.67~29.24 pg-L', O iAFIE R
EFALIRZA(20 pg-L™'<Chl a<60 pg-L P,
2.2 BOMAELAH TSI

asso YERWFEAE CDOM ¥R RYF6 5, B ST #
B IR E (R 1, 3R 2 FnEk 3). EERETE
2 JEJZHEK asso 2354 1.08~2.33 m™'(1.62£0.42 m™")
F10.85~2.83 m '(1.30£0.47 m™"), B ET 2019 4E1
SERL(ER)Z: 0.69+0.14 m™'; JiK)Z: 0.67+0.11 m H X
AR5 1 A 0] (6] PR AT 0 2 R M BT A 5 . — D TfT
TR AR PGB 1R 25 K R rhoRE A BLE, X — i
A LR RN 106C0,+122H,0+16HNOs+
H;PO, — (CH,0),06(NH3);sH;PO4+1380,5, 3 —J5 i
T2 AR T 224 20 d, TR PR i A
WL HEVE CDOM (14 3ok J5 10

Tab.2 Summary of Chl a and spectral parameters of CDOM pre- and post-28 days of biodegradation in surface seawater

Chla/  asso/(m™') Sysaes/(nm™)  Ic)/R.U.

Ico/R.U.

Icy/RU.  Ic)/R.U. FIX HIX BIX

bz Y
(ngL™) 0d 28d o0d 28d

0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d

S1 5.80 1.31 0.99 0.024 0.026 0.007 0.005 0.010 0.011 0.007 0.010 0.008 0.007 1.72 1.68 1.66 1.15 1.21 1.28
S2 1522 1.38 1.22 0.023 0.025 0.008 0.006 0.016 0.013 0.010 0.010 0.010 0.006 1.74 1.75 1.65 1.03 1.22 1.25
S3 1626 1.64 1.24 0.022 0.025 0.008 0.006 0.019 0.010 0.008 0.009 0.009 0.007 1.71 1.79 1.62 1.30 1.17 1.18
S4 7.06 1.87 1.15 0.019 0.027 0.008 0.005 0.012 0.009 0.008 0.010 0.008 0.007 1.72 1.61 1.67 1.07 1.19 1.22
S5 1876 1.52 1.15 0.024 0.025 0.008 0.006 0.021 0.014 0.011 0.012 0.009 0.008 1.91 1.77 1.51 1.01 1.24 1.06
S6 10.82 1.31 1.15 0.024 0.026 0.009 0.005 0.029 0.009 0.018 0.010 0.011 0.007 1.87 1.78 1.24 1.05 1.36 1.25
S7 2924 230 1.27 0.018 0.024 0.008 0.006 0.020 0.011 0.009 0.010 0.008 0.007 1.79 1.73 1.53 1.29 1.35 1.27
S8 7.57 134 1.17 0.023 0.025 0.007 0.005 0.011 0.013 0.007 0.011 0.008 0.007 1.84 1.68 1.68 1.00 1.16 1.32
S9 27.76 2.07 136 0.020 0.023 0.007 0.006 0.027 0.015 0.009 0.010 0.010 0.007 1.73 1.74 1.47 1.07 1.32 1.20
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i Chla/ azso/(m )

S275_295/(nm_1) IC]/RU Icz/RU Ic3/RU Ic4/RU FIX HIX BIX

(gL 0d 28d

0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d

S10  24.67 2.05 1.24
S11 4.02 1.15 1.13
S12 2825 233 1.15
S13 10.68 1.70 1.01
S14 7.84 120 1.20
S15 10.60 1.08 1.17

0.017 0.024 0.007 0.005 0.010 0.018 0.010 0.013 0.008 0.006 1.68 1.71 1.56 1.10 1.21 1.39
0.024 0.025 0.007 0.005 0.012 0.010 0.008 0.010 0.008 0.006 1.64 1.76 1.61 1.02 1.11 1.21
0.017 0.024 0.007 0.005 0.010 0.011 0.011 0.010 0.008 0.007 1.91 1.73 1.48 1.11 1.30 1.28
0.021 0.026 0.006 0.005 0.012 0.022 0.010 0.015 0.008 0.006 1.99 1.78 1.45 1.06 1.20 1.27
0.024 0.025 0.007 0.005 0.009 0.008 0.006 0.009 0.007 0.006 1.92 1.72 1.72 1.19 1.20 1.27
0.025 0.025 0.007 0.005 0.019 0.009 0.006 0.010 0.007 0.006 1.75 1.59 1.61 1.02 1.27 1.34

T SPATSEH A B A R P LA E IR U B

*®3 JREBKSP Chla FIMERRRIF CDOM KiESHILE
Tab.3 Summary of the Chl a and spectral parameters of CDOM pre- and post-28 days of biodegradation in bottom seawater

S275_295/(nm71) ICl/RU Icz/RU [C3/RU Ic4/RU FIX HIX BIX

-1
S Chl Cf/l azso/(m)
(ng'L) 0d 28d

0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d 0d 28d

S1 488 129 1.08
S2 1.36 1.15 1.08
S3 7.18 1.61 1.20
S4 1.24 1.13 1.13
S5 1.37 1.06 1.06
S6 0.86 1.11 1.08
S7 7.23 140 1.17
S8 1.19 122 1.04
S9 0.75 122 1.13
S10 3220 1.50 1.20
S11 0.56 1.01 0.99
S12 26.63 2.83 1.17
S13 0.60 1.13 0.94
S14 0.60 0.85 1.08
S15 0.51 092 1.15

0.023 0.026 0.007 0.006 0.021 0.012 0.006 0.011 0.008 0.006 1.75 1.58 1.61 1.07 1.32 1.22
0.024 0.025 0.008 0.005 0.013 0.011 0.009 0.010 0.009 0.006 1.57 1.70 1.64 1.12 1.20 1.15
0.022 0.022 0.005 0.005 0.028 0.013 0.004 0.009 0.006 0.007 1.74 1.66 1.39 1.42 1.52 1.23
0.024 0.025 0.007 0.005 0.012 0.011 0.006 0.007 0.008 0.006 1.69 1.79 1.71 1.30 1.24 1.30
0.025 0.027 0.007 0.005 0.012 0.009 0.007 0.011 0.008 0.006 1.74 1.79 1.81 1.05 1.16 1.28
0.025 0.025 0.007 0.006 0.009 0.014 0.007 0.013 0.008 0.007 1.61 1.72 1.63 1.02 1.17 1.38
0.022 0.024 0.008 0.006 0.017 0.013 0.009 0.012 0.008 0.007 1.94 1.62 1.58 1.12 1.28 1.35
0.024 0.025 0.007 0.005 0.011 0.010 0.007 0.009 0.008 0.006 1.73 1.96 1.74 1.23 1.19 1.28
0.023 0.024 0.007 0.006 0.020 0.013 0.009 0.015 0.008 0.007 1.88 1.83 1.55 1.09 1.19 1.42
0.021 0.024 0.006 0.005 0.010 0.011 0.008 0.009 0.007 0.006 1.77 1.67 1.61 1.14 1.26 1.20
0.025 0.025 0.007 0.005 0.010 0.016 0.018 0.010 0.010 0.006 1.72 1.87 1.24 1.20 1.23 1.37
0.014 0.025 0.007 0.005 0.014 0.009 0.012 0.009 0.007 0.006 1.64 1.61 1.39 1.15 1.31 1.29
0.024 0.025 0.007 0.005 0.014 0.012 0.020 0.009 0.010 0.006 1.86 1.83 1.18 1.03 1.21 1.26
0.025 0.026 0.006 0.005 0.009 0.010 0.005 0.010 0.007 0.006 1.80 1.71 1.76 1.15 1.20 1.22
0.026 0.026 0.006 0.005 0.016 0.008 0.005 0.010 0.007 0.006 1.68 1.81 1.68 1.08 1.18 1.33

SRR, R IR asso (6 FRE(E 22),  XWTHEEH FRIZFHAEY =4 CDOM ZKZEA
FW] CDOM TEMAEYIIVER T R AR, RIZiHK LB SRIE, A HLBTAE (0] T ik ik & v, 250k
H1%Aasso N—8.51%~50.50%(23.36%+17.94%), WF  FEEMARUEREMAYLRS, H4MEE CDOM %
BT JR[-27.03%~58.54% (8.93%+20.30%)](P<0.05), < BHHa 40 5 05 5 Bl e A4 Wy A 421

[ Jod k284
25 (b) 0.035
_x 0.030}
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—— 0025t
QL“ £ o0.020}
< ] . 3
210l 2 0015}
[*5]
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Fig. 2 Changes in absorption coefficient a;so and spectral slope S,75.,95 during incubation

e URAAE B 22 5 (P<0.05)
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1A CDOM ~F3153 T fIFEHR, Srsa0s (EEEAI, 150
W T T o B R, 3R JRBIK Srs.a0s
2> % 4 0.017~0.025 nm '(0.022+0.003 nm™') Al
0.014~0.026 nm'(0.023+0.003 nm ") 2, % 3), WLF
2019 4EZERGEE . IRZHME: 0.027+0.000 nm ™), JiH:
FEIERIZIN R EFRACIREN ST, S9. S10 FI S12 ¥k
7, H:Sy5.205 (X4 0.017~0.020 nm '(0.018£0.001 nm ).,
IS — G 1) I K AT RS VR AR A 7 A A 2 S B R A
B WIS MRS YIURL(TEP) A5 5 3 F i BiA G, TEP
A TFENT 1 kDa~02 um AYRAARIR, 7EREISTE
I ARSI CDOM fil 315 441

Shrsa0s TETEHE F7 2 ) i 3 1 K (P<0.05)(J&l 2b),
FAEMAEYERT CDOM B350 T8/,
Hix 5 Xu M SRAGIESFSI SRR . X AT RE
H T35 5 ok B A W A s o e Bl R 2 R B R
NI L A A AR5 T4 cCDOMM T,

' H@ART/CLE

2.3 PARAFAC %445 % DOM 28449 R4k
AR5 HFH PARAFAC XHEE S A9 EEMs #E4743
Mr, SR 4 R tdl (K 3, & 4), 15 2 f
B FERRDEELL 5 (C1L R CHF 2 Fh2REE 704l
43(C2 Fl C3), 4 P G443 1 e KR B (Ex) < B
KEFHEA (En) T A3 FHN R 4 iR o CHEVEw=
260 nm/456 nm)J& TRl RS AE R, HA BT T
B TERETERYEEE AR, Wz
K SR A K B 8 C2(E/ER=230 nm, 290 nm/
354 nm)Hl C3(E/En=225nm, 275 nm/328 nm)’>5l/E
FRERMRMBEEARIOCA sy, AT AR
KRR, 35544 PR T B o T 1 00
CA(E,/E»=230 nm/410 nm)/J& T 1% 2E ¥ U5 25 i 4 1%,
JE KU o S 3R A B A AR IR Y, % 4Ly
R S E o MDA I /S N SR T )

AR
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450 0.10
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Fig. 3 Four fluorescence components identified by PARAFAC: (a) C1, (b) C2, (c¢) C3, and (d) C4

RE SRR 45wl 7 C1~C4 24143 B9 OGm B i3k 2 F
* 3 PR, R KZEKT5R 0.006~0.009
(0.007+0.001) R.U. . 0.009~0.029 (0.016+0.006) R.U.
0.006~0.018 (0.009+0.003) R.U. . 0.007~0.011 (0.009=+
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0.001) R.U.H10.005~0.008 (0.007+0.001) R.U..0.009~
0.028 (0.0150.005) R.U.. 0.004~0.020 (0.009+0.004)
R.U.. 0.006~0.010 (0.008+0.001) R.U., 7E5%. K2
i EPE 2 R (P>0.05), Hir, KEAHM(C2+CHHY
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Tab. 4 Spectral characteristics of the four fluorescence components determined by PARAFAC

D& E,/nm E,/nm

*

] 27 3CHk

C1 260 456

230, 290 354

C3 225,275 328

C4 230 410

M
il

o
)

Il I 2K I 9L IR

TAE YIRS G IR

C2: 245(360)/458 nm!"!
A: 260/400~460 nm™7”
Cl1: 240(345)/458 nm™*!
Cl1: <285 nm/450 nm[*"

C2:295/347 nmt"
C3:235(275)/340 nmP?!
T: 275/340 nm™”

C4: <240(290)/344 nmP¥
C2: 230(275)/340 nm'”

C2: 235(265)/302 nm™*!
C2:275/299 nm™¥
C1:230/335 nm!*

C1: 245(275)/300 nm'”)
C3:290/320 nm™!

=S

=

C2: <240(325)/408 nm!"
C3: 240(325)/395 nm™’
C2: <285(300)/380 nm'*"
C2: 240(310)/405 nm**!

YNGR BT 7 0 P9 B oK, 7E A%l 61 72 E ) Ry
(60.20%+6.04%), Z5RFWRE N EFR S L MHHEHE
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seawater during incubation time
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Abstract: The concentrations, composition, and sources of chromophoric dissolved organic matter (CDOM) in the
coastal waters adjacent to Yangma Island were studied by measuring the absorption spectra and fluorescence
excitation—emission matrix-parallel factor analysis (EEM-PARAFAC), and the contribution of phytoplankton
growth and reproduction on CDOM and its bioavailability were estimated. The results revealed that the average

' and

concentrations of CDOM reflected by azso in the surface and bottom seawater were 1.62+0.42 m~
1.30+0.47 m !, and the spectral slopes S375.295 were 0.022+0.003 nm ! and 0.023+0.003 nm ", respectively. Four
fluorescence components were identified by the PARAFAC model, namely, terrestrial humic-like CI,
tryptophan-like C2, tyrosine-like C3, and microbial humic-like C4. The fluorescence, humification, and biological
indexes indicated that CDOM was influenced by terrestrial input and marine autochthonous sources. Degradation
incubation experiments indicated that the percentages of bioavailability CDOM (%Aazsy) were (23.36%+17.94%)
and (8.93%+20.30%) in the surface and bottom seawater, respectively. The fluorescence intensities of C1, C2, and
C4 decreased while that of C3 increased. The bioavailability of fluorescent components decreased in the following
order:  %AC1(23.75%+8.96%)>  %AC4(20.83%+11.71%)>%AC2(11.67%+38.87%)>%AC3(—29.61%+39.90%),
which indicates that the mean molecular weight and humification degree of CDOM decreased after microbial

degradation. a;so and %Aajso had significant linear correlations with Chl a, based on which phytoplankton growth

and reproduction were estimated to contribute 36.9% and 85.0% to CDOM and bioavailable CDOM, respectively.

(KX Stk AT o)
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