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Abstract: The absorption characteristics of optically active constituents ( OACs) in water column are important optical
properties and key parameters for bio-optical modeling. Inherent optical properties (10Ps) of OACs are mainly determined
by three components, i.e., the spectral absorption of non-algal particles, phytoplankton and chromophoric dissolved organic
matter (CDOM ). Spectral absorption properties, seasonal and spatial variability of particulates (total suspended matters
(TSM) , including phytoplankton and non-algal particles) and CDOM absorption characteristic were analyzed from water
samples collected in May and September 2013, respectively. Compositions of CDOM and non-algal particles were also
examined at the same time. The results demonstrated that most absorption curves of the total suspended particulate [ap( N ]
were similar to non-algal particles absorption [ a,(\) ], showing great variations along the Liaohe River observed at the
same time. Significant correlations were obtained between a (X) and a,(\), especially the correlations between a (440)
and a,(440) (R = 0.99 both in May and September). Meanwhile, strong relationships between a () and the absorption
of phytoplankton [a (\) Jwere exhibited at 675 nm, with correlation coefficient (R) = 0.81 in May and R = 0.55 in
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September, respectively. Moreover, close relationships between a, and TSM at both 440 and 675 nm were revealed while
significant correlations were obtained between a (675) and Chla for samples collected in both seasons. According to our
investigation, no significant relationships were exhibited between ap( N) and dissolved organic carbon (DOC). A close
relationships between a (X) and inorganic suspended particulate (ISM) and organic suspended particulate (OSM) were
recorded in September, while it was not the case for samples in May. Significant correlations were also yielded between
CDOM and DOC concentration for samples collected in September (R = 0.90) at 440 nm, which was higher than that in
May (R = 0.55). Moreover, content of mineral particulates in Liaohe River was higher than most other water bodies based
on the analysis of slopes of non-algal particles absorptions. The composition of auxiliary pigments and Chla concentration in
phytoplankton showed small seasonal variations but great spatial variability as indicated by the ratio of a ,(440)/a ,(675).
Furthermore, absorption characteristics of CDOM exhibited similar curves with non-algal particles, however showed great
variability among different sampling sites. In addition, CDOM absorption slopes (S, ) of the Liache River, though
exhibiting greatly spatial variations, were smaller than other water bodies, which indicated that the CDOM composition of
Liaohe River was inclining to have high molecular weight. Our investigation indicated that the total particulate absorption
was dominated by the non-algal particles at 440 nm both in May and September. The average contribution rate of non-algal
particles is 67.46% in May, while for 97.5% of water samples, the contribution rate of non-algal particles reaches up to
50% in September. Consequently, contribution rate of non-algal particles at 440 nm in September was higher than that in

May for the high precipitation while contribution rate of a,(440) was litter higher than that of a ,(440) in both months.
Key Words: Liaohe River; absorption characteristics; particulates; CDOM ; seasonal variations

TRARIG 2436 P 9 5 ( Optically Active Constituents, OACs) ¥ [ 75 Y624 4% (Inherent Optical Properties,
10Ps) HAAZC A2 M B U0 6, S 56 T /K A S A% i B0 118 £ W D' 2 A5 Y I 38 4% b K B 2 80 ) il
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Fig. 1 Map of Location of sampling stations
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1.3 [EASGERe Y BT i I

S B TR R R BICR ) 2 BB R AR (QFT : quantitative filtter technique ) #EATIE ") FH A% 25 mm ()
GF/F( Whatman ) JE i il — B R FRIKAE 76 UV=-2600 2243606 EE T I 5E H: 380—800 nm WOGRE 344
2 B WO BE IR FS 750 nm i Kb 8 W2 I FE SR T B AR 1] A9 22 5, AR S AR 4l =X (1) TH B R TRE I 1 Wz il
EY 8

ap(A) = 2.303 X%ODS()\) (1)

KA, a,(N) R A nm 2L SETFWRIMICREL, V R i K FE R AR TR AL m®, S i UE B AR DR IR b A &L
AR, B m?

RSB R SCZ AT UV=-2600 58 503000 BE THIMAS e S OB 1 WO B2 SRR R 9 =0 (1) 3T
SR R A e 2RO A B WO 2 Z AT, T 22 0.19% MY A PR SN I B IR R IR IR | i) 6 R i
I 2 LB E R 2 L0, DUAS HOOGRE P IR I IS R B (M) DU o SR P )W S R i 2 e
R R BT R3], = (2) FizR

aph(A) =a,(A) = a,(A) (2)
CDOM M 2R BRI RE S i 0.22 o Y BRlF LRI IR i RSk I /KR IR, ML UV -2600 551730606 B THIAR
200—800 nm FYMOLRE SRR HE (3) T AR I R 2L

acpon(A ) =2.3030D(A)/1 (3)
KA, a (A7) AARBER MR L (m™") s D(A) ARG ;1 R ERREAS (m) o 1 BR o B8 8 5% B 20/ A
Y EIEU , AR SCHT 750 nm AW R B TR E S I (4) AR B IE R IR R A (m ")

acpou(A) = agpou( A) - acpon(750) (A/750) (4)

1.4 HALZEm R

482 a (Chlorophyll a, Chla) ¥ EEiE L 909% (4 N BV 2 B, T HT UV =-2600 585053 60 RE T 20 3l I A
630,647,664 1 750 nm &b (WG BE , 5 AR a VR BT BB TR UKL 9 ¥k B ( Total Suspended
Matters, TSM)  JCHLEURLY) & ( Inorganic Suspended Particulate, ISM) A LUK 97 BE ( Organic Suspended
Particulate, OSM) [ & SR AR IR ARAS . ¥ A LK ( Dissolved Organic Carbon, DOC ) ¥ B i JE T &
AHLER AT HA B HE, TOC-VCPN) 3R45.,
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Scpon e CDOM WIS ZR 1R, AT LA CDOM 41 43T B9 K/, e iE CDOM B9 A5 0 X F S
)34 3 B T WS BE A AV S T TR R R 20 AR R I B el 280—400 nm 280—320
nm P 350—400 nm , fRAE(5) RAAELMERL S Jr b T S ERsRE,

@cpon(A) = acpou(Ao) expl Sepou( Ay = A) (5)
KA, agpoy(A) J& CDOM FERFE A MR T (m ™) sacpon(Ag) RS BB (GEH HEFE 440 nm) HYIICR KL
(m™),
539b AT TRk HRORE, 7T LR (6) Fm TS R A 1 K N AW R
au(A) = ay(A)expl[ S,(Ay = ) ] (6)
Forp,a,(N) TR AR B BRI TED I A BYBICRE(m ™) 54 RSP, — B 440 nm ;S JEAEEeREuth 2k
FEESH (um™) o ASCRAEN G , @A RS BUR Y 7E 400—700 nm W HEEHY

2 ERE5H

2.1 SRR SRR
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Fig. 2 Absorption spectrums of total suspended particulate [a,(\) ], non-algal particles [a,(\) ] and phytoplankton [a,,(\) ] of the 40

sampling sites in different seasons
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PR AR 9 BB R &1 5 o AR IR TR AR AT, ASTRI 2245 I A SR A A58 W A 3R BB S g
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FRBGEL (18] 2) ,a,(440) Tl a,(675) AL I 2 BUHV BRI 2= 0] 2 5k (3R 2) .

F2 ARZFTEEZFY[ total suspended particulate, a,(\) ], IEE AL HKIY [ non-algal particles, a,(N) ] UK iZ#F41E#) [ phytoplankton, a,,
(N) 18954
Table 2 Statistical analysis of absorption of total suspended particulate [a,(\) ], non-algal particles [a,(\) ] and phytoplankton [a,,(\)] in

different months

GitH a,(N) (m™") ag(N) (m™) au(N) (m™) I [
Statistic 440 nm 675 nm 440 nm 675 nm 440 nm 675 nm time

I KMH Max 31.15 2.55 29.29 1.96 3.25 1.43 5H
fe/IME Min 1.00 0.16 0.71 0.05 0.01 0.05 May
¥I{E Mean 5.38 0.77 4.55 0.33 0.83 0.44

brifE2E SD 4.80 0.52 4.59 0.31 0.72 0.38

FRAH Max 40.05 8.48 39.93 6.75 5.91 2.29 9 H
H/IME Min 1.98 0.19 1.62 0.10 0.03 0.03 September
I Mean 14.65 1.62 13.65 1.14 1.13 0.48

brifE2E SD 11.78 1.38 11.36 1.19 1.22 0.46

VP2 SEIEAE R R B R R B ARSI R B A — B G R . FRATTIEBRAE K g ik rh 8
FER) 440 nm HSH B, R EH/N ZIiE LG, @y AR B 0k ) g R R (T 3) . mTRLE Y A
s L ARUAE (S AU S 2 (R W) & BE R A AR LA i e R B KT 0.99, BT FE S e R AL
¥IRTF 0.95, LKA 5 A4y a,(N) 7E 400—700 nm #2485 BOE WAL A LS5 B R S, (H /Y28 1k 75l
10. 40—13.24 pm™" | BE M 11.14 wm™" 577 9 A4y a,(N) 1 S, ZELTE ] 8.51—13.06 pm ™", ¥J{E K 11.26 pm™",

SENH eI AL, 0 S, 5 T BT KE (B 6.7 pm™) 7 5 E (A 11.9 wm ™) 2 KW (H1H
11.7 pm ™) P =K ZE (B 11,5 wm™) P Ak OTTKE (B90H 11.78 pm™ | 11.38 um ™) " 8 S (EAHIT
TN T (1 12,5 wm ™) PO FIERYL O (M 12.0 wm ™) 1) Babin 262700 GISAER S, 1 R/NAT HE &
JE OB P T B ML 5 ORI A9 AG 56 5 1T Binding 4570 WHE— 2505 S, KNS5 P00k 4
WREA G BRI MR BBy, F AT D0 ] KA S S ORL ) v  SORE ) 1 e A At — A K AR

Ly

3.51 (a) R
e g —_— 1z (b)
. 92 A B Bl —— R
R>=0.992  sites 10 R2=0.993  site |
2.5
= 8 9t
£ 2r 'E
= = 6
< L5t =Y
< <
4
1k
0.5 2
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B3 BB RAEE ar AR IR TR 2 B SR E S R U E R X L

Fig. 3 Comparison of a,(\) of measured and simulated based on selected sampling sites

EA R RMT 0 TR T IR, T AR SR £ R IR TR Wi i B > a, (M) 5
Chla W BEAFAEBUFIIMSEIC R o WX T AL RS K AR B, a,(N) 55 Chla # L AFFAEAR SN, 5 1SM
OSM UK DOC FRHSCHERE2 05 TSM AFTE BRI OCHE (3R 3) , 4 R S BRI RSBl 2R
TR VD SR R TTAL BT A 1 R S S 0B ) ) 32 R IR, PRI R AR A VR T RT o e/, 53 9h
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ASCXFHEE P BE (400 nm, 440 nm, 510 nm, 550 nm, 675 nm) MRS FORI ) 09 FE I R 80 a (N ) : TSM | E
A RNk 4, ATRIR Y a,(N) - TSM B I K B3N8/, L0KAR a,(N) - TSM Y HAE R B H 55
KIGZET Pt 9 AR &E T 5 A0 mE, FEERAET 9 A6 a, (MBS A RIRZ (£ 2,E 2) 1
TSM BRARIE , S B 1 HAE 22 0B8R, 73 A% LU ARS8 & B, 5 A 30 7KAK a (N ) : TSM 3L T 56 [
Erie WIME5 5 /NF R 100 9 A kil m AR %

x4 FEAETHTEHEK ay(N) :TSM BRI (m?/g)
Table 4 Statistical analysis of a,( A) : TSM in different months at special wavelength

A (nm) Wavelength 400 440 510 550 675
5H /M Min 0.0106 0.0067 0.0032 0.0020 0.0006
May e KAE Max 0.2537 0.1841 0.0911 0.0532 0.0096
SEXE Mean 0.0594 0.0389 0.0187 0.0112 0.0027
b2 SD 0.0516 0.0374 0.0184 0.0106 0.0020
9 H He/MHE Min 0.0068 0.0043 0.0018 0.0010 0.0002
September B KAE Max 2.0562 1.4551 0.6497 0.4030 0.2756
S Mean 0.2723 0.1739 0.0830 0.0516 0.0181
b2 SD 0.3893 0.2651 0.1236 0.0776 0.0442

2.5 TR YRCREIE

L] /K AR U A0 1 R A B R A AR R (TR 2) |, B W T o i A 0 WO A 2 B R 2500 P 23 TR R I, 5 1,
a,, (N) FEEZ KA IR S VR B SR 2H A2, B P2 3K Tk P AR A I A8, R ) A W D' e B
) 440 nm BT FIZLEIE B 675 nm BT AE7E S W00 (181 2) & 7 e AR 40 1 7 > e AE I A8 B2, 675 nm
BSR4 28 a MEFTBIZE S, 1T 440 nm AR 28 28 o A A B (6 R O L RIVE 45 50, IR s e
MBS LGN B LA a,,(440) /2, (675) 1 REFE—E BB L WLl B (0 38 5403 a YR EE AL LB
A5 H a,(440)/a,(675) FZAAGIEREHR 0.14—5.35 m ™ (BfEHH 2.08 m™') ;9 H a,(440)/a,(675) 7251k
B 0.10—9.46 m™ (¥MEN 2.56 m™") , ULBHIFIEAE Y A Bh (L R SH4R 3R a MR A T AR K,

SHK9 H a,(440) \a,(675) FAS LG F RIS 2 BTk, 5 A Chla BZEAEIE F N 0.001—21.42 pg/
L,9 H Chla F7ZZ{EVE RN 2.94—138.84 pe/L, THEZ 3 Al I 42K o WRIE 5RO R R A
WEIEAICCR,, BTSSRI IAE Y RECS MR R a W AR LM s AR M OC R AU oE Al
UESE 73X OC &R B AEAE
2.6 A OIEIEA PR SCRRE

CDOM PSR SRR 5 E B BOR A 1) W SRR BL, 7€ 700 nm 22 J5 JEAK Sy O, i 78 J % U1 B ( 280—3500
nm) SR K (K 4)  FFRIBERZEFME . 5 H acgey(440) WULTEE N 0.37—2.21 m™' ¥4 0.94 m™,
M9 Ay YE A 0.33—3.09 m™' (ME A 1.03 m™") , PREIEEE a0, (440) B KAE Y H BLFE s06 GBI
], SHEJE PEALIAT ) | i ELYR B A i ) JL AN SR A A0 1 PG T ek, R0 A K ) 25 (R 22 S 1k, P AL TR 5 U
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Fig. 4 Absorption characteristics of CDOM in Liaohe River during different months
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Table 5  Statistical analysis of S, in different months at special wavelength bands
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9 H 280—400 0.0156 0.0202 0.0178

September 280—320 0.0158 0.0202 0.0179
350—400 0.0130 0.0209 0.0171
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Fig. 6 Contribution of different water components to total absorption coefficients at 440 nm
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