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Spectral absor ption codficients of particulate matter and chromophoric dissolved

organic matter in Meiliang Bay of Lake Taihu

ZHANG YurrLin, QIN Bo-Qiang” , YANGLong Yuan  (Narjing Institute o Geography & Limnology , Chinese Academy o Sdences, Narjing
210008, China) . Acta Ecologica Sinica,2006,26(12) :3969 3979.

Abdgract :Light absorption is an inherent optica property , which determines the transmisson and didribution of underwater
light. Knowledge about the inherent and apparent optical properties of water is very important for the deveopment of hicoptica
dgorithmsfor renote sendng, and of bicoptical nodd s for edimetion of primary production as well as ecologica redoration of
eutrophic water bodies. In shdlow eutrophic lakes, phytoplankton blooms and continuous sediment resugpenson by benthivorous
fish and wind lower the underwater light , which results in loss of submerged vegetation. The light aborption properties of an
aquatic medium are characterized by the medum’ s absorption codficient. The totd absorption coefficiert a(A) indudes the
codficientsfor total particuate metter (phytoplankton and nonalgd particuates) a, (A) , chromophoric disolved organic metter
(CDOM) a4 (A) and pure weter a, (A) . Phytoplankton absorption irfl uences the mexi mum photosyrthetic rate aswell asthe rate
o photosynthes's integrated over depth. CDOM linits the penetration of hiologicaly damaging UV-B radiation (280 — 320 nm) in
theweater column, thus shidding aguatic organiams by its srong abrption in the UV gectra range. Abrption of nonagd
particles and CDOM dften disturb the renote sensing of the biomass and primary production of phytoplankton. The present sudy
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documents goectra aborption variations and relaive contributions of the opticaly active condituents in weater , and presents
correlaions between aborption codficients and concentrations of these conponents.

Sectra absorption codficients of the totd particles a, (A) , rondgd particles aq (A) , phytoplankton ax (A) , and CDOM
a;(A) aswel as the rdative contribution of each conponent’ s absorption to the total absorption codfficient integrated over the
range of PAR (400 — 700 nm) in Meiliang Bay of Lake Taihu were determined in summer 2004. CDOM absorption coefficients ag
(\) were obtained by measuring the optica dendty of filtered water. Particuate meter absorption codficients a, (A) were
measured by applying the quantitative filter technique (QFT) . Dowrward photosyntheticaly available irradiance ( PAR, 400 —
700 nm) a the water suface and at different depths was measured using an irradiance meter from Li-Gor (Lincoln, Nebraska,
USA) equipped with a Li-192SA underwater cosne corrected sensor connected to a Li-1400 dataogger. Diffuse attenuation
codficients for downward irradiance were obta ned from rorrlinear regresson of the underwater irradiance prdfile.

The particulate metter aborption at 440 nm a, (440) ranged from 3.58 t0 9.86 m’ ! with an average of (7.56 + 1. 74)
m *. The absorption codficients of ronalgd particles ay (440) , phytoplankton ay, (440) and CDOM a4 (440) were in the range
2.2377.07m*,0.68—4.76 m 'and 1.06 — 1.70 m " ,reectivdy. The red absorption peak of phytoplankton ay, (675)
ranged from 0. 58 to 2. 84 m™ *. Absorption codfficients of ronalgal particles and CDOM decreased exponentially from short to long
wavelength. The exponerntial goectral dope codficients of nonalga particles Sy over the 400 700 nminterval and of CDOM S
over 280 500 nmwere (10.91+0.62) , (15.52+0.49) Um ', repectively. In nog cases, the aborption pectradf nond gal
particleswere smlar to those of the totd particles, which denondrated thet the absrption of the tota particuae metter was
primerily due to the absrption of nondgd particles.

Ygnificant linear relationships were found between a, (440) and totd sugpended olids (TSS) , organic sugpended lids
(0SS and inorganic suspended solids (1SS . Sgnificant linear rel ationships were d 0 found between ay (440) and the suspended
lid fractions, aswas true aswell for ay, (440) with repect to OSS and chlorophyll a (Chla) . Jgnificant postive relationship
was found between ag (440) and Chla, but not with disolved organic carbon (DOC) , which indicated that deconposition of
phytopl ankton was an inportant ource of CDOM. Totd particuate metter aborption dominated the totd aborption. The relative
oontribution of a, to a integrated over the range f PAR (400 — 700 nm) exceeded 70 % and the relative contribution of a4 to a
generaly exceeded 40 % except for gation M8, M9 and M13. Findly, the ratio o ato PAR dffuse atenuation Ky ( PAR) d®
generdly exceeded 40 %.

Key words:Meliang Bay ; rondgd particles; phytoplankton; chronophoric disolved organic metter ; chlorophyll a; absorption

ectra
, a
(Chronmophoric dislved organic metter : CDOM)
, CDOM
o CDOM : -
(1 3
(2 9 [10]
CDOM . [11]
CDOM ; 20 0 :
CDOM (=l

: , 132 knt | 2.0m,



12 : CDOM 3971

2004 7 17 16 , ft

K W

, 1 Lake Taihu
) ) <‘? -
CDOoMm ~_/ ?
DOC, a 2 3d 9
(DOQ) : BBay
( PAR) <
1
1.2 Fg.1 Location df sanpling gationsin Meliang Bay
PAR Li-GOR Li-cor 1925A
, , 0,02,05,1.0,2.5,220m 6
PAR , 3 , 30 cm
(.
_ 1, E@
Ki( PAR) = - ZIn E(0) (1)
, Ks (PAR) PAR 4 ,E(2) PAR , E(0)
(0°) PAR Ks ( PAR) , R
> 0.9, N =3 Ks ( PAR) ,
1.3 CDOM
(Quartitative Filter Technique:QFT) , 47 mm  GF/F
50 200 m , , UV-2401PC 350 800 nm 1nm
, 750 nm , Oevdand ™
OD, = 0.3780D; + 0.5230D: oD < 0.4 2)
1OD$ , ODf
©) tel
a,(\) :2.303-750D50\) (3)
1 V ,S
100 % 4 h , ,
, as(\)
an@) = a@) - a@) (4)

am@) = anm(@)/Chla (5)



3972

26

OO GF/F uv2401
(6) [17]
agM\') =2.303DQ)/r
a3 \") A ,DQ) r
[17]
agM) = a, (") - a(700) - A /700
,ag(\) A ag(A') A A
440 nm CDOM CDOM
CDOM (-
al) = a@Q) +a () +a @)
1.4
Do )
a ) = axAo)exp[ScAo - A)]
, X d g \ oM, aA) A
Ao , 440nm 400 nm, a,(\) » S«
440 nm , S CDOM
500 nm, 400 700 nm
1.5
DOC GF/F 1020 TOC a
GF/C , 48h, 90% )
a
SPSS11. 0
2.1
2 16 CDOM
, ap (440) 3.58 9.86m " ( 1, (7.56+1.74) m*
, 675 nm a ,
) a 16
: 2 (
( 38), 675 nm
3 , 1 , ;
440 nm 2 ,675 nm , 440 nm
: a ,
30 % , ,
(e =l 2 , 675 nm
a ’
2 :
7 17 2 313, 2

CDOM

3A) ,

[9.10]

7230

(6)

)

(8)

(9)

280

675

2004



12 CDOM 3973
16
14
12
“-g 10 E
2 s 2
S 6 N
4
2
0 | | | 1
400 450 500 550 600 650 700 400 450 500 550 600 650 700
K Wavelength (m)
21
18
15
B T2 |‘\‘
R = N
6
3
0 | 1 | LT ! . L )
400 0 500 550 600 650 700 300 350 400 450 500 550 600 650 700
WK Wavelength (m)
2 CDOM
Fig.2 Abrmption gectra of totd particles, rondgd particles, phytoplankton and CDOM
: , (D,
1
Table 1 Absorption codficientsat 440 665 nm and main water caor factor concentration
a,(440)  aq(440) an(440) ag(440) Ki(PAR) & TS 0SS ISS DOC Cha OSYTS S5
mbH mH mYHY mH mbH (M (mgh) (mgh) (mgh) (mgh) Ggh) (%  gmH  @mYH
M1 # 7.14 5.57 1.58 1.14 9.9 0.21 1445 16.3 1281 7.75 415 11.28 10.9 15.3
M2 # 7.82 6.21 1.61 1.06 9.86 0.24 145.6 15.0 130.6 7.55 39.3 10. 30 11. 4 15.8
M3 # 7.82 6.06 175 1.26 9.37 0.18 164.4 15.7 148.7 7.41 40.9 9.55 11.6 14.7
M4 # 8.9 7.07 1.87 111 10.11 0.22 156.9 17.4 139.5 7.21 457 11.09 12.0 15.5
M5 # 9.86 6.71 3.15 1.31 10. 10 0.24 159.3 180 141.3 815 641 11.30 11.0 15.5
M6 # 9.46 6.38 3.08 1.70 10.12 0.22 146.4 20.0 126.4 7.73 1185 13. 66 11.2 15.0
M7 # 9.62 6.27 3.35 1.69 9.54 0.22 136.7 20.6 116.1 7.53 653 15. 07 11.3 14.8
M8 # 6.07 2.81 3.26 1.59 5.31 0.33 58.3 19.9 38.3 869 128.6 34.13 9.9 15.3
MO # 7.69 304 4.65 1.48 6.85 0.26 66.1 27.7 38.4 7.71 180.2 41.91 9.4 16.1
M10 # 8.02 5.60 2.42 1.42 9.61 0.22 1144 17.9 9.5 7.35 9.2 15. 65 10.7 15.8
M11 # 7.49 5.38 2.11 1.35 8.86 0.22 117.7 16.2 101.5 6.92 73.7 13.76 11.0 15.9
M12 # 6.90 3.89 3.01 1.51 8.50 0.24 9.6 14.2 85.4 6.78 65.9 14.26 10.8 15.4
M13 # 9.27 4.50 4.76 1.64 9.22 0.19 93.4 26.7 66.7 7.5 123.3 28.59 10.9 15.1
M14 # 6.25 4.17 2.09 1.46 7.79 0.23 100.9 15.7 85.2 6.38 56.8 15. 56 10.7 15.5
M15 # 3.58 2.23 135 1.13 5.19 0.38 49.1 9.9 39.1 7.69 65.3 20.16 11.2 16.4
M16 # 4.98 4.29 0.68 1.06 6. 76 0.25 817 10.9 70.8 7.50 42.1 13.34 10.6 16.2
D: ; TSS: ; OSS: ; ISS: ; DOC: ; Chla: a
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Table 2 Deter mination codficients o absorption, PAR attenuation codficients and light attenuators
a, (440) ai(40)  an(440)  a,(675) as(675)  an(675)  K4(PAR) TS 0SS IS Chla
a, (440) 1.00
aq(440) 0.58% 1.00
am(440)  0.29Y 0.02 1.00
a, (675) 0.30% 0.01 0.93% 1.00
aq(675) 0.64% 0.79Y 0.00 0.01 1.00
an(675)  0.17 0.07 0.92%9 0.97 0.00 1.00
Ks(PAR)  0.677 0.85Y 0.00 0.00 0.67 0.01 1.00
TS 0. 49?7 0.92% 0.03 0.04 0.65 0.11 0.83Y 1.00
0SS 0.39Y 0.00 0.829 0.83 0.06 0.80Y 0.03 0.00 1.00
1SS 0.38Y 0.89Y 0.008 0.09 0.59 0.19 0.77% 0.99% 0.02 1.00
Chla 0.03 0.19 0. 667 0.71 0.01 0.75Y 0.10 0.25Y 0.62Y 0.35Y 1.00
1) p<0.05;2) p<0.005; 3) p<0.001
a, (440) a,(675) a : a, (675) a ¥
(440) a ( 2, ., 440nm
, 675 nm ,
, 2 a, (440) a, (675)
a, (440) ay (675) Chla . a
(675) an (675) 0SS , 675nm
2.2
as ) (2 ,aq(440) 2.23 7.07m "', (5.00+1.49) m*
, [21, 22] 4
400 700 nm Sq 9.4 12.0um ", (10.91 +
0.62Um*, 0.97 , Sq
(o) , Roeder'™ Bricaud @
S¢ Gllepps™  Lower S.Johns , ]
380 620 nm Sy 5 16Um’* ,
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3 400 700 nm PAR 3
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Table3  Absorption codficients of pure water ( a,) , CDOM ( ag) , nonalgal partides ( aqs) , phytoplankton ( ax) , total (a), their reative
contributions integrated over the range of PAR (400 700 nm) and the ratios o total absorption codfficient (a) to PAR diff use attenuation coefficients
(Ka(PAR))

No ay ag ag am a, a a,/a ag/a ag/a am/a ay/a as/ap am/ap a/ Ky(PAR)
' MY MY MY Y mHY MY (% (% (%) (% (%) (%) (% (%)
M1 # 0.17 0.48 2.50 0.77 3.28 3.93 4.33 12.23 63.71 19.73 83.44 76.36 23.64 39.49
M2 # 0.17 0.44 2.79 0.75 354 4.15 4.10 10. 60 67.19 18.11 85.30 78.77 21.23 42.09
M3 # 0.17 0.55 2.80 0.72 3.53 4.25 4.00 12.95 66.02 17.03 83.04 79.50 20.50 45. 32
M4 # 0.17 0.48 3.16 0.9 4.13 4.78 3.56 10.05 66.24 20.16 86.40  76.67 23.33 47. 26
M5 # 0.17 0.55 3.01 1.63 4.64 5.36 3.17 10. 26 56. 08 30. 49 86. 56 64.78 35.22 53.06
M6 # 0.17 0.73 2.85 1.55 4.40 5.30 321 13.77 53.74 29.29 83.03 64.72 35.28 52.40
M7 # 0.17 0.75 2.78 1.74 4.52 5.44 3.12 13.79 51.19 31.90 83.09 61. 60 38.40 57.03
M8 # 0.17 0.68 1.28 1.68 2.95 3.80 4.47 17.88  33.55 44.10 77.65 43.20 56. 80 71.61
M9 # 0.17 0.59 1.39 2.35 3.74 4.50 3.78 13.10 30.93 52.20 83.12 37.21 62. 79 65.73

M10 # 0.17 0.58 2.51 1.19 3.70 4.45 3.82 13.04 5638 2675 8313 67.82 3218 46. 27
M11 # 0.17 0.57 2.37 1.19 3.56 4.30 3.95 13.26  55.15 27.63 8279 66.62 33.38 48.52
M12 # 0.17 0.63 1.75 1.57 3.32 4.12 4.13 15.30 4255 3801 80.57 528 47.18 48.44
M13 # 0.17 0.69 2.00 2.58 4.58 5.44 3.13 12.70 36.80 47.38 8418 43.71 56.29 58. 95
M14 # 0.17 0.62 1.81 1.07 2.88 3.67 4.63 16.88 49.38 20.11 78.49 62.91 37.09 47.16
M15 # 0.17 0.46 0.98 0.70 168 2.31 7.35 19.89 4249 30.27 7276 58.40 41.60 44.56
M16 # 0.17 0.42 1.93 0.41 2.3 2.93 5.80 1433 6597 13.89 79.87 82.60 17.40 43.35
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