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Abstract:
influences the distribution of the water optical field, and plays a very important role in the researches of water optics remote

The absorption coefficient of water color constituents is an inherent optical parameter. It is the main factor which

sensing. This paper analyses the absorption coefficient characteristics for particle matter, phytoplankton and colored dissolved
organic matter(CDOM), using the absorption coefficient of water color constituents in situ measured at the Three Gorges Dam in
April, 2007. The results show that, for the Three Gorges Dam water: (1) the absorption spectrum of non-algal particles is similar
with that of total particle matter; (2) the absorption coefficient of non-algal particles decreases power exponentially from short to
long wavelength, and the absorption coefficient in different bands has a definite relationship; (3) the absorption coefficient of
phytoplankton has a better polynomial relationship with chlorophyll a concentration in the Three Gorges Dam water; (4) piece-
wise function can express the absorption coefficient characteristics of CDOM. The absorption spectrum below 500nm decreases
power exponentially from short to long wavelength, and the precision of the fitting R’approaches to 1; the absorption spectrum
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between 501 and 700nm fits well using polynomial relationship, and the precision R is above 95%.
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1 INTRODUCTION

The optics characteristics of water are related with it is
components; in condition that the bladder of water and onflow
domino effects are not considered, the chlorophyll, suspended
substance and color dissolved organic matter (CDOM) are the
“three factors of water color” to influence the optic characteris-

tics of case water, and the other factor is pour water molecule

(Yang & Chen, 2007). The inherence optic characteristics of
water including absorption coefficient, scatter coefficient and
attenuation coefficient are considered as the idiocratic nestifica-
tion of those factors (Li, 2006). As the attenuation effect of pour
water is the same to all kinds of water, water optics characteris-
tics of different cases in different regions are mainly related
with the concentration and constitutes of the non-algal particle,
phytoplankton and CDOM. The inherence optic characteristics
of those constitutes are the essential parameters to estimate
elementary productivity and ray radiation transmission, and to
simulate biology-optics pattern and ecological process of water

Received: 2008-12-19; Accepted: 2009-04-01

color remote sensing (Kirk, 1994). In recent years, the quantita-
tive researches of water optics characteristic and water color
remote sensing have been focused. Most of the absorption
spectrum researches are based on those substances in foreign
countries, while it is deficient in China. Cao (2003) researched
the absorption spectrum of suspended substance in Zhujiang
Estuary, while did not involve the absorption spectrum of
CDOM; Yu and Cai (1998) measured the water absorption co-
efficient and scatter coefficient at different seasons in Meili-
angwan Bay, while did not distinguish the phytoplankton and
non-algal particles. For the Three Gorges Reservoir, the re-
search is scarce. Dong (2006) analyzed the water quality of the
Three Gorges Reservoir with spectrum characteristic, and es-
tablished the experience model to inverse the water color con-
stituents, but did not come down to the water inherent optical
properties (IOPs). Based on the researches and work we have
done, the absorption coefficients of the total particle matter,
non-algal particle, phytoplankton, CDOM in the Three Gorges
Dam water were measured, and the data was analyzed.
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2 SAMPLING AND MEASUREMENT

On 7™ November 2007, one campaign was carried out for 30
samples near the Three Gorges Dam (Fig.1). Considering the
water quality difference between the fringe and the center of the
reservoir, samples points were distributed homogeneously
along the bench section (Fig. 1). Water samples and remote
sensing reflectance were measured synchronously.
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Fig. 1 Sketch map of sample points’ position (“+”—sample)

The water samples were sampled with Niskin sampler. Two
samples are sampled at each sample point, which were prepared
for measuring the absorption coefficient of particle matter and
CDOM respectively. Water samples were collected from the
surface to about 30cm below in the vertical direction, which
they were held on the deepfreeze half with ice bags for reserv-
ing. Then they were returned to the laboratory for concentration
and absorption measurement. The measurement of the IOPs is
difficult. For field measurement, the measurements are mainly
optical spectrometer, such as AC-S, HS-6, AC-9, BB9 and so
on. While in laboratory, the instruments are various spectral
photometers. For this work, the UV-2401PC spectral photome-
ter is used to obtain the absorption coefficients of water con-
stituents.

2.1 Absorption measurement of total particles/non-
algal particles and phytoplankton

The absorption coefficients were measured according to the
‘quantitative filter technique (QFT)’ method, which was
brought forward by Konovalov and Bekasova (1959), recom-
mended by Mitchell. The approach is as follows:

First, water samples were filtrated by 47 mm Whatman
GEF/F pre-dipped filters. The volume of filtered water V, ranging
from 40 to 600 ml, was determined by SPM concentration. The
baseline was corrected using a blank filter dipped in filtered
water, the same wet as the filter with particle. The optical den-

sity (OD) of total particle matter on the filter, ODy, was meas-
ured by a UV2401 spectrophotometer with 1 nm interval in the
range 350 to 800 nm, but the values only in the range of 400 to
700 nm were used because of less disturbance by noise. The
sample closed highly with the detector/collimator and the dis-
tance was about 2—3 mm, no diffuser was used between them.
ODy; was normalized to zero at 750 nm and then corrected for
increasing in path-length caused by multiple scattering in the
glass-fibre filter using Eq. (1). Finally, the absorption coeffi-
cients a,(4) were calculated by Eq. (2).

0Dy = 0.3780D; +0.5230D,* OD; <0.4 (1)
s
8,(2) = 2303 Z-ODg(4) )

where S is the clearance area covered by the particle matter
filtrated to the filter, of which effective diameter is 45 mm in
this measurement.

After measurement of the total particle absorption, the filters
were deposited in a refrigerator 30 to 180 minutes, and then
pigment was removed from the filtered paper by extracting with
90% hot ethanol for about 4 h. To prevent non-algal particle,
namely detritus, from outrunning during extraction, the filtered
paper was held on a filter base, which was prepared in the same
way, and then the extract solution was passed through the filter.
Finally we measured the spectral optical density of non-algal
particle with the same spectrophotometer and their absorption
coefficients aq(1) were calculated with the same method as
ay(4). Subsequently, phytoplankton pigments absorption coeffi-
cients, ayy(A)were calculated by Eq. (3).

&ph (/1)=ap(ﬁ)—ad(/1) 3)

2.2 Absorption measurement of CDOM

Colored dissolved organic matter (CDOM), which is com-
bined with humic acid, aromatic compound and other substance,
is mainly the production of the soil and water plant aquatic
degradation. It is consisted in all kinds of water, and is an im-
portant part of the dissolvability organic matter (DOC) (Kirk,
1994). The optics characteristic of CDOM is singleness that is
mainly presented as absorption, and decreases with the band
increasing in the ultraviolet and blue band. Because the absorp-
tion of CDOM at blue band is superposed with the absorption
of the chlorophyll a (Bricaud, 1981), the remote sensing reflec-
tance is influenced and the chlorophyll a concentration is over-
rated.

CDOM absorption was measured spectrophotometrically in
a 10 cm cuvette using 0.70 mm Whatman GF/F-filtered lake
water by the same UV-2401 spectro-photometer, with distilled
water as reference. Scans were taken with 1 nm interval be-
tween 280 and 700 nm. The absorption coefficient was calcu-
lated using Eq. (4). Some fine particles possibly remained in the
filtered solution, so it is necessary to correct for scattering by
fine particles with Eq. (5).

at (1) = 2.3030'%(”“) @)
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8y (ﬂ) =

where a'y(4) and ag(A)are the pre-corrected and corrected ab-

ag(z)_ag(700)x;g6 ®)

sorption coefficient respectively. ODy(A)is the optical density
measured at the wavelength 1. r is the optical path length and
the factor 2.303 converts from base 10 to base e logarithms.

3 DATA RESULTS AND ANALYSIS

3.1 The absorption coefficient analysis of total par-
ticles

Fig.2 is the absorption spectrum of total particles, non-algal
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particles, phytoplankton and CDOM. Except the anthropogenic
factor (such as fish breeding and poultry raising, beaching) at
individual samples, the absorption coefficient of total particles
and CDOM at different samples do not change obviously and
the variation range of a,(440) is 0.22—0.43 m’!

As we all know, the absorption coefficient distribution of
total particles has two types. The absorption coefficient com-
parison of total particles, phytoplankton and non-algal particles
between the two types is shown in Fig.3. For the first type, the
absorption coefficient of non-algal particles is bigger than that
of phytoplankton expect at the red band, which is the absorp-
tion band of chlorophyll; the absorption coefficient distribution
of total particles is similar with that of non-algal particles (Fig.3
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Fig. 3 Two typical spectral patterns of total particle absorption
(a) The first type; (b) The second type
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(a)) and it decreases with the band increases. Contrarily, for the
second type, in most bands, the absorption coefficient of phyto-
plankton is bigger than that of non-algal particles, and the ab-
sorption coefficient distribution of total particles is similar with
that of phytoplankton (Fig.3 (b)).The results show that the first
spectrum type is mainly distributed in inland water, of which
the salinity is between 15 and 27. The spectrum type transits
from the inland water to the sea, and for the sea, the spectrum
absorption characteristic belongs to the second type (Cao,
2003).

The absorption coefficient of total particles in the Three
Gorges Dam water is accorded with the fist type spectrum pat-
tern. On one hand, the absorption coefficient of total particle
decreases with the bands increasing at different samples, and
the results are similar to the conclusions that Xu and Cao (2004)
got at Zhu River; on the other hand, the absorption coefficient
spectrum of total particles is shown in Fig.3 (a), which is re-
lated with the water environment around the samples. After the
reservoir constructed, the complexion of stream has changed,
and the jet flow turn into a reservoir. It leads to the intensive
absorption of non-algal particles in particle matter which is
carried-over by the upstream water, and the absorption of
non-algal particles is the main factor of total particles absorp-
tion coefficient in estuary (Xu, 2004), which is dominant in the
size and varieties of total particles. In addition, the band 670nm
is the absorption apex of phytoplankton, which is dominant the
varieties of the total absorption coefficient in this band. In
Fig.2,the absorption coefficient of most samples decreases as
negative exponent with the band increasing except in sample
#22, #27, which have a faint absorption apex at band
675nm.With the records we have, the sample #22, #27 are lo-
cated at the abouchement of anabranche and the breed aquatics
region respectively, which are influenced by external environ-
ment. Therefore, it is concluded that the absorption coefficient
of total particles is presented as the absorption coefficient of
non-algal particles in the Three Gorges Dam water, which is
different from that in the sea (Bricaud & Stranmski, 1990).

In order to analyze the contribution of the non-algal particles
and phytoplankton in absorption spectrum of total particles, the
three constituents’ absorption coefficients at different samples
are analyzed (Fig.4). The results show that the non-algal parti-
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cles are dominant in the absorption coefficient of total particles
in the Three Gorges Dam water. The conclusion is the same
with what we have obtained.

In addition, it is discovered that the contributions of the
non-algal particles and phytoplankton at different bands is not
only different, but also not a constant. It is a variable with the
band. Concretely, the contribution of the non-algal particles at
shortwave is bigger than that at long wave; and the contribution
of phytoplankton is opposite with the non-algal particles. So,
the absorption apex at band 675nm is existence consistently in
water total particles absorption coefficient, even if in the three
gorges dam water, of which the chlorophyll concentration is
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Fig. 4 Contributions of non-algal particles, phytoplankton in
Absorption spectra of total particles

3.2 The absorption coefficient analysis of non-algal
particles

The non-algal particles include the analytical remnants, sub-
strate sludge and the humus, inorganic particle in soil. The ab-
sorption spectrum of it in all samples is similar, that is the ab-
sorption coefficient decreases with the band increasing (Fig.2).
The simulation of the data measured in-situ is indicated that the
variety of the absorption coefficient with band is presented as
exponential damping and the absorption coefficient at different
bands are correlative (Fig.5). It is important to establish the
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Fig. 5 Comparison between the measured data and the simulated data of the non-algal particles
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absorption coefficient correlation models of non-algal particles.
With those models, an absorption coefficient at one band can be
inversed by another absorption coefficient at other band, which
reduces the number of unknown parameters in water color re-
mote sensing. In this paper, the model is established with the
band 440nm, which is an important parameter in the research of
water color remote sensing and many scalars have established
the absorption coefficient models of non-algal particles based
on it (Wang, 2006; Zeng, 2006; Zhou, 2007). The absorption
coefficient at band A is expressed as followed:

83(4) =24 (4)exp (-8 (4 - %)) (©)
where, Apis the band 440nm, S is the slope, which is different
atdifferent samples and ranges from 0.01014—0.0128.The
mean value is 0.0115, the standard deviation is 0.00155.Taking
the sample #2, #19 for example, and the absorption coefficient
models are as followed:

ag(A)=a,(440)exp(-0.0122( 4 - 440)) @)
®)

Compared with the report that we have, the value of S in the

ag(A)=a,(440)exp(-0.0114(4 - 440))

Three Gorges Dam water is similar with the results that in Zhu
River estuary sea area (Cao, 2003), Pacific Ocean and Mediter-
ranean Sea (Bricaud, 1998). It is pointed that the value of S is
also consistent with that of CDOM in Zhu River estuary sea
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area (Chen, 2002). The results show that the optical properties
of non-algal particles in the Three Gorges Dam are not only
similar with that in other sea areas, but also consistent with that

of CDOM. For Case water, the researches are shown that

chlorophyll a and the absorption coefficient of nonalgal particle
have better correlation, which is considering as the degradation
of phytoplankton (Cao, 2003). For the Three Gorges Dam water,
the correlations between the chlorophyll a concentration, sus-
pended substance concentration and the absorption coefficient
of non-algal particle are analyzed. Taking the band 440nm and
675nm for example, on band 440nm, the correlation between
a4(440) and chlorophyll a concentration, suspended substance
concentration is very weak; at band 675nm, a4(675) and sus-
pended substance concentration present discretely, while the
correlation between a4(675) and chlorophyll a concentration
improves obviously (Fig.6). The results show that the absorp-
tion characteristics of non-algal particle in the Three Gorges
Dam are influenced weakly by terrigenous deposits, and the
degradation products of phytoplankton are the main resource of
non-algal particles.

3.3 The absorption coefficient analysis of phyto-
plankton

The absorption spectrum distribution of phytoplankton at
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Fig. 6 Correlation between a4(440) & a4(675) and chlorophyll a & suspended substance concentration
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different samples is similar, and the common characteristics are
as followed (Fig.2): First, there are absorption peaks at band
443nm and 675nm respectively; second, the absorption coeffi-
cient between band 520—650nm does not change obviously;
third, the absorption coefficient decreases with the band in-
creasing. The phytoplankton absorption coefficients at different
samples have great changes on spectrum range and value, such
as a,y(443) ranges from 0.02 to 0.18 m™'; Corresponding, the
chlorophyll a concentration ranges from 0.29 to 2.98 pg/L. The
results in Si-tu show that the environmental factors, such as ray,
nutritive salts, will influence the estate of the phytoplankton,
which will influence the absorption spectrum. While, the ab-
sorption spectrum difference of phytoplankton is mainly due to
the pigment composition and the pack effect. The former de-
termines the spectrum types directly and the latter influences
the ray absorption efficiency of pigments (Wu, 2006). At pre-
sent, most of specific absorptivity models belong to regional
statistic ones, which are obtained though relationship between
the specific absorptivity and chlorophyll a concentration. The
researches show that the correlation between chlorophyll a
concentration and the specific absorptivity of total particles and

phytoplankton is better in case water; for case water, chlo-

rophyll a concentration and the specific absorptivity of phyto-
plankton presents correlation (Bricaud, 1995; Cleveland, 1995).
Due to the influence of the pigment composition and the pack
effect, the relationship between phytoplankton absorption and
chlorophyll a concentration is mainly non-linear.

Prieur and Sathyendranath (1981), Bricaud (1995), Cao
(2003) described the relationship of the two variables with
power function fitting:

B
a, (ﬂ) = A[chla]
where, A is band, A and B are the parameters of fitting respec-

tively.
Cleveland (1995) illuminated that with polynomial fitting:

a, (1) = Alchla]’ + B[chla]

012
*
009
£ o006
3
& 4,5(443) = 0.1123chla? +
003 - 0.2381chla-0.0427
R*=0.7232
0 1 1 | |
0 05 1.0 L5 20
chla/(ug/L)

Sathyendranath and Platt (1988), Lutz (1996) used rectangle
hyperbolic function to illuminate the relationship:

Alchla]
B +[chla]

n (2)=

With the research on the water in the Three Gorges Dam, it
is discovered that a,(4)-chla has obvious relationship, even in

case water. The results of the relationship between chloro-

phyll a and phytoplankton absorption coefficient at band 443nm
and 675nm are shown in Fig.7. The absorption coefficient is a
variable, which has a better relationship with chlorophyll a
concentration. For the water in Three Gorges Dam, the poly-
nomial equation can description the relationship well.

aph(443)=—0.1123(ch1a)2+0.23810hla—0.0427 (R*=07232) (9)

aph(675):4).0241(chla)2+0.O4410h1a+0.0026 (R* =0.8247) (10)

ap(443) and a,(675) are the absorption coefficient of
phytoplankton at band 443nm and 675nm respectively, chla is
the chlorophyll a concentration. Compared to the correlation
between the absorption coefficient and chla at band 443nm, the
correlation at band 675 is better, due to the influence of
non-algal particles. For the water in the Three Gorges Dam, the
suspend substance concentration is higher than that of the
chlorophyll a, while in situ, the method we used to measure the
absorption coefficient of phytoplankton is pigment extraction,
which is calculated the absorption coefficient by the difference
between the fore and after of suspend substance absorption
coefficient extracted (Zhao, 2006). When the algal pigment is
extracted with carbinol, the pigment in non-algal particles is
extracted inevitably, which conduces the increase of the algal
absorption; while at band 675 nm, the absorption coefficient of
non-algal particles is smaller, and the influence of that is also
feeble to the phytoplankton absorption coefficient (Cao, 2003;
Zhang, 2006).

At the same time, the relationship between a;,(1) and a,,(675)
is fitted with linearity, exponential, logarithm, power function
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Fig. 7 Correlation between the absorption coefficient of phytoplankton and chlorophyll a
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and so on. It is discovered that correlation between them is
better. Taking the a,,(566) and a,,(675) for example, power
function can describe the relationship well, and the correlation
is up to 0.6982 (Fig.8). Based on the research we have done,
the relationship between a,(4) and a,,(675) between 400—700
nm band is fitted with Eq. (11), and established the experimen-

tal model between a,,(4) and a,,(675).The coherent parameters
at represented band are shown in Table 1.

n
an (4) = may, (675) (11)
005 ,,(566) = 0.3061a,,(675)°
R =0.6982
0.04 .
o)
3
&
0.06
ay, (675)
(@
005 4,(566) = 0.0067¢* 666"
R*=0.4398
o)
b3
&
0 001 002 003 004 005
4 (675)
(©)

ag (566)

a5 (566)

3.4 The absorption coefficient analysis of CDOM

The spectrum characteristic of CDOM is shown in Fig.2. It
is similar with that of non-algal particles, and the absorption
coefficient presents as exponential degression with the band
increases.

The absorption coefficient of 400nm at different samples is
shown in Fig.9. The value ranges from 0.53 to 1.22 m™'; mean
is 0.7378 m™'.Compared to the results of the Dian-shan Lake
(Song, 2007), Taihu Lake Mei Liang-wan Bay (Zhang, 2006),

0.05 ,,(566) = 0.6435a,,(675) + 0.007
R*=0.5363
0.04 [ *

Fig. 8 Comparison with the different fitting methods between a,,(566) & a,,(675)
(a) Power; (b) Linear; (c) Exponential; (d) Polynomial

Table 1 The parameter of the power relation between

apn(A) & apn(675)

Band /nm Coefficient/m Coefficient/n Relativity/R?
520 0.13 0.3753 0.4149
566 0.3061 0.6933 0.6982
617 0.1689 0.6109 0.5846
652 0.2647 0.7555 0.6655
685 2.9728 1.3252 0.929
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Fig. 9 The absorption coefficient of 400nm at different samples
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such as a,(355) ranges from 6.95 to 10.28m ™' ,and a,(440)
ranges from 1.06—1.70 m~!, the CDOM concentration in the
Three Gorges Dam is not high. In addition, the concentration
distributes homogeneously.

The researches show that the absorption coefficient of
CDOM below 500nm present as exponential degression with
the band increases. Bricaud (1981) advanced the followed func-
tion in 1981.

ay (4) =2, (4 )exp[ S (4 —1)] (12)

a,(4) is the absorption coefficient of the CDOM, A is the
band, Ais the reference band, and 440nm is often chosen, S is
the slope of the exponential function curve, which is related to
the constitute of CDOM. In addition, the S value changes when
the band ranges change. Generally, the range of 300—500nm is
chosen, while the range of 300—700nm is used sometimes. In
order to obtain the credible value of S, the absorption coeffi-
cient of CDOM is fitted with least-squares procedure in the
ranges 300—500 nm, 501—700 nm and 300—700nm in our
research.

The results show that the precision in band range 300—500
nm and 300—700 nm is higher (Fig.10), while in band range
501—700nm, it is barely fitted with the Eq. (12). However, the

data is fitted with Eq. (13) well, and the precision is shown in
Fig.11.

a,(A)=ai’ +bi+c (13)
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Fig.10 R? from exponential fitting in bands 300—500, 300—700nm
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Fig. 11 R? from polynomial fitting in band 501—700nm

With the analysis of the results, it is discovered that:
(1) S for the different band range 300—500nm, 300—

700nm do not change obviously. The value of that changes
between 0.0108—0.01883 pm™ and 0.01066—0.01882 pum™

respectively; the mean is 0.015956 umfl and 0.015933 um™.
However, S of the former range is higher than that of the latter,
in other words, the band range can influence the value of S.

(2) R?* for different samples in band range 300—500nm
changes feebly, and approaches tol.Specificly, the minimum is
0.9749, and the maximum is 0.9988. It is proved that S of this
range is reliable and the Eq. (12) can be used to describe the
spectrum characteristic of CDOM.

(3) The value of R? at different samples in band range 300—
700nm changes feebly; the minimum is 0.9749, and the maxi-
mum is 0.9988. It is proved that S of this range is also reliable
and the Eq. (12) can be used to describe the spectrum charac-
teristic of CDOM in band range 300—700nm.

(4) The spectrum characteristic of CDOM in band range
501—700nm can be fitted with polynomial function well and

R? is also higher. The minimum is 0.8139, and the maximum is
0.9963. In other words, for the band range 501—700 nm, the

Eq. (12) can not applied to describe the relationship between
a,(4) and A, while polynomial function should be used.

(5) The difference of RMSE(residual mean standard error)is
shown in Fig.12. It does not change obviously between the two

band range 300—500nm and 300—700nm. For the mean value,
the former is 0.08831, the latter is 0.08958.While, the RMSE of

band range 501—700nm is smaller, the mean value is only

0.006. So, with piecewise function can express the absorption
coefficient characteristics of CDOM and increase the precision
of S.

In addition, the relationship between DOC concentration and
the absorption coefficient of CDOM is fitted with linearity,
exponential, logarithm, power function and so on. It is discov-
ered that relativity between them is feeble. Considering the
absorption ability of the ray, DOC is divided to colored and
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Fig. 12 RMSE of the fitting between different bands
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colorless ones, and the proportion of them is different in differ-
ent regions. Analyzing the reasons, it is considering that the
DOC carried by river flow has more color DOC, while the
DOC that the phytoplankton degrades products more colorless
ones (Kirk, 1994). CDOM is the color ones in dissolvability
substances. In our research, the experiment was done when the
phytoplankton began to decay and degrade. It is induced that
the correlation between DOC concentration and absorption
coefficient of CDOM is feeble.

4 CONCLUSION

For water color remote sensing, total particles, non-algal
particles, phytoplankton, CDOM, are the main water constitutes.
The measurement and analysis of them are the groundwork to
the water color remote sensing. This paper analyses the absorp-
tion coefficient characteristics for particle matter, phytoplank-
ton and CDOM, using absorption coefficient of water color
constituents we measured at the Three Gorges Dam in Situ on
April, 2007. The results show that, for the Three Gorges Dam
water:

(1) The absorption spectrum of non-algal is similar with that
of total particle matter;

(2) The absorption coefficient of non-algal decreases power
exponentially from short to long wavelength, and the absorp-
tion coefficients in different bands have a definite relationship;

(3) The absorption coefticient of phytoplankton has a better
polynomial relationship with chlorophyll a concentration in the
Three Gorges Dam water;

(4) Piecewise function can express the absorption coefficient
characteristics of CDOM. The absorption spectrum below
500nm decreases power exponentially from short to long
wavelength, and the precision of the fitting R? approaches to 1;
the absorption spectrum between 501 and 700nm fits well using
polynomial relationship, and the precision R* is above 95%.

In addition, for the water of the Three Gorges Dam, it is dif-
ferent from ocean, lake and river. With the researches we have
done, it is discovered that after the reservoir storage, the ab-
sorption characteristics of non-algal particles in the Three
Gorges Dam water are influenced weakly by terrigenous depos-
its, and the degradation products of phytoplankton are the main
resource of non-algal particles.
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