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Abstract

For the great anount of organic canpounds and the varaton of salinity in he Chang jiang Esuary the suudy on the fbcculation
pwcess of fine graned sedments by the combined effect of salinity and hunus in the high wibid system is of critical sign ificance
for the understand ing of the mechanisn of the bmation of he wibidity maxinum (TM ) . For he great amount of organic com-
pounds and he variton of salinity n the Chang jiang Eswary the sudy on he fbeculation process of fine grained sediments by
the combined effect of salinity and hunus in the hgh tub i system is of critical sgnificance Hr he undestandng of the mecha
nisn of he fomatn of he wibidiy maxinum (M ) . The effects of salinity and hunus on the fine grained sedin ents have been
analyzed thwough he synthetic study of the aspects of flocculation /coagulation power (F), dianeter (D) and zeta poential (Z ).

And hem icrocosn ic configurton of he fbeshasbeen analyzed by using a scan electronm kwscope and Fourier Transfom Infra
red Spectometly. The results show hat (1) wih the increase of salinity F and D becane greaer and Z becanes snalky and
wih the increase of the concentatbn ofhumus F becanes smaller butD and Z become greater (2) hem icocos ic con figu
ton of the fbcaulation show s that humu s packs on the fine sediments i the fom of sali and he fbcculationmodel of C — P —OM
(C stands for clay; P catong OM OIgani(:maif:ria]s) can successfully damonstrmte the mechanism of the fomation of the fine

grained sediments n the high wibid ara of the Chang jiang Esuary

Key words Changjiang Estiary fne grained sediment floccuhton salnity

1995 Xieetal, 1998) but also he metal
lic andorganicmateﬁals(Linetal, 1995). There

et al,

1 Introduction

The flocculation of fine- grained particles is one
of the main wrasons for the eswarine deposition
W ith the canbnation of salt water and fredhwater
fine- grained particles in estmaries will experience
drastic changes flocculation settlament resuspen
sion  deflocculation  diffusion and aggradation
Flocculation n particulay affects the tansport and
the fate of not only the sediments ( Jiang and Y ao

2006, Shen etal, 1983 Pan etal, 1999 Zhang

* Correspond ing author E —mail qzliu0806@126 com.

fora  the swdy on the flocculation pocess of fine
grained sedments by the canbined effect of salinity
and humus in the high uibid system is of great help
in understand ing he mechanian of the fomation of
™ and illustratng the deposition dynam ics of sedi
ments ( Shen et al, 198% M illman et al, 1983).
Up till now sudies on flocculation have mainly
shown the effect of he dynamic condition ( Zhang
1992 Jiang et al, 2002 Shi 2000) and of the ex
1991;
1988 ).

terior enviomment ( Ruan Partheniades

1965 Matz, 1983 Van

while less 1e
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search has focused on its intrinsic factors M uch re
search on the flocculation mechanism has weflected
the mportance of salinity ( Jiang etal, 2002 Guan
1992 Chen 198% Jiang et al, 1995);

it is also hel that the effect of organic

et al,
how ever
m atlers is stionger han that of saliniy (Dyer 1988
Eimma 1991 Bethane 1997).

The sedinents wih organic matters take up 60
to 75 percent of he total sedin ents in quantity (Liet
al, 2001),

the rivers flow ng into the sea The abundance of or

the salinity ncreases n the course of

ganic matter and he variation of the salnity in the
Changjiang Estuary are wo mportant factors that af
fect the sediment flocculation So it is highly neces
saty to put he wo factors together in the scientific
study of the floccu lation mechan ism.

In his paper the water and the sediments are
all collected fran the wibidity m aximum (TM ) of
the Changjiang estuary The variation of turbidity is
applied to indicating the can parative change of the
suspended sedinents And the change of flocculation
power (F) may explain the effect of he o fbccula
tion factors on the fine grained particles (O shbome
1978 O zkan 2003 Ozkan Y ekeler, 2003 O Zkan
etal, 2004). And the diameter and the zeta poterr
tial of floc are detemined A fier the study of each
factor was camried out mspectively the canbined
effect was sudied The microstructure of flocs was
also studied by an IR spectra and scan electron m+
croscope Through te close study of the different
effects of the wo factors the fbcculation mechan ian
of the fine graned sediments in the Changjiang esur
ary w as clearly illustrated

2 M aterials and m ethods

W ater and sedinent samples wer saved at 4C,
which were collected in the ™ of South Passage in
the Changjiang Estary n Septenber 2004 At the

sane tine the pretreaiment of sanpleswas processed

in he labomtory In order to wipe off the owanic
matter sediment sanpleswerm ixedwih 3004 H,0,
at the constant tenperauie 50C until no air bubble
appears A fier being dried at 100C, sedinent sam
pleswere filtered by the 54 #m filter (Fig 1). And
the water sanpleswere filiered with acid precleaned
by Q 45 “m pore size acetate cellilose filters

33
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Fig 1 G manularity distrbution of fine graned sedinents n

the experiments bgaritim coordiate n X axis S D. epres

ents standard deviaton and C V. cofficent of variation

Sodium chloride ( GR ),
Shanghai C hem ical Reagent Factory (No 4) in Chi
na and humus obtained fran the Z bo Tiande C han-

ical Factory n China were used for flocculation ex

purchased fran the

perments of fine gramed sedments

As dhowvn n Fig 2 the flocculation experi
mentswere carried out in a 50 dm’ cy lindrical cell
by using 30 dm’ water and 30 g fne grained parti
cles which were pretieated in the laboratory. The
dispersed suspension adjusted to the desired pH,
w as first conditioned at 500 r m for S min and the
flocculantwas added to the suspension atan mpeller
speed of 500 r m. A fierSm in the stirring speed was
reduced 0 0 rm for I5min to allw floc grow h
At the same tme the trbidiy of he supematant
w asm easured by an Endeco OBS-3a wib ity m oni
tor The flocculation size was recorded with L ISST-
100 and the zeta potential w ih JS94F micwo electro

phoretiem eter The flocculation experments w ere

perfom ed at amund 20C.

The perdom ance of the flocculation process was
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Fig 2.  experment equipment 1 bracket 2 OBS -3A 3
LBST -100 4 cylindrical cell 5 mpeller and 6 electomobr

assessed by using a fomula
F = 1[(T, -T,) T,] X 100 (1)
where F' is the flocculation power Tj, is the mitial
turbidity ofw ell dispersed suspension and T, is the
turbidity of supematant when sed mentation is assis
ted by flocculants
A fter being dried at bw temperaure the floc
w as scanned by N ICOLET NEXUS670 Fourier trans
fom infared spectran etry and JM-5610LV scan e

lectron m icroscope to study the micwo stmcure

3 Results

3.1 Flocculation pover

The variation of wibidity is attrbutable to the
change of w ater coloy particle size and its concen
tration which is caused by the effect of sedimenta
tion And the sedim entation is closely related to the
floccu lation of fine graned particles So he flocew
lation power can dirctly reflect the flocculation ca
pacity and the change of the flocculation power at a
certain tme may show the alteration of the settling
vebcity of flocs Fiure 3 is an illustration of the
effect of salinity and humus on the floccu lation pawer
of fne graned particles The flocculation power val
ues of the fne grained particles increased with the
increase of salinity when the humus concentration e
quals 0 mg A, but decreased wih the increase of
humus concentration when the saliniy 0. By the

canhined effect of saliniy and humus  the variation

isoline
changed rapidly under the conditions of the higher

of flocculation pover is canplex The

salnity and bwer humus concentiation mne as
shown in the ichnography which ndicated hat the
flocculation power was affected greatly by salinity.
On the contratg the isolne changed slowly in the
higher humus concen tration and lower salnity zones
which showed the great influence of the hunus conr
centration on the flocculation power of fine grained
patticles As a fom of the macmumolecule organic
canpound humus can jon together fine grained par
ticles with its finctional group and the bw density
of hunus led to he decrease of the density of fbes
At the same tme the electrostatic repellency of

flocs becan e bigger because of the increasing humus

concentration w ith the negative electric chage

15~
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e

Fig 3
(g, ) on the floccuhton power of fine grmined particks

E ffect of satinity (S) and humus concentmation

3.2 Diameterof flocs

Freumw 4 is the illustrmtion of the effect of salini
ty and humus concentration equals on the diameter of
flocs The dianeter of flocs increased appreciably
with the increase of salinity when the hunus concenr
tration O mg /I,  but decreased rapidly with the i
crease of humus concentration when the salnity e

quals Q. .By he canbned. effect of salnity. and, hur
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mus the variation of flocs dianeter shows an i
creased tiend This indicates that humus concentra
tion is he main influencing factor on the diameter of
flocs A s the ichnography shows the isolne is demr
ser in the low hunus concentration ara (0 ~5mg /
L) and he diameter of flocs becan es bigger ( 50 ~
80 "m ) wih the increase of the humus concentra
tion; how ever the diam eter of flocs has little change
(80 ~90 #m) in the enviomment of high humus
concentration When the humus concentration ex
ceeds Smg /I, the humus concentration becan e sat
urated wmapping the surface of the fine grained par
ticles So the big flocs cannotbe fomed by the static
repulsion effect and the volm e restriction effect of
humus concentration Though the salnity alone has
little effect on the dian etey the highersalnity in the
water wih hunus concentration supplies a lage a
mount of electrolyte which decreases the static re
pulsion of fbes Thus the big flocs can be fom ed
by can bined effectof salnity and hunus especially

in the higher salnity area

d/pum

Fig 4 Efkct of salinity and hunus concen tration
on he diameter (d) of flocs

3.3 Zeta potential of flocs

The floccu lation pow er signifies the effectof the

flocculants on the fine grained varticles , the diame

ter of the fbes denotes the superficial phenanena
and the zeta potential is the essence of flocculation
According to the DLVO theory ( Sato and Ruch
1980),

the decrease of the static repulsion of the fbes

the increase of the electrolytes can lead to

which can n tum cause the fine grained particles to
hang togethermore easily and accodingly the floe

culation occurs AsFig 5 shows the absolite valie
of the zeta potential decreases wih the increase of
salnity when the humus concentation equals 0 mg /
I, but ncreases a little with he increase of the hu

mus concentration when the salinty equals Q By the
canbined effect of salinity and humus the variation
of flocs 'zeta potential is can plex This ind icates that
the wo factors have different effects on the fbecula

tion of fine graned particles The increase of salinity
will can press he ekctrical double layer and then
decrease the absolite value of zeta potential while
hunus packng on the surface of the fine graned
particlesw ith its functional group Increases the neg

ative electric charge of the flocs and causes the i

crease of the absolute value of zeta potential A's the
ichnography shovs the flocculation of fine grained
partticles is affected greatly by humus in the low sa

§/mV

Fig 5
on the zeta potental (?;) of fbes (Z; Zeta poten

Efect of salinily and hunus concen tration

talmv).
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linity area In the area of low salinity and lov humus
concentration because of the opposite effectmecha
nisn of the wo factors there is little change of the
zeta potential of flocs while n the area of high sa
linitg  even te humus concentration increases
there is still little change of the zeta potential which
shows that he salinity is theman factor to inflience

the flocculation
4 D iscussion

4.1 Effect of hunuson e fine grained particles in
saltw ater and fresdwater

A sFig 6 shows the flocculation of fine grained
particks in freshwater can be divided into wo cate
gories W ith the increase of humus when the hunus
concentration is low (0 ~2 mg /L), the tbidity of
the flocs decreases rapidly while when the humus
concentration is high (2 mg 1.), the uibidity de

creases sbw ly  The flocculation power first rises and

then fallswith the increase of humus concen tration

Turbidy (NTU)

t/min

+ 0 mg/L. =0.4 mg/LL—+—2 mg/L. =10 mg/L. —=—50 mg/I.

Fig 6

When there is little humus packed on the fine
grained particles the hydrophobic groups of humus
direct ouvards causing the increase of the hydro
phobic poperty  And consequently the settling rate
of the fbes accelerates W hen the humus concentra
tion is high the surface of he flocs is packed with
the hydrophilic groups (Chen et al, 1993) and the
density of he flocs becanes low er for he hunus con
centration is alvays low in density And as a result
the settlng mte of flocs decreases

As Fg 7 shows with the increase of humus
concentration the flocculation power goes down in
saltwater (S=10). Because of the existence of he
electrolyte n high salnity water the humus reacts
with cationsmote easily which leads to the change
in the layout of the hydrophobic groups and hydro
philic groups The cations can connect fine grained
particles with humus and as a brdge can neutral
ize the charge which may cause the decrease of the
static repulsion of the flocs Hence the big flocs can

be fomed and the settling rate can be accelerated

s =

e T

0 10 20 30 40 50 60

cn/ mg- L

Efect of hunus on the fine graned particks n frehwaler a  tuibility variaton with tme and h  change of

floccubiton power with hunus concen tration

4.2 Effect on the diameter of flocs of canb ined
effect

A ccording to the diam eter data obtaned by the
LISST-10Q the diameter of canbned effect of salinr
ity and humus can be divided into o categories
The firstchanges between 100 #m and 200 Pm,. and

the second ranges fran 30 to 50 #m. This is because
the fbes which are snall at he beginnng of the
flocculation have a hgh tension and canbmne to
gether tightly A tthe sane tine the electolyte sup
ported by high salinity decreases the static repulsion
and brngs about he fomation of big flocs A sCurve
ain Fg 8 displays there appear doubk apexes for
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Effect of hunus on the fine grmined particks in saltwater (S=10) a Tuibiity variation w ith tine and

h floccuhtbn pover change w ih humus concentratibn

the dian eter of he flocs in the static water while
Cuwe b shows hat hewr is pst one apex in the dy
nan ic water The experments suggest that large
flocs fomed in the static water can be broken up by
the urbulent flow Thewrfore the dianeter of flocs
detected by the LSST 100 in the dynam ic water of
the Changjiang Estwary ranged fum 50 to 60 #m

(Cheng etal, 2005).
250

= 200 } R

§ ‘ : —— i

B 150 H cocass: b

i i

£ 100 } '

8

w50

=

8 0

o 1 1 000
Diameter / tm

Fig 8 Dameterdistrbution of flocs when hunus concentration

is S0ng A and salnity is 27( bgaritm o inake n x axis). a

fbes m saticwater and b fbes n dynamic water

4.3 Microcosm ic configuration of the flocs

Figure 9 show s them icrocosn ic con figu ration of
flocs The diameter of the flocs in the freshwater
fomed by the fne gramed particles with hun us be
ing wiped off by H,0, is canparatively equal about
30 *m as indicated in Fig 9a After beingmagni
fied further the micocosnic configuration can be
obsewed clearly m Fig 9b The surface of the flocs

is relatively smooth and big flocs cannothe fom ed
for the weak effectbeween the particles
the floc in the salt

water is rather dense and its diameter is about 40

As it is shown in Fig 9e¢

Ym, while the floc in the fresh water with hun us is
loose and its diam eter is about 90 #m, as Fig 9d
shows These results indicate that both salinity and
hunus can increase the floc dianeter of the fine
grained sediments and humus is the main factor af
fecting the fbc dianeter which has been justified in
Fig 4

Figure 9¢ shows the microcosm ic configura
tion of flocs in the saltwater (S=27) with humus
(ch =50 mg /). The average diameter of flocs
can be divided into wo categories one is the
large flocs about 180 #m in diameter and loose
in stmcture the oher is he amall flocs about50
m in dianeter and dense in stmcture which are
the sane as the data observed by the LIST-100
W hat has been discussed in 3. 2 further proves
that the large flocs tend to break up in the dynamic
water which is again smilar to the case of the
loose flocs and dense flocs detected at the Jiao
jiang Estuaty (Lietal 1993). Itcan be inferred
that the fom ation of the large flocs is under the mr
fluence both of humus and salinity The existence
of humus induces the fine grained particles to stick

together to fom relatively big and loose flocs

w hile the function of salinity lies n, suppling. elec
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trolyte and condensing the electric double layer to
fom dense flocs and the high concentration cat
ions can attractm any negative electric flocs Then

the lage flocs are to be fomed
4.4 1R sectra of fbes

R spectra of flocs in Fig 10 denotes that the

peaks of medum ntensity at 3 520 — 3 450 and
3640-3 630 an' are stetching vibration adsoip
tion of N—H and O—H. The adsorption of akane
stretching vibration (—(H,— ) isweak at 2 920 —
2850 an'. Thewr is a peak of weak intensity at 1 710
an'y belonging to the adsop tion of catbonyl (C=0),

and theme is a peak of strong intensity at 1400 an',

Fi 9. micwocosnic configumtiofi of he fbes Flocs n he fredwater fomed by he fine gmiled particles wih hunus being
w ped off by H,0, (8 b), flocs n the saltwater (§=27)(c), fbes in the freshwaterwih humus (g, =50mg L) (d) and
flocs in the saltwater (S=27) with humus (g = 50mg L) (& f).
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belonging to the streiching vibration of caiboxylic
acid salt (COO ™). Siloxane (Si0) tends to absoib
considerably at about 1 040 an "
ded that the functional groups of hydroxyl carboxyl

It can be conclr

and caibonyl found in humus are abk to detem ine

the property of their reactions with m any other sub-

stances

S
~
4000 3500 3000 2500 2000 1500 1000 500
Alem?
Fig 10 IR spectra of flocs (Cuwec) R specta of flocs in

the freshw ater fomed by the fine grained partickswih hunus
being w iped off by H,0, (Cuwe a) IR spectra of fbcs in the
Chang jiang Estaty (Cuwe b) and IR

spectra of flocs in the saltwater (§=27) with hunus

(¢,=50mgL). T epresents transparency.

The hree spectra are extranely alke and are
alost identical at 500 ~ 1200 an s which ndicates
that the canpositions of the three flocs resemble es
pecially in their inoganic canposition Because the
waterused in the experiment is all filtered fran the
Changjiang Estuary withmuch colbid oganicm atter
(Wang 1998 ),
Cuwe a but analler than the peaks n Curves b and

ther appear owanic peaks in

¢ which shows that the absomptive strength of the
functional groups is low and there is fewer organic
matier in the fbes Thewrfore there are a certain
quantiy of organic matter i the flocs of the
Changjiang Estuary and the emergence of the car
boxy | salt peaks also proves that the flocculation
mode of CP-OM (C stands for clay, P cationg OM
oranicm atter) under the canbined effect of hunus

and salinity fits well for the fbceculation, of . fine-

grained particles in he Changjiang Estuary ( Thur
man 1985 Xia and Esma 1991).

5 Conclusions

(1) The experments of camplex floccu lation
show thatw ith the increase of salinitg the fbecula
tion pow er and the dianeter of flocs becane greater
and the zeta potential becan es snaller while with
the increase of he humus concentration the floccu
lation power becanes snalles but the diameter of
flocs and the zeta potential becane greater

(2) As shown by a scan electron m icroscope
canp kx flocculation affects greatly the diameter of
flocs The dian eter of flocs n the freshwater is about
30#m  while it is awund 180 #m in the canplex
floccu lation

(3) R spectram anifests that humus packs on
the fine graned sediments n the fom of salt and
the floccu lation model of GP-OM can demonstrate
the mechanisn of the fomation of the fine grained
sedinents in the high uibi area of the Changjiang
Estuary.

(4) As themain nfluencing factors on floccur
lation humus and salinity have differentm echanism s
in effect Under the condition of canbined effect

humus through its finctional groups tends to pack
on the surface of the fine grained particles and con
nects with other flocs to for relatively big and loose
flocs while the function of salinity lies in supplying
electrolyte and condensing the electric double layer
to fom dense flocs and the high concentration cat
ons can attract many negative electric flocs Then

the large flocs are to be fom ed
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