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Using the method of ultrafiltration, the raw water of the Nanchang section of Ganjiang River and the water
after conventional treatment was estimated to determine the molecular weight distribution. The results showed
that the raw water of Ganjiang River has a molecular weight distribution with large edges and small middle
parts, which meant that the organic matter of the water mainly centralized in a scope where the molecules
were larger than 30ku or less than 1ku, and the middle size matter occupied a relatively small proportion. In
winter low-water season, there was little organic matter in the river and the small organic matter molecules
played the dominant role. Meanwhile, in the season of high-water, the amount of organic matter increased,
whereas the small organic matter molecules decreased and the large organic matter molecules became

N dominant. The ordinary water purifying process of Nanchang city was just to remove the large molecules of
the organic matter mainly, which led to an unsatisfying result where the small molecules were barely removed.

INTRODUCTION

Astheworldwide water pollutionisbecoming more and more
serious, and the types and amount of the organic mattersin
raw water are increasing at an amazing speed, traditional
water treatment processes become less effective, and the
health of human beingsis severely threatened. Studies show
that dissolved organic matter (DOM) isthe main precursor
of trihalomethanes (THMs) and other desinfection
byproducts(DBPs), which have a carcinogenic effect deriv-
ing fromthe chlorination of thewater supply plants (Djamel
Ghernaout 2009). A great number of tests have been per-
formed by many researchersfor the molecular weight distri-
bution of the organic matter in different water and the re-
sultsgenerally show that the molecul ar weight distribution
of raw water varieswith time and place within a great range.
The generating capacity of chloroformisclosely related to
the molecular weight distribution of humic acid. Molecul ar
wei ght distribution showsstrong regional characteristics, and
different water purifying methods demongrate different re-
moval characteristics of the segments of molecules (Wen
Tian-hong 2008). Knowing the molecular weight distribu-
tion of the organic matter in raw water shall offer atheoreti-
cal reference for the selection of water treatment methods
and the removal of the organic matter to the highest degree.
Therefore, based on the characteristics of the organic matter
in raw water and the characteristicsof the molecul ar weight
distribution of the removed organic matter under different
water treatments, a comprehensive analysis would be con-
duciveto the improvement of thewater treatment efficiency,
the searching for better water supply plans, and the guaran-
tee of the safety of water (Zhang Yajun et al. 2010).

MATERIALS AND METHODS

Experimental Materials

Experimental equipment and materials: MSC ultrafiltra-
tion cup produced by Mo-su Scientific Equipment Co, Ltd.
in Shanghai and microporous membrane with maximum
pressure edge of 0.22M psand diameter of 0.45pum were em-
ployed in this experiment. The ultrafiltration membraneis
also made by Mo-su Scientific Equipment Co, Ltd. withma-
terial of PES and diameter of 80mm, and the molecular
weightsof organic matter that it isable tointercept are 30ku,
10ku, 3ku, and 1ku.

The pretreatment of the membranes: The microporous
membraneswere pretreated by being boiledin purified wa-
ter for three times (smooth side down, 30mins each time)
and then stored inicebox. The ultrafiltration membraneswere
pretreated by being immersed and rinsed in pure water for
three times (smooth side down, 30minseach time) and then
stored in icebox.

The cleaning of the membranes: While using the mem-
branes, the major problem encountered isthe contamination
from the particles, colloid, or solute moleculesinthe process-
ing liquid; they are absorbed and deposited on the mem-
branes surface or inside the membrane hole which would
causeirreversible flow decay of the membranes. Humusis
the major component of the organic matter in natural water,
and low-mol ecular weight dissol ved organic matter, and hu-
mic acids are considered asthe leading factors resulting in
membrane fouling. Liu found out that organic matter plays
arole of “adhesves’ informing processof thefilter cakeon
the surface of membranes (Zhenhua Liu 2012). Filter cake
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has great influence on the water producing ability of mem-
branes. Cleaning is one of the most effective waysto slow
down the membranefouling; in general, washing, anti-wash-
ing, physical method, and acid washing will be employed.
For a hydrophobic membrane, the polyphenol film isdiffi-
cult to be cleaned, however, it is suitable for us to employ
alkaline cleaning solutionsfor it (Dong et a. 2003); consid-
ering the suggestion of the manufacturer, NaOH wasapplied.

The polluted membranes shall be soaked first in 4%
NaOH solution for one hour and thenin ultra-pure water for
one hour for three times, and then be stored in the 4% for-
mal dehyde solution which should be placed in arefrigerator
(Li etal.2007).

Experimental M ethod

Specific filtering method is as follows and illustrated in
Fig. 1. Fold the 0.45 pum mi croporous membrane to the pump
filter, first filter 250 mL of high pure water to wash the mem-
brane, then add the to-be-tested water sampl e, abandon 150
mL of the first-timefiltrate, and then collect therest for the
filtration of the ultrafiltration membrane and the determina-
tion of TOC and UV.,,. The filtering weights of the mem-
brane are 30ku, 10ku, 3ku, 1ku respectively, followedfiltra-
tion from large to small; thiswould produce a series of fil-
tration elements which represent the composition of the
molecul esbetween the two ends of the membrane. Takethe
grade componentsfrom the two adjacent layers of the mem-
brane and then measure the DOC and UV indicators, and
the molecular distribution of the organic matter would be
determined through margin calculations. When filtering, for
each grade of ultrafiltration membrane, filter 100 mL of high
water before thewater sample, discard thefirst 50 mL of the
filtrate and then collect the water sample, retain 30-40mL of
thewater sample and discard them before adding morewa-
ter sampleto ensurethat thewater doesnot pressand dry in
the UF cup and affect the performance of the ultrafiltration
membrane. At |ast the values of the TOC and UV, of the
filtered liquid were determined.

RESULTS AND DISCUSSION

Molecular weight distribution of the or ganic mattersin
thewinter raw water of norther n GanjiangRiver : In Janu-
ary 2011, samples of raw water were taken from the north-
ern bank of Ganjiang River twice for the determination of
the molecular weight of organic matter. TOC analysis (as
presented by Fig. 2) shows that the raw water of Ganjiang
River has a distribution with large edges and small middle
part, where the organi ¢ matter with molecul ar weight of 0.45
pm ~30 ku accounts for 19.1~43.8% of the total amount,
and the organic matter with molecular weight of lessthan
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0.5ku accounts for 19.8~52.7%. Apparently, the organic
matter of small and large molecular weight plays a domi-
nant role while the middle takes a relatively small propor-
tion; and the organic matter of molecular weight less than
1ku accountsfor thelargest proportion. Asfor UV, (aspre-
sented by Fig. 3), the organic matter of low molecul ar weight
takes the dominant role, where the molecul es with weight
lessthan 0.5ku account for 72~75%, comprising the major-
ity of the organic matter.

Comparison of molecular weight digtributionsof theor -
ganic matter in the summer raw water of northern and
southern Ganjiang River: Samplesof raw water weretaken
respectively from the northern Ganjiang River on 17 July
and southern Ganjiang River on 23 July to determine the
molecular weight distribution of the organic matters. The
resultsare as presented by Figs. 4 and 5.

By comparing Figs. 4 and 5with Figs. 2 and 3, it could
be found that in summer-wet period, the overall organic con-
tent ishigher than in winter, where content of small molecu-
lar organic matter decreased and content of large molecular
organic matter increased. In detail, the organic matter with
UV, of lessthan 1ku accountsfor 15.4~18.2% of the total
amount, and the organic matter with UV, of more than 30k
accountsfor 51.6~56.8%; whilefor TOC, the organic mat-
ter of lessthan 1ku accounts for 32~35%, and the organic
matter of more than 30ku accounts for 39~40%. The mo-
lecular weight distributions of the organic matter in raw water
of both sidesof the Ganjiang River aresimilar: the edgesare
high and the middle part islow; the differences are that the
organic matter of molecular weight between 10ku and 30ku
of the southern side is more than that of the northern side,
while for the organic matter of molecular weight between
3ku and 10ku, the situation isjust the opposite.

Molecular weight distribution of the organic matter in
theraw water of Ganjiang River duringrainy period: A
thunderstorm came up on 27 July in Nanchang, therefore,
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Fig. 1: Determining process of MV distribution of organic matters.
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Fig. 2: MV distribution of TOC of Ganjiang River in January.
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Fig. 3: MV distribution of UV, of Ganjiang River in January.
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Fig. 4. MV Distribution of UV, of Ganjiang River.
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Fig. 5: MV Distribution of TOC of Ganjiang River.

samplesof raw water were coll ected from southern and north-
ern sidesof Ganjiang River on 28 July for determination of
the molecular weight distribution of organic matter inrainy
season. Theresultsare asshownin Figs. 6 and 7.

By comparing Figs. 6 and 7 with Figs. 4 and 5, it could be
found that the overall molecular weight distribution of or-

ganic matter hardly changed after rain and that the edges of
the distribution are still higher and the middle islower. The
UV, of the organic matter withmolecular weight greater than
30 ku accountsfor 36~39% of thetotal organic matter, while
the TOC accountsfor 37~42%; the UV, of the organic mat-
terswith molecular wei ght lessthan 1ku accountsfor 33~34%,
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Fig. 6: MV distribution of UV, in Ganjiang River when raining.
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Fig. 7: MV distribution of TOC in Ganjiang River when raining.
140
120 ¢ 0 coagulationwater 0O sedimentation water
& filtrationwater £ finished weter
¥ 10 -
> _ —
)
ko]
8
]
total 045um 30ku 10-30ku 3-10ku 1-3ku <1ku
nolecuar weight range

Fig. 8: The organic matter removal of the water of northern Ganjiang River on MV distribution of UV,.

whilethe TOC accountsfor 24~26%. Comparing the data, it
can be seenthat after rain the UV, of the organic matter with
molecular weight greater than 30ku decreased, and the UV,
of the organic matter with molecul ar weight lessthan 1kuin-
creased to some extent. The TOC of the organic matter with
molecular weight greater than 30 ku basically did not change,
whilethe TOC of the organic matter with molecular weight
lessthan 1ku decreased dightly.

UV, to alarge extent can reflect the content of humic
acids, and the organic matters in water are mainly humic
acids. Organic mattersin water increased because of the sum-
mer rainfall, coupled with vigorous growth of algae and its
metabolites, resulting in higher UV,,. Since the organic
matters and algae and their metabolites are mainly small
molecules(Dong & Cao2001), the UV, of the organic mat-
terswith molecular weight lessthan 1ku increased.
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Fig. 9: The organic matter removal of the water of northern Ganjiang River on MV distribution of TOC.
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Fig. 10: The organic matter removal of the water of southern Ganjiang River on MV distribution of UV .

14 ¢

12

O coagulation water
1
& filtretion water

0.8

0.6

proportion of TOC

04

0.2

0

total 0.45um-30ku

10-30ku

[ sedimentation water

3 finished water

3-10ku < 1ku

molecular weight rarge

Fig. 11: The organic matter removal of the water of northern Ganjiang River on MV distribution of TOC.

Comparison of molecular weight distribution of the
organic matter in water of northern and southern
Ganjiang River after different water treatments. Sam-
ples of raw water were collected from the water plants on
the northern and southern bank of Ganjiang River to meas-
ure the molecular weight of the organic matter. The water
treatment processes of thewater plantsare basically the same,
namely coagul ation, sedimentation, filtration and watering.

Thesampleswere respectively taken on 17 duly for thenorth-
ern side and 23 July for the southern side. The test results
and analysisareasshowninFigs. 8, 9, 10, and 11.

By comparing Figs. 8and 10 with Figs. 9and 11, it could
be found that removal of the organic matter of the water of
southern and northern sides of Ganjiang River are similar
probably because of the similar molecular weight
distributions of the organic matter in raw water and the
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similar water treatment processes. In general, the content of
organic matter decreasesover time. Theremoval rateof UV,
is 48~56%, while that of TOC is 42~48%. The removed
organic matters are mainly the organic matterswith molecular
weight greater than 10ku; the removal rate of the organic
matters of small molecular weight is very small. After the
reaction tank, the UV removal rate of the organic matters
with molecul ar weight intherange of 0.45pumto 30ku reached
56~62% and the TOC removal rate reached 45~49%; such
organic mattersare amogt all removed for thefini shed water,
where the UV removal rate reaches 91~93% and the TOC
removal rateis82~89%. The UV removal rate of the organic
matterswith molecular weight in the range of 10ku to 30ku
reaches 77~82% for the finished water, and the TOC removal
rate reaches71~73%. For the organic matterswith molecular
weight less than 1ku, after the reaction tank the UV removal
rate was only 7~9% and the TOC removal rate only reached
12%; for the finished water the UV removal rate of such
organic matters is 25~28% and the TOC removal rate is
24~25%. For the organic matterswith molecular weight in
the range of 1ku to 3ku, after the sand filters the content
actually increase, after the clean water tank there is an
apparent drop of the content; the overall removal rate for
such organic matters did increase despite the increase through
the sand filter. It was found that the conventional water
treatment using aluminum coagulation can only remove
organic matters with molecular weight greater than 4200
It is consistent with the conclusion derived from this
experiment that the conventional treatment processesmainly
remove the organic matterswhose mol ecular weight islarger
than 10ku (Wang et al. 2012).

CONCLUSIONS

1. Ingenerd, theraw water of Ganjiang River showsamo-
lecular weight distribution where the edges are high and
themiddle part islow. To beexact, the molecular weights
of most organic mattersarelarger than 30ku or lessthan
1ku, and the organic matter of medium mol ecul ar weight
only accountsfor arelatively small proportion.

2. Inwinter-dry season, the overall content of organic mat-
ter is low and the organic matter of small molecular
weight accounts for adominant ratio. For summer-wet
period, the overall content of organic matter is higher
than in winter, and the small molecule organic content
decreased, the organic matter of large mol ecul ar weight
taking alarger proportion.

3. Theconventiona water treatment processesof thewater
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plantsin Nanchang city mainly remove the organic mat-
ter of large molecular weight, while the organic matter
of small molecular weight is barely removed.

4. The molecular weight distributions of the organic mat-
ter in the raw water of both sides of the Ganjiang River
aresimilar, so are theremoval performances of the con-
ventional water treatment processes of the water plants
on the two banks.

5. Takinginto account thewater quality of Nanchang city,
on the condition that the current structure of the water
treatment processes is not to be changed, iron salt and
permanganate could be used to improve the removal ef-
ficiency of organic matter. If the structure of the water
treatment processes can be changed, biological treatment
could be added to the processes to enhance the removal
efficiency of the organic matter of small molecular
weight.
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