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Micro- Polluted Surface Water Treatment by PACG-MBR Process
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Abgtract :A kind of hybrid membrane process, which integrated powdered activated carbon (PAC) with menm-
brane hioreactor (MBR) , was designed for bench scale experi ment for micro-polluted surface water treatment.

Molecular weight analyss was used to eva uate the eficiency of each unit process and the integration of them.

The result of andyssindicated that organic moleculesin the treated water from PACG MBR process were con-
centrated on the section of below 1000, while PAC adsorption could enhance the remova eficiency of this sec-
tion due to the high percent of biodegradation recalcitrant organic matter with low molecular weight. It was
denmonstrated that PAC adsrption and biological treatment promoted each other in PAC-MBR process, with a
removal dficiency of 70 % for CODmp and UV 2s4 , 100 % for UV 410 and 92 % for ammonia nitrogen in its star

ble sage.

Keywor ds:membrane bioreactor (MBR) ;powdered activated carbon (PAC) ; hollow fiber membrane; micro-
filtration (MF) ;micro-pollution; organic matter ; molecular weight distribution

Along with the serious water pollution, organic
matter has become a mgor factor restricting conventional
water treatment process. Therefore, it is critical to de
velop a subgtitute process efective to remove organic
matter of various properties in urce water, 9 as to
make use of micro-polluted water and cover the incread ng
water demands. Under such circumstances, the mem-
brane bioreactor (MBR) is developing rapidly owing to
its small volume, convenient operation and high efficien-
cy. Nowadays the lower cost and better performance of
membranes would make MBR more promisng in thefield
of water treatment. In this bench scale experiment ,
powdered activated carbon (PAC) was dosed into MBR,
o-cdled PACMBR, to decrease the membrane fouling ,
due to the capability of PAC to adrb organic matter!™
and ameliorate cake layer'?). As the eficiency of the pro-
cess and the quality of the treated water are closaly relat-
ed with organic matter molecular weight (MW) ,the MW
anaysswas used to study the removal mechanismsof dif-
ferent MW organic molecules by the PAC-MBR process,
which could be divided into three unit processes: micro-
filtration, PAC adsrption and biologica treatment.

1 Materialsand methods

1.1 Experimental device of PACMBR process

The schematic of the experiment was described in
Fig. 1. In the bench scae experiment, one membrane
module, provided by Tianjin Motian Membrane Technol-

ogy Corporation, was submerged into the reactor. It con-
tained hollow fiber membranes, made of polyvinylidene
fluoride (PVDF) , with apore sze of 0.22U m and a to-
tal surface of 0.5 m?.
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Fig.1 Schematic diagram o the experimental set-up

The average production capacity was 0. 1 m*/ d.
During the 163-day operation, raw water , from alakein
Tianjin Univerdty, was pumped into an elevated tank
every day. It flowed into a constant level inlet tank and

* Accepted date:2002- 03- 05.
ZHAN GJiang-zhao ,born in 1977 femde ,M.
* Supported by Tianjin Municipa Science and Technology Commisson
(No. 013105211) .



TRANSACTIONS OF TIANJIN UNIVERSITY Vol. 8 No. 3 2002

then to the reactor. Intermittent suction of the treated
water was obtained at 82 cyclic operations by an outlet
controller , then it passed the congtant level outlet chan-
nel. The driving force for the suction was provided by
water levels between the reactor and the outlet channd ,
which remained constant level. The flow rate of the
treated water was adusted to a constant value by a flow
meter. Continuous air diff uson wasintroduced to the re-
actor with a ratio of 151 (air to water) through a perfo-
rated pipe located at the bottom of the reactor to maintain
the flux of membrane and disolved oxygen required by
biomass PAC was dosed into the reactor at the begin-
ning of the test. The parametersof PAC MBR operation
were adjusted, and could be divided into four stages,
which was shown in Tab. 1.

Tab.1 Operational parameters of PACMBR process

Sudge PAC Totd PAC
Stage | Time/d | HRT/ h | discharged/ dosage/ | concentration/
(m-d'? [(mg:L Y| (mgL™H
1 1-30 4.6 0 0 2000
2 3047 2.7 0 0 2000
3 47 —5 2.7 500 7.6 2000
4 75—63| 2.7 500 15.2 4000

1.2 Analytical methods

Rempva of organic matter and ammonia nitrogen was
particuarly discused in this pgoer. Organic matter was ex-
presed in termsof CODwn, UVass and UV 0. Sanples were
teded in acoordance with gandard methods for water and
wastewater andysd®!. UVss and UV 410 were measured by a
754 Spectrophotometer with a cdl length of 1 cm.

A nitrogen pressured filtration device (SCM cup ultrdil-
tration sysem) , provided by Membrane Sgaration Techrolo-
gy Ressarch Center in Shangha Nudear Research Inditute,
was employed in the MW andydstes. It was used to divide
luble organic noleculesinto 5 sections based on their MWs:
<1k, 1k —4k, 4k —0k , 10k —0. 22 m, and 0. 224 m—
0.45u m, where 1k referred to 1000 MW cut-off of ultréfil-
tration and pore dze represented the MW section of micrdfil-
tration. MF 0. 224 m was used because it wasthe same asthe
membrane in the reactor. Sanples were filtrated repectivdy
as shown in Hg. 2.

2 Reallts

2.1 CODwn removal
CODw, oncentrations of the influent from the inlet war
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ter tank , mixed liquor (ML) in reactor (filtrated through fil-
ter paper prior to measurement) and treated water (TW)
were given in Hg. 3.
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Fig. 2 Diagam d organic MW didribution
measurement procedure
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Fig. 3 CODw, removal by PACG MBR process

It was shown in FHg. 3 that CODy, concentration of ML
fluctuated grestly. Thustwo phases could be identified due to
its tendency.

1) CODwn concentration of ML was increasng. This
phase induded the period of Stage 1 and Sage 2 (1—47 d)
when two causes would be explained for the increasng. For
one readn, the PAC dosed at the beginning reached its ad-
rption bdance and coud not renmove organic matter any
nmore At the moment , the function of PAC in the reactor
wasto dow the flux dedine by amdiorating the sructure of
the cake layer. For theother reaon, the biomassin the reac
tor was not adapted to naturd organic matter (NOM) , there-
fore its degradation on NOM was ot obvious. As a reaut
NOM accumulated quickly in the reactor by membrane rgec-
tion.

2) CODw, concentration of ML was decreas ng and tend-
ed to be geady. This phase induded Sage 3 and Sage 4
(50 —163 d) . As mentioned in Tab. 1, the operationd pa
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rameters were changed obvioudy when dudge was discharged
500 mL from the dudge vave every day and then fresh PAC
was dosed to maintain PAC concentration in the reactor. In
this case, CODw, concentration of ML decreased repidy dter
dudge discharging. Gongdering membrane fouling was greatly
rdated with the organic meatter concentration, periodicd
dudge dicharging with PAC dosng was a good way to de
crease membrane fouling.

During the operation , CODw,, concentration of the influ
ent was9.25 mg/ L on average, while TW 4.59 mg/L. The
remova efidency decreased in the fird phase and then in-
creaed in the ssoond, which indicated the rdationship be-
tween ML and TW. However, this was not in acoordance
with the disdpline that the qudity of the efluent was not &-
fected by ML concentration when MBR was used to treat syn-
thetic wastewater®. In this experiment , when hardy
biodegradable NOM kept piling up in the reactor , the qudity
of TW and removd dfidency fdl. In the firg phase CODwn,
onecentration of TW reeched 5—6 mg/ L , and removd dfi-
dency about 40 %, while in the ssoond phase, with dudge
dscharged and PAC compensated, CODy, concentration of
TW went down to 3 mg/L with the removd dfidency of
above 70 %.

2.2 UVys, removal

The absorbance cdfident at 254 nm (UVas4) manly
shows the content of aromatic organic matter. Because of the
oherence of UV, with DBPs (THM, etc) , UV ab-
rbance vdue is an important index to assess the qudity of
water(®],

As sownin FHg. 4, the tendency of UV s, remova was
mincdent with that of CODwn. The average UV was
0. 138 for irfluent , 0. 251 for ML and 0. 080 for TW. Before
PAC was compensated , UV s, of TW jumped to 0. 124 with
the removd dfidency of only 20 %. Fortunatdy , with PAC
dosed, TW turned favorable, with its UVass of about 0. 05

and removd dfidency of 70 %.
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Fig. 4 UV, removal by PACG MBR process
2.3 UVyyo removal

Aborbance codfident at 410 nm (UV40) manly shows
the content of organic matter with rdativdy large conjugate
gysgem, such as humic in NOM , an goparent color forming
matter. Therdore UV 40 absorbance vdue is in acoordance
with the color index. Meanwhile it was reported that the de-
creae in UVyo with decreasng nmolecular sze was gopar-
ent!®!.

As down in Hg. 5, UVypremova was different from
that of CODwnor UVass. In Site of the increasng UV 4y of
ML , TW was gable. It was edimated that the remova of
UV was primarily attributed to membrane rgection. The
remova dfidency was 70 %or 9 in thefirg phase, while &-
ter fresh PAC was dosed, it reached 100 %, because me
permeated organic molecules observed as UV 10 , whose MWs

were rdativey low , were adorbed by PAC.
0.20

- ML
—+— Influent

0.15 ——TW

g 0.10

0.05

100
Operation time/d

150 200

Fig. 5 UVi removal by PAC MBR process

2.4 Comparison o each removal by PAC MBR process
Assownin Hg. 6, there were great differences between
the patternsof different organic renovd.
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Fig. 6 Comparison d removal by PAC MBR process

At the beginning , as PAC adrption cgpadity sturated ,
the remova dfidency of CODwy, and UVas, fdl rgpidy and
then tended to a congant levd , with the removd dfidency of
45 % for CODwp, and 35 % for UVass. After fresh PAC was
dosd, the remova efidency of both indexes began risng;
yet the extent was greater for UVs4. At theend of Sage 4,
when fresh PAC dosage was 15. 2 mg/ L , the removd fi-
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dency of UVas4 was above 80 % for me time. These data
suggesed that PAC dosng coud remove organic nmolecules
observed as UV s, nore than those as CODy, , which demon-
drated the cgpadity of PAC adrption was gregter for aromet-
ic matter. On theother hand, this disoovery would guide pro-
cess dedgn. For particular raw water of different index , such
as UV s/ DOC, optimigic proportion of each unit process,
induding biologica trestment and PAC adsorption, shoud be
cdcuated for the hybrid process.
2.5 Ammania nitrogen removal

Ammonia nitrogen concentrations of influent and TW

were measured and given in FHg. 7.
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Fig. 7 Ammonia nitrogen removal by PACG M BR process

Because of long dudge retention time (SRT) and the
abundance of disolved oxygen, it was suitable for nitri-fying
becteria whose generation time waslong. Therefore, eter the
fifth day of operation, amnonia nitrogen was rermoved nore
than 90 % by PAC-MBR process. During the processng
time, average ammonia nitrogen concentration was 4 mg/
L ininfluent and 0.3 mg/L in TW, and the average re-
moval eficiency was 92 %.

3 MW analysis

In the later period of Stage 4, MW analyd's was ap-
plied to the organic matter concentrationsof the influent ,
ML and TW. Snce the organic matter in TW , observed
as UVa4y0, was removed 100 % in Stage 4, only the re-
moval patterns of CODun and UV s were discussed as
follows.

3.1 CODwn concentration digtribution on each MW
section by PAC-MBR process

CODw,, concentration distributions of the influent ,
ML and TW were given in Fig. 8, where TW1 was ob-
tained before dudge discharging and TW2, 30 min ater
PAC dosng. Cenerdly, the proportion of low MW (<1
k) organic matter was increased in TW, which deviated
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from our prediction. We had expected a better removal of
low MW organic molecules by MBR, but it was not the
case, mainly because NOM molecules with low MWsin
surface water were degradation recacitrant compounds
with a high ratio of UV s4to CODwp. Laterin3.3.1, the
surface water biodegradation experiment a gave the
reaon.

444

Fig.8 CODwn concentration digtributions
by PACMBR process

'

As shown above, there were digtinctive characteris
tics of CODmn remova on different MW sections by
PAC MBR process, which were stated asfollows.

1) Conddering the quality of the surface water used
in the experiment , the process should focus on the re-
mova of NOM molecules with MWs < 1k. While NOM
molecules were degradation recacitrant , © it depended
on PAC adorption. The difference between TW1 and
TW2 led to the concluson that PAC ocontributed a lot.
On theother hand, it suggested that NOM might cons st
of a large amount of sluble microbia product (SMP) ,
which was mostly hydrophobic humic matter. Therefore
NOM molecules with MWs < 1k could neither be re-
moved by biomass in a short period of time (HRT = 2.
7—4.6 h in the operation) , nor blocked by membrane
because of their small szes, thus CODy,, concentration of
this section was relatively high.

2) In Fig. 8, CODy, concentration of ML accumu-
lated mainly on two sections. One was 0. 224 m —0. 45
M m section. NOM moleculesin this sction were relative-
ly large and could be blocked by membrane, however ,
neither biomass nor PAC removed them effectively,
they kept piling up in the reactor and could only be re-
duced and ocontrolled by dudge discharging. The other
was 4k —0k section. It was reported that PAC adsorp-
tion was efective to organic moleculesof 0.5k —3k , and
oould partly remove those of 10k —100k. But to those
between them, that were of 3k —0k, the organic
molecules were not reduced but increased!® . Thus such
results were not by chance, but included ome mecha
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nismsof PAC adorption and desorption, which deserve
further study.

3) Organic molecules in section 1k —4k were re-
moved completedy , which could be seen in Fig. 8, with
the zero CODmp concentration of TW1 and TW2. The
result was in accordance with the theory that PAC ad-
rbed organic molecules of 0. 5k —3k much more effec
tively than others.

3.2 UVas on each MW sction by PACG-M BR process

The values of UV ,s4 absorbance in each section were
given in Fg.9. Compare Fig. 9 with Fig. 8, smilarity
existed between the two general removal eficiency. In
other words, the ratio of TW to theinfluent tended to be
equal. Nevertheless, the removal patterns of CODy, and
UV 254 digtributions were different.

g e @y Orwi @

-

Fig. 9 UVas, digributions by PAC-MBR process

Primarily , UV2s4 values on al sections were lower
than those of the influent , which was opposte to CODwyn
concentrations. This could demonstrate that PAC ad-
2orbed the UV, observed organic molecules more,
which tended to be hydrophobic aromatic compounds.
Secondarily, on 4k —10k section, the organic molecules
observed as UV s, did not pile up as those revealed by
CODw concentration, which could be best shown by the
zero UV 54 value of ML. There might be two reasonsfor
such phenomenon by PAC-MBR process:

1) Biological degradation. Even though organic mat-
ter observed as UVys was mostly complicated with
phenyl , they could decompose into smaller molecules.
Thiscould be seen clearly in Fig. 10. Therefore the re-
mova of NOM on 4k —0k section should be attributed
to biodegradation partly.

2) PAC adorption. As mentioned previoudy , or-
ganic molecules of 4k —10k might be increased by PAC
adsorption. It was 9 for CODw,, concentration in Fig. 8,
but it was not the case for UV,s4. The explanation was
that hydrophobic aromatic compounds observed as UV 54
were more readily adsorbed by PAC. Thus it could be

seen, when PAC removal patternsof different MW were
discussed , the propertiesof the adsorpbate should a0 be
cond dered.
3.3 Comparison of unit and hybrid process removal
3.3.1 MW andyssaf biologicd process

In order to evduate the hiologicd dfect in PAC MBR
process, dudge wasincubated in a batch reector with surface
water feed and aeration. One nonth later ,the influent and
TW &ter a retention time of 40 h were measured , as shown
in FHg. 10 and FHg. 11.

Fig. 10 UVass value digributions by bidogical process

Fig.11 CODwn conoentration didributions
by bidogical process

The two figures showed Smilar renovd tendency on
esch sction. It shoud be mentioned that NOM nolecules of
dl sctions were removed to some extent by biologicd process,
expect for 1k —4k sction. It was surmised that complicated
NOM molecules coud decompose into rdativdy smple ones
by biodegradation , while the reaction could not go onfurther ,
® organic nolecues in 1k —4k section increased. However ,
organic noleculesin this sction were jus what PAC adorbed
begt. Therdore, it came to a presumption that the biologica
process could change organic noleculesfrom high MWsto low
MWs, which were nore readly adorbed, thus promoting
PAC absorbahility by this means.

3.3.2 Pronmotion of hiologica process and PAC adsrption

Rempova of CODy, and UV by three unit processes
was given in Hg. 12 , where Bio was biologicd process with a
retention time of 40 h, PAC was PAC adsorption with a conr
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centration of 20 mg/ L and a contect timeof 1 h, while Bio +
PAC was the integration of them with Bio firgly and PAC

ubsequently.

30
§ 25 F Il]Bio EPAC
g‘ [ Bio+PAC
.g 20 bk
=
[+
= 15|
g
510
R~

st

[Im )
CODM,, Uvm

Fig. 12 Removal d CODwn and UVis, by different processes

Fg. 12 shows that ndther sldy Bio nor PAC could re-
nmove organic matter dfectivdy. Furthermore, 20 mg/ L PAC
adrption coud increase CODy, ncentration dightly , and
the removd was shown as zero in Fg. 12. Fortunatdy , with
biologicd pretrestment, PAC adrption was grestly en
hanced, which demondrated the presumption mentioned
above, that the biologica process could prormote PAC absorbar
hility by decomposng high MW compounds.

The pronmotion could d9 be explaned in another way.
Snce PAC adorption changed the retention time of luble
organic matter from HRT to SRT, and gave more chance for
biologicd contact and degradation ,PAC adrption could asist
the biologicd process, epeddly when organic matter was
degradation recddtrant.

4 Conclusions

1) Organic renova dfidency of PAC MBR process was
as high as about 70 % for CODy, and UV 54 , and 100 % for
UV410 , While the average renmovd of ammonia nitrogen was
92 %. Inorder to keep the operation gable, it was required to
dscharge dudge and dose PAC periodicdly.

PACMBR

(MBR)
PACMBR

(PACQ)

) 1k
,PACMBR
70% 70% 100 % 92 %.

1 X703 A

— 164

2) Organic nolecues of trested water from PACMBR
process were qoncentrated on < 1k section. They were recd-
dtrant , while PAC adorption was dfective. Meanwhile, the
beg renovd sction by PAC MBR process was 1k —4k.

3) The bhiologicd process might increase organic
nolecueson 1k —4k section. It was surmised that complicat-
ed NOM nolecues coud decompose into rdativdy smple
ones, while the reaction could not go on further.

4) Biologicd treatment and PAC adsrmption pronoted
each other in PACG MBR process. On the one hand , biologicd
degradation could turn high MW organic moleculesinto lower
ones, which were in the bes adorbed sction of PAC. On
the other hand, PAC adorption led to longer retention time
of luble organic matter , which might increase the probabili-
ty of biologicd removd.
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