
Biological degradation of dissolved organic carbons and ammonia
oxidation by biological activated carbon in PAC and membrane
applied process

Chansik Kima, Suhyun Hwanga, Han-Seung Kimb, Hyunook Kimc, Soo Hong Noha,*
aDepartment of Environmental Engineering, Yonsei University, 1 Yonseidae-gil, Heungeop, Wonju, Gangwon 220-
710, Korea
Tel. +82 33 760 5561; Fax: +82 33 760 2571; email: drnoh@yonsei.ac.kr
bDepartment of Environmental Engineering and Biotechnology, Myongji University, San 38-2, Namdong, Yongin,
Kyonggido 449-728, Korea
cDepartment of Environmental Engineering, University of Seoul, 163 Siripdaero, Dongdaemun-gu, Seoul 130-743,
Korea

Received 15 June 2012; Accepted 8 September 2012

ABSTRACT

Membrane filtration process has been developed to overcome the weakness of conventional
water treatment process for the removal of particulates and some pathogens such as cryptos-
poridium and giardia. Although suspended particulate, including pathogens and bacteria,
can be effectively removed by membrane, the trace organics and soluble matters are hard to
remove. To overcome this limitation, membrane filtration is required to be associated with
other technologies such as adsorption and oxidation. PAC membrane retrofitting (PMR) pro-
cess is one of the new processes for removing not only particulate but also soluble matters.
PMR process consists of a coarse powder-activated carbon (C-PAC) contactor and a subse-
quent submerged membrane tank. Powdered activated carbon (PAC) with high concentra-
tions of 30,000mgL�1 is suspended as a slurry blanket in the PAC contactor and soluble
matters are removed by the slurry blanket. Most particulates are separated by the membrane.
Membrane module used in this study was ZeeWeed� 500˚C with 603m2 of effective surface
area. The membrane is made of polyvinylidene fluoride (PVDF) with nominal pore size of
0.04 lm. Operating flux of membrane varied from 21Lm�2 hr�1 (LMH) to 42 LMH. Recovery
rate of the process was maintained at 99.5%. The purpose of this study was to investigate
the biological removal performance of PMR process. Dissolved organic carbon (DOC)
concentration of influent and effluent of each unit process were measured. Ammonia step-
feeding tests were performed to evaluate the oxidation of ammonia by microorganisms
attached on the PAC. Also, the number of bacteria on PAC surface was counted to estimate
the build-up of bio-film. After the PAC in the PAC contactor was exhausted and turned into
biological activated carbon (BAC), the average bio-film density of BAC was 106 cfu g�1.
Ninety-four percentage of the bacteria were attached on the BAC in PAC slurry blanket, and
the rest was suspended. When the contact time of raw water through the slurry blanket was
prolonged from 23 to 45min, average NH4

+-N removal was increased from 76 to 97% and
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average DOC removal was raised from 7 to 17%. Ammonia and DOC were consistently and
effectively removed by the BAC in the PMR process.
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1. Introduction

Recently, the removal of trace organics, such as
chlorination by-products, endocrine disruptors, phar-
maceuticals and taste and odour-causing compounds,
from the drinking water has become a significant
issue for water authorities due to the enforcement of
stricter regulations and consumer’s demand for better
quality water.

Membrane filtration processes have been devel-
oped to overcome the weakness of conventional water
treatment process in the removal of particulates.
Membrane processes remove particulate matters and
some pathogens such as Cryptosporidium and Giardia
much better than conventional media filters do [1,2].
Although suspended particulates including pathogens
and bacteria can be absolutely removed by membrane,
trace organic compounds and soluble matters are still
hard to remove [3,4].

To overcome this limitation, membrane filtration
as well as media filtration is often associated with
other technologies such as adsorption and oxidation.
As a result, a few hybrid processes combining adsorp-
tion and membrane filtration have been proposed to
absolutely exclude the suspended particles from water
(via membrane filtration) and effectively remove solu-
ble organics (via adsorption by activated carbon).
Especially, a combination of powdered activated car-
bon (PAC) or granular-activated carbon (GAC) and
submerged membrane has been applied to treat water
[4–6].

PAC is intermittently applied before a membrane
filtration process [7–9]. When PAC is injected ahead of
a submerged membrane tank, it accumulates in the
membrane system such that all the adsorption capac-
ity of the carbon is utilized for removing soluble
organics. However, effects of PAC on membrane foul-
ing have not been well established when the system
was operated with high concentration of PAC in the
membrane tank [6,9–11].

The enhanced trace organic compounds removal
through PAC addition was reported in drinking water
treatment combined with membrane process [6,12–14].
Some researchers reported the removal of organic
substances and ammonium by employing biological

activated carbon (BAC) converted from GAC [15–17].
Moreover, NOM was absorbed onto the bio-film and
then was slowly biologically degraded [18].

A few previous studies on the DOC removal by
BAC are summarized in Table 1. Traditionally, the
formation of bio-film and its removal of organic
matter were reported in the GAC adsorption pro-
cess. The DOC removal efficiencies of bio-film,
which have been reported in the literature, vary
from 13% to 72%.

However, the application of the PAC is often
considered not to be economical because PAC, once
added to the system without recycle, is easily dis-
charged from the system along with the concentrate
of the membrane process; consequently, it is not
kept in the system long enough to exhaust the
adsorption capacity of the PAC. Installation of GAC
adsorption tower after membrane filtration, poten-
tially results in the leaks of microorganisms which
may grow on the GAC surface into the final treated
water [25].

In this study, an innovative hybrid system consist-
ing of a PAC contactor and a membrane filtration tank
was developed to treat surface water. Large amount of
PAC having a size of 90–180lm was put into the PAC
contactor and kept in suspension to maintain
PAC slurry blanket at a certain height in the contactor.
PAC particles in suspension can adsorb trace organic
contaminants in raw water. Also, microorganisms
introduced into the system with the raw water can
attach on the surface of PAC particles. Eventually, they
grow up to form a natural bio-film, which degrade
organics presented in the raw water. Owing to the
bio-film formation on PAC particles, the PAC contac-
tor could still maintain good organic removal even
after the adsorption capacity of PAC is exhausted; it is
main advantage of the PMR process [26–32].

The main objectives of the current research were to
evaluate the bio-film characteristics on the PAC
particles and to evaluate ammonia oxidation by the
bio-film. DOC removal efficiency of the PAC contactor
was also evaluated with different contact time of raw
water through the slurry blanket gave different slurry
depths.
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