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Microbial Growth on PAC in a Biological Reactor 

ABSTRACT 

A process known as powdered activated carbon (PAC) treatment was applied to facilitate additional bacterial growth in 
the treatment of industrial wastewater. Refinery wastewater was fed into a pilot plant reactor at a rate of 4-6 mg/1 at 24°C, pH 
7.0 and dissolved oxygen in the range of 5-6 mg/1. The reactor had input from a local municipal wastewater treatment plant, 
with the addition of 120 mg/1 of PAC to the system. Carbon particles were removed from the reactor at different intervals, 
fixed, and examined by the scanning electron microscopy. Micrographs illustrated a variety of bioforms on activated carbon 
surfaces. These multiplied with incubation period, providing evidence of improved mineralization of waste. 

INTRODUCTION 

Shuaiba Industrial Area (SIA) which is located about 50 
km south of Kuwait City accommodates 18 industries, three 
major refineries, two petrochemical plants, two desalination 
plants, an industrial gas corporation, a cement company, a 
paper product company, a sulphur industrial company and 
several others. 

The SIA generates an average flow of 23,000 m3/d and at 
peak about 50,000 m3/d (1). There is little dispersion of the 
pollutants from the coastal area of SIA due to the shallow 
water conditions and the tendency of pollutants to stay and 
concentrate around the discharge outfalls (2). The main pol
lutants discharged to the SIA sea area by the existing in
dustries include toxic organic chemicals, heavy metals such 
as lead, copper, nickel, vanadium and chromium, oil/grease, 
urea, sulphate, and phosphate (3). 

The Shuaiba Area Authority (SAA) has taken steps to es
tablish a central treatment plant to treat the combined waste
waters (industrial and sanitary) from the SIA. In order to in
vestigate the ability of the biological treatment method 
(combined with PAC) to remove organic pollutants from the 
SIA wastewater, a pilot-scale biological reactor was con
structed (4). 

Benefits of a PAC-supplemented system have been re-
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ported for handling industrial discharges containing organic 
priority pollutants, landfill leachates, contaminated ground 
water, synthetic fuel production wastewater, combined mu
nicipal, industrial wastes and domestic sewage (5, 6, 7). 

In this study, refinery wastewater was fed to the PAC
supplemented reactor and the growth of the microorganisms 
on the surface of carbon particles during the incubation pe
riod was followed. Scanning electron microscopy was used 
to describe the physical relationship between the carbon sur
face and bacterial populations, as well as the type and struc
tural characteristics of organisms that attach to the carbon 
particles. 

MATERIALS AND METHODS 

Experimental procedure 

The refinery wastewater under investigation was continu
ously fed into a mixed reactor with a volume of 6 liters. The 
reactor vessel was kept at 24°C, pH 7.0 and dissolved oxy
gen in the range of 4-6 mg/1 with intermittent magnetic stir
ring. The sludge age was controlled by periodic wasting of 
sludge from the bottom of the clarifier. The hydraulic re
tention time was kept at 4 hours. Throughout the experi
ment, the pilot plant reactor was kept running in this man
ner. Fig. 1 shows a diagram of the experimental system. 
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Fig. 1: Diagram of the experimental system. 

Start-up of the experiment was accompanied by seeding 
the reactor with activated sludge (AS) collected from a local 
municipal wastewater treatment plant treating primarily do
mestic waste. The activated biomass was transferred to the 
pilot plant reactor and was acclimatized to the refinery 

. wastewater under investigation for a period of 4 weeks. Af
ter acclimation, the reactor received a steady flow of 11.3 1/ 
hr. Under the conditions 120 mg/1 PAC was added to there-

280 

actor. With steady circulation time, the PAC was homo
geneously distributed. 

A biofilm was formed on the PAC particles. A biomass 
sample was taken, the carbon particles were removed, fixed 
and examined by scanning electron microscope (SEM) [8, 9, 
10]. 
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Samples of both virgin and biofilm-coated activated car
bon were immersed for 2 hrs in 4% glutaraldehyde buffered 
with 0.1 m sodium phosphate at pH 7.4. Following a brief 
rinse in buffer at pH 7.3 [9, 6] samples were dehydrated in 
an ethanol series (25, 50, 75, 90%) for 10 min changes in 
I 00% ethanol. Samples were prepared for critical point dry
ing using liquid carbon dioxide as the transitional fluid, 
mounted on aluminum studs and coated with gold to a thick
ness of 20 mm to minimize charging and increase the con
ductivity of the biological materials. Samples were purged 
with argon gas and examined by SEM (AJEOL-EPA Model, 
JEOL Ltd., Japan). The SEM was operated at an acceler
ating voltage of 25 kv with a resolution of lOA" [11]. In or
der to examine the specimens for control samples (Virgin 

Fig. 2A: Surface of virgin PAC sample without biological 
growth 

Fig. 2C: PAC particles exposed to refinery industry waste
water for 44 days (rod-shaped bacteria are present 
in the wastewater PAC dosage 120 mg!L; sludge 
age 3 days). 

Carbon) the fixation, dehydration and drying steps were 
eliminated, the carbon particle samples were glued to the 
studs and then coated with gold (about 2 nm thick). 

RESULTS AND DISCUSSION 

SEM photomicrograph of the virgin carbon (Fig. 2A) was 
taken to provide a control which shows carbon surfaces free 
from bacterial growth. Fig. 2A also shows the holes and 
curve of site suitable for bacteria growth. The rough surface 
of carbon serves as an excellent shield and shelter from fluid 
shear forces and provides a favorable environment for bac
terial growth. 

Fig. 2B: PAC particle exposed to refinery industry waste
water for 44 days (rod-shape bacteria were at
tached, PAC dosage 120mg!L, sludge age 3 days). 

Fig. 2D: PAC particles exposed to refinery industry waste
water for 56 days in complete mixed reactor, with 
120 mgllL of carbon, (rod-shaped bacteria are 
growing on PAC particles. PAC dosage 120 mg/L 
sludge age 12 days). 

Fig. 2: SEM photomicrographs of (A) virgin PAC/AS sample, 3000X; (B) 44 day PAC/AS sample, 3000X; (C) 44 day (PAC/ 
AS sample, 5000X; (D) 56 day PAC/AS sample, 3000X; (E) and (F) 56 day PAC/AS sample, 25000X. 
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Fig. 2E: PAC particles exposed to refinery industry waste
water for 56 days in complete mixed reactor, with 
120 mgllL of carbon, (rod-shaped bacteria are 
growing on PAC particles). 

The first SEM observation of a sample of the PAC that 
was in contact with the AS was taken after 44 days of opera
tion. At the time the PAC/AS sample was collected, the 
PAC concentration in the AS reactor was equal to 120 mg/1 
and Oc (the mean cell residence time) was equal to 3 days. 
Two photomicrographs were taken of the same PAC/AS 
sample using magnifications of 3,000 and 5,000X. At a mag
nification of 3,000X (Fig. 2B) a variety of microorganisms 
are shown to be attached to the surfaces of the PAC. Also 
visible in this photomicrograph are PAC surfaces which are 
free of microorganisms. At the higher magnification of 
5,000X (Fig. 2C) several rod shaped bacterial cells are 
shown which are attached to the PAC surfaces. 

After a period of 56 days of operation another sample was 
withdrawn from the AS reactor and examined under the 
SEM. the operating conditions within the AS reactor when 
this sample was withdrawn were the same as the preceding 
sample except for a Oc equal to 12 days. An overall photo-
micrograph of the PAC/AS at a magnification of 3,000X is 
reproduced in Fig. 2D. The PAC within the photo
micrograph is completely covered with a layer of rod-shaped 
bacteria. When the magnification was increased to 25,000X 
(Fig. 2E and 2F) the attachment of the individual rod-shaped 
bacteria to the PAC surface could be seen. It appears from 
this photomicrograph that not all of the PAC surface is cov
ered with bacteria, which means that some of the PAC sur
faces were available for absorption. The figures also in
dicated that more microbial colonization of the activated 
carbon surface is occurring. Thus, the present study supports 
earlier findings that the surfaces of activated carbon are ex
cellent for colonization by microorganisms. Its absorptive 
properties serve to enrich substrate and oxygen concentra
tions, the rough surface provides regions that are sheltered 
from fluid shear forces and the variety of functional groups 
on the surface can enhance attachment of microorganisms 
[12]. This establishment of bacterial growth is evidence of 
improved mineralization of organics as well as nutrient re
generation [13]. In other words, the carbon surfaces en
hanced the biodegradation of substrates in the media [6]. 
This process could be applied to a variety of wastes, in
cluding industrial discharges containing biodegradable or
ganic substances. 
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Fig. 2F: PAC particles exposed to refinery industry waste
water for 56 days in complete mixed reactor, with 
120 mgllL of carbon, (rod-shaped bacteria are 
growing on PAC particles). 
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