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SEM STUDIES ON FACILITATED MICROBIAL GROWTH ON
PAC IN A BIOLOGICAL REACTOR
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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/l at 24°C, pH
7.0 and dissolved oxygen in the range of 5-6 mg/l. The reactor had input from a local municipal wastewater treatment plant,
with the addition of 120 mg/l 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 m?/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 areca 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-

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/l 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/l PAC was added to the re-
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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- Carbon) the fixation, dehydration and drying steps were
bon were immersed for 2 hrs in 4% glutaraldehyde buffered eliminated, the carbon particle samples were glued to the
with 0.1 m sodium phosphate at pH 7.4. Following a brief studs and then coated with gold (about 2 nm thick).
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 RESULTS AND DISCUSSION
100% 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 Ltid., Japan). The SEM was operated at an acceler-
ating voltage of 25 kv with a resolution of 10A" [11]. In or-
der to examine the specimens for control samples (Virgin

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.

-
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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. 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 Fig. 2D: PAC particles exposed to refinery industry waste-
in the wastewater PAC dosage 120 mg/L; sludge water for 56 days in complete mixed reactor, with
age 3 days). 120 mg/1L 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 mg/1L 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/l
and O, (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 O, 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
carlier 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 mg/1L of carbon, (rod-shaped bacteria are
growing on PAC particles).

ACKNOWLEDGEMENTS

The author wishes to express his thanks to the Kuwait In-
stitute for Scientific Research for their support during the
study. Special thanks are due to the Environmental Public
Authority for all support during the course of the study and
partial funding. The author would like to extend his thanks
to the Civil Engineering Department, University of Rhode
Island for all facilities and support. Sincere gratitude is ex-
pressed to all individuals in particular to Dr. M. U. Beg and
Dr. Leon Thim for their help and suggestions.

REFERENCES

1] Al-Muzaini, S., H. Khordagui, and M.T. Hamoda,
1991. Assessment and treatability of volatile organic
compounds emissions in proposed Shuaiba Industrial
wastewater treatment facility. Kuwait Institute for Sci-
entific Research, Report No. KISR 4000, Kuwait.

[2] Shuaiba Area Authority, 1988. Design of Shuaiba
wastewater treatment plant. Environmental Protection
Council, Kuwait.

[3] Shuaiba Area Authority, 1994. Annual Statistical Re-
port of Shuaiba Industrial Area. Shuaiba Area Author-
ity, Kuwait.

[4] Tench, H.B., 1994. A theory of the operation of full
scale activated sludge plants. Wat. Res., 28: No. 5,
1019-1024.

[5] Reactor, 1986. Powdered Carbon: right combination at
right time. A Zimpro Inc. Publication No. 57 pp. 4-5.
Shuaiba Area Authority. 1993. Air and Water Pollution
Monitoring Reports. State of Kuwait.

[6] Voice, Thomas C., Pak Daewon, Zhao Xianda, Shi
Jing, and Hickey Robert F., 1992. Biological activat-
ed carbon in fluidized bed reactors for the treatment of
groundwater contaminated with volatile aromatic hy-
drocarbons. Wat. Res., 26: No. 10, 1389-1401.

[7] Urano, K. E Yamamoto, M Tonegawa, and K Fujie,




SALEH AL-MUZAINI

1991. Absorption of Chlorinated Organic Compounds
on Activated Carbon from Water. Wat. Res., 25: 1459-
1464.

[8] Ghannoum M., Thomson M., Bowman, and Al-
Khalil S., 1986. Mode of Action of the Antimicrobial
Compound 5-Bromo-5-nitro-1, 3 dioxane (Bronidox),
Tolia Microbiol, 31: 19-31.

[9] Weber, W.]., Pirbazari, Massoud, and Melson, Gail
L., 1978. Biological Growth on Activated Carbon: An
Investigation by Scanning Electron Microscopy. J.
American Chemical Society. 12: No. 7, 817-819.

[10] Koch, B., Ostermann, M., Hoke, H., and Hempel,
D.C., 1991. Sand and Activated Carbon as biofilm car-
riers for microbial degradation of phenols and nitrogen-

283

containing aromatic compounds. Water Resources, 25:
No. 1, 1-8.

[11] Jeol Company, 1992. Practical Techniques for Micro-
probe Analysis. Jeol Ltd., Japan.

[12] Weber, W.]J. and Ying, Wei-chi, 1977. Integrated Bio-
logical and Physiochemical Treatment for Reclamation
of Wastewater. Proc. IAWPR Int. Conf. on Advanced
Treatment and Reclamation of Wastewater, Jo-
hannesburg, South Africa.

[13] Al-Muzaini, S., 1987. Ultimate treatment of SIA waste-
water for reuse: Treatment of refinery wastewaters us-
ing various modified activated sludge processes. Ph.D.
dissertation, Sciiool of Civil Engineering, University of
Rhode Island, Rhode Island, USA.



