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Abstract—Petroleum refineries discharged large amount of The UASB process has proven highly effective foe th

wastewater -during the refining process- that dastéhazardous
constituents that is hard to degrade. Anaerobatritent process is
well known as an efficient method to degrade highength
wastewaters. Up-flow Anaerobic Sludge Blanker (UASB a
common process used for various wastewater treasméwo UASB
reactors were set up and operated in parallelatuate the treatment
efficiency of petroleum refinery wastewater. In sthstudy four
organic volumetric loading rates were applied (@&8, 0.89, 1.21

treatment of medium- and high-strength wastewatéttsin a
wide range of hydraulic retention time (HRT) (3-48 and
steady state conditions are generally able to pretlie
parameters that have been considered in mass bakdations
[8].

UASB reactors have been successfully used to txeat
types of wastewater, wastewater containing norbitdry

and 2.34 kg/r?ld), two loads to each reactor. Each load was eghpli substrates such as sucrose, and wastewater cagtaini

for a period of 60 days for the reactor to acclise&tnd reach steady
state, and then the second load applied. The chéoiggen demand
(COD) removals were satisfactory with the removttiencies at the
loadings applied were 78, 82, 83 and 81 % respsygtiv

Keywords—Petroleum refinery wastewater, anaerobic treatment,

UASB, organic volumetric loading rate

|. INTRODUCTION

inhibitory substrates such as phenol which is offiethe
recalcitrant compounds that present in petroleurdinesy
wastewater [9].

Il. BACKGROUND

Synthetic wastewater containing phenol was treatedier
anaerobic thermophilic condition (55°C), the resughowed
that removal was 99 % at 40 h HRT for a wastewater

PETROLEUM refineries now more than ever are motidatecontaining 630 mg/L of phenoly Corresponding to (15@“_

by cheaper, cleaner and safer treatment processeara

of chemical oxygen demand (COD) and a loading o&9 g

choosing wastewater treatment methods that are lsimpcopyL.d. [4].

reliable, time effective and cost saving to endhed they meet
the regulatory discharge limit of effluent. Petrote refineries

Four UASB reactors were operated successfully with
petroleum refinery wastewater at low organic logdiate

wastewater contains high level of pollutants ance afp.05-0.1 kg COD/rhd). The organic loading rates were then

characterized by the presence of large quantitiesoib

gradually increased to about 2, 1.5, 0.5 and 1.8®{p/nt-d

products and chemicals [1] (e.g. BTEX and phenolor the reactors, at an influent COD of about 22/lmand

Biological treatment processes are economical dficiest
methods and being used to treat the wastewater fsdm
industry [2].

Petroleum refinery wastewater treatment
researchers to provide reliable biological treatimgmcess.
Petroleum refinery wastewater and its major comptssuch
as phenols and BTEX has been studied to investitiae
treatment efficiency by using aerobic, anaerobit amoxic or
a combinations of two or more biological conditidBs 4, 5,
6].
Many toxic and recalcitrant organic compounds foumd
petroleum wastewater are degraded under
conditions, with the compound serving as a growthstrate
[7]. The up-flow anaerobic sludge blanket (UASBagatr is a
proven process and its advantages are high ordaaitngs
and relatively low detention time possible for adic
treatment, and the elimination of the cost of pagkinaterial.
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hydraulic retention times of 2.5, 4.5, 8.5 and 4éurs
respectively [10].
A UASB reactor

operated with petroleum refinery

attractefjastewater at a high HRT (48 h) and influent COMO(5

mg/L) at a constant organic loading rate (OLR) @f Kg/n?-d,
COD removal was 81 %. The rate of biogas production
increased when HRT increased; the biogas producditenwas
559 mL/h at HRT of 40 h and an influent COD of 1066/L
[8].

In an experimental study investigating the influencf
organic loading rate (OLR) on the efficiency of aA%B

anaeroBigreactor treating a canning factory effluent, teemical

oxygen demand (COD) was increased stepwise frond 280
4000 mg/L. The hydraulic retention time was keptstant at
24 h and the OLR increased from 2.28 to 3.95 kg &SM@.
The highest COD removal (92 %) was reported at QLIRRKg
COoD/nt-d [11].

The biodegradability of a local petroleum refinery
wastewater was studied previously [12]. The wastemwaas
ultimately biodegradable in a mixture with mineraltrients
and sludge in a single batch run for 28 days. Aotaier
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sequencing batch reactor (ASBR) was successfulgd ue
treat petroleum refinery wastewater [13, 14].

In this study, four organic volumetric loading mtef
petroleum refinery wastewater were treated in tvpeflow
anaerobic sludge blanket (UASB) reactors to evaluae
COD removal efficiency.

I1l. MATERIALS AND METHODS

A. Feed

The wastewater samples for the study were collefcted a
local petroleum refinery’s balancing tank that ieed the
refinery raw wastewater. The wastewater was storexcold
room (4°C) before used. Petroleum refinery wastewat
characterization results are shown in Table 1.

TABLE |
CHARACTERISTICSOF PETROLEUM REFINERY WASTEWATER

Parameter Unit Amount
COD mg/L 7896
BODs mg/L 3378
pH - 8.48
VFA mg/L 19¢
Ammonie-N mg/L 13.5
Nitrate-N mg/L 2.2¢
TKN mg/L 40.€
Total F mg/L 10.z
Total alkalinity mg/L 990

B. Analytical methods

Parameter measurements namely pH, alkalinity,
liquor suspended solid (MLSS), mixed liquor volatil
suspended solids (MLVSS) biological oxygen demaad),
were mostly performed in triplicates, and were aared in
accordance with Standard Methods [15]. Chemicalgery
demand (COD) volatile fatty acids (VFA), ammoni&rogen,
nitrate nitrogen, phosphorus, were determined Wgreoetric
method using a DR 2000 spectrophotometer (Hach Co.)

C.Experimental procedure

Two laboratory-scale up-flow anaerobic sludge bénk
(UASB) bioreactors were operated in parallel at nmoo
temperature (25-29°C). Reactor volume, diameter fagight
were 2.36 L, 94 mm and 430 mm, respectively. It o@srated
with an internal effluent recycle ratio of 1:1 teNlvdistribute
the influent and provide better mixing. The influewas
pumped continuously to the system by a peristaitienp,
while the effluent exits the bioreactor through evegealed
tube to prevent any atmospheric air from enterivg gystem.
The gas was collected by water displacement meffigdre 1
shows the schematic diagram of the UASB experinhesgtia
up.The seed biomass was obtained from a local pdlmill
effluent treatment plant and petroleum refinerye.sifThe
flowrate to the reactors was set at 1.4 L/d while lhydraulic
retention time (HRT) was maintained at 40 h.
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The steady state performance was studied under four
organic volumetric loading ratesg) which were gradually
applied over approximately 120 days, two loads dach
reactor.

6
bz
o /\
9 5
7
Av4
11
3
Av4
Av4
1 ! 8
O ] Av4
N\
2

Fig. 1 Schematic diagram of the UASB experimergéiup. 1.
Influent tank, 2. Pump, 3. Influent, 4. Sludge zdhieGas zone, 6.
Sampling point, 7. Effluent, 8. Effluent tank, 9a&line, 10. Recycle,
11. Gas collection.

mixed

IV. RESULTSAND DISCUSSION

A. Alkalinity and pH

The two reactors were monitored for over approxatyat
120 days. Alkalinity was elevated for the influgatmaintain
buffer for the bioreactors from turning sour, whikel for the
bioreactors’ influent and effluent were left with@djustment
as shown in Figure 2.
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Fig. 2 pH and Alkalinity measurements vs. four vodiric organic
loading rates applied.

B. Volatile fatty acid

Volatile fatty acid (VFA) was monitored inside theo
reactors to ensure the VFA/alkalinity ratio withive range of
0.05-0.15 by adjusting the reactors alkalinity. TRE&A
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average concentration and the VFA/alkalinity ratis plotted agres
against the four applied volumetric organic loadnages as Loadno.2 Reactor B
shown in Figure 3. The ratio was successfully naaetd for Reactor A

three loads out of four. In the first load the teacVFA

concentration were low for that the alkalinity wekept low
but not to the critical level and as a result tatorwere lower
than the recommended level. As thg, applied to the reactors
was increased, the VFA inside the reactors wasiatseased
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showing that the process was stable at differentA VF . ReactorA ‘ ‘
concentrations. 0.0 05 1.0 15 2.0 25
Lorg (kg COD/m?.d)
160 . 015 Fig. 5 COD removal efficiency percentage vs. vadtiia organic
140 loading rate applied.
120 " 2
= 100 - 010 g D.Specific substrate removal rate constant
g 80 _,-f, The Specific substrate removal rate constakt, is
S €0 ] 0.05 g determined from the slope of the COD removed peVBS&
40 1 = concentration per day versus effluent COD concéntrdrom
2 9 four steady-state conditions. The correspondingmb&s
000 o5 o s 2o 250-00 concentration to the four,4 applied were 7.8, 12, 10.7, and
' ' L., (kg COD/mi.d) ' ' 11.4 kg vss/th respectively. Specific substrate removal rate
versus reactor steady state effluent COD concémtrat
¢ VFA WVFA/Alkalinity ratio shown in Figure 6; the correlation coefficierft far the linear
F|g 3 VFA and VFA/A|ka||n|ty ratio measurements Ysur “ne for the fOUI’ Variables was found to be 0.9581.
volumetric organic loading rates applied.
C.Chemical oxygen demand s 001;
The average influent and effluent total COD resulte é:go.ls ¥ =0.2263x ¢ toadnos
shown in Figure 4. From the start up to day 60 es@nt the gzou RmoasL
first Loyg 0.58 and 1.21 kg/frd applied to reactors A and B, ﬁ%‘ooli
respectively. The removal efficiency was 78% and%83 | £ 3 ,. Losdnos &
respectively. From day 60 represégt, 0.89 and 2.34 kg/Prd % § 0.06 | Loadno.1 4 4 Loadno.2
applied to reactors A and B, respectively. The neaho £ 9004
efficiency was 82% and 81% respectively. #E °-°;
0.0 012 0‘.4 016 018 1.0
45 Effluent Conc. (kg COD/m3)
- :2 , Fig. 6 Specific COD removal rate vs. effluent CGihcentration for
E3p | four loads applied
=25
§20 aia A The substrate removal rate constdnt(d™-ni/kg) was
il Y, S k- S obtained from the linear line slope in Figure 6 &mahd to be
os | Rty 0.23 d"-nf/kg; from which the first order kinetic constait
0.0 : ‘ = ‘ : was in the range of 1.8 to 2.8 dayReference [16] reported
0 20 40 60 80 100 120 wide range foK values (0.016-23) using UASB with different
Time (Day) operation  conditions  (temperature, feed, biomass
—d—Influent A == Influent B = Effluent A Effluent B concentration).

Fig. 4 COD concentration vs. time for two loadsdactor A and two E. Actual measured and predicted COD concentration

loads for reactor B. Assuming first-order kinetics applied and represdriiy the

.- : - following equation:
COD removal efficiency versus organic volumetriading geq

rates L) applied to the reactors were plotted and shown in
Figure 5. It can be observed that whenlthg was increased,
the COD removal efficiency increased to a maximuatue,
after which the COD removal efficiency dropped witinther
increase in g

d9dt =K.S, Q)
where:
K = First order kinetic constant
S, = Effluent substrate concentration
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