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Abstract

Treatment efficiency, desipn factors and  kinetic  coefficients  were
studied using two pilots of activated sludge (AS) and powdered activaled carbon
technology (PACT), for teating Tehran Oil Refinery effluent, in a duration of
more than 12 months. In order o evaluate the performance of cach system against
growlh inhibitor sheck loads, different concentrations of phenol and lurfural
C0-300 mpdd) were apphied, ollowing a series of experiments i owhich, treated
elfluents from the two systems were used as influentl waler info two aguariums
conlaining reshwater Common Carp (Cyprinus carpio) of 9-15g weight, -9 cm
length and with & fish density of 5p/l. Results of fish fatal rates with 125 and
250 mp/ phenol, were 16% and 38% for As system and 5.6% and 8% for PACT system,
respectively, Changing the growih inhibitor 1o Turlural, with a concentration of
100 mg/l, led to the fatal rates of 100% and 0% for AS and PACT systems,
respectively. lncreasing furfural load to 300 mg/, destroyed only 20% of fish
in PACT pilen,

Introdution

Chl reflimery effluents bave complex gualities because of complicated
processes in which water 15 in contact with different chemicals. Refering to the
classification of oil refinery wastewaters(5) into  the eflluents of refining
operations, water, electricity and steam generation and general services, final
efflucnts m this industry are well driversified and besides degradable organic
load, dissolved and suspended solids and oxygen demand, generally contain
ammoniacal compounds, hydrogen sullfide, heavy metals, organic solvents and
aromatics. Major methods of decreasing the contaumination load of oil reflinery
effluents include process control, waste separation i different stapes and final
effluent treatment, using physical, chemical and bological systems.

Application of powdered aclivaled carbon (AT in activaled sludge
trealment system, s proposed as a ological method for treating ol refinery
effluents (PACT process). In 1977, results of the use of PACT process for the
treatment of an ol refinery ellluent, was compared with conventional activated
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sludpe and GAU column leading to the chioce of PACT system as e most
appropriate{ 7). Following a serics of experiments in the decade of 19801990, the
PACT process was considercd as an efficient method for controling toxics,
unproving  hiclogical  floes  and  increasing degradable  organics removal
ellicieney{6). Ns abulity in removing phenol Trom indusinal elfluents was alsa
emphasized (%), Another study on il refinery effTuent treatment by this method
(%) showed an increase i ammoniacal-nitrogen removel irongh ninfieatsn and
the improverment of final eflluent quality based on OO0 and TOC 10 was also
confirmed fhat the sludge volume index (SVD improves sipmficatly in PACT
process, comparing with conventional biclogical freatment methods,

Anolher survey on il relinery eflluent showed that the PACTT system may
increase ammoniacal- nitrogen remeval cfliciency and provide more resistance o
toxic and opranic shock loads, besides the increase of sludge refention lime
(SRTIAY N owas then confirmed that the application of PACT system for treating
oil refinery effluents, may lead to sigmlicant decrease of toxics, comparnng
with A% system. Also, bioassay tests on 2 types of fish showed that after 96 hours
of contact with treated effluents of PACT and AS systems, the fish Tatal rates
were U3% and 100%, respectively (10

Tehran (il Refinery s actually equipped with an achvated sludge
treatment system. [s' rates of daily waler vse and wastewater production are
20,0000 CM and TOOO-BOO0 CM, respectively (1.

The work presenied n this paper, investigates on the use of 2 pilots of
AS and PACT for treating Tehran Oil Relinery effluent, i order 1o determine (i)
arganic removal efficiencies and (i) responses o loxic compounds shock loads,
for the bwo syslems.

The principle objective of this research was to achieve and appropriate
quality for treated effluent in order lo reuse i as water supply in cooling
towers or fo discharge it into water resources,

Materials and methods

Tow pilots, both equipped with: raw waslewater lank (primary settling
tank), acrobic reactor with complete mixing (dillused acration ) and secondary
seliling tank, were designed and operated. One of them was connected o a tank
filled with Tran manufactured PAC (mixed with water, as slurry). Phenol and
furlural were fed 10 the acration tank of both systems; treated effluents
discharged Irom pilots were introduced to separate aquariums for bioassay lests.

Basic characieristies of the two pilots and their simple Nowdiagram are
demonstrated in Table 1 and Figure 1, respectively,

Raw elfluent, after passing oil gravity separators was conducied to the
raw effluent tank. Alerwards, it was led 1o both AS and PACT systems, PAC
manufactured in Iran was based on wood; its adsorptive characteristics and
impurities were firstly determined {Tabel 23, Freshwater Common Carp (Cypriions
carpio), {with 6-9 cm length and 9-15 g weighty and a rate of 5 g fish/ (based on
standards), were used for bivassay studics, wihich were conducted in three slages,

Response of,, 7

Al the first stage, after the defermination of optimum conditions of

operation for As and PACT pilots, with 2000 mg/l PAC and bydraulic relention ime
of 10,5 hours, the two treated effluents were conducied into the Aguariums, in
order to study the behavior of chosen fish. A1 the second and third stages, aller
applying shock Toads of phenol (1020304080, 175 and 250 mgd1) and furlural
%5(3,1[][],] 0,200 and 300 mg/l), respectively, responses of Cyprinus Carpo were
nvestipated,

Al ol the experiments were performed based on (2) and (1), Futhemore all
chemicals bad laboratory prades and were manulactured,

Results

Results of the study on Tehran Ol Relinery effluent organic removal
efficicncies by two pilots of As and PACT, after providing optimum and stable
condilions, are shown in Table 3, based on BOD,, COD and TSS.

In Table 4 and 5, COD and BOD, changes in treated effluents from AS and
PACT pilots, a number of hours afler shock loads of phenol and furfural, are
demonsirated.

The: Tish fatal rates {expressed as wight percent), 24 to 96 hours afier
shock loads of phenol and furfural, are shown in Table in Table 6,

IMiscussinn

The dats presented in Table 3 indiwates that in optimum conditions, the
PACT system has more capability in removing bicdegradable organics and in
decreasing chemical oxygen demands. compared with the AS system. On the other
hand, subsequent experiments showed that e optimum bydraulic retention time
(HRT) was 10.5 hours for both systems, optimum concentration of PAC addition in
acration lank was 2000 mg/l and optimum cellular retention time were 55 and 10
days, respectively for PACT and AS palats,

Results in Tables 4 and 5 and he Jata demonstrated in Iigures 2 and 3,
indicate that the PACT system, present more resistanue against the influent of
different concentrations of phenol and furfural, besides their shock loads o the
:::I,-'s:tmn. Furthermore, the recovery time afler phenol and Turfural shock loads, was
significantly lower for the PACT system, vomparing with the AS system,

. This study showed that in the condiions of non-toxic loading, the [ish
i contact with the treated efffuents ol the twe pelots, had zeco falal rate, even
after a period of 21 days. But following phenol inffluent loading of maximum 250
mg/l, 8% of fish were killed i the AS system and only 8% in the PACT system. Also
lor Turfural, 100% of fish were killed in the AS system with 10U mgd| toxic load,

whereas only after the toxic load of 300 mgl, the fatal rate in the PACT system
reached to 200,



Mesdegfings o ol

Results of this investgation, confirmed completely the findings of former
rescarchers about the role of PAC in activated sludge process, as for providing
uniformity in the treatment, for decreasing loxic shock probability and also for
adsorbing hard-degradable organics. Meanwhile, studymg the results of PACT
treatment system, indicated that 1ts treated effluent may be reused as make-up
in cooling lowers, or may be discharged info surlace of groundwater resources

Table [- Specifications of PACT and AS pilot plants

Unit Mo, Unit Mame Mo, ol Lnits Unit Volume (L)
I Combined stock and selthiug tank I [
2 Aerition fank 2 275
3 Final clarifier 2 a5
4 PAC container i 2
5 Phenol and furfural container 2 3
6 Binassay agquariums 2 )

Table 2- Specification of Iran's PAC compared with the Merck PAC

Parameler, Unit -

Tran's PAC

Merck's PALC

Apparent density, ploc
Ash, %W

Moisture, %W

pll

Waler solubility, "
Acid solubility, %W
Ethanol solubility, %W
Weight loss at | 20°0, %W
Weight loss al 350°C, %5
Active surface arca, m'/L

ladine mmmber, mpefa
Mulasse number, g

0,495
4
24
a1
0.37
1.2
0.206
28
71
540
S0
50

049
10
i
7.2
0.3

I
0.2
0.5

I

Q00
20
HO5

Table 3- Mean concentration of basic paramelers i raw and treated clluents

Paranester Raw wastewaler treatod effluents
PACTT AS
z Bon, 115.2 205 19,25
i 198,23 375 1134
T8RS 16248 2 E6 43

Kospenise o

v

Table 4- COMY and BOTY, changes in treated eflluents from PACT and AS systemns, hours
after plienol shock load (250 mgdl), mg/l !

Tloners InfTuwent Er e
TR, LN AL A5

Tl L [FIRINN LN
] L35 215 2.75 4 235 k1
i X . 15.75 - 375
o E 270 125 - 4.5
0 27 12.5 B6.5
12 . 215 . 25 - 658
24 120 215 4.5 6.5 40,5 65,5
48 125 04 6 X5 3.5 61,5
T2 120 M 2 i 3625 66.25
120 115 21 2 ¢ ol 9.5 54
L6 120 210 1.9 25 27.5 48,76

Table 5- COD and BOD; changes in treated effluents from PACT and AS systems, hours

aller hours after furfural shock Toad {300 mgd), mgd

Hours [ndTwem EffTuent
BDD_.\ COD PACTT AS
BT, oD Ii'l.'l[]'5 [S(810]
i} 140 245 18 4,05 23185 40
3 240 - 1,5 R4
o . RN - 12.5 - R5.25
24 125 230 0,75 T.25 43,75 73
48 120 230 1.2 4,15 482 6075
72 120 210 1.6 3.25 375 638
120 110 200 1.95 i 1.5 48,75
168 1n 220 1§ 1.25 2.5 46,45
Table 6- Weight percent to fish killed, several hours alter shock-loadings
Filots Phenal, mgl frfieral | g/l
E0-4i B 125 175 250 50 10 130 M o0
PACT i} n o 0 8 n 0 16k 17 20
AS i 15.2 214 262 iTh ] [LHH] L0 10k 100
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Fig. 1- The simple MTowsheet of two pilot plants (AS and PACT)
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Iig. 2- Recovery time for two pilots  Fig, 3- Recovery time for two pilots
after  phenol  shock  loading by after furfural shock loading by
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