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ABSTRACT

Biological prosesses for treating refinery dindustry
wastewater for re-use were studied. A pilot-scale
biological reactor was constructed to simulate the
activated sludge treatment process.

Actual refinery industry wastewater collected from a
regional refinery and spiked with additions of selected
priority organics was fed at a rate of 1.3 liters/hour
into a &-liter pilot plant having a hydraulic retention
time of 4 hours. Activated sludge (AS) which was
augmented by additions of powdered activated carbon (PAC)
at dosages of 10, 50 and 120 mg/L was evaluated. The AS
process removed 70-80% of the BODg, COD and TOC. With the
addition of PAC, removal efficiencies of the indicator
compounds rose to 80-95%. The sludge physical parameters
and kinetic constants were determined with and without the
addition of PAC to the AS.

PAC additions to the AS increased the amount of
biomass in the reactor. Volatile compounds (benzene,
chloroform, ethylbenzene, toluene, m-xylene and o-xylene)
were removed from the reactor by volatilization which
occurred from air stripping. PAC alone (without AS) was
primarily responsible for removing base and acid/neutral-
extractable compounds (2,4-dimethylphenol, fluorene,

naphthalene and pyrene).
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Appendix 5

Modification of Purgeable Halocarbons Method 601
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- Three state trap: Tenax/Silica gel/Charcoals
(12" X 1/8")

- Distilled water

Standard Preparation

Stock standards are prepared at the beginning of the
test. Positive confirmation for the standard was made by
spiking the GC.

Each standard is prepared as follows: A 10 ml ground
glass stoppered volumetric flash is filled to about 9.8 ml
of methanol and allowed to stand unstoppered for 10
minutes before weighing to the nearest 0.1 mg. A 100 ul
syringe is used to add 2-3 drops of each 1iquid standard
to the methanol. The drops must not contact the neck of
the flask. The flask is reweighed, diluted to volume,
Secondary dilution of each stock of 1/10 in distilled
water is made. Working standards are prepared by adding 1
ml of the stock solution to 100 ml of distilled water,
Dilutions of secondary solution are prepared yielding
standards around 10 ug/L or higher. Working standard are
stored in 40 ml teflon lined screw cap vials until used on

the same day.
Sampling

Samples are collected in triplicate in 40 ml screw cap

vials with teflon lines septa. The vials are filled so
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Method for Volatile Aromatics

This method is a modification of the EPA Test Method No.

602.

Compound Determined by this Method

1. Benzene

2. Ethylbenzene
3. To]ue}e

4. M-Xylene

5. 0-Xylene

Method Summary

A 5 mL water sample is purged with helium at ambient
temperature, The aromatics in the resulting vapor are
trapped on a sorbent trap. The trap was rapidly heated
and backflushed, desorbing the aromatics and transporting
them to a GC column where the were separated and analyzed
with a PID. Concentrations of volatile aromatics in
wastewater greater than 10 ug/L can be detected at ambient
temperature. Initially positive samples were confirmed by
GC/MS. Positive confirmation for sample was made by

spiking the GC as well.
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Apparatus and Materials

- Tekmar Model LSC-2

- Tracor Model No. 565 with Photoionization
Detector (PID)

- GC Column - 1% SP-1000 on Carbopack B
(60/80 mesh), 8 feet glass

- Three state trap: Tenax/Silica gel/Charcoals
(12" x 1/8")

- Organic Free water

Standard Preparation

Stock standards are prepared. A 10 ml ground glass-
stoppered volumetric flask is filled with 9.8 ml of
methanol and allowed to stand unstoppered for 10 minutes
or until all alcohol wetted surfaces have dried before
weighing to the nearest 0.1 mg. A 100 ul syringe is used
to add 3 drops of each liquid standard to the methanol.
The drops must not contact the neck of the flask. The
flask is re-weighed, diluted to volume, stoppered and
mixed by inverting the flask several times. The
concentration calculated in ug/ulL or in gm/ml, Stock
standard solutions transferred into a Teflon-sealed screw-
cap bottle and stored in the freezer. A secondary dilution
of stock solution is prepared. Dilution standards are
prepared by adding 1000 ul of stock solution to 100 ml of
distilled water. Working standards are prepared and
stored in a 100 ml or in a 50 ml flask until used on the

same day.
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Sampling
Samples are collected in triplicate in 40 ml screw
cap vials with teflon lined septa. The vials are filled

so that no headspace remains.

Standard and Sample Analysis

5 ml syringe is filled with sample and then loaded
into the Tekmar sampler. The sample is purged at room
temperature for 15 minutes with helium at 40 ml1/min., then
desorbed‘200°C for 4 minutes with helium at 40 ml/min.
Then the trap is baked at 180°C for 7 minutes. The
sampler is rinsed with distilled water. The GC conditions

for PID are the following:

Initial temperature 45°¢
Final temperature 200°¢C
Program rate 8°C/min
Initial hold 3 min,
Detector temperature 250°C
Injection temperature 200°¢C
Final hold 15 min.
Carrier gas, He 40 m1/min
Detector PID
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External Standard Quantitation

Peaks are identified by retention time. Compounds‘
are quantified by comparing peak area and daily run
standard peak areas. A11 sample ( > 10 ug/L) are
identified and their concentrations are determined and

recorded.

Quality Control

1. A method blank is run every day to make sure that the
system is free of interferences.

2. Standards are run for retention times to allow
detection of any potential problems.

3. EPA Quality control check samples are run to insure

the accuracy of our analytical system.
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Appendix 7

Water Analysis in the Shuaiba Industrial Area
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Analysis of Cooling Seawater at the Shuaiba Industrial
Area. (Source: Ref. No. 59).

Parameter Concentration

Neutral E]ectr1ca1 Conductivity

micromhos at 20°C 70,000-72,500
Total Dissolved Solids (TDS), ppm 44,400-45,985
PH 8.6-9.0
Free Caust1c1ty, ppn as NaoH Nil
Total Less than 5
Total Alkalinity, ppm as CaC03 130-140
Total Chlorides, ppm as CL 21,500-22,630
Total Sulphgtes, ppm as SO 3,100-3,300
Total Hardness, ppm as CaC6 8,400-8,500
Peranent Hardness, ppm as CaCO 8,300-8,400
Temporary Hardness ppm as Cacﬁ 100-500
Calcium Hardness, ppm as Ca++ 500-500
Magnesium Hardness ppm as Mg++ 1,740-1,760
Total Free and Canbined Ammoniacal
Nitrogen, ppm NH, 0.5-10.0
Total Silica Soluble and
Suspended, ppm as Si0, 5-50

Phosphate, ppm as PO, -
Chlorine, ppm as CL

(after Chlorination) 2.5
Total Iron, ppm as Fe *3 -
Sodium, ppm as Na* -
Cr1t1ca1 Tangerature of Cooling

Seawater, 32
Free Carbon Dioxide, ppm COZ -
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Drinking Water Analysis, Shuaiba Power and
(Source: Ref, No. 59).

Water production Plants.

Parameter Concentration
pH 7-8.5
TDS 500 mg/L
Chloride 150-200 mg/L
Sulphate 200-280 mg/L

Total Hardness
Total Iron
Residual Chlorine
Fluoride

Conductivity

100-120 mg/L as CaC0,
0.01-0.30 mg/L

0.5 mg/L

0.7-1 mg/L

700-850 micromhos/cm
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Analysis of Distilled Water Production By
Shuaiba Power and Water Production Plants
(Source: Ref. No. 59).

Concentrations (ppm)
Parameter Normal Max imum

Neutral Electrical Conductivity

in micromhos at 20°C 5.0 50.0
Calculated Total Dissolved Solids

(TDS) (Based on 0.60 ppm/umhos) 3.0 30.0
pH ' 6.8-7.0 9.0
Free Causticity as NaOH ND ND
Total Causticity as NaOH ND 4.0
Total Chloride as C1° 2.0 20.0
Total Alkalinity as CaCO4 Trace 10.0
Total Sulphate as SO, " 5.0
Total Hardness as CaC0y " 10.0
Free Carbon Dioxide as CO, 0.10 0.10
Total Iron 0.05 0.10
Silica as Si0, 0.05 0.10

Total Ammoniacal Nitrogen
(Free and Saline) as NH4 0.02 2.0
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