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Abstract

Oil shale samples from Sultani oil shale mine, south of Jordan, were pyrolyzed
by a partial combustion to generate shale oil. The produced water was sent for
analysis. The different samples were analyzed for carbon content, and results
showed that the TOC was 2010 mg per liter of retorted water. Phenol and ar-
senic contents were measured and found to be 64 mg and 0.18 mg per liter
respectively. Phosphate and sulfate were also determined and found to be 35.7
and 5022 mg per liter. On the other hand, ammonium was also found to be
2831 mg per liter. Several elements were traced and reported in the present
work, in which arsenic, chrome and nickel are the most important, and the
retorted water was found to contain 0.18, 0.7 and 0.5 mg per liter.
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1. Introduction

Water is necessary for producing shale oil. The amount and quality vary with

technology. Typical uses include process cooling, reclamation, and dust control.

The municipal needs result from any population increase due to oil shale work-

ers and supporting businesses.

Water is produced during the processing (retorting) of oil shale that is not in-

digenous or tributary to local ground water or streams. It amounts to between 4

and 14% of the shale oil produced. Therefore an average of 10% of the required

indigenous water may be saved by treating this water and using it within the

project [1].

Oil shale retorted water is produced due to pyrolysis and/or combustion of oil
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shale. As a result of these processes, water liberated from clay, intermolecular
water, and chemical reaction waters are termed retorted waters. The oil shale
retorting process is unique, as the resulting wastewater contains large amounts
of oil, sulfide, cyanide, volatile phenol, ammonia, and other toxic substances; it
has high content of COD and refractory material and more [2]. Wastewater dis-
charged from a retorting plant [3] contains oil, suspension solids, and oxygen
nitrogen, and sulfur compounds. It can be treated by sedimentation, oil inter-
ception, flocculation, air flotation, and biological treatment.

All liquid effluents from the oil shale thermal treatment plants consist of three
wastewater streams [4]: Process water containing physically and chemically
bound waters, industrial wastewater, and leachate containing different dissolved
pollutants, such as phenols and mineral salts.

Earlier investigators [5] have reported fifty percent of the dissolved organic
carbon was identified as specific compounds in both retort wastewaters. In the
processed retort wastewater, 42 percent of the dissolved organic carbon is consisted
of a homologous series of fatty acids from C, to C,,. Dissolved organic-carbon
for the other compound classes were: aliphatic dicarboxylic acids; phenols; hy-
droxypyridines; and aliphatic amides. In the gas-condensate retort wastewater,
aromatic amines were most abundant at 19.3 percent [5] of the dissolved organic
carbon, followed by phenols, nitriles, aliphatic alcohols aliphatic ketones, and
lactones. Steam volatile organic solutes were enriched in the gas-condensate re-
tort wastewater, whereas nonvolatile acids and polyfunctional neutral com-
pounds were predominant organic constituents of the processed retort wastewa-
ter.

Thiosulfate and thiocyanate were major constituents in four retort wastewa-
ters derived from combustion-type processing of oil shale. Thiosulfate was the
predominant sulfur species with concentrations ranging from 420 to 2200 milli-
grams per liter. Thiocyanate concentrations ranged from 24 to 720 milligrams
per liter [5].

In this work, the oil shale sample was taken from Sultani mine and subjected
to partial combustion to retortoil shale to produce shale oil without external
heating source. During this process, a large amount of water is produced due to
dissociation of the different forms of water from mineral content present in the
oil shale and generated in the combustion process and pyrolysis. With the avail-
able equipment, we have tried to identify the different pollutant and contami-

nants of the retorted water.

2. Experimental Procedure

The oil shale from the Sultani mine is crushed and sieved to 10 - 50 mm size us-
ing ASTM standards. The retort is a 50 cm diameter and 120 cm long unit. The
retort is designed to facilitate initial heating through an external source until the
temperature of the oil shale is high enough to initiate auto ignition of the
shale. The temperature of retort was monitored and measured through different
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thermocouples located at different position of the oil inside the retort. The
maximum temperature achieved in the retort was 600°C which is reported in the
combustion region below the pyrolysis section of the retort. The retort is
equipped with a suction system and condensing heat exchanger to withdraw
generated gases and condense the hydrocarbon respectively.

Several runs were conducted on the retort with each run sample size varying
between 30 kg to 50 kg of sample. The collected liquid is taken for decantation,
where water is withdrawn from the bottom of the vessel. The same sample of
water was distributed into different smaller samples and sent for analysis.

The experimental set up is shown in Figure 1. The main sections of the unit
are the body of the retort, inlet feeding system, heat exchange, and ash discharg-
ing outlet.

3. Results and Discussion

The retort was operated mainly to generate shale oil for calculating the yield, and
analyzing and characterizing the produced shale oil. The produced water was
considered as a secondary byproduct, where it was taken for analysis to identify
the different contaminants due to the pyrolysis and combustion processes. These
pollutants are hydrocarbon and mineral sourced components.

The oil yield which is based on Fischer assay calculations was not calculated,
due to excessive burning although simple calculations show that it is close to
50%. Table 1 shows the results of elemental analysis of Sultani oil shale sample
which is employed in this work.

The produced water from retorting oil shale contains dissolved, suspended
solids, organic compounds, inorganic materials, and hydrogen sulfide. In gener-
al, the retorted water is found to contain several compounds such as: Phenols,
sulfate, Chlorides, Nitrogen, phosphorus, Oil Products, Suspended Solids, Alco-
hol, ketones, aldehydes, lactones, pyrrole, Dissolved Organic Carbon, Carboxylic
Acids, Formic acid, Acetic acid, Benzoic acid, Toluene, Hydroxyl Benzene, Aro-
matic Amines, Aniline, Amine, Pyridine, Quinoline, Amide, Nitriles, Ammonia,

Carbonates, Thiocyanate, Nitrate, Copernicium, Arsenic, Zinc, Chromium,

Figure 1. The different main sections of the experimental setup.
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Table 1. Elemental analysis of sultani oil shale.

Carbon . Sulfur Calorific Value,
Item Hydrogen wt. %  Nitrogen wt. %
wt. %. wt. % kJ/kg
1 76.325 9.300 1.43 11.388 34,200
2 77.725 9.422 1.367 10.94 39,558

Lead, Iron, Bromine, Cadmium, Silver, Mercury, Scandium, Boron, Barium,
Copper, Molybdenum, Fluorine, cesium, Tin, Ruthenium, Aluminum, manga-
nese, indium, iodine, antimony, tungsten, zirconium, Cerium, vanadium, yt-
trium, europium, dysprosium and lutetium, hydrogen sulfide, carbon dioxide,
Calcium, Magnesium, Potassium, Sodium, Fluoride, Organic carbon.

Since it is desired to investigate the presence of some of these earlier men-
tioned chemical compounds, the test performed in this research work for the se-
lected component is dictated by the availability of the equipment capable of de-
tecting and measuring these chemicals.

In the coming section, each investigated material will be discussed with respect

to the equipment used, place of conducting these tests, and the results obtained.

3.1. Total Organic Carbon (TOC)

The term TOC indicates total organic carbon presenting in retorted water. This
test reports the total organics, with identification of the chemical formula and
type. This investigation’s work is performed in Dar Al Dawa Company laborato-
ries. Analytical technologies utilized to measure TOC share the objective of
completely oxidizing the organic molecules in a liquid of sample water to carbon
dioxide (CO,), measuring the resultant CO, concentration, and expressing this
response as carbon concentration. All technologies must differentiate between
the inorganic carbon, which may be present in the water, from sources such as
the ones dissolved CO, and bicarbonate, and the CO, generated from the oxida-
tion of organic molecules in the sample. One approach used to measure TOC
involves subtracting the measured inorganic carbon (IC) from the measured to-

tal carbon (TC), which is the sum of organic carbon and inorganic carbon:
TOC=TC-IC

In Dar Al Dawa laboratories, Elemental equipment was used to estimate the
TOC in the retorted water specimen. The test results from the water sample have
shown that the water contained 2010 mg per liter of TOC. Dobson ef al. in their
study of Rundle oil shale have reported 5000 ppm of TOC material in their wor-
kemploying GC for analysis. The water sample was taken from Fischer Assay
apparatus. In a different study reported by Syamsiah et al the retorted water was
found to contain more than 13,000 mg/liter. In another work of [6], Venardos
and Grieves reported 1800 mg/liter in their study of in-situ and normal retort-
ing. In a similar study by AlJaradin [7] it retorted water obtained from Ellajjun
oil shale, it is found to contain 3270 mg/liter. As presented earlier, the present

water sample contains comparable TOC quantity as compared and reported by
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other investigators. This difference is due to the difference in experimental con-
ditions and nature of the oil shale sample. It is clear from the reported numbers
that the retorted water contain large quantity of TOC, and it is apparent from
these numbers that the water content of TOC is dependent on oil shale location
and type, and may be to a large extent on the operation conditions of extracting
shale oil.

3.2. Phenol

Phenol is a colorless-to-white solid when pure; however, the commercial prod-
uct, which contains some water, is a liquid. Phenol has a distinct odor that is
sweet and lasting. Most people begin to smell phenol in the air at about 40 parts
of phenol per billion parts of air (ppb), and they begin to smell phenol in the
water at about 1 - 8 parts of phenol per million parts of water. These levels are
lower than the levels at which adverse health effects have been observed in ani-
mals that breathed air containing phenol, or drank water containing phenol.
Phenol evaporates more slowly than water, and a moderate amount can form a
solution with water.

A number of effects from breathing phenol in the air have been reported in
humans. Short-term effects reported include: respiratory irritation, headaches,
and burning eyes. Chronic effects of high exposures included: weakness, muscle
pain, anorexia, weight loss, and fatigue; effects of long-term low-level exposures
included: higher chance of developing respiratory cancer, heart disease, and ef-
fects on the immune system.

The retorted water content of phenol was determined in Dar Al Dawa labora-
tories using HPLC. The tested water was found to contain 64 mg/liter. A study
by AlJaradin retorted water obtained from Ellajjun oil shale retorting has re-
ported 29 mg/liter. A similar study by Venardos et al has reported 14.2 gm/liter
of phenol in retorted water obtained from in-situ and above ground retorting.
The test is performed on a sample and repeated three times. Dobson et al. [8]
reported 105 mg/liter in Rundle oil shale retorted water. Syamsiah et al [9] re-
ported 25 mg/liter during their analysis of the retorted water. On the other hand,
Kekisheva et al [10] investigated the retorted water and found 1500 - 2000
mg/liter content of phenol. Harold ef al [11] reported phenol content equal to
54.3 mg/liter in their study on oil shale from Utah.

It can be seen that the phenol content of Sultani oil shale is comparable with
Utah oil shale, and less than that reported by Kekisheva et a/. [10]. Other studies,
as mentioned earlier, have values higher than or less than found in Jordanian oil
shale.

3.3. Arsenic Metal

Long-term exposure to arsenic in drinking water can cause cancer in the skin,
lungs, bladder, and kidney. It can also cause other skin changes such as thicken-

ing and discoloration. The likelihood of effects is related to the level of exposure
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to arsenic and in areas where drinking water is heavily contaminated, these
effects can be seen in many individuals in the population. Increased risks of lung
and bladder cancer and skin changes have been reported in people ingesting ar-
senic in drinking water at concentrations of 50 ug/liter, or even lower.

Exposure to arsenic in the workplace by inhalation can also cause lung cancer.
The likelihood of cancer is related to the level and duration of exposure. In-
creased risks of lung cancer have been observed at exposure levels that add up to
more than 750 (ug/m’) yearly.

In regards to the possible method by which arsenic causes cancer, the evi-
dence in humans indicates that arsenic can cause damage to whole chromo-
somes, but it does not appear to cause damage to the individual genes.

The metal arsenic, abbreviated as As, was detected in serval oil shale retorted
water samples. In the present work, the amount of Arsenic metal was found to
be 0.18 mg/liter. AlJardain [7] reported 0.23 mg/liter arsenic content of the re-
torted water obtain from Ellajjun oil shale deposits. Matouq et al. [12] have re-
ported 0.15 mg/liter for water obtained from Ellajjun oil shale retorting. These
authors have used Inductively Coupled Plasma Mass Spectrometer. The Induc-
tively Coupled Plasma/Atomic Emission Spectrometry of the Water Authority of
Jordan laboratories was used to detect and measure the metal content. Venardos
et al. have reported, in a similar work, a value of 0.133 mg/liter. The result re-

ported by this work is comparable with the one reported by Venardos et al.

3.4. Phosphate

After a thorough review on phosphate related literature, it is reported that exces-
sive phosphate consumption leads to a higher mortality rate in patients with
renal disease. Free phosphate, as found in food additives, is entirely absorbed in
the gastrointestinal tract, and research has demonstrated that individuals with
renal disease have significant concentrations of elevated phosphate. Recent stu-
dies have demonstrated that phosphate also seems to damage blood vessels and
induce aging processes. Many types of fast food contain phosphate additives,
and fast foods are generally predominately consumed by those of lower socioe-
conomic status. It also appears that excessive phosphate consumption is asso-
ciated with increased prevalence of cardiovascular diseases in the general popu-
lation.

Tests were performed in Stannous chloride reported 35.7 gm/liter in the
present work. While Dean ef al [13] have reported 852 mg/liter as phosphorous.
Despite the Jordanian oil shale being located close to phosphate mines in south

of Jordan, the reported values are small compared with other studies.

3.5. Sulfate

Sulfate is a substance that’s found naturally in drinking water. Health concerns
regarding sulfate in drinking water have been raised because of reports that di-

arrhea may be associated with the ingestion of water containing high levels of
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sulfate. Groups within the general population that may be at greater risk from
the laxative effects of sulfate when they experience an abrupt change from
drinking water with low sulfate concentrations to drinking water with high sul-
fate concentrations are of particular concern. Sulfate in drinking water currently
has a secondary maximum contaminant level (SMCL) of 250 milligrams per liter
(mg/L), based on aesthetic effects (ie, taste and odor).

The test equipment for determining sulfate in the present work is Ion Chro-
matography in Jordan Water Authority laboratories. The reported value is 5022
mg/liter for retorted water obtained from retorting Sultani oil shale. A similar
study by Matougq et al. [12] found that the retorted water contains 1500 mg/liter.
Rundle oil shale retorted water was found to contain 1916 mg/liter reported by
Daniel et al [14]. In other similar work, 180 mg/liter was reported by Kekisheva
et al. As it is seen from the reported values, that Jordanian oil shale contains large

amount of sulfate which can be ascribed to the nature of Jordanian oil shale.
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