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Abstract

A study of trace elements using Instrumental neutron activation analysis was carried out. The purpose of study was to deter-
mine the concentration of trace elements, naturally occurring radionuclides and pollution Indices. The study Shawa-01 Oil
Well is located in Kohat Basin, Khyber-Pakhtunkhwa, Pakistan. The 21 samples of Shawa-01 Well were provided by the
Oil and Gas Development Company Limited (OGDCL). 20 trace elements were determined by NAA. Standard reference
materials TAEA-SL1 (Lake Sediment) and IAEA-S7 (Soil) were used to assure the quality of results. Shawa-01 Well rock
extracts contain trace elements like As, Ce, Co, Cr, Cs, Eu, Hf, K, La, Mn, Rb, Sb, Sc, Sm, Ta, Th and V. Al was found to
be higher as compared to other world regions due to clay contents. Other elements were found to be in comparable range.
Annual Dose rates were found to be in the safe limit which implies a safe working environment. Pollution Indices, like
Enrichment factor (EF), geo-accumulation index (Igeo), Pollution Index (PI) and Integrated Pollution Index (IPI) were also
calculated. Elements like Sb, As and Cr show pollution levels above safe limits which may be due to contamination of soil
from different sources with the passage of time.

Keywords Neutron activation analysis (NAA) - Hydrocarbon exploration - Oil exploration - Elemental analysis -
Enrichment factor (EF) - Geo-accumulation index (Igeo) - Pollution index (PI) - Integrated pollution index (IPT)

Introduction

Trace element content of oil field rock extracts has been
investigated in different countries. It has been an active area
of research for a long time. Elemental composition infor-
mation is helpful in many areas such as exploration, envi-
ronment and refining (Oluwole et al. 1993). Trace element
concentration values and relationship of these concentra-
tions with one another can be used for exploration of oil
fields. Such data can also be used for soil-source rock and
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oil-source rock correlations and can provide useful infor-
mation on the origin of oil (Cariale 1984; Hitchon et al.
1975). Frankenberger (Frankenberger 1994) analyzed the
trace element concentrations of the Taranaki Basin of New
Zealand. INAA was chosen as the analytical method because
analysis could be done nondestructively on samples without
pretreatment and with rapid turnaround times. Man power
requirements are small and could be reduced even further by
automation of the counting and reporting operations (Kins-
ley et al. 1996). A large range of elements can also be quan-
tified by neutron activation analysis with high sensitivity.
Therefore, this technique was employed in this work. The
study was designed to determine trace element contents and
its distribution in well cuttings; particularly in source forma-
tion, as depth of well changes. This is the first study of trace
element concentrations carried out in the Kohat Sub-basin.

In northern Pakistan, Kohat Basin consists of a com-
plex tectonic area or plateau, with moderate to steeper dips
and disproportionate structures formed by a large number
of faults and thrusts. It is thought to have been formed by
transgressional tectonic, based on salt affected or cellar
involved thrust or reverse faulting (Paracha 2001). Due to
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the complexity of this region, the Kohat Basin of Khyber-
Pakhtunkhwa (KPK), Pakistan was selected for hydrocarbon
and oil exploration study using Neutron Activation Analysis
(NAA). NAA has vast applications in research including
hydrocarbon and crude oil exploration. In the current study,
Oil and Gas Development Corporation Limited (OGDCL)
provided the samples. OGDCL is the largest petroleum
exploration and production company in Pakistan.

Humans are exposed to natural radioactivity which is
considered as the major source of radiation and it repre-
sents more than 75% of all ionizing radiation (UNSCEAR
2000). Naturally occurring radionuclides commonly known
as NORM compose the majority of the dose received by a
person each year at approximately 80% of the total amount.
It is approximately 150 years since oil was discovered in the
continental United States and the mention of radioactivity in
mineral oils and natural gases occurred in 1904, just 8 years
after the discovery of radioactivity by Henri Becquerel in
1896. The problems arising from naturally occurring radio-
active material wastes from oil and gas industry needs to
be scrutinized. Uncontrolled release of activities associated
with enhanced levels of NORM can contaminate the envi-
ronment and pose a risk to human health. These risks can be
alleviated by the adoption of controls to identify the source
of NORM, and by control of NORM contaminated equip-
ment and waste while protecting workers. Radioactive mate-
rials such as Uranium and Thorium occur in trace concentra-
tions in rock formations. Decay of these unstable radioactive
elements produces other radionuclides that, under certain
conditions (dependent on pressure, temperature, acidity,
etc.) in the subsurface environment, are mobile and can be
transported from the reservoir to the surface with the oil and
gas products being recovered. The level of NORM accumu-
lation can vary substantially from one facility to another,
depending on geological formation, operational and other
factors (Landsberger et al. 2014). Therefore, naturally occur-
ring radionuclides were also measured in this study using
Gamma Spectrometry. Industrial waste water discharged
from the industries such as textile dyeing, petroleum, metal
finishing, automobile, electro-plating, and leather tanning
cause heavy metals entering into the lifecycle. Therefore,
this becomes one of the most important environmental prob-
lems in the world (Magdi et al. 2020). Heavy metals can also
be investigated for Shawa-01 well rock samples, because
ultimately, it will affect the environment during handling.

Geology of Kohat region

The sedimentary basin in Pakistan is divided in to two main
basins; (1) Indus Basin and (2) Baluchistan Basin. These
basins have developed through different sediment logical and
geotectonic events. The Indus Basin is further subdivided
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into Upper and Lower Indus Basin by Sargodha High due to
geological and tectonic processes. Kohat and Potwar Sub-
basins are further sub-divisions of the Upper Indus Basin.
Kohat Basin is separated from the Potwar Basin by the Indus
River (Malik et al. 2014).

Location of Kohat Basin is shown on the map in Fig. 2.
It is not possible to investigate all of the Kohat area in this
study because of the large number of wells present there.
Different wells were selected from four directions; i.e. one
well from the East, one from the West, one from the North
and one from the South. In this paper, the data obtained
for the Shawa-01 Well is presented and discussed in detail.
Shawa-01 Well was selected keeping in view the geology of
the Kohat Basin and the well’s geological oil source forma-
tion. This well is situated at Shawa Village in Lower Dir
District, KPK, Pakistan and is located at 33°14' 02.68" N;
71°03’ 53.72" E in the Kohat Sub-basin. Shawa-01 Well was
drilled by the OGDCL, Pakistan. This well is an explora-
tory well of OGDCL and is still under drilling. The Shawa-
01 Well has been drilled up to a depth of 4437 m till now.
Its target depth is 5550 m (Pakistan Petroleum Information
Services 2016).

Methodology
Methodology used is shown in Fig. 1.
Sample collection

At the time of sample collection, the OGDCL had collected
and processed samples up to a depth of 3600 m. Other sam-
ples are under process of transportation, washing and drying.
Samples were washed with kerosene oil to make the samples
fluid free. Samples were collected in dry form. Each sam-
ple was collected in a clean polythene bag. Weight of each
sample taken was 100+ 10 g. Samples were collected from
different depths according to geological formations as shown
in Table 1. Each sample was taken in a band of 5 m depth to
cover relevant formations. Samples consist of soil and non-
uniform pieces of ditch cuttings. Samples were ground and
sieved with a 305 size mesh to homogenize grain size. Grain
size for 305 mesh is <40 um. This grinding was necessary
to obtain homogenized samples for NAA.

Neutron activation analysis (NAA) procedure

Sample preparation for NAA

Homogenized solid samples were obtained after crushing,
grinding and sieving. The samples listed in Table 1, in dupli-

cate, along with 2-3 standard reference materials (SRMs),
were used for analysis. Samples were encapsulated in labeled
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Fig.1 Methodology
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Table 1 Samples collected from Shawa-01 Well

Sample Name Range of formation Origin Formation

depth (m)
Sw-1 30-35 Murree
Sw-2 575-580 -
Sw-3 1020-1025 -
Sw-4 1460-1465 -
Sw-5 1570-1575 -
Sw-6 1830-1835 -
Sw-7 1985-1990 -
Sw-8 2130-2135 -
Sw-9 2510-2515 -
Sw-10 2720-2725 -
Sw-11 2860-2865 -
Sw-12 3105-3110 -
Sw-13 3190-3195 -
Sw-14 3505-3510 Panoba
Sw-15 3595-3600 -
sw-pnb-1 3450-3455 -
sw-pnb-2 3470-3475 -
sw-pnb-3 3506-3511 -
sw-pnb-4 3525-3530 -
sw-pnb-5 3555-3560 -
Sw-pnb-6 3575-3580 -

clean capsules made of polyethylene. These capsules were
further packed in polyethylene rabbits. These rabbits were
thermally sealed and labeled prior to irradiation.

Irradiation schemes at PARR-II

The prepared rabbits were irradiated for 30 s, l hand 5 h
for the sequential/short, intermediate and long irradiation
protocols, respectively, at the Pakistan Research Reactor II
(PARR-I]) irradiation facility. These irradiation protocols, as
given in Table 2, have been devised by consideration of the
nuclear properties of the elements being studied. PARR-II
is a miniature neutron source reactor (MNSR) and was oper-
ated at a power of 30 kW and has a neutron flux of 1x 10'?
n/sec.cm? (Fig. 2).

An element is detected by NAA, if the selected isotope
has a significant neutron activation cross-section and a high
abundance. The gamma ray which is used to obtain quantita-
tive results should be selected so that its probability of emis-
sion is highest and there are no interfering peaks. These two
parameters were achieved by consideration of the nuclear
data.

A suitable decay time is provided after irradiation for
safe handling of the samples or to allow shorter lived radi-
onuclides to decay. The measurements were done using a
Canberra model (AL-30) high purity Germanium detector
(HPGe). The detector was attached to a PC-based multi-
channel analyzer (InterTechnique model pro-286¢) through
a sensitive spectroscopy amplifier (Ortec model 2010). Inter-
gamma, version 5.03 software was used for data acquisition.
The system resolution for the 1332.5 keV peak of ®°Co is
1.9 keV. Different computer programs were used to acquire
spectra (Journal of Radioanalytical and Nuclear Chemistry
1993). The counting system is calibrated daily using cali-
brated y-ray sources.
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Table 2 Irradiation schemes used for elemental analysis of soil samples collected from Shawa-01 Well

Irradiation Scheme Elements Irradiation Cooling Time Counting Time
Time
Sequential Al Ca, Cu, Mg, Ti, V 30s 2m 100 s
Short Cl, K, Mn, Na 30s 2h 300 s
Intermediate As, Br, Ga, K, La, Na, Sb, Sm, U 1h 2d 900 s
Long Ba, Ce, Co, Cr, Cs, Eu, Fe, Hf, Hg, Ho, Lu, Mo, Nd, Rb, 5h 2-3w 2h
Sb, Sc, Se, Sm, Sn, Sr, Ta, Tb, Th, Yb, Zn, Zr,
Where s =seconds, m =minutes and 4 =hours, d =days and w=weeks
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Fig.2 Generalized map and location of study area (Malik et al. 2014)

Spectra were analyzed using Gamma Cal software
(Wasim 2010). This software is based on visual basics and
is used for obtaining quantitative results. It can be used for
sequential/short, intermediate and long irradiation schemes
as well as for radionuclide measurements. Decay factors and
background correction are incorporated in the calculations
and are obtained from nuclear data libraries in this software.
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Standards used

To perform quantitative analysis standard reference materi-
als (RMs) were used. These were selected so that the matrix
material matched the sample matrix. Furthermore, it was
also desirable that the RMs contained a large number of
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elements with certified values. Details of the standards used
are given in the table below (Table 3);

Radionuclide measurement procedure

Samples of Shawa-01 Well as given in Table 1 were also
investigated for their naturally occurring radionuclides
content. The Standard Reference Materials used were soil
samples; SO0103 and SO0303, which were obtained during
the Environmental Measurement Laboratory (EML) of U.S.
DOE’s Quality Assessment Programme (QAP) conducted
from March 1998 (QAP 48) to May 2004 (QAP 60).

The area surrounding the detector and its shielding were
cleaned before starting the measurements of Shawa-01 Well
samples. All the covers of work surfaces were replaced and
background and blank spectra obtained. Each sample was
sealed in clean, pre-weighed and labeled polythene con-
tainer. Identical containers were used for samples, stand-
ards and blank and efforts were made to keep the depth of
every sample and standard in the container the same. Sam-
ples/standards were sealed and stored for around a month to
obtain secular equilibrium. The gamma spectrometry sys-
tem used to obtain the spectra for each sample/standard and
blank was the same as that used for elemental analysis using
NAA. All spectra were obtained under identical conditions.
The counting time was 16 h and 3 replicate spectra were
obtained for each sample.

Results and discussion
Quality assurance data

SRMs from IAEA, namely IAEA-SL1 (Lake Sediment) and
TAEA-S7 (Soil), were used to assure the quality of results.
Comparison of results obtained with the IAEA certified data
is shown in Table 4 for both standards.

In the 21 samples of Shawa-01 Well {Sw-1, Sw-2,
Sw-3...sw-pnb-6} analyzed, 23 elements were determined.
In Table 5, only those elements are presented which were
measured in all samples due to space constraints. For the
same reason, the measurement uncertainties have not been
shown but are similar to those given for the QA materials.
Samples are grouped according to depth of the exploratory

Table 3 Standards used for INAA and AAS analysis

S. No Standard Details
1 IAEA-S7 ( Pszonicki et al. Soil
1984)
2 IAEA-SL1 (Dybczynski and  Lake Sediment

Suschny 1979)

Shawa-01 Well. Table 5 shows the presence of trace ele-
ments but no clear cut relationship like that observed in
New Zealand rock extracts (Frankenberger 1994) was found.
Shawa-01 Well rock extracts contain trace elements such as
As, Ce, Co, Cr, Cs, Eu, Hf, K, La, Mn, Rb, Sb, Sc, Sm, Ta,
Thand V.

Yb was measured in some samples but not in all samples,
so this element is excluded from data. Al, Ba, Fe, K and Mg
were measured in higher amounts which are to be expected
in soil samples. Na may be present due to salt content. The
elements of interest are S, As, Sb, Ni, from refining and
environmental considerations (Oluwole et al. 1993). How-
ever, sulphur and Ni cannot be measured using conventional
NAA, while As and Sb were measured in all 21 samples.

Trace element concentrations vary as depth of Shawa-01
Well changes. Variation of trace elements in the original
source rock actually represents the variations in trace ele-
ments concentrations of oil samples as shown in the study
of New Zealand oil fields (Frankenberger 1994). It means
that it is not possible to develop any direct relationship with
source rock trace element concentrations to trace element
concentrations of oils for New Zealand oil fields. China oil
samples and source rocks are rich in Cl and Br. Br and CI
may be present due to salt contents but Yemen oil fields are
not rich in these elements (Frankenberger 1994).

Finally, we compared the trace element concentrations
of Shawa-01 Well with source rock extracts of other regions
of the world. Panoba formation is the source formation and
source formations provide information about origin of oil.
Therefore, comparison has been made between samples
of Panoba formation and samples from Tranaki Basin and
Yemen rock extracts as shown in Table 6. Waipawa Shale,
Maui-4 coal, Kapuni # 2 coal sample, Toko-1 sample C and
North Cape coal samples were taken from different areas of
New Zealand’s Taranaki Basin (Frankenberger 1994). Com-
parison of these samples showed that:

1. Al is higher in Kohat Basin rock extracts as compared
to other regions of the world like Yemen rock extracts
and New Zealand coal extracts of Taranaki Basin. This
is due to high clay contents in Kohat Basin.

2. Arsenic concentration in Panoba formation ranges from
7.01 to 35.41 ppm which is almost comparable to New
Zealand rock extracts and Yemen rocks.

3. Some trace elements such as Ce, Hf, K, La, Ta and Th
are present in Shawa-01 Well rock extracts but these ele-
ments are not reported in Yemen rock and coal extracts
of New Zealand Taranaki Basin. This difference may be
due to geological reason or these elements may not have
been measured in these studies. Geological aspects of
one area of world differ from other areas of the world.

4. Coal extracts of Taranaki Basin of New Zealand shows
the presence of Br, Cl and Zn. Yemen rock extracts also
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Table 4 Quality Assurance Data

X Elements TAEA-S7 (Soil) TAEA-SL1 (Lake Sediment)

of SRMs (All concentrations

are in mg/kg and on dry Certified Data Observed Results Certified Data Observed Results

weight basis at 95% confidence

interval) Al(%) 47,000+ 3500 40,710+2230 (89,000) 89,270 +9770
As 13.40+0.85 7.19+0.20 27.50+1.45 27.52+1.54
Ba ND ND 639.0+26.5 641.0+41.7
Ce 61.0+6.5 63.13+0.27 117.0+8.5 117.0+1.0
Co 8.90+0.85 9.13+0.07 19.80+0.75 19.55+0.36
Cr 60.0+12.5 66.47+1.23 104.00+0.75 104.04 +3.85
Cs 5.40+0.75 5.83+0.52 7.01+£0.44 7.20+0.99
Eu 1.00+0.20 1.09+0.04 (1.6) 1.60+0.13
Fe 25,700+ 550 25,840+ 155 67,400 + 849 67,320+417
Hf 5.10+0.35 5.35+0.39 4.16+0.29 4.16+0.04
K 12,100+ 701 11,360+ 8030 (15,000) 15,970+ 1130
La 28.0+1.0 29.79+0.57 52.60+1.55 51.78 +0.99
Lu 0.30+0.15 0.33+0.01 0.54+0.31 0.54+0.02
Mg ND ND (29,000) 28,700 +3430
Mn 631+23 649+13 346080 3410+100
Na 2400+100 2504 +556 1720+ 60 1720+432
Rb 51.0+4.5 49.01 +4.66 113.0+5.5 112.7+154
Sb 1.7+£0.2 1.19+0.11 1.31+0.06 1.32+0.25
Sc 83+1.0 8.78 +0.02 17.30+0.05 17.3+0.1
Sm 5.10+0.35 5.49+0.19 9.25+0.26 9.26+0.63
Ta 0.8+0.2 0.90+0.29 (1.58) 1.62+0.70
Tb 0.6+0.2 1.06 +0.75 (1.4) 0.79+0.50
Th 8.20+1.10 8.09+0.04 14.0+0.5 14.09+£0.08
\Y ND ND 170.0+7.5 170.0+3.2
Yb 2.40+0.35 222+1.71 3.42+0.32 3.56+£2.79
Zn 104.0+6.0 109.88 +11.24 223.0+5.0 227.37+30.50

Note: data in parenthesis shows information values and ND shows the not-detected values

contain Bromine and chlorine in the same concentration
as New Zealand extract. The presence of these trace ele-
ments is probably due to salt contents of rock samples.

5. [Eu shows little variation with a concentration range of
0.2 to 1.98 ppm in Shawa-01 samples. Table 6 shows
that New Zealand coal extracts and Athabasca oil sand
also have little variation in Eu concentrations. Other ele-
ments, in Table 5, show little variation include Ce, Cer,
Cs, Hf, Sc, Sm, Ta, Th and La.

6. Vanadium concentrations were higher in rock extracts
of Shawa-01 Well of Kohat-Sub Basin than Yemen rock
extracts, Waipawa Shale, Maui-4 coal, Kapuni # 2 coal
sample, Toko-1 sample C and North Cape coal. This
indicates that deposition environment is high in vana-
dium in Kohat Sub Basin and favorable conditions are
present for the complexing of Vanadium in clay mineral
and in organic compounds in Kohat Sub-Basin.

@ Springer

Athabasca oil sand which consists of mixture of solids
and bitumen was also investigated by INAA. Eleven ele-
ments (Al, K, Na, Ti, Mn, Cl, Dy, Sm, Eu, Ba and V) were
determined with reasonable precision in the 23, 0.5 g oil
sand test portions using INAA (Kinsley et al. 1996). Al, Eu,
Mn, Na, Sm and V have comparable values with Athabasca
oil sand.

Radionuclide results
Activity concentration

The radiation exposure to human beings due to the activity
concentrations of 22°Ra, 23>Th and *° K were assessed con-
sidering the time of stay in the radiation area. The exposure
is of two types; outdoor and indoor. The outdoor exposure
is assessed for y-rays emitted by terrestrial materials and
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Table 5 Results of analysis of Shawa-01 Well samples using NAA (All concentrations are in mg/kg unless otherwise indicated and on dry
weight basis at 95% confidence interval)

Element Al (%) As Ce Co Cr Cs Eu Fe (%) Hf K (%)

Sample name
Sw-1 3.45 1.00 57.0 8.80 259.1 1.85 0.81 1.90 4.15 1.26
Sw-2 4.05 11.73 72.9 12.74 277.1 3.82 1.11 2.56 7.23 1.65
Sw-3 3.92 11.72 38.8 7.95 72.4 2.96 0.73 2.03 3.34 0.94
Sw-4 4.60 26.53 44.2 11.90 1154 4.02 0.87 2.93 2.78 1.44
Sw-5 4.48 1.00 68.1 12.51 129.2 3.19 0.89 2.96 2.87 7.18
Sw-6 4.47 11.59 53.5 12.22 211.7 5.35 0.81 2.84 4.03 1.44
Sw-7 5.35 17.81 51.2 15.02 149.9 8.47 0.05 3.48 4.30 1.58
Sw-8 5.57 16.74 50.1 16.31 125.0 9.99 0.95 3.53 4.36 1.62
Sw-9 3.94 13.70 374 19.74 519.3 3.59 0.78 3.02 4.05 1.20
Sw-10 3.75 11.00 54.3 19.87 401.1 3.29 0.84 3.08 4.48 1.00
Sw-11 5.74 13.63 63.3 13.89 997.5 5.16 0.94 4.21 3.94 1.55
Sw-12 2.64 7.01 52.8 9.61 66.6 2.35 0.86 2.10 4.10 0.70
Sw-13 2.93 8.02 76.6 6.88 132.7 1.97 1.98 2.16 20.68 0.29
Swl4 4.14 8.21 48.9 17.72 282.9 2.58 0.89 2.97 3.70 1.09
Sw-15 5.74 13.63 63.3 13.89 997.5 5.16 0.94 4.21 3.94 1.55
sw_pnb_1 4.95 7.40 51.2 2091 490.8 4.27 0.93 3.38 4.42 1.47
sw_pnb_2 5.80 7.75 39.7 19.83 315.4 5.94 0.86 3.56 3.80 2.27
sw_pnb_3 2.78 7.04 26.0 7.92 65.2 2.88 0.62 2.01 291 1.52
sw_pnb_4 2.52 21.83 30.9 13.40 174.8 1.53 0.55 1.80 3.25 0.70
sw_pnb_5 1.64 22.90 15.1 13.27 271.9 1.72 0.29 1.86 3.26 0.95
sw_pnb_6 2.52 3541 21.1 9.07 173.3 1.95 0.53 1.81 1.88 0.75

Element La Mn Na (%) Rb Sb Sc Sm Ta Th \'%

Sample name

Sw-1 17.46 7522 1.03 64.3 0.32 5.53 6.22 0.44 8.71 32.93
Sw-2 36.91 598 1.18 83.9 4.66 8.61 522 1.04 11.89 56.11
Sw-3 16.68 474 1.37 70.3 0.50 7.38 3.00 0.20 6.40 62.84
Sw-4 25.16 672 1.23 70.7 1.18 9.79 3.31 0.20 7.28 95.43
Sw-5 21.42 608 1.42 66.1 1.73 11.00 3.67 0.89 6.99 67.06
Sw-6 26.08 712 1.13 79.0 3.01 10.05 6.56 1.14 10.07 68.73
Sw-7 30.59 720 1.08 95.1 2.64 12.36 5.03 1.23 10.44 55.65
Sw-8 24.07 568 0.92 103.2 2.97 12.88 5.36 1.32 11.03 78.88
Sw-9 25.07 550 0.96 64.2 4.12 10.20 3.94 0.78 7.58 53.24
Sw-10 28.98 529 1.00 74.9 7.80 10.69 4.04 1.24 15.72 32.63
Sw-11 37.42 748 1.30 81.5 0.50 11.48 5.48 1.53 10.88 88.17
Sw-12 26.85 1909 0.30 353 0.69 6.50 5.06 0.75 7.19 53.72
Sw-13 24.11 104 0.24 5.0 0.59 6.85 3.80 1.02 11.89 22.01
Swl4 28.46 1037 1.12 453 1.22 10.22 4.42 0.88 7.97 68.81
Sw-15 37.42 748 1.30 81.5 1.48 11.48 5.48 1.53 10.88 88.17
sw_pnb_1 28.91 835 0.93 71.9 3.72 11.66 4.75 1.11 10.73 58.99
sw_pnb_2 26.55 654 0.83 107.7 2.60 12.01 4.53 1.34 9.44 69.89
sw_pnb_3 15.49 265 1.38 63.1 3.09 7.18 3.03 0.68 5.41 29.04
sw_pnb_4 13.20 301 0.79 355 9.33 6.61 2.66 0.84 6.12 40.76
sw_pnb_5 16.04 184 1.01 56.3 12.44 6.21 2.54 0.85 4.58 37.93
sw_pnb_6 10.58 332 0.64 27.3 18.12 6.30 1.74 1.38 6.76 35.32
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Sc (ppm)  Sm (ppm) V (ppm)

Sb (ppm)
3.72
2.60
3.09
9.33

As (ppm) Co(ppm) Cr(ppm) Cs(ppm) Eu(ppm) Fe(ppm) Mn (ppm) Na (ppm)

Al (ppm)
49,530
57,970
27,850
25,170
16,430
25,160
11,920
3360
417

Table 6 Comparison of trace element concentrations of different regions of world ( source rocks only)

Sample Name

@ Springer

58.99
69.89

4.75
4.53

3.

11.66
12.01
7.18
6.61
6.21
6.30

9260
8310

835
654
265
3

33,840
35,640
20,060
18,020
18,560
18,070

4650

0.93
0.86
0.62
0.55
0.29
0.53

20.91 490.8 4.27
0.

40
75

7.

sw_pnb_1

3154 5.94

65.2

19.83
7.92

7.

sw_pnb_2

29.04
40.76

03

13,770
7900

2.88

7.04

sw_pnb_3

2.66
2.

01

1.53

174.8
271.9

13.40
13.27
9.07

21.83
22.90
35.41

sw_pnb_4

37.93
3532

27

54

12.44
18.12
0.33
0.21
0.21
0.44

10,100
64,305
6150
9950
682

184
332

1.72

sw_pnb_5

1.74
0.88
0.70
0.01
0.07
0.21
0.02
3.0

1.95
342

173.30
22.03

sw_pnb_6

2.10
0.16
0.02
0.38
0.16

0.

135
33

22

19.70
3.67
5.35

2.

1.75

Yemen Rock

8.72
6.86
6.77
3.53
6.23

41

2790
1190
1170
189
308

ND

0.03
0.24

0.05

0.10

56.40
3.83

18.56
0.51
1.38

Waipawa Shale

1.39

0.07
0.20

Maui-4 coal

11,450
1950
1201
950

14.86
1.64
3.69
62

14.29
4.44
5.8

ND

13

2251
503
525

Kapuni # 2 coal sample

0.055

0.039

0.072

0.83
5.35

ND

13.16
0.62

ND

Toko-1 sample C

04

0.128

ND

0.016
0.68

0.093
ND

North Cape coal

ND

29,300

Athabasca oil sand

Note: ND shows the not-detected values

for the time of stay of a person in the outdoor. For outdoor
exposure, the radiation indices namely radium equivalent
activity (Ra,), outdoor external dose (D,,,) and annual out-
door effective dose (E,,,) were calculated. For the measure-
ment of indoor hazard of radioactivity, indoor external dose
(D;,) and annual indoor effective dose (E;,) were calculated.
Procedures adopted during present study for the calculation
of outdoor and indoor radiation indices and annual effective
doses are given below.

Radiological assessments
Indoor hazard indices Radium Equivalent (Raeq) was cal-

culated using the following equation (Beretka et al.1985;
Ibrahim 1999; Mollah et.al 1986; El-Taher 2010; UCS 30).

ARa ATh AK
Ry, = + =+ 370. 1
ws =376+ 259 * 1810’ )

Here, Ag, Ar, and Ay are the activity concentrations of
226Ra, 2Th and K, respectively.

Outdoor External Dose (D,,,) in nGyh™! was estimated
using the following equation (UNSCEAR 2000):

D,, = 0.462A,, +0.604A,, + 0.0417A. @)

Annual Outdoor Effective Dose (E_,) was estimated
using the following equation (UNSCEAR 2000):

E,, =D,,x122x107 (mSvy_1 ) 3)
Indoor External Dose (D,,) was estimated using the fol-

lowing equation by (EC 1999):

D;, =0.92A,, + 1.1A;;,+0.08A . 4)

Here, 0.5 is taken as half the time the population in that
area would spend at home.

Annual Indoor Effective Dose (E;,) was estimated as per
(UNSCEAR 2000).

E,, = D,;, X 4.905x107° (mSvy™"). 5)

Excessive life time cancer risk (ELCR) The excessive life time
cancer risk was calculated using the following relation:

ELCR,,, = E, ,xLExRF 6)

ELCR,, = E, xLExRF. )

Here, ELCR,,, and ELCR;, are the excessive life time
cancer risks for outdoor and indoor exposures, respectively.
LE is the life time expectancy and is taken as 66 years. RF
is the fatal risk factor per Sievert and is 0.05 as per (ICRP
60) (Tables 7, 8).
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Table 7 The activity concentration (Bg/kg) of the radionuclide in the Shawa-01 Well

Sample 226Ra Mean 232Th Mean 40K Mean 26Ra+22Th4+4 K 226Ra/32Th ZRaMOK BT K
(Bqkg™)
Sw-1 107425 ND 521.1+134.4 531.80 0.02 ND
Sw-2 ND ND 460.2+118.7 460.20 ND ND
Sw-3 121.5£988  ND 886.4+228.6 1007.90 0.14 ND
Sw-4 54.2+44.0 ND 471.9+121.7 526.10 0.11 ND
Sw-5 ND ND 294.9+76.0 294.90 ND ND
Sw-6 ND 17.4+10.0 353.1+91.1 370.50 ND 0.05
Sw-7 ND ND 432.8+111.6 432.80 ND ND
Sw-8 54+13 ND 601.8+155.2 607.20 0.01 ND
Sw-9 39.0+33.9 ND 26.1+6.7 65.10 1.49 ND
Sw-10 ND 15.74+9.1 162.8+42..0 178.54 ND 0.10
Sw-11 ND ND 439.5+113.3 439.50 ND ND
Sw-12 ND ND 319.2+82.3 319.20 ND ND
Sw-13 147485 ND ND 14.70 ND ND
Sw-14 85.8+53.9 ND 194.7 +88.4 280.50 0.44 ND
Sw-15 64.1£40.6 ND 352.2+160.0 416.30 0.18 ND
sw_pnb_1 606+73.1 ND 1206.8+153.5 1812.80 0.50 ND
sw_pnb_2 597 £595 ND 660.1+84.0 1257.10 0.90 ND
sw_pnb_3 557.5+454 ND ND 1368.00 ND ND
sw_pnb_4 1125+510 ND 456.1+£58.0 1581.10 2.47 ND
sw_pnb_5 1083 +£491 ND 464.1+£59.0 1547.10 2.33 ND
sw_pnb_6 1105+501 ND 618.4+78.7 1723.40 1.79 ND
World Average 25 25 370 420.00 1.00 0.07 0.07

ND shows the not-detected values

The value of Ra-226 ranges from 5.4+ 1.3 to
1125.4+510.1 Bq. kg™!, Th-232 was below detection limit,
because it was found only in one sample Sw-6 and K-40 in
the samples ranged from 26.1 +6.7 to 1206.8 +153.5 Bq.
kg~!. The average values of Ra-226, Th-232 and K-40
for Murree formation (Sw-1-Sw-15) were 49.4 +41.3,
17.4+0.0 and 394.0 +109.3, respectively. These values are
lower as compared to the world average apart from the value
for K-40 which is higher due to large clay contents. The aver-
age values of Ra-226 and K-40 for Panoba formation (sw_
pnb_1 to sw_pnb_6) are 845.6 +460.3 and 703.4 +89.5,
respectively. Th-232 was below detection limit. These val-
ues are comparable to radionuclide values of source forma-
tions of oil well of Az Zubair oil field, Basra, Iraq given in
Table 9 (Sahar 2016). Panoba formation is a source forma-
tion, higher concentrations of radionuclides like Ra-226 are
expected as oil and gas reserves are known to accumulate
radionuclides in higher concentrations (Smith et al. 1999;
Arogunjo et al. 2004; Avwiri et al. 2007).

Radionuclides detected in the well cuttings are naturally
occurring radionuclides. These were not anthropogenic

radionuclides like Cs-137 (Jibiri et al. 2011). Therefore, it
was safe for the working staff and for handling oil in the
refinery.

The average values of absorbed dose rates D, and D;,
were 140.14 and 277.58 nGy h™!, respectively. The effec-
tive dose rate E_, and E;, average values were 0.171 and
1.362 mSv y~!. The total effective dose rate was 1.53 mSv
y~!. The recommended annual dose limit for the public
(UNSCEAR 2000) is1 mSv y~!. The outdoor effective dose
rate was less than 1 mSv y~! which was 0.171 mSv y~..
Consequently, these samples are safe to handle.

It is clear from Table 8 that the activities of radionuclides
are independent of the well depth. Every formation rocks may
have its unique properties which may affect the concentration
of radionuclides (Alharbi et al. 2013). It depends on lithologi-
cal variations as evident from the study of activity concentra-
tion of the radionuclides for drilling mud samples of ZB-269
oil well in Az Zubair oil field using gamma ray spectrometry.
The average values of activity concentration for this oil well
were greater than the recommended values (Sahar 2016).

The cumulative average lifetime cancer risks due to
the radionuclides are lower than 1: 10,000 levels for

@ Springer



11 Page100f 17

Environmental Earth Sciences (2022) 81:11

Table 8 Outdoor and indoor absorbed dose rates, external and internal effective dose rates and lifetime cancer risk

Sample Ra,, (Bq D, Gy D,, (nGy E,, (mSv E;, (mSv E,,+E, ELCR,,x10° ELCR,x10° ELCR
Ke™) h™) h™) y) y) (mSvy™) X 107
Sw-1 50.78 26.66 51.50 0.03 0.25 0.29 0.11 0.83 0.94
Sw-2 35.40 19.19 36.81 0.02 0.18 0.20 0.08 0.60 0.67
Sw-3 189.68 93.11 182.75 0.11 0.90 1.01 0.38 2.96 3.33
Sw-4 90.50 44.71 87.60 0.06 0.43 0.48 0.18 1.42 1.60
Sw-5 22.68 12.30 23.59 0.02 0.11 0.13 0.05 0.38 0.43
Sw-6 52.02 2523 47.37 0.03 0.23 0.26 0.10 0.77 0.87
Sw-7 33.29 18.05 34.62 0.02 0.17 0.19 0.07 0.56 0.63
Sw-8 51.69 27.59 53.10 0.03 0.26 0.29 0.11 0.86 0.97
Sw-9 41.01 19.13 38.00 0.02 0.19 0.21 0.08 0.62 0.69
Sw-10 35.01 6.79 13.02 0.01 0.06 0.07 0.03 0.21 0.24
Sw-11 33.81 18.33 35.16 0.02 0.17 0.20 0.07 0.57 0.64
Sw-12 24.55 13.31 25.54 0.02 0.13 0.14 0.05 0.41 0.47
Sw-13 14.70 6.78 13.51 0.01 0.07 0.08 0.03 0.22 0.25
Sw-14 100.78 47.74 94.47 0.06 0.46 0.52 0.19 1.53 1.72
Sw-15 91.19 44.29 87.13 0.05 0.43 0.48 0.18 1.41 1.59
sw_pnb_1 698.83 330.35 654.18 0.40 3.21 3.61 1.33 10.59 11.92
sw_pnb_2  647.78 303.01 601.40 0.37 2.95 3.32 1.22 9.74 10.95
sw_pnb_3  619.85 291.35 577.72 0.36 2.83 3.19 1.17 9.35 10.52
sw_pnb_4 1160.08 538.97 1071.89 0.66 5.26 592 2.17 17.35 19.52
sw_pnb_5 1118.70 519.82 1033.73 0.63 5.07 5.71 2.09 16.73 18.83
sw_pnb_6 1152.57 536.30 1066.08 0.65 5.23 5.88 2.16 17.26 19.42
World Aver- 370 84 59 0.07 0.41 0.52 0.29 1.16 1.45
age
Table 9 Comparison of average values for naturally occurring radionuclides of different regions of world
S. No Areas 225Ra Average B2Th Average 40K Average
1 Sw-1 to Sw-15 formation ND 17.4+0.01 394.0+109.3
2 sw-pnb-1 to sw-pnb-6 845.6+460.3 ND 703.4+89.5
3 Az Zubair oil field, Basra, Iraq formations(Sahar 2016) 607.2+167.7 255.0+75.7 6201.44+2040.8
4 Soil Waste Streams from a Well in Warri, Niger Delta, 75.6+33.6 21.3+5.7 128.6 +£70.1
Nigeria(Jibiri et.al 2011)
5 World Average 25 25 370

ND shows the non-detected values

contribution from a single source activity concentration
(Sahar 2016). These values are low and do not affect the
employees’ health and environment like refinery operation,
transportation and use of these soils in construction. How-
ever, if well cuttings from the oil fields exceed the limit,
proper disposal methods should be adopted according to
the regulatory requirements of Pakistan Nuclear Regulatory
Authority (PNRA).

@ Springer

Pollution studies through calculations of pollution
indices

The Enrichment Factor (EF) and Geo-accumulation Index
(Igeo) Egs. (8) and (9) are indicators used to assess the pres-
ence and intensity of anthropogenic contaminant deposition
on surface soil. These indices of potential contamination are
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Table 10 Categories of Enrichment Factor (EF)

Table 11 Categories of Geo-accumulation Index (Igeo)

Values of enrichment factor Well cuttings quality

EF<2 Below minimum enrichment
2<EF<5 Moderate enrichment
5<EF<20 Significant enrichment
20<EF <40 Very High enrichment
EF>40 Extremely High enrichment

calculated by the normalization of one metal concentration
in the top soil with respect to the concentration of a refer-
ence element (Maurizio B 2016). A reference element is an
element particularly stable in the soil, which is characterized
by the absence of vertical mobility and/or degradation phe-
nomena. The constituent chosen should also be associated
with finer particles (related to grain size), and it should not
be possible to change its concentration by anthropogenic
means. Typical elements used in many studies are Al, Fe,
Mn, Rb and Sc, while total organic carbon and grain size are
also used. Aluminum is a conservative element and a major
constituent of clay minerals, and it has been used success-
fully by several scientists (Ackerman 1980).

( Metal )
RE ] il

( Metal >
RE background

EF = 8)

Here, RE is the concentration of metal, adopted as Ref-
erence Element. The numerical results are indicative of
different pollution level. Values of 0.5 <EF < 1.5 suggest
that the trace metal concentration may come entirely from
natural weathering processes (Zhang et al. 2002). However,
an EF> 1.5 indicates that a significant portion of the trace
metals was delivered from non-crustal materials so, these
trace metals were delivered by other sources, like point and
non-point pollution (Zhang et al. 2002; Yongming et al.
2006; Klerks et al. 1989; Sutherland et al. 2000). With EF
index, quality of well cuttings can be assessed as suggested
in Table 10 (Yongming et al. 2006).

Enrichment Factors were calculated for Shawa-01 well
with respect to Aluminum and results are given in Table 12.
Values between 2 and 5 are in bold. The values which are
double underlined show EF between 5 and 20. Values above
20 and below 40 are in bold and single underlined. Most
values of enrichment factor are in the range of 5 and 20 for
all Shawa-01 well samples of Kohat Basin. It shows that

Class  Values of Geo- Well cuttings quality
accumulation
Index
0 Igeo<0 Uncontaminated
1 O<Igeo<1 Uncontaminated to moderately con-
taminated
2 1<Igeo<?2 Moderately contaminated
3 2<Igeo<3 Moderately to heavily contaminated
4 3<lIgeo<4 Heavily contaminated
5 4<Igeo<5 Heavily to extremely contaminated
6 Igeo>5 Extremely contaminated

samples are significantly enriched in trace element at this
site. Few elements are above 40 such as, Sb and Cr which
shows extremely high enrichment in all samples. Enrichment
Factor for some elements like Ta, Th and V only have values
in Panoba Formation samples. This simple analysis shows
this site to be significantly polluted by As, Sb and Cr.

The Geo-accumulation Index (Igeo) is defined as shown
in Eq. (9) (Muller 1979).

Igeo = ln% X Bn. ©)]

Here, Cn is the measured concentration of the element
in soil dust, Bn is the geochemical background value and
the constant 1.5 allows us to analyze natural fluctuations in
the content of a given substance in the environment and to
detect very small anthropogenic influence. Geo-accumula-
tion Index values are classified in seven classes as shown in
the Table 11 (Muller 1981).

Geo-accumulation Index (Igeo) values were calculated
for all the samples of Shawa-01 well and results are shown
in Table 12. Most of the values in the Table 13 are less than
zero or near to zero. Igeo values between 1 and 2 are in bold
while the Igeo values above 2 are underlined. Igeo values of
Sb in most of the samples are above 2 and Cr has Igeo value
above 2 in 2 samples; Sw-11 and Sw-15. The well cuttings
of Shawa-01 well are moderate to heavily contaminate in Sb.
Igeo values of Sb for Panoba formation samples (sw-pnb-3
to sw-pnb-6) are near to 4. It means Panoba formation is
heavily contaminated in Sb due to the presence of oil and
gas reservoirs near source formation. Igeo values between 1
and 2 are observed in some samples which shows that they
are moderately contaminated due to As, Cr and Sb.

Pollution Index was calculated using Eq. 10:

@ Springer
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Table 12 Enrichment Factor with respect to Al

Sample Al As Ce Co Cr Cs Eu Fe Hf K
Sw-1 1 4.92 21.39 12.02 66.58 8.93 19.15 1146 18.51 12.86
Sw-2 1 132,785 62,875 40,014 163,659 42,360 60,313 35,551 74,123 38,653
Sw-3 1 50.74 12.80 9.55 16.35 12.55 15.17 10.76 13.10 8.44
Sw-4 1 97.99 12.44 12.20 22.24 14.55 1542 13.26 9.30 10.96
Sw-5 1 3.79 19.66 13.15 25.54 11.84 16.19 13.74 9.85 56.19
Sw-6 1 44.05 15.49 12.89 41.98 19.92 14.78 13.20 13.87 11.32
Sw-7 1 56.53 12.38 13.23 24.82 26.33 0.76 13.53 12.36 10.33
Sw-8 1 51.07 11.64 13.81 19.90 29.85 1391 1321 12.05 1021
Sw-9 1 58.99 12.27 23.58 116.66 15.14 16.12 15.95 15.79 10.65
Sw-10 1 49.78 18.72 24.95 94.71 14.59 18.25 17.10 18.36 9.34
Sw-11 1 40.33 14.27 11.40 153.99 14.96 13.35 15.26 10.56 947
Sw-12 1 45.06 25.86 17.14 22.34 14.80 26.54 16.54 23.87 9.29
Sw-13 1 46.46 33.81 11.06 40.11 11.18 55.06 15.36 108.50 348
Sw-14 1 33.70 1529 20.18 60.58 10.37 17.53 14.92 13.75 9.24
Sw-15 1 40.33 14.27 11.40 153.99 14.96 13.35 15.26 10.56 947
sw_pnb_1 1 25.38 13.38 19.89 87.79 14.33 1531 14.22 13.73 1041
sw_pnb_2 1 22.70 8.86 16.12 48.21 17.05 12.08 12.7 10.07 13.75
sw_pnb_3 1 42.93 12.07 13.39 20.73 17.22 18.09 14.99 16.07 19.16
sw_pnb_4 1 147.29 15.89 25.08 95.70 10.1 17.91 14.89 19.84 9.68
sw_pnb_5 1 236.61 11.89 38.06 146.58 17.4 14.61 235 30.53 20.38
sw_pnb_6 1 239 10.86 16.98 61.02 12.93 17.14 14.95 11.47 10.47
Sample La Mn Na Rb Sb Sc Sm Ta Th \'%
Sw-1 1331 229.74 10.05 18.10 1891 9.34 31.28 - - -
Sw-2 64,695 41,981 26,318 54,271 633,022 33,417 60,348 - - -
Sw-3 11.18 12.73 11.72 17.39 25.97 10.95 13.26 - - -
Sw-4 14.39 15.39 8.97 14.92 52.30 12.40 12.4 - - -
Sw-5 12.57 14.2 10.63 14.31 78.66 14.2 14.20 - - -
Sw-6 15.35 16.78 8.50 17.16 137.27 13.10 25.46 - - -
Sw-7 15.03 14.17 6.81 17.25 100.55 1345 16.30 - - -
Sw-8 11.37 10.75 5.57 17 108.73 13.47 16.70 -

Sw-9 16.71 14.69 8.17 15.80 212.87 15.06 17.33 - - -
Sw-10 2031 14.85 00 19.37 423.59 16.59 18.67 -

Sw-11 17.14 13.73 159 13.78 17.75 11.65 16.56 - - -
Sw-12 26.72 76.10 3.83 12.97 53.23 14.33 33.22 - - -
Sw-13 21.63 3.74 2.70 1.66 41.01 13.61 2248 - - -
Sw-14 18.09 26.39 9.08 10.62 60.09 14.38 18.53 - - -
Sw-15 17.14 13.73 1.59 13.78 52.55 11.65 16.56 - - -
sw_pnb_1 15.35 17.75 6.28 15.25 153.13 13.71 16.62 20.25 16.82 10.01
sw_pnb_2 12.04 11.89 4.82 18.02 91.43 12.06 13.55 20.87 12.64 10.13
sw_pnb_3 14.62 10.02 16.62 21.94 225.93 15.00 18.88 22.00 15.09 8.76
sw_pnb_4 13.79 12.58 10.55 13.70 755.22 15.29 18.35 30.36 18.86 13.61
sw_pnb_5 25.66 11.81 20.65 33.26 1542.69 22.00 26.75 47.08 21.64 19.39
sw_pnb_6 11.06 13.88 8.58 10.55 1468.19 14.57 12.03 49.52 20.87 11.80
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Table 13 Geo-accumulation Index (Igeo)

Sample Al As Ce Co Cr Cs Eu Fe Hf K
Sw-1 -5.15 -2.85 -0.73 —1.56 0.91 -1.99 -0.89 -1.63 -0.94 —1.46
Sw-2 —16.31 0.70 -0.37 -1.03 1.01 -0.94 -0.43 -1.20 -0.14 —1.08
Sw-3 —4.96 0.70 —1.28 -1.71 -0.93 -1.31 -1.04 -1.53 -1.25 —1.88
Sw—4 -4.73 1.88 -1.10 -1.12 -0.26 -0.87 -0.79 —1.00 —1.52 —1.28
Sw—=5 —4.77 -2.85 -0.47 —1.05 -0.10 -1.20 -0.75 -0.99 —1.47 1.04
Sw—6 —4.77 0.69 —0.82 —1.09 0.62 —0.46 —0.89 —1.05 -0.98 -1.27
Sw—7 —4.51 1.31 -0.88 -0.79 0.12 0.20 —4.91 —0.76 —0.89 —1.15
Sw—8 —4.46 1.22 -0.92 -0.67 -0.14 0.44 —0.66 -0.73 -0.87 -1.11
Sw—9 -4.95 0.93 -1.34 -0.39 191 -1.03 -0.94 -0.96 -0.97 -1.54
Sw—10 -5.03 0.61 —-0.80 -0.39 1.54 -1.16 —0.84 -0.93 -0.83 —1.80
Sw—11 —4.41 0.92 -0.58 -0.90 2.85 -0.51 -0.67 -0.48 -1.01 -1.17
Sw-12 —5.53 —0.04 —0.84 -1.43 —-1.05 —-1.65 —-0.80 —1.48 —-0.96 -2.32
Sw—13 -5.38 0.16 -0.30 -1.92 —-0.06 -1.90 0.40 —1.44 1.38 -3.58
Sw—14 —4.89 0.19 -0.95 -0.55 1.04 -1.51 -0.75 -0.99 -1.10 —1.68
Sw—15 -4.41 0.92 —-0.58 -0.90 2.85 -0.51 -0.67 -0.48 -1.01 -1.17
sw_pnb_1 —4.63 0.04 —-0.88 -0.31 1.83 -0.78 —-0.69 —-0.80 —-0.85 -1.25
sw_pnb_2 —4.40 0.11 -1.25 -0.39 1.19 -0.31 —-0.80 -0.72 -1.07 —0.62
sw_pnb_3 —5.46 —-0.03 -1.86 -1.71 —-1.08 -1.35 -1.28 -1.55 —1.45 -1.20
sw_pnb_4 -5.60 1.60 -1.61 —-0.95 0.98 -2.26 -1.44 -1.71 -1.29 -2.33
sw_pnb_5 —6.22 1.67 —2.65 -0.97 0.98 -2.09 -2.35 -1.66 -1.29 -1.87
sw_pnb_6 —-5.60 2.30 -2.16 -1.52 0.33 -1.91 -1.50 -1.70 -2.08 -2.21
Sample La Mn Na Rb Sb Sc Sm Ta Th \'%
Sw-1 —1.41 270 -1.82 -0.97 -0.91 -1.93 -0.18 -1.62 -0.85 -2.14
Sw-2 -0.33 —-0.96 -1.63 -0.59 2.96 -1.29 -0.43 -0.38 -0.41 -1.37
Sw-3 -1.48 -1.29 -1.41 —-0.84 -0.26 -1.51 -1.23 =275 -1.30 -1.21
Sw—4 -0.89 -0.79 -1.57 -0.83 0.98 -1.10 -1.09 =275 -1.11 -0.61
Sw-5 -1.12 -0.93 -1.36 —-0.93 1.53 —-0.93 —0.94 —-0.60 -1.17 -1.12
Sw—6 -0.83 -0.71 -1.69 —-0.67 233 -1.06 -0.10 -0.24 —-0.65 —1.08
Sw-7 —-0.60 —-0.69 -1.75 -0.41 2.14 -0.76 -0.49 -0.13 -0.59 -1.39
Sw-8 —-0.95 —-1.03 -1.98 -0.29 231 -0.71 -0.40 -0.03 -0.51 —-0.88
Sw-9 -0.89 -1.08 -1.92 -0.97 278 -1.04 —-0.84 -0.79 -1.06 —1.45
Sw-10 —-0.68 -1.13 -1.86 -0.75 3.70 -0.97 -0.80 -0.12 0.00 -2.16
Sw—11 -0.31 —-0.63 -1.49 —-0.63 -0.26 -0.87 -0.36 0.18 -0.53 -0.72
Sw-12 -0.79 0.72 -3.60 -1.84 0.20 -1.69 -0.48 —-0.85 -1.13 -1.44
Sw-13 —0.95 -3.48 -3.95 —4.66 —-0.02 -1.62 —-0.89 -0.40 -0.41 =2.72
Sw-14 -0.71 -0.16 -1.70 -1.48 1.02 -1.04 —-0.67 —-0.62 —-0.98 —-1.08
Sw—15 -0.31 —-0.63 -1.49 —-0.63 1.30 -0.87 —-0.36 0.18 —-0.53 -0.72
sw_pnb_1 -0.69 -0.48 -1.97 -0.69 2.63 —-0.85 -0.57 -0.29 —-0.55 -1.30
sw_pnb_2 —0.81 -0.83 -2.13 -0.23 212 —0.81 —0.64 —-0.02 -0.74 —1.06
sw_pnb_3 -1.59 -2.13 —1.40 —-1.00 2.36 —-1.55 -1.22 —1.00 -1.54 -2.33
sw_pnb_4 —1.82 -1.95 -2.20 -1.83 3.96 —-1.67 —1.40 —0.68 -1.36 -1.84
sw_pnb_5 —1.54 —2.66 -1.85 -1.16 4.37 -1.76 —1.48 —0.66 -1.78 -1.94
sw_pnb_6 -2.14 -1.81 -2.50 -2.20 4.92 -1.74 -2.01 0.03 -1.22 -2.04
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Table 14 Classes of Pollution Index (PI)

Values of pollution index Well cuttings quality

PI<1 Low Level Pollution
1<PI<3 Moderate Level Pollution
PI>3 High Level Pollution

Cﬂ
PI = 3 (10)

n

Here, Cn in measured concentration and Bn is the back-
ground concentration. Pollution Index (PI) classification is
given in Table 14 (Tokalioglu et al. 20006).

Shawa-01 well samples were further evaluated for pol-
lution. Pollution Indices were calculated for the Shawa-01
Well and the results are given in Table 15. In Table 15, PI
values above 3 are double underlined and the values between
1 and 3 are in bold and single underlined. Most of the PI
values of Shawa-01 well samples are below 1. Some ele-
ments such as, Cr and Sb show PI values greater than 3. Sb
and Ta are measured near their detection limits. Therefore,
these elements have higher measurement uncertainties (Faiz
et al. 2013). PI values of As, Cr, Cs, Sm, and Th in some
samples are between 1 and 3 which shows middle level pol-
lution. From Table 14, it is clear that As and Cr are the
main elements of pollution concerned. This may be due to
migration of oil and gas from different sites which may have
higher pollution activity. Integrated Pollution Index (IPI) is
defined as the mean value of pollution Index and is classified
as given in Table 16 (Chen et al. 2005).

The IPI values were calculated and are also given in
Table 15. The IPI values above 2 are in bold and double
underlined, while the values between 1 and 2 are single
underlined. The IPI value of Sb is highest among all other
elements. Elements such as As and Cr also have IPI values
greater than 2. It means that these elements show high level
of pollution. Elements such as Mn and Sm have IPI values
between 1 and 2 which shows middle level pollution. The
IPI values of all other element are less than 1.

@ Springer

Conclusions

In this study of source, rock samples collected from
Shawa-01 well were analyzed. INAA has been successfully
employed to measure the trace elements such as Al, As, Ce,
Co, Cr, Cs, Eu, Fe, Hf, K, La, Mn, Na, Rb, Sb, Sc, Sm,
Ta, Th and V and comparison was made with world other
regions. It is concluded that Shawa-01 well shows hetero-
geneous behavior with variation in its elements composi-
tion. This study shows that the developed INAA technique
can be used to determine the elemental composition of rock
samples of any oil well where minor differences can show
major changes in the environment. It provides information
about the elements present in the source rocks of oil well
which will be helpful during drilling, processing and han-
dling. Measurement of natural radioactivity level can also
provide useful information for environmental studies. Calcu-
lation of Pollution indices from trace element concentrations
shows that this area is moderately to highly pollute by As,
Cr and Sb.

Future recommendations

Shawa-01 Well is an exploratory well, therefore, at the time
of collection of samples trace elements study of crude oils
could not be conducted. Further NAA may be applied to the
elemental analysis of rock extracts from other oil fields in
Pakistan. A relationship can be established to find origin of
the crude oil by comparing measured trace elements con-
tents of crude oils and rock extracts. Trace elements deter-
mination using neutron activation analysis can be used to
find the age and source of oil fields in Pakistan by comparing
the elemental concentration of same source rocks of differ-
ent oil fields of different areas and same areas. But this is
not included here, because this area of study requires large
data collection of various oil fields and coal extracts and
their analysis which is again a separate project (Tables 12,
13, 14, 15, 16).
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Table 15 Pollution Index (PI)

Sample Al As Ce Co Cr Cs Eu Fe Hf K

Sw-1 0.04 0.21 0.9 0.51 2.82 0.38 0.81 0.48 0.78 0.54
Sw-2 0.00 244 116 0.74 3.01 0.78 111 0.65 136 0.71
Sw-3 0.05 244 0.62 0.46 0.79 0.60 0.73 0.52 0.63 0.41
Sw-4 0.06 5.53 0.70 0.69 1.25 0.82 0.87 0.75 0.52 0.62
Sw-5 0.05 0.21 1.08 0.72 1.40 0.65 0.89 0.76 0.54 3.09
Sw-6 0.05 24 0.85 0.71 2.30 1.09 0.81 0.72 0.76 0.62
Sw-7 0.07 371 0.81 0.87 1.63 173 0.05 0.89 0.81 0.68
Sw-8 0.07 349 0.80 0.94 1.36 2.04 0.95 0.90 0.82 0.70
Sw-9 0.05 2.85 0.59 114 5.64 0.73 0.78 0.77 0.76 0.52
Sw-10 0.05 2.29 0.86 115 4.36 0.67 0.84 0.79 0.85 0.43
Sw-11 0.07 2.84 1.00 0.80 10.84 1.05 0.94 107 0.74 0.67
Sw-12 0.03 1.46 0.84 0.56 0.72 0.48 0.86 0.54 0.77 0.30
Sw-13 0.04 1.67 1.22 0.40 1.44 0.40 1.98 0.55 3.90 0.13
Sw-14 0.05 171 0.78 102 3.08 0.53 0.89 0.76 0.70 0.47
Sw-15 0.07 2.84 1.00 0.80 10.84 1.05 0.94 107 0.74 0.67
sw_pnb_1 0.06 154 0.81 1.21 5.33 0.87 0.93 0.86 0.83 0.63
sw_pnb_2 0.07 L61 0.63 115 343 1.21 0.86 091 0.72 0.98
sw_pnb_3 0.03 147 0.41 0.46 0.71 0.59 0.62 0.51 0.55 0.65
sw_pnb_4 0.03 4.55 0.49 0.77 2.96 0.31 0.55 0.46 0.61 0.30
sw_pnb_5 0.02 4.77 0.24 0.77 2.96 0.35 0.29 0.47 0.62 0.41
sw_pnb_6 0.03 1.38 0.34 0.52 1.88 0.40 0.53 0.46 0.35 0.32
Integrated Pollution ~ 0.05 2.73 0.77 0.78 3.27 0.80 0.82 0.71 0.88 0.66

Index (IPI)

Sample La Mn Na Rb Sb Sc Sm Ta Th A\

Sw-1 0.56 9.72 0.43 0.77 0.80 0.4 1.32 0.49 0.83 0.34
Sw-2 119 0.77 0.48 1.00 11.65 0.62 111 116 113 0.58
Sw-3 0.54 0.61 0.56 0.84 1.25 0.53 0.64 0.22 0.61 0.65
Sw-4 0.81 0.87 0.51 0.84 2.95 0.70 0.70 0.22 0.69 0.98
Sw-5 0.69 0.79 0.58 0.79 4.33 0.79 0.78 0.99 0.67 0.69
Sw-6 0.84 0.92 0.47 0.94 1.53 0.72 140 1.27 0.96 0.71
Sw-7 0.99 0.93 0.45 113 6.60 0.88 1.07 137 0.99 0.57
Sw-8 0.78 0.73 0.38 1.23 143 0.92 114 147 105 0.81
Sw-9 0.81 0.71 0.40 0.76 10.30 0.73 0.84 0.87 0.72 0.55
Sw-10 0.93 0.68 0.41 0.89 19.50 0.76 0.86 1.38 15 0.34
Sw-11 1.21 0.97 0.53 0.97 1.25 0.82 117 170 104 0.91
Sw-12 0.87 247 0.12 0.42 173 0.46 1.08 0.83 0.68 0.55
Sw-13 0.78 0.13 0.10 0.06 148 0.49 0.81 113 113 0.23
Sw-14 0.92 134 0.46 0.54 3.05 0.73 0.94 0.98 0.76 0.71
Sw-15 121 0.97 0.53 0.97 370 0.82 117 170 1.04 0.91
sw_pnb_1 0.93 1.08 0.38 0.93 931 0.83 101 1.23 1.02 0.61
sw_pnb_2 0.86 0.85 0.34 1.28 6.50 0.86 0.96 148 0.90 0.72
sw_pnb_3 0.50 0.34 0.57 0.75 112 0.51 0.65 0.75 0.52 0.30
sw_pnb_4 0.43 0.39 0.33 0.42 2332 0.47 0.57 0.94 0.58 0.42
sw_pnb_5 0.52 0.24 0.42 0.67 3110 0.44 0.54 0.95 0.44 0.39
sw_pnb_6 0.34 0.43 0.26 0.33 4531 0.45 0.37 153 0.64 0.36
Integrated Pollution ~ 0.79 123 0.42 0.79 9.85 0.66 0.91 1.08 0.85 0.59

Index (IPI)

@ Springer
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Table 16 Classes of Integrated Pollution Index (IPI)

Values of integrated pollution index Well cuttings quality

IPI<1 Low Level Pollution
1<IPIL2 Moderate Level Pollution
IPI>2 High Level Pollution
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