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4- Gypsum (CaSO4, 2H20)
5- Epsumite (MgSO4, 7TH20)
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Figure 1- Geological map of study area (1) with soil sampling locations showed by rhombic signs.
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Table 1- Properties of soil sampling locations

Sgei gl olilie Jsb  oWdle oy gl oYUy 1 dbold SRV &4 G Capedse
Sample name Longitude (E)  Latitude (N)  Elevation (m) Distance from refinery (km) Position to refinery
TS1 60° 52" 354" 36°24'10.8" 390 7.51 wexSouth
TS2 60° 52" 12.3" 36°23 114" 388 9.06 wyxSouth
TS3 60° 51’ 17.2" 36° 23" 13.2" 401 8.7 wyxSouth
TS4 60° 49’ 55.8" 36° 25 29.2" 416 4.77 wyxSouth
TS5 60° 50’ 45.4" 36°27 344" 454 0.25 JshInside
TS6 60° 50" 48.3" 36°27 344" 457 0.245 JsbsInside
TS7 60° 50" 52.8" 36°27 34.2" 457 0.26 JsbsInside
TS8 60° 48’ 30.6" 36°27 52.2" 461 3.4 <« West
TS9 60° 49" 18.23"  36°26’ 35.83" 437 3.36 wsaSouth
TS10 60° 51" 7" 36° 25" 46.5" 424 4.06 wsaSouth
TS11 60° 51’ 53.5" 36°27 37.5" 401 1.78 &6 East
TS12 60° 50" 24.3" 36°29' 26.7" 498 277 JksNorth
TS13 60° 51" 39.1" 36° 26" 44.3" 451 3.63 wexSouth
TS14 60° 52" 50 78" 36° 25’ 39.82" 407 5.25 wyxSouth
TS15 60° 50’ 25.3" 36° 26’ 20.4" 443 3.09 wyxSouth
TS16 60° 51’ 24.2" 36° 24’ 27.9" 420 6.58 wyxSouth
TS17 60° 49’ 5.3" 36°24'9.7" 416 7.45 wsaSouth
TS18 60° 53" 30.4" 36° 23" 25.9" 384 9.07 wsaSouth
TS19 60° 53" 30.39"  36°24’ 291" 384 8.15 wsaSouth
TS20 60° 48 49.7" 36° 22" 58.5" 435 9.67 wsaSouth
TS21 60° 47 39.1" 36°231.9" 436 10.25 wsaSouth
TS22 60°48 18 14"  36°24’ 16.69" 435 7.86 wsaSouth
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2- Sodium Adsorption Ratio
3- Exchangable Sodium Percentage
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1- Cation Exchange Capacity
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Table 2- Results of different parameters measurement in the soil samples

S Colan

g ! yssls
Acidity Electrical Cations
conductivity
digos U EC EC EC EC EC EC EC 2 2+ + v g5
sampe P0OPHq 125 14 15 e 18 ne 0 Mg N Ko
H20 KC1
name Total
uS em’™ mg kg’
TS1 6.7 65 1172 1093 8743 7448 6282 518 431 80.16  12.15 237 18.6 131.8
TS2 6.8 67 2512 2478.1 22343 21545 21334 20989 20643 1042 1093 86 142 12093
TS3 74 6.8 795 751.4 561 472.5 405.7 337.3 332.6 108.21 2.43 13.3 16 68
TS4 85 74 2142 196.4 177.7 162.4 143.1 115.3 115.1 92.18 65.63 129 135 82.4
TS5 6.6 69 10130 9610.5 73063 60742 59264 5396 48613 60.12 3.64 337 145 29315
TS6 6.7 69 3940 37914 34214 29784 29519 28968 2826  60.12 1337 559 134 39739
TS7 6.7 67 2948 2817.2 25923 2265.6 2346.8 23742 22562 64.12 6.07 154 112 3790.6
TS8 79 72 385 350.5 2408 166.7 186.8 153.8 1642 26.05 96.02 9.1 174 76.2
TS9 8 71 248 219 1935  136.6 1709 164.1  129.8  32.06 11425 129 123 165
TS10 82 7.5 715 670.8 5289  391.6 3939 2321 2541 5811 8508 102 145 433
TSI11 8 7.2 288 263.5 233.7 165.9 171.3 163.8 133.5 20.04 91.16 11.8 15.6 28.8
TSI12 8.1 7.2 253 234.6 208.2 155.8 159.4 151.4 129.2 40.08 5226 152 215 10.1
TS13 7.6 7.6 2660 2468.6 2208 1896.7 1881.5 15348 12363 66.13 23.09 144 139 1009
TS14 78 7.1 755 700.5 519.5 3417 3899 3152 2566 36.07 5591 13.6 139 309
TS15 8 71 266 2369 2174 1423 1647 1463 1223  40.08 474 11.8 11.8 185
TS16 8 74 805 7704  506.6 4143 3837 3102 2656 40.08 4497 271 174 35
TS17 81 72 278 260.1 2233 1673 171.3 1574 1315 50.1 18.23 10 18.6 2838
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w 85 7.6 10130 9610.5 73003 60742 59264 5396 4861.3 10821 11425 337 37 39739
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1\""/'[&[:‘ 7.7 7.1 1491.1 14156 1150 9634 948.6  859.5 7822 56.9 43.5 33 163 590.5
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Table 3- Classification of the soil samples based on saturated extract EC (14)

S cylan - e ; i S sbdiges oy
Electrical - Silhdaii Soil samples
conductivity Quality Effects on plant P
1 precentage
EC(dSm’)
<2 Nonsaline 3 ,.¢ w“-"'“yw Jf'ls.“g”“z b 77
Salinity effect is ignorable
2-4 Poor salinity xS’ 5,54 35 A G e oo s 3, 18
Sensitive products activity will be affected
4-8 Fair salinity lawgte (5,9 3750 ) U o SN gaze Sl (gl 3 Ses -
More products activity will be affected
8-16 High salinitysL; s s Sl i ald) polie plalS 3 Shee Lo 5
Only resistant plants activity is acceptable
o 16 Very high sl s sjp8 T O S ol S LT 0,50 e

salinity

Only very resistant plants activity is -

acceptable
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Figure 2- Diagrams of saturated extract EC in the soil samples
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Figure 3- Saturated extract EC and ApH and their relation in the soil samples
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Figure 4- Classification of studied soil samples based on SAR and EC (1:1) (11)
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Figure 5- Prediction of studied soil samples dispersion based on SAR and EC 1:5 (34)
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Table 4- Classification of the studied soil samples based on ESP (40,28)
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Table 5- Qualitative parameters of agricultural soils in the soil samples
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diged pb Sl Jold cud b
Sample name ApH Sodium Adsorption Exchangable Sodium Cation Exchange Capacity
Ratio Percentage (%) (cmol/kg)
TSI 0.2 0.651 1.521 6.7696
TS2 0.1 0.214 0.319 11.6884
TS3 0.6 0.345 0.514 11.2268
TS4 1.1 0.25 0.373 15.0161
TS5 -0.3 11.415 14.619 10.0264
TS6 -0.2 1.698 2.509 9.6875
TS7 . 0.491 0.731 9.1504
TS8 0.7 0.184 0.275 14.351
TS9 0.9 0.239 0.357 15.7046
TS10 0.7 0.199 0.297 14.8851
TS11 0.8 0.248 0.37 13.8416
TS12 0.9 0.372 0.554 11.9119
TS13 . 0.388 0.578 10.8186
TS14 0.7 0.33 0.492 11.9984
TS15 0.9 0.298 0.445 11.5278
TS16 0.6 0.697 1.034 11.3851
TS17 0.9 0.306 0.456 9.4987
TS18 0.5 0.645 0.958 11.0725
TS19 0.7 0.468 0.697 12.6523
TS20 0.8 0.509 0.757 10.8484
TS21 0.5 0.551 0.819 13.1019
TS22 0.2 0.877 1.298 11.8913
Mf -0.3 0.184 0.275 6.7696
Minimum
i) 1.1 11.415 14.619 15.7046
Maximum
ol 0.51 0.97 1.36 11.7752
Mean
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Figure 6- Relation between total sulfate and (a) pH; (b) EC of saturated extract in the soil samples
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Introduction: Elemental sulfur is byproduct of natural gas refining which during this process, H,S is
removed from sour gas and after changes to solid sulfur, it is stored in large block forms. Continuous
precipitation of sulfur and its oxidation causes soil acidification and as a result, nutrient cations such as Ca®’,
Mg*", Na* and K" will leach from the soil profile. Also, sulfate accumulation led to soil acidification and
accelerates the silicates weathering in upper layer of the soil profile. Accumulation of water soluble sulfate in the
soil and increase the nutrient cations leaching from the soil depend on sulfate resistance rate. Also, addition of
sulfur to the soil for a long time can cause calcium sulfate formation that will cause problems such as increase in
soil salinity. Shahid Hashemi Nezhad gas refinery is located about 35 km south of Sarakhs city and about165 km
east north of Mashhad. In addition to exploiting, refining and producing 50 x 10° m*.day ™' natural gas, recovered
sulfur with %99/9 purity and 2000 tons per day production capacity is one of the byproducts of this gas complex.

Materials and Methods: 22 soil samples were collected from surface soil in Shahid Hashemi Nezhad gas
refinery (3 samples) and nearby areas (19 samples) (Fig.1). Soil extracts pH was measured in equilibrium with
pure water and with KCI 1M solution in 1:2.5 soil solution ratio. EC of the soil samples was measured in
different soil water ratios to obtain the EC 1:1 (Fig.2). Total sulfate content was measured by gravimetry method
at geochemistry laboratory of Faculty of Sciences at Ferdowsi University of Mashhad. To get the digestion
extract, a mixture of 2 ml concentrated HF, 5 ml HCI and 8 ml HNO;was added to 0.5 gr soil in a teflon vessel,
then heated for 60 min at 170° C. After cooling, the solution was evaporated at 130 °C to dry it. Then, the dried
salt was dissolved in a mixture of 2 ml HNO; and 2 ml HCI and diluted with deionized water up to 25 ml. Ca*
and Mg”' contentswere measured through titration of the soil extract with EDTA 0.01 N and in EBT reagent at
the first stage, and titration of the soil extract by EDTA 0.01 N and in Moroxide reagent at the second stage. Na"
and K" contents were determined using AAS method at geochemistry laboratory at Ferdowsi university of
Mashhad after extraction with CaCl, 0.01 M.

Results and Discussion: Based on EC values, 77% of the soil samples were non-saline (EC <2 dS m™), 18%
were slightly saline (EC= 2-4 dS m'l) and 5% were highly saline (EC=8-16 dS m™) (Fig.3). In addition, low
ApH values in the soil samples showed high salinity and similar results to EC. SAR index had the highest value
in TSS sample, and the cations content in this index can be attributed to evaporative sediments with carbonate
and sulfate salts in the area (Shurijeh and Chehel-Kaman formations). Moreover, the halite bearing formations in
the study area can be regarded as a source for Na'. Based on SAR and EC, majority of the samples (except TS5
in saline and non-sodic) were non-saline and non-sodic that were suitable for agriculture. ESP index of less than
15% in all samples indicated that Na  concentration has no danger to crops. Relation between the total sulfate
content to pH and EC was inverse and direct, respectively. This indicates that recovered sulfur affect in the soil
acidification within the refinery site and increase the soluble salts content. These effects are very considerable in
the soils inside the refinery site.

Conclusions: Salinity is the major factor affecting decrease of the samples quality for agriculture. Exposed
formations in the area with highly soluble rocks causes to increase the soluble salts in the soil. The second factor
is high temperature and low precipitation that led to increase the evaporation from the soil surface and
accumulation of salts on the soil. Recovered sulfur from natural gas processing can reduce the soil pH and
increases the soluble salts to some extent, especially in the inside refinery samples, and then decreases the soil
quality for agricultural purposes. Except for one, all studied samples were classified as non-saline and non-sodic
soils. Furthermore, the samples were classified in two classes of flocculated soils and potentially dispersive soils
based on SAR and EC. ESP index indicates that there is no serious problem regarding sodium concentration in
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the soils. The pH values indicate that the samples were almost alkaline soils except for the samples inside the
site, which are slightly acidic. Acidity of those few samples are attributed to the sulfur released from gas refinery
process and its effect on the soil pH.
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