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Fig. 1- Location of the study area,Izeh groundwater depth in july 2024 and land use
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Table 1-Results of water analysis of selected wells in the dry season (Nove
(VE-Y o)) Sis Juad p> oo sla ol T 5L N h

Ca2+  Mg2+ Nat+ K+ HCO3-  SO42- Cl- NO2- NO3- NH4+ TDS EC H

unit mg/1 pmoh/cm P
W1 64.12 4253 1149  1.955 250.2 19.21 17.73 0.050 53.00 0.050 290 470 7.6
w2 89.98 5894 2207 1.173 437.5 36.02 4786  0.164 102.50 0.050 598 986 8.17
W3 61.72 2771 1.379  0.782 295.9 2.882 5.672  0.050 36.69 0.050 305 508 73
w4 6593 2139 3448 0.782 254.4 16.33 13.12  0.087 29.73 0.050 305 486 8.26
W5 53.9 23.09 3494 1173 276.4 21.13 2836 0.082 22.33 0.050 337 558 7.46
Wé 77.55 4351 3.678  0.782 372.8 15.85 19.85 0.101 33.77 0.050 416 692 7.53
w7 76.15  35.24 18.39  1.955 402.7 30.26 18.08  0.050 28.00 0.050 469 712 72
w8 186.8 86.04 17.7 2.737 531.5 25.46 195.7  0.166 115.33 0.050 955 1550 6.99
W9 80.96 4326 8276 1.173 397.2 15.37 7.445 0.086 68.58 0.050 465 742 7.63
W10  66.13 1094 3448 3.91 555.3 158.5 70.91 0.050 41.50 0.050 870 1230 72
W11 88.17 48 1195  1.173 378.3 76.85 37.58  0.392 67.89 0.026 513 803 7.11
W12 1162 4922 33.11 1.173 4412 113.4 59.56  0.213 85.33 0.162 682 1067 7.09
W13 164.3 85.07 2644 2346 524.1 105.7 1964  0.189 109.64 0.012 968 1513 6.73
W14  60.12  57.72 160.9  2.346 303.9 145.1 239 0.366 32.43 0.038 951 1486 7.57
W15 80.16  66.84 3035 1.173 435.7 93.18 61.33 0.138 47.77 0.018 634 992 7.19
W16 73.14  46.18 9.886  1.173 383.8 34.58 30.84  0.330 33.90 0.136 446 698 7.13
W17 136.3 80.21 5242  1.173 538.8 163.3 85.09  0.421 21.67 0.196 875 1468 7.35
W18 76.15 79.6 2759  1.173 478.4 96.54 59.56  0.226 40.67 0.132 687 1074 7.34
W19 1082 6745 6644 1.173 584.5 52.84 138.3 0.252 2.50 0.166 794 1242 7.08
Max 186.8 109.4 160.9 39 584.5 163.3 239.0 0421 1153 0.196 968.0 1550.0 8.3
Min 539 21.4 1.4 0.8 250.2 29 5.7 0.050 2.5 0.012 290.0 470.0 6.7
Avg 90.8 56.4 30.3 1.5 412.8 64.3 70.1 0.180 51.2 0.073 608.4 961.9 7.4
SD 36.4 23.8 359 0.8 104.9 53.0 70.5 0.123 319 0.055 238.6 370.6 0.4
CV% 40.1 42.3 118.5 52.4 254 82.4 100.6 68.34 62.4 75.51 39.2 38.5 5.1
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Table 2- Results of water analysis of selected wells in the wet season (May 2024)

(VE+¥ cutigud,l) wobso Juad ;5 cotiio (sl ol Ol 53Ul ol =) Joio
Ca2+  Mg2+ Na+ K+ HCO3-  SO42- Cl- NO2- NO3- NH4+ TDS EC

. pH
unit mg/l umoh/cm
W1 48.09 20.66 20.69 391 225.8 14.41 21.27 0.050 15.15 0.050 281 466 7.7
w2 66.13 37.67 25.29 391 341.7 28.82 7.091 0.050 66.04 0.050 454 686 7.4
W3 52.1 21.87 2.299 0 244.1 4.803 7.091 0.050 29.84 0.050 277 460 7.2
W4 46.09 17.01 2.299 0 213.6 9.606 3.545 0.050 8.04 0.050 247 374 7.4
W5 40.08 15.8 34.48 0 256.3 14.41 3.545 0.050 16.2 0.050 312 471 7.3
W6 76.15 42.53 11.49 0 390.5 14.41 21.27 0.050 335 0.050 416 693 7.3
w7 72.14 32.81 13.79 391 3722 14.41 10.64 0.050 35.45 0.050 442 705 7.2
W8 1323 76.56 18.39 0 524.7 14.41 159.5 0.200 88.6 0.050 948 1537 7.1
W9 96.19 40.1 16.09 0 439.3 14.41 10.64 0.050 57.66 0.050 497 793 7.6
W10 72.14 121.5 32.19 7.82 536.9 187.3 67.36 0.092 61.82 0.050 939 1410 7.2
Wil 90.18 17.01 6.897 0.391 274.6 57.64 14.18 0.219 35.74 0.034 487 613 6.9
W12 104.2 32.81 25.29 0.391 256.3 110.5 70.91 0.120 122.2 0.072 592 886 6.8
W13 126.2 60.76 20.69 1.955 292.9 124.9 187.9 0.562 122.4 0.018 924 1242 6.7
W14 32.06 34.03 121.8 0.782 73.22 86.46 237.5 0.785 206.7 0.028 682 992 7.4
W15 88.17 59.55 34.48 0.782 390.5 105.7 60.27 0.924 114.5 0.058 751 1086 7
W16 62.12 34.03 11.49 0.391 360 14.41 31.91 0.412 43.57 0.078 423 623 7.2
W17 98.19 54.69 41.38 0.391 451.5 28.82 85.09 0.682 36.17 0.368 742 1074 7.1
W18 46.09 58.33 22.99 0.391 274.6 100.9 56.72 0.535 39.64 0.258 557 803 6.8
W19 98.19 43.75 48.28 0.391 262.4 100.9 148.9 0.125 24.79 0.026 793 1067 6.9
Max 1323 121.5 121.8 7.8 536.9 187.3 237.5 0.924 206.7 0.368 948.0 1537.0 7.7
Min 32.1 15.8 2.3 0.0 73.2 4.8 3.5 0.050 8.0 0.018 247.0 374.0 6.7
Avg 76.1 43.2 26.9 1.3 3253 55.1 63.4 0.266 60.9 0.076 566.5 841.1 7.2
SD 28.8 25.5 26.2 2.1 114.9 53.1 70.3 0.289 50.0 0.087 230.6 330.6 0.3
CV% 37.8 58.9 97.6 156.6 35.3 96.3 110.8 108.76 82.1 114.45 40.7 39.3 3.8
~
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Fig. 2- Spatial variations of molar concentration of CI" and NOs™ and NOs™ /CI" molar ratio in the dry season (a,
h ¢, g) and wet season (b, d, s).
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Table 3- Correlation Matrix of Hydrochemical Parameters
losdyrin o allge o (Niwsed ulo -V Joa> \ )

Wet Season n=19
Ca Mg Na K HCO3 SO4 Cl TDS pH NOz N03 NH4
-0.10 55" 0.22 0.35 67 -0.51 0.08 0.19 -0.01
. 69" 65" 0.38 .808™ -0.27 0.23 0.25 0.17

Na 0.32 . 0.35 70 0.37 0.06 53" 68" 0.04
K 0.32 70" A -0.07 0.22 0.19 -0.20 0.00 -0.16
HCO; 66" .90™ .60 0.44 -0.04 -0.10 -0.19 0.21
SOy 0.32 75 .80 0.39 ) -0.56 0.37 AT -0.03
Cl 90" 17 0.39 54 71 -0.36 .55° 73" -0.03
TDS 79 .90™ .63 59 95 73 48" 53" 0.10
pH -0.48 -0.45 -0.29 -0.41 -0.50 -0.42 -0.37 -0.21 -0.20
NO, 0.40 0.27 0.35 -0.23 0.38 0.47 0.26 . -0.29 i
NO; 697 0.37 -0.02 0.30 0.41 0.03 .66 52" -0.22 0.08
NH, 0.13 0.13 0.46 -0.23 0.26 0.42 -0.05 0.19 -0.06 58"
Dry Season n=17
*. Correlation is significant at the 0.05 level (2-tailed). Rv Correlation is significant at the 0.01 level (2-tailed).
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Table 4- Results of factor analysis using principal component analysis with varimax and Kaiser normalization
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Table 5- Threshold value of the nCl'and n(NOs37)/n(CI") used for identifying NOs-source in Izeh Aquifer based
on RIM
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6)  Anaerobic Ammonium Oxidation (Anammox)) 1)  Nitrogen fixation
7)  Eutrophication 2)  Nitrification

8)  Microbial respiration 3)  Nitrosomosnas
9)  Methemoglobinemia 4)  Nitrobacter

10) Reference ion method: RIM 5)  Denitrification
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Total Ion Salinity : TIS 11) Factor Analysis
Chemical Fertilizer 12) Hierarchical cluster analysis (HCA)
Sewage & Manure 13) KMO (Kaiser-Meyer-Olkin)
Mixture of Chemical Fertilizer- Sewage & Manure 14) Bartlett’s test
Mixture of Chemical Fertilizer-Soil Nitrogen 15) Varimax with Kaiser Normalization
Soil Nitrogen 16) Ward's method
17)  Error sum of squares (ESS)
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Abstract

The Izeh Plain in northeast Khuzestan, with a population of over 200,000 people, faces significant nitrate
contamination in its groundwater due to its location on an alluvial aquifer, extensive agricultural activities, and
wastewater disposal through absorption wells. This study aimed to investigate the hydrogeochemistry of the Izeh
aquifer, determine the extent of human impacts on groundwater chemistry, and evaluate the efficiency of the simple
and rapid Reference Ion Method (RIM) in identifying the primary sources of nitrate pollution and estimating the
relative contribution of each source. Groundwater samples were collected from 19 water wells during both dry and wet
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seasons. Hydrochemical diagrams, statistical analyses, including Pearson correlation coefficients,
factor analysis, and cluster analysis, were applied to identify influencing factors. The results showed that the
hydrochemistry of the aquifer is influenced by adjacent carbonate formations, karstic aquifers and mixing with
infiltrated wastewater, leading to increased chloride and nitrate concentrations in the groundwater. The results
indicated that in the dry season, the largest share of nitrate sources was attributed to sewage and manure, while in the
wet season, the contribution from chemical fertilizers increased. Validation of the RIM results with landuse maps
demonstrated good agreement between the identified nitrate sources and upstream landuse in the groundwater flow
direction. This study confirmed the high capability of the RIM method in identifying nitrate pollution sources and
suggested that threshold values for identifying nitrate sources should be determined locally. The findings of this
research can assist decision-makers in managing the quality of groundwater resources.
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