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Abstract 28 

In this study, we attempted to calculate the Natural Background Level (NBL) for 19 selected 29 

chemical compounds in the Urmia aquifer, northwestern Iran. In this study, combined methods 30 

including pre-selection and statistical methods for determining NBL have been used. In the pre-31 

selection method, the concentration of nitrate (NO3 ≥ 19.97 ppm) and chloride (Cl ≥ 200 ppm) 32 

were used as the main criteria to identify and eliminate samples affected by human activities. 33 

The selected concentration of nitrate is determined using the comparison of the results of various 34 

statistical and graphical evaluations including Quantile-Quantile plot (Q-Q plot), Box & Whisker 35 

plot (BW), Box & Whisker plot Iterative (BWI), Grubbs test, Mean and standard deviation 36 

(mean ± 2σ) (MSD), and median absolute deviation (MAD). After identifying the final data set, 37 

the NBL of the selected chemical compounds was calculated by two techniques including the 38 

Iterative 2σ technique (2σ) and calculated distribution function (CDF). Due to higher 39 

concentration relative to the reference values (REF), this study has focused on the calculation of 40 

NBL of SO4, F, As, Fe and Mn. Results showed that the upper limit of NBL calculated for these 41 

variables is about 125 ppm, 1 ppm, 8.5 ppb, 570 ppb, 80 ppb, respectively. Given that no study 42 

has been conducted to determine the NBL of chemical compounds in groundwater in Iran, the 43 

results of this study can be a roadmap for decision-makers and researchers to better manage this 44 

aquifer and other water resources in this country with limited freshwater resources.  45 

Keywords: Natural Background Level, Groundwater Pollution, Human Effects, Iterative 2σ 46 

Technique, Calculated Distribution Function, Ambient Background Level  47 

Introduction  48 

Groundwater is one of the most important sources of water needs for various uses, especially 49 

drinking so that about one-third of freshwater is extracted annually from groundwater sources 50 

(Wang et al. 2018; Gao et al. 2020; Wang et al. 2020). In recent decades, the development of 51 

cities and the increase of industrial activities have caused serious groundwater pollution, in 52 

addition to overexploitation of groundwater resources (Li et al. 2016, 2017; Wu et al. 2017). 53 

Various pollutants enter the water and soil environment, which is threatening human health and 54 

ecological security (Falkenmark, 2005; Amiri et al., 2020b; Sohrabi et al. 2020; Li et al. 2021). 55 

Today, access to adequate and safe water has become one of the concerns of various 56 
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governments. Therefore, quantitative and qualitative management of groundwater resources is 57 

one of the most important and necessary measures to be taken to ensure the health of the 58 

consumer community (Sohrabi et al. 2013; Amiri et al. 2021b; Amiri and Berndtsson 2020). 59 

In such circumstances, accurate assessment of the natural background level (NBL) of various 60 

chemical compounds and the determination of anthropogenic anomalies and effects are essential 61 

for the optimal management of groundwater quality (Gao et al. 2019, 2020). Determination of 62 

natural/geochemical background values was first proposed by Hawkes and Webb (1962) as the 63 

natural concentration of chemical elements and compounds in geological materials without the 64 

effect of anthropogenic agents. In 1993, the term geochemical baseline was introduced and many 65 

researchers considered it synonymous with NBL and used it to study natural changes in the 66 

concentration of chemical compounds in soil and water environments (e.g. Hernandez-Garcia 67 

and Custodio 2004; Bech et al. 2005).  68 

In groundwater science, the natural background (baseline) level is the range of natural change 69 

of an element, species, or chemical compound in an aqueous solution of biological, geogenic, or 70 

atmospheric origin (Edmunds et al. 2003). However, some researchers believe that NBLs no 71 

longer exist today due to increased human activity; in other words, most water resources have 72 

varying degrees of anthropogenic effects (Li et al. 2014; Nakic et al. 2007; Sellerino et al. 2019; 73 

Gao et al. 2020).  On the other hand, the calculated NBL for each chemical compound is 74 

determined by a threshold value (TV) (European Community 2006). Using these values, the 75 

quality of groundwater can be assessed more accurately. 76 

Determining the role of natural and anthropogenic factors in controlling the chemical 77 

composition of surface/groundwater resources and different sediments and soils has been 78 

pursued by various researchers (Ren et al. 2021). Naturally, different methods are used for each 79 

of these studies, and each of them has advantages and disadvantages. Therefore, by analyzing 80 

these studies, the optimal method can be identified and used for the study area. Rotiroti et al. 81 

(2015) used a new component separation-based (CS) tool called COMPSEC to calculate 82 

background concentrations of heavy elements in different hydrogeological environments. The 83 

results showed that the CS method can be a suitable and reliable method for estimating the 84 

background value, but in some cases, the superimposition of a log-normal distribution for the 85 

natural component may not be sufficient. Kim et al. (2015) used a heuristic procedure to 86 

statistically determine the natural background and anthropogenic polluted levels of nitrate in 87 
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groundwater. They showed that compared to classical methods, this method can use a finite 88 

normal-mixture model to distinguish polluted samples from samples with natural concentrations 89 

more accurately. Yan et al. (2019) evaluated the pollution and determined the background value 90 

of heavy elements in the sediments using the methods of enrichment factor, geoaccumulation 91 

index, contamination factor, principal component analysis, and cluster analysis. Sun (2019) 92 

compared statistical and spatial analysis methods to determine background concentrations of lead 93 

in groundwater. This study, using box plots and spatial autocorrelation analyzes, showed that the 94 

appropriate method for determining background values should be selected based on the 95 

distribution of elements or contaminants in aquatic environments. Duan et al. (2019) used a 96 

three-step method including single index recognition, limiting factors, and a synthetic index to 97 

distinguish the background values of some chemical parameters in surface waters. 98 

In many studies, the NBL assigned to each chemical component is presented as a unique 99 

value, which is incorrect given the nature of the change in groundwater chemical composition 100 

(Nakic et al. 2007; Gao et al. 2020; Su et al. 2020; Ji et al. 2020). As mentioned before, change 101 

in the chemical composition of groundwater triggers from the place and time of recharging and 102 

after reacting with solid materials in the path of movement, it can be elevated by processes such 103 

as surface water infiltration, biological activities, evapotranspiration, water abstraction, deep 104 

saline water intrusion, agricultural return water infiltration and effluent of residential areas or 105 

industrial units (Nakhaei et al. 2015; Ren et al. 2021; Sohrabi et al. 2017; De Caro et al., 2017; 106 

Vázquez-Suñé et al., 2004; Amiri et al. 2021 a, b). Therefore, since the chemical composition of 107 

groundwater is controlled by natural and anthropogenic factors, and the effect of these factors 108 

changes in different places and times, the NBL should normally be considered as a range and not 109 

a unique value (Nakic et al., 2007). 110 

Statistical methods such as parametric and non-parametric approaches can determine the 111 

NBL for the desired chemical compounds (De Caro et al. 2017). The role of natural and human 112 

factors in controlling changes in chemical compounds in groundwater can be identified by 113 

distribution functions and their normality (Wendland et al. 2005; Molinari et al. 2012). Unlike 114 

nonparametric methods, most parametric methods can determine the NBL by assuming that the 115 

data distribution follows a normal or log-normal distribution (such as 4σ outlier test, 2σ or 116 

calculated distribution function (CDF)). These methods are based on determining and removing 117 

anomalies from data sets and creating a normal distribution (Gałuszka, 2006; Nakic et al., 2007). 118 
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Matschullat et al. (2000) by examining various methods such as 4σ-outlier, 2σ, and CDF 119 

revealed that in the first method, a small number of samples are removed from the data set, in 120 

other words, the computational NBL is estimated to be higher than the actual value. Therefore, if 121 

the number of available data for each chemical compound is more than 30, two other methods 122 

(i.e. 2σ and CDF) can provide more accurate results (Gao et al. 2020). 123 

So far, various studies have examined the background values of various elements and 124 

compounds in soil and water environments. As a highly practical method, Nakic et al. (2007) 125 

showed that removing outliers from the data set of some compounds in an iterative process can 126 

lead to their normal distribution and NBL determination. Kelly and Panno (2008), Rodrigues et 127 

al. (2013), Urresti-Estala et al. (2013), Preziosi et al. (2014), Salomão et al. (2018), Salomão et 128 

al. (2019), Bulut et al. (2020), Gao et al. (2020) and Duan et al. (2020) used Iterative 2σ and 129 

CDF methods to determine the NBL. 130 

This study aimed to identify the factors that control the natural changes in the chemical 131 

composition of groundwater resources as well as the possible role of anthropogenic factors. 132 

Therefore, we have tried to use the Iterative 2σ and CDF methods to calculate the NBL of the 133 

main ions and some metallic and non-metallic elements in the coastal part of the Urmia aquifer, 134 

northwestern Iran. So far, various hydrochemical, geochemical, isotopic, hydrogeological, and 135 

geophysical studies have been performed by the authors in this aquifer (Amiri et al. 2016a, b, c, 136 

2017, 2020, 2021). In most of these studies, several possible sources have been proposed for 137 

occasionally high concentrations of major and potentially toxic elements. Therefore, NBL 138 

determination of such elements can be very effective in improving the management of 139 

groundwater resources and preventing adverse consequences for the health of residents through 140 

water consumption. This study is the first attempt to determine the NBL of elements in 141 

groundwater in Iran and can be considered by many researchers in this country. 142 

Materials and Methods 143 

Geology, climate, and hydrogeology of the study area 144 

Since the hydrogeological conditions and groundwater flow system can change the groundwater 145 

chemistry, this section introduces the study area in terms of geology and hydrogeology. Urmia 146 

aquifer (UA) with an area of nearly 750 km2 is located in northwestern Iran and west of Lake 147 

Urmia as one of the salt lakes in the world with a salinity changing about 300-350 gr/L (Amiri 148 
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and Berndtsson 2020). This aquifer is mostly unconfined, but in some areas, it has a convertible 149 

structure. It is surrounded by various rock formations. The oldest rocks in this area belong to the 150 

Precambrian. This area includes a collection of metamorphic rocks such as gneiss, amphibole, 151 

metadiorite, volcanic structures, and carbonate rocks (Sohrabi et al. 2017 and 2018). 152 

According to the global bioclimatic classification system, this area is located in the east of 153 

the Zagros Mountains and the east of the Mediterranean climate range (Amiri et al. 2016a). 154 

Moisture originating from the Mediterranean Sea is transferred to the region by cyclonic 155 

currents. The average annual temperature in this region over the last 35 years is about 12 °C. 156 

Also, the average maximum and minimum temperature in the same time is about 31 and -6 °C, 157 

respectively. Compared to the average rainfall of Iran (about 280 mm), the average annual 158 

rainfall in this area in the long period is about 346 mm. The wet season in Urmia begins in late 159 

October and early November and ends in June. The maximum rainfall is in March and April 160 

(Amiri et al. 2021c). 161 

Rainfall is the most important recharging factor of this aquifer. Besides, currents from 162 

perennial rivers (including Nazluchai, Baranduz Chai, Shahr Chai, and Rouzeh Chai) and some 163 

temporary rivers are other factors that recharge the aquifer. The connection of karst water 164 

resources as well as hard rock formations through dissolution systems and fractures is also one of 165 

the most probable factors in recharging groundwater resources (Amiri et al. 2016c). This aquifer 166 

is drained by several thousand wells. Despite the high rate of rainfall in the aquifer, the 167 

uncontrolled abstraction of groundwater due to the activity of more than 25,000 unlicensed wells 168 

and 17,000 authorized wells has caused that in 34 years, the average drop in water level is equal 169 

to 15 cm annually and in 34 years is equal to 536 cm (IWRM 2017). 170 

Geophysical studies show that the maximum thickness of the alluvial part of UA in its 171 

northern half is about 160 meters, which is observed in the central and eastern regions (near 172 

Urmia Lake (UL)). Also, its southern half has a maximum thickness of about 120 to 130 meters 173 

and these changes are observed along the shore of UL and often in the central regions (Amiri et 174 

al. 2016b). 175 

This lake deepens from south to north. Therefore, it is expected that UA and UL have a 176 

common bedrock. Due to the reduction of topographic slope from west to east, it is expected that 177 

the groundwater level in this aquifer in the western regions is at a greater depth than the eastern 178 

regions. Accordingly, by recharging the aquifer and reducing groundwater abstraction, in many 179 
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coastal areas, the groundwater level is at a very shallow depth and close to the ground, even 180 

when the water level of UL is lower than the groundwater level. Based on hydrogeochemical, 181 

isotopic, and geophysical studies performed in this part of UA, there is little evidence of the 182 

direct hydraulic relationship between fresh groundwater and UL, and this is due to the presence 183 

of thick, very hard and impermeable salt layers at the border of these two water bodies (Amiri et 184 

al. 2017). 185 

Data collection & analysis 186 

In this study, 175 groundwater samples were collected from the eastern part of the Urmia 187 

Aquifer. These samples were collected with the financial support of the Geological Survey and 188 

Mineral Exploration of Iran in 2014 and 2015 and by the first author of this article. The initial 189 

monitoring network consisted of 84 sampling locations and 91 duplicate samples were collected 190 

from the network twice (Fig. 1). The depth of selected wells was between 10 and 120 meters 191 

(with an average of 47 meters). All sampling, storage, laboratory transfer, and physicochemical 192 

analysis processes are performed according to international standards (APHA 1985; ISO 1993). 193 

At each sampling position, the collected water was stored in two 250 ml PET bottles. To 194 

extract freshwater without high retention time in the well, sampling was done from the pumping 195 

wells and if the pump was off, the pumping was done for several minutes and then the water 196 

sample was stored in a bottle. Before storing water, the bottles were washed several times with 197 

the desired water. One bottle was used for the analysis of anions without any manipulation and 198 

the other bottle, whose acidity was reduced by 65% v/v nitric acid (pH ≈ 2), was used to analyze 199 

cations and other elements. Before analysis, these samples were stored at standard temperature (4 200 

° C). Some physical parameters including electrical conductivity (EC), total dissolved solids 201 

(TDS), pH, Eh, and temperature were measured on-site using a HACH Multimeter device. 202 

Besides, the concentrations of chemical parameters include SO4, F, Cl, NO3, HCO3+CO3, Ca, K, 203 

Mg, Na, B, Br, Al, As, Ba, Cd, Fe, Li, Mn, Mo Ni, P, Rb, Se, Si, Sr, U, and Zn were also 204 

measured in the laboratory. 205 
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Fig. 1 Geographical location of the study area. Green circles: included water samples, red circles: 206 

excluded water samples 207 

Based on geological, hydrogeological, hydrogeochemical studies and the authors' experience 208 

in the study area, we have tried to calculate the NBLs of 19 chemical compounds in the 209 

groundwater. According to studies, the selected compounds have both natural (geochemical) and 210 

human (due to agricultural, industrial, and mining activities). 211 
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Methods of calculating NBLs 212 

In this study, Iterative 2σ and CFD methods were used to determine the NBL of various 213 

chemical compounds in groundwater. 214 

In the Iterative 2σ method, after calculating the mean and standard deviation of the data set, 215 

the mean ± 2σ calculation is repeated until the data follow the normal distribution (Matschullat et 216 

al. 2000). Thus, all outliers are removed from the mean ± 2σ range and they are considered as 217 

data affected by anthropogenic factors. The process of calculating and plotting the distribution of 218 

data is repeated until all the data fall in the desired range (i.e. mean ± 2σ). The data in the 219 

calculated range is known as the NBL and the upper limit of this range is considered as the 220 

background value (Rodrigues et al., 2013). The Lilliefors test is used to check the frequency 221 

distribution and normality of the data. Besides, the t-test is used to calculate the t-statistic and the 222 

value obtained is compared with the t-critical value (t-crit.). In these calculations, α and 223 

confidence level are 0.05 and 95%, respectively. If the t-statistic is lower than the t-crit., the data 224 

distribution is normal and this method is suitable for determining the NBL of the desired 225 

chemical compounds (Urresti-Estala et al., 2013). In this method, the upper mean ± 2σ can be 226 

considered as TV (Nakic et al. 2007). 227 

The CDF method works on the basis that human factors can increase the concentration of 228 

chemical compounds in groundwater. Similar to the Iterative 2σ technique, this method tries to 229 

fit a normal curve on the data sets. In this method, samples with a concentration higher than the 230 

median are excluded from the data set, and in contrast, it is assumed that the samples in which 231 

the concentration of the studied parameter is between min. and median, are unaffected by 232 

anthropogenic effects (Matschullat et al. 2000). In this way, the remaining values can be 233 

considered as NBL (Urresti-Estala et al. 2013). In both the Iterative 2σ and CDF method, 234 

determining acceptable NBLs for different compounds is depends on the frequency distribution 235 

of the data set as well as their nature (Bulut et al. 2020). 236 

In this study, a Visual Basic macro entitled BACKGROUND, developed by Nakić et al. 237 

(2007), has been used to calculate the NBLs based on Iterative 2σ and CDF methods. One of the 238 

essential information for calculating Iterative 2σ and CDF is to determine the interval or bin 239 

value for each of the desired physicochemical compounds. In this study, Strurge’s Rule, which is 240 

a function of the number of samples (n) and the min. and max. of a chemical variable in the data 241 

set, was used to calculate the bin value (Salomão et al. 2019; Eq.1): 242 
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 n

101 3.222 log
Bin value = 

Max. Min.

 


                                                                                                     (1) 243 

In cases where the concentration of a chemical variable is less than the detection limit of the 244 

measuring device, dividing the min. value by the square root of 2 has been used as an alternative 245 

(Amiri et al. 2017; Succop et al. 2004). 246 

 247 

Results and Discussion  248 

One of the challenges in determining the NBL of various chemical compounds in groundwater is 249 

how to identify and determine samples affected by anthropogenic factors (Biddau et al., 2017; 250 

Cruz and Andrade, 2015). Nitrate is one of the most common human contaminants that can be 251 

easily measured (Almasri 2007; Masetti et al. 2008; Mencio et al. 2016; Li et al. 2019). 252 

Therefore, in several studies, it has been used as a criterion for identifying groundwater pollution 253 

by human activities and for the pre-selection of data sets. In some studies, samples with a nitrate 254 

content of more than 10 ppm were considered contaminated and removed from the data set 255 

(Muller et al. 2006). However, in areas with intensive agricultural activities, the concentration of 256 

nitrate in groundwater increases more than usual, and therefore, considering the 10 ppm limit for 257 

the pre-selection process leads to the elimination of a large number of samples and unacceptable 258 

reductions in the size of data set (Preziosi et al. 2010). 259 

Given in the importance of the number of samples remaining in a data set, it is important to 260 

select the appropriate concentration of nitrate as a criterion for the pre-selection step. As a first 261 

suggestion, Muller et al. (2006) used NO3 ≥ 10 mg/L for the pre-selection of the data set. Some 262 

studies have suggested that 75% of the standard drinking water (WHO 2011) equal to 37.5 mg/L 263 

can be used. Nevertheless, Parrone et al. (2019) showed that selecting a local value or limit 264 

appropriate to the study area can help to better understand the chemical behavior of groundwater 265 

resources and select a more optimal data set. Accordingly, this calculated value should not 266 

exceed 37.5 mg/L. This criterion of separation of affected and non-affected samples by nitrate 267 

concentration has not been studied comprehensively. According to the definition of Reimann and 268 

Garrett (2005), these limits are considered as Ambient Background Level (ABL). 269 

In this study, the local ABL of nitrate was determined using the following methods: 270 
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 Quantile-Quantile plot (Q-Q plot): The concentration of nitrate is displayed using this 271 

distribution method, and after identifying inflection points, values outside the main trends 272 

are recognized as outliers and removed from the data set. 273 

 Box & Whisker plot (BW): In this method, the distribution of nitrate in the study area is 274 

shown using the BW method, and outliers are removed from the original data set. 275 

 Box & Whisker Iterative (BWI): By repeating the remaining data from the BW method, 276 

any remaining outliers are identified and removed. This method continues until all 277 

outliers are removed from the data set. 278 

 Mean and standard deviation (MSD): In this method, the mean value and standard 279 

deviation (σ) of the data set are calculated and considering the mean ± 2σ, at each step a 280 

part of the samples with nitrate content outside this range is excluded. In this method, the 281 

calculations using the remaining data must be repeated until the desired result is obtained. 282 

 Grubbs test: This parametric method is a suitable tool for identifying outliers using Z-283 

values calculation (Li et al., 2018b). Based on this, samples with Z-values above a 284 

threshold can be removed from the data set. In this method, the upper 1% significance 285 

level (α = 0.01) was considered as a criterion for identifying outliers. The general 286 

equation in this method is as follows (Rahman et al. 2020): 287 

s
t

(x )
G




                                                                                                                      (2) 288 

Where μ is the mean of the data set, σ is the standard deviation, xs is the suspected value, 289 

and Gt is the Grubbs test. 290 

 Mean absolute deviation (MAD): In this method, we have tried to calculate the MAD 291 

value of the data set and remove samples with values above the threshold of 4.5 from the 292 

data set (Parrone et al. 2019). 293 

Fig. 2 shows the processes performed on nitrate data using the Q-Q plot, Box & Whisker plot, 294 

and Grubbs test methods. 295 
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Fig. 2 Identifying the outliers in nitrate data set by Q-Q plot, BW, and Grubbs test. 296 

 297 

Then, by comparing the results, examining the distribution curves, and their normality, the 298 

final value obtained was determined by each method. In each method, if after statistical 299 

calculations and a graphical representation, the distribution of the remaining data set after 300 

removing the outliers was normal, the maximum value was considered as the final number. The 301 

Shapiro-Wilk test was used to determine the normality of the remaining data sets (Shapiro and 302 

Wilk 1965). Otherwise, the 95th percentile of the remaining data was considered as ABL of 303 

nitrate. After determining the local ABL of nitrate, samples containing greater values were 304 

considered as affected by human activities and removed from the original data set. In addition to 305 

nitrate, a recommended amount of chloride (Cl ≥ 200 ppm) was used to increase the accuracy of 306 

selecting samples unaffected by human activities (Ducci et al. 2016). Finally, these pre-selected 307 

data were used to calculate the NBL of the chemical compounds using Iterative 2σ and CDF 308 

methods. 309 
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The results of ABL nitrate calculation using different methods are presented in Table 1. 310 

Accordingly, the three methods, including Q-Q plot, BW, and BWI, offer the same values of 311 

16.23 ppm. The similarity of the values obtained by these methods has already been reported by 312 

Parrone et al. (2019). On the other hand, the computational ABL by the Grubbs test method is 313 

equal to 19.97 ppm. As expected, the MSD method provides less value. Due to the intensive 314 

agricultural activities in the Urmia plain (see Fig. 1) and the average nitrate concentration in 315 

these samples (about 8.5 ppm), it seems that a more conservative amount of nitrate should be 316 

considered. On the other hand, considering low ABL values leads to deleting a large number of 317 

samples and decreasing the data set. So we decided to consider 19.97 ppm as the final ABL. 318 

 319 

Table 1 Results of the pre-selection process 320 

Methods for calculation of ABL of 

NO3 

(values are in ppm and equal to 95 

percentile of remaining data sets) 

Q-Q plot a 16.23 

BW b 16.23 

BWI c 16.23 

Grubbs test 19.97 

MSD d 1.89 

MAD e 12.63 

Final ABL of NO3 (ppm)  19.97 

Cl (ppm) 

Min. 34 

Mean 501.93 

Max. 2061.4 

NO3 (ppm) 

Min. 0.5 

Mean 23.20 

Max. 97 

Exclusion criteria 

(# of samples) 

Cl excess 

(≥ 200 ppm) 28 

ABL of NO3 

(≥ 19.97 ppm) 
15 

Both 

(Cl ≥ 200 ppm, NO3≥ 19.97 ppm) 8 

Excluded samples 

All 35 

Northern part 19 

Southern part 16 

Included samples 

All 140 

Northern part 68 

Southern part 72 
a Quantile-Quantile plot, b Box & Whisker plot, c Box & Whisker plot Iterative, d Mean and standard deviation 321 

(mean ± 2σ), e Median absolute deviation 322 

In addition to nitrate, according to the hydrogeological conditions and the location of the 323 

study area near the Urmia Salt Lake, another criterion (Cl ≥ 200 ppm) was used for the pre-324 

selection step. Based on these two criteria, 35 samples affected by human activities were 325 

removed from the data set. Thus, the number of samples was reduced from 175 to 140. 326 
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Subsequently, NBL of different chemical compounds were determined using these 140 samples. 327 

Table 2 provides statistical information related to the original and final data set selected by the 328 

pre-selection process. 329 

 330 

Table 2 Statistics of the original data and final selected data 331 

 

Original Data  After Pre-selection 
 

Min. 
Percentile 

Max. 
 

Min. 
Percentile 

Max. 
25th 50th 75th 95th  25th 50th 75th 95th 

EC (μS/cm) 289.0 616.0 918.0 1364.0 3448.0 7180.0  289.0 569.8 762.5 1079.0 1636.5 2200.0 

TDS (ppm) 144.5 300 482 690 2132 6462  144.5 282.5 383.8 578.0 991.3 1312.5 

Temperature (°C) 13 16 17 18 20 23  13.0 16.0 17.0 18.0 20.0 22.0 

pH 6.05 7.18 7.37 7.62 7.94 8.92  6.8 7.2 7.4 7.7 7.9 8.9 

Eh (mV) -88 -35.4 -16.6 5.87 22.982 73.70  -88.0 -42.2 -19.3 2.5 20.3 33.1 

SO4 (ppm) 0.5 39.0 74.0 155.0 452.0 980.0  0.5 32.3 63.0 124.3 319.0 500.0 

F (ppm) 0.1 0.4 0.6 1.2 2.8 5.7  0.1 0.4 0.5 0.9 2.1 5.7 

Cl (ppm) 6.1 18.5 38.0 122.5 659.6 2061.4  6.1 14.1 30.0 55.0 144.8 200.0 

NO3 (ppm) 0.1 1.2 3.9 10.5 29.9 97.0  0.1 1.0 3.0 9.1 15.5 17.3 

HCO3+CO3 (ppm) 78.5 171.9 323.2 509.8 833.2 1084.8  78.5 161.1 315.6 484.1 726.1 965.8 

Ca (ppm) 3.5 52.0 85.0 132.9 209.3 319.9  3.5 48.4 78.0 116.3 192.0 245.3 

K (ppm) 0.0 2.5 3.9 8.0 26.0 118.8  0.0 2.2 3.3 5.4 14.9 60.0 

Mg (ppm) 5.7 32.4 49.9 83.7 200.9 485.8  5.7 29.6 44.4 68.4 124.4 217.4 

Na (ppm) 12.2 31.5 56.1 129.3 500.4 1229.0  12.2 29.4 46.2 78.8 214.4 550.0 

B (ppm) 0.0 0.8 1.1 1.8 3.9 64.0  0.0 0.7 1.0 1.5 2.8 6.0 

Br (ppm) 0.1 0.3 0.8 1.6 4.8 9.7  0.1 0.3 0.7 1.4 3.2 5.3 

Al  (ppb) 0.0 30.0 50.0 90.0 462.0 1710.0  0.0 30.0 40.0 90.0 388.5 1710.0 

As (ppb) 0.4 2.4 4.7 13.5 109.6 228.4  0.4 2.1 4.4 13.3 107.9 183.7 

Ba (ppb) 23.9 72.9 98.9 135.1 192.7 360.5  24.3 75.4 101.7 133.1 174.9 210.1 

Cd (ppb) 0.1 0.1 0.5 1.1 2.0 2.8  0.1 0.1 0.6 1.1 2.1 2.8 

Fe (ppb) 0.0 0.0 110.0 400.0 1102.0 4070.0  0.0 0.0 120.0 407.5 1018.0 4070.0 

Li (ppb) 0.7 5.3 16.1 27.7 93.0 168.3  0.7 4.5 12.4 23.0 50.4 150.0 

Mn (ppb) 0.0 0.1 10.0 80.0 290.0 650.0  0.0 0.1 15.0 70.0 228.5 650.0 

Mo (ppb) 0.1 0.6 1.4 2.6 5.2 16.6  0.1 0.5 1.4 2.3 5.1 10.0 

Ni (ppb) 0.7 0.7 2.8 7.1 16.5 91.5  0.7 0.7 2.8 6.3 15.7 91.5 

P (ppb) 0.0 20.0 30.0 80.0 202.0 1810.0  0.0 20.0 30.0 77.5 343.0 1810.0 

Rb (ppb) 0.4 5.7 10.6 28.3 121.1 398.0  0.7 5.1 9.8 20.9 101.7 205.6 

Se (ppb) 0.1 0.1 0.3 2.9 9.4 41.1  0.1 0.1 0.1 2.0 5.7 10.7 

Si (ppm) 0.1 8.1 9.6 11.6 20.4 38.8  0.1 8.0 9.4 11.0 17.6 38.8 

Sr (ppb) 0.0 447.9 674.1 1040.0 1908.0 3541.7  0.0 369.6 620.0 875.8 1600.6 2140.0 

U (ppb) 0.7 0.7 1.7 3.3 8.7 13.0  0.7 0.7 1.5 2.4 4.7 10.1 

Zn (ppb) 0.7 2.2 9.3 16.2 48.8 166.4  0.7 2.0 9.3 16.6 57.7 166.4 

 332 
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Although NO3 and Cl were used in this study to remove contaminated samples, some other 333 

contaminated samples may be present in the data set that cannot be identified by these two 334 

criteria. The use of NO3 can be useful in identifying water sources contaminated by factors such 335 

as contaminated wastewater from agriculture, livestock, residential and industrial effluents 336 

(Amiri et al. 2021b). Weak correlation of NO3 and Cl with the main chemical compounds 337 

(include SO4, F, As, Fe, Mn) indicates that the use of this criterion in the pre-selection step 338 

cannot cause a significant change in the calculation of NBLs (Parrone et al. 2019). 339 

 340 

Calculating the NBLs 341 

NBL of chemical compounds of groundwater were calculated using two Iterative 2σ and CDF 342 

methods (Table 3). Examining the efficiency of each of these two methods in creating a normal 343 

distribution of the chemical variables shows that out of 19 selected variables, one or both 344 

methods can provide a normal distribution for 15 variables. As shown in Table 3, these 15 345 

variables have a t-statistic value less than the t-crit. This means their normal distribution and the 346 

efficiency of the methods used to calculate the NBLs. Of course, it should be noted that in some 347 

cases, only one method provides a good result. In other words, the efficiency of each of these 348 

methods in calculating the NBL is a function of the data frequency distribution. 349 

Based on the results, NBL of Cl, HCO3+CO3, Al, and Mn cannot be calculated using these 350 

two methods. For these elements, the t-statistic value is greater than the t-crit. In other words, 351 

since the condition for accepting the computational value as NBL is the normal distribution of 352 

the data remaining after the calculation, these methods cannot provide acceptable results for 353 

NBL of Cl, HCO3+CO3, Al, and Mn. This condition is due to the highly skewed distribution of 354 

data. In cases where the distance between the minimum and maximum concentrations of 355 

chemical components is very large, these methods do not provide a good result for the NBL 356 

calculation because in this case, the data mode is too large and this eliminates a large number of 357 

samples to establish a normal distribution. (Bulut et al. 2020). 358 

NBLs calculated by statistical approaches (i.e. Iterative 2σ and CDF) show that in cases that 359 

only one method leads to a normal distribution of the remaining data, the upper limit of the 360 

calculated background values for the data set can be considered as the NBL of that variable 361 

(Table 4). Conversely, if both methods have a lower t-statistic than the t-crit. (i.e. normal 362 

distribution), the maximum value of the upper limit of these two methods can be considered as 363 
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the final NBL (Parrone et al. 2019). As mentioned earlier, the NBL values of the variables Cl, 364 

HCO3+CO3, Al, and Mn cannot be calculated using Iterative 2σ and CDF methods. Therefore, 365 

for these elements, the deterministic method (i.e. 95th percentile of remaining data) can be used 366 

as NBL (Urresti-Estala et al. 2013; Bulut et al. 2020). It should be noted, however, that when the 367 

frequency distribution curve is skewed, or in other words has many outliers, estimating the NBL 368 

as a definite percentile may sometimes yield different results compared to other methods 369 

(Parrone et al. 2019). 370 

 371 

Table 3 General results of using Iterative 2σ and CDF methods in calculating the NBLs. 372 

Parameter 
Iterative 2σ  CDF 

TV t-crit. t- statistic*  TV t-crit. t- statistic 

EC (μS/cm) 1086.1 0.086 0.07  1196.1 0.075 0.06 

SO4 (ppm) 88.1 0.093 0.061  131.1 0.074 0.063 

F (ppm) 0.9 0.086 0.024  1 0.075 0.028 

Cl (ppm) 45.1 0.089 0.117  60.7 0.075 0.097 

HCO3+CO3(ppm) 592.6 0.080 0.122  619.5 0.075 0.119 

Ca (ppm) 126.9 0.084 0.084  145.1 0.076 0.074 

K (ppm) 4.3 0.92 0.9  5.9 0.076 0.052 

Mg (ppm) 59.5 0.90 0.082  76.4 0.075 0.068 

Na (ppm) 61.7 0.092 0.083  84.3 0.075 0.094 

B (ppm) 1.8 0.082 0.037  1.9 0.075 0.036 

Br (ppm) 0.8 0.098 0.019  1.5 0.073 0.087 

Al  (ppb) 79.4 0.078 0.172  79.4 0.078 0.172 

As (ppb) 6.2 0.097 0.101  9.6 0.074 0.068 

Ba (ppb) 157.9 0.081 0.074  169.1 0.075 0.053 

Fe (ppb) 611.6 0.104 0.097  558.4 0.099 0.068 

Li (ppb) 30.3 0.079 0.067  28.3 0.075 0.072 

Mn (ppb) 72.2 0.10 0.238  104.6 0.082 0.186 

Si (ppm) 12.1 0.084 0.047  14 0.077 0.084 

Sr (ppb) 996.1 0.096 0.056  1132.7 0.085 0.054 

                  * Lilliefors test statistic (α = 0.05) 373 

In this study, despite calculating the NBL of many groundwater chemical variables, an 374 

attempt has been made to focus more on some of them. These elements include SO4, F, As, Fe, 375 

and Mn. The selection of these elements is based on previous studies by authors in this area and 376 

does not mean that other chemical components are insignificant. 377 

 378 
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Table 4 Calculated NBLs by statistical (i.e. Iterative 2σ and CDF) and deterministic (95th 379 

percentile) approaches  380 

Parameter 

Iterative 2σ  CDF  95th 
Final 

NBL Min. Max. 
Mea

n 

Normalit

y 
 

Min

. 
Max. 

Mea

n 

Normalit

y 

 2σ CDF 

EC (μS/cm) 355 1080 700 YES  355 1170 
762.

5 
YES 

 
  1170 

SO4 (ppm) 0.5 88 42.2 YES  0.5 125.5 63 YES    125.5 

F (ppm) 0.07 0.85 0.5 YES  0.07 1.02 0.5 YES    1.02 

Cl (ppm) 6.1 45 22.5 NO  6.1 53.9 30 NO  42.5 81.9 81.9 

HCO3+CO3 

(ppm) 
78.5 

590.

7 

295.

4 
NO  78.5 552.7 

315.

6 
NO 

 546.

8 

542.4

3 
546.8 

Ca (ppm) 20.3 
126.

6 
69.5 NO  20.3 135.6 78 YES 

 
  78 

K (ppm) 1.34 4.26 2.7 YES  0.78 5.81 3.3 YES    5.81 

Mg (ppm) 15.6 59.2 36.7 YES  15.6 73.1 44.4 YES    73.1 

Na (ppm) 12.2 61.7 35.3 YES  12.2 80.2 46.2 NO    61.7 

B (ppm) 0.1 1.8 0.9 YES  0.1 1.9 1 YES    1.9 

Br (ppm) 0.1 0.83 0.4 YES  0.1 1.3 0.7 NO    1.3 

Al  (ppb) 10 70 40 NO  10 70 40 NO  60 60 60 

As (ppb) 0.35 6 2.7 NO  0.35 8.45 4.4 YES    8.45 

Ba (ppb) 44.6 
157.

7 

100.

1 
NO  34.7 168.7 10.7 YES 

 
  168.7 

Fe (ppb) 10 570 
263.

6 
YES  10 260 255 YES 

 
  570 

Li (ppb) 0.7 30.3 12.2 YES  0.7 24 12.4 YES    30.3 

Mn (ppb) 0.01 70 
23.5

9 
NO  0.01 80 40 NO 

 
70 80 80 

Si (ppm) 6.46 
12.0

3 
9.2 YES  5.14 13.61 9.4 NO 

 
  12.03 

Sr (ppb) 
349.

4 
989 

669.

1 
YES  280 

1111.

5 

659.

8 
YES 

 
  1111.5 

 381 

Hydrogeochemical analysis of this aquifer shows that Ca-HCO3/SO4 is the predominant 382 

groundwater facies, which indicates the general fresh groundwater. However, the UA may in 383 

some places be affected by salinity or freshening due to the change of seasons and changes in the 384 

aquifer recharge. In some places, mechanisms such as cation exchange reactions between water 385 

and aquifer solid materials, mixing with saline groundwater derived from dilute brine, and 386 

possibly dissolving salts in the unsaturated zone can cause salinization and increase the 387 

concentration of some major elements such as Na, Cl, and SO4 in some samples. 388 

Calculation of NBL of SO4 as a chemical variable that can be of human and natural origin 389 

shows that both Iterative 2σ and CDF methods can provide a normal distribution of background 390 

values (Table 4). Based on the results of the Kolmogorov-Smirnov test, as the computed p-value 391 
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(0.618) is greater than the significance level (α=0.05), the NBL calculated by the Iterative 2σ 392 

approach for SO4 follows a Normal distribution (Fig. 3). 393 

The results show that in the Iterative 2σ method, the computational NBL is between 0.5 and 394 

88 ppm (with an average of 42.2 ppm). On the other hand, in the CDF method, NBL has a higher 395 

upper limit (125.5 ppm) and mean (63 ppm) compared to the first method. However, based on 396 

the results of the Kolmogorov-Smirnov test, as the computed p-value (0.42) is greater than the 397 

significance level (α=0.05), the NBL calculated by the CDF method for SO4 follows a Normal 398 

distribution (Fig. 3). Therefore, given that both methods have a lower t-statistic than the t-crit., 399 

the upper limit of the CDF method (125.5 ppm) can be considered as the final NBL. In Fig.3, the 400 

NBL calculated for SO4 by Iterative 2σ and CDF methods as well as distribution fitting on 401 

background values are shown. 402 

 

 

  

Fig. 3 NBL calculated for SO4 by Iterative 2σ (upper) and CDF (lower) methods.  403 

 404 

As shown in Table 5, the NBL calculated for SO4 is less than the reference values (REF). 405 

Therefore, although SO4 is known as one of the dominant groundwater anions in this aquifer and 406 
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has a high concentration in some samples if we consider only the role of natural/geochemical 407 

activities, this anion will have concentrations lower than REF and will not pose a risk to human 408 

health. 409 

Table 5 Comparison of REF, NBL, and TV for studied variables 410 

Parameter REF NBL TV 

EC (μS/cm) n.d. 1170 1086.1 

SO4 (ppm) 400a , 250b 125.5 88.1 

F (ppm) 1.5a, 2b 1.02 0.9 

Cl (ppm) 250a,b 81.9 45.1 

HCO3+CO3 (ppm) n.d. 546.8 592.6 

Ca (ppm) 300a 78 145.1 

K (ppm) 12a 5.81 4.3 

Mg (ppm) 30a 73.1 76.4 

Na (ppm) 250a 61.7 61.7 

B (ppm) 1c 1.9 1.9 

Br (ppm) n.d. 1.3 0.8 

Al  (ppb) 50b 60 79.4 

As (ppb) 10b 8.45 9.6 

Ba (ppb) 2000b 168.7 169.1 

Fe (ppb) 200b 570 558.4 

Li (ppb) n.d. 30.3 30.3 

Mn (ppb) 50 80 72.2 

Si (ppm) n.d. 12.03 12.1 

Sr (ppb) n.d. 1111.5 1132.7 
                                             a (WHO 2011), b (EPA 2011), c (Bulut et al. 2020), n.d: not defined 411 

The study of this area shows that intensive agricultural activities can increase the 412 

concentration of some compounds due to the use of agricultural fertilizers. The results of 413 

geophysical studies show that with increasing depth, one can see an increase in electrical 414 

resistance, which can be interpreted as a relative decrease in solute concentration. Therefore, 415 

most samples with high levels of solutes are affected by surface currents (such as agricultural 416 

return water and effluents of residential and industrial units). These changes have also been 417 

confirmed by isotopic and geochemical studies (Amiri et al. 2017, 2016). 418 

Amiri and Berndtsson (2020) showed that by studying the concentration of F in 58 and 84 419 

groundwater samples in both wet and dry seasons, 15 and 23% of the samples had a F 420 

concentration higher than the standard drinking water recommended by WHO (2011). The 421 

results show that high concentrations of F are often measured in shallow wells, which may be 422 
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due to human activities such as industrial and agricultural effluents. On the other hand, the 423 

interaction between groundwater and geological formations also plays an important role in 424 

controlling the F content in groundwater. Some of these high F samples are located in the 425 

vicinity of volcanic rocks. Besides, they showed that children at risk for non-carcinogenic 426 

diseases due to groundwater consumption had high F concentrations.  427 

Therefore, considering the importance of studying the role of human and natural factors in 428 

changing the F concentration in this part of the Urmia aquifer, this study has tried to calculate the 429 

NBL of this anion. The results of NBL of F show that similar to SO4, both Iterative 2σ and CDF 430 

methods can provide a normal distribution of background values (Table 4). The results of the 431 

Kolmogorov-Smirnov test indicate that as the computed p-value (0.702) is greater than the 432 

significance level (α=0.05), the NBL calculated by the Iterative 2σ approach for F follows a 433 

Normal distribution (Fig. 4). 434 

 435 

  

 

 

Fig. 4 NBL calculated for F by Iterative 2σ (upper) and CDF (lower) methods. 436 

In the Iterative 2σ method, the NBL varies between 0.07 and 0.85 ppm (with an average of 437 

0.5 ppm). On the other hand, in the CDF method, NBL has a higher upper limit (1.02 ppm) 438 
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compared to the first method. However, the Kolmogorov-Smirnov test demonstrates the normal 439 

distribution for NBL calculated by the CDF method, as the computed p-value (0.77) is greater 440 

than the significance level (α=0.05) (Fig. 4). Therefore, given that both methods have a lower t-441 

statistic than the t-crit. The upper limit of the CDF method (1.02 ppm) can be considered as the 442 

final NBL. In Fig. 4, the NBL calculated for F by Iterative 2σ and CDF methods as well as 443 

distribution fitting on background values are shown. 444 

As shown in Table 5, the NBL calculated for F is less than the REF value. Therefore, 445 

although the concentration of F in some samples is higher than international standards, the 446 

results show that natural/geochemical factors cannot increase the concentration of F above the 447 

recommended value for drinking. Therefore, any increase above 1.02 ppm could be due to 448 

human contamination. 449 

Sohrabi et al. (2020) examined groundwater quality in UA by focusing on potentially toxic 450 

elements. The results showed that some elements such as Fe, Ba, and Al have the highest 451 

concentrations compared to other elements. However, some elements such as Cr and Cd also 452 

have the lowest concentrations among these elements. Besides, As, as one of the most important 453 

elements that can have irreversible effects on human health, in some samples has a concentration 454 

higher than the value recommended by WHO (2011). This element can be at an alarming level 455 

and can pose risks such as carcinogenic and non-carcinogenic diseases in children and adults. 456 

According to the results, the most important factors controlling the concentration of As in these 457 

waters is the reductive dissolution of Fe (hydro)oxides and clay minerals. Also, the use of 458 

agricultural fertilizers, especially phosphate fertilizers, can play a role in reducing the 459 

concentration of As due to an increase in its adsorption rate. 460 

Therefore, the determination of NBL of As can be of great help in identifying human and 461 

natural factors controlling its concentration, as well as performing water resources management 462 

measures and preventing health problems through drinking water consumption. On the other 463 

hand, due to the role of Fe and the close relationship of this element with Mn and its high 464 

concentration in groundwater sources, the NBL determination of these two elements has received 465 

more attention compared to other chemical compounds. 466 

Calculation of NBL of As in these groundwater samples shows that only the CDF method 467 

can provide a normal distribution of background values (Table 4). In the Iterative 2σ method, the 468 

NBL varies between 0.35 and 6 ppm (average 2.7 ppm). On the other hand, in the CDF method, 469 
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NBL has a higher upper limit (8.45 ppm) and mean (4.4 ppm) value compared to the first 470 

method. However, as the computed p-value (0.288) is greater than the significance level 471 

(α=0.05), the normality test verifies the normal distribution of NBL calculated by the CDF 472 

method for As. Therefore, given that the CDF method has a lower t-statistic than the t-crit., the 473 

upper limit of the CDF method (8.45 ppm) can be considered as the final NBL. Fig. 5 shows the 474 

NBL calculated for As by Iterative 2σ and CDF methods as well as distribution fitting on 475 

background values. 476 

 477 

 

 

  

Fig. 5 NBL calculated for As by Iterative 2σ (upper) and CDF (lower) methods. 478 

The NBL calculated for As is less than its REF value (Table 5). Therefore, although the 479 

concentration of As in some samples is higher than international standards, the results show that 480 

natural/geochemical factors cannot increase the concentration of As above the recommended 481 

value for drinking. Therefore, any increase greater than 8.45 ppm could be due to human effects. 482 

Based on the computational NBL for Fe, both Iterative 2σ and CDF methods can provide the 483 

normal distribution of background values (Table 4). In the Iterative 2σ approach, as the 484 
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computed p-value (0.462) is greater than the significance level (α=0.05), the NBL calculated by 485 

this method for Fe follows a Normal distribution. The results show that in the Iterative 2σ 486 

method, the computational NBL changes between 10 and 570 ppm (with an average of 263.6 487 

ppm). On the other hand, in the CDF method, NBL has a lower upper limit (260 ppm) and mean 488 

(255 ppm) values compared to the first method. However, as the computed p-value (0.806) is 489 

greater than the significance level (α=0.05), the NBL calculated by the Iterative 2σ approach for 490 

Fe follows a Normal distribution (Fig. 6). 491 

  

 

 

Fig. 6 NBL calculated for Fe by Iterative 2σ (upper) and CDF (lower) methods. 492 

 493 

Therefore, given that both methods have a lower t-statistic than the t-crit., the upper limit 494 

of the Iterative 2σ method (570 ppm) can be considered as the final NBL. Figure 6 shows the 495 

NBL calculated for Fe by Iterative 2σ and CDF methods as well as distribution fitting on 496 

background values. 497 
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As shown in Table 5, the NBL calculated for iron is less than the REF value. The results show 498 

that natural/geochemical factors cannot increase the concentration of Fe above the recommended 499 

value for drinking. 500 

Calculation of NBL of Mn as an associated element influencing the adsorption and 501 

desorption mechanism of Fe and arsenic shows that none of the Iterative 2σ and CDF methods 502 

are suitable for calculating the NBL of this element because the remaining data do not follow the 503 

normal distribution. Based on the normality test, as the computed p-values for both Iterative 2σ 504 

and CDF methods (0.0002 and 0.001, respectively) are lower than the significance level 505 

(α=0.05), the NBL calculated by these methods for Mn do not follow a normal distribution. 506 

Under such circumstances, the use of the 95th percentile of the remaining data (80 ppm) can be 507 

considered as the NBL of Mn (Table 4). Figure 7 shows the NBL calculated for Mn by Iterative 508 

2σ and CDF methods as well as distribution fitting on background values. The NBL of Mn is 509 

greater than the REF value (Table 5). Therefore, natural geochemical factors can increase the 510 

concentration of this element so much that it is not suitable for consumption. 511 

 512 

 

 

 

 

Fig. 7 NBL calculated for Mn by Iterative 2σ (upper) and CDF (lower) methods. 513 
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Results of NBL calculation for other chemical compounds including EC, Cl, HCO3+CO3, Ca, 514 

K, Mg, Na, B, Br, Al, Ba, Li, Si, and Sr is provided in Tables 4, 5, and 6 and Supplementary 515 

Figs. S1-S14. These components, especially major ions, are generally controlled by natural 516 

factors and despite the actions taken in the pre-selection stage, in some cases, they are also 517 

affected by human factors. However, the NBLs calculated for these variables can be of great help 518 

in identifying natural and geochemical values and human impacts. 519 

 520 

Conclusions 521 

In this study, using statistical and graphical methods, the NBL of chemical compounds with high 522 

background value has been investigated. The number of 175 original samples was reduced to 140 523 

in the pre-selection step based on the concentration of NO3 and Cl. The purpose of this step is to 524 

remove samples that may have been contaminated by human activities. Then, the NBL of 19 525 

chemical compounds was determined using Iterative 2σ and CDF methods. Thus, the NBL of 15 526 

compounds was determined using these methods because the remaining data had a normal 527 

distribution and, besides, the t-statistic was lower than t-crit. Given that the condition for 528 

accepting the result obtained by these two statistical methods is the normal distribution of data, 529 

the NBL of the variables Cl, HCO3+CO3, Al, and Mn cannot be calculated using Iterative 2σ and 530 

CDF methods. Therefore, the NBL of these elements was determined definitively (i.e. 95th 531 

percentile of remaining data). According to previous studies, the importance of components such 532 

as SO4, F, As, Fe, and Mn, their high concentration relative to the REF values, and their role in 533 

degrading the quality of water used by residents, has led to more focus on these elements in this 534 

study. Results showed that the upper limit of NBL calculated for SO4, F, As, Fe and Mn is about 535 

125 ppm, 1 ppm, 8.5 ppb, 570 ppb, 80 ppb, respectively. Given that a study aimed at determining 536 

the NBL of various elements in groundwater has not been conducted in Iran, the results of this 537 

study can be a good roadmap for decision-makers and researchers to better manage this aquifer 538 

and other water resources in this country with limited freshwater resources. 539 
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Figures

Figure 1

Geographical location of the study area. Green circles: included water samples, red circles: excluded
water samples Note: The designations employed and the presentation of the material on this map do not
imply the expression of any opinion whatsoever on the part of Research Square concerning the legal



status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.

Figure 2

Identifying the outliers in nitrate data set by Q-Q plot, BW, and Grubbs test.



Figure 3

NBL calculated for SO4 by Iterative 2σ (upper) and CDF (lower) methods.



Figure 4

NBL calculated for F by Iterative 2σ (upper) and CDF (lower) methods.



Figure 5

NBL calculated for As by Iterative 2σ (upper) and CDF (lower) methods.



Figure 6

NBL calculated for Fe by Iterative 2σ (upper) and CDF (lower) methods.



Figure 7

NBL calculated for Mn by Iterative 2σ (upper) and CDF (lower) methods.
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