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Figure 1. The basic map of the Maku-Bazargan-Poldasht and the location of the sampling points.
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Figure 2. Geological map of Maku-Bazargan-Poldasht.
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Table 1. Standard methods of measuring parameters.

Parameters Unit Standard Methods Reference (APHA, 2005)
pH - pH meter Orion Star A121 Thermoscientific

EC (uS/cm) Portable EC meter HI8730 Hanna

Na* mg/L ICP-MS Standard Methods
K* mg/L ICP-MS Standard Methods
Ca* mg/L ICP-MS Standard Methods
Mg* mg/L ICP-MS Standard Methods
HCO3 mg/L - Standard Methods
Cl mg/L Argentometric titration Standard Methods
S04 mg/L Turbidimetric titration Standard Methods
NO3 mg/L Acid treatment followed by spectrophotometry Standard Methods
F mg/L SPANDS methods Standard Methods

Table 2. Location of points and type of sampling source in Maku-Bazargan-Poldasht.



NO. Type  Sampling Point UTMx UTMy NO. Type Sampling Point UTMx UTMy
1 SP Avajig(Atlar) 426546 4353876 31 SW Zangmar river 451548 4351421
2 D Keshmeshtapeh 447951 4354506 32 SwW Chaldoran chay 448448 4352269
3 SP Milan 451328 4355206 33 D Keshmeshtapeh 447739 4354607
4 SP Bazargan 449713 4356287 34 SP Chesme Bazargan-Basalti 450140 4359522
5 S Jangtapeh 430854 4348114 35 SW Sari Su-Basalti 450942 4362224
6 D Shadloye Sofla 434097 4347891 36 S Yarim ghaya-olya 450327 4368643
7 S Keshmeshtapeh-Kamarbandi 447631 4355623 37 S Tikmekord 461367 4371471
8 S Agbolagh 430043 4354269 38 Q Kahriz Tikmekord 461848 4370640
9 S Halhal Sofla 431177 4351002 39 S Khalaj Aghasi 463128 4368779
10 SP Avajig-Garbedizaj 437970 4351937 40 Q Ghanat Isakhan 464905 4369776
11 S Sangar 450825 4353088 41 SP Hasulazgi-Mirzakhalil 471852 4 4368226
12 S Azimkandil 480138 4346649 42 Q Injaolia 472259 4364467
13 D Gajvat 446358 4355579 43 SP Hasonkochak 469316 4359873
14 S Jadeh Maku 448830 4353074 44 S Danaloyebozorg \459371 4356365
15 S Khalaj Ajam-Mikaiel Nabavi 479280 4348268 45 S Takhtadozi 455637 4356037
16 S Azizkandi 516498 4323840 46 S Hendovar 467362 4347400
17 S Shahrak Aras 526190 4330381 47 SP Cheshme Shot-Mti 473696 4333146
18 S Gizkandi 511100 4341129 48 S Gaday-Ahmadabad-Basalti 477450 4344941
19 S Gargologh sofla 512203 4340752 49 SP Khalajkord-karsti-Basalti 476905 4347097
20 S Poldasht 505601 4355214 50 SP Khalaj Ajam-Basalti 476460 4348168
21 S Panahkandi 498437 4362653 51 SP Kinkur-Basalti 490996 4355075
22 S Orojmohammad-parvareshmahi 501127 4345456 52 D Eshgabad-Basalti 491814 4350561
23 S Gharakhojalu 498437 4362653 53 S Marganlar 496020 4333368
24 SP Cheshme pazi-Basalti 496164 4364346 54\ S Khook-karsti 482870 4345690
25 S Bahlulkandi 494409 4367014 55 S Azimkandi2 480138 4346649
26 S Shot 494835 4366577 56 D Biancholi 483340 4342518
27 S Zalakeolia 483566 4383622 57 S Chavgon 479375 4340370
28 S Kolik 481477 4385546 58 S Yolagedi 484591 4348532
29 SP Cheshme Sorayya 466874 4403510 59 SP Kulus 493123 4357974
30 SP Cheshme garakhaj 453476 4345648 60 Q Qanat Duz Aghl 494881 4324695

(H8) Q ~(o>bom ) SW -(402) SP ~(Gae oS 5l3) S (G ol3) D

N\

S

Table 3. Statistical information of groundwater quality parameters and comparison with WHO standard threshold values.

Parameters Unit Minimum Maximum Mean Std. Deviation WHO(2008)
EC psfcm 525 5530 1503.9 1099.27 1000
pH - 6.7 8.37 7.36 0.37 75
Na* mg/L 15.71 1001.48 221.39 217.63 200
K* mg/L 2.83 69.87 12.43 10.15 12
Ca* mg/L 32.49 517.73 102.69 82.68 200
Mg*? mg/L 10.54 244.62 65.68 51.56 30
HCOs mg/L 107.36 536.8 265.59 109.48 300
S04? mg/L 5.51 9079 479.20 1263.94 250
Cr mg/L 4.36 769.55 132.01 162.25 250
F mg/L 0.39 9.89 2.93 243 15

NOs mg/L 0.23 168.76 32.23 39.05 10
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Figure 3. Graphs of trends of Sodium (a), Fluoride (b) and Bicarbonate (c) ions in the sampling stations of Maku-
Bazargan-Poldasht.
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Figure 5. Spatial distribution of fluoride concentration - Maku Bazargan-Poldasht.
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Figure 6. Fluoride concentration according to the depth of the groundwater level in Maku-Bazargan-Poldasht (D, S,
SP,SW, R, Q is Deep well, Shallow well, Spring, Surface Water, River and Qanat respectively).
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Table 4. Matrix of Pearson correlation coefficients of physical and chemical parameters of collected water resources
(Maku-Bazargan-Poldasht).

EC pH Na* K* Ca?* Mg?* F CI- NOs™ SO HCOs5™
EC 1
pH —0.27 1
Na* 0.95 ** -0.29 * 1
K* 0.66 ** -0.29 * 0.73 ** 1
Ca? 0.87 ** -0.31* 0.76 ** 0.63 ** 1
Mg?* 0.91 ** —0.25 0.82 ** 0.56 ** 0.85 ** 1
F 0.38 * -0.16 0.52 ** 0.46 ** 0.18 0.16 1
CI- 0.75 ** —0.44 ** 0.72 ** 0.44 ** 0.71* 0.65 ** 0.40 ** 1
NO3~ 0.26 * -0.30 * 0.17 0.22 0.26 * 0.35* —0.06 0.34 * 1
SO 0.30 * —0.009 0.25* 0.19 0.34* 0.31* 0.04 0.31* 0.05 1
HCOs™ 0.25* -0.35* 0.37 * 0.36 ** 0.05 0.04 0.71 ** 0.35* —0.05 —0.07 1

**Correlation= significant at the level 0.01(2-tailed).

*Correlation= significant at the level 0.05 (2-tailed).
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Figure 7. Dendrogram of water resources samples in Mako-Bazargan-Poldasht.
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Table 5. Factor decomposition after varimax rotation

A N Lo 2 i 2 i . i % of Cumulativ
EC pH Na K Ca Mg HCO3 SO, Cl F NO3 Value Variance %
FAl 0.92 -0.11 0.85 0.63 0.90 0.90 0.02 0.55 0.55 0.23 0.22 4.55 41.41 41.41
FA2 0.23 -0.29 0.42 0.42 0.02 -0.01 0.91 -0.17 0.87 0.87 -0.21 2.27 20.63 62.05
FA3 0.17 -0.75 0.11 0.16 0.21 0.22 0.13 -0.26 0.08 -0.08 0.76 1.53 13.99 76.04
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Figure 8: Fluoride concentration comparison graph. (1385-1400)
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Comprehensive Fluoride evaluation in the Maku-Bazargan-Poldasht area

Abstract

The primary objective of this research is to comprehensively investigate fluoride concentration in the Maku-Bazargan-
Poldasht area, located in the north of West Azerbaijan province. In October 2021, 60 samples were collected from, various
water resources in the region. The fluoride concentration ranged from 0.39 to 9.89 mg/L, with more than 50%;0f the samples
exceeding the World Health Organization's standard. This study investigated into the correlation between fluoride and other
elements, assessed various processes influencing fluoride levels, investigated its effects.on humans and plants, and utilized
multivariate statistical techniques to determine contributing processes and factors. Moreover, it examined fluoride
concentration fluctuations over the past 15 years across different water resources (Deep wells, Shalow well, Springs, Qanats,
and Surface water) for the first time. The assessment of fluoride included multiple dimensions related to this element.
Comparing fluoride levels across various water sources revealed that Deep wells exhibited the highest fluoride concentrations
due to the long residence time of water within the aquifer matrix. This study also highlighted, for the first time, the correlation
between high fluoride concentrations and plant diseases such as necrosis and chlorosis in specific parts of the study area.
Bivariate plots indicated that processes involving carbonate dissolution and ion exchange contributed to increased fluoride
and carbonate concentrations in the area. Furthermore, an analysis of changes in fluoride concentration in 12 sampling stations
indicated an eightfold average increase in anomaly intensity over the past 15 years in these stations. Employing Principal
Component Analysis (PCA) and Factor Analysis (FA), the research identified three groups and three factors, confirming that
fluoride anomalies are natural, while nitrate anomalies-originate from human activities within the study area.

Key words: Fluoride, Hydrogeochemical Processes, Chlorosis and Necrosis, Skeletal and Dental Fluorosis.



