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ABSTRACT

The Garmabdasht River as the first tributary of the Qarasu River, flows through
the city of Gorgan and eventually flows into Gorgan Bay. In order to study the
hydrochemistry and to assess the water quality, 10 water samples were collected
Article history: in June 2022. Physicochemical properties (pH, electrical conductivity, total
Received 10 September 2024  dissolved solids), major ion concentrations, and microbiological parameters
Received in revised form 22 (dissolved oxygen content, biological oxygen demand, chemical oxygen demand,
October 2024 and coliform bacteria) were measured by standard methods. The obtained results
Accepted 29 October 2024 show that the pH of the water samples varies between 7.5 and 8.5 and the
electrical conductivity of water samples varies between 376 and 665 ps/cm. In
Keywords: ) terms of hardness, water samples were classified as hard and very hard. The
Garmabdasht _River,  concentrations of the major ions, phosphate and nitrate were within the
Hyﬁm.Chem'Stry' M'Cro?.'al permissible range for drinking usage. By calculating the ionic ratios and drawing
?r?d ;(t'on‘ Water Quality the Durov diagram, it was found that the water chemistry was mainly controlled
' by the dissolution process. The position of the samples on the Piper diagram
shows that the type and facies of the river water samples were calcium
bicarbonate, magnesium bicarbonate and calcium sulphate. According to the
Wilcox diagram, the Garmabdasht river water was suitable for irrigation. The
residual sodium carbonate and sodium percentage values confirm this conclusion;
however, based on the magnesium hazard index, the studied samples were not
suitable for irrigation. The values of dissolved oxygen in all samples were within
the permissible limit. The amounts of biological oxygen demand and chemical
oxygen demand in some stations exceeded the permissible limit due to the influx
of livestock and agricultural effluents. The obtained results show that the samples
were microbially polluted, which may induce the health problem in the local
population. The values of NSFWQI also shows that, except for the upstream
samples of S1 and S2, the quality of the studied samples for drinking is in the bad
to medium class.
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Introduction

Water resources including rivers, lakes, natural
glaciers, rainwater, and groundwater are the
main components of the ecosystem. In addition
to providing drinking water, these sources play
an essential role in various economic sectors,
including agriculture, livestock, forestry,
industrial activities, hydropower generation,
fisheries, and other activities. Population
densities in river basins are usually high due to
favorable living conditions such as access to

fertile land, and the possibility of providing
water for various uses. Rivers also play an
important role in transporting industrial, urban,
and agricultural wastewater, which causes
pollution of these valuable water resources. The
pollution of surface waters can have a direct
impact onhuman health. To maintain water
quality through appropriate control measures,
continuous monitoring of hydrochemical and
microbial parameters is of crucial importance.
Continuous monitoring of hydrochemical and
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microbial parameters is essential to maintain
water quality through appropriate control
measures. The Garmabdasht River, a tributary of
the Qarasu River, flows through the city of
Gorgan and eventually flows into the Gorgan
Bay. The present study aims to evaluate the
hydrogeochemical properties and to assess the
quality of Garmabdasht river water. The
Garmabdasht river flows through the residential
and a recreational area, and rural domestic,
agricultural and livestock effluents are directly
discharged into the river. The main objectives of
the present study are to evaluate the
hydrogeochemical characteristics and to assess
the quality of the Garmabdasht river water.

Materials and methods

10 water samples were collected and analyzed by
standard methods. pH, Electrical conductivity
(EC), Total Dissolved Solids (TDS) and
Dissolved Oxygen (DO) values were measured
at field. The pH of the samples was measured
using a SUNTEX pH meter. EC and TDS were
measured by EC meter (HACH model). The
concentrations of K*, Na+ were measured by
flame photometry, SO.*, NOsz, PO, values
were determined using spectrophotometry, and
Mg?*, Ca?*, ClI- and HCOs; contents were
measured by titration methods. Biological and
microbial parameters including biological
oxygen demand (BOD), chemical oxygen
demand (COD), dissolved oxygen (DO), total
and fecal coliform bacteria were also
determined. BOD was measured by manometric
method (change in oxygen pressure during 5
days at 20°C). COD was determined by
spectrophotometry. Most Probable Number
(MPN) method was applied to evaluate the
microbial and bacteriological contamination of
the water samples.

Results

The pH of Garmabdasht river water samples
varies between 7.5 and 8.5, which was in the
permissible range of pH set by the World Health
Organization (WHO) for drinking and irrigation.
The EC of Garmabdasht river water samples

varied between 376 and 592 ps/cm. EC values
varies greatly along the river channel, which was
probably related to the ion exchange, reverse ion
exchange, evaporation, weathering, interaction
of water and rocks, and anthropogenic pollution
activities. TDS varied between 225.5 and 465.5
mg/L, which was within the optimal values of
500 and 1000 mg/L for drinking and irrigation,
respectively, set by WHO. The total hardness
(TH) of water samples varied between 254.97
and 330.8 mg/L and the samples were classified
as hard and very hard; thus, the river water was
not suitable for drinking purposes in terms of
TH. The concentrations of the major ions and
nitrate were within the permissible range of
drinking water. The ionic ratios reveal that the
water chemistry was mainly controlled by
dissolution. The type and facies of the river
water samples were calcium bicarbonate,
magnesium bicarbonate and calcium sulfate.
According to the Wilcox diagrams, all the
samples of the Garmabdasht river were suitable
for irrigation. The residual sodium carbonate
(RSC) and sodium percentage (R %) values
confirmed this conclusion, although based on the
magnesium hazard index, the studied samples
were not suitable for irrigation. DO values in all
samples were within the permissible WHO limit
of < 3 mg/L. The amount of BOD and COD in
some stations has exceeded the WHO maximum
permissible limit of < 5 and < 10 mg/L,
respectively, which was probably due to the
influx of livestock and agricultural effluents into
the river. The values of NSFWQI also shows
that, except for the upstream samples of S1 and
S2, the quality of the studied samples for
drinking is in the bad to medium class. The
obtained results show that all the samples were
microbially polluted. A high level of bacterial
contamination was recorded which may enhance
the health problem in the local population.

Conclusion

Possible sources of pollution in the Garmabdasht
River include agricultural effluents containing
pesticides and fertilizers, rural sewage
discharges, the influx of livestock effluents, as
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well as pollutants from recreational activities. In
terms of pH values, EC, TDS and concentration
of major ions, the water samples were therefore
suitable category for drinking. All river water
samples fall into the hard and very hard class,
and therefore were not suitable for drinking. The
higher concentration of phosphate in some
stations was probably due to the entry of
agricultural and domestic effluents into the river.
River water chemistry was also controlled by the
dissolution process. BOD and COD values at

most stations were higher than the acceptable
limits set by WHO, which was probably due to
the discharge of domestic, livestock and
agricultural effluents into the river. The water
samples were highly contaminated with fecal
and total coliform bacteria. Considering the
negative impacts of microbial pollution on the
health of water users, this issue should be taken
into consideration and measures should be taken
to remove the microbial pollution of the river
water.
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Table 1. Applied methods for the measurement of major ions in the water samples of the Garmabdasht River

Parameter Method of measurement
K*, Na* Flame photometry
Mg?, Ca®* Titration with EDTA
Cl- Titration with AgNOs
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Fig. 2. Variations of temperature, electrical conductivity (EC) and total dissolved solids (TDS) values in the

water samples of the Garmabdasht Rive
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Table 2. The measured qualitative parameters in the water samples of the Garmabdasht River
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Station T  pH EC TDS TH Na* K* Ca? Mg?* Cl SOs HCOs NOs PO  Error

(°C) (usfcm)  (mg/L) (mg/L CaCOsz) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%)
S1 10 79 563 390 255 13.8 0.4 19.2 69.7 21.3 105.7 177.5 1.2 0.6 0.7
S2 12 83 376 392 316 13.8 1.2 38.6 61.3 31.9 129.7 184.3 8.1 0.7 0.7
S3 14 84 450 405 292 20.7 1.2 374 53.7 355 158.5 1415 13.0 0.7 1.2
S4 14 8.1 565 352 299 241 1.2 32.6 60.9 355 1105  201.9 8.7 0.6 0.2
S5 15 81 570 397 306 23.7 1.2 304 71.3 63.8 110.5 183.6 9.3 0.8 1.2
S6 16 83 583 412 312 25.3 1.6 19 93 39 187.8 124.5 13.6 0.8 0.3
S7 18 7.9 665 428 320 31.3 1.2 36.7 66.3 49.6 123 223.3 14.3 14 11
S8 19 8.1 565 391 329 16.1 1.6 31.6 78.6 22 110.9 216.6 149 13 0.8
S9 15 8.0 584 492 326 19.8 0.4 28 83.6 18.8 154.2 195.2 18.0 1.0 0.5
S10 14 84 592 324 331 19.8 0.4 32.1 78.4 22.3 135.4 211.1 16.1 1.0 15
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Fig. 4. Variations of major ions, nitrate and phosphate concentrations in the water samples of the Garmabdasht River
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Table 3. Spearman correlation coefficients of major ions in the water samples of the Garmabdasht River
pH EC TDS TH K* Na* Mg?* Ca?* POs& NOs HCOsz S04 CI

pH 1

EC  -0.556 1

TDS -0.395  0.106 1

TH 0.261 0168 0.111 1

K* 0.172 -0.147 -0.034 0.213 1

Na* -0.185 0.642*  0.147 0.262 0301 1

Mg?* 0.244 -0.368 -0.160 0.384 0205 0.104 1

Ca?* -0.042 0498 0.245 0.389 -0.040 0.098 -0.701* 1

POs* -0.146 0.09 -0.034 0352  0.409 -0.260 0.052 0219 1

NOs 0.283 0301 0305 0.848** 0.090 0.370 0235 0421 0.261 1

HCOsz -0478 0386 -0.150 0399 -0.246  0.062 0415 -0.106 0368 0.167 1
S04 0.556 -0.101  0.365 0.243 0136 0202 -0.238 0425 -0.280 0511 -0.698* 1
Cl -0.083  0.139  0.015 -0.008 0477 0.651* 0.206 -0.212 -0.284 -0.109 -0.128 -0.082 1
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Fig. 6. The piper diagram of the water samples of the Garmabdasht River
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Table 4. The type and facies of the water samples of the Garmabdasht River

Station Cations Anions Type Facies
s1 Ca> Mg > Na+K HCO; > SO, > Cl HCO; Ca
S2 Mg > Ca > Na+K HCO; > S0, > Cl HCO; Mg
S3 Mg > Ca > Na+K S0, > HCO; > Cl SO4 Mg
s4 Ca> Mg > Na+K HCO; > S0, > Cl | HCOs Ca
S5 Ca > Mg > Na+K HCO; > SO, > Cl HCO; Ca
S6 Ca> Mg > Na+K S0, > HCO; > Cl S04 Ca
s7 Ca> Mg > Na+K HCO; > SO, > Cl HCO; Ca
S8 Ca> Mg > Na+K HCO; > SO, > Cl HCO; Ca
S9 Ca> Mg > Na+K SO, >HCO; > Cl S04 Ca
S10 Ca> Mg > Na+K HCO; > S0, > Cl HCO; Ca
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Table 5. Parameter unit weights of water quality index, ideal and standard values for each parameter

Parameter Standardi Ideali wW;
DO (mg/L) 10 14.6 0.11
Fecal colliforms 0 0 0.2
pH 8.5 7 0.11

BOD (mg/L) 5 0 0.11
NO3- (mg/L) 45 0 0.02
EC (uS/cm) 1000 0 0.01

NSFWQI ua>L.u U"’L"“ » g_j LSD'S 6\.\.}.306) i Js»
Table 6. Water quality classification based on NSFWQI

NSFWQI value Water quality Studied samples
0-25 Very low -
26-50 Low S4, S8, S9
51-70 Medium S3, S5, S6, S7, S10
71-90 High S1,S2
91-100 Very high -
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Table 7. The values of water quality indices for irrigation purposes in the water samples of the Garmabdasht River

Station SAR Na% RSC MH
S 0.53 10.76 0.38 62.45
Sy 0.47 9.05 -0.1 101.92
Sr 0.72 13.38 -0.56 106.94
St 0.87 15.47 0.36 96.95
Se 0.84 14.89 -0.02 82.51
S- 0.88 15.53 -1.06 50.32
Sv 1.08 18.01 0.5 95.42
Sa 0.55 10.19 0.29 79.76
Ss 0.68 11.58 -0.04 71.10
Sh. 0.67 11.73 0.19 80.61



http://dx.doi.org/10.22034/JEG.2024.18.3.1019212
https://dorl.net/dor/20.1001.1.22286837.1403.18.3.7.7
https://system.khu.ac.ir/jeg/article-1-3131-fa.html

[ Downloaded from system.khu.ac.ir on 2024-12-30 ]

[ DOR: 20.1001.1.22286837.1403.18.3.7.7 ]

[ DOI: 10.22034/JEG.2024.18.3.1019212 ]

fv.

OLlan 5 ol (rrans [ cudinle T albog, OF CuhS 5 (aleands ien o Shy (o)

5 SloyS 5l G et 5 el clale wmo ol
el Sl )S o

(%6NQ) pyoaw o33
Sgd on dmwle (1) all, o,k 5l o aspo
(Bouderbala, 2017)

Nat+kK™*

%Na = x100 *)

Ca?t+Mg?t+Nat+K*

@0y Dygo ol o b s Jols anl a5
Sl e 5 peedS Glagn (Sl o (5l
Sl s g Gl el s Jobs an T8 05 oo
o sl S 5 S g pdodes Ghals o)l
Cawd 4 bl a>55 L (Anuja et al., 2024) o4
5 009 Yo 5l S ladiges pled [0 auows duo,yd ool
5 e 00, o cutiale S ailsg, o sladigas ol iy

Ny s

(Wilcox Diagram) _wS'5L g 5l5g09
(EC) (S50 2olan yial s 53 olol 5 SISk Jsged
Slp ol s 953e me i CAR) s wdzr cd
oSl colae agled oo games; (55,5laS Bjlae
Slaal sl Ol cuaS om0 el o pete
el O @Y SoSl culan oS | el (5,58
oS alS g S0 S @ead 5 6598 P
b ipein @iz Sonnd Jel)l 098 o0 (65,9l Y gae
Az 0 9 S o maw Jold ao o b el 4 ax g
5 S Sl 5 (S5 Sleogas 55 ()58 b
ol slr il e SBgpids els
i 0oy sl pge (65,9l B las slp ol cuas

(MH) 3 juoo ylas

o5 5o pujie 5 S Clile ol slal Ll o
Al GluSy s, S pns )0 paie g0 cpl Lol col
5 S 5 e b ool O o pujwie YL cdale
5305 5l i megeie HlaEe ad slac] jo o)l lals
by SB i (0350l el (aoy0 00 5l () o
STy a1 5 Of pud Ll Hlas 2l ey st
S Al oo S LSl o B8 g (o S
Ramesh and ) ogi oo aewloe (V) alaly 5l oojeie

(Elango, 2014

Mg2+
- Ca2++Mg2+

MH x 100 V)
dod 6‘;! ua.}lm L)J‘ )‘J.Q.o soAAT Cowd CE.JLJ u,uL.u‘ »
u.:‘).)Lu 9 ML:‘SQ O )‘ )‘-‘*’-‘-‘ ooy axllas uT Lshb:b}.o.)
Sl el pl 4 asg b cusnle,S aldog, ol

(RSC) outilo g3l b 5 ik
Eiazhari ) 55 oo asloes (A) alaly )b 51 casls o
(et al., 2021

RSC = (HCOj3 + CO2™) — (Ca%* + Mg?*) \)

39S @l WYO 5l S RSC L ikl lac]
(5‘f 9 oy S u..juﬁ u.cl) u)l.i) RSC lJ u] )l oolawl
wlol » (Ramesh and Elango, 2014) o4& o
3550 laaigad ol RSC el (ol 2 ool (gaes,

G325LaS Sl VYO 5l a8 5 saie RSC s 4y anlllas


http://dx.doi.org/10.22034/JEG.2024.18.3.1019212
https://dorl.net/dor/20.1001.1.22286837.1403.18.3.7.7
https://system.khu.ac.ir/jeg/article-1-3131-fa.html

[ Downloaded from system.khu.ac.ir on 2024-12-30 ]

[ DOR: 20.1001.1.22286837.1403.18.3.7.7 ]

[ DOI: 10.22034/JEG.2024.18.3.1019212 ]

Y o)Lo..,.'f: AA 0,99 “5.,;.)...@‘.4 ‘Swld.m )

v

slaijle (ygei) (IS ek 4005 e )18 (55 )5leS
) ol oSl culas g i ol 38l cely a5 (6 pBes
5 Cow Y| T slodigas 5 canl o5 dilaia 1o g
Ll gals Col o wis sSas g ol nl B
Bhlas sl ;.)—I CotS Jdo pen Dol ;ﬂ PERW

(Ravikumar et al., 2011) ¢l coslio 53 9t8

32

Yasser et ) ogi o dmlre (V+) abasly olusl 5 osds

«@l., 2021

Na*t

SAR = ———— )

Ca2++Mg2+
2

&l calio —y5d 05) C281 o0, jo cisnsle 57 ails-0s,

30

28

” Yery High-$4 ‘

24

High-53
N

\
T
\

14

Medim-§2 ”

12

Low- 51

hh 26h

TS0

Low - €1 | Medivm - c=

High - C3 [| vers HHighn - c#

Salinity Hazard

cuiale 5 Aoy, Ol sladiges Sy loges A JSo
Fig. 8. The Wilcox diagram of the water samples of the Garmabdasht River

ST kS e losnl b packits s s Lide enss

IS o " u—" ‘u_’| e 09){_‘; QW‘S‘, oolazw!
Sbo il plie 5l o] ol byl 5 o] Soll
Sy sbew.s (Abdalla et al., 2012) sl oo

1o caanbke,S wilseg, ol ladiges sl ol dwle

9 cedlo 5 ails gy O gdaiges yo o yg Lice
ol cdale p Fgo Jolge

albog, ol ladises o lagy lice fuws @l
Ly (SaSTy b (Fe slecas )l el F

Slp G a3l ol colaiul 5,90 jloges o glodl


http://dx.doi.org/10.22034/JEG.2024.18.3.1019212
https://dorl.net/dor/20.1001.1.22286837.1403.18.3.7.7
https://system.khu.ac.ir/jeg/article-1-3131-fa.html

[ Downloaded from system.khu.ac.ir on 2024-12-30 ]

[ DOR: 20.1001.1.22286837.1403.18.3.7.7 ]

[ DOI: 10.22034/JEG.2024.18.3.1019212 ]

vy

O 5 0l (rpans | iidagle 5 ailhog, O CeiS 5 by ied o Sy (o

Ca*" + 2Na — Clay - 2Na* + Ca — Clay Aay)

P A a0 ) 2ol o wsSas S Jols anl B

S R R TS - C1E NI

2 b S Jobs anlp el sas &I A g
S Sl b lopmaas (slo ) 4S5 ap0 o 7 (sl
5 pelS 3l e 9wt STy Of e g
boe Gl Ol o bulid ol 50 058 O a5t
by nlar s adl folS g g peedS a5 J> 50
Gl ab (S5 ool 0055 5l ke g el Bl
Jols axld (V) akl, (Hounslow, 1995) wsl e

e oo plis |y ol S

Table 8. The values of ionic ratios in the water samples of the Garmabdasht River

Station Lﬁ Mg?* Na* Na*+K* —cCl~
Mg?* Ca?* + Mg?+ Nat —Cl~ Nat + K* —Cl™ + Ca?*
Sy 2.2 0.31 0 0.003
Sy 0.96 0.51 -1.91 -0.100
Sr 0.87 0.54 -6.14 -0.043
S: 1.13 0.49 21 -0.026
Se 1.42 041 -1.34 -0.026
Ss 2.97 0.25 0 0.009
Sv 1.10 0.48 -34 -0.003
Sa 1.51 0.40 8.75 0.030
Ss 181 0.36 2.61 0.080
S 1.48 0.40 3.74 0.058
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Table 9. The values of BOD, COD and DO (mg/L) in the Water samples of Garmabdasht River

Station DO COD BOD
S 5.49 5 4.1
Sy 5.72 2 3.3
Sr 4.50 14 8.3
St 5.30 21 10.0
Se 5.04 16 9.7
Ss 5.29 8 2.0
Sv 3.15 6 3.9
Sa 5.00 12 7.0
Ss 6.29 19 10.0
Sh. 5.09 15 9.0
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Table 10. The results of bacteriological assessment (MPN/100mL) in the water samples of the Garmabdasht River

Station Total coliforms Fecal coliforms
S >1100 230
Sy >1100 715
Sr >1100 1000
S: >1100 1100
Se >1100 580
Ss >1100 930
Sv >1100 1200
Sa >1100 1100
Ss >1100 1300
Sh. >1100 1000
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