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Figure 1. Location of the study area in Iran (a), Mazandaran province (b) and location of wells in the study area (c)
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Figure 2. Flowchart

of data evaluation stages

(sxo L;ng‘l 09,5 sl yadli Collas o3gizee =Y Jod>

Table 1. Suitable range for indices related to industrial water use

(5 2 S en) ollas 0394500

Pl 0955 pow 09,5 p9> 09,5 Jol 095 U”Ld
—) Y e Y ol
—) iy e—efed e—afey e
o-\- o)~ 5=\ V-4 pH
Y YN V) Yo ) (S
.- V0. - -0 VL
B YD Ve Y. g
. o\ -0 -\ Glxo dlgo
Ve e Ve 0 TDS
e Y. ey -Y. Ll

Cuiigsdyl (slodls S 3l b & bgypo yliue (slmodl
o) & &l sl sl 5 oo ol olei b Balaie olo
CuiS ad slal 4 baye olo dlyye ’L;lmab PR
oS gloyehl a4 baye glojll adbie @y
FUY Johia o copar bl 5 )l b (sladiges
CodsS slagadld (B g el (ke aulis @S
u.,.»l)sl L&A e Gl slagley o O
P ol cans slosh Gl cops 5 jlee Byl
@ by dog JB a5 (s g le 4 G sl
OSbe bl o iz (sbroygd sladises (g)lel LI
9 sl sl fuad o OT el ki b o ol a sl

O30 (5132 O (S (G lome g W3 filins!

b ol i gaudil sl Job pl S elisl
Ol cunS glaodls (355 cpl ol pawye Hluw
gy l38le 5l edlatul b calisee (slagle 4y g ye
Silas lp Job gunail sledgixe )3 35290 O
0,8 &l oyl

Loaly Julow g 4y 350
oljle by (o gl g (ol &5 sl
S50318l 093 duw 4 bgype (sbrodly cunl gy S pj



YAY

WAY (ko) 5l 1A 0yl [otd Jbo 550 055> o doliiimgy

S sine ysbods gy «ulS 0)95 (losl 4y (pad Sy
0,93 ;0 Jobs LB modw o pd K5 (gom j il ials
330 50 o] Hlade a5 (gygbods Cuild (e39m0 (g, adlllan
8 Gloj 039 53 ol lise Sl s sl sine sobos ol
P i Ol 69d g (o)) ddlaie )> CulS Juab
of cle o8 il ol (i) 4 Cond e Juad
5 oliwej S Sl 0 B gl 58y Wl
ol ()9h lawgie il gy culS Jad il slacs )bl
2o WO 9 VA ey e bl 5> (dejn;
e Cand g )l g lioj Jpad o o Jade I iy
2 oS g mawl oo wlie Ly a5 cudpudyl olo > s
Ol aed B jgbay ol e wutS )00 (slal
ot g (6 s ioli8l eaimd Lis oylae ol Ll
s bl ady Jad sleml 4 b Seap b
b o > oS il ()58 & ol ) o 9
Jolye 0 Gaoips optw Ol paw (ials b oolpen A,
2 Sopiegim iy cdl B3 b Cauws olS Ay Jad SbL
@bl Glagds Sp  weing ol Gopd wl

(¥) 22 o)l

Table 2. Statistical parameters related to analysis of water samples of winter
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Table 3. Statistical parameters related to analysis of water samples of spring

S04 cl HCO3 K Na Mg Ca pH (siom) e

YV v v v YV YV YV YV YV ladiges Sas

¥/ Wiy A N YY/a VoIf A v\ Yove e 5:Ske
VA YFVA vIY N 20 VA W Iy YEYe Jlixo bl
Vo Yoo YAY Ve Y-/ af/o VWV/E YIY av/o (2y3) Sy
Vi WYY W5 s V-l Yo/ by vis WYY Sl

o o Y ooy VA V¥ vi¥ sIV 10 Jilio

9\ ¥/ ooy v ¥/A \ vIv — /Y VA Se




YAA cilisee Bylae o83 3l sl (sl ey O cuiS Sl g K6 lpuss b))

Qll...gb’ J.a.é Y 1093).4 g.j CudsS ).JLT ‘5)\..:1 Srdnsuio —F J5J;

Table 4. Statistical parameters related to analysis of water samples of summer
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Table 5. Mean comparison of groundwater quality properties and some related indices
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Figure 3. Water quality classification for agriculture in winter (a), spring (b) and summer (c)
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Figure 4. Water quality evaluation based on indices of different industrial water uses

Foml S 3 b a5l Ol CuaS o (g ygboay 205
8 )3

B plimals ol

A ) adlee ddlaie iy o CurS byl mls
ol bl (gl ol )b Mo yd s 4l B JSS 15 Gy Bpuae
i wgmne (lieds il Juab > Jod (canadls )

- jes s

_ Oltusy b 3 3 Ol Bolas (sl Jodb caail (slo oS o> -0 S
Figure 5. Percent for Schuler classifications for domestic water consumption in winter
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Abstract

The quality of coastal water resources at the downstream of watersheds is decreasing mainly
due to different anthropogenic activities. In this research, temporal variations of groundwater
quality were investigated in a 25000 ha coastal area in Mazandaran province. Groundwater
samples were taken from 37 observation wells in the region before (winter 2009), during (spring
2010) and after (Summer 2010) a rice growing season. The samples were analyzed to determine
electrical conductivity, acidity and the concentration of calcium, sodium, magnesium,
potassium, bicarbonate, chloride and sulphate. Groundwater quality was assessed for
agriculture, industry and drinking uses based on various criteria and standards. The average
electrical conductivity of groundwater in winter, spring and summer was 5806, 3524 and 8656
us cm’', respectively, indicating increase in salinization risk of groundwater at the end of rice
growing season. From alkalinity viewpoint, approximately 60% of the groundwater samples
were in C4-S1, C4-S2, C4-S3 and C4-S4. Chloride concentration in groundwater was more than
its permitted limit for industrial use. The groundwater quality of the 2010 summer season was
the worst from drinking viewpoint compared with the samples collected in the 2009 winter and
2010 spring. Results showed that rice cultivation had considerable effect on groundwater quality
of the study coastal area. Therefore, the proper management of water and nutrient during rice
growing season can be effective to protect groundwater quality in the study area.
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