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Abstract 

Dam reservoirs serve as suitable places to settle sedimentary materials carried by rivers. Pollutants absorbed into these sediments 

may lead to water contamination, increased aquatic animal mortality, and loss of biodiversity. Potentially toxic elements (PTEs) are 

classified as highly hazardous pollutants due to their long persistence in the environment. Due to their destructive effects on humans 

and the environment, it is important to examine sensitive and special areas for contamination with them. Therefore, spatial zoning of 

these pollutants in surface sediments of aquatic ecosystems is very effective in identifying the entry routes and determining their 

origin, as well as in identifying sedimentation conditions and determining sensitive zones for pollution reduction management. The 

sampling of surface sediments with the aim of zoning the sediments of the Zayandehroud Dam reservoir in terms of the level of 

contamination with PTEs based on geochemical indicators was carried out from 20 stations in this lake in December 2022. Then, the 

physical and chemical variables of the sediments were measured, including pH, EC, Eh, percentage of moisture, bulk density, dry 

density, grain size, percentage of organic matter, percentage of calcium carbonate, and concentrations of 26 elements. The results 

showed overall increasing changes in pH, bulk density, dry density, percentage of organic matter, percentage of calcium carbonate, 

and sand-sized particles from the dam crest to the lake entrance, while the percentage of moisture and Eh showed an overall 

decreasing trend. Only some elements, including silver, arsenic, chromium, copper, nickel, and lead, exceeded the US sediment 

quality guidelines (ERL and ERM) at some stations, among the 26 elements measured in the 20 surface sediment samples. Which 

was found towards the dam crest for arsenic and lead, chromium except for a few points, nickel and copper were found throughout 

the study area, and silver was found towards the lake entrance. Also, the Enrichment Factor (EF) of lead and copper was lowest at 

the lake entrance (EF<2) and increased towards the dam crest, and there was also very high enrichment (EF= 20-40). The EF of 

silver showed the highest enrichment (EF> 40) at one station at the lake entrance. The Geoaccumulation Index also showed non-

polluted (Igeo<1) to slightly polluted (Igeo= 1-2) for cadmium and antimony in the entire study area, and slightly polluted (Igeo= 1-2) 

for silver towards the lake entrance and for lead near the dam crest. The PLI index based on total elements showed pollution 

(PLI>1) only near the dam crest. 
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Introduction   

Potentially toxic elements (PTEs) are classified as highly 

hazardous pollutants due to their long persistence in the 

environment. Due to their destructive effects on humans and 

the environment, it is important to examine sensitive and 

special areas for contamination with them. Therefore, spatial 
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zoning of these pollutants in surface sediments of reservoir 

dames is very effective in identifying the entry routes and 

determining their origin, as well as in identifying 

sedimentation conditions and determining sensitive zones for 

pollution reduction management (Kabata et al. 2007). 

 Due to the increasing population growth and corresponding 

increasing drinking water need, along with the development 

of agricultural and industrial sectors in the Gavkhooni Basin 

in arid to semi-arid region of the central plateau of Iran, the 

optimal utilization of the Zayandehroud Dam is crucial. For 

this purpose, determining the amount and spatial distribution 

pattern of PTEs in the surface sediments of the Zayandehroud 

Dam reservoir using geochemical indices was determined as 

the main goal of this study. 

 

Material & Methods 

The sampling of surface sediments of the Zayandehroud Dam 

reservoir was carried out using Ekman grab sampler from 20 

stations in December 2022. Sampling of surface sediments 

was carried out along the dam lake and in nine rows on the 

left and right sides of the old course of the Zayandehroud 

River. Sediment samples were placed in one-kilogram plastic 

containers with lids, coded, and transported to the laboratory. 

Then, the physical and chemical variables of the sediments 

were measured, including pH, EC, Eh, percentage of 

moisture, bulk density, dry density, grain size, percentage of 

organic matter, percentage of calcium carbonate, and 

concentrations of 26 elements.  

In order to determine the contamination levels of various 

elements, a comparison was made with the US sediment 

quality guidelines (ERL and ERM; Long et al. 1995). 

Moreover, in order to determine the level of sediment 

pollution, the EF was used as a suitable indicator to indicate 

the degree of pollution (Li et al. 2021), and the 

geoaccumulation index (Igeo) was used to measure the 

intensity of pollution (Muller 1969), and the pollution load 

index (PLI) was used (Weissmannová & Pavlovský 2017). 

The normality of the data distribution and the 

presentation of a summary of the statistical information of the 

physical and chemical variables of the sediments and the 

calculated indices were performed in SPSS software, version 

18. Due to the non-normality of most of the variables, the 

Spearman correlation test was used to determine the 

relationship between the different variables. Correlation 

coefficients of 0.7 to 0.85 and greater than 0.85 were 

considered strong and very strong correlation coefficients, 

respectively (Dawson et al. 2007). Also, in order to prepare a 

zoning map of the surface sediments of the Zayandehroud 

Dam reservoir in terms of the Pollution Load Index (PLI), 

ArcMap software and the interpolation command using the 

inverse distance weighting (IDW) method were used. 

 

Discussion of Results & Conclusions  

The results showed overall increasing changes in pH, bulk 

density, dry density, percentage of organic matter, percentage 

of calcium carbonate, and sand-sized particles from the dam 

crest to the lake entrance, while the percentage of moisture 

and Eh showed an overall decreasing trend. The results of the 

sediment size gradation generally showed similarities with 

the spatial pattern reported in previous studies conducted on 

surface sediments of the Zayandehroud Dam reservoir 

(DaryaTarsim Consulting Engineers 2011). 

In general, changes in element concentrations in surface 

sediments can be divided into two groups. Calcium and 

thorium elements are in the first group and other elements are 

in the second group. Only some elements, including silver, 

arsenic, chromium, copper, nickel, and lead, exceeded the US 

sediment quality guidelines (ERL and ERM) at some stations, 

among the 26 elements measured in the 20 surface sediment 

samples. Which was found towards the dam crest for arsenic 

and lead, chromium except for a few points, nickel and 

copper were found throughout the study area, and silver was 

found towards the lake entrance. Also, the EF of lead and 

copper was lowest at the lake entrance (EF<2) and increased 

towards the dam crest, and there was also very high 

enrichment (EF= 20–40). The Enrichment Factor of silver 

showed the highest enrichment (EF> 40) at one station at the 

lake entrance. The Geoaccumulation Index also showed non-

polluted (Igeo<1) to slightly polluted (Igeo= 1-2) for cadmium 

and antimony in the entire study area, and slightly polluted 

(Igeo= 1–2) for silver towards the lake entrance and for lead 

near the dam crest. The PLI index based on total elements 

showed pollution (PLI>1) only near the dam crest. 

Based on the significant positive correlation coefficients 

between most elements of the surface sediments of the 

Zayandehroud Dam reservoir, it can be stated that the 

majority of the studied elements are of natural origin. The 

enrichment of elements such as chromium, nickel, and copper 

observed at most stations is probably of natural origin and is 

consistent with the upstream geology of the Zayandehroud 

Dam Basin. The increased concentration and enrichment of 

elements such as silver and lead observed in some stations 

show the effect of human activities. 
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 چکیده

  رسدوبا  ممکن اسدت نیشدده بر ا  جذب  يهايآلودگ .هسدتند هارودخانهۀ  شدد  لحم يرسدوب  مواد  نشدسدتته  يبرا  يمناسدب  يهامکان سددها  مخزن

  در ادیز  يماندگار ليدل  به(  PTEs)  تيسدم  تيقابل  يدارا  عناصدرشدود.   منجر  يسدتیرفتن تنوع ز  نيو از ب  انیآبز تلفا  شیافزا ب،شددن آ  هبه آلود

  نظر  از  ژهیو و حسددا   مناطق  يبررسدد   سددت،یز  طيمح  و  انسددان   بر  مخرب آثار  ليدل  به وارد د  قرار  خطرناک  اريبسدد  يهاندهیآلا گروه  در  ،طيمح 

  يرها يمسد  شدناخت  بر  علاوه  ،يآب يهاسدتمياکوسد  يسدطح   رسدوبا  در هاندهیآلا  نیا  يمکان يبندپهنه  نیبنابرا؛  اسدت  تياهم حائز  ،آنها به  يآلودگ

  .اثرگذار اسدت   اريبسد  يکاهش آلودگ  تیریمنظور مد  بهحسدا    يهاپهنه  نييتع و  يگذاررسدوب  طیشدرا شدناخت در  آنها، أمنشد   نييتع و  يورود

بر مبنداي (  PTEsداراي قدابليدت سدددميدت )بده عنداصدددر  ،ميزان آلودگينظر   ازرود سدددد زاینددهمخزن  بنددي رسدددوبدا   بدا هددپ پهندهاین مطدالعده  

هاي  متغيرسدد     شددد؛انجام   1401در آذرماه  این دریاچهدر   ایسددتگاه  20ي  برداري از رسددوبا  سددطح مونهن با  و يایيشدديمهاي زمينشدداخ 

کربنا   درصدد  آلي،   ۀماددرصدد  بندي،  دانهدرصدد رطوبت، چگالي خام، چگالي خشد ،  ،  pH  ،EC  ،Eh شداملفيزیکي و شديميایي رسدوبا   

درصدد    ي،آل  ۀمادخشد ، درصدد    يخام، چگال  ي، چگالpH  یشديافزا  کلي  ييرا تغ  ۀدهندنتایج نشدانشدد.   گيرياندازهعنصدر   26و غلظت  کلسديم  

  يهشد وند کلي کار  Ehو  درصدد رطوبت    يرهايمتغکه   در حالي ؛بود یاچهدر  يسدمت ورود  بهماسده از تا  سدد   ۀو ذرا  در انداز يمکربنا  کلسد 

  يکلکروم، م ، ن  ي ،آرسدن  ،نقرهشدامل عناصدر  برخي  تنها ،  شدده  مطالعه   ينمونه رسدوب سدطح   20شدده در    يريگاندازهعنصدر    26 ينب  . درنشدان داد

سدمت    بهو سدرب    ي آرسدن  يکه برا  داشدت  (ERMو  ERL)  یکارسدوب آمر  يفيتک  ياز رهنمودها  يشب یرمقاد   هایسدتگاها  يو سدرب در برخ

  شداخ   ينشدد. همنن  یاننما یاچهدر يسدمت ورود  بهو نقره    شدده  مطالعه   ۀمحدودو م  در کل   يکلجز چند نقطه، ن  بهکروم    يتا  سدد، برا

  EF  =20) ادیز  يليخ شددگييو غن  نشدان داد  یشسدمت تا  سدد افزا  بهو   (EF<2)  حداقل ۀیاچدر  يعناصدر سدرب و م  در ورود  شددگييغن

داشدت.    (EF>40) یاديالعاده ز  فوق  شددگييغن  ه،یاچدر يدر ورود یسدتگاها ی عنصدر نقره در  شددگي    غنيشداخ  هم وجود داشدت.    (40 تا

  ي، برا (2 تا  geoI   =1) آلوده  يتا کم  (geoI<0)  آلوده يرغ  شدده  مطالعه   ۀمحدوددر کل    يموانو آنت  يومعناصدر کادم  يبرا  يزن  يانباشدتگ  ينزمشداخ  

تنها  اسدا  کل عناصدر    بر  PLIنشدان داد. شداخ    (2 تا  geoI   =1) يآلودگ  يکم  ،تا  سدد ی و سدرب نزد یاچهدر  يسدمت ورود  بهعناصدر نقره  

 نشان داد. (PLI>1) يتا  سد آلودگ ی در نزد

 .رود، سد زایندهشيميایيينزمهاي ، شاخ عناصررسوبا  سطحي،  ،بنديپهنه :یکلیدهایواژه
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	��c!M�� s��g�����)"�������a���b��}��#*��X��(������iQ�	��'a��� �#X�MM̂(��EMM̂	��'X�MM̂���fMMj*	���MM$����&F�#D�MM����	�� ����*	���̀�(��Ê	����[�� �������������34���4��6� ¡�7�4�¢6�£6�¢6����/�7¤�¥6�¢6�¥¤7¦47§�7��-�̈6�©0�¤�¥6�ª5�«�4�£6�I6��«3����-4�H6�¬6�­6�;::<6��¤.¤7�5«�.54«�4¦�.4®5̄�¤°¤�¤«.0�5«�±�.¤70��«3�0¤35�¤«.0�¦74��I5²¤7�¥³́5«�5«�.-¤��0-�«.5�I¤854«�4¦�µ-�«�6�H«²574«�¤«.�°�K4«5.475«8��«3��00¤00�¤«.¶� 9?919@>·9A>�-../0122345647829:69::A209:@@9§::A§C<<>§®���-°�8-5¦�73�¥6� �07�́�35�̧6��«3�¬4²¤535�¬6�;:;B6��«�°¡¹5«8�.-¤�°¤²¤°�4¦�75²¤7�0¤35�¤«.�/4°°³.54«�±5.-�-¤�²¡��¤.�°0�³05«8�8¤4§�̄ ³̄�³°�.54«�5«3¤®��«3�¤«75̄-�¤«.�¦�̄.476�H«²574«�¤«.�°�¥̄5¤«̄¤0¶�;9º?»1�AA§C<6� ¼l«� k¤705�«½6�-../0122345647829:6?<B:<2¤«²06;:;B69;CC��k¬��;::>6�¥.�«3�73�K¤.-430�¦47�.-¤�H®��5«�.54«�4¦�¾�.¤7��«3�¾�0.¤±�.¤7�º;90.�H35.54«»6���¤75̄�«�k³́°5̄�¬¤�°.-��004̄5�.54«2��¤75̄�«�¾�.¤7�¾47���004̄5�.54«2¾�.¤7� H«²574«�¤«.� ª¤3¤7�.54«¶�¾�0-5«8.4«��¿6�¢�7�«��6�̧�̄��ª�K6��¤°¤��¹³7¤��6�¾5¤̄¹47¤��£6��̧7«�±0�5�K6��«3�¢57̄-�µ6�;:;B6�K¤.�°�4̄«.��5«�.54«�5«�0¤35�¤«.0�4¦�3���7¤0¤7²45701����³°.5§¦�̄¤..¤3� 8¤«¤75̄� 750�� �00¤00�¤«.6�¿-¤�40/-¤7¤¶� B9:19B@A@:6�-../0122345647829:69:9@2=6̄-¤�40/-¤7¤6;:;;69B@A@:�¢¤¡-�«�K6��«3��°8³°�ª6�;:;:6�¿4«̄¤«.7�.54«0��«3�04³7̄¤0�4¦�-¤�²¡��¤.�°0�5«�0-�°°4±�0¤35�¤«.0�5«�J��¤�¢�¦�¶�̧³7�¤¡6�¥̄5¤«.5¦5̄�I¤/47.0¶�9:1�99A<;6�-../0122345647829:69:B<20?9>C<§:;:§@<<BB§;�¢¤««¤..�¥6�£6�I-4.4«�ª6�H6��«3��³«́�7�£6��6�;::>6�¤̧®.³7¤¶�0/�.5�°�350.75́³.54«¶��«3�7�.¤�4¦�7¤0¤7²457�0¤35�¤«.�.54«�±5.-5«���-58-°¡�¤7405²¤¶�̄³°.5²�.¤3�±�.¤70-¤31�µ7¤«�3��J��¤¶�K5005005//56�¾�.¤7�I¤04³7̄¤0� I¤0¤�7̄-¶� ?9º9»1� :9::>6�-../0122345647829:69:;C2;::?¾I::B@?>�¿�7.¤7¶�K6�I6��«3�µ7¤8475̄-¶�H6�µ6�;::A6�¥45°�0��/°5«8��«3��¤.-430�4¦��«�°¡0506�H�7.-�¥̄5¤«̄¤0¶�



�����������	
���
����������
��������������
����������������������� !!���������"�� #!#� �

� $%%&'())*+,-+./)01-22013)4''.-2125-066781-091:� �

;<=,.+<>?<%�@<*�A/.,BCD%C.?-�EFE�&.?''-�0276�&-�G@.H@I@.',>�E+<'CD%,</�;</,<??.'-�2100-�I?B$<,B@D�.?&+.%�+<�$H*.+/.@&$,B�+&?.@%,+<'�@<*�>@&&,</�+J�K@H@<*?$LFC*� G@>� MN+D-� 0O-� P@%,+<@D�E@.%+/.@&$,B�E?<%?.�+J�Q.@<-�RQ<�S?.',@<T�G@U'+<�E-�V-�AW.@$@.%�F�X-�@<*�Y??�Z-�[-�2118-�\H*.+I?'%(�@�U?WLW@'?*�%++DW+]�+J�?=@DC@%,+<�>?%.,B'�J+.�%$?�'%@<*@.*,'?*�@''?''>?<%�+J�$H*.+D+/,B@D�J+.?B@'%'-�;<=,.+<>?<%@D�[+*?DD,</�@<*� Y+J%U@.?̂� 22M8O(� 0196L0152-�$%%&'())*+,-+./)01-0107)4-?<='+J%-2117-17-113�*?�Z,>@�E@>_D+�G-�*@�Y,D=@�̀,D$+�Z-A-�*?�A..C*@�G-Z-�EH.,<+�Z-[-�a@..+'+�b-̀-�E+.._@�[-[-�a@.W?,.@�S-X-Y-�[?<*?'�G-a-�S@'@�N-[-G-�@<*�S.+J?%,�G-�2126-�[,<?.@D+/,B@D�J,</?.&.,<%�@<*�$C>@<�$?@D%$�.,'c�J.+>�&+%?<%,@DDH�%+],B�?D?>?<%'�+J�̀?�>,<,</�%@,D,</'�J.+>�%$?�̀C<*d+�*@>-�YB,?<B?�+J�%$?�I+%@D�;<=,.+<>?<%̂� :02(� 07:923-�$%%&'())*+,-+./)01-0107)4-'B,%+%?<=-2129-07:923�;>@>�A-�@<*�Y@@*L;D*,<�[-�2109-�G,'%.,WC%,+<�@<*�?<=,.+<>?<%@D�/?+B$?>,'%.H�+J�'+>?�$?@=H�>?%@D'�,<�'%.?@>�'?*,>?<%'�+J�V@*,�ADD@e,̂�'+C%$?@'%?.<�*?'?.%�+J�;/H&%-�A.@W,@<�X+C.<@D�+J�b?+'B,?<B?'̂�7M5O(�0925f0992-�$%%&'())*+,-+./)01-0118)'02508L100L1698L]�,̀%g&@%.,Bc�V�S-�a+/<?.�V�E-�@<*�a$+U>,c�P�b-�0:35-�Y?*,>?<%@%,+<�Q<=?'%,/@%,+<�+J�Z@c?�Y&.,</J,?D*̂�Y&.,</J,?D*̂�QDD,<+,'-�QYVY�E+<%.@B%�F?&+.%�EF�979&-�+̀'%?.�b�G-�V@DD'�E-�[B�;@B$?.<�S�F-�\CJJ�I�a-�@<*�[B�a.,*?�F-�210:-�Y?*,>?<%@.H�&.+J,D?'�+J�&+DDC%,+<�>@.c?.�B$?>,B@D'�@D+</�@�D@./?�%.,WC%@.H�+J�E$?'@&?@c?�a@H�M>,*LA%D@<%,B�hYAO-�X+C.<@D�+J�Y+,D'� @<*� Y?*,>?<%'̂� 0:M9O(� 0500L0527-�$%%&'())*+,-+./)01-0118)'00973L103L2058L2�b??�b-�V-�@<*�ij�kl�mnnml�mlo�pqjrstuvwxsyv�qzqu{x,'-�[?%$+*'�+J�'+,D�@<@DH','-�S@.%�6�&$H',B@D�>?%$+*'̂�5(�255L2:9-�\@/$,/$@%<,@�[-�2129-�Y?*,>?<%@%,+<�.@%?�@<*�'?*,>?<%�g+<@%,+<�+J�%$?�K@H@<*?$.C*�G@>�Z@c?�W@'?*�+<�/?+B$?>,B@D�,<*,B?'�+J�'?*,>?<%�B+.?'̂�[YB̂�Q'J@$@<�h<,=?.',%H�+J�I?B$<+D+/Ĥ�Q.@<̂�091�&-�RQ<�S?.',@<T�\C>&$.,?'�[�Y-�|,<*<?''�A-�;DD?.H�V�P-�@<*�\C/$?'�X�E-�2101-�Y?*,>?<%�/?+B$?>,'%.Ĥ�>,<?.@D�&.?B,&,%@%,+<�@<*�BD@H�<?+J+.>@%,+<�+<�%$?�[cCg?�F,=?.�JD++*&D@,<̂�Y+C%$�AJ.,B@-�b?+*?.>@̂�058M0L2O(� 05L27-�$%%&'())*+,-+./)01-0107)4-/?+*?.>@-2101-19-101�X@U@*�Y�I-�Y$,$@W�A�̀-�@<*�ADLI@$?.�}�[-�2122-�\?@=H�>?%@D�B+<B?<%.@%,+<'�,<�U@%?.̂�'?*,>?<%'̂�ED@*+&$+.@�@<*�%U+�J,'$�'&?B,?'�J.+>�ADL[@'@W�AD@>>�F,=?.̂�ADL�P@'',.,H@̂�Q.@e-�E@'&,@<�X+C.<@D�+J�;<=,.+<>?<%@D�YB,?<B?'̂�21M6O(�315L302-�$%%&'())*+,-+./)01-22026)B4?'-2122-5873�|@W@%@�A-�A-�S?<*,@'�A-�@<*�[Cc$?.4??�A-�a-�2118-�
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