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Chemical Analysis and Agricultural Utilizations of Dams Reservoir Sediments 
 

 

 

 

ABSTRACT  

Sedimentsamples were collected from King Talal Dam (KTD) and subjected to chemical, 

physical,and mineralogical study to test their suitability as soil replacement.The concentration 

ofCadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Lead (Pb), Nickel(Ni), Arsenic 

(As),Cobalt (Co),andZinc (Zn) was obtained byatomic absorption spectrophotometer, and the 

elements phosphorus (P)and boron (B) were determinedby usingthespectrophotometrictechnique.  

Theseelements concentrationwas compared withthe average concentration of soil innear by area of 

Jordan valley, It was found that the concentration of Cu and Zn, P, Fe, Mn,andKis within the 

standard range for soil fertility,and the concentration of Pb, Ni,As,Co, and Cd is within the standard 

range of agricultural human health safetyregulation’s,the highest concentration on of iron 

(Fe)andmanganese (Mn) in sediment were found to be 1.48% and 15.0 ppm respectively. The 

lowest average concentration in KTD sediment was identified for cadmium (Cd) andarsenic (As) 

andwasfoundto be<0.01 and <0.05 ppmrespectively.The Laboratorytests carried out indicate that 

the water of King Talal Dam is free of heavy metals pollutants, and reservoir sediments can be used 

for soil replacement and amendment.It is highly recommended to keep the percentage of sediments 

of KTD tosoil  used in agriculture within the range of 25%-50%. 

 

Keywords: dam reservoir, soil pH, available nutrient, soil salinity, soil conditioners,heavy metals 

indam sediment. 

 

1. INTRODUCTION   

Water is the main sourceof life on earth and since the amount of water available for use is not 

enough in many countries especially the third world ones, dams and reservoirs are mainly built for 

irrigation, power generation, flood control, and water supply. In Jordan, there are around10 

existingdams, and the number is anticipated to increase due to shortage of water and the future 

development in both agricultural and industrial sectors.King Talal Dam is an Earthfill dam which 

has beenin operation since1987, it is located intheeasternheights of the kingdom, anditwas built for 

the irrigation and electricity.[1] 
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The agricultural utilization of sediments are the most promising alternatives due to the beneficial 

properties of sediments that are rich in clay, silt, organic matter, nutrients (macro- and 

micronutrition), and microbial activity, [2] 

 

It is very important to have full information and analysis on thecompositionof the dame sediments 

if they are going to be used in any percentages in agricultural soil. Another aspects is the knowledge 

of nutrienttypes, andconcentration level, as this will have ahighimpact on the quality and quantityof 

the plants and products [3] 

 

The essential micronutrients forallcrops areB, Cu, Fe, Mn, and Zn. Other mineralsandnutrients at 

low concentrations thatareconsidered essential to thegrowth of some plants are nickel (Ni) and cobalt 

(Co). 

Micronutrientdeficiencies in crops have increased markedly in recent years due to intensive cropping

, loss of topsoilbyerosion, losses of micronutrients through leaching, liming of acid soils, decreased 

proportions of farmyard manure compared to chemical fertilizers, increased purity of chemical 

fertilizers, and use of marginal lands for crop production. [4] 

 

Calcareous soils present ofhigh levels of free calcium carbonate (CaCO3) and also high pH ―low 

acidity‖, and the large amounts soluble salts reduce theavailability of essential mineral nutrients such 

as Zn, Cu, Mn, Fe, B, and P that are necessary for the growth and development of crops and for 

quality and quantity of crops yield.Nitrogen (N), Phosphorus (P), and Potassium (K) are the essential 

macronutrients [5] 

 

Theobjective of this study is to carry out physical and chemical analysis of present heavy metals in 

KTD sedimentsand compare it with the Jordan Valley soil of farmers to see the possibility of using 

sedimentsas fertilizers and artificial soils. [6,7]. The selection of suitable reservoirsfor thestudy is a 

major step in this study, then the content, nature, distribution of sediments, andphysical 

characteristics are very essential. The weathering conditions, process, and topology will affect these 

properties besides water quality duringtheirrigation process.[8] 

 

Generally,elementssusceptibletoweathering will be available in high concentration,in proportion 

related to ions combination and solubility, this will control themineral availability to plants and 

influence the quality and quantity of the production.[9] 
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The concentration or level of major macronutrients (N, P, K) which are indispensable elements for 

plants will decide on sediment evaluation and suitability for the typeofplants and agricultural use. It 

is expected that the major elementsmentioned are available in higher concentrationsin soil 

sediments having medium levels of mineral soils and parent soils in drainage sinks.[10] 

 

2. MATERIALS and METHODS   

This study was carried out at the laboratory of JordanValley Authority, farm Dair-Ulla dimand area 

22, farm unit 91 located at Ulla, Al-Balqa. The climate of the Jordan Valley region is very dry, and 

semi-cool, withwinter extremes, withrain in winter precipitation exceeding 30%, andin summer the 

temperature ranges from 38 to 39 
o
C.[11,12] 

 

2.1 Study Site 

 

The soil samples are collected from thebottom of KingTalalDamin JordanValley the location is 

shown below in Figure 1. 

https://www.google.com/maps?q=king+talal+dam&rlz=1C1GGRV_enJO748JO748&um=1&ie=U

TF-8&sa=X&ved=2ahUKEwjn3YWQyKn2AhUl7rsIHUAjCYEQ_AUoAnoECAIQBA 

Figure 1:The location of soil samples collected from thebottom of King Talal Dam in Jordan 

Valley 

 

 

 

 

2.2 Preparation of Sample  

 

Tosediment samples,preparation of 500 gweightwere dried at 105°C for two hours. Selected one 

gram of each sample was weighed carefully and 5 mL of concentrated nitric acid (Merck, 65.0%) 

was added. These samples were heated up to 80°C until near dryness, addition of acid and the 

https://www.google.com/maps?q=king+talal+dam&rlz=1C1GGRV_enJO748JO748&um=1&ie=UTF-8&sa=X&ved=2ahUKEwjn3YWQyKn2AhUl7rsIHUAjCYEQ_AUoAnoECAIQBA
https://www.google.com/maps?q=king+talal+dam&rlz=1C1GGRV_enJO748JO748&um=1&ie=UTF-8&sa=X&ved=2ahUKEwjn3YWQyKn2AhUl7rsIHUAjCYEQ_AUoAnoECAIQBA
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process of heating were repeated two more times. Taking two composite samples of sediments from 

King Talal Dam.Chemical and physical tests were conducted to determine thecontent of heavy 

metals and fertilizer elements. These tests in Table(1) were conducted in the Jordan Valley 

Authority laboratories 

 

Table (1):Total trace elementheavy metals and macro element concentration in KTDsediments. 

 Sediment 2 Sediment 3 ‏Lab test‏

 2.10 1.90 ‏ECedS/m‏1:1

 7.02 6.86 ‏pH‏‏‏1:1

CaCO3   % 40 42 

Total  Nitrogen % 0.369 0.344 

Organic Matter  % 2.31 2.39 

Cu Total   ppm 16.71 14.88 

Fe Total   % 1.48 1.29 

Mn Total   ppm 140.00 151.00 

Zn Total   ppm 100.28 107.11 

Cd Total  ppm <0.01 0.00 

Co Total  ppm 5.00 5.00 

As Total  ppm <0.05 0.00 

Cr Total  ppm 54.00 44.30 

Ni Total  ppm 22.00 18.70 

Pb Total  ppm 0.40 0.32 

Total  P% 4700.00 4680.00 

Total   K % 1350.00 1410.00 

 25.00 30.30 ‏‎‏‏%Clay‏

Silt  % 42.50 35.00 

Sand % 27.20 40.00 

Texture Class  clay loam clay loam 

 

 

Add water to the residual material, andfilter the suspension using (Whatman filter Merck, 0.45 μm), 

then the filtrate was diluted by deionized water to a final volume of 50 m,for the analysis of 

B, Cu, Fe, Mn, and Zn elements. 

 

 

 

2.3 Methods and Analysis: 
 

Weight 10.0 g from blank sample to prepare soil extraction (1:5 extract) following the procedure in 

method of soil analysis, [13] measure the electrical conductivity (EC) by using anelectron 

conductivity meter (Jen way type), the pH was measured using PH- meter (METROHOM). Then 
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weigh 25.0 g from blank to digest the soil completely with tri-acid (HF/HCl/HNO3) under afume 

hood with a temperature of 160 degrees for 6 hrs for two days or till the soil solution is completely 

digested for heavy metal and phosphorus, potassium analysis  

 

 

3. RESULTS and DISCUSSIONS   

 

Analysis of sediment samples from thelake ofKingTalalDam (KTD)( Table 1) revealed that the 

mean concentration of Cu, Fe, Mn, P, and Zn in sediment samples are higher than in JordanValley 

soil, while the concentration of Cd, Cr, Cu, Fe Mn, Pb, and Zn in sediment samples are lower.[14] 

 

The comparison of the mean concentrations of heavy metals in (KTD)sediment with the standard 

value in soil and those used for agriculturesuggests that the mean concentration of Fe,Zn, Cu, and 

Pis within the standard overrange for soil specification. [15] 

 

From Table 2 the concentrations of Cd, Pb, Ni, Co, Cr,  and As are within the low standard range of 

agricultural soil.  Accordingly, KTD sedimentis suitable for plants as potting soil and as asoil 

conditioner. From Table 1the abundances of toxic elements(Pb, Ni, Cr, Cd, As) are much lower 

than average values for mineral soils. [16] 

 

Each group of the micronutrients (Fe, Cu, Zn, Mn)sediments have similar distribution patterns of 

metal, the total abundances are within the high ranges despite being higher than in parent soils. 

These elements occur on the surface of fine-grained particlessuch as clay minerals, particles of Mn 

oxides,and organic molecules; they may be associated with Fe-Al-oxides,Manganese (Mn) is found 

as aninsolubleoxide. Fe, Cu, Mn, andZn have low solubilityTable 1, they hardly exceed the 

concentration considered, accordingly,not toxic to thesoils. which could be used as slow-release 

fertilizers. [17]Table 1 showsmajor macronutrient (N PK) concentrations in sediment whichare 

important for plant nutrition. 

 

3.1Fertility Tests 

 

Obtained Sediments from KTD wereused as artificial soils and additives, using mixtures with 

various proportions of soil from Jordan Valley. Experiments were conducted with appropriate 

reference samples and the tested plants were selected based on economic benefit and biological 

suitability as indicators of substrate suitability. Usingafew representative sediments from 

theKTDreservoir and after that compare it with another sample of commercially high-quality 
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potting soil which is used as a reference is the basis of the conducted fertility test. [18] 

 

The results were evaluated by an empirical and dimensionless ―Success Index‖, which is based on 

the increase in plant growth,flowering, and production as shown in Table 2, which confirmed the 

suitability of KTD sediments for agricultural use, as they compared perfectly well with top quality 

commercial potting soil. When fertility experiments were conducted with pepper plants in a 

controlled greenhouse in these tests,  for a comparative growth rate, weusedfirst a mixture of 

sediments from KTD;after that a common soil from JordanValleynearby area a chemically inert 

matrix (for better physical support), under five differentmixtures including; 100% soil, 75% soil + 

25% sediment,50% soil, + 50% sediment,25% sediment + 75% soil,and100% sediment. 

Weekly measurementswere carried out of the parameters such asgrowth rate, flowering/ 

fructification period, flowering open, andnumber/weight of fruits and reported in Table 2. 

KTD chemical and mineralogical characteristics of the precipitated materials and the solubility, and 

precipitation of metals in reservoirs, KTD reservoirs were developed under distinct climatic 

conditions to find the effect of weathering conditions and metals leaching mechanisms on the 

fertility index of sediments. 

 

This study here shows that it is worth evaluating the economic feasibility of removing reservoir 

sediments and using them for agricultural purposes to improveselected areas with scarce sandy 

soils. sediments could eventually yield better results because they can be used as soils on their own, 

but the more clayey varieties, due to high nutrient abundances, can be used as fertilizers for poor 

quality sandy soils. [19] 

 

Table 2:Increasing in plant growth,flowering, and plant yields  

 

Type of 

plant 

Growth media growth 

% 

flowering 

% 

yield 

% 

Geranium 

Flower 

 100% sandy soil,  

 

100%  100%  N/A 

75% sandy soil + 

25% KTD sediment, 

 

100% 100% N/A 

50% sandy soil + 

50% KTD sediment, 

 

100% 100% N/A 

25%  sandy soil, + 

75%KTD sediment  

75% 75% N/A 
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100%  KTD sediment 

, 

50% 50% N/A 

Pepper   100% sandy  soil,  

 

100%  100% % 8.5 kg/1m2  

75% sandy soil + 

25% KTD sediment, 

 

110% 110% 9.0 kg/1m2  

50% sandy soil + 

50% KTD sediment, 

 

110% 110% 9.5 kg/1m2  

25%sandy soil, 

+75%KTD sediment  

 

100% 100% 9.00kg/1m2  

100%  KTD sediment 

, 

60% 60% 7.0kg/1m2  

Eggplant   100% sandy  soil,  

 

100% 100% 10kg/1m2  

75% sandy soil + 

25% KTD sediment, 

 

110% 110% 11.0 kg/1m2  

50% sandy soil + 

50% KTD sediment, 

 

115% 115% 12.0kg/1m2  

25% sandy soil, + 

75%KTD sediment  

 

100% 100% 10.0kg/1m2  

 100%  KTD sediment 

, 

70% 70% 8.0 kg/1m2 

 

The chemical composition of sediments is very importantregarding their suitability for agricultural 

use and as for soilsingeneral,itisimportanttoknow 

aboutthenutrientsandtoxicelementlevelsandtheconditionsthatenhance their release and availability to 

plants.  

 

If regular sediment removal from the reservoirs becomes economically feasible, the suitability for 

use in agriculturemay ultimately solve some classical problems such as; the period of life of dam 

reservoirs filled with sediments; the water quality; and the shortage of soils in some regions. 

. 

It was found that the condition of the plant is at its best when the level of King Talal Dam 

sediments in the soil is 25% and 50%. This could be due to this ratio provides nutrients to the plant 

and maintains the moisture level in the soil, and the reason for the low plant level of production 

when the sedimentation rate is 100% may bedue toahigh level of sedimentation reduces the 
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permeability of the soil, which contributes to the high level of soil-bornediseases. 

 

4. CONCLUSION 

The reported results here support using of KTD sediment as soil fertilizer’s. The results 

oftheanalysisthesedimentinKingTalalDam Lake show concentrations of P, Fe,Zn,Cu,and Mn, in the 

sediment exceed that in JordanValley soil.The sediment analysis showed that the total content of 

metals such as Pb, Cr, Cd, As,Co, and Ni is less thanlimits according to the soil used guidelines for 

agriculture. 

The average content of the total Pb was 0.5 mg/kg Cd was 0.1 mg/kg As was 0.5 mg/kg Cr was 

0.2 mg/kg,andCo was 0.1 mg/kg, thatis abouta very low level. 

The average content of the total Fe was 0.5 mg/kg, Zn was 0.1 mg/kg, As was Cu mg/kg,andMn 

was 0.1 mg/kg, whichare about very high levels.In conclusion,it is highly recommended to use the 

dam sediment foragriculture as potting soil and soil conditioners. 

WhenKTD sediments areadded to enhance soil, the percentage of sediments in the soil iswithin the 

rangeof 25%-50%. It is preferable to add to non-calcareous soil,adding organic acids to irrigation 

water contributes to reducing soil basicity, this willimprove the level of nutrients in the soil, and 

reduce damage toacalcareous soil characteristics. 
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