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Abstract: Although the point source pollutants have 
been controlled in the world, the recognizable 
improvement in decreasing of pollutants or their flows to 
water resources have not been recorded. Zarivar Lake is 
one of the exceptional tourism sites in the west of Iran 
that has been under supported by the world Environment 
organization. Farmers use Zarivar water as an irrigation 
water source. This research contains 2 distinct steps: 
Field runoff sampling and analyzing for: BOD5, Total 
Phosphorous, Total Nitrogen and Total Suspended soils 
determining and statistical analyzing of recorded data. 
Based on this study the basin has 4 cardinal land use 
types: Forest, Pasture, Farming and Urban. The run off 
coefficient was Calculated for each land use by rational 
method, then confirmed by curve number method. The 
project had 4 treatments which each of them had 3 
repetitions. The Concentration and the value of 
pollutants from land use types had compared together by 
using of Mean compares .Then the land use were sorted 
descending based on the amount of pollutants which they 
produce, and finally the annual pollutant load flowing to 
the lake was estimated. The results show, the significant 
difference between land uses, at which farming land use 
is the most pollutant. 
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1. Introduction 

Zarivar Lake is one of the fresh water lakes of Iran that 
due to having exclusive conditions such as the type of 

sources for providing water and having fauna and flora, 
is considered to be one of the rare lagoons. Marivan is  
the nearest town to the lake, to host numerous guests' 
travelers each year. Zarivar Lake causing special 
ecologic and microclimate impacts on the region has 
been considered an important role for attracting tourists 
effecting the region's economical indices and 
environmental values. Quick changes and the existing 
trend in the area have produced worries on those matters 
and information on the changes factors could be 
considered as a clue to solving this lake problems. Since 
the quality characteristics of the lake water indicate high 
organic materials, recognizing the pollution sources of 
the lake seems to be quite necessary. Hence in this 
research, the pollutant loads is analyzed as non point 
source of pollutants. 
Zarivar Lake   area is 2090 hectares, taking into account 
the marginal reed bed and is situated in Zarivar basin 
with 15827 hectares of area which populated more than 
70445 people (85.4 percent of residences are citizen. The 
basin geographic situation is in 460 04' 51" to 460 15' 30" 
of eastern longitude , and 350 28' 23" to 350 36' 23" of 
northern latitude, and is organized as two sub- basins: 
Marivan sub basin with the area of 5000 hectares and 
Zarivar sub basin with the area of 10827 hectares . Both 
basins are considered together due to their closed 
relationships.  There are five main type land uses in basin 
upstream. 



 
Fig:1 Map of study area 

 
According to Sanskrit documentations human beings 
efforts for preserving water quality goes back to 
thousands of years B.C. The research by Steven (1997) 
in considering the problems due to aging of American 
lakes, ponders for determination of the rate of phosphor 
and nitrogen inlet to water sources, via sewerage systems 
and surface flow. According to this investigation the rates 
of phosphor and nitrogen densities, that are transferred 
from nonpoint pollution sources of agricultural and city 
agents to water sources are 1.5 and 3 times the natural 
(pastures) and jungle matters, respectively. 
Ghafouri et.al (2006) considered the effects of cities 
expansion on quality of surface water in Home bush gulf 
region in Australia and then simulated the area behavior 
from the point of view of production and pollution 
transfer, by using AQUALM model, such that the 
amount of pollution transfer could be predicted, in the 
next raining events. The results of this research showed 
that industrial and urban applications would transfer to 
25 times the pollution natural applications. For instance, 
the rate of producing BOD5 in each year from each 
hectare of natural applications is 1.4kg and for industrial 
and urban applications are 34 and 33 kg, respectively.  

Steven (1997) in the USA measured the magnitude of 
Phosphorous and Nitrogen in surface water flowing 
from different land uses.  He found the transfer of 
Phosphorous and Nitrogen from urban land use was 
1.5 to 2.5 times as much as those of forest land use. 
Phillips and Ghafouri (1997) in Australia investigated 
the effect of land use on runoff quality using 
AQUALM model. In their research using observed 
data at the simulation sites, pollutants such as TP, TN, 
TSS and BOD were modeled. 
Ghaderi (2002) with similar research in Sya Darvishan 
basin of north of Iran, showed the effect of land use on 
water quality and simulated hydrologic behaviors of the 
surrounding catchment using AQUALM. He gauged 
pollutions flowing to Anzali wet land then based on 
gauged hydrological and pollution data clibrated 
AQUALM.XP model for basin and finally simulated 
pollution loads flow to the wet land. He found that areas 
with land use of urban, residential, agricultural, 
rangeland and forest produce the highest to the lowest 
magnitude of pollutants respectively. In most cases the 
AQUALM model could reproduce the catchment 
pollution transfer behavior even without calibration. 
Alina coman et.al (2007) were investigate the pollution 
sources of Tabacarie Lake located in Constanta district 
Romania, by monitoring the quality parameters. 
Fagr Kh. Ali et.al (2008) was aimed to study quality of 
water in Lake Qarun and effects of pollution on 
expression of immune genes in Egyptian sole (Solea 
aegyptiaca) fish. The study was carried out from August 
2006 to the end of April 2007. 
2. Materials and Methods  
Since there is no river head towards Zarivar river, there 
are only two important sources to provide the Lake water: 
springs at the bottom of the Lake and flowing water of 
the region that enter the Lake via canals. The water 
pollution sources are divining in to two categories of 
point sources or undistributed sources and unknown or 
distributed sources also called non pointed sources. Since 
there are no factories and pollutant sources in the region, 
the origins of Lake Water pollution should be searched in 
distributed sources. The role of surface flowing water, in 
comparison with springs, in the quality of the Lake water 
is of great importance. Regarding the pollutions bases 



under consideration the inlet flowing water to the Lake is 
mainly the source for pollution. Hence, analyzing the 
quality of the flowing water could give important 
information about the volume of inlet pollutions. Since 
different land uses exist in the region and the volume of 
flowing water and the rate of pollution density in the 
flowing water are difference this investigation is looking 
for determining the volume of flowing water and the 
pollution density in a unit area of using the land with any 
type of usage. The pollutions of Biological Oxygen 
Demand (BOD5), total phosphorous (TP), total 
suspended solids (TSS) and total nitrogen (TN) were 
thence measured.  
2.1. Data analysis 
Calculating generation of pollution in unit area of any 
usage: 
In the first stage, the balance of area hydrology was 
arranged and the coefficient of runoff for the multi – 
purpose land, was determined by deterministic method 
.Then by using the method of curve number, the 
coefficient of Runoff was calculated accurately for the 
rains that have been sampled and in continuation, 
generating pollution was estimated according to 
repetitive averages for unit area of multi - purpose land. 
For doing the next stages, the research method of 
hydrology balance of the area, with the hydrological 
model of AQUALM was simulated and also the results 
of the calculated model in an average water year was 
simulated, considering the areas facts. Then the volumes 
of the Monthly flowing water, which was simulated by 
modeling wear extracted for each of the land 
applications, separately and hence the rate of pollution 
generation of for each unit area was estimated . 
2.2 Statistical analysis  
The analysis of the results was done for 12 experimental 
repetitions on the data of pollution densities of land 
applications by comparing the average amounts (Duncan 
method) and variance differentiations It is to mention 
that all the 12 repetitions were the average results of 6 
times sampling in different areas. 
2.3 Estimation of annual pollution of the area 
After determination of the volume runoff of any kind of 
applicator, the rate of monthly and annual pollution of 

the area was determined according to the average density 
of the pollutants and also with regards to monthly and 
annual flowing water volumes. The calculated results 
were compared with the previous estimations of 
pollutions in the Lake water. 
 
3.Results 

The averages of pollutants densities in runoff for the 
lands the multiple usages were taken and the results were 

obtained as in table no. 1. The statistical analysis was 
performed on 0.01 confidence level at the beginning and 
regarding the meaningless difference due to intensity of 
pollution generation about some of the parameters, the 
test was done for 95% certainty. The difference was 
meaningful for all the TP, BOD TSS and TN parameters 

, up to a =0.05. In other words, a meaningful difference 
was observed regarding different uses of land in 
generating pollutions. The pollutions annual load for 
each landuse and each pollution have been presented in 
table no 2. 
 The results of this statistical analysis regarding transfer 
of pollution in different applications are as in table 
no3.The difference between natural and urban and 
farming applications in transfer and generation of 
pollution indexes. As it is seen in table no.3, the role of 
applications is different in polluting the runoff. 

3.1Pollution loads distribution time 

Since pollution load transferring from basin to the 
lake depends on runoff amount of basin land uses, 
most pollutants transfer to the lake in rainy seasons. 
For determining the rate of monthly pollution load, 
with respect to the monthly runoff flow, the curve of 
pollution transfer drawn (Fig.no.2to 4). 
 

Table 2: Annual load of pollutants (Kg/ha/year) 
Pollution 

Land use 

TN TP TSS BOD 

Jungle 103.4 0.83 3599 103.4 

Farm 584 7.83 9436 203 

Pasture 222 1.1 2073 64 

Urban 445 9 1370 254 



 
 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.  Discussions and conclusions 

As indicated in he materials and methods section, runoff 
sampling was done in defined locations and times which 
contained various places with different conditions of 
basin and covered different rainy times of wet season   
with regards to all land use types. In addition the time of 
run off sampling was concerned to characteristics runoff 
formations, no sampled in just begin and ends of runoff 
formation. Since the role of usage has changed in 

different seasons, the role of seasons also has been 

considered. Primary analyzing of data densities in 

afferent applications with regards to runoff shows that 
the pollutants density in the first runoff is more than next 
run off events and usually the last run off events have 
less concentration of pollutants, because the plants 
coverage in May addition to reducing the production 
runoff, makes a surface layer resistant to cutting soil and 
dissolution of material particles in water. Last run off 
events happen in May and February usually. Pollution 
concentration reduce in February too, due to freezing the 

Table1: mean pollution concentration of landuses run off 

urban pasture farm Jungle Land use 

pollution 
1.4 0.3 1.3 0.25 TP 

2151 560 3503.5 1281  TSS 
40 17.2 33.7 22.8 BOD 
70 60 97 31 TN 

Table 3: Statistical analysis of Comparative  

Effects of land use pollution 
urban pasture Land use pollution 
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Fig 2: Monthly distribution of total nitrogen pollution   

transfer to the lake 
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Fig 3: Monthly distribution of BOD5 pollution transfer to 

the lake 
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Fig 4: Monthly distribution of total suspended solids 

pollution transfer to the lake 
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Fig 5: Monthly distribution of total phosphorous pollution 

transfer to the lake 



surface of soil and low temperature , more energy needed 
for separation and dissolution of the compounds. 
Because of similarity in hydrological indices, pasture and 
forest land uses, combined as a land use type (natural 
land use), in statistical analysis. (table no.3) 
In classification of land uses from the priority point of 
view in generating pollutions the average of pollution 
densities have been considered.Regarding this table, the 
natural usage (including jungles and pastures) with 
respect to all the pollutant parameters, usually line in 3rd 
and 4th categories and artificial environment created, i.e. 
farming and urban environments allocate 1st & 2nd 
classifications in all the aspects, except the phosphor 
matter. It means that natural environments have more 
effective roles in preserving soil and water in comparison 
with man made environments. High rate of phosphor in 
runoff of urban usage could be due to existence of 
detergent residuals in washing materials in urban 
environments. This has been proved by Steven research 
in 19997, in America. 
It is concluded by analyzing the table, that with regards 
to the intensity of pollution generation farming 
applicability is in the 1st class, urban is in the 2nd, 
pasture is in the 3rd and jungle is in the last category. 
These pollutions are directly transferred to the Lake and 
cause a threat for it. Comparison of the sediment load 
coming to the Zarivar Lake which have ben reported in 
last researches, shows that there is not considerable 
difference between TSS characteristics (Index) in all 
studies. Moreover in evaluating the pollution calculation 
it was defined that the BOD rate of the present study 
estimation or the research report from Environment 
preservation organization in 1992 and 1995 are almost 
the same. 
In correlation between the runoff and pollution 
generation rate, the R2 is differ from each other seasons 
because the pollutants concentration are different in 
various seasons. Accordingly the pollution average 
density of farming land use in spring (end of 
precipitation season was less than winter and autumn.   
At the first view to the curves it is observed that most of 
the pollution transfer is done in March and April, 
because most of the runoff takes place in these months. 

But the density of pollutants at those periods is less than 
other seasons. Since transfer of all the pollution depends 
on water flow, increasing in runoff increases the 
pollution load too. Therefore, the overall trend of curves 
movement is similar in all 4 parameters and their 
fluctuations are dependent on each other. 
Although in the time distribution curve, the pollution 
transfer of all pollutants have similar fluctuations, but by 
more accurate analysis of the curves it can be said that 
the trend of curve no.4 (TSS) are not the same as curves 
1 to 3. The peak time of suspended solids pollutant is 1.5 
months earlier than that of phosphorous and nitrogen. 
This time precedence could be related to the role of 
creation & development of plants coverage in prevention 
of picking and dissolution of soil particles about 
beginning of April and in May. This change of trend is 
also observed in November in the 1st part of the curve. 
Similarity in the changing trend for different pollutants 
curves is due to increasing runoff in a period of time in 
the year (From Feb. to May). Zarivar Lake has a ruptured 
ecosystem but with ecologic environment and tourists 
attraction and the jungle coverage is exposed to intense 
destruction and the jungle without proper conclusions are 
constantly changing to grape farms and the jungle areas 
are decreasing a lot. 
According to the obtained results from desert 
measurements of water pollutant parameters, farming 
land use generates much more pollution in comparison 
with jungle and pasture one, and the source of this 
pollution is wearing out of this application and 
transporting the polluted particles stuck to sediment 
particles and also misuse of fertilizer and other materials 
used in farming. On the other hand due to increasing 
consumption of detergents that are distributed as no 
pointed pollutant sources on the town, the total  
phosphorous (TP) and BOD load in urban usage is more 
than other land uses. There is a significant difference 
between each natural and man made ecosystem annual 
pollution loads. 
The highest rate of pollution is in March and May. Since 
zarivar Lake operates as a delaying dam, the pollutions 
are deposited in Lake and causes more turbidly of water 
body, this reduce the light penetration depth and makes a 



rich Lake with high phytoplankton productions. This 
causes eutrophy in water and decreasing of water depth. 
The main factor of this rich water problem is lacking of 
farming management, exchanging jungle slopes to farm 
lands and rain fed grape farms, that causes more 
sediment and pollutant loads flow to the lake. 
 
5.  Suggestions 
Considering the results and to help protect the lake will 
need the following:  
1 - modeling the behavior in production and infection 
following the high basins and creating monthly power 
production and prediction of infection in different 
rainfall and runoff intensively.  
2 - natural resources in efforts to prevent forest 
degradation due to the vineyard economic and 
employment problems in the region is ineffective in the 
appropriate areas of the basin I it needs to guide 
destructive action towards planting trees multipurpose by 
applying various initiatives.  
3 - Basin farmers should be forced to create water 
storage basins downstream agricultural lands to save 
agricultural lands to surface flow and operation of self-
purification ponds.  
4 - The most important effort required is to be trained 
farmers   to use of timely and limited vegetable fertilizers 
and pesticides in their farms.  
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