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[bookmark: _Toc311623419]Abstract
We tried to see what the water quality of an agricultural run-off or just small part of an individual watershed has on its main channel like the Blackhawk Creek. We collect data over a six week span starting in late September to early November from three points (one from agricultural run-off and two other from the main channel Blackhawk Creek). Multiple tests were done to check the water quality on the Blackhawk Creek and an incoming agricultural run-off and then correlate some of the tests on why the data is going up or down, relative to rainfall or a man caused event. We didn’t find much influence of the agricultural run-off on the Blackhawk creek but water chemistry analysis showed that after rain nitrate concentration increases and for the agricultural run-off TDS value increases mainly due to chloride and nitrate. 
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[bookmark: _Toc311623423]Introduction
Every living thing on earth needs water to survive. Human bodies are made up of more than 60 percent water! We use clean water to drink, grow crops for food, operate factories, and for swimming, surfing, fishing and sailing. Water is vitally important to every aspect of our lives. Monitoring the quality of surface water will help protect our waterways from pollution. Farmers can use the information to help better manage their land and crops. Our local, state and national governments use monitoring information to help control pollution levels. We can use this information to understand exactly how we impact our water supply and to help us understand the important role we all play in water conservation.
Our study on Black Hawk Creek water quality has been conducted as a requirement of group project for “Field and Laboratory Methods in Hydrology” course in Earth Science Department, University of Northern Iowa, instructed by Dr. Mohammad Iqbal.
[bookmark: _Toc311623424]Study area
The area and or location (Figure-2) that Blackhawk Creek runs through is not that known to all people but as you can see above it ends in Waterloo and spills into the Cedar River but it goes all the way back down through Hudson till it turns directly West through the county of Dike. This area was very interesting to us because we thought it would be very similar to the Dry Run Creek from how close it is to each other. This watershed (Figure-1) covers a much bigger area compared to Dry Run Creek with an area length of 38.3 miles and 340 square miles. This Creek runs through many towns as well so we can compare an agricultural run-off along with some contributing residential areas and see how our lab testing differs from its neighboring water shed Dry Run Creek. We can then see if we if the higher discharge values will dilute contaminates being put into this system.
We did six week water sampling from three sites starting from 29th September, 2011 to 3rd November, 2011. We have three sampling points (Figure-3) one from adjacent agricultural run-off (site-1) and another two (site-2 and 3) from the Black Hawk Creek. Water samples taken from site-2 represent water before the adding of agricultural run-off and site-3 represents after the adding of agricultural run-off.
[bookmark: _Toc311623425]Importance of the study
Black Hawk creek is one of the major streams in Black Hawk County. It starts from the middle of Dike County then into the southern side of Blackhawk County. Then goes through the town of Hudson where it’s finally organized together till it reach’s in the Cedar River. There are many sub-channels that contribute significant amount of water into this creek. USGS have a 
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: Study area.
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Figure 
2
: 
Blackhawk Creek watershed (Taken from Iowa DNR publication).
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Figure 
3
: Sampling sites.
)[image: ]station at Hudson, IA [1] to measure the stage and discharge of the creek. Iowa DNR (Department of Natural Resource) did some sampling from Black Hawk Creek for E-Coli measurement and IOWATER did two sampling for water quality parameter in August 2003 and April 2004 (IOWATER online data base). But till the date we didn’t find any report that about temporal water chemistry variations of Black Hawk Creek and there is also no data on the contribution of agricultural run-off in the creek. We did our study on post agricultural period which is also important because we all know about the nitrate contamination and other things that pollute water bodies during summer by agricultural run-off. But we know very little about what is going on after the pick of agricultural period. Our study will give a quick overview about the water quality of Black hawk Creek and contribution of an agricultural run-off into the creek in post agricultural period.
[bookmark: _Toc311623426]Literature review
We didn’t find much study on the water quality on Black Hawk Creek. USGS have a station to measure the stage and discharge of the creek. Iowa DNR (Department of Natural Resource) did some sampling from Black Hawk Creek for E-Coli measurement and published a report named “Total Maximum Daily Load for Pathogen Indicators Black Hawk Creek, Iowa”, and IOWATER did two sampling for water quality parameter in August 2003 and April 2004.
[bookmark: _Toc311623427]Objectives
The objectives we tried to achieve in this project was to work with another team member to gather information from another watershed that flows into the Cedar River other than the Dry Run Creek and basically compare the 2 in seeing how they are the same and how they are different. In doing this research for our water shed we wanted to also calculate the water quality Index to see how it scored and if it was in the “good” to “excellent” range. Then we can do this weekly to see how it progressed overtime. When we did the WQI we wanted to consider another watershed flowing into the Blackhawk Creek and see what an agricultural run-off contributes in hoping to see it change it for the better. 
[bookmark: _Toc311623428]Methodology
[bookmark: _Toc311623429]Field Methods
In this project we used many different kinds of field parameters to see what was happening in this watershed when an agricultural run-off such as the one we have used runs into Blackhawk Creek. We took three samples (Figure-4) from each site, one for TSS, one for BOD and one for other analysis. Some of the Field Methods we used at 3 different locations were pH, Temperature (Celsius), Dissolved Oxygen along with its Percentage, Total Dissolved Solids, and Conductivity along with the Turbidity of the Water. We used the pH meter (Figure-5a) to check the Temperature along pH. We also used TDS meter (Figure-5b) to check the TDS and Conductivity since their readings correlate with each other. We also used DO meter (Figure-5c) to measure Dissolved Oxygen and Turbidity meter (Figure-5d)to measure turbidity.
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Figure 
4
: Sampling from the sites.
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[bookmark: _Toc311623395]Figure 5: Instrument used in the field.
[bookmark: _Toc311623431]Lab Methods
Along with Field Methods we collected 3 samples from each of our sites to be brought back to the lab to be analyzed and tested. One of the bottles we used to check the Biochemical Oxygen Demand in which the higher the number the more organisms in the water there is 5 days later when comparing it to the Dissolved Oxygen we have gotten from the Field analysis. The 2nd bottle we used we for the Total Sustainable Solids (Figure-6) in which we put 600 mL through the filtration method to get all the sediment that was in the water at times we had to use a smaller amount of water such as 300 mL just to conserve time especially after a rain event. This bottle was also used to collect the E. coli by using the Coli scan Easy gel method (Figure-7) along with 5 mL of water from each site to compare and contrast between each site. The 3rd bottle was used for the Ion Chromatography to analyze and calculate in parts per million the Nitrate, Chlorine and Sulfate in the water between each site.
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Figure 
6
: Total suspended solid measurement
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7
: E-coli measurement.
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[bookmark: _Toc311623432]Results and Discussion
[bookmark: _Toc311623433]Temperature
Temperature has an important influence on water chemistry. Rates of chemical reactions generally increase with increasing temperature which in turn affects biological activity.  Temperature is a regulator of the solubility of gases and minerals (solids) – solubility of most minerals increases with increasing temperature. The solubility of important gases, such as oxygen and carbon dioxide increases as temperature decreases. For example, warm water contains less dissolved oxygen (DO) than cold water. Inversely the solubility of most minerals increases with increasing temperature. Some compounds are also more toxic to aquatic life at higher temperatures. 
	In our study area, in first three weeks, temperature was steady and after a significant rain on October’12 temperature suddenly went down from 16ºC to around 10ºC (Figure-8) which is very much similar to surface water temperature reported by IOWATER Monitoring Chemical Physical Report 2010 [2]. We didn’t found any significant variation of temperature between three sites. In general site-1 (Agricultural run-off) showed relatively high temperature and site-3 showed relatively low temperature. This may be the effect of flow velocity and water depth. Site-3 in the downstream has high flow velocity and greater water depth compare to other two sites.
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Figure 
8
: Temperature variation in the study area.
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pH is defined as: 
pH = - log10 [H+]
Where [H+] = concentration of H+
 (
Figure 
9
: pH scale.
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The pH scale (Figure-9) ranges from 0 to 14 that denote various degrees of acidity or alkalinity. A value of 7 is neutral; values below 7 and approaching 0 indicate increasingly acid conditions (higher H+ concentrations), while values above 7 approaching 14 indicate increasing alkalinity.  Since these are logarithmic values, each integer represents an H+ concentration ten times greater than the next higher number. pH is an important regulator of chemical reactions and an important influence on aquatic biota (including composition). Photosynthetic uptake of CO2 tends to increase pH while decomposition/respiration tends to decrease pH.
In our study area we found pH value within a range of 8 to 8.5 (Figure-10) which common for surface water body of Iowa [2]. In first three weeks pH values shows little variations may be due to the variation of sunlight that affects photosynthesis process and eventually CO2 content in water. In the last three weeks after rain site-1 shows an increasing trend (Figure-10), it can be an effect of algal growth in the channel bed (Figure-10) as surface flow of rain water brought nutrient for them from the surrounding agricultural land and absorbance of CO2 by photosynthesis increases pH.  
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Figure 
10
: pH variation in the study area.
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[bookmark: _Toc311623435]Dissolved Oxygen
[bookmark: Oxygen]Dissolved oxygen is oxygen that is dissolved in water. It gets there by diffusion from the surrounding air; aeration of water that has tumbled over falls and rapids; and as a waste product of photosynthesis. The concentration of dissolved oxygen is perhaps the single most important feature of water quality.  It is an important regulator of chemical processes and biological activity. Dissolved oxygen levels in a stream can be affected by a number of variables, including water temperature, season of the year, time of day, stream flow, and presence of aquatic plants, dissolved or suspended solids, and human impacts. Cold water can hold more dissolved oxygen than warm water. In winter and early spring, when the water temperature is low, the dissolved oxygen concentration is high. In summer and fall, when the water temperature is high, the dissolved-oxygen concentration is low. 
Figure-11 shows increase of DO value with the decrease of temperature (Figure-8). Overall DO value of the area is above 8mg/L which is very good for aquatic life and more than Iowa water quality standard [2]. In all sites DO value increases after the rain event in week three. Site-2 
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Figure 
11
: Dissolved oxygen variation in the study area.
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shows the highest and site-1 shows the lowest DO value may be due to the variation of water velocity as rapidly moving water contains more dissolved oxygen. Site-3 shows low DO value compare to site-2 in first three week, it could be effect of site-1 but after the rain event site-3 DO value increases more than site-1 showing the contribution of more water flow that reduce the effect of agricultural run-off.      
[bookmark: _Toc311623436]Biological Oxygen Demand
Biochemical oxygen demand, or BOD, measures the amount of oxygen consumed by microorganisms in decomposing organic matter in stream water. BOD also measures the chemical oxidation of inorganic matter (i.e., the extraction of oxygen from water via chemical reaction). BOD has close relation with dissolved oxygen and nutrient concentration, it directly affects the amount of dissolved oxygen in rivers and streams. The greater the BOD, the more rapidly oxygen is depleted in the stream. This means less oxygen is available to higher forms of aquatic life. The consequences of high BOD are the same as those for low dissolved oxygen: aquatic organisms become stressed, suffocate, and die. Sources of BOD include leaves and woody debris; dead plants and animals; animal manure; effluents from pulp and paper mills, wastewater treatment plants, feedlots, and food-processing plants; failing septic systems; and urban storm water runoff.
Figure-12 shows BOD values of our study area, it ranges from 1.09 to 6.73 mg/L which indicates the presence of organic matter and bacterial decomposition. It shows a close relation with temperature and Nitrate content (Figure-15). Initial difference of nitrate concentration between site-2 and 3 may be due to the influence of site-1 (Figure-15) as it has low nitrate. 
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Figure 
12
: BOD variation in the study area.
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In general BOD increases with the increase of nitrate, as nitrates are plant nutrient and can cause plant life and algae to grow quickly. When plants grow quickly, they also die quickly. This contributes to the organic waste in the water, which is then decomposed by bacteria. This results in a high BOD level, after the rain event in week three BOD values suddenly went up in all three sites flowed by nitrate concentrations. After rain nitrate came from surrounding areas with surface run-off. Site-1 which is a agricultural run-off (Figure-15) received less nitrate compare to main stream (Site-2 and 3) but it also had less water volume compare to main stream and it also had less flow. These two factors prevented the nitrate to go way that allowed aquatic organism grow quickly. This may be the cause why site-1 BOD is high compare to other two sites after rain.  
   
[bookmark: _Toc311623437]Total Dissolved Solid and Conductivity
Total Dissolved Solids (TDS) is a measure of the combined content of all inorganic and organic substances contained in a liquid in: molecular, ionized or micro-granular (colloidal sol) suspended form. Generally the operational definition is that the solids must be small enough to survive filtration through a sieve the size of two micrometer. Primary sources for TDS in receiving waters are agricultural and residential runoff, leaching of soil contamination and point source water pollution discharge from industrial or sewage treatment plants. The most common chemical constituents are calcium, phosphates, nitrates, sodium, potassium and chloride, which are found in nutrient runoff, general storm water runoff and runoff from snowy climates where road de-icing salts are applied.

Conductivity is the ability of a substance to conduct electricity. The conductivity of water is a more-or-less linear function of the concentration of TDS. Conductivity or TDS itself is not a human or aquatic health concern, but because it is easily measured, it can serve as an indicator of other water quality problems. If the TDS or conductivity of a stream suddenly increases, it indicates that there is a source of dissolved ions in the vicinity. Therefore, TDS or conductivity measurements can be used as a quick way to locate potential water quality problems.
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Figure 
13
: TDS variation in the study area.
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Figure-13 shows the TDS and conductivity values of the study area. TDS and conductivity have similar kind of response. TDS values are mostly with in 500 mg/L, indicating less dissolved solid which is within acceptable range. In site-1 TDS and conductivity values suddenly went up after rain indicating adding of dissolved solids from the surrounding areas. These are mainly nitrate and chloride (Figure-14 and 15) from the agricultural lands. Site-2 and 3 also received dissolved solids due to rain but they don’t have this kind of response may be due to dilution as the main stream have huge volume of water compare to site-1 (agricultural run-off).     
[bookmark: _Toc311623438]Chloride
Almost all natural waters contain chloride ions. Their concentrations vary considerably according to the mineral content of the earth in any given area. In small amounts they are not significant. In large concentrations they present problems. Chloride is widely distributed in nature, generally as the sodium (NaCl) and potassium (KCl) salts. Potassium chloride is used in the production of fertilizers. Chloride is a component of salt and is a measure of human or animal waste inputs to a stream. Possible anthropogenic sources of chloride are septic waste, wastewater treatment plant effluent, industrial waste, animal waste, fertilizer, road salting for de-icing of roadways, and produced water from oilfield operations [3, 4]. The EPA Secondary Drinking Water Regulations recommend a maximum concentration of 250 mg/L for chloride ions.
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Figure 
14
: Chloride variation in the study area.
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Figure-14 shows the chloride concentration in the study area. Overall chloride concentration in the study area is below 30mg/L which normal compare to stream chloride concentration of Iowa [2]. There is a sudden increase of chloride after rain in site-1 which indicates the presence of chloride source around the agricultural run-off. This increase is has a major contribution on TDS in increase (Figure-13). As there are many agricultural land observed around the agricultural run-off, the source of this chloride may the fertilizer and manure from the agricultural field. Site-2 and 3 didn’t show any significant increase of chloride, this may be the effect of dilution. 
[bookmark: _Toc311623439]Nitrate
Heavily agricultural regions in the central U.S. often suffer from high concentrations of nutrients in surface waters [5’ 8] Surface water impairments from high nutrient concentrations include human health risks for consumption, elevated costs for water treatment, anoxia, and reduced biological diversity. Iowa is a prime example of this situation because Iowa's rivers have among the highest nitrate and phosphorus concentrations in the central U.S. [5, 7].Iowa waters discharge to the Mississippi River where elevated nutrients cause an extensive region of low dissolved oxygen concentrations in the northern Gulf of Mexico near the Louisiana coast [7,8]. Nitrate in water is derived from three primary sources: rainfall, decomposition of soil organic matter, and nitrogen amendments (fertilizers, manures, etc.). Ideally, most of the nitrate in soil is removed by the harvested crop. Problems occur when the crop does not remove sufficient nitrate, and the excess is flushed into streams after harvest.
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Figure 
15
: Nitrate concentration in the study area.
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Figure-15 shows the concentration of Nitrate in the study area which is very high compare to the usual nitrate concentration in Iowa [6]. After significant rain fall in during week three nitrate concentrations in all three sites went up. It tells us that there is a significant concentration of nitrate has been added from agricultural land with surface run-off. The main source of this nitrate is fertilizer applied in the corn field. Site-2 and 3 received more nitrate than site-1 as the main stream (site-2 and 3) received more surface run-off than the small agricultural run-off. 
[bookmark: _Toc311623440]Sulfate
Sulfate is a chemical commonly found in air, soil and water. Since it is soluble (easily dissolved) in water, sulfate is found at high concentrations in many aquifers and in surface water. Combustion of fossil fuels releases large quantities of sulfur to the atmosphere. Sulfur in the atmosphere is oxidized to sulfate and eventually deposited with precipitation or through dry deposition. Because sulfate occurs as a dissolved ion, it is mobile in ground water. The EPA Secondary Drinking Water Regulations recommend a maximum concentration of 250 mg/L for sulfate ions.

Figure-16 Shows the concentration of sulfate in the study area which very low (around 40mg/L) compare to the EPA regulation. 
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Figure 
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: Sulfate concentration in the study area.
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[bookmark: _Toc311623441]Total Suspended Solids and Turbidity
Suspended sediment is the amount of soil moving along in a stream. It is listed as a conventional pollutant in the U.S. Clean Water Act. It is highly dependent on the speed of the water flow, as fast-flowing water can pick up and suspend more soil than calm water. As levels of TSS increase, a water body begins to lose its ability to support a diversity of aquatic life. Suspended solids absorb heat from sunlight, which increases water temperature and subsequently decreases levels of dissolved oxygen. Photosynthesis also decreases, since less light penetrates the water. As less oxygen is produced by plants and algae, there is a further drop in dissolved oxygen levels.

Figure-17 shows the variation of TSS in the study area. Most people consider water with a TSS concentration less than 20 mg/L to be clear. Water with TSS levels between 40 and 80 mg/L tends to appear cloudy, while water with concentrations over 150 mg/l usually appears dirty. In our study area TSS values are below 20 mg/L (except the last week value of site-2). It also shows relation with temperature and dissolved oxygen concentration. In Figure-8, 11 & 17 increase of TSS shows increase of temperature and eventually decreases of dissolved oxygen concentration and vice versa. Site -2 is just under a bridge, it may case turbulence and rapid flow, and these may be the case of relatively high TSS value in site-2.
[bookmark: turbidity] (
Figure 
17
: Variation of TSS and Turbidity in the study area.
)[image: ]The American Public Health Association (APHA) defines turbidity as "the optical property of a water sample that causes light to be scattered and absorbed rather than transmitted in straight lines through the sample." In simple terms, turbidity answers the question, "How cloudy is the water?" Turbidity in water bodies is caused by a heterogeneous (mixed) population of suspended particles, which may include clay, silt, finely divided organic matter (detritus), phytoplankton (microscopic free floating plants), and other microscopic organisms. Measuring turbidity in streams is extremely important as an indicator of the concentration of suspended sediments in the water.

Figure-17 shows the variation of turbidity in our study area. Almost every reading is below 5 NTU (except 2). It shows relation with the variation of TSS and all three sites shows a quick response of the rain event in week three as turbidity suddenly went up in week three.
[bookmark: _Toc311623442]E. coli
The Escherichia coli are a bacterium commonly found in the lower intestine of warm-blooded organisms that later becomes fecal matter and can be transported into watersheds such like ours. Most E. coli strains are harmless, but some serotypes can cause serious food poisoning in human. The harmless strains are part of the normal flora of the gut, and can benefit their hosts by producing vitamin K and by preventing the establishment of pathogenic bacteria within the intestine. When looking at the history of Blackhawk Creek the DNR took samples back in 2006 for E. coli and the readings were in the upper quartile in each of their sample. This made us focus on E. coli in our presentation and see how it changed over time.
Figure-18 shows the Escherichia coli not showing much change in the first 3 weeks but you can see that there is more colonies that were forming in Site 1 (agricultural run-off) then Site 2 (Blackhawk Creek Upstream) this later making down stream’s Site 3 higher in E. coli colonies. Around week 4 there was some constructing being done as you can see in Figure-18 that they were building a kayak loading dock in which made some blockage on our Agricultural run-off site. This also occurred the same time of a rain event making the numbers exceed its averages but then the blockage was later smoothed out going into week 5 making the numbers look more realistic. The last week of our sampling or week 6 shows a relatively higher numbers in all sites compared to the past so me and my group member looked at the surrounding area to see why this could be happening. We concluded that they were laying fertilizer in the near-by fields where small system first starts.
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Figure 
18
: E-coli concentration in the study area.
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The Escherichia coli in this water shed is relatively low when compared to others around the state of Iowa or compared to its neighboring watershed the Dry Run Creek where numbers exceed its limits when compared to its discharge. 
[bookmark: _Toc311623443]Water Quality Index
The Water Quality Index consists of 9 tests: Dissolved Oxygen, E. coli, pH, BOD, Temperature (Celsius), Total Phosphate, Nitrates, Turbidity and Total Suspended Solids. After completing the nine tests, the results are recorded and transferred to a weighting curve chart where a numerical value is obtained. For each test, the numerical value or Q-value is multiplied by a “weighting factor.” 
Figure-19 shows how we did this test at each site to see how it ranged on Iowa’s chart “Excellent” being above 90 with “Good” being from 70-90 and then “Medium” from 50-70. As you can see through these 6 weeks Site 1 at times made the Water Quality better downstream of the Black Hawk Creek with it at times diluting the water. This made the WQI remain steady in the “Good” range till week 4 where it remained on the border from being on the “medium” range. The conclusion we came up for the decrease in Water Quality is from the parameters that the index is made of going beyond its averages especially in the pollutants and E. coli.
 (
Figure 
19
: Water Quality Index of the study area.
)[image: ]
[bookmark: _Toc311623444]Contribution of Agricultural Run-off
When looking at the contribution that this Agricultural Run-off had on Blackhawk Creek we saw that it influenced BOD concentration of the Blackhawk creek. It may be due to the addition of aquatic organism from the agricultural run-off as it received nutrient from the surrounding agricultural areas. In some cases its contribution didn’t show any effect on the main stream water quality, for example after rain agricultural run-off received large amount of nitrate, sulfate and chloride and eventually transfer to the Blackhawk Creek but Blackhawk Creek water quality didn’t show any influence of this. Possible explanation is as Blackhawk Creek itself received lots of Chloride, sulfate and nitrate from other sources so it didn’t show any change. But it doesn’t mean that agricultural run-off didn’t contribute anything. Agricultural run-off sometimes showed high E-coli concentration. More sampling and details analysis is needed to find out what is coming to Blackhawk Creek from this agricultural run-off.
[bookmark: _Toc311623445]Conclusion
This study gives us a quick overview about the water quality of the Blackhawk Creek and a small agricultural run-off. In this study, we saw that the Total Dissolved Solids, Chloride along with Nitrate follow the same pattern and slowly get higher as we get later in our testing in the agricultural run-off before it spills into the Blackhawk Creek. So we did some further analysis and seen that pesticides and different kinds of fertilizers could be the cause of these higher numbers. Temperature and pH of the study area was within the range of normal value, overall DO concentration was good for aquatic life, after rain BOD increases due to increase of aquatic organism. Water quality index indicates water quality was good through the study period.  We saw few high numbers in some cases like initial nitrate concentration for site -1 and 3 so further investigation would need to be done to see what the main factor for these high numbers and to see when it happens the most often. In conclusion, we looked at what the effects of an agricultural run-off could have on a suburban watershed even though it contributes a small amount of discharge into Blackhawk Creek. Further analysis will need to be done up and down stream to see how much of Blackhawk Creeks water shed affects the Cedar River.
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Station-1 Station-2 Station-3 Station-1 Station-2 Station-3 Station-1 Station-2 Station-3

Temparature(° C)

16.20 16.40 15.80 17.20 17.20 17.00 15.80 16.50 15.40

PH 7.96 8.48 7.88 8.27 8.62 8.18 8.08 8.34 8.11

Conductivity (µS/cm)

1130.00 544.00 1077.00 511.00 409.00 501.00 532.00 492.00 535.00

TDS ( mg/L) 782.00 370.00 748.00 352.00 345.00 345.00 372.00 339.00 370.00

DO (mg/L) 7.32 11.20 7.97 8.54 13.87 9.04 8.84 10.40 8.96

DO % 117.80 81.80 93.30 149.00 95.80 93.00 110.70 93.60

BOD (mg/L) 2.67 3.23 2.90 1.18 4.72 2.19 1.09 3.02 1.48

Turbidity (NTU) 3.84 2.86 3.83 2.87 1.31 2.95 2.76 7.98 30.70

TSS (mg/L) 7.50 19.83 11.00 6.83 1.83 4.67 1.83 5.67 4.33

E-Coli (cfu/100mL) 160.00 40.00 140.00 160.00 40.00 120.00 140.00 80.00 140.00

Chloride ( mg/L) 187.03 27.98 186.63 13.29 27.03 12.88 12.86 25.84 38.77

Nitrate ( mg/L) 11.60 16.73 28.59 1.93 15.51 1.23 1.22 10.52 1.58

Sulfate ( mg/L) 28.81 26.38 28.83 41.96 27.82 42.10 42.09 25.50 35.76

WQI 73 69 81 65 80 82 73 78

Station-1 Station-2 Station-3 Station-1 Station-2 Station-3 Station-1 Station-2 Station-3

Temparature(° C)

11.20 9.50 8.50 11.70 11.40 10.00 9.80 10.00 7.60

PH 8.25 8.49 8.47 8.32 8.42 8.45 8.45 8.42 8.50

Conductivity (µS/cm)

896.00 544.00 548.00 716.00 525.00 523.00 608.00 512.00 512.00

TDS ( mg/L) 615.00 375.00 376.00 495.00 358.00 360.00 418.00 356.00 353.00

DO (mg/L) 10.20 13.35 12.72 12.44 12.67 12.64 10.69 11.85 12.47

DO % 98.90 119.90 112.50 118.50 118.10 116.10 99.80 106.70 108.30

BOD (mg/L) 5.51 5.11 4.39 6.73 4.66 5.20 4.75 4.72 5.03

Turbidity (NTU) 1.10 1.45 4.55 0.69 1.02 0.98 2.23 2.54 1.22

TSS (mg/L) 3.83 1.33 3.50 2.33 14.83 1.33 8.17 21.17 7.17

E-Coli (cfu/100mL) 720.00 80.00 60.00 120.00 80.00 60.00 960.00 200.00 180.00

Chloride ( mg/L) 125.08 24.88 24.46 80.35 23.54 23.40 71.37 24.96 25.02

Nitrate ( mg/L) 9.66 22.89 22.99 6.70 18.20 18.47 4.30 18.57 19.05

Sulfate ( mg/L) 30.27 25.03 24.83 34.86 25.20 25.16 32.78 25.83 25.62

WQI 68 70 71 70 71 71 70 70 70

November 03' 2011

Date/ Parameter

Date/ Parameter

September 29' 2011 October 06' 2011 October 13' 2011

October 20' 2011 October 27' 2011
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