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Section 1
 
Introduction
 

1.1 General Purpose of Study 

This study was commissioned by the U.S. Agency for International Development 
(US AID) as part of its ongoing wastewater management support for the City of 
Alexandria, Egypt. The intent of the study was to use primarily in-country resources 
and capabilities to provide a survey level documentation of existing water quality and 
biological conditions in Lake Maryout (the Lake). 

Tne information collected during the study is presented in this report and is used to 
address several issues. The overall health of the Lake, prior to the discharge of 
primary effluent from the newly constructed East and West Wastewater Treatment 
Plants, is discussed. The relative contribution of various existing pollution sources is 
evaluated. The data generated are also used to construct a simplified mathematical 
model of the system which, in torn, is used to estimate future conditions under 
various wastewater management scenarios. This investigation provides information to 
identify issues and additional investigations which must be performed to fully evaluate 
various roles Lake Maryout could play in the long-term Alexandria wastewater 
management system. By using in-country resources, the study also allows an 
assessment of capabilities and strengths of local laboratories for the future scientific 
investigations of wastewater disposal options. 

1.2 Background 

To improve public health and environmental conditions in the City of Alexandria. the 
Alexandria Wastewater Program (the Program) was established in 1978 to provide 
planning, engineering, construction, and operations training of an upgraded 
wastewater collection and treatment system in the City. 

Funded jointly by the US AID and the government of Egypt, the goals of the 
Alexandria Wastewater Program include the following: 

To eliminate the ponding and flooding of wastewater throughout the 
City and the discharge of untreated wastewater to the beaches. by 
providing appropriate systems to collect and convey wastewater to 
treatment facilities 

To provide basic wastewater treatment and safe disposal of treated 
effluent 
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To provide facilities for the treatment and safe disposal of wastewater 
sludges 

To expand the collection, treatment, and disposal systems systematically 
to keep pace with development and population increases 

To upgrade the level of wastewater treatment or to provide an 
alternative method of effluent disposal that is environmentally 
acceptable to the community and to US AID 

The Program's focus is on the collection and conveyance of the City's wastewater to 
one of two primary wastewater treatment facilities recently constructed and on the 
disposal of wastewater effluent and sludge. The wastewater treatment plants began 
operating n the late summer of 1993. US AID has undertaken facilities planning and 
environmental review for the portions of the program involving effluent disposal. 
sludge management, expansion of the two primary treatment plants, expansion otf the 
collection and conveyance systems (including pump stations), and potential future 
upgrading of the plants to provide secondary treatment. 

Implementation of the Alexandria Wastewater Program has followed a phased 
approach. During Phase I of the Program (represented by completion of the primary 
wastewater treatment plants), flows of 410 and 175 million liters per dav (MI/day) of 
wastewater will receive primary treatment by the East Treatment Plant (ETP) and the 
West Treatment Plant (WTP), respectively, and will be discharged to Lake Maryout. 
Although potentially subject to change, there are plans for Phase II of the program to 
involve the primary treatment of 544 and 475 MI/day of wastewater by the ETP and 
WTP, respectively. The final discharge location(s) for Phase II effluent is undecided 
and could involve continued discharge to Lake Maryout or other locations. The 
upgrading of the treatment facilities during Phase II from primary to secondar' 
treatment is also under consideration. Specific design-related information related to 
the Alexandria Wastewater Program is available in the Alexandria Wastewater 
Program Master Plan Update-1992 (Waste Water Consultant Group, 1992). 

1.3 General Description of Lake Maryout 

Lake Maryout is a large, shallow freshwater lake located directly south of*western 
Alexandria, Egypt. The Lake is comprised of four basins: Main, Northwest. 
Southwest, and Fishery. These basins are divided by the Alexandria-Cairo Desert 
Road, the Omoum Agricultural Drain, and the Noubaria Canal (Figure 1-I ) but are 
hydraulically connected by the numerous breaches in the dikes of the Omoum Drain 
and Noubaria Canal. 

Although the areal extent of Lake Maryout is more than 5,000 hectares, only one-half 
of the Lake consists of wet surfaces. Numerous islands and periphery banks ex;st 
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within the lake's limits. Estimated areas of each basin are presented below. The 
Omoum Drain and Noubaria Canal account for an additional 450 hectares of wet 
area (Table 1-1). 

Table 1-1 
Size of Lake Maryout Basins 

Basin Total Area Wet Area 
(hectares) (hectares) 

Main 2,193 1.212 

Northwest 723 641 

Southwest 1,603 95 

Fishery 485 288 

Total 5,004 2,236 

Historically, untreated domestic and industrial wastewater from the city of Alexandria 
and agricultural runoff have been discharged to Lake Maryout. In particular. the 
Main Basin receives much of the raw wastewater from Alexandria and substantial 
input from irrigation drains. In addition, its eastern shore is being filled by solid 
waste. The Northwest and Southwest Basins are not directly influenced by domestic 
sewage but they do receive waters from industrial discharges and agricultural ruilot't, 
respectively. 

Characteri-;tics of the Lake include excessive organic and toxic chemical loads: 
anaerobic conditions; and unpleasant odors, believed to be produced by current 
pollutant loads, accumulated organic sediments and layers of scum floating on the 
Lake. 

Flows into Lake Maryout. for which there exists at least limited information, include 
outfall and drain discharges. and precipitation. Estimated or measured discharges to 
the Lake are shown in Table 1-2. 
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Table 1-2 

Flows into Lake Maryout 

Stations Discharge 

Industries Outfall (Station 6) 

Gheit El Enab Outfall (Station 7) 

Forn El Gereya Outfall (Station 8) 

Elmetras Outfall (Station 9) 

Kalaa Drain (Station 5") 

Pump Stations rV.'t charging to Omou
Drain 

m 

60.2 MI/day 

45.2 MI/day 

34.8 MI/day 

34.8 Ml/day 

008.0 Ml/dav 

t).621.0J MI/dav 

Total 7,404.0 MI /day 

Locations of these discharges are indicated on Figure 1-1. Values of flow to the Lake 
were made from limited measurements and are thus only rough estimates. 

The lake level is maintained below sea level by the El Mex Pump Station at the 
mouth of the Omoum Drain. Prior to the sampling period for this study, the lake 
level was maintained at about 2.0 to 2.2 meters below sea level. However, in early 
1992, just after sampling was initiated for this study, regulation of the Lake was 
modified, and the level was maintained at about 2.5 meters below sea level 
(Figure 1-2). The level dropped gradually for late March (-2.2 meters) to rmid May 
(-2.4 meters) and remained at about -2.5 meters through June 1993. 

Flows leaving the Lake include flows pumped out El Mex Pump Station and by 
evaporation. The average flow at El Mex Pump Station is 6,811 Ml/dav. The 
discharge from the El Mex Pump Station is monitored and thus calculated average 
outflow is more accurate than the estimated inflow to the Lake. The Lake's 
evaporation rate has been estimated to be approximately 5 millimeters per day 
(mm/day). or 72 inches per year. in comparison, the 1985 total annual rainfall in the 
area was only 100 millimeters, or less than 4 inches. No information is available to 
characterize flows associated with surface water runoff, groundwater recharge. 
groundwater discharge, refinery or industrial discharges to the Northwest Basin. or 
hydraulic exchanges between basins. 

The biological conditions in Lake Maryout reflect the flow manipulation and 
degraded water quality. Pricr to about 1970, me Lake was extremely productive 
because of the input of nutrients and warm temperatures. The Lake supported 
primary production of more than 7 gram' -ii carbon per meter squared per day 
(7 g C m, dl ), which is among the highest recorded lake production worldwide 
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(Serruya and Pollingher, 1983). This high production and organic input resulted in 
high fisheries production as well as portions of the Lake being overstressed and 
anoxic. Prior to 1970, much of the Lake supported marine benthic fauna, such as the 
marine worm (Nereis sp.), barnacles (Balanussp.), and the marine amphipod 
(Corophimu sp.). The more polluted areas of the Lake were dominated by 
freshwater, pollution tolerant midge larvae (Chironomussp.) (Serruya and Pollingher. 
1983). The Lake supported a productive fisheries during the period with recorded 
catches of more than 450 kilograms per hectare per year (450 kg ha'y t ). As 
described in this report, the biological condition in the Lake has significantly 
deteriorated compared to the conditions prior to 1970 described by Serruya and 
Pollingher (1983). 
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Section 2 

Report Contents 

2.1 Scope and Purpose 

The discharge of treated effluent from the Alexandria wastewater system has been a 
continuing and difficult issue since initial master planning in the late 1970s. Discharge 
to the Mediterranean with minimal treatment was initially considered but 
subsequently found in the Environmental Impact Statement (EIS) process to be 
potentially unacceptable. Land application of effluent was evaluated, but costs and 
availability of land were identified as serious constraints. Similarly, costs, construction 
implications, and institutional issues (for example, discharge to international waters) 
precluded simultaneous and immediate construction of both treatment facilities and a 
sea outfall. Consequently, the decision was made to phase the management of the 
Alexandria wastewater system and to construct first the elements which produced the 
greatest benefit for the least cost and in the shortest timeframe. This approach 
resulted in significant improvements in the collection system and construction of two 
primary wastewater treatment plants. These actions were needed immediately and 
are required components of any long-term solution to wastewater management. As 
an interim measure during the first phase, both treatment plants would di,.charge 
primary effluent to Lake Maryout. A final discharge method and location was 
designated as a critical element for evaluation during a subsequent phase. 

As the engineering of the wastewater plants was completed and construction was well 
underway, it was clear that there would be no decision on implementation of the 
long-term treatment and discharge of effluent when treatment plant construction was 
completed. Consequently, the iiterim solution of discharging primary effluent from 
both plants to the Lake could be used for a number of years. Because it was only 
intended as an interim measure, the discharge of primary effluent over a long period 
potentially could have locally significant effects on the Lake's water quality and biota. 
Additional investigation of Lake Maryout was considered necessary because inclusion 
of some form of lake discharge in the long-term solution may be a viable option. 

The Lake had been studied in 1983 but the investigation was cancelled after only 
3 months because of a number of factors, including the uncertainty of the permanent 
method of efiluent discharge. Also, collection system improvements had diverted 
additional untreated wastewater flow to the Lake since the 1983 study. Additionally. 
the increased development in the City and the increased agricultural activity in the 
area draining to the Lake had resulted in significantly increased pollution loads to the 
Lake. Lake level manipulation has also occurred since 1983, which has potentially 
affected water quality. Cor.sequently, the conditions measured in 1983 did not truly 
represent the condition of the Lake immediately prior to operation of the two 
primary wastewater plants. If subsequent lake studies compared post-plant operation 
conditions to 1983 data, any degradation of water quality might incorrectly be 
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attributed to the primary plants, when the plants actually reduced the total pollution 
load to the Lake. Consequently, a primary purpose of this Lake Maryout 
investigation is to provide survey level information on the condition of lake for 
parameters which are affected by primary treatment (for example, biochemical oxygen 
demand, bacteria, rind suspended solids) before the treatment plants begin operation. 
Because such parameters have relatively short holding times and laboratories in 
Alexandria have a history of measuring these wastewater constituents, the laboratory 
at the University of Alexandria High Institute of Public Health was tasked with 
conducting the investigation. 

Although the primary purpose of the investigation was to identify parameters related 
to primary treatment, it was broadened for several reasons. While the field work was 
being conducted, additional sampling for other parameters, such as metals and 
nutrients, added minimal effort, yet could make a significant contribution to the data 
record and full understanding of the lake system. Also, a complete and thorough 
examination of Lake Maryout may ultimately be required, if diversion of flows or 
other use of the Lake was eventually part of the long-term wastewater treatment and 
discharge solution for Alexandria. This initial study was designed to provide input to 
the design of any long-term study by identifying significant issues and data gaps. By 
using an in-country laboratory, this survey level study also provided training for the 
laboratory personnel and an assessment of their capabilities. The study was 
intentionally not broadened in several areas because of the level of effort required 
and possible lack of need for such information, if the Lake was not part of the 
permanent solution. Such areas included sophisticated analysis of organic pollutants, 
research level metals analysis, and complete hydrodynamic characterization of the 
system. 

2.2 Investigation Limitations 

This investigation was limited by a relatively narrow primary purpose. Although it 
was broadened to efficiently collect supplemental investigations and to identify issues, 
much of the additional information is survey quality only. Such information is 
adequate for general assessment but not for detailed identification and evaluation of 
small scale spacial and temporal trends. The purpose of the investigation also 
dictated that the study focus on the Main Basin, which is the portion of the Lake 
receiving the wastewater discharges both now and after startup of the wastewater 
treatment plants. 

The investigation was limited in the areas of hydrodynamic characterization, some 
laboratory analyses, and field methods. The evaluation of flows and loads included in 
this report was based on input flow estimates made years apart but, because they 
were all that were available, they were treated as simultaneous. Also, the depth 
estimates were based on a few spot measurements and only gross estimates of areal 
extent were available. 
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As described in Section 3, several of the laboratory methods, particularly for the 
measurement of bacteria, were limited by availability of equipment. Also, general 
conditions in Alexandria make contamination of samples, equipment, and the 
laboratory a concern when measurements in the microgram range are attempted. 

Field collections were made difficult by logistics. Most of the Lake is extremely 
shallow and when a power boat approaches a station there is unavoidable disturbance 
of the sediments. Although attempts were made to minimize the disturbance and 
wait until the particles settled, it was impossible to totally avoid the variability 
resulting from sediment resuspension. At several stations, small fishing boats were 
used, which minimized the disturbance but created additional complications such as 
unsteady platform and potential contamination from the boat. 

Finally, the results from this study are inherently limited, compared to USA research 
or hazardous waste type investigations, by using in-country resources. The relatively 
recent concepts in the USA of quality assurance and quality control (QA/OC) have 
not been fully adopted in Egypt. Practices, such as split samples and data validation, 
have not been implemented in Alexandria. Although they were introduced in this 
study and much progress was niade, the laboratory could not be expected to perfect a 
full QA/QC system in a short time when more than a decade was necessary to 
develop the system in the USA. 

2.3 Report Organization 

This report is comprised of two basic sections. The first is the reporting, description. 
and discussion of the sampling results, and the second is evaluation of future 
conditions under various wastewater discharge scenarios. The sampling results are 
presented by first summarizing and discussing the methods used for the 1992/93 and. 
to a lesser extent, for the 1983 investigation (Section 3). Full details of the 1992/93 
methods are included as Appendix A. The full description of thc 1983 program is 
given in a separate report (WWCG, 1983a). Section 4 is a summary presentation and 
discussion of the 1983 and 1992/93 data. The chapter focuses on the parameters 
potentially affected by wastewater management. They are grouped according to lake 
quality implications: 

* 	 Enrichment-Dissolved Oxygen, Biological Oxygen Demand (BOD). 
Chemical Oxygen Demand (COD), and Solids 

* 	 Nutrients-Ammonia, Nitrate, and Phosphate 

4 Metals-Cadmium (Cd), Chromium (Cr), Copper (Cu). Nickel (Ni). 
Lead (Pb), and Zinc (Zn) 

* 	 Bacteria 
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0 Biological Characteristics-Algae, Benthos, and Fisheries 

Except for biological characteristics, the discussion of the parameters is by major 
areas of the Lake (central lake and shore areas) and inputs to the Lake (agricultural 
drains and sanitary discharges). The chapter also includes a comparison of 1993 to 
1983 conditions and an evaluation of major inputs to the Lake. 

After one continuous year of monitoring, an additional month of data (June 1993) 
was collected to measure organic pollutants and other parameters not included in the 
year long monitoring. This collection also included analysis of split samples for 
several parameters as a QA/QC evaluation. The results of the additional month 
sampling are presented in Section 5. 

All of the data generated by this investigation are included in the Appendices. 
Appendix B contains summary tables and graphics of the major parameters of 
concern grouped by lake areas for both the 1983 and 1992/93 sampling periods. The 
seasonal variability for selected parameters and areas is also given for the 1992/93 
data in Appendix B. All of the raw data, as reported by the laboratory for 1992/93. 
are given in Appendix C. The raw 1983 data are in a separate report (WWCG, 
1983b). Appendix D contains the data from the June 1993 effort and documentation 
of the validation effort. 

The second part of the report is the prediction of future conditions and a discussion 
of the conclusions reached. Section 6 describes the evaluation of future conditions, 
including an overview of the model, calibration results. and estimation of water quality 
conditions under various wastewater management scenarios. The complete details of 
the model used are presented in Appendix E. The conclusions of the investigations 
are discussed in Section 7. A list of references appears in Section 8. 
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Section 3 
Study Methods 

3.1 Overview of 1983 Study Methods 

In 1983, a study of Lake Maryout was conducted to determine conditions in the Lake 
and to predict future conditions with projected waste loads (WWCG in association 
with WARITH/ECG, April 1983). The focus of the 1983 sampling effort was on in­
lake water quality, with lake inputs monitored at only a few locations. Sampling was 
conducted monthly between February and April of 1983, with water samples collected 
at 56 stations. Most water samples were analyzed for chemical constituents, bacteria, 
and algae on two or three dates. Concentrations of metals and certain chemical 
constituents were analyzed in grab samples collected from each station on a single 
date. These included metals concentrations which were measured in samples 
collected in February 1983. 

Water samples were collected at three types of stations in 1983. They included mid­
lake and lake outlet stations, near shore stations, and lake input stations, including 
several locations in the Kalaa Drain system. Sampling was conducted in the Main, 
Northwest, Southwest, and Fishery Basins, although only water quality data in the 
Main and Northwest Basins will be discussed in Section 4.1 for purposes of 
comparison with 1992/93 conditions. 

Water samples collected from the lake and drains were analyzed for the following 
parameters on two or three dates: 

* Dissolved Oxygen 0 pH 
* Total Solids 0 Settleable Solids 
* Suspended Solids 0 Volatile Suspended Solids 
* Total Dissolved Solids • Volatile Dissolved Solids 
* Fixed Dissolved Solids • Biochemical Oxygen Demand 
* Chemical Oxygen Demand • Ammonia-Nitrogen 
• Nitrate-Nitrogen • Nitrite-Nitrogen 
• Phosphate-Phosphorus • Chlorides 
* Alkalinity Hardness 
* Sulfates • Oil and Grease 
* Conductivity • Total Coliform 
* Fecal Coliform • Fecal Streptococcus 

Water samples were analyzed for the following parameters on a single date: 

* Salinity • Sulfides 
* Carbonate * Bicarbonate 
* Chromium * Copper 
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a Zinc • Iron 
• Mercury • Nickel 
* Lead • Cadmium 
* Turbidity a Calcium 
* Magnesium 

Chemical analyses were performed at the University of Alexandria High Institute of 
Public Health. The laboratory protocol called for analysis and sampling 
methodologies to follow Standard Methods for the Examination of Water and 
Wastewater, Fourteenth Edition. 

3.2 Overview of 1992/93 Study Methods 

The parameters most useful in characterizing lake conditions related to primary 
treatment of sanitary waste are discussed in Section 4.1. A summary of data from the 
1983 sampling program is included in Appendix B. 

Between March 1992 and February 1993, a sampling program was conducted 
involving the collection and analysis of water samples for chemical parameters. algae, 
and bacteria. Samples were collected from nine land-based drains discharging 
agricultural irrigation water and untreated industrial and domestic wastewater to Lake 
Maryout, nine receiving water stations in the Lake, and at the lake outlet. 
Throughout this report, the term outfall is used interchangeably with drain because 
both discharge to the Lake. The land-based and receiving water stations were 
selected for sampling so that the effects of current discharges could be characterized 
and so that the effects of the future east and west treatment plant discharges could be 
predicted. Sediment was sampled at the receiving water stations in the Lake. The 
location of 1992/93 sampling stations is shown in Figure 3-1. Table 3-1 correlates 
these stations to stations monitored at the same or similar locations in 1983. 

Water quality and sediment were monitored monthly so that temporal trends could be 
identified and, if present, could be used to enhance an undcrstanding ot conditions in 
Lake Maryout. 

The 1992-1993 sampling program provides information that can be used to 
characterize the existing conditions of the lake and the discharges. Those parameters 
most useful in characterizing existing conditions of the Lake and discharges related to 
sanitary waste are discussed in Section 4.2. Field and laboratory methods for the 
1992/93 sampling program generally followed StandardMethods for the Examination of' 
Water and Wastewater, Seventeenth Ecition, and are presented in Appendix A of this 
report. Summary results are presented in detail in Appendix B, and complete results 
are presented in Appendix C. 
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Table 3-1
 
Station Comparison for 1983 and 1992/93 Lake Maryout Monitoring
 

Station Name 

Kalaa Drain 

Smouha Drain 

Upstream Kalaa 

Kalaa Pump Station 

Input Stations 

Industries Drain 

East Central Drain 

West Central Drain 

West Drain 

Kalaa Mouth 

Omoum Drain 

Lake Shore Stations 

East Central Lake 

West Central Lake 

West Lake 

North Shore 

East Lake 

Lake at Kalaa 

Mid-Lake and Outlet 

Main Basin - Central Lake 

Northwest Basin 

El Mex Outlet 

Station Number Station Number
 
1983 1993
 

-1
 

3 	 2
 

4 	 4
 

6
 
7
 

8
 

- 9
 

5 5
 

7 19
 

- 11
 
12
 

- 13
 

17, 18, 25, 26,32 23
 

10. 	 11, 12, 13 10
 

14 16
 

23, 24, 27, 28 21, 22
 

39, 40. 41 24
 

9 20
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Water samples were analyzed monthly for the following parameters: 

* Dissolved Oxygen • pH 
* Biochemical Oxygen Demand • Chemical Oxygen Demand 
• Total Solids • Volatile Solids 
a Dissolved Solids • Fixed Solids 
* Alkalinity • Calcium Hardness 
* Magnesium Hardness 0 Total Hardness 
0 Ammonia-Nitrogen 0 Nitrite-Nitrogen 
* Nitrate-Nitrogen 0 Phosphate-Phosphorus 
a Sulfates 0 Chloride 
* Conductivity • Oil and Grease 
• Cadmium • Chromium 
* Copper * Iron 
* Nickel a Lead 
* Zinc • Fecal Coliform 
* Temperature 

Sediments were analyzed for the following parameters: 

• pH • Volatile Solids 
• Fixed Solids • Phosphate-Phosphorus 
• Sulfates • Cadmium 
• Chromium • Copper
* Iron • Nickel 
* Lead • Zinc 

3.3 1992/93 Investigation Methods Limitations 

The High Institute of Public Health developed a QA/QC plan for this investigation 
(Appendix A) modeled after a typical plan for a hazardous waste investigation in the 
USA. Development of the plan was an important step in training and development 
for the laboratory and set forth ambitious goals. It also identified the methods to be 
used, which were ones specified in Standard Methods for the Examinatio of Water and 
Wastewater (StandardMethods). However, because the QA/QC procedures described 
in the plan were not all standard practice for the laboratory, strict adherence to all 
requirements was not always achieved the first time they were used. Because of 
equipment and reagent availability, some variations to Siandard ,VIethu)d.s were 
unavoidable. Most of the variations were minor and did not affect the quality of the 
data for the intended uses. However, as described below. there were some aspects ot 
the bacterial analyses which could have affected the coliform data. 

Several important elements of the QA/QC plan were followed and proved it)he very 
useful. For example, review of the sediment metals data pointed to what appeared to 
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be extreme variability. Frozen sample alloquots were reanalyzed and yielded similar 
results, thus the QA/QC procedures functioned as intended. Similarly, review of data 
indicated anomalously high BOD and COD values for the outlet to the Lake 
(Station 20), and review of laboratory sheets by the director identified incorrect data 
reporting. Correct values were determined. 

For the bacterial analyses during the continuous 12 months of monitoring, there were 
unavoidable deviations from Standard Methods. These deviations were addressed, to 
the extent possible, during the June 1993 evaluation of methods by providing 
additional equipment and by using a WWCG laboratory specialist to personally 
conduct the tests on a duplicate set of samples in the High Institute of Public Health 
Laboratory. This approach was selected because of the uncertainty in delivering the 
samples to a laboratory in the USA within the holding time for bacteria samples. 
The variations from Standard Methods noted for the 12 continuous months of 
monitoring and the approach for addressing them during the June 1993 effort include 
the following: 

MacConkey's media was all that was locally available and was used for 
all analyses performed by the High Institute for Public Health. 
Standard Methods specifies Lauryl Sulfate Broth for presumptive tests. 
Brilliant Green Bile Broth for confirmed test, and EC media for fecal 
coliform tests. For the June 1993 additional sampling effort, the three 
types of media specified by Standard Methods were shipped to 
Alexandria and were used for a complete set of samples. 

Because of equipment limitations, temperature control of fecal coliform 
tests was difficult and could have varied for tests on the continuous 
1992/93 monthly samples. For the June 1993 evaluation, an incubation 
temperature of 44.5°C was strictly maintained for the duplicate set Of 
samples. 

* 	 Only 5 ml of media were used instead of the 10 ml called [or in 
Standard Methods. The full amount was available and was used for 
analysis of the June 1993 duplicate samples. 

0 	 Dilution water was not buffered or pH checked. This constraint was 
addressed to the extent possible for the June 1993 duplicates. but could 
not be rectified fully with available resources. 

* 	 Only cotton plugs were available for test tubes. Normal practice is to 
use metal or autoclavable plastic caps. It was not possible to eliminate 
this problem for the analysis of June 1993 duplicates. 

0 The autoclave did not have a temperature or timing check. which could 
have potentially affected sterilization procedures. This could not have 
been remedied for the June 1993 duplicates. 
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Because of equipment limitations, used cultures from previous tests 
were not sterilized before discarding, thus contaminated sinks and work 
areas could have occurred. This, in combination with the lack of 
disinfection of bench tops, work areas, and floors could have produced 
contamination of samples. It was not possible to eliminate this potential 
concern for the June 1993 evaluation. 

There was a general shortage of sterilized glassware in the laboratory. 
Lack of funds for replacing broken items had a cumulative effect which 
could have affected data quality. There was a limited number of milk 
bottles for making dilutions, and volumetric flasks and graduated 
cylinders were also not plentiful. This could not have been totally 
overcome for the June 1993 evaluations but care was taken to minimize 
the effect. For example, t,) overcome the shortage of pipets. it was 
necessary to use a pipet for multiple transfers of a single sample. 
However, in all cases, transfers started at the highest dilution and 
worked to lowest dilution. 

Calibration weights were not available to check the balance accuracy, 
and this could not have been addressed by the WWCG Laboratory 
Specialist during the June 1993 evaluation. Although this may not have 
been critical for the bacterial analyses, it could have implications for 
other parameters. 

As is true in much of Alexandria, there is no air conditioning in the 
laboratory building. Because of the high temperature the windows were 
opened during the laboratory procedures. Wind carried dust inside 
from the opened windows. That could have caused contamination 
problems. This could not have been corrected for the duplicate sample 
evaluation. 

Standard Methods calls for inoculation of appropriate decimal dilutions 
of water samples in laurel tryptose broth in tubes with 1(1 ml or more of 
the media. The procedure calls for five tubes per dilution with at least
three dilutions of sample. Any tube showing gas is considered as a 

presumptive positive tube. This procedure was followed for the 
June 1993 duplicate sample. However, an alternative procedure 
(described in Standard Methods for wastewater but to he used only with 
caution) was used for the continuous 12 months of sampling. Under the 
alternative method, if all presumptive tubes are positive in two or more 
consecutive dilutions within 24 hours, only the tubes of the highest 
dilution in which all tubes are positive and any positive tubes in still 
higher dilutions are submitted to the confirmed test. The positive .ub:s 
are submitted to the confirmed test only after 48 hours. This alternative 
method was used because the lake water was expected to he highly 
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contaminated and because of limited laboratory facilities (for example, 
glassware and water bath). 

Sediment disturbance during sample collection was another area of unavoidable 
variation. The sediments in the Lake were disturbed naturally by gasses rising to the 
surface, periodic high wind velocities, and because the shallow depth sampling. 
including the boat propeller, can suspend large volumes of sediments. They are not 
equally dispersed in the water column and inclusion of recently suspended bottom 
sediments in the sample can affect analytical results. 

Several of the limitations pointed out for the bacterial analyses also apply to other 
parameters. For example, the availability of glassware can sometimes affect results. 
Similarly, the unavailability of sample containers prevented what is now standard 
practice of using new, virgin bottles for each discrete sample. Alternatively, all water 
was collected in a single marked container and was drawn within the laboratory for 
individual analyses. The container was thoroughly cleaned prior to the next sampling 
event but it was reused. Containers were dedicated to a specific station, which did 
minimize potential for cross contamination. The potential for contamination from 
dust entering through open windows could have contaminated samples and could 
have resulted in dirty glassware. 

Another unavoidable complication that could have affected results is the strength of
the waste which could have multiple implications. First. high dilutions were reluired. 

which increased the chance for measurement, calculation, and contamination error. 
Because of the high dilution, variability was often in the hundreds of milligrams (mg) 
range, and thus significant. For cleaner situations, the natural variability would he in 
the milligram range and not significant. The strong and complex waste also produced 
interferences and other complications for analytical methods and could have affected 
the results of several analyses. 

Based on the above qualification in methods, there are some limitations on use of the 
resulting data. The combination of variability because of the Lake conditions and 
methods resulted in significant "noise" in the data. Consequen.tly. month-to-month or 
station-to-station differences had to be above the background noise to be detccted. 
Also, significant inclusion of resuspended bottom sediments in water samples. recent 
disturbance prior to sample collection, or other variables produced "data point 
outliers". Such events made detailed evaluation of small scale trends unproductive 
but did not significantly alter the consideration of the larger picture when averages 
were used. 

Perhaps the greatest limitations related to bacterial data. Because of the extremely 
high concentrations (MPN's of up to 109 per 100 ml) and laborator limitations, the 
evaluation of conditions is probably most useful at the order of magnitude level. 
Because the Lake receives approximately 500 megaliters of raw domestic sewage a 
day, supports extensive bird populations, and is used extensively for livestock watering 
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and grazing, an order of magnitude consideration of bacterial concentrations is 
generally sufficient. 
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Section 4
 
Existing Lake Maryout Conditions
 

4.1 Water Quality Results of 1983 Study 

The 1983 sampling program provides a snapshot of conditions in Lake Maryout and a 
baseline against which current conditions can be compared. To conduct a meaningful 
assessment of trends between 1983 and 1993, data from stations monitored in 1983 
were grouped for comparison to the same or similar stations monitored in 1992/93. 
Only water quality data from 1983 stations that were also monitored in 1993 are 
discussed below. Table 3-1 correlates 1983 stations t, 1993 stations and shows how 
stations were grouped. To simplify the discussion that follows, stations are referred to 
by name or by 1993 station number. For example, the Omoum Drain is referred to 
by name or as Station 19. The locations of the 1993 stations are shown on 
Figure 3-1. 

Prior to directly comparing 1983 data to 1992/93 data, 1992/93 data were reviewed for 
potential temporal trends. After reviewing the data for each parameter at each 
station, no obvious temporal trends were not identified. Therefore, 1983 data 
collected from February through April were compared to annual data collected in 
1992/93. 

In the following sections, water quality conditions in Lake Marvout are described and 
then related to various inputs. Conditions in the Lake are described in Section 4.1.1. 
and are followed by a description of conditions in shoreline portions of the Lake 
(Main Basin only, because those were the only near shore areas monitored in 1993) 
in Section 4.1.2. The water quality of lake inputs is described in Section 4.1.3. 

Throughout this section, reported concentrations of phosphate are measurements of 
phosphate as phosphorus. Reported concentrations of nitrate and ammonia are 
measurements of the nitrogen component of each. 

4.1.1 Mid-Lake and Outiet Stations 

Water quality data from four stations in the central portion of the Main Basin are 
used to represent conditions in the Main Basin. and data from three stations in the 
Northwest Basin are used to represent conditions in that basin. 

Nutrients and Enrichment 

The water quality data indicate that in 1983. the Main and Northwest Basins had high
concentrations of organic matter and, on the average, biochemical and chemical 
oxygen demands were comparable to concentrations found in "weak to medium" 
strength untreated wastewater (Table 4-1). Average volatile solids concentrations 
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were comparable to "weak to strong" untreated wastewater, and average suspended 
solids concentrations were higher than those found in "strong" untreated wastewater. 
Generally, BOD and COD concentrations were highest in the Northwest Basin and 
lowest at the El Mex pump station, suggesting that chemical and biological processes 
in Lake Maryout are consuming organic material (Figure 4-1). 

Table 4-1 
Water Quality of Mid-Lake and Outlet Stations-1983 

(Average Concentration in mg/I) 
Typical Composition 

of Untreated 

Main Northwest El Mex Wastewater" 
Parameter Basin Basin Outlet Weak Strong 

BOD 182 221 111 110 400 

COD 562 594 340 250 1.000 

Total Suspended Solids 564 1,096 515 100 350 
Volatile Suspended Solids 106 373 61 80 275 

Ammonia-N 9.1 2.7 6.1 12 50 

Nitrate-N 6.3 3.5 4.2 0 0 

Phosphate-N 1.6 0.8 1.1 3 10 
"Source: Metcalf & Eddy, 1991. 

Nutrient concentrations in Lake Maryout showed similar evidence of enrichment and 
indicate that Lake Maryout's trophic state was eutrophic. Trophic state is a lake 
classification system based on the concentration of plant rutrients and the tesulting 
level of biological productivity. The two most widely recognized lake trophic states 
are oligotrophy and eutrophy, although the boundary between the two is vague. 

Biological productivity (and the trophic state), depends on a variety of materials. 
including phosphorus, nitrogen, carbon, iron, manganese and trace minerals. 
Biological growth is limited by the substance that is present in minimal quantities with 
respect to the needs of algae or macrophytes. Nitrogen and phosphorus are usually 
the elements in least relative supply, and usually are the ones responsible for causing 
the shift from oligotrophy to a more productive ,iate. Typically. algae and 
macrophytes contain phosphorus and nitrogen in the approximate ratios of I gram of 
phosphorus for every 7 grams of nitrogen. If one type of nutrient is depleted before 
the other, it is the limiting nutrient. Where the ratio of nitrogen to phosphorus is 
greater than 7:1, phosphorus is the nutrient that limits plant growth, and the nutrient 
that, if controlled, will limit biological productivity. 
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Oligotrophic lakes have low nutrient concentrations, low algal biomass, and low 
producti"ity. Eutrophic lakes have high nutrient levels, high phytoplankton biomass, 
and low water clarity because of the phytoplankton density. During the spring, 
summer, and fall, a eutrophic lake usually has algal blooms or excessive growth of 
aquatic plants. When the algae die and decompose, oxygen is consumed, frequently
resulting in anoxic conditions in the bottom waters of the lake. Oligotrophic lakes 
typically have total phosphorus concentrations in the winter that are less than or 
equal to 10 to 15 gg/l. 

Eutrophic lakes have total phosphorus concentrations in the winter that are greater
than or equal to 20 to 30 g/l. In Lake Maryout, concentrations of phosphate as 
phosporus (which is the only form of phosphorus that was measured) were always 
higher and, or, the average, were approximately two orders of magnitude greater than 
the threshold for eutrophic lakes. Average phosphate concentrations in the Main and 
Northwest Basins &,,,d the El Mex Pump Station ranged from 760 to 1.583 ug/l. with 
total phosphorus concentrations expected to be even greater than the phosphate 
concentrations measured. 

Oxygen concentrations in the Lake varied considerably from February to March. In 
February, dissolved oxygen concentrations in the Main and Northwest Basins ranged
from approximately 8 to 16 mg/l, in March they ranged from approximately 7 to 19 
mg/, and in April they ranged from zero to 15 mg/l. These values indicate that 
oxygen conditions in the Lake rangeo from being supersaturated to depleted. High 
oxygen concentrations were likely the result of plant productivity, while low 
concentrations likely resulted from high concentrations of organic material, which 
consumes oxygen as it decomposes. In the United States, a minimum dissolved 
oxygen concentration of 5 mg/l is typically required for warm waters designated. at a 
minimum, as suitable habitats for wildlife and fish. In April. conditions at three of 
the seven stations in the Main and Northwest Basin were below 5 mg/I. 

In contrast to enrichment parameters (BOD, COD, volatile solids and suspended 
solids), average nutrient concentrations (phosphate. nitrate and ammonia) were 
higher in the Main Basin than those in the Northwest Basin, with concentrations in 
the Northwest Basin approximately one-third to one-half those in the Main Basin 
(Figure 4-2). Nutrient concentrations may have been higher in the Main Basin 
because of runoff from agricultural activities. 

On the average, nutrient concentrations at the El Mex Pump Station were lower than 
those in the Main or Northwest Basin. suggesting that biological processes were taking 
up nutrients. Most stations exhibited this trend. 

Metals 

The U.S. Environmental Protection Agency (USEPA) has established criteria for the 
protection of sensitive aquatic species against acute (short-term) and chronic (long­
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term) effects, and for the protection of human health from effects associated with 
eating fish. These criteria are guidelines to evaluate the potential impact to aquatic 
biota and human health. 

The bioavailability of certain metals varies with the hardness of the water. Therefore. 
the water quality criteria were adjusted to reflect typical hardness conditions observed 
in Lake Maryout. The hardness-dependent criteria were calculated using a minimum 
hardness of 550 mg/l as calcium carbonate and a maximum hardness of 1.330 mg/I as 
calcium carbonate which represents the range measured in the Lake. 

In 1983, the concentrations of some heavy metals were at an acceptable level 
compared to USEPA aquatic life water quality criteria, while concentrations of other 
metals exceeded the criteria. In the Main and Northwest Basins and the outlet 
station, average chromium, nickel, and zinc concentrations were below the acute and 
chronic water quality criteria as indicated by ratios of less than one. The ratios are 
calculated by dividing the average concentration measured by the chronic and acute 
water quality criteria. Ratios greater than or equal to one indicated that the criteria 
were exceeded. 

In the Main Basin, the average concentration of cadmium exceeded the USEPA's 
chronic and acute water quality criteria by a factor of 1 to 21. In the Northwest 
Basin, average cadmium concentrations exceeded the chronic water quality criteria by 
a factor of 2 to 4 and were below the acute criteria. Average cadmium 
concentrations were highest at the El Mex Pump Station and exceeded the chronic 
and acute water quality criteria by a factor of 2 to 40 (Table 4-2). 

Copper concentrations were similar in the Main and Northwest Basins. and exceeded 
the chronic and acute water quality criteria by a factor of 2 to 8. Average copper 
concentrations at the El Mex Pump Station exceeded chronic and acute water quality 
criteria by a factor of 1 to 5. 

Average lead concentrations followed a trend similar to that for cadmium. 
Concentrations were highest at the El Mex Pump Station. where they exceeded the 
chronic water quality criteria by a factor of 9 to 27, and had a ratio ranging from I to 
0.34 compared to the acute water quality criteria. Lead concentrations were lowest in 
the Northeast Basin, where they exceeded chronic water quality criteria by a factor of 
3 L.o 8, and had a ratio ranging from 0.11 to 0.31 compared to the acute water quality 
criteria. In the Main Basin, average lead concentrations fxceeded chroiiic and acute 
water quality criteria by a factor of zero to 27. 

Average mercury concentrations were high at all locations (80 to 165 LYI): However 
the June 1993 analyses showed mercury levels less than 10 Lg/l. This indicates either 
a significant decline in mercury concentrations or laboratory variability in 1983. 
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Table 4-2 
Comparison of 1983 Metals Concentrations to USEPA Water Quality Criteria for 

Lake and Outlet Stations (Average Concentration in gig/1) 

U.S. EPA Water Quality Criteria Ratio of Average: 

Parameter Avg. 
Chronic 

Min Max Min 
Acute 

Max 
Chronic 

Min Max Min 
Acute 

Max 
Cadmium 

Various Main Basin 
Various NW Basin 
El Mex Outlet 

85 
15 

160 

4 9 27 73 
21 

4 
40 

9 
2 

18 

3 
0.56 

6 

1 
0.21 

2 
Chromium 

Various Main Basin 17 
836 1,723 7,015 14,458 

0.02 0.01 0.002 0.001 
Various NW Basin ND 
El Me. Outlet 150 0.18 0.09 0.02 0.01 

Copper 
Various Main Basin 
Various NW Basin 
El Mex Oulet 

400 
339 
260 

51 108 108 203 
8 
7 
5 

4 
3 
2 

4 
3 
2 

2 
2 
1 

Lead 
Various Main Basin 
Various NW Basin 
El Mex Outlet 

747 
233 
812 

28 86 715 2,201 
27 

8 
29 

9 
3 
9 

1 
0.31 

1 

0.34 
0.11 
0.37 

Nickel 
Various Main Basin 
Various NW Basin 
El Mex Outlet 

20 
15 
12 

667 i,408 5,999 12,663 
0.03 
0.02 
0.02 

0.01 
0.01 
0.01 

0.003 
0.002 
0.002 

0.002 
0.001 
0.001 

Zinc 
Various Main Basin 
Various NW Basin 
El Mex Outlet 

196 
178 
120 

449 950 496 1,048 
0.44 
0.40 
0.27 

0.21 
0.19 
0.13 

0.40 
0.36 
0.24 

0.18 
0.17 
0.11 

Mercurya 

Various Main Basin 
Various NW Basin 

165 
94 

.15 2.4 
13,750 
7,833 

69 
39 

El Mex Outlet 80 6,667 33 
ND = Not detected 

(a) = Not Hardness dependent 



The actual toxicity of individual metals is dependent on more than just the 
concentration in the water or sediment. The bioavailability and interactions with 
other toxic compounds present in the environment can also be significant factors. In 
Lake Maryout the bioavailability may be reduced because of binding with the high 
concentration of dissolved and particulate organic matter. The high concentrations of 
sulfide in the water and sedimcnt may also bind at least some of the metals LCd. Ni, 
and Hg, particularly) and limit their availability. In contrast the additive, or perhaps 
even synergistic effects of high concentrations of multiple metals, may result in even 
greater toxicity than discussed above. Where metal concentrations are near the 
criteria, these factors are critical in determining the actual toxicity. However, where 
concentrations are an order of magnitude above levels known to be harmful such 
factors may reduce but probably do not eliminate toxic effects. 

4.1.2 Lake Shore Stations 

Lake shore stations fall into three categories: stations along the north shore of the 
Main Basin (five stations), stations along the east shore of the Main Basin (tour 
stations distributed evenly), and a station near the mouth of the Kalaa Drain (in the 
lake near Desert Road and the drain). 

Nutrients and Enrichment 

The average concentrations of BOD, COD, total suspended solids, and volatile 
suspended solids are similar between the north shore, east shore, and lake at Kalaa 
stations (Table 4-3). BOD, COD, and volatile suspended solids are present at 
concentrations comparable to "medium to strong" untreated wastewater. and total 
suspended solids are present at concentrations greater than "strong" untreated 
wastewater. On the average near shore and lake stations have similar concentrations 
of these parameters. 

Somewhat different trends are observed in nutrient parameters. The average 
ammonia and phosphate concentrations are slightly higher at each category of 
shoreline stations than at mid-lake, suggesting that nutrients are being input from 
outside sources and are consumed by chemical or biological processes. Average 
nitrate concentrations are similar at shoreline and mid-lake stations (Figure 4-3). 
Phosphate concentrations in lake shore areas are indicative of highly eutrophic 
conditions. Average phosphate concentrations at individual stations range trom 
1.200 k/A to 2,900 Ag/l, with total phosphorus concentrations expected to be even 
greater.
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Table 4-3 
Water Quality of Lake Shore Stations-1983 

(Average Annual Concentration in mg/I) 
Typical 

Concentration of 
UntreatedLake Near Wastewater' 

North Kalaa 
Parameter Shore East Lake Mouth Weak Strong 

BOD 277 308 288 110 400
 
COD 479 634 407 250 1.000
 
Total Suspended Solids 628 493 467 100 350
 
Volatile Suspended Solids 218 165 218 
 80 275 
Ammonia-N 18.5 11.7 11.5 12 50 
Nitrate-N 4.8 4.6 4.7 0 0 
Phosphate-P 2.2 2.3 2.0 3 10 

laSource: Metcalf & Eddy, 1991. 

Dissolved oxygen concentrations at lake shore stations were lower than at mid-lake 
stations and also are indicative of highly eutrophic conditions. At the east lake and 
Kalaa stations, dissolved oxygen concentrations were low throughout the sampling
period, ranging from zero to a high of approximately 4 mg/I. At the north shore 
stations, dissolved oxygen concentrations ranged from zero to almost 21 m Ll. 
supersaturated conditions that are likely the result of high biological productivity. 

Although average nitrate and phosphate concentrations were similar for each category 
of shoreline station (north shore, east lake, and near the mouth of the Kalaa Drain). 
average ammonia concentrations were higher at north shore stations. In addition. 
there was considerable variability in nutrient concentrations at individual stations and 
at different times at die same station. For example. average ammonia concentrations 
were highest at the north shore Stations 17 and 32. average nitrate concentrations 
were highest at the north shore Stations 25 and 26, and average phosphate 
concentrations .,-re highest at the north shore Stations 18 and 25. 

Between individual sampling events, nitrate concentrations were highly variable 
(greater than an order of magnitude difference) at all north shore and east shore 
stations. ani phosphate concentrations were highly variable at Stations 18 and 32 
(north shore). Station 10 (east shore), and Station 14 (Lake at Kalaa). Ammonia 
concentrations were variable at Stations 26 and 32 (north shore). 
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Metals 

For the most part, the lake shore stations had metals concentrations that were thesame order of magnitude as those of the mid-lake stations in the Main Basin. As inthe mid-lake stations, the lake shore stations had average chromiurn, nickel, and zincconcentrations below the USEPA acute and chronic water quality criteria (Table 4-4).However, chromium concentrations at the Kalaa Station were much higher than thoseat the north or east shore stations. 

Average concentrations of cadmium at the North Shore, East Lake, and Lake atKalaa stations exceeded the USEPA's chronic water quality criterion by ratios of 5 to11, 7 to 15, and 9 to 20, respectively. The average cadmium concentrations at theNorth Shore, East Lake and Lake at Kalaa Stations had ratios comparedwater quality criteria of 2 to 0.62, 2 to 0.84, and 3 to 
to the acute 

1, respectively. The averagecopper concentrations at the North Shore and East Lake stations exceeded chronicand acute water quality criteria by a factor of 2 to 6, and at the Lake at KalaaStation, exceeded the chronic criteria by a factor of I to 3. Lead concentrationsexceeded 
 chronic water quality criteria at lake shore stations by approximately
factor of 2 to 15. aLead concentrations were below the acute water quality criteria byfactors of 0.61 to 0.09. 

As with nutrients, average concentrations of metals varied between stations. Theaverage cadmium and lead concentrations at Stations 25 and 32 were approximatelyfive times higher than those found at other stations, and the highest average copperand zinc concentrations were found at Station 17. Each of these stations had highconcentrations of certain nutrients. 

Average mercury concentrat!ions were high at all locations (75they were to 1301,!'). althoughgreatest at the Lake at Kalaa Station. As with mid-lake stations, the June1993 analyses showed much lower mercury levels. 
 This indicate. either a significant
decline in mercury concentrations or laboratory variability in 1983. 

4.1.3 Lake Input Stations 

In 1983, two lake input stations were monitored: the mouth of the Kalaa Drainsystem, and the Omoum Drain, just south ot' the Main
stations in the Kalaa Drain system were 
Basin. In addition, two
 

monitored:

the Hydrodrome Drain, and Station 4, located 

Station 2, located upstream ot 
downstream of the Hydrodrome Drain. near the Kalaa Drain Pump Station. 

Although there were inputs to Lake Maryout other than the Kalaa and OmoumDrain systems, these two systems carried a large portion of the flow to the Lake. andprovided information on potential sources of enrichment. 
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Table 4-4Comparison of 1983 Metals Concentrations to USEPA Water Quality Criteria for
Lake Shore Stations (Average Concentration in jpg/l) 

U.S. EPA Water Quality Criteria Ratio of Average: 

Parameter 

Cadmiur * 
ShoreNorthNorth Shor 

East Lake 
Lake at Kalaa 

Chromium 
North Shore 
East Lake 
Lake at Kalaa 

Copper 
North Shore 

Avg. 

454 
61 
80 

25 
I1 

120 

313 

Chronic 
Min 

4 

836 

51 

Max 

9 

1,723 

108 

Min 

27 

7,015 

108 

Acute 
Max 

73 

14,458 

203 

Chronic 
Min 

11 
15 
20 

0.03 
0.01 
0.14 

Max 

5 
7 
9 

0.01 
0.01 
0.07 

Acute 
Min 

2 
2 
3 

0.004 
0.002 

0.02 

Max 

0.62 
0.84 

1 

0.002 
0.001 
0.01 

East Lake 320 66 33 33 22 

-

Lake at Kalaa 

Lead 
North Shore 
East Lake 
Lake at Kalaa 

Nickel 
North Shore 
East Lake 
Lake at Kalaa 

160 

348 
433 
2(X) 

10 
23 
10 

28 

667 

86 

1,408 

715 

5,999 

2,201 

12,663 

3 

12 
1 
7 

0.01 
0.03 
0.01 

1 

4 
5 
2 

0.01 
0.02 
0.01 

1 

0.49 
0.61 
0.28 

0.002 
0.004 
0.002 

0.79 

0.16 
0.20 
0.09 

0.001 
0.002 
0.001 

Zinc 
North Shore 
East Lake 
Lake at Kalaa 

235 
303 

25 

449 950 496 1,048 
0.52 
0.67 
0.06 

0.25 
0.32 
0.03 

0.47 
0.61 
0.05 

0.22 
0.29 
0.02 

M erc ury' 
North Shore 189 

.15 2.4 

EastLake 
Lke at Kalaa' h n 

LNot hardness depcndent 

75 
150 6,250 

62 50X12,5dp) 

45 
31 
6363 

. .__ 
__ _ 



Nutrients and Enrichment 

Of the two drain systems, the Omoum Drain carried higher concentrations of organic 
material than that of the Kalaa Drain, with average total suspended and volatile solids 
concentrations approximately two to three times greater than those found at the 
mouth of the Kalaa Drain. Concentrations of volatile solids in the Kalaa Drain were 
comparable to "weak" untreated wastewater, and those of total suspended solids were 
comparable to "strong" wastewater. Average BOD and COD concentrations were 
similar at the mouth of the Kalaa Drain and in the Omoum Drain, and were
 
comparable to concentrations found in "weak to medium" untreated wastewater
 
(Table 4-5).
 

Table 4-5
 
Water Quality of Lake Input Stations-1983
 

(Average Concentration in mg/I)
 

Typical 
Concentration of 

Untreated 
Station 5 Station 7 Wastewater" 
Mouth of Omoum 

Parameter Kalaa Diain Drain Weak Strong 
BOD 173 177 110 400 
COD 363 413 250 1.000
 
Total Suspended Solids 377 750 100 350
 
Volatile Suspended Solids 74 203 80 275
 
Ammonia-N 22.4 11.2 12 50 
Nitrate-N 4.4 4.4 U1 U 
Phosphate-P 0.8 1.0 3 10
 
aSource: Metcalf & Eddy, 1991.
 

Generally, average concentrations of BOD i" the Omoum and at the mouth of the 
Kalaa Drain systems were similar to those ooserved in the Northwest and Main 
Basins of Lake Maryout (Figure 4-4). However, average concentrations of' COD, 
suspended solids, and volatile suspended solids were slightly higher in the Lake than 
in these drains, suggesting other sources of organic material. These sources could 
have been inputs from other drains, organic material in the water column from 
decomposing algae, or lake bottom sediments. The most likely cause of high 
suspended solids concentrations was shallow conditions in the Lake and wind induced 
turbulence, which resuspended bottom sediments. 

On the average, nitrate and phosphate concentrations at the mouth of the Kalaa 
Drain system and those in the Omoum Drain were similar to each other and to 
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concentrations found in the Like. Average ammonia concentrations were higher at 
the mouth of the Kalaa system than those in the Omoum Drain, with concentrations 
in the Kalaa Drain system similar to those found in the Like. With each nutrient, 
however, concentrations at a single location were highly varia-ble over the 3-nonth 
sampling period. 

Within the Kalaa Drain system, there was a genera! trend for the average 
concentrations of BOD, total suspended solids, and volatile solids to decrease as 
water in the drain flows downstrearn from Station 2 to Station 4 to Station 5, with 
average concentrations of total suspended solids and volatile solids being two to three 
times higher at Station 2, upstream of the Hydrodrome Drain, than at Station 5, at 
the mouth of the Kalaa Drain system ('able 4-6). These drops may have been 
associated with the uptake of organic naterial or settling of suspenrded solids. In 
contrast, the average COD concentrations increased at Station 4, when fhows from the 
Hydrodrome Drain entered the DKaarain system, then ditropped b) Station 5. 
Station 4 had COD concentrations com parable tU0 "Stiong" untreated wastewater. 

Table 4-6 
Water Quality of Kalana )rain System - 1983 

(Average Concentration in g/I)I 
Typical 

Concentration of 
Untreated

Station 2 Station 4 Wastewater" 
Upstream Kalaa Pump 

Parameter Kalaa Station Weak Strong 

BOD 210 237 110 400 
COD 500 1,()17 250 1.000 
Total Suspended Solids 764 509 1() 35( 
Volatile Suspended Solids 226 138 80) 275 

Ammonia-N 28.5 12.6 12 50 
Nitrate-N 3.7 3.7 0 0 

Phosphate-P 5.6 5.3 3 1 

"Source: Metcalf & Eddy, 1991. 

Phospt ate and ainlmoali concentrations followed a similar trend with avCra'c 
phosphate concerIntrations dI roppingi& by :I factor of seven from Station 2 to Station 5. 
and average ammomia concentrations droppi ngI1y a factor of approximately 1(0. 
Nitrate concentrations remained relativelv constant. This trendIsuLIggests that niutrients 
are being, consumed by -iolOgical actOVi tv in the drain, ahI)ough aM1imonia and nitrate 
concentrations were variable from month to month at Stations 2. 4, and 5. and 
phosphate was highly variable at Station 2. 
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Metals 

The average concentration of lead in the Omoun Drain was more than an order of 
magnitude greater than that at the mouth of the Kalaa Drain. These concentrations 
were comparable to those found in Like Maryout, suggesting that the Oniourn Drain 
is a dominant contributor of lead (Table 4-7). 

'Fable 4-7
 
Metal Concentrations in Lake Input and Kalaa I)rain System- 1983
 

(Average Concentration in ug/I)
 

Upstream Kalaa Pump 
Mouth of Ka la - Sta, tion-

Parameter Omoum Drain Kalaa I)rain Station 2 Stat:on 4 
Cadmium 30 160 2 

Chromium 12 15 J320 20 
Copper 480 865 380 65(0 
Lead 800 15 62( 58( 
Nickel It) 10 20 20 

Zinc 385 23 520 40 
Mercury 150 70 80 100 

J = estimated 

Concentrations of cadm iurn aid copper wrCI somewhat Irea ter at the mo ut h Of the 
Kalaa Drain than those in the Omoun Drain, with in-lake concentrations of cad ininin 
being greater than those of the Omoum Drain and less than those at the inOLith of 
the Kalaa Drain. Copper concentrations in the Lake werc cornparable to those found 
at the OmoiLn Drain and less thanii those foulnd at tile rnou th of tle Kaiaa Dra< in 
system. 

The average chromi, munconcentrations were sinil ar at the two lake input stations as 
well as being sinilar to those found at the north shore and east shore hike stations. 
Generally, lake input arid lake shore stations had sinilar average concentrations of 
cadmium. nickel, imercLIry, and zinc. 

Within the Kahaa Drain system, the Hydrodrome Drain appeared to have little effect 
Onl rnetaIs concCnitrations. Levels niieasured upstrean and dowlstrcail Of tile 
Hydrodrome Drain were sirnila r. Chromium was the one exception to this. with nimci 
higher concentrations heing found Utpst eaM of the Hlydrodrorne Drain than those 
found downstream. 
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4.1.4 Bacteria 

Bacterial analyses were conducted on samples from mid-lake, lake shore, and lake 
input stations. Despite variability between total coliform levels on each of the three 
sampling dates, these data indicated that the untreated wastewater discharged by the 
drains consistently exceeded the effluent discharge limit for unfresh waters (Egyptian 
Law No. 48) of 5,000 MPN/100 ml total coliform. 

Total coliform concentrations in the Main Basin averaged 192,000 MPN/100 ml, or 
almost 40 times the effluent discharge limit (Table 4-8). Total coliform 
concentrations in the Northwest Basin averaged almost an order of' magnitude lower 
than those in the Main Basin. 

Table 4-8 
Total Coliform Concentrations in Lake Maryout-1983 

Geometric Mean 
Station (MPN/100 ml) 

Kalaa Drain System 

Upstream Kalaa-Station 2 813.000 

Pump Station-Station 4 916.000 

Average of Kalaa Stations 863.000 

Inputs 

Mouth of Kalaa-Station 5 88,000 

Omoum Drain-Station 19 50.00(J 

Average of Inputs 66.0(10 

Shore 

North Shore 861.000 

East Shore 1.039.000 

Kalaa 556,000 

Mid-Lake and Outlet 

Main Basin 192.000 

Northwest Basin 13.000 

El Mex Outlet 96.000 

Source: WWCG, 1983. 
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On the average, lake shore areas had total coliform concentrations the same order of 
magnitude or greater than mid-lake levels. Of the lake shore stations, the east lake 
stations had the highest average concentration (1,039,000 MPN/100 ml, followed by 
the north shore stations (861,000 MPN/100 ml) and the Kalaa mouth station 
(556,000 MPN/100 ml). 

Of the lake input stations, total coliform levels were the same order of magnitude in 
the Omoum and Kalaa Drains (88,000 and 50,000 MPN/100 ml, respectively) and 
were an order of magnitude lower than levels in the Main Basin, suggesting that other 
inputs were contributing to total coliform concentrations in the Lake or that die-off of 
coliform was occurring within the drain system before the bacteria reach the Lake. 
This is supported by higher total coliform concentrations at the upstream Kalaa 
(Station 2) and Kalaa Pump Stations (Station 4) than at the mouth of the Kalaa 
Drain system (Station 5). Total coliform levels in the Omoum Drain reflect 
agricultural runoff which was discharged to the lake, and levels in the Kalaa Drain 
reflected flows of raw wastewater. 

4.1.5 Summary of Conditions in 1983 

The water quality and biological characteristics of a lake generally fall into one of 
three categories. The first category, a clean lake, has a healthy biological assemblage 
and an orderly, well-buffered oscillation of conditions based on seasonal, water 
balance, or internal (for example, nutrient recycling) processes. 

A lake subject to significant stress (the second category) generally supports excessive, 
but out of balance biological conditions alternating with wide and abrupt abiotic 
(demise of biological community) conditions. The massive oscillations in such svstems 
produce fish kills, growth of excessive algal populations, and then the demise and 
decay of the algal population. The fish kills and dying algal assemblages produce 
anoxia, odors, and a strong impression of a highly polluted system. 

The third category is a lake that is generally abiotic (without flora and fauna) the 
entire year. In su.'h cases, the pollution and other sources of stress are so severe that 
biological processes rarely get started. Consequently, the lake system always appears 
to be degraded, but there is no punctuation of obvious periods of degradation as seen 
in the second category of lake, where periods of die-off of flora and fauna are highly 
visible. 

In 1983, Lake Maryout fell into the second category of lake. The lake possessed high 
concentrations of organic matter, comparable to those present in untreated 
wastewater, and nutrients were present at concentrations typical of highly eutrophic 
conditions. Generally, nutrients and enrichment parameters were lower at the El 
Mex outlet than those at mid-lake stations, indicating that chemical and biological 
processes in Lake Maryout were functioning and were consuming organic material. 
Concentrations of organic material were generally higher in the Northwest Basin. and 
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nutrient concentrations were generally higher in the Main Basin. Dissolved oxygen
concentrations in the Lake fluctuated widely, indicating periods of high plant
productivity which generated oxygen, followed by periods of plant decay that 
consumed oxygen and led to anoxic conditions. In addition to monthly variations in 
dissolved oxygen concentrations, diurnal variations probably occurred. It is likely that 
dissolved eygen concentrations were high in the daytime when photosynthesis was 
occurring and dropped at night, when lake respiration dominated. Some metals were 
present at ac'ceptable levels (chromium, nickel, and zinc), but cadmium, copper, lead,
and mercury were present at levels that stress lake biota. 

Conditions at the lake shore were comparable or worse than those observed mid-lake. 
Where conditions were worse (for example, higher pollutant levels and lower 
dissolved oxygen) they could be attributed to the direct effect of lake inputs. 

4.2 Water Quality Results of 1992/93 Study 

As discussed in Section 3.2, suryey level monitoring was conducted from March 1992 
to February 1993 to characterize the general condition of Lake Marvout and to allow 
for an identification of temporal trends. For the most part, seasonal variability in the 
data did not occur and, where variability was present, it could not be attributed to
 
seasonal changes, such as higher temperatures in the summer. Where a marked
 
month-to-month change in concentration 
was observed, it often was not associated
 
with season, suggesting that some other type of lake, sampling laboratory
or 

phenomenon 
was causing the deviation. Within the Lake, some of the variability may
be due to wind and resuspension of bottom sediments. However wind action would 
not account for some of the variability which occurred at lake and lake input stations. 

Usually, a peak (or drop) in concentration occurred during a single month (for

example, ammonia concentrations peaked at all stations in April 1993), with 
no
 
evidence of elevated (or decreased) concentrations in the months immediately before
 
or after the peak (or drop). Nitrate concentrations dropped approximately two 
orders of magnitude in April and June 1993, but concentrations present in May were 
comparable to those measured the rest of the year, reducing the likelihood that the 
low concentrations were seasonally related. 

In the case of metals, the summary graphs in Appendix B suggest seasonal variations 
for categories of stations, but when the raw data were examined at individual stations,
variations did not appear to be attributable to in-lake processes or seasonal trends. 
but rather tied to sampling and laboratory variability. 

Metal levels in the sediments also were examined to assess temporal variations in 
metals content. Although somewhat higher concentrations of metals were observed 
from April to July. the variation appeared to be more a resuit of spatial and data 
variability than of a seasonal variation. For example, sampling locations were 
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unmarked, resulting in sample collection at close but not identical locations from 
month to month. When higher concentrations were observed, often the higher 
concentration occurred on only one or two dates in this period; it occurred at 
different times for different parameters; and it was a relatively small increase in 
magnitude. These factors made it unlikely that the variability was due to seasonal 
factors. 

In the following discussion, 1993 conditions are described and then compared to 
conditions in 1983. Differences in metals concentrations in the water column and 
sediments between 1983 and 1993 were identified as potential trends where the 
average concentration had varied by approximately a factor of four or more. Smaller 
differences are not discussed because metals concentrations in the water column and 
sediment were measured only once in the 1983 study, and for the reasons discussed in 
Sections 3.1 and 3.2, the Overview of 1983 and 1992/93 Study Methods. and in 
Section 5, Data Quality and Priority Pollutants. 

4.2.1 Mid-Lake and Outlet Stations 

During the 1992 to 1993 sampling period, water quality samples were collected and 
analyzed from two mid-lake stations in the Main Basin, one station in tile Northwest 
Basin, and at the El Mex Pump Station. The stations in the Main Basin. Stations 21 
and 22, were located in open water areas removed from the shoreline and the direct 
influence of any drains or discharges. Station 24 in the Northwest Basin was located 
approximately 300 meters north of Desert Road. Although the Northwest Basin does 
not receive any known drain discharges, its shoreline is developed and wastewater 
from the developed area enters the basin. 

Nutrients and Enrichment 

Water quality in Lake Maryout has deteriorated substantially since 1983. On the 
average, BOD and volatile solids concentrations in the Main and Northwest Basins 
increased by factors of two or more during the 10-year period. In the Main Basin. 
concentrations of COD and total suspended solids were approxiniately 30 to 60 
percent higher in 1993 concentrations then those recorded in 1983. In the Northwest 
Basin, average COD concentrations more than doubled (Figure 4-5). The mid-lake 
stations had average annual concentrations of enrichment parameters (BOD. COD. 
total suspended solids, and volatile solids) that exceeded the concentrations found in 
"strong" untreated wastewater (Table 4-9). 

At the El Mex Pump Station, BOD concentrations have remained approximately the 
same during the 10 years and were approximately one-third to one-seventh of those 
measured in the Main and Northwest Basins. COD concentrations have dropped 
since 1983, and were approximately one-fourth to one-seventh of those measured in 
the Main and Northwest Basins. As in 1983, concentrations of BOD and COD were 
lower at the El Mex pump ';tation than those at mid-lake stations, suggesting that the 
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Table 4-9
 
Water Quality of Mid-Lake and Outlet Stations-1992/93
 

(Average Concentration in mg/I)
 
Typical Composition of 

Station 21 Station 22 Northwest Untreated Wastewater' 

Parameter Main Basin Main Basin Basin El Mex Outlet Weak Strong 

BOD 336 454 738 111 110 400 

COD 689 760 1.311 180 250 1,000 

Tota Suspcndcd 748 11)51) 1,662 2, 146 10 350 

Solids 

Volatile Suspended 572 821) 1,445 2,326 80 275 
Solids 

Ammonia-N 1.5 j 1.5 0.7 1.1 12 50 

Nitrate-N 6.9 4.7 4.1 3.0 ) 0 

Phosphate-P 3.7 3.6 2.9 2.8 3 10 

Sourcc: Nctcalf & l-ddy, 19)91. 

I 11 A' I(Al )13 I1 & 111 07, "01€22.,. 



Lake continued to respire, to accumulate organic material in the sediments, or to take 
it up as biomass. However, as discussed in Chapter 3, there were some data 
reporting concerns with data from the El Mex Pump Station. 

The average annual concentration of all enrichment parameters was higher in tile 
Northwest Basin than that in the Main Basin. Industry present on tile edge of the 
Northwest Basin is the likely source. 

Within the Main Basin, concentrations of enrichment parameters were greater at 
Station 22 than thos,: at Station 21, which may be due to tile proximity of Station 22 
to the Omoum Drain. As discussed below, the Ornoun Drain had high 
concentrations of enrichment parameters relative to the Main Basin's nid-lake 
stations. 

Eutrophic conditions in Lake Maryout also increased substantially since 1983 
Average annual phosphate concentrations in 1993 (Table 4-9) were miore than double 
those present in 1983. Phosphate concentrations in the Lake were comparable to 
those present in "weak" untreated wastewater. In addition, average dissolved oxygen 
concentrations dropped. Low oxygen and anoxic conditions persist much of the year 
in the Main Basin, while oxygen concentrations in the Northwest Basin fluctuated 
between acceptable and low levels. In the Main Basin, dissolved oxygen 
concentrations ranged trom zero to 8 mnl with anoxic conditions prevailing most of 
the year. The highest measured levels were present in the fall and winter. In the 
Northwest Basin. dissolved oxygen concentrations ranied from approximately 2 to 9 
mag/l, with low oxygen conditions in approximately one-hal ff tie samples. 

In contrast to phosphorus, average annual concentltintls [litl ae iind almmoll0nia in, 
the water column have not shown a dramatic increase siice 1983. Nitrate 
concentrations in the Main and Northwest Basins were similar, with concentrations in 
both basins com parable to 1983 levels. 

Ammonia concentrations in the Main and Northwest Basins have dropped to 15 and 
25 percent of their 1983 levels, respectively. Average annual amrnonia concentrations 
in the Northwest Basin were lower than those measured in the Main Basin. and most 
of the tinie, were approximately 30 to 501 percent Of those inthe Main Basin. This 
drop in ammonia concentrations may have been due to (avariety of factors. including 
the following: denitrification and diffusion into the atmosphere as nitrogen gas; 
sequestering nitrogen in the sediments; sorption of aminionia to particulate and 
colloidal particles tinder conditions that are alkaline with high concentrations of 
dissolved organic matter; and laboratory variability. 

Metals 

On the average, concentrations of all metals (cadmium, chromium, copper. lead, 
nickel, and zinc) were the same order of magnitude in the Main and Northwest 
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Basins and at the El Mex outlet. In the Main and Northwest Basins and El Mex 
outlet station, average annual chromium, nickel, and zinc concentrations were below 
the acute and chronic water quality criteria as indicated by ratios less than I 
(Table 4-10). 

In the Main Basin, the average concentration of cadmium exceeded the USEPA's 
chronic and acute water quality criteria by a factor of 1 to 14. In the Northwest 
Basin, average cadmium concentrations exceeded the chronic and acute water quality
criteria by a factor of 1 to 26. Average cadmium concentrations at the El Mex outlet 
exceeded the chronic and acute water quality criteria by a factor of I to 23. 

Average copper concentrations at the lake and outlet stations exceeded the chronic
 
water quality criteria by a factor of 1 to 4. The ratio of average copper
 
concentrations to the acute water quality criteria ranged from I to 0.54 in the Main
 
Basin, 2 to 0.83 in the Northwest Basin, and 2 to 0.97 at tt"El Mex outlet. 

In the Main Basin, average lead concentrations were similar to those at the outlet. 
and they exceeded the chronic water quality criteria by a factor of 4 to 14. Average
concentrations in the Northwes't Basin exceeded the chronic water quality criteria by a 
factor of 8 to 23. The ratio of average lead concentrations to the acute water quality 
criteria ranged from 0.17 to 0.91. 

Compared to 1983 (which was based on one sampling event), the average zinc and
 
lead concentrations in the water column have shown little change.
 

Chromium and nickel, which were present at concentrations below the acute and 
chronic water quality criteria, have increased in the water column compared to 1983
 
concentrations (Figure 4-6). 
 The average chromium concentrations increased by a
 
factor of four in the Main Basin, and went from an undetectable level to an average

concentration of 100.3 ug/l in the Northwest Basin. 
 Average nickel concentrations
 
increased by more than 
an order of magnitude in the Main and Northwest Basins and 
the El Mex outlet. 

Other increases in average metal concentrations since 1983 included a seven-fold 
increase in cadmium in the Northwest Basin and a four-fold increase in copper 
concentrations in the Main Basin. 

Sediments 

Enriched lake sediments are typically comprised of between 5 and 6 g/100g volatile 
solids, with 10 g/100g being considered a high concentration. In the Main Basin. 
volatile solids or the organic content of fixed solids, ranged from 18 to 44 g/1() g,
with an average of 29 g/100 g. In the Northwest Basin, volatile solids ranged from 12 
to 31 g/100 g, with an average of 22 g/100 g. Thus, the average volatile solids 
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Table 4-10 
Comparison of 1993 Concentrations of Metals at Lake and Outlet Stations 

to USEPA Water Quality Criteria (Average Concentration in pogl) 

USEPA Water Quality Criteria Ratio of Average 

Chronic Acute Chronic Acute 
Parameter Avg. Min. Max. Min. Max. Min. Max. Min. MUM 

Cadmitun 4 9 27 73 

Main Basin 56.4 14 6 2 1 
NW Basin 103.0 26 1i 4 ! 
El Mex Outlet 92.6 23 10 3 1 

Chroi.lium 836 1,723 7,015 14,458 

Main Basin 68.9 0.08 0.04 001 0.005 
NW Basin 100.3 0.12 0.06 0.01 0.01 

El Mex Outlet 95.1 0.11 006 0.01 0.01 

Copper 51 108 108 203 

Main Basin 108 8 2 1 I 0.54 
NW Basin 168.8 3 2 2 0.83 

El Mex Outlet 196.0 4 2 2 0.97 

Lead 28 86 715 2,201 

Main Basin 3926 14 5 0.55 0.18 
NW Basin 651 4 23 8 0.91 0.30 

El Mex Outlet 373 2 13 4 052 0.17 

Nickel 667 1,408 5,999 12,663 

Main Basin 2076 ) "1 015 003 0.02 
NW Basin 281 0 042 020 005 0.02 
El Mex Outlet 307,8 0 46 0.22 0.05 0.02 

Zinc 449 950 496 1,048 

Main Basin 244 7 0 54 0 26 (49 0.23 

NW Basin 413.2 92 )43 083 039 
El Mex Outlet 15'..8 1___1_1_0 35 0 17 0 32 0.15 

(\I l3I ) I S I I N[S 



concentration in the Main Basin was three times greater than this "high" of 
10 g/100 g, and in the Northwest Basin was more than twice as high (Table 4- I1). 

The pH of lake bottom sediment remained close to neutral throughout the year, 
ranging from a minimum of 6. 1 to a maximum of 8.0. 

Concentrations of heavy metals detected in tile Lake Maryout sediments were 
compared to benchmark values established by observing effects on biota (Long and 
Morgan, 1990). These values are based on an effects range associated with a specific 
heavy metal and include a Low Effects Range (ER-L), a concentration at the low end 
at the range in which effects had been observed, and a Median Effects Range 
(ER-M), a concentration approximately nidway in the range of reported V\alus 
associated with biological effects. Although the marine organisms discussed by Long 
and Morgan and presented in the following section are not known to he present in 
L;ke Maryout, they are the best available data. 

Cadmium. The concentration of cadmiuni ranged froni 1.3 to 75 /.g/g in the 
sediments of the Main Basin and from 4 to 140 /g in the sediments of the 
Northwest Basin. The average concentrations in the sedimenrits werc 3(1. ,))Ugand 
45 gg/g in the Main Basin and Northwest Basin, respectively. Concentrations in both 
basins were much higher than the ER-L of 5 ugg and the ER-M of 9 Iig/g 

(Table 4-11). Similarly, concentrations of cadmi ini In the Va te r coltulni were above 
the chronic and acute water quality criteria. 

Sediments with concentrations of cad nii uin sim ia r to those collected from Lake 
Maryout have been associated with high mortality in a variety oft species. sLic Ii as the 
amphiphods Rhe'paty.nius abroii ts and Grandidierella japonica, tihe isi Pilne1'lreles
affinis, the freshwater flea Daluhianai'na,alrd Iin llacuina ba/rica (lon ard 

siLrnma rized a ilihlc I 
cadmiurn and concluded that concentrations ill sedilen its. exceedingI! 10 Ag are 
associated with high mortality, reduced g.1rowth. inhibited re lrtuct im. Olt her 
adverse effects. Therefore, cad iuilii cncent ratuitns in the sediment ot LiNkc MarvoutL 
were expected to contribute to rionrtality and altered life-cycles in a oariety 

Morgan. 1990). In addition. Eisler (1985) avI IOxiclt Iical data f'or 

(f species. 

Chromium. The average concentration of chrom iur in t lie sCd i cnIs of the N1,ain 
Basins was 27 /.gg,with concentrations ranging from 5 to 43 .gg. In the Northwest 
Basin the average concentration of chroniiunii was 16 u.g with curcentrat a )1i5 
ranging frori 2 to 40/g.g (Table 4-11). In botl basins. average chroil lii 
concentrations were less than the ER-L of 80 Lg and the ER-M of 145 ,g. 
although concentrat;ors of individal saiples approached the ER-IL in both basis. 
Overall. these concentrations were not expected to affect the hitm. In NassacIILIsetts 
Bay, for example. sediments with a riean chrorniun conten of 27 ugi/' had high 
species richness (Long and Morgan. 1990). These results corresponded to chrorniuri1 
concentrations intle water column, which were below the chronic and acute water 
quality criteria. 
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Table 4-11 
Characteristics of Sediment in Mid-LAke Samples 1992/93 

Main Basin Northwest jiasin Effects Range ug/ga 

Parameter Units Average Range Average Range Low Median 

Fixed Solids ,'I (X)g 71 56-82 78 69-89 ND ND 

Volatile Solids g/lI (Xg 29 18-44 22 12-31 ND ND 

Cadmium 3(1 1-75 45 4-140 5 9 

Chromium 27 5-43 16 2-40 80 145 

Coppcr 1681)9- 7.511 204 4-812 70 390 

LL ad 845 110-3.200 292 50-679 35 110 

Nickel 249 106-600 168 85-400 30 50 

Zinc t 1,989 43)-8.20(0 657 130-1,648 120 270 

ND-Not Determined 
'Source: Long and Morgan, 19SO. 



Copper. In the Main Basin, copper concentrations in the sediment ranged from 
109 g/g/g to 7,510,4g/g with an average concentration of 688 .g/g (Table 4-11 ). These 
concentrations were significantly higher than the ER-L and ER-M levels of 7( and 
390 Lg/g. In the Northwest Basin, copper concentrations were lower. They ranged 
from 4 to 812 j.g/g and averaged 204 /g/g, a value within the range of the ER-L and 
ER-M. Similarly, concentriltiwns of copper in the water column were above chronic 
and acute water quality criteria. 

High copper concentrations have been associated with adverse effects of several 
species. These include the following: depressed diversity of benthic taxa in sediments 
with 200 A.g/g copper; a decreased burrowing rate for the littleneck clam Protolhaca 
stamninea (a sublethal behavior) ill sediment concentrations exceeding 17.8 ALjg: and 
toxicity of R. ahronius at concentrations of 810 Ag/g and oyster larva, C. i,qgas. at 
concentrations of' 39( 4 Based these results, copper levels in the Mail and1(/xg. on 
Northwest Basins in Lake Malrvo mt may have caused toxicity in varioMus species and a 
depressed diversity of benthic fauna. 

Lead. Average lead concentrations were higher in the sediments of the Ma in I3asi n 
(845 pLgg) than those of' the Northwest Basin (292 )( 1g l.akc Nia rvOu1. 
Concentrations in hoth basins were greater than th, ER- L and - io()1 35 and 
110 ug/g, respectively(Table 4-11). Lead concentratiOns ranged tilln I I) tt 
3,200 Aigg in the Main Basin and from 5(0 to 679 ,Lc in the Northwest Basin. 

High concentrations of lead are associated with low specie. diversity, lOm species 
richness, and toxicity. Depressed henthic diversity inl areas \vith high concentrations 
of lead in sediment was observed in Norwegian tluids (35 g/.g) and Los Angeles 
Harbor (41.3 LOg). because Of lead concentrations wasLow species richness 
observed in Massachusetts Bav where the mean cmcentration was 42 , In
addition, significant ncreases in burrowing time of A. balthica were seen with lead 

concentratlions of' 35 /.g. Other toxicity tests wcre lIerlornied on R. ab1rOui's 
(threshold of' 660 /xLg) and oyster larvae C'. gax (0(10 ug/g). 'These datr indicate 
lead concentrations found in the sediment of Lake Maryout will likely contribute to 
low species diversity, low species richness, and toxicity toi a variety of species. 

Nickel. In Lake Mar/out, the average nickel concentrations of 249 , in the Main 
Basin and 168 ,ug/g in the Northwest Basin. were significantly ligher than the E,-I. ot 
30 AgL and tile ER-M of 5(1 (Table 4-11). ngs ed fnr,,/g Nickel conce fit ra ii ra ii Il
 
106 to 60(01/gg in the Main Basin, ard from 85 to 4(0(0 ,q/g iin the Norlh,,cst Basin.
 

Lower species richness in both Massachusetts BaV (21 an'g)and lIugCl So .und 
(28 Ag/g). and high oyster larvae toxicity inl Commencement Biay (3(0 gii ire. 
examples of the effects of elevated lead concentrat ions. In addition, tox cit, d R. 
abronius (> 12(1 jg/g) and C. gi*gas (9Agig) are other examples (if efects thresholds. 
The high concentrations of nickel in Lake Mar out sedimenrts are expected to 
contribute to low species richness and toxic effects on a variety of species. Despite 
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elevated levels of nickel in the sediments, concentrations in the water column were 
below the chronic and acute water quality criteria. 

Zinc. The average zinc concentration was 1,989 pug/g in the sediment of the Main 
Basin and 657 /g/g in the sediment of the Northwest Basin, significantly higher than 
ER-L of 120 jg/g and the ER-M of 270 btgIg (Table 4-11). Zinc concentrations in the 
Main Basin ranged from 430 to 8.200/ gg. Available data on zinc concentrations in 
sediments supported observations of low species richness among Massachusetts Bay 
benthos (117 pig/g), significant mortality among D.magna exposed to Trinity River 
sediments (121 Agg), high nortalitv aniong 11. azieca exposed to Waukegan Harbor 
sediments (127 'ag/g), and apparent effects thresholds in San Francisco Bay bivalve 
larvae (130 /tig). Therefore, zinc concentrations inlake MarvO at would also 
contribute to low species richness and mortality in a variety of' species. A.; with 
nickel, despite elevated concentrations of' zinc in tile sediments, concentrations inthe 
water column were below the chrnic ald aCItC waIter quality criteria. 

In summary, the average sediment concentrations of copper, lead, and zinc were 
higher at the mid-lake stations in the Nain Basin than those of tle Northwest Basin: 
cadmium, chromiunl, and nickel concentrations \%'ere comparable in each basin. With 
the exception of clironliu, all of the heav me talIs a na lVzed in lakc Marvot 
sedinents exhibited concentrationts tiha were at or higher than tile benchniark values. 
indicating that they would contrilutc to low species diversity, low species richness, and 
toxicity to a variety of species. Averagc sed imen t coMccatratit nasof caIdi Urn, copper. 
lead, nickel and zinc were approximately one order of iagnitude higlier than the 
standard effects levels as determined by Long a id Mlorgan (1990). 

4.2.2 Lake Shore Stations 

Six lake shore stations were sampled during the 1992 to 1993 sampling period. 
Stations 11. 12, 13, and 23 were Ioca ted ahlg tle north shore of tht I ain Basin. Of 
these, Stations 11, 12, and 13 were located near discharge drains. Stat ion 16. tihe 
Lake at Kalaa Station, was located in tle Lake at tihe month of the Kalaa Drain. 
Station 10 was located at the east end of Lake Niarvout, between the discharge of tile 
Industries Drain and the Kalaa Drain. 

Nutrients and Enrichmient 

For the most part, lake shore stations have concentrations of enrichment parameters 
similar to those found illthe Lake (Figure 4-7). The exceptions to this trend were 
Station 11 (East Central Lake). which had the highest average conceat r:,tions of 
COD, total suspenidled solids and volatile solids: and north shore Stations I I (East 
Central Lake) and 13 (West Lake), which had averace BOD concentrations higher 
than those (f nid-lake stations (Table 4-12). COD concentrations at Station 13 were 
also elevated over mid-lake levels. Station I I was located near the discharge drain at 
Station 7 (East Central Drain), and Station 13 was located near the discharge drain 
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Table 4-12
 
Water Quality of Lake Shoi;e Stations-1992/93
 

(Average Annual Concentration in mg/I)
 

Typical 
Concentration of 

Station 12 Untreated 
Station I I West Station 16 Wastewater' 

East Central Central Station 13 Station 23 Station 10 Lake at Weak Strong
Parameter Lake Lake West Lake North Shore East Lake Kalaa 

BOD 803 465 550 461 347 396 110 400 
COD 1,367 796 951 740 601 709 250 1,000 
Total Suspended Solids 1,427 858 1.041 891 936 709 100 350 
Volatile Suspended Solids 1,201 634 863 772 589 616 80 275 
/Ammonia-N 2.6 2.4 2.6 1.4 1.9 2.9 12 50 
Nitrate-N 13.8 4.7 4.7 6.4 3.3 6.0 0 0 
Fhosphate-P I 3.6 7.2 6.2 3.9 4.0 5.1 3 10 

L'Source: Metcalf & Eddy, 1991. 
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near Station 9 (West Drain), suggesting that these discharge drains were influencing 
water quality at Stations 11 and 13. 

Similar trends were observed with nitrate and phosphate concentrations. Levels at 
lake shore and mid-lake stations were comparable (Figure 4-8), except for the lake 
shore Station 11, which had higher concentrations of nitrate than those at mid-lake 
locations, and Stations 11 and 12, which had higher phosphate concentrations. These 
data also suggest that discharge drains are influencing water quality in near shore 
areas. Average ammonia levels were higher at all lake shore stations compared to 
those at mid-lake (and higher at lake shore stations compared to those at lake inputs, 
as discussed later), suggesting that shoreline areas reflected the discharge of ammonia 
associated with lake inputs. 

Concentrations of enrichment parameters at the near shore lake stations followed 
trends similar to those at the mid-lake stations from 1983 to 1993 (Figure 4-9). 
.-..erage BOD concentrations increased to those at concentrations approximately 
equal to or greater than those measured in "strong" untreated wastewater. with the 
greatest increases observed at stations along the north shore of the Lake. The 
greatest average COD concentrations also were observed at north shore stations, with 
average annual concentrations comparable to those present in "medium to strong" 
untreated wastewater. Average total suspended solids and volatile solids 
concentrations were two to four times those found in "strong" untreated wastewater. 
with 1993 concentrations higher at all stations than those found in 1983. 

From 1983 to 1993, nutrient lev -,at near shore stations lollowed trends similar to 
those observed at mid-lake stai ins. Average ammonia concentrations dropped by 
approximately 15 to 25 percer. and average phosphate concentrations approximately 
doubled. Trends in nitrate corentrations varied with location. Average nitrate 
concentrations increased from 983 to 1993 at the Lake at Kalaa Station. and at the 
north shore stations, primarily because of the elevated concentrations measured at 
Station 11, East Central Lake. 

Dissolved oxygen concentrations paralleled trends observed with enrichment and 
nutrient parameters, with higher levels of enrichment and nutrient parameters being 
reflected in lower dissolved oxygen concentrations. Concentrations were lower at lakt 
shore than at mid-lake stations and significantly lower than those found in 1983. 
Stations 11 and 16 were anoxic throughout the year. Stations 10 and 12 had disso!ved 
oxygen concentrations ranging from zero to approximately 2 mg/l. with anoxic 
conditions prevailing most of the year. The highest concentrations were measured at 
Station 23 where they ranged from zero to 6 mg/l, with acceptable conditions 
(> 5 mgil) occurring only during 3 months. As discussed in Section 4.1. which 
follows, diurnal variations were observed in dissolved oxygen concentrations. 
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Metals 

With the exception of average annual copper and zinc concentrations, which were 
marginally higher at the Lake at Kalaa Station (Station 16) than at other stations,
concentrations of metals at all near shore stations were comparable. 

Overall, conditions at the near shore stations were similar to those observed rnid-lake 
with average concentrations of metals at near shore and mid-lake stations being the 
same order of magnitude. As with mid-lake stations, average annual chromium, 
nickel, and zinc concentrations were below the acute and chronic water quality 
criteria (Table 4-13). 

The average co;,cntration of cadmium at the North Shore, East Lake, and Lake at 
Kalaa Stations exceeded the USEPA's chronic and acute water quality criteria by a
factor of I to 14 (Table 4-12). Average concentrat ions of copper at tile North Shore 
and East Lake Stations exceeded chronic, and acute water qualitry criteria by a factor 
of I to 4, and at tie Lake at Kalaa station, exceeded tile criteria bv a alictor )f 2 to 8 
(Table 4-13). Average lead concentrations at the North Shore. List Lake. and Lake 
at Kalaa Stations exceeded the'chronic water qIlual ity criteria by ailactr if I tt 16. 
and were less than the acute water quality criteria ('able 4-13). 

Compared to near1983, the average cadmiurn, copper. and lead concentrations at
shore stations have shown little change. Average chrnliiurn ctriCCI tatitlns at the east 
lake stations increased by a factor of 4. Average nickel concentrations at near shore 
stations showed an increase from those found in 1983. The average concentrations at 
the North Shore, East Lake, and Lake at Kalaa Stations increased h\ factors of 20. 6. 
and 17, respectively. 

Average zinc concentrations remained approximately the same at the North Shore 
and East Lake stations, but increased at the Lake at Kalaa station 1y more than an 
order of magnitude. 

Sediments 

Volatile solids, or the orga.nic content of fixed solids, ranged from 17 to 65 g"I 00g.
with an average of 37 g/100 g. Thus, the average volatile solids concentration in near 
shore areas of the Main Basin was ftour times greater than the "hIigh" of l1 I 100g,
and was greater than those at nid-lake stations. Of the near shore statitns, average
volatile solids levels were highest at tile East Central Lake Station (Station I I ) at 59 
g/l 00 g and lowest at the North Shore Station (Station 23) at 27 il (I) . 

The pH of' near shore sediments remained close to neutral throughout the year.
ranging from a mninimum of 6.0 to a maximum of' 8.0. 
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Parameter 

Cadmium 

North Shore 

East Lake 

Lake at Kalaa 

Chromium 

North Shore 

East Lake 

Lake at Kalaa 

Copper 

North Shore 

East Lake 

Lake at Kalaa 

Lead 

North Shore 

East Lake 

Lake at Kalaa 

Nickel 

North Shore 

East Lake 

lake at Kalaa 

Zinc 

North Shore 

East Lake 

Lake at Kalaa 

Table 4-13 
Comparison of 1993 Concentrations of Metals at Lake Shore Stations to 

USEPA Water Quality Criteria (Average Concentration in gg/I) 

USEPA Water Quality' Criteria 

Chronic Acute Chronic 

Avg. Min. Max. Min. Max. Min. 

4 9 27 73
 

57.0 14 


49.3 12 


39.4 10 


836 1,723 7,015 14,458
 

55.5 0.07 

47.6 0.06 

40.3 0.05 


51 108 108 203
 

151.2 3 


190.4 4 


387.1 8 


28 86 715 2,21
 

3969 
 14 


436.5 16 


404.5 14 


667 1,408 5,999 12,663
 

203 2 
 03( 

152 5 
 (23 

1684 1 
 025 


449 950 496 1,048
 

3(7 5 
 ((68 


191 2 


1I 
((43 

460 3 


Ratio of Average
 

Acute
 

Max. Min. Max. 

6 2 0.78
 

5 2 0.68
 

4 I 0.54
 

0.03 0.01 0.004 

0.03 0.01 0.003 

0.02 0.01 0.003 

I I 0.74
 

2 2 1
 

4 4 2
 

5 0.56 0.18 

5 0.61 0.20 

5 0.57 0.18 

0 14 003 0016 

1.)Il 003 0.012 

( 12 0.03 0.013 

0 32 0 62 0.29 

(.20 0.39 0.18 

0.48 0.93 0.44 

CvQ3339Vl.,SSA'I'T NI.S 



Cadmium. The concentration of cadmium ranged from 6 to 140 .g/g in the lake 
shore sediments of the Main Basin. The average concentration of cadmium was 
similar at each of the lake shore stations, with averages ranging from 37 to 49 Ag/g,
and an average at all shore stations of 41 .g/g, slightly higher than the averages at 
mid-lake stations (Table 4-14 and Figure 4-10). Average concentrations at each lake 
shore station were much higher than the ER-L of 5 g/g and the ER-M of 9 Ag/g. 
Therefore, cadmium concentrations in near shore sediments are expected to 
contribute to mortality and altered life-cycles of a variety of species. 

Chromium. The concentration of chromium in the lake shore sediments ranged from 
4 to 95 ,g/g. The average concentration of chromium was similar at each of the lake 
shore stations, with averages ranging from 22 to 33 ,g/g, and an average at all lake 
shore stations of 28 g/1 (Table 4-14). Average concentrations of chromium were 
higher at most of the lake shore stations than those at the mid-lake stations 
(Figure 4-10). Average chromium concentrations were less than the ER-L of' 80 g/g
and the ER-M of 145 pg/g, although concentrations of individual samples were 
greater than the ER-L. 

At locations where chromium concentrations approached or exceeded 80)Jpg/g, there 
may have been detrimental effects. !n Massachusetts Bay, for example. sediments 
with low species richness had a mean chromium content of 81 A.g/g, as compared to a 
mean of 27 Ag/g in samples that had high species richness (Long and Morgan. 1990).
Similarly, significant toxic effects were observed in D. magna when Dap/znia were
 
exposed to sediments with mean chromium levels of 72.6 /gg and in G. japonica

when they were exposed to samples with mean chromium levels of 81.4 /g/g. 
Therefore, species in areas of Lake Maryout with sediment chromium concentrations 
greater than 80 /g/g can be expected to exhibit toxic effects. 

Copper. The concentration of copper in the lake shore sediments ranged trom 
98 .g/g to 7,110 .gg (Table 4-14). The average concentration of copper ranged from 
lovs of 430 /.g/g at Station 23 (North Shore Station) and 544 /gIg at Station 16 (Lake 
at Kalaa) to a high of 1,105 Ag/g at Station 10 (East Lake Station). Compared to 
copper concentrations measured at mid-lake stations, higher concentrations are 
present at Station 10 (East Lake) and lower concentrations are present at Stations 16 
and 23 (Lake at Kalaa and North Shore. respectively), resulting in a higher average
concentration at shore than at mid-lake stations (Figure 4-10). On the average. 
however, lead concentrations were higher at near shore than those at mid-lake 
stations. Average concentrations at all lake shore stations were higher than the ER-L 
and ER-M levels of 70 and 390 bgg, and were likely to cause toxicity in various 
species and lower diversity of benthic organisms. 

Lead. The concentration of lead in the lake shore sediments ranged from 60 to 
7,000 Ag/g, with average concentrations of lead at lake shore stations ranging from a 
low of 469 Ag/g at Station 16 (Lake at Kalaa) to a high of 1,398 ug/g at Station 23 
(North Shore) (Table 4-14). With the exception of Station 23. lead concentrations at 
near shore stations were comparable to those at mid-lake stations in the Main Basin. 
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ND-Nol Determined
 
"Source: Long and Morgan. 1990.
 

Table 4-14
 

Characteristics of Sediment at Lake Shore Stations-1992/93
 

Main Basin Lake Shore Effects Range (ugJg)a
 

Units Average Range Low Median
 

g/Il()g 63 35-83 ND ND
 

g/I(X)g 37 17-65 ND 
 ND 

ug/g 41 6-14) 5 9
 
ug/g 28 4-95 80 
 145
 

ug/g 748 98-7,110 70 390
 
ug/g 843 60-7,(XX) 35 110
 
ug/g 259 1-830 30 50
 

ug/g 1,593 130-13,2(X) 120 270
 

I'l1 1 1i1 '1 I( 2'2''1 



On the average, however, lead concentrations were higher at the near shore than 
those at mid-lake stations. Average concentrations at all near shore stations were 
significantly higher than the ER-L and ER-M of 35 and 110 .g/g, respectively. These 
data indicated lead concentrations found in the sediment along the shore of Lake 
Maryout would likely contribute to low species diversity, low species richness, and 
toxicity to a variety of species. 

Nickel. Nickel concentrations in lake shore sediments ranged from I to 830 /.g/g.
Average nickel concentrations at lake shore stations ranged from 163 to 328 jg/g,
with concentrations comparable to those present at mid-lake stations (Table 4-14 and 
Figure 4-10). Average nickel concentrations were significantly higher than the ER-L 
of 30 /ig/g and the ER-M of 50 /g/g. Consequently, the sediments were expected to 
contribute to low species richness and toxic effects on a variety of species. 

Zinc. The zinc concentration in the lake shore sediments ranged from 130 to 
13,200 /g/g, with average concentrations of zinc at lake shore stations ranging from a 
low of 1,071 Ag/g at Station 16 (Lake at Kalaa) to a high of 2,125 Aixg at Station 13 
(West Lake) (Table 4-13). Zinc concentrations at lake shore stations were
 
comparabJe to those present at mid-lake stations, and were significantly higher than
 
ER-L of i20 Ag/g and the ER-M of 270 )g/g (Figure 4-10). These zinc 
concentrations would also contribute to low species richness and mortality in a variety 
of species. 

In summary, lake shore sediments had metals concentrations that were comparable to 
or i-igher than those measured at mid-lake stations (Figure 4-l0). As with the mid­
lake sediments, all of the heavy metals analyzed in lake shore sediments exhibited
 
concentrations that were close to or higher than the benchmark values. 
 Average
 
sediment concentrations of cadmium, copper, lead, nickel, and zinc in lake shore
 
sediments of Lake Marvout were at least one order of magnitude higher than the low 
effects range and, in some cases, were an order of magnitude higher than the median 
effects levels as determined by Long and Morgan (1990). In addition, the range of 
chromium concentrations contained levels that were higher than the standard effects
 
levels for this metal. 
 These levels indicate that metals in the sediments contributed to 
low species diversity, low species richness, and toxicity to a variety of species. 

4.2.3 Lake Input Stations 

The following stations are lake input stations: 

* Station 6-Industries Drain 
* Station 7-East Central Drain 
* Station 8-West Central Drain 
* Station 9-West Drain 
* Station 5-Mouth of the Kalaa Drain 
* Station 19-El Omoum Drain 
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Stations 6, 7, 8, and 9 were drains directly entering the north shore of Lake Maryout, 
with Station 6 receiving flows from industrial sources. Stations 5 and 19 were located 
at the mouths of the Kalaa and El Omoum Drains, respectively, and are major inputs 
to the Lake. Station 5 was on the Kalaa Drain at Desert Road, immediately prior to 
the drain's discharge to the Lake. 

The Kalaa Drain system, which enters the lake at Station 5, consists of three stations: 
Station 2, which was located upstream of the Hydrodrome Drain; Station 4,which was 
located downstream of the Hydrodrome Drain near the Kalaa Drain Pump Station: 
and Station 5. Station 1, which flowed to the Kalaa Drain System, was located on the 
Smouha Drain. The Smouha Drain carries the sewage that will ultimately be diverted 
to the East Sewage Treatment Plant (STP). Station 5 carried flows from the Smouha. 
Kalaa and Hydrodrome Drains. 

Nutrients and Enrichment 

Generally, the average concentration of enrichment parameters ranged from a high at 
the Industries Drain, followed by the Omoum Drain and then the Mouth of the Kalaa 
Drain, to a low at the West Driin (Figure 4-11). Although flow associated with the 
Industries Drain (Station 6) was only approximately 0.5 percent of the total flows 
entering the lake, this drain carrie the highest average annual concentrations of all 
enrichment parameters (BOD, COD, total suspended solids, and volatile solids) 
(Table 4-15). Average annual concentrations of enrichment parameters were 
approximately two to three times those measured in the Main Basin (Figure 4-12). 

The next highest concentrations were measured in the Omoum Drain (Table 4-15). 
Although average annual concentrations in the Omoum Drain were approximately 
one-half those measured in the Industries Drain. the Omoum Drain still had averai.~e 
annual BOD and COD concentrations comparable to "strong" untreated wastewater. 
and total suspended solids and volatile solids concentrations approximately tour times 
those found in "strong" untreated wastewater. The Omoum Drain carries 
approximately 90 percent of the flows to the lake: therefore, it contribute:, a 
substantial load of BOD, COD, total suspended solids, and volatile solids to the lake. 
Average annual concentrations of enrichment parameters were higher in the Omoum 
Drain than in the Main Basin, and lower than in the Northwest Basin (Figure 4-12). 
This suggests that developed land around the Northwest Basin was ,major 
contributor of enrichment parameters. 

The Kalaa Drain, which carries approximately 8 percent of the flow to Lake Marvout. 
had the third highest concentrations of enrichment parameters. BOD and COD 
concentrations were comparable to "medium to strong" untreated wastewater. and 
total suspended solids and volatile solids concentrations were almost twice as strong 
as those found in "strong" untreated wastewater. Concentrations of enrichment 
parameters measured at the mouth of the Kalaa Drain were comparable to or lower 
than those at mid-lake stations. 

PHL/P:',CVO333o91 O, 013.5 1I0/21493 4-37 



2500 

2000 
* U INDUSTRIES DRAIN


mg/I 1500 EAST CENTRAL DRAIN
-..-


E WEST CENTRAL DRAIN 

1 E WEST DRAIN 

0 KALAA MOUTH 

-OMOUM DRAIN 

BOD SS VS COD 
Figure 4-11 
LAKE INPUT ENRICHMENT 
CHARACTERISTICS -1992/93 

2500 . . . . . .. 

2000 - .. . MAIN BASIN 

El NORTHWEST BASIN 

mg/I 1500 
M OMOUM DRAIN I 

100A0ADRAIN 

5 INDUSTRIES DRAIN 

BOD SS VS COD 

Figure 4-12 
COMPARISON OF ENRICHMENT 
CHARACTERISTICS OF MAJOR LAKE INPUTS
TO MID-LAKE CONDITIONS IN 1992/93 

I ". 
'I 



Table 4-15
 
Water Quality of Lake Input Stations-1992/93
 

(Average Annual Concentration in mg/I)
 

Typical 
Concentration of 

Station 7 Station 8 Untreated 
Station 6 East West Station 5 Station 19 Wastewater' 
Industries Central Central Station 9 Kalaa Omoum 

Parameter Drain Drain Drain West Drain Mouth Drain Weak Strong
BOD 1,009 225 236 139 344 557 110 400 
COD 1,825 422 415 249 670 1,017 250 1,000 
Total Suspended Solids 2,178 402 927 306 653 1,262 100 350 
Volatile Suspended Solids 2,047 250 418 224 519 1,030 80 275 
Ammiona-N 2.7 1.9 2.0 2.3 1.1 0.8 12 50 
Nitrate-N 9.4 5.2 5.1 4.7 3.5 3.23 0 0 
Phosphate-b 2.9 6.(0 9.2 8.5 3.9 4.1 3 10 

['Source: Metcalf & Fddy. 1991. 



Within the Kalaa Drain system, the lowest concentrations of enrichment parametersare found in the Smouha Drain (Station 1) (Table 4-16 and Figure 4-13). Station Irepresents flows that will eventually be diverted to the East Treatment Plant.Average annual BOD and COD concentrations comparable to "weak" untreatedwere
wastewater, and total suspended solids and volatile solids concentrations 
werecomparable to "medium to strong" wastewater (Table 4-16).
concentrations of enrichment parameters 
The highest
 

were observed upstream of the HydrodromeDrain (Station 2), which drains an agricultural area. The Kalaa Pump Station(Station 4), which reflected the aggregate quality of the Smouha, Hydrodrome, andKalaa Drairns, had concentrations of enrichment parameters higher than those atStation I and slightly lower than those at Station 2. 

During most months of the 1992/93 sampling period, nutrient concentrations(ammonia, nitrate, and phosphate) at lake input stations were higher thanconcentrations observed at in-lake and lake outlet stations, although not to the extentobserved with enrichment parameters. Average annual nutrient concentrations at themouth of the Kalaa Drain (Station 5) and in the Omoum Drain (Station 19), whichhave the greatest flows, were similar to or lower than those found at mid-laKe 
stations. 

The greatest nitrate levels were observed at the Industries Drain, Station 6, and thehighest phosphate concentrations were observed at Stations 8 and 9 (the West
Central and West Drains) (Figure 4-14). 
 These elevated concentrations may accountfor the higher concentrations observed at stations in the Main Basin relative 
to the

Northwest Basin. 

Within the Kalaa Drain system, the average annual concentrations of nutrients aregenerally low, and were 
 less than those found in "strong" municipal wastewater.
Average annual ammonia and nitrate concentrations wereHowe~er, on a 
similar at all station..monthly basis, ammonia concentrations usuall.,h higher in thewereSmouba Drain (Station 1) than those at the upstream Kalaa Station (2). Inputs fromthe Smouha and Hydrodrome Drains raised ammonia and nitrate concentrations atStation 4. These concentrations dropped somewhat by the time Station 5 wasreached. Average annual phosphate concentrations followed similar trends and


higher at Station 4. 
were
 

Dissolved oxygen concentrations in the lake inputs were lower than those at lakeshore and mid-lake stations, with most lake inputs being anoxic most or all of theyear. The few times that low levels of dissolved oxygen were present occurred in thewinter or early spring. The highest concentrations measuredwere in the Omoum
Drain (Station 19), where dissolved oxygen concentrations ranged from zero 
 to4 mg/l. never reaching the U.S. criteria for warm waters designated for fish and
 
wildlife habitat.
 

The increased levels of enrichment parameters observed1993 corresponded to 
in the lake from 1983 toincreased concentrations observed in lake inputs (Figure 4-15). 
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Table 4-16
 
Water Quality of Kalaa Drain System-1992/93
 

(Average Concentration in mg/I)
 

Typical Concentration of 
Station I Station 2 Station 4 Untreated Wastewater' 

Parameter Smouha Drain Upstream Kalaa Kalaa Pump Station Weak Strong 
BOD 129 404 313 110 400 
COD 202 642 604 250 1,000 
Total Suspended Solids 300 946 
 641 100 350 
Volitile Suspended Solids 169 695 591 80 275 
Ammonia-N 1.7 1.1 1.5 12 50 
Nitrate-N 3.3 3.0 3.4 0 0
 
Phosphate-P 3.1 3.0 4.5 3 10 

["Source: Metcalf & Eddy, 1991. 
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Average concentrations of BOD and COD in the Omoum Drain increased by factorsof approximately 3 and 2.5, respectively, during the 10-year period, and total
suspended solids and volatile solids concentrations increased by factors of
approximately 2 and 5, respectively. Concentrations of BOD, COD, and totalsuspended solids at the mouth of the Kalaa Drain increased approximately two-a"'d
and volatile solids concentrations increased by a factor of approximately 7. 

Within the Kalaa Drain system (Stations 2 and 4), the increase in enrichment
concentrations during the 10-year period was less dramatic. BOD concentrations
increased by factors ranging from 1.3 to 2; COD concentrations remained the same ordropped; total suspended solids concentrations remained the same or showed a small
increase; and volatile solids concentrations increased by factors of 3 to 4. 

From 1983 to 1993, nutrient concentrations at lake input stations followed trends

similar to those observed at the 
near shore and mid-lake stations. The increase inboth nutrient and enrichment concentrations can be attributed, in part. to greater
population densities, to increased industrial activity, and to increased development in 
the city and outlying areas. 

During this period, phosphorus inputs increased, and ammonia inputs dropped

dramatically. 
 As discussed earlier, the drop in ammonia concentrations may havebeen due to high concentrations of dissolved organic matter, resulting in ammonia

strongly sorbing to particulate and colloidal particles.
 

Average ammonia concentrations at the mouth of the Kalaa Drain (Station 5). theupstream Kalaa Station (2), the Kalaa Pump Station (4), and the Omoum Drain
(Station 19) dropped by an 
order of magnitude or more from 1983 levels. The

magnitude of the drop can be attributed to the extreme variability in ammonla
concentrations at Stations 2, 4, 5, and 19 in 1983 (concentrations were an order of

magnitude or more 
higher at each station on one sampling date). 

Average annual nitrate concentrations at Stations 2, 4. 5. and 19 remained
approximately the same, although in 1993 higher nitrate concentrations were observed 
more frequently in individual samples taken at Station 2 than those taken in 1983. 

From 1983 to 1992/93, average phosphate concentrations increased three-fold at
Station 5 and increased four-fold at Station 
 19. Average phosphate concentrations
dropped from 1983 to 1993 at Stations 2 and 4, although this trend was due to one
sample in 1983 with very high phosphate concentrations that raised the average

concentration. 
 In 1993, higher phosphate concentrations were observed more 
frequently at these stations than in 1983. 

Given the magnitude of change in ammonia concentrations at Stations 2, 4. 5. and
and in phosphate concentrations at Stations 5 and 

19. 
19, it is likely that similar trends(decrease in ammonia and increase nitrate concentrations) have occurred at other 

input stations. 
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Metals 

Overall, the average concentrations of cadmium, chromium, nickel, lead, and zinc 
measured at lake input and Kalaa Drain stations, lake shore, and lake stations were 
similar (Figure 4-16). However, concentrations of copper differ between stations. 
The average concentration of copper at lake input stations was approximately double 
that at lake shore and mid-lake stations. Differences were also observed between 
lake input stations. Copper concentrations at the mouth of the Kalaa Drain Station 
(Station 5) and the near shore Lake at Kalaa Station (Station 16) were approximately 
two to seven times higher than those at other stations (Table 4-17). However, 
because of the variability of copper concentrations at stations in the Kalaa Drain 
system on different dates, the source of the elevated copper concentrations (Smouha. 
Hydrodrome, or Kalaa Drains) was not clear. Of the lake input stations, the Omoum 
Drain had the lowest average concentration of copper. 

In addition to copper, cadmium and lead were at concentrations above chronic and 
acute water quality criteria in Lake Maryout. Although average cadmium 
concentrations were similar at all lake input stations, the high concentrations were 
observed on individual dates at the Industries Drain (Station 6) and the Omoum 
Drain (Station 19), suggesting that pulses of cadmium from these drains contributed 
to elevated cadmium concentrations. 

Lead inputs also appeared to be intermittent. Although average lead concentrations 
were similar at all stations, e'evated concentrations were measured on individual dates 
at the Industries, East Central, and West Central Drains (Stations 6. 7. and 8). This 
suggests that episodic lead inputs from these stations may have been responsible tor 
in-lake concentrations above the water quality criteria. 

Although comparison to 1983 conditions was limited by a single metal sample in 1983. 
increases in concentrations of several metals by more than an order ot magnitude 
were observed at lake input stations. Nickel concentrations at the mouth of the 
Kalaa Drain and the Omoum Drain (Stations 5 and 19) and lead concentrations at 
the mouth of the Kalaa Drain (Station 5) increased by more than an order of 
magnitude. This increase in concentrations at lake input stations may be responsible
for the increase in nickel concentrations measured at mid-lake and near shore 
stations. Despite the increase in lead Inputs at Station 5, average lead concentrations 
at mid-lake and near shore stations have remained approximately the same. 

Smaller changes were also observ,.zd between 1983 and 1993, including an increase in 
chromium concentrations in the Omoum Drain by a factor of approximateiy 5. and an 
decrease in copper concentrations in the Omoum Drain. which dropped b\ a tactor 
of 5. Increased chromium concentrations were also observed in the Lake during this 
period. Copper concentrations increased in the Main Basin and remained 
approximately the same at near shore stations during this period. 
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Metals Concentrations at Lake Input Stations- 1992/93
(Average Annual Concentration in ug/i) 

Station 6 Station 7 Station 8 Station 5 Station 19 
Industries East Central West Central Station 9 Kalaa Omoum

Parameter Drain Drain Drain West Drain Mouth Drain 
Cadmium 89 36 59 48 50 72 
Chromium 65 33 60 25 38 59 
Copper 380 398 330 278 700 95 
Nickel 248 129 244 126 185 228 
Lead 616 560 541 411 471 420 
Zinc 297 257 
 583 618 563 329 

I/1 N.\' IM ,tI',€ 1 IgI I '2 



4.3 Bacteria
 

Although, as described in Section 3, there were several limitations on use of coliform 
data because of equipment availability and other unavo'dable factors, the data do 
reveal significant trends. These trends are discussed below for the various lake areas. 
Little consistent seasonal trends were identifiable, thus yearly averages are used inthe 
discussion. Also, the fecal coliform trends generally followed the total coliform trends 
(most measurements positive for total coliform were also positive of fecal coliforms). 
and, although both fecal and total are presented in Appendix C and summarized in 
Appendix B, the discussion in this section focuses on the total coliform measurements. 

The coliform measurements in the Kalaa Drain system reflected expected results. 
The upstream station had a yearly geometric mean of 1 x 109 per 100 ml and the 
Smouha Drain had a concentration approximately four times higher. This resulted in 
a concentration of total coliform bacteria in the Kalaa Drain as it entered the Lake otf 
between 4 and 5 x 109 per 100 ml. 

The other discharges to the Lake reflected a similar pattern. The shore discharges 
(Stations 11, 12, 13, 23, 10, and 16) had an average of 5 up to almost 8 x 109 per 
100 ml. The highest of these were the West Centrbl (Station 8) and West (Station 9) 
Drains. The north shore discharges were generally higher than those of the east 
shore. The Omoum Drain (Station 19), which is primarily an agricultural drainage, 
had a significantly lower concentration (7 x 103 per 100 ml). 

The lake shore stations showed extreme spacial and temporal variability but generally 
ranged from 105 per 100 ml to 108 per 100 ml. In contrast, the open lake and outlet 
(Stations 21, 22, 24, and 20) had lower concentrations, with yearly averages ranging 
from 102 per 100 ml to 104 per 100 ml. 

Although the individuai measurements may be affected by data quality limitations, a 
discernable trend seems apparent (Figure 4-17). The sanitary discharges to the Lake 
were the major sources of bacteria, with concentrations generally at 10" per 16A0 ml. 
The agriculture drains had concentrations generally 4 to 6 orders of magnitude lower. 
The shore stations, which were most heavily influenced by the sanitary discharges, had 
the highest lake concentrations. The open lake stations reflected die-off and dilution 
with the agricultural drains and had concentrations almost 4 orders of magnitude 
lower. However, even the relatively low concentrations in the open lake. and even 
the agricultural drains, represented a significant public health risk from even 
secondary contact. 

As described in Section 3, duplicate sets of bacteria samples were taken in June 1993. 
One set was analyzed at the University of Alexandria High Institute for Public Health 
using the procedures used during the 12 continuous months of monitoring. The other 
set was analyzed by a WWCG laboratory specialist at the High Institute using 
supplemental equipment. The results of the two methods are presented in 
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Table 4-18. In general, the June 1993 results follow the trends observed during the 
12 consecutive months of monitoring. The sanitary drains had concentrations of 10' 
per 100 ml to 109 per 100 ml, and the agricultural drains were several orders otf 
magnitude lower. The shore stations had lower concentrations than those oft the 
sanitary drains but considerably higher than those of the central lake. 

The comparison of duplicate samples showed large variations. The High Institute 
data were generally 2 or more orders of magnitude lower. However, the split sample 
analyzed by the WWCG laboratory specialist (Station A) showed an order of 
magnitude variation. The variation was pronounced because of the large dilutions 
which had to be made and also the extreme variability of the lake water. particularly 
the solids in the water column. Even with the limitations in the data and the 
variability between duplicate samples, the trends were clear, and there was no 
question concerning the presence of a significant public health risk. 

4.4 Biological Resources 

4.4.1 Algal Populations 

Algae were sampled from March through June and from October through December 
1992 in Lake Maryout. Algae were analyzed for their abundance and were identified 
to the genus level. Changes in the abundance and diversity of genera are described 
below. 

Algal Abundance 

The total number of algae per sampling date was reported. The total number ot' 
algae identified ranged from 200 to 2,800,000 organisms/liter (o/1). It is difficult to 
judge the algal density in the Lake on a biomass basis because algal counts included 
single-celled, colonial, and chain forming organisms and did not specil the 
abundances of each genus or species. 
Analysis of the data at each sampling site revealed changes in algal abundance during 

different months. In March. Station 8 (West Central Drain) showed the highest algal 
abundance. 2.664,000 o/l (Figu.e 4-18). During this month. Stations 10. the East Lake 
Station (1,034,000 o/1). and 11. East Central Lake Station (756.000 o/I) also showed 
high algal counts. 

Algal counts were much lower until July. In April, the highest algal counts were at 
Stations 4. Kalaa Pump Station (806,000 o/1), and 13, West Lake Station (975.t)00 ,l) 
(Figure 4-19). In May. the highest counts were at Stations 21. Central Lake (70(.00()0 
o/i), and 23, North Shore (1.092.000 o/I), (Figure 4-20). In June. only Station 10. the 
East Lake Station (56.000 o/1). had relatively high algal counts (Figure 4-21 ). In Jul,, 
the number of algae increased. At mid-lake Stations 22 and 21 (Main Basin) agal 
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Table 4-18
 
Summary of Lake and Input Station Bacteria
 

June 1993 

Coliform 
(MPN per 100 ML) 

U Alex Analysis Duplicate Analysis 

Station No. Description Total Fecal Total Fecal 

1 Smouha Drain 1.7 x 109 1.7 x 109 1.6 x 10' 1.6 X 1o, 

2 Upstream Kalaa 8.3 x 106 3.7 x 10(' 1.6 x 109 1.6 x 109' 

' 4 Kalaa Pump Station 1.1 X 108 6.8 x 107 1.6 x 109p 1.6 x 10 

6 Industries Drain 5.4 x 109 2.4 x 109 1.6 x 109 ' 1.6 X 109 

8 West Central Drain 9.2 x 109 3.5 x 109 1.6 x 109j 1.6 x 10" 

5 Kalaa Mouth 2.2 x 107 9.3 x 10') 1.6 x 109' 1.(o X 10o 

19 Omoum Drain 1.6 x 10' 5.4 x 104 4.0 X loll 4.0, x 10)" 

C West STP 2.4 x 1010 14 x 10'0 1.6 x 109) 1.t X loll 

Geomean of Lake Inputs 3.4 x 108 1.6 x 108 4.8 x 10" 4.8 x 10" 

' 1IIEast Central Lake 6.8 x 105 1.8 x 105 1.6 x 109 1.6 x 109 

12 West Central Lake 1.3 x 102' 4.0 x 101 1.2 x 10)7 1.2 x 10" 

' 13 West Lake 2.4 x 10' 21.4 x 10' 1.(6 x 10' 1.6 x 10 

' 23 North Shore 6.8 x I102 2.0 x 10 -' 2.0o Xl)ll 2.() x 10 " 

10 Fast ULake 7.0 x 10.5 1 7 X 10)5 31.5 XI)" 3.5-; I (Y' 

16 Lake at Kalaa 1.3 x 10" 1.3 \ 10' 1.0 X 10"' 1.t) \ I o" 

A East Central 1.6 x 10' 3.5 x 10)4 5.4 x I 0'1 5.4 \ I10" 

A Duplicate 3.o X 1o" 3.1o XlI)"
 

"
 Geomean of Shore Area 2.2 x 105 8.3 x 10 4 .9 X 1l)" 2,9 X loll 

Lake 21 Central Lake 2.8 x 10"4 1., \ 103 21.0 X 1011 2.( X loll 

22 Central Lake 2.6 x 103 ,.o X 10-, 1.7 x 11)' 1.7 x I10' 

NW Basin 24 Northwest Basin 4.0 x 10' 4.0 x 10' 3 ., " XIO8 3.0 x 10" 

x 103Outlet 20 El Mex Pump Station 2.4 x 104 1.5 9.2 x 10' 9.2 x 10" 

x 103B Southwest Basin 2.3 1.3 x 13 2.o X loll 2.0 x 10" 

Geomean of Open Lake 12.8 x 103 4.9 x 102 4.5 x 107 4.5 X 10o 
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counts increased to 1,620,000 o/] and 750,000 o/l, respectively and at Station 23 
(North Shore) increased to 1,020,000 o/l (Figure 4-22). In August, the highest algal 
counts of the year, 5,000,000 o/l, were observed at Station 23 (North Shore) 
(Figure 4-23). In October algal counts dropped and only Station 23 (871,200 o/I) had 
high algal counts (Figure 4-24). 

In November, the number of algae increased again. The greatest number of algae 
were counted at Stations 13, West Lake, (2,800,000 o/1), 22, Central Lake. 
(1,650,000 oil), and 23, North Shore, (1,750,000 o/l) (Figure 4-25). Algae counts in 
December were relatively low at all sites (less than 400,000 o/1) (Figure 4-26). 

Throughout the year, the highest counts generally occurred at lake shore stations. 
The stations that had relatively low algal densities (less than 400,000 o/l) throughout 
the sampling period included Stations 1, 2. 5, 6, 9, 16, 19, and 20. These low counts 
generally reflect stations at drain locations as opposed to open lake conditions. 
Stations 1, 2, and 5 were part of the Kalaa Drain system: Stations 6. 9. and 19 were 
the Industries Drain, West Drain, and Omoum Drain. respectively: Station 10 is the 
Lake at Kalaa Station: and Station 20 was the El Mex outlet. 

Algal Diversity 

The dominant phyla identified throughout the sampling period included Chlorophyta 
(green algae) and Euglenophyta (euglena) and the sub-phylum, Bacillariophycaca 
(diatoms). In March 1992, algae were identified broodly as Chlorophyta. Diatoms. 
and Euglenophyta. In the following months, algae were identified to the generic level. 
Dominant algae included Euglena. Chlorella, Cvc!Wella. ULothrir. ZVp,ema. and 
protozoa species. 

The composition of algae in Lake Marvout changed when sampling was pertormed in 
May 1992. In addition to Euglena, Chorella. and Ci'chotella identified in the April 
samples. Me/osira. Spinuina. Tabelaria.Aginelluln, Phvt o'uie.. and diatoim species 
were present in the water column. 

In June 1992. most ot these genera remained in the water column. Three genera 
present in the May sample, C/l/orella. .wgmewllum. and Phtocoliie.. disa ppeared in 
June. and were replaced by Pediastim,.Actinastnn. and Stephanodesciu. 

In July. Acinas'non remained and was accompanied primarily by Melosira, Euglea. 
and Spirulina. In August, the dominant algal species was Spinlina. which was 
accompanied by Euglea, MAelosira, PhxtoconiLs and Cvclotella. 

Algal data were not available in September 1992. Analysis of data collected in 
October 1992 indicated the presence of the dominant genera, Tahelana. In addition. 
Chlorella. previously in the May sample. reappeared and two new genera. Fragi/aria 
and Scenedsmus. appeared. 
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In November 1992, one genera, Actinastrum, dominated the water column. 
Actinastrum was replaced by Gomphonosphera as the dominant genera in December. 
Other genera identified in the December 1992 sample included Euglena, Tabelaria, 
Pediastrum,Melosira, and Ulothrix. 

The genus of algae in Lake Maryout demonstrate that water quality is exceedingly 
poor. Most of the genera identified have been associated with different aspects of 
poor water quality (Table 4-19). For example, Gblorella, Euglena, and Agrnenellum 
are algae usually found in polluted water (,ALPHA, 1989). According to Lee (1980), 
Euglena are usually found in waters contaminated by animal pollution or decaying 
organic matter. The diatom, Fragilaria,is almost always present in "sewage fungus", a 
characteristic indication of organic discharges (Hellawell, 1986). Furthermore. 
according to Hellawell, other filamentous algae present in "sewage fungus" include 
Cladophora,Spirogyra, and Ulothrx. Hellawell also notes tlPat diatoms are often 
associated with "sewage fungus", and the genera Fragilaria,Melosira. and Diatwna are 
commonly present. The following genera of algae are indicators of pollution: 

Euglena is found in Polysaprobic waters (grossly polluted) 

Ulothrix is found in alpha-Mesosaprobic water (polluted) 

Cladophora,Pediastmm, and Scenedesmus are found in beta-
Mesosaprobic water (mildly polluted) 

Thus, the majority of algae identified in samples from Lake Maryout have been 
associated with polluted water in other studies, and are another indication that Lake 
Maryout has poor water quality. 

Productivity 

Primary production in a lake is associated with algae and macrophytes. To estimate 
in-lake primary production from both these sources, oxygen concentrations were 
measured for a 24-hour period in the Northwest and Main Basins. For this gross 
estimate of production, the simplifying assumption was made that the change in 
concentration over the period is the net result of ovygen generated by photosynthesis 
and oxy gen consumed by total lake respiration. This simplification ignores other 
sources of oxygen generation. such as diffusion from the atmosphere, and other 
sources of oxygen depletion. such as sediment oxygen demand. 

In both basins, the oxygen concentration decreased by approxmaiclv 0.5 mg.i per 
hour during the dark period, indicating the rate of lake respiration. During light 
hours, the oxygen concentration increased by approximately 0.5 mg/l per hour, which 
indicated a net production (gross production minus respiration) of approximately 0.5 
mg/I per hour. Combirning the net production and respiration yielded a gross primary 
production, expressed as oxygen, of approximately I mg/I per hour for daylight hours. 
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Table 4-19 
Description o' Algae in Lake Maryout (March - December, 1992) 

Algae Colonial Chain 
Single

Cell 
Pollution 
Indicator Blue/Green Green 

Algal Group 

Red Flagellate Diatoms 

Euglenophyta V Yes 

Chlorella 

Cvclotella 

Melosira 

Spirulina 

Ulothrix 

v 

/ 

V 

V 

I/ 

Yes and filter clogging 

Depends on species type 

Yes and filter clogging 

Yes and associated with 
pond sewage 

No, clean water algae 

/ 

V 

V 

/ 

/ 

Z}gnemna V V 

Pediasrnmn ,I 

Tobelaria V Taste and odor causing 

Actinastru Ofn 

Stephanodescus V V 

Goniphosphaeria V Taste and odor causing / 

Agmenellumni 

Scenedesrnus 

Diatoms 

/ 

V 

Depends on species type 

Associaiwd with pond 
sewage 

Filter clogging 

/ 

/ 

V 

Phvtocontt's V 

Protozoa V 

Source: C.M. Palmer, 1977. 



This rate was high and reflected the relatively warm temperatures, nutrient rich 
waters, and high intensity sunlight. 

The estimated gross oxygen production rate of 1 mg/ per hour would result in a total 
lake production of approximately 300,000 kilograms of oxygen per day or almost 
10 g C per M 2 per day, which ranks with the most productive systems in the world. 
The BOD exerted by the decay of the organic matter resulting from this production
would be a similar value, which was approximately 8 percent of the total BOD load to 
the Lake.
 

The effects of the production on dissolved oxygen and other water quality and 
biological parameters in the lake were highly variable on a seasonal and diurnal basis. 
During periods of high productivity, more oxygen was generated than was consumed. 
but at other times respiration and decay of the production would contribute 
significantly to anoxic conditions. There were also times when the excess production 
accumulated in the sediments, producing high hydrogen sulfide concertratiotls. The 
excessive production would also result in export, via the El Mex pump station, of 
significant BOD to coastal waters, potentially affecting dissolved oxygen in the near 
shore area. 

4.4.2 Benthos 

In Jane 1993, benthic samples were collected from four lake shore stations in the 
Main Basin, the two mid-lake stations in the Main Basin, and one station in the 
Southwest Basin (Station B) (See Figure 3-1). The lake shore stations included 
Station A, which is near the Industries Drain, Station II (East Central Lake). Station 
23 (North Shore), and Station 16 (Lake at Kalaa). 

At each station, three samples were collected and inventoried. Shells or other 
evidence of freshwater and marine fauna from four classes were present in the 21 
samples: Pi)lychaeta (tube worms), Crustacea (barnacles), Lamellibranchia (Cardium 
sp. and Lucina sp.), and Gastropoda (Melanoid sp., Pirenilla sp.. Planorbua sp.. and 
Neretina sp.). The biological examination found dead bottom tauna at all of the 
stations in the Main Basin, and two specimens of Planorbulasp. (snail) at the station 
in the Southwest Basin. These data are in,..',ded in Appendix C. 

These resvlts contrast with conditions prior to 1970. In polluted areas. Chironoinus 
(midge) larvae and Gammarus (scud or sideswimmers) were common. Non-polluted 
areas of the lake were populated with the marine worm, Nereis diversicolor; Melania 
tuberculata; the marine amphipod, Corophiurn sp.: Gammarus and Chironornus larvae 
(Serruya and Pollingher, 1983). Shell debris from Balanus sp. (barnacles) and 
Mercierella enigmatica were also present. 
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4.4.3 Fisheries 

In 1992, the most recent year for which fish catch data are available, the fish catch in 
Lake Maryout was dominated by pollution-tolerant species --apable of surviving under 
conditions of low dissolved oxygen and high vegetative productivity. Approximately 
77 percent of the catch in Lake Maryout consisted of grass carp (Tilapia sp.). 
20 percent consisted of catfish (ClariasLazera), and the remainder consisted of 
species such as suckers (Mugil sp.), carp (Cyprinus sp.), and eel (Anguilla sp.) 
(Table 4-20). Grass carp are omnivorous, relying largely on vegetation for food. 
Catfish and suckers are bottom feeders that are opportunistic and will eat carrion, if 
available. 

Table 4-20 
Fish Catch in Lake Maryout in 1992 

Species Metric Tons Percentage 

Tilapia 2,379.0 76.9 

Mugil- Mullet 56.5 1.8 

ClariasLazera 609.2 19.7 

Cyprinus 34.5 1.1 

Anguilla 13.5 .4 

Total 3,092.7 99.9 

Source: National Fishery Authority, 1993. 

Although comparable information on historic species composition in Lake Marvout 
was not available, data on the Hydrodrome Lake reported that 84 percent of the 
commercial catch consisted )fgrass carp, catfish, and eel. 

Annual fisheries data in Lake Maryout and nearby water bodies showed a significant
decline in the fish catch in the Lake during the past 12 yelrs (Figure 4-27). During 
the same period, the annual fish catch in the Hydrodroine Lake and Alexandria lands 
from the Mediterranean Sea fluctuated up and down. Through 1985. the annual 
reported catch was greater in Alexandria landings from the Mediterranean Sea than 
that in Lake Maryout. After 1985, the annual catch in Lake Marvout dropped to a 
fraction of that landed in Alexandria from the Mediterranean. 

In Lake Maryout, this trend was a continuation of a long-term trend, with the annual 
fisheries catch in Lake Maryout declining from a peak of 17,058 metric tons in 1975 
to a low of 1,706 metric tons in 1990, the lowest catch in more than 20 years. 
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Annual fisheries production (weight of fish caught on an areal basis) in Lake Maryout 
followed a similar trend. For the past 12 years, the annual fisheries production in 
Lake Maryout declined from a peak in 1981 of almost 1,900 kg/ha to a low point in 
1990 of approximately 300 kg/ha (Figure 4-28). During the same period, fisheries 
production in the Hydrodrome Lake fluctuated from a low in 1980 of less than 
1 kg/ha to a high in 1988 of approximately 330 kg/ha. 

A variety of factors were likely to have been responsible for the overall decline in 
annual fisheries catch and production. These included frequent anoxic conditions: 
high concentrations of pollutants, including heavy metals; excessive bacterial 
concentrations, which indicate the presence of other disease-causing organisms; and 
low levels of benthic organisms. Lake Maryout's depth may also be a contributing 
factor. The decrease in lake depth reduces available habitat area and may increase 
water temperature. 

4.5 Summary of Conditions in 1992/93 

In the 1992/93 monitoring period, Lake Maryout exhibited conditions most typical of 
an abiotic lake. Pollution and other sources of stress were so severe that the Lake 
always appeared to be degraded, without the obvious periods of die-off and decay of 
flora and fauna. 

In the Lake, the concentrations of enrichment factors increased in the Main and 
Northwest Basins from 1983, often exceeding the concentrations found in "strong". 
untreated wastewater. Phosphate concentrations more than doubled during the same 
period and were comparable to levels present in "weak". untreated wastewater. The 
phosphate levels, as well as the drop in dissolved oxygen concentrations, indicated 
that eutrophic conditions have worsened. Low oxygen and anoxic condition,, persisted 
much of the year in the Main Basin, while oxygcn concentrations in the Northwest 
Basin fluctuated between acceptable and unacceptable levels. 

Metals concentrations in the water column also increased from 1983. and 
concentrations in the water column and the sediments posed a stress on aquatic biota. 
Although chromium, nickel, and zinc concentrations in the water column remained 
less than the water quality criteria levels, their levels increased substantially from 
1983, in some cases by more than an order of magnitude. Cadmium and copper 
concentrations, which were above the water quality criteria levels in 1983. were 
present at even higher concentrations. Average metals concentrations in the Main 
Basin were comparable to or higher than those in the Northwest Basin. 

Sediment levels of cadmium, copper, lead, iickel, and zinc were similarly high, and 
were expected to contribute to altered life cycles, depressed diversity, low species 
richness, and mortality. Chromium, which had average concentrations below the low 
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effects range, occurred at concentrations approaching the low effects range at specific 
locations. 

Overall, conditions at the lake shore were generally worse than conditions at mid-lake 
stations. Where conditions were worse, they were likely the result of the direct effect 
of inputs to the Lake. Stations where selected enrichment and nutrient levels were 
higher than at mid-lake included Stations 11, 12, and 13, all of which are located 
along the Lake's north shore. Dissolved oxygen concentrations at lake shore stations 
were lower than those at mid-lake stations and were significantly lower than those 
found in 1983. At most shoreline stations, anoxic or very low oxygen conditions 
prevailed for most of the year. The bacterial concentrations were also significantly 
greater at sho-re stations. 

Metals levels in the water column at lake shore stations were comparable to those at 
mid-lake stations. In the sediments, metals le els were comparable to or higher than 
those at mid-lake stations. In both cases (water and sediment), they were comparable 
to or higher than levels measured in 1983, with chromium, nickel, and zinc (in the 
water column) increasing over levels measured in 1983. Heavy metals in the lake 
shore sediments were present at concentrations close to or higher than the 
benchmark -values foT aquatic effects, and will contribute to low species diversity and 
richness, toxicity, and mortality to a variety of species. Cadmium, copper, lead, nickel, 
and zinc were at least one order of magnitude higher than the low effects range and, 
in some case;i, were an order of magnitude higher than the median effects range. At 
certain locations, chromium was present at levels that would also contribute to 
impacts to ac uatic organisms. 

The effects of pollutant levels in the water column and sediments of Lake Maryout 
was clearly seen in the bacterial, algal, benthic, and fisheries communities. Total 
coliform concentrations at lake input stations influenced by sanitary discharges had 
geometric means of approximately 109 bacteria per 100 ml. Concentrations were 
lower in the Omoum Drain, which is primarily agricultural drainage, and in the lake. 
because of die-off and dilution. However, these "lower" concentrations (for example, 
10 to 105 bacteria per 100 ml) were still high. Algal communities were at relatively 
low densities and were comprised of pollution tolerant genera, such as Chlorella, 
Euglena, Agmenellum, Fragilaria,and Cladophera. Live benthic organisms were 
virtually absent from the stations sampled and the commercial fish catch, which has 
dropped significantly during the past few decades, consists primarily of pollution­
tolerant fish, such as grass carp, catfish, and suckers. 

The causes of high in-lake pollution levels and lov. oiological diversity and abundance 
in 1993 compared to 1983 can be attributed to a number of factors. The lake level 
has dropped 0.3 to 0.6 meters and in a lake that averages less than 2 meters total 
depth, the drop is significant. The effects have been a decrease in available dilution, 
alteration of hydrodynamics and a decrease in total assimilative capacity. There has 
also been a substantiel increase in the pollution load from the Omoum agricultural 
drain, which is the primary input to the Lake. Although all of the other agricultural 
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drainage to the Lake was not measured directly, it is likely that the pollutant 
concentrations increased from 1983 to 1993 in a manner similar to that seen for the 
Omoum Drain. There have also been increases in flow from some of the north shore 
sanitary drains. Based on a comparison of 1983 and 1993 near shore measured 
concentrations of pollutants, it also appears that the strength of the north shore 
sanitary and industrial discharges has increased between 1983 and 1993. The 
increases in flow and concentrations in the north shore sources are most likely related 
to a near doubling of the population between 1983 and 1993. 

Concentrations of enrichment parameters, ranged from a high at the Industries Drain 
(which had average concentrations approximately two to three times those of the 
Main Basin), followed by the Omoum and Kalaa Drains (each of which had average 
concentratiens of enrichment parameters equal to or stronger than "medium to 
strong" untreated wastewater). The Omoum Drain, which carried approximately 90 
percent of the flows to the Lake, and the Kalaa Drain, which carried approximately 8 
percent of the flows, were responsible for a large percentage of the enrichment loads. 
Concentrations at the Omoum Drain and mouth of the Kalaa increased over 1983 
levels. 

Within the Kalaa Drain system, the lowest concentrations were measured in the 
Smouha Drain, and the highest were measured upstream of the Hydrodrome Drain, 
which drains an agricultural area. Compared to 1983, concentrations in the Kalaa 
Drain did not increase as much as those at other lake inputs. 

Corresponding to high enrichment levels ,/ere low dissolved oxygen concentrations. 
with most lake input stations being anoxic most or all of the year. 

During most months of the year, nutrient concentrations were lower in the Omoum 
and Kalaa Drains, which carried the largest volumes of flow, than those at in-lake 
stations. Other lake input stations had concentrations of nutrients that were 
comparable to or higher than in-lake stations. Under anoxic conditions, particulate 
forms of phosphorus were likely to be solubilized from lake sediments. resulting in 
another source of phosphorus to the water column. Concentrations in the Kalaa 
Drain system were generally low, and were less than those found in "strong" untreated 
wastewater. 

Lake inputs were also responsible for elevated metals levels in the water column and 
sediments cf the lake. For the most part, average metals concentrations were 
comparable at lake input aid in-lake stations. However, the variability in 
concentrations of some metals on different dates suggested that "pulses" of elevated 
metals concentrations may be significant sources io control. For example, cadmium 
concentrations peaked on individual dates at the Industries Drain (Station 6) and the 
Omoum Drain (Station 19), and lead concentrations were occasionally elevated at the 
Industries, East Central, and West Central Drains (Stations 6, 7, and 8). 
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Section 5 
Data Quality and Priority Pollutants 

5.1 Objectives of the June 1993 Investigation 

This pre-discharge supplemental Lake Maryout investigation had three primary 
objectives relative to data quality and priority pollutants: 

Provide an indication of background concentrations of contaminants 
which could not be measured at the University of Alexandria High 
Institute of Public Health Laboratory (High Institute) or other Egyptian 
laboratories. 

Perform data quality assessment for the 1992/1993 High Institute data 
by splitting samples during the supplemental sampling program between 
The High Institute's laboratory and CH2M HILL's USA laboratories. 

Collect and analyze water and sediments samples at the study sample 
locations for priority pollutants (metals, pesticides and PCBs, volatiles. 
and semi-volatiles). 

5.2 Methods and Procedures of the June 1993 Investigation 

Sampling methods and analytical procedures used during the June 1993 supplemental 
sampling program are detailed in the Lake Marvout Supplemental Sampling Program 
Sampling & Analysis Work Plan. A copy h-s been included in Appendix D. 

The work plan includes a discussion of approach and rationale used to .:chieve the 
above stated objectives. In brief, CH2M HILL used sP.mple collection methods. 
sampling handling procedures, preservation methods, analytical procedures. and field 
and laboratory documentation that art- congruent with USEPA and the USA 
environmental laboratory industry standards of good practice. 

The High Institute used sampling methods and analytical procedures that were 
identical to those used in previous rounds of sampling and analysis. By design. this 
permitted a quality control check of '.ne High Institute's sampling techniques. 
sampling handling methods, and analytical work. 

5.2.1 Sampling Techniques 

Observations relevant to the field sampling portion ot this supplemental sampling 
program included the following. 
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Surface Water Samples 

In the collection of surface water samples, the High Institute's dip bucket method was 
used to retrieve samples from drains and waterways. Samples splits for analysis by 
each laboratory were obtained directly from the dip bucket by filling containers 
supplied by CH2M HILL and the High Institute. Good representiveness in split 
samples would be expected in samples obtained by the dip bucket method. 

Lake Water Samples 

All lake water samples were collected from a boat. The sample containers were filled 
by dipping each container below the water surface. To the extent possible. tloating 
surface matter was avoided. However, at some locations, particularly those .arrmpling 
sites on the north shore, the inclusion of septic floating matter in the samples was 
unavoidable. The comparability of results obtained from split samples at these 
locations may reflect the bias associated with inclusion of tloating matter. 

Lake Sediment Samples 

Lake sediment samples were obtained by using a mini Ponar sediment sampler. One 
or two grabs of bottom sediments were collected with the Ponar sampler at each 
sample location. Upon retrieval, the free water was allowed to drain from the Ponar 
sampier before releasing the sediments into a plastic bucket. In instances where two 
sediment grabs were made, the sediments were composited and mixed in the plastic 
bucket. Both CH2M HILL and the High Institute filled sample containers hy dipping 
sediments from the plastic bucket. Sample splits obtained by this method would be 
comparable. 

5.2.2 Sampling Handling Procedures 

Sample handling and preservation procedures can have a significant effect on the 
useful life of a sample. In most cases, the handling procedure was both sample 
matrix and parameter specific. Some relevant observations are included belo,. 

High Institute's Procedures 

Samples collected by the High Institute were generall\ not preserved in the tield. 
The lack of field preservation would not have a significant eftect on the sample 
integrity, provided the analyses were performed immedia~elv or within the period of 
time where the integrity of a pirticular constituent was not signiticantly altered. 

CH2M HILL's Procedure 

In the collection of samples. CH2M HILL immediately places the sample containers 
on ice. At the end of each day's sampling event, samples were preserved as 
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prescribed in the Work Plan. Ort the same day of sampling, samples were packaged 
and shipped via TNT express service to CH2M HILL's Gainesville. Florida 
laboratory. Three separate shipments were made. Each shipmntr experienced 
extended delays in delivery by TNT. Shipping time between Alexandria and 
Gainesville was as much as 17 day's. 

Delays in the analysis created by shipping could have significantly altered those 
analyses which were subject to biological and chemical change, particularly BOD. 
COD, and coliform analyses. As such, coliform analyses were not performed. and 
results of BOD and COD should not be used Lo evaluate intra-laboratory 
comparability. 

Samples for USEPA priority pollutants were preserved according to USEPA 
specifications. as prescribed in the Work Plan. With the exception of volatile organic 
hydrocarbons, shipping delays should not have affected the integrit. o! the samples 
for analysis. Volatile organic samples exceeded USEPA's recommended holding 
times and were not cooled during shipping. 

5.2.3 Analytical Procedures 

Analytical methods utilized by the High Institute's laboratory and CH2M HILL's 
laboratory are specified in the following documents: 

Quality Assurance and Quality Control Document For Lake .Maryout StudN. 
Dr. Samia Galal Saad, Alexandria University High Institute of Public Health. 
September 1992 (Appendix A). 

Lake Maryout Supplemental Sampling Program Quality Assurance Plan. 
CH2M HILL, June. 1993 (Appendix D). 

Both laboratories are employing methods that are recognized as standards in the 
USA environmental laboratory industry. The High Institute reterences the 
Seventeenth Edition of Standard Afethods of l'cter and J(atewatr asI1I198na/v.i.L),7) 

a source of analytical methods. CH2M HILL's laboratories references methods are 
primarily those of USEPA, including Method.s /Kir Chem'a/.-nal'st.s o 1i aler and 
Wastes, EPA 600/4-79-020, and Test Methods for Eialuatinj,Solid H'w,.'e.. Ph.sit tl 
Chemical Methods (Third Edition). 

AnalvticWA methods cited by both laboratories were in many regrds inter-changeable. 
The results, if cach laboratory per'ormed the analyses according to the pubhlished 

protocols. shouid yield comparab!e outcomes. 

Data packages produced by CH2M HILL's laborator, allowed hor data ,alldaiion ot 
the priority pollutant analyses. No attempt was made to validate the data from the 
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High Institute other than to compare the results, as discussed in Section 5.4. to those 
reported by CH2M HILL's laboratory. 

5.3 Priority Pollutant Results 

Samples analyzed for priority pollutants (metals, pesticides and PCBs. volatiles. and 
semi-volatiles) showed a wide variation in levels of detected compounds (data are 
presented in Appendix D). When concentrations reported for inorganic and organic 
analyses compared against USEPA water quality criteria to assess the relative 
pollutant levels, several samples exceed recommended concentrations tor continuous 
(chronic) exposure for metals (for example copper, lead and zinc). Organic 
compounds are detected at levels below recommended limits in water samples., but 
still present at easily quantifiable amounts. The sediment samples showed elr'\ated 
levels of metals, polynuclear aromatics (PAHs), DDT and its breakdown pro Jucts. 
and other organic compounds in trace amounts. No evidence of PCBs is ditected in 
the sediment at the dilutions analyzed. Many of the analvts could not be evaluated 
either because water quality and sediment criteria do not exist. The elevated 
detection limits reported by the laboratory were associated with the sample matrix 
and will always tend to be a complicating factor. Achieving lower limits ot 

measurement on the samples is difficult because ot to matrix interferences and the 
high amounts of organic background in these samples. 

Information provided in data package case narratives b,, CH2M HILL'.,, lah )ratories 
indicates that holding time limits, as established hv USEPA. were not appropriate ltr 
these samples. An independent review of the data package. tound that tht­
conventional holding time for most parameters was met. Howe\er. the %%ater samples 
for volatile organics were not analyzed within LSEPA's holdiLng time criteria ,nd Ina, 
have been potentially affected ly delays caused during shipping aind anal,sis. It 
should be noted that water samnles kere prescered in the fied h\ , idit kaEi , nd 
refrigerated while in residence at the laborator,. Gi en this, the labt ra tor'\;' dat;i for 
volatife organics should, as a ninimum, provide an indication Ot the type and relatnRe 
abundance of volatile oramnics in the ,ater sample.. Lsing LSE-P.-\ c )n e',ntionll 
guidelines, data from anal,,Hes that are analyzed outside ot ho)lding times rc nt rtnall% 
qualified as estimated values. Many of the samples are reported at higher detection 
limits because of matrix ipterferences. No blank problems are noted for these 
analyses. The data are complete for the requested parameters. No exceptions t)r 
rejections are noted and the data are considered acceptable for its Intended use. 

5.4 Comparison of High Institute and CH2M HILL Findings 

Parameters used for co)mpari.,on were metals and soIe general chemical parameters. 
For comparison of numeric values. the results ot water and sediment sanipes 
analyzed bvthe two laboratories are aliried in Table 3-1. The data hadc been 
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arranged from low to high values (using CHM HILL data) and ar,. graphically 
presented in Figures 5-1 to 3-5. Statistical analysis using correlation coefficient 
showed good correlation between the two laboratories for most parameters. Similar 
coefficients could be expected between any two USEPA certified laboratories. Manv 
of the differences in the numbers can probably be attributed to sample hndling, 
analytical techniques, methodologies, and matrix. These sample matrices were 
complex, with high levels of potentially interfering constituents. Taking into account 
the nature of the samples, logistics, and level of the constituent measured, the data 
reported by the two laboratories were reasonably comprirable. 

5.4.1 General Chemistry Parameters 

Biochemical Oxygen Demand 

The BOD test is by its nature an empirical analysis which is subject to many variables 
associated with a bioassay type analysis. Not only is it subject to the skill )tthe 
analyst but the specific sample flora and fauna also have a big impact on the results 
of the test. Because these samples were preserved. essentially eliminating all the 
native flora and fauna, it is not surprising to see wide difference,, in comparison data. 
Samples of this nature usually require an acclimated seed to produce accurate results 
reflecting actual conditons. 

Total ,5olids 

Solids testing is another analysis which was also affected by the preservations 
employed. The limited comparison data tracked well except tor two otliers. which 
threw the correlation coefficient off. 

Chemical Oxygen Demand 

COD testing can be subject to wide variations and is especially sensitive t different 
methodologies. Agood con clation between the data was shown. 

5.4.2 Metals 

Generally speaking. the High Institute reported higher - ,ues tor most 01 the water 
tests and C12N'i HILL reported higher values tor most of the sediment ;iinilvses. 
These differences can be explained by diffcrent laboratory procedures. especlall\ l 
more rigorous digestion rocedure for the sediment samples. Other cttcan he 
attributed to equipment differences., such as f'lamne atomic abso)rptW ,.e'%CISUS 
inductively co uplcd plasma versus graphite turnace ;atmomic a sbrption. [ ch has 
advantages and disad, a.itages tor indildualt ail d ,illflit.,,., l iltriLces. aind inr aiahll 
produce different values dtpendirnu )nthe situation. 
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Cadmium 

Cadmium had the lowest correlation of the metals evaluated. Much of this can be 
attributed to the low levels reported and to the inherent variation encountered whcn 
working at very low detection limits. 

Chromium 

Although a good correlation was demonstrated for this metal, the values reported 
were the most widely separated of the metals. This can easily be caused by the 
different methodologies. 

Copper 

Copper had good agreement, with a few outliers apparent in the data. 

Lead 

Lead also had good agreement and the occasional outlier. 

Nickel 

The nickel data had poor correlation on water samples, probably because of the low 
levels present but the sediment numbers followed each other nicely. 

Zinc 

Zinc had the best correlation of all the metals. A few outliers were also present in 
this data. 

5.5 Data Quality and Usability 

A normal measure of data quality involves the evaluation of a data package. This 
package includes the evaluation of laboratory spikes, duplicates, and control samples. 
In this case, the measure of quality was its comparability to data from sample splits 
analyzed by CH2M HILL's laboratory. As a starting point, for data generated bv the 
High Institute's laboratory, the data from CH2M HILL was examined closely for 
completeness, adherence to method protocols, sample handling, precision, accuracy 
and reporting. Then a comparison was performed for the parameters analyzed by 
both laboratories. For the most part, the two sets of data showed good agreement. 
Where anomalies occurred, these can usually be explained by the analytical 
complexity associated with the matrices and by the potential differences associated 
with minor differences in the actual analytical procedures of each laboratory. 
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The overall quality of the High Institute data was consistent with its end use, that 
being a broad assessment of the predischarge sediment and water quality. Given the 
year long or greater duration of the study and frequency at which sampling analyses 
have occurred, the data generated by the High Institute would support a broad spatial 
sediment quality assessment and long-term water quality assessment. Variability in 
the High Institute data from one sampling event to the next can be expected. given 
the complexity associated with a study of this magnitude. The inherent variability in 
sediment samples and ever changing water quality conditions at both the Lake and 
land-based water sampling sites were evident in the High Institute's laboratory data. 
This variability generally precludes the use of the data for interpreting short term 
trends in water and sediment quality of Lake Maryout. 
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Section 6
 
Estimation of Future Conditions
 

6.1 Computer Model 

A simple computer model of Lake Maryout was created to simulate existing and future 
hydraulic conditions and concentrations of BOD and dissolved oxygen. A description of 
the model and assumptions used are presented in Appendix E. The model predicted 

sodissolved oxygen concentrations at or near zero fc. all conditions in all locations, 
looking at just oxygen did not result in a meaningful comparison of alternatives. As an 
alternative, BOD concentrations and changes in BOD were modeled and used to compare 
altcrnativc treatment scenarios. 

None of the wastewater treatment scenarios (that is, Phase I primary, Phase II primary, 
or secondary) are expected to significantly alter the nutrient or metal concentrations in the 
Lake. This is due to a number of factors, including: the large concentration of nutrients 
entering the Lake from sources other than sewage; the large mass of metals stored in the 
sediments; the excessive concentration of metals currently in the water; and the relatively 
low removal rates for metals and nutrients achieved by primary or secondary treatment. 
Consequently, the conditions following implementation of any of the wastewater scenarios 
are not expected to change significantly from existing conditions with relation to water 
and sediment toxicity or eutrophication. 

For the model, the lake was split into subareas within which approximately homogeneous 
conditions were assumed to prevail and the exchange of flows and pollutants between the 
areas could be simulated. Figures 6-la and 6-lb are schematic representations of Lake 
Maryout illustrating how the system was segmented into subareas for the model 
simulation. The subareas were defined using physical charateristics, such as the Desert 
Road and the Omoum Drain, and using water quality characteristics, observed in the 
basins. For example, the Main Basin was split into four subareas, based on the locations 
of present and future discharges and on existing pollutant concentrations in the basin. 
The Southwest Basin was modeled as a point source to the Lake because the 1992-1993 
sampling program focused on data collection in the Main and Northwest Basins. It was 
assumed that no net hydraulic movement occurs between the Fishery Basin and the rest of 
the lake. 

The model used a water budget approach in which the flows into the Lake (and subareas) 
were balanced with the flows out of the Lake (and other subareas). Sources of inflow 
included wastewater outfalls and drains while outflow included evaporation and the El 
Mex Pump Statioai. Precipitation was neglected in the model because of its small 
magnitude. Runoff was also neglected because there was no data describing this and it is 
believed to be small in magnitude. It was assumed that groundwater infiltration was 
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equal to the difference between inflow to the Lake and outflow at El Mex Pump Station. 

Where water from one subarea was expected to flow into multiple subareas, such as from 

Basin 4 to Basins 2 and 3, certain assumptions were made to reflect the exchange of 

on factors such as the direction of currents and thewater. These assumptions were based 
presence of physical barriers. Table 6-1 presents the hydraulic characteristics of the lake 

model by subarea, including: area of water, sources and magnitudes of inflow, locations 
to move from one subarea toand magnitudes of outflow, percent of flow assumed 

another, direction of net flow from one subarea to another, and evaporation losses. 
on the total wet area of each subarea.Evaporation losses were calculated based 

used to create the model of Lake Maryout. ModelThe most recent data available were 
inputs included: flows proportional to those estimated in 1983 and equal to expected 

Phase I-design flow of 175 Ml/day for the drains which discharge to the northern shore 

of the Main Basin, flows estimated in 1990 for the Omoum and Kalaa Drains, July 1990 

to June 1993 flow data at El Mex Pump Station, and BOD and dissolved oxygen data 

from the 1992/93 sampling program. 

areThe flow and BOD concentrations input to the model for the treatment scenarios 

The flows were from the 1992 Master Plan Update and thesummarized in Table 6-2. 

effluent BOD concentrations were calculated from design (primary) or estimated
 

(secondary at 80%) removals and measured influent concentrations.
 

6.2 Modeling Results 

Based on the loads shown in Table 6-2, and the inputs from other sources measured 

during the 1992/93 Lake Maryout study, the BOD input to the Lake would be as shown 

in Table 6-3. It is predicted that implementation of Phase I primary treatment will result 

in less than a 2 percent reduction in BOD load over existing conditions. When Phase II 

flows are added to the treatment plants, the BOD load from primary treatment will almost 

double, but because the additional flows are derived from areas not now tributary to Lake 

Maryout, the total load to the lake will increase by about 4%. Implementation of 
to 80%secondary treatment would increase BOD removal at the plants from about 25% 

with the effect of decreasing BOD load to the Lake, compared to primary treatment 

less than existing conditions. Consequently, on alevels, to a total BOD load 5% 

lakewide basis, discharge of Phase I design flows with primary treatment or Phase IT
 

flows with secondary treatment would result in BOD loads similar to or less than existing
 

conditions. Phase II flows with primary treatment would increase loads and result in
 

additional water quality deterioration in the Lake.
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Table 6-1 
Hydraulic Characteristics 

Wet Inflows Outflows Evaporation 

Area Flow Flow (loss=area Groundwater 
Basin Description (acres) Location (n3/d) Location (m3/d) *5 mm/day) Infiltration 

I Northwest portion of 1,060 Basin 2 248,516 Basin 7 -296,667 -21,449 0 
Main Basin, Northeast 
portion of Northwest Elmetras #9 34,800 
Basin 

Forn El 34,800 
Geraya #8 

2 Northeast portion of 707 Gheit El 45,200 Basin 1 -248,516 -14,306 0 
Main Basin Enab #7 

Industries #6 60,200 

30% Basin 4 157,422 

3 Southwest portion of 1,025 70% Basin 4 367,319 Basin 7 -63,463 -20,741 -283,115 
Main Basin 

4 Southeast portion of 743 Kalaa Drain 745,000 Basin 2, 30% -157,422 -15,035 -205,224 
Main Basin Basin 3, 70% -367,319 

5 North portion of 1,584 Industrial 0 -32,052 0 
Northwest Basin Drain #1 

Basin 7 32,052 

6 South portion of 461 Industrial 0 -9,328 -127,333 
Northwest Basin Drain #2 

Basin 7 136,661 

7 North portion of El 70 Basin 1 296,667 El Mex PS -6,811,000 -1,416 0 
Omoun Drain Basin 3 63,463 Basin 5 -32,052 

El Omoun South 6,621,000 Basin 6 -136,661 

Totals 5,650 8,843,101 -8,113,102 -114,327 -615,672 

PHLIP:\CVO33391\A6O20.51\11/03/936:32pm 



Table 6-2
 
Wastewater Treatment Plant Inputs
 
Used in Lake Maryout BOD Model
 

Treatment Scenario 

Phase I-Primary Treatment 
East Plant 
West Plant 

Phase 1 Primary Treatment 
East Plant 
West Plant 

Phase II Secondary Treatment 

East Plant 
West Plant 

Flow (MI/day) BOD (mg/l) 

Influent Effluent Influent Effluent 

410 399(l) 520 401 

175 186'1 520 424 

544 544 520 390 
475 475 520 390 

104544 544 520 
104475 475 520 

(a) Assume 11 M1/day sludge by-pass from ETP to WTP for Phase I - Primary. 

Table 6-3 
Summary of Input BOD Loads to Lake Maryout 

Treatment Scenario 

Existing Conditions 

Phase I-Primary Treatment 

Phase 1-Primary Treatment 

Phase 11-Secondary Treatment 

Wastewater 
Effluent 

297,162 

238,810 

397,410 

105,976 

Load (kg/day) 

Other 
Sources Total 

3,731,112 4,028,274 

3,731,112 3,969,922 

3,731,112 4,128,522 

3,731,112 3,837,088 
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Although there is little change from existing conditions on a total system basis, the 
different treatment scenarios do produce changes in the various areas or basins of the 
Lake. These are shown in Figure 6-2 and Table 6-4. As would be expected from the 
lakewide evaluation, the outlet from the Lake (Basin 7) and the basins across the Omoum 
Df-ain from the existing discharges (Basins 5 and 6) would show little change in BOD 
concentrations with implementation of any of the treatment scenarios. Concentrations of 
BOD in the western portion of the Main Basin (Basins 1 and 3) are expected to increase, 
except with implementation of secondary treatment when they will decrease to 
concentrations lower than existing conditions. In the eastern portion of the Main Basin 
(Basins 2 and 4), BOD concentrations are expected to decrease with implementation of 

treatment, compared to existing conditions. With secondary treatment, the BOD 
concentrations in the Main Basin would be reduced 4% to 41 %, compared to existing 
concentrations. The effect of reduced BOD concentrations in these areas, particularly 
over time when the reduction in contribution of solids has decreased the buildup in the 

sediments, could reduce odors and support a more diverse aquatic biological community. 

Table 6-4 

Measured and Predicted Concentrations of 30D in Lake Maryout (Inmg/i) 

Model Predictions 

Basin Existing Phase I Phase 1 Phase U
 

Number Measured Conditions Primary Primary Secondary
 

443 540 333Basin 1 492 506 

439 466 372Basin 2 537 509 

395 1 240 258 300 230Basin 3 

299 314Basin 4 359 281 176 

Bas;ns 5, 6 738 788 790 796 783 

796 783Basin 7 Hi1 788 790 

At certain times of the year, these reductions could, in localized areas, have a beneficial 
effect on dissolved oxygen and other water quality parameters. It is unclear, however, 
whether there are seasonal trends which would affect water quality. BOD and suspended 
solids concentrations measured during the 1992-1993 sampling program were examined 
by model basin for seasonal trends (Figures 6-3 and 6-4). Although concentrations of 
BOD and suspended solids varied monthly, it is unclear whether these variations resulted 
from seasonal conditions or from some other factors, such as sampling or analytical 
procedures. Seasonal BOD and suspended solids concentrations were input to the lake 
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model of existing conditions. While the predicted concentration of BOD increased in 
some basins during some seasons, concentrations in other basins decreased under the 
same conditions. Thus, annual average conditions were used to simulate the Lake and to 
predict future BOD concentrations in the Lake under various wastewater treatment 
scenarios. 

The bacterial concentrations were not modeled for several reasons. The bacterial data 
from the 12-month monitoring period were highly variable as discussed in Sections 3 and 

4. Also, because disinfection is not part of the newly constructed primary treatment 
plants, the bacterial removal rate is unknown and extremely difficult to predict. Similarly 

the die-off rate in the Lake is unknown and there is little information available to predict 
coliform die-off in lakes like Maryout. 

Even without modeling, it is possible to qualitadvely discuss coliform bacteria 
concentrations following implementation of wastewater treatment. Probably the most 
significant change from existing conditions resulting from the first phase of the 
wastewater management program will be to significantly reduce coliform concentrations 
in lake shore areas. By removing the direct discharges of untreated wastewater from the 

northern shore, the concentrations in the near shore water, which are currently elevated, 
Also, by removingshould decrease to levels more typical of the open water areas. 


approximately half the solids in the raw wastewater, the primary treatment plants should
 

also significantly reduce total bacterial loading to the Lake.
 

Although implementation of Phase I will reduce bacterial concentrations in some near
 

shore areas and total loads to the Lake, conditions in some localized areas may not
 
improve. Concentrations in the Kalaa Drain could be similar to or even higher than
 

currently exists due to the East Treatment Plant discharge. Similarly the concentrations
 
on the western end of the north shore could be comparable to existing concentrations due
 

to West Treatment Plant effluent. Inclusion of Phase II flows would be expected to
 

increase bacterial concentrations, compared to Phase I conditions in these localized areas.
 

Secondary treatment of all flows may result in concentrations similar to those seen during
 

Phase I, which represents reduced flows but only primary treatment.
 

The changes in coliform bacteria concentrations resulting from Phase I, II, or secondary
 
treatment would be relatively small compared to the magnitude of the existing problem.
 
The significant concentrations in the lake input water (generally over iOP per 100 ml) and
 
many of the numerous local sources of coliform bacteria would not be altered by the
 
treatment plants. Consequently, the conditions in Lake Maryout would continue to pose a
 

public health risk for both primary and secondary contact.
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Section 7 
Conclusions 

1. Lake Maryout has been in a highly degraded condition over the past 20 years. 
The poor quality is evident in very low dissolved oxygen concentrations and a 
significantly degraded biological community. The stress on the Lake's biota is 
seen in a much reduced fishery. There is also an apparent absence of benthic 
organisms, which should be a significant component in the biological community
in a lake such as Maryout and they were 20 years ago (Serruya and Pollingher, 
1983). 	 The impact on the lake system stems from excessive loading of organic 
matter, 	which consumes oxygen, and nutrients which stimulate plant growth and 
ultimately consume oxygen. The Lake is also significantly stressed by 
concentrations of toxic chemicals (particularly metals) much greater than levels 
known to be harmful to biota. The Lake continues to represent a significant 
public health threat as indicated by levels of coliform bacteria one hundred or 
more time those of concentrations considered safe for even secondary human 
contact. 

a. 	 The conditions throughout the Lake are not uniform. The shoreline water 
quality, particularly along the north shore, is significantly worse for most 
measures of pollution. The close proximity to sanitary discharges and 
shoreline activities, including garbage disposal in the Lake, produced the 
extremely poor conditions along the shore. 

b. 	 The deterioration in lake conditions over the last 20 years reflects several 
trends in the Alexandria area. The population, agricultural activity, and 
industrial development have increased substantially. Each of these 
activities resulted in an incremental increase in pollutant load to Lake 
Maryout which is the receiving water for much of the Alexandria area. 
Lake deterioration has also been influenced by a drop in lake level of 0.3 
and 0.6 meters which, in a lake thac averages less than 2 meters total 
depth, is significant, The effects have been a decrease in available 
dilution, alteration of hydrodynamics and decrease in total assimilative 
capacity. 

c. 	 The effort during the past 10 years to eliminate sewage from 
Mediterranean beaches and other areas of the City has resulted in 
significantly improved beach and City conditions. However, it has also 
resulted in increased discharges to Lake Maryout. The increased 
discharges have contributed to some of the locally poor conditions, such as 
those observed at the north shore of the Lake in 1993. 

2. 	 The situation will improve when the Phase I wastewater treatment facilities are 
operational. At this writing, both plants have been in shakedown operation for 
three months. 



a. 	 The West Zone interceptor will intercept raw wastewater discharge 
presently discharged to the Lake and provide primary treatment. Primary 
effluent will be discharged to the Lake at the plant. 

b. 	 The East Plant will receive flows from the eastern portion of the City. 
Primary effluent will be discharged to the Lake by way of the Hydrodrome 
and Kalaa drains. 

3. 	 The following removals of pollutants to the Lake from domestic and industrial 
wastewater will take place under various flows. 

Flow Kg/d BOD Kg/d BOD Kg/d TSS Kg/d TSS 
ML/D Influent Effluent to Influent Effluent to 

Lake Lake 

Existing 585 297,162 304,200 404,494 310,050 

Ph I 
(PRIM) 585 304,200 238,810 310,050 167,480
 

Ph II 
(PRIM) 1019 529,880 397,410 540,070 244,860
 

Ph II 
(SEC) 1019 529,880 105,976 540,070 135,000
 

The Phase I construction has removed raw wastewater discharges from streets and 
beaches, a significant public health improvement. 

4. 	 The effluent form the treatment plants will be discharged to the Lake on an 
interim basis. This will result in important water quality improvement, 
particularly along the North Shore by eliminating raw wastewater discharges. 
However, much of the Lake will remain in a significantly degraded condition and 
a long term effluent discharge solution will be needed. 

5. 	 While the Phase I program will reduce the wastewater impacts on the Lake by 
reducing BOD and wastewater solids, a larger nutrient contribution will continue 
to enter the Lake via the agricultural drains. 

6. 	 Under current, preoperation of the treatment plant conditions, there are three 
major sources of pollutants to the lake: sanitary waste, industrial waste, and 
agricultural activities. The sanitary waste, particularly as represented by the 
discharges on the north shore of the Lake, is a major source of bacterial 
contamination. Although the discharges represent a relatively small portion of the 
flow to the Lake, the extremely high bacterial concentration results in lake 
concentrations 10 to 100 times those in the drains. The industrial discharges, as 
represented by the Industries Drain, contributed extremely high concentrations of 
metals and other toxic chemicals. The other sources were also significant 
contributors, but this was likely due to industrial discharges to the other drains. 



The agricultural drains, (primarily Omoum Drain) are the major sources of water 
to the system and were heavily loaded with organic matter and nutrients. 

7. 	 Conditions in the Omoum agricultural drain, which is the major pollutant input to 
the Lake, showed increases between 1983 and 1993 comrarable to the increases 
seen in the Main Basin of the Lake. North shore conditions, which reflect 
sanitary discharges and shoreline activities, such as solid waste disposal, also 
showed similar deterioration in 1993 compared to 1983. Although other 
agricultural and land use related pollution sources were not measured in both 
1983, and 1993, it is likely that loads from such sources increased during the 
period similar to the increases seen at the north shore and Omourn Drain. 

8. 	 Use of in-country sampling and analysis resources allowed for training 
opportunities and evaluation of available equipment and other resources. 
Important training, particularly in the area of QA/QC, was achieved by this 
program. Although all data may not be adequate to fully evaluate small scale 
spacial and temporal trends, the analyses did produce information to characterize 
the condition of the Lake and make future predictions. Also, the evaluation of 
resources indicated that the capabilities were definitely in place to conduct 
analyses of the Lake and other systems. There were, however, some equipment 
and other limitations which must be addressed to bring the in-country laboratories 
up to the QA/QC approach used in the USA. In addition to equipment, hands-on 
training of staff in the areas of data verification and other procedures would be 
important items in subsequent work. 

9. 	 A simplified model was constructed from historic and 1993 data to predict 
conditions resulting from various wastewater treatment scenarios. Dissolved 
oxygen, which is essential to aquatic life is currently near zero in most of the lake 
and would continue to be under most future conditions. Consequently modeling 
dissolved oxygen provided little information. As a substitute biochemical oxygen 
demand (BOD) which is the major consumer of oxygen was modeled. Predicted 
BOD concentrations in the basins used for modeling at and adjacent to the north 
shore would be up to 18 percent lower with implementation of Phase I primary 
conditions. With Phase II flows and primary treatment, BOD shoreline 
conditions would be worse than existing, However, secondary treatment of Phase 
II flows could result in up to 30 percent reduction in shoreline BOD 
concentrations. Although bacterial conditions were not modeled, improvement in 
shoreline concentrations of coliform bacteria under the various wastewater 
treatment scenarios should be at least as great as those modeled for BOD. 
However, other bacterial sources would most likely continue to represent potential 
public health risks, even in near shore areas. 
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1 Introduction and Project Description 

1.1 Introduction 

This document outlines the chemical, physical, and biological data quality assurance 
standards by which the sampling and analysis efforts shall be conducted at the 
Laboratories of the High Institute of Public Health, Environmental Health Department. 

This document presents the detailed site-specific field and laboratory procedures to be 
followed, to insure the quality and integrity of the sampling and the analytical procedures 
adopted during the conduct of the Lake Maryout Study. The data will be further used in 
the environmental impact assessment of the treated waste discharge to the lake, which 
will be the final recipient of the primary treated combined industrial and domestic 
wastewater effluent. 

This docum.nt is prepared to assure that the collection and analysis of the samples are 
both performed in the highest quality manner and the results will closely represent the 
status of pollution in the lake. Sediment and water samples will be collected and 
preserved according to the EPA standards of sampling and preservation. Sample analysis 
will be conducted according to Standard Methods of Water and Wastewater Analysis. 

1.2 Site Location and Description 

Lake Maryout is a brackish water lake receiving its water from agricultural drains, which 
collect drainage water from the Delta region and flow by gravity to El Omoum Drain. 
Omoum Drain, in turn, discharges to the southwest comer of the lake's main basin, the 
basin of concern in this study. The second drain is El Kalaa Drain which discharges at 
the southeast corner of the basin under study. In addition, Noubaria Canal is considered 
the fresh water source for the lake, yet its water by the time it reaches the lake is saline 
and polluted. Industrial waste effluents are also mixed with domestic effluents and are 
discharged into the north side of the lake at Moharrem Bey, at Ghiet El Enab, and at 
Karmous. 

During Phase I, the East Treatment Plant, after primary treating 410 MUD, will 
discharge its effluent into an agricultural drain leading to El Kalaa Drain and finally into 
Lake Maryout. The West Treatment plant, after primary treatment of the combined 
domestic and industrial effluents, will discharge 175 MUD into the northwest comer of 
the lake. According to the Alexandria Master Plan, the three north sewage industrial 
outfalls will be diverted to the collection system, and their discharges will then flow to 
the West Treatment Plant. 

The lake site is about 3,000 feddans, with a very shallow bottom reaching 150 cm at its 
deepest lfcation and a depth of 50 cm at shore locations around the lake periphery. The 
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east side of the basin is presently being filled with solid wastes and garbage collected 
from the City. Solid waste leachate from this side is an added nonpoint source of 
pollutional load to the lake basin. 

Excessive weed growth around the periphery and on isolated small islands in the lake 
hinders the process of natural reaeration in the basin. The excessive organic and toxic 
chemical loads reaching the basin, in addition to low natural reaeration rate, contribute 
severely to the lake's continuous anaerobic state. The lake water level is maintained at a 
relatively constant level by means of the El Mex pumping station where water is 
discharged through a dug canal to the Mediterranean Sea. 

1.3 Site Background 

Lake Maryout used to be a highly productive fishing lake as well as a recreational lake 
for wild duck hunting. The lake was divided into four basins upon the construction of 
the highway connecting Alexandria with the desert areas around it and with Cairo. As 
the area around the lake became more developed, the cleanest east basin, used as a 
fishery basin, was filled with garbage and used as a garden. The eastern side of the main 
basin is in the process of also being filled with domestic and industrial solid wastes. 

Industrial development has occupied a relatively wide stretch around the lake with various 
industrial activities dumping their untreated wastes directly into the lake. Domestic and 
industrial wastes generated and collected in the sewer system in the eastern part of the 
Governorate are also discharged to the lake without any treatment either. 

Domestic sewage, mixed with agricultural drainage water, find its way to the main basin 
of the lake through Gheit El Enab and Karmous drains. At the farthest southwest corner 
of the main basin, petroleum companies discharge their cooling and processing water, 
which is laden with oils and petroleum derivatives. 

1.4 Project Objectives 

Lake Maryout monitoring has been carried several times during the past years. Since the 
pollutional status of the lake is ever escalating, it was determined by USAID that an 
evaluation was now needed of the main basin condition, ahead of its use as the final 
recipient of the primary treated combined industrial and domestic effluents, discharged by 
the East and West Treatment Plants. Any environmental adverse impacts, and any 
possible remedial alternatives, could be determined through the generation of data 
collected during this study. 

The major part of the preseat land base sources of pollution will be collected in the sewer 
system and diverted to tiLe two treatment plants for primary treatment and discharged to 
the lake at two points. The effect of this waste concentration can be evaluated if the 
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background status of the lake's main basin is documented. Any remedial actions needed 
can be assessed. 

Biological analyses of the lake water samples will give a clear indication of the lake's
 
self-cleaning capabilities. To achieve this, water samples for chemical, bacterial, and
 
algal analyses will bc collected in proper containers with preservatives to maintain the
 
samples in their original form. Heavy metal analyses will also be performed on these
 
samples.
 

Sediment samples will be collected for analyses of their heavy metals, as well as their
 
organic and inorganic constituents. Water samples from the land base sources will be
 
collected and analyzed for their physical and physiochemical parameters in addition to
 
their heavy metal contents.
 

1.5 Sampling Schedule 

A reconnaissance survey of the lake's land base sources of pollution, as well as Kalaa and 
Smouha Drains, was started in March 1992. The samplirig schedule will be repeated for 
12 months to cover seasonal variations encountered in the lake. Sampling will be carried 
out on two consecutive days. During the first day, samples from drains and landbase 
outfalls will be collected. On the second day, water and bottom sediments samples from 
the main basin will be gathered and sent to the laboratory within half an hour from 
sampling termination. Usually, lake sampling takes about 1.5-2 hours. A similar time is 
expected for land base samples. 

1.6 Data Usage 

The organic and inorganic analyses of the water and bottom sediments in the lake will 
provide background information, which will be compared with the similar estimated 
parameters for the lake after receiving the Phase I wastewater effluents. This will allow 
for identification of important factors affecting the self-purification process of the lake. 
Bottom sediment analyses will allow the estimation of the organic and heavy metal loads 
that may be released from the bottom to the lake, and which would add to the lake's total 
pollution loading. 
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2 Quality Assurance Objective 

2.1 General 

The comprehensive Quality Assurance (QA) objectives for the Lake Maryout study is to 
provide guidelines for all field and laboratory procedures to be followed in this study and 
in any future surveys of the main basin of the lake in order to assess the Phase I impacts 
on the lake. 

The intention of the sampling and analysis effort is to produce data of acceptable quality 
to allow for an accurate evaluation of the chemical, biological, and ecological impacts of 
the presetit and future sources of pollution. An additional effort will be to provide a 
basis for any remedial restoration of the lake in order to accommodate the future 
discharges. 

The main QA objective for this study is to obtain all measurements as representable as 
possible for the actual site conditions and all data resulting from sampling and analysis 
activities to be comparable. The use of accepted, published, sampling, and analysis
methods, as well as the use of standardized units, shall assure the comparability of the 
data. 

--	 The major characteristics of data quality to be addressed, during development and 
presentation of the sampling and analytical plan, are defined hereinafter. 

2.2 Accuracy 

Accuracy is defined as the degree of agreement of a measurement (or measurement 
average) with an accepted reference or true value. It is a measure of system bias and is 
usually expressed as a percentage of the true value. 

Accuracy will be determined in the laboratory through the use of spike and duplicate 
analysis. The head team shall select a spike sample every five samples to be analyzed 
and measured following the same parameter scheme under investigation. A frozen 
volume of each sample will be preserved till the finalization of the monthly analysis 
program, in case any sample needs to be rechecked. In this way, a fresh sample can be 
obtained upon thawing. Algal analysis will be maintained by preserving the samples with 
iodine solution and refrigeration, as freezing can alter its quality. Spiked samples of 
known chemical concentration will be prepared under the direct supervision of the team 
leader by another lab chemist not involved with the study and without revealing the name 
of chemicals being used, just referring to them as chemical A, B, etc. 

Enough volume of both water (liters) and sediment samples (500 cc) will bc collected at 
each sampling station in the lake basin. Sterile glass bottles will be used for bacterial 
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analysis, and will be sent to the laboratory in an ice chest surrounded with plastic bags 
filled with ice. 

Sampling accuracy shall be maintained by adhering strictly to the procedural protocol 
agreed upon by the team and WWCG, in order to achieve the goals of the study. 

2.3 Precision 

Precision is a measure of the amount agreement among individual measurements of the 
same parameter under similar conditions. It is expressed in terms of relative percent 
difference (RPD) between replicates or in terms of the standard deviation when three or 
more replicate analyses are performed. 

Precision shall be determined through the use of duplicate analyses for the same sample. 
The RPD between the two results shall be calculated as a measure of analytical precision. 

2.4 Comparability 

Comparability expresses the confidence with which one data set can be compared to 
another. To achieve comparability in this study, the data generated will be reported 
using units of ug/l, ug/kg, and mg/kg. Securely prepared standard reference samples will 
be locally prepared to ensure data validation. 

2.5 Procedures for Data Assessment 

The precision values will be presented in a table showing the variability for replicate 
measurements of the same parameter, and are expressed in terms of relative percent 
difference for duplicate measurements made on samples. Accuracy values include 
components of both random error (i.e., variability due to imprecision and systematic 
error, (i.e., bias)), and thus reflect the total error for a given measurement. 
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3 Sampling 

3.1 Sampling Objectives 

WWCG will conduct the survey of the lake's main basin, its contributing drains, and the 
sewer outfalls discharging to the lake. A representative sample of the water column and 
the bottom sediment at each lake site will be collected using a bottom sampler and a BOD 
sampler at three levels identified at 30 cm from the bottom, middle depth, and 30 cm 
below the water surface. The three samples will be equally mixed for each site sample. 

For the drain 	sampling, water samples will be collected using the previous technique, to 
give a clear indication about the current status of the drains pollution load and to assess 
the impact of primary treated wastewater effluent discharged by these drains. The effect 
of the industrial effluents discharged from Moharrem Bey Industrial Complex will be also 
assessed by sampling the outfalls ahead of their discharge into the lake. 

3.2 Sampling Location 

Sampling locations are shown in Figure 1 and described below. 

Land Based Stations 

Station 1 	 Smouha Drain upstream of East Treatment Plant discharge. This station 
was selected to represent the sewage which will eventually be diverted to 
the East Treatment Plant. On the days of sampling (as during the 92/93 
sampling program) flows were going directly to the Smouha drain and not 
diverted to the East Treatment Plant. 

Station 2 	 Kalaa Drain upstream of the Hydiodrome Drain. The water quality at this 
station represents the ambient quality of the receiving waters upstream of 
the confluence with the Hydrodrome Drain. The Hydrodrome Drain will 
contain the East Treatment Plant effluent once the plant begins operation 
and currently contains the raw sewage from the east zone. 

Station 4 	 Kalaa Drain downstream of the Hydrodrome Drain. The station is at the 
Kalaa Drain Pump Station and represents the combined water quality of the 
Kalaa and Hydrodrome drains. 

Station 5 .outh of Kalaa Drain. Station 5 is on the Kalaa Drain at the Desert Road 
immediately prior to the drain's discharge to the lake. The water quality at 
this location represents one of the major inputs to Lake Maryout. 
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Station 6 	 Industries Drain. This is the easternmost drain along the north shore of 
Lake Maryout. It receives a heavy contribution of industrial flow. On the 
day of sampling the flow was being diverted to the West Treatmen, Plant, 
but we were able to sample upstream of the diversion. 

Sttion 7 	 Central Discharge Drain-East. This is one of two drains entering the 
central north shore of the lake. On the day of sampling the sewage was 
being diverted to the West Treatment Plant and it was not sampled. We 
did collect a sample designated as 7, but this was a duplicate of Station 20. 

Station 8 	 Central Discharge Drain-West. Station 8 is the second drain entering the 
central north shore of the lake. Although the flows were being diverted to 
the treatment plant on the day of sampling we were able to collect a sample 
upstream of the diversion. 

Station 9 	 Westernmost drain on the north shore. This drain was diverted to the 
treatment plant and no sample was collected. 

Station C 	 West Treatment Plant. The sample was collected from the effluent channel 
at the West Treatment Plant. On the day of sampling the influent was 
being di,,erted directly to the effluent channel, thus no removal was being 
achieved in the clarifiers, and the sample represented influent quality. 

Station C 	 Mouth of the Omoum Drain. The Omoum Drain is the major input to the 
lake, and Station 19 represents the point of discharge to the lake. 

Station 20 	 El Mex Pump Station. Station 20 is located on the discharge channel of 
the El Mex Pump Station approximately 300 meters downstream of the 
pump station and 100 meters upstream from the confluence with the 
Mediterranean. The pump station is the oniy significant discharge from 
Lake Maryout, thus all inflow to the lake must leave via the pump station 
or evaporation. The discharge channel from the pump station enters a 
channel which flows through an industrialized (e.g., oil refinery) and 
highly developed residential area before discharging to the Mediterranean. 

Lake Stations 

Station .j 	 East End of Lake Maryout. This station is between the discharg. 'f the 
Industries Drain and the discharge of Kalaa Drain. 

Station 16 	 Lake Maryout at Kalaa Drain. Station 16 is the mouth of the Kalaa Drain. 
Although it is accessible from the lake, the drain currents are detectable. 
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Station A Nort,; Shore of Lake Maryout. This station is one of four on the north 
shore of the lake directly opposite drain discharge points. Station A is 
opposite the Industri:-s Drain (sample Station 6). 

Station 11 Northern Shore of Lake Maryout. Station 11 is opposite Station 7. 

Station 12 Northern Shore of Lake Maryout. Station 12 is opposite Station 8. 

Station 13 	 Northern Shore of Lake Maryout. Station 13 is opposite Station 9. 

Station 23 	 Northern Shore of Lake Maryout. Station 23 is in an area similar to 
Stations 11, 12, and 13 at about the miipoint along the north shore except 
it is not direztly opposite any drain. 

Station 21 	 Lake Center-Middle. The station represents the open water area of the 
lake removed from the shore or any immediate influence of drains or 
discharges entering the lake. 

Station 22 	 Lake Center-West. The station is similar to Station 21 (open water, away
from drains or discharges) in the western portion of the Main Basin. 

Station 24 	 Northwest Basin. A sample was taken in the Northwest Basin 
approximately 300 meters north of the Desert Road. The basin does not 
receive any known drain discharges, however, the shore of the basin is 
developed, and wastewater from the developed area enters the basin. 

Station B 	 Southwest Basin. Station B is located approximately 300 meters south of 
the desert road and 100 meters west of the Noubaria Canal. Discharges
from local development are the only known wastewater inputs to the 
Southwest Basin. 

3.4 Field Quality Control for Sampling 

To assure a true presentation of the water quality sampled, water samples will be 
collected from three depths at each site, and will be further mixed in a plastic container,
clearly marked with a non-flowing black marker on both sides of the container. Only one
container will 	be used for each sampling site. Bottom samples will be collected by
mixing three bottom catches from the bottom sampler and then taking one quarter of the 
total amount at random. 

Temperature readings will be taker as the average of two thermometer readings measured 
at each site. Depth will be measured twice and averaged at each site. Dissolved Oxygen
is meazired at the laboratory after fixing it at the sampling site. The BOD bottle will be
filled with minimal disturbance at the three depths at each site. Samples from land base 
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polluted water source$ will be collected at a middle point of the source, with the BOD 
sampler to achieve proper mixing of the sampled water at all depths. To collect the 

volume of at least 12 liters from each site, the POD smnpler will be filled at each site at 

least 11 times and emptied in the container, which will result in good sample 
representation of the water at each location. 

Bacteriological samples will be collected in sterilized glass bottles from the water samples 

collected at each site. 

Disturbance effect of the water in the lake, due to the mixing action of the boat propeller 

will be miniimized by shutting down the motor 50 meters awi2.0 from the sampling 
location and allowing the boat to move under its own inertia towards the sampling site. 

3.5 Sample Containers and Preservation 

Table 1 lists the type of containers and sample preservatives required, and the maximum 
holding time allotted for each analysis. Plastic containers were purchased from a local 
supplier from the type used for storage of drinking water. Thorough washing will be 
carried on each container after and ahead of its use, with hot water and a pure liquid 
detergent concentrate free of phosphates. Further rinsing with cold water for three times 
with at least two liters of tap water followed by 500 ml distilled water will be part of the 
sample container preparation. 

Glass containers will be of good quality glass for water sample collection for biological 
and bacteriological analysis. Bottles with narrow mouth and a capacity of 250 ml will be 
used after autoclaving for the bacterial analysis. 

Acid digested water samples and bottom sediments will be sent to the heavy metals 

analysis laboratory in 50 ml capacity medical grade tight plastic containers labeled with 
the sample number and type of sample whether water or bottom sediment. 

Samples collected for biological analysis will be taken in high quality dark glass to 
minimize the light effect on algal growth. The collected sample from variable depths will 
be stored in these bottles at each site. 

3.6 Analytical Procedures 

Table 2 summarizes the analytical parameters measured and the analytical techniques to 
be used during this study. All analysis will be carried according to the Standard Methods 
of Water and Wastewater Analysis published in 1987. 
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Table I
 
Sampling and Preservation
 

of Sampls According to Measurement
 

Vol. Req. 
Measurement (ml) Container Preservative Holding Time 

Acidity 100 P, G Cool. 4"C 24 Hrs. 

Alkalinity 100 P. a Cool, 4"C 24 Hrs. 

BOD 1.000 P, G Cool, 4"C 6 Hrs. 

COD 50 P, a H2SOto pH<2 7 Days 

Chloride 50 P, G None Req. 7 Days 

Color 50 P. G Cool, 4'C 24 Hrs. 

Dissolved Oxygen Probe 300 Gonly Det. on site No Holding 

Winkler 300 G only Fix on site No Holding 

Hardness 100 P. G Cool. 4"C 7 Days 

Metals 200 P, G Filter on site 6 Mos.
 
Dissolved HNO, to pH <2
 
Suspended 	 Filte, on site 6 Mos.
 

Total 100 P. G 
 HNO3 to pH <2 6 Mos. 

Nitrogen
 

Ammonia 400 P. G 
 Cool, 4"C 24 Hrs. 
H2SO, to pH <2 

Kjeldahl 	 500 P. G Cool. 4'C 24 Hri. 
H2SO to pH < 2
 

Nitrate 100 P, G Cool. 4"C 24 Hrs.
 
H,S0 4 to pH < 2
 

Nitrite 50 P, G Cool. 4"C 
 24 Hrs. 

Oil & Grease 1,000 Gonly Cool, 4"C 24 Hrs. 
H2SO, to pH < 2 

PH 25 P, G 	 Cool. 4"C 6 Hrs. 
Det. on site 

Phosphorus 
Orthophosphate, Dissolved 50 P. G Filter on site 24 Hrs. 

Cool, 4"C 

Sulfide 50 P, G 2 ml zinc acetate 24 Hrs. 

Temperature 1,000 P. G Det. on site No Holding 

Turbidity 100 P. G Cool, 4"C 7 Days 
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4 Sample Custody 

4.1 General 

Special consideration has been given for the validation of the environmental measurement 
data to demonstrate that samples have been obtained from the location stated and that they 
have reached the laboratory without alteration. 

The field team leader is responsible for overseeing and supervising the implementation of 
proper sample delivery at the laboratory, as well as securing them in the lab in a 
restricted area where nobody other than the authorized personnel can deal with them. 
Samples while not in use will be kept in refrigerators in order to minimize any possible 
changes in their water quality. 

Once the samples arrive at the lab, a volume of 500 ml is kept frozen in the deep 
freezing section of the lab refrigerators to be thawed and analyzed in case the data for 
any physical or chemical parameter needs to be rechecked. The team leader will assure 
this step is carried out upon sample arrival at the laboratory. 

4.2 Laboratory Sample Custody Procedure 

Upon sample arrival, the chief chemist is responsible for accepting the samples and
 
checking with the team leader to insure that the sample numbers, locations, and tags are
 
all accounted for in case any sample is damaged during shipment and transportation.
 

Chief chemist must verify that samples are preserved and collected in proper containers.
 
In case of mistakes, immediate corrective action is required. The chief chemist will also
 
record the general information of the samples, including the project name, sample
 
number, date of sampling, and source of samples, in a log-in book.
 

Project supervisor is responsible for the different analytical task appointments within the 
specialized staff. Chemical and physiochemical analyses are carried by a group of five 
analysts to insure accurate results. Each analyst has been assigned certain parameters in 
order to minimize variations in the results due to personal variability. 

Bottom sediment analysis will be carried out by one expert during the project duration. 
Bacterial and biological analysis will also be performed by one specialist. Heavy metals 
analysis for both water and bottom sediments will be acid digested and analyzed by 
atomic absorption spectrophotometry by another specialist. 

Overall supervision on the samples is the responsibility of the chief chemist, double 
checked by the project supervisor. 
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BOD bottles will be kept in a wooden rack which holds 30 bottles at one time. Bacterial 
analysis bottles will also be transported in wooden racks to prevent their spillage. Same 
procedures will be maintained for the biological samples using a wider rack with smaller 
number. Special racks will be used for keeping the DO fixing solutions, thermometers, 
and preservative solutions, to prevent breakage or spillage. 

4.3 Photographs 

The team leader will document, through the use of color photography, various on-site 
environmental conditions of the different sampling locations as deemed necessary. 
Examples of items that may require such photographic documentation include: 

* General site pollutional conditions 
* Exact sample locations 
* Physical appearance of environmental samples 

4.4 Field Logbooks 

A field logbook will be maintained by the field team leader and a record of each sample 
site, depth, and water temperature will be recorded. Observations regarding the visible 
status of pollution in the lake sites will also be recorded. 

The field team leader has the responsibility of emphasizing the logbook completeness and 

accuracy. Entries into the logbook shall include : 

* Weather conditions, sampling date and time 

pH, water clarity, and temperature 

Description of the sampling sites landmarks 

List of any changes from standard operation procedures, decisions made in 
the field, and other pertinent information 

Comments relative to any problem areas that occurred during the day's 
activities, their final resolution, and any anticipated impact on the outcome 
of the field investigation 
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5 Calibration Procedures and Frequencies 
of Analytical Instruments 

5.1 Laboratory Instrumentation 

Instruments used in the laboratories of the High Institute of Public Health, Department of 
Environmental Health are all subject to continuous calibration beforo they e used. The 
manner in which various instruments are calibrated is dependent on the particular type of 
instrument and its intended use. 

All sample measurements are made within the calibrated range of the instrument. 
Preparation of all reference materials will be documented in a standards preparation 
notebook. 

Instrument calibration typizally consists of two types: 

* Initial calibration 
* Continuing calibration 

Initial calibration procedures establish the calibration range of the instrument and 
determine the instrument response over that range. Usually the calibration is carried out 
with three concentrations, having low, medium, and hiph concentrations. The instrument 
response over the range is absorbance, or transition, which can be expressed as a linear 
model with a response factor, or as an amount vs. response plot. 

Continuing calibration may be used within an analytical sequence to verify stable 
calibration throughout the sequence and/or to demonstrate that the instrument response 
did not drift during a period of non-use of the instrument. Calibration is further ensured 
by the periodic analysis of quality control samples during the course of instrumental 
analysis of field collected samples. 

The following analytical instruments shall be used to analyze samples according to The 
Standard Methods for Examination of Water and Wastewater, the fourteenth Edition, and 
EPA Methods for Chemical Analysis of Water and Wastes. 

* pH meter 
* Conductivity meter 
* Spectrophotometer 
* Atomic absorption Spectrophotometer 
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5.2 Field Test Equipment
 

Prior to the use of any field test equipment, proper calibration shall be ensured. Specific 
calibration of certain instruments is described as follows: 

pH Calibration 

A field digital p-I meter shall be used throughout this investigation in order to determine 
the pH of various water samples. All pH buffer solutions used to calibrate the pH meter 
are purchased from Fisher Scientific Co. USA. 

DO Fixation 

A BOD bottle will be filled with the composite water sample from the three depths 
collected by the DO sampler. Fixation using manganous sulphate solution and alkaline 
azide solution will be done immediately after the sample collection in the field. 
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6 Analytical Procedures 

6.1 General 

The analytical methods specified for the collected samples during this study are 
summarized in the following table: 

Table 2 
Analytical Parameters and Procedures in Lake Maryout Study 

P~arameter 

Temporature 

Conductivity 

Total Solids 

Dispolved Solids 

Vohatile and Fixed Solids in Water Samples 

Volatile and Fixed Solids in Solid and Bottom 
Sediments 

Heavy Metals 

A-kalinity 

Chlorides 


Hardness Total 


Calcium Hardness 


Magnesium Hardness 


Ammonia (Nitrogen) 


Nitrate (Nitrogen) 


Nitrate (Nitrogen) 

Dissolved Oxygen 

pH 

Phosphates 


Sulfates 


Grease and Oil 


Oxygen Demand Biochemical BOD 

Oxygen Demand Chemical COD 

BOSAXI/001.wp5 

Analytical Procedure Units of Measurements 

Glass Thermometer Degrees Centigrade 

Conductivity Meter um:hos/cm 

Drying at 103-105 'C mg/L 

Filtrable Solids dried at 103-105'"C m/Ll 

Ignition at 550"C mg/L 

Ignition of Dry Weight at 550"C mall 

Acid Digestion followed by Atomic mg/L 
Absorption 

Titrimetric Analysis mg/L CaCo, 

Argentometric Titration mg/L Cl" 

EDTA Titration mg/L CaCo, 

EDTA Titration using Murexide Indicator mg/L CaCo, 

By Difference mg/L CaCo, 

Distillation followed by Nesalerization mg/L NH, 

Chronoiropic Acid Calorimetric mg/L NO, 
Determination 

Deoxidization Met~od mg/L NO, 

Audiometric Method Azide Modification mg/L 0. 

Glass Electrode 

Stannous Chloride Method mglL PO, 

Turbidimetric Method after Filtration mg/L SO, 

Wet Extraction by Petroleum Either alter mg/L 
Acidification 

Winlder Modified Azide mg/L 0, 

Dichromami Reflux Method mglL O 
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6.2 Laboratory Standards and Reagents
 

Laboratory standards and reagents are obtained from a local supplier who imports them 
from Fisher And Coli Parmer Chemicals in Europe. They are all Analytical Grade. 

All standards and laboratory reagents and common laboratory solvents are dated upon 
receipt. The preparation and use of all standards are recorded in bound laboratory 
notebooks to document their traceability. 

Additional information recorded includes the date of preparation, concentration of the 
prepared solution, and name of preparer. 

6.3 Laboratory Generated QC Samples 

6.3.1 Calibrated Check Sample 

One calibration check sample (CCS) shall be analyzed for every 10 samples analyzed 
sequentially for all project-specified parameters. A CCS is chosen as one of the mid­
range working calib tion standards that is reanalyzed periodically throughout the sample 
analysis to verify tha, the original calibration is still valid. A composite CCS of known 
concentrations of chlorides, sulfates, phosphates, and nitrates will be analyzed to 
determine the recovery of each parameter in the presence of the others (spiked sample). 

6.3.2 Method/Reagent Blank 

One method/reagent blank shall be analyzed with each sample batch tested. A nethod 
blank is comprised of laboratory-pure, analyte-free water carried through the entire 
sample preparation and analysis procedure. Analysis of the method blank provides a 
check of the background contamination due to sample preparation procedures. 

6.3.3 Laboratory Replicates 

One sample per monthly batch of samples will be analyzed in replicate. A replicate 
sample is produced by dividing a single collected sample into two equal parts for the 
purpose of determining analytical precision. 

6.3.4 Matrix Spike/Matrix Spike Duplicates 

A spiked sample analysis will be performed with each parameter determination, using a 
multi-chemical spiked sample. If the recovery is not within the acceptable criteria limits 
as specified in the Standard Methods for Water and Wastewater Analysis, the data of 
those samples and the spike must be repez:,"d. 
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6.4 Biological Analysis 

Water samples collected from the three depths of the lake, as well as those collected from 
land base sources, will be kept in wide mouth glass bottles in ice chests and after the 
addition of preservative solution. All water samples will be concentrated by means of 
Schedwick rafter funnel. The concentrated volume is counted under the microscope using 
the standard Schedwick cell for algal species identification, and counting. All counts will 
be presented as counts/liter. 

6.5 Bacterial Analysis 

The collected samples for bacterial analysis will be subject to serial dilution with sterile 
water to get the proper dilution of samples that can be cultured and counted on the agar 
plates. 

The MPN technique will be followed to determine the fecal coliform bacterial counts. 
The presumptive test will confirm the presence of the fecal coliform bacteria. All data 
will be presented as counts/100 ml. 

6.6 Data Presentation 

Data of all sample analysis will be presented in monthly cumulative data tables. Each 
parameter will be presented in a separate table over the different sites for the consecutive 
13 mo?'hs of sampling. 
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Appendix B 
Summary Lake Maryout Water Quality Data 

1983 and 1992/93 
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Appendix B
 
Summary Lake Maryout Water Quality Data
 

1983 and 1992/93
 

In order to assist in data interpretation several summary tables and graphics for some 
of the parameters potentially affected by sanitary sewage and primary treatment were 
developed. These data summaries were taken directly from the 1983 data report 
(WWCG 1983) or the complete 1992/93 data set (Appendix C this Report). They are 
averages of monthly data for a station or averages of stations from similar areas. 

The following summaries are provided in this Appendix: 

Title 

1983 

Summary of Kalaa Enrichment 
Characteristics 

Summary of Lake Input 
Enrichment Characteristics 

Summary of Shore Enrichment 
Characteristics 

Summary of Lake and Outlet 

Enrichment Characteristics 


Summary of Kalaa Nutrient 
Characteristics 

Summary of Lake Input 
Nutrient Characteristics 

Summary of Shore Nutrient 
Characteristics 

Summary of Lake and Outlet 
Nutrient Characteristics 

Stations 

Upstream Kalaa 
Kalaa Pump Station 

Kalaa Mouth 
Omoum Drain 

North Shore Stations 
East Lake 
Lake at Kalaa 

Central Lake 
NW Basin 
El Mex Pump 
Station 

Upstream Kalaa 
Kalaa Pump Station 

Kalaa Mouth 
Omoum Drain 

North Shore Stations 
East Lake 
Lake at Kalaa 

Central Lake 
NW Basin 
El Mex Pump 
Station 

Parameters 

Average 
BOD, SS, VS, COD 

Average 
BOD, SS, VS, COD 

Average 
BOD, SS, VS, COD 

Average 
BOD, SS, VS, COD 

Average 

NH 3, NO 3 , P0 4 

Average 
NH 3, NO3, P0 4 

Average 
NH 3, NO 3 , P0 4 

NH 3, N03, P0 4 
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Title 

Summary of Kalaa Metal 
Concentrations 

Summary of Lake Input 
Metal Concentrations 

Summary of Shore Metal 
Concentrations 

Summary of Lake and Outlet 
Metal Concentrations 

1992/93 

Seasonal Summary of 
Enrichment Characteristics 
(1 Fig. each Parameter) 

Seasonal Summary of Nutrient 
Characteristics 
(1 Fig. each Parameter) 

Seasonal Summary of Metal 
Concentrations 
(1 Fig. each Parameter) 

Seasonal Summary of 
Sediment Metals 
(I Fig. each Parameter) 

Seasonal Summary of Lake 
Shore Sediment Volatile Solids 

Scasonal Summary of Open 
Lake Sediment Volatile Solids 

Seasonal Summary of All 
Sediment Volatile Solids 

Summary of Kalaa Enrichment 
Characteristics 

Stations 

Upstream Kalaa 
Kalaa Pump Station 

Kalaa Mouth 
Omoum Drain 

North Shore Stations 
East Lake 
Lake at Kalaa 

Central Lake 
NW Basin 
El Mex Pump 
Station 

Kalaa, Inputs, Shore, 
Lake and Outlet, All 
Stations 

Kalaa, Inputs, Shore, 
Lake and Outlet, All 
Stations 

Kalaa, Inputs, Shore, 
Lake and Outlet, All 
Stations 

Sh,.e, Lake and 
Outlet, All Stations 

Shore Stations 

Open Lake Stations 

Shore, Lake and 
Outlet, All Stations 

Upstream Kalaa 
Kalaa Pump Station 
Smouha Drain 

Parameters 

One-month data 
Cd, Cr, Cu, Ni. Pb, Zn, 
Hg 

One-month data 
Cd, Cr, Cu, Ni, Pb, Zn, 
Hg 

One-month data 
Cd, Cr, Cu, Ni, Pb, Zn, 
Hg 

One-month data 
Cd, Cr, Cu, Ni, Pb, Zn, 
Hg 

BOD, SS, VS, COD 

NH 3, NO 3, P0 4 

Cd, Cr, Cu, Ni, Pb, Zn, 
Total Metals 

Cd, Cr, Cu, Ni, Pb, Zn, 
Total Metals 

I 

VS 

VS 

VS 

Yearly Average 
BOD, SS, VS, COD 
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Title 

Summary of Lake Input 
Enrichment Characteristics 

Summary of Shore Enrichment 
Characteristics 

Summary of Lake and Outlet 

Enrichment Characteristics 


Summary of Kalaa Nutrient 
Characteristics 

Summary of Lake Input 
Nutrient Characteristics 

Summary of Shore Nutrient 
Characteristics 

Summary of Lake and Outlet 
Nutrient Characteristics 

Summary of Kalaa Metal 
Concentrations 

Summary of Lake Input 
Metal Concentrations 

Summary of Shore Metal 
Concentrations 

Summary of Lake and Outlet 
Metal Concentrations 

Stations 

Kalaa Mouth 
Omoum Drain 
North Shore Drains 

North Shore 
East Lake 
Lake at Kalaa 

Central Lake 
NW Basin 
El Mex Pump 
Station 

Upstream Kalaa 
Kalaa Pump Station 
Smouha Drain 

Kalaa Mouth 
Omoum Drain 
North Shore Drains 

North Shore Stations 
East Lake 
Lake at Kalaa 

Central Lake 
NW Basin 
El Mex Pump 
Station 

Upstream Kalaa 
Kalaa Pump Station 
Smouha Drain 

Kalaa Mouth 
Omoum Drain 
North Shore Drains 

North Shore 
East Lake 
Lake at Kalaa 

Central Lake 
NW Basin 
El Mex Pump 
Station 

Parameters 

Yearly Average 
BOD, SS, VS, COD 

Yearly Average 
BOD, SS, VS, COD 

Yearly Average 
BOD, SS, VS, COD 

Yearly Average 
NH 3, NO 3, P0 4 

Yearly Average 
NH 3, NO 3, P0 4 

Yearly Average 
NH 3, NO 3, P0 4 

Yearly Average 
NH 3, NO3 , P0 4 

Yearly Average 
Cd, Cr, Cu, Ni, Pb, Zn, 
Total 

Yearly Average 
Cd. Cr, Cu, Ni, Pb, Zn, 
Total 

Yearly Average 
Cd, Cr, Cu, Ni, Pb, Zn, 
Total 

Yearly Average 
Cd, Cr, Cu, Ni, Pb, Zn, 
Total 
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Title 

Summary of Lake Shore 
Sediment Metal Concentrations 

Summary of Open Lake 
Sediment Metal Concentrations 

Summary of Kalaa 
Total Coliform 

Summary of Lake Input 
Total Coliform 

Summary of Lake Shore 
Total Coliform 

Summary of Lake and Outlet 
Total Coliform 

Stations 

Shore Stations 

Open Like Stations 

Upstream Kalaa 
Kalaa Pump Station 
Smouha Drain 

Industries Drain 
East Central Drain 
West Central Drain 
West Drain 
Kalaa Mouth 
Omoum Drain 

North Shore Stations 
East Lake 
Lake at Kalaa 

Central Lake 
Northwest Basin 
El Mex Pump 
Station 

Parameters 

Yearly Average 
Cd, Cr, Cu, Ni, Pb, Zn 

Yearly Average 
Cd, Cr, Cu, Ni, Pb, Zn 

Geometric Mean 

Geometric Mean 

Geometric Mean 

Geometric Mean 
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ENRICH83.XLS 

SUMMARY OF KALLA DRAIN ENRICHMENT CHARACTERISTICS 83
 
mg/I I
 

STA # DESCRIPTION BOD SS VS COD
 
2 UPSTREAM KALAA 210 764 226 500
 
4 KALAA PUMP STA 237 569 138 1017
 

SUMMARY OF KALAA ENRICHMENT
 
CHARACTERISTICS 83
 

1200
 

1000
 

800
 

60 UPSTREAM KALAA600 ­

lI KALAA PUMPSTA 

400
 

20
 

BOD SS VS COD 

mg/L 
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ENRICH83.XLS
 

SUMMARY OF LAKE INPUT 

STA # DESCRIPTION 
5 KALAA MOUTH 

19]OMOUM DRAIN 

SUMMARY OF LAKE INPUT 
CHARACTERISTICS 

800­

700
 

600
 

500
 

300
 

200 _­

100 ' 

ENRICHMENT CHARACTERISTICS 83
 
mg/I
 

BOD SS VS COD
 
173 377 74 363
 
177 750 203 413
 

ENRICHMENT
 
83
 

4 KALAA MourH 

E OMOUM DRAIN 

BOD SS VS COD 
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ENRICH83.XLS 

SUMMARY OF SHORE ENRICHMENT CHARACTERISTICS 83
 
mg/I I
 

STA # DESCRIPTION BOD SS VS COD
 
VARIOUS NORTH SHORE 277 627 218 479
 
VARIOUS EAST LAKE 308 493 165 634
 

'16 LAKE AT KALAA 288 467 218 407
 

SUMMARY OF SHORE ENRICHMENT
 
CHARACTERISTICS 83
 

700
 

600
 

500
 

400
 
UNORTH SHORE 

.:" J EAST LAKE 

3LAKE AT KALAA 

100 - : 

BOD SS VS COD 
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ENRICH83.XLS 

SUMMARY OF LAKE AND OUTLET ENRICHMENT CHARACTERISTICS 83
 
mg/I
 

STA # DESCRIPTION BOD SS VS COD
 
VARIOUS CENTRAL LAKE 182 564 106 562
 
VARIOUS NORTHWEST BASIN 221 1096 373 594
 

20 EL MEX PUMP STA 1131 515 61 340 _
 

SUMMARY OF LAKE AND OUTLET ENRICHMENT
 
CHARACTERISTICS 83
 

1200
 

1000 ­

800
 

U CENTRAL LAKE 

600 _ '- NORTHWEST BASIN 

[ EL MEX PUMP STA 

400
 

200
 

BOD SS VS COD 
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NUT83.XLS
 

__" __SUMMARY OF KALLA DRAIN NUTRIENT CHARACTERISTICS 83 

STA i DESCRIPTION 
2 UPSTREAM KALAA 
5 KALAA PUMP STA 

1mg/I__ 

NH3 N03 P04 
28.52 3.68, 5.55 
12.57 3.701 5.32 

I 

__ __ _ 

SUMMARY OF KALAA NUTRIENT CHARACTERISTICS 

30.00 .... 

83 

25.00 

20.00 

15.00 

I 0.0 

UUPSTREAM KALAA 

0 KALAA PUMP STA 

5.00 

0.00 

NH-3 	 N03 P04 

mg/I 

Pagel 



NUT83.XLS 

SUMMARY OF LAKE INPUT NUTRIENT CHARACTERISTICS 83 
mg/I 

STA # DESCRIPTION NH3 N03 P04 
5 KALAA MOUTH 22.40 4.42 0.81 

19OMOUM DRAIN 11.20 4.44 1.04 

SUMMARY OF LAKE INPUT NUTRIENT CHARACTERISTICS 
83 

25.00 

20.00 

15.00 7 

* KALAA MOUTH 

- OMOUM DRAIN 

5.00 /10.00

NH3 N03 P04 
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NUT83.XLS
 

S I _7 _, 
SUMMARY OF SHORE NUTRIENT CHARACTERISTICS 83 

STA # DESCRIPTION 
_ __ 
NH3 

mg/I 
N03 

_ 
-P04 

_ 
_____ 

VARIOUS NORTH SHORE 18.5O 4.81 2.20 _ _ 

VARIOUS EAST LAKE 11.70 4.60 2.351 _ I 
16 LAKE AT KALAA 11501 4.711 1.98 

SUMMARY OF SHORE IUTRIENT CHARACTERISTICS 83 

20.00 

18.00 

16.00 

14.00 

1 NORTH SHORE 

10.00 	 E EAST LAKE 

LAKE ATKALAA 
8.00 	 ; 

6.00 

4.00­

2.00 =L 

0.00 

NH3 N03 	 P04
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NUT83.XLS
 

_____,__, ,SUMMARY OF LAKE AND OUTUETNUTRENT CHARACTERISTICS 83 
mg/I 

STA # DESCRIPTION NH3 N03 P04 
VARIOUS CENTRAL LAKE 9.10 6.26 1.58i 
VARIOUS NORTHWEST BASIN 2.70 3.52 0.761 

20JELMEX PUMP STA 6.101 4.22 1.111 

SUMMARY 	OF LAKE AND OUTLET NUTRIENT
 
CHARACTERISTICS 83
 

10.00 

9.00 

8.00 

7.00 

6.00 

* CENTRAL LAKE 

5.00 	 NORTHWEST BASIN 

E3 EL MEX PUMP STA 
4.00 ­

3.00 ­

2.00 i 
1.00 ­

0.00 

N -1 N03 	 P04 
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METALS83.XLS
 

- SUMMARY OF KALLA DRAIN METAL CONCENTRATIONS 83
 
__ __ __ _ug/I_
 

STA # DESCRIPTION CD CR CU NI PB ZN HG
 
2 UPSTREAM KALAA 5J320 380 20 620 520 80
 
4 KALAA PUMP STA 21 20 650 20 580 440 100
 

SUMMARY OF KALAA METALS 83
 

700 .
 

600 ­

400
 

UPSTREAM KALAA 

LI KALAA PUMP STA
 
300
 

200
 

100
 

0
 
CD CR CU NI PB ZN HG
 

UG/L
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METALS83.XLS 

SUMMARY OF LAKE INPUT METAL CONCENTRATIONS 83 
ug/I CU 

STA # DESCRIPTION CD CR CU NI PB ZN HG 
5 KALAA MOUTH 160 15 865 10 15 293 70 

191OMOUM DRAIN 30 12 480 10 800 385 150 

SUMMARY OF LAKE INPUT METALS 83 

900 I 

800 I 

700 

_ _ _ -__600 _ _ _ _ _ _ _ ---- _ 

500 5 j 7-- ,] KALAA MOUTH 

[ZIOMOUM DRAIN 
400 _____-_ 

300 

200 

100 - ____-

CD CR CU NI PB ZN HG 
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METALS83.XLS 

SUMMARY OF LAKE SHORE METAL CONCENTRATIONS 83 
ug/I I 

STA # DESCRIPTION CD CR 1 CU NI PB ZN HG 
VARIOUS NORTH SHORE 45 25 313 10 348 235 108 
VARIOUS EAST LAKE 61 11 320 23 433 303 75 

16LAKEATKALAA 801 120 160 10 200 25 150 

SUMMARY OF SHORE METALS 83 

450 

400 

350 

300 . 

250 ! 7 NORTH SHORE 

'EAST LAKE 

200 LAKE ATKALAA 

150i 

100 

50
 

CD CR CU NI PB ZN HG 
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METALS83.XLS 

SUMMARY OF LAKE AND OUTLET METAL CONCENTRATIONS 83 
ug _ r_ 

STA # DESCRIPTION CD CR CU NI PB ZN HG 
VARIOUS CENTRAL LAKE 85 17 400 20 747 196 165 
VARIOUS NORTHWEST BASIN 151ND 339 lrJ 233 1781 94 

20ELMEX FUMP STA 1601 1501 2601 121 8121 120 80 

SUMMARY OF LAKE AND OUTLET METALS 83 

900 

800 

700 

600 

500 U CENTRAL LAKE 

_ NORTHWEST BASIN 

400 i [] EL MEX PUMP STA 

300 

200 

0 
CD CR CU NI PB ZN HG 
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RICHSEAS.XLS
 

SEASONAL SUMMARY OF ENRICHMENT CHARACTERISTICS 92/93
BOD IN mg/I 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB 
KALAA DRAIN 293 300 300 160 319 267 310 2851 262 350 269 271 
LAKE INPUTS 412 426 418 407 499 409 441 435{ 349 415 343 419 
SHORE 534 532 566 480 491 557 523 477 455523 476 443 
LAKE&OUTLET NA 419.2 428.1 348.9 436.1 399.7 435.81414.6 362.9 413.6 355.4 377.8 
ALL STATIONS 413 419 428 349 436 400 436 415 363 414 355 378 

SEASONAL SUMMAJPRY OF BOD 92/93 

600
 

500 -- _- ­

400 

A IN 

El AKE INPUTS 

300 U -lORE 

E-LKE&OUTLET 

2] ALL STATIONS 

200 

100
 

0­

, < (n 0 z_I 0-
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RICHSEAS.XLS 

SS IN mg/I I I 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB 
KALAA DRAIN 784 646 560 130 847 794 674 739 631 586 648 509 
LAKEINPUTS 1226 353 742 673 1238 1006 1002 1025 784 10301 10681 1153 

SHORE 1157 377 1106 393 1158j 1181 1078 1406 8911 9251 1093[ 1005 
LAKE&OUTLET 236 1989 620 1310 13921 1530 1687 1388 16011 18061 15301 1402 
ALL STATIONS 851 841 757 62F 1159 1128 1110 1139 9771 1087 1084 1017 

SEASONAL SUMMARY OF SS 92/93 
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< ~ -n W 0 0 .. 

Page 2 



RICHSEAS.XLS 

VS mg/I 
MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB 

KALAA DRAIN 523 300 527 405 520 547 525 471 493 502 503 504 
LAKE INPUTS 814 441 731 775 853 775 761 786 652 772 722 760 
SHORE 903 400 871 312 861 952 915 895 833 805 833T 792 
LAKE&OUTLET 2276 1418 923 1183 1215 12661 1314 1270 1375 1425 1325 1291 
ALL STATIONS 1129 640 763 669 862 885 879 855 876 846 837 

SEASONAL SUMMARY OF VS 92/93 

2500 .
 

2000 -

N KALAA DRAIN1500-


- -LAKE INPUTS 

EISHORE
 

U LAKE&OUTLET 
1000 -- " ALL STATIONS 

50 

0
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RICHSEAS.XLS 

COD mg/I I __ 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB 
KALAA DRAIN 5021 600 5101 387 499 498 502 484 449 4381 461 461 
LAKE INPUTS 639 807 609f 828 701 625 628 633 536 6071 561 601 
SHORE 8801 863 810 1313 832 9001 881 790 790 7671 778 746 
LAKE&OUTLET NA 327 846 729i 706 7201 772 750 752 8341 8321 749 
ALL STATIONS j 6741 649 694 8141 686 696 632 6621 6581 639 

SEASONAL SUMMARY OF COD 92/93 

1400
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NUTSEAS.XLS
 

SEASONAL SUMMARY OF NUTRIENTS CHARACTERISTICS 92/93 ­

- 1]NH3 mg/I 

KALAA DRAIN 
MAR JAPR

1.071 5.9-
MAY JUN JUL AUG SEP OCT NOV DEC 'JAN FEB1.03 1.27 1.20 0.87 0.52 0.73 0.90 1.00 0.97 1.80 

LAKE INPUTS 1.241 5.24 1.20 2.50 2.85 1.03 1.05 1.20 1.25 1.40 1.33 2.05 
SHORE 2.161 3.00 1.39 2.30, 2.58 2.23 2.22 2.25 2.30 2.32 2.321 2.35 
LAKE&OUTLET NA 1 2.40 1.10 1.40 1.03 0.90 1.08 1.10 1.08 1.20 1.15 1.18 
ALL STATIONS 1.491 4.15 1.18 1.87 1.91 1.26 1.21 1.321 1.38 1.48 1.44 1.84 

SEASONAL SUMMARY OF NH3 92/93 

6.00 

5.00 

4.00 __ _ 

EKALAA DRAIN 

30 LAKE INPUTS 

3.00, SHORE 

U LAKE&OUTLET 

2 ALL STATIONS 

2.00 

1.00­

0.00
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NUTSEAS.XLS
 

MAR APR MAY 
N03 mg/I
JUN JUL AUG SEP OCT NOV DEC IJAN ] FEB 

KALAA DRAIN 2.83 0.05 4.37 0.04 4.67 2.03 5.33 4.67 2.30 2.471 3.93 5.83 
LAKE INPUTS 6.82 0.18 5.83 0.11 8.62 3.501 7.08 6.421 5.201 5.551 5.751 7.12 
SHORE 4.541 1.30 7.58 0.06, 8.331 7.57 7.251 7.00 7.871 8.021 7.751 7.73 
LAKE&OUTLET NA 0.12 5.00 0.07] 6.381 4.251 6.481 6.25 4.551 4.881 5.001 5.38 
ALL STATIONS 4.73J 0.41 5.701 0.071 7.001 4.34 6.54 6.08 4.98 5.23 5.61 6.51 

SEASONAL SUMMARY OF N03 92/93 
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NUTSEAS.XLS
 

MAIMA P04 mg/I r 

MAR jAPR MAY JUN JUL AUG SEP IOCT NOV DEC 'JAN JFEB 
KALAA DRAIN 3.71 2.91 .0.2 1.41 9.7 2.2 3.01 3.2 3.31 4.01 4.01 5.0 
LAKE INPUTS 8.11 5.1 0.91 1.0 7.3 3.7 7.81 6.9 6.21 6.71 7.21 9.2 
SHORE 7.301 3.401 4.421 0.82111.00 5.28 6.17 5.33 3.58[ 3.971 5.151 4.12 
LAKE&OUTLET NA i 2.301 3.131! 5.48 10.001 2.13 2.631 2.75 2.401 3.001 3.181 3.25 

ALL STATIONS 6.41 3.41 2.21 0.9_ 9.51 3.3 4.91 4.5 3.9 4.41 4.91 5.4 

SEASONAL SUMMARY OF P04 92/93 
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METSEA.XLS 

SEASONAL SUMMARY OF LAKE MARYOUT METALS 92/93 
CD IN ugll _ _,____ 

MAR APR MAY JUN JUL AUG SEP OCT NOV IDEC !JAN FEB 
lKALAA DRAIN 90.0 53.3 37 40.0 55.0 45.7 29.0 29.7 53.71 47.01 44.3: 40.3 
ILAKEINPUTS 29.3 52.0 22.2 63.3 111.0 54.2 25.8 54.01 70.81 61.81 67.71 66.3 
SHC,3E 25.8 42.51 29.3 28.2 66.2 69.7 29.8 69.0 73.31 60.71 61.7: 67.5 
LAKE&OUTLET 45.0 26.71 28.5 75.5 101.3 93.0 29.8 99.0 104.01 94.01 95.81 99.0 
ALL STATIONS 47.5 43.61 27.9 51.8 83.4 65.6 28.6 62.9 75.51 65.91 67.41 68.3 

SEASONAL SUMMARY OF CD 92/93 
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METSEA.XLS 

S CR INug/I I II IL I 

MAR_MAY APR JUN JUL AUG iSEP OCT NOV DEC jJAN IFEB 

KALAA DRAIN 41.0 48.31 47.0 22.0 26.31 19.31 18.5 29.3t 43.7 38.7! 34.01 33.7 
LAKEINPUTS 113.3[ 30.0[ 39.2 47.0 55.01 25.71 36.51 49.81 27.11 55.81 38.51 36.3 
SHORE 84.81 70.01 55.3 23.31 57.81 28.51 33.71 80.01 52.21 50.31 47.21 46.5 
LAKE&OUTLET 85.01147.01 131.3 112.3 - 64.31 38.01 38.01 127.01 69.31 96.31 59.51 60.3 
ALL STATIONS 81.01 73.81 68.21 51.11 50.91 27.91 31.7! 71.5[ 48.01 uO.31 44.81 44.2 

SEASONAL SUMMARY OF CR 92/93 
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METSEA.XLS 

CU IN ug/I 1 1 FEB 
:MAR APR MAY JUN JUL AUG SEP OCT NOV DEC IJAN FEB 

KALAA DRAIN 100 ND 55 311 268 117 89 287 2841 3291 1861 188 
LAKE INPUTS 128 39 22 973 984 319 383 293 375 2541 290r 266 
SHORE 851 701 55 23 58 29 341 801 52 501 471 47 
LAKE&OUTLET 60 ND 20 ND 220 129 141 186 163 163 170 166
ALL STATIONS 93 55 38 436 382 148 162 211 218 199! 173 167 

SEASONAL SUMMARY OF CU 92/93 
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METSEA.XLS
 

_ _ MAR APR MAY 
NI IN ug/i

'JUN 1JUL AUG SEP OCT NOV DEC JAN FEB 

KALAA DRAIN 27 17 241 251 230 291 178 1801 164 205 1371 152 
LAKE INPUTS 28 161 221 281 3641 2621 229 2071 2441 298 270 255 
SHORE 32 231 441 241 2781 282 220 2521 2361 2761 2661 258 
LAKE&OUTLET 45 201 521 301 369 372 230 332 3921 3281 3291 338 
ALL STATIONS 33 191 35 27! 310 301 2141 242 259 2771 25 

SEASONAL SUMMARY OF NI 92/93 
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METSEA.XLS
 

I N[ 
PB INug/I 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC iJAN FEB 
KALAA DRAIN 97 7S 17 380 393 740 321 123 360 217 110 132 
LAKE INPUTS 92 112 35 802 1115 12171 569 357 567 325 315 343 
SHORE 190 100 116 420 203 807 645 633 408 3221 4061 410 
LAKE&OUTLET 138 150 39 238 565 911 605 674 570 4431 4291 426 
ALL STATIONS 129 109 52 460 569 919 535 447 476 326 3151 328 

SEASONJAL SUMMARY OF PB 92/93 
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__ _ ZN_ IN_ _I Iug/ r N 
MAR APR MAY JUN IJUL AUG ISEP ]OCT NOV IDEC JAN FEB 

KALAA DRAIN 1200 10 0  3 7i 531 811 6701 1181 331 1,14I 4471 422! 405 
LAKE INPUTS 9251 1051 521 1321 6581 387! 6411 428 371T 5021 4871 452 
SHORE 6501 951 631 361 5291 1351 2621 4401 4301 4781 4671 466 
LAKE&OUTLET 5OND 1 681 501 4951 831 1481 1951 3691 4331 4091 416 
ALL STATIONS 706! 1001 551 681 6231 3191 2921 3481 3411 4651 446i 435 __________,___ - _____ ____ ___ ___I _____ _____________ 

SEASONAL SUMMARY OF ZN 92/93 
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TOTAL METALS FOR ALL AREAS IN ug/I I 
MAR APR MAY JUN ]JUL AUG SEP OCT NOV DEC JAN FEB 

KALAA 1465 240 181 7911 1728 1837 724 949 1046 1236 890 910 
LAKE INPUTS 1316 354 192 2044 3287 2264 1884 1389 1654 1497 1469 1418 

SHORE 1067 400 363 555 1191 1350 1224 1554 1251 1237 1295 1294
 
LAKE&OUTLET 423 344 338 505 1814 1626 1191 1612 1667 1556 1492 1504
 
MEAN 1068 334 268 974 2005 1769 1256 13761 1404 1381 1286 1282
 

-I 

3500 

SEASONAL SUMMARY OF TOTAL METALS 92/93 
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SEDSEAM.XLS
 

- SEASONAL SUMMARY OF 1992/93 SEDIMENT METALS I 
'MCD INmg/kg 
_ _ MAR APR -MAY IJUN JUL JAUG SEP 1OCT NOV DEC JAN ]FEB

SHORE NA NA 73.3-106.7 10.81 9.7 37.51 21.8 36.5 26.31 26.81 30.0 
LAKE&OUTLET NA NA 7S.0 95.0 13.71 5.8 37.51 11.0 38.0 27.31 27 .7 1 27.3
ALL STATIONS NA NA 74.21 101: 12.21 7.721 37.51 16.41 37.3 26.8 27.3 28.7 

SEASONAL SUMMARY OF SEDIMENT CD 
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SEDSEAM.XLS 

CR mg/kg I I I I 
MAR APR IMAY JUN JUL AUG SEP IOCT IDNOV NIFEB 

SHORE NA 22.01 40.7 40.01 30.81 17.01 16.4 25.01 27.01 30.71 29.71 26.5 
LAKE&OUTLET NA 40.01 32.5 NA 1 13.71 11.51 15.7 17.51 30.31 27.71 25.31 24.3 
ALL STATIONS INA 31.0 36.6 40.01 22.31 14.31 16.0 21.31 28.71 29.2! 27.51 25.4 

SEASONAL SUMMARY OF SEDIMENT CR 
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SEDSEAM.XLS 

ICUN mg/kg 
_ _ MAR APR IMAY JUN IJUL AUG ISEP OCT 
SHORE NA 1 1731 2951 20801 6011 4301 9021 838 
LAKE&OUTLET NA 41 2201 2830 3111 2691 954 4521 
ALL STATIONS NA 891 25812455 4561349 928 6451 

SEASONAL SUMMARY SEDIMENTOF CU 
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SEDSEAM.XLS 

_NImg/kg I 
MAR APR MAY IJUN JUL !AUG SEP OCT NOV [DEC tJAN FEB 
NA 605.0 229.51219.5 199.51213.81323.5 207.2 223.81249.7 190.7 203.8 
NA 400.0 176.0 143.3 139.31171.31341.7 191.3 277.7 251.0 246.3[208.3 

LIA 502.5 202.8 181.41169.41192.61332.6 199.3 250.81250.31218.51206.1
S1 T , 

SEASONAL SUMMARY OF SEDIMENT NI 
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SEDSEAM.XLS 

PS mg/kg o V IBC I
 
MAR IAPR IMAY JUN JUL AUG SEP LAN
 

SHORE NA 1 3001 1151 2190 2530 7781 677 9331 6821 3871 608F 552
 
LAKE NA 401 1101 2500 1600 515 763 5071 460 2331 4071 467
 
ALL STATiONS NA 3501 113 2345 20651 647 720 7201 571 3107509
 

SEASONAL SUMMARY OF SEDIMENT PB 
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SEDSEAM.XLS
 

ZN mg/kg N 
MAR JAPR MAY IJUN JUL AUG SEP OCT OV IDEC JAN FEB 

SHORE NA 24521 17001 12001 31881 16161 21821 15981 9061 9181 10491 1019 
LAKE&OUTLET NA 1301 24001 16401 43151 14631 1688 12611 11161 11751 1047 1091 
ALL STATIONS NA 12911 20501 1420 37521 15391 1935 14291 10111 10461 10481 1055 

4500 

SEASONAL SUMMARY OF SEDIMENT ZN 
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SEDVS.XLS
 

- SEASONAL SUMMARY OF 1992/93 LAKE SHORE SEDIMENT VS I-g/100g SOLIDS J j 

STA IDESCRIPTION AR APR MA JUN JUL AUG SEP OCT NOV DEC JAN FEB MEA 
111EAST CENT LAKE 42.6 55.8 59.2 59.6 65.2 60.3 64.9 60.6 63.5 60.8 53.4 58.6 58.7 
121WEST CENT LAKE 46.1 30.4 36.0 45.9 41.8 36.3 32.3 36.8 28.8 30.8 28.4 31.6 35.4 
13iWEST LAKE 43.5 36.2 32.8 25.6 30.6 33.0 28.0 34.6 24.9 21.4 32.8 28.4 31.0 
23INORTH SHORE 33.6 33.0 31.8 34.8 27.4 16.8 23.8 21.0 26.3 26.2 23.2 27.1 
101EAST LAKE 45.4 32.3 42.3 44.7 44.6 30.2 42.6 39.9 38.6 39.4 40.6144.0 39.6 
161LAKE AT KALAA 36.8 26.5 27.8 18.3 26.5 17.0 38.8 27.4 38.8 28.8 30.1 35.2 29.3I I I I I 

VS IN LAKE SHORE LOCATIONS 
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SEDVS.XLS 

SEASONAL SUMMARY OF 1992/93 OPEN LAKE SEDIMENT VS I-

STA IDESCRIPION AR APR MA JUN JUL AUG SEP OCT NOV DEC JAN FEB MEA 

21 CENTRAL LAKE 44.0 17.5 31.4 29.2 25.2 20.4 31.6 34.6 29.0 26.2 26.6 30.4 28.8 
221CENTRAL LAKE 41.0 34.4 34.8 22.6 26.6 29.5 24.4 27.8 27.2 30.6 30.8 30.0 
241NORTHWEST BASIN 11.8 12.0 29.4110.8 31.3 28.2 27.8 24.8 22.8 23.0 22.2 

VS IN OPEN LAKE LOCATIONS 
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SEDVS.XLS 

SEASONAL SUMMARY OF ALL 1992/93 SEDIMENT VS! I i I
 
STA I MAR APRIMA JJUNI JUL IAUG1 SEP IOCTINOVI DECIJAN I FEBPEA
 
MEAN OF SHORE STA 42.9135.8 38.5137.7140.6134.0137.2137.2135.9133.1 35.3136.71 36.9
 
MEAN OF LAKE STA 44.0129.3125.9125.3125.7 19.3130.8129.1 28.2 26.126.7128.11 27.0
 
MEAN OF ALL STA 35.2137.0136.2133.7 35.5131.3131.2 35.1133.6 31.5132.2133.41 33.9
 

VS IN ALL STATIONS 
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ENRICH.XLS 

SUMMARY OF KALLA DRAIN ENRICHMENT CHARACTERISTICS 92/93 
__ __mg/I I__ 

STA I DESCRIPTION BOD ss Ivs COD _ 
1 SMOUHA DRAIN 128.9 299.8 169.3 201.81 
2 UPSTREAM KALAA 404.0 945.8 694.8 641.8 _ 

4 KALAA PUMP STA 313.3 641.0 591.1 603.71 

SUMMARY OF KALAA ENRICHMENT
 
CHARACTERISTICS 92/93
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ENRICH.XLS 

SUMMARY OF LAKE INPUT ENRICHMENT CHARACTERISTICS 92/93 I 
B mg/I V 

STA # DESCRIPTION ISOD SgI ICOD 1__ 
61INDUSTRIES DRAIN 1008.5 2177.8 2047.4 1825.2 I 
71EAST CENT DRAINj 225.2 402.3 249.7 422.2 i 
8 WEST CENT ,.L DRAIN 236.0 926.8 417.8 415.2 i 
9 WEST DRAIN 139.3 306.4 224.1 249.3 i 
5 KALAA MOUTH 343.7 652.7 519.3 670.3 1 

19 OMOUM DRAIN 557.0 126-1.7 1029.5 i 1017.41 

SUMMARY OF LAKE INPUT ENRICHMENT
 
CHARACTERISTICS 92/93
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ENRICH.XLS 

SUMMARY OF SHORE ENRICHMENT CHARACTERISTICS 92/93 
mg/I 

STA # DESCRIPTION BOD SS VS COD 
_ 

11 EAST CENT LAKE 803.2 1426.6 1200.8 1a66.6 
12 WEST CENTRAL LAKE 464.8 858.0 634.4 796.3 
13 WEST LAKE 550.3 1040.8 863.0 950.8 
23 NORTH SHORE 461.2 891.2 771.6 739.8 
10 EAST LAKE 346.8 936.2 588.8 601.2 
16 LAKE AT KALAA 396.1 709.4 615.8 708.8 

SUMMARY OF SHORE ENRICHMENT
 
CHARACTERISTICS 92/93
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ENRICH.XLS
 

SUMMARY OF LAKE AND OUTLET ENRICHMENT CHARACTERISTICS 92/93 _ 

mg/I _ 

STA # DESCRIPTION BOD SS VS COD _ 

LAKE 21 CENTRAL LAKE 335.7 747.6 571.8 688.6 _ 

22 CENTRAL LAKE 454.2 1050.3 819.5 760.01 i 

NW BASIN 241NORTHWEST BASIN 737.5 1662.3 1445.3 1311.4 i 
CUTLET 20 EL MEX PUMP STA I 123.8 2146.3 2326.4 216.7 I 

SUMMARY 	OF LAKE AND OUTLET ENRICHMENT 
CHARACTERISTICS 92/93 
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NUT.XLS 

SUMMARY OF KALLA DRAIN NUTRIENT CHARACTERISTICS 92/93 

STA # DESCRIPTION 
I SMOUHA DRAIN 
2 UPSTREAM KALAA 
4 KALAA PUMP STA 

NH3 N03 P04
 
1.70 3.26 3.11 
1.13 2.96 3.04 
1.50 3.421 4.46, 

SUMMARY OF KALAA NUTRIENT CHARACTERISTICS 
92/93 
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NUT.XLS 

____SUMMARY OF LAKE INPUT NUTRIENT CHARACTERISTICS 92/93 1 
' 
STA I 

_ _ __ __ 

DESCRIPTION 
6IlNDUSTRIES DRAIN 

mg/I 
NH-3 ]N03 P04 

2.681 9.40 2.93 
_________ 

71EAST CENT DRAIN 1.871 5.23 5.98 
81WEST CENTRAL DRAIN 2.05 5.05 9.16 
9IWEST DRAIN 2.271 4.66 8.50 
51KALAA MOUTH 1.101 3.47 3.91 

1910MOUM DRAIN 0.811 3.23 4.14_ 

SUMMARY OF LAKE INPUT NUTRIENT 
CHARACTERISTICS 92/93 
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NUT.XLS
 

SUMMARY OF SHORE NUTRIENT CHARACTERISTICS 92/93 
NH3 _mg/I 

STA # DESCRIPTION NONH33 P04 
11JEAST CENT LAKE I 2.57 13.75 3.61 
121WEST CENTRAL LAKE 2.39 4.08 7.17 
13 WEST LAKE 2.63 4.66 6.22_ 
23 NORTH SHORE 1.35 6.39 3.92 
10 EAST LAKE 1.91 3.27 4.04 
16 LAKE AT KALAA 2.85 5.95 5.0S 

SUMMARY OF SHORE NUTRIENT CHARACTERISTICS 
92/93 
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SUMMARY OF LAKE AND OUTLET NUTRIENT CHARACTERISTICS 92/93 
mg/I 

STA # DESCRIPTION NH3 N03 P04 
LAKE 21 CENTRAL LAKE 1.48 6.92 3.72 

22 CENTRAL LAKE 1.47 4.66 3,62 
NW BASIN 24 NORTHWEST BASIN 0.72 4.06 2.89 
OUTLET 20 EL MEX PUMP STA 1.11 2.97 2.83 

* 	 SUMMARY OF LAKE AND OUTLET NUTRIENT 
CHARACTERISTICS 92/93 
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METALS.XLS 

SUMMARY OF KALLA DRAIN METAL CONCENTRATIONS 92/93 

STA # DE!SCRIPTION 
1 SIft'OUHA DRAIN 
2 UPSTREAM KALAA 
4 KALAA PUMP STA 

CD 
43.1 
49.8 
47.01 

ug/I I 
CR CU 

30.5 337.6 
35.0 117.5 
36.51 189.0 

SUMMARY OF KALAA ,u'ALS 92/93 
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METALS.XLS 

SUMMARY OF LAKE INPUT METAL CONCENTRATIONS 92/93
1 ug/I 

STA # DESCRIPTION CD CR ICU NI PB 1ZN TOTAL 
6 INDUSTRIES DRAIN 88.9 64.6 380.4 247.6 615.9 296.9 1694.3 
7 EAST CENT DRAIN 36.0 32.8 398.0 128.8 559.7 256.7 1411.8 
8 WEST CENTRAL DRAIN 58.7 59.7 329.7 244.2 541.3 583.1 1816.7 
9 WEST DRAIN 47.9 25.3 277.5 125.8 410.6 618.4 1505.6 
5 KALAA MOUTH 49.8 37.5 700.3 184.8 470.5 563.4 2006.3 

19 OMOUM DRAIN 71.8 59.4 95.3 227.5 420.3 329.0 1203.3 

SUMMARY OF LAKE INPUT METALS 92/93 
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METALS.XLS
 

_ _ SUMMARY OF LAKE SHORE METAL CONCENTRATIONS 92/93 
_____I___ _ug/ I I 
STA I DESCRIPTION CD CR Cu NI PB tZN TOTAL 

111 EAST CENT LAKE 69.5 63.8 224.1 264.7 532.21 237.6 1391.9 
121WEST CENTRAL LAKE 47.3 55.1 160.5 188.2 365.21 428.6 1244.8 
13 WEST LAKE 53.11 46.3 107.4 170.0 316.11 261.5 954.4 
23 NORTH SHORE 58.1 56.9 112.8 189.9 373.9 302.4 1094.0 
10 EAST LAKE 49.3 47.6 190.4 152.5 436.5 191.21 1067.5 
16 LAKE AT KALAA 39.4 40.3 387.1 168.4 404.5 460.31 1500.0 

SUMMARY OF SHORE METALS 92/93 
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METALS.XLS
 

SUMMARY OF LAKE AND OUTLET METAL CONCENTRATIONS 92/93 
__ _g/_ I I I 

STA # DESCRIPTION CD ICR CU INI IPB ZN TOTAL 
21 CENTRAL LAKE 49.41 40.6! 108.41 156.8 323.9J 260.7 939.7 
22 CENTRAL LAKE 63.3 97.2 109.11 258.4 461.21 228.6 1217.8 

NW BASIN 241 NORTHWEST BASIN 103.0 100.3 168.8 281.0 651.4 413.2 1717.6 
OUTLET 20 EL MEX PUMP STA 92.6 95.11 196.01 307.8 373.2! 158.8 1223.5 

SUMMARY OF LAKE AND OUTLET METALS 92/93 
iL 
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SUMMARY OF 1992/93 LAKE SHORE SEDIMENT METAL CONCENTRATIONSSDSRPONmg/kg I I r 

STA I DESCRIPTION CD CR ICU NI PB IZN I 
11 EAST CENT 44.4 27.8 725.3 163.2 610.7 1495.11 1 
12 WEST CENT 48.9 21.6 852.3 274.0 872.9 1958.9f 
13 WEST LAKE 38.6 24.8 829.8 227.6 730.0 2124.7 _ 

23 NORTH SHORE 40.3 28.7 430.1 328.1 1397.5 1710.2111 
10 EAST LAKE 37.6 33.1 1,105.5 310.5 978.2 1195.71_ 
16 LAKE AT KALAA 37.2 32.3 543.5 252.5 469.3 1071.11 

SUMMARY OF LAKE SHORE SEDIMENT METALS 
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SUMMARY OF1992/93 OPEN LAKE SEDIMENT METAL CONCENTRATIONS
 
I Img/kg I I I I
 

STA I DESCRIPTION lCD CR ICU NI IPB 'ZN !TOTAL 

21 CENTRAL. LAKE 25.8 19.7 653.01212.5 798.2 1337.31 i 

22 CENTRAL LAKE 33.3 34.0 722.2 286.2 890.8 2641.3i 
24TNORTHWEST BASIN 44.7 15.6 203.8 167.61 292.4 657.01 _ 

SUMMARY OF OPEN LAKE SEDIMENT METALS 
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SUMMARY OF KALAA DRAIN TOTAL COUFORM CHARACTERISTICS 92/93'1 I I 
STA I DESCRIPTION MPN 100ML GEOMETRIC MEAN 

1 SMOUHA DRAIN 4.26E + 09 
2 UPSTREAM KALAA 1.03E + 09 
4 KALAA PUMP STA 4.18E + 09 

SUMMARY OF KALAA TOTAL COLIFORM 92/93 
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SUMMARY OF LAKE INPUT TOTAL COLIFORM CHARACTERISTICS 92/931 1 
STA i DESCRIPTION MPN 100ML GEOMETRIC MEAN 

6 INDUSTRIES DRAIN I3.72E +091 
7 EAST CENT DRAIN 5.34E+091 
8 WEST CEN -PAL DRAIN 7.76E +09j 
91 WEST DRAIN 7.76E + 091 
5 KALAA MOUTH 5.59E + 09 

19 OMOUM DRAIN 6.70E + 03 

SUMMARY OF LAKE INPUT TOTAL COLIFORM MPN
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SUMMARY OF SHORE TOTAL COLIFORM CHARACTERISTICS 92/93 

STA i DESCRIPTION MPN IOOML GEOMETRIC MEAN 
11 EAST CENT LAKE 17.34E+08 
12 WEST CENTRAL LAKE 4.23E+07 
13 WEST LAKE 1.25E+06 
23 NORTH SHORE 9.36E + 02 
10 EAST LAKE 4.17E+051 
16 LAKE AT KALAA 7.03E+081 

SUMMARY OF SHORE TOTAL COLIFORM MPN 92/93 
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SUMMARY OF LAKE AND OUTLET TOTAL COLIFORM CHARACTERISTICS 92/93

MPN 100ML GEOMETRIC MEAN 

STA # DESCRIPTION I 
LAKE 21 CENTRAL LAKE 3.32E + 04 __ 

22 CENTRAL LAKE 2.87E + 03 
NW BASIN 241 NORTHWEST BASIN _ 7.05E+021 
OUTLET 20ELMEX PUMP STA 4.93E+031 

SUMMARY OF LAKE AND OUTLET TOTAL COLIFORM
 
MPN 92/93
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Appendix C 

Lake Maryout 1992/93 Water Quality Data 
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Appendix C 

Lake Maryout 1992/93 Water Quality Data 

D.O. Changes in the Lake Water Samples During 92/93 

pH Changes L. the Lake Water Samples During 92/93 

BOD in Lake Water Samples During 92/93 
COD in Lake Water Samples During 92/93 

7, Changes in the Lake Water Samples During 92/93 
3 

VS Changes in the Lake Water Samples During 92ij 

DS Changes in the Lake Water Samples During 92/93 

FS Changes in the Lake Water Samples During 92/93 

ALK Changes in the Lake Water Samples During 92/93 

Cal Changes in the Lake Water Samples During 92/93 

MgH Changes in the Lake Water Samples During 92/93 

TH Changes in the Lake Water Samples During 92/93 

NH3 Changes in the Lake Water Samples During 92/93 

N02 Changes in the Lake Water Samples During 92/93 

N03 Changes in the Lake Water Samples During 92/93 

P0 4 Changes in the Lake Water Samples During 92/93 

S04 Changes in the Lake Water Samples During 92/93 

CL Changes in the Lake Water Samples During 92/93 

Cond Changes in the Lake Water Samples During 92/93 

O&G Changes in the Lake Water Samples During 92/93 

pH Changes in the Lake Bottom Sediment Samples During 92/93 

VS Changes in the Lake Bottom Sediment Samples During 92/93 

FS Changes in the Lake Bottom Sediment Samples During 92/93 

P04 Changes in the Lake Bottom Sediment Samples During 92/93 

504 Changes in the Lake Bottom Sediment Samples During 92/93 

Cd Changes in the Lake Bottom Sediment Samples During 92/93 

Cr Changes in the Lake Bottom Sediment Samples During 92/93 

Cu Changes in the Lake Bottom Sediment Samples During 92/93 

Fe Changes in the Lake Bottom Sediment Samples During 92/93 

Ni Changes in the Lake Bottom Sediment Samples During 92/93 

Pb Changes in the Lake Bottom Sediment Samples During 92/93 

Zn Changes in the Lake Bottom Sediment Samples During 92/93 

D.O. Changes in the Land Base Water Samples During 92/93
 

pH Changes in the Land Base Water Samples During 92/93
 

BOD Changes in the Land Base Water Samples During 92/93
 

COD Changes in the Land Base Water Samples During 92/93
 

TS Changes in the Lar, I Base Water Samples During 92/93
 

VS Changes in the Land Base Water Samples During 92/93
 

DS Changes in the Land Base Water Samples During ?2/93
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Table 40 
Table 41 
Table 42 
Table 43 
Table 44 
Table 45 
Table 46 
Table 47 
Table 48 
Table 49 
Table 50 
Table 51 
Table 52 
Table 53 
Table 54 
Table 55 
Table 56 
Table 57 
Table 58 
Table 59 
Table 60 

Table 61 

Table 62 
Table 63 

FS Changes in the Land Base Water Samples During 92/93 
ALK Changes in the Land Base Water Samples During 92/93 
CaH Changes in the Land Base Water Samples During 92/93
MgH Changes in the Land Base Water Samples During 92/93 
TH Changes in the Land Base Water Samples During 92/93 
NH3 Changes in the Land Base Water Samples During 92/93
N02 Changes in the Land Base Water Samples During 92/93 
N03 Changes in the Land Base Water Samples During 92/93
P04 Changes in the Land Base Water Samples During 92/93 
S04 Changes in the Land Base Water Samples During 92/93 
CL Changes in the Land Base Water Samples During 92/93 
Cond Changes in the Land Base Water Samples During 92/93
O&G Changes in the Land Base Water Samples During 92/93
CD Changes in the Land Base & Lake Water Samples During 92/93 
Cr Changes in the Land Base & Lake Water Samples During 92/93 
Cu Changes in the Land Base & Lake Water Samples During 92/93
Fe Changes in the Land Base & Lake Water Samples During 92/93 
Ni Changes in the Land Base & Lake Water Samples During 92/93 
Pb Changes in the Land Base & Lake Water Samples During 92/93 
Zn Changes in the Land Base & Lake Water Samples During 92/93
Changes of Algal Counts & Species in Lake & Landbase Water 
Samples During 92/93 
Changes of Bacterial Counts Lake & Landbase Water Samples During 
92/93 
Lake & Landbase Temperature 
Lake & Landbase Depth 
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Table ( 1 ) D.O. Changes In The Lake Water Samples During 92/93
 
Data expressed in mg 02 A 

I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 0.G 2.4 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 

12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 0.0 0.0 0.0 

13 0.0 0.0 0.0 0.0 0.0 0.0 0.3 2.0 0.0 4.0 0.0 0.0 

16 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

20 0.0 3.1 1.2 0.0 3.3 0.0 3.5 0.0 2.0 2.0 2.0 

21 1.5 0.8 0.0 0.0 0.0 0.0 0.0 8.0 2.0 2.0 

22 2.5 0.0 1.0 3.0 7.0 7.0 4.0 8.0 6.0 4.0 

23 0.0 2.5 0.0 1.0 3.0 5.5 6.0 1.0 0.0 6.0 2.0 

24 8.8 1.6 5.6 4.2 3.1 5.0 6.0 4.0 6.0 4.0 4.0 
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Table (2 ) pH Changes In The Lake Water Samples During 92/93
 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 8.0 7.6 7.6 8.8 7.6 7.2 8.0 7.7 7.8 8.0 8.2 8.1 

11 8.0 6.9. 7.0 8.0 7.0 6.5 7.5 7.4 7.2 7.6 7.7 7.8 

12 8.0 7.6 7.3 8.3 7.2 7.0 7.7 8.3 8.1 7.9 8.0 8.1 

13 8.4 7.8 7.7 8.8 7.8 7.3 8.0 8.0 8.0 8.1 8.0 7.9 

16 8.2 7.5 7.5 8.6 7.5 7.0 8.0 7.7 7.6 7.9 7.9 7.8 

20 7.9 8.0 7.9 8.0 7.1 8.2 8.2 7.8 8.1 8.1 8.0 

21 8.0 8.8 8.1 7.4 8.0 8.1 7.9 8.3 8.1 8.1 

22 8.5 8.7 8.5 7.7 8.3 8.7 8.0 8.0 8.2 8.1 

23 7.5 8.6 9.0 8.5 8.0 8.5 8.0 7.9 8.0 80 8.0 

24 7.71 9.4 7.5 8.7 79 8.3 8.3 8.31 8.1 8.3 83 
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Table ( 3 ) ROD In Lake Water Samples During 92/93 
Data expressed In rg 02 /1 1 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 370.0 330.0 582.0 140.01 384.0 331.0 372.0 352.0 354.0 316.0 320.0 310.0 

11 880.0 900.0 762.0 720.0 886.0 884.0 982.0 852.0 750.0 672.0 680.0 670.0 

12 420.0 560.0 444.0 800.0 362.0 418.0 434.0 430.0 462.0 418.0 420.0 410.0 

13 580.0 860.0 600.0 380.0 402.0 541.0 569.0 558.0 526.0 558.0 520.0 510.0 

16 420.0 320.0 510.0 600.0 422.0 402.0 431.0 418.0. 300.0 310.0 320.0 300.0 

20 96.0 130.0 160.0 118.0 131.0 134.0 130.0 11.2 11.6 120.0 120.0 

21 320.0 300.0 424.0 321.0 340.0 328.0 332.0 342.0 330.0 320.0 

22 560.0 190.0 400.0 428.0 450.0 452.0 48U.0 552.0 550.0 480.0 

23 220.0 500.0 240.0 489.0 561.0 552.0 530.0 472.0 581.0 468.0 460.0 

24 220.0 900.0 400.0 740.0 734.0 664.0 862.0 830.0 982.0 980.0 800.0 

; -3 1 
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Table ( 4 ) COD In Lake Water Samples During 92/93 
Data expressed In mg 02 /1 

Site No. MAR 92 APR MAY JUN JUL AUG SEP IOCT NOV DEC JAN FEB MAR 93 

10 600.0 480.0 660.0 768.0 622.0 620.0 602.0 582.0 582.0 532.0 580.0 586.0 

11i 1400.0 1200.0 1260.0, 2400.0 1460.0 1510.0 1448.0 1260.0 1260.0 1101.0 1100.0 1000.0 

12 740.0 800.0 360.0 2048.0 582.0 730.0 712.0 736.0 736.0 702.0 700.0 710.0 

13 960.0 1800.0 940.0 544.0 862.0 922.0 932.0 860.0 860.0 940.0 910.0 880.0 

16 700.0 500.0 820.0 1800.0 684.0 700.0 690.0 492.0 492.0 528.0 580.0 520.0 

23 400.0 820.0 320.0 782.0 920.0 900.0 810.0 810.0 796.0 800 780.0 

21 570.0 1800.0 680.0 560.0 592.0 540.0 540.0 564.0 540.0 500.0 

22 880.0 240.0 662.0 720.0 748.0 820.0 820.0 910.0 920.0 880.0 

20 200.0 200.0 448.0 188.0 200.0 221.0 1C1.0 181.0 182.0 200.0 183.0 

24 380.0 1760.0 835.0 1220.0 1200.0 1400.0 1400.0 1410.0 "1720.0 1700.0. 1400.0 

Dzc-a I 



Table ( 5 ) TS Changes In The Lake Water Samples During 92/93
 
Data expressed in mm I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 3140.0 2837.0 2912.0 1817.0 3210.0 2847.0 2800.0 2920.0 2936.0 2648.0 2310.0 3020.0 

11 4692.0 2478.0 3744.0 2373.0 5260.0 4832.0 4810.0 4540.0 4459.0 4085.0 4202.0 4430.0 

12 3080.0 2014.0 2022.0 2221.0 2582.0 2722.0 2888.0 3140.0 3226.0 2944.0 2989.0 3134.0 

13 3806.0 3045.0 3314.0 2174.0 3390.0 3850.0 3475.0 3662.0 3688 3594.0 3602.0 3708.0 

16 2782.0 2055.0 2509.0 1231.0 3030.0 2842.0 2876.0 2821.0 2223.0 2366.0 2862.0 2582.0 

20 6460.0 7092.0 6528.0 7260.0 7720.0 7944.0 6930.0 6710.0 6237.0 7310.0 7012.0 

21 3374.0 1754.0 3520.0 2989.0 3201.0 3186.0 3252.0 3594.0 3522.0 3382.0 

22 3796.0 2316.0 3645.0 3950.0 3981.0 3593.0 3910.0 3963.0 3922.0 3830.0 

23 2932.0 3423.0 2061.0 3845.0 3883.0 4020.0 4030.0 3790.0 3214.0 3719.0 3621.0 

24 3194.0 8380.0 6394.0 7660.0 8153.0 7342.0 7540.0 6680.0 6050.01 7542.0 6981.01 
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Table ( 6 ) VS Changes In The Lake Water Samples During 92i93 
Data expressed in m I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 620.0 450.0 690.0 355.0 660.0 667.0 620.0 610.0 616.0 548.0 620.0 610.0 

11 1500.0 152.0 1399.0 421.0 1520.0 1600.0 1510.0 1480.0 1297.0 1199.0 1211.0 1120.0 

12 790.0 406.0 420.0 151.0 620.0 762.0 766.0 720.0 794.0 732.0 730.0 722.0 

13 984.0 551.0 960.0 399.0 840.0 1010.0 960.0 950.0 906.0 972.0 914.0 910.0 

16 62U.0 455.0 899.0 291.0 720.0 722.0 716.0 700.0 503.0 564.0 620.0 580.0 

20 4120.0 2300.0 1539.0 2000.0 2310.0 2500.0 2-20.0 2000.0 2001.0 2300.0 2200.0 

21 610.0 352.0 710.0 577.0 591.0 566.0 560.0 612.0 560.0 560.0 

22 940.0 452.0 682.0 738.0 761.0 760.0 960.0 1002.0 980.0 920.0 

23 386.0 860.0 256.0 803.0 951.0 920.0 910.0 8800 _ 812.0 900.0 810.0 

24 431.0 1820.0 1348.0 1340.0 1233.0 1210.0 1610.0 1560.0 1886.0 1840.0 1620.0 



Table (7 ) DS Changes In The Laie Water Samples During 92/93
 
Data expressed in mg/ I 

Site Nj. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 2284.0 2633.0 1393.0 1436.0 2312.0 2089.0 2118.0 232.0 2228.0 1844.0 2066.0 2128.0 

11 2800.0 1248.0 2461.0 2178.0 3323.0 3089.0 3056.0 2922.0 3162.0 2712.0 2591.0 3144.0 
T-I 

12 1882.0 1865.0 1869.0 - 878.0 1812.0 1780.0 1810.0 2096.0 2292.0 2146.0 2010.0 2226.0 

13 2647.0 2893.0 2122.0 2027.0 2016.0 2093.0 240Q.0 2510.0 2584.0 2520.0 2500.0 2500.0 

16 2102.0 1550.0 1406.0 1124.0 2010.0 2051.0 2110.0 2001.0 1926.0 1664.0 1896.0 1826.0 

20 6108.0 4363.0 5623.0 5460.0 5034.0 5002.0 4368.0 4500.0 4022.0 4562.0 4522.0 

21 2041.0 1713.0 2687.0 2360.0 2322.0 2412.0 2660.0 2721.0 2700.0 2682.0 

22 2099.0 2039.0 2702.0 3050.0 2906.0 2622.0 2860.0 2714.0 2688.0 2723.0 

23 2912.0 2037.0 1876.0 2897.0 2787.0 2904.0 2916.0 2782.0 2314.0 . 2644.0 

24 3075.0 6135.0 5139.0 5966.0 6800.0 6120.0 5100.0 4982.0 3982.0 5122.0 5160.0 
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Table ( 8 ) FS Changes in The Lake Water Samples Ddilng 92/9j
 
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MA R 93 

10 2520.0 2387.0 2222.0 1462.0 2550.0 2180.0 2180.0 2310.0 2320.0 2100.0 2290.0 2410.0 

11 3192.0 2345.0 1952.0 3740.0 3232.0 3300.0 3060.0 3223.0 2886.0 2991.0 3310.0 

12 2290.0 1608.0 1602.0 2070.0 1962.0 1960.0 2122.0 2420.0 2432.0 2212.0 2259.0 2412.0 

13 2822.0 2494.0 2354.0 1775.0 2330.0 2840.0 2515.0 2712.0 2782.0 2622.0 2688.0 2798.0 

16 2162.0 1600.0 1610.0 740.0 2310.0 2120.0 2160.0 2121.0 1720.0 1802.0 2242.0 2002.0 

20 2340.0 4792.0 4989.0 5260.0 5410.0 5444.0 4610.0 4710.0 4236.0 5010.0 4812.0 

21 2764.0 1402.0 2810.0 2412.0 2610.0 2620.0 2692.0 2982.0 2942.0 2822. 1 

22 2856.0 1864.0 2963.0 3212.0 3220.0 2833.0 2950.0 2961.0 2960.0 2910.0 

23 2546.0 2563.0 1805.0 3042.0 2932.0 3100.0 320.0 2910.0 2402.0 2819.0 2811.0 

24 2763.0 6560.0 5046.0 6320.0 6920.0 6132.0 5930.0 5120.0 4164.0 5702.0 5361.0 
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Table ( 9 ) ALK Changes In The Lake Waler Samples Di'ing 92/9
 
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB M R 93 

10 520.0 500.0 500.0 220.0 500.0 520.0 420.0 500.0 520.0 540.0 520.0 520.0 

11 520.0 700.0 1280.0 900.0 720.0 750.0 700.0 740.0 700.0 700.0 720.0 

12 520.0 480.0 520.0 700.0 660.0 520.0 600.0 600.0 600.0 640.0 600.0 620.0 

13 540.0 450.0 480.0 400.0 540.0 560.0 500.0 560.0 560.0 580.0 560.0 ,580 0. 

16 540.0 380.0 440.0 400.0 500.0 500.0 440.0 500.0 500.0 520.0 500.0 520.0 

20 470.0 440.0 320.0 340.0 400.0 480.0 460.0 480.0 480.0 460.0 480.0 

21 500.0 360.0 500.0 _ 500.0,_ 540.0 520.0 520.0 540.0 540.0 520.0 

22 460.0 440.0 420.0 520.0 546.0 540.0 . _540.0 _ 540.0 540.0 520.0 

23 450.0 440.0 440.0 460.0 480.0 560.0 . 560.0 580.0 _ 580.0 560.0 _580.0 

24 420.0 460.0 260.0 380.0 320.0 460.0 440.0 440.0 460.0 460.0 460.0, 

ALKLK.XLS 
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Table (10 ) CaH Changes In The Lake Watei" Sim le " bdri 'r 921
 
Data expressed in mg I 

Site No. MAR 92 APR MAY 1 JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 250.0 220.0 240.0 180.0 240.0 160.0 210.0 220.0 240.0 250.0 240.0 240.0 

11 280.0 280.0 140.0 220.0 250.0 400.0 _ __ 260.0 250.0 220.0 250.0 230.0 

12 270.0 280.0 230.0 160.0 180.0 170.0 200.0 210.0 ....220.0- 250.0 240.0 . 250.0. ... 

--13 310.0 280.0 310.0 300.0 220.0 250.0 330.0 300.0 250.0 330.0 280.0 300.0 

16 210.0 160.0 --­ 210.0 180.0 170.0 160.0 200.0 200.0 200.0 220.0 220.0 210.0 

20 400.0 500.0 340.0 460.0 420.0 460.0 430.0 460.0 510.0 500.0 310.0 

21 300.0 200.0 280.0 140.0 210.0 220.0 300.0 330.0 320.0 300.0 

22 ........360.0 200.0 290.0 360.0 350.0 350.0 360.0 350.0 360.0 350.0 

23 260.0 360.0 300.0 260.0 250.0 360.0 350.0 260.0 375.0 350.0 360.0 

24 260.0, 650.0, 340.0, 450.01 360.01 650.0, 400.0, 500.01 340.01 520.0 540.0 

ZALK.XLS 4/20/93 
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Table (11 ) MgH Changes in The Lake Water Samples Di-ing 92/9
 
Data expressed in n / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 400.00 620 00 430.00 380.00 660.00 290.00j 290.00 380.00 380.00 400.00 360.00 - 410.00 

11 570.00 330.00 700.00 1110.00 500.00 520.00 510.00 550.00 400.00 530.00 670.00 

12 410.00 340.00 350.00 340.00 400.00 250.00 400.00 450.00 460.00 320.00 410.00 430.00 

13 490.00 420.00 550.00 400.00 600.00 __370.00 310.00 410.00 470.00 420.00 470.00 450.00 

16 410.00 580.00 390.00 320.00 630.00 290.00 400.00 360.00 330.00 280.00 320.00 290.00 

20 1440.00 1400.00 1040.00 1850.00 730.00 900.00 970.00 880.00 690.00 700.00 890.00 

21 500.00 340.00 870.00 490.00 540.00 540.00 480.00__ 470.00 500.00 550.00 

22 590.00 540.00 810.00 340.00 500.00 50000 500.00 520.00 490.00 540.00 

23 560.00 520.00 420.00 840.00 410.00 490.00 500.00 590.00 445.00 _ 470.00 490.00 

24 1000.00 1650.00 1060.00 2230.001 940.00 950.00 900.00 800.00 780.00 880.00 860.00 
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Table ( 12 ) TH Changes In The Lake Wateir Samples bdling 92/93
 
Data t, essed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAi FEB MAR 93 

10 650.0 840.0 670.0 560.0 900.0 450.0 500.0 600.0 620.0 650.0 600.0 650.0 

11 850.0 810.0 840.0 1330.0 750.0 920.0 770.0 800.0 620.0 720.0 900.0 

12 680.0 620.0 580.0 500.0 580.0 420.0 600.0 660.0 680.0 550.0 650.0 680.0 

13 800.0 700.0 E60.0 800.0 820.0 620.0 640.0 710.0 720.0 750.0 750.0 750.0 

16 620.0 760.1) 600.0 500.0 600.0 450.0 600.0 560.0 530.0 500.0 540.0 500.0 _ 

20 1840.0 1400.0 1480.0 2310.0 1150.0 1360.0 1400.0 1340.0 1200.0 1200.0 1400.0 

21 800.0 540.0 1150.0 630.0 750.0 760.0 780.0 800.0 820.0 850.0 

22 950.0 740.0. . 950.0 700. 850.0 850.0 860.0 900.0 850.0 900.0 

23 820.0 880.0 720.0 850.0 650.0 850.0 850.0 850.0 820.0 820.0 850.0 

24 1260.0 1300.0 1400.0 1680.0 1300.0 1600.0 1300.0 1300.0 1320.0 1400.0 1400.0 
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Table ( 13 ) NH3 Changes In The Lake Water Samples Ddwind 92/93
 
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 2.00 2.40 0.25 1.60 2.40 2.00 2.00 2.00 2.00 2.20 2.00 2.10 

11 2.00 3.60 2.50 2.40 2.50 2.50 2.50 2.60 2.50 2.60 

12 2.20 2.80 0.00 4.00 2.60 2.50 2.50 2.50 2.60 2.00 2.50 2.50 

13 2.40 4.00 2.40 1.40 4.00 2.40 2.40 2.40 2.50 2.60 2.60 2.50 

16 2.20 3.20 3.00 2.20 2.50 3.00 2.80 3.00 3.00 3.20 3.00 3.10 

20 2.20 0.80 2.00 0.0 0.60 1.20 1.20 0.70 0.90 1.00 1.00 

21 - 1.50 1.60 1.50 1.30 1.30 1.30 1.50 1.70 1.50 1.60 

1.50, 
22 . 1.50 1.60 1.50 1.30 1.40 1.50 1.50 1.50 1.20 1.40 

23 2.60 1.30 1.00 1.50 1.10 1.10 - 1.10 1.20 1.30 1.30 1.30 

24 2.60 0.60 0.40 0.50 0.40 0.40 0.401 0.60 0.701 0.60 0.70, 
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Table ( 14 ) N02 Changes In The Lake W~iei Sanoies 
Data expressed in mg / I 

Diiiid 9 93 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 0.10 0.00 0.12 -­ 0.00 0.12 0.04 0.20 0.10 0.05 0.06 0.05 0.06 

11 0.10 0.65 0.00 0.10 0.10 0.08 0.10 0.10 0.10 0.10 0.10 

12 --0.10 0.00 0.03 0.00 0.08 ---­ 0.09 0.12 0.12 0.10 0.10 0.10 0.12 

13 0.10 0.00 0.10 0.00 0.10 0.16 0.20 0.20 0.20 0.22 0.20 0.20 

16 0.10 0.00 0.20 0.00 0.22 0.08 0.20 0.20 0.09 0.10 0.10 0.10 

20 0.00 0.16 0.00 0.20 0.09 0.11 0.11 0.09 0.09 0.09 0.10 

21 0.10 0.00 0.10 0.05 0.20 0.20 0.06 0.07 0.07 0.07 

22 0.10 0.00 0.20 0.10 0.18 0.18 0.10 0.10 0.10 0.10 

23 0.00 0.10 0.00 0.18 0.16 0.10 0.10 0.20 0.20 0.20 0.20 

24 0.00 0.12 0.00! 0.14 0.07 0.11 0.10 0.40 0.40 0.20 0.30 
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Tabie ("5 ) N03 Changes In The Lake Watei Samples Ddiind 62/d3
 
Data expressed in mg I I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 3.10 0.06 1.50 0.04 4.00 4.50 4.00 4.00 4.80 4.50 4.50 ,4.20 

11 3.10 16.00 0.16 10.00 16.00 20.00 16.00 16.00 16.00 16.00 16.00 __ 

12 3.50 0.16 . 7.00 0.04 _ 7.00 4.50 6.00 6.00 5.00 5.50 6.00 5.50 

13 7.00 0.08 7.00 0.04 7.00 5.00 4.00 5.00 5.20 5.50 5.00 5.10! 

16 6.00 6.00 6.00 0.04 7.00 6.90 4.50 6.00 . 7.20 7.60 7.00 . 7.10 

20 0.16 3.00 0.04 ___ 5.00 _ 2.00 ...... 4.50. . 5.00 2.50 3.00 4.00 3.50 

21 7.00 0.16 10.00 6.00 10.00 10.00 6.00 6.00 6.00 8.00 

22 5.00 0.04 6.00 5.00 4.90 5.00 5.20 5.50 5.00 5.00 

23 0.20 8.00 0.04 9.00 8.50 5.00 5.00 9.00 9.00 8.00 8.50 

24 0.08 5.00 0.04 4.50 4.00 6.50 5.00 4.50 5.00 5.00 5.001 1 
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Table ( 16 ) P04 Changes In The Lake Water Samjoes Dliiing 62/9'd
 
Data expressed in m/ I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 9.00 3.40 3.00 1.80 10.00 3.00 3.00 3.00 3.00 3.30 3.00 3.00 

11 3.50 0.04 2.20 12.00 3.00 3.00 3.00 3.00 3.40 3.40 3.20 

12 10.50 2.80 10.00 0.30 12.00 10.00 12.00 10.00 3.00 3.4 8.00 4.00 

13 7.50 2.40 6.50 0.16 7.00 7.50 10.00 8.00 5.60 6.00 8.00 6.00 

16 6.00 4.60 3.50 0.38 12.00 6.00 5.00 5.00 3.90 4.20 5.00 

20 2.00 3.00 -1.80 4.00 2.80 3.00 3.00 2.50 3.00 3.00 3.00 

21 3.00 0.01 13.00 2.50 2.50 3.00 3.00 3.50 3.20 3.50 

22 3.50 . 0.01 13.00 2.20 2.00 2.00 3.00 3.50 _ 3.50 

23 3.80 3.50 0.10 13.00 2.20 4.00 3.00 3.00 3.50 3.50 3.50 

24 2.60 3.00 0.10 10.00 1.00 300 3.00 1.10 2.00 3.00 3.00 
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Table ( 17 ) S04 Changes in The Lake Waier Samples Di~riind 92/93
 
Data expressed in rnmg / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC J_,__ FEB MAR 93 

10 140.0 488.0 160.0 72.0 140.0 130.0 130.0 140.0 140.0 140.0 135.0 130.0 

11 300.0 175.0 80.0 175.0 300.0 300.0 170.0 225.0 220.0 230.0 225.0 

12 180.0 468.0 125.0 80.0 100.0 150.0 100.0 150.0 180.0 180.0 180.0 180.0 

13 280.0 800.0 250.0 64.0 175.0 280.0 275.0 275.0 225.0 220.0 230.0 225.0 

16 150,0 220.0 100.0 64.0 100.0 100.0 150.0 116.0 115.0 100.0 110.0 100.0 

20 1250.0 550.0 320.0 600.0 750.0 600.0 600.0 560.0 550.0 600.0 600.0 

21 225.0 128.0 240.0 175.0 160.0 200.0 210.0 200.0 210.0 200.0 

22 309.0 136.0 260.0 350.0 400.0 300.0 300.0 280.0 300.0 300.0 

23 580.0 . 275.0 144.0 225.0 300.0 350.01 280.0 280.0 250.0 . 280.0 260.0 

24 420.0 750.0 375.0 600.0 750.0 800.0 600.0 550.0 300.0 600.0 550.0 
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Table ( 18 ) CL Changes in The Lake Wabi Sampies bUi'ing 92/93
Data expressed in m_ I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 900.0 1000.0 450.0 800.0 850.0 950.0 900.0 1000.0 950.0 750.0 920.0 1000.0 

11 1100.0 1000.0 1020.0 1200.0 1250.0 1300.0 1400.0 1400.0 1200.0 1200.0 1400.0 

12 700.0 650.0 560.0 290.0 500.0 750.0 700.0 750.0 800.0 720.0 750.0 800.0 

13 980.0 1100.0 560.0 900.0 1100.0 1120.0 1100.0 1100.0 1210.0 1000.0 1000.0 1150.0 

16 820.0 615.0 690.0 550.0 700.0 850.0 840.0 860.0 700.0 620.0 800.0 780.0 

20 3000.0 1950.0 270.0 2250.0 2300.0 2400.0 2300.0 2250.0 1900.0 2200.0 2100.0 

21 1020.0 700.0 1000.0 1060.0 1100.0 1102.0 1100.0 1200.0 1150.0 1180.0 

22 960.0 930.0 1000.0 1050.0 1000.0 1100.0 1100.0 1100.0 1100.0 1000.0 

23 1065.0 1100.0 940.0 1050.0 1140.0 1080.0 1110.0 1150.0 900.0 1100.0 1100.0 

24 1200.0 1950.0 2670.0 2450.0 2250.0 2700.01 2500.0 2750.0 1900.0 2800.0 2700.0 
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Table ( 19 ) Cond Changes In The Lake Water Samples Ddrind 92/93
 
Data expressed in [i mohs 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 3600.0 4200.0 2980.0 2700.0 3500.0 2400.0 2600.0 2700.0 2800.0 2500.0 3000.0 3100.0 

11 5500.0 7000.0 4000.0 . 3500.0 5000.0 5000.0 4200.0 4000.0 4500.0 4000.0 4000.0 4000.0 

12 3200.0 2600.0 2200.0 1400.0 2600.0 2800.0 2700.0 3200.0 3300.0 2800.0 2600.0 3300.0 

13 4000.0 5400.0 4000.0 2800.0 3000.0 4000.0 3300.0 3500.0 3500.0 3600.0 3700.0 3400.01 

16 4000.0 2100.0 2800.0 2050.0 3000.0 2900.0 2500.0 2800.0 2050.0 2400.0 3000.0 2100.0 

20 _ 8000.0 9000.0 -_5700.0 7100.0._ 7800.0 8500.0 7000.0 6100.0 6000.0 8500.0 7500.0 

21 _ _ 3900.0 2450.0 4000.0, 3000.0 3000.01- 3100.0 3500.0 4000.0 4000.0 4000.0 

22 4000.0 2900.0 4000.0 4000.0 4000.0 4100.0 4100.0 4000.0 4100.0 4000.0 

23 3400.0 3900.0 3200.0 4000.0 4000.0 3800.0 3800.0 3500.0 3000.0 3200.0 3700.0 

24 3800.0 11700.0 5700.0 8000.0 8000.0 7500.0 8000.0 6000.0 6000.0 8000.0 6100.01 
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Table ( 20) O&G Changes in The Lake Waiei Sampies Diiiini~ 
Data expressed in m /IIg 

92/di 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAIi FEB . MAR 93 

10 32.00 8.00 30.00 8.00 - 8.00 33.G-3 30.00 22.00 36.00 34.00 26.00 30.00 

11 30.00 34.00 65.00 26.00 69.00 62.00 30.00 72.00 76.00 60.00 70.00 

12 22.00 32.00 22.00 14.00 26.00 35.00 32.00 22.00 38.00 40.00 35.00 35.00­

13 15.00 60.00- 20.00 5.00 26.00 19.00 20.00 28.00 23.00 26.00 24.00 28.00 

16 18.00 33.00 18.00 3.00 20.00 13.00 14.00 10.00 16.00 18.00 16.00 18.00 

20 47.00 30.00 10.00 nd 60.00 56.00 56.00 64.00 68.00 60.00 58.00 

21 22.00 39.00 22.00 33.00 32.00 20.00 36.00 40.00 36.00 32.00 

22 22.00 26.00 14.00 26.00 24.00 16.00 30.00 32.00 26.00 26.00 

23 32.00 12.00 4.00 10.00 14.00 12.00 10.00 16.00 18.00 18.00 18.00 

24 , 40.00, 20.00 9.00 20.00 18.00 20.00 16.00 20.00 22.00 20.00 20.00 
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Table (2i ) pH Changes In The Lake Botom sediment Samples Duii 92/93
 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 7.5 6.5 _ 6.2 6.6 7.3 7.3 7.5 7.1 7.9 7.2 7.7 7.5 

11 7.1 6.3 6.0 6.5 7.8 . 7.5 7.2 7.0 6.8 7.0 7.5 7.5 

12 7.0 6.5 6.5 6.8 7.5 7.6 7.3 7.5 7.0 7.6 7.8 7.6 

13 7.6 6.6 6.2 6.7 7.4,-- 7.9 7.5 7.0 7.1 7.7 7.7 7.5 

16 7.3 6.6 6.5 7.2 8.0 7.5 7.7 7.7 7.2 7.5 8.1 8.0 

21 7.3 6.9 6.7 7.2 7.9 7.5 7.2 7.4 7.0 7.4 8.0 8.3 

22 7.2 6.4 -. 6.1 6.8 8.0 ...-. 7.7 -­ 7.4 7.2 7.1 7.6 7.8 8.0 

23 6.8 6.8 7.0 8.0 7.8 7.5 7.8, 7.5 7.1 7.8 81 , 

24 7.0 6.5 7.8 7.7 7.5 7.5 7.0 7.0 7.8 8.0 
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Table ( 22 ) VS Changes In The Lake Bottom Semimeni Samples During 92/9 
Data expressed in gn/100 gm solid 

Site No. MAR 92 APR MAY JUN JUL AUG SEP GCT NOV DEC JAN FEB MAR 93 

10 45.4 32.3 42.3 44.7 44.6 30.2 42.6 39.9 38.6 30.4 40.6 44.0 

11 42.6 55.8 59.2 59.6 65.2 60.3 64.9 60.6 63.5 60.8 53.4 58.0 

12 46.1 30.4 36.0 45.9 41.8 36.3 32.3 36.8 28.8 30.8 28.4 31.6 

13 43.5 36.2 32.8 25.6 30.6 33.0 28.0 34.6 24.9 21.4 32.8 28.4 

16 36.8 26.5 21.8 18.3 26.5 17.0 38.8 27.4 38.8 28.8 30.1 35,.--i 

21 44.0 17.5 31.4 29.2 25.2 20.4 31.6 34.6 29.0 26.2 26.6 30.4 

22 41.0 34.4 34.8 22.6 26.6 29.5 24.' 27.8 27.2 30.6 30.8 

23 33.6 33.0 31.8 34.8 27.4 16.8 23.8 21.0 26.3 26.2 23.2 

24 11.8 12.0 29.4 10.8 31.3 28.2 27.8 24.8 22.8 23.0. 
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Table ( 23 ) FS Changes In The Lake Bottom Sediment Samples During 92/93 
Data expressed in gnr/100 gm solid 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 54.6 67.7 57.7 55.3 55.4 69.8 57.4 60.1 61.4 69.6 59.4 56.0 

11 57.4 44.2 40.8 40.4 34.8 39.7 35.1 39.4 36.5 39.2 46.6 42.0 

12 53.9 . .69.6 64.0 54.1 58.2 63.7 67.7 63.2 71.2 69.2 71.6 68.4 -..-­

13 _ 56.5 63.8 . .67.2 . 74.4 . 69.4 67.0 72.0 65.4 75.1 78.6 67.2 71.6 

16 63.2 73.5 72.2 81.7 73.5 83.0 61.2. 72.6 61.2 71.2 69.9 64.8 

21 .. 56.0 82.5 68.6 70.8 74.8 79.6 68.4 65.4 71.0 73.8 73.4 69.6 

22 59.0 65.6 65.2 _ 77.4 73.4 70.5 75.6 72.2 72.8 69.4 69.2 

23 66.4 
II 

67.0 68.2 _ 65.2 _--72.6 - -83.2 76.2 79.0 73.7 73.8 76.8__ 

24 88.2 88.0 70.6 89.2 68.7 71.81 72.2 75.2 77.31 77.01 
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Table (24) P04 Changes In The Lake Bottom Sediment Sampies During 92/93 
Data expressed in mg/gm _ 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 5.3 9.4 9.2 14.0 24.0 26.0 26.0 20.0 38.0 24.0 20.0 30.0! 

11 5.3 7.6 6.0 16.0 30.0 24.0 28.0 30.0 40.0 20.0 24.0 24.0 

12 12.2 11.2 5.2 18.0 36.0 32.0 38.0 30.0 36.0 18.0 18.0 34.0 

13 1.7 9.4 6.0 10.0 24.0 22.0 18.0 22.0 38.0 10.0 16.0 16.0 

16 3.2 6.0 7.2 6.0 18.0 20.0 26.0 20.0 30.0 14.0 16.0 24.0 

21 6.4 6.0 12.0 22.0 26.0 24.0 28.0 36.0 24.0 22.0 28.0 

22 4.0 8.8 14.0 16.0 12.0 22.0 24.0 36.0 18.0 18.0 26.0 

23 16.0 9.6 12.0 34.0 24.0 24.0 20.0 36.0 26.0 22.0 10.0 

24 4.8 6.0 8.0 14.0 10.0 8.0 12.0 6.0 6.0, 10.0 
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Table(25)SO4 Changes In The Lake Bottom Sediment Samples During 92/93 
Dala expressed In mg/gn 

Site No. MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 92 

10 480.0 480.0 600.0 680.0 800.0 720.0 800.0 880.0 960.0 640.0 960.0 920.0 

11 640.0 600.0 360.0 500.0 460.0 800.0 920.0 980.0 800.0 480.0 800.0 960.0 

12 480.0 480.0 800.0 620.0 800.0 800.0 920.0 800.0 600.0 560.0 920.0 920.0 

13 600.0 680.0 600.0 960.0 960.0 800.0 480.0 720.0 560.0 560.0 960.0 800.0 

16 720.0 600.0 720.0 720.0 960.0 640.0 400.0 420.0 480.0 360.0 600.0 800.0 

21 200.0 920.0 880.0 976.0 640.0 400.0 600.0 720.0 480.0 720.0 920.0 

22 120.0 480.0 920.0 880.0 800.0 480.0 600.0 800.0 360.0 920.0 920.0 

23 480.0 800.0 960.0 920.0 560.0 200.0 320.0 600.0 360.0 880.0 560.0 

24 1 1 600.0 952.0 800.0 800.0 480.0 480.0 560.0 240.0 600.0 640.0 
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Table ( 26 ) Cd Changes In The Lake Bottom Sediment Samples During 92/id 
Data expressed in _g__ __, 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 nd 60.0 100.0 9.0 10.01 nd 21.0 37.0 28.0 38.0 35.0 

11 nd 75.0 130.0 6.0 nd nd nd 33.0 16.0 26.0 25.0 

12 nd 75.0 100.0 nd 65.0 40.0 29.0 29.0 24.0 293.0 

13 nd 75.0 80.0 12.0 nd nd 13.0 33.0 34.0 30.0 32.01 

1u nd 75.0 140.0 13.0 10.0 10.0 13.0 40.0 27.0 20.0 24.0 

21 75.0 50.0 3.0 1.3 3.0 nd 26.0 26.0 25.0 23.0t 

22 75.0 nd 13.0 12.0 72.0 11.0 43.0 24.0 28.0 22.0 

23 nd 80.0 90.0 14.0 9.0 nd nd 47 24.0 23.0 35.0 

1 37.0 
24 nd 140.0 25.0 4.01 nd nd 45.0 32.0 30.0 ;113 ___ 

id = not detected 
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Table ( 27 ) Cr Changes In The Lake Bottom Sediment Samples During 92/93
Data expressed i 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT 

-

NOV 

_ 

DEC JAN FEB 

_/1A 

MAR 93 

10 40.0 33.0 25.0 14.0 rnd 17.0 29.0 39.0 59.0 40.0 .00 
0 

___. 

11 4.0 40.0 65.0 3.0 30.0 8.0 37.0 38.0 15.0 36.0 30.0 

12 4.0 24.0 rid 15.0 nd 16.0 30.0 18.0 44.0 23.0 20.0 

13 nd 24.0 30.0 41.0 rid 23.0 nd 17.0 17.0 24.0 22.0 

16 40.0 52.0 rid 95.0 8.0 18.0 4.0 26.0 22.0 30.0 28.0 

21 _ 41.0 5.0 12.0 11.0 24.0 19.0 23.0 20.0 22.0 

22 24.0 31.0 11.0 34.0. nd 42.0 47.0 40.0 

23 nd 71.0 rid 17.0 13.0 nd rid 24.0 27.0 25.0 24.01 

24 

nd= not detected 

40.0 rid 5.0 nd 2.0 11.01 30.0 13.0 13.0 11.0 

ORBS XLS 4/21/93 



CUBS.XLS 

Site No. MAR 92 APR 

Table (28) Cu Changes In The Lake Bottom Sediment Samples During 92/93 
Data expressed In ____f 

7 

MAY JUN JUL AUG SEP OCT NOV DEC JAN 

_ 

FEB M4AR93 

10 160.0 260.0 2014.0 376.0 78.0 1290.0 1841.0 1941.0 1315.0 1,620.0 1.266.01 

11 200.0 310.0 1260.0 638.0 607.0 750.0 697.0 984.0 680.0 922.0 930.0 

12 

13 

120.0 

60.0 

310.0 

320.0 

1655.0 

4200.0 

112.0 

897.0 

394.0 

425.0 

1150.0 

439.0 

1316.0 

788.0 

1057.0 

525.0 

1074.0 

374.0 

1,067.0 

o.0 

1,120.0 

550.0 

16 200.0 310.0 1270.0 1123.0 387.0 1452.0 286.0 240.0 251.0 260.0 200.0 

21 310.0 7510.0 256.0 641.0 828.0 928.0 772.0 707.0 720.0 715.0 

22 130.0 2830.0 365.0 109.0 1222.0 323.0 894.0 601.0 388.0 360..0 

23 200.0 260.0 7110.0 457.0 686.0 330.0 98.0 629.0 518.0 501.01 620.01 

24 

nd= not detected 

4.0 1 nd nd 57.0 812.01 104.0 171.0 231.01 140.01 111.0_ 
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Table ( 29 ) Fe Changes In The Lake Bottom Sediment Samples During 92/93 

Site No. MAR 92 APR MAY JUN 

Data expressed in 

JUL AUG 

:M 

SEP OCT NOV DEC JAN FEB MAR 93 

10 

11 

1200.0 

16000.0 

3530.0 

4746.0 

6040.0 

4902.0 

12090.0 

20440.0 

8746.0 

3330.0 

19780.0 

13780.0 

7892.0 

4254.0 

5221.0 

3350 

8442.0 

4654.0 

8588.0 

) 

(393 

8719.0 

4552.0 

12 13000.0 5078.0 10205.0 9395.0 1728.0 2561.0 8442.0 3301.0. 4197.0 4290.0 4600.0 

13 13200.0 8140.0 45540.0 16970.0 3122.0 31020.0 8446.6 3155.0 4723.0 3915.0 4094.0 

16 15000.0 11050.0 51880.0 27560.0 7556.0 24880.0 3176.0 2144.0 3052.0 3156.0 3167.0 

21 7428.0 64640.0 21590.0 3720.0 26900.0 9190.0 5304.0 9312.0 8754.0 9231.0 

22 1884.0 34040.0 39050.0 1666.0 6021.0 7532.0 11024.0 5512.0 6520.0 6701.0 

23 13100.0 11650.0 53060.0 14510.0 4828.0 16820.0 6110.0 6966.0 6498.0 6500.0 6803.0 

24 

nd= not detected 

1 8200.01 36360.0 17660.0 2238.0 22980.0 3628.0 3900.0 4078.0 4000.0 3978.0 
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Table ( 30 ) Ni Changes In The Lake Bottom Sediment Samples During 92/93 
Data expressed in _g_/__ 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 400.0 156.0 411.0 79.0 415.0 280.0 426.0 340.0 420.0 220.0 269.0 

11 400.0 108.0 301.0 44.0 113.0 135.0 155.0 150.0 170.0 110.0 109.0_ 

12 400.0 600.0 128.0 1.0 166.0 276.0 229.0 231.0 262.0 220.0 228.0 

13 800.0 108.0 119.0 202.0 113.0 200.0 183.0 179.0 220.0 180.0 200.0 

16 820.0 165.0 157.0 380.0 219.0 220.0 127.0 171.0 176.0 .0 167.0 

21 240.0 205.0 106.0 237.0 190.0 300.0 229.0 188.0 220.0 210.0: 

22 112.0 115.0 226.0 192.0 600.0 170.0 452.0 385.0 350.0 260.0 

23 810.0 240.0 201.0 137.0 257.0 830.0 123.0 272.0 250.0 239.0 250.0 

24 400.0 0.0 1100 86.0 85.0 235.0 104.0 152.0 180.0 169.0 155.0 
nd= nct detected 

NIBS XLS 4/21/93
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Table ( 31 ) Pb Changes In The Lake Bottom Sediment Samples During 92/93
Data expressed in _g/_ 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 400.0 112.0 1380.0 1240.0 909.0 1670.0 1280.0 940.0 950.0 901.0 _ 

11 i _400.0 150.0 1300.0 380.0 770.0 598.0 570.0 690.0 600.0 670.0 590.0 

12 400.0 112.0 1760.0 690.0 1213.0 1690.0 930.0 103.0 920.0 911.0 

13 400.0 101.0 1400.0 2000.0 760.0 419.0 1000.0 380.0 60.0 450.0 390.0 

16 100.0 112.0 1400.0 740.0 220.0 820.0 540.0 290.0 110.0 480.0 350.0 

21 110.0 3200.0 790.0 514.0 790.0 360.0 210.0 520.0 690.0 

22 1800.0 1600.0 1096.0 510.0 750.0 440.0 480.0 450.0 

23 100.0 104.0 5900.0 7000.0 990.0 104.0 130.0 520.0 180.0 175.0 1Y(:.__ 

24 400.0 240.0 679.0 220.0 270.0 50.0 .0 260.0 

PBBS XLS 5/10/93 



Table ( 32 ) Zn Changes In The Lake Bottom Sediment Sampies During 92/93 
Data expressed in pg/_ 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

10 132.0 1200.0 200.0 2700.0 3098.0 2737.0 952.0 482.0 598.0 564.0 490.0 

11 4000.0 1200.0 300.0 1940.0 1731.0 1741.0 1726.0 948.0 946.0 964.0 950.0 

12 3000.0 1200.0 1000.0 7500.0 1249.0 3096.0 962.0 203.0 985.0 1223.0 1130.0 

13 5000.0 3600.0 2500.0 1520.0 1291.0 1036.0 2366.0 1674.0 1181.0 1684.0 1520.0 

16 13200.0 1500.0 2000.0 1070.0 860.0 2299.0 671.0 613.0 537.0 560.0 601.01 

21 1200.0 430.0 1468.0 1241.0 1958.0 1591.0 1501.0 1225.0 1422.0 

22 3600.0 8200.0 2610.0 2176.0 1486.0 1340.0 1445.0 1465.0 1450.0 

23 130.0 1500.0 1200.0 4400.0 1464.0 2910.0 1518.0 1259.0 1300.0 1421.0 

24 130.0 1640.0 310.0 1648.0 339.0 418.0 578.0 450.0 400.0 1 
nd = not detected 
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Table ( 33 ) D.O. Changes In The Land Base Water Samples During 92/93
 
Data expressed in mq 02 / 

Site No. MAR 92 APP MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 

5 0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

6 0.0 2.4 0.0 0.0 2.0 0.0 0.0 0.0 0.0 2.0 0.0 _ 0.0 

7 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.5 

8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

9 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 

19 0.01 1.5 1.01 2.0 0.0 2.5 1.0 4.0 2.0 2.0 _ 

DOLB. XLS 4/15/93 



Table ( 34 ) pH Changes In The Land Base Samples During 92/93 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 7.7 7.6 8.0 7.5 7.8 7.1 7.5 7.8 7.3 7.6 8.0 7.8 

2 7.8 7.6 8.1 7.5 7.9 7.0 7.6 7.9 7.6 7.8 7.5 7.6 

4 7.5 7.5 8.0 7.5 8.0 7.0 7.9 8.1 7.5 7.7 7.5 . 7 _- _ 

5 8.0 7.6 8.2 7.5 8.1 6.7 7.4 7.5 7.5 8.0 8.0 8.0 

6 7.4 7.7 7.2 6.0 7.1 6.3 7.0 7.4 7.7 7.6 7.0 . . . 7.4 ... 

7 8.1 7.8 7.4 7.2 7.4 6.5 7.7 8.0 7.5 7.8 7.5. . 7.6 . 

8 9.0 7.6 8.7 7.5 8.0 6.4 8.2 8.0 8.0 7.8 . 8.2 8.0 

9 8.6 7.6 7.3 7.8 7.1 6.5 7.7 8.0 7.6 9.9 8.0 8.0 

19 8.5 9.0 8.3 7.5 8.0 8.21 8.0 8.2 8.2 3.0 
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Table ( 35 ) BOD Changes In The Land Base Water Samples During 92/93
Data expressed in mg 02 /1 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 118.0 420.0 110.0 100.0 112.0 103.0 112.0 100.0 ._92.0 102.0 . 96.0 82.0 . 

2 400.0 260.0 420.0 280.0 460.0 366.0 - 442.0 386.0 392.0 . _632.0 400.0 410.0 

4 360.0 220.0 370.0 100.0 384.0 332.0 375.0 370.0 302.0 316.0 . 310.0 320.0 

5 300.0 42G.0 304.0 460.0 496.0 300.0 324.0 300.0 332.0 304.0 300.0 284.0 

6 1160.0 360.0 1206.0 120.0 1200.0 1158.0 1300.0 1272.0 940.0 1006.0 ... 960.0 1420.0 

7 110.0 920.0 114.0 520.0 212.0 124.0 114.0 130.0 132.0 116.0 110.0 100.0' 

8 388.0 220.0 102.0 630.0 460.0 102.0 104.0 102.0 100.0 412.0 . 104.0 108.0 

9 102.0 210.0 100.0 410.0 160.0 114.0 120.0 108.0 90.0 80.0 84.0 94.0 

19 682.0 300.0 464.0 658.0 684.0 698.0 502.0 572.0 500.0 510.0 

BODLB.XLS 
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Table (36 ) COD Changes In The Land Base Water Samples During 92/93
 
Data expressed in mg 02 /1 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 175.0 600.0 180.0 160.0 166.0 180.0 175.0 152.0 162.0 166.0 164.0 142.0 

2 720.0 400.0 730.0 400.0 720.0 692.0 716.0 688.0 664.0 632.0 680.0 660.0 

4 610.0 800.0_ 620.0 .0 610.0 622.0 614.0 612.0 520.0 516.0 540.0 580.0 

5 530.0 1000.0 550.0 1664.0 702.0 550.0 532.0 508.0 530.0 518.0 500.0 460.0 

6 2000.0 1100.0 1860.0 1600.0 1996.0 1980.0 2002.0 2100.0 1610.0 1634.0 1820.0 2200.0 

7 214.0 2160.0 196.0 28.0 344.0 210.0 _ 196._0 212.0 210.0 204.0 200.0 212.0 

8 820.0 300-0 160.0 928.0 800.0 200.0 182.0 180.0 172.0 860.0 180.0 200.0 

9 184.0 360.0 162.0 736.0 362.0 200.0 198.0 186.0 160.0 140.0 144.0 160.0 

1120.0 1040.0 812.0 1122.0 1160.0 1210.0 886.0 964.0 920.0 940.0 
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Table ( 37 ) TS Changes In The Land Base Water Samples During 92/9
 
Data expressed in / __q 

1~ 

Site Flo. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 1650.0 1115.0 1504.0 928.0 1570.0 1520.0 1518.0 1640.0 1520.0 1491.0 1662.0 1737.0 

2 2823.0 1682.0 2500.0 2354.0 3161.0 3122.0 2933.0 2646.0 2880.0 2468.0 2624.0 2669.0 

4 2740.0 2120.0 2336.0 1566.0 2940.0 3080.0 2870.0 2770.0 2582.0 2172.0 2644.0 2237.0 

5 2470.0 1797.0 2382.0 1462.0 2859.0 2660.0 2751.0 2720.0 2480.0 2406.0 2406.0 2500.0 

6 6472.0 5514.0 4520.0 7185.0 7820.0 7220.0 7030.0 7054.0 6042.0 6231.0 6450.0 9322.0 

7 -1699.0 1113.0 1502.0 950.0 1500.0 1760.0 _1792.0 1660.0 1472.0 1446.0 1622.0 1737.0 

8 4351.0 1403.0 1820.0 1934.0 5760.0 1620.0 1932.0 1820.0 1902.0 5842.0 1866.0 2042.C 

9 1426.0 811.0 1400.0 936.0 1200.0 1222.0 1400.0 1422.0 1380.0 1475.0 1366.0 1594.0 

19 5026.0 3334.0 4950.0, 5443.0 5320.01 4730.0 5016.0 4594.0 5210.01 4621.0_ 

TSLB.XLS 4/15/93 



Table (38 ) VS Changes In The Land Base Water Sampies DUrih 92/93
 
Data expressed in mg/ I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

i 190.0 197.0 190.0 92.0 180.0 210.0 196.0 60.0 178.0 189.0 190.0 160.0 

2 740.0 260.0 760.0 715.0 751-0 760.0 740.0 712.0 700.0 746.0 720.0 733.0 

4 640.0 442.0 630.0 407.0 630.0 672.0 640.0 640.0 600.0 572.0 600.0 620.0 

5 560.0 308.0 530.0 349.0 720.0 591.0 551.0 520.0 570.0 522.0 510.0 500.0 

6 2110.0 915.0 1998.0 2760.0 2100.0 2110.0 2200.0 2234.0 1820.0 1822.0 2100.0 2400.0 

7 238.0 352.0 210.0 208.0 360.0 222.0 210.0 240.0 250.0 230.0 240.0 236.0 

8 960.0 440.0 200.0 421.0 820.0 230.0 200.0 200.0 192.0 910.0 200.0 240.0 

9 204.0 191.0 200.0 485.0 290.0 R,_.OJ 204.0 200.0 180.0 163.0 180.0 _ 164.0 

19 1 1250.0 425.0 830.0 1288.01 1200.0 1320.0 900.0 982.0 1100.0 1000.0
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Table ( 39 ) DS Changes In The Land Base Water Samples During 92/93
 
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 1322.0 924.0 1209.0 819.0 1009.0 1163.0 1299.0 1234.0 1280.0 1262.0 1310.0 1422.0 

2 1523.0 1484.0 1616.0 2154.0 2110.0 2177.0 2001.0 1636.0 2000.0 1610.0 1810.0 1746.0 

4 2016.0 1871.0 1836.0 1481.0 2012.0 2001.0 1999.0 1969.0 1810.0 1502.0 1920.0 1948.0 

5 2100.0 1592.0 1844.0 1044.0 1872.0 2002.0 2001.0 1992.0 1864.0 1710.0 1320.0 1720.0 

6 4212.0 4823.0 4010.0 5527.0 5261.0 4695.0 4266.0 4410.0 4010.0 4202.0 4100.0 5230.0 

7 1102.0 837.0 1200.0 699.0 _ 910.0 _ 1343.0 1366.0 1210.0 1196.0 1103.0 1100.0 1410.0 

8 1651.0 910.0 1024.0 1806.0 4002.0 _ 1217.0 1610.0 1410.0 1560.0 3982.0 _ 1422.0 1711.0 

9 798.0 463.0 1002.0 672.0 790.0 810.0 1002.0 1069.0 1040.0 1314 1002.0 1320.0 

19 3120.0 3150.0 3824.0 3824.0 3969.0 3188.0 3920.0 3502.0 3620.0 3510.0 
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Table (40 ) FS Changes In The Land Base Water Samples During 92/93
 
Data expressed in m_ I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 1460.0 918.0 1314.0 736.0 1390.0 1310.0 1322.0 1480.0 1342.0 1302.0 1472.0 1577.0 

2 2083.0 1422.0 1740.0 1639.0 2410.0 2362.0 2193.0 1934.0 2182.0 1722.0 1904.0 1936.0 

4 2100.0 1678.0 1706.0 1159.0 2310.0 2408.0 2230.0 2130.0 1982.0 1600.0 2044.0 2237.0 

5 1910.0 1489.0 1852.0 1113.0 2139.0 2069.0 2200.0 2200.0 1910.0 1834.0 1896.0 2000.0 

6 4362.0 4599.0 2522.0 4425.0 5720.0 5110.0 4830.0 4820.0 4222.0 4409.0 4350.0 6922.0 

7 1461.0 761.0 1292.0 742.0 1140.0 1538.0 1582.0 1420.0 1222.0 1216.0 1382.9 1501.0 

8 3391.0 963.0 1620.0 1493.0 4940.0 1390.0 1732.0 1620.0 1710.0 4932.0 1666.0 1802.0 

9 1222.0 620.0 1200.0 451.0 910.0 1014.0 1196.0 1222.0 1200.0 1312.0 1181.0 1410.0 

3746.0 2909.0 4120.01 4155.0 4120.0 3410.0 4110.0 3612.0 4110.0 3621.0 
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Table (41 ) ALK Changes In The Land Base Water Samples During 92/93
 
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 440.0 480.0 460.0 380.0 440.0 360.0 350.0 400.0 440.0 460.0 440.0 460.0 

2 440.0 450.0 440.0 380.0 460.0 420.0 400.0 400.0 440.0 480.0 460.0 440.0 

4 520.0 470.0 440.0 380.0 420.0 500.0 540.0 520.0 480.0 440.0 480.0 460.0 

5 520.0 600.0 460.0 380.0 400.0 460.0 380.0 460.0 460.0 520.0 500.0 520.0 

6 520.0 800.0 540.0 720.0 500.0 520.0 540.0 540.0 600.0 680.0 600.0 620.0 

7 540.0 650.0 500.0 _ 540.0 500.0 600.0 660.0 600.0 540.0 560.0 560.0 540.0 

3 660.0 700.0 700.0 760.0 740.0 620.0 760.0 700.0 700.0 740.0 700.0 720.0 

9 600.0 570.0 560.0 640.0 400.0 520.0 640.0 600.0 600.0 600.0 600.0 620.0 

19 420.0 360.0 400.0 440.0 460.0 460.0 460.01 500.0 460.0 480.01 

ALKLB.XLS 4/20/S3 



Table (42 ) Cal Changes in The Land Base Water Sampies Dii'ind 92/93
 
Data expressed 'n mg / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 220.0 280.0 180.0 180.0 100.0 120.0 140.0 160.0 160.0 200.0 160.0 200.0 

2 210.0 200.0 210.0 300.0 160.0 160.0 180.0 190.0 200.0 220.0 190.0 200.0 

4 230.0 200.0 210.0 180.0 170.0 200.0 210.0 200.0 210.b 230.0 200.0 240.0 

5 220.0 200.0 200.0 140.0 -­160.0 160.0 220.0 220.0 210.0 220.0 210.0 220.0 

6 360.0 280.0 290.0 140.0 400.0 300.0 360.0 400.0 320.0 460.0 340.0 600.;, 

7 150.0 140.0 150.0 200.0 110.0 110.0 120.0 130.0 140.0 160.0 140.0 200.0 

8 550.0 200.0 180.0 140.0 240.0 110.0 130.0 140.0 160.0 500.0 160.0 180.0 

9 110.0 140.0 160.0 140.0 100.0 110.0 100.0 130.0 140.0 160.0 140.0 150.0 

19 470.0 240.0 450.0 360.0 380.0 380.0 200.0 520.0 380.0 360.0,
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Table (43 ) MgH Changes In The Land Base Water Samples 
Data expressed in mg / I 

During 92/93 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

/80 - 0 
1 .,50.0 120.0 170.0 200.0 320.0 200.0 220.0 260.0 200.0 180.0 240.0 350.0 

2 350.0 420.0 400.0 280.0 660.0 340.0 340.0 310.0 360.0 330.0 370.0 300.0 

4 310.0 460.0 340.0 360.0 560.0 270.0 290.0 210.0 340.0 200.0 270.0 310.0 

5 340.0 460.0 360.0 360.0 540.0 330.0 530.0 380.0 350.0 360.0 370.0 380.0 

6 740.0 160.0 560.0 1060.0 780.0 650.0 740.0 800.0 460.0 640.0 660.0 900.0 

7 210.0 320.0 170.0 - 140.0 170.0 240.0 240.0 232.0 200.0 140.0 . 240.0 250.0 . 

8 300.0 280.0 220.0 200.0 1390.0 240.0 230.0 " 220.0 240.0 450.0 200.0 200.0 

9 260.0 160.0 120.0 140.0 180.0 120.0 140.0 150.0 160.0 240.0 . 160.0 . 230.0 

19 670.0 660.0 870.0 540.0 620.0 750.0, 810.0 530.0 700.0 640.0, 

MGHLB.XLS 4/15/93 



Table (44 ) TH Changes In The Land Base Water Samples During 92/93
 
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 92 

1 400.0 400.0 350.0 380.0 420.0 320.0 360.0 420.0 360.0 380.0 400.0 450.0 

2 560.0 620.0 610.0 680.0 820.0 500.0 520.0 500.0 560.0 550.0 560.0 500.0 

4 540.0 660.0 550.0 540.0 730.0 470.0 500.0 410.0 550.0 430.0 470.0 550.0 

5 560.0 660.0 560.0 480.0 700.0 490.0 750.0 600.0 560.0 580.0 580.0 600.0 

6 1100.0 440.0 850.0 1200.0 1180.0 950.0 1100.0 1200.0 780.0 1100.0 1000.0 1500.0 

7 360.0 460.0 320.0 340.0 280.0 350.0 360.0 362.0 340.0 300.0 360.0 _0.0 

8 850.0 480.0 400.0 340.0 1650.0 350.0 360.0 360.0 400.0 950.0 360.0 380.0 

9 370.0 300.0 280.0 280.0 280.0 230.0 240.0 280.0 300.0 400.0 300.0 380.0 

19 1140.0 900.0 1320.0 900.0 1000.0 1130.0 1210.0 1050.0 1050.0 1000.0
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Table ( 45 ) NH3 Changes In The Land Base Water Samples During 92/93
 
Data expressed in mg / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEL' JAN FEB MAR 93 

.. 1.1 8.4 1.0 2.0 1.20 _ 0.70 0.90 0.90 0.70 0.80 0.80 2.00 

2 . 0.9 4.0 0.9 0.8 1.40 . 0.80 0.30 0.30 0.80 0.90 0.90 1.60 

4 1.3 5.5 1.2 1.0 1.00 1.10 0.36 1.00 1.20 1.30 1.20 1.80 

5 0.9 5.4 _ 0.9 0.8 0.50 0.10 0.42 0.50 0.90 1.00 
(930 
,,2.40 0.90 

6 2.0 2.0 1.6 1.4 6.00 2.40 2.40 2.50 2.50 2.80 2.50 4.00 

7 0.9 3.6 1.0 2.6 7.00 0.84 0.20 0.80 0.90 1.00 1.00 2.60 

8 1.0 7.2 1.3 4.8 1.20 1.26 0.70 1.00 1.30 1.40 1.40 2.00 

9 1.4 8.0 1.4 4.4 1.40 1.20 1.80 1.40 1.30 1.40 1.40 2.10 

19 1.0 1.0 1.00 0.40 0.76 1.00 0.60 0.80 0.80 0.70 

NH3LB.XLS 4/20/93 



Table (46 ) N02 Changes In The Land Base Water Samples Diring 92/93
 
Data expresse, in mg / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 0.10 0.00 0.01 0.00 0.01 0.07 0.11 0.08 0.08 0.10 0.10 0.20 

2 0.10 0.00 0.01 0.00 0.01 0.06 0.11 0.09 0.07 0.08 0.08 0.10 

4 0.10 0.00 0.04 0.00 0.04 0.06 0.12 0.12 0.06 0.07 0.07 0_0 

5 0.10 0.00 0.03 0.00 0.04 --­0.07 0.14 0.14 0.08 0.09 0.08 0.08 

6 0.10 0.00 0.01 0.00 0.02 0.07 0.16 0.12 0.07 0.08 0.08 0.10 

7 0.10 0.00 0.02 0.00 __ 0.02 0.01 0.11 0.11 0.10 0.10 0.10 0.15 

8 0.10 0.00 0.02 0.00 0.02 0.06 0.10 0.10 0.07 0.08 0.08 0.10 

9 0.10 0.00 0.01 0.00 0.02 0.06 0.12 0.09 0.06 0.07 0.07 0.10 

19 ­-­ _----- 0.03 0.00 0.03 0.07 0.11 0.10 0.08 0.09 0.09 0.09, 
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Table (47 ) N03 Changes In The Land Base Water Samples During 92/93
 
Data expressed in rng / I 

-I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 2.40 __ 0.04 _5.00 0.04 ... 6.00 2.40 5.00 5.00 2.60 2.80 _2.80 5.00. 

2 3.10 0.04 4.00 0.04 3.00 1.50 6.00 4.00 1.80 2.00 4.00 6.00 

4 3.00 0.08 4.10 0.05 5.00 2.20 5.00 5.00 2.50 2.60 5.00 6.50 

5 4.60 0.04 5.00 0.05 6.50 2.00 6.00 6.00 2.50 2.80 3.00 3.20 

6 14.00 0.40 8.00 0.04 12.00 5.40 16.00 12.00 10.00 10.00 10.00 15.00 

7 3.50 0.20 7.00 0.08 12.00 5.00 5.00 5.00 5.50 6.00 6.00 7.50 

8 7.00 0.16 5.001 0.19 10.00 2.70 6.00 6.00 5.00 5.50 6.00 7.00 

9 5.00 0.12 8.00 0.12 9.00 4.00 5.00 5.00 4.20 4.50 5.00 6.00 

19 2.00 0.161 2.20 1.90 4.50 4.50 4.00 4.50 4.50 4.00 _ 
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Table (48 ) P04 Changes In The Land Base Water Samples Durind 92/93 
Data expressed in m|g I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 3.0 3.2 0.5 0.4 12.0 2.5 1.5 1.5 2.7 3.0 3.0 4.0 

2 2.0 2.9 0.0 2.0 12.0 2.0 1.5 2.0 2.1 3.0 3.0 4.0 

4 6.0 2.7 0.0 1.8 5.0 2.0 6.0 6.0 5.0 6.0 6.0 7.0 

5 6.3 3.4 0.0 1.2 4.0 3.5 6.0 5.0 3.5 4.0 5.0 5.0 

6 2.0 2.7 1.7 1.0 - 6.0 1.2 ___ 1.5 1.5 1.5 2.0 2.0 12.0 

7 6.0 3.7 0.0 2.5 4.0 7.5 6.0 6.0 8.0 10.0 8.0 10.0 

8 13.2 8.5 1.4 0.8 12.0 5.0 13.0 12.0 "0.0 10.0 12.0 12.0 

9 13.0 7.2 2.5 0.1 12.0 4.2 12.0 11.0 10.0 10.0 10.0 10.0 

19 0.0 0.2 6.0 1.0 8.0 6.0 4.0 4.2 6.0 6.01 
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Table (49 ) S04 Changes In The Land Base Water Samples During 92/93
Data expressed in mg I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 100.0 132.0 90.0 56.0_ 80.0 90.0 110.0 110.0 100.0 100.01 10.0 120.0 

2 140.0 148.0 _ 100.0 _ 84.0 120.0 130.0 150.0 110.0 1 .0l 100.0 .... 120.0 130.0 

4 150.0 228.0 115.0 80.0 150.0 150.0 150.0 160.0 150.6 150.0 160.0 160.0 

5 100.0 156.0 95.0 56.0 80.0 125.0 140.0 120.0 120.0 120.0 125.0 130.0i 

6 500.0 980.0 . 325.0 144.0 500.0 500.0 520.0 550.0 500.0 450.0 500.0 1000.0 

7 130.0 116.0 80.0 56.0 70.0 90.0 . 80.0 100.0 100.0 110.0 . 100.0 110.0 

8 240.0 128.0 80.0 40.0 300.0 80.0 75.0 150.0 120.0 300.0 160.0 240.0 

9 120.0 92.0 45.0 30.0 50.0 45.0 50.0 100.0 70.0 75.0 75.0 100.0 

19 400.0 340.0 550.0 750.0 560.0 450.0 500.0 450.0 ,560.0 500.0 
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Table ( 50 ) CL Changes In The Land Base Water Sampies During 92/93
 
Data expressed in mg I 

Site No.i MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 480.0 300.0 320.0 280.0 320.0 450.0 460.0 480.0 420.0 320.0 440.0 480.0 

2 670.0 590.0 680.0 900.0 750.0 1000.0 900.0 900.0 900 0 550.0 750.0 780.0 

4 960.0 730.0 600.0 600.0 670.0 1000.0 980.0 1000.0 780.0 500.0 900.0 950.0 

5 600.0 -640.0 620.0 500.0 642.0 900.0 900.0 910.0 710.0 600.0 600.0 620.0 

6 2200.0 2070.0 2000.0 2170.0 2120.0 2250.0 2300.0 2250.0 2200.0 2100.0 2150.0 

7 320.0 200.0 180.0 170.0 190.0 480.0 420.0 320.0 190.0 210.0 320.0 350.0 

8 420.0 250.0 400.0 610.0 1400.0 400.0 410.0 400.0 400.0 1600.0 400.0 430.0 

9 200.0 140.0 200.0 140.0 180.0 200.0 410.0 210.0 180.0 200.0 . 200.0 250.0 

19 680.0 1200.0 1250.0 1800.0 1840.0 1200.0 1840.0 1520.0 1600.01 1500.0
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Table ( 51 ) Cond Changes In The Land Base Water Samples During 92/93
 
Data expressed in p mohs 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 2000.0 6600.0 1500.0 1400.0 1400.0 1500.0 1400.0 1500.0 1400.0 1500.0 2000.0 1400.0 

2 3000.0 2000.0 3900.0 2700.0 3000.0 3100.0 3000.0 2600.0 2700.0 2500.0 2300.0 2000.0 

4 3000.0 2500.0 3000.0 2000.0 2900.0 3000.0 2800.0 2900.0 2100.0 1700.0 2700.0 2200.0 

5 2900.0 2300.0 2900.0 200.0 2800.0 2500.0 2600.0 2500.0 2400.0 2100.0 2400.0 2200.0 

6 7000.0 5000.0 4900.0 5500.0 7500.0 7600.0 7000.0 7600.0 6000.0 7000.0 6000.0 8500.0 

7 1650.0 1400.0 1200.0 1200.0 1100.0 1710.0 1700.0 1600.0 1100.0 1200.0 1600.0 1150.0 

8 4000.0 1500.0 1400.0 2300.0 6*100.0 1560.0 1600.0 1700.0 1500.0 6100.0 1800.0 1700.0 

9 1500.0 1100.0 1150.0 1200.0 1000.0 1000.0 1200.0 1100.0 11000 1200.0 13000 1100.0 

19 5000.0 3700.01 5000.0 5500.0 5000.0 5200.0 5000.0 3000.0, 5500.0 5500.0 
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Table ( 52 ) O&G Changes In The Land Base Water Samples Dutring 92/93 
Data expressed in m_ I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 8.0 63.0 8.0 62.0 8.0 8.0,_ 8.0 8.0 6.0 8.0 8.0 - -­ 8.0 

2 21.0 65.0 8.0 73.0 0.0 8.0 12.0 8.0 10.0 12.0 10.0 12.0 

4 20.0 81.0 8.0 42.0 8.0 16.0 16.0 16.0 20.0 24.0 20.0 24.0 

5 10.0 54.0 8.0 7.2 8.0 6.0 8.0 8.0 8.0 10.0 8.0 8.0 

6 8.0 32.0 8.0 50.0 16.0 30.0 15.0 15.0 34.0 36.0 34.0 (649t)5 

7 18.0 32.0 18.0 14.0 14.0 17.0 18.0 18.0 18.0 20.0 18.0 20.0 

8 8.0 24.0 0.0 46.0 8.0 44.0 48.0 44.0 46.0 48.0 46.0 48.0 

9 16.0 60.0 18.0 40.0 2.0 24.0 22.0 24.0 30.0 32.0 30.0 32.0 

19 8.0 9.0 8.0 8.0 8.0 7.0 12.0 14.0 12.0 12.0 _ 
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Table (53 ) Cd Changes In The Land Base & Lake Water Samples During 92/93
 
Data expressed in hg / I
 

Site No. MAR 92 APR MAY JUN 
 JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 
1 20.0 50.0 35.0 32.0 51.0 45. 47.0 42.0 62.0 51.0 43.0 39.0 

2 120.0 50.0 35.0 58.0 49.0 50.0 __ 18.0 - 24.0 630 45.0 42.0 44.0 

4 130.0 60.0 25.0 30.0 65.0 42.0 22.0 23.0 36.0 45.0 48.0 38.0 
5 nd 50.0 28.0 . 48.0 .... 70.0 57.0 47.0 48.0 56.0 50.0 44.) 

6 400.0 60.0 25.0 168.0 146.0 76.0 34.0 44.0 118.0 77.0 110.0 120.0 _ 

7 30.0 50.0 20.0 37.0 _ 55.0 41.0 32.0 20.0 39.0 _ 33.0 _38.0 __ 37.0 
8 30.0 50.0 15.0 580 1840 340 _ 11.0 t 61.0 52.0 9.0 61.0 59.0 ... 

9 28.0 50.0 20.0 30.0 89.0 63.0 12.0 56.0 80.0 34.0 55.0 58.0 
10 40.0 50.0 30.0 _21.0 _ 40.0 68.0 __ 14.0 _ 79.0 76.0 52.0 53.0 _ 69.0 
19 25.0 39.0 122.0 54.0 96.0_40.0 88.0 82.0 92.0 _ 80.0 
11 10.0 10.0 28.0 53.0 97.0 99.0 11.0 172.0 91.0 81.0 90.0 92.0_ 
12 340 50.0 35.0 17.0 54.0 58 0 34.0 _ 36.0 91.0 48.0 56.0 54.0 
13 35.0 28.0 43.0 675 52.0 51.0 36---0 74.0 62.0 _ 67.0 

16 10.0 60.0 30.0 -8.0 69.0 .45.0 32.0 _- 41 .0 76.0 24.0 _ 37.0 41.0 

[ 
20 20.0 20.0 22.0 115.0 131.0 146.0 _ 22.0 129.0 137.0 106.0 132.0 131.0 
21 800 500 280 48.0 490 670 340 51.0 58.0 30.0 48.0 50.0 

22 35.0 10.0 35.0 62.0 77.0 59.0 48.0 _ 90.0 87.0 _ 89.0 83.0 85.0 
23 23.0 27.0 76.0 73.0 36.0 35.0 70.0 85.0 72.0 82.0 
24 29.0 77.0 148.0 100.0 15.0 126.0 134.0 151.0 120.0 130.0
 

nd= not detected
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Table ( 54 ) Cr Changes In The Land Bas.3 & Lake Water Sampies Ddring 92/93
 
Data expressed in pg/ I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 80.0 10.0 44.0 13.0 21.0 24.0 18.0 27.0 30.0 34.0 32.0 33.0 

2 20.0 60.0 61.0 24.0 35.0 15.0 19.0 53.0 31.0 40.0 30.0 32.0 1 

4 23.0 75.0 36.0 29.0 23.0 19.0 nd 8.0 70.0 42.0 40.0 36.0 

5 nd 40.0 29.0 34.0 _ 31.0 17.0 .33.0 76.0 28.0 49.0 39.0 37.0 

6 160.0 30.0 50.0 118.0 85.0 37.0 61.0 17.0 29.3 66.0 60.0 62.0 

7 100.0 40.3 55.0 40.0 31.0 15.0 18.0 30.0 13.0 22.0 15.0 _ 14.0 

8 80.0 10.0 19.0 32.0 274.0 38.0 36.0 46.0 27.0 81.0 37.0 36.0 

9 nd nd 5.0 31.0 37.0 28.0 22.0 52.0 16.0 20.0 22.0 20. 

10 78.0 60.0 78.0 13.0 59.0 18.0 26.0 nd 68.0 _ 41.0 _ 40.0 .. .43.0 

19 77.0 27.0 91.0 19.0 49.0 78.0 49.0 97.0 58.0 49.0 

11 100,0 75.0 21.0 41.0 84.0 59.0 53.0 101.0 57.0 67.0 55.0 53.0 _ 

12 76.0 80.0 62.0 nd 50.0 18.0- 9.0 __ 77.0 76.0 50.0 56.0 52.0 

13 85.0 65-0 67.0 17.0 51.0 33.0 _ 35.0 51.0 19.0 49.0 45.0 39.0 

16 350.0 40.0 5.0 nd 45.0 14.0 43.0 80.0 48.0 41.0 42.0 45.0. 

20 85.0 200.0 151.0 68.0 66.0 23.0 27.0 184.0 78.0 113.0 77.0 . 69_.0 

21 94.0 25.0 60.0 32.0 24.0 25:0 63.0 30.0 28.0 25.0 

22 95.0 290.0 67.0 nd 62.0 ... 123.0 54.0 71.0 __ 53.0 60.0 

23 1000 990 22.0 58.0 29.0 36.0 91.0 45.0 54.0 45.0 47.0 

24 94.0 185.0 66.0 64.0 59.0 39.0 176.0 82.0 171.0 80.0 87.0 

nd= not detected 
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Table ( 55 ) Cu Changes In The Land Base & Lake Water Samples During 92/93
 
Data expressed in pq I 

Site No. MAR 92 APR MAY JUN JUF. AUG SEP OCT NOV DEC JAN FEB MAR 93 
1 120.0 nd 60.0 500.0 395.0 3155.0 114.0 366.0 376.0 770.0 335.0 340.0 
2 -_nd nd 50.0 214.0 125.0 117.0 45.0 115.0 167.0 1,0.0 115.0 117.0 
4 80.0 nd nd 220.0 285.0 1312.0 107.0 379.0 309.0 106.0 108.0 107.0 
5 50.0 125.0 1197.0 1251.0 750.0 973.0 683.0 __ 3561.0 728.0 650.0 635.0 
6 170.0 nd 9.0 1159.0 1337.0 180.0 336.0 135.0 381.0 162.0 170.0 145.0 
7 220.0 30.0 7.0 898.0 1491.0 1431.0 23.0 539.0 334.0 176.0 320.0 340.0 
8 130.0 1.0 75.0 872.0 892.0 1442.0 620.0 . 197.0 215.0 192.0 220.0 . -1213-..9 
9 70.0 1.0 10.0 737.0 852.0 1578.0 285.0 110.0 522.0 118.0 228.0 120.0 

10 850.0 nd 20.0 232.0 28.0 123.0 183.0 67.0 350.0 349.0 232.0 320.0 
;3 .. . ... ..10.0 . . nd 81.0 26.0 63.0 94.0 __ 135.0 150.0 154.0 145.0 
11 80.0 50.0 95.0 582.0 2500.0 297.0 89.0 313.0 276.0 215.0 248.0 220.0 
12 80.0 nd 75.0 206.0 2383 . 265.0 121.0 175.0 220.0 172.0 169.0 

13 85.0 30.0 __nd 47.0 75.0 123.0 158.0 70.0 175.0 152.0 159.0 
16 nd nd 60.0 304.0 334.0 269.0 622.0 742.0 644.0 242.0 334.0 320.0 
20 80.0 nd 30.0 nd 708.0 204.0 17.0 180.0 204.0 132.0 205.0 200.0 
21 40.0 nd 10.0 nd 27.0 163.0 240.0 184.0 104.0 107.0 105.0 104.0 
22 nd 30.0 nd 47.0 30.0 . 133.0 149.0 122.0 167.0 . 169.0 135.0 
23 20.0 nd 78.0 150.0 73.0 _ 172.0 117.0 172.0 _ _ 113.0 120.0 
24 10.0 nd 97.0 120.0 172.0 229.0 221.0 244.0 201.01 22501 

nd= not detected 
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Table ( 56 ) Fe Changes In The Land Base & Lake Water Samples Duriig 92/93 
Data expressed in ig I
 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 
1 180.0 0.0 337.0 5160.0 4871.0 9495.0 1350.0 5026.0 8622.0 2564.0 I1 .0 1893.0 

__3981.0 
2 nd 80.0 387.0 1270.0 3060.0 2287.0 619.0 5657.0 4509.0 4500.0 3900 0) 
4 nd 230.0 133.0 1886.0 4052.0 5075.0 1316.0 4523.0 3058.0 3240.0 2852.0 

5 6200.0 310.0 605.0 4368.0 8400.0 3181.0 2951.0 7487.0 4180.0 1590.0 ,_ -.0 3351.0 

6 9200.0 110.0 224.0 2048.0 10880.0 1655.0 1828.0 2422.0 5256.0 2685.0 _ 2750.0 5772.0 

7 130.0 230.0 453.0 1230.0 24220.0 3070.0 1574.0 5806.0 3748.0 3804.0 3232.0 

8 . 200.0 0.0 28.0 1368.0 8610.0 5154.0 5974.0 840.0 3949.0 2746.0 3385.0 3823.(; 
9 110.0 0.0 173.0 3390.0 9380.0 _ 3771.0 2411.0 3104.0 1538.0 3196.0 3198.0 3920.0 

10 60.0 110.0 214.0 nd 15200.0 552.0 513.0 2281.0 575.0 4323.0 4421.0 4644.0 

19 471.0 .... 6728.0 2121.0 696.0 . 151.0 1388.0 4818.0 7170.0 4742.0 4915.0 

11 130.0 230.0 414.0 1160.0 34050.0 1353.0 6826.0 4609.0 6628.0 6062.0 4901.0 
12 1700.0 230.0 109.0 3400.0 81000.0 1013.0 3015.0 2463.0 2854.0 3475.0 2633.0 2481.0 

13 120.0 240.0 5120.0 840.0 601.0 277.0 267.0 237.0 2527.0 397.0 488.0 

16 70.0 160.0 214.0 1646.0 6080.0 866.0 1726.0 664.0 1515.0 2544.0 2422.0 2153.0 

20 nd 450.0 441.0 1658.0 15F .0 1655.0 2134.0 2292.0 1071.0 / 82100.0 

21 180.0 450.0 218.0 . 709.0 .800.0 737.0 1041.0 2856.0 1078.0 840.0 1177.0 1208.0 

22 40.0 450.0 120.0 689.0 850.0 1400.0 2075.0 1061.0 2599.0 2350.0 2877.0 

23 177.0 723.0 981.0 193.0 51.0 2003.0 1451.0 1619.0 1815.0 2232.0 

241 572.01 820.0 760.0 133.0 528.0 2228.0 914.0 2480.0 2422.0 2323.0 
nd= not detected 
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Table ( 57 ) Ni Changes In The Land Base & Lake Water Samples During 92/93
 
Data expressed in ig / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 
1 50.0 10.0 29.0 20.0 293.0 354.0 162.0 192.0 204.0 346.0 182.0 190.0 

2 2.0 20.0 28.0 35.0 156.0 215.0 156.0 178.0 133.0 82.0 80.0 95.0 

4 30.0 20.0 15.0 20.0 240.0 303.0 . 217.0 169.0 156.0 ... 186.0 ._ 150.0 170.0 

5 50.0 20.0 30.0 299.0 300.0 237.0 309.0 98.0 225.0 230.0 235.0 

6, -- 20.0 30.0 10.0 60.0 657.0 313.0 313.0 171.0 334.0 372.0 376.0 315.0 

7 _ 20.0 20.0 28.0 18.0 244.0 223.0 108.0 77.0 156.0 221.0 235.0 195.0 
8 30.0 10.0 28.0 26.0 447.0 250.0 220.0 ... 242.0 440.0 427.0 420.0 390.0 
9 20.0 0.0 15.0 15.0 167.0 287.0 155.0 209.0 137.0 205.0 135.0 165.0 

10 50.0 20.0 29.0 77.0 176.0 273.0 227.0 84.0 220.0 229.0 220.0 225.0 
19 27.0 19.0 369.0 198.0 340.0 232.0 296.0 340.0 224.0 230.0i 
11 30.0 20.0 60.0 14.0 495.0 370.0 220.0 376.0 355.0 486.0 400.0 350.0 
12 20.0 20.0 60.0 17.0 --­ 332.0 226.0 152.0 238.0 300.0 300.0 301.0! 292.0 

13 40.0 60.0 7.0 220.0 283.0 242.0 278.0 70.0 220.0 210.0 240.0 

16 20-0 30.0 26.0 19.0 218.0 255.0 213.0 276.0 282.0 213.0 250.0 219.0 

20 50.0 30.0 60.0 46.0 449.0 552.0 310.0 418.0 502.0 440.0 417.0 420.0 

21 40.0 10.0 60.0 17.0 292.0 306.0 88.0 _ 287.0 218.0 166.0 182.0 215.0 

22 20.0 29.0 26.0 298.0 278.0 282.0 394.0 386.0 360.0 396.0 373.0 
23 29.0..... 10.0 225.0 284.0 264.0 258.0 186.0 210.0 '" 212.0. ­ -:._.. 220.0__0.9. 

24 1 60.0 29.0 435.0 350.0 240.0 228.0 461.0 345.0 320.0 342.01 
nd= not detected 
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Table ( 58 ) Pb Changes In The Land Base & Lake Water Samples During 92/9i 
Data expressed in l / I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP . OCT NOV DEC JAN FEB MAR 93 

1 130.0 .50.0 26.0 380.0 280.0 1200.0 234.0 280.0 600.0 130.0 120.0 118.0 

2 30.0 75.0 25.0 590.0 470.0 740.0 560.0 38.0 270.0 240.0 50.0 57.0 

4 130.0 100.0 1.0 170.0 430.0 1050.0 168.0 50.0 210.0 280.0 160.0 220.0 

5 25.0 220.0 750.0 560.0 740.0 591.0 740.0 340.0 420.0 400.0 390.0 

6 25.0 100.0 40.0 1290.0 1300.0 910.0 901.0 380.0 1590.0 290.0 265.0 300.0 

7 250.0 200.0 55.0 1170.0 2070.0 2120.0 94.0 119.0 240.0 140.0 123.0 135.6 1 

8 130.0 0.0 26.0 690.0 1480.0 1480.0 720.0 520.0 200.0 400.0 420.0 430.0 

9 30.0 50.0 1.0 810.0 580.0 1100.0 337.0 340.0 520.0 210.0 240.0 300.0 

10 210.0 _ 550.0 900.0 180.0 770.0 526.0 400.0 530.0 260.0 225.0 250.0 

19 __ 100.0 _ 18.0 -100.0 700.0 950.0 770.0 45.(;. 510.0 490.0 440.0 500.0 

11 250.0 i00.0 40.0 _ 710.0 3110.0 950.0 583.0 900.0 610.0 520.0 611.0 580.0 

12 140.0 100.0 28.0 100.0 2790.0 640.0 819.0 450.0 520.0 350.0 420.0 450.0 

13 250.0 25.0 230.0 80.0 850.0 612.0 580.0 30.0 270.0 290.0 260.0 

16 100.0 100.0 26.0 160.0 180.0 840.0 617.0 750.0 640.0 250.0 590.0 601.0 

20 138.0 200:0 38.0 530.0 700.0 1450.0 354.0 115.0 720.0 480.0 390.0 440.0 

21 55.0 160.0 270.0 850.0 637.0 650.0 310.0 90.0 97.0 _ _ 12..0 

22 25.0 50.0 420.0 870.01 837.0 760.0 480.0 310.0 440.0 420.0 

23 00.0 26.0 nd 370.0 790.0 713.0 720.0 120.0 280.0 300.0 320.0 

1 241 1 100.01 37.0 210.0 870.0 1014.0 591.0 1170.0 770.0 890.0 790.0 723.0 
nd= not detected 
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Table ( 59 ) Zn Changes In The Land Base & Lake Water Samples During 92/93
 
Data expressed in Pq I 

Site No. MAR 92 APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 93 

1 1200.0 0.0 60.0 80.0 1365.0 21281.0 122.0 460.0 194.0 555.0 550.0 490.0 

2_n~d. ..­ :0 _ 15.0 25.0 956.0 365.0 113.0 425.0 nd 429.0 420.0 425.0 
4 nd 100.0 37.0 nd 111.1 974.0 -- -- 107.3 nd 357.0 297.0 301.0 

5 120020 300,0 - 250.0 327.0 372.0 794.0 785.0 673.0! 100.0 706.0 690.0 
6 8800.0 10-0 60.0 197.0 299.0 44.0 569.0 366.0 209.1) _ 796.0 .... 386.0 .. .33.0.0. . .. 

7 300.0 100.0 37.0 60.0 373.0 385.9 214.6 219.0 644.0 240.0 -­ 250.0 

8 1000.-0 0.0- 50.0 20.0 2710.0 356.2 1400.0 742.0 nd 540.0 620.0 520.0 
9 1200.0 10.0 . .. 2.0 5.0 1780.0 779.0 347.0 423.0 248.0 527.0 450.0 - -420.0 

10 nd, 30.0. .60.0 .. 25.0 . .. 8,40.0 ... 100.0 98.0 280.0 191.0 89.0 200.0 19'0.0 

19 .. . _6.0 nd 510.0 93.0 39.0 505.0 403.0i 522.%_ 500.0 
•11 100.0 40.0 60.0 30.0 7000.0 4-19.0 - 123.0 280.0 454.0 420.0 450.0 

12 1200.0 300-0 50..0 25.0 8650.0 -­ 150.0i 482.0 403.0-- 546.0 677.0i 462.0 420.0 

1_3 n d __ 60.0 50.0 217.0 32.0 102.0 509.0 280.0 422.0 440.0 503.0 

16 nd 10. 0 90.0 36.0 3600.0 59.0 _49"7.0 ... .916.0. 872.0 453.0 850.0 820.0 
20 50.0 0 .0 90.0 .nd 90.0 94.0 . . .. . .83._0 _82.0 .. .. 318.0 ... 300.0, 322. 0 . . . 

21 nd 0.0 60.0 35.0 132.0 222.0, 559.0 377.0 276.0 325.0 360.0 

22; 1.01 60.0 _nd _.95*0 _ 16.0 .,-98-.0 :-. 42.0 421.0 445.0 460.0, 420.0 

23 60 .0 50.0 50.0 131.3 409.0 408.0 770.0 430.0 413.0 

24, 60.0 65.0 1300.0 90 .0 125.0 95.0, 595.0, 692.0 550.0, 560.0, 
nd= not detected 
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Table ( 60 ) Changes of Algal Counts & Species in Lake & Landbase Water Samples During 92/93 
Data expresseo in ces1/ X 103 

Site No.-_ MAR92 APRIL MAY JUNE JULY AUGUST 

Count Species Count Species Count Species Count Species Count Species Count Spocios 

Euglina, 
Chlorefla Melosira Cyclotaila 

1 2080, Euglenophyta, 142 O Cyclolella 8 8 CyciotilaL 6 5 Spirulina 

Euglenat 
Chtooil: Mo01a S: 

2! 1480?_Eugi nopnyta. 33801 CycIotIlSll 8401 Maloirwa 1470 pirulinal 

Chloreilai 
Eugklnopnyta&i Uloltnx; ChloreU. Mlosirasi 

4' 3961 Datomsr 806 t CyclotulLal 21 6' Cyclotellai 2240 ptrulinat 

Melostra s; 
Euglanopnyta&i Chlorcilai plrulina.pel 

5. 1760 Chloropnytai 63 6; Zygrnmai 392' Spirulina, 2940 dia :rumi 

Euginopnya&, CycVCfolai Euglena.CI 

6 2924 Chloropyla, 924, Ulothlrex, 4801 CuclOtlla, 720 yclotellai 

Ewagkinopnytai 
&Chiorophyta&. CyclOtullaI Cyclotolla 

7 63001 Diatoms 16 4: Zygnema! 33 8! Cyclotellat 170 0 Sprulinai 

Chloroonyta&Di Cyclotella 

8 26640' atoms. 600' Euglenai 1601 Cycloteial 3150 Cycloteltai 

Cyclohtlla, 
Euglenopnyla&, Large No oll Cyclotolta 

9. 2108, Chloropiyla. 650- Protozoa 156 O Eughna' 1800 Cyclotellal 

Actinastru, 

Euglencoiyta: Cyciotata.i m SteDhan 
0 103401 Chloroptya 144-0! Euglanai 138 0! Tab~eana 8404 ooescusi 

EuginaTa, 
!9 0 0 30 0; Cycloteliat 56 0 belna, 

Euglmnoonyla& 
Chlofopnyta&Oi; 

11 7656, atoms, 240? Cciotella 4081 Chloreft- 51 3 Mosirai 

Eugienopnyia&, Eugie'iai Diatoms 

12 120, Diatoms, 28 8 Cyclorloli 19801 Chlofailat 2928 Melosira 

Euglenoonyta&i , Eugifnai Cyclotela I Eugina.Tal 

13 664 0? ChloroptYtal 975 01 Cycloteslai 351 81Agmaneium, 4320 islnai 

Eugienoo a&I Measira, 

16 38641 Chloropitta 1368 Cyclotaila 350 01 Cyclotdllal 150 Euglinat 

Spruina Al 
cdinasurum 1 

EugWirohylal I CyclotellIl Stepranod! 

20, 9201 Chlorophy a 108 81 Chlorala 5001 Cyclotela 385 0 escul 

Cyclotolla.1 
Tabelem I 

211 17681 Euglenopnylai 700 01Phylooonm 1 54 0 Splruinal 

221 18601 Euglenoppyla , 6001 TabeLmaa, 300 Spruinal 

: I 

Ulothnx Ex.I CyCkOIULI Sp!nJina.AI 

23, 
: 

4501
! 

Proozoai
i 

109201 Tabellana 1960 clfnasirumi 

CCc ~iota Cyclolt.p 
16801 Chtorellai 300 0! Tabelan i 100 Melosirsi241 
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( ) Changes of Algal Counts & Species In Lake & Landbase Water Samples Duripg 92/93 
Data expressed In cells/ A o 

MAR X1 APRIL MAY JUNE JULY AUGUST 

Count Species Count Species Count Species Count Species Count Species Count Species 

Euglenoph 
EtugIena 
Chiorella MeloslraC Cydotella, ' 5 C.. 120 

208.0 )ca 142.0 Cydotella 8.8 yclotells 6,5 Splrullna _ " 

Euglenoph 

Euglena 
Chorella Melosira,S I I 'S:)5,',,

LDP 
STe.l'..IVtA, w]U 

148.0 yta 338.0 Cydotela 84.0 Molosira 147.0 pirullna P _ _ _ _ 

Euglenoph 
yta&Dlato 

Chiorella 
UIothrlx Chlorella,C Moloslra,s 22 c) 

p .0toc.i' 
15 L) 

39.6 ms 806.0 Cydo,311a 21.6, yclotella 224.0 plrullna z - ou 

Euglenoph Meloslra,s C S ?'S " 

yta&Chloro Chlorella plrullnape d S ': ,2.02 5 q 
176.0 phyla 63.6 Zygnema 39.2 Splrulina 294.0 dlastrum ,_ 

Euglenoph 
yta&Chloro Cycotella Euglena.C 56 5L 5 

I 

,ta 33 C) 
292.4 phyla 92.4 Ulothrex 48.0 Cudotella 72.0 yclotella_ 

hyta&Chlor 
ophyta&DI Cyclotella Cyclotella, 

2 bji 

2,. 
-1. 

630.0 atoms 16.4 Zygnema 33.8 Cydotella 170.0 Spirullna 

Chlorophyi Cyclotella t 0,9 
3 2664.0 a&Dlatoms 60.0 Euglena 16.6, Cycotella 315.0 Cyclotella ----

Euglenoph Large 4'It. 5rui.c . 
yta&Chloro 

210.81 phyta 65.0 
No.of 

Protozoa.1 
Cydcotella,4 

156.01 Euglina 100.0 C tla 5 Oft, 
0 

_____uc5 

3 

Euglenoph 
yta&Chloro Cycotella, 

Actlnastru 
m,Stephan 66 a 

Ac tAq5tu.i 

1034.0 phyla _1.44.0 Euglena 1?8.0 Tabelarla 840.4 odescus S , 

Euglina,Ta 
9 0.0 30.0 Cydotella 56.0 belarla " 

11 yta&Chloro 
phyta&Dlat )50 _.__ 

765.6 oms 24.0 Cyclotella 40.8 Colorella 51.3 Melosira _ _ _,_.___ 

2 12.0 

Euglenoph 
yta&Olato 

ms 28.8 
Eugtena 

Cydotella 198.0 
Olatoms.C 

hlorellaC 292.8 Meloslra 
42o0 

Al ,LsaEt 
5 0 0c 

A, 

k wl1 
Euglenoph Cydotella, -AA 

yta&Chloro Euglena Agmtdnellu Euglna.Ta 3 d o ::7 

664.0 phyta 975.0 Cydotella 361.8 m 432.0 belarla ___1-4 

6 

Euglenoph 
yta&Chloro 

386.4 phyla 136.8 Cyclotella 350.0 
Masslve,C 

yclotella 15.0 Eugllna 
2 Co 

_," 

SprullnaA 
Euglenoph 
yta&Chloro Cycdotella 

ctnastrum , 
Stephanod 1.53 

c -

92.0 phyla 108.8 Chlorella 50.0 Cycotella 385.0 escus 8k_________ 

Cyclotella. 

Euglenoph 
Tabelarla, 

Phytoconle -56 IOdO 
176.8 )ta 700.0 s 54.0 SpIrullna 

Euglenoph r5" 
185.0 ) _a 60.0 Tabelarla 30.0 Splrulina C____u 

CydotellaUlothrlx --- , 5 Ie ,,. 

Ex. Cycotella. SplrulnaA /62 o 
2 1 _ 1 45.0 Protozoa 1092.0 Tabellarla 196.0 ctinastrum 



Table ( 60 ) Changes of Algal Counts & Species in Lake & Landbase Water Samples During 92/93 

Data expressea in celsli X 103 

JANUARY FEBRUARY
Sit@ No. SEPTEMBER OCTOBER NOVEMBER DECEMBER 

Count . Count Count Count SpeclesCount Species Count Species C Spece Speci-s Species 

Melosira.. Melosiro 

Actinastr Coelatru. Scendes Cvc!otcII 

urn: 60.0! m 200 mus 165 0 a Cynara i53.2! Spiruina' 60.0: 
IMelosira 

Ulothnx, Scences M1e4o Sre! 

Achinostri PelK3tsui rnus+Eugi C.clotel i 
9.0i M. 15.01 ena 450.0 . Ji

2. 	 54.5l Soirulinal 400.01 um 


I Phytoco'
 

Meoiro.: Actincstri GoTnhoI mie3 

41.11 TablenoI 3.5! umi 50.01nosphefol 40,Protegoa 2500 Melao SiaI 
Maio SilaO 

SMosoara'j Actincistri Goirhoi Scences, CvcloreoI 

51 97- Ulthonxi 90.01 um 24.01nosoherat 8.4. mus, 4500 a 

nosoheai Maio Sir 
Phytocen, CycIoteil 

o 0 .3! Soirul ina 	 1 7 5 400 a6 ' 	 Z e f o P r o t o zoa ! 12 .5 ;pro tozoa : fes' ,0 
S' 	 Phvtc en' Melo Sirof 

Ciooreil Gornrhol 1es Cyclolll 

7! 36.31 a' Euqle-a + Protozoa? 5.0nospherai 1751 Soirulino 200.0' a 

Melo S4ra 

a.: Gornph, fcvclotelli 
Cholorelll 

8. 	 2421 Protozoa, Euglena Protozoa i d-O.Onosonefai 125.0, Melosirn 200 OL C3 

Eugena.: Meo Sir 
Spirulina.! Pedi3strul Aniustroad cclotelli 

9' 1.21 Melosiral 25.01 Pfotozooi 10.01 ml 20.01 dsrnus 150.0. a 

Totboiana.i Sprulina. nospherog Melo Sir( 

Steohandl Actina3trl , Ankmtrod, Cyclotell 

10' 96.81 isusl 100.01 um 10.01 Protozoal 85.0. osrrtjs 300.0 a 
Siro. Sync 

Cyelotcli I
r 

Stophpndl 	 : 

Disc, i Actinastri Gomohoi u Cyclorell 

19' 02' Fngirohai 100.01 um 42,01nospheai 50.0ffaelewa. 5000 0 

I " 	 Melao Sro 

Actinastrl Ankistrodi Cyclotell 

1i 400.01 um Euglenai 125.0; esmus. 3000 a 
S Gornp, 	 Me~o Sire 

Spiruilina.I ACtincstTI Ino3pheral Sopiihna; Cvcloteil 

12 217 81 Tolena, 1050.01 uml 65.01 .Tablenai 500 Taoolana, 2000 a 

mrIUs. GorTOhol PhytOCon 

Steopanoi Actinastri, nosphrai es Meo 

13: 	 290.41 discu, 2800.01 um 20.0i,Tablenao 50.01 Tobelona, 4000 . S.roe 

I 	 Gomh, 

n, Tatelabona,
 
Acta-ntri spheor Cyclotelli 

16 72.61 So.lirinai 1501 urni 35.0? fablefsa 22.51 a. 350.0 Maio Sira 

I I I 	 Tabelanal Mebo Sira 

I Diatc -a.! Actinastrl IMelosira, Cyclotelli Phytocon 

20' ' 290.41 Tablenal 420.01 unj 10.01 Ultt",omi 250 a, 700.0 _ as 

Tobeloa Miostr 

discm.I Actina3ti GorlphO j Cyclofelli SyrdroC 

21 30.31 TpDlonal 96001 uml 210.01nosoheral 50.0 al 400.0' yclotella
I ' TetrO 

'Steohanoi 

Ta
SounjI 	 , belanai Sooro.Sy 

ISteohannl Actnastir I Cycboteill ndra 

221 .. 125.91 discuLL 1650.01.. uml 150.0Taobetanai 2500! a. 135.0, Meo Sira 

' Tabeianal 	 Meo SireTaobeona,; 
Phytocon 

231 871.21 n 175001 um i 51.0,nrsphoroi 400! a, 5500 
Ctvoiobia.1 Tabelana, So(ora+ v 

Actina:ti Gormroi Cyclotell, ndral 

scenresi Actinastri Gfnlohoi Cyclotelll 

241 	 2061 Fngiralial 56001 um 80 0?nosheprol 7501 a 550 0-Melo Sral 
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Table ( 61 ) Changes of Bacterial Counts Lake & Landbase Water Samples During 92193 
Data exprsad inMPNJIOO ml
 

Site No. SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH93
1Colr Coa, CoIKfOqm 

Prteemwlvi 
coo 

Fecal 
cwr 

fPm m 
ColW01~ 

Focal 
Co Mfer 

F,nmsi h 
1m 

CFocaJ 
CuM"]rI 

PvOInpdw
Coatwm 

FecaJ
Co4tM 

fto
CW& 

Fecal 
owo 

Pvoaapd Focal
C04toml IC6 flIo01f 

Pre..o Feal
ClIffwm 

__1 1110EI0 1110E10 43"10E6 43"10E8 39"10EB 39"10E8 91"10E7 91"10E7 2410E01 91'10E6 24'10E8 43'10E7 

2 24*16 24106 1110E6 1110E6 46"1069 46°10E9 91"10E7 91"10E7 4610E81 3610E6 24*1023 23'10E7 

4 93"1067 9310E7 11"10E10 93"10E8 43-10E8 43"10E 91-10E7 91-10E7 2410E8 93'10E7 24 108 4310E7 

5 24"10E8 24"10E8 751018 39"10E8 93"1068 93"10E8 23"10E8 23"10E8 11-10E10 15'1OE9 2'10E8 1510E7 

6 27-10E8 27-10EB _11"IOE1 46"1019 93"10E8 93"10C8 43"10E0 43"10E8 15'10E7 15'10E-7 24'10E9 21'10E7 

7 15"10E9 1510E9 43"10EB 4310E8 24 10E91 24"10E9 39"10E8 391068 23"10E8 36 10E7 46'10E8 15'10E8 

15"10E9 1510E9 2410610 2410610 0 4310E8 39*10E8 3910E8 4310.8 43IOE8 46'10E8 751067 

9 15"10E9 15-10E9 46-108 24"10E8 48-1069 46"10E9 24"10E9 24"10E9 93'10E7 43'10E7 24'10E8 4310E7 

10 15"10E4 15"10E4 11"10E5 1110E5 24"10E5 24"10E5 24"10E6 24"10E6 24'10E5 9310E4 1 V10E6 23'1OE5 

is, "400.0 2400.0 240000 15000 24"10E3 93000 3900.0 3900.0 750 150 4300.0 15000 

II43-10E8 43-10EB 93-10E8 93-10E8 46-10E9 48*10E9 431OE8 43-10E8 43IOE8 9110E7 24'10E 24'10E9 

12 46"10E6 46"10E6 23000.0 91000 11"10E5 11"1065 24105I 24"10E5 430000 73000 24'10E5 391064 

131 91"10E4 91"10E4 23E105 91"10E4 24"10E5 24"10E5 1110E5 I 46IE4 24'10E4 46000.0 24'10E6 4610E5 I 

16 91'1067 91"10E7 21"10E8 21*10E8 91"10E7 91"IOE7 43"10E8 43"10E8 23"10F8 91IOE7 4610E, 910-1_E6 

201 2400001 240000 110000 1100 ).0 24000.0 24000.0 11"10E4 . I 10E4 4300.0 15000 46nn- 0 9300.0 

" 
21 46'1015 46"10E5 24*"ZE 24"10E5 2410E6 24"1066 2400 2400 46000 2400.01 4600.01 4600.0 

22 240001 24000 360 0.0 11000.0 24000 46000 4600.0 240000 24000.0 110000 110000 

23 9300 93001 430.01 91 0 24000, 24000 24000.0 240000 24000.01 24000.0 110000 110000 

24 

B1 

9300 

, 

930.0 4300 

43'10E4 

1500 

43'10E4 I 

15000 

11065 L 

15000 

111065 

240000 110000 

1 
24000 4300 15001 910 

24'10E7. 24'1017 2400 0, 240001 
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TEMPB.XLS 

Site No. 

1 

2 

Mar-92 

21 

21 

APR 

24 

24 

Table (62) Lake & LandbaseTemperature
Data expressed In degrees C 

MAY JUNE JUL AUG SEP OCT NOV 

27 31 29 31 31 28.5 27 

25 25 _ 29 30 28 26 

DEC 

21 

21 

JAN 

19 

19 

FEB 

17.5_ 

18 

Mar-93 

3 

4 

5 

6 

7 

8 

9 

(LAKE XLW)IEMPB XLS 

21 

19 

23 

19 

181 

19 

22 

24 

24 

24 

22 

22 

25 

25 

25 

25 

25 

25 

29 

25 

27 

27 

27 

27 

28 

32 

31 

30 

28 

31 

30 

32 

30 

28 

29 

30 

32 

33 

30 

28 

29 

27 

27 

31 

27 

28 

271 

24 

24 

25 

26 

25 

25 

12 

20 

23 

21 

19 

19 

19 

18 

24 

24 

18 

18 

15 

16 

19 

15.5 

16 

27/4/93 



Table (62) Lake & Landbase Temperature 
Data expressed in derees C 

Site No. Mar-92 APR MAY JUNE JUL AUG SEP OCT NOV DEC JAN FEB Mar-93 

10 12 26 25 29 29 30 25 22 18 15 13 

11 14 25 30 30 31 30 29 28 18 21 12 

12 16 24 26 30 28 28 25 21 18 15 12 

13 15 26 27 27 28 26 21 16 17 11 

14 15 

15 16 22 

16 12 24 27 29 29 29 26 24 20 13 16 

21 25 27 28 28 28 25 22 17 14 13 

221 24 25 29 28 28 26 21 17 15 12 

23 28 24 28 28 29 26 21 17 15 12 

19124 _ 26 26 341j 29 31 25 22 20 

(LAKE XLW)TEMP X[S 22/4/93 



)ata expressed In cm 

Site No. Mar-92 APR MAY JUNE JUL AUG SEP OCT NOV DEC JAN FEB Mar-93 

101 150 120 84 80 70 80 85 Q5 75 90 951 

11 170 70 100 45 40 30 35 50 45 40 60 

12 150 110 55 40 25 60 65 50 50 40 90 

13 150 100 so 60 100 105 70 70 70 1051 

14 200 

15 120 150 

16 200 150 55 100 100 60 63 80 80 95 1001 

21 140 160 140 120 150 155 120 110 95 150 

221 80 110 120 140 145 105 100 100 160 

23 140 45 80 60 110 115 100 95 105 120 

24 1 90 80 90 120 120 75 601 60 40 1 

DEPTH.XLS 4/27/93 



Appendix D 

June 1993 Work Plan, Quality Assurance Plan, and Data 

PHL/:\CV033391\A6017.51\10/22/93 



Appendix D consists of three sections. The first section is the Sampling and Analysis
Work Plan, which describes the objectives and scope of the supplemental sampling 
program conducted in June 1993. The second section is a Quality Assurance Plan for 
the June 1993 sampling, which describes the protocols for sampling; field 
measurements; sample splitting, preservation, holding time and shipping; laboratory
analyses; and reporting. The final section consists of CH2M HILL and High Institute 
data. 

PHLIP:\CV033391\A6_017.51\10/22/93 D-1 
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1.0 Introduction
 

As a supplement to the ongoing Lake Maryout baseline study and environmental assessr.nent 
a sampling and analysis program will be undertaken. This supplemental program will 
include: 

Benthic invertebrate examination of lake bottom sediments. 

* Priority pollutant analysis of lake water and bottom sediments. 

Quality assessment for sampling and analysis work provided to the WWCG 
by the University of Alexandria High Institute of Public Health (UAHIPH). 

This sampling and analysis work plan (SAP), in conjunction with the "Lake Maryout
Supplemental Sampling Quality Assurance Plan (QAP), provides the overview of work to 
be performed, a plan for conducting the work and a quality assurance plan. The anticipated
approach, procedures, and equipment are fully described. Due to shipment difficulties or 
other logistic conditions inherent in Third World counnies some modifications to this Plan 
may be necessary once sampling is initiated. Any modifications will be fully documented 
and the potential consequences evaluated. 

2.0 Project Objectives 

This supplemental sampling and analysis program has three primary objectives: 

To Document the current biological conditions in Lake Maryout by collecting 
sediment from selected locations and identify benthic invertebrate animals in 
the samples 

To provide an indication of background concentration of priority pollutants
which to date has not been measured by the Egyptians 

To perform quality assurance/quality control procedures for the 1992/1993 
UAHIPH data by splitting samples for analysis between a USA laboratory 
and the UAHIPH lab. 

3.0 Approach and Rationale 

The objectives of the Lake Maryout supplemental sampling and analysis program will be 
accomplished by conducting another round of sampling at all previously sampled stations. 
In addition, samples will be collected at the east end of the lake near the industrial 
discharge points and also at an area within the Southwest Basin that is not directly impacted 
by dischargers. In doing so, the impact of the industrial discharges can be assessed. 



Lake water samples for water quality analysis and bottom sediment samples for sediment 
quality analysis will be collected. Sample collections and sample splits will be made for 
the lists of parameters displayed in Table 3-1. 

Table 3-1 
Lake Maryout Sample List 

Sample Splits 

Lake Water Lake Sediment WWCG UAHIPH 

EPA Priority Pollutants 
Volatile Organics (EPA 624) 
Semi-Volatile Organics (EPA 625) 
Pesticides & PCBs (EPA 8080) 
Metals (EPA 23 TAL Elements) 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X X 

Total and Fecal Coliform Bacteria X TBD X 

Total Suspended Solids X X 

Total and Volatile Solids X X X 

Nutrients (ammonia and O-phosphates) X X X 

Biochemical. Oxygen Demand (BODs) X X X X 

Chemical Oxygen Demand X X X X 

Bentl': Invertebrate Examination X X 

Note: Lake water sampling sites will also include in-situ measurements for pH. temperature, dissolved 
oxygen, and conductivity. 

TBD =To be determined 

To assure representativeness, sample splits will be generated at the sampling sites and 
handled in an identical manner up to the point of shipment to the laboratories. One set of 
duplicate samples obtained from the sample split will be shipped by express air service to 
CH2M HILL's Gainsville, Florida laboratory. The other set of duplicates will be 
surrendered to the UAHIPH lab. 

Priority pclutant analysis will be performed by CH2M HILL's lab. This will provide a 
pre-discharge (baseline) measurement of lake water and lake sediment quality for EPA's 
target priority pollutant analyte list. 

Creation of duplicate samples for metals and other selected parameters and subsequent 
analysis by CH2M HILL's lab and the UAHIPH lab will provide a measure of quality for 
previous work performed at the UAHIPH lab. CH2M HILL's lab maintains EPA 
accreditation by active participation in EPA's analytical performance evaluation program. 
Additionally CH2M HILL's lab has State certification and an ongoing quality assurance 
program from which the lab's precision and accuracy can be determined at any time. 
CH2M HILL's data will serve as the reference point to compare results obtained from the 
UAHIPH lab. In addition, a visit to the UAHIPH lab will evaluate the staff, equipment 



and procedures used to perform previous Lake Maryout sample analyses. A statement of 
reliability concerning previous UAHIPH test data will be made. 

Benthic invertebrate examination will also be performed by UAHIPH scientists who are 
familiar with the local aquatic fauna. This taxonomic examination will be overseen by 
WWCG scientists. The benthic examination will provide a pre-discharge biological record 
of the lake's water and sediment quality and overall condition of the lakes aquatic habitat. 

4.0 Project Staff and Responsibilities 

4.1 Dr. James Maughan, CH2M HILL, Senior Project Scientist 

- Project Management & Coordination
 
- Planning
 
- Senior Project Scientist
 
- Staffing
 
- Scheduling
 
- Benthic invertebrate oversite
 
- Report completion
 

4.2 Mark Boedigheimer, CH2M HILL, Environmental Chemist 

- Prepare SAP
 
- Prepare QAPP
 
- Lab services coordination
 
- Sampling oversite
 
- In-field measurements
 
- UAHIPH Lab review
 

4.3 Thurman Dickens, CH2M HILL, Laboratory Director 

- USA lab analysis
 
- Lab QA/QCs
 
- Lab data deliverables
 

4.4 Barry Patterson, CH2M HILL, Laboratory Customer Service 

- USA sampling kits
 
- Sample shipping
 
- Customs coordination
 

4.4 Andrew Beliveau, Metcalf & Eddy, Senior Chemist 

- Data review
 
- Consultation
 

4.5 AHIPH Scientists 



-	 Benthic invertebrates examination 

4.6 	 AHIPH Lab Staff 

- Chemical and microbiological analyses 

5.0 Work Tasks 

5.1 Sampling Equipment and Supplies 

This sections details the sampling equipment and supplies required to collect samples of 
lake water and sediments for testing described under Section 3.0, Approach and Rationale. 
Table 5-I identifies the required materials for sample collection and identifies the provider 
of the materials. 

Table 5-1 
Lake Maryout Sampling Equipment and Supplies
Item Provided By 

Boat aid motor UAHIPH 

Safety equipment, on-water UAHH 

Water sampler UAHIPH 

Wateu sampler, dipper UAHIPH 

Sediment sampler UAHIPH 

Sample composite buckets. 5 gal. UAHIPH 

Stirring paddle for mixing :omposite UAHIPH 

Sample containers 
for UAHIPH analyses UAHIPH 
for USA analyses CH2M HILL's Lab 



Table 5-1
 
Lake Maryout Sampling Equipment and Supplies
 

(Continued) 

Item Provided By 

Sample preservation reagents 
10% sulfuric acid solution UAHIPH 
10% hydrochloric acid solution UAHIPH 
packaged ice. for USA samples CH2M HILL's Lab 

Sample tags. markers, log book, etc. UAHIPH & CH2M HILL 

Chain of custody forms CH2M HILL 

.Shipping containers, for USA samples CH2M HILL's Lab 

Shipping and Lusroms forms, for USA samples CH2M HILL's Lab/Fed. Exp. 

pH meter CH2M HILL's equip. pool 

Dissolveii oxygen meter CH2M HILL's equip, pool 

Conductivity meter CH2M HILL's equip. pool 

Thermometer(s) UAHIPH & CH2M HILL 

Camera. 35 mm w/date CH2M HILL 

Labware, (eye dropper. litmus paper, etc) CH2M HILL 

Misc. sampling supplies (rope. ice. etc.) UAJIPH &CH2M HILL 

5.2 Sampling Events 

Tentatively, this Lake Maryout supplemental sampling program is being planned as two 
separate sampling activities. It is quite likely that lake water sampling and lake sediment 
sampling will be conducted as two separate activities on different days. This is based on 
the logistics associated with sample collection, packaging, shipping, and oversite. 

At the time of this writing, it appears as though the lake bottom sediment sampling 
activities will be conducted prior to water sampling to facilitates the USA scientist's 
oversite of the benthic invertebrate examinations by UAHIPH scientists. In doing so, an 
aliquot of lake bottom sediment from each sampling site will be retained for benthic 
invertebrate examination. Another aliquot of bottom sediment will be collected and mixed 
to create a homogenous sample, then split for analysis by the UAHIPH lab and CH2M 
HILL's lab. 

Samples for total and fecal coliforms may also be collected during the first sample event, 
again for the purposes of allowing the USA scientist to observe the UAHIPH lab's 
microbiological procedures and techniques for measuring coliform bacteria. 

Lake water samples will be collected no later than three (3) days after the bottom sediment 
sampling activity. 



5.3 Sampling Locations 

Samples will be collected from all 1992/1993 survey sites, plus one lake station opposite the 
industries discharge and one site in the southwest basin. 

5.4 In-Field Measurements 

pH. pH will be mLasured at each sample location on an aliquot of lake water taken 
immediately after collection. pH measurements will be performed using a portable Orion, 
model SA250, pH meter and combination pH electrode, or equal. 

Temperature and Dissolved Oxygen. In-situ measurements for temperature and dissolved 
oxygen concentration of the lake water will be measured at each sample location. A YSI, 
model 51, portable dissolved oxygen meter and dissolved oxygen field probe, or equal, will 
be used.
 

Conductivity. In-situ conductivity measurements will be made in the lake water at each 
sample location. Direct measurement of lake water electrolytic conductivity will be made 
with a YSI model 33 portable conductivity meter. 

All field measurements will be recorded in a field log book, along with the sample location, 
date, time, photographs, and other field observations (e.g., weather or LnLsual conditions). 
Field instrument calibrarinn will be documented daily. 

5.5 Sampling Procedures 

Sampling Equipment Cleaning 

All equipment, apparatus, or implements that come into contact with the sample will be 
precleaned as follows: 

- Remove any visible residue 
- Scrub with soap and clean water using a bottle brush and sponge 
- Rinse thoroughly with clean water 
- Inspect 
- Air dry 

All sample collection equipment will be flushed with onsite water at each station. 

All sample containers used for samples to be analyzed bv CH2M HILL's lab will be 
provided by CH2M HILL's lab. The containers used for collection of priority pollutants 
will be acquired as preclean according to EPA CLP specifications. Containers used for 
conventional chemical parameters will be precleaned and sterilized by the lab. 

Lake Water Samples 

In instances where sample locations are along the bank of the lake or in drains, samples will 
be collected from the shore. For open water samples, a boat outfitted for sampling, will be 



used to reach each sample location. Lake water samples at open water locations will be 
collectel with an appropriate sampling bottle. All lake water will be sampled at a depth of 
half-way between the surface and the lake bottom. 

At each sample location sufficient sample will be collected to satisfy the sample volume 
requirements listed in Table 5-6. In cases where multiple grabs are required to generate 
sufficient sample volume, the grabs will be composited and thoroughly mixed prior to each 
sample contai.er filling and preservation addition. An exception to this procedure will be 
made for samples collected for volatile organic constituents (VOCs). To prevent loss of 
VOCs, a sample will be collected directly from the sampler or dipper without compositing 
oi mixing. 

Where possible samples will be collected directly, using the sample container to minimize 
potential for cross-contamination among samples. 

Lake Bottom Sediment Samples 

Sediment will be collected for identification and enumeration of benthic invertebrate 
animals. The sediment will be collected using an Eckman-type dredge and sieved in the 
field, to the extent possible, using a No. 30 mesh sieve (opening of approximately 
0.5 mm). The samples will be fully sieved, sorted, and microscopically examined in the 
laboratory. 

5.6 Sample Handling and Preservation 

Labels, all sample containers will be labeled at the time of collection withi stick-on labels 
and indelible ink or felt tip. 

Chain-of-Custody 

At the end of each sampling activity, or at the end of each day, chain of custody forms will 
be completed for all samples collected. A chain of custody form will accompany each 
sample shipment (cooler) and it will be signed by all parties who have possessed the 
samples. The lab will return the chain of custody to the project manager as part of their 
data deliverable 

Sample Preservation 

Samples will be persevered at the time of collection by the methods shown in Table 5-6. 
These preservation methods deviate somewhat from methods recommended by EPA. 
However, for many parameters EPA recommends sample refrigeration and next day receipt 
by a lab. Samples generated in Egypt will require a minimum of 72 hours to reach CH2M 
HILL's laboratory in Gainesville, Florida. In this instance sample refrigeration is not a 
viable preservation method. The preservation methods shown in Table 5-6 are intended to 
halt biological activity, disinfect, and maintain the samples integrity during the shipping 
period without adverse affect on the subsequent chemical analysis. 
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5.7 Sample Splitting
 

To achieve the objective of assessing the quality of previous data generated by the UAHIPH 
lab, samples will be split for analysis by the UAHIPH lab and CH2M HILL's lab for 
selected parameters. Samples will be collected as described under Section 5.5, Sampling 
Procedures, composited (if required), thoroughly mixed, and aliquots placed in appropriate 
contain ,rs. The specifications for sample size, container type, preservation method and 
holding time for samples to be analyzed by CH2M HILL's lab is shown in Table 5.6. 
Sample splits produced for analysis by the UAHIPH lab will be handled in a manner identi­
cal to that used for previous rounds of Lake Maryout sampling. In doing so, the UAHIPH 
sample handling techniques and lab procedures will be evaluated. 

Table 5-6
 
Sample Size, Containers, Preservation and Holding Time
 

Minimum Sample Size 
and Containers Preservation Method 

Water Sediwent and Holding Time' 

EPA Priority Pollutants 

Volatile Organics 3x40 ml 3x40 ml Cool, acidify <2 w/ -CL
 
G-TLC G-TLC 14 days
 

Semi-Volatile Organics 2.5 L 16 oz. Cool, acidify <2 w/HSO,
 
G-TLC G-TLC 14 days
 

Pesticides and PCBs 2.5 L 16 oz. Cool, acidify <2 w/H2SO4
 

G-TLC G-TLC 14 days
 

Metals 1 L 100 gms acidify <2 w/NH0 3
 
Plastic Plastic 28 days
 

All Solids, Nutrients
 

BOD and COD 1 L 16 oz. Cool, acidify to 3.0 w/HCI
 
Plastic Plastic 7 days'
 

Total and Fecal Coliform I L Ethanol or formalin 

Benthic Invertebrates Plastic 

'Holding times are project-specific and most are more stringent than EPA criteria. 

G = glass; TLC = teflon-lined cap: NHO3 = Nitric acid, HCI = Hydrochloric acid: HO,= sulfuric acid. 

5.8 Sample Shipping 

Once samples for analysis in the United States have been prepared as described under 5.6. 
Sample Preservation, they will be packed in coolers. The samples along with packaged ice 
will be carefully arranged in the shipping coolers. Packing materials and bottle sleeves will 
be used to cushion the glass sample containers. A chain of custody form will be placed in 
each cooler to describe its contents. Coolers will be sealed with strapping tape and custody 
seals. Shippers labels (Federal Express), USA Custom's forms and the address of CH2M 
HILL's Gainesville lab will be attached to the outside of the shipping cooler. 

Samples for analysis by UAHIPH will be handled as during the 1992/1993 program. 



6.0 Sample Management and Residuals
 

Having received the samples, the laboratories will have assumed responsible for 
management of the sample in accordance with "good laboratory practice". 

Upon receipt of the samples, the lab should immediately report any anomalies concerning
the integrity of the shipment. And if during the course of the analysis any abnormal 
conditions are encountered the lab should provide a status report to the project manager. 

Any unused portion of the sample will be retained by the lab for 30 days after the delivery
of the lab's final report. Disposal of the samples and all lab waste generated during the 
analysis will be handle in accordance with Federal, Country, State, and local regulations. 

7.0 Health and Safety 

No significant or unusual health or safety hazards should be encountered with the Lake 
Maryout supplemental sampling program. However, the following precautions should be 
observed:
 

- Operation of the boat in a safe manner 

- Handle sample preservation chemicals (dilute acids) with care, never pipet by 
mouth, always wear safety glasses, immediately wash skin if contacted by acid, 
clean up any spills immediately. 

8.0 Quality Control and Lab Performance Review 

One of the objectives of the supplemental Lake Maryout sampling program is to evaluate 
the quality and reliability of data generated by UAHIPH during previous sampling rounds. 
This evaluation will be based on two findings: (1) the comparability of lab results obtained 
from sample splits, and (2) observations concerning the UAHIPH sampling techniques, 
sample handling methods, and laboratory procedures. 

Quality assurance for this supplementad sampling program is described in the "Lake 
Maryout Supplemental Sampling ProgramQualiy Assurance Project Plan." 

The evaluation of quality associated with the AHIPH procedures will be based on guidance 
provided in: 

- "Handbook for Sampling and Sample Preservationof Water and Wastewater," 
EPA-600/4-82-029 

- "Standard Guide for General Criteria Used for Evaluating Laboratory 
Competence"," ASTM E548-91 



9.0 Project Deliverables
 

Three sets of data will be obtained form the Lake Maryout supplemental sampling 
program. Those are: 

- Benthic invertebrate analysis of the lake sediments 

- Priority pollutant analyses of the lake water and bottom sediments 

- Duplicate analyses from sample splits analyzed by the UAHIPH lab and CH2M 
HILL's Gainesville lab 

Technical memorandums will be produced for each of the above and the results summarized 
for the Lake Maryout Study Report. The content of each technical memorandum is briefly 
described below. 

In addition, the laboratory analysis will generated an extensive lab deliverable, particularly 
the priority pollutant analyses. As such, the laboratory data packages will be delivered as 
addenda to the technical memorandums. 

Technical Memorandum No. I - Benthic Invertebrate Examination 

The Benthic Invertebrate Technical Memorandum will present the results of the benthic 
sampling. The lake benthic fauna will be described in terms of diversity, community 
composition, and density. Where possible the data will be compared to other systems and 
Lake Maryout historic data. The presence of pollution-tolerant and sensitive species will be 
noted and spacial variation of the benthic community within the lake evaluated. 

Technical Memorandum No. 2 - Priority Pollutant Results 

The priority pollutant results will be presented to document pre-discharge conditions. The 
data will be discussed in terms of appropriate criteria and other environmental bench 
marks. The spacial variation within the lake and potential sources of various contaminants 
will also be evaluated. 

Technical Memorandum No. 3 - AHIPH Data Quality 

This technical memo will present the outcome from a QA/QC review of the UAHIPH's 
sampling and analysis procedures and compare the data obtained from sample splits. 

Observations concerning UAHIPH's sampling techniques, sample handling, and laboratory 
procedures will be discussed in terms of data reliability. 

Data obtained from duplicate chemical analysis of sample splits will be examined for 
comparability. For this purpose, we will assume that CH2M HILL's lab, because of it's 
stringent QA/QC program, has provided a true measure of each constituents concentration. 
Routine quality control samples analyzed in conjunction with Lake Maryout samples by 
CH2M HILL's lab will establish the lab's 95 percent confide'..ce limits (upper and lower 



limits of confidence). Duplicate data obtained from the UAHIPH lab will be examined for
conformance with CH2M HILL's lab data. In addition UAHIPH's test data will be 
compared to commonly achieved goals of precision and accuracy for these tests by the 
environmental testing laboratory industry. 

10.0 Schedule 

Sampling is scheduled for the week of June 14, 1993. 
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1.0 Quality Assurance Objectives 

This quality assurance plan (QAP) provides the frame work for quality control and quality 
assurance for the Lake Maryout supplemental sampling program. Quality assurance objectives 
for the Lake Maryout supplemental sampling program are: 

* 	 To assure representativeness in the collection of Lake Maryout water and bottom 

sediment samples, 

* 	 To assure that the sample integrity is maintained,
 

* To assure that the data collection is adequately documented,
 

0 To assure that the chemical constituents and other parameters are correctly
 
identified,
 

0 To assure numerical accuracy in the reported data, and
 

* 	 To assure that the quality of work performed is consistent with the project 
objectives. 

This QAP is a companion to the "Lake Maryout Supplemental Sampling Program Sampling & 
Analysis Plan". 

2.0 Sampling Methods 

2.1 Lake Water Sampling Protoco.
 

Lake Maryout is shallow, the average depth is about 1 meter and ranges from .25 to 2 
meters 
deep. For sample sites that are at or near the shallow margins of the lake, water sampling by
hand will be performed. For open water sampling sites, depth sampling will be performed with 
a weighted water sampling bottle. Samples for microbiological tests will require special
handling. A brief overview of the sampling protocols for each type of sample being collected is 
described in this section along with a schedule for the frequency of field QA samples. In 
addition, important information about the lake water and sediment sampling is also presented 
in Section 5 of the SAP. 

2.1.1 	 Surface Water, Hand Sampling 

Collect a grab sample directly into a container that can capturing a volume of water 
sufficient enough to allow for sample splitting and to adequately fill all sample containers. 
The grab sample container should be made of materials that will not contaminate the 
sample and cleaned (see SAP Section 5.5.1) prior to use. A 10 liter bucket constructed 



of high density plastic is suitable. 

To acquire a sample the collector should carefully approach the desired sampling location. 
In reaching the sample site the collector avoid stirring up bottom sediments to the extent 
it is possible. Once in position, grasp the buckets handle and base. Tip the bucket 
slightly upwards and gently sweep the bucket away from the shoreline and legs of the 
collector at a I th of 15 to 30 cm below the water surface. Be sure to not penetrate the 
lake botton diments in the process and avoid collecting surface scum or sediments 
which ma. ; become suspended while approach the sample site. Carefully examine 
the sample for extraneous matter or sediments. Re-collect any sample which appear 
different in any way than the water being sampled. 

Immediately upon returning to shore, collected samples for volatile organics by filling 3 
VOA vials. Gently mix the contents of the bucket and fill the other sample containers. 

2.1.2 Open Water, Depth Sampling 

Depth sampling will be performed such that a water sample is obtained at a point mid­
way between the surface and the lake bottom. To do so requires that the water depth at 
each sample location be determined and the mid-point depth clearly marked on the line 
used to lower the sampler. The depth sampler should be made of materials that will not 
contaminate the sample and cleaned (see SAP Section 5.5.1) prior to use. 

Owing to the shallowness of the lake, it is important that bottom sediments are not 
disturbed or resuspended by movement of the boat. As such, care should be taken when 
approaching each sample site. 

The lake water sample volume requirements for this program are several times larger than 
the volume to the typical weighted depth sampling bottle. This dictates several grabs with 
the depth sampler and compositing into a bucket such as the one described in Section 
2.1.1. 

During one of the grabs, fill 3 VOA vials directly from the depth sampler. 

Collect as many lake water grab samples at the mid-point as is needed to satisfy the 
volume requirements for sample splitting and to adequately fill each sample container. 
Gently mix the sample and fill each container. 

2.1.3 Microbiological Sampling 

Collection of samples for total and fecal coliform analysis requires special precautions. 
First and foremost is the requirement that aseptic handling techniques must always be 
used. The samples bottles are sterile and must remain so prior to sampling. At the 
surface water sampling sites, precautions should be taken to avoid surface scum. 
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Irrespective of observable scum, the surface film is known to contain microbiological 
populations that are several orders of magnitude greater than the bulk water itself. 
Therefore, it is important that a consistent sampling procedure be employed for collection 
of water samples at the shallow surface water sample sites. 

Total and fecal coliform samples will be collected in a sterile bottle provided by the 
UAHIPH. Remove the bottle cap and protect it from contamination. Avoid touching the 
inside surfaces of the bottle and its cap. Grasp the bottle securely at the base and plunge 
it mouth down into the water. In a sweeping motion move the bottle horizontally away 
tipping it slightly upward to allow air to exit and the bottle to fill. Immediately replace 
the cap onto the sample bottle and tighten. 

At open water sampling locations which employ a weighted depth sampling bottle, 
coliform samples will be collected directly from the depth sampling bottle. 

2.2 Lake Bottom Sediment Sampling 

Bottom sediments will be collected with a!, Ekman style grab sampler. Prioi to use the sediment 
sampler will be cleaned (see SAP Section 5.5.1). 

Secure the line of the sampler to the boat. Open the hinged spring loaded flaps such that the 
sampler is cocked for sampling. Slowly lower the sampler overboard until it rests on the bottom. 
Attach the sender (sampler trip weight) to the line. While holding the sampler retrieval line in 
a vertical position drop the sender to trip the flaps of the sampler. 

Carefully retrieve the sampler. As it rises above the water surface momentary allow excess 
water to drain from the sampler. Bring the sampler on-board by placing it in a bucket for 
unloading. Unload the sampler and inspect the sediments. Determine if an adequate sediment 
sample has been collected. 

Repe-at the sampling process as needed to collect a quantity of sediment sufficient for sample 
splitting and to fill all sample containers. 

Once sufficient sediment has been obtained the entire quantity should be thoroughly mixed. Fill 
each sample container. 

2.3 Frequency of Field QA Samples 

In general, the frequency of quality assurance samples collected in connection with the sampling 
program will be I in 10 for duplicates and I in 10 for field (equipment) blanks. For each 
sampling day at least one field duplicate and one field blank will be collected. 

In addition CH2M HILL's lab will include several travel blanks t- monitor the sample integrity 
during shipping to the USA. 
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For the overall sampling program, the minimum number of field QA samples to be collected will 
be: 

* 3 field duplicates 
* 	 3 field blanks
 
S 2 trip blanks
 

3.0 In-Field Measurements 

Quality assurance procedures associated with in-field measurements is shown in Table 3-1. In 
addition, information concerning the use of portable meters for in-field measurements is provided 
in Section 5.4 of the SAP. Always record the make, model, serial or equipment ID number for 
the equipment in use in the field log book. 

Table 3-1
 
Quality Assurance For In-Field Measurements
 

Parameter Daily QA Procedure
 
pH
 

1. Calib. the system according to the manufacturer's instructions using a series of 
standard buffers, nominal pH 4, 7, & 10. Record the results of calib. in the field 
log book. 

2. Periodically check the buffer during the sampling activities and record the data 
in the field log book. 

3. Rinse the electrode thoroughly between samples or after calib. 

4. Always inspect the meter and probe prior to each use. Check the battery charge 
and cable connections, etc. 

Temperature 
1. Check the thermistor or sensing device for response and operation according to 
the manufacture's instructions. 

2. Check the thermistor reading against a mercury-in-glass thermometer. 

3. Always inspect the meter and sensur prior to use. 
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Table 3-1
 
Quality Assurance For In-Field Measurements
 

Dissolved Oxygen 
1. Check the membrane for air bubbles. Change the membrane and KCI solution if 
necessary. 

2. Check the meters battery charge, cable connections, etc. prior to each use. 

3. Calibrate the mteter using the manufactures instructions, air calibration procedure 
or Winker-Azide method. 

Conductivity 
1. Standardize with KCI standards haying similar specific conductance values close 
to those anticipated in the samples. 

2. Rinse the cell after each sample or calibration to prevent carry over. 

3. Inspect the meter and cell prior to each use. 

4.0 Field Records and Documentation 

4.1 	 Field Log Book 

A field log book will be keep by the leader of the sampling team. The field log book will be 
a complete diary of field activities. Entries will include, but not limited to, the following: 

* 	 Date 
0 Sample team members
 
a Start and end time for major activities or significant events
 
• 	 Field equipment identity and calibration information 
• 	 Weather conditions (temp., wind speed, humidity, rainfall, weather pattern 

throughout the day). 
• 	 A log of samples collected 
* 	 Any problems encountered 

4.2 Sample Identification 

Samples will be identified at the time collection using the follow example sample coding system: 

LM-BS-22-6/16-GL 
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LM = Lake Maryout 
BS = Bottom sediment, or WS for water sample 
22 = Sample site, use numerical value previously used to identify sample 

locations 
6/16 = Month and date the sample was collected, use the actual date 
GL = Gainesville lab, or UAL for Univ. of Alex. High Inst. Public Health 

Lab 

Each sample container will be individually labeled. Labeling will be by use of stick-on labels 
for bottles and rigid plastic containers. Wire tags or water proof felt tip marking pen will be 
used to label collapsible plastic containers. Only indelible ink or water proof felt tip will be used 
to mark labels. tags and containers. An example of the label to be used for sample identification 
is shown in Exhibit 1. 

At the time of collection the liquid level of each container will be recorded by placing the 
container on a level surface and scribing the liquid level on the exterior of the container using 
the water proof felt marker. 

All sample containers will be inspected for leaks and cleaned prior to packaging or before being 
relinquished to another party. 

4.3 Chain-of-Custody 

To maintain and document sample possession, chain-of-custody procedures will be followed. The 
chain-of-custody form shown in Exhibit 2 will be used. This form will be used for each batch 
of samples collected or one for each shipping cooler, which ever is more appropriate or as 
conditions dictate. 

By definition, the sample is under custody if: 

1. It is in your possession, or 
2. It is in your view, after being in your possession, or 
3. You locked it up to prevent tampering, or 
4. It is in a designated secure area. 

All persons having custody of the samples will sign for custody and relinquish custody to another 
party by use of the chain-of-custody form to sign over custody to that party. 

During shipment, the original record will accompany the shipmeit, a copy will be retained by 
the project coordinator. The lab will return the final original record to the project manager as 
part of their final data deliverable. 
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5.0 Sample Splitting, Preservation, and Holding Time 

5.1 Sample Splitting 

Samples of lake water arid bottom sediments will be split for the purpose of measuring the 
reliability of previous sampling and sample analysis performed for WWCG by the UAHIPH. 
One portion of the split will be provided to the UAHIPH lab and the other portion preserved and 
packaged for shipment and analysis by CH2M HILL's Gainesville, Florida lab. It is therefore 
imperative that the sample splitting process creates true duplicates from the original sample. 

Upon collection of the original grab sample or multiple grabs, special attention must be given 
to the process of mixing such that a homogenous blend is achieved. This step is perhaps more 
important than any other in determining the outcome of comparability between the two labs 
performing the analysis. Data agreement between the two labs can be no better than the 
representativeness of the samp!e splits they are given. 

Creation of truly duplicate samples from the original sample depends solely on the attentiveness 
of the person mixing the sample and creating the splits. To facilitate sample mixing and 
splitting, a large wide bucket should be used. Mixing should be performed with a spatula, or 
similar wide bladed utensil, made of non-contaminating materials. Water samples should be 
mixed for 30 seconds or more, sediment samples should be mixed for 1 minute or more. 

Immediately fill the containers for each analysis type (i.e. metals) splitting between the containers 
provided by foi 'he UAHIPH lab and CH2M HILL's lab for that analysis type. Table 5-6 of the 
SAP lists the containers and required sample volume for-the sample that will be analyzed by 
CH2M HILL's lab. 

Always keep the original sample well mixed to prevent the settling of suspended solids in the 
water samples or liquefaction in the sediments samples. 

5.2 Sample Preservation 

Table 5-6 of the SAP lists the preservation method that will be used for samples collected by
CH2M HILL staff and shipped to CH2M HILL's lab. Collection and preservation of sample for 
analysis by the UAHIPH lab will be the responsibility of the UAHIPH. Preservation (if any) will 
be performed by the same means as has been used by UAHIPH for other rounds of Lake 
Maryout sampling. 

5.3 Sample Holding Time and Handling 

Table 5-1 lists the sample holding times that are desired for this program. Because this program
is using alternative method of sample preservation, the holding times indicated are considered 
appropriate. In most cases the specified holding time are equal to or more stringent than criteria 
established by EPA. The following sample handling procedures will be followed: 

7
 



Table 5-1 
Sample Size, Containers, Preservation, and Holding Time 

Minimum Sample Size 
and 	Containers Preservation Method 

Water Sediment and Holding Time' 

EPA Priority Pollutants
 
Volatile Organics 3x40 ml 3x40 ml Cool. acidify <2 w/HCL
 

G-TLC G-TLC 14 days
 
Semi-Volatile Organics 2.5 L 16 oz. Cool. acidify <2 w/H,5O,
 

G-TLC G-TLC 14 days
 
Pesticides and PCBs 2.5 L 16 oz. Cool. acidify <2 w/H:SO4
 

G-TLC G-TLC 14 days
 
Metals I L 100 gins acidify <2 w/NHO3
 

Plastic Plastic 28 days
 
All Solids., Nutrients
 
BOD and COD I L 16 oz. Cool. acidify to 3.0 wftCI
 

Plastic Plastic 7 days'
 
Total and Fecal Coliform 1 L Ethanol or formalin
 
Benthic Invertebrates 	 Plastic i 

'Holding times are project-specific and most are more stringent than EPA criteria 

G = 	glass: TLC = teflon-lined cap; NHO3 = Nitric acid: HCI = Hydrochloric acid: H.O,= sulfuric aLid. 

in the field, samples will be retained on ice when ever it is possible to do so. 
* 	 For shipment to the USA, samples will be chilled with packaged ice. 
• 	At CH2M HILL's Gainesville lab, the samples will be stored at 4 degrees centigrade. 
* 	 At the UAHIPH lab, it is presumed that the samples will also stored under 

refrigeration. 

6.0 Sample Shipping 

Samples for shipment to CH2M HILL's Gainesville lab will be shipped by express air freight, 
either Federal Express or TNT. Based on information obtained from Federal Express, shipments 
between Alexandria and USA require approximately 4 days to arrive. 

Packing materials and bottle sleeves will be used to cushion the glass sample containers. A chain 
of custody form will be placed in each cooler to describe its contents. Coolers will be sealed 
with strapping tape and custody seals. USA Customs forms and the address of CH2M HILL's 
Gainesville lab will be attached to the outside of the shipping container. 

7.0 Laboratory Analysis and Reporting 

7.1 UAHIPH Lab Services 

8 



Analytical services that are required by the UAHIPH for this supplemental sampling program are 
listed in Table 3-1 of the SAP. To evaluate the reliability of data previously generated by the 
UAHIPH lab, it is important that the lab utilize lab methods, sampling, techniques, and reporting
identical to that used for previous rounds of Lake Maryout sampling and analysis. This matter 
will be verified by a WWCG scientit as part of this supplemental sampling program. Also a 
copy of the UAHIPH lab's QA/QC program wiil be obtained and the lab's conformance to it's 
policy and piocedures evaluated. 

7.2 CH2M HILL Lab Services 

CH2M HILL's lab located in Gainesville, Florida will analyzes samples for the constituents listed 
in Table 3-I of the SAP. This list includes EPA's priority pollutant constituent list and several 
parameters that will be analyzed on sample splits to evaluated the reliability of the UAHIPH lab's 
data. 

7.2.1 Analytical Methods 

The analytical methods that will be used by CH2M HILL's lab are listed in the Tables included 
in Exhibit 5. In all cases these methods are those published by EPA. 

7.2.2 Data Quality Objectives 

Data quality assurance objectives (QAOs) for analytical work performed by CH2M HILJs lab 
are presented in Exhibit 5. Included in these QAOs are target values for detection (imits,
precision, and accuracy. In addition the lab has a target for data completion of 90%. The QAOs
listed in Exhibit 3 are associated with clean water and sediments. Actual lab performance may 
vary from the stated QAOs for highly contaminated samples requiring dilution or cause matrix 
effects. 

7.2.3 Data Reporting and Deliverables 

CH2M HILL's lab will provide data packages as a final deliverable which are commonly referred 
to as EPA level 3 data packages. A level 3 data package will be submitted for each sample
analyzed. The data package will include data reports, ha.'d copies of raw data, QC data, chain-of­
custody, and sample logs. If data validation is required at some future date, these data packages
will suitable for formal validation according to EPAs functional guidelines for validation of 
chemical data. 

Examples of CH2M HILL's lab data report forms are provided in Exhibits 3 and 4. 

8.0 Exhibits 

9 
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Exhibit 5-1 

General Wet Chemistry
 
QUALITY ASSURANCE OBJECTIVES
 

Lake Water Samples
 

Method 
Parameter Detection Analytical Precsion' Accuracy 3 Source' 

Limit Method' (RPD) (% Rec.) 
(PPB) 

GENERAL ANALYSES 

pH (units) 0.05 305.1 0-5.0 --- H 
Conductivity 5 120.1/905 0-5.0 --- H 

0 

Solids. total dissolved 1,000 
1_ 

160.1 0-10(H) 
0-17(L) 

H 

Solids, total suspended 1,000 160.2 0-9.0(H) ... H 
I'00 0-40(L) 

Solids. volatile 1.000 160.4 0-15 --- H 
Solids, total 1,000 160.3 0-20 --- H 

NUTRIENTS 

Ammonia (as N) 40 350.2 0-5.0(H) 72-120 H 
0-40(L) 

Nitrate and Nitrite (as N) (Cd Red.) 20 353.2 0-5.0 90-110 H 

Total Kjeldahl Nitrogen (as N) 40 351.3 0-18 86-103 H 

Phosphorus, all forms (as P) 
ortho 10 365.2 0-8.0 85-117 H 

BOD 3, total 1,000 405.1 0-1O(H) --- H 
I _0-66(L) 

COD 1.000 410.4 0-15 70-130 H 

Dissolved Oxygen 100 360.1 0-15 --- H 

METHODS: 
Methods are EPA methods except as noted. EPA references are: 

Methods for Chemical Analysis of Water and Wastes. US EPA. PB 84-128677. 
March 1983. 
Test Methods for Evaluation Solid Wastes. US EPA. SW 846, Third Edition. 
November, 1986. 
(And Proposed Update Package. 1989.) 
Code of Federal Register, Protection of the Environment, 40 CFR. App. A to Pan 
136. July, 1988 

(M) 	 EPA procedure modified for Contract Laboratory Program. 
SM 	 Standard Methods for the Examinenon of Water and Wastewater. APHA st al. 16th 

Edition. 1985. 
2 Precision defined as Relative Percent Difference (R.PD). Where two RPDs are given, there is 

a lower and an upper concentration range. 
3 Accuracy define as Percent Recovery of known spike sample.
S Source of QA Objectives data: 

H = 	 from historical laboratory data 
M 	 from published method 
D = 	 default values where sufficient data are not available 

ID Insufficient Data 
(1) High concentration range for duplicate samples 
(L) Low concentration range for duplicate samples 



Exhibit 5-2 

General Wet Chemistry
 
QUALITY ASSURANCE OBJECTIVES
 

Lake Bottom Sediments
 

Method 
Parameter Detection Analytical Precision' Accuracy' Source' 

Limit Method' (RPD) (% Rec.) 
(PPB) 

GENERAL ANALYSES 

Solids, total (% Solids) 7 -0.05 9045 0-10 H 

.NUTRIENTS 

Ammonia (as N) 40 350.2 0.40 72-120 H 

Nitrate and Nitrite (as N) (Cd Red.) 20 353.2 0-10 85-115 H 

Total Kjeldahl Nitrogen (as N) 40 351.3 0-35 60-130 H 

Phosphorus. all forms (as P) 10 365.2 0-20 80-120 H 

BOD 3. total 1,000 405.1 0-30 --- H 

COD 1.000 508 (SM) 0-20 70-130 H 

METHODS: 
Methods ate EPA methods except as noted. EPA references are: 

Methods for Chemical Analysis of Water and Wastes, US EPA, PB 84-128677. 
March 1983. 
Test Methods for Evaluation Solid Wastes, US EPA. SW 846. Third Edition, 
November. 1986. 
(And Proposed Update Package. 1989.) 
Code of Federal Register, Protection of the Environment 40 CFR. App. A to Part 
136. July. 1988 

(M) EPA procedure modified for Contract Laboratory Program. 
SM Standard Methods for the Examination of Water and Wastewater. APHA st al.16th 

Edition, 1985. 
2 Precision defined as Relative Percent Difference (RPD). Where two RPDs are given, there is 

a lower wid an upper concentration range. 
3 Accuracy define as Percent Recovery of known spike sample. 
4 Sourc.- of QA Objectives data: 

H = from historical laboratory data 
N = from published method 
D = default values where sufficient data are not available 

ID Insufficient Data 
(H) High concentration range for duplicate samples 
(L) Low concentration range for duplicat- samples 



Exhibit 5-3 

Cations (ICP)
 
QUALITY ASSURANCE OBJECTIVES
 

Lake Water Samples 

Mehod . 
3Parameter Detection Analytical Precision' Accuracy Source' 

Limit Method' (% RSD) (% Rec.) 
(PPB) 

ICP METALS 200.7/6010 

Aluminum 50 5.3 81-112 H 

Antimony 30 II 63-125 H 

Arsenic 60 10 70-130 H 

Barium 1 3.7 80-120 H 

Beryllium I 4.9 84-114 H 

Cadmium 6 5.9 78-112 H 

Calcium 500 6.0 78-112 H 

Chromium 6 4.2 85-110 H 

Cobalt 10 8.1 75-123 H 

Copper 6 4.0 80-120 H 

Iron 20 6.6 79-118 H 

Lead 40 6.6 76-114 H 

Magnesium 50 1.7 80-120 H 

Manganese - 4.5 85-111 H 

Molybdenum 60 10 70-130 H 

Nickel 15 3.9 86-109 H 

Potassium 1000 4.0 80-120 H 

Selenium 75 10 70-130 H 

Silver 5 7.7 72-115 H 

Sodium 500 6.0 80-115 H 

Thallium 25 10 70-130 H 

Vanadiuri 5 3.4 80-120 H 

Zinc 5 5.3 83-114 H 
IMETHODS: 

Methods are EPA methods except as noted. EPA references ate: 
Methods for Chemical Analysis of Water and Wastes. US EPA. PB 84-128677. March 
1983. 
Test Methods for Evaluation Solid Wastes. US r?A. SW 846. Third Edition.
 
November. 1986. (And Proposed Update Package, 1989.)
 
Code of Federal Re ister Protection of the Environment. 40 CFR, App. A to Pan 136.
 
July, 1988
 

(M) EPA procedur modified for Contract Laboratory Program. 
SM Standard Methods for the Examination of Water and Wastewater. APHA st al. 16th 

Edition. 1985. 
Precision defined as Relative Standard Deviation (% RSD). 

3 Accuracy define as Percent Recovery of known spike sample. 
4 Source of QA Objectives data:
 

H from historical laboratory data
 
M = from published method
 
D default values where sufficient data are not available
 



Exhibit 5-4 

Cations (ICP) 
QUALITY ASSURANCE OBJECTIVES 

Lake Bottom Sedi .-nts 

Method 
Parameter Detection Anayncal Precision2 Accuracy' Source' 

Limit Methd'I (% RSD) (% Rec.) 
(PPB)

ICP METALS 6010 

Aluminum 200 	 5.3 81-112 H 

Antimony 60 	 11 63-125 H 

Arsenic 	 60 10 70-130 :t 

Banum 	 200 3.7 80-120 H 

Beryllium 5 	 4.9 84-114 H 

Cadmium 	 5 5.9 78-112 H 

Calcium 5000 	 6.0 78-112 H 

Chromium 10 	 4.2 85-110 H 

Cobalt 	 50 8.1 75-123 H 

Copper 	 25 4.0 80-120 H 

Iron 	 100 6.6 79-118 H 

Lead 	 100 6.6 76-114 H 

Magnesium 5000 	 1.7 80-120 H 

Manganese 15 	 4.5 85-111 H 

Molybdenum 60 	 10 70-130 H 

Nickel 	 40 3.9 86-109 H 

Potassium 5000 	 4.0 80-120 H 

Selenium 75 	 10 70-130 H 

Silver 	 10 7.7 72-115 H 

Sodium 5000 	 6.0 80-115 H 

Thallium 25 	 10 70-130 H 

Vanadium 50 	 3.4 80-120 H 

Zinc 	 20 5.3 83-114 H 

'METHODS: 
Methods 	are EPA methods except as noted. EPA references are: 

Methods for Chemical Analysis of Water and Wastes, US EPA. PB 84-128677. March 
1983. 

Test Methods for Evaluation Solid Wastes, US EPA, SW 846, Third Edition.
 
November, 1986. (And Proposed Update Package. 1989.)
 
Code of Federal Register, Protection of the Environment. 40 CFR App. A to Part 136.
 
July, 1988
 

(M) EPA procedure modified for Contract Laboratory Program.
 
SM Standard Methods for the Examination of Water and Wastewater. APHA st al. 16th
 

Edition. 1985.
 
Precision defined as Relative Standard Deviation (% RSD).
 

Accuracy define as Percent Recovery of known spike sample.
 
Source of QA Objectives data:
 

H = from histoncal laboratory data
 
M = from published method
 
D = default values where sufficient data are not available
 

Method Detection (MDL) is detection limit on liquid digestate; MDL vanes depending on
 
percent moisture content, sample volume, etc.
 



Exhibit 5-5 

GC/MS Voluiles 
QUALITY ASSURANCE OBJECTIVES 

Lake Water Samples 

Method 
Parameter Detection Limit Analytical Precision. Accuracy 3 Source' 

(PPB) Method' (%RSD) (% Rec.) 

VOLATILE COMPOUNDS 8240/8260 

Chloromethane I0 0-15 70-130 D 

Bomomethane 10 0-15 70-130 D 

Vinyl chlonde 10 0-15 70-130 D 

Chloroethane 10 0-15 70-130 D 

Methylee chlonde 5 0-15 70-130 D 

Acetone 10 0-15 70-130 D 

Carbon disulfide 5 0-15 70-130 D 

Trichlorofluoromethane 5 0-15 70-130 D 

I. 1-dichloroethene 5 0-15 70-130 D 

1.1 -Dichloroethane 5 0-15 70-130 D 

I2 -Dichlorethene 5 0-15 70-130 D 

Chloroform 5 0-15 70-130 D 

1.2-Dichloroethane 5 0-15 70-130 D 

2-Butanone 10 0-15 70-130 D 

1.l.1-Tnchloroethane 5 0-15 70-130 D 

Carbon tetrachlonde 10 0-15 70-130 D 

Bromodichloromethane 5 0-15 70-130 D 

12 -Dichloropropine 5 0-15 70-130 D 

cs-1.3-Dichloropropene 5 0-15 70-130 D 

Tnchloroethene 5 0-15 70-130 D 

Benzene 5 0-15 70-130 D 

Dtbromocdlommethane 5 0-15 70-130 D 

1.1 2-Tnchloroethane 5 0-15 70-130 D 

tmns-1.3-Dichloropropene 5 0-15 70-130 D 

2-Chloroethylvinyleher 10 0-15 70-130 D 

Brornoform 5 0-15 70-130 D 

2-Hexanone 10 0-15 70-130 D 

Tetradcloroethene 5 0-15 70-130 D 

I.1.2.2-Tetrachloroehane 5 0-15 70-130 D 

Toluene 5 0-15 70-130 D 

Chlorobenzene 5 0-15 70-130 D 

Ethyl benzene 5 0-15 70-130 D 

Styrene 5 0-15 70-130 D 

Xylenes (total) 5 0-15 70-130 D 

4-Methyl-2-pentanone 10 0-15 70-130 D 

1.3-Dichlorobenzene 5 0-15 70-130 D 

1.4-Dichlombenzene 5 0-15 70-130 D 

1.2-Dichlorobcnzene 5 0-15 70-130 D 

I 



Exhibit 5-6 

GC/MS Volailes
 
QUALITY ASSURANCE OBJECTIVES
 

Lake Water Samples

Method.. 

P.nrnete Detection Limit Analytical Precision2 AccuracyI Source' 
(PPB) Method' (% RSD) (% Rec.) 

'METHODS: 
Methods are EPA methods except as noted. EPA references are: 

Methods for Chemical Analysis of Water and Wastes. US EPA. PB 84-128677. March 1983. 
Test Methods for Evaluation Solid Wastes, US EPA. SW 846, Third Edition, November, 1986. 
(And Proposed Update Package. 1989.) 
Code of Federal Register, Protection of the Environment. 40 CFR. App. A to Part 136. July. 

1988 
(M) EPA procedure modified for Contract Laboratory Program. 
SM Standard Methods for the Examination of Water and Wastewater. APHA st al. 16th Edition. 

1985. 
2 Precision defined as Relative Standard Deviation (% RSD). 
I Accuracy define as Percent Recovery of known spike sample. 
4 Source of QA Objectives data:
 

H = from histoncal laboratory data
 
M = from published method
 
D = default values where sufficient data am not available
 



Exhibit 5-7 

GC/MS Volatiles 
QUALITY ASSURANCE OBJECTIVES 

Lpke Bouom Sediments 

Method 

Parameter Detection Limit 
(PPB) 

Analytical
Method' 

Precision 
(% RSD) 

Accuracy'
(% Rec.) 

Source' 

VOLATILE COMPOUNDS 624/8240/8260 

ChIoronetiane 10 0-15 70-130 D 

Bromomethane 10 0-15 70-130 D 

Vinyl chloride 10 0-15 70-130 D 

Chloroetiiane 10 0-15 70-130 D 
Mehylene chlonde 5 0-15 70-130 D 
Acetore 10 0-15 70-130 D 
Carbon disulfid, 5 0-15 70-130 D 

Tnchlorofluoromethane 5 0-15 70-130 D 
1,1-dichloroethene 5 0-15 70-130 D 

1.1-Dichloroethane 5 0-15 70-130 D 

1.2-Dichloroethene 5 0-15 70-130 D 

Chloroform 5 0-15 70-130 D 

12-Dichlorothane 5 0-15 70-130 D 

2-Butanone 10 0-15 70-130 D 

1.1.1 -Trichloroethane 5 0-15 70-130 D 

Carbon tetrachlonde 10 0-15 70-130 D 

Bromodichloromethane 5 0-15 70-130 D 
1.2-Dichloropropane 5 0-15 70-130 D 

cis- 1.3-Dichloropropene 5 0-15 70-130 D 
Tnchloroethene 5 0-15 70-130 D 
Benzene 5 0-15 70-130 D 

Dibromochloromethane 5 0-15 70-130 D 
1.1-2-Tnchloroethane 5 0-15 70-130 D 
trans- 1.3-Dichlompropene 5 0-15 70-130 D 

2-Chloroethylvmylether 10 0-15 70-130 D 

Bromoform 5 0-15 70-130 D 
2-Hexanone 10 0-15 70-130 D 

Tetradloroethene 5 0-15 70-130 D 
1.1,2.2-Tetrachlorocthane 5 0-15 70-130 D 

Toluene 5 0-15 70-130 D 

Chlorobenzcne 5 0-15 70-130 D 

Ethyl benzene 5 0-15 70-130 D 
Styrene 5 0-15 70-130 D 

Xylenes (total) 5 0-15 70-130 D 

4-Methyl-2-pentanune 10 0-15 70-130 D 

1.3-Dichlombcnzene 5 0-15 70.130 D 
1.4-Dichlorobenzene 5 0-15 70-130 D 



Exhibit 5-8 

GC/MS Volatile$ 
QUALITY ASSURANCE OBJECTIVES 

Lake Bottom Sediments 

Method 
Parameter Detection Limit 

(PPB) 
Analytical 
Method' 

Precision2 

(% RSD) 
Accuracy3 
(% Rec.) 

Source' 

1.2-Dichlorobenzene 5 0-15 70-130 D 

'METHODS: 
Methods are EPA methods except as noted. EPA references are: 

Methods for Chemical Analysis of Water and Wastes. US EPA. PB 84-128677. March 1983. 
Test Methods for Evaluation Solid Wastes. US EPA. SW 846. Third Edition. November. 1986. 
(And Proposed Update Package. 1989.) 
Code of Fdeal Resster Protection of the Environment. 40 CFR. App. A to Part 136. July, 
1988 

(M) EPA procedure modified for Contract Laboratory Program.
 
SM Standard Methods for the Examination of Water and Wastewater. APHA st al. 16th Edition.
 

1985 
2 Precision defined as Relative Standard Deviation (% RSD). 
3 Accurai y define as Percent Recovery of known spike sample. 

Source of QA Objectives data: 
H = from historical laboratory data 
M = from published method 
D = default values where sufficient diii are not available 



Exhibit 5-9 

GC/MS Senivolatiles
 
QUALITY ASSURANCE OBJECTIVES
 

Parameter 

Lake Water Samples 

Method 
Detection Limit Analytical

(PPB) Method' 
Precisioni
(% RSD) 

Accurac 3 
(% Rec.) 

JSource' 

ACID EXTRACTABLES 625/8270 

Phenol 10 0-15 70-130 D 

2-Chlorophenol 10 0-15 70-130 D 

2-Methyiphenoi 10 0-15 70-130 D 

4-Methylphenol 10 0-15 70-130 D 

2-Nitrophenol 10 0-15 70-130 D 

2.4-Dimethylphenol 30 0-15 70-130 D 

2.4-Dichlorophenol 30 0-15 70-130 D 

4-Chloro-3-methylphenol 10 0-15 70-130 D 

2,6-Tnchorophenol 10 0-15 70-130 D 

2.4.5-Trichlorophenol 10 0-15 70-130 D 

2.4-Dinitrophenol 30 0-15 70-130 D 

4-Nitrophanol 30 0-15 70-130 D 

2-Methyl.4.6-dinitrophenol 10 0-15 70-130 D 

Pentachlorophenol 30 0-15 70-130 D 

Benzoic Acid 10 0-15 70-130 D 

BASE-NEUTRAL COMPOUNDS 625/8270 

1.3-Dichlorobenzene 10 0-15 70-130 D 

1.4-Dichlorobenzene 10 0-15 70-130 D 

1,2-Dichlorobenzene 10 0-15 70-130 D 

Hexachloroethane 10 0-15 70-130 D 

1.2,4-Trichlorobenzene 30 0-15 70-130 D 

Napthalene 10 0-15 70-130 D 

Hexacdlorombutadiene 10 0-15 70-130 D 

Hexachlorocyclopentadiene 10 0-15 70-130 D 

2-Chloronaphthalene 10 0-15 70-130 D 

Acenaphthylene 30 0-15 70-130 D 

Acenaphiiene 10 0-15 70-130 D 

Dibenzofuran 10 0-15 70-130 D 

Fluorane 10 0-15 70-130 D 

4-Chlorophenyl-phenylether 10 0-15 70-130 D 

4-Bromophenyl-pheylther 10 0-15 70-130 D 

Hexaclolobenzene 30 0-15 70-130 D 

Phenanthrene 10 0-15 70-130 D 

Anthracene 10 0-15 70-130 D 

Fluoranthene 10 0-15 70-130 D 

Pyrene 10 0-15 70-130 D 

Benzo(a)anthracene 10 0-15 70-130 D 



Exhibit 5-10 

GC/MS Sentivolatiles 
QUALITY ASSURANCE OBJECTIVES 

Lake Water Samples 

Method 
Parameter Detection Limit Analytical Preision' Accuracy' Sourcr' 

(PPB) Method' (% RSD) (% Rec.) 

Cyrysene 10 0-15 70-130 D 

Benzo(b)fluoranthene 10 0-15 70-130 D 

Benzo(k)fluoranthene 10 0-15 70-130 D 

Benze(a)perylene 10 0-15 70-130 D 

Indeno( 12.3-ci)pyrene 10 0-15 70-130 D 

Dibenzo(a.h)arahrucene 10 0-15 70-130 D 

Benzo(gh.i)pcrylene 10 0-15 70-130 D 

bis(2-Chloroethyl)ether 10 0-15 70-130 D 

n-Nitroso-di-n-propylmine 10 0-15 70-130 D 

Notrobenzene 10 0-15 70-130 D 

Isophoron.a 10 0-15 70-130 D 

bis(2-Chloroethoxymethane 10 0-15 70-130 D 

Dimethyl plthalate '0 0-15 70-130 D 

2,6-Dnitrtoluene 10 0-15 70-130 D 

2.4-Dinitrotoluene 10 0-15 70-130 D 

Diethyl phithalaue 10 0-15 70-130 D 

n-Nitrosodiphenylamine 10 0-15 70-130 D 

di-n-Butylphthalaie 10 0-15 70-130 D 

Butylbenzylphthalae tO 0-15 70-130 D 

3,3'-Dichlombenzidine 10 0-15 70-130 D 

bis(2-Ethylhexyl)phthalate !0 0-15 70-130 D 

di-n-Octylphthalate 10 0-15 70-130 D 

n-Nitrosodtmethylamine IO 0-15 70-130 D 

2-Picoline 10 0-1; 70-130 D 

Diphenylamine 10 0-15 70-130 D 

PNA 10 0-15 70-130 D 

Acenaphthene 10 0-15 70-130 D 

Acenaphthalene 10 0-15 70-130 D 

Anthracene 10 0-15 70-130 D 

Benzo(,)anthracen 10 0-15 70-130 D 

Benzob)fluoranthene 10 0-15 70-130 D 

Benzo(k)fluoran th-nc 10 0-15 70-130 D 

Benzo a)pyrene 10 0-15 70-130 D 

Benzo4g.hi)perylene 10 0-15 70-130 D 

Chrysene 10 0-15 70-130 D 

Dibenzo(a.h anthnscene 10 0-15 70-130 D 

Fluoranthene 10 0-15 70-130 D 

Fluorene 0 0-15 70-130 D 

lndeno(1,2,3-cd)pyrene 10 0-15 70-130 D 



Exhibit 5-11 

GC/MS Semivolatiles
 
QUALITY ASSURANCE OBJECTIVES
 

Lake Water Samples
 

Method 
Parameter Detection Limit Analytical Precision Accuracy' S(turce' 

(PPB) Method' (% RSD) (% Rec.) 
Naphthalene 10 0-15 70-130 D 
Phenanthrene 10 0-15 70-130 D 
Pyrcne 10 	 0-15 70-I 130 ) 

METHOI)S:
 
Methods are EI'A methods except as 
 noted. EPA references are:
 

Methods forCheLnica Analysis t;f
Water and Wastes. US EPA. Pl 84-128677. March 1983. 
lest Methods for Evaluation Solid Wastes, US EPA, SW 846. Third Edition, November. 1986. 
(And Proposed Up&ate Package. 1989.)
Code of Federal Reiister, Protection oftie Environment. 49 CFR. App. A toPart 136. July, 1988 

(MI) EPA procedure modified for Contract IliPoratory Program.
SM Standard Methods for the Examination of Water and Wastewater. APIIA st al. 16th Edition. 1985. 

Precision 	defined as Relative Standard l)eviation (,7RSD).
 
Accuracy define as Percent Recovery of known spike sample.

Source of QA Objectives data:
 

II = from historical laboratory data
 
M = from published method
 
D = default values where sufficient data are not available
 



CH2M HILL DATA
 
AND
 

HIGH INSTITUTE DATA
 



Alexandria Egypt, Lake Maryout 
High Ir-hute Data 
Metals In Bottom Soil 
mg/kg (dry basis) 

Sample 
Site Number Fe Zn Cu NI Pb Cd Cr 

A 
B 
10 
11 
12 

13 
15 
21 

22 
23 
24 

10774 
4867 
8970 
1869 
7928 

7496 
3326 
16164 
8114 
8308 
5219 

328.2 
17.7 
699 

345.4 

329.2 

422.6 
133 

74.4 
143 

1180 
17.3 

130.8 
5.28 

215.4 
115.5 
121.5 

60.91 
8.24 
12.33 
14.55 
18.93 
8.80 

14.0 
12.50 
45.0 
24.5 

32.48 

22.14 
11.35 
17.22 
17.20 
20.79 
11.05 

103.2 
11.2 

144.4 
115.10 
100.4 

95.7 
24.9 
24.4 
28.6 
43.1 
11.9 

1.50 
1.44 
2.53 
1.42 
1.51 

0.58 
1.10 
1.72 
0.94 
1.23 
2.00 

7.20 
2.79 
8.75 
11,59 

7.53 

4.41 
2.45 
2.57 
2.95 
4.2 
3.00 

Alexandria Egypt, Lake Maryout 
High Institute Data 
Bottom Sediment Analysis 

Sample 
Sife Number 

V.S. 
gmi/100 

Fixed 
gm/1O0gm 

S04 
rmg/gm 

Phosphate 
mg/gm 

10 
11 
12 
13 
16 
21 
22 
23 
24 
A 
B 

48.6 
55.6 
40 

55.4 
15.9 
51.6 
19.3 
51.3 
8.5 
I.-

14.6 

51.6 
45.4 
60 

44.6 
85.1 
48.3 
80.7 
48.7 
91.5 
84 

85.4 

1120 
1120 
1120 
1360 
560 
640 
640 
800 
320 
480 
560 

28 
30 
30 
30 
14 
20 
20 
38 
8 
50 
20 



Data of Lake Water Samples 
Analysis by HIPH 
20/6/1993 

Sample Stations 

Parameter A B 10 11 12 13 16 21 22 23 24 

pH 
D.O. 
Conductivity 
C.O.D. 
B.O.D. 
Total Solids 
DissolvedSolids 
Volatile Solids 
Fixed Solids 
Sulphate 
Chloride 
Alkalinity 
Total Hardness, as CaC03 

Ijmhos/cm 
mg/I 
mg/I 
mg/I 
mg/ 
mg/I 
mg/I 
mg/l 
mg/l 
mg/l 
mg/l 

7.1 
2.5 

2000 
200 
100 

1930 
1610 
220 

1710 
70 

610 
500 
480 

7.4 
9 

5000 
240 
150 

4788 
4410 

300 
4488 

450 
1800 
520 

1050 

7.4 
0 

2100 
280 
180 

2084 
1720 
320 

1764 
75 

600 
550 
450 

7.3 
2.5 

2900 
320 
190 

2696 
2702 

356 
2340 

70 
650 
520 
540 

7.5 
2.2 

3100 
360 
230 

3084 
2343 

424 
2660 

150 
880 
550 
620 

7 
0 

3000 
1120 
680 

3266 
2002 
1166 
2100 

175 
840 
400 
520 

7.3 
0 

2100 
160 
100 

2096 
1700 

186 
1910 

80 
580 
500 
450 

7.3 
6 

3000 
400 
220 

2701 
2210 
440 

2261 
152 
900 
500 
630 

*7.6 
8 

3800 
440 
250 

3562 
3612 

522 
3040 

150 
950 
520 
650 

7.6 
7 

3100 
320 
200 

3042 
2510 

360 
2733 

145 
880 
520 
620 

7.6 
4 

7500 
320 
140 

7496 
7110 

352 
7144 

550 
7600 

550 
1500 

Data of Land Base Water Samples 
Analysis by HIPH 
17/6/1993 

Sample Stations 

Parameter 1 2 4 5 6 19 C 8 20 

pH 
D.O. 
Conductivity 
C.O.D. 
B.O.D. 
TotalSollds 
Dissolved Solids 
Volatile Solids 
Fixed Solids 
Sulphate 
Chloride 
Alkalinity 
Total Hardness, as CaC03 

pmhos/cm 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

7.3 
0 

1300 
240 
140 

1410 
1012 
280 

1130 
100 
200 
400 
250 

7.7 
0 

3100 
160 
110 

2860 
2486 
220 

2640 
145 
350 
500 
550 

7,8 
0 

2700 
520 
330 

2542 
1822 
562 

1980 
100 
710 
440 
460 

7.5 
0 

2200 
240 
140 

2114 
1741 
249 

186 
92 

550 
440 
450 

7.4 
0 

p000 
2100 
121' 
815Y 
5757 
2207 
5952 

400 
2850 

500 
1350 

8 
4 

5500 
640 
530 

5125 
4134 

803 
4322 

400 
1600 
520 

1050 

7.3 
4 

2400 
400 
250 

2840 
2242 

444 
2396 

110 
800 
560 
450 

7.3 
0 

1550 
400 
240 

1660 
1146 
460 

1200 
75 

250 
500 
260 

7.9 
3.5 

8000 
600 
340 

7894 
7190 
634 

7260 
500 

2750 
50 

1570 



WATER SAMPLES
 

Site Location HI 
BOD 

CH HI 
JS 

CH HI 
Cd 

CH H! 
Cr 

CH HI 
Cu 

CH HI 
Pb 

CH HI 
Ni 

CH HI 
Zn 

CH 
COD 

HI CH 
A 100 27 1930 -----0.00515 < 0.005 0.00285 < 0006 0.01015 < 0.006 0.0155 < 0.02 0.0207 < 0.015 0.0565 0.016 20063 
B 140 < 4 4788 -----0.00816 0.005 O.041 0.006 0.00545 0.006 0.029 0.02 0.03575 0.015 0.0175 0.005 24063 

C 250 874 2840 2450 0.0071 < O.D05 00052 0.031 0.07485 0.076 0.091 0.088 0.0344 < 0.015 0.337 0.279 400 874 
1 140 81 1410 I100 0.0023 < O.05 0.0033 0.014 0.10545 0.146 0.027 < 0.04 0.01455 < 0.015 0.25 0.161 240 278 
2 
4 

110 
330 

33 
21 

2860 
2542 

2280 
1760 

0.00335 
0.0025 

0005 
0.005 

0.00285 
0.00335 

< 0006 

0.006 
0.0218 

0.02225 
0.021 
0.02 

0.028 
0.016 

0.04 
0.04 

0.0264 
0.01925 

0.015 
0.015 

0.054 
0.0665 

0.098 
0.042 

160 164 
520 144 

5 140 37 2114 5490 0.0027 0.005 0.00305 0.014 0.0502 0.044 0.0345 0.04 0.0204 0.015 0.182 0.102 240 220 
6 1200 248 8159 1500 0.01015 0.005 0.0087 0.045 0.06915 0.088 0.051 0.04 0.0519 0.015 0.254 0.288 2100 1350 
8 

10 
11 

240 
180 
190 

225 
15 
14 

1660 
2084 

2696 

2150 0.0045 

0.0059 
0.003 

0.005 
0.005 
0.005 

0.0055 
0.0024 

0.00255 

0.027 
< 0.006 

0.006 

0.09095 
0.0281 

0.01535 

0.095 
0.007 
0.124 

0.0695 
0.024 

0.019 

0.04 
< 0.02 

0.02 

0.0239 
0.0234 

0.01825 

0.015 
0.015 

0.015 

0.292 
0.061 
0.061 

0.239 
0.011 
0.018 

400861 
28095 
320 117 

12 230 12 3064 0.00585 0.005 0.00275 0.006 0.0101 0.021 0.0205 0.02 0.0255 0.015 0.043 0.058 360 168 
13 
16 
19 
20 

68o 90 
100 37 
530 < 4 
340 < 4 

3266 
2096 

5125 

7894 

. 

---

1520 

3880 

0.01205 
0.0027 

0.0082 

0.0085 

0.005 
0.005 

< 0.005 

0.005 

0.0038 0.006 
0.00325 0.006 
0.0056 < 0.006 

0.00505 0.006 

0.0775 
0.0334 

0.01595 

0.0133 

0.016 
0.037 

< 0.006 
0.006 

0.0775 0.02 
0.031 0.02 

0.0345 < 0.04 
0.032 0.04 

0.03205 
0.0196 

0.0347 

0.0435 

0.015 
0.015 

< 0.015 

0.015 

0.365 
0.08 

0.0545 

0.0165 

0.07 
0.095 
0.012 

0.008 

1120362 
160 310 
640 42 

600 53 
21 

22 
23 

22o 
250 
200 

9 

33 
28 

2701 
3562 
3092 

-

-

--

0.0032 
0.0028 
0.0031 

0.005 
0.005 
0.005 

0.0027 

0.00235 
0.0026 

0.006 

0.006 
0.006 

0.0081 

0.0055 
0.0108 

0.016 

0.012 
< 0.006 

0.0185 

0.023 
0.0245 

< 0.02 

0.02 
0.02 

0.018 
0.02275 

0.025 

0.015 

0.015 
0.015 

0.0185 

0.019 
0.0305 

0.008 

0.007 
< 0.005 

400 134 

440 106 
320 99 

24 140 < 4 7496 -- 0.00515 0.005 0.0059 0.006 0.0152 0.014 0.0305 0.02 0.0321 0.015 0.025 0.008 320 74 

SEDIMENT SAMPLES % Solids 
A 11.6 1.60 < 8.6 7.20 98.1 130.8 204 103.2 129 14 598 328.2 753 
B 29.8 1.44 < 3.4 2.79 21.2 5.28 27.2 11.2 < 27.3 12.5 36.1 17.7 43.3 

10 

11 
12 
13 
16 
21 

9.9 
11.4 

8.5 
9.3 

29.7 

22.1 

2.53 

1.42 

1.61 
0.68 

1.10 

1.72 

< 10.1 
< 3.5 

< 11.8 
< 10.8 
<3.4 

< 4.E 

8.75 

11.69 

7.63 
4.41 

2.45 

2.57 

114 

184 

77 
83.1 

35.8 

34.2 

215.4 

115.6 
121.6 
60.91 

8.24 

12.33 

--

----

210 
309 

51.1 

57.2 

144.4 

116.1 
104.4 
96.7 
24.9 

24.4 

263 

257 

240 
209 

37.4 

< 36.2 

45 

24.5 

32.48 
22.14 

11.35 

17.22 

94.1 

< 35.3 

75.5 
82.7 

35.1 

35.1 

699 

345.4 

329.2 
422.6 

133 

74.4 

1000 
882 
674 
908 
103 

120 
22 20.8 0.94 < 48 2.95 46.2 14.55 63.1 28.6 < 38.5 17.20 40.4 143 121 
23 21.7 1.23 < 46 4.2 53.8 1893 96.7 43.1 58.9 2079 43.0 118 202 
24 1 456 2.00 < 2.2 3.0 14.2 8.80 23.9 11.9 < 17.5 11.05 9.5 17.3 32.6 
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APPENDIX E - COMPUTER MODEL OF LAKE MARYOUT
 

Using the most recent data available, a computer model was created to simulate existing and 

future hydraulic conditions and concentrations of biochemical oxygen demand (BOD) in Lake 

Maryout. Model inputs. included: flows proportional to those in 1983 and totalling equal to 

the design flow for the drains which discharge to the northern shore of the Main Basin (175 

Mi/day), flows estimated in 1990 for the Omoun and Kalaa Drains, July 1990 - June 1993 

flow data at El Mex pump station, and BOD and dissolved oxygen data from the 1992-1993 

sampling program. This appendix provides a description of the Lake Maryout model. 

Model results are discussed in Chapter 6 of this report. 

E.1 Hydraulics 

To simulate the movement or exchange of flows and pollutant loads within Lake Maryout, 

the lake was divided into seven subareas (see Figures 6-la and 6-1b). The subareas were 

defined using physical characteristics such as the Desert Road, the Noubaria Canal, and the 

Omoun Drain; locations of present and future discharges; and existing pollutant 

concentrations in the basin. 

E. 1.1 Model Structure 

To keep the model simple, only the portion of the lake north of the Desert Road, where the 

wastewater discharges are located, was simulated. This area, consisting of the Main and 

Northwest Basins, was the focus of the 1992-1993 sample collection program. The Main 

Basin was split into four subareas, with an east-west division separating flows and loads of 

the northern wastewater outfalls from those of the Kalaa Drain. A north-south division in 

the Main Basin separates the Elmetras and Forn El Geraya outfalls from the Gheit El Enab 

and Industries outfalls. These divisions also isolate Basins 1 and 4, which will be the 

receiving waters for the West Treatment Plant (WTP) and East Treatment Plant (ETP) 

effluents, from Basins 2 and 3 which will not be receiving direct discharge of wastewater 
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with the operation of tie treatment plants. The Industrial drain, which bisects the Northwest 

Basin from southwest to northeast, divides the hydraulically distinct areas, Basins 5 and 6. 

Basin 7 is defined as the portion of the Noubaria Canal north of the intersection with the 

Omoun Drain. It was assumed that all flow from the Southwest Basin and the Omoun Drain 

enters the lake as a single point source. It was also assumed that no net hydraulic movement 

occurs between the Fishery Basin and the rest of the lake. 

The model uses a water budget approach in which the flows into the lake (and subareas) 

were balanced with the flows out of the lake (and other subareas). Sources of inflow include 

wastewater outfalls and drains while outflow included evaporation, groundwater infiltration, 

and the El Mex pump station. Precipitation is neglected in the model because of its small 

magnitude. Runoff is also neglected because there is no data describing this and it is 

believed to be small in magnitude. Table 6-1 of this report presented the hydraulic 

characteristics of the lake model by subarea including: wet area, sources and magnitudes of 

inflow, locations and magnitudes of outflow, percent of flow assumed to move from one 

subarea to another, direction of net flow from one subarea to another, evaporation losses and 

groundwater infiltration losses. Evaporation losses were calculated based on the total wet 

area of each subarea, assuming an evaporation rate of 5 mm/day. Groundwater infiltration 

was assumed to occur in the basins farthest from the Mediterranean Sea (Basins 3, 4 and 6) 

at a rate proportional to each basin's surface area. Total groundwater infiltration was 

assumed to equal the difference between inflows to and outflows from the lake. 

Where water from one subarea was expected to flow into multiple subareas, such as from 

Basin 4 to Basins 2 and 3, assumptions were made to reflect the exchange of water based on 

factors such as the direction of currents and the presence of physical barriers. It was 

assumed that all water from the Main Basin (Basins 1 through 4) ultimately flows west to the 

Noubaria Canal (Basin 7). Because higher flows are entering Basin 4 via the Kalaa Drain 

than are entering the northern portion of the Main Basin (Basins 1 and 2), it was also 

assumed that 30% of the flow from Basin 4 flow into Basin 2 while the remaining flow 

enters Basin 3. While these flows balance the overall water budget to the lake, they do not 
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balance the large amounts of water lost from Basins 5 and 6 due to evaporation. Thus, it 

was also assumed that Basins 5 and 6 receive flow from the Noubaria Canal (Basin 7) and 

that all flow leaving Basins 5 and 6 occurs through evaporation. 

E. 1.2 Model Application 

Simulation of Lake Maryout hydraulics was conducted for the cases of: existing flows, 

Phase I treatment plant flows with primary treatment, and Phase II treatment plant flows with 

primary and secondary treatment. Input flows associated with these scenarios are presented 

These tablesin Table E-1. Model predictions are presented in Tables E-2 through E-4. 

present the flows which enter and exit the lake through point sources, flows lost due to 

Positive values represent flowsevaporation, and exchange of flow with other basins. 

entering the system while negative values represent flows leaving the system. The major 

difference between the existing conditions (Table E-2) and Phase I design flows (Table E-3) 

is the elimination of raw wastewater outfalls discharging to Basins 1, 2 and 4, and the 

addition of primary effluent discharges to Basins 1 and 4. Table E-4 reflects the increased 

effluent discharges of Phase II to Basins I ad 4. 

E.2 BOD Concentrations 

Current and future concentrations of BOD in the lake were simulated by another model 

A discussion of modelwhich was interactive with the hydraulic model described above. 

It should be noted that because only limitedresults is presented in Chapter 6 of this report. 


water quality data was available and the validity of using 1983 flow data is suspect, the
 

model provides order-of-magnitude predictions of BOD concentrations.
 

E.2.1 Model Structure 

model basins were simulated by calculating each componentBOD concentrations in the seven 


of the BOD load in a basin and dividing the sum of the components by the basin's outflow.
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FUTURE DISCHARGES TO LAKE MARYOUT
 

Outfall
Scenario 5 6 

Existing Conditions 
Flow (Ml/day) 745(A) 60.2 
BOD Conc. (mg/1) 344 1,009
TSS Conc. (mg/I) 653 2,178 

Phase I - Primary Treatment - Design
Flow (Mi/day) 
BOD Conc. (mg/i)
TSS Conc. (mg/1) 

Phase II - Primary Treatment
Flow (Mi/day) 
BOD Conc. (mg/i) 
TSS Conc. (mg/i) 

Phase I - Secondary Treatment 
Flow (Mi/day) 
BOD Conc. (mg/1) 
TSS Conc. (mg/i) 

Notes: 

734( ) 0 
277(d) 0 
515 (0  0 

879(l) 0 
2910, 0 
470( ) 0 

879 0 
114(0) 0 
372(0) 0 

7 8 9 19 

45.2 
225 

34.8 
236 

34.8 
139 

6,621 
557 

402 927 306 1,262 

0 
0 

0 
0 

186(c) 
424(c) 

6,621 
557 

0 0 316(g) 1,262 

0 
0 

0 
0 

475 
390G 

6,621 
557 

0 0 212m 1,262 

0 
0 
0 

0 
0 
0 

475 
104(u) 
106(n) 

6,621 
557 

1,262 

Wastewater (410 Ml/day) estimated to be 55% of total flow; remaining flow (335 Ml/day) iGagricultural (WWCG, 1992)., Flow consists of ETP Phase I design flow of 410 MI/day and 335 Ml day of agricultural flow minus 11 Ml/day sludge by-pass from ETP to WTP.( 	 Flow consists of WTP flow of 175 MI/day and I1 MI/day sludge by-pass from ETP to WTP.Flow-weight composite of ETP flow of 410 MI day minus 11 MI day (conc. of 401 mg/) and agricultural flow of 335 Mi,Jay (conc. of 129 mg/).) Removal rates of 25% for WTP flow and 80% for ETP flow assumed.( 	 Flow-weight composite of ETP flow of 410 Miday minus 11 Ml/day (conc. of 272 mg/I) and agricultural flow of 335 MI/,day (conc. 804 mg/); 50% 
removal of TSS. 
Removal rates of 60% for WTP flow and 50% for ETP flow assumed.

0 
0 

Flow consists of ETP Phase 1 design flow of 544 MI/day and 335 MI/day of agricultural flow.
Flow-weight composite of ET? flow of 544 Ml/day (conc. of 390 mg/l) and agricultural flow of 335 MI/day (conc. of 129 mg/I).

0 Removal rate of 25 %.
0' 	 Flow-weight composite of ETP flow of 544 Ml/day (conc. of 265 mg/) and agricultural flow of 335 MI/day (conc. of 804 mg/l).

) Removal rate of 60%.

0 Flow-weight composite of ETP flow of 544 MI/day (conc. of 106 mg/l or 20% of 530 mg/) and agricultural flow of 335 Ml/day (conc. of 129 mg/I).) Existing flow-weighted concentration with removal rate of 80% applied.( Flow-weight composite of ETP flow of 544 Ml/day (conc. of 106 mg/I or 20% of 530 mg/) and agricultural flow of 335 MI1/day (conc. of 804 mg/I). 
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TABLE E-2. LAKE MARYOUT WATER BUDGET MODEL - EXISTING CONDITIONS 

Inflow/ 
Outflow Evaporation 

Exchanges with Basins (m3/day) 

Basin (m/day) (m/day) 1 2 3 4 5 6 7 Subtotal 

1 69,600 -21,449 0 248,516 0 0 0 0 -296,667 -48,151 

2 105,400 -14,306 -248,516 0 0 157,422 0 0 0 -91,094 

3 220,116 -20,741 0 0 0 367,319 0 0 -63,463 303,856 

4 448,443 -15,035 0 -157,422 -367,319 0 0 0 0 -524,741 

5 0 -32,052 0 0 0 0 0 0 32,052 32,052 

6 -98,999 -9,328 0 0 0 0 0 0 136,661 136,661 

7 -190,000 -1,416 296,667 0 63,463 0 -32,052 -136,661 0 191,417 

Total 114,328 -114,328 48,151 91,094 -303,856 524,741 -32,052 -136,661 -191,417 0 
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TABLE E-3. LAKE MARYOUT WATER BUDGET MODEL - PHASE I PRIMARY TREATMENT - DESIGN FLOWS 

Inflow/ Exchanges with Basins (m/day) 

Basin 
Outflow 
(m/day) 

Evaporation 
(m3/day) 1 2 3 4 5 6 7 Subtotal 

1 186,000 -21,449 0 153,516 0 0 0 0 -318,067 -164,551 

2 0 -14,306 -153,516 0 0 167,822 0 0 0 14,306 

3 -220,116 -20,741 0 0 0 391,586 0 0 -150,729 240,857 

4 574,443 -15,035 0 -167,822 -391,586 0 0 0 0 -559,408 

5 0 -32,052 0 0 0 0 0 0 32,052 32,052 

6 -98,999 -9,328 0 0 0 0 0 0 108,327 108,327 

7 -327,000 -1,416 318,067 0 150,729 0 -32,052 -108,327 0 328,417 

Total 114,328 -114,328 164,551 -14,306 -240,857 569,408 -32,052 -108,327 -327,417 0 
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TABLE E-4. LAKE MARYOUT WATER BUDGET MODEL - PHASE II PRIMARY AND SECONDARY TREATMENT 

Mfiow/ Exchanges with Basins (m3/day) 

Basin 
Outflow 
(m3/day) 

Evaporation 
(m/day) 1 2 3 4 5 6 7 Subtotal 

1 475,000 -21,449 0 197,016 0 0 0 0 -650,567 -453,551 

2 0 -14,306 -197,016 0 0 211,322 0 0 0 14,306 

3 -220,116 -20,741 0 0 0 493,086 0 0 -252,229 240,857 

4 719,443 -15,035 0 -211,322 -493,086 0 0 0 0 -704,408 

5 0 -32,052 0 0 0 0 0 0 32,052 32.052 

6 -98,999 -9,328 0 0 0 0 0 0 108,327 108,327 

14 -761,000 -1,416 650,567 0 252,229 0 32,052 -108,327 0 762,417 

Total 114,328 -114,328 453,551 -14,306 -240,857 704,408 -32,052 -108,327 -762,417 0 
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The model included those components which contribute to the total BOD load: 

- Input BOD loads 

- Sediment resuspension 

- Sediment oxygen demand (SOD) 

and those which counteract the effects of BOD: 

- Surface reaeration 

- Input dissolved oxygen (DO) loads 

Assumptions used to calculate the components of BOD are described below. 

Input BOD Load - The total BOD loads entering each basin were calculated by summing the 

products of flows entering the basin and BOD concentrations associated with each flow: 

Input BOD Load = E Qj, * Li. 

where: Q. = flow entering the basin 
L. = concentration of BOD in the flow 

Input flows included wastewater outfalls and agricultural drains as well as net movement of 

flow from one basin to another. 

Sediment Resuspension - Sediment resuspension was included in the BOD model to heir 

account for the discrepancy between input and output pollutant loads (discussed in detail in 

Chapter 2 of this report). The amount of BOD exerted as a result of resuspension of 

sediments was calculated using the following expression: 

Sediment Resuspension = K, * BODw * V 
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where: 	 K, = resuspension rate = B + period of decay 
oxidizable organic content of suspended solids (assumed 
to be 0.6) * stoichiometric ratio of oxygen to sediment 
(equal to 1.07) * decay coefficient (assumed to be eqal 
to 1/3 of BOD deoxygenation rate, or 0.08/day) 

-

0.05136/day
 
BOD,, = concentration of BOD in sediment
 

V = volume of overlying water
 

-

Sediment Oxygen Demand - The exertion of sediment oxygen demand on the overlying 

waters was simulated by the equation: 

Sediment Oxygen Demand = K, * A 

where: K, = sediment oxygen uptake rate 
A = area over which SOD is ericrted 

Because most of the 	raw wastewater solids discharged to the lake have likely settled and 

accumulated at the lake's bottom, the sediment oxygen demand of Lake Maryout is probably 

higher than the demand of typical lake sediments. It is unlikely that the full impact of the 

sediment's oxygen demand is realized, however, since the lake's anoxic conditions probably 

inhibit full exertior of the SOD. Therefore, an sediment oxygen uptake rate of 0.2 g/m2/day 

was input to the model. This value was obtained by examining several methods for 

calculating SOD rates under conditions of low dissolved oxygen concentrations (U.S. EPA, 

1985). 

Surface Reaeration - The net flux of oxygen from the atmosphere to the water was calculated 

by: 

Surface Reaeration = (DO, - DO) * K2 * V 

saturation dissolved oxygen concentrationwhere: 	 DO. = 

DO = measured dissolved oxygen concentration 
K2 = reaeration flux rate 
V = volume 
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An assumed reaeration flux rate of K2 of 4/day (obtained from literature review, U.S. EPA, 

1985) was input to the equation. 

Input Dissolved Oxygen Load - The total dissolved oxygen loads entering each basin were 

calculated by summing the products of flows entering the basin and DO concentrations 

associated with each 	flow: 

Input Dissolved Oxygen Load = E Qj, * DOi, 

where: 	 Q = flow entering the basin 
DO. = concentration of dissolved oxygen in the flow 

Input flows included 	point sources and net movement of flow between basins. In all cases, 

contribution of oxygen to the system from input DO loads was minimal since measured DO 

concentrations in the 	lake were often close to zero mg/l. 

The Lake Maryout BOD model simulates concentrations of soluble BOD, however, BOD 

concentrations measured during the 1992-1993 sampling program include both soluble and 

particulate BOD. The relationship between measured 5-day BOD and soluble BOD 

concentrations can be 	expressed as: 

BOD5 = (A * L,0j + (B * TSS) 

where: BOD5 = 5-day measured BOD concentration 
A = ratio of BOD5 concentration to ultimate BOD concentration 

(BOD,) = 0.6329 (assuming temperature = 17 degrees C and 
KD = 0.23/day) 

L = concentration of soluble BOD 
B = oxidizable organic content of suspended solids (assumed to be 

0.6) * stoichiometric ratio of oxygen to sediment (equal to 1.07) 
* decay coefficient (assumed to be equal to 1/3 of BOD 
deoxygenation rate, or 0.08/day) * period of decay (5 days) = 
0.2568 

TSS = concentration of total suspended solids 
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Thus, to be compatible with the other components of predicted BOD load, measured 5-day 

BOD conceni-ations were converted to soluble BOD prior to being used to cq.culate input 

BOD loads. A!though analysis of suspended solids was not included in the 1992-1993 

sampling program, concentrations of suspended solids were obtained by calculating the 

difference between total solids and dissolved solids concentrations. Then, once the 

components of the BOD loads were calcialated and summed, the model-predicted soluble 

BOD was converted to soluble and particulate BOD, to allow comparison of measured and 

predicted BOD concentrations. 

E.2,2 Model Application 

The Lake Maryout BOD model was calibrated by comparing predicted BOD concentrations 

for existing flows and loads to measured BOD concentrations in the lake. Input BOD 

measured in samples collected from the wastewater and agriculturalconcentrations, 

discharges, ae presented in Table E-1. BOD concentrations used to simulate future 

conditions are also presented in Table E-1. Results of the simulation of existing and future 

Theseconcentrations of BOD in Lake Maryout are presented in Tables E-5 through E-8. 

tables present predicted BOD concentrations for each model basin as well as the loads of 

oxygen demand or supply contributed to the system by each of the components discussed 

above. 

Comparison of measured and simulated BOD concentrations for existing conditions indicates 

that the concentrations are in close agreement in the Main Basin (Basins 1 through 4) and hi 

the Northwest Basin (Basins 5 and 6) (Table E-5). BOD concentrations are over-predicted in 

Basin 7 in comparison to the El Mex pump station measurernents. The reason for this 

discrepancy may be that the measurements were conducted on samples collected some 

distance downstream from the pumping station. Indeed, the outlet BOD concentration should 

be comparable to the BOD concentration in the lake itself. The total BOD load to the lake is 

expected to be ,imilar for existing, Phase I - primary treatment and Phase II - primary 

treatment conditions. Thus, little or no change in lake BOD concentrations is expected to 
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occur with the implementation of either Phase I (Table E-6) or Phase II (Table E-7) with 

primary treatment. Some improvement in lake BOD concentrations could be expected with 

the implementation of secondary treatment, however, the improvement would likely be 

minimal (Table E-8). Implementation of wastewater treatment will not affect the flows or 

loads discharging to the Fishery and Southwest Basins, water quality is not predicted to be 

affected in these areas. 
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TABLE E-5. RESULTS OF LAKE MARYOUT BOD MODEL - EXISTING CONDITIONS 

Components of BOD 

Measured Predicted Input DO Outflow 

Basin BOD (mg/i) BOD (mg/l) Input BOD Resuspn Surface Reaerate SOD Exertion Loads (&/day) 

Loads (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) 

1 492 433 129,680 131,547 -166,445 858 -17 296,667 

2 537 509 98,608 102,331 -11,016 572 -36 248,516 

3 395 240 42,082 122,964 -160,949 830 0 346,578 

4 359 299 146,086 79,087 -116,669 601 0 729,965 

5 738 788 0 

6 738 788 127,333 

7 111 788 2,600,316 20,046 -10,992 57 0 6,981,130 
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TABLE E-6. RESULTS OF LAKE MARYOUT BOD MODEL - PHASE I PRIMARY TREATMENT - DESIGN FLOWS
 

Components of BOD 

Predicted BOD Input BOD Resuspen Surface Reaerate SOD Exertion 
Basin (mg/i) 

1 506 

2 439 

3 258 

4 281 

5 790 

6 790 

7 790 

Loads (kg/day) (kg/day) (kg/day) (kg/day) 

168,194 131,547 -166,445 858 

47,098 102,331 -111,016 572 

53,093 122,964 -160,949 830 

123,091 79,087 -116,669 601 

2,663,665 20,046 -10,992 57 
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Input DO Outflow 
Loads (kg/day) (mr/day) 

-88 318,067 

0 153,516 

0 370,845 

0 718,965 

0 

98,999 

0 7,089,796 



TABLE E-7. RESULTS OF LAKE MARYOUT BOD MODEL - PHASE H PRIMARY TREATMENT 

Components of BOD 

Predicted BOD Input BOD Resuspen Surface Reaerate SOD Exertion Input DO Outflow 
Basin (rag/l) Loads (glday) (kg/day) (kg/day) Okg/day) Loads (kg/day) (me/day) 

1 540 343,619 131!,547 -166,445 858 -238 650,567 

2 466 66,415 102,331 -111,016 572 0 197,016 

3 300 88,893 122,964 -160,949 830 0 472,345 

4 314 186,380 79,087 -116,669 601 0 963,965 

5 796 0 

6 796 98,999 

7 796 2,905,296 20,046 -10,992 57 0 7,523,796 
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TABLE E-8. RESULTS OF LAKE MARYOUT BOD MODEL - PHASE H SECONDARY TREATMENT 

Components of BOD 

Predicted BOD Input BOD Resuspen Surface Reaerate SOD Exertion Input DO Outflow 
Basin (mgl) Loads (kg/day) (kg/day) (kg/day) (kg/day) Loads (kg/day) (m0/day) 

1 333 130,903 131,547 -166,445 858 -238 650,567 

2 372 37,187 102,331 -111,016 572 0 197,016 

3 239 36,227 122,964 -160,949 830 0 472,345 

4 176 -2,425 79,087 -116,669 601 0 863,965 

5 783 0 

6 783 98,999 

7 783 2,746,986 20,046 -10,992 57 0 7,523,796 
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