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ANNUAL REPORT FISCAL YEAR 1982 

PART I: THE DIRECTOR'S REPORT 

A. The D.C. Water Resources Problems: 

1982 and the recent past years have seen the culmination of a number of activities and 

projects dealing with water resources and wastewater management in the Washington, D.C. area. 

With the signing of the regional pacts between federal, state and local officials, the Washington 

Metropolitan Area was provided with a lasting solution to its water supply problems. The 

agreements provided for the coordinated operations of the intakes and reservoirs of the Potomac 

River. The agreements will reduce the possibility of water shortages during low flows or 

pollution crisis and insure a steady water supply through the year 2000 and beyond. In terms of 

the water quality, the Potomac River is no longer an "embarrassment to the nation's capitol".

 Waters that were choked with blue-green algae and other debris back in the 60s are now 

80% to 90% free of the pollution from wastewater discharges. The more recent Blue Plains 

feasibility studies will point to the best ways to ensure adequate wastewater treatment for the next 

two years. The feasibility studies involve engineering and environmental assessments to ascertain 

the ability of the existing treatment facilities to protect the river and assess the potential for new 

expanded treatment facilities. Finally, the recently completed Rock Creek water shed study has 

shun the major problems concerning the stream. 

Despite all these accomplishments some problems remain. These problems range from 

management and engineering aspects to technical and more basic aspects. Sediments, 

excessive nutrients and sludge disposal remain the key issues in the mid-Potomac Basin near 

Washington, D.C. Studies need to be conducted on the other D.C. streams, the Anacostia River 

and the Rock Creek 





regarding their quality, their recreational potential, their ecological capacity and the impact of the 

combined sewer overflow and land use. The Blue Plains Feasibility Study has identified new 

problems and new areas of research such as the water quality assessments of the Upper Potomac 

estuary and water quality alternatives to be implemented for the area, cost benefits analysis for 

ocean dumping of the Washington, D.C. sludge, etc. 

From these global solutions have evolved a number of specific problems which are identified as 

priority problems for the water quality management in the District of Columbia. The specific 

problems are: macroinvertebrate identification; phythoplankton identification; assessment of 

nitrogen fixing by phythoplankton in the estuary in response to nutrient control strategies; 

sediment analysis to include pore water chemistry, sedimentation oxygen demand, nutrient floc 

rates, metals, concentration of metals and pesticides; D.C. fishery inventory information; fish 

tissue analysis for metals and pesticides; transport model construction for tributaries; ecological 

description of Rock Creek and Anacostia; algal species shifts from Chain Bridge to Woodrow 

Wilson Bridge; correlation of flow and water quality at Chain Bridge for input data into the 

Potomac waters; mathematical modeling applicable to the Upper Potomac River estuary water 

quality; inventory of public space land in the District of Columbia suitable for compost 

application and/or incineration; development of mathematical description of pH shifts in the 

Potomac and Anacostia Rivers and Rock Creek Park; the recreational uses of the 

Potomac River, Anacostia River and Rock Creek Park; water quality enhancements of Rock 

Creek Park, erosion of Rock Creek; impact of the construction industry on Rock Creek and 

Anacostia; evaluation of the D.C. groundwater as it relates to the excavation and tunneling for 

building and metro construction; urban and other non-point source pollution or urban runoff; and 

finally training. 

 



The D.C. water resources agencies are actively seeking the solution to some of the major problems 

identified earlier by the Center in its Five-Year Research Goals and Development Objectives. 

Those include water conservation, combined sewer overflow, impact on the Potomac of the 

residual chlorine in the wastewater effluents on one hand, institutional and managerial aspects on 

the other. The D.C. Water Resources Research Center supports many of these agencies in 

their search to identify these problems and provide solutions. The Center participates in an 

advisory capacity in many of the projects. The Center's research findings and reports are widely 

distributed to the D.C. agencies. Not only does the Center seek to facilitate and foster the inter-

disciplinary approach to the solution of the water resource-problems and the effective 

development and use of the water resources, but it also provides 

an organized forum for the discussion on exchange of information among water resource officials, 

managers and scientists from several disciplines involved in water resources research management 

and training. It provides a mechanism of sustained exchange of information among those 

managers, researchers and the public. 

B. The Center's Research Program 

l. "Determination of Nitrite and Nitrate in Water by Reduction to Ammonia Followed 

by Enzymatic Cycling" by Frederick Carson, Ph.D. and Patricia Rogers. The most analyzed forth 

of nitrogen is the nitrate-nitrogen form because it is the most difficult to determine and it is subject 

to the greatest number of interferences. The determination of nitrate by reduction to ammonia is 

performed through five principal methods. The manual method using chromogenic agents; direct 

spectrophotometry; ion selective electro methods; and reduction to nitrite. Because turbid waters 

contain both inorganic and organic matters, 

 



 

the measurements of nitrate by UV spectrophotometry is only useful in clean water. Colorimetric 

methods are subject to interferences, poor reproducibility, poor sensitivity or tedious procedures 

and undesirable agents. Nitrate specific electrodes show interferences due to the chlorine and the 

HCO3. 

Reduction of nitrate to ammonia involve either a tedious or a time consuming steam 

distillation to determine ammonia or use of ammonia electrode. The ammonia electrode is 

extremely sensitive to temperature changes and there is a problem of loss of ammonia in alkaline 

solutions due to temperature changes. The reduction methods to convert nitrate to either 

ammonia or nitrite typically are only applicable to high concentrations or minute levels. 

 

The principal investigators, Frederick Carson and Patricia Rogers, have developed a 

procedure to determine the concentration of biologically significant nitrogen present as ammonia 

nitrite and nitrate in water samples colorimetrically. The authors note, "In addition, the 

concentration of each of these constituents may be determined separately if desired. The method 

is sensitive and not subject to the interference commonly encountered in nitrate determinations. It 

involves the reduction of nitrite or nitrate to ammonia with Devard's metal, while simultaneously 

trapping the released gaseous ammonia with dilute hydrochloric acid solution in a modified 

Conway diffusion cell." 

 

The result of their work is published by the Water Resources Research Center as the D.C. 

WRRC Report No. 42. Various laboratories around the country and the Food and Drug 

Administration have expressed interest in the work. 

 

 2. "The Fate of Antifoulant Organotin Confounds in Water Systems" by Isadora 

Posey, Ph.D. and George Eng, Ph.D. One of the serious sources of water pollution in the District 

of Columbia rivers such as the Anacostia and the Potomac Rivers come from the organotin 

compounds which are used as 

http://due.to/


antifoulant in marine paints. The Anacostia and the Potomac rivers have several active marinas. 

These organotin compounds are toxic and leach into the water waves from marine crafts. The 

principal investigators intend to assess the extent of this problem and increase the knowledge about 

the nature of the organotin pollutants in D.C. waters. The principal investigators have described the 

chemical reactions involved and will further measure "the pH of both the aqueous suspension of 

organotin compounds and the aqueous layer of both left after extraction to verify formation of the 

hydronium ion as proposed in the reaction scheme". 

3. "Trihalomethane Removal and Formation Mechanism in Water" by R.C. Chawla, Ph.D. 

and M.M. Vazma, Ph.D. The trihalomethanes are synthetic organics found in treated drinking 

water. They form when chlorine, the conwn disinfectant used in the District's water supplies, is 

added to water containing organics. The chloroform thus formed, is suspected carciogen-mutagens. 

The researchers proposed to provide the basic data needed for the decision making process in the 

selection of adsorbent as well as estimating whether to remove the precursors or the THMs. The 

principal investigators indicate that "Trihalcmethane removal by granulated activitated carbon was 

studied using both batch and continuous methods. Single THM mixtures were studied for 

absorption on GAC. Trihalcmethanes were concentrated by liquid-liquid extraction technique 

using pentane as the solvent and the resulting pentane-THM mixtures were analyzed by gas 

chromotography using electron capture detector. Primary analysis of data indicates that the 

removal process is nonlinear with time. Chromotography effects were observed when high doses 

of trihalomethanes were used indicating preferential removal". 



4. "Assessment of the State-of-the-Art and Development of the Proposed Improvements 

in Recreation Benefit Valuation for Water Resources Planning" by Robert Waters, D.B.A. 

Now that the Potanac River is undoubtedly cleaner than it was in the 6,Os and 70s, it has 

attracted more forms of recreation than it has ever known. Joggers, bicyclists use the paths 

along the river; there,ls also increased fishing and surfing along with many other forms of 

recreation. It is important then for the water resource planners, to be able to assess the 

recreation benefits of the river and improve the efficiency of its use. The study will provide an 

assessment of the benefits and cost associated with additional efforts to provide regional 

models. After having studied and analyzed the existing research on recreational models, the 

researcher will attempt to develop theoretical rationale for the development and the use of the 

unit day values to assess its benefits. After having evaluated the relevance of the willingness-

to-pay approach, it was found that the method was costly, data consuming and incompatible 

with the political process underlining all recreation planning activities. It was shown that the 

unit-day value method as an alternative to the willingness-to-pay method presented a strong 

alternative which for much less cost and effort would provide more operational result. 

  

5. "Artifacts and Losses in the Sampling of Chlorinated Water by XAD  Adsorption" by 

Albert M. Cheh, Ph.D. As indicated in Dr. Chawla's project on trihalomethane, the use of  

chlorination in water resources has an important impact which water resource managers and 

planners have to deal with. But when chlorine is present it could react with the XAD resins 

commonly used to sample and concentrate water organics and thereby creating a false 

indication of the presence of certain compounds. Few studies on this area have been 

performed; other compounds 

 



 

such as electrophiles are known to be lost during the normal handling of water samples, but no 

systematic studies have been done on losses either. The principal investigator intends to conduct 

a systematic survey on both of these problems. Measuring the impact of artifacts as a 

confounding factor in the analysis of organics recovered from chlorinated waters by XAD 

methods, the principal investigator.-has found that converting free chlorine residual to 

monochloramine supresses the formation of artifactual mutagens by at least an order magnitude. 

The project has examined the loss over time of mutagens and electrophiles bound to XAD 

resins and the loss over time of mutagens and electrophiles after they are concentrated and 

stored for toxicological testing for analysis. The principal adds: "It may be that the chlorinated 

water organics are in a dynamic state, perhaps with some electrophiles being generated while 

others are lost. This could explain some of the variation seen in the aggregate measurements 

such as the overall mutagenic activities. It is felt that individual electrophiles and mutagens 

must be identified and quantified such that variations in their levels can be measured directly. 

Until then, it is not certain what significance their losses seen might have. The finding of a 

method to supress sampling artifacts should be of significant value". 

 
C. Technology Transfer 

Fiscal year 1982 was a year of many activities dealing with technology transfer and 

information dissemination. The Center organized many seminars and conferences and 

increased its relationship with the major D.C. water resources agencies such as the Interstate 

Commission on the Potomac River Basin, the Department of Environmental Services and the 

Metropolitan Washington Council of Governments.... 



 

The seminars are usually held once a month on every third Wednesday of the month. 

The first seminar was given by Dr. Daniel Sheer, Director of the Cooperative Water Supply 

Operations on the Potomac and Planning Engineer at the Interstate Commission on the Potomac 

River Basin. Dr. Sheer talked on the Potomac River overview from its source down to the 

mouth of the river. The overview covered the geographic, climatic and social aspects of the 

river with highlights of major problems at various portions of the river. 

 

The second seminar entitled, "Growth of Bacteria in Purified Waters and its Significance 

as a Health Hazard" was delivered by Dr. Benedict DeCicco, Professor of Biology at The 

Catholic University of America. Dr. DeCicco has undertaken several projects for the D.C. 

Water Resources Research Center. His talk relied much on his previous project with the Center. 

He highlighted the removal of eutrophic nutrients from wastewater and their conversion to 

bacterial single cell protein for animal feed supplement. 

 

Mr. Harry Ways, Chief of the Washington Aqueduct Division of the Corps of Engineers 

was the lecturer of the third seminar. He spoke on the "Potomac Estuary Water Treatment 

Plant". The Washington Aqueduct Division is the only water supplier to the District of 

Columbia and portions of Virginia suburbs. The Potomac estuary treatment plant is part of a 

project to study the feasibility of treating the water from the upper estuary for drinking 

purposes. 

The fourth seminar was jointly sponsored by the Water Resources Research Center and 

the Interstate Commission on the Potomac River Basin. It was entitled, "Facing the Problem of 

Drought with Forecasting Techniques". The speakers were Jim Smith and Daniel Sheer. The 

recent improvement on the cooperation for water supply during low flow periods for the 

Washington Metropolitan Area stems from the possibility to make an accurate forecast of 



 

the water conditions of the river and then determine the allocations for water supply to 

various jurisdictions involved. The prediction of the water level during low flow stages will 

assist in releasing water from the Bloomington Dam reservoir more than 200 miles away. 

One important result of the forecasting technique is that, 40% of the water released from the 

Bloomington Dam will reach the Washington area in an estimated 4 days, the remainder in 6 

days. They described techniques of estimating soil moisture conditions throughout the region 

and thus be able to predict the flow of the Potomac River at Great Falls. 

Dr. David Danner, President of Ideamatics and Ph.D. from The Catholic University of 

America spoke on "Modeling water quality without complex mathematics". Dr. Danner's talk 

was based on a study funded by the Center on "Urban Planning Criteria for Non-Point Source 

Water Pollution Control". He developed a model which simulates the response of a typical 

urban area to a time series of rainfall events. The urban storm runoff quality and control 

alternative within the context of an urban sewerage system was evaluated with various 

combination of alternatives through their pollution removal efficiencies and costs. 

Washington, D.C. was selected for a case study. 

The last seminar was given by Mr. William Johnson, Director of the .D.C. 

Department of Environmental Services. He gave a major overview with films and slide 

projection of the D.C. Wastewater Treatment Plant. Mr. Johnson was assisted by Messrs. 

John R. Thomas and Sonnie Mason who gave views on the history of the D.C. Wastewater 

Treatment Plant, its major processes and accomplishments. He also addressed the issues 

concerning the sludge management in the District of Columbia within the regional context. 
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On May 25-26, 1982, a field trip to the water resources installations in D.C. was conducted. The 

bureaus of Water and Sewer Services, the Blue Plains Regional Wastewater Treatment Plant, the 

Corps of Engineers Experimental Treatment Plant all were visited with expert guides. Interviews 

were held with the managers and technicians. The following day, May 26, water resource managers 

and officials gave their views on the water resource situation on D.C. and potential research 

problems. They also highlighted the potential areas of cooperation between the university 

researchers and the D.C. water resource managers. 

The Center continues to publish its quarterly newsletter entitled, "Water Highlights". The 

newsletter is distributed to local agencies and researchers. The Center's staff attended and 

participated in many area meetings on D.C. water resources management. Those are the regular 

monthly meetings of the Council of Governments, the Department of Environmental Services 

meetings and the Interstate Commission on the Potomac River Basin sessions. The Center shared its 

views and assisted in bringing its expertise to the solution of major D.C. water resource problems. 

The Water Resources Research Library which is set up in the University of D.C. Library, 

building 39, is well on the way to being fully organized and is currently accessible and available to 

students and researchers. The books received from other institutes and agencies are cataloged and 

published in the newsletter. The reports published by the Center are also widely distributed; some 

are sent to relevant agencies and some are made available to researchers as well as the general 

public. 

During the fiscal year 1982 four reports were prepared under the Director's office. The first 

report dealt with the D.C. Water Resources Activities.  
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Major activities that occurred during 1980 and 1981 were described and the technical and 

management problems highlighted. The activities of local, regional and federal agencies on 

water quality and water quantity problems of Washington, D.C. were reported. This 

summary of events that took place in the water resources field in D.C. will help in 

understanding the very intricate water resources situation in D.C. The water resources 

problems dealing with institutional aspects are very complex and require a broad view of all 

activities and all the organizations connected with it. A similar effort will be undertaken in 

the coming years. A synopsis of all the activities for the year will help both the managers 

and the researchers have a more global picture of .the water situation and hopefully discern 

the trends in the water resources management and water resources problems in D.C. Both 

new and on-going major studies were highlighted. Those included the Potomac strategy, the 

Chesapeake Bay Program, the Blue Plains feasibility studies and others. An update of the 

statistics dealing with meterological data, water quality data, wastewater flows, organic 

loadings, and population characteristics were also provided. This report has been published 

as the DC WRRC Report No. 38. 

 

The second report is the revised and updated version of an earlier report, "The Curriculum 

for Water Supply and Wastewater Operation, Maintenance and Management", DC WRRC 

Report No. 23. This report describes the core water quality courses given at the University 

of D.C. and the academic support relating to these courses. A survey of employment 

opportunities for water and wastewater treatment plant operators in the Washington 

Metropolitan Area was also performed. This report led to funding from the D.C. Department 

of Environmental Services for preparation of a training program for their employees.  The 

funds for the fiscal year 83 amounts to $53,521, with in-kind matching funds of $36,375. 
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But the two long awaited reports that were completed this year were the "Directory of University 

Water Expertise in the District of Columbia", DC WRRC Report No. 40 and the "Directory of Water 

Related Organizations in the District of Columbia", DC WRRC Report No. 41. The first of these 

reports lists all the faculty members in the District of Columbia involved directly or indirectly with 

water resources. The faculty members were selected from the University of D.C., Howard University, 

George Washington University, Catholic University, Georgetown University and American University. 

The second report provides a comprehensive listing of government agencies, interstate and regional 

agencies, the District government agencies, the Metropolitan Washington Area water agencies, the 

water related citizens committees and task forces, the research institutions, the water related consulting 

firms and private interest organizations. The name of each organization, its address the key people 

and its missions, objectives, interest and involvement in D.C. water related problems are given. These 

two reports were prepared as part of the technology transfer/information dissemination program. They 

will enhance in the knowledge of the organizations involved in water resources in the District of 

Columbia. They will facilitate the communication and information exchange between organizations 

and faculty members; they will help interested parties locate the organization or the expertise most 

appropriate to their concerns; and finally they will inform interested parties of the numerous and 

diverse organizations with interest or involvement in D.C. water resources. In the future these 

directories will be computerized and updated on a regular basis. 
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WATER RESOURCES RESEARCH SEMINARS 1981-1982 
 
 

February 4, 1982 Dr. Daniel Sheer, Director, CO-OP  “Potomac River Overview” 
2-3 pm   Planning Engineer 
   Interstate Commision on the Potomac  
    River Basin 
 
February 18, 1982 Dr. Benedict DeCicco    “Growth of Bacteria in Purified 
2-3 pm   Professor of Biology    Waters and its Significance as a  
   The Catholic University   Health Hazard” 
 
March 25, 1982 Mr. Harry Ways, Chief   “The Potomac Estuary Water 
2-3 pm   Washington Aqueduct Division  Treatment Plant”  

  Corps of Engineers 
 
March 26, 1982 ICPRB Workshop    “Facing the Problem of Drought 
2-3 pm   Dr. Jim Smith and Dr. Dan Sheer  with Forecasting Techniques” 
 
April 15, 1982  Dr. David Danner, President   “Modelling Water Quality without 
2-3 pm   Ideamatics     Complex Mathematics” 
 
May 6, 1982  Mr. William Johnson, Director  “Wastewater Treatment for D.C.” 
2-3 pm   Dept. of Environmental Services  
 
 
 
Location:  University of the District of Columbia 
  Van Ness Campus 
  4200 Connecticut Avenue, N.W. 
  Bldg. 44, Rm A-03 
  Washington, D.C. 20008 
 
For more information call 282-7333/4 
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ANNUAL COOPERATIVE PROGRAM FY 82 PRINCIPAL INVESTIGATORS AND STUDENTS 

PRINCIPAL INVESTIGATORS UNIVERSITY DEGREE

Robert C. Waters             George Washington DBA 

George Eng University of D.C. Ph.D. 

Isadora Posey University of D.C. Ph.D. 

Ramesh C. Chawla Howard University Ph.D. 

Man Mohan Var a Howard University Ph.D. 

Frederick W. Carson American University Ph.D. 

Albert M. Cheh American University Ph.D. 

Mamadou H. Watt WRRC Ph.D. 

STUDENT ASSISTANTS/ASSOCIATES UNIVERSITY  

Vassilis S. Moustakis George Washington  

Van Nguyen University of D.C.  

M. Murali   

P. Natarajan   

A. Balram   

A.K. Marwaha   

L. Salvo Staff MS 

P. A. Filler “ BS 

W. Mitchell                  “  

W. Harley                  “  
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Attachment to Form OW-1 

OWRT Project A-017-DC 
Artifacts and Losses in the Sampling of Chlorinated Waters by XAD Adsorption 
Principal Investigator-Dr. Albert M. Cheh 

NARRATIVE STATEMENTS: 

(A) Research Project Accomplishments 

Chlorination of natural waters generates mutagens that are most likely electrophiles. Adsorption 

of mutagens (electrophiies) to XAD resins is commonly used to recover these compounds from 

chlorinated waters. This project has examined the artifactual production of mutagens and electrophiles 

via the action of chlorine on XAD-4 resin. Significantly, it has found that converting free chlorine 

residuals to monochloramine suppresses formation of artifactual mutagens by at least an order of 

magnitude. This is consistent with observations that monochloramine is kinetically at least an order of 

magnitude less reactive toward 

Chlorinated water electrophiles are reactive species and upon storage they could be lost to 

processes like solvolysis. This project has examined (a) the loss over time of mutagens and 

electrophiles bound to XAD resins (simulating the time necessary to ship resin columns from the field 

to the testing laboratory), and (b) the loss over time of mutagens and electrophiles after they are 

concentrated and stored for toxicological testing or analysis. 

(a) Ames assays gave inconsistent results. In general,losses. were observed when resin bound mutagens 

were stored for three days, but on occasion, increases in mutagenic activity were seen. Losses and 

gains, without any consistent pattern, were seen with samples stored one day. Assay of electrophiles by 

labeling with the nucleophile 4-nitrothiophenol (NTP), with separation and detection by 

HPLC,generally showed losses of electrophiles, but on occasion new electrophiles were seen. 

(b) Concentrated samples stored in DMSO lost mutagenic activity, while samples in ethanol appeared 

not to. Electrophile assays with NTP, however, showed that certain electrophiles disaapeared from 

ethanol concentrates. 

It may be that chlorinated water organics are in a dynamic state, perhaps with some electrophiles 

being generated while others are lost. This could explain some of the variations seen in an aggregate 

measurement such as overall mutagenic activity. It is felt that individual electrophiles and mutagens 

must be identified and quantitated, such that variations in their levels can be measured directly. Until 

then, it is not certain what significance the losses seen might have. The finding of a method to suppress 

sampling artifacts should be of significant value. 





OWRT Project A-017-DC Narrative Statements, continued Form OW-1 

 

(B) Application of Research Results 
Members of the New Jersey Department of Environmental Protection, who have been conducting a 
survey of state waters for mutagenic activity, have been concerned about how meaningful a marginal 
finding of mutagenic activity might be in light of possible XAD+chlorine artifacts. They and members 
of the U.S.EPA Health Effects Research Lab in Cincinnati would be interested in any means of 
suppressing these sampling artifacts. 

(C) Publications 

Publication of the results on artifact suppression will be considered when further studies in that area 
are completed (see part E). 

(D) Project Status 

The project will continue under a no cost extention, until March 1983. 

(E) Work Remaining and Progress Contemplated During Next Year. Further kinetic studies on the 
reaction between chlorine chloramine and XAD resins, encompassing additional reaction parameters of 
time, temperature and pH remain to be done. Further processing of the complex data obtained with  
electrophile labeling by NTP also remains to be done. 



  



Attachment to Form OW-1 (10/80) 

(A) Research Project Accomplishments. The research objective was to evaluate the relevance of 

the Willingness to Pay (WTP) approach in evaluating recreational benefits. WTP is widely 

used and favored by academic economists despite the fact that is not supported by 

recreation planners. The finding that use of any WTP based method does not lead to Pareto 

optimal (or near optimal) social arrangements constitutes the major contribution of the 

research. That is, it is not only that implementation of WTP is costly, data consuming, and 

incompatible to the political process underlying all recreation planning activities, but it also 

gives erroneous results. Further, it is showed that the Unit-Day-Value (UDV) method, as an 

alternative to WTP, presents a robust alternative which for much less cost and effort (than 

the WTP) would provide more operational (than the WTP) results. Finally, a framework for 

effective UDV implementation, along with suggestions for further research whose 

objective would be to derive uniform and sensible UDV's, are provided. 

 

(B) Application of Research Results. Research results have a  strong potential of usability since 
they show that: 

(a) Willingness-to-Pay (WTP) based methods are socially inefficient as leading to 
Pareto suboptimal arrangements, and 

(b) Unit Day Value (UDV) which is the approach mostly favored by recreation planners, has 
merit in it. The framework for deriving UDV's contained in the report could be used 
potentially by Federal agencies in setting values for water based and other recreation. 

(c) This is, probably, the only research done in terms of recreational benefits that is really 
looking to the user and to the effectiveness of the planning process rather than to the 
elegancy of presentation as a goal. 

The existing process basically is a political one, which is ignored by the academics who 

suggest "theoretically correct solutions" which are infeasible to implement. The research 

proposes improvements to the present process which is operationally feasible. 



  
Page Two 

(C) Publications. 

1. Waters R.C., Moustakis, V.S., (1981), An Evaluation of Recreational Benefits and 
Use Estimating Models for Water Resource Planning, Available from NTIS 
(PB82198003). 
To appear in. Water Resources Bulletin. 

2. Waters R.C., Moustakis, V.S., (1982), Assessment of the State of the Art and 
Development of Proposed Improvements in Recreation Benefits Valuation for Water 
Resource 
planning, Forthcoming Project (A-018-DC) report. To be published in an 
Economic journal. 

(D) Project Status. Project has been completed in September 30, 1982. Final Report is due to the OWRT 
(Van Ness campus of  UDC) by mid November 1982. 

(E) Work Remaining and Progress Contemplated During the Next Year. As a separate phase, further 
research would be undertaken to actually derive Unit Day Values using the framework suggested 
in the final report (A-018-DC).  



  



 
 
 
 
 

Department of Chemistry 
The American University 
Washington, D.C. 20016 

 
-------------------------------------------------------------------------------------------------------------------------------------- 

 Frederick W. Carson          November 15, 2005 
 

PROJECT A-019-DC OWRR ANNUAL REPORT 1982 
 

NARRATIVE STATEMENTS 
 

Enzymatic Analysis of Nutrients in Water – Phase III 
 

(A) RESEARCH PROJECT ACCOMPLISHMENTS 
 
 

DETERMINATION OF NITRITE AND NITRATE IN WATER  
BY REDUCTION TO AMMONIA FOLLOWED BY ENZYMATIC CYCLING 

 
 

An abstract of our work follows; a complete report with the title above has been submitted to the Water 
Resources Research Center at the University of the District of Columbia. 

 
 

ABSTRACT 
 

A procedure has been developed to determine the concentration of biologically 
significant nitrogen present as ammonia, nitrite and nitrate in water samples colorimetrically. In 
addition, the concentration of each of these constituents may be determined separately if desired. 
The method is sensitive and not subject to the interferences commonly encountered in nitrate 
determinations. It involves the reduction of nitrite and/or nitrate to ammonia with Devarda’s 
metal while simultaneously trapping the released gaseous ammonia with dilute hydrochloric 
acid solution in a modified Conway diffusion cell. Subsequently, the ammonia produced is 
detemined using the enzymatic cycling assay previously developed by Carson and Davies. 
Standard solutions of ammonium chloride must be carried through the procedure to prepare a 
standard curve from which unknown concentrations of nitrate may be determined. Using the 
established procedure, plots of Absorbance change at 600 nm versus original nitrate 
concentration were linear, with correlation coefficients ranging from 0.991 to 0.999. A series of 
replicate measurements had a coefficient of variation of 3% for samples containing 2.70 x 10-5 
M nitrate ion when compared to a such a standard curve.  

 
 
Devarda’s metal reduces both nitrite and nitrate. Nontheless, individual concentrations of 

nitrogenous components could be determined as follows: the procedure described would give 
ammonia plus nitrite plus nitrite; treatment of a sample with purified sulfamic acid solution prior 
to the analysis would destroy the nitrite and the assay would quantify ammonia plus nitrate; 
omission of the reduction step would lead to detection of ammonia alone in the enzymatic 
cycling analysis. Hence, each component could be determined by difference. 



 

The equipment required consists of standard volumetric glassware, Eppendorf pipettes, 
modified Conway diffusion cells and a spectrophotometer or colorimeter. The reagents used are 
relatively inexpensive and safe to handle. The reduction is carried out at room temperature 
overnight or for 16 hours using 1.00 ml of sample. 

(B) APPLICATION OF RESEARCH RESULTS 

Martha N. Jones of the Centralized Environmental Laboratory, Department of Biology, East 
Carolina University, Greenville, North Carolina 27834 has written to the Principal Investigator. 
She is interested in exploring alternative methods for determining nitrogen in water which offer 
greater sensitivity, more stability, and fewer interferences than the standard methods now being 
used. 

Dr. Proveen David Dass of the Department of Physiology and Biophysics, Shreveport 
Medical Center Louisiana State University, Shreveport, Louisiana has discussed this work with 
the Principal Investigator. He is interested in applying it to enzyme kinetic studies of two newly 
isolated glutaminases from rat kidney. 

Dr. L. Tron of the Department of Biophysics and Dr. L. Muszbek of the Department of 
Clinical Chemistry, University School of Medicine, 4012 Debrecen, Hungary have expressed 
interest in the enzymatic cycling aspects of this work. 

Dr. Walter R. Benson, Director, Division of Drug Chemistry, Food and Drug 
Administration, HFD-420, 200 C Street, Washington, D.C. 20204, has discussed the possibility of 
extending the method to drug analyses with the Principal Investigator. 

Numerous libraries and individuals have requested reprints of reports on enzymatic analysis 
of nutrients in water. 

(C) PUBLICATIONS

R.L. Gross and F.W. Carson, "Colorimetric Analysis of Ammonia in Water, " OWRT A-003-
DC(1) Final Report, February, 1977. 

R.L. Gross and F.W. Carson, "Colorimetric Analysis of Ammonia in Water," chapter in 
"Environmental Analysis," (Papers of the Third Annual Meeting of the Federation of Analytical 
Chemistry and Spectroscopy Societies), pp. 207-214, G.W. Ewing, Ed., Academic Press, June, 
1977. 
H.W. Davies, "Determination of Ammonia in Water by Enzyme Cycling," Abstracts of the 
January 23, 1979 Meeting of the Baltimore-Washington Section of the Society for Applied 
Spectroscopy. 



H.W. Davies, "Determination of Ammonia in Water by Enzymatic Cycling," M.S. Thesis, 
The American University, 1980. 

F.W. Carson and H.W. Davies, "Condensed Report on the Use of Enzymatic Cycling for 
High Specificity and Precision in the Colorimetric Analysis of Ammonia," OWRT-B-009-
DC(2), 14-34-0001-807 Final Report, October, 1980. 

F.W. Carson and H.W. Davies, "Detailed Report on the Use of Enzymatic Cycling for High 
Specificity and Precision in the Colorimetric Analysis of Ammonia," OWRT-B-011-DC(1) 
Final Report, October, 1981. 

F.W. Carson and P.L. Rogers, "Determination of Nitrite and Nitrate in Water by Reduction 
to Ammonia Followed by Enzymatic Cycling," OWRT-A-019-DC Final Report, October 
1982. 

(D) PROJECT STATUS 

This project has been completed. 

(E) WORK REMAINING AND PROGRESS CONTEMPLATED DURING NEXT 

This project has been completed. 





 

Leaching of the organotin compounds was performed by suspending them in 

distilled water. The suspensions were then shaken mechanically for periods of one hour to 

two weeks at room temperature. After shaking for the prescribed period, the suspensions 

were extracted with chloroform or benzene to collect the organotin species. The infrared 

spectra of all or,ganotin species which were isolated either from the extracted material of 

the undissolved residue were then recorded as KBr pellets. Species formation as well as 

their structure were then deduced from the spectra. Thin-layer chromatography was 

performed in an attempt to separate mixtures of Ph3SnCl/Ph3SnOH and 

Ph3SnOAc/Ph3SnOH. 

 

Major Findings: 

The infrared spectra for the extracted materials from shaking Ph3SnCl and Ph3SnOAc 

with water indicated that the spectra were essentially identical to the original compounds. 

The infrared spectrum of the residue from Ph3SnCl showed that there was some formation 

of Ph3SnOH. 

Major Conclusions: 

The preliminary results indicated that when Ph3SnCl was shaken with water, a partial 

hydrolysis of the Ph3SnCl resulted. This conclusion was based on the infrared spectrum of 

the residue from the seven day shaking of the Ph3SnCl with water. The infrared spectrum 

showed a small doublet around 910 and 897 cm-1 which is characteristic of the hydroxide 

compound. 



The infrared spectra of the extracts from the various shakings with water indicated 

that they were quite similar to the original compounds, Ph3SnCl and Ph3SnOAc. 

Thus, it appears that mixing Ph3SnCl with water forms the Ph3Sn+ ion which can 

then react with water to form the hydroxide compound or with the chloride ion to reform the 

original compound, Ph3SnCl. 

 The reaction scheme of Ph3SnCl with water is proposed as follows: 
 
 

                       

(B) Application of Research Results. 

None 

(C) Publications. 

None 

(D) Project Status. 

Project will continue in progress during the next fiscal year. 



(E) Work Remaining and Progress Contemplated During Next Year. 

Work is still in progress on the effort to separate Ph3SnCl/ Ph3SnOH and 

Ph3SnOAc/Ph3SnOH mixtures. HPLC techniques will be applied to this separation problem 

when the columns which were ordered arrive. 

The pH of both the aqueous suspensions of the organotin compounds and the aqueous 

layers left after extraction are being measured to verify the formation of the hydronium ion as 

proposed in the reaction scheme. 



                 



 
NARRATIVE STATEMENTS - FORM OW-1 

A. Research Project Accomplishments

The aqueous chlorine reacts with certain precursors (humic Acid, fulvic acid and 
organic industrial wastes) to form trihalomethanes (THM's) which are suspected carcinogen-
mutagens. The EPA has promulgated that the maximum concentration level (MCL) of total 
trihalomethanes in drinking water should not exceed 100 Vg/t. Our preliminary results on 
Potomac water indicate that at times the THM formation potential for 72 hours exceeds the 
MCL. To conform to this standard either the precursors or the THM's must be removed. 

Trihalomethane (THM) removal by granulated activated Carbon (GAC) was studied- 
using both batch and continuous methods. Single THM and THM mixtures were studied for 
absorption on GAC. Trihalomethanes were concentrated by liquid-liquid extraction technique 
using pentane as the solvent and the resulting pentane-THM mixtures were analyzed via gas 
chromotography using electron capture detector. 

Preliminary analysis of data indicates that the removal process is nonlinear with time. 
Chromatographic effects were observed when high doses of trihalomethanes were used 
indicating preferential removal. 

B. Application of Research Results 

The results of this study would be beneficial to the water treatment facilities such as 
municipalities in the control of trihalomethanes in drinking water to meet the federal standard 
of 100 Pg/t. The work was coordinated with the Washington Suburban Sanitary Commission 
(WSSC) and they are very interested to know the results of the study for use in their THM 
control efforts. This data should also be useful for design of future water treatment facilities to 
meet the federal THM standards. 

C. Publications

Under Preparation 

D. Project Status

The project is continuing at no cost extension till December 31, 1982. A final report on 
this will be submitted to OWRT at a future date, 

E. Work Remaining and Progress Contemplated During Next Year 

The data analysis is now in progress which should end by December. A report 
will be prepared in early 1983. 
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