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STRUCTURE AND RESPONSIBILITIES OF THE 
ENVIRONMENTAL MONITORING AND RESEARCH IEM&R) DIVISION 

The EM&R Division has 79 employees and is co~.prised of 

seven Sections (Figure 1) , viz., 

1. Administrative Section 

2. Wastewater Treatment Research Section 

3. Land Reclamation and Soil Science Sectio~~ - 

Stickney & Fulton County 

4. Bir~logy 

5. Toxic Substances Section 

6. Radiochemistry Section 

3. Experimental Design and Statistical Evaluataon 

Sect ion 

8 The major areas of focus of the Division were as 

f cllows r 

a Mcnitoring the environmental quality of Lake 

Michigan, area rivers and canals, and the Z L i i -  

nois River to document the effectiveness of the 

District's wastewater treatment program; 

a Assisting in the resolution of sewage treatment 

and solids disposal operations problems; 
-. 

xvi i 
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Figure 1 

ENVIRONMENTAL MONITORING AND RESEARCH DIVISION ORGANIZATION CHART 
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B Providing technical assistance to other depart- 

ments and agencies with respect to issues re- 

1-ared to wastewater treatment, waterways maLaye- 

nlent. and solids processing, utilization, and 

marketing; 

s C:onducting applied and operations research to 

achieve improvement and cost reductions in Ex.;- 

trnct wastewater treatment, waterways macage- 

ment, and solids processing activities; 

0 Assessing the impacts of new or proposed regula- 

tions on District activities. 

The plirgose of this report is to present the aet:vities 

and con~ribut:ions of these Sections during 1999. 

xix 



ENVIRONMENTAL MONITORING AND RESEARCH DIVISION 

Administrative Section 

This Section consists of the Assistant Director- cf Re- 

search and Development, two Research Scientist IVs, and a 

clerical support staff. Its purpose is to oversee and c~erdi- 

nate the work of the sections comprising the EM&R Division. 

Wastewater Treatment Research Section 

The Xastewater Treatment Research (WTR) Secti~ri IS re- 

sponsible for conducting basic, applied, and problelr. solving 

research on various wastewater and sludge treatment precesses 

currently utiiized by the Metropolitan Water Reclamatisn Dis- 

trict cf Greater Chicago (District.) . Technical assistance is 

provided to the Maintenance and Operations (M&O)  Oepartment 

for solving wa'rer reclamation plant (WRP) operating probl_cms. 

This sectior aLso investigates innovative treatment processes 

for future use. The investigation of current operatic~s may 

originate as the result of a WRP problem, or interesr in ar- 

riving dt new knowledge concerning certain aspects of 2 waste 

treatment process. Studies of future operations are concerned 

with maximizing the efficiency of an existing process at the 

lowest c o s t ,  or the development of new processes. Investiga- 

tions may take the form of surveys, literature reviews, labo- 

ratory bench testing, pilot plant studies, full-scale testing, 



special analyses, or a combination or progression of any or 

all of the above. Plans and specifications are also reviewed 

at the request of the Engineering Department for the purpose 

of optimizing process design criteria. 

In 1999, the section was primarily concerned with studies e 

relating to odor control, sludge treatment technologies, res- 

pirometry, and the Tunnel and Reservoir Plan (TARP) Systems. 

The chief projects performed by the section are summarized be- 

low. 

POLYMER TESTING PROGRAM FOR THE DISTRICT CENTRIFUGE COMPLEXES 

In March 1999, winter polymer testing was carried out at 

the Stickney WRP for the selection and purchase of polymers 

used in the centrifugal dewatering of anaerobically digested 

sludge. The testing procedure is performed twice at Stickney, 

once in summer and once in winter, as sludge conditions during 

these seasons require different polymers at this WRP. Polymer 

testing was also carried out for centrifugal dewatering at the 

Calumet WRP during May 1999. 

Contract documents were prepared and issued by the Dis- 

trict for the solicitation and submittal of polymers for test- 

ing at the Stickney WRP and the Calumet WRP, with the objec- 

tive of selecting suitable .polymers meeting the centrifuge 

performance criteria, described therein, at the lowest cost. 



This includes polymer cost, sludge transportation ~ 3 s - r . ~  and 

air-drying cost. 

-n -he poiymer selection procedure consisted of tes",ing a 

maximum of two polymers from any given vendor on a f~i1-scale 

centrifuge. The polymer that passes the test performance cri- 

teria (as described in the bid documents), and has the lowest 

cost for coriditioning per unit mass of sludge, is the ~alymer 

of choice fcr purchase. A summary of the relevant infornation 

about the w;nter tests conducted at the Stickney WRP 2s pre- 

sented in Table 1. The Calumet WRP test summary is Table - 

2 .  - 

POLYMER TE;SXNG PROGRAM FOR GRAVITY BELT THICKENEX A? THE 
HANGVER PARK WRP 

In 1999, polymer testing was carried out at the ErIanover 

Park WRP for the selection and purchase of polymers 1;seci in 

the gravity belt thickening of primary and waste aetIvated 

sludge. Documents were issued by the District for the solici- 

tatiar? and. submittal of polymers for testing at the Fanover 

Park WRP, with the objective of selecting suitable pcl.ymers 

meeting the gravity belt thickener performance criteria, de- 

scribed therein, at the lowest cost. 

The poiymer selection procedure consisted of testing a 

maxip-urn of two polymers from any given vendor on a full-scale 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

CENTRIFUGE COMPLEX POLYMER TEST RESULTS 
AT THE STICKNEY WRP - MARCH 1999 

Number of Vendors Involved in Tests 4 

Number of Polymers Submitted for Testing 8 

Number of Polymers Qualified for Bidding 7 

Polymer Selected Polydyne NW109 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 

CENTRIFUGE COMPLEX POLYMER TEST RESULTS 
AT THE CALUMET WRP - MAY 1 9 9 9  

Number of Vendors Involved in Tests 4 

Number of Falymers Submitted for Testing - 
Number of Polymers Qualified for Bidding -I 

Polymer Selected Polydyne NW121 



gravity belt thickener. The polymer that passes the test per- 

formance criteria (as described in the bid documents) and has 

the lowest cost for conditioning per unit mass of sludge is 

the polymer of choice for purchase. A summary of the relevant 

information about the tests conducted during July 1999 at the - 
Hanover Park WRP is presented in Table 3. 

LABORATORY STUDY TO DETERMINE THE EFFECTS OF ADDITIONAL 
PUMPING ON THE POLYMER DEMAND OF DIGESTED SLUDGE 

At the request of the Engineering Department, a labora- 

tory study was initiated in 1998 to determine whether addi- 

tional pumping of anaerobically digested sludge through a pro- 

posed loop distribution system for feeding the various centri- 

fuges would adversely affect the polymer demand at the Stick- 

ney WRP. The final phase of the study was completed in 1999. 

The experimental plan was developed by Consoer Townsend Envi- 

rodyne (CTE) Engineers in discussions with personnel of the 

Environmental Monitoring and Research (EM&R) Division of the 

District. 

Measurement of the capillary suction time (CST) of the 

digested sludge was used to determine the polymer dose needed 

to effectively condition the sludge for dewatering. A labora- 

tory mixer with a two-inch diameter propeller, at a speed of 

500 rpm, was used to mix separate aliquots of the digested 

sludge for periods ranging from 15 to 120 seconds to provide 
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TABLE 3 

SWIVITY BELT THICKENER POLYMER TEST RESULTS 
AT THE HANOVER PARK WRP - JULY 1999 

- -- 

* Number cf Vendors Involved in Tests - 

Number of Polymers Submitted for Testing 2 A 

Number of Polymers Qualified for Bidding 

Polymer Selected Aquaben 2850 



various mixing energy and detention times. The experiments 

were carried out in September 1998 using digested "summer" 

sludge, and repeated in February 1999 using digested "winter" 

sludge . 

The experiments were repeated on four separate days for 

each of the two time periods, for a total of 24 sets of dosage 

data for each type of sludge. 

For the summer sludge, the polymer dose for 15- and 30- 

second mixing was not significantly different from the zero 

mixing polymer dose. However, the polymer dose of the di- 

gested summer sludge mixed for 120 seconds was significantly 

different from the dosage of the control sludge in all repli- 

cates, and was also significantly different in some of the 

replicates mixed for 90 and 60 seconds. 

CTE Engineers estimated that the product of mixing energy 

and mixing detention times (GT value) for the full-scale addi- 

tional sludge pumping is equivalent to the 60-second premixing 

treatment. 

On the average, the dosage difference between the di- 

gested sludge samples mixed for 60 seconds and the control was 

2.8 lbs/ton, or 0.9 percent of the control polymer dosage. 

When compared to the actual variability of f6 lbs/ton obtained 

in full-scale polymer tests on the centrifuges, the mixing of 



digested sl~dge at 60 seconds is considered to have nn sub- 

stantial. impact on polymer dosage. 

Xitk the winter sludge, no increase in polymer dcsage was 

observed at any of the premixing times in the range of 15 to 

120 seconcs. 

Thus, it does not seem that the 60-second premixing 

treatmect, which is expected to simulate the mixing eRergy 

thar would 3e imparted to the digested sludge due a addi- 

tional pumping through the proposed looped pipe distribution 

sysr_ern, would have any significant impact on polymer dose for 

either summer or winter sludge. The results of this study 

were transmitted to the Engineering Department, and w e r 2  also 

presented at the WEFTEC '99 annual conference in New Orleans, 

Louisiana. 

ODOR MONITORING PROGRAM AT THE HASMA, VULCAN, ZASLqi, AND 
MARZlTl-ION SLUDGE PROCESSING SITES 

As part of the District's continuous surveill.ance pro- 

grar., the EM&R Division conducts odor monitoring at the Harlem 

Avenue Sludge Management Area (HASMA), Vulcan, the Lawndale 

Avenue Sludge Management Area (LASMA), and Marathon air drying 

sites. This odor monitoring program was initiated in 1933. 

Anaerobically digested sludge lagooned for two to three 

years is dried on paved drying cells to solids greater than 60 



percent. The sludge drying process is enhanced by agitation 

using auger-equipped tractors. 

The objective of this odor monitoring program is to iden- 

tify potential sources of odors and use corrective action if 

needed. - 
This program consists of two components. 

In the first component, R&D personnel visit 13 stations 

in the sludge drying areas at least three times a week. The 

odor monitoring personnel make subjective observations regard- 

ing the description and intensity of odors at the stations. 

In the second component of the program, the amount of 

agitation applied to the sludge at each drying site is tabu- 

lated (Table 4). The drying sludge is continuously agitated 

with auger-equipped tractors. This process gradually releases 

odorous materials in the sludge and introduces oxygen into the 

drying sludge. Experience has indicated that agitation is im- 

. . portant for drying the sludge in an odor-free manner. 

Figure 2 is a chart summarizing the observations of odor 

monitoring personnel during 1999. For each month, average in- 

tensity data from the 13 stations monitored several days a 

week were plotted. The percentage of visits at which easily 

noticeable, strong, and very strong odors were observed were 
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TABLE 4 

MONTHLY AUGER MACHINE AGITATION DATA 

C --------- Agitation (Hours/Acre/Weekf------------ 

Decemer 1999 

0 = No egitation, will resume in spring 2000. 
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FIGURE 2 

ODOR OBSERVANCE ON DISTRICT PROPERTY AT HASMA, 
WLCAN,  LASMA, AND W T H O N  - 1999 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MONTHS 

+Easily Noticeable -+Strong Very Strong 



plot~ed against the month of the year. Although these are 

peaks of easily noticeable odor observations during tk,e year, 

the strong and very strong odor observations were low t5reugh- 

out the year. 

The best indication of the District's success in process- 

ing sludge in an odor-free manner is the number of odor com- 

plai~ts from citizens in the vicinity of the processing spera- 

tion. Table 5 shows that no odor complaints from citize~~s re- 

garding the sludge processing facilities were repcrted in 

1999. 

ODOE YONIT3XING PROGRAM AT THE CALUMET WRP 

The Calumet WRP odor monitoring program initiz:ed in 

March I992 is a cooperative effort of the R & D  and M & 3  3epart- 

ments., The objective of the program is to collect: 2nd main- 

tain a database of odor levels within and around the KRP, and 

associated sludge processing areas, and to forewarn of Doten- 

tia: odor problems at the WRP. The program is conducted in a 

manner sire.;lar to other District odor monitoring pro9ran.s. 

The Calumet odor monitoring program involves e daily 

visi~atio~ of 22 stations around the WRP and sludge proc2ssing 

area*, At each station, R&D or M&O personnel make observa- 

tions regarding the character and intensity of odors. These 
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TABLE 5 

CITIZEN ODOR COMPLAINTS REGARDING THE HASMA, WLCAN, LASMA, 
AND MARATHON SLUDGE PROCESSING AREAS--1999 

Month 
Complaints Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Total Number 0 0 0 0 0 0 0 0 0 0 0 0 

Number Confirmed 0 0 0 0 0 0 0 0 0 0 0 0 



obserliations are tabulated and reported on a monthly kasis. 

Odors are described according to a list of descriptors, and 

the odor strength is ranked from 0 to 5, with 5 b e l r g  the 

highest odar. 

i r e  3 summarizes all of the observations made during 
f 

1999. As can be seen, odors were at very low levels in 1999. 

Any citizen odor complaint regarding the Calumet %RP was 

irnmedrately investigated, and corrective action was r a k e n  at 

the W3.P if tile complaint resulted from odor emissions fron the 

WRP. --- Table 6 is a monthly listing of the total ni.l&er of 

citizen camplaints regarding the Calumet WRP. As can be seen, 

no odor complaints were received from the public regarding 

these facili-~ies during 1999. 

ODOR EONITORING AT THE JOHN E. EGAN WRP 

The John E. Egan WRP odor monitoring program initiated in 

October 1993 is also a joint effort between the R&D arld M&O 

Departments. As is the case for the other odor mon~trring 

programs cub-rently conducted within the District, t h ~  purpose 

of this prosram is to collect and maintain a database a f  odor 

leveis wi~hin the WRP. The data is used to study t h e  trends 

in odor levels associated with WRP operations, and to relate 
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FIGURE 3 

CALUMET WRP ODOR OBSERVANCE WITHIN PLANT 
BOUNDARIES - 1999 
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odor levels to conditions unrelated to WRP operation or chang- 

ing conditions within the WRP, such as installation of odor 

control equipment. Since several residential dwellings sur- 

round the John E. Egan WRP, the odor monitoring program is de- 

signed to provide early warning of odorous conditions that de- 

velop within the WRP, and to allow control of them before they 

come to the notice of the residents. 

For the John E. Egan WRP odor monitoring program, seven 

stations within the WRP boundaries are visited on a daily ba- 

sis by M&O and R&D personnel. As with the other programs, 

odors are characterized according to type and intensity. 

These data are tabulated on a monthly basis. Also, all odor- 

complaints regarding the WRP are investigated by M&O person- 

nel. Upon investigation, they try to determine whether odor 

emissions from the John E. Egan WRP were responsible for the 

complaint. When it was likely that odor emissions at the WRP 

were responsible for the complaint, M&O personnel took action 

to ameliorate the causative conditions. 

Figure 4 summarizes the observations of odor monitoring 

personnel during 1999. For each month, average intensity data 

from the seven stations monitored several times a week were 
D 

plotted. The percentage of visits at which easily noticeable, 
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strong, and very strong odors were observed was plotted 

against the month of the year. As was observed for other odor 

monitoring programs, odor was observed for a low percentage 

(~10%) of the visits made to the John E. Egan WRP. 

Table 7 lists the total number of complaints from citi- 

zens regarding the WRP along with the number of complaints 

which, upon investigation, were con£ irmed by M&O personnel as 

possibly resulting from WRP odor emissions. During 1999, M&O 

did not report any odor complaints regarding this WRP. 

ODOR MONITORING PROGRAM AT THE STICKNEY WRP 

The Stickney WRP odor monitoring program initiated in May 

1991 is a cooperative effort between the R&D and M&O Depart- 

ments. The purpose of the program is to collect and maintain 

a database of odor levels within and around the WRP. Another 

objective of the program is to provide early warning of odor- 

ous conditions that develop within the WRP, and control them 

before they come to the notice of the residents around the 

WRP. 

On alternate days (during six days of the week), either 

R&D or M&O personnel visit each of the 19 established stations 

within and around the WRP and subjectively describe and quan- 

tify odors and their strength at that location. Odors are 
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TABLE 7 

CITIZEN ODOR COMPLAINTS REG-=DING THE JQHN E. EGAN WRP--1999 

Complaints 
Month 

Jan Feb Mar Apr May Jun Jul Auy Sep Oct Nov  Dec 

Total Number 0 0 0 0 0 0 0 0 0 0 0 0 

Number Confirmed 0 0 0 0 0 0 0 0 0 0 0 0 



described according to a list of descriptors, and the odor 

strength is ranked from 0 to 5, which corresponds to no odor 

for a rank of 0 to very strong odor for a rank of 5. On occa- 

sions when very strong odors are detected, M&O personnel are 

immediately notified so that corrective measures can be taken. 

Treatment process operations are among the sites moni- 

tored, such as sludge dewatering and anaerobic digestion, 

which have been associated with odorous conditions. Also in- 

cluded are locations along the perimeter of the WRP where 

odors might be detected by the public. 

Figure 5 summarizes the observations of odor monitoring 

personnel during 1999. For each month, average intensity data 

from the 19 stations, monitored six days a week, were plotted. 

The percentage of visits at which easily noticeable, strong, 

and very strong odors were observed and plotted against the 

month of the year. As can be seen from Figure 5, odors were 

observed less than 10 percent of the time for most part of the 

year. However, odors were observed 16 percent of the visits 

made during October 1999. 

Any citizen odor complaint regarding the Stickney WRP was 

immediately investigated, and corrective action was taken at . 

the WRP if the complaint resulted from odor emissions. 
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FIGURE 5 

STICKNEY WRP ODOR OBSERVANCE WITHIN PLANT 
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Table 8 is a monthly listing of the total number of citizen 

complaints received from the public regarding this WRP during 

1999. As can be seen, no citizen complaints of odors were re- 

ceived in 1999. 

ODOR MONITORING AT THE JAMES C. K I R I E  WRP 

The James C. Kirie odor monitoring program is a joint ef- 

fort between the R&D and M&O Departments, and was initiated in 

September 1996. The program was developed and conducted for 

the same reasons that the other WRP programs are conducted. 

Basically, the same procedures are used in the Kirie WRP pro- 

gram as used in the other WRP odor monitoring programs. 

Figure 6 summarizes the observations of odor monitoring 

personnel during 1999. As may be noted from the figure, the 

incidence of odors within the WRP was very low. 

Table 9 lists the odor complaints received from the pub- 

lic, and the complaints which were confirmed after investiga- 

tion by M&O personnel in 1999. During 1999, five confirmed 

odor complaints were noted, during September and October. 

ODOR SURVEY OF THE NORTH SIDE WRP 

The North Side WRP is sited in close proximity to resi- 

dences and several light industrial facilities. There is 
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FIGURE 6 
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little buffer between the WRP, residences, and industrial fa- 

cilities, particularly along the Howard Street boundary of the 

WRP . 
An odor survey of the North Side WRP was continued by the 

R&D Department, after the capital improvement construction was 

complete, in order to determine and document improvements in 

controlling odors generated at this WRP. The odor-related pa- 

rameters monitored during this survey included: 

I. Odor intensity and type, as determined by per- 

sonnel visiting sites within and around the WRP 

boundaries and making subjective assessments. 

2. H2S concentrations in air as measured with a 

Jerome H 2 S  Analyzer, an instrument capable of 

detecting the gas in the parts per billion 

range. 

The above parameters were determined at 13 stations 

within the WRP boundaries on a weekly basis. 

R&D personnel visit 1 3  stations within and around WRP 

boundaries at least once a week. The odor monitoring person- 

nel make subjective observations regarding the description and 

intensity of odors at the stations. 

Figure 7 summarizes the observations of odor monitoring 

personnel from January through December 1999. For each month, 



METROPOLITAN WATER RECLAMATIOND DISTRICT OF GREATER CELCAGO 

FIGURE 7 

NORTH SIDE WRP ODOR OBSERVANCES - 1 9 9 9  

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MONTHS 

I +~asily Noticeable + Strong *Very Strong / 



average intensity data from the 13 stations on District prop- 

erty were monitored one day a week and plotted. The percent- 

age of visits at which easily noticeable, strong, and very 

strong odors were observed, were plotted against the month of 

the year. 

There were no citizen odor complaints reported by the M&O 

Department during 1999, as shown in Table 10. 

ODOR MONITORING STUDIES FOR AGED C E N T R I F U G E  CAKE 

The results of an earlier study conducted by the R&D De- 

partment from 1990 through 1994 indicated that centrifuge cake 

aged for three years in a lagoon consistently yielded EDs0 val- 

ues below 300. An arbitrary ED50 value of less than 300 has 

been assigned to District sludges for land application in 

odor-sensitive areas. However, because the District plans to 

air-dry centrifuge cake at LASMA, additional odor monitoring 

of the aged centrifuge cake was requested by the M&0 Depart- 

ment as to odor potential of centrifuge cake which was aged 

for 1 1/2 years in the lagoons. In addition, centrifuge cake 

which was not aged was also monitored. This will allow a com- 

parison of the two cakes under the same weather and air-drying 

conditions. 





The unaged or 24-hour cake was applied to the drying 

cells at Stony Island during the spring and summer of 1999. 

The lagoon-aged centrifuge cake was applied to the drying 

cells from June through November 1999. The 1999 sampling pro- 

gram began April 6, 1999 and continued until December 21, 

1999. Three samples from each of the drying cells studied 

were collected once a week. The cakes were monitored for 

odors using the EDs0 test. The cakes were analyzed for TS, 

TVS, TKN, and NH3-N on a weekly basis. 

Table 11 lists results of the monitoring of the unaged 

24-hour centrifuge cake. Table 12 lists results of the moni- 

toring of the aged centrifuge cake. Each value is the average 

of three samples taken at random over the drying cell. 

ZINC CONCENTRATIONS IN CALUMET WRP DIGESTED SLUDGE 

The District has established an organizational policy to 

have its final sludge product qualify as an Exceptional Qual- 

ity (EQ) sludge suitable for any beneficial use. This policy 

is in agreement with the USEPA Part 503 Regulations which es- 

tablish specific risk-based pollutant limits for various heavy 

metals found in sewage sludge. 

The USEPA alternate pollutant limit (APL)  for zinc in the 

final sludge product is 2800 mg/Kg dry weight. The District 
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TABLE 11 

24-%OUR CENTRIFUGE CAKE AIR-DRIED AT STONY ISLAKD 
D U R I N G  1999" 

NH3-N T KN 
Date Sample % TS % TVS ( rng/L)  (mg/i) ED50 
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TABLE 11 ( C o n t i n u e d )  

24-HOUR CENTRIFUGE CAKE AIR-DRIED AT STONY ISLAND 
DURING 1 9 9 9 *  

TKN NH3-N 
D a t e  S a m p l e  % TS % TVS ( m g / L )  ( m g / L )  EDSO 

* D a i l y  values are  an average of three samples. 
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TABLE 1 2  

AGED CENTRIFUGE CAKE AIR-DRIED AT STONY ISLAND 
DURING 1 9 9 9 *  

NH3-N TKN 
Date S a n i p l e  % T S  % TVS ( m g / L )  ( m g / L )  ED50 

CIA AGCK 5s 
UA AGCK 5s 
CJA AGCK 5s 
CJA AGCK 5s 
IJA AGCK 6 N  
IJA AGCK 6N 
CJA AGCK 6N 
IJA AGCK 6N 
IJA AGCK 6N 
IJA AGCK 6N 
TJA AGCK 6N 
IJA AGCK 6 N  
UA AGCK 6N 
LJA AGCK 6N 
IIA AGCK 3 N  
CIA AGCK 3N 
13A AGCK 3N 
IJA AGCK 3N 
AGCK 5s 
TJA AGCK 3N 
AGCK 5s 
AGCK 5s 
AGCK 5 S  
AGCK 5s 
AGCK 5s 
AGCK 5s 
AGCK 5s 
.4GCK 5s 
AGCK 55 
AGCK 5s 

* D a l l y  va l#aes  a r e  a n  average of th ree  s a m p l e s .  



had an established target level for zinc in the Calumet WRP 

digester draw of 1691 mg/Kg, so that the zinc concentration in 

the final air-dried biosolids would always be below the APL 

value. 

The R&D and M&O Departments continually monitor sludge 

quality to ensure compliance with the Part 503 APLs. 

In 1999, work was completed on a study begun in 1997 to 

determine the causes of increased zinc concentrations in the 

digester draw at the Calumet WRP. Through an intensive inter- 

ceptor sewer sampling program conducted in conjunction with 

Industrial Waste Division field personnel, it was determined 

that previously unidentified industrial dischargers were one 

of the major sources of zinc entering the Calumet WRP. Vari- 

ous discussions and enforcement actions against these dis- 

chargers have resulted in the concentrations in Calumet WRP 

digester draw returning to levels below the District estab- 

lished zinc target level of 1691 rng/Kg dry weight. 

This can be seen in Table 13, which presents monthly av- 

erages of zinc concentrations in Calumet WRP digester draw for 

1998 and 1999. 
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TABLE 13 

?&VEFAGE XONTHLY ZINC CONCENTRATION IN THE CALUMET DIGESTER 
DRAW SLUDGE DURING 1998 AND 1999 

Zinc Conce~;ration* 
mg Znldry Kg 

Jan-dar'y 1938 
February 1398 
March 19538 
April 1998 
May 1998 
J x e  1998 
July 1998 
A:~gust 2598 
September 1998 
October 1998 
November 1998 
Decesr;ber 1998 
January 1999 
February 1999 
March 1999 
April 1999 
Kay 1999 
Jcne 1999 
July 1999 
August 1999 
September 1999 
October 1999 
November 1999 
December 1999 

*Kate: Target level = 1691 m g  Zn/dry Kg. 



EVALUATION OF ON-LINE RESPIROMETRY FOR AERATION CONTROL AT THE 
JAMES C. KIRIE WRP 

This project was undertaken to evaluate the application 

of on-line respirometry for aeration control of the activated 

sludge treatment process. Respirometry may be used to measure 

the biological response and oxygen requirement of sewage en- 

tering the aeration tank. Therefore, it can be used to pre- 

dict and control the oxygen requirement of the sewage treated 

in an activated sludge treatment process, and thereby save the 

energy that would ordinarily be expended by delivering more 

air than necessary. 

This joint project of the R&D and M&O Departments was 

conducted at the James C. Kirie WRP. The project was par- 

tially funded ($50,000) by the Community Environmental Center 

of the Electric Power Research Institute, St. Louis, Missouri. 

The objective of this project was to evaluate the appli- 

cation of on-line respirometry to control the air supply to an 

activated sludge treatment process, in order to minimize the 

electrical energy used to operate the blowers. Under the 

original experimental plan, three of the six identical aera- 

tion tanks at the Kirie WRP were selected for this study. 

During this study, the air supply was originally proposed to 

be measured by three different means in three different tanks; 

namely, on-line respirometers, automatic dissolved oxygen 



control, and nzanual control. In respirometric control, the 

air supply to the aeration tank would be based on the oxygen 

uptake rates (OURS) of the mixed liquor as determined by the 

on-line resplrometers. In automatic dissolved oxygen control, 

the measurement of air supply would be based on the ccrzently 

impiernented Disrrict protocol and practices, whereas in iaanual 

contral, the air supply to the test tank would be neL::i con- 

stant wl.thout any automatic contral systems. The resz,ts of 

the three simultaneous measurements were proposed to be com- 

pared for the electrical energy consumption needed to prcvide 

the air supply, and for a given level of wastewater trearment. 

Since tqe start of the project in late 1995, severe prob- 

lems sf ~zloggincj hampered the progress of the project during 

1995 and 1996. Finally, the clogging problems were corrected 

by ~l--,z end of 1996. Minor software problems were also experi- 

enced and resolved by July 1997. Since then, no majar k~rdles 

were encouctered. 

The original test protocol was revised in order :is col- 

lecc additicnal data and to expeditiously conclude the study. 

The revised test protocol included reducing air supply tc the 

experimental aeration tank on an incremental basis u r , z ~ l  ni- 

trification failed, and ammonia level in the experimenr~l rank 

effluent significantly exceeded the effluent ammonia Isvei of 

the control tank. The gradual reduction in air to the 



experimental aeration tank was in relation to the air fed to 

the control aeration tank. 

Sufficient data were collected to develop and validate 

two mathematical models showing relationships between the air 

supply or oxygen input required, and the activated sludge 

aeration tank operating parameters, oxygen transfer efficiency 

(OTE), oxygen uptake rates, and the effluent ammonia concen- 

tration. 

The study concluded that aeration control using the auto- 

mated DO probe system at the Kirie WRP provides optimum air 

supply and, therefore, the potential for electrical energy 

savings using on-line respirometry at the Kirie WRP is not 

substantial. As a result, an application of the on-line res- 

pirometry is not advantageous for the Kirie WRP under current 

operating conditions. In a system where air supplied far ex- 

ceeds the actual air demand, the opportunities for electrical 

energy savings using on-line respirometry are promising. Be- 

fore using on-line respirometry for controlling air at WRPS, 

however, more work needs to be done using program logic con- 

trols, computer-coded algorithms, and blowers that can respond 

to such controls to actually demonstrate the applicability of 

on-line respirometry using the models developed in this study. 

The reliability of on-line respirometry from an operation and 

maintenance point of view should also be investigated. 



H final report on this study will be submitted by early 

:zooo. 

TARP GR0UNC)WATER MONITORING PROGRAMS 

T n e  3istrict7s TARP Groundwater Monitoring Proqrax was 

implemented in 1976 to assess the impact on groundwaxer qual- 

ity and quantity. The TARP tunnels were constructed 100 to 

350 feet underground, and function as a part of the regionwide 

pollution and flood control system capturing and terr.pczarily 

storing combined sewer overflows (CSOs). The CSOs, W ~ I Z : : ~  are 

mixtures of raw sewage and storm water runoff, are subse- 

quently created at District WRPs. 

During normal dry weather conditions, a small asiiauzt of 

grourzdwate~r infiltrates the TARP tunnels due to a r a t i l r a l l y  

higher pressdre gradient favoring such infiltration. Hovever, 

during a major storm, the TARP tunnels may become filled with 

CSOs producing an internal pressure that causes exfLtration 

of small amounts of CSOs into the surrounding groundwater. 

After the storm subsides and the TARP tunnels have dewatered, 

inf ilcratic;n occurs, and small amounts of the surrounding 

groundwater are drawn into the tunnels. Groundwater rnoriitor- 

ing wells have been installed to verify the ~ n f i l t r a -  

tnon/exfiltrationl infiltration process which may cccur in 

strategic lclcations of the TARP tunnel operation, acd verify 



that the TARP system is not adversely affecting local ground- 

water. 

There are a total of 111 water quality monitoring wells, 

and 34 observation wells in the Calumet, Mainstream, Des 

Plaines, and Upper Des Plaines systems. Of these 111 wells, 

102 are currently being monitored. Six of the wells not being 

monitored (QM-51, QM-52, OM-54, QM-55, QM-60, and QM-66) are 

no longer required to be sampled by the IEPA and the other two 

wells (QM-59 and QC-8.1) are considered dry wells and are no 

longer being monitored. Monitoring well QM-57 was damaged by 

a crumbing seawall and has been abandoned. The TARP wells are 

located alongside completed portions of the TARP tunnels 

(Figure 8) . 

Four additional monitoring wells, QK-1 through QK-4, at 

the O'Hare Reservoir, were added to the TARP tunnel monitoring 

wells in 1998. Regular sampling of these wells began in Feb- 

ruary 1998. 

The Illinois Environmental Protection Agency (IEPA) gave 

the District permission to monitor the Mainstream TARP System 

wells QM-53, QM-56, and QM-70 through QM-82 (excluding wells 

QM-72 and QM-81) at a reduced rate of twice per year from six 

times per year. The same reduced sampling frequency was also 
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granted to Calumet TARP System wells QC-2.2, QC-9, QC-11 

through QC-15, QC-17, and QC-18, and Des Plaines TARP system 

wells QD-34, QD-39 through QD-45, and QD-47 through QD-49. 

The water quality monitoring wells are sampled for the 

following parameters: ammonia nitrogen (NH4-N), electrical 

conductivity, fecal coliform concentration, hardness, pH, sul- 

fate, temperature, total organic carbon, and total dissolved 

solids. Data collected from sampling TARP wells are submitted 

annually to the IEPA. 

The overall results obtained from regularly monitoring 

the TARP wells indicate that operation of the TARP tunnels has 

no adverse effect on the local groundwater system. 

RESEARCH SERVICES TO THE U. S. ARMY CORPS OF ENGINEERS TO 
SUPPORT THE DESIGN OF THE AERATION AND WASH DOWN SYSTEMS FOR 
THE MCCOOK RESERVOIR 

General Objective of the Project. The objective of this 

project is to provide research assistance, by the District 

and/or its subcontractors, to the U. S. Army Corps of Engi- 

neers (ACOE) to support the design of the Aeration and Wash 

Down Systems for the McCook Reservoir. The McCook Reservoir 

will eventually contain CSOs. This warrants an assessment of 

the potential for odors, and the impact of the reservoir con- 

tents on the ambient air quality. 



Project Description. The McCook Reservoir will provide - 
storage for CSOs from the Mainstream and Des Plaines TAR$> tun- 

nel systens, rhereby, reducing flood damages and rnininizing 

relezse of untreated CSOs to area waterways. The Mal~stream 

and Des Plaines TARP tunnels, constructed and operated by the 

District, will transport the CSOs to McCook Reservoir when 

flows exceed the capacity of the Stickney and North Sice WRPs. 

To minimize the possibility of odor formation, and to rca~ntain 

aerobic conciitions, an aeration system will be des?-gced to 

lnair~tain S mg/L of dissolved oxygen (DO) in a completely mixed 

environment. The wash down system will be designed to remove 

solsds and debrrs from the walls and floor of the reservoir 

between storm events to minimize odors, maintain air quaii.ty, 

and c~mply with the applicable air pollution regulations. 

Overall Scope of the Research Assistance Services. The - - 
worK will consist of research assistance services tc sipport 

the deslgn of full-scale aeration and wash down systers to be 

used at t h e  McCook Reservoir. 

Plans for laboratory, field, and/or pilot-scale tests 

will be developed for the Cryogenic Oxygen Barge (COB), a ~ d  U- 

tube aeration systems. Tests to determine the oxygen transfer 

efficiency (OTE), size of the aeration system needed, and fea- 

sibil~ty of utilizing a COB, and/or U-tube slystem rn the 



McCook Reservoir will be performed. If these systems are 

shown to be impractical, tests will be developed to evaluate 

air/Os injection systems for supplemental oxygenation of the 

McCook Reservoir especially during small events (less than 30 

feet deep). - 
Similarly, plans for laboratory, field and/or pilot-scale 

tests will be developed for the wash down system to obtain in- 

formation on odor formation. 

However, before conducting any laboratory, field, and/or 

pilot-scale tests, a literature investigation was undertaken 

by a subcontractor, Mr. Parnell O'Brien, retained by the Dis- 

trict to determine the technical, economic, and physical fea- 

sibility of incorporating the candidate systems into the de- 

sign of the total aeration system. This research will include 

discussion with individuals who have designed and/or operated 

COB and U-tube aeration systems, and will include site visits 

to facilities utilizing COB or U-tubes as part of their aera- 

tion system. Basic considerations of the literature search 

will be to ascertain the availability of sufficiently large 

quantities of cryogenic oxygen on short notice, its storage, 

and the hydraulic and water quality considerations, physical 

layout and dimensional data of the tunnel and reservoir sys- 

tem, mixing considerations, and energy requirements. These, 



and any other, concerns will be evaluated to help determine 

the feasibility of the systems under consideration. 

The work under this project only includes conducting Lit- 

eratcre searches on aeration and wash down systems, si~m;?.ariz- 

Ing the advantages and disadvantages of each system investi- 

gated, designing one laboratory test and one field 9.z pilot 

test for each of the systems (COB, U-tube, and wash dcxn: , and 

discussing the possible variations of these tests. If 1 3 0 3  or 

[J-tube syst:erns are shown to be impractical either under normal 

operating c:onditions or in shallow depths (less than 3C feet), 

Laboratory test or field test will be developed to eval~ate 

other injection systems for oxygenation of the reservoir 

The es:irnated cost of this project is approximately 

$180,300, which will be reimbursed to the District k -  the 

.ACOE. During 1999,  the first draft of the literature review 

was complet.ed, and the feasibility of doing large scale pilot 

plan"_aertion tests was studied. Work will continue on this 

project in 2000. 

OXYGEN T W N S F E 3  EFFICIENCY (OTE) 

The OTEs of the diffuser plates in the aeration t anks  in 

several District WRPs have been measured since 1990, usi r ,g  an 

off-gas technique. The OTE measurements are calle4 cff-gas 

tests. 



I n  1999, i n  response  t o  a  r e q u e s t  from t h e  management of 

t h e  North S ide  WRP (NSWRP) ,  o f f -gas  t e s t s  i n  t h e  s e l e c t e d  

a e r a t i o n  t a n k s  a t  t h e  NSWRP were conducted.  The main ob jec-  

t i v e s  of  t h e  o f f -gas  tes ts  conducted a t  t h e  NSWRP were (1) t o  

e v a l u a t e  t h e  e f f e c t i v e n e s s  of c l e a n i n g  t h e  d i f f u s e r  p l a t e s  i n  

t h e  w e s t  bay of  t h e  a e r a t i o n  t a n k  B6 i n  terms of improving t h e  

a e r a t i o n  e f f i c i e n c y ,  (2) e v a l u a t e  t h e  performance of  t h e  d i f -  

f u s e r  p l a t e s  i n  s e l e c t e d  t anks  i n  B a t t e r i e s  A, B and C,  and 

( 3 )  t o  conduct o f f -gas  t e s t s  i n  B a t t e r y  D s i m i l a r  t o  t h e  o f f -  

gas tests conducted i n  1995. 

I n  B a t t e r i e s  A, B and C, s i x  t e s t  s t a t i o n s  were s e t  up i n  

each tes t  t a n k  wi th  t h r e e  s t a t i o n s  i n  each bay, e x c e p t  i n  t h e  

a e r a t i o n  t ank  C12. The t h r e e  t e s t  s t a t i o n s  were l o c a t e d  a t  

t h e  1/4, 1/2, and 3 / 4  p o i n t s  a long  t h e  t a n k  l e n g t h  from t h e  

i n f l u e n t  end.  Two hood p o s i t i o n s  nex t  t o  each o t h e r  a t  each  

t e s t  s t a t i o n  were used t o  c a p t u r e  t h e  maximum amount of  t h e  

o f f -gas  r e l e a s e d  under t h e  hood. The o f f - g a s  hood was p l a c e d  

i n  a  p o s i t i o n  p a r a l l e l  t o  t h e  t ank  l e n g t h  and c l o s e  t o  t h e  

walkway between t h e  e a s t  and west bays of an  a e r a t i o n  t a n k .  

F igure  9 shows a  p l a n  view of t h e  o f f -gas  t e s t  s t a t i o n s  i n  

B a t t e r y  B which a r e  s i m i l a r  t o  t h e  t e s t  s t a t i o n s  used  i n  Bat- 

t e r i e s  A and C .  F igure  1 0  shows a  c r o s s - s e c t i o n  view of two 

o f f -gas  hood s e c t i o n s  a t  t h e  same o f f -gas  t e s t  s t a t i o n .  I n  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 9 

PLAN VIEW OF OFF-GAS TEST STATIONS IN AN AERATION T.XNK IN 
BATTERY B AT THE NSWRP 

Effluent Channel v 
Tank B7 Tank B6 , Tank B5 

'4 

Off-gas hood station at 114 tank distance from influent end 

IJ Off-gas hood station at 112 tank distance from influent end 

n Off-gas hood station at 314 tank distance from influent end 

Note: Not to scale. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 10 

CROSS-SECTIONAL VIEW OF TWO OFF-GAS HOOD POSITIONS AT A 
TEST STATION IN BATTERIES A, B, AND C 

Note: Not to scale. 



Tank C12, a s  shown i n  F i g u r e  11, t h e r e  i s  o n l y  one b a y  w l t h  

t h e  b a s i n  wid th  b e i n g  t w i c e  o f  t h a t  o f  o t h e r  bays  i n  B a r t e r i e s  

A, I3 and C .  Zn Tank C12, t h r e e  t e s t  s t a t i o n s  were set up 

s i m i l a r  t o  B a t t e r i e s  A, B,  and C .  However, i n  Tank C:2: tak- 

l n g  a d v a n t a g e  of i t s  width ,  t h r e e  o r  i n  some c a s e s  focr  hood 

positions were used  a t  one s t a t i o n .  

S'n B a t t e r y  D,  t h e  number and l o c a t i o n  o f  o f f - ? a s  t e s t  

s t a t i o n s  were t h e  same a s  used  i n  1995.  There  were :wo z e s t  

s t a t i o n s  i n  each  s e l e c t e d  t a n k ,  and t h e y  were l o c a t e c  a t  t h e  

:L/4 and 1/2 p o i n t s  a l o n g  t h e  t a n k  l e n g t h  from t h e  i n f l ~ e n t  

end,  and only one hood p o s i t i o n  was used  a t  e a c h  t e s t  s t a t i o n .  

The b o d  w a s  p l a c e d  p a r a l l e l  t o  t h e  t a n k  l e n g t h  and anocr two 

f e e t  away from t h e  walkway on t h e  s i d e  o f  t h e  d i f f u s e r  p l a t e s .  

A11 o.Ef-gas tests  were conduc ted  under  c o n t r o l l e d  cond i -  

tiers, A-, t h e  NSWRP, a i r  f low t o  e a c h  a e r a t i o n  t a n k  can b e  

s e t  and c o n t r o l l e d ,  but t h e  sewage f low c a n  o n l y  be measured 

and a d j u s t e d  f o r  t h e  e n t i r e  b a t t e r y .  Throughout t h e  3 f f - g a s  

t e s t s ,  sewage f low t o  t h e  t e s t  b a t t e r y  was a d j u s t e d  t~ 50 MGD 

D r  cLzse c c  it depending on t h e  c o n d i t i o n s  o f  t h e  p l a n t  opera -  

t i o n  on t h e  day o f  t h e  t e s t .  I n  B a t t e r i e s  A, B and C ,  t h e  a i r  

f low t o  each t e s t  t a n k  was s e t  a t  2100 scfm, u n l e s s  ct?:erwise 

n o t e d .  I n  B a t t e r y  D, t h e  a i r  f low t o  e a c h  t e s t  t a n k  w 3 s  s e t  

a t  2 3 0 0  scfm w i t h o u t  e x c e p t i o n .  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 11 

PLAN VIEW OF OFF-GAS TEST STATIONS AND HOOD POSITIONS IN 
AERATION TANK C12 AT THE NSWRP 

Effluent Channel 

7 
Tank C12 Tank C11 \, Tank ClO 

v 

1 Off-gas hood station at 114 tank distance from influent end 

Off-gas hood station at 1/2 tank distance from influent end 

1 Off-gas hood station at 314 tank distance from influent end 

Note: Not to scale. 



In o r d e r  t o  account f o r  d a i l y  v a r i a t i o n s ,  o f f - g a s  t e s t s  

were r e p e a t e d  a t  t h e  same t e s t  s t a t i o n s  on d i f f e r e n t  days. I n  

Tank 86, of f -gas  t e s t s  were performed f i v e  t i m e s  a t  a lmost  a l l  

t e s t  s t a t i o n s ,  bo th  b e f o r e  and a f t e r  t h e  d i f f u s e r  p l a c 5 s  i n  

t h e  west bay of Tank B 6  were steam and/or  h o t  wate r  c l eaned  

between Au5;ust 1 0  t o  16,  1999. I n  o t h e r  s e l e c t e d  tanks i n  

B a t t e r i e s  A, 3 and C ,  o f f -gas  t e s t s  were repeat .ed twice a t  

each tsst s t a t i o n  on two d i f f e r e n t  days .  I n  B a t t e r y  C, o f f -  

gas  lxests were conducted f i v e  t imes  a t  each  t e s t  sta"_lon on 

f i v e  d i f f e r e n t  days .  Figure  12 shows a p l a n  view of zke o f f -  

gas  t es t  s t a t i o n s  and hood p o s i t i o n s  In a e r a t i o n  t a n k s  35, D6, 

and 3 7 .  

A t o t a l  of 45 o f f -gas  t e s t s  i n  t h i r t e e n  s e l e c t e d  & e r a t i o n  

t anks  i n  B a t t e r i e s  A, B ,  C ,  and D a t  t h e  NSWRP were ccnduzted 

i n  2.999. Frz l iminary  ana lyse s  of t h e  f i e l d  d a t a  indicate t h a t  

t h e  average  s t a n d a r d  OTEs ( S O T E s ) ,  which a r e  s t a n d a r d i z e d  t o  a  

s t a n d a r d  c o n d i t i o n  a t  2 0 ° C ,  1 atmospher ic  p r e s s u r e  and naximum 

DO d e f i c i t ,  b e f o r e  and a f t e r  t h e  c l e a n i n g  of t h e  p l a t e s  were 

0.128 and 0.135 f o r  t h e  west bay, r e s p e c t i v e l y ,  and 0.118 and 

0 . 2 6  for che c o n t r o l  bay. The l a c k  of a  s i g n i f j - c a n t  a i f f e r -  

ence between t h e  va lues  sugges t s  t h a t  t h e  c l e a n i n g  oE rhe d i f -  

f u s e r  p l a t e s  i n  t h e  west bay of t h e  a e r a t i o n  t ank  R 6  a i d  n o t  

imprave t h e  OTE. The r e p o r t  f o r  t h i s  p r o j e c t  i n  under  prepa-  

r a t i c n .  





CHEMICAL CHARACTERISTICS OF COMBINED SEWER OVERFLOWS AH,, TARP 
FLOWS IN 1995 THROUGH 1997 

A report was prepared describing the results of studies 

concucted on the chemical characteristics of CSOs and TARP 

overflows. Two studies were conducted during 1995, 1396, and 

1997 to characterize CSOs within the service area of the Dis- 

trict One study focused on the occurrence and levels 9f or- 

ganic pricrity pollutants and volatile organic com2ounds 

(VOCs; in CSOs and TARP flows. The other study focased on 

c~nventia~nl pollutants, particularly total suspended sclids 

(TSS '  ar*d biochemical oxygen demand (BOD5) in CSOs. 

The GSCls from several locations within the service area 

of th? Dis~rict were sampled during various rainfall events 

from 1995 througn 1997. These locations were: 

1. The TARP Mainstream Pumping Station. 

2. The TARP Calumet Pump Station. 

3. The Kirie WRP influent sewage pump station. 

4. T h e  125th Street drop shaft station (CDS--13). 

5 ,  "he Racine Avenue drop shaft sta~ion (DS-M28). 

5 .  The Riverside drop shaft station (DS-D45). 

7. The Evanston drop shaft station (DS-M106). 

8. The Lake Street overflow stations (CS-106A). 

9. The Evanston overflow station (CS-106B). 



In 1995, 28 samples were collected at 5 locations during 

13 rainfall events. In 1996, 47 samples were collected at 9 

locations during 22 rainfall events. In 1997, 28 samples were 

taken at 7 locations during 17 rainfall events. Each sample 

was a grab sample collected either from the pumpage of a TARP 

pump station or from the overflow at a TARP drop shaft or 

overflow station. The samples were analyzed for 160 organic 

pollutants including most of the organic priority pollutants 

and VOCs. These will be referred to as organic pollutants in 

this report. 

During the same period, i.e., 1995 through 1997, four 

conventional pollutants, total solids (TS) , TSS, NH4-N,  and 

BOD5 in CSOs discharged into the TARP system, were analyzed to 

fulfill a contractual obligation with the ACOE. In this 

study, the CSOs discharged into the TARP systems at four TARP 

drop shaft stations and into receiving waterways at three 

overflow stations were sampled for the four conventional pol- 

lutants during various rainfall events from 1995 through 1997. 

These locations were: 

1. The 125th Street drop shaft station. 

2. The Racine Avenue drop shaft station. 

3. The Riverside drop shaft station. 

4. The Evanston drop shaft station. 

5. The Riverside overflow station. 



6. The Lake Street overflow station. 

7. The Evanston overflow station. 

Sanples of CSOs from these stations were collected by 

automatic samplers at predetermined time intervals during 

rainfall events of more than 0.5 inch rainfall, for the deter- 

mination of conventional parameter concentrations. F r  hun- 

dred twen:y-one (421) samples were collected at three TARP 

drop shaft stations during 13 rainfall events in 1995. Two 

hundred tk~rty-nine (239) samples were collected at s i x  TARP 

drop shaft and overflow stations during 7 rainfall eYJen;s in 

1996. In 1397, 175 samples were collected at six TARV drop 

shafr and overflow stations during 8 rainfall events. All 

1995 samples were analyzed for TS, BOD5, and N H 4 - N ,  and all 

1995 and 1'397 samples were analyzed for TSS and BOD5. 

0rgan.i~ a Priority Pollutants and VOCs in C S O s .  T5e re- 

suits of organics analysis of 103 samples collected at 9 loca- 

tions duri.r.y 52 rainfall sampling events from 1995 r9rough 

1997 were divided into two categories in terms of the type of 

TAR3 st~ations, namely, TARP pump stations and TARP d r o p  shaft 

and overflow stations. The following conclusions were drawn 

from the study of these results: 

1. The average number of organic pollutants fc~crid 

in the pumpback and pumpage of the three 'CAFE) 

pump stations was more than that in the six "A"P 



drop shaft and overflow stations. The average 

number of organic pollutants detected in at 

least one sample from the three TARP pump sta- 

tions was 28, compared to 17 organic pollutants 

from the six TARP drop shaft and overflow sta- 

tions. 

2. At the three TARP pump stations, VOCs were the 

predominant pollutants. The most frequently de- 

tected organic pollutants were acetone with 97 

percent, toluene with 82 percent, and chloroform 

with 82 percent occurrence. 

3. At the three TARP pump stations, the concentra- 

tions of the organic pollutants detected in the 

pumpback and pumpage varied widely from sample 

to sample. The highest concentration found for 

VOCs was 1371 yg/L (acetone), and for semi- 

volatile compounds was 454.3 yg/L (4-methyl- 

phenol). The concentrations of pesticides and 

PCBs in the samples collected were generally 

low, less than 2.4 pg /L. No general correla- 

tion between the quantity of rainfall and con- 

centrations of pollutants in the samples coi- 

lected was observed. 



4. The trend of occurrence of the predominant vola-- 

tile and semi-volatile compounds in the C S 3 s  

fron the six TARP drop shaft and overflow sta- 

tions was similar to that in the pumpback 3 r d  

Funpage from the three TARP pump stations. 

The concentrations of organic pollutants in the samples 

Eron the six TARP drop shaft and overflow stations -7aried 

widely. The highest concentration detected for VOCs was 173.0 

pg/L (acetone), and for semi-volatile compounds was i345 p g / L  

(4-metnylphenoi). The concentrations of pesticides and PCBs 

were normal.ly low, less than 0 . 3  pg/L. No general correlation 

between the quantity of rainfall and concentrations of or;anic 

poliirtants at the six TARP drop shaft and overflow ststtlns 

was observed 

Conventional Pollutants. The following conclusian~ were 

drawl frclrn the data originating from the following sources: 

(1) t h e  roxtine monitoring data collected for TARP gumpaacks 

to the DistricYs WRPs, and (2) the data from the st.cdy on 

conven-cional pollutants in CSOs conducted jcintly by Zhe Ciis- 

trict and the ACOE: 

I. Eased on the data from the District's routine 

rnanitorlng, the concentrations of the conven- 

tional pollutants in the pumpback and pumpage 

varied widely during the period of 1995 through 



1997 when the pumpback and pumpage were sampled 

for the analysis of organic pollutants. The 

concentration of TSS from TARP pumpback at the 

TARP Mainstream Pumping Station ranged from 14 

to 356 mg/L, BOD5 from 10 to 174 mg/L, and NH4-N 

from 1.28 to 9.12 mg/L. The concentration of 

TSS from TARP pumpback at the TARP Calumet Pump 

Station ranged from 22 to 610 mg/L, BOD5 from 10 

to 174 mg/L, and NH4-N from 1.60 to 13.7 mg/L. 

The concentration of TSS from TARP pumpage at 

the Kirie WRP Influent Pump Station ranged from 

36 to 1504 mg/L, BOD5 from 29 to 245 mg/L, and 

NH4-N from 2.60 to 12.51 mg/L. 

2. No pattern between rainfall and the time- 

weighted average concentrations of conventional 

pollutants in CSOs was observed based on 28 sets 

of data collected at the seven TARP drop shaft 

and overflow stations during various rainfall 

events from 1995 through 1997. 

3. No correlation between the average concentra- 

tions of conventional pollutants and the number 

of organic pollutants detected was found from 



the data obtained from either the TARP pump sea-- 

tions or the TARP drop shaft and overflow s ~ a - -  

t ions. 

Land Reclamation and Soil Science Section - 

The Land Reclamation and Soil Science Section is respon- 

sible for determining, through monitoring and research 2ctivi- 

ties, the erivironmental impact of the District's biosoLids ap- 

plicatior-s on agricultural fields, disturbed lands, and land- 

fill sites. The environmental monitoring component sf the 

program includes the sampling and analyses of waters, soils, 

and plants at ;and application sites, landfills, clnd solids 

drying facilities receiving biosolids. The research c o n ~ o n e n t  

consists ~f an in-depth examination of the selected eriviron- 

mental and biosolids parameters related to the application of 

biosrilids ta agricultural fields, disturbed lands, and the 

utilization of biosolids in landfills and for landscaping. 

FULTgN COUNTY PRAIRIE PLAN ENVIRONMENTAL MONITORING 

The Prairie Plan is a large tract of land, 6,156 heztares 

(15,348 acres), owned by the District in Fulton County, Illi- 

nois. The site is used to recycle biosolids for the purpose 

of reclaiming mine soil and the growing of agricultursl zrops .  

To sa~isfy the permit requirements of the IEPA for operation 

of the site, the District established an envirozmental 



monitoring program to ensure that the land application of bio- 

solids would not adversely affect surface waters, ground- 

waters, soils, and crops. The Land Reclamation and Soil Sci- 

ence Section is responsible for preparing monthly reports that 

summarize the monitoring data for compliance with the IEPA, 

and USEPA Part 503 regulations for land application of bio- 

solids. 

In 1999, the monitoring activities at the Fulton County 

site remained similar in quantity and nature to those con- 

ducted in 1998. No supernatant or dewatered liquid fertilizer 

from Holding Basin 1 was applied to Fulton County fields dur- 

ing 1999. Air dried, anaerobically digested biosolids from 

the District's Calumet Water Reclamation Plant (WRP) were 

shipped to the Fulton County site in 1999 and land-applied. 

The water monitoring included the quarterly sampling of 

20 groundwater monitoring wells, quarterly sampling of 15 ly- 

simeters in the supernatant application area, sampling of sur- 

face waters from 10 streams, 8 reservoirs, and 14 sites in the 

supernatant application area three times per year between 

April and November, and the sampling of 65 field runoff reten- 

tion basins as needed. Water samples were collected monthly 

from 19 lysimeters and 3 drainage tiles at the St. David Coal 

Refuse Pile, 3 lysimeters at the Morgan Mine Coal Refuse Pile, 

and 10 lysimeters at the United Electric Coal Refuse Pile. 



Samples were c o l l e c t e d  q u a r t e r l y  a s  a v a i l a b l e  from 18 s a r f a c e  

r u n o f f  c o l l e c t o r s  a t  t h e  S t .  David Coal  Refuse P i l e ,  2 a& t h e  

Morgari Mine Coal  Refuse P i l e ,  and 4 a t  t h e  Uni ted  ELectric 

(Coal Ref u s e  P i l e .  Water m o n i t o r i n g  a l s o  i n c l u d e 2  weekly,  

monehly, and q u a r t e r l y  sampl ing  o f  t h e  d i s c h a r g e s  ?_*on t h e  

n e u t r a 1 i z ~ i : l s n  f a c i l i t y  t r e a t i n g  a c i d  w a t e r  from an a c i d i c  

l a k e  r e c e i v i n g  d r a i n a g e  from t h e  Uni ted  E l e c t r i c  Coal 2 e f u s e  

P i l e .  Soil samples were c o l l e c t e d  from 7 5  f i e l d s  f o r  chemica l  

analysis, and p l a n t  samples were c o l l e c t e d  from 1 wheat E i e l d ,  

11 hay f i e l d s ,  36 soybean f i e l d s ,  and 17 c o r n  f l e l c s  f o r  

chemica l  a n a l y s i s  i n  1999. C l i m a t o l o g i c a l  c o n d i t i o n s  were 

rnonltored a t  t h e  p r o j e c t  wea the r  s t a t i o n .  

B ~ Q s c ) . L ~ ~ s  nave been a p p l i e d  t o  f i e l d s  a t  t he  F u l t o n  

County sitis s i n c e  1 9 7 2 .  Tab le  1 4  shows t h e  c o n c e n t r a t i r t n s  o f  

t o t a F  m e t a l s  (0 - 15  c m )  found i n  1998 c o r n  f i e l d  s o i l s  from 

f i e l d s  r e c e i v i n g  d i f f e r e n t  c u m u l a t i v e  r a t e s  of  b i o s o l l d s .  

Z i n c p  chromium, n i c k e l ,  cadmium, copper ,  and l e a d  ccr .cent ra-  

tionrs; g e n e r a l l y  i n c r e a s e d  w i t h  i n c r e a s e d  l o a d i n g  r a x $ s ,  b u t  

t h e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n  were n o t  widespread  ox con- 

s i s t e n t l y  i n c r e a s i n g  w i t h  c u m u l a t i v e  l o a d i n g  r a t e .  

Corn l e a f  samples a r e  c o l l e c t e d  a n n u a l l y  fron,  f i e l d s  

l e a s e d  t o  lctcal  f a rmers  a t  t h e  F u l t o n  County s i t e .  Tab le  1 5  - 
shows t h e  c o n c e n t r a t i o n s  o f  t o t a l  m e t a l s  found i n  c o r n  l e a v e s  

c o l l e c t e d  from f i e l d s  w i t h  d i f f e r e n t  c u m u l a t i v e  l o a d i n g  r a t e s  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 14 

CONCENTRATIONS OF TOTAL METALS ( 0  TO 15 cm) IN 1998 CORN FIELDS 
AT THE FULTON COUNTY SITE 

Field 
No. 

Cumulative 
Biosolids 

l i edl Zn Cd Cu 

------ Dry Solids------ ......................... mg/kg------------------------- 

Mg/ha (tons/acre) 

  mount applied through 1997. 
'solids applied only as supernatant. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

CONCENTRATIONS OF TOTAL METALS IN 1938 COm LEAF SAMPLES 
FROM THE FULTON COUNTY SITE 

Cumulative 
Field Biosolids 
No. ~pplied' Zn Cd Cu Cr Ni Pb 

------ Dry Solids------ --------------------------mg/kg------------------------- 
Mg/ha ( tons /acre) 

----- -- ...--- -- --,.--------- ----- --- 
hxnorxn~ appl i.ed through 2397 . 



of biosolids. Cadmium, copper, chromium, nickel and lead were 

present in relatively low concentrations. Corn leaf zinc con- 

centrations were similar for all fields at all dry biosolids 

loading rates, except for fields #50 and #52 with biosolids 

applied as supernatant. Although zinc levels were higher in 

plant tissues from biosolids-amended fields, there was no 

clear pattern of increase in plant tissue concentration with 

increase in cumulative biosolids loading rate. 

CORN FERTILITY EXPERIMENT ON CALCAREOUS MINE S O I L  

In 1973, a corn fertility experiment was established on 

calcareous mine soil at the Fulton County site in cooperation 

with Dr. T. D. Hinesly, Agronomy Department, University of 11- 

linois. Dr. Hinesly's participation in the experiment ceased 

in 1980. The purpose of this experiment is to evaluate the 

effect of long-term applications of anaerobically digested 

biosolids on crop yields, crop chemical composition, and mine 

soil chemical composition. The experiment was designed to 

simulate biosolids applications to fields at the site, and to 

provide information that can be used for management of bio- 

solids and crops. 

Dewatered sewage sludge cake, brought by barge from Chi- 

cago in 1992, was applied to the plots in the spring of 1999 

prior to the planting of corn. The total amount of biosolids 



applied to -the maximum-amended plots in 1999 was 5 ; , 2  dry 

Mg/ka (30. (3 tons/acre) . The one-fourth and one-half maximum 

treatments received the corresponding amounts, and t h z  check 

treatment received commercial fertilizer (Table 16)- From 

1973 to 19'39, the maximum treatment received a cumulazave to- 

tal of 1749.4 dry Mg/ha (781 tons/acre) of biosolids. 

Mean corn grain and stover yields were the lowesr I? the 

plors rece:,ving 16.8 Mg/ha (7.5 tons/acre) of biosolids. Al- 

though stover yields were highest in the control plots, grain 

yields were highest in the maximum-amended plots. Grain 

yie;ds ranged from 1.29 Mg/ha (20.6 bu/acre) on a plot aAxended 

with 6 . 8  Mg/ha (7.5 tons/acre) of biosolids to 9.42 Mg/ha 

(137.5 huiacre) on a plot receiving 67.2 Mg/ha (30 tons/acre) 

of biosolids. 

CHEMICAL ?AFAPIETERS OF SUBSURFACE AND SURFACE WATER AT THE 
ST. CAVID, ILLINOIS, COAL REFUSE PILE RECLAMATION SITE 

In 1987, the District initiated an experiment on s coal 

refase pi1.e at St. David, Illinois, to determine the razes of 

anaerobical-ly digested biosolids, agricultural lime, and clay 

necessary fcr long-term reclamation of coal refuse rra~erial. 

The experime?t was initiated with the approval of the IEPA. 





Ten treatments were established on the west lobe and side 

slopes of a coal refuse pile at St. David, Illinois (Table 

17) . Each of the ten treatment plots was approximately 0.405 - 

ha i L  a c r e ) .  In establishing the treatments, a specif~c se- 

quence of operations was used, and these operations wexe con- 

ducted :Ln four phases. The first phase consisted of ~rclimi- 

nary gradlng to fill existing erosion gullies on the surface, 

and removi.nq the old nonfunctioning terraces from ?he side 

slopes of tk.e coal refuse pile. When this was completed, ly- 

simeters were installed in each treatment. 

The second phase of operations consis'ted of applylng the 

amenLqents. Agricultural limestone was applied to those 

treatments requiring it, then anaerobically digested Kunicipal 

biosalids were applied in 10.2 cm (4 inch) layers 1is.Lng a 

scraper., These biosolids were from the District's Si-ickney 

WRP. A chisel plow was used to incorporate the applied bio- 

solids. Af+-el: the last layer of biosolids was applied, 10.2 

crn (4 inches) of clay was applied to those treatments requlr- 

ing I:, and then incorporated by chisel plow mixing. 

The t51.r~ phase of operations consisted of pla~ting the 

vegetative cover. The amended surface of the coal refuse pile 

was disked with an agricultural disk transverse to the sl-opes. 

The planted vegetative cover consisted of broadcast seeding of 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 17 

AMENDMENTS USED IN RECLAMATION OF COAL REFUSE AT ST. DAVID, ILLINOIS 

Treatment ~ompositionl 
Plot Number Biosolids Lime Clay 

Mg/ha (tons/acre) Mg/ha (tons/acre) cm (inches) 

1 0 (0) 0 (0 0 ( 0 )  

2 7 8 4 (350) 0 (0) 0 (0 

3 784 (350) 179 (80) 0 (0 ) 

4 784 (350) 179 (80) 10.2 (4) 

5 1,568 (700) 0 (0) 0 (0) 

6 1,568 (700) 179 (80) 0 (0) 

7 1,568 (700) 179 (80 10.2 (4) 

8 2,240 (1,000) 0 (0) 0 (0 

9 2,800 (1,250) 0 (0) 0 (0) 

10 3,360 (1,500) 0 (0) 0 (0 

'~~~lication rates for biosolids and lime are on a dry weight basis. 



cereal rye at a rate of 121 kg/ha (108 lb/acre), followed by 

broadcast seeding of alfalfa and alsike clover at a rate of 

22.4 kg/ha (20 lb/acre) . Next, bromegrass and tali fescue 

were drill seeded at a rate of 11.2 kg/ha (10 lb/acre). 

The final phase of operations consisted of mulching each 

treatment afrec planting the vegetative cover. Those areas on 

each treatment, which were flatter, and had an average slope 

of cen percent or less, received a mulching of straw cs old 

hay aL the rate of 136 bales/ha (55 bales/acre). PortFans of 

each treatment with slopes greater than ten percent were 

covered with a biodegradable paper fabric, and held in place 

with 10.2 c:m (4 inch) staples. 

Sysi~~eters were installed in the middle of tke upper 

slope of each treatment to collect monthly samples, as speci- 

fied in the site permit from the IEPA. The lysimeter for each 

treatmer.t consisted of a 3.04 m x 5.1 cm (10 ft x 2 irchj di- 

ameter PVC pipe placed in a lateral trench at a depth if 1.22 

rn (4 ftf in the coal refuse material prior to applFc3t:on of 

any amencbnents. The PVC pipe, used as a lateral drain, had 

0.32 ern diarr~eter holes (0.125 inch) drilled in three zsws on 

the top and down both sides to allow water to flow inzs the 

pipe. The :.atera1 drain was placed on top of a polyerhylene 

sheet underlain by sand. The drain pipe was placed s.n the 

center of a polyethylene sheet, which was laid upward at an 



angle of about 30 degrees on each side of the pipe. Pea 

gravel was placed directly over the pipe, 0.304 m (1 ft). The 

remainder of the trench was back filled with coal refuse mate- 

rial. Water collected by the lateral drain moved to a 25.4 cm 

(10 inch) vertical PVC standpipe placed adjacent to the 

trench. The bottom of the standpipe was placed at a minimum 

of 1.82 m ( 6  ft) below grade. Monthly water samples were col- 

lected by placing a plastic bucket, 15.2 cm x 30.5 cm (6 inch 

x 12 inch), in the standpipe below the outlet of the lateral 

drain to collect percolating water. The vertical standpipe 

had a plastic cover placed over the top to prevent any rain- 

fall or contamination from entering the collection container. 

Surface runoff has been collected quarterly each year 

from each treatment, if available, as specified in a site per- 

mit from the IEPA. Due to less than average precipitation and 

continued development of the vegetative cover, only one sur- 

face runoff sample could be collected in 1996 and none were 

collected in 1997, 1998 or 1999. Due to success in petition- 

ing the IEPA for permit changes, these samples will no longer 

be collected after 1999. 

Lysimeters. Water was collected from lysimeters on a 

monthly basis. Yearly means of selected chemical parameters 

for 1996, 1997, 1998, and 1999 are presented in Table 18. Due 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

YEARLY MEANS OF CHEMICAL PAPMETERS IN WATER PROM LYSIMETERS AT 
THE S T ,  DAVID, TTjLTNOLS, COAL REFUSE P I L E  RECLAMATION S I T E  

Chemical. Plot Number -- 
Parameters Year 1 2  3  4 5 6  7  8  9  1 0  

NH, - N 1 9 9 6  NA 0 . 3 2  0 .20  0 . 2 2  0 . 1 9  0 . 2 0  0 . 2 6  0 . 4 1  0 .38  1 . 5 8  
1 9 9 7  NA 0 . 1 7  0 . 1 2  0 . 1 9  0 . 1 4  0 . 1 1  0 . 3 9  0 . 3 5  0 . 2 1  2 . 6 5  
1 9 9 8  0 . 8 0  0 . 1 9  0 . 1 5  0 . 1 2  0 . 2 0  0 . 1 6  0 . 1 7  0 . 5 8  0 . 2 9  0 . 3 6  
1 9 9 9  0 . 7 6  0 . 2 3  0 .16  0 . 1 2  0 . 1 6  0 . 1 7  0 . 2 5  0 . 1 9  0 . 2 2  0 . 7 1  

NO, +NO, - N 1 9 9 6  NA 2 . 8 2  1 . 8 4  2.97 1 1 . 7  0 . 9 9  1 3 . 6  5 . 5 8  52 .6  6 8 . 5  
1 9 9 7  NA 1 . 5 0  1 . 8 0  2.65 9 .23  0 . 5 6  1 1 . 5  3 - 4 4  5 2 . 7  4 2 - 2  
1 9 9 8  5 . 9 9  2 . 4 4  0 . 8 2  2 .19  8 . 6 1  0 . 6 7  1 6 . 3  5 . 2 7  E 0 , 7  4 2 . 3  
1999 3 - 4 8  2 1 .2 '7  2 54 7.97 0 . 6 8  48 .0  3 . 6 0  5 ' 7 . 4  4 9 . 1  

---- ----- ----- - - "" .- --- 
NA = Samples are not available due to insufficient precipitation. 



to lower than normal precipitation, and possible lysimeter 

malfunction, water samples could not be collected from the 

unamended plot number 1 in 1996 ,  and 1 9 9 7 .  The lysimeter in 

plot number 1 was replaced in 1 9 9 7 .  The pH values for this 

. plot in 1998  and 1999  were 2 . 4  and 2 . 2 ,  respectively. 

The pH values in the biosolids-amended plots ranged from 

6 . 3  to 7 . 4  i n  1996 ,  from 6 . 5  to 7 . 5  in 1997 ,  from 6 . 7  to 7 . 2  

in 1 9 9 8 ,  and from 6 .7  to 7 . 6  in 1 9 9 9 .  

The highest mean sulfate concentration of 3 7 , 4 1 7  mg/L 

occurred in 1998  lysimeter water from plot number 1. Mean 

sulfate levels in all other plots varied from 1 , 0 6 2  to 2 , 8 2 7  

mg/L from 1996  through 1999 .  

The highest mean NH3-N level of 2 . 6 5  mg/L occurred in 

plot number 1 0  in 1 9 9 7 .  Lysimeter samples from all other 

plots had lower levels of NH3-M, ranging from 0 . 1 1  to 1 . 5 8  

mg/L for 1996 ,  1997 ,  1998  and 1999  biosolids-amended plots. 

High mean levels of N03+N02-N ( 1 1 . 5  to 6 8 . 5  mg/L) were 

found in plot numbers 7 ,  9  and 1 0  in 1 9 9 6  through 1 9 9 9 .  

CHEMICAL PARAMETERS OF SUBSURFACE AND SURFACE WATERS AT THE 
UNITED ELECTRIC COAL REFUSE PILE RECLAMATION SITE 

In 1990 ,  the Abandoned Mined Lands Reclamation Council 

(AMLRC) began reclamation of the United Electric Coal (UEC) 

coal refuse pile in cooperation with the District. The coop- 

erative project was initiated with the approval of the IEPA. 



The LIE(: site covers approxima~ely 44.6 hectares (110 

acres) i.n Fulton County, near Cuba, Illinois. Reclamat :.on of 

the site was accomplished in five phases. The first phase 

consisted of preliminary grading to fill existing erosion gul- 

lies an the surface, and smooth the top, side slopes and lower 

levei areas. 

The second phase of operations consisted of applying a 

clay cover. Ir: 1991, the AMLRC applied a 0.61 nlecez (two 

feet) thick clay cap over the entire surface of the ccaL ref- 

use ~ i l e .  The surface was graded and smoothed, ar,d then the 

lysirneters were installed. 

The third phase of operations consisted of. applying Sio- 

solicis. Zlnaerobically digested municipal biosolids dsre ap- 

plied at a rate of 2,242 Mg/ha (1000 dry tons/acre) o - ~ e r  the 

entire site. The biosolids were spread with selt-Loading 

scrapers and smoothed with bulldozers. 

The fo~rth phase of operations consisted of planzing the 

vegetat~ve cover. The amended surface of the coal refuse plle 

was disked with an agricultural disk, transverse to the 

slopes, in preparation for planting. The planted vegetative 

cover consisted of broadcast seeding of cereal rye at a rate 

of 5 6  kg/ha (50 Ib/acre), alsike clover broadcast at a rate of 

11.2 kg/na (10 lb/acre), tall fescue broadcast at a rate of 

11.2 kg/ha (10 lb/acre), and orchard grass broadcast a+: a rate 



of 11.2 kg/ha (10 lb/acre). Then, alfalfa and bromegrass were 

drill seeded at rates of 22.4 kg/ha (20 lb/acre) and 11.2 

kg/ha (10 lb/acre) respectively. 

The final phase of operations consisted of mulching the 

coal refuse pile after planting the vegetative cover. Flatter 

areas within the reclamation site, with an average slope of 

five percent or less, received a mulching of old hay at the 

rate of 136 bales/ha (55 bales/acre). Areas with slopes 

greater than five percent were covered with a biodegradable 

paper fabric, and held in place with 10.2 cm (4 inch) staples. 

After mulching the site, surface runoff collection devices 

were installed. 

Ten lysimeters were installed in various locations on the 

upper slope to collect monthly samples, as specified in the 

site permit from the IEPA. At each location, the lysimeter 

was installed in the same manner as described for the 

St. David, Illinois, Coal Refuse Pile Reclamation Site. 

Monthly water samples were collected by placing a plastic 

bucket, 15.2 cm x 30.5 cm (6 inch x 12 inch) , in the standpipe 

below the outlet of the lateral drain to collect percolating 

water. The vertical standpipe had a plastic cover placed over 

the top to prevent any rainfall or contamination from entering 

the collection container. 



Surface runoff has been collected quarterly, each year 

from each treatment, if available, as specified in rhe site 

permitfroom the IEPA. Due to less than average preci.piq:ation 

and continued development of the vegetative cover, no s~rface 

runoff sa~~ples were collected in 1997, 1998, or 1999. 3ue to 

success in petitioning the IEPA for permit changes, these sam- 

ples will no longer be collected. 

y s m t e r  Water was collected from lysimeters on a 

rnonchiy basis. Yearly means of selected chemical parmeters 

for 1996, 1997, 1998, and 1999, are presented in T a b l e  19. 

The pH of water collected from the lysimeters fran 1996 

throu.gh 1999 ranged from 6.0 to 7.4. Due to lower thasL aver- 

age precip'ltation, no water samples were collected firm ly- 

simeter number 10 in 1996 through 1999, and front lysimeter 1 

in 1 3 9 6 .  

Between 1996 and 1999, sulfate concentrations Ln ail ly- 

simeters ranged between 95.0 mg/L and 2,874 mg/L. 

Mean NH3-N levels ranged from 0.20 mg/L to 23.5 mg!L be- 

tween 1996 '2nd 1999. Lysimeter 1 had the lowest mean NH3-N 

level of the ten lysimeters during 1999 while plot 8 continued 

to exhibit the highest values for these four years. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 19 

YEARLY MEANS OF CHEMICAL PARAMETERS IN WATER FROM LYSIMETERS AT 
THE UNITED ELECTRIC COAL REFUSE PILE RECLAMATION SITE 

Chemical Plot Number 
Parameters Year 1 2 3 4 5 6 7 8 9 10 

NH, -N 

NA = Samples are not available. 



Mean NOs+NOz-N levels ranged from 1.6 mg/L to 341 mg/L 

durinq 1996, 1997, 1998, and 1999. The N03+N02-N levels 3f all 

lys~rneters have dropped between 1996 and 1999 with the excep- 

tion of lysimeter 1. 

NU EARTH VEGETABLE GARDEN 

'The f\Ju Earth vegetable garden was established at the 

Stickney WKP in 1977 to study the accumulation of trace netals 

into edible portions of common garden vegetables t h a t  were 

fertli-ized with Nu Earth sludge, which was dis~ributed 

throiqhsut Chicagoland in the 1970s. The garden was fertil- 

ized with equaL increments of Nu Earth (air-dried Lrnhoff 

sludqe, no longer produced by the District) from 19'77 t5rough 

1981. Garden plots received either commercial fertiilzer or 

9, If?, 36, or 45 tons of Nu Earth per acre per year. 

After 1981, no Nu Earth was applied to any of tke plots, 

arid all plots annually received commercial fertilizer, Soil 

pH was na.intained between 7.0 and 7.5 on all plots thrcughout 

the course of the experiment. 

The concentrations of cadmium, copper, nickel, ar,d zinc 

in tomatoes harvested from the garden plots in 1982 and every 

r. 4 other year 'zhrough 1998 are presented in Tables 20, ii, 22, -- - 

and, - 23, respectively. The last Nu Earth garden experiment 

was conducted in 1998. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 20 

CADMIUM CONCENTRATION IN TOMATOES GROWN IN THE NU EARTH GARDEN RESEARCH PLOTS 
AT THE STICKNEY WATER RECLAMATION PLANT 

Total Nu Earth 
Applied from Cadmium Concentration 

1977 through 1981' 1982 1984 1986 1988 1990 1992 1994 1996 1998 

(Dry Tons/Acre) --------------------------m4/kg---------------------'------------- 

'NU Earth was applied from 1977 through 1981 in five equal applications annually. All 
experimental plots also received an additional 89 lbs K/acre each year. 

2 Check plots received inorganic fertilizer N (89 lbs/acre) , and P (89 lbs/acre) from 
1977 through 1981. After 1981 all plots received these inorganic fertilizer treat- 
ments every year. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TARIaE 2 1. 

COPPER CONCENTRATION IN TOMATOES GROWN IN THE NU EARTH GARDEN RESEARCII PLOTS 
AT THE STIGKNEY WATER RECLAMATION PTANT 

Total Nu Earth 
Applied from Capper Concentration 

1 9 7 7  through 1981' 1 9 8 2  1984  1 9  8 6 1988  13-56- 1 9 9 2  1994  1996  1998  

( D r y  Tons/~cre) --------------------------mg/kg---------------------------------- 

'NU Earth was applied from 1977 through 1 9 8 1  in five equal applications annually. All 
experimental plots also received an additional 89 lbs K / a c r e  each year. 
'check plots received inorganic fertilizer N ( 8 9  lbs/acre) , and P (89  lbs/acre) from 
1977 through 1 9 8 1 .  After 1 9 8 1  all plots received these inorganic fertilizer treat- 
ments every year. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 22 

NICKEL CONCENTRATION IN TOMATOES GROWN IN THE NU EARTH GARDEN RESEARCH PLOTS 
AT THE STICKNEY WATER RECLAMATION PLANT 

Total Nu Earth 
Applied from Nickel Concentration 

1977 through 1981' 1982 1984 1986 1988 1990 1992 1994 1996 1998 

(Dry Tons/Acre) . . . . . . . . . . . . . . . . . . . . . . . . . .  mg / kg---------------------------------- 

'NU Earth was applied from 1977 through 1981 in five equal applications annually. All 
experimental plots also received an additional 89 lbs  a acre each year. 
'check plots received inorganic fertilizer N (89 lbs/acre), and P (89 lbs/acre) from 
1977 through 1981. After 1981 all plots received these inorganic fertilizer treat- 
ments every year. 
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Nu Earth additions had no consistently significant effect 

on the concentrations of copper in tomatoes, and produced only 

small increases in the concentrations of zinc, nickel, and 

cadmium in tomatoes harvested from the garden (Tables 20, 21, - 
22, and 2 3 .  Concentrations of cadmium were lower in tomatoes - - 
harvested from the garden in 1992 through 1998 than they were 

in 1982, indicating that bioavailability of cadmium may have 

decreased over this 16 year span. None of the metals appears 

to have increased in bioavailability since Nu Earth applica- 

tions ceased 18 years ago. 

SCREENING PLANT SPECIES FOR SUITABILITY FOR GROWTH IN DISTRICT 
BIOSOLIDS 

In early 1996, a research project was begun to assess the 

suitability of District biosolids for use as a substitute for 

topsoil. This is because District biosolids are being rnar- 

keted as a soil substitute for use as a final cover material 

at municipal solid waste landfills. Since these landfill 

sites are used for a variety of purposes, such as golf 

courses, parks, and recreation areas after closure, as well as 

being planted in low maintenance vegetative cover, a wide va- 

riety of grass species were considered as potential candidates 

for utilization at these sites. The study was expanded in 

1997 to include forage grasses, legumes, prairie grasses, and 



wildflowers, and this work continued in 1999. The results of 

work conducted on this study in 1999 are reported below, 

We ccrtinued our assessment of the suitability cf turf 

grasses f c r  use with District biosolids. Their ablli", to 

gerr.inate in the material was determined under cond~tzons 

simulating those likely to be encountered at ur1irr;gated 

sites. The results obtained from this study in 1999 a re  pre- 

sented in Table 24. ----- 

Also in 1999, we evaluated suitability of three forage 

species to germinate in District biosolids (Table) . Common 

buckwheat was observed to have a significantly greater average 

germination :rate in biosolids (89.1 percent) than in t3psoil 

i(69.1 percent.). The germination rates of the three fora~es in 

biosclids were generally greater than that of the turfg- &.asses. 

In 1997, t3e District began acquiring seeds of prairie grasses 

and wildflowers for use in the screening program. To date, 

t h e  seeds (of over 60 species have been acquired and tested. 

Gerrinatio? rates in biosolids and soil for species that were 

tested and screened in 1999 are presented in Table 2 6 .  Of the 

three wildflower species tested this year for germination in 

biosolids, all had significantly lower germination zates in 

the b i o s o 1 l . d ~  than in topsoil. The biosolids gerxsnation 

rates for lemon mint (Monarda citriodaia) , purple cone-flower 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 24 

GERMINATION OF TURFGRASS IN BIOSOLIDS UNDER CONDITIONS 
SIMULATING UNIRRIGATED MANAGEMENT PRACTICES 

Germination 
Species Varieties %Control 

Fescue - red 
Fescue - chewings 

Fescue - sheep 
Fescue - tall 
Fescue - hard 

Fescue - creeping red 
Rough Bluegrass 



TABLE 2 5  

G E m I N A T I O N  OF FORAGE CROPS I N  B I O S O L I D S  UNDER CONDITZ3NS 
SIbfULATING UNIRRIGATED MANAGEMENT PEC4CTICES 

Species 
Germination Rate 

Control Biosolids 

Buckwheat - common 
Clover-crimson 
Wheat v. Patterson 

"Significantly different at the 0.05 level using t-test. 



METROPOLITAX WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 26 

GERMINATION OF WILDFLOWERS IN BIOSOLIDS UNDER CONDITIONS 
SIMULATING UNIRRIGATED MANAGEMENT PRACTICES 

Species 
Germination Rate 

Control Biosolids 

~ster/Sunflower Family (Asteraceae/Composi t a e )  

Coneflower - purple 
Goldenrod - stiff 

Mint Family (Labiatae/Lamiaceae) 

Lemon mint 49.8 + 8.1 3 0 . 6  ;t 1 2 . 7 *  

*Significantly different at the 0.05 level using t-test. 



(Echinacea purpurea), and stiff goldenrod (So1idag~r;gida) 

were 6 1 - 4 ,  5.5, and 0.0 percent of their germination rates in 

topso:l, respectively. 

HANOVER PAR3 FISCHER FARM 

The Hanover Park Fischer Farm is a 48 hectare (123 acres) 

tract of ].and which utilizes all of the biosolids prod~ced by 

the Hanover Park WRP. The farm, located on the south ssde of 

the WRP grounds, has 18 gently sloping fields, each surrounded 

by a berm xo control surface runoff. An underdrain t i l e  sys- 

tem collects surface and subsurface drainage which is r,, urned 

to the Hanover Park WRP for treatment. 

Anaerobically digested biosolids are applied by injection 

from tank trucks. The IEPA operating permit for the s ic -  lim- 

its the ani~ua.1 biosolids application rate to 56 dry Kg/-la (25 

dry tans/acre). The crop plan for 1999 included 12 Eiields 

used for bi3solids application of which 10 fields ~roduced 

corn. 

Groundwater monitoring is required by the IEPA cperating 

permit. Fields and monitoring locations at the Fiscner Farm 

are shown on Figure 13. Four monitoring wells (W-5, Fc-.6 5\i-7, 

and W - 8 1  on the farm have been sampled twice monthl?, since 

biosolids applications began in 1979. The annual meaE q ~ a l i t y  
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FIGURE 13 

LOCATION OF THE FISCHER FARM FIELDS AND WELLS 
AT THE HANOVER PARK WATER RECLAMATION PLANT 

LEGEND : 

FIELD 0 NUMBER 
PUMP 

0 smx, 
MONITORING 



of groundwater from these wells for 1979 and 1999 are compared 

in ---- Table 5 7 .  This comparison is used to indicate any ,mpact 

on groundwater quality due to continuous biosolids appllcacion 

since 1979. The groundwater quality in 1999 was be t r t e r  in 

some aspects than in 1979, as shown by the reduced levels of 

TKN, Zn, Fe, and electrical conductivity (EC). Twenty years 

of blaso1i.d~ application has not adversely affected the 

qrouridwater quality at the Hanover Park Fischer Farm. 

In June 1988, the six-acre area used for an experinental 

corc plot in the 1970s was divided into five fields. 

TXO shallow wells (W-1 and W-3) located next to these 

fields were sampled twice a month. Mean analysis oE water 

from these wells in 1999 is shown in Table 28. 

GROUNDWATER QUALITY AT THE JOHN E. EGAN AND CALUMET SOLIDS 
DRYING FACILITIES 

In 1986, paved solids drying areas were constracted at 

the John E. Egan and Calumet WRPs. These areas were designed 

to handle biosolids production at the Egan and Calumet WRPs by 

air drying -,:he biosolids to greater than 60 percent rjclids 

contenr,. This substantially reduces the volume of k i ~ s ~ l i d s  

produced, and results in a material which can be distributed 

locally for Landscaping purposes. 
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TABLE 27  

HANOVER PARK WRP FISCHER FARM AVERAGE ANNUAL WELL WATER 
ANALYSIS FOR 1979 AND 1999 BASED ON BIWEEKLY SAMPLING 

OF FOUR WELLS APRIL THROUGH OCTOBER 1979, AND FOUR WELLS 
JANUARY THROUGH DECEMBER 1999 

Parameter 

-- - 

Units 

PH 
EC 
Total P 
c1- 
so,= 

TKN \\ 

NH,-N 1, 

NO,+NO, -N I, 

Alkalinity as CaCO, \\ 

N i  \\ €0.1 0.011 
Mn 11 0.80 0.071 
Fe I, 122 7.2 
Fecal ~ o l i f  om1 per 100 mL 2.6 1.4 

. 
' G e o m e t r i c  mean. 
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TABLE 2 8  

HRNO-JER PARK WRP FARM AVERAGE ANNUAL WELL WATER. 
ANALYSIS FOR 1999 BASED ON BIWEEKLY SAMPLING OF TWf? 

WELLS LOCA'TED NEAR THE PREVIOUS EXPERIMENTAL CORN PLOT AREA 

Parameter Units Concentzation 

PH 
EC 
Total P 
c1- 
SO,' 

TKN 
NH, -N 
NO,?-NO, -N 
Alkalinity as CaCO, 

Ni 
m 
Fe 
Fecal ~olif o m 1  

\I 

\I 

,\ 

per 100  mL 

'~eometric mean. 



In November 1990, a second solids drying area was put 

into service at the Calumet WRP. This area is called the 

Calumet East Solids Drying Facility, the facility constructed 

in 1986 is called the Calumet West Solids Drying Facility. 

The IEPA operating permits for these three drying facili- 

ties require groundwater monitoring. Lysimeters were in- 

stalled for sampling groundwater immediately below the drying 

sites in October 1986 at the John E. ~ g a n  and Calumet West 

drying facilities, and in November 1990 at the Calumet East 

drying facility. Samples were taken once per month at both of 

the Calumet drying sites and twice per month at the Egan dry- 

ing site in 1999. 

Table 29 presents the analysis of water from the two ly- 

simeters at the John E. Egan WRP. Table 30 presents the 

analysis of water from the three lysimeters at the Calumet 

West drying facility, and Table 31 presents the analysis of 

water from the six lysimeters at the Calumet East drying fa- 

cility for samples taken in 1999. The data indicate that the 

shallow groundwater at all three sites is highly mineralized. 

The principal constituents are Ca, Mg, K, Na, SO4,  and alka- 

linity. 
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TABLE 2 9  

HEAN' ANALYSIS OF WATER SAMPLES TAKEN IN 1999 FROM 
EYSIMETERS AT THE JOHN E. EGAN SOLIDS DRYING FACILITY 

Lysimeter  asa at ion^ 
Parameter Units North South 

pH 
EC 
Total Dissolved Solids 
Total Dissolved Organic C 
CI- 

so,= 
Total Kjeldahl Nitrogen 
NH,-N 
'Total P 
NO,+NO, -N 

''The kethod detection limit (MDL) was used in calculating the 
mean. If all values were less than the MDL, the rnear, is re- 
ported as <&DL. 

'~~sineter depths: North, 20 feet; South, 21 feet. 
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TABLE 30 

MEAN' RNALYSIS OF WATER SAMPLES TAKEN IN 1999  FROM THREE 
LYSIMETERS AT THE CALUMET WEST SOLIDS DRYING FACILITY 

Parameter 
Lysimeter2 

Units 1 2 3 

CU mS /m 
Total Dissolved Solids mg/L 
Total Dissolved Organic Carbon " 
c1- \I 

TKN-N 
NH, -N 
Total P 
NO, +NO, -N 
Alkalinity as CaCO, 

 he method detection limit (MDL) was used in calculating the 
mean. If all values were less than the MDL, the mean is re- 
ported as <MDL. 
'~ysimeter depths: No. 1, 20 feet; NO. 2, 21 feet; NO. 3 ,  2 1  
feet . 
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TABLE 31 

KEAN' ANALYSIS OF WATER SAMPLES TAKEN IN 1999 FROM STX 
LYSIMETERS AT THE CALUMET EAST SOLIDS DRYING FACILITY 

Parameter 

PH 7 . 6  7 . 6  7 . 5  
EC mS /m 417 3 7 6  2 5 4  
Total. Dissol~red  Solids mg/L 4 , 6 9 1  4 ,136  

\\ 

2,461 
Total Dissolved Organic Carbon 5 1 6  11 
C 1 -  \\ 17 3 1 7 2  101 
SO,= ,, 2 , 4 2 5  3 , 5 7 3  1 ,022  

TKN-5 
mi3 -N 
Total P 
N0,+X03 -N 
Alkalinity as CaCO, 
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TABLE 3 1 (Continued) 

MEAN' ANALYSIS OF WATER SAMPLES TAKEN IN 1999 FROM SIX 
LYSIMETERS AT THE CALUMET EAST SOLIDS DRYING FACILITY 

Parameter 
~ ~ s i m e t e r ~  

Units 4 5 6 

p H  
EC 
Total Dissolved Solids 
Total Dissolved Organic Carbon 
c1- 
so,= 

TKN-N 
NH, -N 
Total P 
NO,+NO,-N 
Alkalinity as CaCO, 

 he method detection limit (MDL) was used in calculating the 
mean. If all values were less than the MDL, the mean is re- 
ported as <MDL. 

2- ~ysimeter depths: Nos. 1, 2, and 3, 28 feet; Nos. 4, 5, and 6 ,  
22 feet. 



GROUNDWATER QUALITY AT THE LAWNDALE AVENUE SOLIDS MAN-3SEMENT 
AREA 

- 
ir? .  1383, the District began biosolids drying operations 

at the Lamdale Avenue Solids Management Area (LASYA;. This 

involves spreading either dewatered lagoon biosolids zlr cen- 

trifuged dlqested biosolids 45-60 cm (18-24 in) deep an spe- 

ciaily designed flat areas, and turning the biosol-a.: over 

dai;y to enhance drying until the solids content is qreater 

than 50 percent. The 1983 biosolids drying operatio~ls were 

perfcrmed on clay surfaces. These drying surfaces were paved 

with asphalt in 1984, and biosolids drying operations rzsurned 

on August 31, 1984. 

The IEPA operating permit for this site requires gr~und- 

water moni.toring. Five wells were drilled into the liirrestone 

aqulfer u~derlying the site, and were sampled every t w ~  weeks, 

beginning in spring 1983. After one year of biweekJh sam- 

pling, a quarterly sampling frequency was instituted. 

Zn J ~ i y  1984, s i x  lysimeters were installed for sampling 

groundwater: f every two weeks ) immediately above the iinestone 

bedrock which is located 6-12 m (20-40 ft) below the s~rface 

in tilis area. However, only three of the six lysimet~re were 

funct~onal. In early 1985, six more lysimeters were installed 

at r.?;e site; three to replace the nonfunctional lysimeters and 

three new ones. By April 1985, nine functional 3.ysineters 



were installed at LASMA as required by the IEPA operating per- 

mit. 

Average well water analysis for samples taken in 1999 is 

presented in Table 32. The water quality is typical of lime- 

stone aquifers. Calcium, Mg, and Na are the major cations, 

and HC03 (alkalinity) and SO4 are the major anions. There is 

no indication that biosolids constituents have entered the aq- 

uifer underlying the site. 

Average lysimeter water analysis for 1999 is presented 

in Table 33. Lysimeter water is highly mineralized and is af- 

fected by the fill material in which the lysimeters are lo- 

cated. The lysimeters are located in a marshland covered with 

imported fill. 

The renewed operating permit for LASMA required monthly 

groundwater monitoring in 1999. 

GROUNDWATER QUALITY AT THE RIDGELAND AVENUE SOLIDS MANAGEMENT 
AREA 

The solids drying area at llgth and Ridgeland was origi- 

nally constructed with a clay base. The drying area was paved 

with asphalt in 1992 and 1993. Drying opera'cions on asphalt 

began on June 29, 1993. 

The IEPA operating permit for this site requires ground- 

water monitoring. Four lysimeters, approximately 20 feet 

stickney
Accepted
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TABLE 3 2  

M E A ~ ~  ANALYSIS OF TWENTY WATER SAMPLES TAKEN IN 1993 
FROM THE FIVE MONITORING WELLS AT THE LAWNDALE AVEPZJE 

SOLIDS MANAGEMENT AREA 

Monitoring we1 1,' -- 
Parameter Units M-11 M-12 M-13 M-14 24-15 

P H  
EC 
Total Dissolved 
Solids 
Total Dissolved 
Orgaxic C 
c1- 
so,= 

TKN 
NH, - W 
NO, +NO, -N 
Total P 
Alkalinity as CaCO, 
A1 
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TABLE 3 2 (Continued) 

MEAN' ANALYSIS OF TWENTY WATER SAMPLES TAKEN IN 1999 
FROM THE FIVE MONITORING WELLS AT THE LAWNDALE AVENUE 

SOLIDS MANAGEMENT AREA 

Monitoring well2 
Parameter Units M - 1 1  M-12 M- 1 3  M-14 M-15 

Ni \\ 0.02  <0.02 <0 .02  < 0 . 0 2  ~ 0 . 0 2  
Pb ,, ~ 0 . 0 5  < 0 . 0 5  ~ 0 . 0 5  <0.05 < 0 . 0 5  
Se \\ <O - 4  < 0 . 4  X0.4 < 0 . 4  <0.4 
Zn n 2 . 3 7  0 . 8 6  1 . 2 8  0 . 7 7  2 . 1 2  
Fecal Coliform #/lOOmL 4 <1 < 1  < 1  < 1  
Static WaterElev. feet 5 8 0 . 8  5 7 7 . 9  5 8 3 . 1  583 .7  580 .5  

 he method detection limit (MDL) was used in calculating the 
mean. If all values were less than the MDL, the mean is re- 
ported as cMDL. 
'well depths: No. 1 1 ,  1 6 0  feet; No. 1 2 ,  100  feet; No. 1 3 ,  180  
feet; N o .  1 4 ,  100  feet;  N o .  1 5 ,  1 0 0  fee t .  



mTROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 3  

ME& AKALYSIS OF WATER SAMPLES TAKEN IN 1999 FROhl NINE 
LUSIMETERS AT THE LAWNDALE AVENUE SOLIDS MANAGEMFNT &'j7EA 

~ y s  ime ter2 
Parame t e:r Units L- 1 L- 2 L-3 L- 4 L- 5 

Ps 7 .2  6 .9  7.4 7 . 1  
EC 

7.3 
rnS /m 188 273  142  385 140 

Total Dissolved mg/L 1,466 2,016 891 4,401 1,200 
Solids 
Total Dissolved \\ 

Organic C 
c1- \\ 

so,= \\ 

Trn 
NH, -N 
NO,-i-NO,-N 
Total. P 
Alkalinity as 
CaCO, 
Al 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 33 (Continued) 

MEAN' ANRLYSIS OF WATER SAMPLES TAKEN IN 1999 FROM NINE 
LYSIMETERS AT THE LAWNDALE AVENUE SOLIDS MANAGEMENT AREA 

Parameter Units 

PH 
EC 
Total Dissolved 
Solids 
Total Dissolved 
Organic C 
c1- 
SO,* 

TKN 
NH, -N 
NH,+NO,-N 
Total P 
Alkalinity as 
CaCO, 
A1 



mTROPOI~IrPAN WATER RECLAMATION DISTRICT OF GREATER CXIC$-GO 

TABLE 3 3 ( Continued) 

k4EANL ANALYSIS OF WATER SAMPLES TAKEN IN 1999 FROM N I N E  
LYSIMETERS AT THE LAWNDALE AVENUE SOLIDS MANAGEMENT AREA 

Lys imet er2 
Parameter Units L- 6 L-7 L- 8 L- 9 

 he xethod detection limit (MDL) was used in calculatrng the 
mean, If all values were less than the MDL, the meaE is re- 
ported as XMDL. 
'Lysimeter depths: No. 1, 41 feet; No. 2, 29.5 feet; No, 3, 30 
 fee^; No. 4, 26 feet; No. 5 ,  38 feet; No. 6, 31 feet; No. 7 ,  15 
feet; No. 8, 25 feet; No. 9, 18 feet. 
NA = No analysis. 



deep, were installed for sampling groundwater every two weeks, 

which began in September 1993. Three of the four lysimeters 

rarely yielded water. The installation contractor inspected 

and tested the lysimeters in June 1994, and found no problems 

with the lysimeters themselves. The contractor determined 

that due to soil conditions, there was little free water 

available at the depths the three lysimeters were installed. 

This also held true for inspections of the lysimeters in 1999. 

Table 34 presents the analysis of lysimeter water for 

1999. The average values presented show that the shallow 

groundwater at this site is highly mineralized. The princi- 

pal dissolved constituents are Ca, Mg, Na, S04, C1, and HC03 

(alkalinity). The current IEPA operating permit requires bi- 

weekly groundwater monitoring. 

GROUNDWATER QUALITY AT THE HARLEM AVENUE SOLIDS MANAGEMENT 
AREA 

In 1990, the District began biosolids drying operations 

at the Harlem Avenue Solids Management Area (HASMA). Dewa- 

tered lagoon biosolids or centrifuged digested biosolids are 

agitated on this paved area, to enhance evaporation until the 

solids content reaches 60 percent or greater. 

The IEPA operating permit for this site requires biweekly 

groundwater monitoring. Three lysimeters were installed for 
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TABLE 3 4  

MEAN' ANALYSIS O F  WATER SAMPLES TAKEN IN 1999 FRClM FQUR 
LYSIMETERS AT THE llgTH AND RIDGELAND SOLIDS MANAGEMEPIT'I" AREA 

L y s i r n e t e r  
Parm..eter U n i t s  L- 1 L-2 L-3 L-4 

PH 7.7 7.7 7 - 6  7.3 
EC mS /m 308  264  252 1 8  6 
Total Dissolved mg/L 3,788 1,440 NA 1,539 
Solids 
Totai Dissolved \\ 2 0  NA NA 13 
Organic C 
c1- 1, 6 0 1 3 2  NA 14 4 
so,= 1, 1 ,222  480 NA 477 

Tm- 
NH, -N 
NO,+NQ,-N 
Total P 
Alkalinity as CaCO, 

 he method detection l i m i t  (MDL) was used in calculating the 
mean. If all values were less than the MDL, the m e a n  i s  re- 
ported as 4M;)L. 
NA = No analysis. 



sampling the groundwater immediately below the drying site. 

Table 35 presents the analysis of water sampled from the three 

lysimeters in 1999. The data indicate that the shallow 

groundwater at this site is highly mineralized. The principal 

constituents are Ca, Mg, Na, SO4, and C1. Lysimeter 1 has had 

a high, naturally occurring NH3-N content. In 1996 a new ly- 

simeter, designated IN, was installed, and it produced water 

of quality similar to the other HASMA lysimeters. Groundwater 

monitoring will continue in 2000. 

GROUNDWATER QUALITY AT THE 1 2 2 ~ ~  AND STONY ISLAND SOLIDS 
MANAGEMENT AREA 

In 1991, the solids drying facility at 122"~ and Stony Is- 

land was paved to facilitate biosolids drying. Prior to 1991, 

drying was done on a clay surface. This drying facility is 

used to process biosolids for final distribution. In 1999, 

the site was used to dewater centrifuged digested biosolids 

from the Stickney WRP. These biosolids were utilized in land- 

fills as daily and final vegetative cover. The IEPA operating 

permit for this drying facility required groundwater monitor- 

ing. Four lysimeters were installed in September 1991 for 

sampling groundwater immediately below the drying site. Table 

36 presents the average values for the analysis of water from - 
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TABLE 35 

MEAH' AiXALYSIS OF WATER SAMPLES TAKEN IN 1999 FRON 
THREE LVSIMETERS AT THE HARLEM AVENUE SOLIDS M A N A G E m T  W A  

--- 

Parameter 
~ysimeter~ - 

Units L-1 L-1N L-2 L-3 

PH 7 . 3  7.7 7.4 7 . 3  
EC mS /m 428 18 1 2 19 2 4 3  
Total Dissclved mg/L 3,616 1,279 2,137 2,046 
Solids 
Total Dissolved 
Orgazic C 
c1- 
so,= 

TKN 
NH, -N 
NO,+NO, -N 
Total P 
Alkaiinity as CaCO, 

 h he method detection limit (MDL) was used in calcularing the 
mean. If all values were less than the MDL, the mean is re- 
ported as <M;I)L. 
'~ysimeter depths: No. 1, 14 feet; No. 2, 14 feet; hio. 3. 16 
feet. 
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TABLE 3 6  

MEAN' ANALYSIS OF WATER SAMPLES TAKEN IN 1999 FROM FOUR 
LYSIMETERS AT THE 1 2 2 ~ ~  AND STONY ISLAND SOLIDS MANAGEMENT AREA 

Lysimeter 
Parameter Units L-1 L-2 L-3 L-4 

PH 7 . 1  7 . 3  7 . 2  7 . 1  
EC mS /rn 358 250 300 2 6 2  
Total Dissolved mg/L 2 , 6 3 7  1 , 7 3 6  2 , 9 6 8  2 , 2 4 3  
Solids 
Total Dissolved \\ 54  32 5 2  34 
Organic C 
c1- \\ 3 6 2  441  8 9 3 17  
SO,= \\ 4  4  0  2  8 7 942 332 

TKN \\ 5 0 . 6  1 0 . 1  7 . 6 9  8 .17  
NH, -N \\ 4 4 . 3  8 .02  3 . 7 8  5 . 8 1  
NO,+NO, -N \\ 0.15 0 . 0 4  0 . 0 5  0 . 1 9  
Total P \\ 0.12 1 . 2 8  0 . 2 4  0 . 1 0  
Alkalinity as CaCO, \\ 1 ,333  42 8 1 , 1 6 1  7  9 2  

 he method detection limit (MDL) was used in calculating the 
mean. If all values were less than the MDL, the mean is re- 
ported as <MDL. 



the four lysimeters at the 1 2 2 " ~  and Stony Island drying facil- 

ity for samples taken at monthly intervals in 1999. Tae ly- 

simeter water was highly mineralized. 

Groundwater monitoring will continue at the site rn 2900. 

Biology Section 

The 9ic)logy Section of the Environmental Monitorlag and 

Research Division is composed of five professional arLd eight- 

een technical personnel. The section is organized ir.> four 

groups whicki perform specific monitoring or research azclvi- 

ties. The four groups are: 

I. Analytical Microbiology and Parasitology 

1 Virology, Toxicology and Biomonitoring 

111. Fisheries Biology 

IV. Water and Sediment Quality 

Biology Section personnel are often involved I-ri ctcdies 

of wastewater treatment, biosolids assessment, and e~:vi.ron- 

mental monitoring which require the application of specific 

biological disciplines and expertise such as microbiology, vi- 

rolcgy, taxicology, biomonitoring, fisheries biology, ~ ~ v e r t e -  

brate zool.oyy, entomology, and parasitology. The areas of 

study in whi.ch Biology Section personnel can be involve6 dur- 

ing the course of a given year include, but are not limited 



to: environmental and population biology, public health risk 

assessment and ecological risk assessment, water and sediment 

quality monitoring, dissolved oxygen (DO) monitoring in the 

Chicago Waterway System, combined sewer overflow (CSO)  charac- 

terization, ecotoxicology and biomonitoring, bioassay method- 

ology, microbial processes, enumeration of viral, microbial, 

and parasitic indicators and specific pathogens, mutagen and 

toxicology studies, and the microbiology and/or biology of 

specific wastewater or biosolids treatment options. 

In 1999, the personnel of the Biology Section partici- 

pated in a variety of monitoring and research activities. 

Listed below are the most important of these activities and 

the Biology group which had the most direct participation. 

I. ANALYTICAL MICROBIOLOGY AND PARASITOLOGY GROUP 
ACTIVITIES 

a. Water Reclamation Plant (WRP) Qual- 

ity Control. Monitoring WRP efflu- 

ents for the presence and density of 

fecal coliforms for disinfection 

control. 

b. Operation Lake Watch. Monitoring 

the Lake Michigan shoreline for the 

presence and density of fecal 



coliforms and heterotrophic bacteria 

to detect pollution. 

c. Bypasses to Lake Michigan. Monitor- 

ing the Lake Michigan shoreline, and 

Chicago area beaches for the pres- 

ence and density of fecal coliforms, 

and concentrations of conventional 

pollutants following diversion of 

storm water and combined sewage to 

the lake. 

ti. Chicago Area Waterways. Monitoring 

District waterways in Cook County 

upstream and downstream of the Calu- 

met, North Side, Stickney, and 

Lemont WRPs. 

e. Monitoring Wells. Monitoring fecal 

coliform presence and density in 

groundwater for TARP, as required by 

Illinois Environmental Protection 

Agency (IEPA) operational permits. 

f . Land Reclamation. Monitoring the 

presence and density of fecal coli-. 

forms in groundwater and wells 



around sludge handling sites in Cook 

County. 

g. Process Certification for Class A 

Biosolids. Analysis of biosolids 

from the District's process trains 

for fecal coliforms, Salmonella spe- 

cies, and parasitic ova (helminths, 

etc.) to determine if Class A bio- 

solids can consistently be produced 

as specified under the USEPA Part 

503 Regulations. 

h. Biological characteristics of acti- 

vated sludge mixed liquor as an in- 

dex for WRP process control. 

i. Ecosystematic Study. Second year of 

a two year study of bacterial popu- 

lations in Salt Creek. 

j .  Potable Water Analysis. Monitoring 

drinking water at District WRPs, and 

other locations. 

k. Review research reports and draft 

legislation to determine the impact 

on District operations. 



11. VIROLOGY, TOXICOLOGY AND BIOMONTORING GR3UP 
ACTIVITIES 

a,. Toxicity testing for NPDES Permits. 

Use of fathead minnows and daphnids 

to assess acute and chronic toxicity 

of effluents from District WRPs. 

b. Discretionary Toxicity Testing for 

NPDES Permits. Use of Ames Mutagen 

TM 
Assay and Microtox tests as surro- 

gat.es for acute toxicity tests with 

fish, invertebrates, or algae. 

c .  Research study on the effect of fish 

age on biomonitoring results. 

c?. WET test interlaboratory variability 

study. 

e. Process Certification for Class A 

Biosolids. Analysis of biosolids 

for enteric viruses to determine if 

Class A biosolids can be consis- 

tently produced under the USEPA Part 

503 Regulations. 

f. Review research reports and draft 

legislation for any impact on Dis- 

trict operations. 



111. FISHERIES BIOLOGY GROUP ACTIVITIES 

a. Fish survey of the metropolitan Chi- 

cago Waterway System as part of the 

R&D Department's ongoing water qual- 

ity study. 

b. Fish survey of the North Branch of 

the Chicago River, and the deep 

draft canals of the Chicago Waterway 

System. 

c. Fish kill investigations. 

d. Illinois fish flesh contaminant ad- 

visory program. 

e. Review research reports and draft 

legislation for the impact on Dis- 

trict operations. 

IV. WATER AND SEDIMENT QUALITY 

a. Water and sediment quality study of 

the Illinois Waterway. 

b. CSO characterization. 

c. Dissolved oxygen survey in the North 

Shore Channel, North Branch of the 

Chicago River, South Branch of the 

Chicago River, and the Chicago Sani- 

tary and Ship Canal. 



c!. CSO characterization for the U. S. 

Army Corps of Engineers. 

e. Review of research reports and draft 

legislation for the impact on Dis- 

trict operations. 

ANALYTICAL M~LCROBIOLOGY AND PARASITOLOGY GROUP ACTIVITIES 

The Ai:alyti~al Microbiology Group is responsible fcr all 

b a c t e r i a l  population density analyses used for the WRP sfflu- 

ent m~nitcring required by NPDES permits. Monitoring tne den- 

sit~cs of ftxai coliform bacteria in effluents of t h e  Dis- 

trict's WRP was begun in 1972, when first required by NFDES 

permirs, and  continues to the present. Fecal coiiforlr. 5ata 

are ava.ilnble to the Hanover Park, Kirie, and John . Egan 

WRPs with~n 24 hours of sample collections. These data are 

used as a guide in maintaining proper chlorination a? these 

Distri-,t WRPs, and for reporting c:ompliance with NPDES permit 

regulations. All. District WRPs with NPDES disinfection re- 

quirements have a seasonal exemption from November lSt tirough 

Aprll 3cth of each year, and are not subject to effluent dish- 

fectlon requirements during those periods. In 1993, tne de- 

termlnatkcr; of fecal coliform and Ascaris ova denslsles in 

.sludje becarnie a condition of the District's NPDES permi~s . In 

compliance with the NPDES permits, the Analytical Microbiology 



Group performed most probable number analyses for fecal coli- 

form bacteria on 18 samples from the Hanover Park WRP lagoons 

and 114 samples from the District's other biosolids management 

areas during 1999. Analyses for Ascaris ova were performed on 

67 samples of biosolids from various District biosolids man- 

agement areas. Current NPDES permits also require the moni- 

toring of fecal coliform levels in retention ponds at the 

Hanover Park WRP; as a result, 97 samples from the Hanover 

Park WRP retention ponds and related plant processing streams 

were analyzed. Results were reported to the plant as soon as 

data were available. 

The Analytical Microbiology Group supported a variety of 

Research and Industrial Waste programs in 1999. These in- 

cluded Operation Lake Watch, TARP, Sludge Pathogen Densities, 

Land Reclamation, District Waterway surveys, and the Illinois 

Waterway Survey. Table 37 is a summary of the major programs 

receiving support from 1997 through 1999, and the number of 

analyses performed for each program. 

The Analytical Microbiology Group at the Stickney R&D 

Laboratory is certified by the Illinois Department of Public 

Health (IDPH), Registry #17508, for heterotrophic plate count 

(HPC), total coliform (TC), and fecal coliform (FC) examina- 

tion of samples of water from public water supplies and their 
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INDICATOR BACTERIA ANALYSES PERFORMED BY THE ANALYTICAL MT.CROBIOLOCY GROUP FOR VARIOUS DISTRICT 
PROGI7AYS I997 THROIJGH 1999 

Program 
T o t a l  Col iforq 

1997 1998 1999 
Fecal Cgl i form Eeca1 ..Sfrx%~tococci 

1997 1998 1999 1997 1998 1999 

Effluent Analysis 12 10 8 695 

Land Reclamation - - - 255 

Sludge - - - 7 2 

District Waterway Surveys 21 10 10 542 

Industrial Waste Surveys - - 3 0 8 7 
t-' 
I-' Research Support 4 0 14 - 
'Q 

82 

Operat ian Lake watch' - - - 2?? 

Major Treatment 
Facility Monitoring 

Illinois Waterway - - - 9 8 

TARP - - - 481 

Emergency Response - - - - - - 
Combined Sewer Overflow - - - - 
- 
9ther2 217 266 7 93 - 

.=- - . ---- ----- --- --- - - -- ---- 
Incliides f e s t i v a l s  and District bypasses to ~ a k c  Michigan. 
'Includes drinking water. 



sources by the membrane filtration (MF), presence/absence 

( P / A ) ,  and most probable number ( M P N )  techniques. The Group's 

facilities, equipment, and procedures were the subject of the 

biennial on-site evaluation for certification by the IDPH on 

November 19, 1998, and were found to be in general compliance 

with the provisions of Standard Methods for the Examination of 

Water and Wastewater ( 1 8 ~ ~  Edition) and the Illinois Rules for 

certification and Operation of Environmental Laboratories 

(July 15, 1998) . The Analytical Microbiology Group is sched- 

uled for certification review again in November 2000. 

Table 38 and Figure 14 summarize the number and type of 

analyses performed by the Group from 1997 through 1999. Bac- 

terial analyses for TC, FC, and fecal streptococci (FS) are 

used by the District as indicators of the sanitary quality of 

water. The heterotrophic plate count (HPC) is a procedure for 

estimating the number of viable heterotrophic bacteria in wa- 

ter. Analyses for Pseudomonas aeruginosa (PA), Salmonella 

spp. (SAL), and Enterococci (ENT) are performed as a part of 

the Ecosystematic Study. Pseudomonas aeruginosa is a common 

inhabitant of soil and water and has a worldwide distribution. 

It is responsible for a number of infections in humans, par- 

ticularly in debilitated or irnmunocompromised hosts. Salmo- 

nella spp. are enteric pathogens, but some species occur natu- 

rally in the environment. 
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TABLE 3 8  

ANALYTICAL MlCROBIOLOGY GROUP SAMPLES AND ANALYSES 
1997 THROUGH 1999 

- - -. . . Aulvsis - o a e s & s  ~erforrned' 
Year Samples TC FC FS PA SAL HPC EC ENT IQC BIO-E ID-CONF Total 

'TC = Total Coliform; FC = Coliform; FS = Fecal Streptococcus; PA = Pseudomonas aeruqinosa; SAL = 
Salmonella spp; HPC = Heterotrophic Plate Count; EC = Escherichia u; ENT = mterococcus spp; IQC = 
Internal Quality Control testing (reported as the number of procedures performed);BIO-E = Microscopic 

t-J evaluation of protozoan and filamentous organisms; ID-CONF = Organism Identification using specific 
r.J 
P 

biochemical metabolic characteristics. 
 he lower number in 1 9 9 9  reflects a reduction in the number of colony confirmations required by the 
IDPH for QC purposes. 
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FIGURE 14 . . . 
ANALYTICAL MICROBIOLOGY GROUP BACTERIAL ANALYSES 

1997 THROUGH 1999 

 OTHER^ TC 

SPC 
 OTHER^ TC 

L~ncludes analyses for Pseudomonas aeruqinosa, Salmonella spp., Escherichia 
&, and Enterococcus. 



Ecosystematic Study. The Ecosystematic Study was de- 
-*- 

signed to document and assess the water quality in the Chicago 

area waterways. In i999, the District completed a ;w= year 

prolect monitoring the water quality along the Salt Creek. 

The sCudy area is shown in Figure 15. Samples for bacterial 

analysis were collected on two occasions during 1999. These 

anaiyses are part of a study designed to document and assess 

the water quality in this waterway. The results are sumrna- 

rized in -- Tables 39 and - 40 and Figures 16 and 1 7 .  
7 

Compl:.ance with Part 503 Sludge Disposal Regulation. In - 

1996 the District began monitoring fecal ccliforrn. Sa!.~onella 

spp. and viable Ascaris ova levels in its final a1.r-dried 

sludge product for compliance with the Class A biosoi.ias cri- 

terit; in the 40 CFR part 503 sludge disposal regulations. 

Since t5at time, all District biosolids samples analyzed were 

in compliance with these criteria for shipment and Lse under 

the District's Controlled solids Distribution Program. 

In 19913, 67 air-dried sludge samples were analyzed for 

viable Ascar i s  - ova in compliance with the Part 5 0 3  ~egula- 

tior&s. No viable Ascaris ova or larvae were isolated from any 

of the samp3.e~ analyzed, and all of the samples anaiyzed were 

in c:mpliance with the Class A biosolids criteria. Paren- 

thetically, these data also lend support to the Distrbct" pe- 

titicin to the YSEPA to have its sludge process trains .S?Ts) 
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FIGURE 15 

FISH MONITORING STATIONS IN SALT CREEK 

, . 

0 Sample Location 

0 1 2 3 4  
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TF.RLaE 3 9  

BACTERIAL DENSITY IN SALT CREEK WITHIN COOK COIJIVTY' 
(GEOMETRIC MEAN OF ALL SAMPLES 1 9 9 9 )  

Station Locations TC' FC' FS' ENT' H P C ~  PA* Salmonella spp 

Salt Creek, 
@ Busse Lake Dam 6 , 6 0 0  580  290  3 0 0  4 , 6 0 0  8 0  <O .17 

Salt Creek, 
@ Arlington Heights 
Road 1 8 , 0 0 0  1 , 6 0 0  390  42 0  46,000 200  <O. 23 

I-' 
N Salt Creek, 
UI @ Devon Avenue 2 0 , 0 0 0  1 , 4 0 0  460 5 6 0  3 9 , 0 0 0  480 < O .  26 

Salt Creek, 
@ Wolf Road Forest 
(pedestrian bridge) 1 , 4 0 0  1 2  0  9  0  2 2 0  3 ,400 30  0 . 2 3  

Salt Creek, 
8 First Avenue 7 , 9 0 0  1 , 7 0 0  290 3 0 0  5 , 6 0 0  3 0  0 .17  

'~11 counts per 1 0 0  mL except HPC which is in counts per mL. Values shown are the 
results of analyses of samples collected on August 23, and November 1, 1 9 9 9 .  
2~~ =Total Coliform; FC = Fecal Coliform; PS = Fecal Streptococcus; ENT = Enterococcus; 
HPC = Heterotrophic Plate Count; FA - Pseudomonas aeruainosa. 
N o t e :  r l ~ h r l  E, Egan W K P  1s located between the H i a s s e  Lake Ilarn and Arl~ngtan H e i g h t s  
Road sampLirag .Lc~:iat-lor!rj 
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TABLE 4 0  

RESULTS OF COLONY CONFIRMATION TESTS' FOR THE 1999 ECOSYSTEMATIC STUDY 

Analysis 

Primary Number of Number of 
Isolation Colonies Colonies Percent 
Medium Picked Confirmed Confirmed 

Total Coliforms m- Endo 5 0 4 2 8 4 

Fecal Coliforms MFC 50 5 0 100 

Fecal Streptococci KF Streptococcus 50 4 5 90 

Enterococci rnE 
t-' 
h) 
m Pseudomonas aeruqinosa mP A 

-- - 

'~otal coliform: lauryl tryptose broth and brilliant green bile 2% at 35OC. Fecal 
coliform: gas production in lauryl tryptose broth at 35OC and EC medium at 44.5OC. 
Fecal Streptococcus: Catalase production; growth at 45OC; growth in 40% bile at 35OC; 
Enterococci: Growth on, and blackening of bile esculin agar at 35OC; growth at 45OC; 
growth in 6.5% NaCl at 35OC. Pseudomonas aerusinosa: Casein hydrolysis and yellow to 
green diffusible pigments on milk agar at 35OC. 







certified as Processes to Further Reduce Pathogens i?FF.Ps). 

The analytical method for helminth ova used in the DFs"iict 

was ceveloped by Dr. M. Dale Little of Tulane University's De- 

partment G E  Tropical Medicine. This method employs a corblna- 

tion of sieving, flotation, and centrifugation to extract and 

enumerate helminth ova (Ascaris, Toxocara, and Tsichuris). 

District personnel were trained in the use of this mez"?od by 

Dr. L,ittLe. 

Laboratory Seeding Study. The Group also condacted a 

seeding s~cdy in the laboratory to determine the efficiency of 

belrnifi th recovery from sludge. Recoveries of seeded Ascaris 

ova from snall ( 4 . 5  gram) and large (45 gram) samples of di- 

geseer feed and final air-dried product were determined ~wice. 

The first time this was done, concentrated ova were i~cubated 

for 30  days. The second time this was done no incubation pe- 

riod was ~ised. The results are shown in Tables 41 3 r d  42. - 
Recoveries sf seeded Ascaris ova from digester feed ranged 

from 63.1 to 102.9 percent. Recoveries of seeded Ascaris ova - 

from final a~r-dried product ranged from 22.0 to 97.6 percent. 

Research Support to Other Sections. The Group conducted 

analyses in support of a Wastewater Treatment Research Section 

project. The project was undertaken to biologically charac- 

terizs cen.trrifuge centrate and digester supernatant a ?  the 
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TABLE 41 

VIABILITY AND MEAN PERCENT RECOVERIES OF "SPIKED" ASCARIS SUUM 
OVA FROM STICKNEY WRP DIGESTER FEED AND FINAL AIR-DRIED 

PRODUCT ACHIEVED IN THE DISTRICT'S R&D LABORATORY USING THE 
YANKO PROCEDURE' - EXPERIMENT INCLUDED A 

30-DAY INCUBATION PERIOD' 

Total 
Dry Ova Percent Percent 

Sample Weight ~dded' ~ e c o v e r ~ ~ ' ~  ~iabili tY6 

Digester 4.53 453 63.1 89.7 
Feed - + 4.0 - + 1.8 

Digester 45.27 4,527 80.2 88.7 
Feed - + 1.3 - + 0 . 8  

Final Air-Dried 5.26 592 22.0 89.8 
Product - +16.4 - + 4.6 

Final Air-Dried 46.02 5,088 97.6 91.1 
Product - + 2.6 - + 0.4 

l~anko, W.A., "Occurrence of Pathogens in Distribution and 
Marketing Municipal Sludges," EPA/600/1-87-014, National 
Technical Information Services, 5285 Port Royal Road, 

2 
Springfield, VA 22161 ( P B  88-154273/AS), 1987 
Concentrated ova were incubated in 0.5 percent formalin at 
28OC in the dark for 30 days and examined for viability. 
l91 percent viability demonstrated with an embryonation test. 
'~otal recovery (included viable and non-viable ova). 
5 Mean percent recovery from three "spiking" experiments 2 one 

6 
standard deviation. 
Mean percent viability of the ova recovered 2 one standard 
deviation. 
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TABLE 42 

-MErn PERCENT RECOVERIES OF "SPIKED" ASCARIS SUWM CVA FROM 
STTCKNEY NRP DIGESTER FEED AND CALUMET WRP FINAL AIR-32IED 
PRODUCT ACHIEVED IN THE DISTRICT'S R&D LABORATORY USING THE 

YATTKO PROCEDURE' - EXPERIMENT CONDUCTED WITHOUT A 
3 0 -DAY INCUBATION  PERIOD^ 

g Dry Total Ova Percent 
SampL e Weight ~ d d e d ~  ~ e c o v e r ~ ~ ' ~  

Stickney 
Digester Feed 4.56 

S tis:kney 
Digester Feed 45.63 

Calm-et 
Final Air-Dried 
Pro&uct 5.16 

Calumet 
Final Air--Dried 
Product 45.12 4,594 85.2 :. 6.2 
'~anko, W. A. , "Occurrence of Pathogens in Distrihu~ian and 
Marketing Municipal Sludges," EPA/600/1-87-014, National 
Technical Information Services, 5285 Port Royal Road, 
SpringfieLd, VA 22161 (PB  88-154273/AS), 1987 
'ova were simply concentrated and counted. The incubation step 
and subsequent check for viability were omitted. 
'91 percent viability demonstrated with an embryonation test. 
'~ota: recovery (included viable and non-viable ova). 
'~ean. perceni recovery from three "spiking" experiments 2 one 
standard deviation. 



Calumet, Egan, and Stickney WRPs. Fecal coliform, Salmonella 

spp., and helminth ova densities were determined for this pro- 

ject. 

VIROLOGY, TOXICOLOGY AND BIOMONITORING GROUP ACTIVITIES 

The Virology, Toxicology and Biomonitoring Group conducts 

research and monitoring studies related to the District's in- 

terests and activities. The group has conducted studies de- 

signed to develop and improve the methods for the detection, 

enumeration, and identification of viruses in water, sewage, 

sludge, and aerosols. The District's WRP influents, efflu- 

ents, and intermediate process waters, as well as the receiv- 

ing waters have been examined for viruses as part of broader 

health effects studies. 

The group conducts toxicity tests with fish and water 

fleas on effluent and environmental samples as part of a bio- 

monitoring program designed to protect aquatic life and human 

health. The group also investigates the feasibility of new 

more rapid and economical methods of assessing toxicity in en- 

vironmental samples. This includes conducting surrogate bio- 

assays such as the MicrotoxTM toxicity analysis. 

The major activities of the Virology, Toxicology and Bio- 

monitoring Group during 1999 included the following: 



Virus Levels in Biosolids. In 1996, the District began 

monitoring virus levels in its final air-dried sludge product 

for compl~ance with the Class A biosolids criteria iz -,he 40 

CFR ParZ 503 sludge disposal regulations. Since t h a t  t-rme, 

all District biosolids samples analyzed were in ec~.p l  iance 

with these criteria for shipment and use under the Dl..c;trletrs 

Controlled Solids Distribution Program. 

In 1999, the Virology Group analyzed 67 air-dried sludge 

sampLes f c ~ r  viruses for compliance with these regallat ions. 

The results are shown in Table 43. No viruses were ~solated 

from any of the samples analyzed, and all of the samples ana- 

lyzed were in compliance with the Class A biosolids c:r~t.eria. 

Pare~:thetically, these data also lend support to t n e  Dis- 

tricr's petition to have its SPTs certified as PFRP. 

Laborat3ry - Virus Seeding Study. The Group also ccnducted 

a seeding study in the laboratory to determine the eff~ciency 

of virus recovery from sludge. Recoveries of seedec viruses 

from 5 and 50 gram samples of digester feed were 3.3 and 1.0 

percent, respectl.vely. However, recoveries of seedec ri.ruses 

fron: 5 and 50 gram samples of final air-dried sludge product 

were 66,9 ar.d 49.1 percent, respectively. Results of' this 

study are shown in Table 44. 

* 
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TABLE 43 

VIROLOGICAL ANALYSIS OF BIOSOLIDS FOR DISPOSAL IN 1999 '  

Drying Area 

Number Samples 
Posi tive/Number 
Samples Collected 

Range of Test 
~etection Limits PFU/~~" 

Calumet 0/38 <O.O279 - <0.2325 

I-' 
W 
A 

Vulcan 

Marathon 0 / 5 <0.1292 - <0.2379 

'~esults of analyses performed in the District's Virology Laboratory. 
'confirmed plaque forming units/gram. 
'~ailure to detect viruses in sludge eluates is recorded as less than (< )  the limit 
of test sensitivity (l/mass of solids used in the analysis). 
4~idgeland Avenue Sludge Management Area. 
 awnda dale Avenue Sludge Management Area. 
6~arlern Avenue Sludge Management Area. 
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TABLE 44 

ME$&: PERCENT RECOVERIES OF "SPIKED1' POLIOVIRUS 1 SABIN STRAIN 
FROM STICKNEY FJRP DIGESTER FEED AND FINAL AIR-DRIED PR03UCT 

ACHIEVED IN THE DISTRICT'S R&D LABORATORY USING 
ASTM METHOD D 4994-89 

4 Dry 
:Sample Weight 

Average 
Total PFUS' Percent 

Added 2 Reco~reuy 

Digester 
Fee6 

Digester 
Feed 50.3 

Final Air-Dried 
Product 6.57 

Final Air-Dried 
Product 65.7 
- -- 
''plaque f oming units . 
'Mean recovery from three "spiking" experiments 2 one standard 
deviation. 



Support for the Wastewater Treatment Research Section. 

The Virology Group conducted analyses in support of one Waste- 

water Treatment Research Section project., The project was un- 

dertaken to biologically characterize centrifuge centrate and 

digester supernatant at the Calumet, Egan, and Stickney WRPs. 

Biomonitoring of WRP Effluent. WET tests were conducted 

on effluent samples from the Hanover Park and Kirie WRPs in 

compliance with the respective NPDES permits for these WRPs. 

The results of these tests are shown in Table 45. Biomoni- 

toring reports for these WRPs were submitted to the IEPA. 

Effect of Fish Age on Biomonitoring. The Group also con- 

ducted an in-house research project to investigate the effects 

of the age of fish used in acute WET tests on fish survival 

after exposure to toxicants. The raw data collected for this 

project are shown in Tables 46, 47, and 48. These data will - - 

be analyzed, and the results will be discussed in a District 

report. 

Whole Effluent Toxicity (WET) Test Interlaboratory Vari- 

ability. Upon completion of a prequalification process, the 

District's Biomonitoring Group was selected to participate in 

the USEPA WET Test Interlaboratory Variability Study. The 

Group conducted acute and chronic WET tests with fish 
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TABLE: 4 5  

RESULTS' OF WET TESTS~ FOR WATER RECLAMATION PL~ANTS DURING 1999 

Effluent 
Tested 

Date ( s )  
Collected 

WET 
Test 

-- 

Result 

James C. Kirie 6/14/99 
WRP 

Wanover Park 6/20-25/99 
WRP 

Hanover Park 12/5-10/99 
WRP 

MicrotoxTM 
Acute Minnow (Survival) 
Acute Water Flea (Survival) 

NTE 
NTE 
NTE 

Microtox NTE~ 
Chronic Minnow (Survival) NTE 

(Growth) NTE 
Chronic Water Flea (Survival) NOEC = 25% 

(Reproduction) NOEC = 25% 

Microtox EClO = <45%; NTE' 
Chronic Water Flea (Survival) NOEC = 50% 

(Reproduction) NOEC = 50% 

'~esults: NTE = no toxic effect; EClO = the effective concentration ( % )  of sample causing a 
10% decrease in the Microtoxy~ reagent light output after 15 minutes. This is interpreted to 
indicate the toxicity threshold of the analysis; NOEC (No Observed Effect Concentration) = 
percent effluent at which no effect on test organisms is observed. 

2~~~ Tests: MicrotoxrH = Microtoxm basic toxicity test with the luminescent bacterium, y. 
fischeri, formerly referred to as 2 .  phosphorem; Acute Minnow = 96-hour Fathead Minnow, 12. 
promelas, Acute Toxicity Test; Acute Water Flea = Daphnid, ( C .  dubia), Acute Toxicity Test; 
Chronic Minnow = Fathead Ninno~d: g .  promefas, 1,irrvaX Survival and Growth Test-; Chronic Water 
F'isa = Gladoceran, z. dubia, Survival a r b d  Repraductiorl Test. 

'Three samples . 
4~hree samples. No toxic effect was observed for two sf these samples. An EClO = ~ 4 5 %  was 
calculated for one of the samples. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 46 

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH 
PROMELAS USING THE TOXICANT KCll 

Age of Fish Date 
(days 1 L C ~  o2 Met hod set up 

 KC^ = Potassium chloride. 
2 ~ ~ 5 0  = Concentration of toxicant in mg/L lethal to 50 percent 
of test organisms. 

3 LC50 values were calculated by the Probit Method (P) . When 
acute toxicity test data did not meet the requirements for 
use of the Probit Method, LC50 values were calculated by the 
Trimmed Spearman-Karber Method ( s ) . 
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TABLE 47 

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH 
PROMELAS USING THE TOXICANT SDS1 

Age of Fish 
: days )  ~ ~ 5 0 ~  ~e t hod3 

C a t  e 
SEC up 

1 SDS = Sodium dodecyi sulfate. 
2 ~ ~ ~ 0  = Concentration of toxicant in mg/L lethal to 5 0  percent 
of test organisms. 

3 ~ ~ 5 ~  values were calculated by the Probit Method (P1  = When 
acnte toxicity test data did not meet the requirements for 
use of the Probit Method, LC50 values w e r e  calculated by the 
Trimmed Spearman-Karber Method(s1. 
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TABLE 48 

RESULTS OF 48-HOUR ACUTE TOXICITY TESTS WITH E & E E W j  
USING A MIXTURE OF THE TOXICANTS  KC^' AND SDS~ 

Age of Fish 
(days ~C50' 

Date 
~e t hod4 Set up 

 KC^ = Potassium chloride. 
2 Sodium dodecyl sulfate. 
3 LC50 Percentage of a solution of both KC1 (1,500 mg/L) and 
SDS (35 mg/L) lethal to 50 percent of test organisms. 
4 ~ ~ 5 0  values were calculated by the Probit Method (P) . When 
acute toxicity test data did not meet the requirements for 
use of the Probit Method, LC50 values were calculated by the 
Trimmed Spearman-Karber Method(s1. 



(Pinephales -- promelas) and daphnids (Ceriodaphnia -- d~bia) for 
this s-tudy. Data collected were sent to the coordir;aior of 

the stcdy ~c four reports. 

FISHZRIES BIOLOGY GROUP ACTIVITIES 

rn  he E~sheries Biology Group monitors the distrib~ti3n and 

abunaance of' fish populations in Chicago area waterways, and 

investig&tss fish kills. 

Fish Surveys. --- - In 1985, 17 stations were se1ec:ed to 

moniror f i sh  populations in the Chicago and Calumet Waterway 

Systems (Qure 18). The Chicago Waterway System includes the 

North Shore Channel, the North Branch of the Chicage iikver, 

the Chicago River, the South Branch of the Chicago Rivs r  and 

the Chicago Sanitary and Ship Canal. The Calumet Hazerway 

System kncicdes the Calumet River, the Little Calumer 3iver, 

and 3 e  Cal-Sag Channel. Three additional stalioEs ;n the 

Chicago River were added to the study during 1987. 

In 1999, fish were collected once at the 20 1cca:ions. 

Durinq a second collection, 10 of the 20 stations were sam- 

pled, Also monitored during 1999 were 5 locations aLiOi:e and 

below the f i v e  Sidestream Elevated Pool Aeration (SEFA, Sta- 

tions (Figure 18) and five locations on Salt Creek ( F i q u z e  
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FIGURE 18 

LOCATION OF FISH MONITORING STATIONS IN THE 
CHICAGO AND CALUMET WATERWAY SYSTEMS 



Chicarz and Calumet Waterway Systems.  During 1959, a t o -  

t a l  of 3 , 8 6 3  f i s h ,  i n c l u d i n g  2 9  s p e c i e s  and two h y b r i d s ,  were 

c o l l e c t e d  from 20  l o c a t i o n s  on t h e  deep d r a f t  waterways-  

R e s u l t s  from t h e  f i s h  c o l l e c t i o n  a r e  shown i n  T a b l e  --- 

49 and a r e  summarized a s  f o l l o w s :  .- 

1. Four teen  f i s h  s p e c i e s  ( 9 5 7  f i s h )  were c o l l e c t e d  

from t h e  North Shore Channel .  

2 .  Rine f i s h  s p e c i e s  (292 f i s h )  were c o l l e c t e d  

frorn t h e  deep  d r a f t  p o r t i o n  of t h e  Nor th  Brancil 

of t h e  Chicago R i v e r .  

3 ,  Eleven f i s h  s p e c i e s  (118  f i s h )  were c o l l e c t e 2  

frorz t h e  Chicago R i v e r .  

4. Eight f i s h  s p e c i e s  (74 f i s h )  were c o l l e c t e d  

from t h e  South  Branch of t h e  Chicago R i v e r .  

5, T h i r t e e n  f i s h  s p e c i e s  (703 f i s h )  were c o l l e c t e d  

from t h e  Chicago S a n i t a r y  and S h i p  Cana l .  

6 -  Nineteen f i s h  s p e c i e s  ( 1 , 1 0 3  f i s h )  were c o l -  

l e c t e d  from t h e  Calumet R i v e r .  

7. S i x t e e n  f i s h  s p e c i e s  (372 f i s h )  were c o l l e c t e d  

from t h e  L i t t l e  Calumet R i v e r .  

8 .  Eleven f i s h  s p e c i e s  ( 2 4 4  f i s h )  were c o l l e c t e a  

from t h e  Cal-Sag Channel .  

G i z z a r d  shad  ( 1 , 6 7 1  f i s h ,  43  p e r c e n t  of  t h e  t o t a l  ca tch ) ,  

b l u n t n o s e  rrrinnows ( 6 1 6  fish, 16 p e r c e n t ) ,  c a r p  (399 f ~ s r ; ,  10  
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TABLE 49 

NUMBER OF FISH COLLECTED BY ELECTROFISHING FROM THE CHICAGO AND CALUMET 
WATERWAY SYSTEMS DURING 1999  

Calumet Percent 
- Chicacro Waterwav svstema Waterwav svstemb of 

Fish Species NSC NBCR CR SBCR CSSC CAL LCAL C-S Total Total 

Herrines 
Alewife 
Gizzard shad 638 1 4 6  8 2 299 3 4 1  1 5 1  86 1 , 6 7 1  43 .26  

Salmon and Trouts 
Brown trout 

Minnows and Cams 
Goldfish 
Carp 
Carp x goldfish 
Golden shiner 
Emerald shiner 
Spotfin shiner 
Bluntnose minnow 
Fathead minnow 

Suckers 
Quillback 0  0  0  0 0  1 0  0  1 0 . 0 3  
White sucker 0 0 0  0  3 6  2 0  11 0.28  
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 49 (Continued) 

NUMBER OF F I S ~  COLLECTED BY ELECTROFISHING FROM THE CHICAGO AND CALUMET 
WATERWAY SYSTEMS DURING 1 9 9 9  

Calumet Percent 
Chicaao Waterwav svstema Waterwav ~vstem' of 

Fish Species NSC NBCR CR SBCR CSSC CAL LCAL C-S Total Total 

$unf ishes (Continued) 
Smallmouth bass 0 0 1 0 0 1 4  3  0  1 8  0 .47 
Largemouth bass 1 0  1 3 1  2 0  8 18 8 3 35 1 2  3 08 7 . 9 7  
Black crappie 1 6  0  3  0 0 2  0 0  2 1  0 . 5 4  
Bluegill x green 

w 
A sun£ ish hybrid 0 0 0  0 0 1 1 1 3 0 .08  
ch 

Cichlids 
Nile tilapia 

Total Fish 957 292 1 1 8  7 4  703 1 ,103  372 244  3,863 100.00 

Total Species 1 4  9  11 8 1 3  1 9  1 6  11 29 

"chicago Waterway System includes the North Shore Channel (NSC), North Branch of the 
Chicago River (NBCR), Chicago River (CR), South Branch of the Chicago River (SBCR), 
and Chicago Sanitary and Ship Canal (CSSC). 
'Calumet Waterway System includes the Calumet River (GAL), Little Calumet River 
(LCAL) , and Cal-Sag Channel (C-S) . 



p e r c e n t ) ,  Largemouth b a s s  (308 f i s h ,  8 p e r c e n t ) ,  b l u e g i i l  sun- 

f i s h  ( 2 5 3  fish, 7 p e r c e n t ) ,  and emera ld  s h i n e r s  ( 2 3 9  f i s h ,  6 

p e r c e n t )  were c o l l e c t e d  i n  t h e  g r e a t e s t  numbers from the Chi- 

cago and Calumet deep d r a f t  waterway sys tems .  The c a r F  was 

t h e  most \.;idely d i s t r i b u t e d  f i s h  s p e c i e s  i n  t h e  Chicaqo and 

Calumet Wa~erway  Systems. During t h e  1999 s u r v e y s ,  car? were 

c o l l e c t e d  a t  a l l  20  l o c a t i o n s .  

S i d e s t r e a m  E l e v a t e d  Pool A e r a t i o n  (SEPAJ. A t o t a l  of 328 

f i s h ,  i n c l u d i n g  18 f i s h  s p e c i e s  and one h y b r i d ,  were c o l l . e c t e d  

ups t ream and downstream from t h e  f i v e  SEPA s t a t i o E s  3 t h e  

Calumet R ive r ,  L i t t l e  Calumet R i v e r ,  and t h e  Cal-Sag Channel 

(Table 5 0 )  . G i z z a r d  shad  ( 5 6  f i s h ,  24 p e r c e n t  of  t h e  t o t a l ) ,  --- 

emerald  s h i n e r s  (43  f i s h ,  1 9  p e r c e n t ) ,  c a r p  ( 4 1  f i s h ,  13 per -  

c e n t ) ,  and largemouth  b a s s  (29  f i s h ,  1 3  p e r c e n t )  were the most 

abundant  f i s h  s p e c i e s  i n  t h e  SEPA s t u d y .  Game f i s h ,  i n c l u d i n g  

largemouth  b a s s  and channe l  c a t f i s h ,  were c o l l e c t e d  k c l a w  t h e  

SEPA s t a t i o n s .  These f i s h  may have  been a t t r a c t e d  t o  th? ele- 

v a t e d  d i s s o l v e d  oxygen (DO)  c o n c e n t r a t i o n s  downstreas?. from 

SEPA # 3  ( D l 3  = 7 . 4  mg/L), SEPA # 4  ( D O  = 6 . 6  mg/L), and SEPA #5 

(DO = 6 . 8  mg/L on t h e  Chicago S a n i t a r y  and S h i p  Canal  a2d 8 . 1  

mg/L on tk.e Zal-Sag C h a n n e l ) .  

S a l t  Creek. A t o t a l  of  769  f i s h ,  i n c l u d i n g  20  s p e c i e s  

and t h r e e  hybrids, were c o l l e c t e d  from f i v e  l o c a t i o n s  on  S a l t  

Creek {Table 5 1 ) .  --- The b l u e g i l l  s u n f i s h  ( 2 0 3  fish, 2 6  

147 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 50 

JKMBER OF FISH COLLECTED BY ELECTROFISKING ABOVE AND BELOW THE SIDESTREAM ELEVATED 
POOL AERATION STATIONS DURING 199ga 

Little 
Calumet Calumet Total Percent 
River River Cal-Saa Channel Number o f 

Fish Species SEPA 1 SEPA 2 SEPA 3 SEPA 4 SEPA 5 of Fish Total 

Herrinas 
Gizzard shad 

Minnows and Carmi 
P 
IC. 

Goldfish 
co Carp 

Carp x goldfish 
Golden shiner 
Emerald shiner 
Spottail shiner 
Bluntnose minnow 

Suckers 
White sucker 

Freshwater catfishes 
Black bullhead 
Channel catfish 



METROPOLI'TAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 50 (Continued? 

NUMBER OF FISI-I COLLECTED BY ELECTROFJSHING ABOVE AND BELOW TIIE SIDESTREAM ELEVATED 
POOL AERATION STATIONS DURING 1999" 

Lit t 1-e 
Calumet Calumet Total Percent 
River River Cal-Saa Channel Number of 

Fish Species SEPA 1 SEPA 2 SEPA 3 SEPA 4 SEPA 5 of Fish Total 

Tem~erate basses 
White perch 
Yellow bass 

I-' 
f i  ,Sun£ ishes 
\D Rock bass 

Green sunfish 
Pumpkinseed 
Bluegill 
Smallmouth bass 
Largemouth bass 

Gobies 
Round goby 

Total Fish 

T o t a l  Species 
-.._,_l.l_ll_.-.. ."....-....I.. _.,. . ,..,. ̂""..."" _"_" ."_._l___^__ll̂ _ l.....-.--.l. _ l.ll..--.lll_.. _ ^ . _. "___"^ll_._~_^~..__ ..... l_l_-.____"^____. 
"~'.i.sl? were col.lectcd 2110 met.err; almve and below the SE:PA st:.at.i..orrs,. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 51 

NUMBER OF FISH COLLECTED FROM SALT CREEK DURING 1999" 

Fish Species 

Above Ar 1 ing ton 
Egan WRP Heights Devon Wo 1 f First Total Percent 
Outfall Road Avenue Road Avenue Number of 
(Sta. 1) (Sta. 2) (Sta. 3) (Sta. 4) (Sta. 5) of Fish Total 

Minnows and Cams 
Goldfish 
Carp 
Carp x goldfish 
Golden shiner 
Spotfin shiner 
Sand shiner 
Bluntnose minnow 
Fathead minnow 
Creek chub 

Suckers 
White sucker 

Freshwater catfishes 
Yellow bullhead 

Killifishes 
Blackstripe topminnow 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TARllE 5 1  (Continued] 

NUMBER OF FISH COLLECTED PROM SALT CREEK DURING 1999"  
- --< -.-- .- - * - - - - - - - - - - -- -- - - -"" - -- "- -- -- 

Above Ar 1 ing t on 
Egan WRP Heights Devon Wolf First Total Percent 
Outfall Road Avenue Road Avenue Number of 

Fish Species (Sta. 1) (sta. 2 )  (Sta. 3) (Sta. 4 )  (Sta. 5 )  of Fish Total 

Silversides 
Brook silverside 9 

Sunfishes 
Green sunfish 
Pumpkinseed 40 
Orangespotted sunfish 14 
Bluegill 12 3 
Largemouth bass 23 
Black crappie 1 
Green sunfish x 
bluegi 11 hybrid 5 

Pumpkinseed x 
bluegill hybrid 0 

Perches 
Johnny darter 
Blackside darter 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 1 (Continued) 

NUMBER OF FISH COLLECTED FROM SALT CREEK DURING 199ga 

Above Arlington 
Egan WRP Heights Devon Wolf First Total Percent 
Outfall Road Avenue Road Avenue Number of 

Fish Species (Sta. 1) (Sta. 2) (Sta. 3) (Sta. 4) (Sta. 5 )  of Fish Total 

Total Number of Fish 306 9 4 5 2 114 203 769 100.00 

Total Fish Species 13 9 9 12 13 20 

"Fish were collected twice during 1999 (July 22 - August 5 and September 1 
September 22) from each station using a 24-volt Smith-Root Model 12-B backpack 
electrofisher and a 25-foot 3/16-inch square-mesh bag seine. 



percent), bl~~ntnose minnow (103 fish, 13 percent of tne total 

catcli-11, spotfin shiner (102 fish, 13 percent), blackstripe 

topnlnnow : 7 2  fish, 9 percent), and the green sunfi~h (70 

fish, 9 percent! were collected in the greatest nukers in 

Salr. Creek. 

Lllinois Fish Flesh Contaminant Advisory Program. During 

'1999, the F:sheries Biology Group assisted the Illln3:s De- 

parcrnent of Natural Resources (IDNR) and the IEPA by p a r t i c i -  

pating.in a starewide effort to provide consumption advisories 

for sport statewide effort to provide consumption acvrsories 

for sport fish. The District provided the IEPA with 56 com- 

poslte samplss of fish fillets (three to six fillers p e r  com- 

pos;te sample) . The fish were collected from the Chicago and 

Calumet Flat-erway Systems. The fillets were analyzed by the 

IEPA for aldrin, total chlordane, total DDT and analogs, diel- 

drin, totdi PCBs, heptachlor, heptachlor epoxide, - toxashene,  

methoxychlor, hexachlorobenzene, gamma-BHC (lindane), alpha- 

BHC, mrrex, endrin, and total mercury. Results of these 

ana,!is-es will be used by IDNR to provide the public wi&:h  in- 

foraati.cn zs to the safety of eating fish collected from the 

Chicago and Calumet Waterway Systems. 

InSater and Sediment Quality Group Activities. The Water 

and Sediment Quality Group monitors water and sediment qoality 

in Zhicagc area inland waterways and along the Illinois 



Waterways from the Lockport lock to the Peoria lock. In addi- 

tion, the group developed and supervised a combined sewer 

monitoring program under contract with the United States Army 

Corps of Engineers. 

Major activities of the Water and Sediment Quality Group 

during 1999 included the following three studies. 

Continuous Monitoring of Dissolved Oxygen in the Chicago 

Waterway System. In order to gain a better understanding of 

the oxygen dynamics in the Chicago Waterway System (North 

Shore Channel, North Branch Chicago River, Chicago River, 

South Branch Chicago River, Bubbly Creek, and Chicago Sanitary 

and Ship Canal), the General Superintendent requested that the 

Research and Development Department develop a comprehensive 

field monitoring program to determine the dissolved oxygen 

(DO) levels in the subject inland waterways. A field monitor- 

ing program was initiated in August 1998. 

DO is measured hourly using remote (in situ) water qual- 

ity monitors (monitors) deployed in protective stainless steel 

housing units. The monitors are located at 20 stations in the 

waterways from the Wilmette Pumping Station on the North Shore 

Channel to the Lockport Lock and Dam on the Chicago Sanitary 

and Ship Canal. Following a week of continuous monitoring, 

the monitors are retrieved from the field and brought back to 

the laboratory for data downloading, servicing, and 



calibration. During the field retrieval process, add~"_ional 

rnonit.ors that have been calibrated and serviced are deployed 

:in the protective housing units. The DO data is downloaded 

electronicilly from the monitors to a specially designed data- 

base from which summary tables and line drawings are   re pa red. 

The SO rnorAi-toring program was continued in 1999. 

The number and percent of values below the Illinois Pol- 

lution Control Board's DO water quality standards m.easured 

during the period January through July 1999 in the study area 

are presented in Table 52. 

Dxrlnq January through July 1999, the nighest percentage 

of DO valces that were below the 4.0 mg DO/L standard for Sec- 

ondary Coatact Waters in the Chicago Waterway System were 

meas~red az 1-55 in Bubbly Creek (39%), and at 3orneaville 

( 2 5 % : ,  Lockport ( 2 3 % ) ,  and Cicero (19%) in the C:hic:a~o Sani- 

tary and Ship Canal (Table 52). In the General Use Wat~3rs of 

the ?iorth Shore Channel (upstream of the North Side 9iR.E' aut- 

fall:, , 55 percent of the field measurements were below t h e  5.0 

rng DO/L standard (Table 52). 

Overall during the seven-month monitoring period, 7,423 

of 76, '701 measurements (10%) and 6,775 of 17,458 measurements 

(39%) were Gelow the 4.0 and 5.0 mg DO/L water q u a l i t y  stan- 

dards for Secondary Contact and General Use Waters, respec- 

tively. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 52 

NUMBER AND PERCENT OF DISSOLVED OXYGEN VALUES 
BELOW THE ILLINOIS POLLUTION CONTROL BOARD'S WATER QUALITY STANDARD IN THE 
NORTH SHORE CHANNEL, NORTH BRANCH OF THE CHICAGO RTVER, CHICAGO RIVER, 

SOUTH BRANCH OF THE CHICAGO RIVER, BUBBLY CREEK, CHICAGO SANITARY AND SHIP CANAL, 
AND THE CAL-SAG CHANNEL DURING JANUARY THROUGH JULY 1999'  

Number of Percent of 
DO DO Values DO Values 

Sampling Standard Number of Below Below 
Location (mg/L) DO Values IPCB Standard IPCB Standard 

t-' 
UI 
m Linden 

North Shore Channel 

5 . 0  3,861 2,357 

Simpson 5 . 0  4 ,033 2 ,713 67 

Main 5 . 0  4 ,700  1,683 36 

Devon 4 . 0  4,862 5  < 1 

North Branch of the Chicacro River 

Lawrence 4 . 0  5 , 0 1 5  4 3 

Addison 4 . 0  5 , 1 9 0  11 < 1 

Fullerton 4 . 0  4 ,522  24 6 5  

Division 4 . 0  4 , 6 6 9  216 5 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 52 (Continued) 

NUMBER AND PERCENT OF DISSOLVED OXYGEN VALUES 
BELOW THE ILLINOIS POLLUTION CONTROL BOARD'S WATER QUALITY STANDARD IN THE 
NORTH SHORE CHANNEL, NORTH BRANCH OF THE CHICAGO RIVER, CHICAGO RIVER, 

SOUTH BRANCH OF THE CHICAGO RIVER, BUBBLY CREEK, CHICAGO SANITARY AND SHIP CANAL, 
AND THE CAL-SAG CHANNEL DURING JANUARY THROUGH JULY 1999' 

Number of Percent of 
DO DO Values DO Values 

Sampling Standard Number of Below Below 
Locat ion (mg/L) DO Values IPCB Standard IPCB Standard 

Chicauo Sanitarv and S h i ~  Canal 

Cicero 4.0 4,830 922 

Rt. 83 4 . 0  

Mile 302.6 4.0  

Romeoville 4 . 0  

Lockport 4.0 

3,753 639 

4,528 4  8 8  

5,198 1,287 

5,102 1,168 

Cal-Saq Channel 

Rt. 83 3.0 5,083 65 . 1  

'~issolved oxygen was measured hourly using a continuous water quality monitor. 



Illinois Waterways Water/Sediment Quality Survey. In 

1984, the Research and Development Department established a 

long-term water and sediment monitoring program along the Il- 

linors Waterways from the Lockport lock to the Peoria lock, a 

distance cf approximately 133 miles. The purpose of the moni- 

torln~ proqram was to assess the chemical and microbiclogical 

quailty of the water and to characterize the chemical qality 

of  sediment:^ . 

Water samples were collected twice during May, A~gust, 

and October from each of the 49 sampling stations. Sediment 

samples were collected at 14 stations during October. Similar 

studles were corlducted annually through 1998. During 1999, 

water samples were collected twice in August and Octooee from 

each of the 49 sampling stations. Sediment samples wera col- 

Lected in Ocrober at 14 stations. 

IT Lne . dissolved oxygen (DO) and ammonium-nitrogen iev- 

els meas~lred during August and October 1999 at 11 seiected 

starions in the six navigational pools (Lockport, Erandon 

Road, Drescien Island, Marseilles, Starved Rock, and P e c r ~ a )  is 

presen~ed in Table 53. 

During 1999, the mean DO concentration increased substan- 

tially along the waterways from the Lockport pool (mean = 4.9 

mg/L! to the Peoria pool (mean = 8.0 mg/L) . The increase in 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 53 

MEAN CONCENTRATION OF DISSOLVED OXYGEN AND AMMONIUM-NITROGEN 
AT SELECTED SAMPLING STATIONS IN THE LOCKPORT, BRANDON ROAD, 

DRESDEN ISLAND, MARSEILLES, STARVED ROCK, AMD PEORIA 
NAVIGATIONAL POOLS OF THE ILLINOIS WATERWAY DURING 1999' 

Station 
Number 

Dissolved 
Navigational Oxygen 

Pool (mg/L) 

Ammonium- 
Nitrogen 
(mg/L) 

1 Lockport 4.9 0.48 

Brandon Road 5.4 0.30 

8 Dresden Island 7.1 0.18 

15 Marseilles 7.7 0.09 

20 Marseilles 8.6 0.02 

24 Starved Rock 8.6 <O. 01 

29 Peoria 9.3 <0.01 

35 Peoria 9.0 <O. 01 

40 Peoria 8.0 0.01 

45 . Peoria 7.2 0.05 

4 9 Peoria 6.6 0.05 

'water samples were collected twice from each sampling station 
during August and October (n=4). 



DO may be attributable to reaeration at the Brandon Road, 

Dresden Island, and Marseilles navigational dams and to shoto- 

synthesis. 

The mean ammonium-nitrogen concentration decrea2ed con- 

siderably ciuring the 1999 surveys from the Lockport pooi  (mean 

= 0.48 mg/L,) to the Peoria pool (mean = 0.03 mg/L) . Zcstream 

nitrlficat.ion and nutrient uptake by algae, periphy:~~', and 

aquatrc vegetation resulting in primary production may account 

for ?he decrease in ammonium-nitrogen along the waterw3ys. 

Combir-ed Sewer Overflow Characterization. In 1 the 

United States Army Corps of Engineers (Corps) initiared an in- 

tergovernmencal agency cooperative agreement with the Research 

and Devllopment Department. The agreement includeci the col- 

lectron and analysis of water quality samples during scorm 

events from selected combined sewer overflow (CSO) tributary 

areas I n  Cook County. These data will be used by tkLe corps 

for modeling the maximum oxygen requirements in order zo  de- 

sigc a COST--effective aeration system for the proposed McCook 

Reservoir. The CSO program continued during 1999. 

Water quality samples were collected during 1993 from 

three combined sewers that overflow to TARP drop shafcs iCalu- 

met, Evanston, and Racine) and three combined sewers t h a t  dis- 

charge directly to Chicago area waterways (Evanston and Krver- 

side). Indiv~dual discrete water quality sampies were 



collected periodically from combined sewers with automatic 

samplers. Total suspended solids (TSS) and five-day biochemi- 

cal oxygen (BODS) were measured in individual overflow sam- 

ples. 

Characteristics of overflow events for storms monitored 

during April through December 1999 are presented in Table 54. 

The average BOD5 values ranged from 10 mg/L at Riverside to 

129 mg/L at Racine Avenue. The maximum concentrations of TSS 

and BODs measured during 1999 for all storm events were 3,180 

and 515 mg/L, respectively. 

Toxic Substances Section 

The Toxic Substances Section has established the analyti- 

cal capability for all the USEPA organic priority pollutants. 

These include more than 100 organic parameters listed by the 

USEPA. The NPDES permits for District WRPs also require the 

Section to analyze for non-listed organic compounds when the 

detected peaks are ten times higher than the background, and 

some projects require the analysis of numerous non-listed or- 

ganics. The Toxic Substances Section currently analyzes for 

more than 120 non-listed organic compounds. 

There are a variety of projects conducted by this Section 

which are interdisciplinary in nature. Frequently, the Sec- 

tion is called upon to carry out specialized analyses in 





support of litigation, administrative hearings, and various 

technical assistance projects. The Section provides assis- 

tance to the Industrial Waste Division in emergency situations 

and performs specialized analyses in connection with hazardous 

and toxic industrial waste spills, as well as pollution con- 

trol of waterways and Lake Michigan. 

An Internal Quality Control Program was conducted to 

guarantee the high quality of the laboratory analyses and re- 

sults, and to evaluate the analytical performance for the nu- 

merous parameters analyzed. 

MONITORING OF ORGANIC PRIORITY POLLUTANTS IN DISTRICT WATER 
RECLAMATION PLANTS 

In order to comply with the requirements of the NPDES 

permits, the District analyzes the raw sewage, final effluent, 

and biosolids from its seven WRPs for determination of the 

111 organic priority pollutants following USEPA 600 Series 

Methods. 

Tables 55, 56 and 57 present the average con- - - 
centrations of the compounds found in District raw sewage, fi- 

nal effluent, and biosolids samples, respectively, for two 

sets of samples which were taken in January and July 1999. 

The highest values of purgeables or volatile organic com- 

pounds (VOCs) observed in the raw sewage was 29 pg/L of tolu- 

ene and 19 pg/L of benzene at the Calumet WRP. 



Mb'TRUPOtll'AN WAVI'EK RECLAMATION DISTRICT OF GREATER CHIi?B(4O 

TABLE 5 5 

ANALYSIS OF ORGANIC PRIORITY POLLUTANTS I N  DISTRICT R A W  SEWAGE IN 1999 

Detection Values in p g / L  (ppbf ' 
Limit ~tickney' 

Compounds MiL Calumet Egan Hanover Park Kirie iemont North Side Southwest West Side 

PURGEABLES 

Benzene 

Chloroform 

Methylene chloride 

Tetrachloroethylene 
I--' 
cn Toluene 
in Trichloroethylene 

BASE/NEUTRAL/ACID 
EXTRACTABLES 

2,4-Dimethylphenol 

Phenol 

Butyl benzyl phthalate 

Diethyl phthalate 

Di-n-octyl phthalate 
Naphthalene 
Phenanthrene 

PESTICXDES and PCEs 

None? Found 
- ---*----- --. - 

l ~ v e r a ~ e  results of twu samples. 
a~tickney WRP receives two influent raws. 
ND = Not Detected. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 56 

ANALYSIS OF OR~ANIC PRIORITY POLLUTANTS IN DISTRICT FINAL EFFLUENT IN 1999 

Detection Values in pg/L (ppb)' 
Limit 

Compounds FS/L calumet Egan Hanover Park Kirie Lernont North Side Stickney 

PURGEABLES 

Chlorodibromornethane 2 ND 2 ND ND ND ND ND 
Chloroform 1 ND 4 8 1 3 2 2 

Dichlorobromomethane 1 ND 2 2 ND ND ND ND 
v 
m 
m BASE/NEUTRAL/ACID 

EXTRACTABLES 

Di-n-octyl phthalate 3 ND ND ND ND ND ND 98 

PESTICIDES and PCBs 

None Found 

kverage results of two samples. 
ND = Not Detected. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

ANALYSIS OF ORGANIC PRIORITY POL.LUTANTS IN DISTRICT BIOSOLIDS IN 1999 

Compounds 

Values in mq/Kq (ppmI1 

Calumet Egan Hanover Park Kirie Lemont North Side Stickney 

(Average Sol ids) (1.52%) (2.61%) (2.49%) (0.52%) (1.40%) (0.68%) (4.18%) 

PURGEABLES 

Benzene 
Chloroform 
Methyl chloride 
Methylene chloride 
Toluene 

BASE/NEUTRAL/ACID 
EXTRACTABLES 

Benzo (a) anthracene 
3.4-Benzofluoranthene 
Benzo(k)fluoranthene 
Bis(2-ethylhexy1)phthalate 
Chrysene 
Fluoranthene 
Phenanthrene 
Pyrene 

PZSTIZXEES and PCBs - 

l.%verage results of two sarnp.ple8 based on solids content. 
ND = Not Detected. 



The highest values of purgeables found in the final ef- 

fluent was for chloroform in concentrations of 4 pg/L and 8 

pg/L at the Egan and Hanover Park WRPs, respectively. 

The highest values of purgeables in the biosolids samples 

were for toluene in concentrations of 29.3 mg/Kg and 2.30 

mg/Kg dry weight (based on the solids content), at the 

Hanover Park and Stickney WRPs, respectively. 

The highest values of base/neutral/acid extractable (BNA) 

compounds in the raw sewage were phenol in concentrations 

of 47 pg/L and 12 pg/L at the Calumet and Hanover Park WRPs, 

respectively, and di-n-octyl phthalate in a concentration 

of 12 pg/L at the Calumet WRP. Butyl benzyl phthalate was 

found in a concentration of 10 pg/L at the North Side WRP. 

The highest value of BNA compounds for the final efflu- 

ents was di-n-octyl phthalate in a concentration of 98 pg/L at 

the Stickney WRP. 

The highest values of BNA compounds detected in the bio- 

solids were bis(2-ethylhexy1)phthalate in concentrations of 149 

mg/Kg and 58.7 mg/Kg dry weight (based on solids content) at the 

Calumet and North Side WRPs, respectively. 

No pesticides or polychlorinated biphenyls (PCBs) were 

found in any final effluent, raw sewage, or biosolids samples. 



The frequency of occurrence of the compounds detec:.ed in 

all WRP samples (raw sewage, final effluent, and biosolids) 

are surrmarized as follows: 

1. Only 4 of the 111 listed organic priority pol- 

lutants were detected in the final effluenz 

samples 3 of the 30 purgeables (chlorodi- 

bromomethane, chloroform, and dichlorobromo- 

r.ethane), 1 of the 57 BNAs (di-n-octyl phtha- 

late), and none of the 24 pesticides an5 

PCBs) . 

2. Kc:s: of the organic priority pollutant corn- 

pc;ui-~ds found in the raw sewage samples were 

cnmpletely removed by the treatment process, 

a~:d were not detected in the effluents. 

Tkey ~nciude benzene, methylene chloride, 

tetrachloroethylene, toluene, trichloroeth- 

ylene, 2,4-dimethylphenol, phenol, butyl ben- 

- i -  ~ y l  phthaiate, diethyl phthalate, naphtha - 

bene, and phenanthrene. 

3. Other compounds (dichlorobromomethane and dl - -  

n-octyl phthalate) showed partial removals; 

i.e., lower frequency of occurrence in eff?,u- 

ent than in raw sewage samples. An example is 

chloroform which was present in the raw sewaqe 



of all the WRPs, occurred in the final efflu- 

ent of 6 WRPs. 

MONITORING OF NON-LISTED ORGANIC COMPOUNDS IN DISTRICT WATER 
RECLAMATION PLANTS 

In addition to the listed organic compounds (priority 

pollutants), the concentrations of non-listed organic 

compounds were determined in the raw sewage, final effluent, 

and biosolids at District WRPs, sampled in January and July 

The non-listed purgeable compounds found were solvents, 

hydrocarbons, and products from anaerobic biological 

degradation. Only 2 purgeable compounds occurred 3 times in 

District WRP effluents, whereas 23 compounds occurred 105 

times in raw sewage samples. This indicates excellent removal 

efficiencies for these compounds during the treatment process. 

Fifty-two non-listed BNA compounds were found in Dist- 

rict WRP samples during 1999. The majority of these compounds 

come from human and animal wastes, industrial waste, and gaso- 

line and/or oil derivatives. Six compounds occurred 21 times 

in the effluents, whereas 51 compounds occurred 581 times in 

the raw sewage, indicating good removal efficiencies of many 

of these compounds during the wastewater treatment process 



Table 58 shows the frequency of occurrence of non-listelc! or- 

ganlc compounds in District WRP samples during 1999. 

Toxic~ty Characteristic Leaching Procedure (TCLP) . The ---- -- 

TCLP test is required under the Resource Conservation Re-overy 

Act to characterize waste material, such as biosoiids and 

scum, to ensure that it is safe for disposal. The original 

sample undergoes a series of tests, of which total FC3s are 

analyzed within the Toxic Substances Section. A TCLP extract 

is also made from the sample for subsequent analyses. Sollow- 

i n g  USEPA Method 1311, the sample is shaken with an acetate 

buffer solction for 18 hours and filtered using sgec~al- 

ized equipment to yield a TCLP extract, which is the i;:trate. 

Separate extrticts are generated for VOCs and non-VOCs, The 

respective extract is analyzed for a subset of the rnriority 

polictant conpounds, both inorganic and organic. Tk-e Section 

analyzes far 30 organics (10 VOCs, 12 BNAs, 6 pesticides, and 

2 herbicides), using USEPA Methods 624, 625, 608, and Standard - 

Methods 66405, respectively. The TCLP samples analyzed in 

1993 were from Stony Island, Calumet East, RidgelanB Avenue 

Solids Maridgemerit Area (RASMA), Harlem Avenue Solids Manage- 

ment Area tHASP.lA), Lawndale Avenue Solids Managema61e Area 

( L A S W ) ,  U - S .  Steel Works site and two Worth sites. Scne of 

the sanples were found to be hazardous. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 58 

FREQUENCY OF NON-LISTED ORGANIC COMPOUNDS FOUND IN 
DISTRICT WRP SAMPLES DURING 1999 

Compound 

Raw Sewage Effluent Biosolids 
16 Samples1 14 Samples1 14 Samples1 

Times Found ( %) Times Found(%) Times Found ( % )  

PURGEABLES 

Labile sulfide group 2 (12) 0 7 (50) 

Ace tone 

Dimethyl sulfide 

Carbon disulfide 

Methyl acetate 

Tetrahydrofuran 

Diethyl ether 

Acetaldehyde 

Propionaldehyde 

2 -Butanone (MEK) 

Methy t-butyl ether 

4-Methyl-2-pentanone 

Isopropylbenzene (Cumenel 2 (12) 

Xylenes 9 ( 5 6 )  

Styrene l(6) 

a- Methylstyrene 

Nonane 

Isobutylbenzene 

Limonene 



METROI?OLITAW WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 8 (Continued) 

FREQUENCY OF NON-LISTED ORGANIC COMPOUNDS FOUND IN 
DISTRICT WRP SAMPLES DURING 1999 

Raw Sewage Effluent Biasorids 
16 samples1 14 samples1 14 ~amples' 

Times Found ( % ) Times Found ( % ) Times Found ( % ) 

BASE /NEUTP,~L/AC.ID 
EXTRACTmLES 

2-Methyl propanoic acid 8 (50) 

Butanoic acid 15 (94) 

3-Methyl butanoic acid 16 (100) 

2-Methyl butanoic acid 13 (81) 

Pentanaic acid 

Ethylene glycol butyl ether 

Decane 

Benzyl alcohol 

0-C'resol 

Hexanoic acid 

Undecane 

Heptanoic acid 

Benzoic acid 

Octanoic acid 

Dodecane 

Diethylere glycol butyl ether 

a-Terpineol 

Phenyl acetic acid 

Nonanoic acid 

Tridecane 

Tripropylene glycol methyl 
ether 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 8 (Continued) 

FREQUENCY OF NON-LISTED ORGANIC COMPOUNDS FOUND IN 
DISTRICT WRP SAMPLES DURING 1999 

Compound 

Raw Sewage Effluent Biosolids 
16 samples1 14 samples1 14 samples1 

Times Found ( %) Times Found ( 9 Times Found ( % 1 

BASE /NEUTRAL/ACID 
EXTRACTABLES (Cont ) 

1-H-Indole 

Decanoic acid 

Tetradecane 

Ace t ophenone 

N,N-Dimethyl-1-dodecanamine 

Pentadecane 

1, 1 -Biphenyl 

Dimethylnaphthalene isomers 

Dodecanol 

Trimethylnaphthalene isomers 

Dodecanoic acid 

Hexadecane 

Tridecanoic acid 

Heptadecane 

1-Tetradecanol 

Tetradecanoic acid 

Nonyl phenol isomers 

Octadecane 

Caffeine 

Pentadecanoic acid 

N,N-~imethyl-1-hexadecanamine 2(12) 

Carbazole 1 ( 6 )  

Nonadecane 6 (38) 

1-Hexadecanol 16 (100) 



METROPOLLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 8 (Continued) 

FREQUENCY OF NON-LISTED ORGANIC COMPOUNDS FOUND IN 
DISTRICT WRP SAMPLES DURING 1999 

Raw Sewage Effluent Riosolids 
16 samples1 14 samples1 1 4  ~am~ies' 

Compaund Times Found ( % )  Times Found ( % )  Times Found ( % )  

-- 

cis- 9-Hexadecenaic acid 16 (100) 

Hexadecansic acid 15 (94) 

Heptadecaanoic acid 16 (100) 

z-9-Octadecenoic acid 16 (100) 

Octadecanoic acid 16 (100) 

'TWO sampling cycles for each of the seven WRPs, with the Stickney WRP having 
two inEluents (raw sewage) . 



SPECIAL STUDIES OF CLEAN AIR ACT COMPOUNDS 

The Toxic Substances Section provides analytical support 

to the Wastewater Treatment Research Section by analyzing or- 

ganic hazardous air pollutants found in District raw sewage 

samples. 

Raw sewage samples were collected once per month at each 

of the District's seven WRPs during 1999, and analyzed for 87 

compounds. The data were used as the input values for various 

mathematical models which predict VOC air emissions. 

Results from the raw sewage sampling are presented in Table 59. 

The District is also interested in directly meas- 

uring VOC emissions from its WRPs by collecting air 

samples. The Toxic Substances Section purchased a preconcen- 

trator/gas chromatograph/mass spectrometer system in late 

1998. This system will be used to determine the actual VOC 

emissions by direct measurement from the various WRPs. During 

1999, standards of the target analytes were purchased and di- 

luted, calibration files were made for these analytes, and 

contamination problems were resolved. A limited number of 

grab samples of air were collected at Egan WRP to test the in- 

strumentation. In the year 2000, air samples will be taken at 

other District's WRPs from various unit processes or at vari- 

ous strategic places within the WRPs to obtain a better 



METROPOLITAN WATER RECLAMATION DISTRICT O F  GREATER CHICAGO 

TABLE 59  

Values in pg/L (ppb) 
Detection Stickney 

Limit Hanover North South- West 
compounds Calume t Egan Park Kirie Lemon t Side West Side 

Acetaldehyde 

Ace t ophenone 

Benzene 

Biphenyl 

Carbon disulfide 

Chloroform 

o- Cresol 

Total Cresols/ 
Cresylic Acid 

Cumene 

2,4-D, salts and esters 

DDE 

Etbyi benzene 

ND 

ND 

ND- 2 

ND 

Ethylerne dichloride 

Heptachlo~ 

Isophorone 

a- BHC 

y- BHC (Lindane) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 9 (Continued) 

Values in pq/L (ppb) 
Detection Stickney 
Limit Hanover North South- West 

Compounds P ~ / L  Calumet Egan Park Kirie Lemont Side West Side 

Methyl chloride 

Methyl ethyl ketone 6 10-24 6-10 6-13 6-32 N D - ~ ~  9-11 8-22 8-19 

Methyl isobutyl ketone 3 ND ND ND ND ND ND ND- 6* ND 

v Methylene chloride 2 3-16 2-3 2-20 3-9 6-177 4-30 2-11 2-10 
4 
03 Naphthalene 2 2-3 ND ND ND ND ND ND IUD- 3 

Propionaldehyde 2 1 ND-732 ND ND ND ND ND ND-892 N D - 2 ~ 6 ~  

Styrene 2 2 - 8 ND 3-6 ND ND 2-4 ND ND 

Tetrachloroethene 2 2-14 2-11 2-61 N D - ~ ~  2-7 2-9 2-10 2-6 

Toluene 2 3-39 2-8 4-41 2-3 5-48 5-13 3-10 4-11 

Trichloroethene 2 ND ND 2-113 ND ND-2 2-17 N D - ~ ~  2-4 

Vinylidene chloride 1 ND N D - ~ ~  ND ND ND ND ND ND 

o-Xylenes 2 2-6 ND ND-14' 2-11 ND 2-3 2-4 ~l3-2~ 

m-and/or p-Xylenes 3 3-14 ND ND-30' N D - ~ ~  ND 3-9 2-10 3-4 

Total Xylenes 2 7-20 ND ND-442 8-11 ND 3-12 4-14 3-6 

'~ased on a 12 month study from January through December 1999. 
ND = Not Detected. 
'~etected only once. 



overall pict-ure of the VOC emissions from these locations by 

direct measurements. 

INDUSTRIAL WASTE MONITORING 

T h ~ s  is the continuation of a project started 5.7 July 

1992, for the in-house analysis and monitoring of tlstal toxic 

organics :TTOs) in industrial waste discharges, as par-f the 

District's pretreatment program. Samples from different 

ind*~stries were  analyzed for specific target analytes from the 

USEPA orga1-L~ prlority pollutant list. 

Each of the USEPA listed industrial category and other 

Sigqrficant Industrial Users (SIUs) have a different set of 

target analytes. Because of the diverse range of o r g ~ r i i c  ana- 

lytes, these industrial waste samples must also be azalyzed 

like the WF,P samples, for three separate groups; rlamely, 

VOCs by purge and trap gas chromatograph/mass sFec- 

trorneter (GC/MS 1 , BNAs by GC/MS, and organochlorine pesti- 

cides and/or PCBs (PP) by gas chrornatograph/electron capture 

detector (GC/ECD). In addition to the samples ccllected 

from the USZPA listed categories and other SIUs, other sam- 

ples were also collected for Surveillance and Special kca1:rses 

purposes. PI list of all the categories of analyses, number 

of analytes In each category, and number of samples re- 

ceived are shown in Table 60. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 60 

INDUSTRIAL WASTE CATEGORIES AND SAMPLES RUN IN 1999 

- 

Categories of Analyses 
Analysis 
~ype' Analytes Samples Analyses 

413 Electroplating VOC, BNA, PP 113 2 0 2260 

414 Organic Chemicals and Plastics VOC, BNA 4 2 13 546 

420 Iron and Steel VOC, BNA 2 2 4 

t-' 
CD 

433 Metal Finishing VOC, BNA, PP 
0 

464-15C Metal Molding and Casting VOC, BNA 

PCBs Only PP 6 2 1 126 

Significant Industrial Users VOC 

Surveillance VOC, BNA, PP 

Special Analyses FID, HPLC Non specific 5 5 

Trip Blanks VOC 33 3 8 1254 

Totals 187 13,591 

1 VOC = volatile organic compounds, BNA = base/neutral/acid extractable compounds, PP = pesticides and/or 
PCBs, FID = flame ionization detector for flammables, HPLC = high pressure liquid chromatograph with W 
detector. 



REVIEW OF ANALYTICAL REPORTS FOR THE PRETREATMENT PROGLUE 

A number of industries are required to participate in the 

Disrrlct's ?retreatment self-monitoring program. m- & n z s  - in- 

volves the analysis of industrial discharges, that enter the 

District's sewerage system, for specific organic priority ~5iiut- 

ants deternined by the categorical designation of the ~ndus- 

try. The industries usually contract with private Labo- 

ratozies to perform the required analytical f-~ncI-r-ons. 

AnaLycical results are reported to the District usirg special 

forms which delineate the analytical and quality contra: pro- 

tocsis lased by the industries and/or the contract labrato- 

ries. Methodologies and quantitation limits of the USEF3 Con- 

tracr Laboratory Program ( C L P )  are required. Frequenkly, the 

evaluation of these reports is difficult, especially reaarding 

the proper use of dilution factors used for preparing the ex- 

traczs ancl acceptable quantitation limits. The ir-dilstrlal 

ana:ytical reports which present technical problems to Indus- 

trial Waste personnel are sent to the Toxic Substances Section 

for review, A thorough examination of these reports is made 

to evaluat3 their acceptability, and to ensure that they meet 

Dis-rict zequirements. Reports that are deemed unacceptable 

are xeturnzd to the industries of origin for remedial action, 

and resubmittal of acceptable analytical reports. In 1999, 

eight reports were reviewed by the Toxic Substances Section. 



ENVIRONMENTAL MONITORING 

The projects covered under the general classification of 

Environmental Monitoring include samples taken from Lake 

Michigan, the north area (Evanston, Winnet ka, and Waukegan 

drinking water inlets) , storm related events; e. g., diversion 

to Lake Michigan and discharge to the O'Hare CUP reservoir, 

sludge and soil analyses, spills and events not directly tied 

to Industrial Waste monitoring. The analyses are generally 

for the analytes listed in USEPA Methods 608, 624, and 625, or 

in the corresponding CLP methods using GC/MS and GC/ECD. 

Other analytes of concern in certain samples (submitted for 

troubleshooting) may require alternate methods using GC with 

flame ionization detector (GC/FID), UV/visible, or infrared 

spectroscopy. 

Lake Michigan Monitoring. Routine sampling and monitor- 

ing of Lake Michigan was severely cut back in 1999 from previ- 

ous years. Sampling and analysis of three north areas 

(Evanston, Wilmette, and Waukegan) was completely eliminated, 

and Calumet Harbor was sampled only once, in July, taking both 

water and sediment samples at all nine Stations shown in Fig- 

ure 19. No target analytes were detected in any of the nine 

water samples, except for di-n-octyl phthalate, that was de- 

tected at Station 16 in a concentration of 34 pg/L. In the 



f.4ETROPOLITAN WATER RECLAMATION DlSTRlCT OF GREATER CHICAGO 

FIGURE 19 

MAP SHOWING LOCATION OF LAKE MICHIGAN AND 
CALUMET AREA SAMPLING STATIONS 



sediment samples, eight polynuclear aromatic hydrocarbons were 

found at Station 16 in a concentration range of 0.35 to 1.14 

mg/Kg. Five stations, including Station 16, had di-n- 

octyl phthalate in a concentration range of 1.04 to 2.60 

mg/Kg. No other target analytes were detected. 

Diversion of Water to Lake Michigan. Diversion of water 

to Lake Michigan occurred only twice in 1999, June 2, at Calu- 

met Harbor, and June 13, at Wilmette. The Calumet Harbor wa- 

ter sample showed only chloroform in a concentration of 2 

pg/L. Acetone was detected at Wilmette in a concentration of 

9 pg/L. 

Special Analyses. There were thirteen samples in 1999 

that were classified as Special analyses, that is, requiring 

analytical methods other than the usual GC/MS or GC/ECD analy- 

ses. Eight of these were either WRP raw sewage samples, sus- 

pected of containing fuel oil (kerosene or Diesel), or samples 

from storage tanks suspected of causing potential problems. 

The other sample groups included two samples of brake fluid 

from a District vehicle, suspected of being mixed with anti- 

freeze. These ten samples were tested using G C / F I C .  Three 

samples from grease traps were also tested with gel permeation 

chromatography (GPC) comparison. 



TOXZC SUBSTANCES QUALITY CONTROL/QUALITY ASSURANCE PROGRAM 

An extensive quality assurance program was condccted in 

1993 for crganic analyses, as required by the laboratcry ac- 

creditation requirement. It consisted of the analysis cf more 

than 700 (;C/M3 purgeable runs, 500 GC/MS BNA runs, a3.d 350 

GC/ECD pesticides/PCBs, and herbicides runs. Protoco~s in- 

cluded rnstrurnent checks and development of calibratlcn curves 

for ",he determination of listed BNAs, VOCs, pesticides, PCBs, 

and herbicides. Protocols also included analysis ,?f water 

blanks, fleld b.lanks, equipment blanks, check standara3, re- 

covery of pc~llntant standards, and surrogates from sarnpies as 

well as from reagent water. 

The 600 series analytical methods used in the analysis 

of the target compounds; Methods 608, 624, and 625 and the 

Sta3dara Methods 6640B; comply with the standardize& quality --- 

assurance arid quality control as specified in these metzhods. 

The a n a l y t r c a l  instruments and analytical processes & r e  cali- 

brated with reference materials that are traceable to the Na- 

tioilal Inst:.tute for Standards and Technology (NIST: . More 

than three calibration points are used with the lowest of 

these poin-cs near the method detection limit and the kighest 

poin'; near the upper linear range of the analytical system. 

The ;inearity of calibration curves is within the I~xits of 

the specified methods. For verification of calibrati.cn, the 

185 



specifications outlined for each compound are followed as 

stated in the methods. Blanks are analyzed on a routine basis 

with each batch of samples prepared, and adhere to the general 

guidelines pertaining to common laboratory contaminants. Ma- 

trix spikes are performed at least once for every 20 samples 

for VOC, BNA, and herbicide analysis and every 10 samples for 

pesticide/PCB analysis. The recovery is compared to the 

percent recovery (%R) limits as specified in the methods to 

ensure that the analyses are yielding acceptable results. 

Evaluation of the QC/QA program showed that the Toxic 

Substances Laboratory performance meets the requirements of 

the USEPA. 

Interlaboratory Studies. The USEPA has stopped supplying 

Water Pollution Performance Evaluation Study samples, requir- 

ing, instead, that participating laboratories purchase these 

samples from approved commercial sources. We have been ob- 

taining performance evaluation samples from Environmental Re- 

source Associates; two sets of seven samples for water analy- 

sis and two sets for soils analysis. These studies are run 

semiannually each for water and soil. Each of these sets po- 

tentially contains all the 111 analytes of EPA Methods 608, 

624, and 625, requiring identification as well as quantita- 

tion, as contrasted to the limited subset of identified ana- 

lytes that the USEPA previously supplied. 



LABORATORY CERTIFICATION 

The Toxic Substances Laboratory has prepared for +-he ap- 

plication for certification under the Illinois Environmental 

Protection Agency's Environmental Laboratory Accreditation Pro- 

gram (IL KLAP) for organic compounds in wastewater ahia solid 

wasce. The application was completed and submitted during 1999 

for certif:cation. The Section has written an extensive Qual- 

ity Assurance Plan (QAP), eleven Standard Operating Procedures 

( S o p s )  for analytical methods, and established an elabclrate re- 

cord keeping system which includes daily monitoring of cold 

room temperatures, monthly checks of analytical balances, etc. 

The IL IEPA has approved our application, and we s r e  wait- 

ing for the on-site laboratory inspection required fo- final 

cert~ficat ron. 

Radiochemistry Section 

The Raaiochemistry Section is responsible for r b e  radio- 

logical rnon~toring of waters, wastewaters and slcdges, the 

maintenance of radiation safety at the District, and the per- 

formance s f  any special tasks involving the use of icnizing 

radiation and radioisotopes. 

The radiological monitoring of the area's waterways under 

the ;urisdictiari of the District includes the Calunet, Ghi- 

cago, and 3es Plaines River systems. 



The radiological monitoring of raw and treated wastewa- 

ters, from the District's seven WRPS, was initiated in 1967 as 

the State of Illinois Sanitary Water Board had effluent crite- 

ria (Technical Release 20-22, April 1, 1967) . The radioactive 

substances limits for the effluents discharged to the waters 

of the State for gross beta activity in the known absence of 

more than 3 pCi/L alpha emitters and more than 10 pCi/L stron- 

tium-90 is not to exceed 1,000 p C i l L  at any time. Although 

the present NPDES permits from the IEPA do not include limits 

for radioactivity in the District's effluents, monitoring con- 

tinued into 1999 since there are radioactivity water quality 

standards for the general use waters. 

Since 1978, the Section has conducted radiological moni- 

toring of sludges from the Lawndale Avenue Solids Management 

Area (LASMA), and from the Harlem Avenue Solids Management 

Area (HASMA). Beginning in 1993, sludge sampling was greatly 

increased to include digested sludges from District WRPs and 

air-dried biosolids ready for final disposal. 

The Section also maintains the radioactive material li- 

cense issued to the District by the Illinois Department of Nu- 

clear Safety (IDNS), assuring that the activities are con- 

ducted according to the license conditions and regulations. 

The radiation safety program consists of radiological 

monitoring of personnel and work areas in the Radiochemistry 



Sectlon, 1es.k testing of sealed sources used as detectzrs in 

gas chrrsmatographs at the R&D laboratories, leak testing of 

gauges used by the Engineering Department, and an x-ray fluo- 

rescent ( X R F )  paint analyzer used by the M&O Department. 

The Sectiori continued to participate in the U.S. Eepart- 

menr of Enezgy, Environmental Laboratory's Quality Assessment 

Program. Water samples were analyzed for gross alpha, gross 

beta, trit.Itlrn, cobalt-60, and cesium-137 activity, and soil 

samples were analyzed for potassium-40, cesium-137, bisnitrrh- 

212, Bead-212, bismuth-214 and lead-214 activity. 

FGiDIATICN SAFETY 

The Raciochemistry Section continues to maintain a radia- 

tior: safety program for the District. The program inc:kudes 

keeprng the radioactive material license issued to the Dis- 

tricr by the IDNS up-to-date, and reporting informaLion re- 

gararng low-level radioactive waste to IDNS. It also ;ncludes 

radiolog~cal mocitoring of personnel and work areas I n  the Ra- 

diochemiskrry Laboratory, leak testing of nickel-63 deeec:tors, 

nuclear qauges, and XRF analyzer, and monitoring zsers of 

these devices for radiation exposure. 

'The 1l:Linoxs Low-level Radioactive Waste Managenert Act 

requires al:L generators and brokers of low-level rad~oact~ve 

waste (LLRW in Illinois to file an annual survey form with 



the IDNS. In 1999, the relevant forms were received from the 

IDNS, completed, and returned to the IDNS. 

The radiological monitoring of District employees and 

work areas was carried out using dosimeter badges and finger 

ring dosimeters. The dosimeters are worn by laboratory per- 

sonnel, users of moisture/density gauges, and the XRF paint 

analyzer. A total of 226 dosimeters were analyzed in 1999. 

No employee of the District was exposed to an overdose of ra- 

diation. 

The Radiochemistry Laboratory is regularly surveyed for 

radiation contamination. A total of 120 wipe tests were per- 

formed in 1999. No contamination was found in any work area. 

As per IDNS regulations, radioactive sealed sources are 

tested for leakage or contamination at intervals not to exceed 

six months. All the radioactive sealed sources possessed by 

the District were tested for leakage twice in 1999. 

Nickel-63 sources constitute a part of the electron cap- 

ture detectors of gas chromatographs used by the R&D Depart- 

ment. Leak tests were performed on the following detectors in 

March and September 1999: 

Hewlett-Packard S-11225 Two leak tests 

Carlo Erba S / N  96391Zf Two leak tests 

Carlo Erba S/N 963978* Two leak tests 

Finnigan 5678 Two leak tests 



Two leak tests 

One leak test 

One leak test 

( *  = No,: in use) 

No leaks were detected in any detectors used by t2e Dis- 

trict. 

Leak tests were also performed on the concentris mois- 

ture/density gauge stored in the Fulton County R&D Laboratory, 

four surface moisture/density gauges used by the Cozsrr;ction 

Div~sion of the Engineering Department, and an XRF pain: ana- 

lyzer ~ s e d  by the M&O Department. A total of 22 leak. tests 

were pecf~rmed in 1999. No leaks were detected iL any of 

these gauges. 

PART:TCIFATZOiV IN THE USDOE ENVIRONMENTAL LAB0RF.TOF.Y QJALITY 
ASSESSMENT PXOGRAM 

Laboratory Quality Assessment Program. The Radlcchernistry 

Section continues to participate in the USDOE Enviro~rnental 

Labaratory Quality Assessment Program, along with 14: other 

lab3ratories (regional, state, national, nuclear,, comercial, 

and inter~ational) . 

The purpose of this participation is to mai.ntain 3 good 

quality control program, and document the precision a r ~ C  accu- 

racy of the nethods used. 



The participating laboratories receive, for analysis, wa- 

ter and soil samples from the USDOE Environmental Laboratory, 

New York, New York. The known radioactivity concentrations, 

and the participantsr experimental results are published in a 

USDOE report. 

During 1999, the Radiochemistry Section analyzed two 

Quality Assessment water samples for tritium, gross alpha, 

gross beta, cobalt-60, and cesium-137. The Section also ana- 

lyzed two soil samples for potassium-40, cesium-137, bismuth- 

212, lead-212, bismuth-214 and lead-214 activity. The analy- 

ses of all samples were reported to the USDOE, and the results 

were published in an USDOE report. 

LEVELS OF RADIOACTIVITY IN RAW AND TREATED WASTEWATERS 

Radiological monitoring of raw wastewaters and final ef- 

fluents from the District's seven WRPs continued in 1999, 

since data from the monitoring serves as a measure of present- 

day radioactivity levels in comparison to levels in past 

years. The IPCB has established General Use water quality 

standards for radioactivity in the waters of the state. Ac- 

cording to IPCB regulations (Title 35, Chapter 1, Section 

302.207) gross beta concentration shall not exceed 100 pCi/L, 

and the concentration of radium-226 and strontium-90 shall not 



exceed 1 and 2 pCi/L of water, respectively. There are no 

IPCB radioactivity standards for effluents. 

The radioactivity analysis was conducted on 24-hour com- 

posite samples of raw sewage and final effluent. The samples 

were processed using Standard Methods for the Examl.nation of -- 
Water and Wastewater (Standard Methods), 2oth Edition proce- -- - 
dures, and counted for gross alpha and gross beta radi~activ- 

i t y  on a Tennelec LB5100 alpha/beta gas proportional count-r. 

The qas proportional counter was calibrated for alpha effi- 

cier.cy using americium-241, and for beta efficiency usir ig  ce- 

siam-137 standards obtained from the USEPA Environmental Moni- 

toririg Systern Laboratory in Las Vegas, Nevada. 

For calculation purposes, less than lower limit of detec- 

tion (ZLD) values were considered as real numbers, i . e . ,  <1 

pCi/L was considered as 1. Average radioactivity was zalcu- 

lated by adding monthly activity and dividing the sum by the 

number of jobservations. If any value in the individ~al data 

set with t h e  less than symbol was higher than the a-~erage 

value, then the average value was reported with the less than 

symbol. If all the values in the individual data set w r ~ h  the 

less than synbol were lower than the average values, then the 

average value was reported without the less than symbol, 

In a set of data points with a combination of r ea l  num- 

bers and ZLD valzes, the highest real number was considered as 



the maximum value. The lowest real number was considered as 

the minimum value if the number was lower than the lowest LLD 

value of the data set, otherwise LLD value was reported as the 

minimum value. 

Table 61 presents 1999 yearly averages of gross alpha ac- 

tivity for the raw sewage, and final effluent from the Dis- 

trict's seven WRPs. With the exception of the Lemont WRP, av- 

erage raw sewage gross alpha activity ranged from less than 

the LLD (4.0 pCi/L) for the North Side and Egan WRPs to 5.7 

p C i / L  for the Southwest raw sewage of the Stickney WRP. The 

gross alpha activity at the Lemont WRP was 35.4 pCi/L. The 

gross alpha activity in the final effluent at all the WRPs was 

less than the detection limit (3.5 to 6.8 pCi/L) . This level 

of activity in Lemont raw sewage has been observed since the 

Village of Lemont began water-treatment process for removal of 

radium from their water supply in 1989 as the backwash water 

from the system is discharged into the Lemont WRP. However, 

this backwash from the Lemont drinking water system does not 

pose a threat to the District's compliance status. 

Table 62 presents 1999 yearly averages for gross beta ac- 

tivity in raw sewage and final effluent from the Districtr s 

seven WRPs. The Lemont WRP has the highest average raw sewage 

and final effluent gross beta activity levels, 59.1 and 21.8 



METROPO1,ITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGG 

TABLE 61 

1999 YEARLY AVERAGE GROSS ALPHA RADIOACTIVITY IN KAW AND 
TREATED WASTEWATER FROM DISTRICT WRPs 

WRP 
T;~pe of SalTlple 

Gross Alpha Radioactivity 
( p C i  /L 1 

Raw (West Side) 
Raw (Southwest) 
Secondary -- Final Effluent 

Calumet 

Raw 
Secondary -- Final Effluent 

North Side 

F,a w 
Secondary -- Final Effluent 

Hanover Park 

Raw 
Tertiary - Final Effluent 

John E. Egan 

R.aw 
Tertiary - Final Effluent 

Lemont -- 
Raw 
Secondary - Final Effluent 

James C .  K i r i e  

Raw 
Tertiary - Final Effluent 

< = Less than lower limit of detection. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 62 

1999 YEARLY AVERAGE GROSS BETA RADIOACTIVITY IN RAW AND 
TREATED WASTEWATER FROM DISTRICT WRPs 

WRP 
Type of Sample 

Gross Beta Radioactivity 
(pCi/L) 

Stickney 

Raw (West Side) 
Raw (Southwest) 
Secondary - Final Effluent 

Calumet 

Raw 
Secondary - Final Effluent 

North Side 

Raw 
Secondary - Final Effluent 

Hanover Park 

Raw 
Tertiary - Final Effluent 

John E. Egan 

Raw 
Tertiary - Final Effluent 

Lemont 

Raw 
Secondary - Final Effluent 

James C. Kirie 

Raw 
Tertiary - Final Effluent 



pCi/:., respectively. At the remaining six WRPs, the a:Jerage 

raw sewage gross beta activity ranged from 18.4 to 33.1 pCi/L, 

and -he average final effluent total beta activity ranged from 

10.8 to 15.5 pCi/L. 

There are no USEPA radioactivity standards for raw sewage 

or final effiuent from District WRPs. 

LEVELS OF RADIOACTIVITY IN SLUDGES 

In 1993, the Radiochemistry Section revised and exaanded 

its m3nitoring program of District sludges in response tg the 

increased emphasis on sludge characteristics brought a b ~ u t  by 

adoption of the USEPA1s Part 503 Sewage Sludge ReguIations. 

Although :here are no standards for radioactivity :.i these 

regii;aLz L ~ U ~ S ,  - it was felt that the District should expand its 

datakase  zn che radiological characteristics of its 3:-~dge. 

During 1999, sludge samples were collected monthly 3 t  all 

WRPs . S o ~ n e  sludge samples were also collected from the 

Hanover Park Lagoons and from eight sludge drying sites. 

Sludge samples were processed according to the Standard 

Methods procedures, and counted for alpha and beta activity 

usine; a Tmnelec LB5100 alpha/beta counting system. The in- 

strument was calibrated with americium-241 standard far gross 

alpha and cesium-137 standards for gross beta activity 



determinations. The results, in pCi/g of dry weight, were av- 

eraged and are tabulated in Tables 63 and 64. - 
In Table 63, the average gross alpha activity of WRP 

sludges ranged from a low of 3.7 pCi/g dry wt. at the North 

Side WRP to a high of 76.6 pCi/g dry wt. at the Lemont WRP. 

Table 63 shows that average gross beta activity of WRP 

sludges ranged from a low of 13.0 pCi/g dry wt. at the Hanover 

Park WRP to a high of 101.4 pCi/g dry wt. at the Lemont WRP. 

Table 64 presents gross alpha and gross beta data for la- 

gooned, and air-dried sludges from the District sludge drying 

areas. Average total alpha activity ranged from a low of 6.0 

pCi/g dry wt. for the Vulcan drying site to a high of 7.9 

pCi/g dry wt. for the Stony Island drying site. Average total 

beta activity ranged from a low of 15.2 pCi/g dry wt. for the 

Hanover Park East Lagoon to a high of 28.6 pCi/g dry wt. for 

the HASMA drying site. 

Sludge samples were also processed for the determination 

of specific radionuclides. The samples were dried on hot 

plates. The dried samples were ground and passed through a 30 

mesh sieve. The samples were packed in 3 oz. cannisters and 

analyzed by a gamma spectroscopy system equipped with a high- 

purity germanium detector and Gamma Trac software analysis 

package from Oxford Instruments, Inc. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 4  

GROSS ALPHA AND GROSS BETA RADIOACTIVITY OF 
LAGOONED AND AIR-DRIED SLUDGES DURING 1999 

Gross Alpha Gross Beta 
~agoon/Drying No. of (pCi/g dry wt) (pCi/g dry wt) 
Site Location Samples Average Minimum Maximum Average Minimum Maximum 

Hanover Park East 2 6.5 6.4 6.7 15.2 14.5 15.9 

Hanover Park West 2 6.5 6.3 6.6 18.1 16.3 19.9 

R) 
o LASMA 
0 

Calumet East 

Calumet West 5 7.4 6.2 9.5 24.4 20.9 30.2 

HASMA 5 7.4 6.4 10.0 28.6 22.8 45.0 

Marathon 5 6.8 6.2 7.2 25.4 21.7 31.0 

Stony Island 5 7.9 6.2 9.8 25.0 20.6 28.8 

Vulcan 5 6.0 5.2 7.8 22.8 21.9 24.0 

Ridge land 5 6.7 5.8 7.9 24.6 22.3 27.6 



Eleven specific radionuclides, with a potential f3r re- 

concentra~ion in sludge were analyzed. Only three 3 them 

were detect-ed at measurable levels. Two of these three radio- 

nuclracs,  potassium-40 and radium-226, are of natural erigin. 

The third radionuclide, cesium-137, is man-made and m3y have 

arise? from failout of nuclear weapon testing. 

Table 65 presents potassium-40, cesium-137, and radium- -- 
226 concertratxons in the District's sewage sludge. The aver- 

age potass:~un-40 activity ranged from 5.5 pCi/g dw at Hancver 

Park WRP r_o 11.0 pCi/g dw at Stickney WRP. The averaae ce- 

sium--137 ac:tivltv ranged from non-detectable levels at Kdnover 

Park znd Lemonr WRP to 0.1 pCi/g dw at Stickney and Calkmet 

WRP, The svsrage radium-226 activity ranged from 2.2 g C ~ / g  dw 

at St~ckney WRP to 72.4 pCi/g dw at Lemont WRP. 

Table 66 presents potassium-40, cesium-137, and zadrum- 

226 concentrations in the District's biosolids from the drying 

sites. The average potassium-40 activity in the Sic;isolids 

icanged fro15. 9.2 pCi/g dw at Calumet West to 12.3 pCilq d~ at 

Vulcar, drying site. The average cesium-137 activity das 0.10 

pCiig dw st 311 drying sites. The average radium-226 3c:ivity 

ranged frc~. 2 . R  pCi/g dw at VuLcan to 4.1 pCi/g dw at Calumet 

Wesr. drying site. 
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Table 67 presents potassium-40, cesium-137, and radium- 

226 radioactivity concentrations in Hanover Park lagooned 

sludge. The average potassium-40 activity in Hanover Park 

East and Hanover Park West lagooned sludge was 5.0 pCi/g dw 

and 4.6 pCi/g dw, respectively. The.average cesium-137 activ- 

ity was 0.01 pCi/g dw in both lagooned sludges. The radium- 

226 activity at Hanover Park East lagooned sludge was 4.4 

pCi/g dw and at Hanover Park West lagooned sludge was 4.2 

pCi/g dw. 

Currently, there are no USEPA standards for radioactivity 

levels in sludge. 

RADIOLOGICAL MONITORING OF THE CHICAGO WATERWAYS 

The radiological monitoring of waterways, under the ju- 

risdiction of the District, is a part of the overall monitor- 

ing program of the water quality within District waterways. 

The radiological monitoring involves the determination of 

gross alpha and gross beta activities of the waterways sam- 

ples. The program includes the Calumet, Chicago, and Des 

Plaines River systems comprising 170 miles (273.6 km) of wa- 

terways. There were six sampling locations on the Chicago 

River, three on the Calumet River, and six on the Des Plaines 

River. Each location was sampled once per month. 





The waterways samples were processed using Standard Meth- 

ods procedures, and the gross alpha and beta activities were - 
counted using a Tennelec LB5100 gas proportional counter. 

Table 68 presents the 1999 average values for gross alpha 

and gross beta activity for the Chicago waterways at each of 

the 15 sampling locations. The average gross alpha activity 

in the water samples ranged from less than 3 . 4  pCi/L to less 

than 4.9 pCi/L. The average gross beta activity ranged from 

less than 6.0 pCi/L to 16.8 pCi/L. 

The concentrations of radioactivity in all samples ana- 

lyzed were well within the USEPA Drinking Water Standards of 

15 pCi/L for gross alpha, and 50 pCi/L for gross beta. 

Experimental Design and Statistical Evaluation Section 

The Experimental Design and Statistical Evaluation Sec- 

tion is responsible for providing assistance in the design of 

laboratory and full-scale experiments, development of guide- 

lines for data collection methods, collection of appropriate 

data, and statistical analyses. For the optimum performance 

of the statistical analyses and to reduce cost, the personnel 

of this Section successfully transferred the computing media 

from the VAX to PCs in 1999. Computer programs suitable for 

various research projects or generating reports are developed 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGG 

TABLE 58 

1999 YEARLY AVERAGES OF RADIOACTIVITY 
FOR THE CHICAGO WATERWAYS 

Gross Alpha Gross Beta 
(pCi/L) ( p c ~ / L )  

Central Avenue, North Shore 
Channel 

Touhy Avenue, North Shore Channel < 3 . 5  G.5 

Cicero Avenue, Chicago Sanitary 
and Ship Canal 

Harlem Avenue, Chicago Sanitary 
and Ship Canal 

Route 53 ,  Chicago Sanitary and 
Ship Canal 

Stephens Street, Chicago Sanitary 
and Ship Canal. <4.2 a n .  3 

Indiana Avenue and 1 3 5 ~ ~  Street, 
Little Calwet River 

Halsted Street, Little Calumet 
River < 3 . 7  

Route 83 Bridge, Cal-Sag Channel < 3 . 6  9.0 

Longmeadow Lace, Upstream of 
Hanover Park WRP, DuPage River 

Walnut Lane, Downstream of Hanover 
Park WRP, West Branch DuPage River ~ 3 . 6  

Elrnhurst Road, Upstream o f  Kirie 
WRP, Hiygins Creek < 3 . 8  

Willie Road, Downstream of Kirie 
WRP, Higgins Creek < 3 . 7  

Hiygins Road, Upstream of Egan 
WRP, Salt Creek <3.6  

Arlington Heights Road, Downstream 
of Egan WRP, Salt Creek <3 .5  

< = Less than lawer limit of detection. 



in Visual Basic and SAS by the personnel of the statistical 

section. Programs were also developed to create ta- 

bles/reports in Visual Basic interlinking the SAS and Excel 

software programs. Most of the statistical processing and 

analysis of the data are accomplished by using SAS software. 

STATISTICAL AND COMPUTING SUPPORT 

During 1999, an associate statistician and a statistical 

consultant in the section provided statistical and computing 

support to various projects undertaken within the Environ- 

mental Monitoring and Research (EM&R) Division. The following 

is a description of some activities: 

1. Statistical support was provided in the analyses 

of Monitoring Frequency for Mainstream Tunnel 

and Reservoir Plan (TARP) Water Level and Qual- 

ity Monitoring Wells. As a result of the study, 

the District developed guidelines for safely re- 

ducing the frequency of monitoring TARP wells. 

2. Statistical support was provided to the Biology 

Section on the toxicity studies with Pirnephelas 

Promelas. Studies are being conducted to deter- 

mine whether age of fish used for testing whole 

effluent toxicity (WET) effects the survival re- 

sponse of the organism exposed to WRP influent 



in che 48-hour acute toxicity test, and tc 5e- 

velop a mathematical model of the mortality rate 

due to age and the dose level for a known toxi- 

cant.. The studies began in the middle of 1994,, 

and they are expected to be finished by March 

2000. 

3 .  Statistical support was provided to the Wastewa- 

ter Treatment Research Section on the study 05 

Oxygen Transfer Efficiency of Diffuser Plates sn  

aeration tanks. The project was started in J ~ l y  

1999, and is expected to be finished by Marcn 

2000. 

4. Statistical support was provided to the Lcnd 

Reclamat-ion and Soil Science Section to evaluasl 

tae effect of time after cessation of biosolias 

applications on the concentration of cadmi~rn, 

ccpper, nickel, and zinc in soil, leaves, an6 

grain of corn from fields at the District's F G ~ -  

tcln County site. 

5. In 1999, this section provided support on nume.-- 

ou,s requests, short projects, and reports b y  

personnel from other departments, and on re- 

quests received from outside the District. 



WATER QUALITY DATA 

Each year, the section prepares an annual report describ- 

ing the water quality. of the streams and channels within the 

District's jurisdiction for the preceding year. Surface water 

quality data for 1996, 1997, and 1998 were evaluated regarding 

compliance with water quality standards set by the Illinois 

Pollution Control Board (IPCB), and annual reports of 1996, 

1997, and 1998 were produced. 

Compliance of General Use Waters. In 1998, 27 water 

quality parameters (phenols, zinc, cadmium, copper, chromium, 

nickel, lead, boron, arsenic, selenium, barium, un-ionized am- 

monia, manganese, WAD cyanide, DO, temperature, pH, ammonium 

nitrogen, total dissolved solids, sulfate, iron, mercury, sil- 

ver, fecal coliform, soluble iron, chloride and fluoride) were 

assayed. The first 14 parameters listed were in total compli- 

ance in General Use Waters of all river systems. Of the re- 

maining 13 parameters, 12 parameters had compliance rates 

greater than 92.9 percent in all river systems. Fecal coli- 

form had the lowest compliance rate, varying from 37.5 to 59.7 

in the Chicago, Calumet, and Des Plaines river systems. 

Compliance of Secondary Contact Waters. Twenty-four wa- 

ter quality parameters (silver, arsenic, barium, cadmium, cya- 

nide, chromium, lead, fluoride, nickel, phenols, selenium, 

temperature, zinc, mercury, manganese, FOG, total dissolved 



sollcis, dissolved oxygen, pH, ammonium nitrogen, un-13nlzed 

ammonia, soluble iron, iron, and copper) were covered by IPCB 

Water Quairtf Standards for samples taken in Secondary C~~ntact 

Waters. Seventeen water quality parameters (silver, arsenic, 

barxum, cadmium, cyanide, chromium, lead, fluoride, n-ckel, 

phenols, seleniilrn, temperature, zinc, mercury, manganese FOG, 

and total lciissolved solids) were in complete compliance, The 

compl-lance rates of remaining 7 parameters varied from 86 to 

LOO percent. 

STUDY OF' SEWAGE AND WASTE CONTROL ORDINANCE LIMITS 

The Statistical Section is also responsible for preparing 

annual sununary reports on the Sewage and Waste Contr;? Ordi- 

nance Limits Relative to Pretreatment Program. Draftpre- 

treatment reports for 1995, 1996, and 1997 were prepitrec, It 

is expected that these reports will be ready for publication 

in the first half of 2000. 



MEETINGS AND SEMINARS 

1. Unl ted  S ~ a t e s  Department of Agriculture W-170 Req~onal 
Tecnnicah Committee Meeting, Charlotte, North Carolina, 
J a n ~ a r y  1999. 

2. Wazer Environment Federation/American Water Works Assscia- 
clan Jolnt :  Specialty Conference on Water and Waszs,wazer 
Treatment Resjduals, Charlotte, North Carolina, January 
1999. 

3. IE1inais Fiater Environment Association Government >.fEsirs 
rn Water Pollution Control Seminar, Lisle, Illinois, Janu- 
ary 1999. 

4. 1999 Midyear Water Environment Federation Meeting, Program 
Corrmittee Meetlng, New Orleans, Louisiana, January l .999.  

5. "F-rrecas.ting Techniques Using SAS/ETS Software," Ckicago, 
Illincis, February 1999. 

6. Association of Metropolitan Sewerage Agencies 1939 %inter 
Conference, Air Quality Committee Meeting and General Ses- 
sion 111, Phoenix, Arizona, February 1999. 

7. "Optimizing Productivity and Data Compliance in the &a- 
lycical Laboratory," Seminar, Hewlett Packard, Elk Grove 
Village, Ill~nois, February 1999. 

8. Lake Eichigan Water Analysts Winter Meeting, Kenosha, Wis- 
carsin, February 1999. 

9. Chicagc Public Schools Science Fair, Chicago, II1Fncis, 
March 1999. 

10. United States Environmental Protection Agency, Re~Fon 5, 
Workshop on Biological Effects/Indicators of Nutrient: En- 
~schrnenz, Chicago, Illinois, March 1999. 

11. 1999 Pittsburgh Conference and Short Courses, Orkando, 
F1-orida, March 1999. 

12. Illinafs Water Environment Association Annual Ccnference 
zEd Exh~kitlon, Peoria, Illinois, March 1999. 



13. "Analyticai Solutions for the Environmentally Responsi- 
ble," Seminar, Hewlett Packard, Elk Grove Village, Illi- 
nois, March 1999. 

14. Association of Metropolitan Sewerage Agencies Whole Efflu- - 
ent Toxicity Training Course, Arlington, Virginia, March 
1999. 

15 .  "GC Open Forum Workshop," Hewlett Packard, Elk Grove Vil- 
lage, Illinois, April 1999. 

16. Lake Michigan Water Analysts Second Quarter Meeting, 
Waukegan, Iilinois, April 1999. 

17. Association of Metropolitan Sewerage Agencies National En- 
vironmental Policy Forum and 2gth Annual Meeting, Washing- 
ton, DC, May 1999. 

18. United States Environmental Protection Agency, 
Stakeholders Meeting on National Strategy to Develop Re- 
gional Nutrient Criteria, Arlington, Virginia, June 1999. 

19. Annual Meeting of the North American Benthological Soci- 
ety, Duluth, Minnesota, June 1999. 

20. General Meeting of the American Society for Microbiology, 
Chicago, Illinois, June 1999. 

21. 47th American Society for Mass Spectrometry and Allied Top- 
ics (ASMS) Conference, Dallas, Texas, June 1999. 

2 2 .  isth Annual Waste Testing and Quality Assurance Symposium, 
Arlington, Virginia, July 1999. 

23. Association of Metropolitan Sewerage Agencies Summer Con- 
ference Meeting, Unifying Urban Wet Weather Programs and 
Air Quality Committee Meetings, Philadelphia, Pennsylva- 
nia, July 1999. 

24. Illinois Environmental Protection Agency, Bureau of Water, 
Public Hearing, Springfield, Illinois, August 1999. 

25. Dionex Corporation New Developments in Ion Chromatography 
Seminar, Chicago, Illinois, September 1999. 



26. Illinois Department of Public Health Environmental Lsbora- 
tory Serninzr, Springfield, Illinois, September 1999. 

27. UnLced States Environmental Protection E-gency,  
Stakeholders Meeting on Total Maximum Daily Load Ruierak- 
i n g ,  Atlahta, Georgia, September 1999. 

28. I~dustrial Water, Waste and Sewage Group Meeting, C h ~ c a c o ,  
Illinois, September 1999. 

29. Association of Metropolitan Sewerage Agencies Fall Leader- 
ship Retreat and Strategy Session, Washington, DC, Sepr.ern- 
h e r  1999. 

30. Electric l?ower Research Institute Municipal Waesz and 
Wastewater program Meeting, Nashville, Tennessee, Oc:~ber 
1995. 

31. Water Environment Research Foundation, Biocriteria Xork- 
shop, New 3rleans, Louisiana, October 1999. 

32. Wazer Environment Federation 72"' Annual Conference Ex- 
position, New Orleans, Louisiana, October 1999. 

33. Annual Meetinq of the Society of Environmental Toxicology 
and Chenistry, Philadelphia, Pennsylvania, November 1999. 

34. Illinois Water Environment Association Industrial Pre- 
treatment and Hazardous Waste Committee Annual Meeting, 
LomSard, Illinois, November 1999. 

35. Iliin~is Water Environment Association Industrkai. Pre- 
treatment and Hazardous Waste Committee Meeting, Yozkt~wn, 
Illinois, November 1999. 

36. Wet in the City, Teachers Education for Household Eazard-  
ous Waste at the Field Museum, Chicago, Illinois, December 
1999. 



PAPERS PRESENTED 

"Assessing the Phytotoxic Threshold for Zn in the Part 503 
Biosolids Regulation Rlsk Assessment." Presented at Annual 
Meeting of United States Department of Agriculture W-170 
Regional Technical Committee, Charlotte, North Carolina, 
January 1999, by Thomas Granato. 

"A National Sewage Sludge Survey: Quality Status Relative to 
Part 503 Rule." Presented at Illinois Water Environment 
Association Twentieth Annual Conference and Exhibition, 
Peoria, Illinois, March 1999, by R.I. Pietz, R. Johnson, R. 
Sustich, T.C. Granato, P. Tata, and C. Lue-Hing. 

"The Chicago River Fishery." Presented at the Annual Spring 
Fishing Extravaganza, Henry's Sport and Bait Shop, Chicago, 
Illinois, March 1999, by Sam Dennison. 

"Growing Grasses and Wildflowers in Biosolids." Presented 
at Research and Development Department Annual Seminar 
Series, Stickney, Illinois, August 1999, by Thomas Granato. 

'Environmental Chemistry as it Relates to Wastewater 
Treatment ." Presented at Associated Colleges of the 
Chicagoland Area Fall 1999 Seminar Series, Lemont, Illinois, 
September 1999, by Bernard Sawyer. 

"Management of Odor Monitoring Programs and Odor Complaints 
at the Metropolitan Water Reclamation District of Greater 
Chicago." Presented at the Water Environment Federation 
Annual Conference, New Orleans, Louisiana, October 1999, by 
Thomas. K. OIConnor, Prakasam Tata, David T. Lordi, and Cecil 
Lue-Hing . 
"A National Sewage Sludge Survey: Quality' Status Relative to 
Part 503 Rule." Presented at Residuals and Biosolids 
Management Symposium: Biosolids Regulations and 
Privatization, Water Environment Federation Annual 
Conference, New Orleans, Louisiana, October 1999, by C. Lue- 
Hing, R.I. Pietz, P. Tata, R. Johnson, R. Sustich, and T.C. 
Granato. 



PAPERS PUBLISHED 

I. Lue-Hing,  C., R.I. Pietz, P. Tata, R .  Johnson, R. Sxstich, 
and T.C. Granato. "A 1996 National Sewage Sludge Survey: 
Quairzy S t a t c s  Relative to t h e  Part  503 R u l e , "  in Residuals 
and Biosolids Management Symposium: Biosolids Regulations 
and Privatization, Water Environment Federation Ar-nual 
Cccference, New Orleans, Louisiana, 1999. 



Date - 

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 
RESEARCH AND DEVELOPMENT DEPARTMENT 

1999 SEMINAR SERIES 

Friday 
March 26, 1999 

Friday 
April 30, 1999 

Friday 
May 28,1999 

Friday 
June 25,1999 

Friday 
July 2,1999 

Friday 
August 27,1999 

Friday 
September 24, 1999 

Friday 
Octaber 29,1999 

Friday 
November 19,1999 

Use of Pure Oxygen vs. Air i n  the 
Management of Dissolved Oxygen 
in Receiving Waters 
Dr. Richard Speece, Protessor 
Vanderbilt University, Nashville, Tennessee 

Activated Sludge Aeration: State of the 
Art and Future Direction 
Dr. Jong Lee, Associate 
Mr. Joseph Grogan, Associate 
Greeley and Hansen. Chicago, lllinois 

Potential for the Use of On-line 
Respiromeiry for the Control of Aeration 
Mr. Karnlesh Patel,, Research Scientist 
Mr. Stanley Soszynski. Research Scientist 
Research and Development Department 
Metropolitan Water Reclamation District of 
Greater Chicago (District), Cicero, lllinors 

State of the District and New Millennium 
Initiatives 
Mr. Hugh H. McMillan, General Superintendent 
District, Chicago, lllinois 

Reflections of a Samurai 
Dr. Cecil Lue-Hing, Director 
Research and Development Department 
District, Chicago, lllinois 

Utilization of Biosolids for Growing Grasses 
Dr. Thomas Granato. Soil Scientist 
Research and Development Department 
District, Cicera, Illinois 

Electronic Nose and its Potential 
Dr. Peter Lykos, Professor 
Mr. Chris Morong. Student 
Illinois lnstitute of Technology, Chicago, lllinois 

Waterways Management, Lake Water 
Diversion Control, and Water Quality 
Mr. Gregory Cargill, Assistant Chief Engineer 
Mr. Ram Koduri, Principal Civil Engineer 
Maintenance and Operations Department 
District, Chicago, lllinois 

IT Makes Things Happen: Historical 
Perspectives and Future Direction 
Mr. Laurence 8. Nybo, Director 
Information Technology Department 
District, Chicago, lllinois 

LOCATION: 
Stickney Water Reclamation Plant, R&D Laboratory Auditor ium 

6001 West Pershing Road, Cicero, l l l inois 608b4-4112 
' 

FOR INFORMATlON CONTACT: 
Tata, Research & Technical Services Manager, (708) 588-4059 

A-11-1 



Tata, Prakasarn, Research and Technical Services Manager 
Messina. Deborah, Principal Clerk Stenographer 

Sawyer, Bernard, Research Scientist 4 Pleiz, Richard, Research Scientrsi. 4 
Vailos, Karen, Princrpal Clerk Stenographer Zanders, Mary, Principal Clerk Stenographer 

Section 122 -Wastewater Treatment 
Jarn, Jain, Research Scientist 3 

~ o r d ~ ,  Davrd, Research Sclent~st 3 
Frankl~n, Laura, Principal Clerk Typist 
Patel, Karnlesh, Research Scientist 2 
Zhang, Heng, Research Scientist 2 

Kaschak, John, Research Scientrst 1 

--. .. MacDonald, Dale, Research Scient~st 1 
.- --.. Vacant. Research Scientist 1 --.. 

-._ Soszynskr, Stanley, Research Scientist 1 
'.---1.q4$(awalko, Sheila. Laboratory Tech 2 

Michiels, Paula, Laboratory Tech 2 

P Farooqui, Saeed, Laboratory Tech 1 
I Szafoni, John, Laboratory Tech 1 

- I  
- I  Tate, Tiffany, Laboratory Tech 1 
- - I  Young, Robert, Laboratory Tech 1 
I 
- I  Pierson, Rodney, Laboratory Tech 1 

Zmuda, James, Microbiologrsl4 
MacKey, Olga, Principal clerk l yplst 
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