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SUMMARY AND CONCLUSIONS 

I n  late 1996 and early 1997 the concentration of z i ~ c  in 

the anaerobically digested sludge (digester draw) of the Calu- 

met Water Reclamation Plant (WRP) was observed to increase, 

such z k a t  compliance with the United States Environmental Pro- 

tection Agency (USEPA) Part 503 Rule was becoming a concern. 

Based upon this observation, the Research and Deveicpment 

(R&D)  Depart-.merit. undertook a detailed investigation to deter- 

mine the possible causes for the elevated levels of ZLLC at 

the Calxmet WRP. During 1997 and 1998, the following course 

of action was followed: 

I, Review historical raw sewage and digester draw 

data from the Calumet WRP and other WRPs as 

needed. 

2. Rev~ew laboratory analytical procedures. 

3. Review the industrial waste monitoring database, 

and the current industrial waste sampling pro- 

gram. 

4. Intensify industrial waste monitoring efforts. 

5. Initiate new sampling programs in the four rnain 

interceptors serving the Calumet WRP. 

6 ,  Initiate new sampling programs in local sewers 

serving the Calumet WRP. 

7. Study Calumet WRP recycle streams and other 

plagt processes. 



8. Examine non-point sources of zinc. 

9. Attempt to develop a mass balance for zinc at 

the Calumet WRP. 

In June 1998, an interim report on the project, describ- 

ing the 1997 work, was prepared. The main findings of that 

report were as follows: 

1. Zinc concentrations in Calumet WRP digester draw 

began to increase in late 1996. The exact cause 

of this was unknown. 

2. The Calumet WRP was receiving a disproportion- 

ately high loading of zinc when compared to the 

North Side WRP which receives a similar volume 

of daily flow. 

3. Based upon data from special samplers installed 

in the four main interceptors feeding the Calu- 

met WRP, it is estimated that the average amount 

of zinc which entered the Calumet WRP in 1997 

was 541 lbs/day. 

4. It was possible to identify the sources of ap- 

proximately 418 lbs/day (77.3 percent) of the 

influent zinc in 1997. The largest sources 

were : 

a. Commercial and household - 166.7 

lbs/day 

b. Municipal drinking water supply - 142.3 

lbs/day 



c. Known industries - 66.7 lbsjday 

d. TARP pumpback - 41.3 lbs/day 

5. One hundred twenty-three lbs/day (22.7 percent) 

of the influent zinc has not been accounted f o r ,  

6. An examination of the interceptor sampling data 

indicated that the Harvey and. Low Level inter- 

ceptors were receiving 'spike" inputs of zinc 

from unknown point sources. 

7 .  As of December 1997, zinc concentrations in the 

Calumet WRP digester draw were still higher than 

desired Target Level (1691 mg/kg) established by 

the District. 

In 1998, work intensified on the interceptor, *-ocal 

sewer, and industrial waste sampling programs in an attempt to 

locate any additional zinc dischargers. In addition, Calumet 

WRP operating data and zinc concentrations in the iccnrning 

sewage and digester draw were monitored as in 1997. D-x-ing 

the course ~f the year, the frequency of zinc 'spikes" in the 

Harvey and Low Level interceptors decreased considerably but 

an increased frequency of zinc "spikes" were observed. in the 

Soutk Park interceptor. Although zinc concentration in the 

raw sewage and digester draw were decreasing on average, when 

com-gared against 1997 values, zinc concentrations in individ- 

ual d~gester draw samples were still exceeding the Target 

Level as late as September 1998. 



Based upon data collected in the intensified interceptor 

and local sewer sampling, two previously unidentified 

industrial dischargers were discovered to be discharging large 

quantities of zinc to the South Park interceptor. Enforcement 

actions were initiated in late 1998 to reduce these zinc dis- 

charges, and zinc concentrations in the digester draw at the 

Calumet WRP have been below the Target Level for all of 1999, 

averaging 1077 mg/kg. 

This report describes the 1998 work on the project, as 

well as recapping some of the 1997 work. As of December 1999, 

all special sampling has ended, and we have returned to a 

standard monitoring routine for the zinc at the Calumet WRP. 

It is suggested that anyone interested in getting a de- 

tailed understanding of the various investigations conducted 

as part of this study should first read the entire interim re- 

port contained in Appendix I prior to reading the main body of 

this report. 



INTRODUCTION 

133 February 19, 1993, a final regulation entitled ' The 

Staridards for the Use or Disposal of Sewage Sludge" was pub- 

lished in the Federal Register. This regulation, cornmor,Ly re- 

ferr-ed to as the Part 503 Rule, establishes requirements for 

the final use and disposal of biosolids. The Part 503 Rille 

e~tabl~shes specific risk-based pollutant limits for various 

heavy metals found in biosolids. Biosolids that meet the ir.ost 

stringent requirements for metals and pathogens are classified 

as Exceptional Quality (EQ) biosolids, and are considered 

suitab;e for virtually unregulated use. 
- 

The Metropolitan Water Reclamation District of Greater 

Chicago (District) has established an organizational ~olicy to 

have its tirial biosolids product quality as EQ biosolids, The 

R&D and M&C Departments continuously monitor biosolids quality 

to ensure that EQ requirements are met. In late 189E and 

early 1997, it was observed that the concentration of zixc in 

the d5geste~ draw of the Calumet WRP was increasing, and ap- 

proaching the previously established Target Level, &hereby 

causin~ concern. Work conducted at the District, since the 

inception of the Part 503 Rule, resulted in the estab;istzment 

of Target Levels for metals concentration in the digester draw 

from each 1.RP that will ensure that the final biosolids prod- 

uct meets Part 503 alternate pollutant limits ( A P L 1 ,  For 

zinc, the APL for the final biosolids product is 2860 rng/kg 



dry weight. The District has established a Target Level of 

1691 mg/kg for zinc in the Calumet WRP digester draw to ensure 

that the APL of 2800 mg of zinc/kg in the final biosolids 

product is met. The 1997 average zinc concentration in the 

Calumet WRP digester draw was 1758 mg/kg. 

- Based upon the observation of the rising trend in the di- 

gester draw zinc concentration, the M&O Department requested 

that the R&D Department undertake a detailed investigation of 

the elevated concentrations of zinc at the Calumet WRP. 

In June 1998, the R&D Department prepared a report enti- 

tled ' Interim Report on Zinc Concentrations in Calumet WRP 

Digested Sludge" (Interim Report). That report presented a 

detailed account of the methodology employed in the analysis 

of zinc loadings and sources of zinc at the Calumet WRP during 

1997. It also reviewed raw sewage, final effluent, and di- 

gester draw zinc data for the period of 1992 through 1997. 

The report concluded that during 1997 an estimated 541 lbs/day 

of zinc was entering the Calumet WRP. It also concluded that 

approximately 142.3 lbs of zinc/day came from the domestic 

drinking water, 66.7 lbs/day came from known industries, 41.3 

lbs/day came from Tunnel and Reservoir Plan (TARP) pumpback, 

1.0 lb/day came from external plant recycles, and 166.7 

lbs/day came from commercial and household sources. The 

source of the remaining 123 lbs/day was unknown. 

The entire Interim Report is attached in Amendix I. 



Since zinc concentrates in the sewage solids, the concen- 

trat.iorr or' zinc in the final biosolids product, on a dry 

weight basis, will be proportional to the concentratizn of 

zinc in the raw sewage. Thus, even a t.en percent reductlan in 

the zinc loadings to the Calumet WRP would be significar:i: as 

the reau1tar.t zinc concentration in the digester draw would 

then be expected to meet the District's Target Level., For 

this reason, a continuing effort was made in 1998 to identify 

the ~~nlnowrr sources of zinc in the Calumet WRP service area, 

and to determine if reductions in these sources, or ir the 

known sources, is possible. Specifically, additional indus- 

trial waste sampling was conducted throughout the Calumet WRP 

service area to identify additional point sources of zinc. 

The IN3 also sampled smaller local sewers that feed the main 

inttzr-ceptors in an attempt to isolate the areas that are con- 

tribcting large loadings of zinc to the system. Attempts were 

also made to verify the estimated flows in the four main in- 

terceptors, so that a better mass balance on zinc could be 

calculated 

Tne purpose of this report is to present the new data 

collected in 1998, in conjunction with some of the data pre- 

sentea in the previous Interim Report, and document in a final 

rep3r-t the 2&D Department's effort in bringing the zinc con- 

tent at the Calumet WRP under control. 

In 1993, work shifted to more of a routine monitorxng ef- 

fort, and a small amount of 1999 zinc data is also presented 
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to illustrate the current status of zinc concentrations at the 

Calumet WRP. 



METHODOLOGY 

A detarled description of the Calumet WRP service area, 

major interceptors that carry the raw sewage flow to the Calu- 

met WZP, types of samples collected in 1997 for the deterrnlna- 

tion of zinc concentrations, and the analytical methocklogy 

used is presented in the Interim Report attached as Appendix 

Tke same types of samples collected in 1997 were also 

collected in 1998. However, sampling of the interceptor sew- 

ers and some of the lateral sewers discharging into these in- 

terc!epdors was intensified in 1998 to better quantify the 

industrial sources of zinc. 

Interceptor Samples 

Rs indicated in the Interim Report (Appendix I) , the IWD 

insta1;ed special 24-hour composite samplers in the four main 

interceptors serving the Calumet WRP on June 18, 1997. In ad- 

dition based upon data collected in 1998 (which is presented 

in this report), it became clear that the largest contribution 

of 'zf.nc: to the Calumet WRP was coming from the South Parx in- 

tercepzor. Therefore, it was decided to install a series of 

automatic samplers at various locations on the South Park in- 

terceptor rii an attempt to isolate point source inp2ts of 

zinc. As additional samples were collected, the automatic 

sam,plers were repositioned into smaller and smaller areas to 

narrow the search for unaccounted inputs of zinc. 



The first set of automatic samplers were installed in 

January 1998 at the following locations (Fiqure 1): 

1. Station C1-3 located at the District's 95th 

Street Pump Station. The sampler at this sta- 

tion collected samples from an area from Inter- 

state-94 east to the Pump Station and south to 

about 1 1 2 ~ ~  Street. 

2. Station C1-4 located in the woods near the 95th 

Street Pumping Station. The sampler at this 

station collected samples from the area east of 

the Calumet River. 

Based upon results from this first set of automatic Sam- 

plers, a second set of automatic samplers were installed in 

July, August, and September 1998 at the following locations: 

1. Station C1-2 located at 102"~ and Martin Luther 

King Dr. The sampler at this station collected 

samples from the area to the north and west of 

102"~ and Martin Luther King Dr. 

2. Site C1-2-L1 located at 97th and Calumet. This 

site isolated a 7'6" x 8'4" city sewer that 

services a large area to the west and north. 

3. Site C1-2-L2 located at 96th and Halsted. This 

site isolated two industries. 



METROPQLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 1 

LOCATION OF SOUTH PARK INTERCEPTOR AND LATERALS 
SAMPLING STATIONS 

Key : 
1 - Station C1-3 7 - Station C1-2-3 
2 - Station C1-4 8 - Station C1-2-JA 
3 - Station C1-2 9 - Station Cl-2-RE 
4 - Station C1-2-L1 10 - Station Cl-3-LA 
5 - Station Cl-2-L2 11 - Station C1-3-D 
6 - Station C1-2-1 12 - Station C1-1 



4. Site C1-2-1 located at 94th and Martin Luther 

King Dr. This site isolated two 3 sewers 

that service an area to the west-and north of 

this point. 

5. Site C1-2-3 located in Tuley Park. This site 

isolated an area north and east of this point. 

6. Site C1-2-JA located in a small city sewer out- 

side an industry. 

7. Site C1-2-RE located in a city sewer outside 

another industry. 

8. Site C1-3-LA located at 9gth and Manistee. This 

site isolated a large industrial discharger. 

9. Site C1-3-D located at 1 0 4 ~ ~  Street and Martin 

Luther King Dr. This site isolated all flows 

downstream of the 95th Street Pump Station. 

Based upon data collected from the above sites, a final 

automatic sampler was installed at the end of September 1998 

at the following location: 

1. Site C1-1 located at 12sth and Wentworth. This 

site isolated an area to the west and north of 

l o o t h  Street. 

Sampling at all of the above sites continued for periods 

as short as three months to longer than a year, depending on 

the results. 



Flow Measurements 

Daring 1998, the Engineering and M&O Departments made nu- 

merocs efforts to install, calibrate, and maintain flow meters 

in the four- main interceptors entering the Calumet WRF (Loca- 

tions l-A, 2A, 3A, and 4A in Fiqure 4 in Appendix I) . 1 ",as 

hoped that chis flow data, in conjunction with the chemical 

data, could be used to better estimate the actual zinc loading 

to the Calumet WRP. 

Due to a variety of technical and logistical problems, it 

was not possible to successfully use these four flow rr.e%ers, 

and thus no verified flow measurements for the four intercep- 

tors were made in 1998. 

Industrial Waste Monitorinq Data 

The IWC conducts an extensive industrial waste monit3ring 

program involving daily, weekly, monthly, and annual sampiing 

at -various industries depending upon their size and wastewater 

cha:racteristics. Sampling results from 1993 through 1998 were 

reviewed to assess the amount of zinc discharged by industries 

in .the Calumet WRP service area. 



RESULTS 

Calumet WRP Raw Sewaqe and Final Effluent Zinc Data 

Table 1 presents 1998 monthly averages of Calumet WRP raw 

sewage and final effluent zinc concentrations and loadings. 

As can be seen, raw sewage zinc concentrations averaged 0.279 

mg/L for 1998, equating to an average daily loading of 627 

lbs/day. This figure includes TARP pumpback flows and inter- 

nal plant recycles. Zinc concentration in the final effluent 

averaged 0.072 mg/L in 1998, which is equivalent to 171 

lbs/day. 

For comparison purposes, in 1997 raw sewage zinc concen- 

trations averaged 0.493 mg/l, equating to an average daily 

loading of 1034 lbs/day. Thus, zinc loadings to the Calumet 

WRP decreased by approximately 40 percent from 1997 to 1998, 

as measured using the raw sewage sampler. 

Calumet WRP Digester Draw Zinc Data 

Table 2 presents 1998 monthly averages of zinc concentra- 

tions and mass (lbs/day) in the digester draw leaving the 

Calumet WRP digesters. As can be seen, the zinc concentration 

for 1998 averaged 1432 mg/kg dry weight, and equates to 228 

lbs/day of zinc leaving the Calumet WRP in the anaerobically 

digested sludge. 

As a check on this number, the average zinc loading in 

the digester feed for 1998 was 236 lbs/day. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

AVERaGE MONTHLY ZINC CONCENTRrlTION AND LOADING IN TflE CALUMET WRP 
RAW SEWAGE AND FINAL EFFLUENT DURING 1998 

Calumet Raw Sewaqe - Calumet Final Outfall 
Daily lbs lbs 

Date Flow MGD rng Zn/L Zn/day mg Zn/L Zn/day 

January 1998 
February 1998 
March 1998 
April 1998 

t-' May 1998 
v June 1998 

July 1998 
August 1998 
September 1998 
October 1998 
November 1998 
December 1998 

Mean 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 
I 

TABLE 2 

AVEFtAGE MONTHLY ZINC CONCENTRATION AND LOADING IN THE 
CALUMET WRP DIGESTER DRAW SLUDGE DURING 1998 

Zinc 
Total Dry Tons Concentration Zinc Loading 

Date Sludge Solids mg ~n/dry Kg lbs Zn/day 

January 1998 
February 1998 
March 1998 
April 1998 
May 1998 
June 1998 
July 1998 
August 1998 
September 1998 
October 1998 
November 1998 
December 1998 

Mean 2422 1432 228 



Fcr conparison purposes, the 1997 average zinc co2ce;ltra- 

tiori I n  the digester draw was 1758 mg/kg, equating tc 325 

lbs/day of zinc leaving the Calumet WRP in 1997. Thus, zinc 

concentrations in the digester draw decreased by approximately 

19 percent from 1997 to 1998. 

As previously stated, the Part 503 Rule APL for z ~ c c  is 

2800 mg/kg, which applies to the final sludge product. 3ased 

upon previous work, the District has set a Target Lisve!. of 

1691 rng of zinc/kg in the digester draw at the Calumet WRP, as 

a goal to ensure that the final sludge product will mea: the 

APL. As Table 2 indicates, Calumet WRP digester draw was be- 

low the 1691 mg/kg Target Level in 9 out of 12 months iz 1998, 

and the yearly average for 1998 was also below the Target 

Level. This contrasts to 1997 when for only 6 out cf 12 

months the zinc concentrations were below the Target Level, 

and the yearly average exceeded the Target Level. 

Calumet WRP Interceptor Zinc Data 

Aa previously stated, in an effort to determine which 

parts of the Calumet WRP service area were contributirq the 

most zinc to the raw sewage, the IWD installed and maintained 

24-'hour composite samplers in the four main interceptors en- 

tering the Calumet WRP. These samplers were positioned up- 

stream of the introduction of TARP pumpback and plant recycles 



into the raw sewage, and thus are considered to more accu- 

rately represent the raw sewage entering the Calumet WRP on a 

daily basis. - 

Sample collection began on June 18, 1997, and continued 

throughout 1998. Figures 2 through 5 present the results of 

the 1998 sampling program for the South Park, Blue Island, 

Harvey, and Low Level interceptors, respectively. Each figure 

presents daily values for zinc concentration in the respective 

interceptors. As can be seen, zinc concentrations in the 

South Park interceptor were mostly in the 0.1-0.6 m g / ~  range. 

However, numerous values higher than 0.6 mg/l are evident. 

The Blue Island interceptor had the majority of data points in 

the 0.1-0.3 mg/L range for zinc. The Harvey interceptor had 

the majority of data points in the 0.1-0.6 mg/l range, with a 

few values higher than 0.6 mg/l occurring in October and No- 

vember 1998. The Low Level interceptor had the majority of 

data points in the 0.1-0.4 mg/l range, with only three values 

above 0.6 mg/l. 

A comparison of the South Park interceptor data (Figure 

2) with the other three interceptors (Fiqures 3 through 5 )  - - 

clearly indicates that the South Park interceptor was receiv- 

ing "spike" inputs of zinc, well above expected background 

levels, in 1998. 

Although attempts to measure the actual sewage flows in 

each interceptor, on a daily basis, were unsuccessful during 

1998, the M & 0  Department previously made estimates of the 





Metropolitan Water Reclamation District Of Greater Chicago 
Figure 3 

Blue Island Interceptor Zinc Concentrations 





Metropolitan Water Reclamation District Of Greater Chicago 
Figure 5 

Low Level Interceptor Zinc Concentrations 



percentage of total WRP flow carried by each interceptor. Us- 

ing these estimated percentages and the actual daily z ~ n c  con- 

centrations measured in each interceptor as it entercs the 

Calumet WRP, it is possible to estimate the zinc loaciiny in 

lbs/day, carried in each of the four interceptors. Thxs data 

is presented in Table 3. The total estimated zinc loadlcg for 

1998 is thus 491 lbs/day. For comparison purposes, the csti- 

mated zinc loading from the 1997 interceptor data wa,o 500 

lbs/day. Howzver, if one takes the 1998 data for the same six- 

monizh period for which the 1997 data were collected, the 1998 

zinc loading was 386 lbs/day, representing a 23 percene de- 

crease from the same period in 1997. 

As can be seen, the South Park interceptor carr;.e=i al- 

most 60 percent of the total zinc loading to the Calurne'c WRP 

in 1998. This, along with the evidence of zinc 'spikes" in 

Figure -- 2, is why so much effort was placed on additional sam- 

piing along the length of the South Park interceptor. 

Known Industrial Waste Discharges 

The District's IWD conducts an intensive monitorir;q prg-  

CIY 
2- .A=.171e 4 ,,am zf industrid waste discharn~rs in Ccck Csunty. ---- "-- 

presents yearly data for 1993 through 1998 of the large~: 

known zinc dischargers in the Calumet WRP service area As 

can be seen, total zinc discharged for 1998 was 19,403 pc3-inds, 

which is eqilivalent to 53.1 lbs of zinc/day, based upon 365 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

ESTIMATED CALUMET WRP INTERCEPTOR 
ZINC LOADINGS IN 1998 

Zinc (lbs/day) 
Interceptor Min . Mean Max. 

South Park 
Blue Island 
Harvey 
Low Level 

Total 

Note: Only days on which samples from all four interceptors 
were collected are used in the calculations. 



PIETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

Z l W  LOT&IMG TO THE CALLMET WRP FROM IEDUSTRIES IDEIIITIPIEIII 
AS DISCHARGING MORE THAN 100 LBS OF ZINC/YR 

User No. Industrial User 

Riverdale Plating 
Chicago Specialties Inc. 
Acme Steel - Riverdale 
Allied Tube and Conduit 
LTV Steel Company 
F S C Paper Clorp. 
Ford Motor Company 
Chicago Finished Metals 
Allwaste Tank Cleaning 
CID Recycling & Disposal 
Carl Buddig Foods 
Clean Harbors Services 
Dynagel Inc. 
General Mil 1s 
Sherwin Williams 
Witco Chemical 
Ashland Chemical 
JLM Chemical 
PVS Chemicals 
Clark Refining 
Acme Steel - Chicago Plant 
Wisconsin T i w u e  Mills 
Andrew Corporation 

1993 1994 
Zinc Zinc 

Loading Loading 
(pounds ) (pounds 

632 678 
1,258 853 
8,644 3,278 
1,261 2,889 
1,132 1,101 

11,834 7,757 
2,218 1,446 

556 348 
150 210 
66 85 

219 137 
1,064 455 

330 162 
146 172 
7 7 56 
117 108 
NA NA 
NA NA 
NA NA 
NA NA 
N A N A 
NA NA 
NA NA 

1.995 
Zinc 

Loading 
(pounds ) 

1996 1997 
Zinc Zinc 

Loading Loading 
(pounds ) (pounds ) 

1998 
Zi.nc 

Loading 
(pounds ) 

912 
4 92 

3,664 
1,408 

676 
4,295 
566 
25 
4 3 
101 
229 
603 
158 
NA 
NA 
4 1 
6 8 

532 
2,888 

818 
1,231 

570 
83 

TOTALS : 29,704 19,735 16,298 18,225 24,351 19,403 

-- - . -- - -- *- - -  - ------ - "-- - ---" ---- - ---- - - 
NA = No analysis. 



days per year. This is approximately a 20 percent decrease 

from 1997. 

There are numerous smaller industrial dischargers of zinc 

(el00 lbs/year) , but they do not add significantly to the to- 

tal amount of industrial zinc discharged. 

Zinc Mass Balance 

In the Interim Report contained in Appendix I an attempt 

was made to develop a mass balance for zinc entering and leav- 

ing the Calumet WRP in 1997. This mass balance concluded that 

out of a total of 541 lbs of zinc/day entering the Calumet 

WRP, the source(s) of 123 lbs/day was unknown. This led to 

the recommendation to intensify interceptor sampling in 1998 

to try to locate unknown sources of zinc. 

Using the same methodology as described in the Interin 

Report, an attempt was made to develop a zinc mass balance for 

1998. 

Table 5 presents the results of the 1998 mass balance. 

There are two estimates for the amount of zinc entering the 

Calumet WRP. The first is derived from the raw sewage compos- 

ite s a p  mi~ltiplied by the t o t a l  raw sewage flow. Th:c 

value is 627 lbs/day (Table 1, column 4). The second is base; 

upon the sum of the TARP pumpback zinc loading, which is ca; - 

culated from a measured flow and a measured zinc concentra- 

tion, and the interceptor loading, which is calculated from an 

estimated flow and a measured zinc concentration. This total 





zinc loading is 541 lbs/day (Table 5, columns 2 and 3). We 

believe that this latter calculation is more representative of 

the actual loading to the Calumet WRP, as will be discussed 

later. 

The amount of zinc leaving the Calumet WRP can be ap- 

-proximated as the zinc in the final effluent and the zinc in 

the digester draw. This value is 399 lbs/day (Table 1,  column 

6 and Table 2, column 4) . 
Based upon discussions with various R&D and M&O Depart- 

ment personnel, it is believed that final effluent and di- 

gester draw data are the most representative and reliable of 

those mentioned. Therefore, it is concluded that if 399 lbs 

of zinc/day is leaving the Calumet WRP via the final effluent 

and digester draw, approximately 399 lbs of zinc/day should be 

entering the Calumet WRP. From this it is postulated that the 

interceptor and TARP sampling is giving a better representa- 

tion of the zinc loading to the Calumet WRP than the raw sew- 

age composite sampler, and that the zinc loading to the 

Calumet WRP for 1998 should average somewhere between 399 and 

541 lbs/day. It is believed that some of the discrepancy in 

these two numbers is due to the fact that only estimates and 

not actual flow rates are available for each of the four in- 

terceptors on a daily basis. 



1998 South Park Interceptor Sampling 

As stated previously, zinc concentration data fro:: the 

Sout'n Fark interceptor indicated that "spikes" of zinc were i 

being discharged somewhere in the service area of this r n t e r -  

ceptor. In addition, an examination of the zinc loadinc data 

to t,he Calumet WRP continued to indicate that some unknown 

point saurce(s) of zinc might exist in the Calumet WRP sexvice 

area. Thus, beginning in July 1998, the IWD placed nurr..erous 

automatic samplers at various upstream points along the South 

Park interceptor in an attempt to isolate the 1ocatis;l of 

these possible zinc discharges. The IWD utilized 1 9 9 E  data 

fror, local and interceptor sewer studies throughout the Calu- 

met WRP service area to focus inspection and sampling efforts 

on industrial users of zinc in their processes. Samples cb- 

tained ;n August and November 1 9 9 8  revealed elevated levels of 

zinc in the northern trunk line of the South Park InterceFtsr. 

Table 6 presents an example of the type of data collected &~r- --- 

ing these special sewer sampling studies. It is clear h a ~  

differences in zinc concentrations can be used to isolate ar- 

eas sf suspected zinc discharges as some sampling staticns e x -  

hib~~ted unexpectedly high zinc concentrations. As a resul: , 

the IWD commenced regular monitoring of the local sewers down- 

stream of an industrial metal finishing company (locateC. up- 

stream of station C1-3-LA) and began dedicating sampling of 

the wastewater discharge from another company which foratulates 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 

ZINC CONCENTRATIONS IN VARIOUS SEWERS TRIBUTARY TO THE 
SOUTH PARK INTERCEPTOR IN AUGUST AND NOVEMBER 1998 

Day of 
sarnpl ing' 

Sampling Station 

C1-3-D C1-2-RE C1-2-JA C1-3-LA 

----------------- (zinc, mg/l)------------------ 

1 0.33 0.15 7.0 5.4 
2 0.25 0.11 0.1 3.8 
3 0.27 2.32 2.9 2.2 
4 0.22 0.04 13.8 0.9 
5 0.15 0.09 4.0 1.0 
6 0.18 0.42 13.5 2.3 
7 0.18 0.12 5.6 13.4 
8 0.75 0.07 4.9 8.5 
9 0.26 0.07 b 12.1 2.5 - 
10 0.25 0.05 16.6 10.6 
11 0.37 0.21 23.2 5.6 
12 0.26 0.04 28.7 4.5 
13 0.24 0.09 15.1 19.5 
14 0.22 0.17 12.8 3.7 
15 0.26 0.09 12.7 5.0 

*sampling dates not the same at all stations. 



indus-tuial cleaning products (located upstream of Sfazian 

C1-2-JA) . prior to the intensive interceptor sampling pro- 

gram, these two companies had not been thought to be siqnifi- 

cant dischargers of zinc. 

Since this discovery, the IWD has been meeting with both 

companies to discuss and improve their waste handling and dis- 

posal procec?ures. 

1999 Zinc Data 

As indicated in Fiaure 6, zinc concentrations in the 

Calumet WRP digester draw have been below the Target_ Level 

since September 1998. With IWD efforts, this trend has con- 

tinued In 1989. 

Table 7 presents weekly Calumet WRP digester draw :zinc 

data for 1999. As can be seen, there have been no excee3ances 

of the zinc Target Level during 1999, with the mean zinc con- 

centration being 1077 mg/kg. This is a 25 percent decrease 

from the 1998 mean value of 1432 mg/kg. 

As of December 1999, all special interceptor samp1ir-q in 

the Cal-met WRP service area has ended, and only routine moni- 

torlng and sampling continues. Should problems arise In  the 

future, more intensive moni-toring efforts will be resumed. 
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TABLE 7 

CALUMET WRP DIGESTER DRAW ZINC DATA - 1999  
-- - 

hieek of Z n  (mg/kg ,  dry weight) 

J a n u a r y  4 ,  1 9  9  9  
January 1 1 ,  1999  
January 1 8 ,  1999  
J a m r a r y  25, 1 9 9 9  
F e b r u a r y  1, 1999  
F e b r u a r y  8, 1999  
F e b r u a r y  1 5 ,  1 9 9  
F e b r u a r y  2 2 t  1999  
March 1, 1999  
March  8, 1 9 9 9  
March  15, 1999  
March  22, 1999  
March  2 9 ,  1 9 9 9  
A p r i l  '3, 1999  
~ p r i l  r 2 ,  1999  
A p r i l  1 9 ,  1 9 9 9  
A p r i l  2 5 ,  1999  
May 2 ,  1999  
M a y  ? C ,  1 9 9 9  
May 3-7, 1999  
May 24, 1 9 9 9  
May 31, 1999  
J u n e  5 ,  1 9 9 9  
June 1 4 ,  1959  
June 21 ,  1 9 9 9  
J u n e  28, 19?9  
J u l y  5, 1 9 9 9  
J u l y  1 2 ,  1 9 5 9  
J u l y  19, 1 9 9 9  
~ u l y  26, 1959  
A u g u s t  2, 1 9 9 9  
A u g u s t  9 ,  1999  
August 1 6 ,  1 9 9 9  
A u g u s t  23, 1 9 9 9  
August. 30, :..999 
S e p t e m b e r  6, 1 9 9 9  
S e p t e m b e r  20, 1 9 9 9  
October 4, 1999  
O c t o b e r  1 8 ,  1 9 9 9  
Novenhe r  1, 1999  
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TABLE 7 (Continued) 

CALUMET WRP DIGESTER DRAW ZINC DATA - 1999 

Week of Zn (mg/kg, dry weight) 

November 15,  1999 
December 6, 1999 
December 20, 1999 

1999 Mean 1077 
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INTRODUCTION 

P A  Part 5 0 B - ?  
- 

The Clean Water Act Amendments of 1987 required that the 

USEPA establish standards which adequately protect public 

health and the environment from any reasonably antici~ated ad- 

verse effects from the use or disposal of sewage sludge. On +- 

February 19, 1993, a final regulation entitled "The Standards 

for the Use or Disposal of Sewage SludgeN was published in the 

Re-. This regulation, commonly referred to as 

the Part 503 Rule, establishes requirements for the final use 

and disposal of sewage sludge. The Part 503 Rule establishes 

specific risk-based pollutant limits for various heavy metals 

found in sewage .sludge. Sludges that meet the most stringent 

requirements are classified as Exceptional Quality %EQ) Sludge 

and are considered suitable for virtually unregulated use. 

The Metropolitan Water Reclamation District cS1 Greater 

Chicago (District) has established an organizationai. policy to 

have its final sludge product qualify as EQ sludge. The Re- 

search and Development (R&D) and Maintenance and Operations 

(M&Q) Departments continuously monitor sludge quality to en- 

sure that EQ requirements are met. In late 1996 and early 

1997 it; was observed that the. concentration of zinc in the 

C ~ i l u m e t  Water Reclamation Plant (WRP) digester draw sPudge was 

increasing, such that it was approaching previously agreed 



upon Target Levels for concern. Work conducted at the Dis- 

trict since the inception of the Part 503 Rule, has resulted 

in the establishment of Target Levels f ~ r  metals concentration , 

in .the digester draw sludge from each WRP that will ensure 

that the. final sludge product meets Part 503 alternate pollut- 

ant limits (APL) . For zinc, the USEPA APL for the final. 

sludge . product is 2800 mg/kg dry weight. The 'District - 

established Target Level for zinc in the .Calumet. WRP digester 

draw is 1691 mg/kg. 

Based upon the observation of the rising trend in the 
-. 

digester draw .zinc concentration, the M & 0  Department re- 

quested that the R&D Department undertake a detailed investi- 

gation of .the elevated levels of zinc at the.Calumet WRP. 

This report presents the work conducted during 1997, ,and de- 

scribes the plans for 1998. 

The Part 503 Rule applies to the final sludge product 

produced by the District. However, as there can be a lag time 

of many years from the time that sludge is generated at a WRP 

to the time that it is ready for ultimate disposal, it is nec- 

essary to assess the quality of the current sludge production 

on a continuous basis: 

e 1 is a graph of five years of data on the concen- 

tration of -zinc in the digester draw at the Calumet WRP. As 

can be seen, the yearly range of zinc concentrations has been 
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FIGURE 1 

TREND OF ZINC CONCENTRATION IN CALUMET DIGESTER DRAW SLUDGE SINCE INCEPTION OF THE PART 503 RULE 

/ APL 2800 mgXg 
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Target Level 1691 rnglKg --------------- 
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increasing in recent years, and the number of samples exceed- 

ing the Target Level of 1691 mg/kg has increased significantly 

since late 1996, and even more so in 1997. For comparison * 

purposes the 1997 average zinc concentration in the digester 

draw from the ~tickneG WRP was 874 mg/kg, approximately half ' 

the Calumet WRP level of 1756 rng/kg. 

It is well documented that zinc entering a WRP in the raw 

sewage will preferentially concentrate in the sludge solids. 

Thus, to explain the increase in zinc levels in the digester 

draw, it is logical to look at zi.nc concentrations entering 
- - 

the Calumet WRP in the raw sewage. W l e J  presents yearly 

averages of raw sewage zinc concentrations and loadings from 

1992 through 1997 at the Calumet WRP. As can be &en, a large 

. increase in the amount of zinc entering the WRP .occurred in 

1996 and 1997. In 1997 approximately 1000 lbs/day of zinc was 

entering the Calumet WRP based upon the raw sewage 'zinc con- 

centration and flow. This is almost five times the amount of 

zinc which enters the North Side WRP, which processes a simi- 

lar volume of daily flow. 

With this information in hand, in mid-1997 the R&D De- 

partment began an intensive study to determine zinc loadings 

to the Calumet WRP. 

Des~rlDtlon of B&D ''-t Studies . . 

In mid-1997 various sections in the R&D Department were 

mobilized to investigate the zinc problem at the Calumet WRP. 
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TABLE 1 

AVERAGE YEARLY ZINC CONCENTRATION M D  LOADING IN THE 
CALUMET WRP RAW SEWAGE SINCE INCEPTION OF'THE PART 5 Q 3  RULE 

Date 
' Raw Sewage 

Flow (MGD) mg Z ~ / L  Ibs Zn/day ' 



Input was solicited from the M&O Department, and numerous 

meetings were held to exchange information. The following 

course of action was agreed upon. 

1. Review historical raw sewage and sludge data 

from the Calumet WRP and other WRPs as needed. 

2. Review laboratory analytical procedures. 

3. Review the industrial waste monitoring.database, 

and the. current . industrial .waste.. sampling . pro- 

gram. 

4 .  Intensify industrial waste monitoring efforts. 
- - 

.5. :.Initiate.. new .sampling .programs .in the .four .main 

interceptors serving the Calumet WRP. 

6. Study Calumet WRP recycle streams and other 

plant processes. 

7 .  ~xamine non-point sources of zinc. 

8. Attempt to develop a mass balance for zinc at 

the Calumet WRP. 



METHODOLOGY 

t WRP S- 

The Calumet WRP is a 354 MGD conventional activated 

sludge treatment plant serving the south side of the city of 

Chicago and south suburban Cook County. The service area is 

approximately 300 square miles with a service population of 

approximately 1,000,000 people. e 2 is a map cf the 

-Calumet WRP-service area. . The :service area includes combined 

as well as separate sewer systems and a significant aaount of 

heavy industry. - -  The general boundaries of the service area 

are all of Chicago south of 87th Street, plus all of south and 

southwest suburban Cook county, except .Lemont and Chicago 

Heights. 

Four main interceptors convey wastewater flow to the 

Calumet WRP. They are: 

1. South Park Interceptor - Conveys an estimated 46 

percent of the total flow. Drains general area 

of Chicago north and east of the Calumet WRF to 

87th Street. 

2. Blue Island Interceptor - Conveys an estimated 

28 percent of the total flow. Drains extearsive 

area west and southwest of the Calumet WRP. 

3 .  Harvey Interceptor - Conveys an estimated 9.2 

percent of the total flow. Sewer runs along In- 

diana Avenue and drains area south of the WRP. 

7 

AI-8 
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FIGURE 2 
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4. Low Level Interceptor - Conveys an estimated 14 
percent: of the total flow. Drains area south- 

east of the WRP to Cook County line. 

In addition, the Calumet WRP receives pumpback flow from 

the Calumet TARP'system. 

Ppscri@3an of S a n g l i n g  P o i a  

RFiW SEWAGE 

R a w  sewage samples are 24-hour composites collected at 

four points at the influent end of the grit chambers (F- 

3 )  The north and south samples are combined in the labora- 

tory and analyzed as a single composite raw sewage sample. 

TAIZP PUMPBACK 

TA9IP pumpback flows are manually sampled each shift at 

the North Fine Screen House (-1, and combined into a 

24-hour composite for analysis. TARP pumpback flak is in- 

cluded in the north raw sewage sample. 

FINAL EFFLUENT 

The final effluent sample is a 24-hour composite col- 

lected at the final outfall conduit from the Calumet WRP. 

DIGESTER DRAW 

The digester draw sample is a daily composite sf diges- 

ters 1-8 for the period up to October 20, 1997. Afeev October 

20, 1997, four new digesters were put in service, an2 the di- 

gester operation was modified to a two-step process. Thus, 
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FIGURE 3 . :' .' 

CALUMET WRP SEWAGE FLOW SCHEMATIC AND SAMPLING LOCATIONS 
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after October 20; 1997, the digester draw sample was a daily 

composite of digesters 9-12. 

RECYCLE SAMPLES 

Recycle samples were representative grab samples taken on 

selected days as shown later in this report. 

INTERCEPTOR SMPLES 

On June lR, 1997, the Industrial Waste Division installed 

special 24-hour composite samplers in the four main intercep- 

tors entering the Calumet WRP. This allowed the raw sewage to 
- - 

be sampled without the influence of TARP pumpback flows or 

process recycles. It aiso allowed the zinc concentrations 

coming from each of the four subparts of the Calumet WRP serv- 

ice area to be isolated. The sampling locations for each in- 

terceptor are shown in Figure 4. 

ANALYTICAL MEHTODOLOGY 

Samples were analyzed for zinc and other metals at the 

R&D laboratory a.t the Calumet WRP using St.andard P-ds far 

F i n n  o f d  Wastewater. 1 8th F.- . . proce- 

dures and appropriate Quality ~ssurance/~ualit~ Control 

(QA/QC) protocols. 

INDiJSTRIAL WASTE MONITORING DATA 

The Industrial Waste Division conducts an extensive in- 

dustrial waste monitoring program 'involving daily, weekly, 

monthly, and annual sampling at various industries eepending 
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CALUMET WRP LOC.ATION->PLAN 

Nolc: Ih = Soutli Parlc Intcrccptor 
2A = Uluc Islntid I~ltcrccptor 
,3A = I - Inpy  Ilitcrccptor 
JA =r T,nw 1,rvrl Tr~tcrccntor . 



upon their size and wastewater characteristics. Sampling re- 

sults from 1993 through 1997 were reviewed to assess the 

amosnt of zinc discharged by industries in the Calumet WRP 

service area. 



RESULTS 

et WRP Raw S e w  ~ f f l ~ ~ ~ t  7inc na 

presents 1997 monthly averages of Calumet WRP raw 

sewage and final effluent zinc concentrations and loadings. - 

AS can be seen, raw sewage zinc concentrations averaged 0 -493 

m g / ~  for 1997 equating to an average daily loading of 1034 

lbs/day. This figure includes TARP pumpback flows and inter- 

nal plant recycles. Zinc concentration in the final effluent 

averaged 0.100 m g / ~  in 1997 which is equivalent to 234 . 

lbs/day . -. 

In comparison, zinc in the North Side WRP raw sewage av- - 

eraged 0.10 mg/L in 1997, while zinc in the West Side and 

southwest raw at the Stickney WRP averaged 0.14 mg/L and 0.35 

mg/L, respectively. These values also include TARP pumpback 

and internal recycles where applicable. 

Data 

Tiable 3 presents 1997 monthly averages of zinc concentra- 

tions and loading in the digester draw produced at the Calumet 

WRP. As can be seen, the zinc concentration for 1997 averaged 

1758 mg/kg dry weight, and equates to 325 lbs/day of zinc 

leaving the Calumet WRP in the anaerobically digested sludge. 

As a check on this number, the average zinc. loading in 

the digester feed for June through December 1997 was 327 . 

1bs/day. No samples were analyzed for zinc prior to June 
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TABLE 2 

AVERAGE MONTHLY ZINC CONCENTRATICON AND LOADING IN THE CALUMET WRP 
R A W  SEWAGE AND FINAL EFFLUENT DLTING 1997 

Calumet Raw Sewage Calumet Fi.nal Effluent 
Daily Flow 

Date MGD mg Zn/L lbs zn/kay. mg Zn/L . lbs Zn/day 

January 1997 
February 1997 
March 1997 
April 1997 
May 1997 
June 1997 
July 1997 
August 1997 
September 1997 
October 1997 
November 1997 
December 1997 

Mean 255 0.493 1034 0.100 234 
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TABLE 3 

AVERAGE MONTHLY ZINC CONCENTRATION AND LOADING 
IN THE CALUMET DIGESTER DRAW SLUDGE.DURING 1997 

Zinc Zinc 
Total Dry Tons Concentration Loading 

Date Sludge Solids mg Zn/dry Kg lbs Zn/aa18 
* 

January 1997 3268 1573 332 
February 1997 2612 1609 300 
March 1997 3263 14 8 1 3 12 
April 1997 2990 1508 3 01 
May 1997 3179 1641 337 
June 1997 

-. 
2664 1646 2 92 

July 1997 3555 1899 436 
August 1997 2922 1893 357 
September 1997 2985 1865 3 71 
October 1997 2254 2002 291 
November 1997 2173 2232 3 13 
December 1997 2268 1744 255 

Mean 2844 1758 325 

Note: The average zinc loading in the digester feed for Juzc- 
through December 1997 was 327 lbs/day. No samples were aza-  
lyzed for zinc prior t o  June 1997. 



As previously stated, the Part 503 Rule APL f o r  zinc is 

2800 mg/kg, which applies to the final sludge product. Based 

upon previous work, the District has set a Target Level of 

1691 mg/kg of zinc in the digester draw at the Calumet WRP, as 

a goal to ensure that the final sludge product will meet the " 

APL . 

As it is well documented that heavy metals li.n the raw 

sewage .concentrate in the sludge solids, it is clear that in 

order to reduce the zinc concentration in the digester draw, 

the zinc concentration in the raw sewage must be reduced. 
-. 

As previously stated, in an effort to determize which 

parts of the Calumet WRP service area were .contributing the 

most zinc to the raw sewage, the Industrial Waste Division in- 

stalled and maintained 24-hour composite samplers in the four 

main interceptors entering the Calumet WRP. These samplers 

were positioned upstream of the introduction of TAIiP pumpback 

and plant recycles into the raw sewage, and thus are consid- 

ered to more accurately represent the raw sewage entering the 

Calumet WRP on a daily basis. 

Sample collection began on June 18, 1997 and continued 

throughout 1997 and into 1998. es EL through 8 present 

the results of the 1997 sampling program for the South Park, 

B l u e  Island, Harvey, and Low Level interceptors, respectively. 

Each figure presents daily values for zinc concentration in 
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FIGURE 5 

SOUTH PARK INTERCEPTOR ZINC CONCENTRATIONS 
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FIGURE 6 

BLUE ISLAND INTERCEPTOR ZINC CONCENTATIONS 
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FIGURE 8 I 

LOW LEVEL INTERCEPTOR ZINC CONCENTRATIONS 
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the respective interceptors. As can be seen, zinc concentra- 

tions in the South Park interceptor were mostly in the 0.1-0.4 

mg/L range, with three values above 1.0 mg/L over the 6-month 

sampling period. The Blue Island interceptor had the majority 

of data points in the 0.1-0.2 mg/L range for zinc. No values ' 

were above 1.0 mg/L. The Harvey and Low Level interceptors 

both show considerable scatter in the data, with zinc concen- 

trations above 0.5 mg/L on numerous days, and many values 

above 1.0 mg/L. 

A comparison of the Blue Island interceptor data (Sgue -. 
5) with the Xarvey interceptor data (Eigure 7 )  clearly indi- 

cates that the Harvey interceptor is receiving "spike" inputs 

of zinc well above expected background levels. The same can 

be said for the Low Level interceptor (Eigure 8). 'The pat- 

terns exhibited in E 5 . g . m ~ ~  Z and 8 are indicative of periodic 

discharges of zinc from unknown point sources. 

A tabulated summary of the interceptor data is presented 

in Table. The Harvey and Low Level interceptors clearly 

have the highest zinc concentrations. 

No daily sewage flow measurements are made in the indi- 

vidual interceptors. However, as previously mentioned, the 

M&O Department has made estimates of the percentage of total 

WRP flow carried by each of the four interceptors. Using 

these estimated flows and the actual zinc concentration data, 

it is possible to estimate the zinc loading in lbs/day carried 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 

CALUMET WRP INTERCEPTOR ZINC CONCENTRATIONS 

South Blue 
Park Island Harvey Low Level , 

Month Statistic mg Z ~ / L  mg Zn/L mg Zn/L mg Zn/L 

June 1997 Average 0.174 0.202 0,275 0.281 
Minimum 0.075 0.130 0,110 0. 110 
Maximum . 0.412 0.320 0.350 0.730 

July 1997 Average 0.279 0.129 0,367 0 . 2 5 8  
Minimum 0.088 0.040 0,124 0.074 
-Maximum 0.930 0.258 0.950 C, 540 

August 1997 Average 0.180- 0.116 0.408 0.269 
Minimum 0.048 0.029 0.044 0,041 
Maximum 0.540 0.258 1.758 1.301 

September Average 
1997 

Minimum 
Maximum 

October 1997 Average 
Minimum 
Maximum 

Ncvember 2997 Average 
Minimum 
Maximum 

December 1997 Average 
Minimum 
Maximum 

Overali Average 



in each of the four interceptors. The data are presented in 

Tahl e 5. Only days on which samples from all four intercep- 

tors were collected are shown in Table 5. As can be seen, the 

South Park interceptor carries approximately 50 percent of the . 

zinc loading to the Calumet WRP. For the July through Decem- 

ber 1997 period for which data are available, the total zinc, 
- 

loading to the Calumet WRP from the four interceptors averaged 

Cla l i lmpt .  WRp 7,inc D a t a  

In an attempt to verify that no internal sources were 

contributing zinc to the sludge at the Calumet WRP, a number 

of special samples were collected for analysis. In addition, 

laboratory QA/QC procedures were reviewed. 

FERRIC CHLORIDE (FeCl,) 

The Calumet WRP adds FeC1, to the sludge solids for 

chemical conditioning and odor control. As the FeC1, is an 

industrial grade chemical, there was some concern that it 

could contain high levels of zinc. 

Special grab samples of the FeC1, used at the Calumet WRP 

were collected and analyzed for zinc; Only trace amounts of 

zinc were detected, and these amounts were similar to the 

manufacturer's specifications. Thus, FeC1, is not adding zinc 

to the sludge. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 

CALUMET WRP INTERCEPTOR ZINC LOADINGS 
-- 

Date 

South 
park Blue Island 

Zinc Zinc 
(lbs) ( lbs  1 

Harvey 
Zinc 
(lbsf 

Low 
Level 
Zinc 
( l b s  

Zinc Total 
4 Interceptors 

( I bs )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 (Continued) 

CALUMET WRP INTERCEPTOR ZINC LOADINGS 

South Low 
Park Blue Island ~arvey Level Zinc Total  

Z inc  Zinc Zinc Zinc 4 In t e rcep to r s  
.Date ( l b s )  (lbs) ( l b s )  ( l b s )  (lbs) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 (Continued) 

CALUMET WRP INTERCEPTOR ZINC LOADINGS 

South Low 
Park Blue Island Harvey Level zinc Total 
Zinc Zinc Zinc Zinc 4 Interceptors 

- 

Date (lbs) (1b.s) (lbs) (lbs) (Ibs) 
., , 

Average 

AI- 2 8 



PROCESS RECYCLES 

A variety of special samples were collected in order to 

assess the zinc content of internal and external WRP recycles. 

The main recycles were considered to be gravity concentration 

tank supernatant, centrifuge centrate, and lagoon supernatant. 

Analysis of these samples ( W l e  6)  indicated that zinc con- . 

centrations were in the 0.1-0.6 mg/L range. However, due to 

the relatively low estimated flow from these recycles, the to- 

tal zinc loading is only 11.9 lbs/day. This is not a large 

amount of zinc relative to the total loading. - - 

LABORATORY QA/QC PROCEDURES 

In order to verify that the reported zinc data were accu- 

rate, laboratory data files and operating procedures were re- 

viewed. In addition, special check samples and duplicates 

were analyzed at the Calumet WRP laboratory and the. Stickney 

WRP laboratory. 

It was determined that all QA/QC measures were rigidly 

followed, consistent with the established procedures. 

Check standards were always within acceptable limits. 

Also, no new instruments were utilized for zinc analysis from 

mid-1992 to the present. 

Thus, the laboratory data accurately represent the re- 

ported zinc concentrations. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER GNICAGO 

TABLE 6 

ZINC CONCENTRATIONS MEASURED IN CALUMET WRP 
PROCESS RECYCLE STREAMS' 

Process Recycle Date Zinc Concentration, mg/L 

a Lagoon  raw-Off' 

No. 7 
No, 8 
No. 8 
No* 9 
No. 14 
No. '14 
No. 14 
NO. 15 
No. 15 
No. 17 

Average 0.39 

Gravity Concentrate supernatant2 

Average 0.30 

Average 0.18 

-- 
'~stimated flow = 0.16 MGD. 
2 Estimated flow = 4.03 MGD. 
3 Estimated flow = 0.88 MGD. 



The Industrial Waste Division conducts an intensive moni- 

toring,program of industrial waste discliargers in Cook County. 

Table 7 presents yearly data for 1993 through 1997 of the 

largest ' known zinc dischargers in the Calumet WRP service 

area. As can be seen, total zinc discharged for 1997 was. 

24,351 pounds, which is equivalent to 66.7 lbs of zinc/day, 

based upon 365 days per year. 

There are numerous smaller industrial dischargers of zinc 

(el00 lbs/year), but they do not add significantly to the to- 
-. 

tal amount of industrial zinc discharged. 

ccs of Z L ~ L :  

DRINKING WATER 

The city of Chicago's south side Cheltenham Water Filtra- 

tion Plant supplies drinking water to a large part of the 

Calumet WRP service area. Their.routine monitoring data indi- 

cate that zinc concentrations in the drinking water supply are 

below their analytical detection limit (~0.013 mg/L) . Taking 

the 1997 average daily flow of 255 MGD for the Calumet WRP, 

this translates to a maximum contribution of 27.6 lbs/day of 

zinc f rorn the city of Chicago drinking water supply. 

There are five communities in the Calumet WRP service 

area which receive drinking water from the Hammond, Indiana 

water treatment plant. The Hammond plant adds zinc orthophos- 

phate to their water as a corrosion inhibitor. Based upon 
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TABLE 7 

ZINC LOADING TO THE CALUMET WATER RECEMATIO'N PLWT PROM INDUSTRIES 
IDENTIFIED AS D I S C W G I N G  MORE TIlAN 100 PO S PER YEAR OF 

1993 Zinc 1994 Zinc 1995 Zinc 1396 Zinc 1997 Zinc 
Loading1 Loading Loading Loading Loading 

Industrial User (Pounds ) (Pounds ) (Pounds ) (Pounds ) (Pounds ) 

Riverdale Plating 
Chicago Specialties Inc. 
Acme Steel - Riverdale 
Allied Tube and Conduit 
LTV Steel Company 
F S C Paper Corpoxation 
Ford Motor Company 
Chicago Finished Metals 
Allwaste Tank Cleaning 
CID 
Carl Budding Foods 
Clean Harbors 
Dynagel 
General Mills 
Sherwin Williams 
Witco Chemical 
Ashland Chemical 
JLM Chemical 
PVS Chemicals 
Clark Refininig 
Acme Steel. - Chicago P l a n t  
Wisconsin Tissue Mills 
Andrew Corporation 

Total 

'~oadings for 1993 were based on all available District sampling data and total plant 
flow. Flow splits, where applicable, were based on District records. Starting in 
1994, loadings were limited to regulated operation discharge sampling data and flow. 
%A = Data not available. 



discussions with the Hammond plant, we have determined that 

1.27 mg zinc/L is being added to the drinking water, and that 

the five communities use an average of 10.83 MGD of drinking 

water. Some of this zinc deposits on the water mains. How- 

ever, the maximum zinc contribution to the' Calumet WRP from 

the drinking water from these five communities could be as 

high as 114.7 lbs/day, which is a significant amount of zinc. 

Part of the Calumet WRP service area is a combined sewer 

area. This means that runoff from rainfall enters the sewer 

system. As the flows increase during a rain event, the com- 

bined sewer overflows are diverted to'the Calumet TARP system. 

Thus, there is a non-point source contribution of zinc to the 

Calumet WRP during and after rain events. The magnitude of 

this non-point source contribution was assessed in two ways. 

First, the relationship between the daily zinc loading and 

daily rainfall at the Calumet WRP was examined. Secondly, 

TARP pumpback data was examined. 

e 9 is a graph of zinc loading versus rainfall dur- 

ing 1997 at the Calumet WRP. Rainfall values come from the 

Calumet WRP rain gauge. Zinc loadings were calculated from 

the' raw sewage samples and the measured raw sewage flow rate. 

With the exception of the one extremely high zinc loading 

value which occurred after a two inch rain, there is no clear 

correlation between zinc loading and rainfall. 





TARP pumpback data for 1997 is presented in 3Cable 8. A s  

can be seen, the 1997 average zinc concentration in the TARP 

pumpback was 0.314 mg/~. As shown previously (Table 2) , the 

1997 average zinc concentration in the Calumet WRP raw sewage - 
was 0.493 m g / ~ .  Thus, the TARP pumpback does not appear to be 

' 

contributing a disproportionate amount of zinc to the Calumet 

WRP . 
It should be noted that the TARP pumpback flow is in- 

cluded in the sample collected by the Calumet WRP raw sewage 

sampler located in the North Screen House. -. 
Based on the above data, it does not appear that non- 

point source runoff after rainfall is adding a disproportion- 

ate amount of zinc to the Calumet WRP. 
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TABLE 8 

TARP PUMPBACK ZINC CONCENTRATION AND LOADING 
DURING 1997 

Date 
Flow 
MGD 

Concentration Loading 
(mg Zn/L) (Ibs ~n/day) 

. - . .  
A- 

January I997 23.26 0.365 6 5  
February 1997 23.66 0.227 54 
March 1997 42.26 0.379 84 
April 1997 16.12 0.251 28 
May 1997 13.33 0.358 35 
June 1997 34.62 0.163 43 
J u l y  1997 22.63 0.274 41 

-. August 1997 29.42 0.305 37 
September 1997 17.69 1.024 111 
October 1997 15.04 0.180 26 
November 1997 17.84 0.134 17 
December 1997 21.26 0.106 16 

Mean 23.10 0.314 46 

- 



ZINC MASS BALANCE 

In an attempt to put the previously described zinc data '" - 
in perspective, and gain some insight into'sources of zinc en- 

tering the Calumet WRP, an attempt was made to develop a mass 

balance for zinc entering and leaving the Calumet WRP. An at- 

tempt was also made to balance the known sources of zinc en- 

tering the Calumet WRP with the measured amount of zinc 

entering the Calumet WRP. 

Table presents the results of the first mass balance. 

There are two estimates for the amount of zinc entering the 

Calumet WRP. The first is derived from the raw sewage compos- 

ite sample multiplied by the total raw sewage flow. This 

value is 960 lbs/day. The second is based upon the sum of the 

TARP pumpback zinc loading, which is calculated from a meas- 

ured flow and a measured zinc concentration, and the .intercep- 

tor loading, which is calculated from an estimated flow and a 

measured zinc concentration. This total zinc loading is 541 

lbs/day. We believe that this latter calculation is more rep- 

resentative of the actual loading to the Calumet WRP, as will 

be discussed later. 

The amount of zinc leaving the Calumet WRP is the sum of 

the zinc in the final effluent and the zinc in the digester 

draw. This value is 507 lbs/day. 





Based upon discussions with various R&D and M&O Depart-  

ment personnel, it is believed that final effluent and diges- 

ter draw data are the most representative and reliable cf 

those mentioned. Therefore, it is concluded that if 514 lbs - 

of zinc/day is leaving the Calumet WRP, approximately 5i4 I!: 

of zinc/day of zinc should be entering the Calumet WRP. FTL- 

this it is postulated that the interceptor and TARP sampl~r.? 

is giving a better representation of the zinc loading to t l ; ~  

Calumet WRP than the raw sewage composite sampler, and ths: 

the zinc loading to the Calumet WRP for the July through Dc- -. 
cember 2997 period averaged 541 lbs/day. 

Using this assumption, Table 10 presents a breakdown cf 

the identified sources of this 541 lbs/day of zinc. The 166.: 

lbs/day of zinc attributed to commercial and household sourccr 

is based upon an estimate from data collected at the Kzr t - r  

Side WRP. The North Side WRP is similar in size to th'e Calu-ct 

WRP, and serves a large urban area. The estimate is derlvrs 

by taking the average zinc loading in the North Side WRP ra.- 

sewage and subtracting the zinc contribution from city of Cr., - 

cago water and the z'inc contribution from known industrla: 

discharges in the North Side WRP service area. The remail;::*-: 

zinc is assumed to represent the large background level ~f 

zinc due to the use of household products, small comrnerc:a: 

discharges, and street runoff of tire particles and automob;lc 

rust, all of which contain zinc. Assuming that this estimate 

of the commercial and household contribution is reasonable, 



METROPOLITAN WATER RECLAMATIONDISTRICT OF GREATER CdICAGO 

TABLE 10 

MASS BALANCE OF SOURCES-OF ZINC 
ENTERING THE CALUMET WRP 

Source lbs of Zinclday 

Estimated total WRP loading 
from four interceptors and 
TARP 

City of Chicago Water 27.6 

Hammond, Indiana Water 

TARP Pumpback - -  

Known Industries 

External Plant Recycles1 1.0 

Commercial and Household 
Contribut ionZ 

Subtotal 418 

Zinc unaccounted for = 541-418 = 123 

 agoon on supernatant and centrifuge centrate. 
'~stimated from North Side WRP data (see text). 



known sources account for 418 lbs/day of zinc. This leaves 

123 lbs/day or 22.7 percent of the influent zinc unaccounted 

for. It is our current hypothesis that this zinc comes from 

large unidentified point source dischargers. As described 

later in. this report, work is continuing in 1998 to isolate 

and identify .all .point source discharges of zinc in the Calu- . 

met WRP service area. 



1998 WORK 

During 1998, work is continuing in the following areas: 

1. Additional industrial waste sampIing is taking 

place' throughout the Calumet WRP service area to 

identify additional point sources of zinc. In 

addition, the Industrial Waste Division is sam- 

pling smaller local sewers that feed the main 

interceptors. in an attempt to isolate the areas 

that are contributing large loadings of zinc to 

the system. 

2. Attempts are being made to verify the estimated 

flows in the four main interceptors, so that a 

better mass balance of zinc can be calculated, 



SUMMARY 

In late 1996 and'early 1997 it became apparent that the 

zinc concentration in the Calumet WRP digester draw was in- 

creasing such that it was jeopardizing the ability of the 

Calumet WRP to produce a final sludge product which would meet 

the USEPA Part 503 Rule APL for zinc. 

Based upon this observation ,the R&D Department, in con- 

junction with the M&0 Department, began an investigation of 

the sources and loadings of zinc entering the Calumet WRP. 

This investigation determined that an estimated 541 lbs/day of 

zinc is entering the Calumet WRF. This is over twice the 

amount of zinc that enters the North Side WRP which has a 

similar average daily flow. 

Since zinc concentrates in the sludge solids, the concen- 

tration of zinc in the final sludge product, on a d.ry weight 

basis, will be proportional to the concentration of zinc in 

the raw sewage. Thus, it is important to determine the vari- 

ous sources of zinc entering the Calumet WRP. 

Based upon the available data, it is estimated that ap- 

proximately 142.3 lbs of zinc/day come from the domestic 

drinking water, 66.7 lbs/day come from known industries, 41.3 

lbs/day come from TARP pumpback, 1.0 lb/day comes from exter- 

nal plant recycles, and 166.7 lbs/day come from commercial and 

household sources. The source of the remaining 123 lbs/day is 

unknown. 



A comparison of the raw sewage zinc loading at the Calu- 

met WRP with that of the North Side WRP indicates that the 

Calumet FTRP is receiving a higher zinc loading than would be 

expected for a WRP of its size. 

The District has established a Target Level bf 1691 rng of 

zinc/kg in the Calumet WRP as the concentration required to 

ensure that the USEPA .APL of 2800 mg/kg for zinc in the final 

sludge product is met. The 1997 average zinc concentration in 

the Calumet WRP digester draw was 1758 mg/kg. 'S'faus, even a 

ten percent reduction in the current zinc concentratlon in the - - 

digester draw .would be significant. Therefore, a continuing 

effort should be made to identify the unknown sources of- zinc 

in the Calumet WRP service area, and to determine if reduc- 

tions in these sources, or in the known sources, is possible. 




