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SUMMARY AND CONCLUSIONS

In late 1996 and early 1997 the concentration of zinc in
the anaerobically digested sludge (digester draw) of the Calu-
met Water Reclamation Plant (WRP) was observed to increase,
such that compliance with the United States Environmental Pro-
tection Agency (USEPA) Part 503 Rule was becoming a concern.

Baged upon this observation, the Research and Development
(R&D)  Department undertook a detailed investigation to deter-
mine the possible causes for the elevated levels of zinc at
the Calumet WRP. During 1997 and 1998, the following course
of action was followed:

1. Review historical raw sewage and digester draw -

data from the Calumet WRP and other WRPs as

needed.

b2

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.

&. Initiate new sampling programs in local sewers
serving the Calumet WRP.

7. Study Calumet WRP reéycle streams and other

plant processes.
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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.

2. Based upon data from special samplers installed
in the four main interceptors feeding thé 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
1bs/day
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¢. Known industries - 66.7 lbs/day

d. TARP pumpback - 41.3 lbs/day

(971

One hundred twenty-three 1lbs/day (22.7 percent)
of the influent zinc has not been accounted forz.
§. 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.

~3

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, leccal
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 incoming
sewage and digester draw were monitored as in 1997. During
the course of 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
South Park interceptor. Although =zinc concentration in the
raw sewage and digester draw were decreasing on average, when
compared against 1997 values, zinc concentrations in individ-
ual digester draw samples were still exceeding the Target

Level as late as September 1998.
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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 meonitoring 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

On February 19, 1993, a £final regulation entitled * The
Standards for the Use or Disposal of Sewage Sludge” was pub-
lished in the Federal Register. This regulation, commonly re-
ferred to as the Parxrt 503 Rule, establishes requirementgs for
the final use and disposal of biosolids. The Part 503 Rule
estakblishes specific risk-based pollutant limits for wvarious
heavy metals found in biosolids. Biosolids that meet the most
stringent requirements for metals and pathogens are classified
as Exceptional Quality (EQ) biosolids, and are considered
suitable for virtually unregulated use.

The Metropolitan Water Reclamaﬁion. District of Gresater
Chicago (District) has established an organizational poliicy to
have its final biosolids product quality as EQ biosclids. The
R&D and M&C Departments continuously monitor biosolids gquality
to ensure that EQ requirements are met. In late 198%¢ and
early 1997, it was observed that the concentration of zinc in
the digester draw of the Calumet WRP was increasing, and ap-
proaching the previously established Target Level, thereby
causing concern. Work conducted at the District, since the
inception of the Part 503 Rule, resulted in the establishment
of Target Levels for metals concentration in the digester draw
from each WRP that will ensure that the final bioscolids prod-
uct meets Part 503 alternate pollutant limits (APL). For

zinc, the APL for the final biosolids product is 2800 mg/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&0O 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
1897. 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 1lbs 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 1lb/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 Appendix I.



Since zinc concentrates in the sewage solids, the concen-
tration of zinc in the £final biosolids product, on a dry
weight basis, will be proportional to the concentration of
zinc in the raw sewage. Thus, even a ten percent reduction in
the zinc loadings to the Calumet WRP would be significant as
the resultant 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 ideantify
the unknown sources of zinc in the Calumet WRP service area,
and to determine if reductions in these sources, or in the
knownn sources, 1is possible. Specifically, additional indus-
trial waste sampling was conducted throughout the Calumet WRP
service area to identify additional point sources of =zinc.
The IWD alsc sampled smaller local sewers that feed the main
interceptors in an attempt to isolate the areas that are con-
tributing large lcadings 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.

The purpose of this report is to present the new data
collected in 1998, in conjunction with some of the data pre-
sented in the previous Interim Report, and document in a final
report the R&D Department’s effort in bringing the zinc con-
tent at the Calumet WRP under control.

In 1999, work shifted to more of a routine monitoring ef-

fort, and a small amount of 1999 zinc data is also presented



to i1llustrate the current status of zinc concentrations at the

Calumet WRP.



METHODOLOGY

A detailed description of the Calumet WRP service area,
major interceptors that carry the raw sewage flow to the Calu-
met WR?, types of samples collected in 1997 for the determina-
tion of zinc concentrations, and the analytical methodclogy
Aﬁsed is presented in the Interim Report attached as Appendix
I.

The same types of samples collected in 1997 were also
collecrted in 1998. However, sampling of the interceptor sew-
ers and some of the lateral sewers discharging into these in-
terceptors was intensified in 1998 to better quantify the

industrial sources of zinc.

Interceptor Samples

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

installed special 24-hour composite samplers in the four main
intercaptors 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 zinc to the Calumet WRP was coming from the South Park in-
terceptor. Therefore, it was decided to install a serizs of
automatic samplers at various locations on the South Park in-
terceptor in an attempt to isclate point source inputs of
zinc. As additional samples were collected, the automatic
samplers 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 locaticons (Figure 1):

1. Station Cl-3 located at the District’s 95%

Street Pump Séation. The sampler at this sta-
tion collected samples from an area from Inter-
state-94 east to the Pump Station and south to
about 112" Street.

2. Station Cl-4 located in the woods near the 95
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 Cl-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 Cl1-2-L1 located at 97 and Calumet. This
site isoclated a 7’6" x 8’4" city sewer that
services a large area to the west and north.

3. Site Cl-2-L2 located at %6 and Halsted. This

site isolated two industries.
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FIGURE 1

LOCATION OF SOUTH PARK INTERCEPTOR AND LATERALS

SAMPLING STATIONS
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4. Site Cl-2-1 located at 94" 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 Cl-2-3 located in Tuley Park. This site
isolated an area north and east of this point.

6. S8ite Cl-2-JA located in a small city sewer out-
side an industry.

7. Site Cl-2-RE located in a city sewer outside
another industry.

8. Site Cl-3-LA located at 99*" and Manistee. This
site isolated a large industrial discharger.

9. Site Cl-3-D located at 104™ Street and Martin
Luther King Dr. This site isolated all flows
downstream of the 95 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 Cl-1 located at 125" and Wentworth. This

site isolated an area to the west and north of
100" 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

During 1998, the Engineering and M&0 Departments made nu-
merous efforts to install, calibrate, and maintain flow meters
in the four main interceptors entering the Calumet WRF (Loca-

tions 1A, 22, 3A, and 4A in Figure 4 in Appendix I). Iir was

hoped that this 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 meters,

and thus no verified flow measurements for the four intercep-

tors were made in 1998.

Industrial Waste Monitoring Data

The IWD conducts an extensive industrial waste monitoring
program involving daily, weekly, monthly, and annual sampling
at various industries depending upon their size and wastewater
characteristics. Sampling results from 1993 through 1988 were
reviewed to assess the amount of zinc discharged by industries

in the Calumet WRP service area.



RESULTS

Calumet WRP Raw Sewage 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 gseen, raw sewage ziné concentrations averaged 0.279
mg/L for 1998, equating to an average daily loading of €27
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, eguating to an average daily
loading of 1034 lbs/day. Thus, zinc loadings to the Calumet
WRP decreased by approximately 40 percent from 1937 to 13938,

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 wg/kg dry weight, and equates to 228
1lbs/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.
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METROPOLITAN WATER RECLAMATICON DISTRICT OF GREATER CHICAGO
TABLE 1

AVERAGE MONTHLY ZINC CONCENTRATION ANy LOADING IN THE CALUMET WRP
RAW SEWAGE AND FINAL EFFLUENT DURING 19598

It

Calumet Raw Sewage Calumet Final Qutfall
Daily 1bs , 1bs
Date Flow MGD mg Zn/L Zn/day mg Zn/L Zn/day

January 1998 314 0.230 613 0.101 255
February 1998 306 0.207 528 0.099% 242
March 19298 364 0.191 555 0.086 264
April 1998 343 0.241 678 0.085 243
May 1998 298 0.279 667 0.062 151
June 1998 281 0.441 1020 0.080 191
July 1998 234 0.418 822 0.077 149
August 1998 254 0.355 737 0.060 132
September 19598 228 0.201 378 0.047 88
Qctober 1998 231 0.364 714 0.062 120
November 1998 238 0.205 405 0.056 113
December 1998 237 0.204 403 0.055 106
Mean 277 0.279 , 627 0.072 P




METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 2

AVERAGE MONTHLY ZINC CONCENTRATION AND LOADING IN THE
CALUMET WRP DIGESTER DRAW SLUDGE DURING 1598

Zinc
Total Dry Tons Concentration Zinc Loading
Date Sludge Solids mg Zn/dry Kg lbs Zn/day
January 19298 2091 1759 237
February 1998 2213 1459 231
March 1998 1791 1369 158
April 1998 2369 1306 206
May 1958 2689 1399 243
June 1998 2767 1394 257
July 1998 3102 1489 298
August 1998 2412 1820 283
September 1998 2398 1722 275
October 1998 2606 1319 222
November 1998 2268 1128 171
December 1998 2359 1016 155
Mean 2422 1432 228
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For comparison purpcses, the 1997 average zinc concentra-
tion in the digester draw was 1758 mg/kg, equating tc 325
lbs/day o©f zinc leaving the Calumet WRP in 1997, Thus, zigc
concentrations in the digester draw decreased by approximately
19 percent from 1987 to 159958.

As previously stated, the Part 503 Rule APL for zinc is
2800 mg/kg, which applies to the final sludge product. Based
upon previocus work, the District has set a Target Level of
1691 mg of zinc/kg in the digester draw at the Calumet WRP, as
a goal to ensure that the final sludge product will mest 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 in 1598,
and. the vyearly average for 1998 was also below the Target
Level. This contrasts to 1997 when for only 6 out cof 12
months the =zinc concentrations were below the Target Level,

and the yearly average exceeded the Target Level.

Calumet WRP Interceptor Zinc Data

As previously stated, in an effort to determine which
parts of the Calumet WRP service area were contributing the
most zinc to the raw sewage, the IWD installed and maintained
24-hour composite samplers in the four main interceptoré en-
tering the Calumet WRP. These samplers were positicned up-

stream of the introduction of TARP pumpback and plant recycles

13



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 sgeen, zinc concentrations in the
South Park interceptor were mostly in the 0.1-0.6 mg/L 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 (Figures 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&0O Department previously made estimates of the

14
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Metropolitan Water Reclamation District Of Greater Chicago
Figure 2
South Park Interceptor Zinc Concentrations
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Metropolitan Water Reclamation District Of Greater Chicago
Figure3 _ _
- Blue Island Interceptor Zinc Concentrations
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Metropolitan Water Reclamation District Of Greater Chicago
Figure 4
Harvey Interceptor Zinc Concentrations
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Metropolitan Water Reclamation District Of Greater Chicago
Figure 5
Low Level Interceptor Zinc Concentrations
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percentage of total WRP flow carried by each interceptor. Us-
ing these estimated percentages and the actual daily zinc con-
centrations measured in each interceptor as it enters the
Calumet WRP, it is possible to estimate the =zinc loading in
lbs/day, carried in each of the four interceptors. This data
is presented in Table 3. The total estimated zinc loading for
1998 is thus 491 lbs/day. For comparison purposes, the esti-
mated zinc loading from the 1997 interceptor data was 500
lbs/day. However; if one takes the 1998 data for the same six-
month period for which the 1997 data were collected, the 1998
zine loading was 386 lbs/day, representing a 23 percent de-
crease from the same period in 19897.

As can be seen, the South Park interceptor carried al-
most 60 percent of the total zinc loading to the Calumet WRP
in 1998. This, along with the evidence of zinc “spikes” in
Figure 2, is why so much effort was placed on additional sam-

pling along the length of the South Park interceptor.

Known Industrial Waste Discharges

The District’s IWD conducts an intensive monitoring pro-

, . . . - .
gram of industrial waste dischargers in Cock County. Tanle &

presents vyearly data for 1993 through 1998 of the larges:
known =zinc dischargers in the Calumet WRP service area. As
can be seen, total zinc discharged for 1998 was 19,403 pounds,

which is equivalent to 53.1 1lbs of zinc/day, based upon 365
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 3

ESTIMATED CALUMET WRP INTERCEPTOR
ZINC LOADINGS IN 1988

Zinc (lbs/day)

Interceptor Min. Mean Max.

South Park 39 294 6309

Blue Island 13 78 281

Harvey 20 55 64

Low Level 14 64 €55
Total 491

Note: Only days on which samples from all four interceptors

were collected are used in the calculations.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

ZINC LOADING TO

n

TABLE

4

CALUMET WRP FROM INDUSTRIES
AS DISCHARGING MORE THAN 100 LBS OF ZINC/YR

IDENTIFIED

19883 1954 1895 1896 1997 1298

Zinc Zinc Zinc Zinc Zinc Zinc
Loading Loading Loading Loading Loading Ioading
User No. Industrial User {pounds) (pounds) {pounds) {pounds} {pounds) {pounds)
11031 Riverdale Plating 632 678 705 784 703 912
13603 Chicago Specialties Inc. 1,258 853 609 1,045 637 492
12253 Acme Steel - Riverdale 8,644 3,278 126 260 5,777 3,664
11535 Allied Tube and Conduit 1,261 2,889 1,601 3,228 2,318 1,408
10208 LTV Steel Company 1,132 1,101 523 298 524 676
24943 F S5 C Paper Corp. 11,834 7,757 9,081 8,304 6,301 4,295
13389 Ford Motor Company 2,218 1,446 1,086 842 579 566
13330 Chicago Finished Metals 556 348 59 33 32 25
14999 Allwaste Tank Cleaning 150 210 315 113 146 43
12114 CID Recycling & Disposal 66 85 167 156 132 101
11058 Carl Buddig Foods 219 137 175 188 150 229
10142 Clean Harbors Services 1,064 455 886 1,157 549 603
13228 Dynagel Inc. 330 162 132 151 348 158
13434 General Mille 146 172 502 467 195 NA
10210 Sherwin Williams 77 56 272 382 64 NA
10918 Witco Chemical 117 108 59 116 119 41
13513 Ashland Chemical NA NA NA NA 156 68
24955 JLM Chemical NA NA NA NA 316 532
10182 PVS Chemicals NA NA NA NA 3,056 2,888
13468 Clark Refining NA NA NA NA 545 818
12254 Acme Steel - Chicago Plant NA NA NA NA 801 1,231
25044 Wisconsin Tiesue Mills NA NA NA NA 788 570
10988 Andrew Corporation NA NA NA NA 111 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
(<100 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 1lbs of =zinc/day entering the Calumet
WRP, the source(s) of 123 1lbs/day was unknown. This led to
the'recommendation to intensify interceptor sampling in 1998
to ﬁry to locate unknown sources of zinc.

Using the same methodology as described in the Interim
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 compcs-
ite sample multiplied by the total raw .sewage flow. Th:e
value is 627 lbs/day (Table 1, column 4). The second is basez
upon the sum of the TARP pumpback zinc loading, which is cal-
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
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE b

MASS BALANCE OF ZINC AT THE CALUMET WRP - 19986

Raw Sewage TARP Four Main Final
Composite Sample* Pumpback Interceptors Effluent Digester Draw
1lbs Zinc/day lbs Zinc/day 1bs Zinc/day lbs Zinc/day 1bs Zinc/day
627 50 491 171 228

*Includes TARP pumpback and plant recycles.



zinc loading is 541 1lbs/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 39% 1lbs
of zinc/day is leaving the Calumet WRP via the final effluent
and digester draw, approximately 329 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 composgsite 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.
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1998 South Park Interceptor Sampling

As stated previously, =zinc concentration data from the
Soutn Park interceptor indicated that “spikes” of =zinc were
being discharged somewhere in the service area of this inter-
ceptor. In addition, an examination of the zinc loading data
to the Calumet WRP continued to indicate that some unknown
point source(s) of zinc might exist in the Calumet WRP gervice
area. Thus, beginning in July 1998, the IWD placed numerous
automatic samplers at various upstream points along the South
Park interceptor in an attempt to isoclate the location of
these possible zinc discharges. The IWD utilized 19598 data
from 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 ob-
tained in August and November 1998 revealed elevated levels of
" zinc in the northern trunk line of the South Park Interceptor.
Table & presents an example of the type of data collected dur-
ing these special sewer sampling studies. It is clear how
differences in zinc concentrations can be used to isolate ar-
eas of suspected zinc discharges as some sampling stations ex-
hibited unexpectedly high zinc¢ concentrations. As a result,
the IWD commenced regular monitoring of the local sewers down-
stream o©of an industrial metal finishing company (located up-
stream of station Cl-3-LA) and began dedicating sampling of

the wastewater discharge from another company which formulates
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 6

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

- Sampling Station

Day of

Sampling’ Cl-3-D C1l-2-RE Cl-2-JA Cl-3-LA
————————————————— (Zinc, mg/l)--————=———=c—momm

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 - 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.
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industrial ¢leaning éroducts (located upstream of Station
Cl-2~Ja}). Prior to the intensive interceptor sampling pro-
gram, these two companies had not been thought to be signifi-
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 procedures.

1999 7Zinc Data

As indicated in Figure 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 1999.

Table 7 presents weekly Calumet WRP digester draw zinc
data for 1929%. As can be seen, there have been no exceesdances
of the zinc Target Level during 1999, with the mean zinc con-
centration being 1077 mg/kg. This is a 25 percent degrease
from the 1998 mean value of 1432 mg/kg.

As of December 1999, all special interceptor sampling in
the Calumet WRP service area has ended, and only routine moni-
toring and sampling continues. Should problems arise in the

future, more intensive monitoring efforts will be resumed.
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Metropolitan Water Reclamation District Of Greater Chicago
Figure 6
Trend Of Zinc Concentration In Calumet WRP Digester Feed And Draw Sludge During 1998
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 7

CALUMET WRP DIGESTER DRAW ZINC DATA - 1999

Week of 7zn (mg/kg, dry weight)
January 4, 1999 877
January 11, 1989 942
January 18, 1999 952
January 25, 1999 1054
February 1, 1999 1047
February 8, 1999 943
February 15, 199 980
February 22, 1986 1139
March 1, 1988 1051
March 8, 18%9 1002
March 15, 1999 1387
March 22, 1999 1185
March 29, 1899 1124
April 5, 1999 1072
April 12, 1999 1618
April 19, 1899 1076
April 26, 1999 1058
May 3, 19998 1056
May 10, 1999 986
May 17, 199G 929
May 24, 199¢ 940
May 31, 199& 932
June 7, 189& 947
June 14, 19¢°9 793
June 21, 19¢9 938
June 28, 1998 1138
July 5, 1989 1134
July 12, 1889 1137
July 19, 1999 1164
July 26, 1999 998
August 2, 1999 1057
August 9, 1998 1355
August 16, 1998 1530
August 23, 1999 1132
August 30, 1999 1154
September 6, 1999 1145
September 20, 1999 1082
Cctober 4, 1999 1160
October 18, 1999 1068
Novembher 1, 1998 1222
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 7 (Continued)

CALUMET WRP DIGESTER DRAW ZINC DATA - 1999

Week of Zn (mg/kg, dry weight)
November 15, 199%% 1118
December 6, 1999 1073
December 20, 1999 1186

1999 Mean . 1077
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INTRODUCTIOCN
USEPA Part 503 Regulations

The Clean Water Act Amendments of 1987 required that the
USEPA establish standards which adequately pro‘».ceat: public
health and the environment from any rea.sonably anticipated ad-
verse effects from »th.e use or disposal of sewage sludge. On
Februaxry 19, 1993, a final regulation entitled “The Standards
for the Use or Disposal of Sewage Sludge” was published in the
Federal Register. This regulation, commonly referred to as
the Part 503 Rule, esfablishes requirements for the final use
and disposal of sewage sludge. The Part 503 Rule esta’blishes»
specific risk-based pollutant limits for various heavy metals
fcund .in sewage .sludge. Sludges that ‘meeﬁ fhe most stringent
requirements are classified as Exceptional Quality (EQ) Sludge
and are considered suitable for virtually unregﬁlateénuse; ‘

The Metropolitan Water Reclamation District of Greater
Chicago (District) has established an organizationzl policy to
have its final sludge product qualify as EQ sludge. The Re-
search and Development (R&D) and Maintenance and Operations
(M&0) Departments continuously monitor sludge éuality to en-
sure that EQ re.quirements.are met. In late 1996 and early
1997 it was observed that the. concentration of zine in the
Calumet Water Reclamation Plant (WRP) digester draw sludge was

increasing, such that it was approaching previously agreed
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upon Target Lévels for concern. Work conducted at the Dis-
trict since the inception of the Part 503 Rule, has resulted
in the establishment of Target Levels ﬁgr metals'concentration
in.theldigester 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 zinec in the .Calumet.WRP digester
draw is 1691 mg/kg.

Based upon the ocbservation of the rising trend in the
digester draw .iinc ‘concentration, the. M&0O Department re-
qguested that the .R&D Depértment undertake a detailed investi-
gation of .the . elevated levels of.ziﬁc.at the.Caluﬁet WRP.
XThis report presents the work conducted during 1997, 'and de-

scribes the plans for 1998.

Historical Zinc Trends at the Calumet-WRP

The Part 503 Rule applies to the final sludge product
pfoduced 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 qualify of the current sludge production.
on a continuous basis.:

Figure 1 is a graph of five years of data on the éoncen-
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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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 5
FIGURE 1

TREND OF ZINC CONCENTRATION IN CALUMET DIGESTER DRAW SLUDGE SINCE INCEPTION OF THE PART 503 RULE
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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 Stickne& WRP was 874 mg/kg, approximately half
the Calumet WRP level of 1756 mg/kg .

It is wgll documented that zinc entering a WRP in the raw
sewage will preferentially concentrate in the sluége solids.
Thus, to explain the increase in zinc lgvels in the digester
draw, it is logical to loock at =zinc concentrations entering
the Calumet WRP-gn the raw sewage.v Table 1 presents yearly
averages of raw sewage zinc concentiations and loadings from
1992 through 1997-at the Calumet WRP. As can be séen, a large
increase in the amount of zinc entering the WRP.occurred in
1996 and 1997. 1In 1997 approximately 1000 1bé/day of zinc was
eﬁtering 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 intensiyé study to determine zinc loadings

to the Calumet WRP.

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

mobilized to investigate the zinc problem at the Calumet WRP.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 1

AVERAGE YEARLY ZINC CONCENTRATION AND LOADING IN THE
CALUMET WRP RAW SEWAGE SINCE INCEPTION OF'THE PART 503 RULE

"Raw Sewage

Date Flow (MGD) mg 2n/L 1bs zn/day
1992 251 0.292 | 634
1993 308 0.253 651
1994 262 0.285 623
1995 270 0.243 524
1996 277 0.382 865
1997 255 0.493 1034
5
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' Input was solicited from the M&0 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,
wand:the.currentmindustrial”waste”sampling.pfo—
gram.
4. Intensify industrial waste monitoring efforts.
QS.‘;Initiat;unew;sampling.programs:in;the;fourumain
in£erceptors serving the .Calumet WRP.
" 6. ‘Study Calumet WRP recycle streams and other
plant processes.
7. .Examine non-point sources of zinc.
8. Attempt to dévelop a mass balance for zinc at

the Calumet WRP.
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METHODOLOGY

. Description of Calumet WRP Service Area
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 mileé with a service population of.
approximately 1,000,000 people. Figure 2 is a map of the
"Calumet WRP-service ‘area. ° The :service area .includes combined
as well as separate sewer systems and a significant amount of
heavy industry. -~ .The general boundaries of the service area
are all of Chicago south of 87 Street, plus all of south and
southwest .suburban .Cook ' County, except Lemont and VChicagé
Heights. |
‘Four main interceptors convey wastewater fleﬁ 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 WRP io
87" Street.
2. Blue Island Interceptor - Conveys an estimzted
28 percent of the total flow. Drains extensive
area west and southwest of the Calumet WRP.
3. Harvey Interceptor - Conveys an estimated 12
percent of the total flow. Sewer rumns along In-

diana Avenue and drains area south of the WRP.

AI-8



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

FIGURE 2

SOUTH FACILITY AREA

A
.-t . N \{_‘ "-"'L\ ,,f‘\v,\
W—o———.—.— wr‘ — {’ ‘_‘Q
: . BURBANK 1 ! N
T T~ ; 2 \ =
3 i SH EELLE 1714
rw.—’d" l-)"" - L‘F‘"“‘ 3.t Al :- I Watutiatiuliathe taad < A PUMPING T
. STATION o Sess
Iy | HICKORY -'.—.——o’-v.!, " $ b =
. ’_‘/’ WILLS DAK LAWHN I eveRGREEN ~ CHicAGO ‘
o . . LJ : PARK
{ * H C‘& m - =
% E
; races P ING 2 g Al L U M E T
\ AHILLS 'K ; e . ) .
. rs g" - 'p’oc bt j o
M = e, . b
e, 2 ot ‘—v " ( s ‘ n N
e »* = . e o)
ke -q,,&___\.,r'.'.‘. ) §w.}RTH —L 7 G s i E
* . 1 s CAL o ‘ hd A 1 s
f\ e £ e, . rIE l.lo'\'f £ sanx z
TRy A L « mid i :
LT s PaL0S R Wiy [ YL SALUNET P3SN £
e FARK -] HEVS ™S Ja ’//; ALSIP mau,-“u {lcuuu!,.r o \
1 1 i - (7 L 5! ity o8 a0y N A
s —_ o ; Hertg 1SLAND 1y ge Lfwisy
L. oo oo ! i & X o 4 : CiLumE

TRMT, wxS, |,
%

gorr_ A NE L
|,
' 78

1S

8-

e
P, g s el
u,'.I'\;.,\_;‘-.-l 1 . d ‘/!"*'“/' 1_7
L jCRESE Balh ST -\ _FRwEROALE
'fk

*L ﬁ . E B & . oL Ton BURNHA
b Oy XM I .-
= IR S N
H {:_,_,, _ o CALUMET £
: W ciry i
" pepver ¢ A
) i.\
l P
! . . - o
ol Bl T vy e L} ifiamed 51
R t n.a'-.? ; i » & g \ "l "8‘
L -y . - o - - 1 QC'{
- g \l;‘E! '] . [ X4 '%" A} %
v . y . Lwl y 3 L

R - - UN T el o BaLUE 3 o

5T y 1Y ] 5

l—-," gL Sioh b—c ;-4 " (= ' 23

I S 3 . Y i

,»,—-% -{-L‘_-: H . i -—f -, ‘r l,,‘. Y ° .'.-.,1 .—ﬁ—t i Y
=LA . LT, § e b S
N \ " rLoseMscy S |
‘ s v F J.ig b 3 0 o e B
& i 3
" + & } ~ "‘ .
i ! 1 LrNWO0D
L "

5. MATTESD
=3

LEGEND

-—==~+ FACILITY AREA BOUNDARY
INTERCEPTING SEWERS .

e Completed

e mme Under Construction

wemmmr Proposed - Near Fulure

wnwmmm Future Proposed
PUMPING STATIONS

(o] Existing

‘COUNTT 3

o ot 2 100 s s 0 b e S

@ Proposed . '
SEWAGE TREATMENT WORKS " :
.@ Existing . _
RETENTION RESERVOIRS k _ THE METROPOLITAN SANITARY DISTRICT
Existing ' OF GREATER CHICAGO
Proposed- ENGINEERING DEPARTMENT

5P, & D.EM. © SEPT. 1974

-



4., Low Level Interceptor - Conveys an estimated 14
percent of the total flow. Drains area sgouth-
east of the WRP to Cook County line.

in additiont the Calumet WRP receives pumpback flow from

the Calumet_TARPﬂsystem.

I L ptd f g 13 Point
RAW SEWAGE

Raw sewage samples are 24-hour composites cocllected at
four points at the influent end of the grit chambers (Figure
3). The north and south samples are combined in the labora-

tory and analyzed as a single composite raw sewage sample.

TARP PUMPBACK

TARP pumpback flows are manually sampled egch shift at
the North Pine Screen House (Figure 3), and. combined into a
24-hour composite for analysis. TARP pumpback flow is in-

cluded in the»ndrth raw sewage sample.

FINAL EFFLUENT
The £final effluent sample is a 24-hour composite col-

lected at the final outfall conduit from the Calﬁmet WRP.

DIGESTER DRAW

The digester draw sample is a daily composite of diges-
ters 1-8 for the period up to October 20, 1987. After October
20, 1997, four new digesters were put in service, and the di-

gester operation was modified to a two-step process. Thus,
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

FIGURE 3.7

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 SAMPLES

On June 18, 1997, the Industrial Waste Divisicn installed
special 24-hour composite samplers in the four main intercep-
tors entering the Calumet WRP. This allowed the raw sewage to
be sampled withéﬁt the influence of TARP pumpback flows or
process recycles. It also 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 Fignre 4.

ANALYTICAL MEHTODOLOGY

Samples were analyzed for zinc and other metals at the

R&D laboratory at the Calumet WRP using Standard Methods for

the FExamination of Water and Wastewater, 18 Edition, proce-

dures and apprbpriate Quality Assurance/Quality Control

(QA/QC) protocols.

INDUSTRIAL WASTE MONITORING DATA
The Industrial Waste Division conducts an extensive in-
dustrial waste monitoring program ‘involving daily, weekly,

mcnthlyi and annual sampling at wvarious industries depending

11
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upon their size and wastewater characteristics. Sampling re-
sults from 1993 through 1997 were reviewed to assess the

amount o©f zinc discharged by industries in the Calumet WRP

- service area.
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RESULTS

Calumet WRP Raw Sewage and Final Effluent %inc Data

Table 2 presents 1897 monthly averages of Calumet WRP raw
sewage aqﬁ, final effluent zinc concentrations and loadings.
As can be seen, raw sewage zinc concentrations averaged 0.493
mg/L 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 wg/L in 1997 which is equivalent to 234
1bs/d%y. -

In comparison, zinc in-the North Side WRP raw sewage av-
graged 0.10 mg/L in 1997, while zinc in the West éide and
Southwest raw at the Stickney WRP averaged 6.14 mg/L and 0.35
wng/L, réspedtively. Thesé'values also include TARP pumpback

and internal recycles where applicable.

cal t WRP_Dj : I 74 Da
Table 3 presents 1997 monthly averages of zinc concentra-
tions and loading in the digester draw producéd 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

1997.

14
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
 TABLE 2 |

AVERAGE MONTHLY ZINC CONCENTRATION AND LOADING IN THE CALUMET WRP
RAW SEWAGE AND FINAL BFFLUENT DURING 1987

9T-I¥

St

Calumet Raw Sewage Calumet Final EBffluent
Daily Flow . —
Date MGD mg Zn/L lbs Zn/day- mg Zn/L lbs Zn/day

January 1897 253 0.732 1538 0.128 ' 264
February 1897 328 0.553 1415 D.149 383
Marxrch 1997 . 308 0.405 1005 D.101 252
April 1997 253 0.442 948 0.105 - 221
May 1997 232 0.353 675 0.098 188
June 1997 272 0.485 1064 0.098 214
July 1897 240 0.796 1645 0.089 179
August 1997 253 0.483 994 0.065 133
September 1997 229 0.414 786 0.078 146
October 1997 214 0.475 . 807 0.091 161
November 1997 228 0.362 687 0.107 201
December 1997 253 0.412 840 0.098 200
Mean 255 0 0.100 234

.493 : 1034




METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
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 1bs 2Zn/day

January 1997 3268 1573 332
February 1997 2612 1609 300
March 1997 3263 1481 312
April 1997 2990 1508 301
May 1997 3179 1641 337
June 1887 2664 1646 292
July 1987 - 3555 1899 436
August 1997 2922 1893 357
. September 1997 2985 1865 371
October 1997 2254 2002 291
Novembexr 1997 2173 2232 ) 313
December 1997 2268 1744 255

Mean 2844 1758 - 325

" Note: The average zinc loading in the digester feed for June
through December 1897 was 327 lbs/day. No samples were ana-
lyzed for zinc prior to June 1997.

16
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As previously stated, the Part 503 Rule APL for zinc is
2800 mg/kg, Whic:h applies to the final 'sludge product. Based
upon prev.ious work, the District has set a Target Level of
1691 mg/kg of zinc in the digester draw at the C‘alumet- WRP, as
a goal to ensure that the final sludge product will meet the
APL.

As it is well documented that heavy metals in the raw
sewage .concentrate in the sludge solids, it is clear that in
order to reduce the z;lnc concentration in the digester draw,

the zinc concentration in the raw sewage must be reduced.

As previously stated, in an effort thdeterminé which
.parts -of the Calumet ..WRP service area were“:.contribu%;ing 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 TARP pumpback
and plant recycles into the raw sewage, and thus are consid-
ered to more accurately represent the raw sewage entering -t'he
Calumet WRP on a daily basis.

Sample collection begé.ﬁ on June 18, 1997 and continued
throughout 1997 and iﬁto 1998. Figures &5 through 8 present
the results of the 1997 sampling program for the South Park,
Blue Island, Harvey, and Low Level interceptors, respectively.

Each figure presents daily values for zinc concentration in

17
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METROPOLITAN WATER.RECLAMATlON DISTRICT OF GREATER CHICAGO

FIGURE 5

SOUTH PARK INTERCEPTOR ZINC CONCENTRATIONS
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
FIGURE 6

BLUE ISLAND INTERCEPTOR ZINC CONCENTATIONS
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

FIGURE 7

HARVEY INTERCEPTOR ZINC CONCENTRATIONS |
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

FIGURE 8

LOW LEVEL INTERCEPTOR ZINC CONCENTRATIONS
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the respeétive 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 mq/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
wére above 1.0 mg/L. The Harvey and Low Level interceptors:
both show considerable scatter in the data, with zinc>con¢en—'
trations above 0.5 mg/L on numerous days, and many values
above 1.0 wg/L. |

A comparison of the Blue Island interceptor data (Figure
&) with the.ﬁarvey intérceptor 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 Léw Level interceptor (Figure 8). ‘The pat-
terns exhibited in Figures 7 and 8 are indicative of periodic
discharges of zinec from unknown point éources. ‘

A tabulated summary of the interceptor data ié presented
‘in Table 4. The Har&ey and Low Level interceptors clearly
have the highest zinc concentrations. |

. No daily sewage flow measureﬁenté are made in the indi-

vidual interceptors. Howeveyr, as previously Fentioned, the
M&O Department has made estimates of the percentage of total
"WRP flow carried by each of the four interceptors. Using
these eséimated flows and the actual zinc concentration data,

it is possible to estimate the zinc loading in 1lbs/day carried

22
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METROPOLITAN WATER RECLAMATION DISTRICT OF CGREATER CHICAGO

CALUMET WRP INTERCEPTOR ZINC CONCENTRATIONS

TABLE 4

South Blue
: Park Island Harvey Low Level

Month Statistic mg Zn/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 0.258

Minimum 0.088 0.040 0.124 0.074

Maximum 0.830 0.258 0.950 0.540

August 19397 Average 0.180.- 0;116 0.408 0.269

' Minimum 0.048 -.0.028 0.044 0.041

Maximum 0.540 0.258 1.758 1.301

September Average 0.413 0.148 0.413 0.791
1597

Minimum 0.080 0.040 0.071 0,114

Maximum 2.439 0.312° 1.358 3.144

October 1997 Average 0.409 0.158 1.036 0.566

Minimum 0.102 0.032 0.249 0.094

Maximum 3.620 0.839 6.254 10.170

November 1887 Average 0.245 0.153 0.228 0.328

Minimum 0.079 0.031 0.075 0.108

Maximum 1.448 0.581 0.408 0.841

Decembexr 1987 Average 0.208 0.160 0.188 0.435

Minimum 0.036 0.087 0.104 g.161

Maximum 0.457 0.439 0.530 2.207

Overall Average 0.272 0.152 0.416 0.418

23
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in each of the four interceptors. The data are presented in
Table 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 1oading to the Calumet WRP. For the July through Decem-
bér 1997 period for which data are available, the total zinc
loading to the Calumet WRP from the four intetceptors averaged

500 1bs/day.

Other Calumet WRP Zinc Data
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 FeCl, to the sludge solids for
chemical conditioning and odor control. As the FeCl; is an
industrial grade chemical, there was some concern that it
could contain high levels of zinc.

Special grab samples of the FeCl, used at the Calumet WRP
were collected and analyzed for zinc., Only trace amounts of»
ziné were detected, and these amounts were similar to the
manufacturer's specifications. Thus, FeCl, is not adding zinc

to the sludge.

‘24
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 5

CALUMET WRP INTERCEPTOR ZINC LOADINGS

South ~ Low
Park Blue Island Harvey Level Zinc Total

: Zinc zZinc Zinc Zinc 4 Interceptors

Date (lbs) = (1bs) (1lbs) (lbs) (1bs)
07/03/97 ~ 123 63 105 88 379
07/08/87 332 169 99 87 587
07/10/97 102 © 49 48 42 241
07/11/97 1,936 61 27 70 2,083
07/14/97 261 61 45 48 414
07/15/97 109 - 54 50 44 257
07/22/97 442 53 84 65 645
07/27/87 146 94 100 70 409
07/28/97 61 48 78 39 226
07/29/97 159 91 41 41 332
07/30/97 48 . 44 89 - 56 236
07/31/97 67 45 132 39 283
08/067/97 282 38 51 79 450
o8/08/97 328 46 262 65 701
08/11/97 320 176 36 65 598
08/13/97 80 - 29 16 38 164
08/20/97 217 32 49 - 352 649
08/21/97 105 51 32 51 238
08/24/97 646 45 57 209 856
08/25/97 428 260 59 71 818
08/26/97 115 56 38 23 232
08/27/97 85 66 34 69 263
09/03/97 251 ' 51 32 76 410
pe/04/87 351 - 58 36 117 561
09/15/97 62 56 35 45 158
09/17/97 571 181 ° 28 154 ' 534
09/22/97 172 €62 51 137 422
08/23/97 356 46 22 29 483
09/24/97 1,673 38 55 795 2,861
09/29/37 215 23 59 70 367
09/30/97 178 78 82 275 6513
10/04/87 81 55 136 T 63 335
10/06/97 117 41 158 48 363
10/07/97 . 145 355 138 39 €76
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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 (1bs) (1bs) (1bs) (1bs) (1bs)
10/09/97 259 28 125 26 437
'10/10/97 396 .73 111 36 616
10/13/97 139 94 96 66 394
10/14/97 . 90 42 106 . 39 278
10/15/97 189 50 151 . 92 483
10/16/97 164 ~ . 49 116 31 359
10/17/97 252 \ 31 T 213 69 565
10/20/97 294 T .60 209 31 594
10/21/97 293 79 638 . 48 1,059
.10/22/97 93 56 89 16 254
10/24/97 2,654 69 126 52 2,901
10/27/97 193 97 83 93 467
10/29/97 456 267 146 51 ) 920
10/30/97 109 _ 54 46 - 26 236
10/31/97 213 75 87 51 426
11/03/97 102 64 95 61 322
11/04/97. 78 40 35 28 180
11/05/97 94 40 56 60 250
11/06/97 292 56 52 91 491
11/07/97 213 81 23 36 353
11/10/97 418 49 52 56 575
11/11/97 70 239 45 46 399
11/12/97 132 B2 28 51 263
11/13/97 144 64 35 52 ' 295
11/14/97 119 72 43 107 342
11/15/97 157 124 51 154 486
11/16/97 101 98 42 46 288
11/17/97 159 94 38 38 328
11/18/97 135 63 74 58 330
11/19/97 113 64 44 76 297
11/20/97 188 . B4 60 51 382
11/21/97 280 70 49 28 426
11/22/97 98 51 35 39 224
11/23/97 - 129 99 15 106 349
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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 (1bs) (1bs) {(1bs) (lbs) (lbs)
11/24/97 106 14 57 56 232
11/25/97 58 33 35 130 255
11/26/97 169 33 29 103 334
11/27/97 178 99 75 108 460
11/28/97 188 78 62 165 493
11/29/97 348 - 116 66 288 818
11/30/97 140 60 43 115 359
12/01/97 175 61 49 77 362
12/02/97 310 63 38 77 488
12/03/97 158 " 79 48 119 405
12/04/97 104 79" 116 68 367
12/05/97 180 58 37 41 327
- 12/06/97 105 60 44 61 271
12/07/97 83 50 24 90 247
12/12/97 444 114 33 - 78 668
12/14/97 350 108 22 €8 548
12/15/97 328 119 30 55 532
12/16/97 180 66 31 53 239
12/17/97 279 67 35 53 434
12/18/97 108 41 28 49 _ 225
12/19/97 137 64 35 55 291
12/20/97 312 65 44 69 4391
12/21/97 171 119 41 81 411
12/22/97 278 138 58 123 ’ 597
12/23/97% 137 230 59 - 227 €52
12/24/97 115 179 42 446 782
12/25/97 253 68 38 178 538
12/26/97 198 74 32 101 4086
12/27/97 34 73 31 645 783
12/28/97 153 64 24 152 393
12/29/97 149 88 43 121 . 401
12/30/97 122 71 48 320 - 561
12/31/97 102 i26 43 81 352
Average 252.94 79.84 69.48 98.22 500.49
27
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PROCESS RECYCLES
A vafiety of speéial samples were collected in order to
assess‘the zinc content of internél and ei;ernal WRP recycles.
'The main recycles were considered to be gravity concentration
tank supernatant, centrifuge centrate, and lagoon supernatant.
Aﬂalysis of these samples. (Tabhle €) indicated that zinc con--
' centrations were iﬁ the 0.1-0.6 mg/L rangé. However, due to
the relatively low estimated flow from these recycles, the to-
tal zinc loading is only 11.9 1bs/day. This is not a large

amount of zinc relative to the total loading.

LABbRATORY QA/QC PROCEDURES

In order to verify that the repofted zinc data were accu-
rate, laboratory data files and operating procedures.were re-
viewedp In addition, special check samples and duplicates
were analyzed at the balumet WRP 1aboratory’and the_Sticknéy
WRP laboratory.

It was deterﬁined 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.

28
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 6

ZINC CONCENTRATIONS MEASURED IN CALUMET WRP
PROCESS RECYCLE STREAMS®

Process Recycle Date Zinc Concentratiocon, mg/L

Lagoon Draw-OEff?!

No. 7 4/15/97 0.3
No. 8 - 4/15/97 0.3
No. 8 12/19/97 0.1
No. @ 12/19/97 0.4
No. 14 1/15/97 0.4
No. 14 4/15/97 0.6
No. 14 T 12/19/97 0.5
No. 15 12/19/97 0.4
No. 15 12/19/97 0.2
No. 17 12/19/97 0.7
Average 0.39
Gravity Concentrate Supernatant?
' 1/15/97 0.2
4/21/97 0.6
12/9/97 0.1
12/10/97 0.2
Average 0.30
Centrate®
4/15/97 0.2
4/21/97 0.1
12/9/9%7 0.3
12/10/97 0.1
Average 0.18
“Estimated flow = 0.16 MGD.
Estimated flow = 4.03 MGD.
*Estimated flow = 0.88 MGD.
29
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Industrial Waste Discl

The Industrial Waste Division conducts an intensive moni-
toring program of industrial waste discﬁargers in Cook County.
Iabjﬁ___l.presents .yearly data for 1993 through 1997 of the
largest E'Aknown zinc dischargers in the Calumet WRP service
a:;ea. 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
(<100 1lbs/year), 'but they do not add significantly to the to-

tal amount of industrial zinc discharged.

DRINKING WATER |

The city of Chicago's: south side Cheltenham Water Filtra-
tion Plant sﬁpplies 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 2;7.6 lbs/day of
zinc from the city of Chica{go 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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METROPOLITAN WATER RECLAMATION DISTRICT OF GREA

TABLE 7

¥
ER CHICAGO

ZINC LOADING TO THE. CALUMET WATER RECLAMATION PLANT FROM INDUSTRIES

IDENTIFIED AS DISCHARGING MORE THAN 100 POUNDS PER YEAR OF ZINC

199¢ Zinc

1993 Zinc 1994 Zinc 1995 Zinc 1997 Zinc

Loading® Loading " Loading Loading Loading

Industrial User {(Pounds) (Pounds) (Pounds) (Pounds) (Pounds)
Riverdale Plating 632 678 705 784 703
Chicago Specialties Inc. 1,258: 853 609 1,045 637
Acme Steel - Riverdale 8,644 3,278 126 260 5,777
Allied Tube and Conduit 1,261 2,889 1,601 3,229 2,318
LTV Steel Company 1,132 1,101 523 998 524
F S C Paper Corporation 11,834 7,757 9,081 8,304 .- 6,301
Ford Motor Company 2,218 1,446 1,086 842 | 579
Chicago Finished Metals 556 348 59 33 32
Allwaste Tank Cleaning 150 210 315 113 146
CID 66 85 167 156 132
Carl Budding Foods 219 137 175 188 150
Clean Harbors 1,064 455 886 1,157 549
Dynagel 330 162 132 151 - 348
General Mills 146 172 502 167 199
Sherwin Williams 77 56 272 382 64
Witco Chemical 117 108 59 lle 118
Ashland Chemical Na? NA NA NA 156
JLM Chemical NA NA NA NA 316
PVS Chemicals NA NA NA NA 3,056
Clark Refininig NA NA NA NA 545
-Acme Steel - Chicago Plant NA NA NA NA 801
Wisconsin Tigsue Mills NA . NA NA NA 788
Andrew Corporation NA NA NA NA 111
Total 29,704 19,735 16,298 18,225 24,351

‘Loadings for 1993 were based on all available District sampling data and total plant

flow. Flow splits, where applicable, .
1994, loadings were limited to regulated operation discharge sampling data and flow.

NA = Data not available.

were based on District records.

Starting in



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
tﬁe drinking water from these five communities could be as-

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

Rainfall /Runoff

Parg 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.

Figure 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. zZinc 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.
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-

FIGURE 9

CALUMET WRP ZINC LOADING VS. RAINFALL
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TARP pumpback data for 1997 is presented in Table 8. As
can be seen, the 1997.average zinc éonéentfation in the TARP
pumpback was 0.314 mg/L. As shown previously (TIable 2), the
1997. average zinc concentration in the Calumet WRP raw sewage
was 0.493'mg/L. Thus, the TARP pumpback does not appear to be
céntributing 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
.samplerrlocated %p the North Screen House.

~Based on the above data, it does not .appear that non-
point source runoff after rainfali ig adding a disproportion-

ate amount of zinc to the Calumet WRP.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 8

TARP PUMPBACK ZINC CONCENTRATION AND LOADING
DURING 1997 '

_ Flow Concentration Loading
Date MGD (mg Zn/L) (lbs Zn/day)

January 1997 23.26 0.365 65
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 1987 34.62 0.163 43
July 1997 22.63 0.274 41
August 1897 28.42 0.305 37
September 1997 17.69 1.024 111
October 1987 15.04 0.180 26
November 1597 17.84 0.134 17
December 1997 21.26 0.106 16

Mean 23.10 0.314 46
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ZINC MASS BALANCE

In an attempt to put the previous}y described zinc data
in perspective, and gain some insight into‘sources of zinc en-
tering thé 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 WﬁP. |

Table 9 presents the results of the first mass balance.
There are two estimates for the amount of zinc entefing the
Calumet WRP. ' The first is derived from the raw sewage compoé—
ite sample multiplied by the totaluraw 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 concentfation. This total zinc loading is 541
‘lbs/day. We believe that this latter calculation is more rep-
regsentative of tﬁe actual loading to the Calumet WRP, as will
be discussed later. _

The amount of zinc leéving 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.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 9

MASS BALANCE OF #INC AT THE CALUMET WRP
JULY THROUGH DECEMBER 1987

Raw Sewage TARP Four Main Final
Composite Sample* Pumpback Interceptors Effluent Digester Draw
1bs Zinc/day 1lbs Zinc/day 1bs Zinc/day 1bs Zinc/day lbs Zinc/day
960 41 500 ' 170 337

"Includes TARP pumpback and plant recycles.



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 of
those mentioned. Therefore, it is concluded that if 514 1lbs
of zinc/day is leaving the Calumet WRP, approximately 514 1b:
of zinc/day of zinc should be entering the Calumet WRP. Freo
this i{: is Vpostu‘lated that the interéeptor and TARP samplinz
i_s giving a better representation of the zinc loading to the
Calumet WRP than the raw sewage composite sampler, and tha®
the zinc loading.to the Calumet WRP for the July through De-
cember 1997 period avei‘aged 541 1lbs/day.

Using this assumption, Table 10 presents a breakdown cf
‘the identified sources of this 541 lbs/day of zinc. The 16€.°
lbs/day of zinc attributed to commercial and household sourcer
is based upon an estimate from data collected .at the Nartth
Side WRP. The North Side WRP is similar in size to the Calu-et
WRP, and serves a large urban area. The estimate is derived
by taking the average zinc loading in the North Side WRP raw
sewage and subtracting the zinc contribution from city of Cn.-
éago water and the zinc contribution from known industr:ia’
discharges in the North Side WRP service area. The remain:n:-
zinc is assumed to represent the large background level of
zinc due to the use of household products, small commercial
discharges, and street runoff of tire particles and automobiic
rust, all of which contain zinc. Assuming that this estimate

of the' commercial and household contribution is reasonable,

38

AI-39



METROPOLITAN WATER RECLAMATIONDISTRICT OF GREATER CHICAGO
TABLE 10

MASS BALANCE OF SOURCES OF ZINC
ENTERING THE CALUMET WRFP

Source "~ 1lbs of Zinc/day

Estimated total WRP loading 541
from four interceptors and
TARE
City of Chicago Water 27.6
Hammond, Indiana Water 114.7
TARP Pumpback - . 41.3
Known Industries K ' ’ 66.7
External Plant Recycles® ; ' 1.0
Commexcial and Household 166.7
Contribution?®

Subtotal ' 418

Zinc unaccounted for = 541-418 = 123

*Lagoon supernatant and centrifuge centrate.
’Estimated from North Side WRP data (see text).
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known sources account for 418 lbs/day of zinc. This leaves
123 lbs/day or 22.7 percent of the influent ziﬁc unaccounted
for. It is our current hypothesis that this zinc comes from
large unidentified point source dischargers. As described
later in this reporxrt, work is continuing in 1998 to isolate
aﬁd identify .all point source discharges of zinc in the Calu--

met WRP sexvice area.
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1998 WORK

During 1598, work is continuing in the following areas:

1. Additional industrial waste sampling is taking
placg'throughout.the Calumet WRP service area to
4identify additional point sources of =zinc. in
addiﬁion, 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 intéfceptors, 80 that‘a

better mass balance of zinc can be calculated.
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SUMMARY

In late 1996 and early 1997 it became apparent that the
"zinc concentration in the Calumet WRP didgester draw was in-
creasing such that it was jegpardizing 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&O Départment, 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 1is entering the Calumet WRE. This is over twice-the
amount of zinc that enters the Norfh Side WRP whicﬁ- has =&
similar average daily flow. |

<Since zine coﬁcentrétes in the sludge solids, the concen-
tration of zinc in thg final sludge product, on a dry weight
basis, will be proportional to the concentration of zinc int
the raw sewage. Thus, it is important to‘détermine the vari-
ous sources of zinc entering the Calumet WRP.

Based upon the available data, it is estimated that ap-
proximately 142.3 1bs of zinc/day come from. the domestic
drinking water, 66.7 lbs/déy come from known industries, 41.3
lbs/day come from TARP pumpback, 1.0 lb/day comes from exter-
nal plant recyclesg, and 166.7 lbs/day come from commercial and
household sources. The source of the remaining 123 lbs/day is

unknown.
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A comparison of the raw sewage zinc loading at the Calu-
met WRP with that of the North Side WRP indicates that the
Calumet WRP is receiving a higher =zinc lquing than would be
expected for a WRP of its size.

The District has established a Target Level of 1691 mg 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 produét is met. The 1997 average zinc concentration in
the Calumet WRP digester draw was 1758 mg/kg. Thus, even a
ten percent redugtion in the current zinc concentration in the
digester draw ‘would be significant. Therefore, a continuing
effort should be madelto identif? 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.
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