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SUMMARY

The Metropolitan Water Reclamation District of Greater
Chicago (District) treats the wastewater from the city of Chi-
cago and 125 adjacent suburban communities. The District’s
sewered population is approximately 5.5 million people, the
commercial and industrial population egquivalent is about 4.5
million, and the combined sewer overflow capture equivalent is
about 0.6 million people, making the population egquivalent
served by the District about 10.6 million. The average daily
flow from this residential, commercial, industrial complex,
and the combined sewer overflow captures collected at the
seven water reclamation plants (WRPs) owned and operated by
the District, is 1,500 MGD of sewage. The District’s WRPs
range in size from 3.40 MGD to 1,200 MGD design flow. The
treatment of this large volume of wastewater currently results
in the production of approximately 190,000 dry tons of bio-
solids yearly that require ultimate disposition.

The District, 1like most wunicipal agencies treating
wastewater, has found that effective management of its bio-
solids during the past 30 years is one of the moét difficult
operational functions which it must perform. In order to im-

plement a more effective program for utilizing its biosolids,



the District in 1967 adopted a policy of beneficially utiliz-

ing biocsolids on land whenever possible.

'ne District, to improve the quality of its ba
with respect to metals for land application, initiated several
interrnal programs. These programs, along with the implerenta-
tion of the Federal Water Pollution Control Act o<f 1972
(FWPCA] and 40 CFR Part 503 Sewage Sludge Regulations im 1983,
resulted in a reducticn in the metals content ‘of the Dis-

trictis biosclids.

I

The District, in the late 1960’'s, recognized the impact
of industrial discharges on wastewater treatment plant <pera-
tiong. In 1969, pretreatment régulations were establishted by
adopting an ordinance which set sgpecific limits on the c¢oncen-
trations of critical pollutants having the potential t¢ -mpact
the operations of the Distrxict’s WRPs. In addition, thes FWPCA
was amendec in 1977 to require the establishment of national
pretreatment standards governing industrial discharges into
the nation’'s publicly owned treatment works (POTWs) .

in 1278, the United States Environmental Protaction
Agency (USEPA) promulgated the General Pretreatment Ragula-
tions. These regulations established the responsibilit:iss of
the USEPA, the states, and POTWs in implementing the Natiocnal

Pretreatment Program. In 1985, the District submitted its

xi



final Pretreatment Program propcsal to the USEPA, and the
USEPA issued its approval of the District’s local Pretreatment
Program.

The District, in May 1992, in anticipation of the Part
503 Sewage Sludge Regulations being developed by the USEPA,
adopted a program for the Calumet area known as the 503 En-
forcement Initiative (503EI). This program was implemented
District-wide beginning in October 1992 to assure that the
sludge and biosolids produced by the_ District’s seven WRPs
would meet the high quality limits of the regulations with re-
spect to metals. The program emphasized optimization of the
District’'s existing pretreatment program, increased monitoring
of indust;ial point source discharges into its sewerage sys-
tem, and provided innovative pollution prevention assistance
‘to the industrial community.

The District’s programs and those implemented by the
USEPA had a major iﬁpact on the metal content of the sludge
and biosolids produced by the District’s WRPs. Reductions oc-
curred in the metal content of digester draw, waste activated,
and gravity concentration tank sludges prior to the implemen-
tation of the Part 503 Sewage Sludge Regulations. The Dis-

trict’s 503EI, in response to the sludge regulations, resulted
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in a significant continuing decline in the metal ccnteat of
the biogolids produced by the District’s WRPs.

The District's pretreatment programs resulted in a marked
reduction in the metal content of the sludge and bpiosolids
produced by the District’s seven WRPs from 1882 througn 2000.
Reducrions in metals occurred from 1582 through 1991 as a re-
sult of the implementation of the District’s pretreatment pro-

«

gram and the water quality based copper discharge

limits in
NPDES permits for the Hanover Park and James Kirie WRFs.  Ad-
dicional reductions in metals occurred from 1992 througn 2000
as & result of implementing the 503EI.

Reductions occurred in those metals categorically regu-
lated by the pretreatment regulations (cadmium, chromium., cop-
per, lead, nickel and zinc). With the exception of cadmium at
the Calumet and Lemont WRPs, which showed increases of 33 to
72 mg/dry kg and 9 to 14 mg/dry kg, respectively, reductions
for these six metals at the District’s seven WRPs from 1982
through 1%%1 ranged from a decrease of 11 percent for chromium
at the Calumet WRP to a decrease of 91 percent for cadmium at
the Hanover Park WRP. The vyearly mean concentrations of these
six metals in biosolids produced by the District’s WRFs after

1992 were all considerably below the Part 503 Sewage &ludge

Regulations limits for exceptional gquality (EQ) biosclids.
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The changes in the concentrations of the six pretreatment met-
als ranged from an increase of 3 percent for copper at the
Calumet WRP (320 to 330 mg/kg) to a decrease of 90 percent for
cadmium at the Calumet (42 to 4 mg/kg) and Stickney (41 to 4
mg/kg) WRPs. The reductions observed for these metals indi-
cate that the pretreatment programs implemented by the Dis-
trict were very effective.

For the nonpretreatment metals (arsenic, mefcury, molyb-
denum, and selenium), the changes in metal content were more
difficult to assess because of problems related to the ana-
lytical reliability of their analyses. Mercury was the only
nonpretreatment metal analyzed pgior to 15%1. Mercury, which
is subject -to the District’s local discharge limits, from 1982
through 1991 showed changes ranging from an increase of 150
percent (0.2 to 0.5 mg/dry kg) at the Calumet WRP to a de-
crease of 58 percent at the North Side WRP. From late 1993
through 2000, the levels of the nonpretreatment metals in the
sludge and biosolids produced by the District’s WRPs were low
and well below the EQ limits for these metals in biosolids to
be land applied.

An evaluation of the pollutant loadings from categorically
regulated significant industrial users (S8IUs) during full im-

plementation of the S503EI, from 1992 through 1998, showed an
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overall reduction of 52.4 percent for the six pretreatment
metals. These reductions in annual metal discharges lsad to
reductions in the metals content of the sludge and biosclids
produced by the District’s seven WRPs from 1992 through 2000.
For the nonpretreatment metals, the changes ranged from an in-
crezse of 300 percent for selenium (1 to 4 mg/kg) at the Egan
WR? to a reduction of 70 percent for mercury at the Egan WRP.
This variation reflects the problems associated with the ana-
lytical reliability of the early data for these metals.

The substantial reductions in the pretreatment metals,
along with the low concentrations of the nonpretreatmen: met-
als, have resulted in final biosolids products from ths Dis-
tricr’'s WRPs that more than meet the EQ criteria for metals in
the USEPA Part 503 Sewage Sludge Regulations. The 2004 Dis-
trict-wide non-weighted mean concentration of the 10 metals in
the sludge and biosolids from the District’s seven WRFs were
62 ton 95 percent below the EQ limit. The USEPA rscognized
these efforts by presenting the District with the 1326 Na-
tional Excellence Award for Pretreatment Programs in Lhe Large

Category {greater than 100 SIUs).
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INTRODUCTION

The Metropolitan Water Reclamation District of Greater
Chicago (District) treats the wastewater from the city oF Chi-
cageo and 125 adjacent suburban communities covering an area of
872 asguare miles. The District’'s sewered populaticn: is ap-
proxiéately 5.5 million people, the commercial and industrial
population equivalent is about 4.5 million people, and the
combined sewer overflow equivalent is about 0.6 millicn. mak-
ing the population equivalent served by the District about

10.6 million. From this residential, commercial and indus-
trial complex, the District collects and treats an average
wastewater flow of 1,500 MGD at seven WRPs. The District’s
WRPs range in size from 3.40 MGD to 1,200 MGD design flow.
The treatment of this large volume of wastewater currently re-
sults in the production of approximately 190,000 dry tons of
biosclids yearly that require ultimate disposition.

The District, like many municipal agencies operating
POTWs, has found that finding beneficial uses for its bio-
solids during the past 30 years in the United States ras been

one of the most difficult operational functions, and i- con-

tinues to be so. For many municipal agencies, landfilling,



incineration, and land application are the major methods of
disposal and/or utilization.

In 1967, the District’s governing board faced with in-
creasing solids production rates, rising fuel costs, and the
limited availability of land for final disposition, adopted a
policy of solids utilization rather than disposal. The Dis-
trict has always endeavored, when economically justified, to
incorpofate the beneficial use of biosolids into its sludge
management programs.

The District initiated several internal programs to re-
duce the metal content of its biosolids for beneficial utili-
zation. These internal programs, along with the implementa-
tion of the regulations of the FWPCA, and the 40 CFR Part 503
Sewage Sludge Regulations in 1993, resulted in a significant
improvement of the District’s biosolids with respect to met-
als.

The objectives of this paper are:

1. To give a historical overview of the metal
content in the digester draw and waste-
activated sludges from the District’s seven
WRPs from 1982 through 2000.

2. To show the impact of the District’s pretreat-

ment program on the metal content of the



[

eludge and Dbiosclids produced from 1

W
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through 1991.

To show the impact of the Distryict’s 503EI

initiative on the concentrations of pre-

treatment regulated metals (cadmium, chromium,

copper, lead, nickel, and zinc) and nonprs-

treatment metals (arsenic, mercury, molybde-

rum, and selenium) in the sludge and biosolids

produced by the WRPs from 1992 through 2000.



WATER RECLAMATION PLANTS

The District owns and operates seven WRPs, with design
flows in the range of 3.4 to 1,200 MGD. All seven WRPs use
the activated sludge process, and each WRP handles its
sludge/biosolids in somewhat different ways, depending upon
local factors. A brief description of the sludge management
operations at the seven WRPs follows.

Lemont WRP, located in Lemont, Illinois, has a design ca-
pacity of 3.4 MGD. Wastewater processes include both primary
and secondary (activated sludge) treatment. Solids produced
at the WRP (primary and waste-activated sludge) are gravity
concentrated. The concentrated solids are transported to ei-
ther the Calumet WRP or Stickney WRP for further processing.
No final biosolids product is produced at this WRP.

Jameg C. Kirie WRP, located in Des Plaines, Illinois, has
a design capacity of 72 MGD. Wastewater processes include
primary, secondary (activated sludge), and tertiary (sand fil-
tration) treatment. Solids produced at the WRP are sent via a
force main to the John E. Egan WRP for further treatment. No
final sludge product is produced at this WRP.

John E. Egan WRP, located in Schaumburg, Illinocis, has a

design flow of 30 MGD. Wastewater processes include primary,
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secondary f{activated sludge), and tertiary (sand filtraztion)
treatment. All raw sludge solids including waste-achivated
sludge at the WRP are anaerobically digested. Following di-
gestion, the sclids are conditioned with a cationic polymer
and centrifuged. The centrifuged cake may be land applied as
a Class B biosolids product or transported by truck to iagoons
at the Calumet WRP where it is aged prior to air-drying. Dur-
ing the winter or when the centrifuges are not operating. 1ig-
uid digested sclids are sent via pipeline to the Nortil $Side
(NS} WRP, where the NS waste-activated sludge solids and the
digested sclids from the John Egan WRP are sent via gipeline
to the Stickney WRP for further treatment.

Horth Side WRP, located in Skokie, Illinois, has a :design

capacicy of 333 MGD. Wastewater processes at this WRP include
primary and secondary (activated sludge) treatment. Solids
produced at this WRP are éent via pipeline to the Stickney WRP
for further treatment. No final biosolids product is produced
at thig WRPE.

Calumel. WRP, located in Chicago, Illinois, has a design
capacity of 354 MGD. Wastewater processes at this WRF include
primary and secondary (activated sludge) treatment. ALl sol-
ids produced at this WRP are anaercbically digested. Following

digestion, solids are conditioned with a cationic polymer,



centrifuged, and transported by truck to high solids lagoons
dedicated for storage and further stabilization of centrifuge
cake. The centrifuge cake may also be applied to agricultural
land as a Class B product. During the winter or when the cen-
trifuges are not operating, liquid digested solids are sent to
low solids lagoons dedicated for storage and further stabili-
zation.

Stickney WRP, located in Stickney, Illineis, has a désign
capacity of 1,200 MGD. Wastewater processeé include primary
and secondary (activated sludge) treatment. All primary and
waste-activated sludge solids produced at this WRP are gravity
thickened and are further dewatered in pre-digeétion centri-
fuges. The dewatered solids (about 6 percent) are anaerobi-
cally digested. Following digestion, these solids are proc-
essed through two biocsclids process trains, ligquid (low sol-
ids) or centrifuge cake (high solids), to produce an air-dried
final Class A biosolids product. Centrifuge cake may also be
applied to agricultural land as a Class B biosolids product or
transported to lagoons dedicated to the aging and further sta-
bilization of centrifuge cake.

Hanover Park WRP, located in Hanover Park, Illincis, has
a design capacity of 12 MGD. Wastewater processes at this WRP

include primary, secondary (activated sludge), and tertiary



(sand filtration}) treatment. All solids produced at this WRP
are thickened by gravity belt thickeners, anaercbicaliv di-

gested, and lagooned. Lagooned digested biosolids are then

.
I

{

applied by injection to fields on a 111 acre (45 ha) farm at
the site. All the biosolids produced at the Hanover Fark WRP

are beneficially utilized on farmland at the site.



FEDERAL REGULATIONS AND THE DISTRICT’S
PROGRAMS AND INITIATIVES TO REDUCE METALS IN BIOSOLIDS

The Federal Water Pollution Control Act (FWPCA)
of 1972 and 19877

The FWPCA established the ambitious goals of: (a) making
the nation’s waterways swimmable by 1983, and (b) eliminating
the discharge of pollutants into the nation’s waterways by
1985, To this end, Congress directed.the USEPA to conduct
comprehensive studies of the impact of industrial pollution on
the nation’s waterways, and to implement comprehensive na-
tional regulations governing wastewater discharges from indus-
tries found to be significant sources of pollution. Recogniz-
ing that a signifi-cant portion of the nation’s industrial fa-
cilities do not discharge wastewater directly into the na-
tion’'s waterways, Congress subsequently amended the FWPCA in
1977 to require the USEPA to establish national pretreatment
standards governing industrial discharges into the mnation’s
POTWs.

In 1978, the General Pretreatment Regulations were
promulgated, which established the responsibilities of the
USEPA, the states, and POTWs in implementing the National
Pretreatment Program. The General Pretreatment Regulations

included general discharge regulations applicable to all



indirect dischargers, intended to achieve the following obliec-

tives:

e

To prevent the introduction of pollutants that
pass-through POTWs and are discharged into re-

celiving waters.

[

To prevent the introduction of pollutants that
irnterfere with the operations of POTWs, in-

ciuding interference with the use or disposzl

of sludges generated by POTWs.

{ad

To improve opportunities to recycle and re-
claim municipal and industrial wastewaters and
siudges.

The General Pretreatment Regulations also reguire all
PCTWs which receive categorically regulated industrial dis-
charges, or with‘design flows greater than 5 MGD to deavelop
and maintain local pretreatment programs. Local prezreztment
programsg miist be approved by the USEPA or é state with dele-
gated approval authority for pretreatment program oversight,

and must include the necessary legal authority and procsdures
tc perform the following functions:
1. Tdentify and locate all possible industrizal
users (IUs) which might be subject to regula-

vion under the local pretreatment program.



Identify the character and volume of pollut;
ants discharged by IUs into the POTW.

Notify IUs of the applicability of pretreat-
ment program regulations and the requirements
governing the generation and disposal of haz-
ardous wastes under the Federal Resource Con-
servation and Recovery Act.

Receive and analyze self-monitoring feports
and other information submitted by IUs under
the General Pretreatment Regulations.

Randomly sample and analyze discharges from
IUs to the POTIW, and cﬁnduct surveillance and
inspection activities in order to identify in-
stances of noncompliance with applicable stan-
dards, independent of information supplied by
IUs.

Investigate instances of noncompliance by IUs,‘
and 1issue enforcement actions, including au-
thority to assess or seek c¢ivil penalties,
sufficient to elicit a prompt return to com-

pliance.

i0



7. Comply with the public participation and pub-
lic access to information provisions of ths
National Pretreatment Program.
In conformance with the General Pretreatment Regulations,
the Digtrict submitted its final pretreatment program proposal

to the USEPA in July 1985, and on November 18, 1985, the USEPA

12]

igsued its approval of the District’s local pretreatment pro-

Pretreatment Regulations and Program

DEVELOPMENT OF THE DISTRICT’'S PRETREATMENT PROGRAM

Recognizing the potential adverse impact of industrial
discharges on wastewater treatment plant operaticns. wmany
POTWg in the United States, including the Districi, =estab-
lished Pretreatment Programs during the late 1960s to control
the discharges from the IUs tributaries to their tr=atment
facilities. The District’'s Sewage and Waste Control Oxrdi-
nance (Ordinance), in which the District established gsneral
discharge regulations applicable to discharges from ail IUs,

inciuding specific limits on the concentrations of critical
pollutante having the potential to impact the operaticns of
the District’s WRPs, was adopted in 1969. The discharge lim-

[ )

ite contained in the Ordinance were designed to prevent the

11



pass-through of pollutants into receivihg streams, and inter-
ference with the physical and bioclogical treatment processes
employed at the District’s WRPs, and to a lesser degree, to
ensure the quality of biosolids generated for disposal.

The general discharge limits established by the District
in 1969, as well as several other municipal agencies during

this period, are indicated in Table 1.

NATIONAL PERFORMANCE STANDARDS

In addition to the General Pretreatment Regulations, Con-
gress directed the USEPA to establish National Performance
Standards for specific industrial categories identified as the
major sources of pollutants discharged into the nation’s wa-
terways.

In developing the National Performance Standards, the
USEPA surveyed the industrial community within each category
and collected information regarding industrial processes,
wagtewater treatment technologies, and effluent discharge
characteristics. The USEPA evaluated both the technical and
economical feasibilities of the wvarious treatment options in
the establishment of discharge standards.

To date, the USEPA has established direct and indirect

(pretreatment) discharge standards for 27 industrial categories,

12



METROPCLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC
TABLE 1
COMPARISON OF DISTRICT’S LOCAL DISCHARGE LIMITS FOR POLLUTANTS

REGULATED UNDER PART 503 SEWAGE SLUDGE REGULATIONS WITH THOSE OF
THREE OTHER MUNICIPAIL AGENCIES

Municipal Agencies®

Metropolitan Metropolitan

Water Reclama- Hampton Waste Con-

tion District Roads San- trol Commis-

of Greater itation gsion Twin

Pollutant Chicago District Cities Area

_________________________ mg/L_________.__.__«,.u,j—k:_,wn...__..
Arsenic NL2 0.1 NL 2.0
Cadmium 2.0 0.1 2.0 1.0
Chromium 25.0 5.0 8.0 2.0
Coppex 3.0 5.0 6.0 5.0
Lead 0.5 2.0 1.0 2.0
Meroury 0.0005 0.02 0.1 2.05
Molvhbdenum NL NL NL NL
Nickel 10.0 2.0 6.0 5.0
Selenium NL NL NL KL
Zinc 15.0 5.0 8.0 5.0

'‘General discharge limits for industrial waste pretrestment es-
tablished by the Municipal Agency - period 1969 to 198C.
’No 1limit established by local or federal agencies.

13



as indicated in Table 2. These categorical discharge stan-
dards are based upon the best available treatment technology
for the pollutants discharged from each industrial category,
and represent the highest degree of pollutant reduction eco-
nomically achievable using such technology.

Unlike local discharge limits established by POTIWs to
prevent pass-through or interference, categorical discharge
standards are applicable to all members of an industrial cate-
gory, nationwide, regardless of which POTW a particular IU
discharges to, and whether or not the POTW has established lo-
cal discharge limits. Thus, as federal categorical discharge
standards became effective during the 1980s, IUs were reguired
to install and maintain wastewater treatment technology suffi-
cient to comply with the standards, whether or not the local
POTW had a pretreatment program in place. In the absence of
an approved local pretreatment program, the IU is subject to

direct state or federal enforcement of categorical discharge

standards.

PRETREATMENT PROGRAM ACTIVITIES 1985 - 1992

Between 1985 and 1952, the District maintained its pre-
treatment program by conducting annual inspections and four days

of sampling at the facilities of all SIUs. In some cases,

14



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 2

INDUSTRIAL CATEGORIES SUBJECT TO ESTABLISHED FEDEEAL

CATEGORICAL, PRETREATMENT STANDARDS

Existing
40 CFR Sources Compl:ance
Industrial Category Part Date

Aluminum forming 467 10/24/85
Battery manufacturing 461 o/s/e7
Builders’ paper and board mills 431 7/1/64
Coil coating I 465 12/1/8%
Coil ocoating II (Canmaking) 465 11/17/85
Copper forming 468 8/15/3%¢
Electrical and electronic compo- 469 7/14/8%
nents I
Electroplating 413 7/15/8¢
Inorganic chemicals I 415 8/12/8%
Inorganic chemicals II 415 8/22/87
Iron and steel 420 7/10/8%
Leather tanning and finishing 425 11/25/85
Metal finishing 433 2/15/3¢
Metal molding and casting 464 10/31/&8
Nonferrous metal forming 471 8/23/a8
Nonferrous metal manufacturing I 421 3/8/87
Nonferrous metal manufacturing II 421 9/2C/88
Organic chemicals, plastics and 414 11/08/¢8¢
synthetic fibers
Pesticrides 455 10/4/88
Petroleum refining 419 12/1/85
Pharmaceutical manufacturing 439 10/27/8¢8
Plastics molding and forming 463 1/30/88
Porcelain enameling 466 11/25/85
Pulp, paper, and paperboard 4390 7/1/84
Rubber processing 428 None
Steam electric generating 125,423 7/1/84
Textile mills 410 9/2/8%
Timber products processing 429 1/2€/84

15



increased monitoring was performed where IUs demonstrated pat-
terns of noncompliance with applicable discharge standards.

As a result of the inclusion of water guality based cop-
per discharge limits in the ©National Pollutant Discharge
Elimination System (NPDES) permits for the District’s Hanover
Park and James Kirie WRPs, continucus (365 days per year) sam-
pling of certain IUs that use copper in their industrial proc-
esses was implemented during this period. Within this limited
focus area, the District found that continuous monitoring had
a deterrent effect on these IUs. Therefore, the District has
been able to maintain compliance with its NPDES permit dis-

charge limits through selective continuous monitoring without

difficulty.

THE 503 ENFORCEMENT INITIATIVE 1992 - 1997

Sustich et al. (1997) described the following initiatives
in the District’s Pretreatment Program wﬁich were implemented
in response to the Standards for the Use and Disposal of Sew-
age Sludge (40 CFR Part 503), promulgated by the USEPA in Feb-

ruary 1993 (USEPA, 1993):

In anticipation of the Part 503 regulations, the
District, in mid-1992, conducted an initial com-
pliance assessment with regard to the high qual-
ity sludge standards. Through this assessment,
the District determined that sludges produced at
some of its WRPs would not meet the high quality

16



503E1

limits, and that reduction in the concentrations
of three metals (cadmium, chromium, and lead) was
needed ... The District found that the average
concentrations of cadmium in digester sludge pro-
duced at the Calumet and Stickney WRPs did not
meet the high quality sludge limits, and while
the average concentrations of chromium and lead
at District WRPs met the high quality limits, in-
dividual analyses for these metals indicated pe-
riodic excursions beyond the high quality limits.
The District’s efforts to achieve the high qual-
ity sludge standards became known as the 503 En-
forcement Initiative (S03EI).

45

B,

IMPLEMENTATICN

Guilding Principle

The District established as the guiding princi
of the 5038I, that a substantial reduction in ¢
discharge of heavy metals, and the high quality
sludee limits, could be achieved through (a]
optimization of the District’s existing Pretreat-
ment Program, (b) increased monitoring of indus-
trial point source discharges into its sewerage
system, and (¢} innovative Pollution Prevention
(P2) assistance to the industrial community.

Pretreatment Program Optimization

In January 1993, following approval by the stat=
of Illincis legislature in August 1992, the Disg-
trict amended its Sewage and Waste Control Ordi-
nance (Ordinance) to include the following en-
forcement wmechanisms, which were designed =«
elicit more decisive action by IUs to attain com-
piiance with applicable standards:

P
[

» authority to assess administrative civil pen-
alties, in the range from $100 to $2,000 per
day of violation

17



L authority to assess fees for late filing of
reports required under the Ordinance, 1in the
range from $100 to $1,000 per day

. authority to impose liens on property owned by

IUs, in response to nonpayment of late filing
fees

Increased Monitoring of Industrial Point Source
Discharges (40 CFR 403)

Under the federal General Pretreatment Regqula-
tions, POTWs are required to inspect and sample
each significant industrial user (SIU) tributary
to their sewerage systems, at least once annu-
ally. In addition, each SIU is required to con-
duct self-monitoring of its wastewater discharge,
at least twice annually. While the District had,
for a number of years, performed these mandated
inspection and sampling activities, and had re-
guired its S8SIUs to conduct the mandated self-
monitoring, most SIUs were left effectively un-
monitored for more than 90 percent of each calen-
dar year.

Under the 503EI, the District substantially in-
creased its resources committed to inspection and
sampling of SIUs who are categorically regulated
for the discharge of metals ... These increased
resources were targeted exclusively toward regu-
lated SIUs which the District established had a
higher than average propensity for discharging
metals of concern, the District considered the
following factors: ’

] annual mass discharge of metals of concern
. five-year enforcement history
) adequacy of industrial pretreatment facilities

. adequacy of spill prevention, control and
countermeasure facilities

18



e acceptability of discharge monitoring point

® presence of state certified wastewater treat-
ment plant operator

Fach regulated SIU wags assessed a numeric score
for the factors above, and the population was
then ranked by numeric score for the selection of
rargets for continuous discharge monitoring.
During the first guarter of 1993, the District
installed continuously operated automatic sam-
pling equipment at the top 100 8IUs (out of &40
8¥Us] identified through the selection proceszs
described above. Through the increased SIU moni-
toring described here, the District was able o
substantially reduce sludge metals concentra-
tions at its WRPs, and the high quality sludge
limits were consistently being met by April 19%32.

19



METALS

The District implemented its first pretreatment standards
for discharges into sewers in 1969 to reduce the adverse im-
pacts of metals on the performance of its WRPs. In subsequent
years, as described in the section FEDERAL REGULATIONS AND THE
DISTRICT’'S PROGRAMS AND INITIATIVES TO REDUCE METALS IN
BIOSOLIDS, stricter pretreatment standards were imposed by the
District under approved local and USEPA categorical standards.
In 1993, the USEPA Iimplemented the Part 503 Sewage Sludge
Regulations for land application. Also, in 1993 the District
implemented District wide an initiative (503EI) to drastically
reduce metals in the sludge and biosolids generated from its
WRPs. The impact of these pretreatment standards, regula-
tions, and enforcement initiatives has been to reduce the
metal content in the sludge and biosolids produced by the Dis-
trict’s WRPs from 1982 through 2000, but particularly between
1982 and 2000.

From a historical perspective, there are three periods
of interest in evaluating the metals content of the sludge
and biosolids produced by the District’s seven WRPs. The
first period is the broad span of 1982 to 2000 which gives a

historical overview of metal concentrations in the sludge and

20



biocsnlids from the District’s WRPs during this interval. The
second period is from 1982 to 1991, which reflects tne ap-
proval of the District’s pretreatment program by USEPA on No-

vember 18, 1985, maintaining the pretreatment program Ly con-

ducting annual inspections and four days of sampling a: the

Hh

acilitcies of 8IUs, and water gquality based copper disciarge

I_J

[ =R

FI1T"-“:L ‘1
|39 Bp -

’3

NPDES permits for the Hanover Park and Kirie WRPs.

The third pericd of 1992 to 2000 reflects the 1mplementation
of the S03EI, and the impact of this initiative on the metal

concentrations in the sludge and bioscolids produced bv the

District's WRPs.

bal?
b

The metals shown for these three periods are the 1{ met-

als originally regulated in the Part 503 Sewage Sludge Regula-
g Y reg

tions (arsenic, cadmium, chromium, copper, lead, mercury, mo-

lybdenum, nickel, selenium, and zinc).

Sludge and Biosolids from District WRPs 1982 - 2000

The mean yearly concentrations of the 10 metals are shown for
the sludge and biosolids from each of the District’s seven WRPS
from 1982 through 2000 in Tablesg 3 through 12. For the Taiumet,
Egan, Hanover Park, Stickney WRPs, the metal concentrations are
showr: for the digester draw. At the Kirie and Lemont WrREz, the

metal levels are shown for the waste-activated sludge produced by

21



44

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 3

YEARLY MEANS FOR ARSENIC' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— mg/dry Kg---------m o
1982 NA NA NA NA. NA. NA NA
1983 NA NA NA NA NA& NA NA
1584 NA NA NA NA NAa - NA NA
1985 NA NA NA NA NA NA NA
1986 NA NA NA NA NA NA NA -

1987 NA . NA NA NA NA NA NA

1988 NA NA NA NA NA NA NA
1989 NA : NA ' NA NA NA | NA NA
1990 NA NA NA NA NA NA NA
1991 5 1 1 0? | 6 22 2

1992 0 0 NR 11 0 0 1
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 3 (Continued)

FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digesterx Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— mg/dry Kg--------mmm e .
1993 3 2 1 12 7 2 1 2
1994 3 2 2 7 | 2 2 2
18895 5 2 2 3 2 2 2
1596 11 3 2 6 2 4 2
1997 9 3 3 5 3 4 3
1998 7 3 3 6 2 | 4 3
1999 7 4 3 4 3 4 3
2000 8 -' 4 4 6 3 3 3

NA = No analveils.

*Arsenic limit for exceptional guality Dicsolids 18 41 g/ kg,
‘Concentrations less than the detection limit are rveported as zero.
NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 4

YEARLY MEANS FOR CADMIUM' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw - Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— Mg/Ary KRG == e oo e e
1982 33 151 197 132 85 9 131
1883 54 159 221 104 55 1lé 128
1984 68 167 57 128 | 124 é5 141
1985 96 101 66 107 83 23 110
1986 70 95 23 120 64 22 95
1987 90 62 . 12 132 47 23 92
1988 77 f61' 13 o8 : 35 29 69
1989 85 =41 12 | 103 36 16 56
1890 62 34 18 67 . 24 17 39
1991 72 28 18 47 26 14 37

1992 42 25 15 41 19 4 32
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 4 (Continued)

YEARLY MEANS FOR CADMIUM' IN SLUDGE AND BIOSOLIDE FROM DISTRICT WEPs
FROM 1582 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— mg/dry Kg-----=-m oo m e e
1993 15 21 13 23 16 3 24
1994 7 19 13 18 15 3 23
1995 7 16 13 13 13 2 19
1996 6 5 4 8 3 2 5
1997 4 5 3 -5 3 2 5
19388 4 3 2 6 2 2 4
1999 5 4 3 5 3 2 5
2000 4 4 _ 3 4 3 2 4

Cadmium limit for exceptional quality bingolids ia 39 mg/keg.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 5

YEARLY MEANS FOR CHROMIUM' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan  Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw  Activated Activated Concentration

——————————————————————————————— Mg/Ary Kgem---mmmmm e mm o e e
1982 379 1090 667 2019 900 45 904
1983 488 1327 651 1694 918 60 799
1984 704 1066 655 1747 888 57 826
1985 723 903 382 1524 698 55 685
1986 507 738 ~ 185 1412 565 68 572
1987 543 850 172 1499 715 72 643
1988 493 1833 165 1311 681 64 698
1989 503 492 158 - 1200 404 52 551
1990 316 305 145 1017 234 66 252
1991 338 223 156 904 . 201 19 180

1892 289 218 135 1017 191 32 193
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 5 (Continued)

YEARLY MEANS FOR CHROMIUM® IN SLUDCE AND BIOSOLINS FROM DISTRICT WRPs
FROM 1882 THROUGH 20060

Calumet Egan Hanover Park - Stickney Kirie Lemont North Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration
——————————————————————————————————— mg/dry Kg-----—--m e e
1993 205 206 110 667 180 33 145
1994 85 129 - 78 439 108 23 135
1985 82 130 62 425 122 23 116
1996 82 85 51 338 69 24 59
1997 101 90 43 339 75 20 68
1998 67 123\ 50 258 115 i6 80
1999 68 118 38 ' 277 | 93 17 68
2000 73 203 43 251 185 16 77
fChromium limit of 1200 mg/kg for exceptional nuality biocsclids was by TEEDA

Lrom the Part 503 Sludge Reguiabions in 1395,
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 6

YEARLY MEANS FOR COPPER* IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

-——————;—; —————————————————————————— mg/dry kg------- ettt [
1982 353 2100 1975 1278 1875 676 1140
1983 344 2005 2564 1146 1854 855 1066
1984 352 1824 3212 1342 1542 727 1042
1985 359 - 1818 2416 968 1526 727 858
1986 342 1673 1730 862 1408 769 756
1987 344 2747 1926 871 2488 384 993
1988 357 2235 1701 8g3 1873 380 916
1988 318 ‘i279 1498 798 - 1116 264 675
1990 254 849 1222 597 574 292 487
1891 2395 732 1162 528 537 341 452

1992 320 862 ' 1054 580 671 411 541
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METROPOLITAN WATER RECLAMATiON DISTRICT OF GREATER CHICAGO
TABLE 6 (Continued)

YEARLY MEANS FOR COPPER' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester . Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— mg/dry kg---------mmmm o e
1933 310 751 845 481 558 424 521
1994 | 296 703 836 509 513 487 445
1995 287 683 702 436 523 423 456
1896 307 654 724 385 490 374 405
1997 306 683 722 395 500 436 432
1998 331 679 830 377 508 470 510
1999 356 :778 874 390 SQi 458 534
2000 330 825 793 387 596 406 538

P R — - e T & P " _ T
Coppey limit for esxcepticnal guality hicsolids is 1500 mg/ko.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 7

YEARLY MEANS FOR LEAD' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumét Egan  Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Wasgte Gravity
Year Draw Draw Draw Draw Activated MActivated Concentration

——————————————————————————————————— mg/dry Kg------=---m oo
1982 467 289 194 -524 254 342 328
1983 572 290 277 459 226 332 296
1984 837 304 449 478 235 519 268
1985 517 290 279 396 239 432 256
1986 404 265 193 396 222 293 427
1987 229 402 263 423 361 143 413
1988 215 329 238 342 261 140 244
1989 174 211 177 309 148 74 173
19390 181 i59 | 157 276 99 58 165

1991 154 104 118 273 _ 78 60 148
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METROPCLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 7 (Continued)

YEARLY MEANS FOR LEAD' IN SLUDGE AND BIOSOLIDS FROM DISTRICT Whbs

A a1 o 8

FROM 1982 THROUGH 2000

Calumet Egan  Hanover Park Stickney Kirie ~ Lemont North Side

Digester Digester Digester .Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry Kkg----------rmm e e
1992 136 158 - 144 302 106 69 172
1893 140 92 75 263 58 69 137
1994 119 81 80 248 50 61 111
1995 113 69 72 212 51 42 97
1996 145 59 50 184 40 _ 33 86
1997 262 60 47 176 45 34 87
1998 135 . 55 45 163 43 32 89
1399 119 | 55 48 144 44 33 88
2600 rog 46 42 139 33 23 F1]

"Lead limit for exceptional quality biosolids is 300 mg/kg.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 8

YEARLY MEANS FOR MERCURY' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont ‘North Side

Digester Digester Digester Digester Wagste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry kg--=------m e
1282 0.2 3.9 4.7 4.6 2.9 1.5 4.3
1983 0.4 3.9 4.4 3.3 2.2 2.5 3.6
1984 0.4 3.5 3.7 3.3 2.0 2.1 3.0
1985 0.4 3.4 4.0 2.3 2.4 1.0 3.0
1986 0.6 3.3 5.4 2.3 2.3 1.1 12.3
1987 1.6 3.1 4.8 1.2 2.1 0.7 3.8
1988 0.6 2.6 4.2 1.5 1.8 0.8 2.1
1989 0.7 2.7 3.8 1.8 2.1 1.0 2.1
1990 0.6 3.5 4.1 1.8 2.0 0.8 2.0
1991 0.5 3.0 4.4 2.0’ 1.9 0.8 1.8
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 8 (Continued)

VEARLY MEANS FOR MERCURY' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry Kg-----=--mssmmmmem e oo
1992 0.8 3.0 4.0 1.6 1.9 0.6 2.1
1993 1.4 2.5 4.2 1.7 1.4 1.0 | 2.0
1954 1.3 2.3 4.4 1.7 1.5 0.9 1.7
1895 0.8 2.1 3.4 2.2 1.1 0.8 ' 1.7
1996 0.4 2.0 3.7 1.8 1.3 0.3 1.9 .
1897 0.3 1.9 3.3 - 1.2 1.1 0.4 1.2
1998 0.7 0.8 2.2 1.0 0.8 0.5 0.6
1999 0.5 i.3 2.2 0.7 0.6 | 0.5 0.8
A000 0. 0.9 1.7 G.7 0.6 0.6 0.4

‘Mercury limit for exceptional quality biosolides is 17 wng/kyg.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 9

YEARLY MEANS FOR MOLYBDENUM' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1882 THROUGH 2000

Calumet Egan Hancver Park Stickney Kirie . Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry Kg-------mmmmm e
1982 NA NA NA NA NA NA NA
1983 NA NA NA NA NA NA NA
1984 NA NA NA NA _ ~ NA NA NA
1985 NA NA - NA NA NA .NA NA
1986 NA NA NA NA NA . NA NA
1987 NA NA ﬁA NA NA NAa NA
1988 NA NA NA NA NA NA NA
1989 NA ' NA NA NA NA NA ' NA
1990 NA NA NA NA NA NA NA

1991 5 34 8 02 9 24 9

1992 8 9 NR 12 5 3 10
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 9 (Continued)

YEARLY MEANS FOR MOLYBDENUM' IN SLUDGE AND BTOSOLIDS FROM DISTRICT WRPs
FROM 19882 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester  Digester ‘Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry Kg--=-----mm e e e
1993 8 20 10 9 14 3 10
1994 10 23 10 . 13 13 5 10
1995 16 17 8 ' 21 10 7 9
1956 NA NR NR 25 6 NR NA
1997 NA NR NR NA 8 NR NA
1998 15 15 10 24 8 4 NA
1999 13 17 10 13 12 4 7
2000 11 : ‘20 11 - 14 13l 5 8

‘Ceiling limit for molybdenum in Part 503 Sludge Regulations is 75 mg/ka.
NA = HNo asnalysis.

‘Concentrations less than the detection limit are reported as zero.

NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 10

YEARLY MEANS FOR NICKEL' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry Kg--=---- - e e
1882 92 376 121 364 139 65 224
1983 1061 343 : l4ae 271 105 ‘77 lé9
1984 98 165 236 264 117 94 240
1985 84 157 240 209 i 99 222
1986 82 148 164 194 70 72 170
1987 BS 165 . 158 247 107 124 193
1988 74 188 121 185 147 115 179
1989 .40 .118 126 160 92 45 158
19580 45 82 84 135 68 | 44 91

1991 46 87 63 124 75 28 92
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TARLE 10 (( inued)
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YEARLY MEANS FOR NICKEL' IN SLUDGE AND BICSOLIDS FROM DISTRICT Wabs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side
Digester Digesterxr Digester Digesteyr Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration
—————————————————————————————————— mg/dry Kg---~=----—--=---~-me oo
15392 40 104 74 108 89 27 102
1993 42 87 57 74 68 24 73
1994 32 . 71 50 70 55 20 72
1995 33 52 38 69 42 18 48
1996 32 39 29 61 29 18 37
1997 31 42 31 55 33 17 41
1998 34 48 30 55 38 18 56
1999 30 45 30 52 35 16 40
2000 S0 &2 £ 54 61 14 473

'NWickel limit for exceptional guality biosclids is 420 mg/kgu
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 11

YEARLY MEANS FOR SELENIUM' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
' FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

——————————————————————————————————— mg/dry Kg-------m e
1982 NA NA NA NA NA NA NA
1983 NA NA NA NA NA NA NA
1984 NA NA NA NA NA NA NA -
1985 NA NA NA NA NA NA NA
1986 NA NA NA NA NA NA NA
1987 NA NA NA NA NA NA NA
1588 NA .'NA NA NA NA NA NA
1989 NA A NA NA NA NA NA
1990 ~ NA NA : NA NA ~ NA NA NA
1991 5 2 2 02 2 25 3

1992 23 1 NR NR 0 5 3
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 11 (Continued)

YEARLY MEANS FOR SELENTUMY IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1882 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Cravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— mg/dry kg---------==-==----=---------oo-oo
1953 <1 1 1 NR 1 <1l 1
1954 0 1 1 ’ 2 1 0 1
1995 8 .1 1 3 1 3 1
1996 11 2 2 . 3 2 4 2
1997 10 2 2 3 2 2 2
1998 13 4 4 3 3 4 5
1999 10 .4 5 3 3 3 5
2000 12 4 | 5 3 3 4 4

Ceiling limit for Selenium in Part 502 gludge Regulations is 100 mg/kg.

NA = No analysis.

2 " E 3 K 3 5 = — s, ; .
Concentrations less than the minimum detection limib are reported as zero.
NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 12

YEARLY MEANS FOR ZINC' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1982 THROUGH 2000

Calumet Egan Hanover Park Stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— mg/dry Kg----=---m -
1982 2352 2803 1899 2233 - 2754 4818 1891
1983 2275 3505 1805 >2129 3283 4682 1716
1984 2577 . 3573 1514 2186 2993 4545 1704
1985 2414 2830 1131 2070 2427 5511 1524
1986 2715 2481 | 1018 2264 1591 7271 1281
1987 2454 NR 929 2452 2067 805 1421
1988 2321 2461 966 2127 2073 570 1330
1989 2017 | 2261 943 1976 2040 445 1136
1990 2123 2207 795 1815 1655 596 . 955

1991 1860 1l1le7 720 1643 1013 546 777
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 12 (Continued)

YEARLY MEANS FOR ZINC' IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs
FROM 1382 THROUGH 2000

Calumet Egan Hanover Park stickney Kirie Lemont North Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Concentration

———————————————————————————————————— Mg/Ary KGg-=-m-m e o m e e
1992 1432 1320 778 1827 1084 561 881
1593 1363 1005 663 1333 763 612 816
1594 1393 803 | 693 1455 | 581 574 1490
1995 1429 708 612 1073 543 483 660
1996 1626 671 582 1165 511 -~ 455 557
1997 1789 713 615 874 542_‘ 443 559
1998 1429 T 713 620 840 575 457 556
18999 1077 734 754 902 553 536 565
2000 rizs 44 10 wpe B51 546 H44

*Zinc limit for exceptional quality biosolids is 2800 mg/kg.
NR = Not reported.



these two plants. For the North Side WRP, metal concentra-
tions are reported for gravity concentration sludge, since
this is the material which i1s pumped to Stickney for further
processing. The yearly mean, minimum, and maximum concentra-
tions for each of the 10 metals at the District’s seven WRPs

from 1982 through 2000 are shown in Appendix AT.

ARSENIC

The yearly means for arsenic in the sludge and biosolids
produced by the District’s seven WRPs from 1991 through 2000
are shown in Table 3. Arsenic is not regulated by the pre-
treatment regulations (nonpretreatment metal). The analysis
of District biosolids for arsenic was not initiated until
1991. Analysis for arsenic has been subject to problems of
analytical reliability, making a comparison of the levels re-
ported in 1991 and 1992 with those in later years at the Dis-
trict’s seven WRPs difficult to interpret.

The arsenic concentration for EQ biosolids in the Part
503 Sewage Sludge Regulations is 41 mg/dry kg. Table 3 shows
that the arsenic levels in the sludge and biosolids produced
by the seven District WRPs from 1992 through 2000 were within

the range of 0 to 22 mg/dry kg, and were well below the EQ

limit.
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CADMIUY
The yearly means for cadmium in sludge and biosolids pro-
duced by the District’s seven WRPs are shown in Table 4. They

ranged from 2 mg/dry kg at several WRPs (Hanover Park 1998,
Kirie 1898, and Lemont 1995 - 2000) to 221 mg/dry kg at the
Hanover Park WRP (1983). From 1982 through 2000, tha Lemont
WRP waste~ac;ivated sludge had the lowest range of mesan cad-
mium levels (2 to 29 mg/dry kg). The highest ranges of mean
cadmium concentrations from 1982 through 2000 occurred in di-
gester draw sludge from the Hanover Park WRP (2 to 221 mg/dry
kg) and the Egan WRP (3 to 167 wmg/dry kg).

The impact of the pretreatment regulations and the S503EI
on cadmium reduction in biosolids produced by the District’s
WRPs from 1982 through 2000 will be discussed later :in this
report. Table 4 shows that the yearly mean cadmium levels in
the sludge and biosolids produced at the District’s seven WRPs
after 1992 were below the cadmium limit of 39 wmg/ky for EQ
biosclids. Yearly mean cadmium concentrations in sludge and

bicsclids continued to decline from 1993 through 1%9%%, and

have remainred essentially constant since 1996.
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CHROMIUM

The vyearly means for chromium in the sludge and bio-
solids produced by the District’s seven WRPs from 1882
through 2000 are shown in Table 5. They ranged from 16
mg/dry kg at the Lemont WRP (1998 and 2000) to 2019 mg/dry kg
at the Stickney WRP (1982). During that interval, the Lemont
WRP waste-activated sludge had the lowest range in mean chro-
mium levels (16 to 72 mg/dry kg) while the highest rangé of
mean chromium concentrations occurred in the digester draw
from the Stickney WRP (251 to 2019 mg/dry kg).

The USEPA deleted the chromium EQ limit of 1200 mg/kg
from the Part 503 Sewage Sludge Regulations in 1995. Although
there is no EQ limit for chromium, Table 5 shows that the mean
yearly chromium levels in the sludge and biosolids produced by
the District’'s seven WRPs were below 1200 mg/kg after 1992.
This can be attributed to the implementation of 503EI in 1992

which will be discussed later in this report.

COPPER

The yearly means for copper in the sludge and biosoclids
produced by the District’s seven WRPs from 1982 ﬁhrough 2000
are shown in Table €. They ranged from 254 mg/dry kg at the

Calumet WRP (1990) to 3212 wmg/dry kg at the Hanover Park WRP
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(1984, . The range in mean copper levels during this interval
was the lowest in digester draw sludge from the Calumet WRP
(254 to 359 mg/dry kg) and the highest in digester draw siudge
from the Hanover Park WRP (702 to 3212 mg/dry kg).

Table 6 shows that after 1992, the mean yearly concen-
trations ¢f copper in the sludge and biosolids producsd by
the Districc’s seven WRPs were well below the copper EZ limit
of 1500 mg/kg. VYearly mean copper levels at the District’s
WRPz have remained fairly constant since 1993. This trend
indicates that the implementation of the pretreatment programs
and the monitoring of SIUs under the 503EI to be discussed

later in this report were effective for copper removaj .

LEAD
The yearly means for lead in the sludge and tiosolids

produced by the District’s seven WRPs from 1982 througr 2000

BS taw

are snown in Table 7. They ranged from 23 mg/dry kg =zt the
Lemont WRP (2000) to 837 mg/dry kg at the Calumet WRP [1.984).
The range in mean lead concentrations during that interval was
the lowest in waste-activated gsludge from the Kirie WRP (33 to
361 mg/dry kg) and the highest in digester draw from the Calu-
met WRP (108 to 837 mg/dry kg) and Stickney WRP (139 to 524

mg/dry kq) .
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Table 7 shows that since 1993, the mean yearly levels of
lead in the sludge and biosolids produced by the District’'s
seven WRPs have been fairly cons£ant and well below the lead
EQ limit of 300 mg/kg. The impact of the pretreatment pro-
grams on lead reduction in the sludge and bicsolids is very

evident, and it will be discussed later in this report.

MERCURY

The yearly means for mercury in the sludge and biosolids
produced by the District’s WRPs from 1982 through 2000 are
shown in Table 8. They ranged from 0.2 mg/dry kg at the Calu-
met WRP (1982) to 12.3 mg/dry kg at the North Side WRP (1986).
Mercury is regulated by the District’s local discharge limits
(Table 1), but not by the USEPA categorical pretreatment stan-
dards. Mercury levels were generally the lowest in digester
drawkfrom the Calumet WRP and the highest in digester draw
from the Hanover Park WRP.

The mean yearly mercury concentrations in the sludge and
biosolids produced by the District’s WRPs from 1982 to 2000
were always below the mercury EQ limit of 17 wmg/kg established
by the USEPA in 1993. Continued reductions in mercury oc-
curred at the District’s WRPs after the Part 503 Sewage Sludge

Regulations were implemented in 1993.
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MOLYBDENUM
The yearly means for molybdenum in the sludge and bhio-
solids preoduced by the District’s WRPs from 1982 throush 2000

are shown in Table 9. Molybdenum is not regulated &Ly the

pretreatment regulations, and it is a nonpretreatment metal

as shown 1in Table 1. The analysis of molybdenum :a the
District’s sludge and biosolids was not initiated until 1991.

Analytical methods for molybdenum, like arsenic, are not as
reliakble as methods for other metals. This makes the com-
parigson of molybdenum concentrations reported in 1%9%1 with
those in the following years at the District’s seven wWrPs dif-
ficult to interpret.

The mean yearly molybdenum concentrations in the sludge
and bhiocsclids produced by the seven WRPs from 199 :hr@ugh
2000 are shown in Table S. They ranged from 0 mg/dry kg at
the Stickney WRP (1991) to 34 wmg/dry kg at the Egan WRP
(1991). Molybdenum concentrations were usually the lowest in
waste-gctivated sludgé from the Lemont WRP, and the highest in
digester draw from either the Egan or Stickney WRPs. Molybde-

num concentrations in the sludge and biosolids showed =rn in-

crease from 1991 through 2000. This apparent increzse is
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data. No analyses were conducted from 1982 through 1990 due
to the unreliability of the analytical methods during this pe-
riod.

The ceiling concentration limit for molybdenum in the
Part 503 Sludge Regulations is 75 mg/kg. Table 9 shows that
the sludge and biosolids produced by the District’s WRPs after

19921 had molybdenum concentrations well below 75 mg/kg.

NICKEL

The yearly means for nickel in the sludge and biosolids
produced by the District’s seven WRPs from 1982 through 2000
are shown in Table 10. They ranged from 14 mg/dry kg at the
Lemont WRP (2000) to 376 mg/dry kg at the Egan WRP (1982).
The range in mean nickel concentrations during that interval
was the lowest in digester draw sludge from the Calumet WRP
(30 to 101 mg/dry kg), and the highest in digester draw sludge
from the Egan WRP (392 to 376 mg/dry kg) and Stickney WRP (52
to 364 mg/dry kg).

Table 10 shows that the yearly mean nickel concentra-
tions in the sludge and biosolids produced at the District’s
WRPs after 1992 were well below the nickel limit of 420 mg/kg
for EQ biosolids, and ranged between 14 and 87 mg/kg. This

indicates that the pretreatment programs implemented were
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very effective in reducing the nickel concentrations in the

sludge and biosolids produced by the District’s seven WEPs.

SELENIUM

The yearly means for selenium in the sludge and bicsclids
produced by the District’s WRPs from 1982 through 2000 are
showr in Table 11. Selenium is not regulated by the precreat-
ment regulztions, as shown in Table 1. The analysis for sele-
nium was not initiated until 195%91. The reliability «f sele-
nium analvsis like arsenic and molybdenum was initialiy not
good. This makes the comparison of the concentratiosns re-
ported in 1991 with those in the following years at the Dis-
trict’s seven WRPs difficult to interpret.

The wean selenium levels in the sludge and biosclids pro-
duced by the seven WRPs from 1991 through 2000 are shown in
Tabis 11, and they ranged from 0 mg/dry kg at the several WRPs
(Stickney 1991, Kirie 1992, Calumet 1994, and Lemont 1%34) to
25 mg/dry kg at the Lemont WRP (1991). 1Increases in selenium
concentrations were observed in the sludge and bioscliids pro-
duced by tne District’s WRPs after 1991, and they varied from
33 percent for North Side gravity concentration sludge (3 to 4

mg/dry kg) to 150 percent for Hanover Park digester draw (2 to

5 mg/dry kg . These apparent increases were probably due to
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the unreliability of the analytical techniques used to obtain
the early data.

The ceiling limit for selenium in biosolids is 100 mg/kg.
Table 11 shows that yearly mean selenium concentrations in the
sludge and biosolids produced by the District’s seven WRPs
were within the range of 0 mg/kg at the Calumet and Lemont
WRPs (1994) to 13 mg/kg at the Calumet WRP (1998) from 1993

through 2000, which is well below the ceiling limit for sele-

nium.

ZINC

The yearly mean zinc concentrations in the sludge and
biosolids produced by the District’s seven WRPs from 1982
through 2000 are shown in Table 12. They ranged from 14
mg/dry kg at the Lemont WRP (2000) to 376 mg/dry kg at the
Egan WRP (1982). The lowest ranges in mean 2zinc concentra-
tions during that interval occurred in the digester draw
sludge from the Hanover Park WRP (610 to 1899 mg/dry kg) and
the gravity concentration tank sludge from the North Side WRP
(549 to 1891 mg/dry kg). The highest range in mean zinc lev-
els occurred in waste-activated sludge from the Lemont WRP

(443 to 4818 mg/dry kg).
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The pretreatment regulations had a marked effect on the
zinc concentrations in the sludge and biosolids producsd by
the District’s WRPs from 1982 through 2000, and this will be
discussed in a later section of this report.

Takble 12 shows that after 1992 the yearly m=an zinc
concentrations in the sludge and biosolids produced at the Dis-

trict’'s WRPs were well below the EQ biosolids zinc limit of

2800 mg/kg.

Sludge and Bilosolids from District WRPs 1982 - 18¢

During the time period of 1982 through 1991, the USEPA
implemented categorical discharge standards which were ap-
plicable to all members of an industrial category, nation-
wide, regardless of which POTW a particular IU discharged
to. The District received USEPA approval of its pretreat-
ment. program on November 18, 1985, and it maintained the
pretreatment program by conducting annual inspections, as
previously described 1in the section PRETREATMENT PEOGRAM
ACTIVITIES 1985 - 1992, Water quality based copper dis-
charge limits in the NPDES permits for the Hanover Park and
James Kirie WRPs were also implemented during this period.

All these factors had an impact on the metal concentrations
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in the sludge and biosclids produced at the District’s seven

WRPs during the interval of 1982 through 1991.

The metals concentration in the sludge and bicsolids pro-
duced by each of the District’s seven WRPs during this time
period are shown in Tables 13 through 19. The percent in-
crease or decrease for seven metals (cadmium, chromium, cop-
per, lead, nickel, zinc, and mercury) is shown in each table.
All metals except mercury were subject to implementation of
the federal categorical discharge standards during the 1982 to
1991 time period as required by the FWPCA. The District has
its own local limit fﬁr mercury as shown in Table 1. The Dis-
trict’s Calumet, Stickney, and Hanover Park WRPs were the
sources of biosolids for land application during this time pe-
riod.

Reductions in all seven metals generally occurred at the
District’s WRPs during 1982 through 1991. With the exception
of cadmium at the Calumet and Lemont WRPs, which showed in-
creases of 33 to 72 mg/dry kg, and 9 to 14 mg/dry kg, respec-
tively, reductions in cadmium concentrations ranged from 64
percent at the Stickney WRP to 91 percent at the Hanover Park
WRP. Chromium levels were reduced from 11 percent in bio-
solids at the Calumet WRP to 80 percent in gravity tank con-

centration sludge at the North Side WRP. Copper reductions
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13

TRENDS

IN ANNUAL

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

MEAN CONCENTRATIONS OF SELECTED METALS™ IN CALUMET WRP DIGESLED

BIOSCLIDS FRCOM 1582 THROUGH 19951

Annual Mean Concentration Reduction

Metal 1982 1984 1986 1988 1990 1951 1982 15381

——————————————————————— mg/dry kg------------mme oo e R
Cadmium 33 68 70 77 62 72 -118
Chromium 379 704 507 493 316 338 11
Copper 353 352 342 357 254 295 16
Lead 467 837 404 215 181 154 67
Nickel 92 98 ‘ﬁ82 74 45 46 50
Zinc 2352 2577 2715 2321 2123 1860 21
Mercury 0.2 0.4 0.6 0.6 0.6 | 0.5 -150

-'Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 14

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS' IN EGAN WRP DIGESTED BIOSOLIDS
FROM 1982 THROUGH 1991

Annual Mean Concentration Reduction

Metal 1982 1984 1986 1988 1990 1981 1982 - 1891

——————————————————————— mg/dry kg-----~--mmmmmm e e e L B R
Cadmium 151 167 95 61 34 28 81
Chromium 1090 1066 738 833 305 223 79
Copper 2100 1824 1673 2235 849 732 65
Lead 289 304 265 329 159 104 64
Nickel 376 165 148 188 82 87 77
Zinc 2803 3573 2481 2461 2207 1167 58
Mercury 3.9 3.5 3.3 2.6 3.5 3.0 23

'Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TART.I 1K
LA aI0 ded

TRENDS TN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALSS 1IN HANOVER PARK WRP DIGHSTED

BIOSOLIDS FROM 1982 THROUGH 1981

Annual Mean Concentration | ] Reduction

Metal 1982 1984 1986 1588 19590 18391 1382 - 1981

——————————————————————— mg/dry kg------==--=-----=-=m---=-oo T S
Cadmium 197 57 23 13 18 18 91
Chromium 667 655 185 165 145 156 77
Copper 1975 3212 1730 1701 1222 1162 41
Lead 194 449 183 238 157 118 39
Nickel 121 236 164 121 84 63 48
Zinc 1899 1514 1018 966 795 720 62
Mercury 4.7 3.7 5.4 4.2 4.1 4.4 6

Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 16

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS' IN STICKNEY WRP DIGESTED

BIOSOLIDS FROM 1982 THROUGH 1991

Annual Mean Concentration

Reduction

Metal 1982 1984 1986 1588 1850 1891 182 - 1981
mmms-sm-ms--o-o--------mg/dry kg----------------om---oo-o- momoe oo
Cadmium 132 128 120 98 67 47 64
Chromium 2019 1747 1412 1311 1017 904 55
Copper 1278 1342 862 853 597 528 59
Lead 524 478 396 342 276 273 48
Nickel 364 264 194 185 135 124 66
zZinc 2233 2186 2264 2127 1815 1643 26
Mercury 4.6 3.3 2.3 1.5 1.8 2.0 56

'Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TRIT T 17
Lo ¥ oo - § ] & 4

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS® IN KIRIE WREP WASTE-ACTIVATED
SLUDGE FROM 1282 THROUGH 135351

Annual Mean Concentration Reduction

Metal 1982 1984 1986 1588 1990 1881 1982 - 1891

——————————————————————— mg/dry Kg-------c---momm oo — - e
Cadmium 85 124 64 35 24 26 69
Chromium 900 888 565 681 234 201 78
Copper 1875 1542 1408 1873 574 537 71
Lead 254 235 222 261 99 78 69
Nickel 139 117 70 147 68 75 46
Zinc 2754 2993 1991 2073 1655 1013 63
Mercury 2.9 2.0 2.3 1.9 2.0 1.9 34

1Ana1ysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 18

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS® IN LEMONT WRP WASTE-ACTIVATED
SLUDGE FROM 1982 THROUGH 1991

Annual Mean Concentration ' Reduction

Metal 1982 1984 1588 1988 1990 1991 1982 - 1991

——————————————————————— mg/dry kg---------ro-rmmm e R EEE-EEEE
Cadmium 9 25 22 | 29 17 14 -56
Chromium 45 57 68 64 66 19 58
Copper 676 727 769 380 292 341 50
Lead 342 519 2893 140 58 60 82
Nickel 65 94 72 115 44 28 57
Zinc 4818 4545 7271 570 596 546 89
Mercury 1.5 2.1 1.1 0.8 0.8 0.8 47

1Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

ABRLE 19

+

TRENDS IN ANNUAL MEAN CONCENTRATIONE OF SELECTED METALS'
CONCENTRATION TANK SLUDGE FROM 1982 THROUGH 1991

A e e S PPy S AT e S SN A
¥ S ATDE WRE GEAVITY

Annual Mean Concentration _Reduction _
Metal 1982 1984 1586 1988 1550 1981 1982 - 1221
——————————————————————— mg/dry kg---------~=--=--=-------- Rl
Cadmium 131 141 95 69 39 37 72
Chromium 904 826 572 698 252 180 80
Copper 1140 1042 756 916 487 - 452 60
Lead 328 268 427 244 165 148 55
Nickel 224 240 170 179 91 92 59
Zinc 1891 1704 - 1281 1330 855 777 59
Mercury 4.3 3.0 12.3 2.1 2.0 1.8 58

Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1991.



ﬁaried from 16 percent at the Calumet WRP to 71 percent‘at the
Kirie WRP. Lead reductions ranged from 39 percent at the
Hanover Park WRP to 82 percent at the Lemont WRP. Nickel con-
centrations were reduced from 46 percent at the Kirie WRP to
77 percent at the Egan WRP, and zinc reductiong varied from 21
percent at the Calumet WRP to 89 percent at the Lemont WRP.
Changes in mercury concentrations wvaried from an increase of
150 percent (0.2 to 0.5 mg/dry kg) at the Calumet WRP to a de-
crease of 58 percent at the North Side WRP.

The reducticns in metal concentrations obgserved in Tables
13 through 12 from 1982 through 1991 reflect the implementa-
tion of the District’s pretreatﬁént program activities during

this time period.

Sludge and Biosolids from District WRPs 1992 - 2000

The District in 1992 implemented the S503EI as previously
described in the =section FEDERAL REGULATIONS AND THE
DISTRICT’'S PROGRAMS AND INITIATIVES TO REDUCE METALS 1IN
BIOSOLIDS. This initiative had a marked impact on reducing
the metal content of the District’s sludge and biosolids.
The substantial and repeated monitoring of 8SIUs, which are
categorically regulated for the discharge of metals by the

staff of the Industrial Waste Division of the District, was
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the majcor contributing factor in reducing the metal content of
the siudge and biosolids produced by the District’s =even

WRPs.

REDUCED POLLUTANT LOADINGS FROM INDUSTRIAL USERS

Tn order to assess the success of the S03EI, the District
analvzed the long-term trends in metals of concern discharged
from categeorically regulated SIUs. For this analysis. the
District used average annual pollutant concentrations bas=d on
all available analytical data £from District monitering of
SIUs, and total annual wastewater discharge volumes reported
by 8IUs under the District’s User Charge system. The Dis-
trict’'s assessment indicated that SIU discharges of metals of
concern decreased substantially between 1992 and 1998 as shown
in Table 2C. The overall reduction in metals discharged be-

tween 1992 and 1998 was 52.4 percent. Copper had the »owest

reduction, 36.1 percent, and cadmium had the highest, 74.6

percent.

REDUCTICON IN METAL CONCENTRATIONS IN WRP SLUDGE AND BIOSOLIDS
The trends in metal readings via the influent to the
WRPs reported in Table 20 were limited to only SIUs zubiect

to categorical pretreatment standards. However, the District

alsc analyzed the long-term trends in the total lecading of
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METROPOLITAN WATER RECLAMATION DISTRICT CF GREATER CHICAGO

TABLE 20

TRENDS IN ANNUAL DISCHARGES OF METALS OF CONCERN FROM CATEGORICALLY REGULATED SIUs

Percent
Annual Discharge (Pounds) Reduction

Metal 1992 1993 1994 1995 1996 1997 1998 1952-1998
Cadmium 2631 3141 2046 854 462 431 667 74.6
Chromium 35579 36193 3307i 22899 15822 20302 19083 4¢€.4
Copper 14296 15962 15576 16497 11980 9506 9130 36.1
Lead 2305 4894 2759 2614 1390 2496 1083 53.0
Nickel 14737 14081 13531 12168 9104 7662 7918 46.3
Zinc 44192 50030 41742 32178 24563 21768 18521 58.1
Total 113740 124301 108725 87210 63321 62565 56402 52.4

Metals




metals of concern to 1its WRPs, and the percent reduction in
metals loadings to the WRPs to confirm the effectiveness of

o b

the 503EI. These metals were primarily cadmium, ckhromium,
copper, lead, nickel, and zinc for which industrial users are
sub-ect to effluent discharge limits under categorical pre-
treatment standards. The other four metals (arsenic, mercury,

molybdenum, and selenium) were not targets of the 50381, al-

thouch mercury is subject to the District’s local lim:is

Hecause most metals of concern are present in WRE influ-
ents at low concentrations or at concentrations below analyti-
cal detection limits, the District determined that it would

analyvze metal concentration trends in the sludge and biosclids
generated at i1ts WRPs because of the known ability <f the
sludge and biosolids to concentrate metals. For this znalysis,
the District continued to use the average annual metal concen-
trations in anaerobically digested biosolids at WRPs with di-
gester facilities, and in concentration tank sludge a2t WRPs
without digester facilities, as previously shown in Takles 3
through 12.

The metals content in the sludge and biosolids produced
by each of the District’s seven WRPs from 1992 through 2000

are shown :n Tables 21 through 27. The metals are separated

into two categories in each table, the pretreatment meta.s and
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 21

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN CALUMET WRP DIGESTED

BIOSOLIDS FROM 1992 THROUGH 2000

Annual Mean Concentration Reduction

Metal 1992 1993 1994 19%6 1598 2000 1982 - 2000

——————————————————————— mg/dry Kg--------==--mmmm e e S el

‘Pretreatment Metals
Cadmium 42 15 7 6 4 4 90
Chromium 289 205 85 82 67 73 75
Copper 320 310 296 307 : 331 330 -3
Lead 136 140 119 145 135 108 21
Nickel 40 42 32 32 - 34 30 25
'Ziﬁc 1432 }363 1393 1626 1429 1125 21
Nonpretreatment Metals

Arsenic o* 3 3 11 7 8 NR
Mercury 0.8 1 1.3 0.4 0.7 0.7 12
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 21 {(Continued)

TRENDE IN ANNUAL MEAN CONCENTRATIONS OF SHELECTED METALS TN CALUMET WRP DIGRESTED
BICSOLIDS FROM 1992 THROUGH 2000

Annual Mean Concentration Reduction
Metal 1992 1893 1994 1896 1298 2000 1892 - 2000
——————————————————————— mg/dry kg----~------mmm e m—m =% m— -
Molybdenum 8 8 10 NR NR 11 -38
Selenium 23 <1 0 11 13 12 , 48

NR = Not reported.
'Concentrations less than the detection limit are reported as zero.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 22

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN EGAN WRP DIGESTED BIOSOLIDS
FROM 1952 THROUGH 2000

Annual Mean Concentration Reduction
Metal 1992 1993 1994 1996 1998 2000 1992 -~ 2000
——————————————————————— ng/dry kg---------m-mmmm e m e s

Pretreatment Metals

Cadmium 25 21 19 5 3 4 | 84
Chromium 218 206 129 85 123 203 7
Copper 862v 751 709 654 679 ‘825 4
Lead 158 92 81 59 55 46 71
Nickel 104 87 71 39 48 62 40

Zinc 1320 . 1005 803 671 713 744 ’ 44
Nonpretreatment Metals
Arsenic ot 2 2 3 3 4 NR

Mercury 3.0 2.5 2.3 2.0 0.8 0.9 70
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 22 (Continued)

TRENDS TN ANNUAT, MEAN CONCENTRATIONS OF SELECTED METALS TN EGAN WRP DIGESTEDR BIOSOLIDS
FROM 1992 THROUGH 2000

Annual Mean Concentration ‘ Reduction
Metal 1552 1993 1994 1996 1998 2000 1982 - 2000
——————————————————————— mg/dry Kg--------mmmm e e e oo e
Molybdenum 9 20 23 NR 15 20 -122
Selenium 1 1 1 2 4 4 ~30¢

Concentrations less than the detection limit are reported as zero.
NR = Not reported. ‘
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 23

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN HANOVER PARK WRP DIGESTED
BIOSOLIDS FROM 1992 THROUGH 2000

Annual Mean Concentration Reduction
Metal 1992 1993 1994 1996 1998 2000 1992 - 2000
——————————————————————— mg/dxy Kg---------mmmm e oo EREEEEE LT

Pretreatment Metals

Cadmium 15 13 13 4 2 3 80
Chromium 135 110 78 51 50 | 43 68
Coppef 1054 845 836 724 830 793 25
Lead 144 75 80 50 45 42 ' 71
Nickel 74 57 50 29 30 .. 31 58
Zinc ‘778 :663 693 582 . 620 A610 22

Nonpretreatment Metals

Arsenic NR 1 2 2 3 4 NR

Mercury 4.0 4.2 4.4 3.7 2.2 1.7 58
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

RADTI 2 (b 4 sl )
AP o W R W A a ot LR LW Sy ) \v ¥

TRENDS TN BNNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN HANOVER PARK WRP DICESTED

BIOSOLIDS FROM 1552 THROUGH 20460

Annual Mean Concentration ] Reduction

Metal issz 1883 1954 1836 1958 2000 1992 - 2000

——————————————————————— mg/dry kg---------ccmm e R EEE B
Molybdenum NR 10 10 NR 10 11 NR
Selenium NR 1 1 2 4 5 NR

NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 24

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN STICKNEY WRP DIGESTED

BIOSOLIDS FROM 1892 THRQOUGH 2000

- Annual Mean Concentration

Reduction

1992 - 2000

Metal 1992 1993 1994 1996 1958 2000
——————————————————————— mg/dry kg---------cmmm e e g
Pretreatment Metals
Cadmium 41 23 18 8 6 4 20
Chromium 1017 667 439 338 258 251 75
Copper _580 481 509 385 377 387 33
Lead 302 263 248 184 163' 139 54
Nickel 109 74 70 61 ' '55 54 50
Zinc 1827 1333 1495 1165 840 872 52
Nonpretreatment Metals

Arsenic 11 12 7 6 6 6 45
Mercury 1.6 1.7 1.7 1.8 1.0 0. 56
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 24 (Continued)

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS

BIOSOLIDS FROM 1992 THROUGH 2000

Annual Mean Concentration

Reduction

Metal 1992 1993 1994 1996 1998 2000 1992 - 2000
——————————————————————— mg/dry kg----=-=-mr e R el

Molybdenum 12 9 13 25 24 14 -8

Selenium NR NR 2 3 3 3 NR

NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 25

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN KIRIE WRP WASTE-ACTIVATED
SILLUDGE FROM 1992 THROUGH 2000

Annual Mean Concentfation ‘ Reduction

Metal 1992 1993 1994 1996 1998 2000 1892 - 2000
——————————————————————— mg/dry Kg------=-------mmmmmm oo T

Pretreatment Metals

Cadmium 19 16 15 3 2 3 84
Chromium 191 180 108 69 115 195 -2
Copper 671 558 513 490 508 596 11
Lead 106 58 50 40 43 33 69
Nickel 89 68 55 29 38 61 31
zinc 1084 763 581 511 575 551 49

Nonpretreétment Metals
Arsenic ot 2 2 2 2 3 NR

Mercury 1.9 1.4 1.5 1.3 0.8 0.6 68
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 25 (Continued)

TRENDS IN ANNUAI, MEAN CONCENTRATIONS OF SELECTED METALS TN KIRTE WRP WASTE-ACTTVATED
SLUDGE FROM 19982 THROUGH 2000

Annual Mean Concentration Reduction
Metal 1992 1993 1854 1896 1998 2000 1882 - 2000
T T ——— e e P
Molybdenum 5 14 13 6 8 13 ~-160
Selenium -0 1 1 2 3 3 NR

Concentrations less than the detection limit are reported as zero.
NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 26

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN LEMONT WRP WASTE-ACTIVATED
SLUDGE FROM 1992 THROUGH 2000

Annual Mean Concentration Reduction
Metal 1992 1993 1994 1996 1598 2000 1992 - 2000
——————————————————————— mg/dry kg------=--=---mm e L B

Pretreatment Metals

Cadmium 4 3 3 2 2 2 50
Chromium 32 33 23 24 16 16 50‘
Copper 411 424 487 374 470 406 | 1
Lead €9 69 61 33 32 23 67
Nickel 27 | 24 ' 20 18 18 14 48
Zinc 561 . 612 574 455 457 546 3

Nonpretreatment Metals
Arsenic ot 1 2 4 4 3 NR

Mercury 0.6 1.0 0.9 0.3 0.5 0.6 0
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 26 {(Continued)

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN LEMONT WRE WASTE-ACTIVATED

SLUDGE FROM 19%2 THROUGH 2000

Annual Mean Concentration Reduction
Metal 1592 1853 1954 1996 1998 2000 19892 -~ 2OQO
——————————————————————— mg/dry kg--------mmm oo e L
Molybdenum 3 3 5 NR 4 5 -67
Selenium 5 <1 _ 0 4 4 : 4 20

‘Concentrations less
NR = Not reported.

than the detection limit are reported as zero.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 27

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS IN NORTH SIDE WRFP GRAVITY
CONCENTRATION TANK SLUDGE FROM 1992 THROUGH 2000

Annual Mean Concentration Reduction
Metal. 1992 1993 1994 1996 1998 2000 1892 - 2000
——————————————————————— mg/dry kg---~---------mm e Y

Pretreatment Metals

Cadmium 32 24 23 5 4 4 88
Chromium 193 145 135 59 80 77 | 60
Copper 541 521 445 405 510 538 0
Lead 172 137 111 86 89 68 60
Nickel 102 73 72 37 56 43 58
. Zinc 81 816 1490 557 556 549 38

Nonpretreatment Metals
Arsgenic 1 2 2 2 3 3 -200

Mercury 2.1 2.0 1.7 1.9 0.6 0.8 62
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 27 (Continued)

TRENDS TN ANNUAL MEAN CONMCENTRATIONS OF SELECTED METALS
1a82

CONCENTRATION TANK SLUDGE FROM

IN NORTH EBIDE WRP CGRAVITY
THRQUGH 2000

Annual Mean Concentration Reduction
Metal 1992 1993 1994 19946 1998 2000 1992 -~ 2000
——————————————————————— mg/dry Kg-------rmmmr e mm e T T
Molybdenum 10 10 10 NA NA B 20
Selenium 3 1 1 2 5 4 -33

NA = Not available.



those not subjected to categorical pretreatment standards
(nonpretreatment metals). The percent increase or decrease
for each of the ten metals originally regulated by the Part
503 Sludge Regulations from 1992 through 2000 are shown in
each table. As previously described in the section on WATER
RECLAMATION PLANTS, the District currently has four WRPs that
produce a final bicsclids product for land application. These
are the Calumet WRP (Table 21), Egan WRP (Table 22), Hanover
Park WRP (Table 23), and Stickney WRP (Table 24). The Calu-
met, Egan, and Stickney WRPs receive sludge from the other
District WRPs for further processing, as described in the sec-
tion on WATER RECLAMATION PLANTS.

Reductions in the categorically related pretreatment met-
als (cadmium, chromium, copper, lead, nickel, énd zinc) have
occurred at each District WRP since 1992, as shown in Tables
21 through 27. For the nonpretreatment metals (arsenic, mer-
cury, selenium, and molybdenum), reductions in mercury oc-
curred at each WRP. Molybdenum generally showed slight in-
creases at each of the seven WRPs since 1992, while arsenic
and selenium showed small vyearly fluctuations. The vyearly
variations observed in arsenic, selenium, and molybdenum since
1952 are mainly due to the problems associated with the ana-

lytical reliability of the analysis for these metals.
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The change in the concentrations of the six pretreatment
metals in the sludge and biosolids produced by the Dianrict’s
seven WRPs from 1992 through 2000 varied with the WRP as shown
in Tables 21 through 27. Reductions in cadmium concentrations

ranged from 50 percent at the Lemont WRP to 90 percen:t &t the

Calumet and Stickney WRPs, and chromium levels increassec from

a

2 percent at the Kirie WRP (191 to 195 mwg/dry kg) am

de-

{

creased by 75 percent at the Calumet and Stickney WRPFs. The
change in copper concentrations varied from én increase of 3
percent at the Calumet WRP (320 to 330 mg/dry kg) to a de-
crease of 23 percent at the Stickney WRP. The reductiocns in
lead concentrations ranged from 21 percent at the'CaEamﬁt WRP
to 71 percent at the Egan and Hanover Park WRPs. For nickel
the reductions in the levels varied from 25 percent at the
Calumet WRP to 58 percent at the Hanover Park and North Side
WRPs. Reductions in zinc concentrations ranged from 2 percent
at the Lemont WRP to 52 percent at the Stickney WRP.

The c¢hange for the four nonpretreatment metals In the
sludgs and biosolids produced by the District’s WRPs, Tables
21 through 27, varied from an increase of 300 percent {or se-

lenium at the Egan WRP (1 to 4 wmg/dry kg) to a reduction of 70

percent for mercury at the Egan WRP. This high degree of
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variation in metal removal and/or increase reflects the ana-
lytical unreliability of early data for these metals.

The reductions in the pretreatment metals, along with the
low concentrations of the nonpretreatment wmetals (arsenic,
mercury, molybdenum, and selenium) have resulted in the final
biosolids from the District’s WRPs that more than met the EQ
designation for metals in the Part 503 Sewage Sludge Regula-
tions.

Based on the data shown in Tables 21 through 27, the Dis-
trict’s efforts in achieving the objectives of substantially
reducing the discharge of metals of concern from the regulated
community, and ensuring that the District’s WRPs produce high
guality biosclids for beneficial use were very successful.
The 2000 District wide non-weighted mean metal concentration
for each of the 10 metals studied was compared with the limit
for EQ biosclids in the Part 503 Sewage Sludge Regulations as
shown in Table 28. The dramatic reductions in the éoncentra-
tions of the 10 metals are obvious. The/percentage below the
EQ limit for the 2000 non-weighted mean concentration of the
10 metals varied from 63 percent for copper to 95 percent for

mercury and selenium.
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METRCPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 28

COMPARISON OF TEE 2000 NON- WEIGHTED MEAN METAL CONCENTRATIONS IN
. SLUDGE AND BIOSCLIDS FROM THE DISTRICT’'S WRPs WITH THE
LIMITS FOR EXCEPTIONAL QUALITY (EQ) BIOSOLIDS IN THE PART 503
SEWAGE SLUDGE REGULATIONS

TAr-x

Part 503 , 2000 Percent Below
Metal EQ Limit Mean® B Limit

——————— mg/dry kg------- - %
Arsenic 41 4 9¢
Cadmium 39 3 92
Chrom:ium NL? 123 NL
Copper 1,500 554 63
Lead 300 66 78
Mercury ' 17 0.9 95
Molvybdenum 75% 12 24
Nickel 420 42 90
Selerium - 100* 5 95
Zinc 2,800 714 74
'Non-Weighted mean was determined by using the mean 2000 metal
concentration in sludge from each of the District’s seven WRPs.

’No limit established. Original EQ limit for chromlum of 1,200
mg/kg was deleted by USEPA on October 25, 1995.

Ceiling limit of 75 mg/kg was adopted by USEPA on February 25,
1294 pending further consideration. Original EQ limit for mo-
1ybd.hum was 18 mg/kg.

‘Ceiling limit of 100 mg/kg was adopted by USEPA on Cctober 25,
1985,  Original EQ limit for selenium was 36 mg/kg.
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In 1996, the USEPA recognized these efforts by presenting
the District with the 1996 National Excellence Award for Pre-
treatment Programs in the Large Category (greater than 100

SIUs) .
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CONCLUSIONS

The District in 1967 adopted a policy of beneficialilly us-
ing biosolids on land. To reduce the metal content oI bio-
solids for land application, the District initiated several
internal programs to improve the gquality of its biocsclids.
These programs, along with federal regulations resulting from
implementation of the FWPCA and the Part 503 Sewage #Hludge
Regulations, resulted in a significant reduction in the metal
content of biosclids produced by the District’s WRPs.

The District’'s pretreatment programs, initialiv ‘mple-
mented in 196%, resulted in a marked reduction in ths metal
content of sludge and biosolids produced by the Distiiat's
seven WRPs from 1982 through 2000. From 1982 through 19591,
the zmplem@ntation of categorical discharge standards and lim-
its on the discharge of copper in the NPDES permits for the
Hancver Park and Kirie WRPs resulted in a-reducticn in the
metal content of the sludge and biosolids produced by the Dis-
trict’s seven WRPs., Additional reductions in metals ocw
from 1992 through 2000 as a result of implementing tne 503EI.
The most n@table reductions occurred in those metals catsgori-
cally regulated Dby pretreatment regulations (cadmium, chro-

mium, copper, lead, nickel, and zinc).
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Problems of analytical reliability for nonpretréatment
metals (arsenic, molybdenum, selenium, and mercury) made re-
ductions in metal content of the sludge and biosolids produced
by the District’s WRPs from 1992 to 2000 difficult to assess.
However, in all instances, the 1levels of these metals in
sludges produced by the District’s WRPs were low and well be-
low the EQ limits for these metals for land applied biosolids.

The reductions in cadmium, chromium, cépper, lead,
nickel, and zinc (pretreatment metals) in the sludge and bio-
solids produced by the District’s seven WRPs from 1982 through
1991 were considerable. With the exception of cadmium at the
Calumet and Lemont WRPs, which éhowed increases of 33 to 72
mg/dry kg and 9 to 14 mg/dry kg, respectively, cadmium concen-
trations in sludge and biosolids produced by the District’s
WRPs from 1982 through 1991 decreased, ranging from 64 percent
at the Stickney WRP to 91 percent at the Hanover Park WRP.
Chromium levels were reduced from 11 to 80 percent. buring
this interval, copper and lead concentrations were reduced by
16 to 71 percent and 39 to 82 percent, respectively. The re-
ductions in nickel and zinc in the sludge and biosolids pro-
duced by the District’s WRPs from 1982 to 1991 ranged from 46
to 77 percent and 21 toc 89 percent, respectively. The reduc-

tions observed for these metals reflect the implementation of
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the pretrestment program activities by the District acuring
this Time period.

an evaluation of the pollutant loadings from categori-
cally regulated SIUs from 1992 to 1998 showed an ocvera.:l re-
ductiocn of 52.4 percent for the six pretreatment metais {cad-
mium, chromium, copper, lead, nickel, and zinc). Coprner had
the lowest reduction, 36.1 percent, and cadmium had ths high-
est, 74.% percent.

The reductions in annual metal discharges to ths WRPs
have resulted 1in significant reductions in metals i1 the
sludge and biosolids produced by the District’s ssvern WRPs
during the 503EI period from 1952 to 2000. The changes in the
concentrations of the six pretreatment metals previously men-
tioned from 19922 to 2000 varied from an increase of 2 percent
at the Calumet WRP for copper (320 to 330 mg/kg) to a decrease
of 30 percent for cadmium at the Calumet and Sticknesy WRPs.
For the nonpretreatment metals (arsenic, mercury, molybdenum,
and selenium} the changes from 1992 to 2000 varied from an in-
crease of 300 percent for selenium (1 to 4 mg/kg) at the Egan
WRP to a reduction of 70 percent for mercury at the Egan WRP.
This wvariation reflected the problems of analytical rel:abil-

ity of the early data for these metals.
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The reductions in the pretreatment metals along with the
low concentrations of the nonpretreatment metals in the sludge
and biosolids produced by the District’s seven WRPs enabled
them to more than meet the EQ designation for metals in the
Part 503 Sewage Sludge Regulations. The 2000 District-wide
non-weighted mean concentrations of the 10 metals for the Dis-
trict’s seven WRPs were 63 to 95 percent below the EQ limit.
This shows that biosolids produced by the District can be

beneficially applied without restrictions for metal content.
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APPENDIX I

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATICNS
METALS IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPs FO
1582 THROUGH 2000
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-1

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ARSENTIC IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPg FOR 1982 THROUGH 2000

Hanover : North
Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity

Year Draw Draw Draw Draw Activated Activated Conc.

————————————————————————————— mg/dry kg---------m e e

1582 Mean NA NA NA ) NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1983 Mean NA NA NA NA NA NA NA
Minimum NA  NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1984 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA - .NA NA NA
Maximum NA, NA NA NA NA NA NA
1985 Mean ~  NA NA NA " NA NA NA NA
Minimum NA NA NA NA NA NA NA
Mase i ram N& NA MNA NA NA NA NA
1986 Mean NA NA NA& NA NA NA , NA
Minimum NA NA NA NA ‘ NA NA NA

Maximum NA NA NA NA NA NA NA
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METROPOLITAN WATER RECLAMATICN DISTRICT OF GREATER CHICAGO
TABLE AI-1 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ARSENIC IN SLUDGE AND BIOSQLIDS
FROM DISTRICT WRPs FOR 15982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity

Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— Mg/dry Kg-----=--mm e

1987 Mean . NA NA NA NA NA NA NA

Minimum NA NA NA NA NA NA NA

Maximum  NA NA NA NA NA NA NA

1988 Mean NA NA NA NA NA NA NA

Minimum NA NA NA NA NA NA NA

Maximum NA NA Na NA NA NA NA

1989 Mean NA NA NA NA NA NA NA

Minimum NA NA NA NA NA NA NA

Maximum NA NA NA NA NA NA NA

1850 Mean NA NA NA NA NA NA NA

Minimum NA - NA NA ‘ NA NA NA NA

Maximum NA NA NA NA NA NA NA

1991 Mean 5 1 1 0 6 22 2

Minimum 0 0 0 0 0 0 0

Maximum 8 10 18 0 83 : 43 14
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-1 (Continuedj

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ARSENIC IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/Ary Kg-------mmm oo m e m e e
1992 Mean 0 0 NR ' 11 0 0 1
Minimum 0 0 NR 7 0 0 1
Maximum 12 3 NR 16 1 0 3
1993 Mean 3 C 2 1 12 2 1 2
Minimum 0 1 1 1 0 0 1
Maximum 13 3 4 21 4 10 15
1994 Mean 3 2 2 7 2 2 2
Minimum 0 0 1 1 1 0 1
Maximurm 12 4 2 19 3 9 4
1995 Mean 5 2 2 3 2 2

Minimum 1 1 1 0 1 0 1
Max Lmuim i3 3 3 7 5 8 &
1996 Mean 11 3 2 & 2 4 2
Minimum & 2 1 2 1 1 2
Maximum 16 3 3 12 3 6 3



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAQGO
TABLE AI-1 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ARSENIC IN SLUDGE AND BIOSQLIDS
FROM DISTRICT WRFPs FOR 1982 THROUGH 2000

Hanover Noxrth
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/Ary Kg-~--mmmm e e

1997 Mean S 3 3 5 3 4 3
Minimum 2 3 2 3 2 2 2
Maximum 31 5 4 9 : 5 6 4
1998 Mean 7 3 3 6 2 4 "3
Minimum 4 0 1 2 0 2 0
Maximum 16 6 7 14 4 6 6
1999 Mean 7 4 3 4 3 4 3
Minimum 3 1 1 2 .0 2 0
Maximum 12 8 6 7 5 8 7
2000 Mean‘ 8 4 4 6 3 3 3
Minimum 5 0 1 3 0 1 2
5

Maximum 10 5 5 13 5 5

NA = Not analyzed.
NR = Not reported.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CADMIUM IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPg FOR 1982 THROUGH 2000

Hanover North
Calumet Egan park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg-----r=r--s-smmmm oo oo
1982 Mean 33 151 157 132 85 9 131
Minimum 17 92 86 79 48 0 79
Maximum 52 222 389 . 183 140 30 242
1983 Mean 54 159 221 104 55 16 128
Minimum 23 114 57 82 16 0 85
Maximum 101 212 482 145 133 36 204
1984 Mean 68 167 57 128 124 25 141
Minimum 32 87 42 69 67 6 91
Maximum 345 233 88 411 204 73 200
1985 Mean 926 101 66 107 83 23 110
Minimum 53 61 30 83 39 1 75
Maximum 145 149 100 130 174 54 152
1986 Mean 70 85 23 120 Hd 22 95
Minimum 40 54 13 90 29 3 41

Maximum 98 133 32 138 160 83 154
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-2 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CADMIUM IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPg FOR 1982 THROUGH 2000

Hanover North

Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste . Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-----------— e e

1987 Mean 90 62 12 132 47 23 92
Minimum 52 471 . 8 . 106 25 4 56
Maximum 122 80 17 215 81 57 150

1988 Mean 77 61 13 S8 35 29 69
- Minimum 41 37 . 10 73. 20 : 0 41
Maximum 115 89 18 126 48 ) 86 93

1989 Mean 85 41 12 103 36 16 56
Minimum 1 26 9 79 20 0 35
Maximum 138 60 16 141 54 87 - 87

1990 Mean 62 34 18 67 24 17 39
Minimum 42 20 8 51 11 0 , 22
Maximum 102 A8 30 114 39 40 85

1991 Mean 72 28 18 47 26 14 37
Minimum 19 20 12 38 18 3 22

Maximum 117 39 28 55 41 63 55
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-2 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CADMIUM IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg---------m s e e e
1992 Mean 42 25 15 41 19 4 32
Minimum 15 17 i0 31 10 0 18
Maximum 96 35 30 53 29 12 58
1993 Mean 15 21 13 23 16 3 24
Minimum 6 8 4 15 6 1 13
Maximum 26 25 18 42 30 6 40
1994 Mean 7 _19 13 18 15 3 23
Minimum 3 14 10 13 10 1 12
Maximum 14 28 18 63 32 4 39
1995 Mean 7 16 13 13 13 2 19
Minimum 4 3 2 8 2 1 4
Max 1 mum i 24 16 18 38 ) 28
18396 Mean G 5 4 g 3 2 5
Minimum 2 3 2 3 2 <1 2
Maximum 11 14 11 10 10 3 11
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-2 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CADMIUM IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-==-=-cmemmmmm e oo

1997 Mean 4 5 3 7 3 2 5
Minimum 0 3 2 . 5 1 1 2
Maximum 6 7 4 10 4 4 10

1998 Mean 4 3 2 6 2 2 4
Minimum 3 0 0 3 0 1 0
Maximum 6 4 4 12 3 3 8

1999 Mean 5 4 3 5 3 2 5
Minimum 2, 3 2 1T 2 0 2
Maximum 9 - 5 4 7 7 4 10

2000 Mean 4 4 3 4 3 2 4
Minimum 3 3 2 3 2 1 3

Maximum 7 6 3 6 4 3 9
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

ARND MINIMUM AND

TABLE AI-3

MAXTHMUM

TONCENTRATTIONS OF CHROMIUM

IN SLUDGE AND

BIOSOLIDS FROM DISTRICT WRPs FOR 1582 THROUGH 2000
Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digeaster Digester Digester  Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg--------- - e o -
1982 Mean 379 1090 667 2019 300 45 204
Minimum 281 713 385 1366 586 21 573
Maximum 577 1810 968 3116 1450 110 1170
1983 Mean 488 1327 651 1694 918 60 799
Minimum 324 1060 520 1278 725 0 €20
Maximum 758 1550 753 2432 1090 145 1010
1984 Mean 704 1066 655 1747 888 57 826
Minimum 396 813 357 1262 667 27 627
Maximum 1617 1640 1010 5553 1310 109 1150
1985 Mean 723 903 382 1524 698 55 685
Minimum 450 603 279 1128 446 18 513
Maximum 1189 1350 530 1981 931 191 1010
L98e  Mean 507 38 IR 1412 5¢5 £0 5772
Minimam 364 551 120 1122 456 g i44
Maximum 738 929 314 1750 715 186 776
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-3 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CHROMIUM IN SLUDGE AND
BIOSOLIDS FRCOM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg--------=-- “-eomm e
1987 Mean 543 850 172 1499 715 72 643
Minimum 336 709 128 1247 471 6 426
Maximum 768 1150 214 2070 1808 206 817
1988 Mean 493 833 165 1311 681 64 698
Minimum 255 688 116 1039 422 4 436
Maximum 601 1040 281 1486 988 474 263
1989 Mean 503 492 158 1200 404 52 551
Minimum 187 355 83 958 263 0 318
Maximum 728 699 225 1486 600 215 770
1990 Mean 316 . 305 145 1017 234 66 252
Minimum 164 212 99 836 104 9 154
Maximum 508 391 154 1370 346 208 406
1891 Mean 338 : 223 156 504 - 201 19 180
Minimum 250 146 104 783 133 0 126

Maximum 482 296 272 1193 285 56 222
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-3 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CHROMTUM IN SLUDGE ANU

P )
-

BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
——————————————————————————————— mg/dry kg----=-=-----rmmeooomm oo m o
1992 Mean 289 218 135 1017 191 32 193
Minimum 225 159 78 674 i17 16 101
Maximum 480 330 245 1670 300 69 284
1993 Mean 205 206 110 667 180 33 145
Minimum 85 123 45 422 88 19 94
Maximum 383 435 203 1070 6572 60 214
1994 Mean 85 : 129 78 439 108 23 135
Minimum 25 98 38 252 71 15 83
Maximum 143 178 188 549 38 33 177
1995 Mean 82 130 62 425 122 23 116
Minimum 58 83 40 300 67 12 50
Maximum 109 160 23 632 196 38 172
LHue Mean B 85 o RIEE: £ 0 24 59
Minimum 58 75 34 178 44 13 37

Maximum 120 95 83 465 82 43 89
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-3 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CHROMIUM IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg----------- e
1997 Mean 101 90 43 338 75 20 68
Minimum 47 62 31 229 52 14 49
Maximum 257 110 63 447 ag 32 91
1998 Mean : 67 123 50 258 115 16 80
Minimum 46 85 37 180 70 10 45
Maximum 135 167 77 323 184 24 265
1999 Mean 68 118 38 277 S3 17 68
Minimum 45 83 32 198 63 10 49
Maximum 106 163 49 375 151 21 135
2000 Meam 73 203 43 251 195 16 77
Minimum 59 119 30 175 57 4 35

Maximum 98 288 84 317 350 23 114
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE Al-4

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF COPPER IN SLUDGE AND BIOSOLIDSE
FROM DISTRICT WRPs FOR 1582 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg----------"----~-m e m e
1982 Mean 353 2100 1975 1278 1875 676 1140
Minimum 263 1450 1080 640 812 360 816
Maximum 429 2850 2720 1689 3200 1345 2110
1983 Mean 344 2005 2564 1146 1854 855 1066
Minimum 238 1470 1820 9313 1130 97 703
Maximum 413 2870 3130 1490 5030 4067 1540
18984 Mean 352 1824 3212 1342 , 1542 127 1042
Minimum 254 1310 2360 856 lllO 238 B4 4
Maximum 630 2090 4610 4255 2430 1455 1300
1985 Mean 359 1818 2416 - 968 1526 727 858
Minimuam 294 1420 1800 683 977 207 620
Maximum 4€7 2390 3110 1185 22%0 2714 1230
1986 Mean 342 1673 L73G 862 1408 769 ThE
Minimum 272 < 1210 1520 708 917 157 482

Maximum 403 2190 2090 978 2430 38387 1060
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGQO
TABLE AIl-4 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF COPPER IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg----—-----mm e
1987 Mean 344 2747 1926 871 2488 384 993
Minimum 218 2340 1640 706 2050 40 742
Maximum 451 3170 2290 1317 -2970 655 1280
1988 Mean 357 2235 1701 853 1873 380 916
Minimum 229 1630 1420 707 . 1160 50 530
Maximum 539 2820 2050 1132 3560 897 1240
1989 Mean 318 1279 1498 798 1116 264 675
Minimum 133 800 1100 650 619 108 466
Maximum 441 1840 2160 1038 2530 370 942
1990 Mean 254 849 1222 597 574 292 - 487
Minimum 79 596 1040 496 298 94 378
Maximum 298 1020 1540 805 783 478 673
1991 Mean 295 732 1162 528 537 341 452
Minimum 209 500 809 406 436 110 344

Maximum 388 845 1400 628 659 - 681 663
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TARLE ATI-4 {(Continued)

YHEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF COPPER IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney . Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg----------- e e - -
1992 Mean 320 B62 1054 580 671 411 541
Minimum 256 706 695 - 463 502 259 321
Maximum 384 1080 1370 1075 974 569 870
1993 Mean 310 751 845 481 558 424 . 521
Minimum 220 - 616 577 419 417 272 - 276
Maximum 441 936 1110 564 892 538 1510
1994 Mean 296 709 836 509. 513 487 445
Minimum 213 570 640 201 398 367 285
Maximum 575 822 1030 678 701 638 956
1995 Mean 287 683 702 436 523 423 456
Minimum 236 487 595 110 04 267 330
Maxtmom EN N T3 Bz 410 G823 hel LOE0
1596 Mean 307 6H54 724 385 490 374 405
Minimum 235 535 517 257 310 258 213

Maximum 391 180 915 452 594 515 910
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-4 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF COPPER IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie | Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-------- -
1997 Mean 306 683 722 395 500 436 432
Minimum 237 488 684 283 406 314 290
Maximum 380 899 926 ' 466 662 561 852
1998 Mean 331 679 830 377 508 470 510
Minimum 268 ‘558 680 280 388 | 350 292
Maximum 429 871 1050 455 660 575 1202
1899 Mean 356 778 874 390 591 458 534
Minimwn 242 - . 671 757 285 447 331 324
‘Maximum 420 909 970 581 - 723 657 1028
2000 Mean ’ 330 ‘ 825 793 387 596 406 538
’ Minimum 259 695 339 304 446 372 354

Maximum 416 923 925 471 747 459 789
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-5
YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF LEAD IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North

Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg--------- e

1982 Mean 467 289 194 524 254 342 328
Minimum 277 195 120 168 93 108 168
Maximum 746 341 280 774 352 606 514

1983 Mean 572 290 2717 459 226 332 296
Minimum 325 137 139 372 157 142 149
Maximum 1074 383 365 567 272 739 394

1984 Mean 837 304 449 478 235 519 268
Minimum 463 239 276 263 190 64 199
Maximum 2665, 352 552 1366 292 1766 327

1385 Mean 517 290 279 396 239 432 256
Minimum 328 222 180 278 135 142 169

Ma i 10861 337 4171 468 378 g9l 85

1886 Mean 404 265 183 39¢ 222 293 427
Minimum 178 205 147 253 139 6 182
Maximum 838 353 310 726 374 772 839
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-5 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF LEAD IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg---=cmo o e e
1987 Mean 228 402 263 423‘ 361 143 413
Minimum 90 306 176 257 232 6 219
Maximum 354 532 354 699 521 500 1090
1988 Mean 215 329 238 342 261 140 244
Minimum 141 272 187 267 193 5 140
Maximum 364 413 320 525 323 477 412
1989 Mean 174 211 177 309 148 74 173
“Minimum 14 121 119 249 77 4 118
Maximum 272 338 227 422 361 419 223
1990 Mean 181 159 157 276 99 58 165
Minimum 80 97 87 212 29 6 87
Maximum 2582 272 327 383 208 151 353
1991 Mean 154 - 104 118 273 78 60 148
Minimum 56 76 87 177 47 0 91

Maximum 223 137 168 368 133 137 250



6T-IY

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF LEAD IN
FOR 1982 THROUGH 2000

METROPOLITANVWATER RECLAMATION DISTRICT OF GREATER

TABLE AI-5

FROM DISTRICT WRPs

{Cont inued)

CHICAGO

Hanover North

Calumet Egan Park Stickney Kirie Lemont S5ide

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
R it mg/dry Kg--------------------"“-—~----— -

1992 Mean 136 158 144 302 106 69 172
Minimum 86 30 72 190 33 17 98
Maximum 183 295 297 525 193 113 335

1993 Mean 140 92 75 263 58 69 137
Minimum B5 63 51 169 36 44 64
Maximum 216 116 97 336 90 104 255

1994 Mean 119 '81 80 248 50 61 111
Minimum 52 62 50 121 30 29 52
Maximum 199( SS9 S8 319 69 107 196

1995 Mean 113 69 72 212 51 42 97
Minimum 67 50 51 141 31 20 53

Max i mum 154 a0 31 284 4 73 173

1998 Mean 145 59 50 184 40 33 86
Minimum 51 41 27 125 27 13 31
Maximum 256 82 69 244 68 44 184
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-5 (Continued)

YEARLY MEANS, AND MINIMUM AND’MAXIMUM CONCENTRATIONS OF LEAD IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg-------cc-m e m e e e
1997 Mean 262 60 477 176 - 45 34 87
Minimum 85 38 26 118 29 24 49
Maximum 1246 85 92 . 240 63 47 128
1998 Mean 135 55 ‘ 45 163 43 32 89
Minimum 98 32 22 123 30 20 53
Maximum 186 77 70 208 74 44 152
1999 Mean 118 55 48 144 44 33 88
© Minimum- 85 45 ' 38 89 33 21 52
Maximum 154 63 95 205 51 47 137
2000 Mean 108 46 42 139 33 23 68
Minimum 69 34 30 81 22 15 35

Maximum 135 54 103 187 46 32 126
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TARLE AT-6

YEARLY MEANS, AND MINIMUM AND MAXTIMUM CONCENTRATIONS OF MERCURY IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanovexr North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg----------m e
1982 Mean 0.2 3.9 4.7 4.6 2.9 1.5 4.3
Minimum <0.1 2.8 : 2.9 2.4 1.6 0.1 2.2
Maximum 0.7 5.3 6.0 20.7 ' 4.9 4.0 16.7
1983 Mean 0.4 3.9 4.4 3.3 2.2 2.5 3.6
Minimum <0.1 2.4 2.8 i.8 1.6 0.6 1.5
Maximum 1.2 7.2 5.6 7.6 2.9 9.8 13.2
1884 Mean 0.4 3.5 3.7 3.3 2.0 2.1 3.0
Minimum <0.1 2.6 2.4 1.1 1.5 0.2 1.1
Maximum 1.1 5.6 5.8 8.8 3.0 13.1 9.5
1985 Mean 0.4 3.4 4.0 2.3 .4 1.0 3.0
Minimum 0.1 1.8 2. 0.1 1.3 0.2 1.2
Maximam 2.1 5.9 &2 4 .9 4.4 3,4 9.6
1886 Mean 0.6 3.3 5.4 2.3 2.3 1.4 12.32
Minimum 0.1 1.8 3.2 0.2 1.5 0.2 1.8
Maximum 1.8 5.1 18.3 6.8 3.6 2.2 48.7
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-6 {Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF MERCURY IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover . North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/Adry Kg--=-=c-em e m et e
1987 Mean 1.6 3.1 4.8 1.2 2.1 0.7 3.8
Minimum 0.5 2.0 2.6 0.3 1.3 0.1 1.2
Maximum 4.2 3.9 9.4 3.7 3.3 1.5 15.3
1988 Mean 0.6 2.6 4.2 1.5 1.9 0.8 2.1
Minimum 0.3 1.6 2.2 0.8 1.2 0.4 0.4
Maximum 1.1 4.5 5.8 2.2 3.5 1.7 5.1
1989 Mean 0.7 2.7 3.8 1.8 2.1 1.0 2.1
Minimum 0 1.4 1.8 0.8 1.2 0.2 1.3
Maximum 5.2, 3.6 6.4 2.6 3.0 3.1 3.4
1990 Mean 0.6 3.5 4.1 1.8 2.0 0.8 2.0
Minimum 0.2 2.6 2.1 0.8 1.3 0.3 1.0
Maximum 2.5 5.3 6.2 2.9 3.7 4.4 3.3
1991 Mean 0.5 3.0 4.4 2.0 1.5 0.8 1.8
Minimum 0.2 2.3 3.2 0.9 1.3 0.2 1.2
Maximum 3.2 4.8 6.0 4.6 3.2 3.1 3.2
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TARLE AT-6€ [Continued)

YEARLY MEANS, AND MINIMUM AND MAXTIMUM CONCENTRATIONS OF MERCURY IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North

Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg--------m-mm o m e e

1992 Mean 0.8 3.0 4.0 1.6 1.9 0.6 2.1
Minimum 0.1 1.5 2.4 0.8 1.0 0.1 0.9
Maximum 3.0 5.2 7.5 3.7 3.6 2.6 4.7

1993 Mean 1.4 2.5 4.2 1.7 1.4 1.0 2.0
Minimum 0.4 1.4 2.2 0.6 0.9 0.4 0.9
Maximum 5.6 6.7 6.4 3.8 3.3 3.8 5.4

1994 Mean 1.3 2.3 4.4 1.7 1.5 0.9 1.7
Minimum 0.6 1.5 3.1 0.7 0.8 0.1 1.0
Maximum 3.9 3.6 6.2 2.9 2.2 2.6 2.4

1995 Mean 0.8 2.1 3.4 2.2 1.1 0.8 1.7
Minimum 0.2 1.2 2.4 1.2 0.5 G.4 0.9
Mastimum 2.6 3.4 g0 4.2 [ 2.7 4 .5

1896 Mean 0.4 2.0 3.9 1.8 1.3 .3 L.5
Minimum 0.2 1.2 2.0 0.8 1.0 0.1 0.9
Maximum 0.8 2.4 6.1 2.6 1.7 0.6 4.5
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-6 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF MERCURY IN SLUDGE AND BIOSOLIDS -
FROM DISTRICT WRPs FOR 1582 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg----------mm e
1987 Mean 0.3 1.9 3.3 1.2 1.1 0.4 1.2
Minimum 0.1 0.9 0.3 0.6 0.5 0.2 0.5
Maximum 0.6 3.3 5.4 2.0 . 2.1 0.6 2.1
1998 Mean 0.7 0.8 2.2 1.0 0.8 0.5 0.6
Minimum 0.1 0.2 0.2 0.6. 0.2 0.3 6.2
Maximum 1.6 1.3 3.3 2.1 1.5 0.7 1.3
1999 Mean 0.5 1.3 2.2 0.7 0.6 0.5 0.8
Minimum 0.1 0.7 1.4 0.4 0.3 0.2 0.2
Maximum 1.1 3.5 4.1 1.1 1.6 0.8 1.8
2000 Mean D.7 0.9 1.7 0.7 0.6 0.6 0.8
Minimum 0.3 <0.1 0.3 0.2 0.2 0.3 0.3
Maximum 1.0 1.4 3.0 1.3 2.1 0.9 3.9
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-~7

YEARLY MEAWNS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF MOLYBDENUM IN SLUDGE AND

BIOSOLIDS FROM DISTRICT WRPs FOR

1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/Ary Kg--------m e e

1982 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1983 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1984 Mean NA NA NA NA NA NA NA
Minimum NA NA Na NA NA NA NA
Maximum NA NA NA NA NA NA NA
1985 Mean NA NA NA NA NA NA NA
: Minimum NA NA NA NA NA NA NA
Maximuam NA NA NA NA NA WA WA
1e8¢& Mean MNA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
‘Maximum NA NA NA NA NA NA NA
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-7 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF MCLYBDENUM IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover . North
Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity

Year Draw Draw Draw Draw Activated Activated Conc.

————————————————————————————— mg/dry kg------~----cmm e
1987 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA -NA NA NA NA NA
1988 Mean NA NA NA NAa NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum ‘NA NA NA NA NA NA NA
1989 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1990 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1921 Mean 5 34 8 0 -9 24 9
Minimum 0 17 0 0 0 0 0
Maximum 12 51 25 0 41 - 58 31
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YEARLY MEANS,

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

{
S

Cantinned)

(WLESS L PLIN S 1D Ll ¥

AND MINIMUM AND MAXIMUM CONCENTRATIONS OF MOLYBDENUM 1IN SLUDGE AND

BICSOLIDS FROM DISTRICT WRPz FOR 1882 THROUGH 2000
Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-----------"--mm e e o

1992 Mean 8 S NR 12 5 3 10
Minimum 0 0 NR 2 3] 0 7
Maximum 130 52 NR 19 20 40 18
1993 Mean 8 20 10 9 14 3 10
Minimum 1 10 5 1 7 0 4
Maximum 12 28 i5 18 20 6 17
1994 Mean 10 23 10 13 13 5 10
Minimum 5 12 7 2 9 0 6
Maximum 18 34 14 49 21 9 17
1695 Mean 16 1 8 21 10 7 9
Minimum 7 9 4 8 5 2 4
Max imam 24 24 14 51 ie 13 12
1996 Mean NA NE NE 25 6 NR NA
Minimum N& NR NR i2 3 NR NA
Maximum NA NR NR 55 10 NR NA
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABRLE AI-7 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF MOLYBDENUM IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Cenc.
————————————————————————————— ng/dry Kg-------m--mm e e
1997 Mean NA NR NR NA - 8 NR NA
Minimum NA NR NR NA 5 NR NA
Maximum NA NR NR NA 11 NR NA
1998 Mean 15 15 10 24 8 4 NA
Minimum 11 13 8 11 0 <1l NA
Maximum 20 17 12 39 21 6 NA
1999 Mean 13 17 10 13 12 4 7
Minimum 4 12 7 6 . 8 1 4
Maximum 20 26 15 20 17 8 13
2000 Mean i1 20 11 14 13 5 8
Minimum 7 15 5 10 8 2 5
Maximum 16 26 16 20 19 7 i5
NA = Not analyzed.

NR

i

Not reported.
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METROPCOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE ATYT-8

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF NICKEL IN SLUDGE AND BIOBOLIDS

FROM DISTRICT WRPs OF 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-----mmcmmm e e e -
1982 Mean 92 376 121 364 13¢ 65 224
Minimum 50 209 74 185 78 0 118
Maximum 168 663 154 721 304 154 434
1583 Mean 101 343 146 271 109 77 199
Minimum 55 156 85 168 79 0 121
Maximum 166 482 218 380 182 364 289
1984 Mean 98 165 236 264 117 94 240
Minimum 50 106 126 106 71 4 126
Maximum 172, 214 356 745 217 267 531
1985 Mean 84 157 240 209 77 99 222
Minimum 29 99 12€ 139 46 7 106
Maord mam 125 378 4410 254 11R 26 428
1286 Mean 82 148 164 194 70 T2 170
Minimum 36 81 91 128 37 23 88

Maximum 130 247 262 251 110 200 311
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE ATI-8 ({(Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF NICKEL IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs OF 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw - Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg--------- e
1987 Mean 89 165 158 247 107 124 193
Minimum 33 114 105 144 71 24 84
Maximum 239 . 214 222 538 321 727 352
1988 Mean 74 188 121 185 147 115 179
Minimum 29 148 90 129 86 0 106
Maximum 153 343 172 241 342 307 323
1989 Mean 40 118 126 - 160 o2 45 158
Minimuam 0 63 79 93 43 0 54
Maximum 106 240 185 217 151 161 278
1990 Mean 45 82 84 135 68 44 91
Minimum 8 50 70 88 22 ¢ 44
Max imum 73 133 107 191 247 67 168
1991 Mean 46 87 63 124 75 28 92
Minimum 6 52 43 72 53 0 61

Maximum 71 114 85 173 1i¢0 62 136
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-8 (Continuead)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF NICKEL IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs OF 1982 THROUGH 2000

Hanover Noxrth
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-----=---=--“-c- e
19952 Mean 40 104 74 109 89 27 102
Minimum 18 74 50 80 55 9 66
Maximum 110 213 129 150 118 106 225
1993 Mean 42 87 57 74 68 24 73
Minimum 25 70 45 30 49 13 48
Maximum 70 128 77 120 137 40 137
1994 Mean 32 . 71 50 70 55 20 72
Minimum 19 61 39 40 42 10 52
Maximum 118 88 64 200 75 39 120
1985 Mean 33 52 38 69 42 18 48
Minimum 19 30 21 55 24 10 26
Max i mam 5o T2 54 a9 £5 27 7R
1986 Mean iz 39 29 61 29 L8 37
Minimum 23 29 21 42 18 14 21

Maximum 52 58 45 85 44 25 53
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-8 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF NICKEL IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs OF 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg------=--=--- oo
1997 Mean : 31 42 31 55 33 17 41
Minimum 23 32 26 46 24 12 25
Maximum 52 52 43 . 67 66 22 65
1998 Mean 34 48 30 55 38 18 56
Minimum 25 29 22 38 24 14 23
Maximum 50 85 40 74 62 29 337
1999 Mean 30 45 30 52 35 16 40
Minimum 24 36 23 34 23 9 13
Maximum 37 57 56 85 60 22 113
2000 Mean 30 62 31 54 61 14 43
Minimum 23 20 21 34 22 4 24

Maximum 39 102 57 66 152 18 109
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TARLE AI-9

YEARTY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF SELENIUM IN SLUDGE AND
' BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover ' North
Calumet Egan Park Stickney Kirie Lemont Side
) Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kg---------------=m-o--sm-esommoos
1982 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1983 Mean NA NA NA NA NA NA NA
: Minimum NA NA NA NA NA NA NA
Maximum " NA NA NA NA NA NA NA
1984 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA . NA NA NA NA NA NA
1985 -Mean NA NA NA NA - NA NA NA
Minimum NA, NA NA NA NA NA NA
Mao dmum NA, WA, NA WA NA N& HA,
1886 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA

Maximum NA NA NA NA NA NA NA
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METROPOLITAN WATER RECﬁAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-9 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXTIMUM CONCENTRATIONS OF SELENIUM IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity

Year Draw Draw Draw Draw Activated Activated Conc.

————————————————————————————— mg/dry Kg-------crm o m e
1987 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA: NA
1988 Mean NA "NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA Na NA NA
1989 Mean NA NA NA NA NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
19290 Mean NA NA NA NA. NA NA NA
Minimum NA NA NA NA NA NA NA
Maximum NA NA NA NA NA NA NA
1991 Mean 5 2 2 0 2 25 3
Minimum 0 0 0 0 0 0 0
Maximum 8 14 18 0 27 74 19
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TARLE AI-9 {(Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF SELENIUM IN SLUDGE AND
RIOSOLIDS FROM DISTRICT WRPz FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry kge=---------==m--m--ommmmmmm— oo

1992 Mean 23 1 NR NR 0 5 3
Minimum 0 0 NR NR 0] 0 1
Maximum 97 11 NR NR 1 47 20
1993 Mean <] 1 1 - NR 1 <1 1
Minimum 0 o 1 NR 0 0 1
Maximum 5 2 2 NR 1 4 2
1994 Mean 0 1 1 2 1 0 1
Minimum - 0 0 0 1 0 0 1
Maximum 0 3 3 4 3 1 2
1995 Mean 8 1 1 3 1 3 1
Minimum D 0 0 1 0 0 1
Mawimm 17 2 3 & Z 7 2
1996 Mean 33 2 2 3 2 4 2
Minimum 6 1 1 1 1 2 1
Maximum 18 3 3 4 4 7 4
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE AI-9 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF SELENIUM IN SLUDGE AND
BIOSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg------m-mmm e e
1997 Mean 10 2 2 3 2 2 2
Minimum 6 1 2 2 1 0 2
Maximum 15 3 3 4 3 3 2
1698 Mean 13 4 4 3 3 4 5
Minimum 10 0 0 2 o 2 0
Maximum 20 10 7 5 7 [ 11
1999 Mean 10 4 5 3 3 3 5
Minimum 2 2 2 2 2 1 2
Maximum 17 8 7 5 5 6 10
2000 Mean 12 4 5 3 3 4 4
Minimum 7 0 3 2 2 2 1
Maximum 21 5 6 4 5 7 7
NA = Not analyzed.

NR

Il

Not reported.
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YEARLY MBEA

A
[

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

£

AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ZINC IN

FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North

Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
—————————————————————————————— mg/dry Kg------mmemmm e e m e o e oo

1982 Mean 2352 2803 1899 2233 2754 4818 1891
Minimum 1481 1940 1000 1481 1530 755 1340
Maximum 3745 3720 2800 3140 4550 13106 2540

1983 Mean 2275 3505 1805 2129 3283 4682 1716
Minimum 1277 2460 1060 1559 2120 167 1200
Maxiwmum 3322 4730 2610 3009 4430 12667 2540

1984 Mean 2577 3573 1514 2186 2993 4545 1704
Minimum 1447 2440 1110 1288 2350 407 1200
Maximum 3386. 4450 1740 6043 3880 12075 2230

1885 Mean 2414 2830 1131 2070 2427 5511 1524
M1 dmam 1744 2170 222 1478 1880 474 1030
Masimum 3118 3964 1TEB0 246G 3530 2EEQD 2350

1986 Mean 2715 2481 1018 2264 1591 F2770. 1281
Minimum 1216 1990 845 1709 1520 357 882
Maximum 5650 2910 1430 2704 2640 32865 1580
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-10 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ZINC IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPg FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg--------cmmm e
1987 Mean 2454 402 929 2452 2067 805 1421
Minimum 1571 306 809 1837 1690 481 968
Maximum 3368 532 1060 3763 2450 1313 1790
1988 Mean 2321 2461 966 2127 2073 570 1330
Minimum 1290 1830 785 1708 1260 50 825
Maximum 2832 3380 1160 2698 3830 1143 1920
1989 Mean 2017 2261 943 1976 2040 445 1136
Minimum 212 1660 765 1633 1350 77 791
Maximum 3162 2880 1210 2553 3850 593 1450
1990 Mean 2123 2207 795 1815 1655 596 955
Minimum 1084 1250 €60S 1406 655 312 674
Maximum 3030 3000 962 4009 2620 913 1520
1991 Mean 1860 1167 - 720 1643 1013 546 777
Minimum 1474 832 543 1184 806 204 599

Maximum 2696 1370 1040 2091 1300 992 1000
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YEARLY MEANS,

TABLE

AI-10

AN MINIMUM AND MAXIMUM CONCENTRATIONS

FROM DISTRICT WRPs

{Contined)

OF ZINC

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

IN SLUDGE AND

FOR 1982 THROUGH 2000

BIOSOLIDS

Hanover North

Calumet Egan Park Stickney Kirie Lemont Side

Digester Digester Digester Digester Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-----=-cmm e e e

1992 Mean 1432 1320 778 1827 1084 561 881
Minimum 977 1130 570 1197 778 282 473
Maximum 2300 1570 1510 3500 1610 866 1520

1993 Mean 1363 1005 663 1333 763 612 816
Minimum 1110 853 531 1070 505 448 549
Maximum 1746 1350 835 1780 990 761 1490

1954 Mean 1383 803 693 1495 581 574 1490
Minimum 629 658 529 1070 450 417 542
Maximum 1955 1030 1160 2010 714 828 10200

1995 Mean 1429 708 612 1073 543 483 660
Minimuam 1073 536 497 877 3149 392 416
Maximum LB9E B&7 anh 1260 BB 685 26510

1956 Mean 1626 &7 582 1165 511 455 557
Minimum 1040 528 430 775 350 357 259
Maximum 2585 749 732 1567 624 562 1620
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE AI-10 (Continued)

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ZINC IN SLUDGE AND BIOSOLIDS
FROM DISTRICT WRPs FOR 1982 THROUGH 2000

Hanover North
Calumet Egan Park Stickney Kirie Lemont Side
Digester Digester Digester Digester . Waste Waste Gravity
Year Draw Draw Draw Draw Activated Activated Conc.
————————————————————————————— mg/dry Kg-----=--em e e
1997 Mean 1789 713 615 874 542 443 559
Mipimum 1272 586 529 633 428 369 424
Maximum 2301 . 859 733 1180 687 613 1010
1998 Mean 1429 713 620 840 575 457 556
Minimum 877 614 509 683 479 304 362
Maximum 2041 922 714 1107 867 653 1034
1999 Mean 1077 734 754 902 553 536 565
Minimum 793 583 542 581 437 360 439
Maximum 1530 861 1263 1175 728 726 872
2000 Mean 1125 744 610 7 872 551 546 549
Minimum 912 - 616 493 725 388 484 427

Maximum 1406 913 709 298 828 735 837






