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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 equivalent is about 4.5 

million, and the combined sewer overflow capture equivalent is 

about 0.6 million people, making the population equivalent 

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, like most municipal agencies treating 

wastewater, has found that effective management of its bio- 

solids during the past 30 years is one of the most difficult 

operational functions which it must perform. In order to im- 

plement a more effective program for utilizing its biosolids, 



the .3ist:rict. in 1967 adopted a policy of beneficially :;:.i.;iz- 

ing 19;.380lids on land whenever possible. 

I:--- 
u .l. " -> a b-, i ids lire U i s t r i c . t ,  to improve the quality of its "**. . -*" . -  

with z-especL to metais for land application, initiated ~everal 

interra1 programs. These programs, along with the imple~";.r?nta- 

tion of the Federal Wat.er Pollution Control Act c f  'I372 

(FAIPCA) and 40 CFR Part 503 Sewage Sludge Regulations i,z 11993, 

resuit:ed ir, a reduction in the metals content of tihe D i s -  

tri.c~ s :b j .~xo l ids .  

q-i?h .%..E District, in the late 19601s, recognized the impact 

of i ~ ~ d u s t r i a l  discharges on wastewater treatment plans epara- 

tions Ic 1969, pretreatment regulations were establisk-ed by 

adopt:: ng azi ordinance which set specific limits on the cr.:x?,cen- 

tr;xt:ic>ns of critical pollutants having the potential ta :_Inpact 

the operations of the District's WRPs. In addition, the FWPCA 

was e:nendet~ in 1977 to require the establishment of nazional 

pret reatmezt standards governing industrial discharges into 

the r .at ionr s publ.icly owned treatment works ( POTWs) . 

in 1978, the United States Environmental. Prctection 

Agcsrac'y (USEPA) promulgated the General Pretreatment Regula- 

tions. These regulations established the responsibil it ?-es of 

the LI"IEE:A, the states, and POTWs in implementing the Nazisnal 

Pret;r-eatmen t Program. In 1985, the District submitteci its 



final Pretreatment Program proposal 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 

~istrict's existing pretreatment program, increased monitoring 

of industrial 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 impact 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 503E1, in response to the sludge regulations, resulted 



in 3. signi ":cant continuing decline in the metal cc:r~.t;?:-'?.toof 

the b i a s o i ~ d s  produced by the District" WRPs. 

,!ie Dlutriet's pretreatment programs resulted in a nuzrked 

reduct.ion 1.n the metal content of the sludge and b.i3solids 

produced by the District ' s seven WRPs from 1982 throug?: 2000 . 

Reducr ions in met8als occurred from 1982 through 1991 3; a re- 

sult of the implementation of the District's pretreataen!: pro- 

grarr, and ::be water quality based copper discharge : ,  in 

NP13E;S permits for the Hanover Park and James Kirie Wli.Fs. Ad- 

di'cio:rm.l weduct ions in metals occurred from 1992 thrc-23:: 2 000 

as a zesult of implementing the 503EI. 

R.educt.ions occurred in those metals categorically regu- 

lated, by t:kte pretreatment regulations (cadmium, chr0m.i npf: eop- 

per, 'lead, nickel and zinc). With the exception of cadx.i3m at 

the Calume:: and :Lemont WRPs, which showed increases :>f 133 to 

72 n.-7,bdry kg and 9 to 14 mg/dry kg, respectively, redLctions 

for r-hese six metals at the District's seven WRPs f r s r n  I982 

th.ri2ugh 1,091 ranged from a decrease of 11 percent for ctixrsmium 

at the 2al:~met WRP to a decrease of 91 percent for cacimi..i;rn at 

the Ranover Park WRP. The yearly mean concentrations of these 

six metals in Siosolids produced by the District" HWR.Ps after 

1992 were all considerably below the Part 503 Sewage Sludge 

R~:gula t fons  limits for exceptional quality (EQ) bz.r-lsolids. 



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, mercury, 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 prior to 1991. 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. 

A n  evaluation of the pollutant loadings from categorically 

regulated significant industrial users (SIUs) during full im- 

plementation of the 503E1, from 1992 through 1998, showed an 



overs:; :: we:5,uctior* of 52.4 percent for the six prezre~tzment 

met;a.l~:. These reductions in annual metal discharges :Lead to 

reciuct;isns in the metals content of the sludge and bioeolids 

produzed hy the District's seven WRPs from 1992 through 2300. 

For tie nonpretreatment metals, the changes ranged from in- 

crease of 300 percent for selenium (1 to 4 mg/kg) at t 4 1 ~ t  Egan 

WR!? t2 a reduction of 70 percent for mercury at the Egan WRP. 

This variation reflects the problems associated with the ana- 

1y.IL3.c JL rel. iability of the early data for these metals, 

The s.,lbstant;ial reductions in the pretreatment x-tals,  

along w:itl:. the low concentrations of the nonpretreatmen?: net- 

als, h u e  resulted in final biosolids products from the Dis- 

trict's WRPs that more than meet the EQ criteria for metals in 

th.e ZSEPA Part 503 Sewage Sludge Regulations. The 2 C O 2  13i.s- 

tri-!:.--wide! non-weighted mean concentration of the 10 i-..e&a.bs in 

tke sludge and biosolids from the District's seven WR'Fs were 

61 to 95 percent below the EQ limit. The USEPA reccgnized 

these efforts by presenting the District with the 1.996 Na- 

tional Excellence Award for Pretreatment Programs in t:h.e Large 

Category (greater than 100 SIUs) . 



INTRODUCTION 

. n i .;ne Metropolitan Water Reclamation District of S-reater 

Chicago ( D i s t r i c t . )  treats the wastewater from the city af Chi- 

cago and 3.25 adjacent suburban communities covering an. area of 

87:2 s-pare miles .. The District1 s sewered populaticl-2 i r ;  aP - 

proxii:natel.y 5.5 nillion people, the commercial and iEd;~st--r.ial 

po:pulat ion equivalent is about 4.5 million people, :~l,s.cl the 

co:mkii.:~.ed sewer overflow equivalent is about 0.6 mill ion: mak- 

ing ?he population equivalent served by the Distr2.c;: about 

10.6 nillion. From this residential, commercial and indus- 

trial eompIIex, the District collects and treats an siierage 

was::ewater flow of 1,500 MGD at seven WRPs. The D l - s t  ri.ct ' s 

WRPs range i.n size from 3.40 MGD to 1,200 MGD desigr, flow. 

The treatment of this larye volume of wastewater currer~tly re- 

sult-~ .in ::he production of approximately 190,000 dry z.:>n.: of 

biosolids yearly that require ultimate disposition. 

'The 'E~is t r ic t ,  like many municipal agencies operating 

POTWs, has found that finding beneficial uses for iks bio- 

solids during the past 30 years in the United States kaa been 

one ::;f the most difficult operational functions, and 1.; con- 

t i n u e s  to be so. For many municipal agencies, la~dFi? . ' ~ n g ,  



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 

incorporate 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 2 0 0 0 .  

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

ment program on the metal content of the 



~ludye and biosolids produced from 1982 

through 1.991. 

.2 .* . lio show the impact of the Districtrs 50'3;?:.L 

initiative on the concentrations of pre- 

treatment regulated metals (cadmium, chromir;rr.: 

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

r rea tment  metals (arsenic, mercury, molybee-- 

r:.um, and selenium) in the sludge and biosolids 

:producesd 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, deperiding 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. 

James 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, Illinois, has a 

design flow of 30 MGD. Wastewater processes include primary, 



se~ :~nda ry  ',ac.t.ivated sludge) , and tertiary (sand £iL.z~t~':ion) 

treatrlent. All raw sludge solids including waste-act.::~ated 

sludgc at t he  WREJ are anaerobically digested. Fo1lowLr:ci- -. di- 

ge~;ti:n, t:kX.e sol. ids are conditioned with a cationic pc?ll)raner 

and c:entri"ilged. The centrifuged cake may be land appl.ied as 

a Class B ::~iosolids product or transported by truck tc i~igoons 

at the  Calumet WRI? where i-t is aged prior to air-drying. 9ur-  

ing the winter or when the centrifuges are not operating Liq- 

uicl digested solids are sent via pipeline to the N o r t h  Side 

(NS) 'WRP, where the NS waste-activated sludge solids ; x d  the 

digest;& s ~ 1 i . d ~  from the John Egan WRP are sent via pipeline 

to the Stickney WKP for further treatment. 

North Side WKP, located in Skokie, Illinois, has a design 

cape-~ty of 333 MGD. Wastewater processes at this WRF in.iziude 

p r y  anci sec~lldary (activated sludge) treatment. Sol  ids 

produced at this WRP are sent via pipeline to the Sticknc-f WRP 

f 03:. f 1irther treatment. No final biosolids product is ar t  duced 

at thr s WRP. 

"aiumet WRP, located in Chicago, Illinois, has I 3esign 

capac<"_ of 354 MGD. Wastewater processes at this WRF .trl,lude 

pr:irrary and. secondary (activated sludge) treatment. A .  sal- 

ids p~oduced at this WRP are anaerobically digested. FciLowlng 

digest lopi, solids are conditioned with a cationic so-.yr?er, 



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, Illinois, has a design 

capacity of 1,200 MGD. Wastewater processes 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-digestion centri- 

fuges. The dewatered solids (about 6 percent) are anaerobi- 

cally digested. Following digestion, these solids are proc- 

essed through two biosolids process trains, liquid (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, Illinois, has 

a design capacity of 12 MGD. Wastewater processes at this WRP 

include primary, secondary (activated sludge), and tertiary 

6 



(sanci filtration} treatment. All solids produced at t x i s  WRP 

are 'klckened by gravity belt thickeners, anaerobica,.. -q di- 

ges:;ed, and lagooned. Lagooned digested biosolids ax-.? then 

app -xed @ i n j  ect.ion to fields on a 111 acre (45 ha) f 2 r m  at 

the slte. API the biosolids produced at the Hanover P a r k  WRP 

are nznefaciaily 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 1977 

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 nation'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 d l  schargers, intended to achieve the following 3bj ec- 

tives : 

1 
A ., Yr:, prevent the introduction of pollutants t h a  c 

pass-through PQTWs and are discharged into rs~- 

ceiving waters. 

- 
<, 'To prevent the introduction of pollutants tFl,ar: 

:izterfexe with the operations of POTWs, XI-- 

eluding interference with the use or disposai 

wf sludges generated by POTWs. 

3. To improve opportunities to recycle and re- 

claim municipal and industrial wastewaters a ~ 3  

sludges ., 

' 1 (   he General Pretreatment Regulations also requir.e all 

P C T W ~  mfihiiqal receive categorically regulated industr ia; dis- 

ch.a:rges,, o:r with design flows greater than 5 MGD tc develop 

an,d .n:aiata:in local pretreatment programs. Local pretuez,trnent 

programs mist be approved by the USEPA or a state with dele- 

ga.ted apprs3val. authority for pretreatment program s-ser s;ght, 

and raat iarclude the necessary legal authority and procedures 

tc ps-fomi the following functions : 

I. Iden t i fy  and locate all possible industriel 

zsers (IUs) which might be subject to regula- 

rian under the local pretreatment program. 



2. Identify the character and volume of pollut- 

ants discharged by IUs into the POTW. 

3. 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. 

4. Receive and analyze self-monitoring reports 

and other information submitted by IUs under 

the General Pretreatment Regulations. 

5. Randomly sample and analyze discharges from 

IUs to the POTW, and conduct surveillance and 

inspection activities in order to identify in- 

stances of noncompliance with applicable stan- 

dards, independent of information supplied by 

IUs . 

6. Investigate instances of noncompliance by IUs, 

and issue enforcement actions, including au- 

thority to assess or seek civil penalties, 

sufficient to elicit a prompt return to com- 

pliance. 



7 ,  Ccmply with the public participation and pub 

1 LC access to information provisions of tx;f 

Ndtlonai Pretreatment Program. 

3 car: f orman~e with the General Pretreatment R e g ~ l  at- aons 

the E l s t - r i c t  submitted its final pretreatment program ,,,,, -r-mosai 

to t h e  IXEPA in July 1985, and on November 18, 1985, the USEPA 

is(stre3 ~ t s  approval of the District's local pretreatnear Fro- 

Pretreatment Requlations and Program - 

DE'VI:LOPKEPJT OF THE DISTRICT'S PRETREATMENT PROGRAM 

Akecog.r~izing the potential adverse impact of iL2-d.rtsial 

discb~rge~ on wastewater treatment plant operaticsis , 

POTWs iii the United States, including the District *stab- 

lished Pret-reatrnent Programs during the late 1960s tz 2 jntrol 

the ci~scharges from the IUs tributaries to their t~eatrnent 

fac:,ities The District's Sewage and Waste Cono~--s, Cxdi- 

nancze ford-~nance 1 , in which the District established gzneral 

discharge  regulations applicable to discharges from a- IUs, 

inc:,::disag specific limits on the concentrations of C ~ - E  ical 

pol:+~~ante having the potential to impact the operar :C 11s of 

the Elstrict's WRPs, was adopted in 1969. The discharge lim- 

its zontarned is, the Ordinance were designed to preve;r4: the 



pass-through of pollutants into receiving streams, and inter- 
4 

ference with the physical and biological 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, 

wastewater treatment technologies, and effluent discharge 

characteristics. The USEPA evaluated both the technical and 

economical feasibilities of the various treatment options in 

the establishment of discharge standards. 

To date, the USEPA has established direct and indirect 

(pretreatment) discharge standards for 27 industrial categories, 



?4E'1'ROPCLJITAN WATER RECLAMATION DISTRICT OF GREATER C~ST;:IXZD 

TABLE 1 

COMP,k?TSGN OF DISTRICT'S LOCAL DISCHARGE LIMITS FOR 1322,TAWTS 
REG1JL9TED IDJDER PART 503 SEWAGE SLUDGE REGULATIONS WIT3 THOSE OF 

THREE OTHER MUNICLPAZ, AGENCIES 

Municipal ~gencies' 

Metropolitan Metropolitan 
Water Reclama- Hampton Waste Con- &st Bay 
ticn District Roads San- trol Commis- k ~ - ~ ~ c i p a l  
of Greater itation sion Twin tl <iity 

Poll u:arit Chicago District Cities Area Z~rstrict 

--- ---- 
 enex ex-a1 discharge limits for industrial waste pretreatment es- 
tabi~sheci by the Municipal Agency - period 1969 to 1981, 
2 No ilmit established by local or federal agencies. 



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 POTWs 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 required 

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 1992, 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, 



IYETXOPOL 1 TAN WATER RECLAlGiTION DISTRICT OF GREATER CIK ,CI.GO 

TABLE 2 

ZtUUST2IAL CATEGORIES SUBJECT TO ESTABLISHED FEDEE'iil, 
CATEGORICAL PRETREATMENT STANDARDS 

Existlr,; 
40 CFR Sources Co~p; ance 

I c d    st rial Category Part Date 

Alun:inam Eosming 467 
Batt e:qr rnanuf acturing 461 
Bui1ders"paper and board mills 431 
Coil coat ing 1 465 
Coil ~::oa~ing II (Canmaking) 465 
Co]?pe:r r',,?rsi.ing 468 
Elect,ricai and e lec t ron ic  compo- 469 
nemks Z 
Elctc"Lropla.zBng 413 
Inorganic chemicals I 415 
Inorganic shernicals I1 415 
I r c ~ n  and st.eel 420 
Leatherr t ann ing  and f inisl-ling 425 
Metal finishing 433 
Metal inolding and casting 4 64 
Nonferrous metal forming 471 
No:nl.errousl metal rnanuf acturing I 421 
No:nfe.rrous metal rnanuf acturing I I 42 1 
Or!3t"-s?_ic chemicals, plastics and 414 
sy:nttet.i.c Eibers 
Pest:i~ci.des; 455 
Petr-cleum ref inkng 419 
Ph8armaceutical manufacturing 43 9 
Pl,ast LCS molding and forming 463 
Porcelain enameling 4156 
Pulp, paper, and paperboard 430 
RuIbber processing 428 
Stea~ electsic generating 125,423 
Te.xt:ile m i l l s  410 
Timber  products processing 42 9 



increased monitoring was performed where IUs demonstrated pat- 

terns of noncompliance with applicable discharge standards. 

As a result of the inclusion of water quality based cop- 

per discharge limits in the National Pollutant Discharge 

Elimination System (NPDES) permits for the District's Hanover 

Park and James Kirie WRPs, continuous (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 which 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 



2.. x m i  t:.s , and that reduct ion in the concentrat in:rr:; 
3f three metals (cadmium, chromium, and lead) wa:; 
needed .... The District found that the average 
concent rat ions of cadmium in digester sludge pr.3 
dueeii at the Calumet and Stickney WRPs did nsc: 
rrleet: the high quality sludge limits, and while 
the average concentrat ions of chromium and learl 
at District WRPs met the high quality limits, Ln- 
dividual arlalyses for these metals indicated pe-- 
a-iodic excu,rsions beyond the high quality limits . 
The District's efforts to achieve the high qua',. - 
Pt:y sludge standards became known as the 503 En.- 
fo rcement  I~itiative ( 5 0 3 E I ) .  

(- =uiding - Principle 
.-- 

The Eistrict established as the guiding princip:l.~ 
cf the 563E1, that a substantial reduction in the 
di.sck;arge of heavy metals, and the high qualit-f 
s:L.ud.ge limits, could be achieved through {a i  
optimization of the District's existing Pretreat- 
m e E t  Program, (b) i.ncreased monitoring of indm - 
trial. point source discharges into its sewerage 
system, and (c) innovative Pollution Preventi0-7, 
( P 2 )  assistance to the industrial community. 

Pretreatment Program Optimization -- 

:Cn Ganuary 1993, following approval by the state 
of 1:llinois 1egisla.ture in August 1992, the D i a -  
tric-t amended its Sewage and Waste Control Ordi- 
na.l-,ce (Ordinance) to include the following en--. 
f orcement mechanisms, which were designed to 
elicit more decisive action by IUs to attain corn- 
2Hiance with applicable standards: 

a suthority to assess administrative civil pen- 
slties, in the range from $100 to $2,000 per. 
:3ay of violation 



authority to assess fees for late filing of 
reports required under the Ordinance, in 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 Regula- 
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- 
quired its SIUs 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 503E1, 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 

o adequacy of spill prevention, control and 
countermeasure facilities 



azeeptsbility of discharge monitoring point 

o presence of state certified wastewater treat 
vent plant operator 

E a c h  regula.ted SIU was assessed a numeric scu:f-e 
for the fa.ctors above, and the population w&s 
then ranked by numeric score for the selection (.>:f 
targets for continuous discharge monitoring 
91.:ring the first quarter of 1993, the District 
i r i s ta l led  continuously operated automatic sam. 
pling equipment at the top 100 SIUs (out of 63C 
SIUsl identified through the selection process 
~clesc-a-ibed above. Through the increased SIU moni - 
tor ing described here, the District was able t:: 
sl:bs t ant ially redu'cle sludge metals concentra,- 
tiions at its WRPs, and the high quality sludge 
limits were consistently being met by April 1993, 



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 implemented 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 

1992 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 



biosa'lds f;-om the District's WRPs during this interval The 

seconc p e a r i d  1s from 1982 to 1991, which reflects :- ap- 

proval of t-.'-ie Cist.rictls pretreatment program by USEPA 3 No- 

vernb.3~ 18, L985,  maintaining the pretreatment progran c/ con- 

duct~r,g anma1 ~nspect;.ons and four days of sampling a- the 

facii:"bie sf SIUs, and water quality based copper ciisc.-,arge 

limlzs i2 NPDES perzits fc?r the Hsnover Pzrk and Kirl..; XPPs. 

The tklrd ~eciod of 1992 to 2000 reflects the implem%:al a.t~on 

of the SQ3t1, and the impact of this initiative on " i e  %.,eta1 

concer.:Erat.:~ons in the sludge and biosolids produced 5:. the 

District's WRPs. 

"he metals shown for these three periods are the IC. met- 

als; or ig in . a . l l y  regulated i.n the Part 503 Sewage Sludge Z . ~ g n l a -  

tiocs (arsenic, cadmium, chromium, copper, lead, mere-:xy, mo- 

lybdenum, nickel, selenium, and zinc) . 

Sludge and Biosolids from District WRPs 1982 - 2 C C :  .----- 

'The mean yearly concentrations of the 10 metals are shcdr- for 

the sladge and biosolids from each of the District's  SET:^^ P ~ ? s  

fron -382 -,hrougb, 2000 in Tables 3 through - 12. For the "airnet, 

Egar., Hanwer Park, Stickney WRPs , the metal concentrat: c~~ls are 

shi3b:. for the digester draw. At the Kirie and Lemont ifmPs, tne 

metal levels are sliown for the waste-activated sludge prada;acetl by 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

YEARLY MEANS FOR ARSENIC' IN SLUDGE AND BIOSOLLDS 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 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rng/dry kg-------------------------------- 





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 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 (Continued) 

yFWts,ry ME_WS FQR C A D M Z U M ~ B N  SJ~UDQE AND HIOSCTT-IDS P 3 ~ ~ > ~  114 :;-;"I"RIc:T @mi%: 
FROM 1982 THRWGH 2 0 0 0  

Calumet Egan Wanover Park Stickney Kirie Lemaxvt North Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year D r a w  D r a w  Draw D r a w  Rctjvated Acti.vated Coneentratj on 



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 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 (Continued) 

P,JFARI ,Y MR.&hf",F(3 R r " 9 - i ~ T ) ~  ~ 1 3 l a . f ~  1 p;r c:llrr?s,p 4~l-1 n y;:r::y, r r)c: ~5q"i":bq r3-f Z r a  - ! -- w2pt.: 
FROM 1982 THROUGH 2 0 0 0  

Ca l u r n e  t Egan Banover Park Stickney Klrie Lemon&. North Side 
Digester Digester Digester Digester Waste Waste Gravity 

Y e a r  D r a w  Draw Draw Draw Activated Activated ConcentraZion 

~ ~ . . * ~ ~ ~ ~ . - ~ , ~ ~ " , ~ = * & " & - * , - - . ~ " ~ - - - . A n " ~ ~ , - ~ - " - ~ ~ " " - ~ m - - * * - * - ~ ~ - ~ - m v " ~ ~ , ~ - ~ . w ~ , ~ ~ - > m - ~ . .  

f o r  exce~:t-:.c;nai quality ? I ~ i : - m ~ i i r ; j c : :  w.3.9 L,;, b1 Y r ~ c n n q  *,. J ,..: c, ?., 

1: .,.. .. .L/2C2 PaLk 5 I". " I " . : .. ... 
i iJ ..>~,..,~dy.Z Recp."i.d.f" i . . < . : * , r k ~  .i.r.1 i 3 95 - 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 (Continued) 

Calumet Egan Hanover Park Stickney K i r i e  Lernunt North Side 
Digester Digester Digester Digester Waste Waste G r a v i  ty 

Year Oraw Draw D r a w  Draw Activated Activated Concentration 

1 . . Cr:pppe.s: .F :n:.it- for. except: i.onal q~ial  i Sicnoll ds is 15/nP,' mq,"kq 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 7 

YEARLY MEANS FOR  LEAD^ 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 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 7 (Continued) 

YE,rlE,lA'":,EihaJS FC?K {;EAT)" IN SZil-EGE B:rC'iSQllijDS FR('kF/C IlTS'TRTCT VWRS 
FROM 1532 THROUGH 2 0 0 0  

Calumet Egan Banover Park Stickley K i r i e  Lernont North Side 
Digestex Digester Digester Digester Waste Waste Gravity 

Y e a r  Draw Draw Draw Draw Activated Activated Concentration 

----*--a--<-"-*a-s--- - 
' ~ e a d  limit for exceptional qualzty bioso l ids  is 3 0 0  rnq/kg 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 8 

YEARLY MEANS FOR MERCURY~ IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPS 
FROM 1 9 8 2  THROUGH 2 0 0 0  

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

Year Draw Draw Draw Draw Activated Activated Concentration 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 

YEARLY MEANS FOR MOLYBDENUM~ 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 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 (Continued) 

~ F A P T . Y  MFANS ~~cls M~;?,'SRDI<NXR~~ r N  SLLTDGE ~rn BSOSOI,~DS PROM n~ STRS c : ' ~  PS 

FROM 1982 TXRQUGH 2 0 0 0  

C a l u m e l s  Egan Hanover Park Stickney Ririe Lemont Nor th  Side 
Digester Digester Digester Oigester  Waste Waste Gravity 

Year D r a w  D r a w  Draw Draw Activated Activated Concentration 

-w*",".m-w*A- ---- --w--v<- .~-."--- -- -*-*'.,--- s-------- ~--*- <- - . -." -*".-~- 

'ijc>l in3 I dx i t  FGT % r ) ~ i y b d ~ ~ ) ~ , m  2 9  Part hl? 3 S ? y l d q - t p  P ~ q i ~ i a f  3~37 '151  i a 7 %  nla/kc$ 
klfi  L- I d 0  dLLd/fSljlha 

i CencerrtraLi ons less rlbarr t-he detecr ion l im i r  are rrepor Led &ti a 

NR = Not reported. 



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 Ririe Lemont North Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw Draw Draw Draw Activated Activated Concentration 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

yfi'pftl Y' p [ E m s  N i C K B L I  ' SL[,IT)(;E WjD L---.':3T -"' 
r a t  2. ,.. *. J j iirrc j~,; i-,:-) TiyF<3%1 C j i X ~ ~ ~ ~ : ~ ' , i ~ '  %RE?;; 

FROM l982 THROUGH 2 0 0 0  

C a l u m e t  E g a n  Hanover Park Stickney X i r i e  L e x ~ o n t  North Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw D r a w  D r a w  ijraw Activated Activated Concentration 

1995 33 5 2 3 8  69  42 1 8  48 

1996 32 3 9  2 9  6 1 2 9  1 8  3 7  

1997 3 1  4 2 31 55 33 1 7  4 1  

1998 3 4  48  30 5 5 38  1 8  56 

1999 30  45 3 0  5 2 35 16 4 0  

AUOo 3 1! t~ d . , A I 5 d ;  G: " ?  1 "  

-m--*-aw A.Ad & - 7 --* - - - --<-.---- spm---usm 

1 Nickel llrnlt for exceptional guallty biosolids s s  420  [ny/ky. 



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 Lemon t North Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw Draw Draw Draw Activated Activated Concentration 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 12 

YEARLY M F ~ S  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 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 12 (Continued) 

YKARL,V %E-JS FOR ZTNIT""?N SLimGF ANAI BTOSOIIYDS FROM I?lrS'CNla'l"WR&,e; 
E'ISUM f 9 8 2 THROUGH 2 0 0 0 

Calumet; Egan Hanover Park Stickney Kirie Lemonlt: North Side 
Digester  Digester Digester Digester Waste Waste Gravity 

Year D r a w  Draw Draw Draw Activated Activated Concentration 

1 
-P--.=b-.s.---,--=---.---- c--,----s" 

Zinc l i m i t  for exceptiona'l quality biosol ids  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 is 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 AI. 

ARSENIC 

The yearly means for arsenic in the sludge and biosolids 

produced by the District's seven WRPs from 1991 through 2 0 0 0  

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 

5 0 3  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 2 2  mg/dry kg, and were well below the EQ 

limit. 



C N 3 W  7 W 

:he yearly means for cadmium in sludge and biosol--2- Fro- 

duced by tA?s District's seven WRPs are shown in  able -- 4 They 

ranted frroi;i. 2 rng/dry kg at several WRPs (Hanover Par. 'sS.98, 

Kirle 3.998, and Lemont 1995 - 2000) to 221 mg/dry Xcs rt.. the 

Hanovclr Park WRP (1983) . From 1982 through 2000, tP.e ~erriont 

WRP waste-activated sludge had the lowest range of rn-3:. cad- 

mii~~r leve1.s ( 2  to 29 mg,/dry kg) . The highest ranges 3- mean 

cadna  xi cc;ncentrations from 1982 through 2000 occurred -:? di- 

gester ziramr sludge from the Hanover Park WRP (2 to 25 1 nq/dry 

kg) ~ind the Egan WRP (3 to 167  mg/dry kg). 

The iwpact of the pretreatment regulations and t-2 503EI 

on zadmrum reduction in biosolids produced by the C:~ ~ c r i  ct ' s 

WRP:; fron 1982  through 2000 will be discussed later I; this 

report . Table 4 shows that the yearly mean cadmium l i-l-~els in -. --- 

the sludge and biosolids produced at the District's sevEs WRPs 

aftex 1992 w e r e  below the cadmium limit of 39 mg/ky r EQ 

biosciids, Yearly mean cadmium concentrations in s S U ; ? ~ E  and 

biosclids continued to decline from 1993 through 199"1. and 

have remained essentially constant since 1996. 



CHROMIUM 

The yearly means for chromium in the sludge and bio- 

solids produced by the District's seven WRPs from 1982 

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 range 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 biosolids 

produced by the District's seven WRPs from 1982 through 2000 

are shown in Table 6. They ranged from 254 mg/dry kg at the 

Calumet WRP (1990) to 3212 mg/dry kg at the Hanover Park WRP 



(15384, . Trie range in mean copper levels during this ::: erval 

was: t ? e  lc~sest In digester draw sludge from the Calsrtet WRP 

( 2 5 4  : o 35.9 mgfdrlr kg) and the highest in digester draw -:L~dge 

frorr the Ra.;oves Park WRP (702 to 3212 mg/dry kg). 

Table 6 shows that after 1992, the mean yearly 2e~r;cen- - ---. - 

trat-z~ms of capper in the sludge and biosolids proaucsd by 

the C -stri~z's seven WRPs were well below the copper Eb8 :isnit 

of !.529 rnpi'kg. Yearly mean copper levels at the D i s - ~ i c t ~ s  

WR3le kla-cre rernarned fairly constant since 1993. Th.s -;rend 

ind:ical;es that the implementation of the pretreatrrient Frograms 

and the rncb::itoricg of SIUs under the 503EI to be d~ar~issed 

la,rer 2.n this report were effective for copper rernova; 

'The yearly means for lead in the sludge and biil;ssslids 

produced by the District's seven WRPs from 1982 thray~g~ 2 0 3 0  

are skown :in -- Table 7. They ranged from 23 mg/dry kg 2::: the 

Lemon,~ WRF (206Q) to 837 mg/dry kg at the Calumet WRP : . i984). 

The r.mqe i-n mean lead concentrations during that interval was 

the lcwest in waste-activated sludge from the Kirie WR,F i 3 1  to 

361 ry/'dry kg) and the highest in digester draw frorrl the Calu- 

met VZRP (1.08 to 837 mg/dry kg) and Stickney WRP (139 t . ~  524 

mg/dry kg) . 



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 constant 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 biosolids 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 rng/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 11, but not by the USEPA categorical pretreatment stan- 

dards. Mercury levels were generally the lowest in digester 

draw from 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 mg/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. 



- ~ 

7-t-e yearly rr.eans for molybdenum in the sludge c;::c nio- 

so:!ldi; groSaced by the District's WRPs from 1982 throu~i 2 C 0 0  

are: shown Ln Table 9. Molybdenum is not regulated y the -- 

pretreatment  regulations, and it is a nonpretreatment.: metal 

as skLown i-n Table 1. The analysis of molybdenur? . :he -- 

District 3 sludge and biosolids was not initiated unf : l 1991. 

Analy;:lcai methods for molybdenum, like arsenic, are rst; as 

reliable e.s methods for other metals. This makes c l r ~  com- 

pa:risr>n of molybdenum concentrations reported in A .  *>'< with 

those in. t.he following years at the District's seven WRPa dif- 

f iczul'i: to interpret. 

'%he nean  yearly molybdenum concentrations in th2 3lr;dge 

and bioso:l :,ds produced by the seven WRPs from 199: ::<:rough 

203C -.re ~Plown fn Table 9. They ranged from 0 m g / d q  Ieg at - 

thle Stl.ckr~ey WRP (1991) to 34 mg/dry kg at the Egar. WRP 

(199: . . Yi;,clqrbdenum concentrations were usually the I c w ~ - s t  in 

waste-aeti~sted sludge from the Lemont WRP, and the hlsnest in 

digeszer dzaw from either the Egan or Stickney WRPs. Ws~ybde- 

num cn,nceKtrations in the sludge and biosolids showed ,I: in- 

crease frorn 1991 through 2000. This apparent in:--r-?se is 

probably a result of the analytical unreliability of t l l - t  1991 



data. No analyses were conducted from 1 9 8 2  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 

1 9 9 1  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 1 9 8 2  through 2 0 0 0  

are shown in Table 10. They ranged from 14 mg/dry kg at the 

Lemont WRP (2000)  to 3 7 6  mg/dry kg at the Egan WRP ( 1 9 8 2 ) .  

The range in mean nickel concentrations during that interval 

was the lowest in digester draw sludge from the Calumet WRP 

( 3 0  to 101 mg/dry kg), and the highest in digester draw sludge 

from the Egan WRP (39  to 3 7 6  mg/dry kg) and Stickney WRP ( 5 2  

to 3 6 4  mg/dry kg). 

Table 1 0  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 4 2 0  mg/kg 

for EQ biosolids, and ranged between 14 and 87 mg/kg. This 

indicates that the pretreatment programs implemented were 



very effective in reducing the nickel concentrati~~s : I :  the 

slucl~e and biosolids produced by the District's sever- ~ ~ p s *  

The yearly means for selenium in the sludge and bi330lid~ 

prokzed b.;l the District's WRPs from 1982 through 23*,EI are 

showr i~ --- Table 11. Selenium is not regulated by the p r e ~ r e a t -  

ment; reguiztions, as shown in -- Table 1. The analysis f5r sele- 

niun was not kn~tiated until 1991. The reliability cf sele- 

niu-rt anall,r(sis like arsenic and molybdenum was initla, ly not 

goo:l T k ~ s  makes the comparison of the concentraz~3-.s re- 

por~esj; in 5991 with those in the following years at th- Dis- 

trict's scyren WKPs difficult to interpret. 

The mean selenium levels in the sludge and biosc.l:5s pro- 

duced by r3e seven WRPs from 1991 through 2000 are ~ k l s w r ^  in 

T a b l s  11, and they ranged from 0 rng/dry kg a t  the several WRPs ---- 

(Etickney 1991, Kirie 1992, Calumet: 1994, and Lemont 1634) to 

25 mq/d:ry kg at the Lemont WRP (1991) . Increases ir, scl.enium 

conce;ntrat.ons were observed in the sludge and biosoi, ds pro- 

duced b:y tile Distzrict' s FJRPs after 1991, and they varied, from 

33 gercent for North Side gravity concentration sludge i 3  to 4 

mg/dry kg! to 150 percent for Hanover Park digester dza* ( 2  to 

5 rg; ciry Frg) . These apparent increases were probably Jrie to 



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 I993 

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 zinc 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). 



Tke pretreatment regulations had a marked effeer c n  the 

z inc  zonccntrat~ons in the sludge and biosolids pred~~ced by 

9 Ci 

t h e  r - s t r l z z "  WWPs frorrl 1982 through 2000, and t h i ~  ${-J..L be 

discussed In a later section of this report. 

Yab;e 12 shows that after 1992 the yearly mear zinc ------ 

concerr,",racions in the sludge and biosolids produced at .;te Dis- 

trict" WWRF'S were well below the EQ biosolids zinc L t  of 

280C rng fkg .  

Sludge and Biosolids from District WRPs 1982 - 1591 ----- 

:3.~rins the time period of 1982 through 1991, the "JSEPA 

imp;.ernectecA categorical discharge standards which w c > r e  ap- 

p1icacal.e to all members of an industrial category, ns.za.on- 

wide, regardless of which POTW a particular IU disc-,arged 

to. %hi; P i s t r i c t  received USEPA approval of its pze-.reat- 

merit.  program on November 18, 1985, and it maintairbr5 the 

pres;seatmesit program by conducting annual inspect o z s  as 

pr ev,c =us Iqr described in the section PRETREATMENT UECGRAM 

AC'TI:V?TIES 1985 - 1992. Water quality based coFgser 5is- 

charse :Lirn:.ts in the NPDES permits for the Hanover 2ilrE;b and 

Jalrnci?~ K i r r  e WRPs were also implemented during this p~:rlod. 

All t nese  Eactors had an impact on the metal concen"_ridt;;ons 



in the sludge and biosolids produced at the District's seven 

WRPs during the interval of 1982 through 1991. 

The metals concentration in the sludge and biosolids 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, leadl 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 for mercury as shown in Table I. 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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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 6  

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS~ IN STICKNEY WRP DIGESTED 
BIOSOLIDS FROM 1982  THROUGH 1 9 9 1  

Annual Mean Concentration Reduction 

Metal 1 9 8 2  1 9 8 4  1986  1988 1990  1 9 9 1  1982  - 1 9 9 1  

Cadmium 1 3 2  1 2  8  1 2  0  9 8  6  7  47 6  4  

Chromium 2 0 1 9  1 7 4 7  1 4 1 2  1 3 1 1  1 0  1 7  904 

U1 
rn Copper 1 2 7 8  1 3 4 2  862 853 597 528 

Lead 524  478  3 9 6  3  4  2  2 7 6  2  73 

Nickel 3  6 4  264 1 9 4  1 8 5  1 3 5  1 2 4  

Zinc 2233  2 1 8 6  2264 2127  1 8 1 5  1643  2 6  

Mercury 4 . 6  3 . 3  2 . 3  1 . 5  1 . 8  2 . 0  5 6  

1 Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1 9 9 1 .  





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 8  

TRENDS IN ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS' IN LEMONT WRP WASTE-ACTIVATED 
SLUDGE FROM 1982  THROUGH 1 9 9 1  

Annual Mean Concentration Reduct ion 

Metal 1 9 8 2  1984  1 9 8 6  1988  1 9 9 0  1 9 9 1  1982  - 1 9 9 1  

Cadmium 9  2 5  2 2  2 9  1 7  1 4  - 56 

m Chromium 45 5 7  6  8  6  4  6 6  1 9  
03 

Copper 676  727  7 6 9  380  2  92 3 4 1  

Lead 3 4  2  519  293 1 4  0 5 8  60 8 2  

Nickel 65 9  4 72 11 5 4  4  28 5  7  

Zinc 4818  4545 72 7 1  5  7  0  596  5 4 6 .  89 

Mercury 1 . 5  2 . 1  1.1 0 . 8  0 . 8  0 . 8  47 

1 Analysis for arsenic, molybdenum, and selenium in biosolids was started in 1 9 9 1 .  





varied 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 reductions varied from 21 

percent at the Calumet WRP to 89 percent at the Lemont WRP. 

Changes in mercury concentrations varied 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 reductions in metal concentrations observed in Tables 

13 through 19 from 1982 through 1991 reflect the implementa- - - 

tion of the District's pretreatment program activities during 

this time period. 

Sludge and Biosolids from District WRPs 1992 - 2000 

The District in 1992 implemented the 503EI as previously 

described in the section FEDERAL REGULATIONS AND THE 

DISTRICT'S PROGRAMS AND INITIATIVES TO REDUCE METALS IN 

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 SIUs, which are 

categorically regulated for the discharge of metals by the 

staff of the Industrial Waste Division of the District, was 



the major ccntributing factor in reducing the metal conre?: of 

the s:.l;dge and hiosolids produced by the District" seven 

WRP s 

REDUCED POIJLeTr;9NT LOADINGS FROM INDUSTRIAL USERS 

T _.*., -. c:rde:r to assess the success of the 503E1, the Lisxrict 

analyzed the long-.term trends in metals of concern disctx-ged 

f rcm caY:egorically regulated SIUs . For this analysis the 

Dist:rict used average annual pollutant concentrations Sas-ad on 

all a.vaiiah:!le analytical data from District monitorir:cg of 

SICrs, and to ta l  annual wastewater discharge volumes :reported 

by S1:ds u~cier the District's User Charge system. The Dis- 

trict's assessment indicated that SIU discharges of meta ls  of 

coneern decreased substantially between 1992 and 1998 ss shown 

in ?'able ---. 2C.  The overall. reduction in metals discharsed be- 

tween 1992 and I998 was 52.4 percent. Copper had the ltawest 

recllaction, 3 6 .  L percent, and cadmium had the highest, 74.6 

peirceiit . 

REDI:CTIDN LN METAL CONCENTRATIONS IN WRP SLUDGE AND BSCPC?=.~_IIDS 

'?he tirends in metal readings via the influenr t= the 

WRPs reported in Table 20 were limited to only SIUs q,:b/ect 

to cateegorlcai pretreatment standards. However, the 2,~-7;rict 

also analyzed t h e  long-term trends in the total Isa;i:ng of 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 0  

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

Percent 
Annual Discharge (Pounds) Reduction 

Metal 1 9 9 2  1993 1 9 9 4  1995  1 9 9 6  1 9 9 7  1998 1992-1998  

Cadmium 2 6 3 1  3 1 4 1  2  04 6  8  5  4  4  62 4 3 1  667 7 4 . 6  

Chromium 3 5 5 7 9  36193 3 3 0 7 1  22899 15822  20302 19083 4 6 . 4  

a\ 

Copper 1 4 2 9 6  1 5 9 6 2  1 5 5 7 6  16497 1 1 9 8 0  9906  9130 3 6 . 1  

Lead 2 3 0 5  4  8  94 2759  2614 1 3 9 0  2 4 9 6  1083 5 3 . 0  

Nickel 1 4 7 3 7  1 4 0 8 1  1 3 5 3 1  12168 9104 7662 7  9  18 4 6 . 3  

Zinc 44192  50030  41742 32178 24563 21768 1 8 5 2 1  5 8 . 1  

T o t a l  1 1 3 7 4 0  1 2 4 3 0 1  108725  87210 6 3 3 2 1  62565 56402 5 2 . 4  
Metals 



metal:; 62f concern to its WRPs, and the percent red:;?zz- 911 in 

metdls lsac-iings t:o the WRPs to confirm the effective;a~::a of 

the I;i3lET These metals were primarily cadmium, rLr,il*lum, 

co?pcr, l e ad ,  nlclcel ,  and zinc for which industrial ~ s ~ : - s  are 

sub: ecr. to effluent discharge limits under categor;-akiI pre- 

trlea-ent standards . The other four rnetals (arsenic, re -cury, 

molybdenum, and selenium) were not targets of the 5133F1, al- 

thou~k rnerc-~ry is subject to the District's local lirn:-e$ 

Secause most metals of concern are present in WR? -nflu- 

ents 3: IICW concentrations or at concentrations below a n 2 l y t i -  

cal setect--on limits, the District determined that A *  would 

analyze metal concentration trends in the sludge and I;- solids 

ge.nerated at its WKPs because of the known ability c-he 

s17~dge a.nd biosolids to concentrate metals. For this zLa!ysis, 

thle Dis t . r i c t  continued to use the average annual metal c.>ncen- 

trat i , ~ r r s  nn anaerobically digested biosolids at WRPs x : '  h di- 

gesx,er f ac::, licies, and in concentrat ion tank sludge ?$ WRPs 

wi tl.;or;t digester facilities, as previously shown in -- 'Tat!-es --- 3 

thruu:qh -- 2 2 .  

The metals content in the sludge and biosolids 7~0Cill~ced 

by each of the Glistrict's seven WRPs from 1992 thrcrrqk 2 0 8 0  

art? s5"iown -.n Tables 21 through 2 7 .  The metals are separated - 

into ;wo categories in each table, the pretreatment meta Bs and 



METROPOLITAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

TABLE 21' 

TRENDS I N  ANNUAL MEAN CONCENTRATIONS OF SELECTED METALS I N  CALUMET WRP DIGESTED 
BIOSOLIDS FROM 1992 THROUGH 2000 

-- - 

Annual Mean C o n c e n t r a t i o n  R e d u c t  ion 

Metal 1992 1993 1994 1996 1998 2000 1992 - 2000 

. . . . . . . . . . . . . . . . . . . . . . .  mg/dry  kg------------------------- - - - - - - % - - - - -  

P r e t r e a t m e n t  M e t a l s  

C a d m i u m  42 15 7 6 4 4 
IP 

C h r o m i u m  289 2 05 8 5 8 2 67 7 3 

C o p p e r  320 310 2 96 307 331 330 

Lead 136 14 0 11 9 145 13 5 10 8 

N i c k e l  40 42 3 2 32 . 3 4 30 

Z i n c  1432 1363 13 93 1626 1429 1125 

Arsenic 

M e r c u r y  

N o n p r e t r e a t r n e n t  M e t a l s  



L
:
 

@j E-. 
'ii 
G

: 
CE' 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 22 

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

Annual Mean Concentration Reduct ion 

Metal 1 9 9 2  1 9 9 3  1 9 9 4  1996  1 9 9 8  2000  1992  - 2 0 0 0  

Pretreatment Metals 

Cadmium 25 2 1  1 9  5 3  4 
m 

Chromium 2 1 8  2 0 6  1 2 9  8  5 1 2  3  2  03 

Copper 8  62 751 7 0 9  654 679 825 4 

Lead 1 5 8  92  8  1 5 9  5 5  4 6  7 1  

Nickel 1 0 4  8 7  7 1  3 9  48 6 2  4 0  

Zinc 1 3 2 0  1 0 0 5  803 6 7 1  713 744 44 

Arsenic 

Mercury 

Nonpretreatment Metals 

2 2  3  3  4  

2 . 5  2 . 3  2 . 0  0 . 8  0 . 9  





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 - Reduct ion 

Metal 1992 1993 19 94 1996 1998 2000 1992 - 2000 

Pretreatment Metals 
01 

Cadmium 15 13 13 4 2 3 

Chromium 135 1 I. 0 7 8 5 1 5 0 4 3 

Copper 1054 845 836 724 83 0 793 

Lead 144 75 8 0 5 0 45 42 

Nickel 7 4 57 50 29 30 31 

Zinc 778 663 693 582 62 0 6 10 

Nonpretreatment Metals 

Arsenic NR 1 2 2 3 4 

Mercury 4.0 4.2 4 -4 3.7 2.2. 1.7 
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METROPOLITAN WATER RECLAMATSON DISTRICT OF GREATER CHICAGO 

TABLE 25 

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

Annual Mean Concentration - Reduction 

Metal 1992 1993 1994 1996 1998 2 0 0 0 1992 - 2000 

Pretreatment Metals 

Cadmium 19 
N 

Chromium 191 180 10 8 69 . 115 19 5 - 2 

Copper 671 558  513 490 508 596 11 

Lead 106 58 50 40 43 3 3 

Nickel 89 68 55 29 38 6 1 

Zinc 10 84 

Arsenic o1 

Mercury 1.9 

Nonpretreatment Metals 

2 2 2 2 3 

1.4 1.5 1.3 0.8 0.6 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 6  

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

Annual Mean Concentration - Reduct ion 

Metal 1 9 9 2  1 9 9 3  1994  1 9 9 6  1998 2000  1992  - 2 0 0 0  

Pretreatment Metals 

Cadmium 4 3  3 2 2  2 

Chromium 32 3 3 2 3 2 4  1 6  1 6  

Copper 4 1 1  4 2 4  487 3 74 470 4  06 

Lead 6 9  69 6 1 3 3 3 2 23 

Nickel 2 7  24 2 0  18 18 1 4: 

Zinc 5 6 1  6  1 2  5 74 455 457 54 E; 

Nonpretreatment Metals 

Arsenic 0 1 2 4  4  3 

Mercury 0 . 6  1 . 0  0 . 9  0 . 3  0 . 5  0 . 6  





METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATE:R CHICAGO 

TABLE 27 

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

Annual Mean Concentration Reduction 

Metal 1992 1993 1994 1996 1998 2000 1992 - 2000 

. . . . . . . . . . . . . . . . . . . . . . .  rng/dry - - - - - - % - - - - -  

Pretreatment Metals 

Cadmium 32 2 4 2 3 5 4 4 8 8 

Chromium 193 145 13 5 59 8 0 7 7 60 

Copper 54 1 52 1 4 4 5 4 0 5 510 53 8 0 

Lead 172 137 11 1 86 89 6 13 6 0 

Ni cke 1 102 7 3 7 2 37 56 43 5 8 

Zinc 881 816 1490 557 556 54 9 38 

Arsenic 

Mercury 

Nonpretreatment Metals 

1 2 2 2 3 3 -200 

2.1 2.0 1.7 1.9 0.6 0.8 62 





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 bi~s~lids produn+ ,, f ~ r  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, and 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 yearly fluctuations. The yearly 

variations observed in arsenic, selenium, and molybdenum since 

1992 are mainly due to the problems associated with the ana- 

lytical reliability of the analysis for these metals. 



':he change in the concentrations of the six pretreritment 

metals; i:n c:;le sludge and hiosolids produced by the D i s ? : . ~ j . c Y  s 

seven WRPs from 1992 through 2000 varied with the WRP as shown 

in T a E 7 p g  - .  %b through 27. Reductions in cadmium conceritrs t;ions - 

ranged from 50 percent at the Lemont WRP to 90 percent e z  the 

Cal-umet and Stickney WRPs, and chromium levels increaseci from 

r, . + ,e the v; -4 
.3 p L ..+Ah. , WP,p (191 to 195 r m / . ' r ~ r  L L ~ ~  --I )rq) 2 ~ ~ 3  de- 

creased by 75 percent at the Calumet and Stickney WRFa. The 

change in copper concentrations varied from an increw,se of . 3  

percer_t at: the Calumet WRP (320 to 3 3 0  mg/dry kg) tc e7 de- 

crc?a.se of '33 percent at the Stickney WRP. The redu::t;i-<:'XIS in 

lea6 concentratioi~s ranged from 21 percent at the Ca2.a-net WRP 

to '''7:: percent at the Egar; and Hanover Park WRPs. For xieke1 

the reductions in the levels varied from 25 perce~t a!: the 

Calunet. WRF ta 5 s  percent at the Hanover Park and No?r~- , : i - i  Side 

WR:Ps. Reductions in zinc concentrations ranged from 3 percent 

at I~enront WRP to 52 percent at the Stickney WRP. 

'The change f o r  the four nonpretreatment metals :n the 

s l u d c , ~  and biosalids produced by the District's WRPs, rables - 

21 tbrougk 27 ,  varied from an increase of 300 percenr C 2 r  se- - - 

lenl;::: at the Egan WRP (1 to 4 mg/dry kg) to a reductlop of 70 

pereexr, fo-r mercury at the Egan WRP. This high de3-5:'ee of 



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 metals (arsenic, 

mercury, molybdenum, and selenium) have resulted in the final 

biosolids from the District's WRPs that more than met the EQ 

desfgnatiori for metals in thz Part 503 Sewage Slxdge Eegula- 

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 

quality biosolids 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 biosolids in the Part 503 Sewage Sludge Regulations as 

shown in Table 28. The dramatic reductions in the concentra- 

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. 



MEXOPOALTTAN WATER RECLAMATION DISTRICT OF GREATER _'GlZAi=O 

TABLE 28  

COMPXi?ISON OF TEE 2000 NON-WEIGHTED MEAN METAL CONCENTx%T;ONS IN 
TBE SLLr9GE ANT3 BIOSOLIDS FROM THE DISTRICT'S WRPs WITE THE 

mmrs FOR EXCEPTIONAL QUALITY (EQ) BIOSOLIDS IN THE PART 5 0 3  
SEWAGE SLUDGE REGULATIONS 

Part 503 2000 
Metal EQ Limit ~eanl 

P e l - c ~ n t  Below 
9;li Limit 

- 
1 Non-Xeight~d mean was determined by using the mean ZC3G metal 
cc>r,c~nt:ration in sludge from each of the District's se-se-., "ups. 

2 No > -mit established. Original EQ limit for chromiua 7 f  1,200 
mg/'k*1; w a s  deleted by USEPA on October 25, 1995. 
3~eil:ng l i m i t  of 7 5  mg/kg was adopted by USEPA on Fzb? mry 25, 
19 94 pend in9 further consideration. Original EQ i i n c *  for  mo- 
lybdenum bras 18 n~g/kg.  

4 Ceilr?g P imit of 100 mg/kg was adopted by USEPA on :ct&mx- 25, 
15395 Orxqinal  EQ limit for selenium was 36 mg/kg. 



In 1996, the USEPA recognized these efforts by presenting I 

the District with the 1996 National Excellence Award for Pre- 

treatment Programs in the Large Category (greater than 100 

SIUs) . 



CONCLUSIONS 

:he D ~ s t s i c t  in 1967 adopted a policy of beneficza- -J us- 

ing k:osoli.ds on land. To reduce the metal content ,f hio- 

so:!iar; f o x  land application, the District initiated s-~eral 

in?;err:sl pr-ograms to improve the quality of its bl.zr;-lads. 

These programs, along with federal regulations resultrrc from 

implen~entar_.aon of the FWPCA and the Part 503 Sewage lbrdge 

Rer3l;lations, resulted in a significant reduction in ",h2 metal 

contenz of biosslids produced by the District's WRPs. 

--. ...,ge D.bstrict's pretreatment programs, initially -1nple- 

merited. in 1.969, resulted in a marked reduction in t z r !  ~etal 

contea-tz of sludge and blosolids produced by the E~s~~:~ct's 

seven WRPs from 1982 through 2000. From 1982 throuqz 1991, 

the ~npleme~tation of categorical discharge standards aria? lim- 

its c2 z h ~ ,  discharge of copper in the NPDES permits Ec r the 

Haiicver Fa:-k and Kirie WRPs resulted in a reducticr, :r; the 

metal ccntent  of the sludge and biosolids produced by t n e  Sis- 

t r i c t  s seipen Wl?Ps. Additional reductions in metals ci?:i;rred 

frcxt 1392 throrlgh 2000 as a result of implementing tne 5D3EI. 

The w ~ s t  notable reductions occurred in those metals za>vgeri- 

cali1; regi*.ated by pretreatment regulations (cadmicm 5x0- 

miurn, zoppez, lead, nickel, and zinc). 



Problems of analytical reliability for nonpretreatment 
! 

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 levels 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, copper, 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 showed 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. During 

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 to 89 percent, respectively. The reduc- 

tions observed for these metals reflect the implementation of 

8 4 



the pretreatment program activities by the District auring 

this 7: i m e  period. 

An eva,luation of the pollutant loadings from cki'tcgori- 

cal.ly r.egu.lated SIUs from 1992 to 1998 showed an ove.a:all. re- 

duc:t:x::~c 6 2  52.4 percent for the six pretreatment metals Xcad- 

miun;, chromium, copper, lead, nickel, and zinc) . Coppel: had 

the? l o w e s t  reduction, 36. :1 percent, and cadmium had t.he k-igh- 

est; , '4 .5  percent ,. 

""he reductions in annual metal discharges to t NRPs 

have resul~ed in significant reductions in metals : tne 

sludge and biosolids produced by the District's seyrez WRPS 

dur;zcs the 503EI period from 1992 to 2000. The changes -n the 

conce::tracions of the six pretreatment metals previousl:: men- 

tiored  fro^ 1 9 9 2  to 2000 varied from an increase of _" percent 

at t-hw C a l + x n e t  WRR for copper (320 to 330 mg/kg) to a 5e::rease 

of "3 peerc~ent for cadmium at the Calumet and Stickne; 'WRPs. 

Fo:r the ncrzpretreatment metals (arsenic, mercury, rnolyblenum, 

and selenium! the changes from 1992 to 2000 varied fraT ci:? in- 

crease of :I00 percent for selenium (1 to 4 mg/kg) at ~ h -  Egan 

WR:? t - s  a reiduction of 70 percent for mercury at the Sga:~ WRP. 

This variation reflected the problems of analytical rei;abil- 

ity tic' tshe ear ly data for these metals. 



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 

YF'mLY NEANS, AND MINIMUM AND MAXIMUM CONCENTRATICPIF 3F 
:3ETAL!S IN SLUDGE AND BIOSOLIDS FROM DISTRICT WRPE FC?. 

1982 THROUGH 2000 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AX-2 

YEARLY MEANS, IviiNiWm AND IMUM CONCENTRATIONS UP m S E N 1 C  iN SLUDGE ,M\iU BIOSOLIGS 
FROM DTSTRICT WRPs FOR 1982 THROUGH 2000 

Harlover North 
Calumet Egan Park St.iclcney Kirie t,emont Side 
Digester Digester Digester Digester Waste Waste Gravi t y 

Year Draw Draw Draw Draw Activated Activated Conc. 

3' 
H 1982 Mean NA NA NA NA NA NA NA 
I 

t-' 
Minimum NA NA NA NA NA NA NA 
Maxi mum NA NA NA NA NA NA NA 

1983 Mean NA NA NA NA NA NA NA 
Minim~rn LYA NA NA NA NA NA CIA 
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 
M i n l m t ~ m  N A NA NA NA NA NA NA 
Ynw 7 murr MaF N A F9A NA NA HA NA 

1986 Mean NA NA NA XA NA NA MA 
Minimum NA NA NA NA NA NA NA 
Maximum NA NA NA NA NA NA NA 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 1 (Continued) 

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF ARSENIC IN SLUDGE AND BIOSOLIDS 
FROM DISTRICT WRPs FOR 1982 THROUGH 2 0 0 0  

Hanover North 
Calumet Egan Park St i ckney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1987 Mean NA NA NA NA NA NA NA 
I 
h) 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 

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 

1991 Mean 5 1 1 0 6 2 2 2 
Minimum 0  0 0 0 0 0 0 
Maximum 8 10 18 0  8 3 4 3 14 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI - i { C o n t  inued.1 

YEARLY MEAMS , M I . N I M W  Mm IMlUlvi e'6PSCENTM-1"IQ;PkSS CJF ARSENIC I N  SLIFBGE AND DBUSCihl i rS 
PROM DISTRICT W P s  FOR 1982 'L"HR.OUGTI 2 0 0 0  

Y e a r  

Hanove r North 
Ca % lxme t Bgan Park Stickney Kirie Lemont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Coac . 

P 
H 1992 Mean 0 0 NR 11 0 0 1 

I 
W Minimum 0 0 NR 7 0 0 3. 

Maximum 12 3 NR 16 1 0 3 

1993 Mean 3 2 1 12 2 1 2 
Minimum 0 1 1 1 0 0 1 
Maximum 1 4  3 4 2 1  4 1 0  1 5  

1994 Mean 3 2 2 7 2 2 2 
Minimum 0 0 1 1 1 0 1 
Maximum 12 4 2 19 3 9 4 

1995 Mean 5 2 2  
Minimum 1 1 1. 

Maxi.rii~rni - : .- 2 3 

19% Nean I I 3 a 2 6 2 
Minimum 5 2 1 2 1 
Maximum 16 3 3 12 3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park St i ckney Kirie Lemon t Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

P 
t-4 1997 Mean 9 3 3 5 3 4 3 
I A Minimum 2 3 2 3 2 2 2 

Maximum 31 5 4 9 5 6 4 

1998 Mean , 7  3 3 6 2 
Minimum 4 0 1 2 0 
Maximum 16 6 7 14 4 

1999 Mean 7 4 3 4 
Minimum 3 1 1 2 
Maximum 12 8 6 7 

2000 Mean 8 4 4 6 3 3 3 
Minimum 5 0 1 3 0 1 2 
Maximum 10 5 5 13 5 5 5 

NA = Not analyzed. 
NR = Not reported. 



a
 a, 

4-1 
a, 

Q
 

c
u

r
d

 
a

m
+

 
E

 
m -

4
 

@
Z

$
 

A
 

4
 

z k!l cu
3
 

x
 

rn 
ccl 

U
a

l
k

 
Dl CI 

t: -2 

L
?

k
 

a, 
0
 

E
u

3
 

s
u

r
d

 
a) 

k
 

(d
 tn

n
 

u
 
-4

 
n
 

d
a

m
 

m
P

v
 

d
 

N
 

m
o

o
 

m
 

L
n

c
o

o
 

a
3

v
w

 
r
l 

m
m

m
 

m
~

a
,

 
r
l 

d
 

P
l

D
m

 
a

m
c

n
 

r
l 

m
 

r
l
N

N
 

LD a
 
N

 
r
(
 

N
 

m
P

N
 

m
r

l
m

 

5 5 
E

 
E

 
c 

-I+
 

-I+
 

m
 
G
 

x 
a
 
-
4

 
llj 

Z
E

Z
 

N
 

m
 

m
 

r
l 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A 1  - 2 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park Stickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1987 Mean 9 0 62 12 132 47 23 9 2 
I cr\ Minimum 5 2 41 8 106 25 4 5 6 

Maximum 122 80 17 215 8 1 57 150 

1988 Mean 7 7 61 13 9 8 35 29 69 
Minimum 41 37 10 73 20 0 41 
Maximum 115 89 18 12 6 48  86 9 3 

1989 Mean 8  5 41 12 103 36 16 56 
Minimum 1 26 9 79 20 0 35 
Maximum 138 6 0 16 141 54 87 87 

1990 Mean 6 2 34 18 67 2 4 17 39 
Minimum 42 20 8 51 11 0 2 2 
Maximum 102 48  30 114 39 40 8 5 

1991 Mean 7 2 28 1 8  
Minimum 19 20 12 
Maximum 117 39 28 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 2 i Cont inued j 

YEARLY IwlEmS, AND N I P J T W 5  AND mYfEjlTllvl C O N C E ~ T P S  OF CSil3lulIUM 1W SLg4T36E AND BPOt;i3'1Lii3S 
FROM DISTRICT WRPs POR 1982 THROUGH 2 0 0 8  

Nan~ver  N o r t h  
Cal.r;imet: Eyan Park Stiekney Kixi e Lernont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1992 Mean 42 25 15 41 19 4 32 
I 
4 Minimum 15 17 10 31 10 0 18 

Maximum 96 35 30 5 3 29 12 5 8 

1993 Mean 15 21 13 
Minimdm 6 8 4 
Maximum 26 25 18 

1994 Mean 7 19 13 18 15 3 2 3 
Minimum 3 14 10 13 10 1 12 
Maximum 14 28 18 63 32 4 39 

1995 Mean 7 16 13 
Minimum 4 3 2 
M a x i  maaur : t i  2 4  - r g 

1996 Mea~r G r; 4 
Minimum 2 3 2 
Maximum 11 14 11 



METROPOLITAN WATER RECLAMATION DISTRICT OF GmATER CHICAGO 

TABLE A1 - 2  [Continued) 

YEARLY MEWS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF CADMIUM IN SLUDGE AND BIOSOLIDS 
FROM DISTRICT WRPs FOR 1 9 8 2  THROUGH 2000 

Year 

Hanover North 
Calumet Egan Park St ickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

E 
m 1 9 9 7  Mean 4 5 3 7 3 2 5 

Minimum 0 3 2 5 1 1 2 
Maximum 6 7 4 1 0  4 4 1 0  

1 9 9 8  Mean 4 3 2 6 2 
Minimum 3 0 0 3 0  
Maximum 6 4 4 12 3 

1 9 9 9  Mean 5 4 3 5 3 2 5 
Minimum 2 3 2 1 2 0 2  
Maximum 9 5 4 7 7 4 1 0  

2000  Mean 4 4 
Minimum 3 3 
Maximum 7 6 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 

w 2 13AgL ,,-.t Y PmfBlr;T5; , JQJll MJ:NIMUM iRL&jL:i M&.:*: T'bdl{iT$ ':"GNCRPJTRSt,.TT C9&J:.: :"r F' i:"PI1712M4 f.%'f ET.'!'N I"' LvDGr-' ..k?%TD 

BIBSOLIDS FROM DISTRICT WRPs FOR 1982 THROUGH Z O O 0  

Hanover North 
Calumet Egan P a r k  Sti-ckney K i r i . e  Lemont Side 

DigesCrer Diges ter  Digester Digester Waste Waste Gravity 
Y e a r  Draw D r a w  D r a w  D r a w  Activated Activated Conc. 

1982 Mean 379 1090 667 2019 900 45 9 04 
@ 
H Minimum 281 713 3 95 1366 586 21 573 

I 
'Q 

Maximum 577 1810 968 3116 1450 110 1170 

1983 Mean 488 1327 651 1694 918 60 7 9 9  
Minimum 3 2 4 1060 520 1278 72 5 0 620 
Maximum 798 1590 753 2432 1 0 9 0  14 5 1010 

1984 Mean 7 04 1066 655 1747 888 57 8 2 6 
Minimum 396 813 357 12 62 667 27 627 
Maximum 1617 1640 1010 5553 1310 109 1150 

2985 Mean 723 903 382 1524 6 9 8 55 6 8 5 
Minimum 450 603 279 1128 446 18 513 
Max ix~tarar 11 8 0 ? 3 5 0  5-30 1 9 8 1  93 1 191 1010 

iyi(tr \ C ~ C I ~ ;  <> 0 r; : s t 3  1 C> 5 I 1 4  ,I 1 La5 - t- c L# 5 Cn r ' * ? ' 7  

M i i rrrun;~ 3 6 4  551 1% W 1122 456 9 3.44 
Maximum 738 92 9 3 14 1.750 715 I86 7 7 6 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 -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 Lemon t Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw Draw Draw Draw Activated Activated Conc. 

1987 Mean 
P 
H Minimum 

I 
t-l 

Maximum 
0 

1988 Mean 
Minimum 
Maximum 

1989 Mean 
Minimum 
Maximum 

1990 Mean 
Minimum 
Maximum 

1991 Mean 3 3 8 2 2 3 156 904 201 19 18 0 
Minimum 250 146 104 783 133 0 12 6  
Maximum 482 2 96 2 72 1193 285 5 6  222 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI -3 (Continued) 

Year 

Hanover North 
Calumet Egan Park St ickney K i n e  Lemont Side 

Digester Digester Digester Digester Waste Waste Gravity 

Draw Draw Draw Draw Activated Activated Conc. 

1992 Mean 2 8 9  2 1 8  1 3 5  1017  1 9 1  3 2  1 3  3 
w 
H Minimum 225  1 5 9  7 8  6  74 1 1 7  1 6  1 0 1  
I Maximum 480  330  24 5  1670  300 6 9  284 
P 
t-' 

1993 Mean 2 0 5  206 11 0 667 1 8 0  3  3  1 4  5  
Minimum 8 5  123  45 422  8 8  1 9  94 
Maximum 383 4 3 5  203 1 0 7 0  572 6 0  2 14 

1994  Mean 8  5 129 7 8 43 9  108 23 13 5  
Minimum 2 5  9  8 3 8  2  52 7 1  1 5  8  3  
Maximum 1 4 3  1 7 8  1 8 8  54 9  38 33 177  

1 9 9 5  Mean 8  2  1 3 0  6  2 425 1 2  2 23  11 6 
Minimum 5  8  8 3  4 0  3 0 0  6  7  1 2  5 0 
Maxi-mum 2 @ 9  1 6 0  9 3 63 2 196 38 172 

- 3  t i. ~ e a s !  Is L SL -, A -a -3 q c t i  2 4 i r  9 

Minimurrl 5 8 "7 5 34  l a 9  4 8  I ?  3 7 
Maximum 1 2 0  9 5 8 3 4 6 5  8  2  43 8 9  



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 St ickney Kirie Lemont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

1997 Mean 101 9 0 43 339 75 20 68 
P 
H Minimum 47 6 2 31 229 5 2 14 49 

I 
t-' Maximum 257 110 6 3 447 9 8 3 2 9 1 
h) 

1998 Mean 6 7 123 50 258 11 5 16 8 0 
Minimum 46 85 37 180 7 0 10 45 
Maximum 135 167 7 7 323 184 2 4 265 

1999 Mean 68 118 38 277 9 3 17 6 8 
Minimum 45 8 3 32 198 6 3 10 49 
Maximum 10 6 163 49 3 75 151 21 13 5 

2000 Meam 7 3 203 43 251 195 16 77 
Minimum 59 119 30 175 5 7 4 35 
Maximum 9 8 288 84 317 350 23 114 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I - 4  

YEAR= MEWS, AND MINIMUM mXIMT314 CO?\JCENTmT?GNS C>F COPPER IN SLTTTjGE AND BlOSOLXDS 
FROM DISTRICT WRPs FOR 6982 THROUGH 2 0 0 0  

Wanover North 
Calumet Egan Park Stickney K i r j  e Lemont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1 9 8 2  Mean 353 2100  1 9 7 5  1 2 7 8  1 8 7 5  676 1 1 4 0  

I 
t-' Minimum 263  1 4 5 0  1 0 8 0  64 0  8  1 2  360  816  
w Maximum 429  2850  2 7 2 0  1 6 8 9  32  00 1 3 4 5  2 1 1 0  

1 9 8 3  Mean 3 4 4  2005  2 5 6 4  1 1 4 6  1854  855 1 0 6 6  
Minimum 238  1470 1 8 2 0  933 1 1 3 0  9 7  7 0 3 
Maximum 4 13 2830 3 1 3 0  1 4 9 0  5030  4067 1 5 4  0  

1 9 8 4  Mean 352 1 8 2 4  3212  1 3 4 2  1 5 4 2  727 1 0 4 2  
Minimum 2 54 1310  2 3 6 0  8  5 6  11 1 0  238 844 
Maximum 63 0  2 0 90 4610  4255  2430  1 4 5 5  1 3 0 0  

1 9 8 5  Mean 3 5 9  1818  2 4 1 6  9 6  8 1 5 2 6  727 858 
Mi.nimurn 2 94 142 0 1800 583 977 2 07 62  0 
N&.x .L LI IL~LTI  467 ~ 3 3 0  silo .I i.lf)jl) 2290 ,2714 ! 2 3 0  

1 9 8 6  Mean 3 4 2  1633 .L730 862  1 4 0 8  769 756 
Minimum 2 72  1 2  1 0  1 5 2  0  708 9 17 157  4  82 
Maximum 4 03 2190  2 0 9 0  978 2430  3897  1 0 6 0  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 (Continued) 

YEARLY MEANS, AND MINIMUM AND MAXIMUM CONCENTRATIONS OF COPPER IN SLUDGE 1.WD BIOSOLIDS 
FROM DISTRICT WRPs FOR 1982 THROUGH 2000 

Hanover North 
Calumet Egan Park St i ckney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1987 Mean 344 2 74 7 1926 871 2488 3 84 9 93 

1 
+' Minimum 218 2340 1640 706 2050 40 742 
lb Maximum 451 3170 2290 1317 2970 655 1280 

1988 Mean 357 2235 1701 853 1873 380 916 
Minimum 229 1630 142 0 7 0 7 1160 50 53 0 
Maximum 53 9 2 82 0 2050 1132 3560 897 1240 

1989 Mean 318 1279 1498 798 1116 264 6 7 5 
Mini mum 133 8 0 0 1100 650 6 19 108 466 
Maximum 441 1840 2160 1038 2530 370 942 

1990 Mean 2 54 84 9 1222 5 97 5 74 2 92 487 
Minimum 79 5 9 6 104 0 496 2 98 9 4 378 
Maximum 298 1020 1540 805 7 8 3 478 673 

1991 Mean 2 95 732 1162 52 8 53 7 34 1 452 
Minimum 209 5 0 0 8 0 9 406 436 110 344 
Maximum 388 845 1400 62 8 659 681 6 6 3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

YEARLY MEANS. MINI IF4BMI CQNCENTmTIONS OF CQFPER IN SLTDGI?: AND BJQSOLIZiS 
FROM DISTRICT WRPs FOR 1982  THROUGH 2000 

Y e a r  

Hanover North 
Calurrie t Egan Park St ickney Kirie Lernont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

-----------------------------mg/drY kg------------------------------- 

P 
H 1 9 9 2  Mean 3 2 0  862 1 0 5 4  580  6 7 1  4 1 1  54 1 
I 

I-J Minimum 2 5 6  706 695  463 5  02 2 5 9  3 2 1  
u7 Maximum 3 8 4  1080  1 3 7 0  1 0 7 5  9  74 5 6 9  870  

1 9 9 3  Mean 3 1 0  7 5 1  845  4 8 1  5  5  8  424 52 1 
Minimum 228 616 577 419 4 17 272 276 
Maximum 4 4 1  93 6 1 1 1 0  564 8 92 538 1 5  1 0  

1 9 9 4  Mean 2 9 6  709  836  509  5  1 3  4 8 7  44 5 
Minimum 2 1 3  570  640  2 0 1  3  98 3 6 7  2  95 
Maximum 5 7 5  8 2  2  1 0 3 0  678 7 0  1 638 956 

1 9 9 5  Mean 2 8 7  683 702 436 52 3  423 456  
Mi.nimum 236  487 5 95 1.10 3 0 4  2 67 3 3 0  
Maxi. rv~-%~t! j 8 ) - t  "1 :j 3 82 5 E;&) 683 L ... ' 5 .. . '4 ,. -1- (1 6 [I 

1996 Mean 307 654 '7 2 4 7 8 [I ft 913 f3 14 4 0 

Minimum 235  53 5 517  257  310  2 5 8  2 13 
Maximum 3 9 1  790 9 1 5  4 52 594 515  910 



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 

Year 

Hanover North 
Calumet Egan Park Stickney Ki r ie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

x' 
H 1 9 9 7  Mean 3 0 6  683 722 395  500  4 3 6  4 3 2 
I 

t-' Minimum 2 3 7  488  684 283 406  3 1 4  2 90 
CI\ Maximum 3 8 0  899 92 6 466  662 5 6 1  8 52 

1998  Mean 3 3 1  679  83 0 3 7 7  5 0 8 4 70 5 1 0  
Minimum 268  558 680 280  388 3 5 0  2 92  
Maximum 42 9 8 7 1 1 0 5 0  455 660 575  1 2  02 

1 9 9 9  Mean 3 5 6  7 7 8 874 390  5 9 1  458  534 
Minimum 242  6 7 1  7 5 7  2 85 4 4 7  3 3 1  324  
Maximum 42 0 90 9 9 7 0  5 8 1  723 657 1 0 2 8  

2000  Mean 3 3 0  82 5 7 9 3 3 8 7  596  4 0 6  538  
Minimum 2 5 9  6 9 5 3 3 9  3 04 446  3 72  3 5 4  
Maximum 4 1 6  92 3 92 5 4 7 1  747  4 5 9  7 8 9 



METROPOLITAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

TABLE A1 - 5  

YEARLY MEANS,  X S N I M W  MAX I MT31 UOlJCXEIS1":'RA'F r ONS OF l iGM.9 P 1L' S LVdCjC;% BTOSGIJIDS 
FROM D I S T R I C T  WRPs FOR 1 9 8 2  THROUGH 2 0 0 0  

H a n o v e r  North 
Calumet Egan Park Stickney K i r i e  L e m o n t  Side 

D i g e s t e r  D i g e s t e r  D i g e s t e r  D i g e s t e r  Waste Waste Gravity 
Year Draw Draw Draw Draw A c t i v a t e d  Activated Conc. 

P 1982 Mean 467 289  194 524 2 54 342 328 
H 
I Minimum 277 195  12 0 1 6  8 9 3 1 0 8  1 6 8  
P 
4 

Maximum 74 6 3 4 1  280 , 774 3 52 606 514 

1983 Mean 572 290 277 459 226 3 3 2 2 9 6  
Minimum 325 137  139  3 72 157  142  1 4  9 
Maximum 1074 383 3 65 5 6 7 2 72 73 9 3 94 

1984  Mean 8 3 7 3 04 4 4 9  478 235 5 1 9  268  
Minimum 4 63 239  276  2 63 1 9  0 64 199  
Maximum 2665 352 552 13  66 292 1766 327  

1985  Mean 517 290 279  3 96 239 4 32 256  
Minimum 328  222  18 Q 2 7 8  1 3 6  1 4 2  169 
Minxlmum i O f i  f K.1 7 4 1  ?. 468  3'7q Y " 1  286 

132~; Mean 404 A.s 9 6 5 193 396  222  2 93 4 2 '1 

Minimum 178 205 14 7 253 139 6 182  
Maximum 838 3 53 310 72 6 3 74 772 83 9  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 -5 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park Stickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

1987 Mean 229 402 263 423 361 143 4 13 z Minimum 9 0 306 176 257 232 6 219 
t-L 
0) 

Maximum 3 54 532 3 54 699 521 500 1090 

1988 Mean 2 15 329 238 342 261 14 0 244 
Minimum 141 2 72 187 267 193 5 14 0 
Maximum 3 64 4 13 32 0 525 323 4 77 412 

1989 Mean 174 2 11 177 309 14 8 7 4 173 
Minimum 14 121 119 249 77 4 118 
Maximum 272, 338 227 422 361 419 223 

1990 Mean 181 159 15 7 276 99 5 8 165 
Minimum 80 9 7 87 2 12 29 6 87 
Maximum 2 92 272 327 383 208 151 353 

1991 Mean 154 104 11 8 273 7 8 6 0 14 8 
Minimum 56 7 6 87 177 47 0 9 1 
Maximum 223 13 7 168 368 13 3 137 250 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AT-5 [Cant i n ~ s e d )  

YEARLY' MEANS, ~ T T C  M I E J P M W  AND M M l M U M  COT\IL"ENTFh_XrIONS O F  ir~Edllj % N  SLLDGE: AYD BIOSOLlDS 
PROM DISTRICT WRPs FOR 1982 THROtMH 2000 

Y e a r  

Hanovex- N o r t h  
C a l u m e t  E g a n  P a r k  S t  ickney K i r i c  Lemorlt  Side 

D i g e s t e r  D i g e s t e r  D i g e s t e r  D i g e s t e r  Waste Waste Gravity 
D r a w  D r a w  D r a w  D r a w  Activated A c t i v a t e d  C o n c .  

P 1992 M e a n  13 6 158 144 302 106 69 1 7  2 
H 

I M i n i m u m  86 30 7 2 190 33 17 9 8 
I--' 
w M a x i m u m  18 3 295 297 525 193 113 335 

1993 M e a n  140 9 2 75  2 63 5 8 69 13 7 
M i n i m u m  8 5 63 51 169 36 4 4 64 
M a x i m u m  216 116 9 7 336 90 104 2 95 

1994 M e a n  119 81 8 0  248 50 6 1 111 
Minimum 5 2 6 2 50 12 1 30 29 52 
M a x i m u m  199 9 9 9 8 319 69 107 196 

1995 M e a n  113 69 7 2 212 5 1 42 97 
Mi n inallrn 6 7 50  51 341 3 1 3 0  5 7 
Mdx 1 rttUiK1 15-4 8 0 9 1 284 h 4 1 7  I ;i 

1396 PMeari li 4:; 5 9  5 0  1 8 4  40  3 3 8 6  
M i n i m u m  51 41 2 7  125 27 13 31 
M a x i m u m  256  8 2  69 244 6 8 44 18 4 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 5 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park Stickney Kirie Lemon t Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

P 1997 Mean 262 6 0 47 17 6 45 34 8 7 
H 

I Minimum 85 38 26 118 29 24 49 
h) 
0 

Maximum 1246 8 5 92 . 240 6 3 47 128 

1998 Mean 13 5 5 5 45 163 4 3 32 8 9 
Minimum 9 8 3 2 22 123 30 20 5 3 
Maximum 18 6 7 7 7 0 208 74 44 152 

1999 Mean 119 5 5 48 144 44 3 3 8 8 
Minimum 85 45 38 89 3 3 21 5 2 
Maximum 154. 6 3 95 205 51 47 137 

2000 Mean 108 46 42 139 3 3 23 6 8 
Minimum 69 3 4 30 8 1 2 2 15 35 
Maximum 13 5 54 10 3 187 46 32 12 6 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 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 St ickney Kirie Lemont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

z 1987 Mean 1.6 3.1 4.8 1.2 2.1 0.7 3.8 
I 
hl Minimum 0.5 2.0 2.6 0.3 1.3 0 . 1  1.2 
hl 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 1.9 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 

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. 

P 
H 1997 Mean 0.3 1.9 3.3 1.2 1.1 0.4 1.2 
I 

N 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 0.2 
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 
Maxi mum 1.1 3.5 4.1 1.1 1.6 0.8 1.8 

2000 Mean 0.7 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 A1 - 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 St ickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 

Year Draw Draw Draw Draw Activated Activated Conc. 

F' 
H 1987 Mean NA NA NA NA NA NA NA 
I 

N Minimum NA NA NA NA NA NA NA 
o\ 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 N A  NA NA NA NA NA NA 

1989 Mean NA NA NA NA NA NA NA 
Minimum NA NA NA NA NA NA NA 
Maxi mum 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 

1991 Mean 5 3 4 8 
Minimum 0 17 0 
Maximum 12 51 25 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

YEAKI,Y MEPdS, Lil_d M I N I H J M  AlJD MMIMUM C0NC'E:NTRATlOYVS OF MMOZIYBL,k:NBJM IN :il>iiLJGE ANIJ 
BIOSOLXDS FROM D l S T R l C T  WRPS FOR 1 9 8 2  TIiROIIGH 2 3 0 C  

Hanover North 
C a l u m e t  Egan Park S t  ickney K i r i e  Lemont S ide  

D i g e s t e r  Digester D i g e s t e r  D i g e s t e r  Waste Waste Gr-iyi Q- 

Y e a r  D r a w  D r a w  D r a w  D r a w  Activated Activated Conc. 

x' 
H 1992 Mean 8 9 NR 12 5 3 10 
I 
N Minimum 0 0 NR 2 0 0 7 
.I 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 
M a x i m u m  2 3 28 15 18 20 6 17 

1994 Mean 10 23 10 13 13 
Minimum 5 12 7 2 9 
Maximum 18 34 14 49 21 

1995 Mean 16 1 7 8 21 10 7 9 
Miaimurn 7 9 4 8 5 2 4 
Max irrnm 2 4 i 4 i 4 L. j ~h I 11  

1 3 9 s  Meciix :$A NR W& 2 5  6 NR i?jA 
Minirnu~n P919 NR Pa? 12  3 NR 2VA 
Maxi mum NA NR NR 5 5 1 0  NR NA 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

YEF-RLY MEMNS, FtMn MINTWm W Y l m M  CONCENTFJ~TIONS OF' N IilfCEi J N SLtJrlX;E RVU dlc)SOLICS 
FROM DIS?'RICT WRPa OF 1982  THROUGH 2 0 0 0  

Year 

Wanoves Nor t h 
Ca lume t Egan Park Stickney Kirie Lemon t S i d e  

Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

1982  Mean 9  2  3 7 6  1 2  1 3 64 1 3 9  65 224  
I 

t~ Minimum 50 209  7 4  1 8 5  7  8  0  1 1 8  
U) Maximum 168  6  6  3  1 5  4  7 2 1  3  04 1 5  4  434  

1983 Mean 1 0 1  343 1 4  6  2 7 1  1 0  9 7 7  1 9 9  
Minimum 55 156 8 9  1 6 8  7  9  0  1 2  1 
Maximum 1 6 6  482 218 3 8 0  182 3  64 2 8 9  

1984 Mean 9 8  1 6  5 23 6  264 1 1 7  9  4  2 4 0  
Minimum 5 0 1 0 6  1 2  6 1 0 6  7  1 4  1 2  6  
Maxi mum 1 7 2  2  14 356 745 217 267  53 1 

1985  Mean 8  4  1 5  7  24 0  2 0 9  7 7  9 9  2 2 2  
M i a l i r u m  39 9 9  12 6 1 3 9  46 7 106 
?'ld x i t * \ ~ t ~  2 IJ 7 0 4% 4 (1 * J ; G  ? 18 2 6 z7 42  9 

1986 Mean 8 2 14 8 i 6 4  J 94 1 IJ 7 2 ;'!o - '- 
Minimum 3 6  8 1  9 1 1 2 8  3 7  23 8 8  
Maximum 1 3  0  247  262 2 5 1  1 1 0  2 0 0  3 1 1  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-8 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park Stickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

z=' 
H 1 9 8 7  Mean 8 9  1 6  5 158  247 1 0 7  12 4  193 
I 
w Minimum 33 1 1 4  105  144  7  1 24 8 4  
o Maximum 2 3 9  2  1 4  2  2 2  538 3 2 1  72 7  352 

1 9 8 8  Mean 74  1 8 8  1 2  1 1 8 5  1 4  7 115  1 7 9  
Minimum 2 9  1 4  8  9  0  1 2 9  8 6  0 106  
Maximum 153  343 1 7 2  2 4 1  342. 307 323 

1 9 8 9  Mean 40 1 1 8  1 2 6  1 6  0 9  2  4  5 158  
Minimum 0  6 3  7  9  9  3 43 0  5 4  
Maximum 1 0  6 2 4 0  1 8 5  217 1 5 1  1 6  1 279 

1 9 9 0  Mean 4 5  82 8 4  1 3 5  68 4  4  9  1 
Minimum 8 5 0 7 0 8  8  2  2 0  4 4  
Maximum 7 3  1 3 3  1 0 7  1 9  1 247  6  7  1 6  8  

1 9 9 1  Mean 4 6  8  7  6  3  124 7 5  28  9  2  
Minimum 6 52  4  3 72 5 3 0  6 1  
Maximum 7 1  1 1 4  85 1 7  3 11 0 62 1 3  6 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

YE4RL;Y ME,ANS, F A D  MIMIM.nVr rarJn MAXIMUM CONCENTRATIONS O F  NICKEL IN SLLEIGE RNZlI 

ESIOSOIIIDS FROM DISTRICT WRPB OF 1382 THROUGH 2000 

Year 

Haa~over North 
Calurnet Egan Park Stickncy ECFrie Lemont Side 

Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

w 
H 1992  Mean 4 0  104  74  1 0 9  8 9  27 102 
I 

w Minimum 1 8  7 4  5 0  80 5 5  9  6 6 
P Maximum 1 1 0  2  1 3  1 2 9  1 5  0  1 1 8  1 0 6  225  

1 9 9 3  Mean 42 8 7  5 7  7  4  6 8 2 4 73 
Minimum 25 7 0  45 3 0  4 9  1 3  48 
Maximum 7 0 1 2  8 7 7  12 0  1 3 7  4 0  137  

1 9 9 4  Mean 3 2  . 7 1  50 7 0  55 2 0  7  2 
Minimum 1 9  6 1  39 4 0  42 1 0  52 
Maximum 1 1 8  88 6 4  200  7 5  3 9  120  

1 9 9 5  Mean 3 3  52  38 6 9  42 1 8  4 8  
Minimunl 3.51 3 0  21 .-, GI; ., 2 4 1.0 26 
rea j nri. '~"' 

~ . t l k t  
r:: #> 
3 .:.' 7 2 ..i ."I 83 "> 2) ."? '7 r; C C  

19911 Meax; 3 2  3 9  29 66 2 9  1 1 3  3 1 

Minimum 23 29 2 1  42 1 8  1 4  2 1  
Maximum 5  2 55 45 8 5  4 4  25  5  3 



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 Lemon t Side 

Digester Digester Digester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

w 
H 1997 Mean 31 42 31 5 5 3 3 17 41 
I w Minimum 23 32 26 4 6  2 4 12 25 
N Maximum 5 2 5 2 43 6 7 6 6 22 6 5 

1998 Mean 3 4 48 30 5 5 38 18 5 6 
Minimum 25 29 2 2 38 2 4 14 2 3 
Maximum 50 85 40 74 62 29 337 

1999 Mean 30 45 30 52 35 16 40 
Minimum 2 4 36 2 3 34 23 9 13 
Maximum 37 5 7 5 6 9 5 6 0 2 2 113 

2000 Mean 30 6 2 31 54 61 14 4 3 
Minimum 23 20 21 34 22 4 2 4 
Maximum 39 102 5 7 66 152 18 109 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 9 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park Stickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

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 

2988 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 

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 

1991 Mean 5 2 2 
Minimum 0 0 0 
Maximum 8 14 18 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 -9 (Continued) 

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

Year 

Hanover North 
Calumet Egan Park St i ckney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1997 Mean 10  2 2 3 2 

I w Minimum 6 1 2 2 1 
o\ Maximum 15 3 3 4 3 

1998 Mean 13 4 4 3 3 4 5 
Minimum 10 0 0 2 0 2 0 
Maximum 20 10 7 5 7 9 11 

1999 Mean 1 0  4 5 
Minimum 2 2 2 
Maximum 17 8 7 

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 = Not reported. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

YEAFcL2.' MGmS, IULQ MJPV"IXLiT\a ,W MPYY&?at.% CONCEN'I"RATTC2NS O F  ZINC IN SLUDGE 7N*1 M i i l S O i l U S  
FROM DIS'TRICT W R P s  FOR 1982  THKOKM 2 0 0 0  

Planover North . . 
Calumet Egan Park Stickney Klr re  Lemont S id@ 

Digester Digester Digester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

1982  Mean 2352 2803 1899  2233 2754 4818 1 8 9 1  
I 
~r, Minimum 1 4 8 1  1 9 4 0  1 0 0 0  1 4 8 1  1530  7 5 5  1 3 4 0  
.I Maximum 3745  3720  2800 3140  4550 13106 2540  

1983 Mean 2275  3505 1805  2129  3283 4682 1716 

Minimum 1 2 7 7  24 60 1060  1 5 5 9  2  1 2  0  1 6 7  1 2 0 0  
Maximum 3322  4730 2610 3 0 0 9  4430 12667  2540  

1984  Mean 2577  3 5 73 1514 2 1 8 6  2 993 4545 1 7 0 4  
Minimum 1 4 4 7  2440 1110  1 2 8 8  2350  407  1 2 0 0  
Maximum 3386  4450 1740  6  04 3 3880  12075  2230  

1 9 8 5  Mean 2414 2830 11 3 1 2 0 7 0  2427  5 5 1 1  1 5 2 4  
Mi :I 1 I T I P ~ ~ ;  I " l44:  2.170 8 2 2 147@ 1 5  B 0 4 7 5  1 0 3 0  
tdaxinrum :3 .I. IS :jg60 I El 8 Ti 2 4 6 3  3539 --, . - ~ F c ; ( I ~  ~ " .  ,, 2 ?5! !  

1 9 8 6  Mean 2715 2 4 8 1  I018 2 2 6 4  1991. 72'7 1 1283  
Minimum 1916 1990  845 1709 1 5 2 0  357  882 
Maximurn 5 6 5 0  2910 1 4 3 0  2704  2 64 0 32865  1580 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 1 0  (Continued) 

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

Year 

Hanover North 
Calumet Egan Park St ickney Kirie Lemont Side 
Digester Digester Digester Digester Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

P 
H 1 9 8 7  Mean 2454  4  02 92 9  2452 2067 8 0  5 1 4 2 1  
I 
w Minimum 1 5 7 1  3 0 6  809 1 8 3 7  1690  4 8 1  9 6  8 
03 Maximum 3368  532 1 0 6 0  3763 2450 1 3  13 1 7  9  0  

1 9 8 8  Mean 2 3 2 1  2 4 6 1  966 2127 2073 5  7 0  13 3  0  
Minimum 1 2 9 0  1 8 3 0  785 1708  1260  5 0  8  2  5 
Maximum 2832 3380  1 1 6 0  2698 3830 1143 1920 

1 9 8 9  Mean 2017  2 2 6 1  943 1976  2040 4  4 5  1136 
Minimum 2 1 2  1 6 6 0  765 1633 1350 7  7  7 9 1  
Maximum 3162 2880 1 2  1 0  2553 3950 5 93 1 4  5  0 

1 9 9 0  Mean 2123 2207 795 1 8  1 5  1655  5 96 955 
Minimum 1 0 8 4  1250  6  0  9  1 4 0 6  655 3  1 2  674 
Maximum 3030  3000 962 4009 2620 913 1 5 2 0  

1 9 9 1  Mean 1 8 6 0  1 1 6 7  720 1643 1013 546 777  
Minimum 1 4 7 4  8  3  2  543 1184  806  204 599  
Maximum 2 6 9 6  1 3 7 0  1 0 4 0  2 0 9 1  1300  992 1 0 0 0  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

.p lT?  ror"nELV MELWS, RnJf3 MINIMLW AND m X I M l T M  CONCENT-aTICINS OF Z I N C  :*"J SLi,SaGE PAQ k3IO:OLIDY 
FROM DTSTRICT WRPs FOR 1 9 8 2  THROUGH 2 0 0 0  

Hanover North 
CaT.cirnet Egar, Park Stickney K i r i e  Lemont Side 

Digester Digester Oigester Digester Waste Waste Gravity 
Year Draw Draw Draw Draw Activated Activated Conc. 

1992  Mean 1 4 3 2  1 3 2 0  77 8  1 8 2 7  1084 561  8 8 1  
Minimum 977 1 1 3 0  5 7 0  1 1 9 7  778 2  82  473 
Maximum 2 3 0 0  1 5 7 0  1 5 1 0  3500  1 6 1 0  866  1520  

1993 Mean 1 3 6 3  1 0 0 5  663 1333 763 6 1 2  816 
Minimum 1110 8 5 3 53 9 1 0 7 0  505  448  549 
Maximum 1746 1 3  5 0 835  1 7 8 0  9  9 0 7 6 1  1490  

1 9 9 4  Mean 1 3 9 3  803 693 1 4 9 5  5 8 1  574  1490 
Minimum 62 9  658 52 9 1 0 7 0  . 450  4  1 7  5  4 2 
Maximum 1 9 5 5  1 0 3 0  11 6 0 2010  7  1 4  828 10200  

1 9 9 5  Mean 1 4 2 9  708 612 1073  543 483 6 6  0  
Vlni rtirnnn 10'73 - G - "4 6 437  8 7 7 3 4 9  392  4 1 9  
Idax s m-~i?r "; :? 2 6 ia57 9 5r: 1 :J 7s (3 W46 5 8 '5 L b  LO 

1996  Mean 1626 6':I 5 8 2  f 1 6 5  511 455 55'7 
Minimum 1 0 4 0  528 430 '775 350  357 259 
Maximum 2585 74  9 732 1567  624 562 1 6 2 0  



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 1 9 8 2  THROUGH 2000  

Year 

Hanover North 
Calumet Egan Park Stickney Kirie Lemon t Side 
Digester Digester Digester Digester. Waste Waste Gravity 
Draw Draw Draw Draw Activated Activated Conc. 

1 9 9 7  Mean 1 7 8 9  713  615 874 54 2 4 4 3 559 
Minimum 1 2 7 2  586  52 9 633 428 369  4 2 4 
Maximum 2 3 0 1  859  73 3 1 1 8 0  687 6 1 3  1010  

1 9 9 8  Mean 1 4 2 9  7 1 3  620 840  5 7 5 457 556 
Minimum 877  614 509 683 479  3 04 3 62 
Maximum 2 0 4 1  922 714 1 1 0 7  867 653 1034 

1 9 9 9  Mean 1 0 7 7  734  7 54 902 553 53 6 565 
Minimum 7 93 583 542 5 8 1  437 3 60 439  
Maximum 1 5 3 0  8 6 1  1 2  63 1 1 7 5  728 726  8 72 

2000 Mean 1 1 2  5 7 4 4  610 872  5 5 1  5 4 6 54 9 
Minimum 912  6 1 6  4 93 7 2 5  388 4 84 427 
Maximum 1 4 0 6  913 709  998 828 735 83 7 




