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HEAVY METALS ACCUMULATION IN WASTEWATERS
SLUDGES

State of the knowledge on the hazards involved with land disposal of municipal sludges
is presented. Sources of origin of heavy metals, both man-made and natural, are depicted.
Average metal contents of sludges from different municipalities is presented and discussed.
In conclusion, present assumptions as to the sources of mercury, cadmium, lead and nickel,
i. e. metals considered toxic in the food chains are given. This is followed by delineation of
sources of metals that the authors do not consider toxic in food products i. e. zinc, iron,
copper and chromium.

1. INTRODUCTION

Land application of sewage sludge is not a new practice. It has been used by man for
thousands of years, both as a means of disposing of organic wastes produced by society
and as a method of soil enrichment to increase productivity. In recent years, several popu-
lar and technical articles have advocated a return to this practice. They point out that se-
wage sludge should not be considered as a waste product to be disposed of, but rather a va-
luable resource which could berecycled and even marketed because of its fertilizer value. The
concern is intensified because with the continually larger percentage of the population
served by sewage treatment, and the regulatory requirement for best practical control tech-
nology (BPT), the volume of sanitary solids requiring ultimate disposal is rapidly expan-
ding. The alternative means of disposal are rapidly disappearing because they are neither
cost effective, nor are they meeting our environmental and best land usage goals.

When considering the use of the accumulating organic solids for soil reclamation and
land fertilization, we have to take into consideration the fact that the sludges are contami-
nated to a variable extent with heavy metals [1-9]. Some of these metals are extremely toxic
to mammals and since plant life is capable of resolubilizing them, they can be incorpora-
ted into the food chain; others are known to accumulate in the soil and can become in-
hibitory to plant growth [10-15].
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Our aim at this time should be to recognize these facts, become aware of the level of
contamination that can be expected in each area treatment plant, and attempt, through an
educational and subsequently regulatory effort, to create a safe environment, not only
with our wastewater treatment practices, but also aim for the protection of the land and the
atmosphere.

2. HEAVY METALS AND THEIR CONCENTRATION
IN SEWAGE SLUDGE

The term *heavy metals™ refers to a number of elements including iron (Fe), manga-
nese (Mn), copper (Cu), zinc (Zn), cobalt (Co), molybdenum (Mo), selenium (Se), chro-
mium (Cr), nickel (Ni), boron (B), cadmium (Cd), mercury (Hg), arsenic (As), and lead (Pb).
Depending on local industries, other heavy metals may be a problem in a particular locality.
Contamination with some unusual metal, such as, for example, molybdenum, vanadium,
or selenium, could be due to industrial activity such as metal working, smelting, mining,
ore trucking, or an unusual enrichment of the local soil and thereby accumulation from
street runoff [16]. Such metals as iron, zinc, copper, nickel, chromium, and lead are al-
ways present in significant concentration [17].

Weathering of the rocks, volcanic activity, silt deposits from floods, atmospheric
wash-out of dust, etc., have provided from time immemorial a certain trace metal distri-
bution on land. Some estabilished low-level metal content is necessary for plant growth.
In some areas, the fertilizer has to be enriched by the particular metal needed for the crop
desired to be raised. Our concern is not due to the fact that these metals are present whene-
ver we analyze a sewage sample, but rather because the concentration we find in some areas or
in some samples exceeds the anticipated level [18]. Sufficient research data has been accumu-
lated, indicating that the uptake and accumulation of metals in the plants can be acknowled-
ged as a hazard. Our concern is not necessarily limited to agricultural crops alone. Vege-
tables grown in the garden can be even more harmful because one family or a group of
families’ intake of food is tainted. Neither can we say that using the sludges for soil buil-
ders, as an example on stripped land, is free of these same hazards. Toxis effects on grazing
and browsing animals should be as much our concern as self preservation. Neither can
we say that the land we try to reclaim should be useless for future generations. The regula-
tory maxima stipulated by some of the other countries (England, Sweden, Holland) for
each of the metals can be considered as a useful guide until our own regulatory machinery
has caught up with the issues.

While we have been sampling the natural watercourses, drinking water supplies, and
wells, very meagre effort was expended into monitoring the metal content of the sanitary
solids. The available information itself is not easily assimilated. The sludges do not lend
themselves for a simple sampling technique. There is no assurance that the analysis is
representative of the existing conditions. Sampling is not frequent and the reports do not
explain either the method of sampling or the frequency. Some results are quoted from raw
waste, some from digested sludge, some on wet, some on dry basis. Very few reports con-
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tain analytical results on cadmium, for instance. We should at least screen the sludges
periodically for all the metals, to ensure that some local conditions or industrial discharges
which could render the sludges harmful to the population or agriculture, will not remain
undetected. We would like to recommend the establishment of uniform practices for sam-
pling, analysis, qualitative screening tests and reporting.

Basically the problem is caused because the relatively minor metal contamination of the
influent into the sewage treatment plant is retained and accumulated with the organic solids.
A high percentage of the soluble metal content is precipitated or adsorbed on sewage solids
[19]. Nearly all the insoluble metals carried by the sanitary influent in suspended solid form
(included also are storm waters where combined sewers are used) are retained [20, 21].
In the treatment process, the organic content is subjected to biological degradation and
the total waste load ultimately discharged as solid waste is greatly reduced. No degra-
dation or reduction will occur in the accumulated metal content; the ratio of metals to
the organic content has been significantly increased. Lancy in a recent study suggests an
“Accumulation Factor” of 10.000. This implies that 0.1 mg/dm® metal in the sanitary
influent and retained as precipitated solid will ultimately amount to 1.000 mg/kg metal
in the dry solids [22].

The fact that nearly the same quantity of metal carried into the rivers, lakes, dammed
reservoirs, oceans, etc., as suspended solids, is buried into the silt causing no noticeable
harm, does not help [23-26]. Treatment of the storm water is necessary because the magni-
tude of organic waste pollution caused by the non-point discharges, such as street run-
-off, is also desirable. Additionally, we have to concern ourselves with a continued incre-
ase of industrial pollution, metal waste due to corrosion from the homes, automobiles
in the streets, etc.

A recent paper regarding analytical results from municipal sludges accumulating in
35 cities [17] illustrates very well the magnitude and variability of this pollution problem.
From this, and from earlier reports by Curry, it is evident that not only heavy metals, but
also PCB, Dieldrin, and other noteasily-degraded toxicants, could be accumulating to
dangerous levels. The cited survey has also included analytical results from Cayuga Hei-
ghts, a residential community, and from cow manure to show the comparable metal con-
tent of such generally accepted fertilizers. Table 1 is an abbreviated excerpt from the study

by Furr [17].

3. PROBABLE ORIGIN OF THE HEAVY METAL CONTAMINANTS

Regulatory attention in the past was based on the assumption that nearly all the metal
contaminants originate from industrial activity, especially from the metal finishing plants.
No doubt these sources are significant contributors in some industrialized areas, but,
in general and specifically for some metals, the total environmental load over the land
or in the organic solids from sewage treatment will be hardly changed even when the stringe-
nt regulatory requirements will be met generally by the industry. Studies relating to the
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Concentration of selected metals found in municipal sludges [17]
Parts per million (dry weight)

Table 1
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metal content in the sanitary effluent from residential areas, urban storm run-off, contami-
nants encountered in sncw removal, etc., are most enlightening [29-34].

Because the alternative means for the ultimate disposal of sanitary solids are even more
hazardous for the environment (ocean dumping, incineration), many municipal treatment
plants dispose of their sludge as fertilizer. Some of the treatment plants allow truck haulage
of their waste directly for land application. In some areas the wet sludge is pumped directly
to the land and some even package dried sludge as salable or free supply of ready fertilizer.
Sirce we recognize that these hazards exist, it is imperative that we become aware of the
sources of thess contaminants, to be able to reduce the contaminant load. It will be neces-
sary to change our approach ard instead of concentrating our efforts on an all-out attack
to reduce water-torre pollution, caused by industrial or residential sources, we should
become aware of the pollutional load caused by dust and the stationary and moving sources
of atmospheric contaminants [35-46].

In the following we are trying to provide a brief summary of our present assumptions
regarding the various probable sources (in the order of their probable magnitude) of heavy
metals most generally ercountered in municipal sludge.

Metals toxic in the focd chain:

Mercury (mainly atmospheric) (a) atmospheric fall-out from coal burning; (b) indu-
strial from secondary smelters, metals refining; precious metal separation, mining; (c) chlor-
alkali chemical plants.

Cadmium (mainly atmospheric): (a) dust from automobile tires due to the use of im-
pure zinc oxide in manufacturing; (b) secondary smelters, metals refining, brazing; (c) coal
contaminant; (d) ircineration of waste; (e) battery manufacturing and battery waste:
(f) metal finishing plants (water borne).

Lead (mainly atmospheric): (a) moving sources, antiknock additive; (b) incineration
of waste; smelters, secondary smelters, metals refining, galvanizing; (c) battery and second-
ary battery manufacturing; (d) coal contaminant; (e) metal manufacturing, metal working,
soldering; (f) metal finishing corrosion products, roofs, galvanized pipe (water borne).

Nickel (mainly water borne some atmospheric): (a) mztal finishings (b) corrosion pro-
ducts; (c) cleaning of metals in restaurants, food processing, chemical plants; (d) incine-
ration of solid waste, coal contaminant (armospheric).

Metals not considered toxic in food products:

Zink (atmospheric and water borne) (a) dust from automobile tires; (b) coal burning,
incineration of waste, smelters, secondary smelters, galvanizers, soldering; (c¢) metal fini-
shing (water borne) (d) corrosion products (water borne dust), galvanized water lines
(water borne); (e) water treatment cooling, water treatment (water borne).

Copper (mainly water borne): (a) water piping, hot water heaters; (b) corrosion pro-
ducts, air conditioning condensers, cooling water, roofing etc.; (c) copper salt addition
to water supply for algae control; (d) metal finishing.

Chromium (mainly water borne): (a) colling water inhibitor blowdown; (b) corrosion
products; (c) metal finishing.

Reducing the magnitude of metal pollution can be reasonably easily accomplished when



52 L. E. Lancy, F. A. Steward, M. Olthof R. M. SMITH

these sources are recognized and pinpointed. A better grade zinc oxide, containing a far
lower level of cadmium can be stipulated for tire manufacturing, paints, pigments, ink,
etc. Small secondary smelter operations can be identified and the most rigorous atmospheric
control measures required. The EPA-OSHA requirements for the protection of the
employees are enforced but apply only to the plant interior. Metal finishing facili-
ties are regulated when the discharge is direct to natural waters, but yet very little control
is exercised when they are located in metropolitan areas.

It is not necessary to achieve the low metal contaminant levels as found in COw manure.
For example, the contaminants found in Cayuga Heights are considerably below the re-
commended maxima stipulated in England or Sweden. On the other hand, the cadmium
levels found in Milwaukee and the lead concentration in Philadelphia are frightening,
the more so because in both cities the solid waste is packaged for use as garden fertilizer.

AKUMULACJA METALI CIEZKICH W OSADACH SCIEKOW MIEJSKICH

Praca stanowi przeglad stanu wiedzy w dziedzinie akumulacji metali ciezkich w osadach Sciekowych
wykorzystywanych w rolnictwie. W zarysie przedstawiono zrodta pochodzenia metali ciezkich (Fe, Mn, Cu,
Zn, Co, Mb, Se, Cr, Ni, B, Cd, Hg, As, Pb) z zanieczyszczen przemystowych powstajacych w przemysle
metalurgicznym, galwanizerskim i w transporcie oraz pochodzacych z zanieczyszczen naturalnych. Przed-
stawiono przecigtna zawarto$¢ mikroelementow w osadach $ciekowych z miast amerykanskich i w osadach
pochodzenia zwierzecego. W podsumowaniu przedstawiono aktualne domniemania co do pochodzenia
w osadach $ciekowych metali uznanych za szczegolnie niebezpieczne i toksyczne w tancuchu pokarmowym:
rteci, kadmu, otowiu i niklu oraz dla metali uznanych przez autoréw za nietoksyczne w produktach spo-
zywezych, w szczeg6lnoséci cynku, miedzi i chromu.

UBER AKKUMULIERUNG VON SCHWERMETALLEN IN ABWASSERSCHLAMMEN

Der Bericht gibt einen allgemeinen Uberblick iiber die Akkumulierung von Schwermetallen in landwirt-
schaftlich genutzten Abwasserschlimmen. In Grundrissen wird die Herkunft der Schwermetalle (Fe,
Mn, Zn, Co, Mo, Se, Cr, Ni, B, Cd, Hg, As und Pb) besprochen. Diese entstehen vornehmlich in den metal-
lurgischen und galvanischen Betrieben sowie im Transportwesen; sie kdnnen aber auch einen naturellen
Ursprung haben.

Mittlere Konzentrationen von Spurenelementen in Schlimmen amerikanischer Klidranlagen und in
Schlimmen tierischer Herkunft werden angefithrt. AbschlieBend werden verschiedene Verursacher, die
dusserst gefihrliche und den 6kologischen Kreislauf stark storende Metalle wie Hg, Cd, Pb und Ni in die
Umwelt abgeben, aufgezihlt. Nach Auffassung der Verfasser, wirken Zn, Cu urd Cr in Lebensmitteln
nicht toxisch.

HAKOIUJIEHUE TSKEJIBIX METAJIJIOB B OCAIKAX TOPOACKUX CTOYHBIX BOJI

B pa6ote nan 0630p cocTOsHUS 3HAHMIL O IPOGITEMS HAKONIEHUS TSDKEJIBIX MeTasjloB B BOJOCTOY-
HbIX OCa/kax, HCIONBL3YEMbIX B 3eMite/iesiiu. TIpeaCTaBiIeHbl UCTOYHNKA MCITYCKAHMS TSOKEIbIX METaIoB
(Fe, M, Cu, Z, Co, Mb, Se, Cr, Ni, B, Cd, Hg, As, Pb) B coBokynHocTn 3arpsi3HeHui, 00pa3yrOLINXCs
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B MeTAJTYpPIHUeCKO# M TaTbBaHMYECKCH NPCMBIILTEHHOCTH, @ TAKXKe B TPAHCIOPTE, HJTH ABIAIOLINXCS
Pe3yNbTaTOM TIPUPCAHBIX 3arpsi3HCHMi. [peaCTaBIeHO CpeiHee CONCPXAHUE MUKPODIEMEHTOB B BOZO-
CTOUHBIX OCAJKax U3 AMEPHKAHCKMX I'CPOIOB M B OCAIKaX, MPOUCXOASIIAX OT JKUBBITHBIX. O6cyxnaeTcs,
CBEpX TOTO, BOTIPOC MPOHUKHOBEHMSI B BOJACCTOYHbIE OCAZIKU TEX METAIIOB, KOTOPBIE CYMTAIOTCS 0coBeHHO
OIACHBIME ¥ TOKCHYHBIMH B TMILEHBOIL LIETH, a KMEHHO PTYTH, KaJIMHsl, CBUHLA U HUKEJIS, a TAKXKe MeTas-
JI0B, KOTOPbIE TIPH3HAHI ABTOPAMU HETOKCHYECKHMH B IPOZIOBOJIBCTBEHHBIX MPOAYKTAX, ocobeHHO LIMHKa,
MeaM W XpoMa.
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