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Table 7.1:

Element

Aluminum

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chiorine

Chromium
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Potential Inorganic Pollutants

Major Uses of the Element
and Its Compounds

Abundantly present under nat-
ural soil conditions. Used in
water treatment {alum}, alloys,
lightweight castings, manufac-
ture of paper, glass, ceramics,
dyes, inks.

Production of glass pigment,
textiles, paper, metal adhe-
sives, ceramics, medicines, pes-
ticides, wood preservatives,
paints.

Production of paper, fabric
printing and dyeing, synthetic
rubber production

Electroplating, organic chemi-
cal manufacturing, nuclear re-
actors, rocket fuels.

Detergents, glass, fertilizer,
gasoline additive.

Alloys, rust-proofing of steel,
batteries, pigments, fertilizers,
pesticides, electroplating, zinc-
gaivanized iron. Generally
found in any operation involv-
ing zinc.

Abundantly present under
many natural soil conditions.
Used in insecticides, acetylene
production, dentifrices, pol-
ishes, lime, cement.

Water purification, bleaches,
chemical praoduction.

Alloy steels, metal plating, pig-
ments. Found in blow-down
from cooling towers and recir-
culating water from refrigera-
tion equipment where it has
been used for corrosion resis-
tance.

Maximum
Acceptabie
Contaminant Levels

1.5 mg/t {Marine-
hazardous)*
Nonet T

0.05 mg/1 (Marine-
hazardous}*

0.1 mg/l (Public
Supply-toxic)*
0.05 mg/1tt

1.0 ma/l {Public
Suppiy-toxic) *
1.0 mg/Itt

0.1 mg/I (Plants-
toxic)*

1.5 mg/l (Marine-
hazardous}*

Nonett

5.0 mg/l (Marine-
hazardous)*
Nonett

0.01 mg/t {Public
Supply-toxic)**
0.01 mg/Itt

250 mag/1 as calcium
chloride (Pubfic
Supply-taste}*

Nonett

0.003 mg/!I free res.
chlorine (F.W.
Fisheries-toxic)*

Nonett

0.05 mg/t (Public
Supply-toxic)*
0.05 mg/itt

Remarks

At pH values of 5.5 to 8.0 soils
have great capacities to precipi-
tate aluminum and eliminate its
toxicity.*

Little is known about the chem-
istry of arsenic in soils.** Re-
sonably heavy applications of
arsenical pesticides over a period
of years have resulted in accu-
mulation of soil arsenic to toxic
levels; however, most soils have
the capacity to tie up arsen-
ates.***

Barium ions are thought to be
rapidly precipitated, or if not,

‘are removed from solution by

adsorption and sedimentation.*

Experimental results indicate
beryltium tends to be more ac-
tive in soils of low pH.*

Relatively soluble in soils and
can be leached especially from
sandy, acid soils:* Plant micro-
nutrient.*** -

The exact reaction products
that precipitate in soils are not
known, but the activity de-
creases with increased pH.**
Because of its chemical simi-
larity to zinc, it would be ex-
pected to behave in soils much
the same way as zinc.***

Since it is abundantly present

under natural soil conditions,

its presence in groundwater is

not expected to constitute any
great hazard.** Plant macro-

nutrient.***

Plant micronutrient.***

In soils it is generaily precipi-
tated at pH 5 and greater.*.**

{continued)
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Table 7.1: (continued)

Major Uses of the Element

Element and its Compounds

Cobalt Ceramic pigmentation, paint

pigments, paint driers.

Copper Electrical transmission devices,
brass, bronze, pigments, insec-

ticides, utensils.

Fiuorine Electrolytic reduction, disin-
fectants, insecticides, steel
manufacturing flux, glass pro-
duction, wood preservatives,
refrigerants, spray-can propel-
lants, enamels.

Abundantly present under
many natural soil conditions.
Mineral production, steel
pickling and corrosion.

iron

Lead Gasoline additive, batteries,
solders, cable coverings, fer-

tilizers, pesticides

Lithium Pharmaceuticals, perfume man-
. ufacturing, metallurgy, cera-

I mics, plastics, fireworks, medi-
cine.

Abundant under many nat-
ural soil conditions. Light-
weight alloys, flares, fireworks,
flash bulbs, optical mirrors,
zinc substitute in batteries,
precision instruments, insecti-
cides, medicine, leather, tex-
tiles.

Magnesium

Abundant under many naturai
soil conditions. Alloys, inks,
dyes, paints, varnishes, glass,

ceramics, fireworks, batteries,
fertilizers.

Manganese

Sludge Disposal by Landspreading Techniques

Maximum
Acceptable
Contaminant Levels

0.05 mg/i for con-
tinuous use on all
soils (Plants-toxic)*

Nonett

0.05 mg/l (Marine-
hazardous}*
None {old limit
1.0 mg/I)t1

As the temperature
goes _from 325 to
12.0C allowance
tevels go from 1.4
to 2.4 mg/l *

Same as above Tt

0.3 ma/l {Public
Supply-taste)*

None {old limit was
0.3 mg/iit?

0.03 mg/l {(F.W.
Fisheries-toxic)*
0.05 mg/itt

2.5 mg/l (Plants-
toxic}*
Nonett

250 mag/l as magne-
sium chloride
{Public Supply-
taste) *

Nonett

0.05 mg/l {Public
Supply-taste)*
0.1 mg/1 (Marine-
hazardous)*
None (oid limit
0.01 mg/iitt

Remarks

Immobilized in soils at neutral
to basic pH vaiues.* Most prob-
lems are due to deficiencies.*”
Plant micronutrient.***

Relatively insoluble in a basic
medium and readily adsorbed
on colloids.* There is a 100-
fold decrease in activity for each
unit increase in soil pH, but ex-
act reactiori products that pre-
cipitate in soils are unknown.**
Plant micronutrient.***

May exist in groundwater at
detrimental levels.* The com-
pounds formed in soils are
highiy insoluble, with least
solubility in basic soil.***

May exist in groundwater at
high levels.* Forms highly in-
soluble compounds in well aer-
ated soils at high pH.** Micro-
nutrient.***

Forms relatively insoluble com-
pounds in soils.**,*** Soils of
high pH, upon pecoming acidic,
could release lead at future
time.** Most is found in the
surface soil, indicating little if
any downward movement.***

One of the most mabile cations
in soils. Not precipitated by
any known process.* While
compounds have been used to
treat mental disorders, it is
toxic at high concentrations.

Presence in groundwater due to
leaching is not expected to con-
stitute any great hazard.**
Plant macronutrient.***

Forms highly insoluble com-
pounds in well-aerated soils at
high pH.***"** Plant micro-
nutrient.***

{continued)
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Remarks

immobilized in soils at neutral
to basic pH vailues.* Most prob-
lems are due to deficiencies.**
Plant micronutrient.***

Relatively insoluble in a basic
medium and readily adsorbed
on colioids.® There is a 100-
fold decrease in activity for each
unit increase in soil pH, but ex-
act reaction products that pre-
cipitate in soils are unknown.**®
Plant micronutrient.***

May exist in groundwater at
detrimental levels.* The com-
pounds formed in soils are
highly insoluble, with least
solubility in basic soil.***

May exist in groundwater at
high levels.* Forms highly in-
soluble compounds in well aer-
ated soils at high pH.** Micro-
nutrient.***

Forms relatively insoluble com-
pounds in soils.**,*** Soils of
high pH, upon becoming acidic,
could release lead at future

time.”* Most is found in the

surface soil, indicating little if
any downward movement.***

One of the most mobile cations
in soils. Not precipitated by
any known process.” Whiie
compounds have been used to
treat mental disorders, it is
toxic at high concentrations.

Presence in groundwater due to
leaching is not expected 1o con-
stitute any great hazard.**
Plant macronutrient.***

Forms highly insoluble com-
pounds in well-aerated soils at
high pH.**’*** Plant micro-
nutrient.***

{continued)

Table 7.1:

Element

Mercury

Molybdenum

Nickel

Nitrogen

Phosphorus

Potassium

Selenium

Sources of Trace Elements Present in Sludge 131

{continued)

Major Uses of the Element
and Its Compounds

Dental amalgams, drugs, fluo-
rescent lights, scientific instru-
ments, plastics, puip and pa-

per, fungicides, paints, deto-

nators.

Special tool steeils, chemicals,
ceramic glazes.

Stainless steel and other alloys,
gasoline additives, etectroplat-
ing, ceramic paints, batteries,
inks, spark plugs, fabric dyes.

Constitutes about % of the
volume of the atmosphere and
is present in combined form in
animal and vegetable tissues.

Ammonia, cyanide, explosives,

fertilizers, dyes.

Necessary constituent in plant
and animal life. Matches, ferti-
lizers, dehydrating agents.

Abundant under many nat-
ural soil conditions. Fertili-
zers, glass, analytical chemis-
try, pigments, photography,
soap, metallurgy.

Photometry, ruby giass, wire-
less teiegraphy, photography,
vulcanizing rubber, insecti-
cides, fertilizers.

Maximum
Acceptable
Contaminant Leveis

0.002 mg/1 (Public-
Supply-toxic)*
0.002 mg/itt

None*
Nonett

0.1 mg/l {Marine-
hazardous}*
Nonett

0.02 mg/l as am-
monia {F.W. Fish-
eries-toxic}*

10 mg/| as nitrate
nitrogentt

0.001 mg/}l as ele-
mental phosphorus
(Marine-hazard-
ous)*

Nonett

None*
Nonett

0.01 mg/i (Pubtic
Supply-toxic}*
0.01 mg/itt

Remarks

Inorganic compounds react
quickly with the organic matter
and ctay minerals to form in-
soluble compounds, so little
movement occurs. This condi-
tion may be changed by poorly
drained soils at low pH . **-***

Tends to be more soluble at
tower pH. At pH above 7.0,
it is still sufficiently available
to plants to induce toxicity in
grazing animals.****

Plant micronutrient.***

Exact reaction products that
precipitate in soils are not
known.** Activity decreases
with increased pH.*.**.***
Nicket salts can substantially
inhibit biochemical oxidation of
sewage.*

Plant macronutrient.***

Forms relatively insoluble reac-
tion products in both acid and
basic soils and should not cause
long-term problems. Transport
to surface waters could lead to
their eutrophication,**
Macronutrient.***

Presence in groundwater due to
leaching is not expected to
constitute any great hazard.**
Plant macronutrient.***

Highly insoluble and requires
oxidation to seienite or sele-

nate before appreciable quan-
tities appear in water.* Solu-

bility expected to increase with
increasing pH.1

(continued)
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Table 7.1: {continued)

Element

Silver

Sodium

Zinc

Major Uses of the Element
and 1ts Compounds

Coins, plating, jeweiry, medi-
cine, chemicals, photography.

Abundant under many natural
soil conditions. Insecticides,
herbicides, wood preservatives,
medicine, bleaches, water treat-
ment, dyes, fertilizers.

Vuicanized rubber, galvanized
iron, alloys, wood preserva-
tives, disinfectants, medicine,
rodent poisons, paints, COS-
metics.

Maximum
Acceptable
Contaminant Levels

0.005 mg/{ {Marine-
hazardous)*
0.05 mg/Itt

250 mg/! as sodium
chtoride (Pubtic
Supply-taste}*

Nonett

0.1 ma/l (Marine-
hazardous) *

None {old limit
5.0 mg/i)tt

Remarks

Rarely detected in water above
0.001 mg/i because of low sol-
ubility .*

Presence in groundwater is not
expected to constitute any great
hazard. High concentrations in
solutions low in other salts
cause certain clay-bearing soils
to change in structure and
lose permeability **

The exact reaction products
that precipitate are not known.
Approximately a 100-fold de-
crease in activity with each unit
increase in pH.** Ordinarily, at
pH values above 6.5, it tends
to be only slowly available.
Piant micronutrient.***

* Recommendations, Environmental Studies Board, National Academy of Science (1972). The recom-
mendations of the ESB covered these categories:

Water to be treated for public consumption (Public Supply);

Fresh water fisheries (F.W. Fisheries);

Marine environment (Marinel}; and

Agriculture (Plants).

The reason for establishing each recommendation is given with the recommendation.

**|indsay (28)

*+*Brady (5)

tGeering et al (20)

t1EPA (15)

Source: IV
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ind is expected to increase over the
ationwide secondary treatment, 1o
of information reported to the
that the quantity of sludge will in-
; of municipal sewage treatment

10 years. Industrial wastes are €s-
pal treatment plant influent nation-
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d.
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tilized for landspreading have been

' application rate of 20 tons per
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ubstances found in municipal sludge
The range of levels detected is

the type and quantity of industrial
nputs of such elements from domestic

sal Sludge

; and chemical substances found in
‘jon from a health effects standpoint.
Sbserved is indicated. The amount of
of different analytical methodologies
data. The wide ranges observed have
1d character of industrial input to dif-
nces (1)(4)(10)(16)(18)(19)(21)(24)
compiling Table 7.28.
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Table 7.28: Trace Elements and Substances Found in Municipal Sludge

Elements
Aluminum
Antimony
Arsenic
Boron
Barium
Beryllium
Bismuth
Bromine
Cadmium
Calcium
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Dysprosium
Erbium
Europium
Fluorine
Gadolinium
Gallium
Germanium
Gold
Hafnium
Holmium
Indium
lodine
Iridium
Iron
Lanthanum
Lead
Lutetium
Magnesium
Manganese
Mercury
Molybdenum
Neodymium
Nickel
Nitrogen
Osmium
Palladium
Phosphorus
Platinum
Protactinium
Rhenium
Rubidium
Ruthenium
Samarium
Scandium
Selenium

Concentration Range
in Municipal Sludge
{ppm dry weight)

8,100-51,200
2.6-44.4
3.0-50
4-1,430
272-1,066
<4-<15
0.03-55.8
13.7-165
2-1,100
1,760-116,400
12.4-272
0.45-2.9
500-17,800
22-30,000
2-800
84-17,000
0.7-19.8
0.2-4.5
0.7-12.2
2.2-738
1.1-22.7
0.9-54
1.1-105
0.21-7.00
1.3-10.7
0.07-0.67
0.07-3.7
1.0-17.1
0.04-0.46
1,000-144,000
5.1-380
80-26,000
0.04-0.34
2,000-14,035
32-8,800
0.1-89
1.2-1,000
0.6-8.6
12-8,000
16,000-66,000
0.06-3.18
0.5-16.2
8,000-40,000
0.05-0.74
1.1-119
0.03-0.98
43-946
0.21-7.05
1.0-14.2
0.5-7.1
1.7-8.7

Concentration Range
in Unamended Soil
{ppm dry weight)

10,000-300,000
2-10
0.1-40
2-100
100-3,000
0.1-40

1-10
0.01-7
7,000-500,000

0.3-25
5-3,000
1-40
2-100

30-300

7.000-550,000
1-5,000
2-200
600-6,000
100-4,000
0.01-03
0.2-5

10-1,000
200-2,500

Mean Level
in Dry Soil
{ppm)

71,000
6

6

10

500

0.2
{(continued)
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Table 7.28: (continued)

Concentration Range

Siver
Sodium
Strontium
Sulfur
Tantalum
Tellurium
Terbium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Ytterbium
Yttrium
Zinc
Zirconium
Organics
Aldrin
Chlordane
DDD
DDT
Dieldrin
Fluorescent whitening
agents
PCBs

Note: ND is not detected.

Sludge Disposal by Landspreading Techniques

in Municipal Sludge
{ppm dry weight)
ND-3960
567-8,800
ND-2,230
9,000-11,000
0.11-1.45
0.07-1.52
0.27-4.83
3.1-16.8
0.06-3.31
40-700
1,080-4,580
0.9-99.6
0.8-6.4
ND-2,100
0.29-1.30
0.8-10.1
72-50,000
4.8-319

ND-16
ND-32.2
ND-1.0
ND-11
0.8-2.2

12-50
ND-1,700

Concentration Range
in Unamended Soil
{ppm dry weight)

0.01-5
750-7,500
50-1,000
30-900
0.1-12
2-200
1,000-10,000

0.9-9
20-500

25-250
10-300
60-2,000

Source: X, from (1)(4){10)(16}{18){19)(21}(24)(29)(35)(41)

Mean Level
in Dry Soil
{ppm)

0.1
6,300
300
700

5

10
5,000
1

100
50

50
300

Commercial "bagged sludge" soil conditioners derived from municipal sludge,
such as Milorganite, also deserve consideration. Milorganite has been analyzed

and found to contain what were considered high cadmium and chromium levels.
Recent analysis of a sample by EPA Region X found cadmium at 117 mg/kg and
chromium at 6,042 mg/kg. Home and hobbyist use of municipal sludge such as
Milorganite can result in intensive application to smail plots of land. Use is not

limited to ornamental plants, but it has been applied to vegetable gardens as
well. Home-grown vegetables are not subject to FDA monitoring, nor are con-
taminants in them diluted in family use by the commercial food distribution
system. In season, they can form a major portion of a family's diet.

As Table 7.28 indicates, municipal sludges also may contain persistent organic

chemical contaminants such as PCBs and chlorinated pesticides. Data are scarce

on other organics present in municipal sludge largely due to lack of research in
this area, although the range of contaminants {over 100) reported for drinking

water is indicative of the compounds which could be present in municipal sludge.
Typical drinking water contaminants which might be present in municipal studges
include halogenated (mostly chlorinated) hydrocarbons, long chain hydrocarbons,

benzenes and polynuclear aromatics. Other classes of organic chemicals which




ng Techniques

ncentration Range
+ Unamended Soil

ppm dry weight)

0.01-5
750-7,500
50-1,000
30-800

0.1-12

2-200
1,000-10,000
0.9-9
20-500

25-250
10-300
60-2,000

14)(29)(35)(41)
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‘0 small plots of land. Use is not

pplied to vegetable gardens as
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Mean Level
in Dry Soil
(ppm)

0.1
6,300
300
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5,000

100
50

300
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' may contain persistent organic
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largely due to lack of research in
(over 100) reported for drinking
yuld be present in municipal sludge.
ight be present in municipal sludges
ocarbons, long chain hydrocarbons,
asses of organic chemicals which
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appear to have a high potential for sludge contamination due to their persis-
tence in environmental waters include chlorobenzenes, chlorophenols, chlori-
nated paraffins, and halogenated cyclodiene flame retardants (6).
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