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Specific gravity of  Specific gravity of Dry solids, 1b/ 10° gal

Treatment operation or process

sludge solids sludge Range Typical

Primary sedimentation 1.40 1.020 09-14 1.25
Activated sludge (waste sludge) 1.25 1.005 0.6-0.8 0.7
Trickling filtration (waste sludge) 1.45 1.025 0.5-0.8 0.6
Extended aeration (waste sludge) 1.30 1.015 0.7-1.0 0.8
Aerated lagoon (waste sludge) 1.30 1.010 0.7-1.0 0.8
Filtration 1.20 1.005 0.1-0.2 0.15
Algae removal 1.20 1.005 0.1-0.2 0.15
Chemical addition to primary
sedimentation tanks for phosphorus
removal

Low lime (350-500 mg/L) 1.90 1.04 2.0-3.3 2.5

High lime (800-1600 mg/L) 2.20 1.05 5.0-11.0 6.6
Suspended-growth nitrification - - - -
Suspended-growth denitrification 1.20 1.005 0.1-0.25 0.15
Roughing filters 1.28 1.020 - -

117: Metcalf and Eddy (1991)
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Untreated primary sludge Digested primary sludge Activated
frem Range Typical Range Typical  sludge, Range
Total dry solids (TS), % 2.0-8.0 5.0 6.0-12.0 10.0 0.83-1.16
Volatile solids (% of TS) 60-80 65 30-60 40 59-88
Grease and fats (% of TS)

Ether soluble 6-30 - 5-20 18 -

Ether extract 7-35 - - - 5-12
Protein (% of TS) 20-30 25 15-20 18 32-41
Nitrogen (N, % of TS) 1.5-4 2.5 1.6-6.0 3.0 2.4-5.0
Phosphorus (PO, % TS) 0.8-2.8 1.6 1.5-4.0 2.5 2.8-11.0
Potash (K,O, % of TS) 0-1 0.4 0.0-3.0 1.0 0.5-0.7
Cellulose (% of TS) 8.0-2.8 10.0 8.0-15.0 10.0 -

Iron (not as sulfide) 2.0-4.0 2.5 3.0-83.0 4.0 -
Silica (SiO,, of TS) 15.0-20.0 - 10.0-20.0 - -

pH 5.0-8.0 6.0 6.5-7.5 7.0 6.5-8.0
Alkalinity (mg/L as CaCO,) 500-1,500 600 2,500-3,500 3,000 580-1,100
Organic acids (mg/L as HAc) 200-2,000 500 100-600 200 1,100-1,700
Energy content, Btu/lb 10,000-12,500 11,000 4,000-6,000 5,000 8,000-10,000

117: Metcalf and Eddy (1991)
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Dry sludge, mg/kg

Metal

Range Median
Arsenic 1.1-230 10
Cadmium 1-3,410 10
Chromium 10-99,000 500
Cobalt 11.3-2,490 30
Copper 84-17,000 800
Iron 1,000-154,000 17,000
Lead 13-26,000 500
Manganese 32-9,870 260
Mercury 0.6-56 6
Molybdenum 0.1-214 4
Nickel 2-5,300 80
Selenium 1.7-17.2 5
Tin 2.6-329 14
Zinc 101-49,000 1,700

17: Metcalf and Eddy (1991)
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Organism

Disease/Symptoms

Bacteria

Salmonella sp.
Shigella sp.

Yersinia sp.
Campylobacter jejuni
Escherichia coli

(pathogen strain)

Salmonellosis (food poisoning), and typhoid fever

Bacillary dysentery

Acute gastroenteritis (including diarrhea, abdominal pain)

Cholera
Gastroenteritis

Gastroenteritis

17: U.S. EPA (1999)
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Organism

Disease/Symptoms

Enteric Viruses
Hepeatitis A virus
Norwalk and
Norwalk-like viruses
Rotaviruses
Enteroviruses
Polioviruses
Coxsackieviruses
Echoviruses
Heovirus
Astroviruses

Caliciviruses

Protozoa
Crytosoporridium
Entermoeba histolytica
Giardia lamblia
Balantidium coli

Toxoplasma gon

Helminthes Worms
Ascaris lumbricoides
Ascaris suum
Trichuris trichiura
Toxacara canis
Taenia saginata
Taenia solium
Necator americanus

Hymenlepis nana

Infectious hepatitis

Epidemic gastroenteritis with severe diarrhea

Acute gastroenteritis with severe diarrhea

Poliomyelitis

Meningitis, pneumonia, hepatitis, fever, cold-like symptoms, diarrhea, etc.
Meningitis, paralysis, encephalitis, fever, cold-like symptoms, diarrhea, etc.
Respiratory infection

Epidemic gastroenteritis

Epidemic gastroenteritis

Gastroenteritis

Acute enteritis

Giardiasis (including diarrhea, abdominal cramps, weight loss)
Diarrhea and dysentery

Toxoplasmosis

Digestive and nutritional disturbances, abdominal pain, vomiting, restlessness
May produce symptoms such as coughing, chest pain, and fever

Abdominal pain, diarrhea, anemia, weight loss

Fever, abdominal discomfort, muscle aches, neurological symptoms
Nervousness, insomnia, anorexia, abdominal pain, digestive disturbances
Nervousness, insomnia, anorexia, abdominal pain, digestive disturbances
Hookworm disease

Taeniasis

W: U.S. EPA (1999)
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N fixation

0.5N, > R-NH,
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TuTasiou (N) 1ineImsuaz
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ANUFURUTUUD symbiotic Yo9a

o
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N mineralization

R-NH, + H,0 +H > R-OH + NH,’

manfasugilveslulasoudunsd
| a
WuluTaswueiiunid (NH,)
milounumsgesdaiy organic

a A J
matter UBIYAUNTY

N immobilization
From NO, (first step)

From NH 4+

NO, +2e > NO, +6e > NH,’

+

NH, +R-OH > R-NH, + H,0 + H

manlasugilveslulaswueiiunid

Aululasusunid lasgaunsd
= Y J A

aselulasnuduradnioln

FTHNUNANSUDEEANY

NH, volatilization

First stage (in water)

NH,” > NH, +H

3(aq)

S =~ a
mﬁqﬂulmﬂuaﬂmuﬂ (NH,)3nau

From water to air NH,, > NH, uazl‘i‘njmmﬁ

Nitrification msnfaougilvesuon Tuilow (NH, )
By Nitrosomonus NH, +150,,,> N0, +H,0+20 liflululasd wo,) luasamo,)
By Nitrobator NO, +0.50,,,, > NO, Tagyaun3d

Denitrification
ToN, NO, + 1.25[HCHO] 0.5N, + 0.75H,0 manlasugiveslumaa No,) 'l

+1.25C0, + OH WlumaTuTlasau (N, or N,0)

ToN,O NO3_ + [HCHO] = 0.5N,0 + 0.5H,0 +

CO, + OH

UULHe : R = Organic Compound

nu: Henry et al. (1999)
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Microorganisms break the bonds to

" obtain energy. This is decomposition ~ -~-  Nitrogen Mineralization

NH4+ is the first available form of N

i - > ' " .
Organic matter (R-NH,) NH, decomposition of organic matter.

Soil water |

S

Immobilization and Plant Uptake

The microorganisms and plants use NH4+ NH——» o . tter (R-NHL)
rganic matter (R-NH,

|

|

|

|

|

|

- - |
and NO;, in synthesis of new biomass. NO, —P !
|

|

|

|

|

|

|

g

MNA 2 NTLVIUMS Nitrogen Mineralization 16i& Immobilization

31: Henry et al. (1999)
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The microorganism Nitrosomonas oxidizes the

NH 4+ to NO, , in order to get energy

The microorganism Nitrobacter oxidizes the

NO, to NO, , in order to get energy

NH » NO;

/m

The first step releases H',

which acidifies the soil

H Soil solution T

- .
> NO, Nitrification and nitrate

leaching

As NO3- is negatively changed, it moves freely

throuch the soil with excess rain.

~ any @
NNN 3 NTZUIUMS Tualingu

N Henry et al. (1999)

When oxygen in depleted in pockets
of the soil, some of the NO3- can
convert to gaseous forms and lost to

atmosphere.

Denitrification

d' =S any U
NNN 4 ﬂﬁ%UDUﬂﬁﬂ'luﬂﬁ‘V\llﬂ%'u

nu: Henry et al. (1999)
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NH 4+ on the exchange sites .
Ammonia
tends towards equilibrium

Negative changes on the outside of Volatilization

organic matter (cause by H with NH 4+ in the soil solution.

breaking from organics). l NH,

NH, in the soil

i
I
I
i
i _ — - — NH, solution tends
I

NH — —
i 4 Organic towards

—_ — +
i - matter o NH, ) equilibrium with
I >
! _ NH&——= NH,+H NH, in the air.
| '
i
The “+” changes of the NH 4+ '
. Soil solution
are attracted to the “-” changes NH, tends towards
. . The concentration of H' in soil
of soil (called exchange sites). equilibrium with NH, in

) ) solution is referred to as pH.
the soil solution.
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nu: Henry et al. (1999)
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Sludge Produced Disposal Method (%)
Country Population
(tds x 1,000/yr) Agriculture  Landfill Incineration Other
Austria 7.8 320 13 56 13 0
Belgium 9.9 75 31 56 9 4
Denmark 5.1 130 37 33 28 2
France 56 700 50 50 0 0
Germany 62 2,500 25 63 12 0
Greece - 15 3 97 0 0
Ireland - 24 28 18 0 54
Italy 57 800 34 55 11 0
Luxembourg 0.4 15 81 18 0 1
Netherlands 15 282 44 53 3 0
Portugal - 200 80 13 0 7
Spain 39 280 10 50 10 30
Switzerland 6.4 215 60 30 20 0
UK 57 1,075 51 16 5 28
Total 316 6,631 38 3 10 9

1: Alcock (1981)
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Bacteria 2x 10’ 8
Fungi 5x10° 8
Actinomycetes 1x10° 2
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Biosolids Treatment Method Mineralization Rate (% of initial organic N)

Anaerobically digested

Liquid 20-40

Dewatered 25-45
Heat-dried 25-45
Aerobically digested 30-50
Lagooned 10-30
Lime-stabilized 30-60
Composted 0-30
Drying bed 15-40
Oxidation ditch 30-50

11: Henry et al. (1999)
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Dry Matter Total Available'
Sludge Type Unit as Spread
(%) N P N P
Liquid undigested kg/m3 5 1.8 0.6 0.6 0.3
Liquid digested kg/m’ 4 2.0 0.7 1.2 0.3
Undigested cake kg/ton 25 7.5 2.8 1.5 1.4
Digested cake kg/ton 25 7.5 3.9 1.1 2.0

' misl9lse Teniluilusnuesmsigniles

117 Finstein at el. (1982)
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Nutrient' Treatment process No. of samples Range Median Mean
Organic C Anaerobic 31 18-39 26.8 27.6
(%) Aerobic 10 27-37 29.5 31.7
Other 60 6.5-48 32.5 32.6
All 101 6.5-48 304 31.0
Total N Anaerobic 85 0.5-17.6 4.2 5.0
(%) Aerobic 38 0.5-7.6 4.8 4.9
Other 68 <0.1-10.0 1.8 1.9
All 191 <0.1-17.6 33 3.9
NH,-N, Anaerobic 67 120-67,600 1,600 9,400
(mg/kg) Aerobic 33 30-11,300 400 950
Other 3 5-12,500 80 4,200
All 103 5-67,600 920 6,540
NO,-N Anaerobic 35 2-4,900 79 520
(mg/kg) Aerobic 8 7-830 180 300
Other 3 - - 780
All 45 2-4,900 140 490
Total P Anaerobic 86 0.5-14.3 3.0 3.3
(%) Aerobic 38 1.1-5.5 2.7 2.9
Other 65 <0.1-3.3 1.0 1.3
All 489 <0.1-14.3 2.3 2.5
Total S Anaerobic 19 0.8-1.9 1.1 1.2
(%) Aerobic 9 0.6-1.1 0.8 0.8
Other - - - -
All 28 0.6-1.5 1.1 1.1

1 Y 9 2 I 1A A o o v
ﬂ’)nJLﬂliJﬂJulla%Lﬂ@ﬁLGD"L!G]LTJUﬂTVImEJUﬂ‘]J"UfNLLGINLLWQ

111: U.S. EPA (1995)
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A13199 10 (719)

Nutrient' Treatment process No. of samples Range Median Mean
K Anaerobic 86 0.02-2.64 0.30 0.52
(%) Aerobic 37 0.08-1.10 0.39 0.46
Other 69 0.02-0.87 0.17 0.20

All 192 0.02-2.64 0.30 0.40
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1: U.S. EPA (1995)
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