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Abstract — As the interest in environmental problems increased, the guideline of effluent qualities becomes strict
and the amount of sludge produced from the wastewater treatment facilities steeply increased. The revised
Korean acts prohibit the direct reclamation of the sludge exhausted in sewage treatment works from 2003, and
the ocean dump of sludge will be also prohibited from 2012. Therefore, the sludge must be recycled, incinerated
or composted. To properly perform the utilization and disposal operations, the establishment of well-defined
procedures for the characterization of sludge by physical, chemical and biological method and setting up of
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guidelines for different treatment and disposal routes has become necessary. However, there have not been such
standardized methods for sludge characterization in Korea. This review analyzes the present status of
establishment and problems of sludge characterization method of Korea. Finally, it was proposed total 15 items
of standardized characterization methods suitable to our country for proper sludge recycling and disposal, which
was based on the more systematic standard methods of Germany (DIN 38414) and those of advanced nations.

Key words : Sludge, Characterization, Standard, Wastewater, DIN 38414
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Table 1. Classification and property of sludge

charl;gtlg?s)iﬁ: of Origin-Industry Water treatment Constituents of sludge
the sludge sludge pretreatment

1. Domestic wastewater treatment 1. Settling/digestion/biological + Predominantly volatile solids, VS/DS
plants treatment/physico-chemical 30~90%

flocculation-settling
2. W.W. from agriculture and 2. Settling/biological treatment - Protein matter, often very fermentable
Hydro- foodstuffs industry including extended aeration, - Vegetable or animal wastes
Organic | philic + Breweries/abattoirs/dairies aerobic stabilization + Animal and sometimes mineral oils and
/canneries/livestock rearing or anaerobic digestion fats

3. W.W. from textile industry, organic | 3. Physico-chemical (flocculation- - Hydrophilic hydroxides (Al, Fe) in
chemical industry/petrochemistry settling)/biological treatment physicochemical treatment

4. Polishing biological treatment 4. Biological treatment + Hydrocarbons (petro-chemistry)

1. Drinking water and industrial 1. Physico-chemical (floc.-settling); + Predominantly hydrophilic metallic
make-up water (river water or Neutralization hydroxides (Al, Fe, Cr...), VS (<30% of
groundwater) DS), CaCO; (carbonate removal) or

+ Clarification/partial carbonate CaSO4 2H,O (neutralization H,SOy)
removal/deionization eluates

2. W.W. from metal finishing 2. Neutralization +flocculation-settling/
treatment Decontamination (cyanide,

- Pickling/anodizing/ Cr(VI)+flocculation-settling

Hyc.hjo— galvanizing/painting
philic 3. W.W. from inorganic chemical 3. Physico-chemical (floc.-settling);
industry Neutralization
4. W.W. from coloring agents; 4. Physico-chemical (floc.-settling); + Mineral +organic
Inorganic dyeworks Neutralization+biological
5. W.W. from tanneries 5. Physico-chemical (floc.-settling); + Mineral +organic+animal fats and
Neutralization+biological organic matter

6. Total final treatment of W.W. for | 6. Physico-chemical (floc.-settling);
recirculation Neutralization +filtration

1. Industrial make-up water- carbonate | 1.2.3. Neutralization-flocculation- - Dense inorganic solids
removal (river water or groundwater) settling - Low content of hydrophilic hydroxides

2. Iron and steel industry- (Fe, Al, Mg <5% of DS)

Hydr?_ steelworks-foundries-gas scrubbing +Low VS content (<5% of DS)
phobic 3. Coal washing

4. Incineration of refuse, Flue gas
scrubbing

1. W.W. from refineries 1. Oil removal + Mineral oils and greases

Hydro- | 2. W.W. from engineering works 2. Flocculation-settling/flocculation + Hydrocarbons
philic (soluble oils) + Hydroxides (Al, Fe)
Oily 3. W.W. from cold rolling, metallurgy | 3. Biological (refineries) - Biological VS
Hydro- 1. W.W. from steel rolling mills 1. Settling - Dense and readily settleable DS
phobic (scale-Fe oxides)
- Considerable mineral oil and grease
1. W.W. form paper mills 1. Settling/flotation (fiber recovery) + Cellulose fibers+sawdust and shavings
. 2. W.W. from paper pulp 2. Flocculation-settling Cellulose fibers+hydrophilic hydroxides
Fibrous (in varying amounts)
3. W.W. from board mills 3. Biological - Cellulose fibers+biological VS

* W.W.: wastewater, VS: volatile solids, DS: dry solids
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Table 2. Present status of establishment of sludge characterization methods in

some countries

Items KS

JIS

o]
»
<]
Z

DIN Std. Mtd.

o]
w
e}

Terminology

Sampling

Water content/Solid content

Residue on ignition/Loss on ignition

Leachability test

pH

Oxygen consumption rate

Acid-soluble portion of metal

Amenability to anaerobic digestion test

Biochemical oxygen demand

SV/SVI

Phosphorus (P)

POX/EOX/AOX

Volatile organic acid

PCB

PAH

Freeze drying residue

Kjeldahl nitrogen

Settling rate

XX | X [X|[X|X|X[X|X|X|DIX|X|X|X|X|X]|>]|X

X|x[O]O]0O|0|0|0|0O|0|0]|0|O0|0|0|0|0|0]|x

OIX | X | X | X|X|[X|X]|OIX|X[|X|O|X|x|X|x]|O]|x

X[ X | X[ X[ X|X|X|[X|X|[X|X|D|X|X|X|X|X]|X|D>]|Xx

Capillary Suction Time

X

XX | XX | X|X|X[X|[X|[X|X|D|X|X|X|X|X|D>|O|X
X | X|O|X|X|X|X|X|[O|X|xX|D>D|ID>DIDIO|x]|O|O|O|0O
X | X|O|X|X|X|X|X|[O|X|xX|D>D|ID>D|Ix|O|O]O|O|0O|0O

X

O

* KS: Korea Standard, JIS: Japanese Industrial Standard, DIN: Deutsche Industric Normen, ISO: International Standard
Organization, BS: British Standard, EN: Européen Normes (European Committee for Standardization), Std. Mtd: APHA et
al., Standard methods for the examination of water and wastewater

*%* O: Including identical item, A: Including similar item, X: Not including any identical or similar item
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Table 3. EPA guideline of sewage sludge sampling and

analysis
Category Range Content
Background - Solid content and viscosity
information - sludge property

+ General consideration
- Sludge sampling point

Selection of
sampling point

+ Sampling apparatus

Selection of sample| Sampling procedure

Sample size,
Sample shape,

+ Material of sample vessel
- Preparation of sample vessel

Sludge Interval of - Sample storage
sample sampling - Preservation before analysis
preparation | Preparation of
sample and storage
Packing and - Packing
transport + Outline of transport

- Sample labelling

Documentation | - Outline of storage
- Record of sampling
Safety
consideration

General pollutant
and inorganic

pollutant
Metal - Separation/preparation
Analysis - Analytic technique of metal
Oreanics - Abstract and separation
8 + Analytic technique of organics
Pathogenic
microorganism
Quality
Assurance
Demand of human
resource
‘ Cost of
Cost o direct/indirect
sampling analysis

d analysi
e anEYSE I Cost of sampling

Chance for saving
cost

Table 4. Sludge analysis method of Standard Methods for
the Examination of Water and Wastewater

Category Content
- Oxygen consumption rate
- Settled sludge volume
2710. Tests on - Sludge volume index (SVI)
sludges - Zone settling rate

- Specific gravity
- Capillary suction time

5520. Oil and grease |- Extraction method for sludge samples

9060. Samples - Sampling

Fo g ot L)
RECE EIES EEE
RS2 G
 GERA P

D pH, 2 9 19, AT U fU1EE9 Ak Cr,
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Table 5. Comparison of Korea standard analysis method and DIN 38414 for sludge analysis

Items

Water quality
analysis method

‘Waste
analysis method

Soil
analysis method

DIN 38414

Flowrate measurement

Sampling and storage

Sample pretreatment

Preparation of sample

Leaching test

Temperature

Transparency

pH

Dissolved oxygen

Biochemical oxygen demand (BOD)

Chemical oxygen demand (COD)

Color

Suspended solid

n-hexane extraction

Chloride

Ammonia nitrogen

Nitrite nitrogen

Nitrate nitrogen

Total nitrogen

Phosphate phosphorus

Total phosphorus

Phenols

Cyanide

Flouride

Chrome

Cr (VD)

Zinc

Copper

Cadmium

Lead

Manganese

Arsenic

Nickel

Iron

Selenium

Mercury

Alkyl mercury

Organic phosphorus

Polychlorinated biphenyl (PCB)

Anionic surfactant

Volatile hydrocarbons

E. Coli

Chlorophyl a

Conductivity

Fecal coliforms

plankton (algae)

Water/solid content

Fixed/organic solid

Oil

Halogenated organics

Phenol

Benzene - toluene - ethylbenzene - xylene (BTEX)

Total petroleum hydrocarbon (TPH)

Oxygen consumption rate

Acid-soluble portion of Metals

Amenability to anaerobic digestion

SV/SVI

Steam-volatile organic acid

X XX [X[X|X|X|X[X|X|x|x|O|O]|O|O|O|O|O|O0|O|O|O|0|O|O|0|0|O0|0|0|0|0|0|0|0O|0|0|0|0|0O|0|0|O|0|0|0|0|0|0|0|0|0]x|*x|O|0|0

X | X[ X[ X|[X| X[ X|X[O|O|O|O|X| x| X|X|X]|O|X[O|O|X|O[X|Xx|[X|O[X|O|O|O|X|O|O[X|O|X|X|X|X|X|X|[X|X|X|X|X|X|[X|X|O|X|xX||[O|O|x|]O]|x

Polycyclic aromatic hydrocarbon (PAH)

X

X

X | X[ X|X|[Xx|Xx]|OlO|O|O|x|x|O|Xx|x|x|x|Xx|x[x]|O|O|x|O|x|x|O|O|x|O[O|0|0|O|x|O|O0O|x|x|x|x|x|x|Xx|x|x|x|x|x|x|x|O|x|x|[Ix|O|x|O|x

OlO|0|01010 X [ X | X|OIX|O|OIX [ X | X[ X[ X[X|X[O[X|X|X|X|X|X|X[|X[X[X|[X|[X|X|X|X[X|X]|O|X|X|X|X|X[|X|X|X|X|O|X|X|O|x|xl[|[O|x|x]|O|x

* O: including identical item, A: including similar item, X: not including identical or similar item
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