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Technologies and management strategies for
Hazardous Waste Control (1983)
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FunevasEnetuuslay 3 Ussnan

1. dussnemenmenw  Physical Hazard
2. dunsesioguam  Health Hazard
3, Sunseseduandey Environmental Hazard

sunseynwmenmw Physical Hazards

Combustible liquids
Compressed gases
Explosives
Flammables
Oxidizers
Pyrophorics

vouvaIAalnla
MwAUALES

glZREEING

Toglalyl
asfiAnufienoondladine

A a v A o oo oo
asfandalldeadiodudativennia

Unstable/reactive chemicals aswniiiilsiedios (Anufisenine)

Water-reactive chemicals asafiivinufjaseniuin

Physical Hazard

SOOOO

Health Hazard

A
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sunesegun Health Hazards

Carcinogens ARG RHETEN
Corrosives ansfiansou

Highly toxic chemicals aswndliiflenunduiivge

Irritants A155LAELADY
Sensitizers Msilnasesyuulszam
Toxic ansTduie

dunesiagunm - odsilasunanssny
Hepatotoxins (liver) flu
Nephrotoxins (kidney) n
Neurotoxins (nervous system)  syuuuszam
Hemato-poietic system (blood) szuuiden

Pulmonary (lungs) szuumaAumele
Reproductive organs suvdUiug
(chromosomal damage or fetal effects) (Iaslalea/DNA/MsALuATSA)
Cutaneous (dermal layer of the skin)  fawifsduu

Optical (eye or vision) A1

Sunseredanndey Environmental

>

wiAlulag PIUANEN AL dURT e Ing Y

1. Waste reduction alternatives

2. Hazard reduction alternatives:
treatment and disposal

3. Ocean use: disposal and dispersal
4. Uncontrolled sites
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Waste reduction alternatives

1.1 Source segregation

1.2 Process modification

1.3 End product substitution
1.4 Recovery and Recycling

- Linked to proprietary manufacturing
technology

Wisususzeznalunmsunnssuiums iy

Figure 7.—Relative Time Required for
1 jon of Reduction Method:

Source separation
(—

Process modification
.

Recycling/recovery

Reduction method

End-product substitution

——————
| 1 1 ]
2 3 4 5

(Relative units)

Time

SOURCE. OF ks of Techrology Assessment

1.1 Source segregation

- Best method is to reduce the volume of waste
- Permanently eliminate hazardous character
- contain and immobilize hazardous constituents

- Smaller firms might find this a disincentive
based on economics, e.g. electroplating plant
sending waste to municipal waste treatment
plant instead of extracting cyanide itself.

1.2 Process modification

- Changes in operation temperature, pressure,
raw material composition

- New process or equipment
- Usually process specific, not industry-wide

e.g. metal-finishing industry replacing cyanide-
based electrolytes for “safer” acids, MSA, etc.
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1.3 End product substitution

- substitute end product for another new one

- manufacture of new product would reduce
the generation of hazardous waste

E.g. asbestos pipes (uslefiu-neliinlsaon) can be
replaced with iron, clay, or pvc

nswasuwlasmansne /veadeed

Table 25.—End-Product i for of Waste
] Ratio of waste:" Ratio of waste:
Product Use original _product Available product
Asbestos Pipe 1.09 lron 0.1 phenols, cyanides,
Clay 005 Muorides
PVC 0.04 VCM manufacture +
1.0 PVC pige
Friction products 1.0+ manufacturing Glass fiber ]
(brake Enings) waste Steel wool
Mineral woals
Carbon fiber
Sintered metals
Cemant
Insulation 1.0+ manufacturing Glass fiber 0.z
Cellulose fiber
PCBEs Electrical transformers 10 Oil-filled transformers 0

Open-air-cooled
transformers

Cadmium Electroplating 029 Zinc electroplating 0.06
Creosote treated wood Piling Concrete, steel 0.0 (reduced hazard)
Chigrofluorocarbons Industrial solvents TO/E1 =09 Methyl chloroform; 0.9 (reduced hazard)
maethylene chioride
ooT Pesticide 1.0+ manufacturing Other chamical (reduced hazard)
waste pesticides 1.0+ manufacturing
wasle

Cusetty of hazardous wisls gen
SOURCE Ofice of Techwoiogy

Encouraging end product substitution

- regulations

- limitation of raw materials

- tax incentives

- Federal procurement practices
- consumer education

1.4 Recovery and Recycling

- Recovery = separation of substance from mixture
- Recycling = reuse of such substance
- Materials that can be easily separated through
physical/chemical differences.

- organic acids by distillation

- solids by filtration
- In-plant and commercial (off-site)
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Table 26. ly Applied R y Technologi
Generic _ wasbe Typical source of effluent Recovery technologies
Solids in aqueous suspension Salisoda ash liming operations Filtration
Heavy matals Matal hydroxides from metal-plating waste; Electrolysis

sludge from steel-pickling operations

Organic liquids Pelrochemlcd!smum alcohol Distillation
Inorganic aqueous solution i
Separate phase sobds, 'I'amor\r waste Sedimentation/skimming
Chrome salt solutions Chromium-plating I solutions i
Metals; phosphate sulfales Steel-pickling operations Precipitation

SOURCE OF ke of Technciogy Asbessment

FIAERPRTS

Table 27. ption of y Used for of
Tachnology/deseription stage ol devé Economics. Troes ol wasln s Separation _aMchncy Industrial_apphcations.
Physical separation:
Gravity setting:
Tanks, ponds provide hold-up wsed In [T p— Shnmies with separate phase  Limited % soids (lwge indastrinl waslrmnter
time BBOWiNg solds 10 wastewates dependent on particle sice  Sobds, such as metal particios) that see quickly  Woatment first step
sattie; groass skimmed 10 and setting rate hyceoxide {iess than 2 hours)

Commercisl
tion:
Agant added o I . "

Compatitive with fillration

diffarent boilrg points)

Evaporaton

Scivent recovery by boling wvmn Encegy intensive
off the sohent LAl

INFOT5

Taneary wator

Aquecus solutions with finoly Good for finely divided sobds iefinery (oliwater mixtures|
detend seids

Adquecam woiutions with finely Good ke eely divided sches Risfinery. paper waste: mine|
devded  sobds

indusiry

Liquidiiquid or lquidisclid Fairly high sw Paints.

separation, ie. olwater,
resing;

Organic, quids Viey high sapa Sohvers sepanations;
achieeabie (99 + » chemecal and
concertratons) of weversl  indusiny
comganents.

Organicinorganic  aqueous  Very high separaions of  Rinse waters from metal-

streams; skumos, sudges, watng wasle

Industrial_applications

Pyrolysis in atmosphers of  Commercialy used
chiorine West Germany "

Exisnsivedy practiced

Suge o Economics Types of waste stredes
Electrotysis
Separation of positreiy! tochnology, Dependen on concentrations Heavy metals kons dom
Fregativaly oot appled 1o necavery eopper
matorials by applcaton of Pazardous "
luciric
Carbonresn  absorpon
Dissoived  materials Proven for thermal aemnal
absorbed in o ation. eregy aquecus sohSons Wi low
carbon or resins. 3 pracical NS concentrations, Le.. phencis
must be for recovery of
regenerated
Solvent extraction:
Sobvent Commony wsed in Fslatvely high costs for  Organic hiquids, phanols, ackds
disscive solid or exiract industral  processing  sohvent
i from waste
Chemical transfomation:
formation of solids which
ration based on Commercial technol  Modoratsly expensive Separation/concentration of
ial rates of , Mot commer: fons from aquecus sineams;
diffusion for hazardous appicaton ip chvomium
mambranes. material recovery racevary
curran applied to
lenic movement

Insuticiont U5 market for  Chiorocarbon waste
carbon  tetrachionde

Inexpersie Motals, mercury in divie

PCB-contaminated  ods

Reslatvedy high Chicrinated organic iquids.
sitver

Good Metal plating

Fairty high Separation of acids and

Good Carbon  tetrachionde
macstactunng

Good Chrome-plabng solubons.
and tarreng operabiors

High Transformer  ces.

Fainy high Recovery of sulr, HCI

“Good imphes 50 B0 pavent eiicescy. farly hgh mples 00 pement and very hgh imples 50 peee

SOURCE: Cfice of Techeclagy Asssssman.

INFOT5

ayUlen/dadeveisneanUSinameuds

Table 22.—A Comparison of the Four Reduction Methods

Advantages

Disadvantages

Source Segregation or Separslion
ﬂsawwmmom usually low investmant
2) Shortderm solution

3) Polential savings in production costs
End product substituffon
1) Potentially industrywide impact—iarge
volume, hazard reduction

costs
l@il({ compared 1o commercial
mwuwasl.‘e:mm
« Commercial recovery (offsite)
1) No emnd investment requined for
2) EWW of scale for small wasle
genorators

+Waste exchange
1} Transportaion costs anly

1) Stil have some wasie 1o manage

1) Requires RAD effort; capital imvestment
2) Usually doos not have industrywide impact

1) Relatively long-lerm  solutions.

iabdity not transferred to operator
privat

2) Requres uniformity in composition of wasie
3) Requires long-term_relationships—twa-party_invalvement

SOURCE: Ofice of Techaoiogy Asssssment
INFOTA5
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2. Hazard reduction alternatives

- Thermal and/or thermal treatment
- Land disposal
- Advanced landfills, injection wells

- Indirect monitoring, e.g. aquifer contamination

- Waste water treatment: chemical, physical, and

biological

Table 31 .—Comparison of Some Hazard Reduction Technologies

Disposal
Landfils and Incingration and other
Impoundments injection wells thermal destruction
Effectivensss Mow well It Low for volaties High. based on theory. High, based on fiekd losts, Vedy high, commercial
contains o destroys e for lquids but lmited Seld data excopl e data on scale tsts

hazardous based on lsb and feid available specific constituents
charactaristics ™

FRokabity e Siting, construction, and  Sde hatory snd geckgy. Long experence wih

woll depth, constucton  design Mabile wnits, cnsite

and operation Monitoring  uncertainties  treatment avoids
with respect 1o high hauling risks
degres of DRE, Operaticnal  simplicity
surmogate measures
PICs, incinerabibly

Surtace and ground waler Sirlace and ground waber Al A

Limied experience

Uncartainities  long-term
ntegiity of cels and
covee, bnac e loss
than We of toxc wasle

Emviormmentsl  media
most affected
Loast compatibie Liner reactive, highly womc, Reaciive, comasive,
wante mobide, pareistent,

Highly taxic and refractory Possibly mone
highly taxic.  mobde. organics, high Py
metals  concentraton

ana bicsccurmlitieg and persistent
tosts Lew Mod. High LM L M-H (Concin = L) MH
Resource  recovery
potential None None Energy and some acids  Ermegy and somo metals

Chomical  stabikzaton

High for many metals,
based on kb tesss

Some incrganics still
soluble

Uncertsin loachate best.
surogate o weattering

None ity
Qreganics
u

Possbie buldng  materal

Figure 8.— Injection Liquid Incineration

Scrubbed

Liquid waste

Dispersion stack
Storage

Fumes
Precocler |

Cooling
Waste scrubber

conditioning

Suppont tush
il required

Atomizing gas

combustion air-

Venturi scrubber

Makeup water

Water treatment

=

Figure 9.—Molten Salt Destruction: Process Diagram

Soot blower

Particulate
drop box

Interior wail:
refractory or bare maetal

Solids
feed

Liquids _|
feed

particulate

Molten salt
destructor

Bath of sodium bicarbonate/calcium carbonate, 1800 °C

Gas
vent
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Figure 10.—Generalized Depiction of a Hazardous Waste Landfill Meeting Minimum Federal Design Criteria

Figure 13.—Schematic of Typical Completion
Methed for a Deep Waste Injection Well

Final cover with sloping surface Bulk Drummed
for surface drainage, vegetative solid wasle
Leachate 612° cover, middle drainage layer and waste and
solidified

sump pipe cover

low ty bottom layer

=Separator berms

Imjected w‘-r."‘\

Comest g

Steel casing

cemanted, =4

batiom
o surface

Carrosion  resistant
lubing

Indusiry type Percent
Cher and allied  products a0
refining 20 Disposal
9 tormation
cxtrachion . . L3

Al

Impecvious  shale

Froshwaler_sand

impenvious shale

Imporvious shalo

C Salt water sandstone

Impervious shalke

WIRCE: R B. Pejaseh, Texie sl Hazardous Wiste Disposal vol. 4, A sser
cience, 1980

Table 34.—Comparison of Quoted Prices for Nine Major
Hazardous Waste Firms in 1981°

Type of Type or form Shonne*
waste management of waste Price 1981 1981
Landfill Drummed $0.64-50.91/gal $168-5240

($35-350/55 gal drum)
Bulk $0.19-50.28/gal $55-583
Land treatment Al $0.02-50.09/gal §5-24
Incineration clean Relatively clean liquids, $(0,05)-$0.20/gal $(13)-553
high-Blu value
Liquids $0.20-30.90/gal $53-8237
Solids, highly toxic liquids $1.50-$3.00/gal £305-5791
Chemical treatment Acids/alkalines $0.08-$0.35/gal §21-802
Cyanides, heavy metals, $0.25-$3.00/gal $66-5791
highly toxic waste
Resource recovery $0.25-51 .00/gal $66-5264
Deep well injection  Oily wastewater $0.06-50.1 S/gal $16-540
Toxic rinse water $0.50-$1 .00/gal $132-5264
Transportation $0.15/%on  mile

Snterviews were conducted n May of 1980 and February oh982
BEactorsused 1. convert gallons and tons into tonnes AT'E described in the sppendin
€5ame COment kilns and light aggregate manufacturers ane now paying for waste

SOURCE Booz, Allen & Hamilton, ing

Done for today, see you next week!
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