THE WORLD BANK 24643

Environmental Guidelines

Environment Department
September 1988

FILE COPY






ENVIRONMENT DEPARTMENT

THE WORLD BANK

ENVIRONMENTAL GUIDELINES

AUGUST 1988






TABLE OF CONTENTS
Page No.

mRmoRD.ooooloo'ooooco-oocou.o-o.-oc.cooonoo'oot..ooooooo-oo.occooo ii

1. ALUMINUM INDUSTRY:. cecesosccossccssccscsssnsoscascssscsaccasasansas 1
2. CANE SUGAR INDUSTRY:seecoeeoseovseccssasccsoacosonncscscssosnsocces 7
3. CEMENT INDUSTRY:eeeooosooossoosceoosscsosscscasasssssscsanacssssancs 18
4. CHLOR-ALKALI INDUSTRY¢esoceesocesosooscscsossscscssassosssoscssscnns 27
5. DAIRY PRODUCTS INDUSTRY:cecoceseoscccccccscsssoscscasorscscsasssnse 39
6. DUST EMISSIONS:soessoosseessssosscscssssosscsoscsssscscssorssssccscssss 46
7. EARTHQUAKE PROTECTION::sseeoseoccsssssccosssccssccccrssccsccrnanss 54
8. EFFLUENTS, DISPOSAL OF INDUSTRIAL WASTES:eccososcoscccocccccens 55
9. EFFLUENTS, LIQUID, LAND DISPOSAL & TREATMENT:.cccocsvecscssceves 64
10. ELECTROSTATIC PRECIPITATORS (ESP'S).cccceccecccccoccsccsccssons 66
11. ETHANOL PRODUCTION::cecocacesssssocccscsssccssssoesscccasssosons 67
12. FERTILIZER MANUFACTURING WASTES:ctceoccccccscscscscssssssscscsscccs 77
13. FISH AND SHELIFISH PROCESSING. ccccoeooocsccscoceccssosssssassnsas 87
14. FRUIT AND VEGETABLE PROCESSING.:ccccccocsonscccccscsssossoccsaes 926
15. GEOTHERMAL DEVELOPMENT . ese0sscc0ccccaacococcssssssascoscsnnonnns 105
16. GLASS MANUFACTURING. c ccssvososocosssscsscsscssasssascsssssscsscscsscs 107
17. IRON & STEEL INDUSTRY ~ GENERAL CONSIDERATIONS:«cscccocooasanes 119
18. IRON & STEEL INDUSTRY - BLAST FURNACE:«csscccesacssscccacssssas 128
19. TIRON & STEEL INDUSTRY — BY-PRODUCT COKE OVENS:ecessssseescccccs 135
20. IRON & STEEL INDUSTRY — ORE PREPARATION, SINTERING AND::eevcosss 141
PELIETIZING: eecoccccssosscsoscsccsosnccns
21. IRON & STEEL INDUSTRY - ROLLING AND FINISHING OPERATIONS.:.¢s.. 147
22. TIRON & STEEL INDUSTRY - STEEL MAKING PROCESS:ccccesccccsccsanns 159
23. LEAD SAMPLING AND ANALYSES: sesessssesoscsesecccscssssssccsccssa 172
24. LEATHER TANNING AND FINISHING: eeccccessssstccscsssroscccsssssas 180
25. MFAT PROCESSING AND RENDERING. ccccovcevcacscsscccsssscsonccnsoss 189
26. MINING - STRIP SURFACE MINING OPERATIONS.:ceeccscssscscacsncsns 196
(SEDIMENT & EROSION CONTROL - LAND RECLAMATION)csecess
27. MINING — UNDERGROUND (COAL).ccocscecsoocosccsvsssosscsasscnscscs 203
28. NITROGEN OXIDE EMISSIONS:sccccoseeseasssscscercssasnsassoscsccsssss 212
29. NITROGEN OXIDE SAMPLING AND ANALYSES:eeceoesesssscesccccscscess 218
30, NOISEsseseeesoosoesosssstssssssssossssssssossssssscssssscscssoscsssss 225
31. NON-FERROUS METALS INDUSTRY = ALIMINUM:sceceescsososcsccsssossos 234
32. NON-FERROUS METALS INDUSTRY - COPPER & NICKELescosssssoascacces 243
33. NON-FERROUS METALS INDUSTRY = LFAD & ZINCeseosocsascesescsscans 255
34. NON-FERROUS METALS INDUSTRY - SILVER, TUNGSTEN, csctccccccccsces 266
COLUMBIUM AND TANTAILIM
35. COFFSHORE HYDROCARBON EXPLORATION AND PRODUCTION PROJECTS.sssses 278
36, OIL PIPELINES«cccccococoscsosossssssocsoscscsoscccsncnncssscssssssssas 289
37. PAIM OIL INDUSTRY.sseososssascssosssesvesssosocasssssssssssscccs 295
38.* PESTICIDE MANUFACTURE - SAFETY AND ECOLOGY:eeeeesessscccccsoncs 327
39.* PESTICIDES -~ GUIDELINES FOR USE¢ceccsscsvosccccscoccsascocccnes 331
40. PETROLEUM REFINING: cecceeccscvocscccssosnsscscssscoscscecassassanne 337



Page No.

41. PLATING AND ELECTROPLATING: ccccceesssovcsssoscosessscssssnssesas 348
42, PLYWOOD MANUFACTURING. ¢ e cooososcscessssoscssscscccessssenssscsee 357
43. POULTRY PROCESSINGs e seceesssssccssescessoscsssscccsccsssscncnsse 366
44, PULP AND PAPER INDUSTRY:¢scsscscscccsocccsccsnsasosceenencsonss 374
45.% RODENTICIDES. .. seeeseoccssossoncessosssossossncenssssssoscssnas 301
46. RUBBER PRODUCTION (CRUMB)escsescocsosscccsoscssasososesoesnsoses 394
47. SECONDARY ENVIRONMENTAL EFFECTS.cccesseesscstscassocssssccscses 414
48. SILAUGHTERHOUSES I — INDUSTRIAL WASTE DISPOSAL:scccocccccocccsas 416
490 SLAUG'II'ERI‘IOUSE‘S II—DESIGNARRANGD&ENI‘....................-o.. 421
50. SULFUR DIOXIDE AMBIENT IEVELS.c¢coccecssoscescocsccsssccssccscsss 427
51. SULFUR DIOXIDE EMISSION STANDARDS:.¢secsosscescsscsssocasccsssas 434
52; SULFUR DIOXIDE SAMPLING AND ANALYSES.eccceecescccosscesscsssess 439
53. TEA AND COFFEE PRODUCTION::s¢coesesescessscsosossosssccssoscssons 446
54. TEXTILE AND SYNTHETIC FIBER INDUSTRIES:scesssccccsecsccossssses 451
55. WOOL SCOURING: ¢esvosevocscsccsessscccossssacssssscsnnssssccnses 459

* Denotes Environmental and Occupational Health and Safety.



August 1988

ENVIRONMENTAL INDUSTRIAL WASTE CONTROL GUIDELINES

As an integral part of its appraisal and supervision
function, the World Bank is required to evaluate the adequacy and
effectiveness of pollution control measures for projects involving
industrial operations. These evaluations are concerned not only with
effects on environment, but with effects on the occupational health
and safety of industrial workers as well. I am anxious to provide
Bank missions with the material they need to perform this task.

A series of guidelines covering industries and pollutants
most frequently, or considered most likely, to be encountered in the
Bank lending program was compiled in 1984 for this purpose. Each
industry, or major pollutant (which may be common to a number of
industries) was treated separately and each guideline covers a number
of environmental factors, including permissible pollutant levels and
principal control methods.

The original document is now being reissued with the caveat
that application of these guidelinhes must be adjusted to each specific
situation. Permissible pollutant levels given, are considered to be
achievable at reasonable costs by existing treatment and control
technology. Where these performance levels cannot be achieved, the
appraisal and/or supervisory mission should fully document deviations
and reasons for these deviations, be they technical, regulatory or
other. Where local regulations regarding permissible pollutant levels
differ from those presented in these guidelines, the stricter
regulations should prevail. The Environment Department is available
to offer advice on specific cases.

I appreciate that this volume does not cover all the
categories of impact that Bank staff will find themselves dealing
with. There are other guidelines of various types available and
further sets will be released as soon as they are adopted, in order to
avoid delays. The Department appreciates however that the sheer
volume of a full series of guidelines could limit their usefulness.

We shall be looking at ways around this problem during the current
fiscal year and would be interested in any comments from Bank and non-
Bank users on the form in which they want to have such material.
Please write to us at:

World Bank
1818 H Street, NW
Washington, DC 20433

M A i E\

Kenneth W. Piddington
Director
Environment Department

i
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ALUMINUM INDUSTRY WASTES

1. Aluminum is considered to be the most abundant metal in the
earth's crust. The alumimm industry is intermational in scope. Aluminum
mamufacture, fabrication, and use are currently worldwide. Wastes result-
ing from industrial operations are significant, amd hence their effects
must be considered in environmental impact assessments.

MANUFACTURING PROCESS

2. The basic material used in the mamufacture of alumirnum metal is
bauxite ore. Major sources of this mineral are found in Jamaica, Haiti,
Costa Rica, Surinam, Guyana, French Guiana, Brazil, Ghana, Guinea, Sierra
Leone, Cameroon, Sumatra, Java and Borneo, and Australia.

3. The most camonly used method for production of aluminum metal
from bauxite ore is the Bayer Process, followed by the Hall-Heroult Pro-—
cess. Thus, aluminum production may be considered a two-step process.

4. In the Bayer Process bauxite is digested with hot, strong alkali
solution (generally sodium hydroxide) to form a solution of sodium alumi-
nate, and a mud residue (commonly referred to as "red mud"). The solution
is ocooled ard the mud residue removed by settling and/or filtration. Hy-
drated alumirum is calcined to produce alumina (Al703), following carbon
dioxide injection.

5. The Hall-Herocult Process, then electrically reduces alumnina to
aluminum metal. The process consists of alumina electrolysis in a fused
salt electrolyte consisting of cryolite (Najz Al Fg) with minor additions of
other fluoride salts. The process is carried out in a cell (pot) — con-
sisting of a carbon anode, a cathode, ard the electrolyte -- contained in a
carbon-lined steel box. Liquid metal is alloyed with and cast into ingots.
Ingots are shaped for final use by casting, rolling, forging and/or extru-
sion.

6. The industry is currently investigating the possibility of pro-
ducing alumina fram alumina-bearing raw materials, as an alternative to the
Bayer Process. Recycling is also a source of alumirum metal, with material
coming mainly fram new scrap, aluminum cans, and discarded autamobile bo-
dies.



ENVIRONMENTAL ASPECTS

A - BAUXITE MINING

7. Major environmental concerns in bauxite mining are land reclama-
tion, runoff water control, dust control and infrastructure impacts.

8. It is generally accepted that in cases of mining and related
operations land should be restored to an equal or more useful state than
existed before the start of such operations. Reclamation measures ard
costs should be carefully assessed and included in projected mining costs.

9. Rairwater runoff control can be both difficult amd costly under
certain conditions. Runoff waters should be carefully considered in terms
of susperded solids, pH, dissolved solids, and metals. Dust problems may
arise fram mining, handling, and shipping of bauxite ore. Ore cperations
can also generate urwanted noise fram blasting amd the use of heavy excava-
tion and transportation equipment. Infrastructure needs can include access
roads and facilities, personnel housing, and cammnity services.

B—BA[D(ITEPKX?ESSINGANDREE‘INING

10. The principal environmental concerns for bauxite to produce alum-
imm, include: (1) disposal of bauxite residue (red mud); (2) dirt losses;
(3) emissions fram fuel burning; (4) waste liquid amd slurry streams, other
than bauxite residue; (5) noise; and (6) infrastructure impacts.

11. The amount of bauxite residue can vary fram a half to one ton dry
weight per ton of alumina produced; depending upon type of bauxite and man-
ner in which it is processed. Mud normally contains 20 to 30 percent of
solids. While chemical composition can vary widely, a representative sam-
ple will generally range as follows:

Camponent % (Dry Basis)
Fe,03 30-60
Aly03 10-20
510, 3-20
Na0 2-10
Ca0O 2-8
TiO, Trace-10

Loss On ignition 10-15

pH 12-12.5 (Sol. Fraction)



12. A nunber of disposal methods for these residues have been invest-
igated. Some form of dumping is currently considered to be the best meth-
ods, including (1) land impoundment; (2) ocean dumping by ships, barges, or
pipelines; and (3) seashore reclamation.

13. Land inpoundment in a diked impervious area is most frequently
used, and is the method to be generally employed for Bank-supported pro—
jects. Care must be taken to avoid contamination of ground waters. The
settling ponds can remove 30 to 60 percent of the solids. In some cases,
water fram the inpoundment area can be returned as process make-up water.

14. Sea disposal is practiced in a nurber of areas. At same sites in
the Mediterranean, the residue is discharged via pipelines into underwater
canyons at depths below 2,000 meters. In Japan, sea dumping is permitted,
but only to areas and by methods specified by government requlations. Gov-
ermment approved disposal areas are located over 300 kilometers from
shore. Use of bauxite residue for seashore reclamation is permitted in Ja-
pan on a limited basis, but has been found to be very costly.

15. For Bank-sponsored projects, sea disposal may be used in special
cases only; under carefully controlled conditions, and with the assurance
that there will be no harmful effects to sea life.

16. -Handling bauxite during transfer to and from transportation
source through storage and processing can generate significant fugitive
dust emissions, as well as handling of alumina from processing to ship-
ping. Although both bauxite and alumina are inert materials, their escape
into the atmosphere can create a nuisance problem. Exhaust gases from alu-
mina calcination may also be a source of undesirable dust emissions.
Abandoned bauxite impoundment areas can also lead to appreciable dust gen-—
eration if allowed to become entirely dry.

17. Fuel burning for steam generation and aluminum calcination can
produce emissions of sulfur dioxide and nitrogen oxides. Stacks for these
facilities should be designed to meet applicable ambient air quality stand-

ards, or World Bark Guidelines, whichever is stricter.

18. Infrastructure effects may extend some distance fraom the plant
site. Consideration should be given to access roads, bauxite unloading and
aluminum shipping facilities, water supplies, power needs, housing for the
work force, and community facilities.

C - ALUMINA REDUCTION

19. Gaseous and particulate emissions are produced in primary reduc-
tion. Gaseous emissions are predominantly hydrogen fluoride (HF), with
traces of other fluoride compounds. Particulate emissions are not well de-
fined, however, contain substantial fluorides. The proportion of gaseous
to particulate fluorides will vary considerably, depending upon the type of
cell being operated.
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20. While fluorides are the principal substance of concern, attention
must be given to other potential waste problems. Scrap carbon, used pot
linings, ard precipitator dusts should also be considered. The use of wet
scrubber systems may require liquid waste treatment.

STANDARDS AND CONTROLS

21. Contaminants of principal concern in production of aluminum met-
als are fluorides, in various forms. Standards defining allowable levels
have been established in various countries. On the basis of these and cur~
rently available technology, the Bark has established limits which are to
be adhered to for its projects involving this type of industry. Limita-
tions are as follows:

A. Bauxite Mining

1. No disposal of mine tailings to waterways or
to the sea, except under very special circumstances and very
carefully controlled conditions.

2. A reclamation program is to be established for handling mine
tailings. The project sponsor is to submit a proposed plan
of action, which will be evaluated as part of the project
appraisal.

3. The reclamation program is to be initiated within three (3)
years of the start of project operations.

B. Bauxite Processing and Refining

No disposal of red mid into either the waterways
or into the sea.

C. Primary Aluminum Smelting

1. Liquid Effluents

Kg. per Mg
Contaminant Al. Produced
Fluorides (Total) 0.05
TSS 0.01
pH 6 to 9

2. Gas Effluents

Stack heights and stack releases should be such that air con-
centration both inside and ocutside the plant will conform to
the following limits:

* 1 Mg = 1 megagram = 1 metric ton.



a. Annual Mean

Fluorides ‘(as HF) 10 ug/m3
Fluoridés- (Insol.) 30 /.Jg/m3

b. Eight-Hour Peak

'Fluorides (as HF) 100 pg/m3
Fluorides. (Insol.) 300 /ug/m3

c. Total Enissions

Total fluoride discharge is to be no greater than 1 Kg.
per Mg of aluminum produced, and discharge of total
particulate is to be no greater than 5 Kg. per Mg of
alumlnum produced

In applylng these standards it is essential that currently
recognized - and‘accepted methods of analysis be used to
inants concentrations of interest.

Standard methodology is generally available, ard may be
found in the' literature.
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CANE SUGAR INDUSTRY

1. On the basis of general manufacturing practices, cane sugar pro-
duction falls into one or the other of two groupings - raw cane sugar pro-
cessing and cane sugar refining. These represent separate major steps in
the process and are frequently carried out at separate locations. For the
purposes of these guidelines each grouping will be discussed separately un-
der each of the principal headings. Although in a few cases raw cane and
refined sugar are produced in the same plant, the two types are treated
separately since physically separate production facilities are generally
utilized. There are substantial differences in the processes, as well as
in the quality and quantity of waste effluents.

2. In each case organics and solids are the pollutant of signifi-
cance. Pollution loadings are generally expressed in terms of biochemical
oxygen demand (BOD5) and total suspended solids (TSS). The hydrogen ion
concentration (pH) is also important in measuring pollution effects of
these wastes.

MANUFACTURING PROCESSES

Raw Cane Sugar Processing

3. Sugar cane is a giant perennial grass, containing varying amounts
of sucrose in the juice of the mature plant. The exact sucrose concentra-
tion depends upon the variety of cane, agricultural practices, and other
factors. The harvested cane will typically contain 15 percent fiber and 85
percent juice, by weight. In turn, the juice will average 80 percent
water, 12 percent sucrose, and 8 percent invert sugars and impurities.

4. The harvesting and loading of sugar cane on transport vehicles
may be accamplished either mammally or mechanically, depending upon the
availability and cost of labor. The methods used will appreciably affect
the amounts of dirt, trash and mud entering a mill. High loads of these
materials are undesirable fram both the processing and waste water handling
"viewpoints, and are generally higher where mechanical harvesting and load-
ing are utilized.

5. The manufacturing process consists of cane washing anmd cleaning,
milling or extraction of the juice from the stalk, clarification, filtra-
tion, evaporation anmd crystallization. Washing is generally employed when
mechanical harvesting and loading are used. After cleaning, the cane
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is cut into chips, shredded and fed into a series of mills for crushing and
extraction of 40 to 50 percent of the juice. The cane fiber fraom the final
mill, known as "bagasse", is usually fed to a boiler arnd used to .produce
steam.

6. The juice from the mills contains large amounts of impurities.
Screening removes the coarser shreds, which are returned to the mills.
Lime, heat and a small amount of phosphate are used to remove much of the
remaining impurities through precipitation, settling amd decantation in
continmuous clarifiers. Following clarification the juice is divided into
the clarified anmd precipitated mud portions. Rotary vacuum or other types
of filters are used to thicken the precipitated materials and recover a
part of the juice. The liquid fram the clarification system is about 85
percent water and 15 percent soluble solids. Before crystallization, the
solution is reduced by evaporation to obtain a syrup containing about 60
percent soluble solids.

7. The concentrated juice from the evaporation is crystalllized,
gently agitated and discharged to high-speed centrifuges to separate the
crystal fram the syrup. Crystals remaining in the centrifuge are washed
with hot water to remove remaining syrup amd the crystalline sugar trans-
ferred to storage for subsequent shipping or further processing.

8. A typical process flow diagram is presented in Figure 1.

Cane Sugar Refining

2. The raw material for refining consists of the crystalline sugar
produced by the raw cane factories. The raw sugar contains a film of mo-
lasses, as well as various impurities such a bagasse particles, organics,
inorganic salts and microorganisms. The refining process involves the re-
moval of most of this film and the associated impurities. The steps gener-
ally followed include affination amd melting, clarification, decoloriza-
tion, evaporation, crystallization and finishing. A typical process flow
diagram is presented in Figure 2. Processes will vary in detail fram refi-
nery to refinery. Such differences are particularly evident in decolora-
tion methods, where the medium may consist of bone char, granular activated
carbon, powdered activated carbon, vegetable carbon, ion-exchange resins or
other materials.

10, In some cases a refinery may produce liquid sugar only, or both
liquid and crystalline sugar. For liquid sugar the affination, decoloriza-
tion, and evaporation steps are usually the same. After evaporation, the
sugar solution is filtered, cooled and stored in the liquid form for later
distribution. A typical process for liquid sugar refining is presented in
Figure 3.
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Figure 2- Typical Process Flow Diagram for Refined Crystalline Sugar
Production.
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Figure 3 - Typical Process Flow Diagram for Refined Liquid Sugar
Production.
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12. Water use will vary considerably between plants, due to differ-
ences in water conservation amd recirculation practices. The quantitites
of waste water generated in a plant may not correspord to the total water
intake because of moisture content of sugar cane, amounting to 70 to 75
percent; a portion of the fresh water added in the process enters into the
filter cake and bagasse; and a portion of the fresh water is lost through
evaporation.

13. Waste water production will be affected by (1) the condition of
the cane upon arrival at the factory in terms of the mud and trash content;
(2) harvesting technique, whether by hand, mechanically, or a combinaiton
of the two; (3) the availability of land for waste water treatment of dis-
posal; (4) length of processing season; (5) climatic variations; (6) size
of plant; (7) nature of soil; (8) process variations; (9) nature of water
supplies.

14. The character of the total waste water discharges will depend not
only upon the characteristics of the component streams, but also upon the
extent of in-plant waste reduction practices. The principal sources are
the filter mud, barometric condenser ocooling waters, amd cane wash water.
Some pollution is added by numerous small streams originating in the pro-
cess. In general, purely hazardous or toxic pollutants (such as heavy met-
als and pesticides) will not be found in wastes discharged fram cane sugar
factories.

15. While a number of parameters may be considered in evaluating the
effects of these wastes, it has been found that three are of principal sig-
nificance: (1) BODs, for measuring the organic oxygen-consuming materials;
(2) TSS for measuring the loading of suspended materials which could inter-
fere with water supply andd other legitimate stream use; and (3) pH for as-—
sessing the acidity or alkalinity of the wastes.

Cane Sugar Refining

16. As in the case of raw cane sugar plants, water use will vary
widely &ue to differences in processes, water reuse, conservation tech-
niques, and other aspects. Water supplies are usually taken from two sour-
ces. One will be a low quality water, generally fram a nearby surface sup-
ply, for condenser cooling. The other will be a high quality water, such
as from a municipal source, for process, washing and related purposes.
Water intake for a crystalline refinery is about double that for a liquid
sugar refinery.

17. Waste water discharges may originate fram condensers, filter
backwash, truck and equipment washing, floor drains, boiler feed blowdown,
and miscellaneous cooling.

18. Although waste water wolumes and quality fram refineries will
vary widely, the sources may be generally grouped as follows:
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(1) Crystalline refinery using bone char for decolorization -
principally char wash water arnd barametric condenser cooling
water.

(2) Crystalline refinery using carbon for decolorization -
principally barometric condenser oooling water, process
waste, ion-exchange regeneration solution, amd carbon
slurries.

(3) MQuid refinery utilizing affination and remelt - similar to
a carbon crystalline refinery but with a lower barometric
condenser cooling water flow.

(4) Liquid refinery not using affination, remelt and vacuum pans
- similar to number (3) but with a lower barometric
condenser cooling water flow.

(5) Combination crystalline and liquid refinery, with séparate
process—discharge is a combination of numbers (2) and (3).

19. The parameters of principal pollutional significance for cane
sugar refining wastes are BODg, TSS and pH. On an individual basis, chemi-
cal oxygen demand (COD), temperature, sucrose, alkalinity, total coliforms,
fecal coliforms, total dissolved solids, and nmutrients may be of signifi-
cance. Based on available evidence cane sugar refining wastes are not
known to contain hazardous or toxic substances.

EFFLUENT LIMITATIONS

20. Bs has been previously stated, for both raw sugar processing and
cane sugar refining plants, the BODg, TSS and’'pH are the pollution para-
meters of principal concern, and should therefore receive principal consid-
eration by appraisal and supervision missions. The effluent limitations
presented below are oconsidered to be economically achievable by the use of
best available technology for new plants.

Raw Sugar Cane Processing

21. The quality and quantity of plant discharges will be influenced
by several factors. Such factors include raw materials, harvesting tech-
niques, length of grinding season, climatic variations, growing cycle, to-
pography, precipitation, irrigation practices, and other relevant aspects.

22. Generally the most significant factor influencing operations and
waste water characteristics will be the mud, dirt, and trash content of the
cane upon arrival at the factory. Harvesting techniques--whether mechan-
ical, hand, or a combination of the two--will determine the amounts of
these materials entering the plant. The levels of undesirable materials
will affect processing operations in terms of : the presence or absence of
cane washing and the quality of spent cane wash water; the efficiency of
sucrose production; amd the amounts of filter muds amd bagasse produced.
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Factories processing hand harvested cane generally do not utilize cane
washing, and thus should more readily produce a high quality effluent.

23. Table 1. lists the permissible effluent concentrations for
maximum daily average discharges, expressed in terms of kilograms of
pollutant per megagram of field cane.* Field cane is defined as the cane
crop as harvested, including field trash and other extranecus materials.

24. As an approximation for relating pollutant discarges to output of
finished product, experience indicates that on the average 1 megegram net
cane will produce 75 kg. of raw cane sugar. Field cane may contain from
zero to as high as 50 percent field trash and extraneous materials,
depending upon the location, harvesting methods, and other local factors.
Net cane is defined as field cane minus the weight of extraneous materials.

Table 1. — Effluent Limitations for Raw Sugar Cane Procesing Plants.

' Harvesting BODs TSS
Method Max. Daily Max. Daily jos!

Mech. or com—-
bined hand/mech. 0.20 0.48 6 -9

Hand 0 0 6 -9

Cane Sugar Refining

25. For purposes of applying effluent standards, cane sugar
refineries are grouped according to whether producing crystalline or liquid
sugar. Current limitations to be applied to Bank projects are given in
Table 2, expressed as kilograms of pollutant per megagram of melted sugar.

26 As an approximation for relating pollutant discharges to finished
product, experience has shown that on the average 100 kg of raw cane sugar
will yield about 93 kg of crystalline sugar, at 96° Brix. Degrees Brix is
defined as the percentage of sucrose, by weight, in a pure sugar solution.

* 1 megagram = 1 metric ton
1Mg=1M
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Table 2 ~- Effluent Limitations for Crystalline and Liquid Sugar Refining
Plants 1/

Category BODsg TSS

_2f Max. Daily Max. Daily pH
Crystalline 0.18 0.11 6 to 9
Liquid 0.30 0.09 6 to 9

CONTROL AND TREATMENT

27. Flows resulting fram the production of sugar, spanning fram the
harvesting of cane to the refined product, are amenable to a mumber of
techniques for reducing or eliminating waste discharges. This includes
both in—plant and end-of-pipe procedures.

Raw Cane Sugar Processing

28. Treatment and disposal at cane sugar factories may range fram
essentially no treatment to complete land retention (by irrigation or other
means) for eliminating all discharges to surface waters. In-house measures
could include development of new harvesting methods for reduction or
elimination of cane wash waters; dry hauling or impoundment of filter muds
and bottam ash; recirculation or reduction of various cooling water flows;
and improved plant housekeeping practices.

29. Existing end-of-pipe technology is considered rudimentary. The
procedures currently employed include: (1) impoundment of all contaminated
waters; (2) recirculation of cane wash waters; (3) dry hauling or complete
cocainment of ashes and filter mud slurries; (4) recirculation of condenser
waters or use for irrigation; (5) screening anmd disposal of leafy trash;
and (6) elimination of excess bagasse discharges.

_1/ BAssumes cooling and recyling of barometric condenser cooling water.

_2/ For conbined crystalline - liquid refineries applicable limitation may
be determined by taking weighted average of crystalline to liquid pro-
duction.
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30. A number of potential erd-of-pipe technologies are currently un-
der investigation, including: (1) biological treatment (stablization ponds,
activated sludge and others); (2) the use of tube settlers and cother means
for removing solids without the use of coagulants; (3) modification of cane
washing systems to reduce soil loadings in the waste waters; amd (4) the
use of polymers to accelerate settling of waste water discharges.

Cane Sugar Refining

31. Current technology for the control and treatment of cane sugar
refining waste waters consists principally of process control (i.e. recyc-
ling and reuse of water, prevention of sucrose entraimment in barometric
condenser cooling water, and recovery of sweet waters), impoundment (land
retention), and disposal of process waters to municipal sewerage systems.
In-plant control measures are important in the total pollution control ef-
fort. A principal purpose of these measures is to prevent sugar losses,
which may be looked upon as profit losses by the refiner and as organic
pollutant contributions by the environmentalist.

32. In addition to reducing sugar losses, other measures would in-
clude effective dry-handling techniques for sludges and filter cakes, maxi-
mum recovery ard reuse of various process streams, and improved housekeep-—
ing.

33. A number of end-of-pipe techniques are available, ranging from
preliminary to advance waste treatment systems. These would include (1)
flow equalization; (2) chemical treatment (pH adjustment, chlorination);
(3) primary treatment (settling, sedimentation, and clarification); (4) bi-
ological treatment (activated sludge, trickling filters, stabilization
pords and lagoons); (5) advance waste treatment (carbon adsorption, micro-
screening, reverse osmosis); and (6) ultimate disposal (evaporation la-
goons, spray irrigation).

34. When land disposal of waste water is practiced, contamination of

ground water resources must be prevented, whether such disposal is by see-
page beds or by deep well injection.
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CEMENT MANUFACTURING

GUIDELINES FOR DISPOSAL OF WASTE

1. Cement manufacturing plants vary widely in volume and composit-—
ion of pollutants discharged. Differences arise from process variations,
in-plant practices, housekeeping, and other factors.

2. Three basic steps are normally utilized in cement manufacture:
(1) raw material grinding and blending, (2) clinker production, and (3)
finish grinding.

3. Raw materials include lime (calcium oxide), silica, aluminum, and
iron. Lime, the largest single ingredient normally cames fram limestone,
cement rock, oyster shell, marl, or chalk - all of these sources consist
primarily of calcium carbonate. Other raw materials are introduced as
sand, clay, shale, iron ore, and blast furnace slag. These materials may
be added initially, with feed to the process, or further in the process se-
quence such as in the clinker grinding stage.

4. Two types of processes are available, naminally termed "wet" or
"dry". In the wet process, raw materials are ground, mixed with water and
the slurry fed to the kiln. With the dry process raw materials are dried
before or during grinding. Dry ground materials are fed to the kiln.

5. The kiln is a long cylindrically shaped oven, internally lined
with refractory brick. It rotates slowly on a axis slightly inclined fram
the horizontal. The slight axis inclination allows kiln contents to drop
forward as the kiln rotates. High temperature combustion gas produced at
the lower end of the kiln flows upward, counter current to solid material
moving down the kiln. Coal, gas, or oil may be used tO generate this cam-
bustion gas. Most kilns are equipped to fire more than one type fuel. As
material moves down the kiln, its temperature increases to about 1400° C,
at which point it fuses to form hard, small pieces termed "clinker". Upon
leaving the kiln, clinker is rapidly air cooled, combined with a small
amount of gypsum* and ground into fine powder. The ground cement is then
cooled and shipped to the consumer, either in bulk or bags.

" * Gypsum level of the final cement product, regulates cement setting time
at the site of its use.
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Figure 1 - Flow Sheet for Typical Wet and Dry Cement Manufacturing Processes.
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6. Flow sheets for typical wet and dry manufacturing processes are
shown in Figure 1.

7. Cement plants are categorized as "leaching" and "non-leaching".
Kiln dust leaching systems are used in leaching plants to avoid loss of
high alkali dusts. Dry dust is mixed with water to make a slurry about 10%
solids. In the slurry, alkali fram the dust dissolves into the water
phase. The slurry then flows to a clarifier. Clarifier underflow, con-
taining 40 to 60% solids returns to the kiln, while overflow is discharg-
ed. Clarifier overflow is the most severe source of water pollution for
the cement industry. An alternative for reducing this problem is to use
low alkali raw materials.

SOURCES OF WASTE

8. Cement manufacture can result in pollution of air, water, and
land resources.

Air

9. Air pollution can originate at several gperations in cement manu-
facture. These sources and their associated emissions are as follows:

Sources Fmissions

Raw Materials - Particulates (dust)

Grinding, Handling

Kiln Operations Particulates (dust), QO,

and Clinker Cooling SOx, NOyg, Hydrocarbons,
Aldehydes, Ketones

Product Grinding, Particulates (dust)

Handling, Packaging,

Shipping

10. A major source of particulate matter (or dust) at most cement

plants is the kiln. Kiln rotation and high-velocity flow of conbustion
gases entrain large quantities of dust (as much as 10 to 20% of the kiln
feed) out the feed inlet of the kiln.

Water

11. Highest levels of water pollution occur when water is allowed to
contact oollected kiln dusts. Three most significant sources where this
contact may occur are: (1) the leaching operation (most important) which
removes soluble alkali and recovers solid insoluble portions for reuse, and
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discharges overflow (leachate) as waste, (2) disposal of entire wet dust
slurry with no recovery or reuse (slurry is fed to a pond, solids settle
and overflow is discharged), and (3) aqueous effluents fram wet scrubbers
are used to wash dusts from kiln gas emissions.

12. Process cooling is the major use for water in dry process cement
manufacture (drying equipment and air compressor operation, and cooling of
kiln bearings, burner pipes, etc.). Therefore, dry process water effluents
should not normally be contaminated unless poor water management is prac-
ticed. Slurry water used to feed raw materials into the kiln for the wet
process evaporates (dissipates in the air as vapor) so it does not become a
water effluent discharge.

13. Auxiliary activities such as electric power generation (with a
steam boiler), slurry tank cleaning, washing of bulk hauling trucks, cool-
ing tower blow-down, and raw material washing are wastewater sources, but
normally of minor significance.

Land

14. Kiln dust, raw materials, clinker, ocoal, and other substances
are frequently stored in piles on plant property. Unless proper measures
are taken, rainfall may percolate through these piles, dissolve (or leach)
soluble pollutants and carry them with the surface runoff waters. Also
water polluted in this manner can migrate through the subsurface layers be-
neath the material storage piles and contaminate groundwater sources.

CHARACTERIZATION OF WASTES

15. Dust removed fram kiln gases is primarily a mixture of raw ma-
terial, amd clinker particles. These gases also contain alkalies (from the
raw materials) and fuel which wolatilized in the kiln. Wwhile raw material
alkalies are insoluble in their natural state, high kiln temperatures,
chemically modifies the alkali component of its mineralogical matrix so
that alkali becomes both volatile at high temperatures and water soluble at
low temperatures.

16. Plants which produce low alkali cement and use high alkali raw
materials d& not recyle dust to the kiln. Disposal of this dust is a seri-
ous plant problem. In addition to dust, cement plant emissions also con-
tain significant quantities of 00, SOy, (sulfur oxides) and NOyx, (nitrogen
oxides), as well as lesser quantities of hydrocarbons, aldehydes, and ke-
tones.

17. The seven most significant parameters for evaluating water pollu-
tion of cement industry effluents are: pH, total dissolved solids, total
suspended solids, alkalinity, potassium, sulfate, and temperature. Average
values for these parameters which are in water effluents created by scrub-
bing kiln dusts are shown in Table 1.
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Table 1 - Average Values of Pollution Parameters for Leaching and
Non-Leaching Plants.

Parameter Leaching Non-Leaching
pH (no units) 9.9 8.2

TDS 6.6 mg/My (a) 0.27 mg/Mg
TSS 0.9 " o "
Alkalinity 1.38 " 0.09 "
Potassium Salts 3.3 " 0.08 "
Sulfates 6.7 " o "
Temperatures +3.0° C +3.0° C

increase (b)

(a) Milligrams per megagram of product.
(b) Typical temperature rise in cooling water discharges.

18. Surface water runoff fram rain may be contaminated with dust ac-
cumulated at the plant site. Runoff fram dust piles, coal piles, and raw
material storage may also add to this problem. The pollution potential of
runoff waters fram these sources are highly variable. Coal pile runoffs,
for example, may frequently show pH values of 4.0 or less.

EFFLUENT LIMITATION

19. Permissible levels of gaseous, liquid, and solid waste discharges
for both leaching and non-leaching plants are given below. If these cannot
be met, appraisal or supervisory missions must thoroughly document any var-
iation and reasons for not meeting these limitations.

Air Pollutants

20. Air pollutants originate in kiln gases, clinker cooler exhaust
gases, and (to a much lesser extent) in the boiler flue gas. Stack gases
should be analysed for SOx, NOx, and particulates. If coal that contains
mercury is used for kiln heating, flue gas should also be analyzed for mer-
cury. Anmbient air pollution levels will depend not only on pollution con-
centrations in the effluent, but also on stack height, local atmospheric
conditions and local terrain.
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21. The following pollutant limits for the most important emissions
are to be adhered to in all but unusual circumstances:

SOp - At Ground Level

Inside Plant Fence

Outside Plant Fence

Particulates (dry basis)

from kiln

fram clinker cooler
ground level outside
plant fence

Stack discharge*

Annual Arith. Mean:
Max. 24-hr Peak
Annual Arith. Mean:
Max. 24-hr Peak

150 g/Mg Feed
50 g/Mg Feed

80 pg/m3
50 ,rrllg/m3

100 pg/m3
1000 jag/m3
100 pag/m3
500 pg/m3

* This limit may replace combined kiln and clinker cooler discharge if it
appears more acceptable.

Liquid Pollutants

22. Based on currently available technology, liquid effluent disposal
should be within the following limitations:

All Plants

No ocooling water discharge.

If recycling is

not feasible, cooling waters may be discharged
provided its temperature rise is not over 3° C.

No water discharge to slurry waste dusts.
No discharge of slurry spills or slurry tank wash

water.

Maintain pH level of effluent discharge between 6.0

and 9.0.

Plants

Suspended solids under 5g/mg Product.
Total dissolved solids no greater than levels in
water incoming to the plant.

Leaching Plants

Suspended solids less than 150 g/Mg Product.

Total dissolved solids less than 1.5 Kg/Mg Product.
TDS may be adjusted to reflect composition of raw

materials.
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Material Storage Piles

~— No rainfall allowed to percolate through piles and
runoff in uncontrolled fashion.

Equipment Washing, Road Washing, Etc.

-~ Not over 150 g/Mg Product during equipment
cleaning operations, or during periods of
rainfall.

Solid Wastes/Material Storage

23. Kiln dust, coal, and other materials piles should be so arranged
as to avoid any arbitrary rainfall runoff. Where such runoff cannot be
avoided, the effluent should be channelled, centrally ocollected, and sub-
jected to sedimentation and any other necessary measures for reducing or
eliminating pollution. Also, if any rainwaters can migrate under storage
piles to contaminate a groundwater resource, storage areas may have to be
lined.

CONTROL AND TREATMENT OF WASTES

24. Kiln operation is the major source of dust and gaseocus pollu-
tants. Larger dust particles can be removed by cyclones or other mechani-
cal devices. Small dust particules can be removed by electrostatic precip-
itators, bag filters, or wet scrubbers. In most cases, collected dust is
recycled to the process for reuse as raw material. Dusts from other sec-
tions of cement production are generally removed through local exhaust sys-—
tems combined with some form of mechanical collection.

25. Both wet process and dry process plants achieve essentially ocom-
plete waste water reuse with available technology, except in certain dust
contact operations. In all wet process plants, except those leaching col-
lected dust, effluents fram ancillary operations (plant clean-up, truck
washing, cooling, etc.) can be used to prepare slurry feed to the kiln.
This water evaporates in the kiln, any organic matter is burned off, any
nonvolatile inorganic material remains with the product, thus, no water ef-
fluent is produced. Cooling towers or ponds may be necessary to recycle
excess water.

26. Use of waste waters for feeding the kiln is not possible in dry
process plants. Here, however, virtually complete recycling of liquid ef-
fluents is possible if cooling towers or ponds are used. The only dis-
charge is normally a small volume of cooling tower "blow-down" or bleed
water that is required to prevent buildup of dissolved solids in the
recirculating water. In some cases, these small wolumes can be
evaporated. Cooling streams can be segregated and steps taken to prevent
dust entry into cooling water systems.
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27. For leaching plants, the water is necessarily exposed to contami-
nants and recycling is generally not feasible. Principal pollution param-
eters of leaching basin effluents are pH, alkalinity, suspended solids, and
total dissolved solids (primarily potassium and sulfate). Treatment is ef-
fected by neutralization and carbonation. Although removal of dissolved
solids is generally not practiced for leachate streams, results indicate
that evaporation, precipitation, ion exchange, reverse osmosis, and elec-
trodialysis, individually or in combination, can be quite effective.

28. Laboratory analyses for any liquid effluent should include pH,
total dissolved solids, total suspended solids, alkalinity, potassium,
salts, sulfate, and temperature rise.

29. Solid materials, including wastes, are generally stored in piles
on plant property. These can be contained or treated (diking, latex spray-
ing, etc.) to prevent rain runoff into adjacent waters. Diked areas should
be of sufficient size to contain an average 24-hour rainfall.

ENERGY CONSIDERATIONS

30. Application of these guidelines and control mechanisms should
ensure optimum utilization of raw materials and result in some reduction of
energy requirements. Major factors in minimizing energy consumption will
be the plant design and operation.

31. Fuel requirements of a cement plant should vary from 6.23 to 6.91
gigajoules per megagram of product* for the wet process and from 3.14 to
4.0 gigajoules/megagram of product for the dry process. Fuel oconsumption
for new plants should be at the lower limit, and it should fall below the
upper limit for existing plants. Conformance to these limits should
minimize any impact on the environment. Where fuel consumption for a new
plant is estimated to be at or near the higher value, the reasons must be
fully explained by the appraisal mission.

* One gigajoule = one billiocn joules.
One gigajoule/megagram = 238.9 calories/gm
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CHLOR-AILKALI PLANTS

(CHLORINE AND CAUSTIC SODA)

1. Chlorine and caustic soda (NaOH) production constitute important
segments of the inorganic chemicals industry. The largest world producers
of chlorine include Canada, France, the Federal Republic of Germany, Italy,
the United Kingdom, and the United States. Annual production by individual
countries for 1979 varied from 0.87 to 11 million metric tons.

2. Except for the United Kingdom the same countries, along with Ro-
mania and Russia, are the largest world producers of caustic soda. For
1979, the annual production varied from 0.7 to 11.3 million metric tons in
the individual oountries, as 100 percent NaOH.

3. Chlorine and and its co-product, caustic soda, are used in large
quantities in the production of plastics, organic and inorganic chemicals,
in the pulp and paper industry, in water supply and wastewater treatment,
and in several other industrial processes.

MANUFACTURING PROCESSES:

4. Chlorine and caustic soda are produced almost entirely fram the
electrolysis of a sodium or potassium chloride solution (brines) by one of
two major processes -- the mercury cell or the diaphragm cell. These two
processes differ in cell design and in the quality and quantity of wastes
generated. Other processes, such as the merbrane process, have been devel-
oped through the pilot plant. stage but operating data are not currently
available. To awoid any discharges of mercury to the environment, new
World Bank projects involving chlor-alkali plants should not utilize the
mercury cell process.

5. In the purification of the brine, the sodium chloride solution
(brine or salt dissolved in water) is treated with sodium carbonate and
sodium hydroxide to precipitate impurities such as calcium, magnesium, and
iron. The precipitated hydroxides and carbonates are then settled in a
clarifier and the underflow, referred to as brine mud, goes to a lagoon or
to filtration. ‘

6. Brine muds fram mercury cell plants usually contain small amounts
of mercury, because of recycling of the spent brine fram the cells. Before
transfer to the cells, treated brine is evaporated if necessary to remove
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the excess water and then pH-adjusted. Spent or depleted brine fram the
cells is acidified and dechlorinated (using vacuum and/or air stripping)
before being saturated with salt and recycled.

Mercury Cell Process

7. The mercury cell consists of two sections: the electrolyzer and
the decomposer or denuder. A general process flow diagram is shown in Fig-
ure 1. The electrolyzer consists of an elongated steel trough slightly in-
clined fram the horizontal. Mercury flows in a thin layer at the bottom,
acting as the cathode of the cell, and the brine flows concurrently on top
of the mercury. Parallel graphite or metal anode plates are suspended from
the cover of the cell. Electric current flowing through the cell decamn-
poses the brine, liberating chlorine at the anode and sodium metal at the
cathode. The metallic sodium forms an amalgam with the mercury. The amal-
gam from the electrolyzer flows to a denuder. The spent brine is recycled
to the brine purification process.

8. In the denuder, the sodium-mercury amalgam is the anode and the
cathode is iron or graphite. De-mineralized water is added, and this re-
acts with the amalgam to form hydrogen and caustic soda. The mercury is
returned to the electrolyzer. The hydrogen gas can be vented or cooled by
refrigeration to remove water vapor before sale or before use as a fuel.

9. The chlorine fram the cell is cooled to remove water and other
impurities. The condensate is usually steam stripped and then either re-
turned to the brine system or discharged as a waste. The chlorine gas,
after ocooling, is further dried by scrubbing with sulfuric acid. The di-
luted acid is regenerated for reuse, sold, or used for pH control. The
chlorine gas is then compressed and liquified.

10. The liquefying procedure results in a residual mixture of noncon-
densable gases known as tail or sniff gases. This residue is usually
scrubbed with caustic or lime, generating a hypochlorite solution, which is
decomposed, used on site, sold, or discharged as a waste.

11. The caustic soda formed at the denuder has a concentration of 50
percent NaOH. Some of the impurities present in the solution can be re-
moved or reduced by the addition of certain chemicals, followed by filtra-
tion of the caustic. In most cases the caustic is sent to storage or evap-
orated if a more concentrated product is required.

Diaphragm Cell Process

12. The process flow diagram for the diaphragm cell process is pre-
sented in Figure 2. 1In this process, the treated brine solution is elec-
trolyzed to form chlorine, -hydrogen and sodium hydroxide. The cell con-
tains an asbestos diaphragm separating the anode from the cathode. Chlo-
rine is liberated at the anode, while hydrogen and hydroxyl ions are pro-
duced at the cathode. The negatively charged hydroxyl ions (anions) will
react with the positively charged sodium ions (cations) to form caustic.
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In the past graphite, with lead to provide the electrical contact and sup-
port, was generally used for the anode. In recent years the graphite
anodes have been replaced by titanium anodes, having a platinum or ruth-
enium oxide coating. The advantages of the metal anodes include increased
power efficiencies, longer anode life, and a reduction in potential pollu-
tant loads of lead and chlorinated organics. Cathodes are generally made
of metal. In the Hocker "S" cell, for example, the cathode is made of
crimped steel wire directly ocovered with asbestos. When in use, the cath-
ode unit is completely submerged. The asbestos covering then functions as
the diaphragm, separating the anode fram the cathode.

13. The chlorine gas is processed in the same way as in the mercury
cell process, and produces the same residuals. The hydrogen gas can be
vented or ocooled to remove the water vapor, and either marketed or used as
a fuel.

14. The resulting caustic (or sodium hydroxide) has a concentration
of about 14 percent NaOH and a sodium chloride content running as high as
17 percent. The caustic is usually filtered to remove some of the impuri-
hies and then evaporated to 50 percent NaOH in multiple effect evaporators.
The vapor resulting fram the last of the evaporators is condensed in baro-
metric ocondensers, by contact with oooling water, or in surface condensers
using non-contact cooling water. Sodium chloride remains as a solid salt,
and this is returned to the brine system. Further purification of the
caustic is sometimes necessary for certain applications (such as rayon pro-
duction). Extraction or adsorption techniques are effective in removing
small amounts of impurities.

WASTE SOURCES AND CHARACTERISITICS

Ajir BEmissions

15. Emissions fram mercury and diaphragr cell plants include chlorine
gas, carbon dioxide, carbon monoxide, and hydrogen. Gaseous chlorine is
_present in the gas fram liquefaction, fram vents in tank cars and tank con-
tainers during loading and unloading, and from storage tanks and process
transfer tanks. Other emissions include mercury vapor fram mercury cathode
cells and chlorine fraom compressor seals, header seals, and the air blowing
of depleted brine in mercury cell plants.

Liquid Effluents - Mercury Cell Process

16. Brine mud, produced fraom purification of the brine, usually con-
tains magnesium, calcium, iron and other trace metals such as titanium,
molybdenum, chromium, vanadium, and tungsten. Calcium and iron are removed
as oxides. Small amounts of mercury also are found in the mud, from the
recycling of the unconverted brine to the purification unit after dechlori-
nation.
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17. Cell room wastes include leaks, spills, area wash down, arnd cell
wash waters. The wolume deperds upon housekeeping practices, and may vary
from 0.01 to 1.5 cubic meters per metric ton of chlorine produced. This is
the major stream requiring treatment because of the high levels of mercury
present. If graphite anodes are used, the wastes may also contain lead and
chlorinated organics.

18. Condensation fram the cell gas is contaminated with chlorine. 1In
most cases the condensates are recycled to the process after chlorine re-
covery. Both contact and non-contact water are utilized for chlorine cool-
ing and for removal of water vapor. Concentrated sulfuric acid is used in
the dryer to remove residual water from the chlorine gas after first stage
cooling. The acid is used until it is reduced in concentration to 50 to 70
percent. Then it is regenerated, used for pH control in a treatment sys-
tem, or marketed.

19. The tail gas containing the uncondensed chlorine gas fram the
liquefaction stage, along w1th same air and other gases, is scrubbed with
sodium/&alcium hydroxide to form sodium/calcium hypochlorite solution. Ad-
ditional hypochlorite solution is produced when the equlpment is purged for
maintenance. The hypochlorite can be used on site in ancother process,
sold, or treated before discharge. Tail gas scrubber discharges will vary
from 0.04 to 0.58 cubic meters per metric ton of chlorine produced.

20. The 50 percent caustic produced at the denuder is filtered to re-
move salt and other impurities. The filters are backwashed periodically as
needed. The backwash water can be discharged to treatment, or filtered
with the filtrate which is recycled to the brine system. The filtered
solids may either be disposed of to land or reprocessed for recovery of
mercury.

21. Oooling of the hydrogen results in a ocondensate, which can either
be sent to treatment facilities or to mercury recovery and returned to the
denuder.

22. In summary, the total waste flow from mercury cell plants is re-
ported to average 2.1 cubic meters per metric ton of chlorine produced.
This does not include brine mud waters, which are reused instead of dis-
charged and hence do not affect total flow.

23. The pollution parameters of importance in the mercury cell plants
are total suspended solids (TSS), mercury, and hydrogen ion concentrations
(pH). Other toxic metals which may be present, besides mercury, include
arsenic, antimony, cadmium, chraomium, copper, lead, nickel, silver, thal-
lium and zinc. The principal sources of these metals are considered to be
the raw salt or brine and the corrosion reactions between chlorine and the
materials in the process equipment. Other than mercury, the levels of the
other toxic metals found in the wastes are not considered to be signifi-
cant.
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Liquid Effluents - Diaphragm Cell Process

24. Brine purification produces the brine mud as a waste, consisting
of precipitated hydroxides and carbonates of calcium, magnesium, iron, and
other metals. The muds are filtered or settled in lagoons, with the
filtrate or overflow either discharged or recycled to the brine systems.
The filtrate volume will average about 0.42 cubic meter per metric ton of
chlorine produced.

c. Cell room wastes include leaks, spills, area washdown and cell
wash waters. The cell wash waters contain high levels of asbestos. Where
graphite anodes are used in the cells, the wastes may also contain signifi-
cant quantities of lead. Waste flows fram cell roam operations will vary
widely, and will average about 0.38 cubic meters per metric ton of chlorine
produced fram metal anode plants. Graphite anode plants will average 1.2
cubic meters per metric ton of chlorine produced.

26. Condensation from the indirect ooollng of cell gas is contamina-
ted with chlorine. The chlorine is removed and/or recovered fram t:hc;:Z lig~
uid stream before discharge or recycle. Fldws will average 0.49 ‘cubic
meter for metal anode plants and 0.78 cubic meter per metric ton of chlor-
ine produced for graphite anode plant.

27. OGoncentrated sulfuric acid is used to dry the chlorine gas after
the first cooling stage. When the concentration is reduced to 50 to 70 pe-
rcent, the spent acid is regenerated, sold, or used for pH control, as is
the case in mercury cell plants.

28. Uncondensed chlorine gas fram the liquefaction stage is scrubbed
with sodium or calcium hydroxide to produce the ocorresponding hypochlo-
rite. The hypochlorite can be used in other processes, sold, or discharged
with or without treatment. Waste flows from this source average 0.17 for
metal anode plants and 0.11 for graphite anode plants, in terms of cubic
meters per metric ton of chlorine produced.

29. Backwashing of filters used to clarify the caustic product may
produce significant quantities of wastewaters. These are wholly or par-
tially recycled to the process. Caustic filter backwashing is necessary to
remove sodium sulfate at graphite anode plants, since the accumulation of
sulfate ions can interfere with cell performance.

30. Hydrogen gas oooling produces a stream which is usually dis-
charged. The volume of flow is very small and not considered to be of sig-
nificance.

31. Where vapors fram caustic evaporators ére water-cooled, a signif-
icant amount of wastewater can be generated in "once through" installa-
tions. Recirculation of the cooling water will greatly reduce this dis-
charge, but will require a cooling step and a blowdown discharge. Average
wastewater flows fram the individual units in the diaphragm cell process
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are given in Table 1. The total plant flow in any specific case will de-
pend upon the practices (such as recirculation, by-product recovery, etc.)

employed at the particular plant.

32. The pollution parameters of significance include total suspended
solids (TSS), hydrogen-ion concentration (pH), chramium, copper, lead, nic-
kel and zinc. Asbestos, used for the diaphragm separating the anode from
the cathode, is a major toxic pollutant also found in these process waste—
waters. However, due to the lack of a standardized analytical procedure
there is as yet no general agreement on acceptable limitations. As a rough
approximation, a concentration of 300,000 fibers per liter is considered to
be an acceptable limit at this time. Other toxic metals may also be pre-
sent in these wastes but the levels are generally not considered to be of
significance.

Table 1. Average Wastewater Flows fraom Diaphgram Cell Plants.

Flow-m3 per Metric Ton Chlorine

Source
Metal Anode Graphite Anode

Plant Plant
Cell room wastes and cell wash 0.38 1.2
Chlorine Condensate 0.49 0.78
Spent Sulfuric Acid 0.01 NA*
Tail Gas Scrubber 0.17 0.11
Caustic Filter Wash NA* 5.4
Brine Filter Backwash NA¥ 0.45
Caustic Cooling Blowdown 0.86 NA*
Brine Mud 0.42 NA*

* NA = Not Available
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Solid Wastes

33. The major sources of solid wastes in chlorine plants, for both
the diaphragm and mercury cell processes, are the brine muds. The solids
concentration in the filter backwashing can vary from 2 to 20 percent, and
range in volume from 0.04 to 1.5 cubic meters per metric ton of chlorine
produced. Solids are also present in the caustic filter washdown and the
cell room wastes. In a diaphragm cell plant, the waters will contain sig-
nificant quantities of asbestos, originating from washdowns and cell repair
or cleaning. Total mercury loss from mercury cell operations averages 7.5
grams of mercury per ton of chlorine liquefied. Some portion of this can
be expected to be present in the solid wastes discharged from the plant.

EFFLUENT LIMITATIONS

Air Emissions

34. Air emissions, when discharged to the atmosphere should be main-
tained within the following limitations:

Carbon Monoxide (CO)

Max. l-hr. Aver. 40 mg/m3
Carbon Dioxide (CO»3)
20 mg/m3
Chlorine Gas (as Cl-)
Max. 30-min. Aver. 0.3 mg/m3
Max. 24-hr. Aver. 0.1 mg/m3
Sodium Hydroxide (NaOH)
Max. 15 minutes 4 mg/m3

Mercury (Hg)

Per ton of chlorine produced: 3 grams

Liquid Effluents

35. Liquid effluents from plants using the mercury cell process, are
to be maintained within the following limits:
Max. Max.
24 hr. Aver. 30 day Aver.
Kg per Metric Ton of Chlorine Product.
TSS 0.64 0.32
Mercury 2.8 x 1074 1.4 x 1074

pH 6 to 9 units 6 to 9 units
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36. For plants using the diaphragm cell process, effluents should
meet the following limitations:
Max. Max.
24-hr. Aver. 30~day Awver.
Kg. per Metric Ton of Chlorine Product.
TSS 1.1 0.51
Chramium ' 2.3 x 10-3 8.8 x 10-4
Copper 1.1 x 10-2 4.4 x 10-3
Lead 2.6 x 1072 1.0 x 102
Nickel 1.1 x 10-2 4.4 x 10-3
Zinc 1.1 x 10-2 4.4 x 10-3
pH 6 to 9 Units 6 to 9 Units

CONTROL: AND TREATMENT OF WASTES

Air Emissions

37. Airborne emissions can be kept within required air quality limi-
tations through the use of cyclones, scrubbers, strippers, and other meth-
ods. In many instances, the gases may be recovered and reused or marketed
as saleable products.

Liquid Effluents

38. Management and housekeeping practices should receive first con-
sideration in establishing measures for reducing or eliminating wastewater
discharges, and these could include ocontrol of water usage, recovery of
useful or saleable by-products, and process modifications.

39. The brine treatment and cell roam areas should be equipped with

-—fiberglass- gratings to collect all spills and leaks. Mercury bearing
wastes should receive sulfide precipitation, followed by pressure filtra-
tion. This will also remove the other heavy metals which may be present in
the stream. The precipitated mercury waste may be stored in a lined pond,
transferred to a secure landfill, or processed for recovery of the mer-
cury. The filtrate fraom the sulfide filtration is recycled back to the
process. Where further treatment is needed the filtered effluent can be
passed through granular activated carbon beds for removal of residual metal
sulfides and metallic mercury.

40. At diaphragm cell plants, the prevailing practice is either to
control asbestos wastes by settling or filtering cell wash wastewaters or
to neutralize and settle effluents before discharge. Recycling of treated
streams is caommon, although not always the case. Plants using graphite an-
odes treat lead-bearing wastes by chemical precipitation and settling or
filtration before discharge.
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41. The control of toxic organic compounds varies greatly between
plants. For example, in a plant where the end use of the chlorine is the
manufacture of a chlorinated product, the bulk of the chlorinated organic

impurities are not removed.

42, Where a more purified chlorine product is required, the organics
are accumulated in the reboiler of the chlorine scrubber. The residues are
batch-treated for separation and recovery of the organic phase materials,
which are then sold as feedstock for the manufacture of related products.
The aqueous phase may be stripped for removal of additional organics and
chlorine, and then recycled or discharged

43. The use of metal rather than graphite anodes increases cell power
efficiency and greatly reduces the pollutant loading of lead and toxic or-

ganics.

4. By changing fram contact to noncontact cooling of the vapors from
caustic soda concentration, or by recirculating barametric condenser water,
the amount of wastewater generated can be considerably reduced.

45. New diaphragm materials are being developed, which can apprecia-
bly reduce power consumption and minimize or eliminate asbestos dischar-
ges. The modified diaphragms include polymer modified asbestos membranes,
polymer membranes and ion exchange membranes.

46. The use of high pressure and refrigeration for chlorine recovery
will reduce the chlorine content of tail gases. Before venting of the
tail gas to the atmosphere, the cammon practice is to scrub it with caustic
soda ard produce a hypochlorite solution. The hypochlorite can be sold,
used on site, or discharged.

Solid Wastes

47. The solids contained in the brine muds, as well as those result-
ing fram other parts of the plant operations should first be examined for
possible by-product recovery, either on site or elsewhere. When on site
disposal is required, these residues may be transferred to ponds, drying
beds, or dumped in land fills. Since such residues may contain mercury or
other toxic substances, extreme care should be taken to avoid runoff or
drainage into surface waters or seepage into ground waters. Disposal
grounds may need to be sealed and provided with surrounding walls to
prevent both seepage and surface runoff.

ENERGY CONSIDERATIONS

48. In the electrolytic chlor-alkali production process the energy
requirements will be very large. The process requires an average of 21.6
giga-joules of energy per metric ton of chlorine produced (1 giga-joule
equals 1 billion joules).



- 38 -

49. This energy will be in the form of electric power, which may
either be brought in from outside sources or generated on-site. Where
power is brought in fram outside sources via a grid system, the available
energy varies fram 30 to 45 percent of the energy content of the fuels used
to generate the electricity. If the power is generated at the chemical
plant. site the available energy can be increased to a range of 60 to 80
percent by, for example, the use of pass-out steam for other factory opera-
tions such as distillation or drying.

50. The above energy requirements do not include the energy required
by the equipment used for treatment and disposal of plant wastes. These
requirements will vary according to the treatment and disposal techniques
adopted, and must therefore be determined on a case-by-case basis.
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GUIDELINES

DAIRY PRODUCTS INDUSTRY

1. The dairy products industrial operations are difficult to treat
because of wide variations between individual plants in raw material in-
puts, processes used, varieties of products manufactured, volumes of wastes
generated as affected primarily by internmal plant practice and other fact-
ors. These guidelines will present general information on typical plant
operations, which may then be applied and/or adapted to specific projects.

INDUSTRIAL PROCESSES

2. Dairy products plants may be categorized by specific product out-
put. Categories and products generally included in each category are shown

in Table 1.

3. Plants may perform a combination of these product operations, al-
though there are plants which have only one or two process categories.
Typical manufacturing processes for these products can be found in the sug-
gested references cited below.

4. For example, processing of fluid milk includes clarifying, cream
separation, pasteurizing, homogenizing and possibly deodorizing. For but-
ter production, a culture of bacteria is added to cream, the mixture is
"ripened" and agitated under controlled temperatures until butter and but-
termilk are separated.

5. Cheese is produced through addition of a "starter" to whole milk
or skim milk under controlled temperature conditions. An acid or enzyme is
added to this mixture to form lactic acid which, in turn, results in curd
formation . Curd is separated, washed, and subjected to various additional
processes, depending upon the type of cheese being made.

SOURCES OF WASTES

6. Dairy industry effluents are primarily all liquid. Main sources
of wastes result fram:

a) Washing and cleaning of tank trucks, cans, piping
and other equipment.

b) Spills fram leaks, overflows, equipment
malfunctions, careless handling and other similar
causes.
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Table 1 - General Categories and Products €for Dairy Processing Plant Operations

Category ) Products
Receiving Station Raw Milk
Fluid Products y Market milk (ranging from 3.5%

to fat-free), flavored nilk
(chocolate and other) and cream
(of various fat concentrations,
plain and whipped).

Cultured Products Cultured skim milk ("cultured
buttermilk") yoghurt, sour cream
and dips of various types.

Butter Churned and continuous-process
butter.
Natural and Processed Cheese All types of cheese foods

except cottage cheese and
cultured cream cheese.

Cottage Cheese Cottage cheese and cultured
cream cheese.

Ice Cream, Frozen Desserts, Ice cream, ice milk, sherbers,
Novelties and other Dairy water ices, stick ccnfections,
Desserts frozea novelty preducts, frozen

mellorine, puddings, other
dairy-based desserts.

Ice Cream Mix Fluid mix for ice cream and other
frozen products.

Condensed Milk Condensed whole milk, condensed
skim milk, sweetened condensed
milk and condensed buttermilk.

Dry Milk Dry whole milk, dry skim =milk,
and dry buttermilk.

Condensed Whey Condensed sweet whey and condensed
acid whey.

Dry Whey Dry sweet whey and dry acid whey.

Note: While some plants carry out operations in only one of these categories
(single-product plants) most plants produce a combinatiun of two or
more of the above categories.
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Cc) Processing losses such as evaporator entrainment
bottle ard case washer discharges, container breakage
and product change-over in filling machines.

d) Wastage of spoiled products, returned products, or
by-products such as vhey.

e) Detergents and other compounds used in working and
sanitizing solutions that are discharged as wastes.

f) Entraimment of lubricants fram conveyors, stackers
and other equipment.

g) Routine operation of toilets, washrooms and eating
facilities.

h) Waste materials that may be contained in inocaming
raw water which ultimately goes to waste.

7. The greatest amount of waste originates fram the first five sour-
ces listed above and is directly related to various dairy products.handled
at the plant. Typical contributions of waste materials to the total final
waste load, as estimated for a fluid milk plant in terms of 5-day biochemi-
cal oxygen demand (BODs5), are shown in Table 2.

Table 2 - Estimated Waste Contribution, as BODs, By Source -
Fluid Milk Plant.

Waste Source (as BODs) . Percent

Milk, milk products and other

edible products 94
" Cleaning ptoducts 3
éanitizers Very Small
Lubricants | Very Small
Sanitary and domestic wastes 3
(employees)

" Total 100
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iggucts Industry - By

Effluent Limitation(a)

Individual

Product BOng) rsg(P) pH
Beceiving Station 0.010 0.014 6 to 9
Fluid Products 0.076 0.096 "
Cultured Products 0.076 0.096 "
Butter 0.426 0.534 "
Natural and

Processed Cheese 0.970 1.210 "

Cottage Cheese 0.168 0.210 "
Ice Cream Mix 0.068 0.084 "
Ice Creanm 0.264 0.330 "
Condensed Milk 0.190 0.236 "
Dry Milk 0.156 0.194 "
Condensed Whey(c) 0.060 0.076 "
Dry Whey 0.150 0.190 "

(a) For new sources

(b) As Kg/Mg of Finished Product.*

(c) At 40 solids

® Mg = megagram

1 Mg = 1 metric ton
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CHARACTERISTICS OF WASTES

8. Several water quality parameters may be used to assess the pollu-
tion potential of wastes from processing of dairy products. Three parame-
ters are considered most significant: 5-day biochemical oxygen demand
(BOD5), total suspended solids (TSS), and hydrogen ion oconcentration
(pH). Parameters of lesser significance include, chemical oxygen demand
(COD), temperature, phosphorous as phosphates, nitrogen as ammonia and ni-
trates, and chlorides.

9. Wastes are largely organic in nature. The major pollution effect
is to decrease dissolved oxygen in receiving waters. The BODg test is
most useful as a measure of this potential to decrease dissolved oxygen.

10. Suspended solids will adversely affect turbidity of receiving
waters, as well as causing a build-up of bottom deposits. This is particu-
larly objectionable when solids are organic in nature, as is the case for
dairy wastes. Bottam deposits of organic sludge may exert a heavy oxygen
demand on receiving waters. Anaerobic decomposition may produce hydrogen
sulfide or other intermediate products which can cause noxious odor prob-
lems and can be toxic to aquatic life.

11. A pH outside the acceptable range may have an adverse direct im-
pact on the receiving waters or may have secondary effects such as increas-
ing the solubility of heavy metals. There may also be increased toxicity
to aquatic life, increased corrosiveness of water supplies, increased costs
of water treatment, rendering of waters unfit for certain processes such as
food and beverage canning or bottling, and other similar effects. Though
individual waste streams may exhibit unusually high or low pH values, the
carbined discharge fram a plant generally results in a final effluent with-
in acceptable ranges of this parameter.

EFFLUENT LIMITATIONS

12. Table 3 presents permissible levels of biochemical oxygen demand,
total dissolved solids and pH. These levels are to be met by individual
discharges fram the product category indicated. Loadings apply to single-
product plants only. Limitations for the final effluent of a multi-product
plant should be determined fram these, using a weighted average based on
the contribution and reduction to be affected by each of the categories

camprising plant operations.

13. Where a plant discharges to a municipal sewage collection and
treatment system, effluent limitations are governed by local regulations.
Depending upon character and wvolume of the industrial wastes, same pre-
treatment may be required to render them acceptable to the municipal sys-
tem.
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14. In determining plant effluent loadings and applying these stand-
ards, it is essential that currently well recognized and accepted labora-
tory analytical techniques be utilized. Detailed procedures may be found
in the literature.

CONTROL AND TREATMENT OF WASTES

15. Control and reduction of waste discharges can be achieved through
(1) in-plant control and management; (2) end-of-pipe treatment; and (3)
discharge to municipal systems. In most cases a combination of two of
these is utilized. -

16. In-plant control and management techniques should always be ap-
plied, regardless of final disposal of plant effluents. Final discharges
will be reduced in strength and/or wolumes, thus reducing loading on treat-
ment systems.

17. Internal measures most commonly used include: (1) a comprehen-
sive waste monitoring system to provide a basis for effective waste manag-
ment; (2) an equipment maintenance program to minimize product losses; (3)
a product and process scheduling system to assure cptimum equipment utili-
zation; (4) a product quality control program to prevent loss of products
to waste streams; (5) development of uses for waste products; and (6) con-
stant improvement of processes, equipment and systems.

18. The major concern in treatment of dairy wastes is to reduce the
concentration of oxygen-demanding materials, and thus make wastes generally
amenable to one form or another of biological treatment. More cammonly ap-
plied techniques include activated sludge, trickling filters, aeration la-
goons, stabilization ponds, spray irrigation, ridge and furrow irrigation,
and anaercbic digestion. In general practice, wastes are treated by a com-
bination of these techniques, depending upon volumes, strengths, effluent
standards, and other conditions.

19. Probably the most difficult problem in disposal of dairy wastes
is whey handling. In many cases, whey supply exceeds that which can be
marketed for useful purposes. Whey is difficult to treat by usual biologi-
cal techniques. The most cammon methods for disposal include (1) livestock
feeding; (2) spray irrigation; (3) discharge to municipal systems where
feasible; and (4) concentrating and drying.

20. Depending upon the volume and strength of the wastes and capabil-
ity of the municipal treatment system, dairy wastes may be discharged to
public sewers. The dairy waste load may need to be equalized either
through individual holding facilities or through incidental storage in
municipal sewers, in order to avoid shock loads on the municipal treatment
plant. Effective in-plant control measures will reduce the strength and
volure of the effluents. Where the dairy waste constitutes a significant
portion of the total wolume reaching the municipal plant, the whey should
be segregated to avoid possibly upsetting the municipal treatment system.
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DUST EMISSIONS

GENERAL: POLIUTION GUIDELINES

Introduction

1. Two series of dust guidelines are presented: one for the work-
place and one for the environment beyond the plant fence.

2. Dust concentration levels inside industrial or agroindustrial

plants are threshold limit values (TLV) for workers exposed eight hours a
day, and forty hours per week. For this reason, a plant should be designed
and operated to provide actual dust levels well below the TLV.

3. - Concentration levels given for enviromment (beyond plant bound-
aries) could probably be exceeded a few times per year without experiencing
permanent adverse affects.

4. The Office of Envirommental Affairs (OEA) will revise these

guidelines when additional knowledge fram inside or outside the Bank Group
warrants changes.

Definition and Properties of Dust

5. Dust or particulate matter consists of finely divided solids, so
small in size as to be capable of remaining suspended by the atmosphere for
long periods of time. The lower size limit for particulates is the transi-
tion size to larger gas molecules (about 0.1 or less), whereas the upper
particulate size limit is about 500 pm. When the upper size limit is ex—
ceeded, gravity will remove a particle fram the air so rapidly, that it
cannot oonstitute a breathing hazard. Industrial, agroindustrial, trans-
portation and domestic activities all can release particulates into the
air. This dust may or may not be mixed with other gaseous or liquid
contaminants.

6. The five main factors which influence the interaction between
dust and the human body are:

(a) Physical characteristics (size, shape, hardness)
(b) Chemical composition

(c) Concentration in the atmosphere

(d) Duration of exposure

(e) Individual susceptibility
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7. Size of dust particle: Dust retention by human lungs varies with
particle size as shown by the following table (fram the U.S. Bureau of
Mines):

Particle Diameter Approximate Retention in
(micrameters, am) Human Lungs (percent)
Between 6 - 10 20%
5 25%
4 42%
3 50%
2 70%
1 70%
0.5 50%

Lung retention drops rapidly below 0.2 um, because dust particles of this
size tend to act as gas molecules and will be exhaled as readily as they
are inhaled. This is a general rule that will vary with particle shape and
specific gravity.

8. Chemical camposition: Dust deposited in the lungs may cause
pneumoconiosis (pneumo = lung; koni = dust; osis = disease) which can be
disabling or non-disabling depending on whether or not the dust is physio~
logically active. Most forms of disabling pneumoconiosis are caused by
crystalline silica or quartz (SiOz). Amorphous silica and silicates (ex-
cept asbestos) do not cause disabling diseases.

9. Concentration and exposure time: Dosage is the product of dust
concentration and exposure time. The TLV table presented below for mineral
dusts in industrial plants, represents in fact dosages for an 8-hour work-
day. This means that if a particular dust has a 5 mg/m concentration for

an 8-hour workday (Dosage = 5 X 8 or 40) with a 10 mg/m3 concentration, a
worker could only stay in the facility for a 4-hour workday to receive the
same dosage (Dosage = 10 X 4 or 40).

10. The bottom portion of the Table lists a series of factors to de-
termine allowable dust concentration levels for workdays differing from 8-
hours. Thus in the example used above, if one established in the upper
table a 5 mg/m3 TLV for an 8-hour workday and was interested in the allow-
able oconcentration for a 4~hour workday, he would use the lower table to
determine the appropriate correction factor of 2. Then, multiply the upper
table values by the oorrection factor m order to establlsh the allowable
4-hour workday concentration. (5 mg/m X2=10 mg/m for a 4-hour work-
day) .

11. Individual susceptibility: Genetic factors not yet fully under-
stood make some individuals more resistant than others. Environmental fac-
tors can change this resistance. Heavy smokers or workers exposed to chem—
ical irritants will likely develop pneumoconiosis at an earlier stage.
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Sampling and Measuring Dust

12. Accurately determining dust concentrations in the air remains a
problem. One must remenber that total dust is much less important than re-
spirable dust. The sampling instrument should thus duplicate insofar as
possible, retention characteristics of the human lung. A number of such
instruments have been developed. The best known are the British MRE (Mines
Research Establishment) and the American personal sampler. Their retention
characteristics are compared with the human lung in Table 1. There is a
good correlation between these two instruments. The MRE sampler collects
1.88 times more than the personal sampler. As these instruments will col-
lect only a few milligrams of dust over an eight hour period an accurate
and sensitive balance is necessary to weigh the oollected particles. The
preceding discussion shows why it is imperative to provide the sampling in-
strument name and its retention Ccharacteristics with any analytical
results.

Occupational Guidelines

13. Occupational guidelines given in the following table are extrac—
ted fram Occupational Safety and Health Administration (US Department of
Labor) and fram the booklet “"TLV" published by the American Conference on
Governmental Industrial Hygienists (1977). As discussed earlier, entries
in this table are TLV values for 8-hours exposure. Actually, any facility
should be designed and operated to give levels well below these values (no
more than one-half the TLV is recommended).

14. When figures are presented in millions of particles per cubic
foot (mppcf) they were determined by measurements on impinger samples
counted by light field techniques.

Vegetable Dust

15. If these dusts contain less than 1% SiO3 the inert dust TLV value
applies. If they ocontain more than 1% SiOp the quartz TLV applies. Many
of these dusts produce allergic reactions either fram their own antigen
content or fram mold or fungi dusts that grow during storage. Vegetable
dusts can create three kinds of hazards: respiratory effects, skin and eye
effects and fires and explosions.
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Table 1.

lOO"'<_’<—?L T I T T

-

—

T

1 Pulmonary Deposition

- \
80 \\ 2 Personal Sampler (cyclone) —J
- 3 7
N v 3 MRE Sampler
60— ‘e \. B
. R\ |
40| N
20— \\k N
I \\\\\ =
i { L | 1 ] A \]‘. i 2N O

Particle Dizmeter {(micrometers)

Bource: U.S. Bureg_i{ of Mires. Sampling 2nd Evzluating Re: pirab'e Coal Mine Dust:
A Training-Manual. U.S. Bureau of Mines, Informution Circular No. 8503,

Febrvary 1971, p. 2. Adapted from Figure 1.



- 50 -

TLV FOR DUSTS

Based on 8-Hour Workday

Substance mopef mg/m”
Silica (Si0y)
Crystalline Quartz
Respirable *1,4 300 10
X510 + 10 #8102 + 2
Total Dust 30
%4830 + 2
Cristobalite Use one half of the
Thidymite values calculated for

Tripoli (Respirable) «b

Fused Silica

Amorphous Respirable x4
{including diatonaceous earth)

Totatl

ISilicates (< 1% quartz)

Asbestos (all forms) #3
Graphite (natural)
Mica

Mineral Wool Fiber
Perlite

Portland Cement
Soapstone

Talc (Non-Asbestiform)
Talc (Fibrous)
Tremolite

Coal Dusts

Bituminous
Respirable fraction <5% Si02 *
Respirable fraction >5% Si0p *

Inert or Nuisance Dusts (2)

Respirable »h
Total

4

total dust

—0
%810y + 2

Use quartz formula

2 fibers >

15

1 (< S/Jm)

3 (all sizes)

%pm)/cc

10

Use asbestos value
Use asbestos value

15
50

2.4
10

- %Si0p + 2
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TLV CORRECTION FACTORS
FOR
WORKDAYS DIFFERING FROM 8 HOURS

Workday Hours TLV Correction Factor

1 8.0

2 4.0

4 2.0

8 (Base Case) 1.0

10 0.8
15 0.53
20 0.4

Notes: (1) Both concentration and % SiO2 to be determined from dust
fraction passing a size selector with the following charac-

teristics.
Aerodynamic Diameter {(um) % Dust Passing
(unit density sphere) Through the Selector
< 2 20
2.5 75
3.5 50
5.0 25
10.0 0

(2) Should contain less than 1.0% quartz; if quartz content is
greater use quartz formula.

(3) As determined by the menbrane filter method, at 400-450 X mag-
nification (4 mm objective) with phase contrast illumination.

(4) Respirable dust as defined by the British Medical Research
Council criteria, and as sampled by a device producing
equivalent results (MRE sampler).
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Envirommental Guidelines

16. The U.S. Department of Health, Education and Welfare estimates
adverse human health effects begin when ambient levels of dust exceed 80
,,]g/m3, whereas adverse effects on materials and vegetation can begin with
dust levels as low as 60 pg/m3. These estimates formed the basis of the
following EPA dust guidelines (issued in July 1974).

(a) 75 pg/m3 -~ annual geametric mean
(b) 260 ,Jg/m3 — maximum 24 hour concentration,
no more than once a year.

To make these gquidelines easier to use, EPA (at the same time) also pro-
vided a quideline for stack discharges: 50 mg/m3 (dry). The preceding
figures are applicable to total inert dust (< 1% SiO;) containing no
carcinogenic compounds. Large variations fram one project to another exist
in terms of requiraements for dust control.

These variations are due to the physical and chemical characteristics of
dusts between projects, climate (dry or rainy, calm or windy), and other
factors of location. Therefore it is difficult to offer universal guide-
lines for dust control. As a rule, the following levels should not be ex-
ceeded:

Stack Emissions:

when background levels of dust are high, dust
emissions fram the stack should not be greater

than 100 mg/m3

Ambient Levels:

Annual geametric mean 100 pg/m3
Maximum 24~hour concentration 500 }Jg/m3

If the dust under consideration is affecting vegetation, the annual mean
and 24-hour concentration figures should be adjusted dowrnwards.

Sampling and Analysis

17. Only analytical results which give both sampling method and meth-
od of analysis are meaningful. The most reliable sample is '"respirable
dust". If it is not possible to collect a "respirable dust" sample, the
total dust sample should be evaluated. Whatever sample type is selected,
the name of the sampling instrument and its retention characteristic should
be given. Weighing a sample (if possible) is the most accurate method of
analysis. Precautions should be taken to weigh only dry dust from which
all moisture (humidity) has been removed. Particle counting is less accu-
rate than weighing, but nonetheless is acceptable for any silcate except
asbestos. If particle counting is the only available means for asbestos,
it should only be done for fibers longer than 5 Jome
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Control

18. The appraisal mission should receive assurances that the project
will meet the quidelines and that necessary equipment and trained personnel
will be available to sample, analyze, and take any necessary corrective
measures. Follow-up missions should check analysis results in comparison
to the guidelines. If results are higher than guideline values, mission
members should ask for reasons and discuss possible corrective measures.

legislation

19. If existing legislation in the project country incorporates dust
standards or guidelines stricter than IBRD's guidelines, country standards
prevail.

20. If, on the other hand, existing legislation in the project coun-
try is less restrictive than IBRD guidelines, the appraisal mission should
present reasons why it is expected that plant personnel and the neighboring
exposed population and its environment will be as well protected as if the
guidelines were followed.
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EARTHQUAKE PROTECTION

1. The World Bark and IFC should require a letter of certification
from the structural engineers on their firm's letterhead endorsed by the
architect which identifies fully the antiseismic regulations for building
construction used as the criteria for the structural design of the pro-
ject. The letter should then certify that:

(a) The zone of seismic severity was properly and
correctly interpreted according to the code or
requlations identified above, and that such code
or regulations are normally used for construction
work in Country X for buildings or structures in-~
corporating earthquake protection design charac-
teristics.

(b) In the professional judgement of the structural

erngineer the code or regulations used are suitable
for application in Country X.

(c) The seismic coefficient applied corresponds
with the requirements of the code as identi-
fied for the type of structure, the intended
use of the structure, and the relevant zone
of seismisticity applicable.

(d) The seismic coefficient so derived has been
correctly applied to the structural design in
accordance with the code or regulations being
used. :



_‘55 -
THE WORLD BANK JUNE 1983

GENERAL GUIDELINES

DISPOSAL OF INDUSTRIAL EFFLUENTS

1. These guidelines are intended for general application to disposal
of effluents and pollutants for most industrial sources. Although general
in nature, they should be applied to the total environment whether the ef-
fluents are in the gaseous, liquid or solid state. These guidelines may be
applied where particular data is not otherwise available, or as a supple-
ment for those specific industries where guidelines have been developed by
the Bank.

" 2. Pollution may be defined as the addition, fram either natural or
man-made sources, of any foreign substances to the air, water or land in
such quantities as to render such medium unsuitable for specific or estab-
lished uses. BAn industry may frequently produce wastes that affect more
than one of these media. Thus, the Appraisal or Supervision Mission must
consider the total range of disposal operations in order to properly evalu-
ate effluent treatment and control measures. Toxic properties are of prime
concern in evaluating effects of industrial pollution. . Table 1 presents a
summary of waste toxicity from a number of industries.

3. Pollution may also result fram noise and heat, which are measur-
able in terms of intensity and effect but have no physical, chemical or bi-
ological composition.

4. This guide is concerned primarily with the effects of pollution
on the enviromment. However, consideration should also be given to the ef-
fects of specific contaminants on personnel at the industrial work place.

SOURCES AND CHARACTER OF WASTES

S. Effluents are frequently camplex, heterogeneous mixtures of sev-
eral substances or materials. Gaseous effluents may include particulates
(solids) or aerosols (liquids); liquid effluents may include dissolved
solids or gases, as well as suspended solids; and solid wastes often con-
tain one or several liquids.

Gaseous Effluents

6. Airborne pollutants originating at stationary sources whether or
not diluted with air, are generally exhausted through a stack. Fram the
stack they will disperse into the atmosphere amd eventually return to
ground level. Ground level concentrations may be estimated on the basis of
the stack height and diameter at stack mouth, gas velocity or flow, and
temperature. For new installations some of this information will need to
be derived fram performance at existing installations.
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TABLE 1 - Same Hazardous Wastes Produced by Industry(a)

Toxic Waste Produced
Industry
Solvents| Metals | Gases Org. Inorg.

Mining X X X
Textiles X X '
Paper Prod. Etc. X X
Alkalai & Chlorine X
Cyclic Intermediates X X X X X
Organic Chemicals X X X X X
Inorg. Chemicals X X X X
Plastics X X X
Drugs X X X
Soaps & Cleaners X
Paints, etc. X X X
Agri. Chemicals X X X
Explosives X X
Petr. & Coal Products X X X X X
Leather Tanning X X X
Asbestos Products X X
Blast Furn. & Steel X X X X
Non-Ferrous Metals X X

(a) Fram "A Study of Hazardous Waste Materials, Hazardous Effects and
Disposal Methods", Vol. 1, Report PB 221-465. Booz-Allen Applied
Research, Inc. Available from National Technical Information Service,
Inc., Springfield, Va. (1973).
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7. Gaseous effluents most frequently result fram combustion proces-
ses. They may also be either by-products of chemical reactions or suspend-
ed particulates resulting framn mechanical operations such as grinding.
Principal impurities of combustion gases generally include sulfur dioxide
(S02) particulates (flying ash or carbon), nitrogen oxides (NOy), carbon
dioxide (C0), and mercury campounds fram combustion of certain coals.

8. Chemical products released to the atmosphere are too numerous to
mention, and depend upon the particular industry considered. As examples,
hydrofluoric acid and fluoride compounds evolve fram production of both
aluminum and phosphoric acid; arsine a particularly lethal arsenic cam-
pound, (AsH3) can result fram the burnlng of pyrites or blends in a reduc-

ing atmosphere.

9. Quarrying and mining operations can discharge dust or particulate
matter into the atmosphere, as can plants producing steel, cement, and fer-
tilizers. While dusts may create environmental problems, it is important
to note that they may also create serious occupational hazards if the work
place has been poorly designed or is not properly operated. The human
health problem is of primary importance in these situations.

Liquid Effluents

10. Apart fram normal human wastes discharges, other liquid effluents
from industrial plants consist principally of cooling water and waste by-
products dissolved or suspended in water originating fram the process or
other sources. In many cases the gaseous effluents are stripped of par-
ticulate matter by wet scrubbers which, in turn, discharge to plant sewers.

11. Cooling water, as the namenclature implies, is used to cool pro-
cess materials. It is generally uncontaminated in flowing through the
plant, except for an increase in temperature and for oontaining chromates
used to protect surfaces fram corrosion. When cooling water is combined
with other waste streams, the total effluent will contain these other con-

12. Liquid effluents will generally be at temperatures higher than
those in receiving waters. Therefore, care must be exercised to keep the
temperature differences as small as possible to avoid harmful effects on
aquatic plant and animal species living in the receiving waters.

13. As a general quideline for Bank projects, effluent temperatures
should not be more than 3° C higher than that of the receiving waters.
Where the receiving water temperatures are at 28° C or less, the effluent
temperature may be a maximum of 5° C above that of the receiving waters.
In cases where maintaining these differentials causes excessive increases
in project costs or undue harm to fisheries or other aquatic life, the max-
imum allowable temperature may be determined from the following equation:

me = OT + URLT-OT
—
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Where: Typax = Maximum allowable stream temperature after mixing
OT = Optimum temperature for species affected
URLT = Ultimate recipient lethal temperature for species affected.

14. An important but frequently overlocked source of liquid pollution
is the accidental or deliberate discharge of hazardous materials. Toxic
materials have been known to reach adjacent waterways during plant start-up
periods because of accidents or inadequate preparation. Village wells and
surface supplies have been oontaminated fraom careless disposal of
ion-exchange unit backwash discharges. Where toxic materials are used or
produced in the industrial operations, measures for prevention of
accidental spills should be established and fully described by appraisal
and supervision missions.

Solid Wastes

15. land may become polluted or rendered otherwise unsuitable for
specific uses through addition of waste materials. Among the more camwmon
substances are (1) paper, cartons, plastics, and other packing materials;
(2) rubble fram demolition and other discarded building materials; (3)
stripped soil, exposed erodable soil and tailings fram mining operations;
(4) slag heaps fram smelting operations; (5) pulp, pits, culls, vines and
other organic residuals fram canning operations; and (6) organic sludges
from pulp and paper mills, textile plants and other industrial operations.

16. Iand disposal may include spray irrigation, land farming,
sanitary landfull, deep well disposal and “"secure" hurial.

17. Proper location and operation of disposal sites are principal
factors in handling solid wastes. A general unsightliness, noxious odor
caused by decamposing organic residues, and breeding of disease carriers,
can result fram improperly operated areas.

18. Dust may also create a problem at dump sites that are campletely
dry. These sites should be kept to a minimum or eliminated, depending upon
their composition and the environment surrounding the disposal site.

MANAGEMENT OF WASTES

19. Measurement of effluents, both as to quantity and quality is
basic to a waste management program. Acceptable and recognized techniques
are readily available for this purpose. The management program will in-
volve sampling and analysis of effluents, flow measurements, application of
established standards, and control of discharges through treatment or other
means. Standardized laboratory techniques should be utilized to assure
data acceptability.
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Sampling and Analytical Procedures

20. Monitoring of air contaminants may be accomplished through emis-
sion source testing or atmospheric monitoring. Industrial processes may
inwlve frequent cyclic changes. Therefore source monitoring must be care-
fully timed so that measurements are made when the process is operating in
typical fashion. Fluctuations of peak loadings must be determined. All
waste source variables should be defined so that samples will represent
typical process conditions.

21. Atmospheric monitoring requires establishment of an air monitor-
ing network. Location of the sampling stations should be based on the use
to be made of the data, such as (1) source-oriented monitoring for enforce-
ment purposes; (2) zones of highest projected pollution concentrations; (3)
background data needs prior to industrial development; (4) high population
density areas; and (5) background data needs where industrial development
is not imminent.

22. Analytical methods for air contaminants are described in the 1lit-
erature. Methods are generally classified as chemical or physical, and
cover dustfall, suspended particulate matter, gaseous substances and organ-
ic pollutants.

23. Wastewater sampling points should be such that flow conditions in
the discharge stream will have achieved a homogeneous mixture. The efflu-
ent discharge wvelocity at the sampling point should be high enough to
assure collection of a well-mixed representative sample.

24. Flow measurements are an integral part of any wastewater monitor-
ing program. Selection of a method will depend upon the facilities avail-
able, the degree of precision required, and the conditions under which the
wastes are discharged (batch operations, operating periods, etc.). The
weight of contaminants discharged to a receiving stream can be calculated
fram both the flow rate and the measured concentration of contaminants de-
rived fram the analytical data.

25. Techniques for the qualitative analysis of wastewaters fall into
four categories; chemical, physical, biological and biochemical. Specific
analyses will depend upon the nature of the industrial operation and other
factors determined on a case-by-—case basis.

26. All significant waste streams, including single or canbined
flows, which are present or planned, should be described in terms of flow
' rate (voluleetric) and their chemical, physical, and biological characteris-
tics. If partial or full treatment of the waste stream is being or will be
provided, a full description should be furnished by the missions.
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27. Solid wastes fram industry often pose special problems such as
non-degradability (plastics) and toxicity (chemical residues). In estab-
lishing disposal methods, solid wastes should be classified and rated as to
their effects such as (1) human toxicity; (2) groundwater contamination;
(3) biodegradability; and (4) mobility. Chemical, physical, and biological
methods, as described above, are normally used to analyze air and water
effluents fram solid waste disposal areas.

28. Quantities of solid wastes are measured in terms of both wvolume
and weight. Leachates are measured by oollecting all drainage from the
disposal area, and passing it through a device for flow measurement and
sample ocollection.

Units of Measurement

o}

29. In order to permit comparison of data between projects it is es-
sential that, insofar as possible, the same units be used in reporting en-
vironmental data. With the rapid novement towards universal use of metric
units throughout the scientific and technical commnities, Bank missions
shouldfconfine themselves to that system.

-
4

30. More camonly-used metric units are as follows:

Gaseous Effluents: Micrograms per Normal cubic meter Pg/m3 (normal)*
Milligrams per Normal cubic meter mg/m3 (normal)

Grams per Normal cubic meter g/m3 (normal)
Liquid Effluents:
Milligrams per liter mg/L
Micrograms per liter ,.xg/L
Solid Effluents: Milligrams per kilogram of mg/kg
solid waste (dry basis)
Flows: Liters per second Lés
Cubic meters per hour m3/h
Pressure: Kilograms per square centimeter kg/cm2
. Newtons per square centimeter N/cm2
'i\a'rperature: Degrees Centigrade °C

* Normal ‘Conditions: 0° C, 101.3 kPa (760 mm Hg)
kPa - kilo Pascals
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Application of Standards

31. "Standards" are be defined as levels at which specific materials
may be safely discharged to the environment. "Standards"”, "regulation",
and "norm" are terms frequently applied very loosely in appraising a
plant's performance. A strict definition may differ between ocountries, or
even between regions in the same country. Therefore, appraisal and super-
vision missions should clearly define standards used in rating effluent
disposal performance. Data for both standards used amd a plant's perform-
ance should be expressed in units of contaminant per unit of production of
raw material input.

Effluent Controls

32. Reduction of waste effluents to meet applicable discharge stand-
ards can be accamplished by in-plant measures (process changes, good house-
keeping, etc.), treatment systems, or some combination.
g

33. Measures for reducing gasecus effluent contaminants include (1)
operational improvements; (2) increasing stack height; (3) removal of gases
by adsorption, absorption, catalytic conversion, or other methods; and (4)
particulate removal systems such as filters, sedimentation, centrifugal
separators, electrostatic precipitators, wet scrubbers or other equipment.

34. Techniques applicable for liquid effluent disposal include in-
plant measures and process changes, discharge to municipal treatment
systems, or on-site treatment facilities designed to reduce specific con-
taminants. When releasing liquid effluents, precautions must be taken to
avoid contamination of adjaceant aquifers, particularly in the case of
deep-well injection. Thorough tests, using tracer dyes or other methods,
should be conducted at each specific location where it is planned to use
this method.

35. Handling and disposal of solid wastes must give attention to the
land at the disposal site, as well as the effect of disposal methods on air
and water resources. Sites should be designed and operated to prevent, or
minimize or properly channel runoff. Runoff oollection and settling have
been effective for this purpose. Latex films ocovering waste piles have al-
so been effective. Unprotected waste piles are subject to leaching which
may result in acidic or alkaline effluents percolating to streams or aqui-
fers used .for water supply.

36. Appraisal missions should make certain that engineering designs
for the project have incorporated necessary treatment equipment and ocon-
trols to.achieve predetermined acceptable levels of effluent quality. The
mission should also make certain that equipment cost is included in pro-
ject funding, and is properly scheduled for procurement and delivery.
Plans should also be developed for the training or employment of personnel
to efficiently use the equipment. The sampling and analysis program should
be critically reviewed to assure camplete coverage of industrial opera-
tions, including night shifts and weekends.
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37. Supervision missions should ascertain that pollution control
equipment has been installed, that it is being efficiently operated, and
that adequate monitoring is being provided to assure continuing conformance
with control requirements.

38. In all cases, proposed or actual handling of waste materials and
final effluents should be campletely described. This is particularly im-
portant with large projects involving several contractors. Where treatment
elements are being planned and designed by different organizations or agen-
cies, it must be ascertained that these elements are campatible with each
other and will result in an overall system that reduces plant discharges to

acceptable levels.
ENERGY CONSIDERATIONS

39. Fnergy needs for, the individual plant must be considered. The
" fuel requirements for optimum operation of a plant have been determined for
a nmuber of industries: Fuel consumption for new plants should readily
meet the established levels or ranges. Failure to meet these limitations
should be fully explained by the Bank's missions.
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INDUSTRIAL LIQUID EFFLUENT

LAND DISPOSAL AND LAND TREATMENT

1. When land is available and concentrations of toxicants are low
enough, land disposal is the simplest technical and the most economical way
to dispose of liquid effluents.

2. If the effluent is suitable, it can be used for land treatment
including irrigation and soil desalination.

Land Disposal

3. In this technique, the effluent is spread on a piece of land for
a few hours, then on a second piece for the same amount of time, and so on
until it is possible to come back to the first when the water has been ab~
sorbed and the biological oxidation completed.

4. It is difficult to give figures in a general guideline. The area
required depends on the type of soil, its thickness and on the characteris-
tics of the industrial wastes. It is advisable to err on the conservation
side when estimating the land necessary and this estimation should be left
to specialists.

5. All agro-industries liquid effluents (i.e. slaughterhouses,
dairies, sugar plants, etc.) can probably be disposed of on land as most of
the impurities can be subjected to biologial oxidation.

6. The US EPA estimates that land disposal is 20% more econamical
than the usual techniques. When the effluent contains nitrogen and/or
phosphorus, land disposal is an easy way to prevent eutrophication of a
lake or a river.

Land Treatment

7. Certain industrial effluents can be beneficial if used on the
land. A few industries produce water as a by-product (i.e. urea). When
this water is pure, as in the case of urea, it can be used in irrigation.
(Because of the continuous supply 1/, crops can increase fram ane per year
to two or three). —

' l/ The yearly plant turn around can be done during the monsoon season,
and/or crop harvesting.
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8. Cooling water used in process industries can also be used for ir-
rigation if chromates are replaced by phosphates as corrosion irhibitors,
and if free chlorine is kept to a low value.

9. This raises the question of considering the industrial effluents
one by one instead of mixing them in a pond or lagoon and then deciding on
the treatment. Some effluents can be used without treatment, others with
some very slight treatment, and these two could then be disposed of on the
land or even used in irrigation. The balance must be treated and discharg-
ed in a waterway or in the sea.

10. The advantages of land treatment affects not only the econamics
of the project but also of the agriculture in the region. For this reason,
land treatment should be considered as the first option in any industrial
project. ‘i
L
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ELBECTROSTATIC PRECIPITATORS (ESP'S)

GUIDELINES

1. Electrostatic Precipitators (ESP's) are one of the best ways to
collect dust from gaseous effluents. Several industries use them exten—
sively; among them, cement, mining, steel and non-ferrous metals. They act
by ionizing the dust particles in the gas stream. The particle is then
pulled towards an electrode by the electrostatic field then removed fram
the electrode and collected.

ESP Design
2. The design takes into account the following factors:

gas flow amd composition
dust concentration in raw gas
dust concentration exit ESP

All other conditions being equal, the dust amount in the gas exit ESP will
determine the characteristics of the precipitators (electrode total sur-
face).

3. If, instead of a 100 mg/m3 concentration we want 50 mg/m3 exit
ESP, we will have to practically double the electrode total surface and, at
the same time, the equipment price. '

4. Fran the preceding, it is easy to see that the most important
technical guarantee is the dust concentration exit ESP. Defining ESP per-
formance by the ratio of dust removed over total dust should be avoided as
this depends on the dust concentration inlet equipment.

5. The US and West German standard is now 50 mg/Nm3 in the stack.

World Bank Guidelines

6. The World Bark guideline will be 100 mg/m3. The concentration
150 mg/3 can be accepted if the plant is in a rural area, and if dust con-
centration at grourd level is within World Bark guidelines inside the plant
fence and 260 jg (microgram)/m3 maximm outside the plant fence.

7. Up to 1980 the ESP for LDCs were designed usually for 300 mg/m3.
This has created problems particularly in oonjunction with low level
stacks. The decrease to 100 mg/m3 will also have the added benefit of de-
creasing the shut down time and the maintenance cost on the extracting
fan. At 300 mg/m3 in a power station using normal coal (10% ash), the fan
has to be shut down every 3 to 4 months to rebalance or replace some
blades.
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ETHANOL PRODUCTION

ENVIRONMENTAL GUIDELINES

1. Ethanol, an organic chemical, is commonly used as an industrial
solvent, in medicine, and in the manufacture of alcoholic beverages. It
can be used as a fuel, but is costlier than hydrocarbon fuels.

2. Ethanol (ethyl alcchol) can be produced by fermentation from any
of three main types of biomass raw stocks: (a) sugar bearing materials
(such as sugarcane, molasses, and sweet sorghum); (b) starches (such as
cassava, corn, babassu mesocarp, ard potatoes); and (c¢) celluloses (such as
wood and agricultural residues).

3. Production of ethanol fram these materials first requires oon-
version of the carbochydrate into soluble sugars (except when sugar bearing
materials are used), then fermentation of the sugars into ethanol, and fin-
ally separation of ethanol from water and other fermentation by-products by
distillation.

RAW MATERTALS

4. Sugarcane is considered to be the most suitable raw material. It
not only requires the simplest conversion method but its processing also
generates a waste product called bagasse. Bagasse is generally dried and
used as a fuel for generating steam and power needed for crushing, fermen-
tation, and distillation operations. One ton of sugarcane having an average
sugar content of 12.5 percent produces about 70 liters of ethanol by direct
fermentation of the Jjuice. Sugarcane gives one of the highest ethanol
yields per hectare of crop land, and is currently the most cammonly used
raw material worldwide.

5. Cane molasses, a by-product resulting fram the extraction of
sugar fram cane and known as blackstrap molasses, has been the most widely
used raw material. Production of one ton of sugar yields 190 liters of mo-
lasses, containing 50 to 55 percent fermentable sugar. A ton of molasses
(consisting mainly of sucrose, glucose, and fructose) will yield about 280
liters of ethanol. Sugar production fram beets will also yield molasses
which ocould be used as a source for ethanol.

6. Main starch materials of interest as ethanol sources are cassava
(also called mandioca) and corn. Cassava is a root widely grown as a sub-
sistence crop in a mumber of developing countries. Under proper condit-
ions, cassava yields can reach 20 tons per hectare. One ton of cassava
yields about 180 liters of ethanol. Use of cassava produces no suitable
residual energy source.
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7. Historically, corn has been used principally for fermentation in
whiskey production, and as a minor source of industrial alcchol. Consider-
able work is currently underway to produce ethanol for use as a gasoline
blend. Corn yields average 6 tons per hectare, and a ton of corn yields
about 368 litérs of ethanol. Corn-based ethanol plants do not produce any
residual fuel suitable as an energy source.

8. Wood and agricultural crop residues are the principal cellulosic
materials used. Ethanol production fram this source is more camplex and
larger in scale than that from sugar and starches. No commercial scale
processes, suitable for use in developing countries, are currently avail-
able. Considerable development work is presently being carried cut in many
countries, and this may became an important biomass source at same future
time. Since this source is not commercially proven, it will not be dis-
cussed further in this document.

MANUFACTURING PROCESSES

9. In a plant using sugarcane as the raw material, cane is washed,
crushed, and then filtered to separate cellulose (or bagasse) from the sug-
ar juice. The juice is concentrated and sterilized. This is followed by
yeast fermentation of the juice in a batch system. Yeast is removed by
centrifuging, treated (to grow additional yeast), and recycled to the fer-
mentation system. Bagasse is dried and burned to generate steam and power
to meet in-plant requirements.

10. Conventional ethanol technology uses batch fermentation with com-
mon strains of yeast to produce a solution containing 8 to 10 percent alco-
hol after 24 to 72 hours fermenting. A concentration of 8 to 10 percent
ethanol is the maximum achievable in batch systems.

11. Fermented mash (called "beer") is sent to a stripping colum.
Here, two separate streams are made, the ethanol product stream (with a
trace of water) and a waste stream, called stillage. The stillage con-
tains most of the water and the fermentation solids. It must be properly
discarded to avoid envirommental pollution.

12. The stream containing the ethanol is distilled in a multistage
colum to a concentration of about 94 percent ethanol. Anhydrous ethanol,
having 99.8 percent purity, is produced in a third distillation colum by
adding benzene and further distilling. Benzene is separated fram the alco-
hol and recycled.

13. If the end product is to be hydrous or straight alcchol, contain-
ing 94 percent ethanol, the third distillation step is not used, thus redu-
cing steam requirements and eliminating the need for benzene.

14. The basic process for other sugar materials is the same as des-
cribed above. The size of fermentation and distillation units might be
different, depending upon raw materials used and resulting materials bal-
ance. For these sugar materials, fermentation takes 4 to 5 times longer
than in the case of sugarcane.
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15. Operations in a starch based ethanol plant are also similar, ex-
cept that mash preparation is required prior to fermentation. Cassava
roots, (containing 25 to 30 percent starch) are frequently used. First,
they are washed, peeled, and liquified in a cooker. Liquified starch is
broken down into fermentable sugar by adding two enzymes: amylase and gluco
amylase. Once fermentable sugar is formed, processing is identical to that
for sugarcane, beginning at the fermentation step.

16. Cassava roots contain essentially no cellulose. No bagasse is
formed and energy requirements must be suplied from external sources.

17. Other starch bearing materials use practically the same process-
ing procedures as cassava, although preparation facilities must be designed
for the particular crop being used.

18. A process flow diagram for sugarcane and starch-based plants is
presented in Figure 1.

19. Technology for production of ethanol fram biamass has not changed
greatly in recent years. However, with the increasing interest in the use
of alcchol as a fuel, several efforts are underway.

20. Continuous fermentation, though not yet ocommercially developed,
can yield liquor with up to 12 percent alcohol content. Additional micro-
biological research is in progress to improve yeast strains to yield higher
alcohol concentrations during fermentation. This technology is expected to
reduce energy requirements for distillation and simultanecusly reduce stil-
lage volume as well.

21. Use of agricultural wastes for feedstock or fuel purposes and the
development of new or improved crops as raw materials are also receiving
same attention. A major constraint in utilizing cassava and corn is the
need for external fuel sources. Certain agricultural waste products could
be made suitable for fuel purposes by modifying current boiler designs.

WASTE SOURCES AND CHARACTERISTICS

22, Ethanol production produces a number of waste products having an
impact on the enviromment. No extremely toxic waste streams are associated
with the bicmass conversion technologies. Occasionally same heavy metals
may be found, but this is rare.

23. Sources of air emissions for a particular ethanol facility will
depend upon the feedstock used. The utilization of grains rather than sug-
ar feedstocks will generate particulate emissions”during unloading, load~
ing, conveying, rough grinding, screening, cleaning, and fine milling the
stock.

24. Generally, air emissions originate fram fermenter vents as well
as the condenser vents on distillation columns. Fugitive wolatile organic
canpound emissions also occur at valves, pumps, flanges, open-ended lines,
and storage tanks, throughout the plant.
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25. Carbon dioxide is produced during fermentation. Due to high re-
covery costs, the gas is usually vented to the atmosphere. Trace amounts
of ethanol may occasionally escape with the carbon dioxide. Trace amounts
of benzene may also escape fram the dehydration/benzene recovery process,
in both the gasecus and liquid wastes. Benzene discharges are not oonsid-
ered harmful so long as they are limited to trace amounts. Such dischar-
ges should be regularly monitored since benzene is a known carcinogen and
is highly explosive. Regular equipment maintenance and proper housekeeplng
procedures will generally provide adequate control.

26. Fusel oils produced as one of the fractions in the distillation
ocolumn, consist mainly of amyl or isocamyl alcohols and glycerol. About 5
kilograms of fusel oils are produced per 1000 liters of ethanol. This val-
uable by-product is either sold to outside markets or blended with the eth-
anol as a fuel denaturant. (A denaturant is an additive which, once com-
bined, is very difficult to separate ard makes the mixture unfit for human
consumption). Molasses fermentation yields about 1.1 liters of fusel oil
per 1000 kilograms of feedstock. With corn the yield amounts to about 3
percent of the alcchol produced.

27. Stillage consists of non-fermentable material, and can be removed
at various points in the production process. The most commonly used meth-
od, resulting in minimum ethanol loss, is to withdraw it from the bottom of
the still during or after distillation (thus the term stillage). This
waste can have a biochemical oxygen demand (BODg) as high as 40,000 mg/
liter and contain about 10 percent of solid material. Stillage contains
same fertilizer nutrients made up of about 1 percent nitrogen, 0.2 percent
phosphate, and 1.5 percent potash.

28. Yeast grows rapidly in the fermentation step, and the excess is
generally recovered, purified, and recirculated into the system. Yeast re-
covery will amount to about 72 grams per liter of ethanol produced.

29. If steam and power for conventional sugarcane base operations are
generated fram burning bagasse, particulate emissions may result. Where
sugarcane is not the biomass source, fossil fuels are generally used and,
dependent upon the choice of fuel, emissions of sulfur oxides, nitrogen ox-
ides and particulates may result.

30. Cooling tower blowdowns are another waste source. This stream
(having high ooncentrations of dissolved inorganic material) will be high
in solids but low in BODg. Feedstock plant and equipment washes constitute
ancther signifiant waste stream, and can acount for up to 20 percent of the
total BODg loading.

31. < Fly ash, coal dust, and grain dust are the primary solid wastes
resulting $ram fermentation process using coal as a source of fuel.
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EFFLUENT LIMITATIONS

32. Many of the waste materials resulting from ethanol production
yield valuable by-products, or are suitable for other uses. For other pol-
lutants,as discussed below, treatment methods are available for eliminating
or reducing their discharges to the environment.

33. Whare disposal to the environment is unavoidable, ambient levels
should not exceed the following:

Air BEmissions

Sulfur Dioxide (as SO3): Ann. Arith. Mean 100 }.1g/m3
Max. 24-hr. Peak 1000 ).lg/m3
Nitrogen Oxides (as NOj): Ann. Arith. Mean 100 }Jg/m3
Particulates: Ann. Geam. Mean 75 pg/m3
Max. 24-hr. (once 260 /Jg/m3
per year)
Benzene 1 ppm

Liquid Wastes

5-Day BOD : 30 to 60 mg/L
Suspended Solids : 30 to 60 mg/L
H : 6 to 9 Units
WASTE CONTROL TECGHINOLOGY
34. Emissions from w.e variocus steps in the process can be reduced to

acceptable levels by use of conventional mechanical collectors or wet
scrubbers. This will remove or drastically reduce both the particulates
and gases. A liquid waste, containing the particulates as suspended
solids, will be produced and will require disposal.

35. Carbon dioxide is recoverable, and it may be economical to do so
if a market is readily available. It can be used in the manufacture of
carbonated beverages, fire extingquishers, dry-ice production, food process-
ing, and the chemical industry. Some 70 to 80 percent of the carbon diox-
ide is recoverable. Thé gas contains a few impurities (such as aldehydes
and alcchols) and these’do cause odors. They can be readily removed by ab-
sorption or adsorption.

36. Fusel oil is a conbination of higher alcchols, its composition
depending upon the crop used to supply the sugar base. It can be used as a
feedstock in chemical production and as a solvent. It may also be burned
as a fuel. In large scale fermentation it is removable in an extra column,
fractionated, and marketed as a by-product. Removal is not practical in a
small scale plant.
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37. Stillage constitutes by far the major liquid waste requiring dis-
posal. It is high in both BOD ard suspended solids (in the range of 30,000
to 40,0000 mg/liter), and volumes will be in the range of 10 to 15 times
the volume of the ethanol produced. The waste has found wide usage in many
countries as animal feed, fertilizer, and for crop irrigation.

38. Starch crop fermentation stillage ocontains non-fermentable solids
in suspension and in solution. The waste can be applied directly to the
land as a fertilizer, but the amounts must be carefully monitored, because
of their acidity and odor. The coarser solids can be separated, dried, and
blended with the dried soluble material. These are normally referred to as
distillers dark grains (DDG) or, when cambined with the dried soluble ma-
terial, as distillers dried grains with solids (DDGS). The nutritional
value of these products for animals will vary according to the feedstock
and production process used.

39. Stillage products fram beverage distilleries are generally all
used for animal feed. The bourbon whiskey industry is the main source,
with corn being the principal feedstock. Wheat and rye stillages are also
used for this purpose. In addition to supplying protein and energy, such
feeds also act to stimulate digestive processes in ruminants. Distillers
feeds have been found to be of benefit to chickens, turkeys, beef and dairy
cattle, calves, sheep, swine, and warm—water fish.

40. Residue fram molasses fermentation is also used as an animal
feed, but mainly for dairy cattle. It is also used as an antidusting agent
in feed mixing and handling. The residue contains potash salts, nitrogen
compounds, and phosphates ard hence can be used as a fertilizer. As a fer-
tilizer, it can be applied directly to the soil as a liquid, but costs and
logistics tend to limit its use to areas close to the fermentation facili-
ties. Excessive use can create a number of problems, such as proliferation
of insect pests.

41. Under normal operations the stillage, after removal, is separated
into solids and liquids (thin stillage). After initial screening and pro-
cessing through a dewatering press the solids will still contain about 65
percent water, and are known as wet stillage. This may be fed directly to
livestock. One head of cattle will consume the stillage produced fram pro-
duction of about 3.8 liters of ethanol. Further drying is necessary if
long-distance transportation or long-term storage is required. The dried
material must be protected fram insects and rodents.

42. -The thin stillage of fermented grains also ocontains valuable pro-
teins and carbohydrates, but it is difficult to dry any further. It is
acidic and may be applied directly to the soil through irrigation systems.
It may alss be anaerobically fermented to produce methane.

43. Where stillage wastes are not used for by-product recovery or
other beneficial use, they should not be dicharged to surface waters with-
out treatment. If volumes are small in relation to the capacity of an
available publicly owned sewage treatment plant, the wastes may be dis-
charged to public sewers.
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44. If large volumes are to be handled, then treatment should be pro-
vided at the plant site. The nature of this waste is such that treatment
methods normally used for domestic sewage may be applied. Secondary treat-—
ment, such as activated sludge or trickling filters, may be used after same
form of pretreatment to remove the high concentrations of organic materials
and solids. The BODs and suspended solids should be reduced to the 300
mg/liter range before secondary treatment. Again depending on volumes,
settling ponds or lagoons may also be used, particularly if the operation
is seasonal and based on the availability of crops. Care must be taken to
avoid damaging ground waters.

45. The liquid waste from the wet scrubbers should receive treatment
before discharge to the enviromment. Since the principal contaminant is in
the form of suspended solids, the discharge can go to settling or evapora-
tion ponds.

46. The principal solid wastes will be the sludges resulting fram in-
plant waste treatment facilities and the settled solids fram any ponds op-—
erated at the site. Consideration should be given to possible recovery of
valuable by-products fram the solids which are generated. Otherwise the
solids should be removed and dumped on controlled (such as diked) areas in
the plant. Means should be provided for preventing rain runoff into nearby
surface or ground waters.

47. Ocean disposal of wastes is to be avoided whenever possible.
However, when no other options are available and it becames a method of
last resort, expert services should be engaged to design the system. This
is a highly specialized field, in which only a few designers have had ex-
tensive experience.

48. Initial planning for an ocean cutfall should include a comprehen-
sive survey of the proposed ocean discharge area to determine the follow-
ing, as a minimm:

(a) Currents - direction, magnitude, frequency, variation
with depth, relation to tide, water displacements, etc.;

(b) Densities - variation with depth, as determined fram salinity
and temperature data and standard tables;

(c) Submarine topography, geology, and bottam materials;
(d) Marine biology; and

(e) Turbidity, dissolved oxygen, and cother physical and chemi-
cal characteristics.

49. The data derived fram this survey should be the basis for design
of the ocutfall and diffusion system. Wastes discharged into the ocean are
subject to three stages of diffusion or mixing:
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(a) Initial jet mixing, which is influenced by jet strength,
currents, and density differences;

(b) Development of a homogeneous diffusion field; and

(c) Turbulent diffusion of the entire waste field due to
natural oceanic turbulence.

50. The factors influencing these stages will include:

(a) oOutlet design. For optimum dilution the jets should dis-
charge horizontally with no initial upward velocity:;

(b) Number of outlets. A multiple ocutlet diffuser will dis-
charge over a large area and provide more effective
dilution and dispersion. All cother factors being equal,
the single outlet unit will generally require a longer
distance and greater depths to the point of discharge;

(c) Diffuser velocity. The velocity in all parts of the
diffuser should be sufficient to prevent deposition of
residual particles. For settled wastes a velocity in the
range of 0.61 to 1 meter per second is considered a minimum;

(d) Flow distribution. The outflow between the various
diffuser cutlets should be fairly uniform. Where this
may be difficult, as in the case of a sloping sea bottaom,
the distribution should be fairly uniform at least for
the low and medium flows anticipated; and

(e) Prevention of seawater intrusion. Seawater entering the

pipe becomes stagnant, and will tend to trap grit and other
settleable materials, causing reduction of hydraulic capacity.
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GUIDELINES

FERTTLIZER MANUFACTURING WASTES

1. Fertilizer use has increased sharply in recent years. By 1973,
total world consumption of N-P-K (nitrogen-phosphorous-potassium) fertiliz-
ers had reached 77 million metric tons, having doubled over the preceding
eight years. largest tonnage increases were in developed countries of
Europe and North America, but greatest percentage increases were in lesser
developed regions of Asia, Africa and Latin America.

2. While fornulation of fertilizers, as well as other manufacturing
aspects will vary between plants ard countries, there are many cammon pro-
duction elements in which affect both discharge of waste effluents and sub-
sequent environmental effects.

MANUFACTURING PROCESSES

3. Fertilizer plants produce two types of product - nonmixed (or
straight) and mixed. Nonmmixed fertilizers contain only a single major nu-
trient, while mixed fertilizers contain two or more primary nutrients. For
purposes of these guidelines the industry will be further subdivided as
follows:

Nommixed Fertilizers

Nitrogen Based
—-Ammonia

--Urea
—~~Ammonium Nitrate

Phosphate Based
—Phosphoric Acid
~-Normal Superphosphate
—Triple Superphosphate

Mixed Fertilizers

Ammonium Phosphate and N-P-K's

4. Nitrogen fertilizer manufacture includes four basic process
plants: amonia, urea, nitrate, and nitric acid.
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5. Ammonia is the basic nitrogen fertilizer constituent, and is pro-
duced by reaction of hydrogen with nitrogen. Urea, another major nitrogen
source, is produced by reaction of ammonia with carbon dioxide to form am-
monium carbamate, which in turn is dehydrated to form urea. Urea plants
usually share a common site with like-size ammonia plants, so that the lat-
ter not only supplies ammonia but also high purity carbon dioxide needed to
produce urea.

6. Ammonium nitrate is produced by reaction of ammonia with nitric
acid. The resulting product is a solution, which can be sold as a liquid
or further processed into a dry product. In some cases the final dry form
will be prills (or pellets). 1In other cases the final product will be
crystals.

7. Nitric acid is produced in many plants for use in manufacturing
nitrogen fertilizers such as ammonium nitrate. Nitric acid is generally
made by partial oxidation of ammonia with air, followed by further oxida-
tion and absorption in water to produce a 55 to 65 percent solution.

8. Phosphate fertilizer facilities are usually separated geographic-
ally fram nitrogen facilities, and therefore are discussed separately in
these guidelines. The manufacturing process is comprised of eight separate
components: sulfuric acid production, phosphate rock grinding, wet process
phosphoric acid production, phosphoric acid concentration, phosphoric acid
clarification, and preparation of: normal superphosphate, triple superphos-
phate, and ammonium phosphate, respectively.

9. The basic components are sulfuric acid production and wet process
phosphoric acid production. Sulfuric acid is the essential raw material
in producing phosphoric acid and normal superphosphate. It is now usually
manufactured by the Contact Process, using elemental sulfur, air, and
water.

10. Raw materials used in producing phosphoric acid are ground phos-
phate rock, sulfuric acid, and water. Other acids, such as nitric and hy-
drochloric, may also be used. The resulting phosphoric acid solution is
concentrated by evaporation, clarified for removal of precipitated solids
(consisting mainly of iron and aluminum phosphates, soluble gypsum, and
fluorosilicates) and then distributed to markets.

11. Normal superphosphate is produced by mixing 65 to 75 percent sul-
furic acid, ground phosphate rock, and water. Following mixing and initial
settling of 1 to 4 hours, the mixture is transferred to storage for 3 to 8
weeks to allow complete chemical reaction between the acid and the rock.
The basic chemical reaction is as follows:

Ca3(PO4)2 + 2H2SO4 + SH0

2 CaS04.2H20 + Ca(HPO4)2.H20

(Normal Superphoshate)
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12. Triple superphosphate (TSP) is produced by cambining phosphate
rock, phosphoric acid, and water. Two types of TSP are manufactured, using
the same raw materials: Run-of-Pile (ROP) and Granular Triple Superphos-

phate (GTSP).

13. The ROP process is similar to that used for normal superphos-—
phate, except that phosphoric acid is used instead of sulfuric acid. Mix-
ing of the phosphoric acid and phosphate rock is done in a cone mixer.
This produces a slurry, which rapidly becomes plastic and solidifies. So-
lidified material passes throuch a rotary mechanical cutter, which breaks
it up and discharges to storage piles for curing. Following 2 to 4 weeks
of curing, the product (triple superphosphate) is taken from storage, sized
and shipped to markets. The solidification process may release ocbnoxious
gases which can create air pollution problems.

14. The GTSP process utilizes a lower concentration of phosphoric
acid, different proportions of the same ingredients, and other changes fram
the ROP process. The product is a hard, uniform, pelletized granule made
in equipment which permits easy collection and treatment of dusts and nox-
ious fumes.

15. Ammonium phosphate fertilizers are produced in two major formula-
tions: monoammonium phosphate (MAP) and diammonium phosphates (DAP).
These vary in the amount of nitrogen and phosphate present. The two pri-
mary raw materials, in either case, are ammonia and wet process phosphoric
acid. Sulfuric acid is sometimes used in certain MAP formulations. The
final granular product is dried, cooled, and shipped. Small sized granules
are separated and used as recycle material.

16. During the past several years there has been a trend towards cam-
pound fertilizers. While these have always been popular in the United
States, their use has grown considerably in Western Europe and Japan.
These coumpounds (sametimes referred to as mixed fertilizers) are produced
by mixing inorganic acids, various solutions, double nutrient fertilizers,
and certain types of straight fertilizers mixed in accordance with require-
ed N-P-K ratios. Another form of compound fertilizers, called blend ferti-
lizers, are produced by simple combination of granular dry straight and
mixed fertilizers, again, in accordance with the N-P-K ratio required.

SOURCES AND CHARACTERISTICS OF WASTES

17. Fertilizer industry wastes can affect air, water, and land re-
sources of an enviromment. Pollution problems arise fram low process effi-
ciency, disposal of umwanted by-products, contaminants in flue dusts and
gases, oontaminants in process oondensates, and accidental spills or
losses.

18. In production of nitrogen fertilizers, no air pollution results
fran ammonia and urea manufacture. Overhead vapors fram neutralizers in
the reaction of ammonia with nitric acid to form crystal ammonium nitrate
which may lead to an air pollution problem. However it can frequently be
handled by cyclones or baghouses. Concentrator and prill tower exhausts
can contain ammonium nitrate particles and may also result in an air pollu-
tion problem.
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19. Liquid wastes fram the nitrogen fertilizer industry can originate
from wastewater treatment plant effluents (filtration, clarification, soft-
ening, deionization), closed loop cooling tower blowdown, boiler blowdown, -
compressor blowdown, process condensates, spills or leaks, and nonpoint
source discharges. Nonpoint polluted water sources may originate fram air--
borne ammonia dissolving into falling rain or snow, or prill dusts or other
materials lying on the plant grounds, dissolving into rairwater as it runs
off variocus surfaces in the vicinity of the fertilizer plant.

20. Since air pollution problems for a nitrogen fertilizer complex
are considered minor in nature, no air pollution parameters are applied.
Major wastes are liquid in nature and are measured in terms of ammonia ni-
trogen, organic nitrogen, nitrate nitrogen, and hydrogen-ion concentration
(pH). S ‘ L

21. - Phosphate fertilizer plants generate considerable amounts of dust
in grinding phosphate rock. Fluorine (as SiF4) may evolve in the acidula-
tion process (changing phosphates in phosphate rock fram an insoluble to a
soluble state). Air pollution problems are caused by ROP production.
While dust and omoxious fumes result fram GISP production these are read-
ily oollected and treated. '

22. Liquid effluents include water treatment plant wastes, cooling
tower and boiler blowdowns, make-up water, spills and leaks, surface run-
off, and gypsum pond water. OCooling is generally by indirect means, and
cooling waters are not contaminated. In the United States the majority of
phosphate fertilizer plants impound and recirculate all water which has
direct contact with process gas or liquid streams. Uses include barometric
condensers, gypsum sluicing, gas scrubbing, and heat exchangers. This con-
taminated water is normally not discharged fram the plant complex.

23. Fluoride emissions are the principal air pollution concern in
phosphate fertilizer plants. Hence this is the only air pollutant for
which effluent limitations are provided in this guideline. Primary param-
eters for liquid wastes are phosphorous, fluorides, suspended solids, and

pH.

24. For all fertilizer plants, solid materials may be fourd in stor-
age piles, settled dust, and similar forms. As rain water falls upon these
dust sources, dusts may be swept into the raimwater runoff. This will in-
crease both the dissolved and suspended solids levels in these runoff
waters.

EFFLUENT LIMITATIONS

25. " Effluent limitations are given below for nitrogen, phosphate, and
mixed fertilizer plants. The permissible levels are based on best current-
ly available demonstrated control technology.

26. For all plants, where applicable, the ambient air quality levels
should not exceed those given in Table 1, to assure public health protec-
tion.
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Nitrogen Fertilizer Plants

27. Except for ammonia, as given in Table 1, air emissions fram ni-
trogen fertilizer plants are usually of minor importance under proper op-
erating conditions. Therefore, no cother limitations are included for gase-
ous effluents fram this type of plant. Limitations for liquid effluents
fram nitrogen plants, as presented in Table 2. Where applicable, gaseous
nitric acid effluent limitations are the same as those for phosphate ferti-
lizer plants, as shown in Table 3.

Table 1 — Ambient Air Quality Limitations a/

Pollutant Period Limitation
pa/m3 B/
Particulates Ann. Geom. Mean 75
Max. 24-Hours 260
Sulfur Oxides:
Inside plant fence Ann. Arith. Mean 100
Max. 24-Hour peak 1000
Outside plant fence Ann. Arith. Mean 100
Max. 24-Hour peak 500
Carbon Monoxide Max. 8-Hour 10,000
mx- 1"m 40'000
Photochem. Oxidants Max. l-Hour 160
Hydrocarbons Max. 3-Hour 160
Nitrogen Oxides Ann. Arith. Mean . 100
Ammonia Max. 8-Hour 72,000

a/ Fram "Expert Group Meeting on Minimizing Pollution From Fertilizer
Plants". Helsinki, 26-31 August 1974. UNIDO. Viemna (1974).

b/ ,.1g/m3: Microgram/cubic meter.
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Table 2 —— Liquid Effluent Limitations for Nitrogen Fertilizer Plants

Limitation - Kg/Mg

Type of Plant Parameter of Product
Daily Max.
Ammonia Ammonia as N 0.11
Urea
Non-prilled Ammonia as N 0.065
Prilled " 0.065
Non-prilled Organic N as N 0.24
Prilled . 0.7
Ammonium Nitrate
Non-prilled Ammonia as N 0.05
Prilled " 0.10
Non-prilled Nitrate as N 0.025
Prilled " 0.05
All Plants B (no units) 6 to 9
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Phosphate Fertilizer Plants

28. Limits on gaseous emissions fram phosphate fertilizer plants are

presented in Table 3.

Table 3 —— Gaseous Hmission Limits for Phosphate Fertilizer Plants

Process

Parameter

Limitation

Nitric Acid

Nitrogen Oxides (NOy)
Visible Emissions

1.5 kg/Mg Product
10% Opacity &/

Sulfuric Acid

Sulfur Dioxide (S03)

Acid Mist

Visible Emissions

2.0 kg/Mg Product
as 100% Acid

0.075 kg/Mg Product
as 100% Acid

10% Opacity 3/

Wet Process Phos-

Fluorides (as F)

10 gm/Mg Equiv. b/

Gran.

Storage Facility

phoric Acid P2 O5 Feed
Superphosphate Fluorides (as F) 5 gm/Mg Equiv.
Py Og Feed
Triple Superphosphate-| Fluorides (as F) 5 gm/Mg Equiv.
ROP and Granular P2 Og Feed
Visible Emissions 20% Opacity 3/
Triple Superphosphate-| Fluorides (as F) 0.25 gm/hr/M ton

Equiv. Py Og Stored

9_/ "Opacity" is defined as the degree to which emissions reduce the
transmission of light and obscure the view of an object in the

background.

b/ g = gram

1 megagram = 1 metric ton

1 Mg = 1 metric ton
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29. Process waste liquid effluents should not be discharged.
Impoundment design should be adequate to hold all waste streams and all
runoff expected fram the maximum 10-year, 24~-hour rainstorm for the area.
In any calendar month when precipitation exceeds evaporation, a volume of
waste flow equivalent to the difference between the two may be discharged,
but subject to the following limitations:

Max. Daily
Parameter
mg/L 2/
Phosphorous ~ as P 70
Fluorides - as F 30
Total Susp. Non-
filterable Solids 50
pH (no units) 6 -9
a/ milligram/liter
Mixed Fertilizer Plants
30. For a mixed fertilizer plant, fluorides in gaseous emissions

(measured as F) are limited to 30 g/Mg of Equivalent Py Og Feed. No liquid
effluents are to be discharged.

WASTE CONTROL AND TREATMENT

31. Process control and in~plant procedures can be effective in
minimizing pollution effects from fertilizer plants. Careful application
of such measures can result in significant econamic benefits for plant
operators. Specific measures taken for protecting the environment must be
based on the raw material, processes, climate conditions, and other factors
applicable to individual plants.
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32. . For nitrogen fertilizer plants, ammonia stripping has been found
effective for removing ammonia in process oondensates, and boiler and
cooling tower blowdowns at ammonia, urea, and ammonium nitrate plants. The
stripping medium may be either air or steam, depending upon the use to be
made of the overhead vapors, local air pollution regulations, and other
factors. At urea plants hydrolysis has been used to convert urea in waste
streams back to ammonia and carbon dioxide.

33. Recently a number of investigations have been made into removing
nitrate fram wastewater by the use of biological action in aerated ponds or
basins. Ion exchange units have also been used successfully to remove
ammonia and nitrates from waste waters. At ammonium nitrate plants
condensates contain ammonia, ammonium nitrate, and some oxides of nitrogen,
and these all require treatment before discharge. These condensates have
been used as absorber feed in the nitric acid plant. Thus creating an
internal use of the waste stream which results in recovery of both ammonia
and nitrate. Oils and greases can also present problems in nitrogen
fertilizer complexes, but application of available technology can reduce
these pollutants to less than 25 mg/liter.

34. For phosphate fertilizer plants, technology exists for reducing
contaminants present in waste effluents. Air pollution of SOy fram sulfur-
ic acid plants can be reduced by use of the "double-—contact" process or am-—
rmonia scrubbing. Tail gas fram nitric acid plants, containing oxides of
nitrogen (NOy), can be handled by extended absorption or catalytic reduct-
ion. In general, gasecus emissions as a group can be reduced by the use of
absorber towers. They are either collected as dusts or water scrubbed.

35. Although there should be no discharge of 1liquid effluents fram
phosphate fertilizer plants, rainfall conditions may be such as to require
treatment of discharges on certain occasions. Frequently reductions in
pollutant concentrations can be effected on separate process streams.
Critical points where measures can be applied include: (1) cooling water
blowdown and accidental leakage from sulfuric acid coils; (2) drainage from
waste by-product gypsum piles; and (3) seepage fram gypsum ponds.

36. Because of differences in production of N-P-K fertilizers, re-
sulting pollution problems will vary widely. Usually cyclones and filter
bags will reduce dust emissions in dry-process plants. In other cases
scrubbers will be the preferred alternative and these, in turn, will re-
quire - further pollution control procedures for the resulting liquid efflu-
ent.’
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GUIDELINES

FISH AND SHELLFISH PROCESSING

1. There is a wide variety of finfish and shellfish which could be
processed at projects involving Bank financing. Therefore, it is not pos-
sible to prepare a guideline covering all forms that may be encountered.
This document will deal only with ocean fish and marine life, and will con-
fine itself to a representative group of species,thereby providing informa-
tion considered typical of and applicable to processing, canning, and pre-
serving of fish and shellfish.

2. Specific species to which these guidelines may be applied in-
clude, but are not limited to, salmon, herring (sometimes as sardines in
the immature state), ocean perch, mackerel, halibut, ood, sole, tuna,
clams, oysters, scallops, crab and shrimp.

PROCESSING OPERATIONS

3. Harvesting utilizes a wide range of old and new technologies for
supplying the basic raw material. Techniques fall into one of four general
methods; netting, trapping, dredging, and line fishing. Airplane spotting
and other systems are sometimes used for locating the fish. Once harvested
and aboard the vessel, the catch is either taken directly to a processing
plant or is iced and frozen on board for later delivery.

4. At the receiving point, the catch is unloaded, weighed, and
transported by conveyor or suitable containers to the work area. It may be
processed immediately or transferred to cold storage. Pre-processing pre-
pares the catch for the later operations. It may consist of washing of
dredged crabs, thawing of frozen fish, beheading shrimp at sea, and other
operations prior to butchering. Wastes fram butchering armd evisceration
are usually dry-captured or screened from the waste stream and processed as
a fishery by-product.

5. Except for those portions intended for the fresh fish and seafood
markets, some form of cocking or pre—cocking is usually practiced in order
to prepare the cammodity for the picking and cleaning operation. Precook-
ing or blanching facilitates removal of skin, bone, shell, gills, and other
parts which must be separated before marketing. In some cases steam con-
densate fram this operation is ocollected and further processed as a by-pro-
duct. For example, the condensate or stick water fram the tuna precook.
Stick water is water which has been in close contact with the fish, and
contains large amounts of entrained organics.
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6. End product is prepared in its final form by picking or cleaning
to separate edible fram non-edible portions. Non-edible portions resulting
fram this procedure are usually collected and saved for by-product process—
ing. The cleaning operation may be manual, mechanical, or a combination of
the two. With fresh fish or fresh shell-fish, the meat product is packed
into suitable oontainers and held under refrigeration until shipment to
consumer outlets. If the final product is to be held for extended periods
before consumption, then freezing, canning, pasteurization, refrigeration,
or some combination of these is used for preservation to prevent spoilage.

7. Fish and shellfish, and their waste products, are frequently used
for production of such industrial commodities as fish meal, oconcentrated
protein solubles, oils, liquid fertilizers, fish food pellets, kelp pro-
ducts, shell novelties and pearl essence. Some species are used primarily
for industrial purposes. For example, menhaden and anchovy are utilized
extensively for preparation of fish meal, and added as a protein supplement
in animal feeds; oils are used in shortening, margarine, lubricants, and
cosmetics; and fish solubles are used as liquid fertilizers.

SOURCES AND CHARACTERISTICS OF WASTES

8. Edible product yield is highly variable. 1In general, yields for
shellfish are in the 15 to 20 percent range while that for fish such as
tuna or salmon yield reach the range of 60 or more percent. Extensive
beneficial uses made of non-edible fish portions greatly reduces waste dis-
charge.

9. Wastewater parameters of major importance in the canned and
preserved seafood processing industry are the 5-day, 20° C, biochemical
oxygen demand (BODg), total suspended solids (TSS), carbined oils and
greases, and pH. Normally, these wastewaters contain no hazardous or
toxic materials (heavy metals, pesticides, etc.). Occasionally highly
concentrated sodium chloride (NaCl) solutions may be discharged. These can
interfere with biological treatment systems unless pretreatment, such as
dilution or flow equalization, is provided prior to disposal. :

Salmon

10. Wastewater flow rates in a salmon processing plant will depend on
whether the hutchering operation is carried out by machine or by hand.
Machine operations will result in higher flow rates, (BODs, and TSS). Many
plants will employ both machine and hand butchering, depending on th
species, quanity of catch to be processed and other factors. , »

11. In both fresh and frozen salmon processing, the principal source
of wastewater is the wash tank operation. Here eviscerated fish are
cleaned to remwove adhering blood, tissues lining the body cavity
(mesantaries), sea lice, and visceral particles. A preliminary rinse of
the fish, as caught, is sometimes used to reduce the amount of slime
adhering to the carcass and to facilitate handling. Wash tank and
pre-rinse contribute about 90% of all wastewater flow. The remainder comes
fram wash down of hutchering tables and other work areas.
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12. Wastewater flows fram salmon canning operations are much higher
than preparing fresh or frozen salmon products, particularly where butcher-
ing is done mechanically. Hand butchering and canning cperation is essent-
ially the same as the fresh/frozen operation except for wastes fram fish
cutting and can filling, which will also increase the amount of wastes into
the water.

13. Typical loadings to be anticipated fram these two types of opera-
tions are presented in Table 1.

Table 1 —— Typical Effluent Loadings fram Salmon Processing

Canned
Parameter Fresh/
Frozen 3/ Mech. Hand
Butchered 3/ Butchered 2/
Flow 3,750 L/Mg 19,800 L/Mg 5400 L/Mg
BODs 2.0 kg/Mg 45.5 kg/Mg 3.4 kg/Mg
TSS 0.8 kg/Mg 24.5 kg/Mg 2.0 kg/Mg
Oils/Greases 0.18 kg/Mg 5.2 kg/Mg 7.8 kg/Mg
pH 6.6 6.5 7.0
9_/ All loadings except pH, expressed as per megagram of product.
1 Mg = 1 megagram = 1 metric ton; L = liter.
Tuna
14. Processing tuna requires several unit operations including re-
ceiving, thawing, butchering, precooling, cleaning, canning, retorting,
labeling and casing. Process and waste sources are shown schematically in
Figure 1. This operation requires large wolumes of both fresh water, (us-

uvally fram municipal sources) and salt water pumped directly fram the ocean
or saline wells. Both municipal and saline waters normally come ito con-
tact with the tuna only in those stages preceding the precooking operation.

15. Typical waste flows ard loadings discharged fram a tuna process-
ing plant are given in Table 2.
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Table 2 — Typical Effluent Loadings from Tuna Processing

Parameter — Loadings 2/
Flow - L/Mg 22,300
BODs , kg/Mg - .15
TSS - kg/Mg 11
Oils/Greases - kg/Mg 5.6
pPH 6.8
a/ All loadings, except pH,A expressed as per megagram
of whole tuna processed.

On the average, 45 percent of the raw tuna intake results in food product,
54 percent (viscera, head skin, fins, bone, red meat) in by-products, and
the remaining 1 percent goes to waste.

Shrimp

16. Cammercial shrimp collection is done by netting at distances of
same 100 km from shore. The harvest is taken directly to a processing plant
or a "mother" ship. If taken to a ship, the catch must be immediately iced
and reiced every 12 hours. Following peeling and preparation, shrimp are
processed and marketed as frozen, or as canned or breaded products.

17. Up to the late 1950's shrimp were hand peeled for retail market-
ing or further processing. Currently, peeling machines are used, thus in-
creasing plant capacities some 30 to 40 fold. Peeling machines are the
largest water users and also contribute to the largest waste load. Some 45
to 55 percent of the water entering a plant is used for this purpose.

18. Typical waste flows and pollutant loadings from shrimp processing
operations are given in Table 3.
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Inadings fram Shrimp Processing

Parameter 2/ Frozen Canned Breaded
Flow m3/Mg 73.4 60.0 116
BOD5 kg/Mg 130. 120. 84
TSS kg/Mg 210. 54. 93
Oils/
Greases kg/Mg 17. 42, -_—
pH 7.7 7.4 7.8
a/ All loadings, except pH, expressed as per megagram of
~ raw shrimp input to plant.

EFFLUENT LIMITATIONS

19. Limitations for liquid effluents fram fish processing plants are
given in Table 4. Under normal operations no gaseous effluents of any con-
sequence are discharged. Solid wastes, generally removed by screening, are
either processed into saleable by-products or transferred to landfills or
other facilities for final disposal.

20. Application of these limitations should be based on conditions at
each individual plant. These are average values only, based on currently
available technology considered to be achievable under present day opera-
ting conditions at existing plants.

21. Factors which will influence limitations applicable to any indi-
vidual plant, are (a) nature of the end product; (b) mechanical versus hand
butchering or peeling; (c) extent of processing performed on board ship,
prior to transfer to the plant; (d) water quality requirements for receiv-
ing waters; and (e) remoteness of plant location.
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Table 4 — Liquid Effluent Limitations for Fish Processing Plants &/

Max. Daily kg/Mg Live Weight Processed
Category
BODs TSS o+G b/
Tuna 2.2 2.2 0.27
Salmon 11. 2.8 2.8
Other Finfish 4.7 4.0 0.85
Crab 3.6 3.3 1.1
Shrimp 52. 22. 4.6
Other Shellfish 4]. 41. 0.62
a/ In all cases pH should be 6 to 9.
b/ O+ G = Oils and Greases. -
L

CONTROL, AND TREATMENT

22. Waste components of greatest oconcern are solids, oils and
greases. The current treatment trends are toward the use of screening and
air flotation, conbined with effective in-plant measures, as the principal
means of reducing overall waste loadings.

23. In addition to in-plant control measures, wastes fram all fish-
eries production operations under proper conditions are amenable to biolog-
ical treatment or discharge to municipal systems. With adequate operation-
al controls, no materials harmful to municipal waste treatment processes
need to be discharged.

24. Application of in-plant control techniques should be the first
step in handling of wastes. Basic techniques available are minimizing
water use, recovery of dissolved proteins in effluent solutions and recov-
ery of solid portions for use as edible products.
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25. Water-saving can be accomplished through reducing the use of
flumes for in-plant transport of products. Dry handling of product or use
of pneumatic ducts requires a small fraction of the water used by flumes.
Spring-loaded nozzles, which automatically shut off when released by the
user, should be utilized on butchering lines. Steam and water valves must
be properly maintained to avoid leaks and prevent losses.

26. Fish, along with meat and fowl, are frequently cateogrized as
"animal proteins" because they oontain the high levels of amino acid re-
quired for good nutrition. Protein content will vary from 8 to 10 percent
for oysters to over 25 percent for tuna. Several techniques are available
for reclaiming protein fram those portions not classified as "food pro-
ducts". Proteins can be recovered in wet form and made into high quality
frozen products. Whole fish or waste fish parts can be converted to fish
meal or flour for animal feed. Protein wastes can also be converted into a
high grade flour for human consumption. Concentration and utilization of
fish proteins as food additives is finding increasing use in developing
countries. Salmon eggs, representing up to 5 percent of by weight of the
fish and formerly discarded are now being recovered for caviar in a nunber
of locations.

27. Seafood plants have previously been located near or over receiv-
ing waters oonsidered to have had adequate waste assimilation capacity.
Therefore, there was little or no application of waste treatment technology
to this industry. Despite the fact that these wastes are generally
biodegradable, they do not contain unacceptable levels of toxic substances,
and are amenable to biological treatment in municipal systems under
controlled conditions.

28. Screening is extensively employed, in various forms and degrees,
for solids recovery. Solids so recovered have market value and, in addit-
ion, recovery eliminates their discharge into receiving waters and munici-
pal sewers. Solids may also be removed by sedimentation basins.

29. If by-product recovery is not practical, proper disposal of
solids must be considered. Where permitted and where land is available,
private landfill may be a practical solution. ILand application of unstabi-
lized, putrescible solids as a nutrient source may be impractical because
of muisance conditions which could be created.

30. Another alternative is deep sea disposal. Such a method does not
subject the marine environment to the potential hazards of toxic substances
and pathogens normally associated with the dumping of human sewage sludges,
municipal refuse, and industrial wastes. To minimize any detrimental ef-
fect on the marine environment, waste solids should be ground before dispo-
sal, should be discharged only to waters subject to strong tidal flushing
action, and at depths of not less than 13 to 15 meters.

31. Wastewaters fram which the solids have been separated may be sub-
jected to either physical-chemical or biological treatment to further re-
duce organic levels in the water prior to final disposal.
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32. The most pramising physical-chemical techniques currently being
investigated are chemical coagulation and air flotation. Economic consid-
erations seriously limit current application of chemical oxidation, since
the high cost of supplying chlorine and ozone, the two most promising oxi-
dants, is a deterrent.

33. Air flotation, with addition of appropriate chemicals, is capable
of removing hicgh concentrations of solids, grease, oil and dissolved organ-
ics. Vacuum flotation, dispersed air flotation, and dissolved air flota-
tion are systems most commonly applied at present. In using these methods
it is important to add sufficient quantities of chemical coagulants to com—
pletely absorb the oils and greases present.

34. Most wastewaters have sufficient nutrients present to make them
amenable to biological treatment. Activated sludge, high-rate trickling
filters, ponds, lagoons, and land disposal may all be applied under proper
conditions.

35. Selection of a treatment system requires analysis of total plant
operation and application of techniques specific for wastes to be treated.
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FRUIT AND VEGETABLE PROCESSING

INDUSTRIAL WASTE DISPOSAL

1. Because of the wide variety of fruits and vegetables that are
harvested and processed, in varying degrees, discussions of industrial op-
erations covering each of the varieties for which effluent limitations are
given below is beyond the scope of this document. Therefore, discussions
are limited to the processing of apples, citrus, potatoes and their various
by-products. However, effluent limitations are included for many other
fruits and vegetables normally processed in these plants.

INDUSTRIAL PROCESSES

2. Industrial operations covering apples, citrus fruits, and pota-
toes involve many of the procedures used in fruit and vegetable processing
general. The series of steps outlined below for each of these groups may
not all occur at each plant. Therefore, it is necessary to have complete
information on the final product to be prepared in order to assure proper
application of the effluent limitations.

3. In addition to apples marketed directly for consumption, the fruit
is used mainly for preparation of sauce, juice and frozen or canned
slices. Other products, but in a lesser wolume, include dehydrated apple
pieces, special apple rings, spiced whole apples, and baked apples. Apple
processing usually involves storage, washing and sorting, peeling and cor-
ing, slicing, chopping, extracting juice, dehydration, deaerating, and

4. Control of the temperatures and relative humidity of storage
areas is critical for maintaining quality. Apples received fram the field
or storage must be washed to remove dirt and other residues, and then
sorted to remove undersized, spoiled, or otherwise inferior fruit.
Mechanical peeling is most commonly wused, particularly where a sliced
product is to be produced. The peel and core particles (along with
inferior fruit) are used to make juice or vinegar stock. Steam and caustic
peeling are also utilized. After slicing, the slices are deaerated in a
brine solution, under vacuum. The final step is freezing and packaging or

5. Oranges, grapefruit, lemons, tangerines (madarines) and limes are
the citrus fruits nost frequently grown and harvested. The steps in the
processing include: receiving, storage and washing (to remove foreign
materials, pesticides, etc.); extraction of raw juice; finishing (to sepa-
rate pips and membrane segments); and juice concentration. When segments



- 97 -

are to be produced the fruit is mechanically peeled, subjected to caustic
treatment to remove adhering membrane particles, and manually or mechani-
cally segmented to produce sections. In many cases the peelings are fur-
ther processed for rcovery of citrus oil.

6. The principal forms manufactured by the potato processing indus-
try are frozen products; chips; dehydrated potatoes; and canned, hash, stew
and soup products. The quality of the raw potatoes; and the types of manu-
facturing process are the two principal factors in determining the quantity
and characteristics of the waste generated. Ideally, the most suitable
potatoes should have a high solid content, low content of reducing sugars,
thin peels, and uniform size and shape.

7. The bulk of the potato intake is placed in stnrage by the proces-
sor in order to provide adequate quantities of raw material for year-round
operation. Storage facilities require high humidity levels to prevent
shrinkage. Fram storage, the potatoes go to rotary drums or cylindrical
washers to remove soil particles and other foreign materials. Next, these
vegetables are peeled (using abrasion or rubber studded rolls, or other
means). As part of the peeling process the potatoes are elecronically in-
spected for eyes, blemishes, and remaining peel. These undesirable ele-
ments are then removed and the potatoes sliced or diced. Considerable
starch may be released in the slicing and subsequent washing operation.
The crude starch is recovered and shipped elsewhere for further refining.

8. After slicing or dicing, the pieces are blanched (using steam or
hot water) prior to preparation of the final product.

SOURCES AND CHARACTERISTICS éF WASTES

9. Effluents fram the fruit and vegetable processing industry can be
both solid and liquid in nature, and the process waste streams are general-
ly a mixture of the two. Gaseous effluents are minor or non-existent, and
hence, will not be covered in this discussion. Odors related to anaerobic
ponds, which are sometimes used for waste treatment, may be significant in
individual situations.

10. The waste water parameters of major significance are the five-day
biochemical oxygen demand (BODg), total suspended solids (TSS), and hydro-
gen-ion oconcentration (pH). Fecal coliforms may be of concern, although
not generally found in wastewaters fram this industry. To avoid problems
"in this regard, all sanitary wastes should be handled separately and should
in no way contact with process wastewaters. This separation can be
particularly critical in situations where in-plant reuse of process waters
is practiced.

11. Water is extensively used in all phases of industry, principally
as (a) a cleaning agent to remove dirt and other foreign material; (b) a
heat transfer medium for heating and cooling; (c) a solvent for removal of
undesirable ingredients fram the product; (d) a carrier for the incorpora-
tion of additives into the product; and (e) a method of transporting and
handling the product.
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12. Wastewaters fram the processing of individual products are cammon
to the industry as a whole, and are made up mainly of biodegradable organic
matter. Although the procedures used in processing the various commodities

have many aspects in common, there are variations which affect the quantity
and strength of the effluents produced.

13. Wastewater characteristics will be affected by: (a) condition of
the raw fruit or vegetable (such as freshly picked versus stored); (b) the
peeling method (caustic peeling produces higher BODg and TSS than does
mechanical peeling, for example; (c) water usuage, including the extent of
water transport; (d) age and efficiency of equipment; (e) the processing
operations for the commodity being produced; and (f) in-plant measures and
housekeeping practices.

14. Average flows and characterisitics of waste effluents are presen-
ted in Table 1. The data covers both screened and unscreened effluents,
which accounts for the wide variations between minimm and maximm values.

EFFLUENT LIMITATIONS

15. Effluent limitations for wastes originiating fram the fruit and
vegetable processing industry are presented in Tables 2, 3, and 4, below.

16. In addition to the limitations given above, all effluents should
maintain the MPN fecal coliform count below 400 per 100 ml and the pH at

6.0 to 9.5.
CONTROL AND TREATMENT

17. The wastes resulting fram this industry are principally organic
in nature. They are therefore amenable to biological treatment, either at
the point of discharge or, with pretreatment, in a municipal sewage treat-
ment system. In-plant procedures and housekeeping practices can be effec-
tive in reducing the waste load to be treated or discharged to municipal
plants.

18. " A fruit or vegetable processing plant is completely dependent
upon a supply of good quality water. The increasing use of pesticides and
other contaminants requires more effective washing following the harvesting
process. The use of mechanical harvesting techniques results in increased
quantities of soil and dirt pickup and consequently requires more extensive
washing. It has been demonstrated that when washing is done at a site re-
moved from the processing facility (such as adjacent to the harvesting
area) total plant water usage can be reduced by as much as 8 to 10 percent.

19. Where peeling is necessary, mechanical means are usually employ-
ed, using either caustic or steam. Water sprays or rubber abrading are the
two principal methods of removing the peel. The use of the rubber abrading
techingque can reduce the total waste flow, BODg, and TSS by as much as 50
percent.
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Fruit and Vegetable Processing a/

tharacteristics of Typical Waste Effluents -

Flow 80D TSS
Crop 1,000 gal/ton tb/ton tb/ton
raw product b/ raw product ¢/ raw product ¢ /
Min, Mean Max.| |Min. Mean Max.| [Min. Mean Max.
Apples 0.2 24 13 3.9 18 44 0.4 45 21
Apricots 2.5 56 14 18 40 80 5 9.9 19
Acparagus 19 85 20 0.9 49 22 43 7.5 13
Dry beans 2.5 88 33 15 60 182 2.6 43 29
"Lima beans 2.4 .7 22 9.3 a8 175 4.6 3 W
Snap beans 1.3 4.2 1.2 1.6 18 81 08 6.1 46
Beets 0.3 2.7 6.7 {128 52 127 7.3 22 654
Broceoli 4.1 92 21 58 20 61 4.6 17 61
Brussels sprouts 5.7 8.2 12 4.2 7. 14 2.9 16 79
Eurries 1.8 3.5 9.1 11 19 40 1.9 7.1 22
Carrots 1.2 3.3 7.1 17 30 £3 4.5 17 53
Cauliflower 12 17 23 5.5 16 36 2.8 78 22
Cherrias 1.2 39 14 21 38 78 1.0 2.0 3.2
Citrus 0.3 3.0 9.3 0.9 9.6 25 0.7 37 14
Corn 0.4 1.8 7.6 12 27 . 64 3.6 10 27
Grapes 0.6 1.5 5.1 6.4 9.0 13 1.5 1.7 2.0
Mush-ooms 1.8 78 28 7.7 15 23 5.1 7.3 12
Olives - 8.1 - - 27 ~ - 27 -
Onions 2.5 55 10 57 5 58 5.3 17 55
Peaches 1.4 3.0 6.3 17 23 70 3.4 8.6 21
Pears 1.6 3.6 7.7 19 50 i26 || 36 12 33
Peas 1.9 5.4 14 16 38 87 3.8 11 33
Peppers 0.9 46 16 5 32 50 1 £8 170
Pickles 1.4 35 11 26 42 75 3.0 82 23
Pimentos 5.8 6.9 8.2 39 55 76 4.1 5.8 8.1
Pineapples 2.6 2.7 3.8 13 25 45 6.2 9.1 17
Plums 0.6 2.2 8.7 6.5 10 14 0.0 2.1 43
Potato chips 1.2 1.6 2.2 17 25 28 2?2 32 48
Potatoes, sweet 0.4 2.2 9.7 39 93 217 40 57 117
Potatoes, white 1.9 3.6 6.6 42 84 167 39 128 423
Pumokin 0.4 2.9 11 92 32 87 2 67 12
Saucrkraut 0.5 0.9 3.0 4.6 5.6 15 - 1.0 2.6
Spinach 3.2 88 23 5.7 14 31 1.8 6.1 21
Squash 1.1 6.0 22 - 20 - - 14 —
Tomatoes, peeled 1.3 - 2.2 3.7 6.3 9.3 14 5.8 12 26
Tomatoes, product 1.1 1.6 24 2.2 4.7 9.7 5.6 10 19
Turnips 24 713 18 - - - - - -

From Referenee Ne. 5
Multiply by 4.17 to convert to liters/megagram
Multiply by 0.500 to convert to kg/megagram

1 Mg = 1 megagram = 1 metric ton.
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Table 2. Liquid Effluent Limitations - Specialities a/.

Vegetables - Dehy.

BOD; TSS
Commodity

Kg/Mz Raw Product - Ann. Av.
Baby Foods 0.84 1.15
Chips - Corn 1.14 2.12
Chips - Potato 1.68 3.03
Chips - Tortilla 1.66 3.02
Ethnic Foods 1.59 2,83
Jams/Jellies 0.19 0.3%
Mayonnaise/Dress. 0.21 0.39
Soups 2.77 &/ 4.93 b/
Tomato/Starch/Cheese 0.98 1.74

1.78 3.18

a/ For plants processing approximately 1000 to 5000 megagrams

per year.

b/ Represents Kg per megagrams raw ingredients.
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Table 3. Liquid Effluent Limimtations - Vegetable Processing a/.

BODS TSS
' Commodity =

Kg/Mg Raw Product ~ Ann. Av.

Asparagus

Beans - Dry

Beans -~ Lima

Beans - Snap

Beets

Broccoli

Carrots .

Cauliflower

Corn - Canned

Corn - Frozen
Mushrooms

Onions -~ Canned
Onions/Garlic - Dehyd
Peas :
Pickles-~Fresh Pack
Pickles - Process Pack
Pickles - Salt Stations
Pimentcs

Patatoes - Sweet/White
Saurkraut -~ Canned
Saurkraut - Cutting
Spinach

Squash

Tomatoes

=W N O
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a/ For Plants processing approximately 1000 to 5000 megagrams per
year.
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Table 4. Liquid Effluent Limitations - Fruit Products a/.

BODs TSS
Commodity )

Kg/ Mg Raw Product- Ann. Av.

pple Juice 0.20 0.20
ppple Products 0.20 0.20
Apricots 1.26 2,28
Caneberries 0.18 0.33
Cherries — Sweet 0.45 0.81
Cherries - Sour 1.10 2.01
Cherries - Brined 0.76 1.44
Citrus Products 0.14 0.20
Cranberries 0.62 1.12
Dried Fruit 0.72 1.34
Grape Juice =~ Canned 0.76 1.39
Grape Juice ~ Pressed 0.11 0.20
Rlives 2,28 3.93
Peaches 0.75 1.40
Pears 0.86 1.58

ineapples 1.48 2.60

unms 0.28 0.50

isins 0.20 c.38

Strawberries 0.62 1.10 :

a/ For plants processing approximately 1000 to 5000 megragrams per
year.
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20. Water used in the sorting, trimming, and grading operations can
be recirculated for a given period of time. Since it comes into contact
with the interior of the fruit or vegetable there is a tendency to build up
the concentration of soluble and suspended solids. When these solids reach
the point where the water must be replaced, the contaminated water can be
further oconcentrated by evaporation and used as vinegar stock.

21. Wastewater wvolumes can be reduced by substituting other methods
(screw conveyors, air propulsion, punp transport, etc.) in place of fluming
to oconvey the products through the operation. The system substituted for
fluming must be adapted to the product and the processing on an individual
basis. Other operations which should be carefully examined for econcmies
in water use include the blanching, container cooling, and clean-up. Water
recirculation, using cooling towers where necessary, can also be effective
in reducing effluent volumes. Flow equalization throudgh the use of storage
tanks to reduce fluctuations in wolumes will reduce overall treatment
needs.

22. It is currently the general practice in this industry to separate
the solid waste from the liquid waste streams. This is usually done by
physical means such as screening (stationary, rotary, or vibrating), plain
sedimentation, hydroclones, or £flotation. For operations producing
significant volumes of french fried products, traps may be necessary to
reduce oil and grease discharges.

23. Waste effluents are readily treatable by biological methods,
after the major volume of the suspended solids have been removed by screen-—
ing, sedimentation, or other primary treatment. Once this separation has
been accomplished most of the biodegradable material is in the soluble
form, and may be treated by such systems as activated sludge, trickling
filters, lagoons (anaerobic or aerated), rotating biological contactors,
and others.

24. Land application of these effluents has been successfully utiliz-
ed. Its operation depends upon a number of factors, including: (a) infil-
trative and percolative capacity of the soil; (b) clogging:; (c) quality
changes in the soil; (d) travel of the sprayed effluent to springs and
streams or, through faults, to ground water supplies; (e) evaporation; and
(f) transpiration through cover plant growth.

25. In evaluating the application of this method it is necessary to
consider: (a) available land area; (b) soil characteristics; (c) available
slope, to minimize ponding of water; (d) intervals required to rest the
soil between applications; (e) nature and density of the cover crop; (f)
and the characteristics of wastes in terms &% components which may affect
the soil mantle.
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THE WORLD BANK JUNE 1983

GEOTHERMAL, DEVELOPMENT

GUIDELINES

1. The environmental impact of geothermal development can be impor-
tant and should be part of any World Bank study in this field. !

2. The main points to consider are as follows:

—- Direct physical effects on habitat
-— FErosion

-- Surface water effects

— Ground water effects

-- Air pollution

— Noise

-- Human presence

3. The project should take into oconsideration the survival and well
being of the wildlife species including fish. This should be done fram the
exploration phase through the well-field development, the plant construc-
tion, the plant operation and finally, the field abandonment.

4. Erosion of the land can be caused by water, by wind or by stream
channels. Pronounced erosion can result fram minor disturbances of the
land surface and/or the vegetation. Good planning, reasonable grading, and
good construction regulations will prevent significant erosion.

5. Geothermal development will redvce some stream flows (construc-
tion period) or increase others. The quality of the surface water will
probably be changed. Significant alterations of the hydrology or drainage
routes should be avoided.

6. Changes in ground water level, quality and temperature will oc-
cur. These should be forecast to avoid any drastic impact. Reinjection
should be considered, especially if the effluent is highly polluted.

7. Although the air pollution should not be a major problem it
should be oonsidered in each phase especially if emission of radioactive
vapors or vapor borne salts is possible.

8. Noise should be generated by several activities or pieces of
equipment and ocould interfere with normal behavior of animals; breeding,
rest, hibernation arnd migration patterns could be disrupted.
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9. Human presence should not interfere to a great extent with wild-
life. Precautions should be taken to keep vegetation growing amd not to
restrict wildlife movements.

BIBLIOGRAPHY

1. Impact Prediction Manual for Geothermal Development (FWS/OBS - 78/77)
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THE WORID BANK August 1983

GLASS MANUFACTURING

EFFLUENT GUIDELINES

1. The glass manufacturing industry may be divided into a number of
segments descriptive of the products from specific processes. However,
based on the types of plants most frequently encountered in World Bark pro-
jects, this document will oconfine itself to those plants producing flat
glass, pressed and blown glass (bottles).

MANUFACTURING PROCESSES

Flat Glass

2. Flat glass is produced by melting sand together with other inor-
ganic ingredients and then forming the molten material into a flat sheet.
The techniques most frequently used are the float, plate, sheet, and rolled
processes. Although the raw materials and melting operations are basically
the same, each process uses a different method for forming flat sheets from
the molten glass.

3. In the float process the glass is drawn across a molten tin
bath. In the plate process the rollers used to form the sheets will also
control the initial thickness, with the final thickness being achieved by
grinding and polishing. The glass is formed by a vertical drawing proced-
ure in the sheet process. Texturizing rolls serve to impart surface tex-
tures in the rolled process. The primary glass sheets may be further fab-
ricated into related products such as mirrors, coated products, autamotive
and architectural glass, windshields, ard others.

4. The most common type of flat glass produced utilizes the soda-
lime method. Generally, about one-half of each batch oonsists of sand
(silica). Other major ingredients include soda ash (NajyCoz), limestone
(CaCO3), dolomite (MgCO3), and cullet. The cullet consists of the broken
glass generated in the manufacturing or fabricating processes. This is re-
cycled with the raw materials to improve the melting qualities of the
batch.

5. The manufacturing steps include (a) batching — mixing of raw
materials; (b) melting; (c) forming -- to effect dimensional control and
surface texture, based on applying sheet, plate, rolled or float processes;
(d) annealing —- to remove internal stresses; (e) grinding and polishing —
to achieve flat and parallel surface; (f) washing; and (g) cooling.
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Pressed and Blown Glass

6. The pressed and blown glassware category covers the manufacture
of glass containers, machine.pressed and blown glass, glass tubing, televi-
sion picture tubes, envelopes, incandescent lamp envelopes, and hand press-
ed and blown glass products.s _

7. The soda-lime process is most commonly used for pressed and blown
glass production, but the composition differs fram that used in the flat
glass category. Sand comprises about 70 percent of the batch. Soda ar
soda ash comprise 13 to 16 percent, with the remainder made up of cullet.
Soda and, sometimes, small quantities of potassium oxide are added as flux-
ing agents. Calcium oxide (lime) and small amounts of alumimm and magnes-
ium oxides are added to improve chemical durability. Iron and other mate-
rials may be added as coloring agents.

8. The manufacturing consists of (a) raw material storage and mix-

(b) melting; (c) forming -- including blowing, pressing, drawing, and
casting; (4) cullet quenching; (e) annealing; and (f) finishing. The steps
will vary from plant to plant, depending upon the final product.

SOURCES AND CHARACTERISTICS OF WASTES

9. Process wastewaters are oconsidered to be those which have come
into direct contact with the glass, mainly including such sources as wash-
ing, quenching, grinding, and polishing. No process wastes are produced in
the manufacture of sheet and rolled glass. Water is added to the raw mate-
rials for dust suppression, but the water is evaporated ard discharged as a

vapor.

Air FEmissions

10. Although there are numercus unit operations used in glass manu-
facturing, most of the key processing steps responsible for generating the
bulk of atmospheric emissions are commn throughout the industry.

11. Emissions fram raw material handling and storage are generally
due to solid particles becaoming airborne when materials are moved to stor-
age, upon receipt at the plant or when they are moved fram storage to the
process. In the glass melting operation pollutants arise fram two sources:
canbustion of fuel and vaporization of raw materials. Pollutants frequent-
ly encountered include NOy, SOy, OO, and hydrocarbons, depending upon the
fuel utilized. It has been estimated, for example, that a fuel oil ocon-
taining 1 percent sulfur by weight will yield approximately 600 mg/L of SOp
in the flue gas.
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12. The secord source of air pollutants fram the melting process re-
sults from the vaporization of raw materials in the glass melt. This ocon-
sists mainly of particlates which are vaporized fram the molten glass sur-
face and ocondense at lower temperatures in the furnace checkerworks or in
the stack. The chemical composition of the particulates will depend upon
the particular formulation used. Emission levels for uncontrolled glass
melting furnaces are given in Table 1.

13. Based on current information, gaseous emissions fram the final
steps of glassmaking, normally referred to as "forming and finishing" oper-
ations, are generally not significant enough to be of concern.

Liquid Effluents

14. Pretreatment of water supplies is required in some cases, depend-
ing upon raw water quality and intended water use. However, information an
effluent characteristics of these auxiliary wastes is not readily avail-
able. Because practices vary oonsiderably each case should receive separ-
ate study and consideration to determine the impact on overal waste dis-

charges.

Table 1 - Typical Gaseous Emission Levels fram Uncontrolled
Glass Melting Furnaces a/

Plant Type Flat Con- Pressed & Blown
Glass tainer Soda - Non-
Glass Lime Soda-
Lime
Emission
Gms/Kg Glass pulled from furnace
Nitrogen Oxides 4.0 2.3 4.2 —
Particulates 1.5 1.2 1.2 S
Sulfur Oxides 1.5 1.4 2.7 3.0
Carbon Monoxide 0.02 0.08 0.10 ——
Hydrocarbous 0.04 0.07 0.15 —
Fluorides — — — 10
Selenium — 0.002 — —

a/ From Reference (6).
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15. For the plate glass category significant pollution results from
the production of plate glass, solid tempered autaomotive glass, and
windshield fabrication. The major parameters of pollutional signifiance
include suspended solids, oil, hydrogen-ion concentration, pH, 5-day
biochemical oxygen demand ;(BODg), total phosphorous, and temperature.
Typical increases in ooncentrations of these parameters over process
influent water labels are presented in Table 2.

Table 2 - Increase in Concentrations Over levels in Process
Influent Waters for Flat Glass Plants (a).

— pee |mm | e | owe
Auto Fabric
Flou’S) 4 5"9°°(d) 138® 49(®) 175¢®)
Susp. Solids -mg/L 15,000 15 100 25
011 -mg/L Trace 5 13 1,700
CcoD -mg/L 100 13 25 1,700
BOD 5 -mg/L — 2 15 33
Total Phosph -ug/L 1] 0 (o] 5
Dis: Solids -mg/L 175 100 100 Low
pr(f) 9 8 7 7-8
Temperature =-°C 2.8 (g) 8 19

(a) No significant process wastewater discharges from rolled and sheet
glass operatioms.

(d) Typical process waters from fabrication of windshields using oil autoclaves.
(c) Process water only, exclusive of cooling water.

(d) Liters per Metric Toq of production.

(e) Lliters per square meter of area on‘one side.

(f) Represent absolute values.

(g) Moderate increase:
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16. In glass container manufacturing the process water is used for
cullet quenching and non-contact oooling of tatch feeders, melting
furnances, forming machines and other auxiliary equipment. Wastewater
characteristics which should receive attention include flow, biochemical
oxygen demand (BOD), total chemical oxygen demand (CQOD), total suspended
solids (TSS), and oil. Typical increases in -these parameters over and
above the levels found in the incaming process water, are given in Table 3.

17. In machine pressed and blown glass manufacturing the raw
materials are first melted and then formed (by use of presses, ar other
techniques) into tableware, lenses, reflectors, headlamp parts, and other
similar items. Water is used principally for non-contact oooling and
cullet quenching. Wastewater characteristics which may be of significance
include flow, temperature, hydrogen-ion ooncentration (pH), 5-day
biochemical oxygen demand (BODg), chemical oxygen demand (OCOD), total
suspended solids (TSS), and oil. The loadings of these pollutants added to
the incoming process waters during the production process are also
presented in Table 3.

Table 3 - Increase in Concentrations Over Levels in Process
Influent Waters for Glass Container and Machine Pressed
Glass Plants.

Glass Machine

Parameter Containers Pressed &
| Blown

Flow-Liters/Met. Ton(a) 1540 2920
Temperature - °C. 6 8
pa® 7.5 7.8
BOD - mg/L (5~day, 20°C) 5 5
COD - mg/L 50 50
Susp. Solids - mg/L 24 ) 25
0il - mg/L 10 10

(a) Process water only, exclusive of cooling water.
(b) Represent absolute values.
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Wastewaters in the hand pressed and blown glass industry

originate almost entirely in the finishing steps.
which require water and hence will produce wastewater discharges include

(a)

cutting;

crackoff and polishing;
(d) alkali washing;

(b) grinding and polishing;
(e) acid polishing; amd (f) acid etching.

The finishing steps
(c) machine

Same plants may utilize only~ one or two of these steps while other plants
may employ several or all of the processes.
also use machine forming presses.

19.
total suspended solids

(Tss),

fluorides

concentration (pH), and temperature.
the incoming process waters are shown in Table 4.

(¥),

lead (Pb),

Table 4 - Increase in Concentrations Over levels in Process In-
fluent Waters for Hand Blown and Pressed Glass Plants.

Some handmade glass plants

Wastewater parameters which should be oconsidered include flows,
hydrogen-ion

The increases in these parameters in

PH

Parameter | Flow 'femp TSS F Pb
, Process Lég - ® Mg/ Lirer

Crackoff/Polish. 9,920 2.8 3.2 36 194 0;95
Grinding/Polish. 3,460 2.8 - | 4350 — 0.43
Machine Cutting 10,880 1.6 10.0 | 2580 —— 100.
Alkali Washing 4,795} 57 11.2 17 — —
Acid Polishing 5,380 46 2.2 220 1980 k3
Acid Etching 36,5304 33 4.0 8 462

7.9

(a) Process water only, exclusive of cooling waters.

(b) Represent absolute values.
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Solid Wastes

20. There are no significant solid waste disposal problems associated
with the basic glass production process. The waste or lroken glass, called
cullet, is normally segregated and added to the raw material batches, as
already discussed above. Same sludges and other solids will result fram
systems treating glass industry wastes. -

EFFLUENT LIMITATIONS

21. . Ambient air quality at ground levels in the vicinity of glass
manufacturing plants should be maintained at or below the concentrations
given in Table 5. These ooncentrations should be oonsidered as World Bank
guidelines. :

TABLE 5 - Allowable Ambient Air Quality Concentrations at Ground

Level.
Pollutant Averaging Allowable
Time Concentra-
' tions
Nitrogen Dioxide Ann. Arith. 100 Iug/m3
Particulates Ann. Geam. 75 pg/m3
Sulfur Oxides (a) (a)
Carbon Monoxide 8-Hour 10 mg/3
Carbon Monoxide 1-Hour 40 mg/m3
Hydrocarbons 3-Hour - 160 pg/m3
Arsenic (as As) Maximum 1. 2 f.lg/m3
(a) Inside plant fence
Ann. Arith Mean: 100 jag/m3
Max. 24-Hour Peak 1000 ’.lg/m3

Outside plant fence
Ann. Arith Mean: 100 pg/m3
Max. 24-Hour Peak 500 ,Jg/m3
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22. Effluent limitations for glass plants, based on the application
of aurrently available technology are shown in Tables 6 and 7. ‘These
Tables should be considered as World Bank guidelines.

Table 6 - Effluent Limitations for Wastewater Discharges from
Flat Glass Plants (a)

Plate Float i:iid :::2;d
Parameter Glass Glass P-
(b) () Autom. Fabric.
(d) (d)
PR ‘ 6-9 6 -9 6-9 6 -9
Total Susp. Solids 2.76 2.0 1.95 4.4
Oil - 0.7 0564 1076
COD i 0. 90 . H 2.0 - 509
BOD (5-day, 20°C) — —— 0.73 —
Total Phosph. —— 0.05 - 0.98

(a) No wastewater discharges from sheet and rolled glass
plants.

(b) Kg/Metric Ton.

(¢) 8m/Metric Ton.

(d) gm/Square meter of area on one side.
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Table 7 - Effluent Limitations for Wastewater Discharges from Container

and Blown/Glass Plants.

Parameter 011 Susp. pH Fluo- Lead

Process Solids ride
(a) (a) (b) (d)
Glass Containers 30 70 6 ~9 -— —
Mach. Blown/Press — — — - —

Hand Blown/Press(c)

~Leaded & HF Ac Fin. | —— 10 6~-9 13 0.1
~Non Lead. HF Ac FinJ -— 10 6-9 13 ——
-Non HF Ac. Fin — 10 6 -9 — —

(a) Avérage of daily values for 30 consecutive days as g/Metric Ton

Furnace pull.

(b) Average of daily values for 30 consecutive days as mg/Liter.

(c) For plants which melt raw materials, discharge over 190 liters per

day and produce type of glassware shown.




- 116 -

WASTE OONTROL AND TREATMENT

Gaseous Fmissions

23. For control of particulates from raw materials handling opera-
tions, it is the general practice to enclose the unloading and conveying
areas and to vent through fabric filters. The chemical composition of the
fugitive dusts will be the same as the raw materials, since no chemical re-
actions occur during storage and handling.

24. Control of gaseous emissions arising from fuel sources can be
controlled by changing to fuels having a lower content of certain pollut-
ants, such as sulfur. Electric "boosting” also has been effective for this
purpose. In this technique electric current is dissipated throudh the mol-
ten glass, supplying part of the required heat and reducing the amount of
fossil fuels needed to maintain proper melting temperatures. Boosting is
most comonly used in oontainer glass plants. All-electric melters, which
have been developed primarily to improve melting efficiency and product
control, have resulted in lowering gaseous emissions from the melting oper-
ation. Construction is less expensive for all-electric melters as campared
to that for fossil fuel furnaces.

25. Several process modifications can be used to lower  emissions.
These include (a) reducing the amounts of materials in the fuel, which vap-
orize at furnace temperatures; (b) increasing the fraction of recycled
glass in the furnace fuels; (c) installing sensing and control equipment on
the furnace; (d) modifying the burner design and firing patterns; and (e)
utilizing electric boosting, as discussed above.

26. Particulates in the glass melting furnace exhaust can be collect-
ed by discharging through fabric filters. Fabric filter systems have the
advantage of high collection efficiency, low pressure drgp across the sys-—
tem and low energy requirements. Venturi (wet) scrubbers and electrostatic
precipitators are also used for removal of particulates.

27. Sulfur oxides are the gases of principal concern in melting fur-
nace exhausts. It has been demonstrated that wet scrubbers provide good
control for both sulfur oxides and particulates. Electrostatic precipita-
tors will remove varying amounts of these pollutants. It has been reported
that treating the exhaust streams with an alkaline spray converts gaseous
sulfur oxides to solids which can then be oollected as particulates. Fluo-
rides, where present, are reduced by electric boosting. Electrostatic pre-
cipitators have proven effective in capturing arsenic in the particulate
form.

Liquid Wastes:

28. The major constituents requiring treatment in wastewaters fram
primary flat glass and automotive glass fabrication are suspended solids
and oil. In all cases, in-plant modifications should receive first consid-
eration. No process wastewaters are produced by the sheet and rolled glass
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subcategories, since these are essentially dry operations and water is used
only for dust control in each hatch.

29. For plate glass manufacturing plants, lagoon treatment, with the
addition of polyelectrolyte to the incoming wastewater, has resulted in
very high suspended solids removals. System efficiency can be improved in
various ways such as by using a two-stage lagoon arrangement, applying sand
filtration to the lagoon effluent, recycling of effluents for cother plant
uses, and other similar techniques.

30. Phosphorous is the pollutant of principal concern in float glass
manufacturing, when detergents are used. Wastewater phosphorous loadings
can be eliminated by discontinuing the detergent wash. All effluent dis-
charges can be eliminated by recycling the washwater to the batch and cool-
ing tower. Dissolved solids removal may be required if the water is recy-
cled for washing.

31. Suspended solids and oils are most camonly removed by cocagula-
tion-sedimentation and filtration at plants producing solid tempered auto-
mobile window glass. A solids ocontact ooagulation-sedimentation system,
with sludge dewatering by centrifuge, is employed. A further decrease in
suspended solids and oil can be aconplished filtering the settled effluent
through a diatomaceous earth filter containing a medium especially treated
for oil removal. These measures will also effect a reduction in BOD and
COD levels.

32. 0il is the major contaminant which must be removed fram wind-
shield lamination wastewaters. Most of the cil an be removed by centrifug-
ing, plain flotation using an American Petroleum Institute (API) separator,
or by dissolved air flotation. Suspended solids and residual oil an be re-
moved by filtration through oil absorptive media.

33. The pollutants of principal concern in the pressed and blown
glass industry are oil, fluoride, ammonia, lead and suspended solids. In
current practice oil is reduced by using gravity separators such as belt
skimmers and API separators. Treatment for removal of fluoride and lead is
acocomplished by the addition of lime, rapid mixing, flocculation, and sedi-
mentation of the remelting reaction products. Treatment for ammonia remov-
al is presently not practiced in this industry. Ammonia removal by steam
stripping can be used for control of high ammonia discharges. It has been
reported that several plants are able to recycle non-contact and cullet
quench waters.

Solid Wastes

34. Control systems for air pollution control will generate solids.
These presently have little or no economic value ard are not considered to
be an attractive source of chemicals. Generally, these solids are best
disposed of by recycling back into the glass melting process or through
landfilling. - :
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Treatment of liquid wastes results in the production of various

solids, such as sludges and spent diatamaceous earth. These should be
dewatered to the degree feasible and then disposed of to landfills. The
lagoons used for suspended solids removal can also serve as solids disposal
sites in some cases.
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THE WORLD BANK JULY 1983

EFFLUENT GUIDELINES

JRON AND STEEL INDUSTRY

GENERAL CONSIDERATIONS

1. Iron and steel production utilizes a highly camplex system, in
which raw materials consisting of iron ore, coke, and limestone are con-
verted through a series of processes into steel of various composition,
sizes, and shapes as required by market demands.

2. Basically the conversion process may be broken down into five
major segments: (a) ore preparation, sintering, and pelletizing; (b) ccke
production; (c) blast furnace operations (pig iron production); (d) steel
production; and (e) rolling and fininshing operations.

3. For each of these segments a document has been prepared to cover
" the manufacturing process, waste sources and characteristics, effluent lim-
itations based on the best practicable treatment technology currently
available, and control and treatment of wastes.

4. This document presents a broad simplified summary of the process-
es carried out in an integrated iron and steel plant, as well as a discus-
sion of noise considerations, sampling, and analytical aspects. These are
applicable to all segments of the industry, and hence are included in this
general section. Figure 1 presents a process flow diagram for the iron and
steel industry.

THE INDUSTRY

5. Iron bearing materials consisting primarily of iron oxides, to
which ocke and limestone have been added, are reduced to molten iron (pig
iron) in a blast furnace. The iron absorbs carbon fram the coke in this
step and results in cast iron, containing 3 to 4 percent carbon.—-Since
modern steel contains less than 1 percent of carbon, the excess carbon
must be removed to convert the cast iron into steel.

6. This removal is accomplished through controlled oxidation of mix-
tures of molten pig iron, melted iron, and steel scrap in steelmaking fur-
naces to produce carbon steels. Various elements (such as chramium, manga-
nese, and molybdenum, alone or in combination) may be added to the molten
steel to produce alloy steels.
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7. The molten steel, after reaching the desired camposition, is
poured into the molds where it solidifies to form ingots. After removal
fram the molds the ingots are reheated to a uniform temperature and rolled
into shapes known as blooms, billets, and slabs. These shapes are referred
to as semifinished steel.

8. The semifinished steel is then further processed in one or more
of several ways such as hot rolling, cold rolling, forging, extruding,
drawing, -or other means to produce the finished products needed to fill
market demands. Bars, plates, structural shapes, rails, wire, tubular
shapes, and coated products are among the most frequently produced.

NOISE

9. In a typical integrated iron and steel works, noise results fram
(a) production and processing operations; (b) handling and transport of raw
materials, semi-finished products; amd (c) aerodynamic and hydrodynamic
sources. Efforts to limit noise in steelworks should be aimed at lowering
exposure to noise in the working environment to an acceptable level and re-
moving noise problems in nearby residential areas. These two are frequent-
ly conplementary with the solution to the in-works problem often providing
a suitable answer to the cammnity situation. As a general rule, the prob-
lem should be resolved as close to the source as possible in order to as-
sure best results.

10. Typical peak noise levels are as follows:

Production and Processing Operations

Ore crushing, 5 meter distance 98 dBA (continuocus)
Loading scrap pans, 25 meter distance 105 dBA (intermittent)
Electric arc furnace (melt down period)
6 meter distance 109 d4dBA (semi-
continuous)

Handling and Transport of Raw Materials, Semi-Finished and
Finished Products i

Conveyor discharge point, 5 meter distance 85 dBA (continuous)
Slab mill roller tables, 5 meter distance 95 dBA (intermittant)

Rerodynamic and Hydrodynamic Sources:

Valves and dampers, blast furnace cold
blast, 1 meter distance 96 dBA (continuocus)

Blast furnace hot stowve operation,
10 meter distance 91 dBA (continuous)
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11. A number of measures may be taken to reduce noise levels, in ad-
dition to maximum possible reduction at the source. Quieter machines can
isolated and acoustically sealed. To protect neighborhoods it may be
necessary to acoustically treat entire buildings. Noise controls should be
incorporated in the design of new plants or units.

12. Conveyor belts and systems, in place of road or railway haulings,
will greatly reduce noise emissions. HEmissions in the handling and trans-
fer of semi-finished or finished products can be offensive. Rolling mill
finishing departments, for example, represent a major source. For light
products the handling equipment can be modified for control purposes, but
this is not always possible for the larger and heavier products. The
shape, weight, speed of transport, and similar aspects should receive con-
sideration.

13. As production units increase in size, the quantities of process
and by-product gases and liquid which must be transported will also in-
crease. Aerodynamic and hydrodynamic noises originate in the integrated
collection and distribution systems used to handle these materials. Noises
are caused by turbulence (due to high velocities) and pressure fluctua-
tions. Levels can be decreased by careful piping design, covering pipes
with layers of insulation, isolating and ocorrecting vibration sources,
using low noise valves and ventilators, and other similar measures. Noise
barriers, screens, and earth mounds are also effective in reducing noise in
many cases.

14. To avoid possible hearing damage weighted sound levels per 24-
hour period should be kept below 70 dBA with a maximum of 90 dBA. (See
"Noise" Guideline, Office of Environmental Affairs, The World Bank, January
1979).

SAMPLING AND ANALYTICAL PROCEDURES

15. A major element of 'any program for management of the environment
is the basic information of the source, nature , levels, and the concentra-
tions resulting in the medium to which discharged, following mixing and ab-
sorption. ,

Air Pollution

16. There are two general applications in monitoring air contaminants
emission source testing and atmospheric monitoring. In both cases the lo-
cation of monitoring devices, the type of equipment, the duration of samp—
ling, and pollutant discrimination are of paramount importance in quantita-
tively appraising air quality. Furthermore, these considerations require
an intimate knowledge of emission sources(s), background pollution, meteo-
rology and topography of the areas under study, and other pertinent fac-
tors.
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17. Source testing requires a relatively elaborate set of measure-
ments to establish a starting or final contaminant condition. Because in-
dustrial processes involve frequent cyclic changes, the timing of source
testing or monitoring must be planned accordingly. Process operations
should be carefully reviewed so that individual polluting substances and
classes of pollutants can be identified. Fluctuations of peak loadings
must be determined and thus predictions of process peculiarities, such as
equipment-caused effluent and temperature variations, are possible. All
the variables of source testing must be accounted for so that the final
pollutant analysis will be representative of the entire source process. A
review of the various combinations of devices and techniques and their
inherent limitations in current literature is required. This will assure
the application of the optimum sampling method for a general range of
factors, such as greatest reliablity, minimization of required personnel
skills, ease of access and duration of sampling for each specific sampling
situation.

18. Monitoring of the atmosphere requires the establishment of an air
monitoring network to supply the aerametric data necessary to support air
pollution prevention, control and abatement activities. At the same time,
it should consume the minimum amount of financial and manpower resources.
The first step in establishing an air monitoring network is to determine
the use of aerametric data, collection devices available, the limitations
of the sampling procedures and equipment, what pollutants must be monitor-
ed, location of pollutant monitors, and the duration of monitoring. The
very nature of the air pollution problem varies widely fram area to area,
depending upon the peculiarities of meteorology, topography, source charac-
teristics, and legal and administrative situations.

19. The decision as to which pollutants must be monitored depends on
the data needs as defined by the source inventory. In most cases, it is
" necessary to set priorities because of resource limitations. Pollutants to
be monitored should be selected on the basis of their (a) representing a
definite hazard; (b) possibility of becoming hazardous to the public health
and welfare at some time in the near future; and (c) being controlled by
existing or proposed standards.

20. Generally, the methods of analysis for sootfall, dustfall, sus-
pended particulate matter, gaseous pollutants and organic pollutants fall
within the chemical, physical or biological category. Among the physical
methods available are spectrophotameter, thermal conductivity, chromatogra-
phic analysis, mass spectrametry, and gravimetric methods. Biological met-
hods are applied in the preparation of bacterial cultures of organic con-
taminants and monitoring of respiration rate to correlate with quantities
of organic pollutants. There are many variations to these methods. The
most recent literature should be carefully reviewed and evaluated for ap-
plication to the problem at hand.
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Water Pollution

21. The composition of industrial wastewaters varies widely, and no
truly satisfactory classification system has yet been devised. Hence, the
importance of industrial wastewater monitoring cannot be overstressed.
Flows are measured to determine the quantity of wastewater being discharg-
ed. The combination of flow rate data with analytical data obtained fram
laboratory analysis permits the calculation of weight of contaminants being
discharged into the receiving stream. The next logical step after the
amount of contaminants is known is to determine what effect these contami-
nants have on the receiving body of water and then finally establish scome
acceptable level of contaminant discharge. Monitoring of wastewater also
facilitates locating major sources of wastes.

22. The location of a sampling station should be selected such that
the flow conditions will have achieved, as closely as possible, a homogene-
ous mixture. The velocity of flow at the sampling point should, at all
times, be sufficient to prevent the deposition of solids, thus assuring the
collection of a well mixed representative sample. Homogeneous flow condi-
tions normally exist after channeling all flow at a weir, Parshall flume or
hydraulic pump. A free-falling discharge fram a pipe is also an excellent
sampling location. A sampling point of approximately one-third the waste-
water depth fram the bottam and as near to the center of flow as possible
is recommended for monitoring flows in sewers and channels. Types of
equipment for the monitoring of industrial wastewater contaminants vary
fram manual to automatic type devices. The selection of the appropriate
sampling equipment is dependent mainly upon the type of sample desired,
either "grab" or "composite".

23. The quantity of a sample to be oollected varies with the extent
of laboratory analysis to be performed. A sample wvolume between two and
three liters is normally .sufficient for a fairly camplete analysis. The
total nunber of samples will depend upon the objectives of the monitoring
program. The use of a few strategic locations and enough samples to define
the results in terms of statistical significance is usually much more reli-
able than using many stations with only a few samples fram each.

24. Techniques and methods for the qualitative analysis of wastewater
contaminants may be divided into four basic categories: chemical, physi-
cal, biological and biochemical. Detailed procedures are found in the lit-
erature, and should be carefully reviewed for application to the problem at
hand.

Solid Wastes

25. The production and composition of solid waste has changed sub-
stantially in recent years because of changing patterns of living, popula-
tion shifts, and other reasons. Where once solid wastes were mostly dames-
tic, they are now produced in substantial quantities by industry as well.
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Solid wastes from industry may pose special problems such as nondegrad-
ability (plastics) and toxicity (chemical residues). Because of the in-
creased importance of solid wastes fram the industrial sector, monitoring
and analytical methods have been developed for control purposes.

26. The environmental and other impacts on the land disposal site and
its environs should be nonitored and complete records maintained at all

times. Data to be kept for each disposal site should include:

-—— Quantitative measurements of the solid wastes handled;

—— Description of solid waste naterlals received, identified
by source of material;

— Major operational problems, complaints or difficulties;

-~ Vector (a carrier that is capable of transmitting a pathogen
fram one organism to another) control efforts;

Dust and litter control efforts; and

Quantitative and qualitative evaluation of the environmental
impact of the land disposal site with regard to the
effectiveness of gas and leachate control, including data
from leachate sampling and analyses, gas sampling and
analyses, ground and surface water quality sampling and
analyses upstream and downstream of the site.

27. Upon camplete filling of the site, a detailed description (in-
cluding a plan) should be recorded with the area's land recording author-
ity. The description should include general types and location of wastes,
depth of fill, and other information of interest to potential future users
or owners of the land.

28. Special attention should be given to the disposal of hazardous
materials to landfill areas. Because it is sometimes difficult to classify
wastes as hazardous or non-hazardous a rough classification may be made by
evaluating each one in terms of (a) human toxicity, (b) groundwater conta-
mination potential, (c¢) disease transmission potential, and (d) biodegrade-
ability.
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EFFLUENT GUIDELINES

IRON AND STEEL INDUSTRY

BLAST FURNACE AND DIRECT REDUCTION PROCESS

1. Iron and steel production utilizes a highly complex system, in
which iron ore and other raw materials are subjected to a series of proces-
ses to convert them into steel products.

2. The series of conversion processes may be divided into five major
segments: (a) ore preparation, sintering and pelletizing; (b) by-product
coke production; (¢) pig iron production; (d) steel production; amd (e)
rolling and finishing operations.

3. This document is ocne of a series which has been prepared on the
individual segments. Each one presents information as needed for assessing
the environmental effects of the gaseous, liquid and solid wastes produced
by the operation. In each case the document discusses the manufacturing
processes, waste sources and character, effluent limitations based on best
practicable treatment technology currently available, and applicable waste
treatment methods. A bibliography is also included.

BLAST FURNACES

Manufacturing Process

4. Pig iron (containing over 90 percent iron), is the product re-
sulting fram reactions of a mixture of iron-bearing materials, coke and
limestone in a blast furnace. These furnaces are large cylindrical struc-
tures, some 30 meters in height. Heated air is blown into the lower part
of the unit to promote ccke combustion. The iron oxide reacts with the hot
carbon nonoxide fram the burning ocoke, while the limestone reacts with the
impurities in the iron-bearing material and coke to form molten iron and
slag. Materials are charged into the top of the furnace, where the reac-
tions begin. As these melt and decrease in volume the charge passes to the
bottom of the furnace, where molten iron and slag exist. The molten slag
floats on top of the iron and is drawn off through an opening in the upper
part of the furnace. The nmolten iron is drawn off through an opening at
the bottam of the furnace (below the slag discharge opening), formed into
ingots and cooled for subsequent processing.
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5. The combustion process produces gases, which are a valuable heat
source. They are discharged through the top of the furnace, cleaned to re-
move large quantities of solids and other pollutants, and then recycled.

Waste Sources and Characteristics

6. Blast furnace operations produce wastes in the gaseous, liquid,
and solid states. Air pollutants are produced by three different segments
of the operation: blast furnace gas, cast house emissions, ard slag hand-
ling and processing. ~

7. Blast furnace gas is a relatively pollution-free fuel when strip-
ped of its dust burden. ILarge production units are frequently connected to
carbined power and furnace blowing units. For certain other uses, the cal-
orific value of this gas is increased by mixing it with coke oven gas. The
gas must be cleaned of dust to a high degree before being used a a fuel.
Cleaning or scrubbing is done by a wet process, producing a liquid waste
which may contain toxic substances. Under normal operations, air pollution
from blast furnace gas production is not considered significant.

8. Molten metal and slag are discharged fram the furnace and cause
fune emissions as the result of exposure to air and oxidation. Further
emissions arise from vaporization of alkaline oxides fram slag, and same-
times fram cambustion of tars and resins in impregnated refractory clays.
Emission of sulfur dioxide fram molten slag may also be a problem. Manga-
nese fumes in ferramanganese operations constitute a potential health haz-
ard.

9. Coarse aggregate is prepared by pouring the molten slag into a
slag pit in layers, either adjacent to or at a distance fram the furnace.
Water spraying is frequently used to accelerate the cooling process, and
this can result in a hydrogen sulfide odor. A condensation chimney is
often used to scrub noxiocus vapors. Materials fram slag pits are further
processed to produce aggregate of specific size ranges. Effective dust
control measures can reduce this source to insignificant levels.

10. Blast furnace wastewaters originate primarily fram top gas clean-
ing. Water is also used for oooling the furnace, but this is a non—contact
operation and therefore of little or no significance fram the pollution
standpoint. The wastewaters contain large quantities of particulate matter
and quantities of cyanide, phenol, and ammonia. Other pollutants include
heavy metals and certain organics originating in the raw materials or form-
ed during the cambustion process.

11. Wastewater flows and characteristics:will vary, according to the
raw materials, the iron making process used, and the gas scrubbing process
applied. Ranges of flows and concentrations that are typically found are
presented in Table 1.
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12. Solid wastes include blast furnace slag, dry dust and moist fil-
ter cake, cast house fumes, refractory wastes, and ladle skull (the metal
shell which solidifies on the sides and bottoms of the ladle). The slag is
processed and used as a building material, raw material for blast furnace
ement, and other similar purposes. Cast house dusts are collected on fil-
ter extraction systems and fed to the sinter plant. Used refractory
material and ladle skulls are generally dumped on site.

Table 1 - Wastewater Flows and Characteristics for a Typical Blast
Furnace Operations

Parameter* Concentrations

Flow - L/Mg (a) - 4600 - 12,900
Ammonia N - mg/L (b) 10 - 17
Cyanide mg/L (b) 1 - 54
Phenols mg/L (b) 0.05 - 2.9
Fluoride wg/L (b) 1.4 - 6.5
Sulfide mg/L (b) 2.0 - 54
Suspended Solids mg/l, 354 - 7040
pH - Units . 6.4 - 10,2

(a) L/Mg = Liters per megagram of iron prcduced.

(b) mg/L = milligrams per liter of effluent

* 1 Mg = 1 megagram = 1 metric ton
L = Liter

Effluent Limitations

13. Gas cleaning and recovery will normally reduce atmospheric dis-
charges to concentrations well below acceptable levels. In all cases, am—
bient air quality should be maintained below the following levels outside
the plant fence:
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Sulfur Dioxide (a)

Inside plant fence  Annual Arith. mean: 100 p1g/m3

Max. 24-hr peak 1000 pug/m3
Outside plant fence Annual Arith. mean: 100 pg/m3
Max. 24-hr. peak 500 pg/m3
Hydrogen Sulfide
Average 24-hour 8 pg/m3
Particulate Matter
Annual Geo. Mean 75 pg/m3
Max. 24-hour, not over once a year 260 pg/m3

(a) pg/m® = Micrograms per cubic meter of air sampled

14. Limitations for blast furnace wastewater effluents, based on best
practicable treatment technology currently available, are presented in
Table 2.

Table 2. - Effluent Limitations for Blast Furnace (Pig Iron)
Wastewater Discharges.

Liritation
Parameter (per Mg Product) (a)
Flow (b) 520 Liters
Susp. Solids ) . 26 Grams
Sulfide 3.1 Grams
Fluoride 21 Grams
Phenols 2.1 Grams
Cyanide 7.8 Grams
Ammonia - N 65 Grams
Pﬁ ‘ 6.0 - 9.0 Units
1
(a) Per megagram of iron produced. ‘
(b) Excluding all non-contact cooling water |
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Control and Treatment of Wastes

15. Because blast furnace gas is recycled and reused, it undergoes a
very high degree of cleaning. The cleaning process frequently involves up
to three stages -- dry collection in a "dust catcher”, high energy scrub-
bing and wet electrostatic precipitation. Excessive emissions from the
cast house operations can be awoided by maintaining sufficient ventila-
tion. In the slag handling procedure, the mixing of molten slag with water
is in itself effective in controlling much of the air pollution dis-
charged. A condensation chimney is effective for removing any residual
gases and materials.

16. Treatment of blast furnace wastewaters is concerned mainly with
the removal of suspended solids. Other constituents, such as cyanides,
phenols, oils and greases, metals, and others are also of concern. These
wastes originate mostly fram the cleaning of gases resulting fram cambus-
tion of the raw materials in the furnace. They are removed through the top
of the furnace (and frequently referred to as "top" gases) for subsequent
cleaning and use elsewhere in the plant.

17. Treatment in most cases consists of thickener/clarifiers for re-
moving the suspended solids. Sludge is removed continuously fram.the bot-
tam of the thickener and pumped to vacuum filters, for dewatering. The
filtrate is returned to the thickner influent. Various flocculating agents
such as polymers, are often used to enhance solids removal. The clarified
effluent can be used for cooling purposes. Solids removal, by itself, has
only a minor effect on the chemical composition of the wastewater. Chlori-
nation can be useful as a means of destroying cyanides and phenols.
Bio-oxidation systems have also been successful in destroying cyanides.

18. Both organic and inorganic toxic pollutants have been found in
blast furnace effluents, and hence should receive attention. Depending
upon the individual or combination of pollutants involved, varying degrees
of removal can be achieved by the application of filtration (as part of the
suspended solids removal procedure), activated carbon, and carbon adsorp-
tion.

19. Disposal of solids, filter cake, sludges, and other similar
materials which cannot be recycled is to controlled landfill. Slurries
fram the gas scrubbers frequently oontain significant amounts of 1lead,
zinc, and alkalis and hence cannot be recycled without receiving additional
treatment.

DIRECT REDUCTION PROCESS

20. In recent years, particularly in countries having adequate sup-
plies of both high grade iron ore and energy resocurces, a number of methods
for the direct reduction of ore have been developed. This has been parti-
cularly true in countries seeking to establish a local iron and steel
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industry. The process permits development of smaller production units,
with capabilities in order of 1,000 tons of sponge iron per day.

21. Basically the process utilizes the reaction between either a gas-
eous reducing agent or a solid fuel and the ore. The lump ore and/or pel-
lets are charged to a vertical shaft or fluidized bed to produce metallized
products containing a minimum of 90 percent iron. This sponge iron can be
readily melted in an electric arc furnace. The main advantages of the pro-
cess relate solely to the size and flexibility of the operation. The di-
rect reduction/electric furnace steelmaking procedure is much more energy-
intensive than the more conventional blast furnace/basic oxygen furnace
procedure.

22. Dusts contained in the off-gases from these plants are usually
revoved by wet scrubbing. Cleaned gases are either used to provide heat
for gas reforming or, in some instances, to preheat the feed material. The
resulting slurry is filtered, pressed, and recycled. The clarified efflu-
ent can be used for cooling. Where pelletizing is used, the fines result-
ing from the screening of the pellets are fed back to the process.

23. ~ Effluent limitations for gaseous and liquid effluents are the
same as those given in paragraph 13 and 14, above.
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IRON AND STEEL INDUSTRY

BYPRODUCT COKE OVENS

EFFLUENT GUIDELINES

1. Iron and steel production utilizes a highly camplex system, in
which iron ore and other raw materials are subjected to a series of proces-
ses to convert them into finished steel products.

2. The series of conversion processes may be divided into five major
segments: (a) ore preparation, sintering and pelletizing; (b) byproduct
ocoke production; (c) pig iron production; (d) steel production; amd (e)
rolling and finishing operations.

3. This document is one of a series which has been prepared on the
individual segments. Each one presents information needed for assessing
the envirommental effects of the gaseous, liquid, and solid wastes produced
by the operation. In each case the document discusses the manufacturing
processes, waste sources and character, effluent limitations based on best
practicable treatment technology currently available, and applicable waste
treatment methods. A bibliography is also included.

MANUFACTURING PROCESS

4. Two types of ovens have been traditionally used to produce metal-
lurgical coke: beehive and byproduct recovery. The byproduct recovery
types, discussed in this document, are the most extensively used at this
time. In the United States, for example, less than 1% of the metallurgical
ccke produced in 1977 came fram beehive ovens.

5. The byproduct recovery process not only results in a suitable
high-quality coke, but also makes possible the recovery of valuable bypro-
ducts fram the distillation reaction. Crude coal tars, crude light oils,
ammonium sulfate, and naphthalines are the principal byproducts recovered.
Other products, such as creosote oils, phosphates, cresols and elemental
sulfur, are also recovered in same cases.

6. A byproduct recovery coke plant consists of batteries of ovens in
which blends of high, medium, and low volatile bituminous grades of select-
ed coals are heated. The heating occurs out of contact with air in order
to drive off wolatile components without burning them. The wolatiles are
drawn off and recovered, while the residue remaining after 12 to 24 hours
of heating constitutes the occke product.
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7. When ready, the coke is pushed fram the oven and quenched (or
cooled) before going to storage or use. Two methods are in use -- dry
quenching and wet quenching. Dry quenching is used in same plants in
Russia, England, France, and Switzerland. Wet quenching, the most widely
used method, .is accomplished by discharging the hot coke fram the ovens to
the quenching car. The car is then moved to the quenching station by loco-
motive, and water sprayed on the mass while still in the car, to cool it.
The coke is then transferred for storage or use.

WASTE SOURCES AND CHARACTERISTICS

8. As previously stated, the byproduct process yields a variety of
useful materials, which are either reused in the mill operation or profit-
ably marketed elsewhere. Utilization of these byproducts keeps them ocut of
the waste streams and hence significantly reduces the waste load which
might otherwise be discharged fram a oocke plant. There are, however, sev-
eral other potential sources of gaseous, particulate, and aquaeous emis-—
sions which are not removed as part of the recovery process and can have an
adverse effect on the environment.

9. Waste gas can originate in the coal preheater units utilized at
many plants. Gravity charging of ovens can result in emissions of toxic
and flammable gases, as well as fumes and dusts.

10. Major liquid wastes usually include excess ammonia liquor, final
cooler wastewater, light oil recovery wastes from the benzol plant, baro-
metric condenser wastes fram the ammonia sulfate crystalizer, desulfurizer
wastes, and oontaminated waters from air emission scrubbers at charging,
crushing, quenching, preheating, or screening stations. The larges volumes
of water are fram indirect (noncontact) cooling operations. These are nor-
mally not contaminated, except fram leaks in coils, tubes, or other equip-
ment.

11. Typical wastewater flows fram byproduct ocoke oven operations are
presented in Table 1.

12. Parameters considered of major significance in coke plant
wastewaters include: total suspended solids, oils and greases, ammonnia-N,
total cyanides, phenolic compounds, sulfides, thiocyanates, and pH. In
addition, ocking will also produce a large number of loth organic and
inorganic pollutants, which may need to be eliminated from waste streams if
concentrations are too high. Over 50 such pollutants have been identified
at the existing plants.
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TABLE 1 - Typical Wastewater Flows
Byproduct Coke Oven Operations

Flow -

Source L/Mg Coke 2/ ~
Waste Ammonia Liquor 162
Final Cooler Blowdown 133
Benzol Plant Wastes 226
Misc. Wastes b/ 259
Steam Condensates 40
(Subtotal - Basic Flow) (820)
Baro. Condenser Blowdown 122
Desulfurizer, wet 100

~ Alr Pollution Control Blowdowns

Preheaters and Dryers 37
Charging 111
Quenching &/ 2100

a/ 1/Mg = Liters per magagram = liters per metric ton.
b/ May include varying amounts of non-process cooling water.

¢/ Amount applied. Generally one-third evaporates and
remaining two-thirds is recirculated.

13. Available data on raw waste quality in coke plants show wide
variations, and hence are not presented here. Each plant will need to be
evaluated according to its own individual circumstances and merits.

14. Byproduct ccke making also produces a numbers of toxic
pollutants, both organic and inorganic. Some 30 organic substances are
considered of major significance, including acrylonitrile, ethylbenzene,
naphthalene, phenol, flourine, toluene, and xylene. Of the organics,
antimony, arsenic, cyanides, selenium, silver, and zinc are considered to
be the nmost significant.
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15. The use of lime to raise the pH levels prior to ammonia stripping
produces a sludge in the form of unreacted calcium hydroxide, along with
precipitated calcium carbonates and sulfates. Other sludges include coal
or ocke fines. BAnother source of solid wastes may occur where recovered
byproducts are not sufficiently pure for further use or for resale or re-
use.

EFFLUENT LIMITATIONS

l6. Coke making may result in discharge of gaseocus ammonia, hydrogen
sulfide, and hydrogen cyanide to the atmosphere if collectors, ductwork,
and piping are not carefully monitored and controlled. Particulates may
also escape to the atmosphere. With effective controls, little or none of
these substances should be discharged. Odors can be a problem if not care-
fully controlled.

17. On the basis of best practicable control technology now

available, wastewaters from byproduct ooke plants should be maintained at
or below the levels given in Table 2.

Table 2. Effluent Limitations for Byproduct Coke Plant Operations

Limitation
Parameter (Per Mg Coke)
Total Cyanide 22 grams
Phenolic Compounds 1.5 "
Ammonia - NH3 91 "
011 and Grease 11 "
Suspended Solids 37-94 "
pH 6.0-9.0 (units)
Flow 2/ 730-940 1iters

a/ Excludes non-contact cooling water.
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18. The use of lime to raise pH levels to ammonia stripping produces
significant quantities of sludge. Disposal of these sludges to landfill
sites should be such as to prevent escape to the environment.

CONTROL AND TREATMENT OF WASTES

19. Because the byproducts fram coke making can be profitably recov-
ered and marketed or reused, pollution control is largely achieved throuch
the recovery processes. Gases and dusts which are not otherwise recovered
as useful byproducts are effectively removed by dust oollecting devices,
sprays, or a ooanbination of the two. Disposal is either to recycling or to
landfills.

20. Odors car be minimized or eliminated by restricting vapor losses
to the atmosphere through leaking vent pipes, storage vessels, and liquor
seals. Burning of coke oven gas can produce significant emissions of sul-
fur gas, 'mless the sulfur camponent is removed before burning. Desulfuri-
zation is most often accomplished either through absorption/desorption or
absorption/oxidation. Removal efficiencies will range fram 80 to 99 per-
cent.

21. Following application of various byproduct recovery measures,
there still remains a residual discharge of contaminated wastewater which
must be treated before release. The three most frequently applied methods
are physical/chemical, biological, and incineration/evaporation techno-
logies. Flow minimization should be a first step in all cases.

22. A physical/chemical system would include a fixed leg on the ammo-
nia still to strip additional ammonia from the wastewater, through addition
of lime slurry and additional steam. This step is followed by carbon
adsorption to remove the organic components. Prior to carbon adsorption
the wastes can be oxidized with such chemicals as chlorine, chlorine
dioxide, sodium hypochlorite, ozone, or peroxides to destroy the organics.
Where these chemicals are used, the carbon colum acts mainly as a final
polish.

23. In a biological or bio-oxidation system, the wastewaters fram the
fixed leg to the ammonia still, which have a high pH, are first neutralized
with acid and then flow into a single-stage activated sludge bio-oxidation
system or pond. Aeration is provided by mechanical agitation or by use of
large blowers. Depending upon the pollutants to be removed one or two ad-
ditional stages may be required to remove phenols, cyanide and ammonia (ox-
idized to nitrates) and provide denitrification in a final stage.
Effluents from these stages are subjected to sedimentation, step aeration,
and pH adjustment before discharge.

24. Incineration/evaporation is not widely used, and is best applied
in situation where the impact on air pollution would not be significant.
In this method, the total raw waste load is distilled and evaporated in a
controlled combustion system. Coke oven gas and crude coal tar are the
only byproducts recovered.
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25. The use of lime to raise pH levels prior to ammonia stripping
produces large quantities of sludge in the form of unreacted hydroxide,
along with precipitated calcium carbonates and sulfates. Disposal can be
to landfill but care must be taken to prevent the sludges fram redisolving
and reaching streams as runoff. Lesser amounts of sludge form when caustic
soda is used as the alkali, but this will cause an increase in the
dissolved solids levels. Other sludges will contain coal or coke fines,
and these can be readily recycled back to the process.

26. All sludges should be recycled to the process insofar as
possible. Controlled landfill is the disposal method of choice for all
solid wastes that cannot be recycled to the system, including those bypro-~
ducts which are not of suitable quality for marketing purposes.
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IRON AND STEEL INDUSTRY

ORE PREPARATION, SINTERING, AND PELLETIZING

EFFLUENT GUIDELINES

1. Iron and steel production utilizes a highly complex system, in
which iron ore and other raw materials are subjected to a series of proces-
ses to convert them into finished steel products.

2. The series of conversion processes may be divided into five major
segments: (a) ore preparation, sintering and pelletizing; (b) by-product
coke production; (c) pig iron production; (d) steel production; and (e)
rolling and finishing operations.

3. This document is one of a series of which has been prepared on
the individual segments. Each one presents information as needed for as-
sessing the envirommental effects of the gaseous, liquid, and solid wastes
produced by the operation. 1In each case the document discusses the manu-
facturing processes, waste sources and character, effluent limitations
based on best practicable treatment technology currently available, and ap-
plicable waste treatment methods. A bibliography is also included.

ORE PREPARATION

Manufacturing Process

4. Higher grades of ore are becoming rap}dly depleted throughout the
world, due to selective mining of one type or another. During the mining
of high-grade ores the low grade ores which may be present as overburden
and capping will mix with the material of good grade, particularly when
large-scale mechanical mining methods are used. To assure an acceptable
and consistent ore having the desired camposition for iron smelting, the
run-of-the~mine ore is given special preparation, often referred to as
"beneficiation".

5. Various beneficiation techniques are applied to suit the specific
ore, depending upon the mineralogical and petralogical characteristics of
the material. Techniques used include wet screening, gravity treatment,
magnetic separation, froth flotation, reduction roasting, thickening, and
drying. The combination of techniques used depends upon the cost econom—
ics, the required quality of the end product, and the possibilities of re-
cycling waste products.
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Waste Sources and Characteristics

6. Raw materials are delivered by water, rail, or highway, and norm-
ally require handling within the mill, as well as stockpiling and blend-
ing. Within the works area, raw materials such as ores are usually trans-
ported by conveyor belts. Spray installations are used for reducing dust
losses, since a high surface moisture content is necessary to avoid wind-
borne losses of fine materials. Where no spray facilities are used, stud-
ies have shown losses from wind-borne drift to be in the order of 0.35
grams per ton of material stored. With adequate controls, waste production
fram this segment of the operation should be relatively minor.

SINTERING AND PELLETIZING

Manufacturing Process

7. The beneficiation process produces large proportions of fines,
sanetimes up to 50 percent by weight of the ore mined. In the case of mag-
netite ores, the entire quantity of concentrate is in the form of fines.
Whatever the source, the fines require sintering or pelletizing before
utilization for making iron.

8. Sintering produces a useful agglomerate fram the mined ore and a
wide variety of wastes, such as coke breeze, mill scale, flue dust, blue
dust, limestone, and dolomite fines. The process has great flexibility in
the agglomeration of raw materials having different physical properties and
mineralogical composition.

9. Pelletizing, another of the agglomeration processes, is most fre-
quently utilized where the ore particles are in a very fine form either as
a beneficiated product or as a naturally-occurring mineral like blue dust.
The process is aarried ocut in two steps —- balling and induration.

10. The purpose of "balling" is to increase the particle size of the
dust. After wet or dry grinding of the ore, dewatering, and partial dry-
ing, "green" pellets are formed by the addition of a suitable binder. Ben-
tonite, limestone, or hydrated lime are commonly used for this purpose. In
order to produce pellets of suitable quality it is necessary to carefully
control the type of grind, the size to which the ore is ground, the sched-
ule of drying, preheating, and cooling cycles.

11. The induration process involves the drying of the green pellets,
preheating to proper temperatures, firing at the required temperatures, and
soaking for a definite period to create iron oxide or a slag bond formation
between grains. This is followed by regulated cooling of the final pro-
duct.

12. A recent development has been the use of cold induration
processes, in which special types of cements (containing no sulfur) are
used with the pelletizing feed before balling. The green balls, sometimes
coated with iron concentrate fines to prevent cluster formation, are
allowed to caure and harden for periods of up to 5 weeks.
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Waste Sources and Characteristics

13. Although sintering plants are generally fitted with high chimneys
to assure adequate dispersion of waste gases, use of high-sulfur raw
materials can cause problems fram sulfur dioxide combining with other
contributions fram nearby sources. Dusts or particulate matter can also be
major problems. Other gaseous pollutants, such as hydrogen fluoride and
nitrogen oxide do not cause problems in most countries, although Japan is
experiencing some problems as a direct result of the potential for
photochemical pollution. A typical sinter plant waste gas will contain O.

to 1.0 g/Nm3* of SO, less than 0.4 g/Nm3 of NOy, and less than 0.0l g/Nm

of F.

14. The firing process employed in pellet plants may produce gasecus
emissions of sulfur dioxide and nitrogen oxides. When using ores with high
fluorine content, gaseocus fluorine campounds may be emitted. Both sulfur
dioxide and nitrogen emissions depend upon the types of burner and fuel
used, and will normally not constitute a serious problem.

15. Wastewater generated during the sintering and pelletizing
operation result mainly fraom the scrubbing of gases and dusts produced
during the process. Wastewaters are also generated fraom the oooling,
crushing, and screening of the final product. Newer plants generally use
"dry" dust ocollection equipment and hence have no flows fram this source.
The pollutants in the effluent reflect the variety of process fuel
materials, such as iron and steelmaking flue dusts, ores, mill scale, coke,
limestone, slag fines, and others. 0Oils and greases are also present,
principally carried by the scrap and mill used in the operation.

16. The average concentrations found in typical untreated effluents
from sintering plants are shown in Table 1.

Effluent Limitations

17. Where effective gas scrubbing is uséd to remove gases and dusts
only minor amounts of air pollutants are discharged. In all situations
anbient levels of gasecus effluents, outside the plant fence, should be
maintained within the following limits:

Sulfur Dioxide

Inside plant fence Annual Arith. mean: 100 pg/m3
Max. 24-hr. peak 1000 pg/m3
Outside plant fence  Annual Arith. mean: 100 pg/m3
Max 24-hr. peak 500 pg/m3

Nitrogen Dioxide

Annual Arithmetic Mean 100 }lg/m3
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Particulate Matter

Annual Geometric Mean 75 }Jg/m3
Max. 24-hour, not more than 3
once a year 260 Pg/m

*Normal Conditions: 0°C., 101.3 XPa (750 mm Hg)

Table 1. Sintering Plant Wastewater Flows and Characteristics

Parameter ] Average
*
Flow - L/Mg (@) 6100
0il and CGrease - mg/L (b) 245
Suspended Solids - mg/L 6100
pH 6-12
Fluoride - mg/L 17
Sulfide - mg/L 56
(a) L/Mg = Liters per megagram sinter produced

(b) mg/L = Millgrams per liter of effluent.
¥
18. Effluent limitations, based on best practicable technology

currently available, should*be maintained as shown in Table 2.

19. Various toxic pollutants, depending upon the raw materials used,
are also generally present. These include cyanides, zinc, copper, nickel,
lead, silver, and others. Limitations for these substances should be as
follows:

Cyanides: 0.01 mg/L(2) Nickel: 1 mg/L
Zinc: 1 mg/L Lead: 0.1 mg/L
Copper: 1 mg/L Silver: 0.1 mg/L

(a) mg/L = Milligrams per liter of effluent
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Table 2. Effluent Limitations for Wastewaters fram Sintering Plants

Parameter Limitation (a)
(Per Mg Product)
0ils and Greases 4.2 grams
Suspendad Sclid 21 grams
rH 6.0 - 9.0 (units)
Flow (b) 416 liters

(a) Per Metric Ton of sinter produced
(b) Excluding non-contact cooling water
(*) 1 Mg = 1 megagram = 1 metric ton

20. Solid wastes are produced fraom the gas and dust scrubbers and
other sources. These solids are primarily metallic oxides, mostly iron,
and are recycled to the sintering process.

Control and Treatment of Wastes

21. Gas and dusts are effectively removed fram exhaust streams by
means of wet scrubbers or by dry methods, such as electrostatic precipita-
tion. The removed solids are either recycled to the sintering or pelletiz-
ing processes or transferred to a waste recovery operation elsewhere.

22, Wastewaters result mainly from the wet scrubbing and cooling of
gases, dusts, and other materials involved in the sintering processes.
While treatment facilities are concerned mainly with solids removal, a side
effect is to remove other pollutants as well. Thickeners and clarifiers or
settling lagoons are used for suspended solids removal. Skimmers are ef-
fective for oil and grease removal.

23. while suspended solids removal will also remove some of the toxic
pollutants, higher degrees of treatment are usually required for this pur-
pose. Advanced treatment technologies known to be effective for both or-
ganic and inorganic toxic pollutants include alkaline chlorination, sulfide
precipitation, filtration, and activated carbon treatment.

24. Solid wastes generated fram the treatment of gasecus and liquid
effluents are generally recycled into the systems.
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IRON AND STEEL INDUSTRY

ROLLING AND FINISHING OPERATIONS

EFFLUENT GUIDELINES

1. Iron and steel production utilizes a highly complex system, in
which iron ore and other raw materials are subjected to a series of proces-
ses to convert them into finished steel.

2. The series of conversion processes may be divided into five major
segments: (a) ore preparation, sintering and pelletizing; (b) by-product
coke production; (c) pig iron production; (d) steel production; and (e)
rolling and finishing operations.

3. This document is one of a series which has been prepared on the
individual segments. Each one presents information as needed for asssess-
ing the environmental effects of the gaseous, liquid and solid wastes pro-
duced by the operation. In each case the document discusses the
manufacturing processes, waste sources and character, effluent limitations
based on best practicable treatment technology currently available, and
applicable waste treatment methods. A bibliography is also included.

MANUFACTURING PROCESS

3. Steel finishing oconsists of the processing of the steel fram the
furnaces into the range of shapes and sizes required to supply specific
market needs. Because of the wide variety of possible products, the array
of technology and equipment required for any particular product, the
different operating practices utilized by individual plants, and other sim-
ilar factors, this is probably the most complex operation in steel making.
Some of the typical operations are discussed below.

4. Conventional casting involves the pouring of ingots, subsequent
reheating in soaking pits, followed by rolling of semifinished shapes fram
the ingots. A considerable amount of the original melt, averaging some 14
percent, is lost during all this time handling. Losses result fram
pouring, unmolding, rolling, trimming, and surface preparation (scarfing).
This scrap is generally recycled to the steel furnaces.

5. In continuous casting the molten metal is poured into a trough,
and then flows to water-cooled molds to form the desired shape. Fram the
mold, the continuous pieces having the required cross-sections are drawn by
rollers, cooled by direct water sprays, and cut into pieces of the desired
lengths. Scrap production is far less (under 4 percent) in this process
than in conventional casting.
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6. Hot-rolling strip mills convert heated slabs into thin steel
strips, which are either cut into lengths (sheets) or rolled onto cores
(coil). A plate mill converts heated slabs into thicker plates (over 6
mm), and functions essentially the same as a strip mill.

7. While some products are sold as they come fram the hot-rolling
mill, a large portion of the hot-mill production is subject to further pro—
cessing in the cold mill. In this process, sheet and strip steel products
are reduced in thickness by being passed through various cold rolling con-
figurations. As preparation for cold rolling, the surface of the strip is
cleaned of scale formed in the hot mill and during storage. This is usual-
ly done by passing the strips through baths of dilute hydrochloric or sul-
furic acid to dissolve the scale, a process designated as "pickling".
Since cold steel has lower plasticity, as compared with hot steel, rolling
speeds are slower to achieve the same thickness. Cold rolling can produce
thinner strips and a finer surface quality.

8. During cold rolling the steel becomes quite hard and unsuitable
for most uses. Therefore, the strip is subjected to an annealing process
to restore its ductility and to effect other changes in the mechanical pro-
perties to render the material suitable for specific uses.

9. For certain uses it is necessary to apply coatings to the steel
in order to provide corrosion protection, wear resistance, antifriction
properties, lubricity, heat and light reflectivity, and other effects. The
process involves the application of a thin layer of a metallic or non-
metallic element to the surface. Metallic elements most frequently used
include tin, zinc, chromium, and aluminum. Non-metallic coatings include
oxides, sulfides, phosphates, silicates, organic compounds (alkyd resins
and varnishes), and miscellanecous inorganic coatings (vitreous enamel,
etc.). The most important step in the process is the careful preparation
of the surface of the steel prior to application of the coating.

10. A number of methods are in common use for applying coatings.
These include the hot-dip process, metal spraying, metal cementation,
fusion welding, ard metal cladding. Most metal coatings are applied by the
hot-dip method, except for tin which is now generally applied by an elec-
trolytic process.

11. The electroplating process is one in which a basic ferrous or
non-ferrous material is coated by electrodeposition of a metal, such as
tin. Three steps are involved: (a) cleaning, to remove o0il, grease, and
dirt fram the surface to be coated; (b) electroplating, in which metal
ions in acid, alkaline, or neutral solution are reduced on cathodic sur-
faces (in this case the surface being plated); and (c) post-treatment, in
which additional coatings of another material may be applied for special
uses. Continuous electroplating of coil steel represents the largest ap-
plication of electroplating worldwide, in terms of tonnage produced.
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WASTE SOURCES AND CHARACTERISTICS

12, The most likely sources of air pollutants in the rolling and fin-
ishing operations are the reheating furnaces, soaking pits, scarfing
machines, acid recovery plants, galvanizing lines, and organic coating
lines. Current control practices provide sufficient reduction, so that
these sources are not considered significant.

13. 0il firing of reheating furnaces and oil pits can produced unac-
ceptable sulfur gases in the immediate environment. Coke oven gas, natural
gas, and other alternate fuels are coming into widespread use, thus elimi-
nating this problem. Autaomatic scarfing produces some iron oxide fumes,
but this is contolled by means of irrigated precipitators. Spent pickling
acids are generally recovered by heating, but effective gas scrubbing pre-
vents fume acid emissions. Fumes from the salt fluxes used in hot-dip gal-
vanizing lines are ocontrolled by extraction and ventilation. Solvent fumes
from organic coating lines an be controlled with properly designed ventila-
ting systems.

14. The primary waste constituents from the hot-rolling processes in
a pipe and tube mill are scale, oils and greases. Scale is formed as the
hot steel surface oxidizes, and is continuously scaled and chipped away.
Scale particles are mainly metallic iron, ferrous oxide, and ferric oxide.
Oils and greases originate fram oil spills, equipment washdowns. Copper,
chromium, lead, zinc, and other heavy metals may be found in wastewaters
when these are used in the rolling process, but levels are usually not sig-
nificant. Typical wastewater characteristics are shown in Table 1.

TABLE 1. Wastewater Characteristics for Hot and Cold Pipe and Tube Mills

Hot Tube Cold Tube
Parameter Mill Mill
Suspended solids - mg/L 500-700 1000
0ils/Greases - mg/L 50-100 100-200
pH 6.0-9.0  6.0-9.0
15. Wastewaters fram a cold-rolling pipe and tube mill generate a

fine scale (primarily ferric oxide), as well a both soluble and insoluble
oils and greases. Wastewater sources include flushing of the product, wel-
ders and rolls, and the cold drawing and pickling waste waters. Levels of
toxic pollutants are below those for hot-rolling mills, and hence are con-
sidered to be of little or no significane. Typical wastewater characteris-
tics are shown in Table 1.
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16. The rolling process generates heat. Oil solutions are added di-
rectly to the product to reduce the heat buildup and to provide lubrica-
tions for the product being rolled. Three types of oil application system
are in use today--designated as recirculated, direct application and com-
bination. The recirculated system is most widely used at the present
time. Due mainly to the use of the o0il solutions, high concentrations of
various pollutants are discharged. The most cammon of these are suspended
solids, oils and greases. Toxic metals and organic pollutants are also
present and must be removed before discharge of the effluent.

17. The major water use in a cold rolling mill operation is for cool-
ing the rolls and materials being rolled. A water-oil emulsion is sprayed
directly on the materials and rolls as the material enters the rolls. A
flooded lubrication system supplies both the lubrication and cooling opera-
tions. Recycle and recovery systems are commonly used, in order to control
pollution and reduce the quantities of fresh oils which must be supplied.
Characteristics of typical ocold-rolling mill discharges are present in
Table 2.

TABLE 2. Characteristics of Typical Effluents from Cold-Rolling Mills

Direct‘
Parameter Recirculated Application Combination
Flow - L/Mg" 165 . 1772 1359
Suspended Solids me/L 1235 160 624 '
0il/Grease - mg/L 22640 1861 1009
Diss. Iron - mg/L 140 22 7.8
pH 6.9 ‘ 7.2 6.4

* 1 L/Mg = 1 liter per megagram = 1 liter per metric ton

18. Acid pickling is the process of chemically removing oxides and
scale from the surface of a metal by means of inorganic acid solutions.
The process may be carried out using one acid alone or in combination.
Sulfuric acid or hydrochloric acid are now most frequently used, depending
on the type of material to be pickled. The process encampasses three oper-
ations; pickling, rinsing, and fume scrubbing. Wastewater can originate
fram the rinsing and fume scrubbing steps. Spent pickle liquor is a third
source, but while this is lowest in wolume, it is hichest in contaminent
levels. Typical characterisitcs of wastewater fram combination acid pick-
ling operations are shown in Table 3.



TABLE 3. Characteristics of Typical Effluents from Acid Pickling Operations

Sulfuric Actd Hydrochloric Acid
Parameter
Parameter Pickle Ringe Spent Fume Pickle Rinse Spent Fume
Liquor Scrubber Liquor Scrubber
Batch Cont. .Batch Cont.

Flow - Liters/Mg 9¢0 1020 83 0 a/ 390 465 300 6
Diss. Iron - mg/L 375 520 41,000 1190 190 1630 52,300 402
Tot. Susp. Sol. wmg/L 180 44 1,890 93 0 60 740 490
011 /Grease og/L 24 12 14 34 3 30 52 780
pH (Units) 2 -6 2-5 <1 2-3 <2 1-4 <1 <1
Arsenic mg/L 0.39 0.01 0.18 0.10 - 0.11 0.01 0.07
Cadmium mg/L 1.1 0.02 0.46 0.20 -— 0.003 0.12 <0.07
Total Chromium mg/L 5.1 <€0.001 30 3.2 —— 0.57 13 0.19
Copper mg/L 0.45 0.14 3.0 2.3 -— 0.72 11 c.21
Cyanides wg/L 0.01 0.01 0.006} 0.002 — — <0.01 | <o0.01
Lead mg/L 0.14 0.04 1.6 1.5 -— 0.28 310 < 0.26
Nickel mg/L C.64 0.24 21 1.9 —_— 0.78 10 0.23
Silver mg/L 0.01 <0.01 0.2% —— —_— —-— 0.20 < 0.10
Zinc rg/L 16 0.10 2.8 1.2 — 0.49 15 0.15
Ant fwony mg/L — -— -— -— —_— 0.19 0.86 0.18
Selenium g/l —— -— ——— ——— - —— 0.04 < 0.01
Thallium ng/L -— ——— —— — — -— 0.18 < 0.05

a/ All flows returned to rinse tank

- TST -
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19. Wastewaters generated by hot coating processes, now most widely
used except for tin coating, fall into three catagories: (a) continuously
run rinse waters (rinses following cleaning operations, flows fram fume
scrubbing systems, final rinse flows, etc.); (b) intermittant discharges
(spent) and flux baths, chemical treatment solutions, etc.); and (c)
noncontact cooling waters.

20. Wastewaters fram plating processes originates in the cleaning,
surface preparation, plating and related operations. Constituents include
the basic material being finished and applied, as well as the components in
the processing solutions. The predominant wastewater constituents are the
metal cations (such as copper, nickel, chromium, zinc, lead, tin, etc.) and
the anions occurring in the cleaning, pickling, or processing baths (such
as phosphates, chlorides , and various metal complexing agents).

21. Steel scrap, millscale, scarfing residues, refractory materi-
als,and used oils and greases are the principal solid or semi-solid waste
substances from the rolling and milling operations. Most of these are re-
covered or recycled back into the steel-making process. Scrap metal is
used as feedstock, while mill scale (about 90% Fe203) can be recycled to
the sinter plant. Refractory wastes are separated, with re-usable material
going back into the plant and the non-usable portions going to a dump.
Used oils and greases are either incinerated or mixed with inert materials
prior to disposal to special dumps. Spent pickling acids from both sul-
furic and hydrochloric processes may be regenerated.

EFFLUENT LIMITATIONS

22. Effluent limitations for specific elements of rolling and finish-
ing operations, except for electroplating, are presented in Table 4. Ma-
terials consumed or processed do not provide a basis for applying effluent
guidelines, in the case of electroplating processes. For this purpose,
limitations are based on the surface area (square meters) of materials
plated, for each ocperation (cleaning, plating, etc.) carried out as part of
the plating process. Limiting values are presented in Table 5, for a nmum~
ber of substances found in these wastes, depending upon the process being
used.

CONTROL AND TREATMENT OF WASTES

23. Discharges of gases, particulates, and fumes can be reduced or
eliminated by use of a scrubber or other collecting devices, and these
normally do not constitute a problem. When dry collecting devices are used
to isolate these materials they may be either recycled into the process, if
appropriate, or taken to landfill disposal. When wet methods are used the
materials are subject to whatever treatment is provided for the waste-
waters.
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TABLE 4.  Effluent Limitations for Steel Rolling and Finishing

Mill Wastewaters

Per Mg Steel Processed

Waste Source Susp. 0il/ Diss.
1 Flow Solids | Crease Fe pil
Liters Grams
Pipe & Tube Mill
Hst Rolling 6700 - 67 100 - 6-5
Cold Rolling (Vater) ’ No wastewater discharges)
Cold Pclling (01ils) (No lwastewste!r discharg'es)
Cold Rolling Mill
Fecirculated 104 3 0.14 0.10 6--9
Dizr. Applicaticn 1668 104 %42 4 €-9
Combination 1043 26 10 1 6-9
Pickling
Sl)f‘ - Bat:c'né', . (No wastewater discharges)
504 - Batch 2500 125 25 3 6-9
S04 - continucus—a-/ (No wvastewater discharges)
S04 - Continucus’ 1042 52 10 1 6-9
HCl - Batch & Cont.2/ (@) 200 40 4 6-9
BC1 - Batch & Cont. &/ (£) 18 35 4 6-9
Hot Coatingst/ | 5000 250 75 - 6-9

a/ Concentrates + rinses, acid recovery

b/ " + ", acid neutralization.
'_c_/ Liquor regen. + rinse neut, + fume scrubbing.
d/ Flow = 4047 L for batch, 2774 L for continuous.
e/ Neut. liquor & rinses + fume scrubbing.

f/ Flow = 3524 L for batch, 2252 L for continuous

. &/ With fume scrubbing.
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TABLE 5. Effluent Limitations for Electroplating Plants

ng/m?/Operation al
Parameter

Non-Water Water Supply

Supply Sources and

Sources Fish Life
Copper 80 75
Nickel : . 80 4
Total Cr 80 15
Hexavalent Cr 8 1.5
Zinc 80 —
Total CN 80 1.5
Fluoride 3200 30
Cadmium 48 2.9
Lead ~ 80 4.4
Iron 160 45
Tin 160 -
Phosphorous 160 -
Total Suspended Solids ‘ 3200 -
pH (units) 6.0 - 9.5 -
Flow (liters) 145 -

a/ Maximum of average daily values in any 30-day period.
Maximum daily value not to exceed 2 times 30-day average.
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24. Treatment technologies are currently available for meeting the
wastewater guidelines given in this document. In many cases the treatment
is similar, and therefore consideration should be given to combining the
wastewater flows for treatment at a common site, when two or more of the
operations are carried out at the same time. Treatment processes which
either alone or in conbination, depending upon the waste characteristics
and ultimate disposal, will achieve the limitations given in Tables 4 and 5
are as follows:

Pipe and Tube Mill a) Primary sedimentation in a scale
Hot Rolling pit, equipped with oil skimming

devices, followed by flocculation
polymer and additional sedimention
in a high rate thickener.

b) Solids dewatering with vacuum
filtration.

¢c) Filtration of entire flow prior to
discharge or recycle.

d) Recycle through a cooling tower.

Pipe and Tube Mill a) Primary sedimentation in a scale pit
Cold Rolling (Water) equipped with oil skimming devices.

b) Flocculation with polymer and addi
tional sedimentation in a high rate
thickener.

c) Solids dewatering by vacuum filtra
tion. Complete recycling following

. filtration.
Pipe and Tube Mill a) Primary sedimentation in a scale pit
Cold Rolling (O1l) equipped with oil skimming devices.

b) Flat bed filtration, followed by
complete recycle of all solutions.

c) Spent soluble oil solutions and oil
skimmings removed to outside recla
mation or disposal.
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Cold Rolling Mill a) Reuse of rolling solutions.
Recirculated

b) Treatment of minimum blowdown via
0il separation, equalization, chemi
cal treatment flocculation, air flo
tation, surface skimming and extend-

ed settling.
Cold Rolling Mill a) Treatment of solutions via oil sepa
Direct Application ration, equalization, chemical

treatment, flocculation, air
flotation, surface skimming, and
long-term settling.

Cold Rolling Mill a) Maximum degree of reuse practical.
Cambination
Pickling - SOg4 a) On-site recovery.

Batch - Acid Recovery

b) Reclaim usable sulfuric acid, and
solid ferrous sulfate heptahydrate
for outside resale.

Pickling - SO4 a) Equalize acid and alkaline wastes;
Batch - Acid Neut. blend, mix, and aerate.
b) Lime neutralization, with polymer
addition.
c) Extended settling (one day re-
.- tention).
Pickling - SO4 a) On-site acid recovery.

Cont. - Acid Recovery

b) Reclaim usable sulfuric acid, and
also solid ferrous sulfate
heptahydrate for outside resale.

Pickling -S04 a) Equalize acid and alkaline wastes;
Cont. - Acid Neut. blend, mix and aerate.

'b) Lime neutralization, with polymer
addition.

c) Extended settling (one day
retention).



Pickling - HCl

Laquor Regen.

Pickling HC1
Liquor Neut.

Hot Coatings

Electroplating
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a)

b)

c)

d)

a)

b)

c)

d)

a)

b)

c)

a)

b):

c)

a)

Spent pickle liquor regeneration.

Recycle of fume scrubber water with
minimum blowdown to treatment.

Absorber vent scrubber once-through
to treatment with rinsewater via
neutralization, polymer addition and
settling or clarification.

pH neutralization.
Equalize acid and alkaline wastes;
blend, mix and aerate.

Treat with lime or caustic soda, add
polymer.

Sedimentation via thickener; vacuum
filtration of underflow.

- pH neutralization.

Separate collection, equalization,
blending and settling.

Lime and polymer addition.

One day settling and continuous oil
skimming.

Chemical treatment providing for
cvanide destruction.

Reduction of hexavelent chraomium to

trivalent form.

Neutralization and coprecipitation
of ‘heavy metals as hydroxides or hy

drated.-oxides.

Settling-and clarification to remove
suspended solids.
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IRON AND STEEL INDUSTRY

STEEIMAKING PROCESSES

EFFLUENT GUIDELINES

1. Iron and steel production utilizes a highly camplex system, in
which iron ore armd other raw materials are subjected to a series of proces-
ses to convert them into finished steel products.

2. The series of conversion processes may be divided into five major
segments: (a) ore preparation, sintering and pelletizing; (b) by-product
coke production; (c) pig iron production; (d) steel production; and (e)
rolling and finishing cperations.

3. This document is one of a series which has been prepared on the
individual segments. Each one presents information needed for assessing
the envirommental effects of the gaseous, liquid, and solid wastes produced
by the operation. In each case the document discusses the mamifacturing
processes waste sources and character effluent limitations based on best
practicable treatment technology currently available and applicable waste
treatment methods. A bibliography is also included.

4. The basic difference between iron and steel is in the relative
amounts of impurities in the two metals. The molten iron is saturated with
carbon, and also contains undesirable amounts of silicon, manganese, phos-
phorous, and sulfur. These are removed in the steel-making process. How-
ever, in order to impart certain desirable properties to the steel, other
elements are added in controlled proportions as part of the steel-making
cycle. These are categorized as "residual alloy elements,” and are con-
fined mainly to tin, copper, nickel, chromium, and rmolybdenum.

5. At the present time steel is produced mainly in three principal
furnace types or processes - the open hearth furnace, basic oxygen furnace,
and electric arc furnace.

OPEN HEARTH FURNACE

Manufacturing Process

6. The open hearth furnace consists of a shallow rectangular basin
or hearth, enclosed by refractory lined walls ami roof, into which the
charge is placed. The charge may consist of all liquid iron, ligquid iron
and liquid steel, solid steel (scrap) amd liquud 1iron, or some other simi-
lar comhination of iron and scrap steel. The charge is heated by a s
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flame located at the ends of each furnace. Fuels camonly used include
natural gas, cdke oven das, fuel o0il, coal tar, or same carbination of
these. The choice of fuel will influence the sulfur dioxide generation per
ton of steel.

7. There are two principal types of cpen hearth furnaces —- the acid
and the basic. The furnace is termed an "acid" furnace where the basin re-
fractory material consists of silicon samd. Where the basin is lined with
dlomite or magnesite the furnace is a "basic" wit. The kasic furnace has
the ability to remove phosporaus ard sulfur fram iron and its ores. The
acid furnace, on the other hand, requires a minimum amount of these sub-
stances to operate and can use only selected raw materials. At the end of
the heating period the furnace is tapped at a temperature of approximately
1650°C, and the molten steel poured into moldings to fomm ingots, castirgs,
or other shapes for subsequent processing.

Waste Sources and Characteristics

8. Waste products fram the open hearth process include slag; oxides
of iron emitted as micron dust; waste gases camposed of air, carbon dioxide
and water vapor; oxide of sulfur and nitrogen, and oxides of zinc (if cal-
vanized steel scrap is used). Fluorides may be emitted, both in the gas-
eous and particulate states. Most of the particulate emissions comsist of
iron oxides (predaminantly Fej03) generated at an average rate of 12.5 kg
per MT of steel produced.

9. In addition to these primary sources, the secondary sowrces
should also receive attention. These include the hot metal transfer
station, the hot metal mixer, the fumes caused by dharging of scrap and
hot metal, and the fumes emitted during tapping of the vessel. The dusts
emitted at these points are largely fine grain iron oxides, and can be re-
cycled to the sinter plant either directly or after some form of treatment.

10. The quantity of particulates will vary according to the aas
cleaning systems used. A semi-wet systan cools the hot gases before entry
into the dry precipitators, which remwve the particulates fram the s
stream. However, a small portion of the particulate matter does escape into
the wastewater systems. On the other hard, the wet scrubber system is spe-
cifically designed to remove the particulates fram the gas stream, and thus
results in larger concentrations of suspended matter. The gas scrubber
systems essentially prevent the discharge of gasecus and particulate mater-
ials to the atmosphere.

11. Characteristics of a typical raw wastewater fran an cpen hearth
furnace are presented in Table 1. This table also includes certain campo-
nents oconsidered to be toxic and therefore of significance.

12. Solid wastes originating fram the open hearth operation include
slag, scrap, slurries, dusts, and refractory materials. The largest quan-
tity of these wastes is slag, the amount of which will depend upon the
quality of steel being produced and the ratio of scrap to pig iron in the
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charged materials. Typically, slag quantities can vary fram 70 to 170 kg
per Mg of liquid steel.* Slags can be used in blast furnace sinter, in
construction, and for fertilizers, and hence do not not normally corstitute
a waste problem.

Effluent Limitations

13. Open hearth furnaces are generally equipped with a cleaning sys-
tem, vhich can efficiently cool and scrub the hot gases that are produced.
The entrained gas:s will contain one or more of the following: sulfur di-
oxide, nitrogen oxides, zinc oxide, ferric oxide, flwrides, and particu-
lates. Where the cleaning system is effective, discharges to the atmos-
phere would be wvery minor. Where gasecus effluents are discharged to the
enviromment, ambient air quality at ground level should be maintained at or
below the following concentrations:

S03:
Inside plant fence Annual Arith. mean 100 ,\.u_:;/m3
Max. 24 hr. peak 1000 pig/m3
Outside plant fence Annual Arith. mean 100 }Jg/m3
Max. 24 hr. peak 500 pag/m3
NOx (as NO2) Ann. Arith. Mean 100 ,Jg/m3
Fluorides (as HF) Ann. Arith. Mean 10 pg/m3
8-hr. peak 100/1.1g/m3
Particulates Ann. Geam. Mean 75 Pg/m3
Max. 24-hr. 260 /ug/m3

14. Effluent Limitations for open-hearth furnace wastewaters, based

on application of best practicable control technology presently available,
are given in Table 2. These include only suspended solids and pH. Al-
though other pollutants are of concern, effluent limitations are still un-
der develcpment. Treatment methods discussed below will normally reduce
these other substances to acceptable levels.

Control and Treatment of Wastes

15. Three types of gas cleaning systems are in general use for clean-
ing amd scrubbing the hot gases fram open hearth furnaces - the dry system,
the semi-wet system, and the wet system.

16. By maintaining an exact balance between the water supplied for
cooling the gases and the water evaporated no wastewater is produced. This
is called the dry system. Cooling of the hot gases takes place in an evap—
oration chamber, located at the top of the open hearth building.

* 1 kg/Mg = 1 Kilogram per megagram = 1 Kg/metric ton.



- 162 -

17. In the semi-wet system, an excess of water is supplied to the
cooling chanber (spark box), thus producing an effluent discharge. The
particulate matter collected in both the dry and semi-~dry systems is col-
lected as dry dust, but some plants slurry this dust and convey it to
thickeners.

TABLE 1. Typical Raw Wastewater Characteristics - Open Hearth Furnace

Semi-wet Wet

Parameter ’ System System
Flow - L/¥g(3)

Applsied 4670 8100

Discharge ' 288 807
Susp. Solids - mg/L(P) 500 1100
Fluoride - " 260 110
Nitrate - " 10 320
Zinc - " 0.60 . 200
Chromium - " - 0.08 -
Copper ~ " 0.08 2.0
Cyanides - " 0.04 -
Nickel -~ " 0.05 -
Lead - " - 0.60
PH - Units .2.0 -~ 3.0 3.0 - 7.0

(2) L/Mg = Liters per megagram of steel produced
(b) mg/L = Milligrams per liter of discharge

TABLE 2. Effluent Limitations for Open Hearth Furnace Wastewaters

Per Mg Steel Prod.
Semi-wet Wet
Parameter System System
‘Suspended Solids - g 15 23
Flow - liters &/ 293 460
pH - units 6.0 - 9.0 6.0 - 9.0

a/ Excluding all non-contact cooling water
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18. In the wet scrubber system, the hot gases containing the particu-
lates are conveyed to Venturi scrubbers for cooling amd cleaning. Particu-
late matter is removed as a result of the pressure drgp acrcss the threcat
of the scrubber. Water is supplied to the scrubber to entrap particulates
ard cool the gases. The wastewater resulting fram this system is generally
discharged to a treatment facility.

19. The basic type of equipment applied to wastewaters fram the gas
cleaning and fume collection systems are clarifiers or thickeners for prim—
ary sedimentation. These systems are the major source of wastewaters. Clar-
ifiers may be used ahead of the thickeners to remowve the heavier solids.
Because open-hearth effluents are acidic, provisions should be made to neu-
tralize them. Either lime or caustic acid are effective for the purpcse.
Lime, polymer, or other chemicals are added to the clarifiers to aid in
settlement of solids and removal of toxic metals. Clarifier sludges are
dewatered in vacuum filters; the overflow is nommlly recycled. Where the
overflow is discharged to a stream, it should receive further treatment,
such as lagoon settling, prior to release.

20. The presence of fluorides, heavy metals, ard nitrates will re-
quire advance levels of treatment. Lime precipitation has been effective
in removing heavy metals anmd fluorides. Both carbonate and hydroxide are
suitable. However, the carbonate is preferable since it results in a nore
dense precipitate, improves solids separation, amd yield lower sludge vol-
umes. Nitrates may be removed by anaerobic biological mocesses, as am—
ployed in conventional sewage treatment plants. Nitrate concentrations can
be reduced to 10 mg/L.

21. Slags, vhich comstitute the largest byproduct fram steelmaking,
have several possible uses. They can be recycled into the sinter mix amd
fed into the blast furnaces. lLarge lump size slags have found use in rein-
forcement of river amd canal barks, road building, or as railway track bal-
last. Slags containing high levels of P05 (usually over 15 percent) can
be graund and used as fertilizer. Process scrap resulting fram steel pour-
ing can be readily recycled.

22. Fure cleaning dusts and slurries, depending upon their campo-
sition, are dewatered and fed back into the sinter plant. Metallic campo—
nents fram refractory wastes are separated and reused. The residue is in-
nocuous and conveyed to landfill. Mill scale, if virtually oil-free, can
be recycled to the sinter plant. Where the o0il content is high, the scale
should be dumped and precautions taken to prevent oil pollution due to rnun-
off.
BASIC OXYGEN FURNACE

Manufacturing Process

23. The basic oxygen furnace for steelmaking is a relatively recent
developrent, having been first introduced in the 1950's. The process is
now most universally used, both for new installations and for replacements
of older facilities.
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24. The Basic Oxygen Furnace (BOF) process produces steel in a pear-
shaped, refractory-lined open-mouth furnace using a mixture of hot iron (at
1370°C), cold steel scrap, and fluxes. Fluxes such as burnt lime (CaO) are
used to produce a slag which floats on the molten steel surface and col-
lects impurities during steel production. Pure oxygen is injected to the
surface at supersonic wvelocities (Mach 2), through a water-cooled ccpper-
tipped lance for approximately 25 minutes. The lance is lowered through
the open furnace mouth and positioned abaut 1.5 meters above the surface of
the bath. The high velocity of the oxygen results in violent agitation and
intimate mixing with the molten iron.

25. Rapid oxidation of the dissolved carbon, silicon, manganese,
phosphorous, and iron occurs. The carbon in the steel bath conmhines with
the oxygen to produce (5 and CO gases which are released fram the fur-
nace. The silicon, manganese, phosphorous, etc. oxidize into the slag.
Fluorgpar (CaFjp) is added to the bath mixture to maintain a fluid slag.
Burnt lime is added to aid in the production of a floating slag.

26. A BOF installation is generally equipped with two wnits, although
three or more may be found in a few instances. In a dual furnace facility
cne furnace is operating while the other is in either the furnace reheat or
brick relining mode. Some plants practice "swing" blowing, where one fur-
nace is being blown with oxygen vwhile the other furnace is being darged
with raw materials.

Wasté Sources and Characteristics

27. The waste products fram the basic oxygen steelmaking process in-
clude heat, airborne fluxes, slag, carbon monoxide and dioxide gases, and
oxides of iron emitted as micron dusts. Also, when the hot iron is poured
into ladles or the furnace, submicron iron oxide fumes are released and
sane of the carbon is precipitated ocut as graphite. Fumes and smoke are
also released when steel is poured into holding ladles fram the furnace.
Basic oxygen furnaces are equipped with some type of air pollution acas
cleaning systems for containing, cooling and cleaning the large wolumes of
hot gases and submicron fumes that are released.

28. During the oxygen blowing cycle, the primary gas constituent
emtted is carbon monoxide (00). The @ will burn outside the furnace if
allowed to came in contact with air, but carbustion can be retarded by pre-
venting contact of the @ with the outside air. This is referred to as
"suppressed carbustion”.

29. Because the (O gas will burn when in contact with air, electro~
static precipitators cannot be used due to arcing in the electric plates
ard the potential of an explosion. Suppressed carbustion systems always
utilize wet-type scrubber systems, since there is always same air leakage
into the cleaning systems. An open hood mounted above the furnace mouth
conveys gases and fumes to the air pollution cleaning systems.
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30. Four principal types of gas cleaning systems are cwrrently in
use: dry, semi-wet, wet open cambustion, and wet suppressed cambustion.
the wet suppressed cambustion systems are the most widely used today.

31. In a dry precipitator system, an exact balance is maintained be-
tween water applied to cool the gases and that evaporated in the cooling
process. No effluent is discharged in this case. Particulate matter is
collected as dry dust. In the semi-wet metlhod an excess of water is
supplied to a chanber (spark box) to cool the furnace gases, thus producing
a liquid discharge. The particulate matter is also collected as a dry
dust.

32, The wet gas cleaning systems inwlve the use of quenchers and
high-energy Venturi scrubbers. The hot gases, containing large amounts of
particulates generated in the steel moduction process pass through a pri-
mary quencher. The function of the quencher is to cool the qases with
water and remove the heavier particles contained in the gas stream. After
the quenchers, the gases pass to the Venturi scrubbers for final cleanirg.
Particulate matter is removed as the result of a pressure drgp across the
throat of the scrubber. Water is applied to the scrubber to entrap the
particulates, and the resulting effluent is pumped to the primary gquench-
er. The quencher effluent is discharged to a treatment facility.

33. Wet scrubber systems are used in both the open and suppressed
canbustion type furnaces. Open carbustion units require a greater pressure
drop across the scrubber throat than is the case in suppressed canbustion
units. The particulate matter is generated by a suppressed system is lar-
ger and easier to ramove fram the gas stream. On the other hand, cpen sys-
tems allow for nore camplete cambustion due to the presence of excess air
and thus result in smaller particles in the gas streams.

34. The fume collection scrubber and das cleaning systems are the
only contact cooling discharge fram steelmaking. Other water uses are for
non~-contact cooling, amd these are not contaminated as they flow thraugh
the process. Suspended solids, flwrides, and pH are the quality parame—
ters of greatest significance. Raw effluent characteristics of typical
wastewater scrubber and gas cleaning systems are given in Table 3.

TABLE 3. Characteristics of Typical Raw Waste Waters from
Basic Oxygen Furnaces

Flow Fluorides Susp. Sol.
Source L/Mg mg/L mg/L pH
Semi-Wet 1790 2.4 300 11.6
Wet~Open Comb 3000 8.6 4000 9.9
Wet-Suppr. Cormb 3380 — 810 9.8
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Effluent Limitations

35. Gas and fume emissions can be adegquately removed fram the system,
and hence there should be no discharge of air pollutants fram a basic ox-
ygen furnace operation. Stack discharges of particulates should be main-
tained at 50 mg/m3 or less.

36. Effluent limitations for wastewaters are presented in Table 4.
These limitations are based on applimtion of best practicable treatment
currently available.

TABLE 4. Effluent Limitations - Basic Oxygen Furnace Wastewaters

Source Flow 1. Fluoride Susp. pH
(liters) (grams) Sol. grams|(no units)

Per Megagram Produced

Semi-Wet No wastewater Discharges)
Wet~Open Comib. 630 - 31 6-9
Wet-Suppr. Comb. 210 - 5 6-9

| | |

Control and Treatment of Wastes

37. Fume and gas cleaning systems discussed above, nomally used with
basic oxygen furnaces, are effective in controlling and essentially elimin-
ating air emissions fram the operation.

38. Liquid wastes fran a semi-wet system undergo primary sedimenta-
tion in a thickener, to which coagulant aids are usually added. The thick-
ener sludge is dewatered by a vacuum filter, and the filter cake disposed
of to landfill or other appropriate means. The filtrate fram the vacuum
units is returned to the thickener. The thickener overflow is campletely
recycled to the process, thus resulting in zero discharge of effluent.

39. Liquid wastes fram a wet-open cambustion system undergo solids
separation in a clarified, as a first step. Wastewater is then pumped to a
thickener for sedimentation, where coagulant acids may be added. The wn-
derflow (or sludge) fram the thickener is dewatered in vacuum filters, aml
the filter cake conveyed to landfill disposal. The filtrate is retwrned to
the thickener. About 85 percent of the thickener overflow is recycled to
the process. The reminder is acid neutralized and discharged. Makeup
water is added to the recycle systems to campensate for blowdosn amd evap-
oration lcsses.
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40. Wastewaters fran a wet-suppressed canbustion system are first
subjected to primary treatment in a clarifier to separate the solids. It
then flows to a thickener, to which a coagulant has been added. Thickener
sludge goes to the vacuum filters, fram which the cake goes to landfill
disposal and the filtrate is returmed to the thickener. Same 95 percent of
the thickener overflow is recycled to the process. The remaining 5 percent
undergoes further clarification. The sludge fram this wnit ges to the
vacuum filters, while the effluent is acid neutralized and discharged.

41. Fluworide levels are not significantly discussed above. The levels
generally found are higher than would be acceptable for a receiving water
used for public water supplies. Therefore, existing fluoride levels should
be considered in terms of the use to be made of the receiving waters.
Fluoride reduction can be achieved through application of lime reduction
methods.

42. Disposal of sludges, filter cakes, and other solids may be to
lanmdfill or to process recycling via the sintering plants. For landfill
disposal the sludge is often dried to a higher solids content to reduce the
volume. In some cases the presence of zinc in the sludges may make them
unsuitable for the sinters, since they could cause damage in the blast fur-
nace cperations.

ELECTRIC ARC FURNACES

Manufacturing Process

43. The electric arc furnace receives iron fram the blast furnace,
along with scrap metals and fluxing materials to produce steel. Until re-
cently, this process was used primarily for production-of allogy steels, but
it is now used to produce a wide range of carbon and specialty steel cam—
positions.

44, High quality and alloy steels are produced in refractory-lined
cylindrical furnaces, utilizing a cold steel scrap dcharge and fluxes.
Sametimes a lower grade of steel will be produced in the open hearth or ba-
sic oxygen furnace and charged to the electric unit. This is known as du-
plexing.

45. The heat for the furnace is provided by passing an electric cur-
rent through the scrap or steel bath, by means of three triangularly spaced
cyndrical carbon electrodes inserted through the furnace roof. The elec-
trodes are consumable and oxidize during the process. Furnaces range in
charge capacity fram about 20 to nearly 400 metric tons. Diameters range
from 2 to 9 meters; heat cycle time is 4 to 5 hours.

46. Production of same high-quality steels requires the use of two
different slags for the same heat, referred to as oxidizing and reducing
slags. The first slag is removed fram the furnace and new fluxes added for
the second slag. The heat cycle generally consists of charging, meltdown,
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molten metal period, oxidizing, refining, and topping (or pouring). Pure
oxygen is sometimes lanced acrcss the batch to speed up the oxidation cycle
which, in turn, will reduce the consumption of electrical power.

47. Within the past decade a new process, called the Argon Oxygen De-
carbonization (AOD) process has been used in conjunction with electric arc
furnaces. When the electric furnace is used in conjunction with the AQOD,
the electric arc unit functions as a carbon steel scrap smelter. The hot
metal charge is then transferred to the AOD wnit for final refining. This
eliminates the double slag process required vwhen electric arc furnaces are
producing stainless and alloy steels. The AOD process allows for better
control of the alloy steel camposition.

Waste Sources and Characteristics

48. Waste products discharged fram the electric arc furnace process
include smoke, slag, carbon dioxide and carbon monoxide gases, and oxides
of iron emitted as submicron fumes. Other contaminants, such as zinc
oxides fram galvanized scrap, will also be disdcharged depending upon the
type and quality of scrap used. Scrap containing large quantities of oil
will yield heavy reddish-black smoke as the oils are burned off at the
start of the meltdown cycle. Nitrogen oxide and ozone are discharged fram
the arcing of the electrodes.

49. Gases and particulate matter can be effectiwvely removed by vari-
ous types of gas cleaning systems, which will limit or eliminate the dis-
charge of these contaminants. Three types of gas cleaning systems are most
widely used: dry, semi-wet, and wet. Same of the gas cleaning and result-
ing operations, howewer, will result in a contaminated wastewater dis-

charge.

50. Dry gas cleaning systems are generally of two types: baghouses
and electrostatic precipitators. A baghouse corsists of a series of cloth
or fiberglass bags which filter the water-cooled furnace gases. The fur-
nace gases are first quenched by water sprays in a spray chamber and are
then introduced to the baghouse. The bags are periodically shaken free of
the dust which is then collected in hoppers located at the bottam of the
baghouse structure. The dry dust thus collected is ramoved and lardfilled.
Another dry method of gas cleaning is the electrastatic precipitator, vwhich
involves the use of electrically charged metal plates to capture the charg-
ed particulate matter entrained in the gas stream. With the baghaise meth-
od, the gases must be water cooled prior to cleaning. Cooling of the fur-
nace qases is accamplished in an evaporation chamber to which water is ap-
plied. The dust captured by the electrostatic precipitator is collected in
a hopper and conveyed to landfill. Neither of these two gases cleaning
systems result in an aguecus discharge and therefore do not require any
water pollution control equipment.

51. The semi-wet system also inwolves the use of electrostatic preci-
pitators but results in an aquecus discharge. This system water-cools the
furnace gases in a spark box chamber which is about one-third the size of
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the evaporation chamber used for a dry system. Water is oversupplied to
the spark box to ensure adquate cooling and thus results in an effluent

fram the system.

52. Wet gas cleaning systems generally inwlve the use of high energy
Venturi scrubbers. The hot particulate-~laden gases emanating fram the fur-
nace are conveyed to Venturi scrubbers for cooling and cleaning. Particu-
late matter is rewoved as a result of a pressure drg acrcss the throat of
a scrubber. Water is supplied to the scrubber to entrap the particulates
ard to cool the gases. The resulting water effluent is discharged.

53. Wastewater characteristics are affected mostly by the type of gas
cleaning system used, the principal difference being in the quantity of
fure particulates. The electric arc furnace has two main water systems:
(a) electric arc furnace door, electrode ring, roof ring and cable and
transfomer cooling; amd (b) fure collection scrubber amd gas cooling.
Only the scrubber and cooling system is important fram the pollution stand-
point, since all other water uses are for noncontact cooling purposes.

54. The parameters of major interest are the susperded solids amd pH
levels in the effluent. Characteristics of a typical wastewater effluent
are shown in Table 5.

TABLE 5. Characteristics of Typical Electric Arc Furnace Wastewaters

Susp.

Type of Flow Solids

System L/Mg mg/L pH

Dry (No liquid discharges)

Semi-Wet : 630 2200 6 -9

Wet 8800 g 3400 6 -9

%
55. Wastewaters may also contain fluorides, zinc, copper, lead ard

other pollutants depending upon raw materials used, extent of recycling,
and other factors.

56. Dusts, particulates, sludges, and other solid materials will be
produced as part of the operation and waste control processes. These will
vary in quantity and must be considered on a plant-by-plant basis.

Effluent Limitations

57. As previously stated, an effective fume and qas cleaning system
will eliminate the discharge of any emissions to the atmcsphere. Gasecus
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emissions are to be maintained at or below the limitations shown in para-
graph 13, above. The limitations on wastewaters fram semi-wet and wet gas
systems, based on using best practicable treatment currently available, are
shown in Table 6. '

TABLE 6. Effluent Limitations - Electric Arc Furnace Operations

Suspended Solids
Source a/Mg ' mg/L, pH
Semi-Wet (No wastewater discharges)
Wet System 26 | s0 6-9

Control and Treatment of Wastes

58. Gas cleaning systems, as described above, will adequately control
or prevent the discharge of gaseous and particulate emissions to the atmos-
phere. Where semi-wet or wet systems are used the materials are transfer-
red to the liquid medium and therefore reguire treatment of the resulting
wastewaters.

59. The treatment camponents for discharges fram the two gas cleaning
systems are essentially the same. The basic treatment uses a clarifier or
thickener for primary sedimentation, following a classifier or other prima-
ry solids separation device to remove the heavier solids. The thickener
underflow (or sludge) is dewatered in vacuum filters. Filtrate fram the
vacuum unit is returned to the thickener. Chemical flocculation can be
used to aid in the settlement of solids and the removal of toxic metals amd
flwride. In the semi-wet system the thickener overflow is campletely re-
cycled. In the wet gas system the thickener overflow is discharged to re-
ceiving waters.

60. Additional levels of treatment may be required, where significant
quantities of inorganic toxic pollutants and fluorides are present. Sever-.
al methods have been sucessful in controlling these sulstances. These
methods include lime and polymer flocaulation, lime precipitation, amd pre-
cipitation with sulfide campounds. The use of sulfide campounds has been
more useful in reducing effluent metal concentrations than in the case of
lime flocculation.

6l. Significant quantities of sludge are generated fram sedimentation
of gas cleaning system wastes. These may be disposed of to lamdfill or to
the sintering plan, following drying to a fairly high solids content. The
presence of zinc in the sludge may make it unsuitable for recycling to the
sinter plant without dezincing. The dusts collected in the dry system bag-
house may be transferred to a landfill site for disposal.
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LEAD SAMPLING AND ANALYSES

1. This document covers the sampling and analyses for determining
inorganic lead concentrations in the gaseous and liquid wastes fram indus-
trial operations as well as other sources discharging to the environment.
For gasecus ard particulate discharges, both stationary and ambient sources
will be discussed.

2. Stationary sources consist mainly of primary and secondary lead
smelters. Primary plants are those producing lead fram lead sulfide ore
concentrates by pyrametallurgical processes. Secondary plants are those
producing lead from scrap materials, such as manufacturers of storage bat-
tery camponents. Anbient source monitoring measures the discharges reach-
ing the environment fram these installations, as well as discharges from
autamobile exhausts and other similar sources.

STATIONARY SOURCE AIR MONITORING

Sampling

3. Stack sampling ports are used for this purpose. These are to be
located at least eight stack diameters "downstream" of any bends, constric-
tions, abatement equipment, or other flow disturbances. If this is not
possible, then the sampling location should be at least two stack diameters
"upstream" of any flow disturbances. Where these criteria cannot be met a
stack extension beyond the discharge and may be required. Ports should be
installed flush with the stack wall, and extend cutward from the exterior
wall for between 5 and 20 centimeters, unless additional extension is
required for installation of gate valves or other appurtenances.

4. If the sum of the stack inside diameter plus one port length is
less than 3 meters, two ports should be installed on diameters 90 degrees
apart. If the sum is greater than 3 meters, then four ports should be in-
stalled on diameters 90 degrees apart.

5. Because particulates exhibit inertial effects and are not uni-
formly distributed within a stack, the sampling procedure is more camplex
than for gaseocus pollutants. Samples are taken at several traverse points
along the stack diameters (or cross-section). For a rectangular cross sec-
tion the equivalent diameter is to be determined fram the equation

De = 2N
(LAW)

where Dy = the equivalent diameter, L = the length, and W = the width of
the cross-section.
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6. When the eight and two-diameter criteria can be met, the minimum
nunber of traverse points should be (a) twelve, for circular or rectangular
stacks with diameters (or equivalent diameters) greater than 0.61 meter;
(b) eight, for circular stacks having diameters between 0.30 and 0.61
meter; and (c) nine, for rectangular stacks having equivalent diameters be-
tween 0.30 and 0.61 meter.

7. The stack sampling train for determining inorganic lead when
using the atomic absorption spectropbotometer procedure is shown schemati-
cally in Figure 1. It is important in the sampling of particulates that
samples be withdrawn isokinetically, i.e. the linear velocity of the gas
entering the nozzle should be equal to the wvelocity of the undisturbed gas
stream at the sample point.

8. The filter holder uses a glass fiber filter. A temperature of
120 ¥ 14° C is to is to be maintained by a suitable heating system sur-
rounding the filter holder. The very fine particles and the vapor fraction
which pass through the filter are trapped by the impingers.

9. The sampling period is to be at least one hour's duration, and
longer if required to extend over a camplete project cycle. The minimum
volume should be in the range of 0.85 to 0.9 dry standard cubic meter
(dscm) per hour.

10. When using the dithizone analytical procedure, a different samp-
ling train is used. This is shown schematically in Figure 2. The train
consists of a 0.45 micron membrane filter, or equivalent, (to capture
larger particles) followed by a sampling tube containing activated carbon
(to capture particles smaller than 0.45 microns). Generally, a total sam-
ple of not over 150 to 200 cubic meters is collected

Analyses

11. The preferred methods of analysis for stack samples is '"Method
12", as designated by the U.S. Environmental Protection Agency. In this
method the particulate and gaseous lead emissions (consisting mainly of
lead oxides) are withdrawn fram the source and collected on a filter and in
dilute nitric acid. The oollected samples are digested in acid solution
and analyzed by atomic absorption spectrophotometry, using an air acetelyne
flame. On the basis of tests on samples with concentrations ranging from
0.61 to 123.3 mg Po/m3, the within-laboratory precision of the method var-
ies from 0.2 to 9.5 percent.

12. High oconcentrations of copper may interfere with the Pb analysis
at the 217.0 nm line of the instrument. This interference can be avoided
by analyzing the sample at the 283.3 nm line. (mm = nanometer = 10~2

meter)

13. Where atomic absorption spectrophotometry cannot be used, due to
unavailability of equipment or for other reasons, the colorimetric dithi-
zone method, as published by ASTM, may be used. The method measures par-
ticulate lead concentrations ranging fram 0.0l to 10.0 micrograms per cubic
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meter. It will also measure the vaporous lead, captured on the activated
carbon colum, at concentrations below 0.5 microgram per cubic meter.

14. For the dithizone method, the filter sample is digested with ni-
tric and perchloric acid, and the dissolved lead then determined colorim-
itrically. For the carbon colum portion of the samples, the lead is sep-
arated fram the activated carbon with hychrochloric and nitric acids, filt-
ered, and the lead in the filtrate determined colorimetrically.

15. In the presence of weak ammoniacal-cyanide solution (pH 8.5 to
9.5) dithizone gives colored complexes with bismuth, stannous tin, mono-
valent thallium, and indium. In strong ammoniacal-citrate-cyanide solu-
tions (at pH of about 11.0), the dithizonates of these ions are unstable
and are only partly extracted with chloroform—dithizone solution. The
method has been found to be without interference from 20 micrograms of
bismith, 20 of monovalent thallium, 100 of stannous tin, and 200 micrograms
of trivalent indium. The ASTM procedure includes variocus steps to reduce
the effects of these and other interfering ions.’

AMBIENT AIR MONITORING

Sampling

16. When the atomic absorption spectrophotometer is to be used for
the analyses, ambient air samples are best collected with a high-volume air
sampler. This type of sampler utilizes a vacuum-like device to draw large
volumes of air through a fiber glass filter on which particulates are col-
lected for measurement and analysis. The sampler must be capable of pass-
ing environmental air through a 406.5 cm? portion of a clean glass fiber
filter at a rate of at least 1.70 m/3min. The motor must be aapable
of 24-hour continuous operation, which is usually the normal sampling
period.

17. The glass-fiber filters should have a oollection efficiency of
at least 99 percent for particles 0.1 to 100 microns in size. If other
filter materials are used, care must be taken to use filters that oontain
very low background concentrations of the pollutant being investigated,
which in this case would be lead.

18. The total air flow through the sampler is kased on rotameter
readings taken at the beginning and emd of the sampling period. The pro-
cedure assumes that the decrease in flow is linear with time and that the
24-hour rate as recorded is a representative average of the entire sampling
period.

19. While the high-volume sanmpler does not entrap all of the vapor
fraction it is considered that the portion not entrapped is widely dis-
persed and highly diluted by the time the plume reaches the ground. Ambi-
ent sampling, for the most part, is done outside the plant fence. There-
fore, it is generally assumed that the particulates oollected by the samp-—
ler contain essentially all of the lead present in the ambient air.
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20. When the dithizone analytical method is to be used, the sampling
train shown in Figure 2, and briefly described above, is to be used.

Analyses

21. The U.S. Environmental Protection Agency procedure designated as
"Reference Method for the Determination of Lead in Suspended Particulate
Matter Collected fram Ambient Air" is the method of choice for determining
the lead-content of samples collected on the high-volume glass-fiber
filter.

22. Lead in the particulate matter ocollected by the fiber-glass fil-
ter is solubilized by extraction with nitric acid (HNO3) facilitated by
heat, or by a mixture of HNO3 and hydrochloric acid (HCl) facilitated by
ultrasonication, which will extract metals other than lead fram the partic-
ulate matter.

23. The lead content is determined by atomic absorption spectrophoto-
metry, using an acetylene flame, the 283.3 or 217.0 nm lead absorption
line, and the optimum instrumental operating conditions recommended by the
manufacturer.

24. The typical range of the method is 0.07 to 7.5 micrograms Pb/m3,
assuming an upper linear range of analysis of 15 micrograms/ml and an air
volume of 2400 m3.

25. Both chemical and light scattering interferences are possible
with this method. Most analysts report an absence of chemical interfer-
ences. Where interferences do occur, the published method includes the
steps necessary to reduce or eliminate both types of interferences.

26. When the USEPA method cannot be used due to lack of proper in-
strumentation or for other reasons, then the ASTM dithizone method may be
used. The procedure is briefly described above.

WASTEWATER MONITORING

Sampling

27. Wastewater sample ocollections should be based on the actual pro-
cess operations. Composition of the effluents will vary either with time
or flow. Composite samples, consisting of portions collected at intervals
over a 12 to 24-hour period, are considered to be most representative, al-
though grab or spot samples may be ocollected for special purposes.

28. where the composition varies according to time, the samples
should be of equal volume. Where the samples vary according to the flow,
the sample size should be in proportion to the flow. For situations when
samples must be collected at frequent intervals over long periocds, the use
of automatic samplers is recammended.
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29. Preliminary sampling throughout the plant, to include all import-
ant sources of the pollutant, will indicate the location and minimum rurber
of sampling stations. It is important to know the lead content of individ-
ual waste streams within the plant, as well as in the final effluent.
Since flows must also be determined, it is considered best to combine the
flow measurement station with the sampling station whenever possible.

30. Sampling stations should be located so that (a) the flow of the
waste streams is known or can be determined; (b) the station is easily ac-
cessible, with no safety hazards for personnel; and (c) the wastewater is
thoroughly mixed. When flumes are used for measuring flows, the sample is
usually well-mixed. If weirs are used to measure flows, the waste stream
may not necessarily be well-mixed, since solids tend to settle behind the
barrier while floating material passes over the weir.

31. The total wolume of sample to be collected will depend upon the
analytical procedure to be used. The volume should be sufficient to allow
for repeating the analysis, supplying samples to other laboratories for
check purposes where indicated, and similar factors. Care should be taken
to properly preserve the samples during the sampling period and in trans-
porting to the laboratory, so that the composition does not change between
ocollection and analysis.

Analyses

32. Atomic absorption spectrophotometry is the method of choice for
routinely determining lead in waste waters, as is the case with air-borne
effluents. The method is rapid, sensitive, and specific for the particular
metal involved. The procedure is described in detail in the Fifteenth
Edition of "Standards Methods for the Examination of Water and Wastewater".

33. Where the atomic absorption spectrophotometer is not available,
lead concentrations may be determined by the dithizone method, also des-
cribed in "Standard Methods". 1In this procedure, an acidified sample of
lead is mixed with ammoniacal citrate—cyanide reducing solution and extrac-
ted with dithizone in chloroform, to form a cherry-red lead dithizonate.
The color of the mixed solution is then measured ocolorimetrically. The
procedure may be subjected to interference from bismuth, stannous tin, and
monovalent thallium. Modifications are provided to avoid interference fram
these elements, particularly excessive quantities of bismuth or tin.
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LEATHER TANNING AND FINISHING

1. Tanning is the process by which animal skins are converted into
leather. The skin consists of three layers: flesh, demma or corium amd
epidermis. The epidermal anmd corium layers constitute the leather making
portion, consisting mainly of the protein collagen. Basically, leather is
formed by the reaction of collagen fibers with tannin, chramium, alum or

other tanning agents.

2. Waste production in the leather tanning and finishing industry
will be affected by the mamfacturing rocess used to convert variaus types
of animal skins to the tanned and finished leather. In temms of the waste
loads, four general processes are used in this industry: beanhcuse; tan~
house; retan, color and fatliquor; and finishing. The principal chemicals
enmployed in these processes include lime, sodium sulfide and sulfhydrate,
basic chranium sulfate, vegetable campounds, mineral acids and sodium
chloride.

3. This document will deal with the processing of cattle hides,
sheep skins and pig skins. These are the raw materials of principal con-
cern in Barnk projects, and will serve as typical examples for illustrating
waste production and control in this industry.

INDUSTRIAL PROCESSES

Cattle Hide Tannery

4. The beanhouse process provides for receiving the hides amd for
the initial cleaning and preparation for the other operations. Nearly all
hides as received will have been trimmed and graded, and salted or brined
at the meat packing plant prior to shipment to the tannery. They are nor-
mally received and stored at the tannery in packs of 1.5 to 2 meters high.
The moisture content in the hides, as received, is maintained during stor-

age.

5. The first step in the processing is to unfold and trim each hide,
and cut it in half along the backbone, the step being frequently referred
to as halving or siding. The trimmings are collected for shipment to glue
or other by-product mrmufacturing plants.

6. The sides (or whole hide, in same instances) are transferred to
vats, drums, or hide processors for washing and soaking to restore nois-
ture. This serves to remove dirt, salt, blood, manure and non-fibraus pro-
teins fram the skins.
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7. The skins are next transferred to a fleshing machine, in wvhich
they are carried through rolls and acrocss rotating spiral blades to remove
any flesh still clinging. Most hides are fleshed at the packing hause or
in a separate facility. Fleshings are nomally recovered ard sold for ren-
dering or conversion to glue. With proper handling this operation contri-
butes very little liquid or solid waste.

8. The final beanhouse operation is the removal of hair. This is
done by chemical loosening, followed by either machine pulling or chemi-
cally dissolving the hair. Machine ramoval is practiced where hair is to
be recowred. Removal is accamplished in vats, drums or hide processors
with a lime slurry. "Sharpeners", such as sodium sulfide and sodium
sulfhydrate, are added in varying strengths depending upon whether or not
the hair is to be saved. The unhairing process is one of the principal
waste sources in tannery operations.

9. The basic tanning is accamplished in the tanhouse pocess. The
first step is the "bating", which prepares the stock for tanning. The
hides are placed in a solution of ammonium salts and enzymes in order to
de-lime the skins, reduce smelling, peptize fibers amd remove the protein
degradation products. Bating is followed by "pickling", freguently done in
the same containers. A brine and acid solution is used to bring the hides
to an acid condition for subsequent tanning. This treatment also prewents
precipitation of chranium salts in the chrame tanning procedure.

10. Nearly all cattle hides are either chrame or vegetable tanned.
In a few instances alum or other tanning materials are used. For heavy
leathers such as sole, mechanical, and saddle leathers, vegetadble tannimg
is used, in a solution containing vegetable tanners or other plant
extracts. Shoe upper leathers are uswmlly tanned in a bath containing
chramium sulfate. The tanned hide is then split to mroduce a grainside
piece of essentially constant thickness and a flesh side layer.

11. The retan, color and fatliquor operations constitute the third
major step. Retanning is done principally to impart different dcharacteris-
tics to the finished leather. Chrame, vegetable, or synthetic tanning
agents may be used for this purpose. Bleadhing with sodium bicarbonate and
sulfuric acid camonly follows the tanning in producing sole leather. Co-
loring is done in the same drums as the retanning, using natural dyes or
synthetic products. The fatcoloring operation adds oils to the leather in
order to replace the natural oils to the leather in order to replace the
natural oils lost in the bearhouse and tanhouse procedures.

12. After the wet processes the hides are subject to the finishimg
steps such as drying, staking or tacking, and plating prior to marketing.
Staking or tacking involves stretching the hide to make it more pliable ard
avoid shrinkage. The plating operation "presses" the hide in order to give
it a smoother surface.
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Sheep Skin Tannery

13. Sheep skin tanneries generally amit the beamhouse process but do
include a degreasing operation. Thus, the three major processes are the
tanhouse; retan, color and fatliquor; and the finishing.

14. The tanhouse pocess includes receiving, storage, fleshing,
degreasing, tanning and refleshing. After fleshing, the skins are placed
in drums, washed, and soaked. A solvent or detergent is then added to
rewve the grease, which is recovered as a by-product fram those skins
where the wool has been removed. Grease recovery is not normally practiced
when the wool (shearlings) is still attached to the skin. The solvent is
recovered and reused.

15. Sheep skins may be either chrame or vegetable tanned, with chrame
being most frequently used. Where skins are received in the pickled
condition there are no liming or ating operations. In some cases tanning
is followed by refleshing, which results in a small amount of solid wastes.

16. Skins to be dyed are immersed in drums containing a dye (uswmlly
synthetic) solution. Same bleaching may be done prior to coloring of
shearlings. Fatliquoring follows the dyeing, and is uswally carried out in
the same containers.

17. The finishing process, following the color and fatligquwr opera-
tions, includes drying, skiving, {(ramval of the skin's thin surface
layer), staking, carding, clipping, sanding, (use of abrasives or vheels to
produce a specific texture), amd uffing.

Pig Skin Tannery

18. Pig skin tannery operations are similar to those for sheep
skins. There are essentially no bearmhouse operations, but degreasing is
generally required in the tanhouse processing. The skins are received at
the tannery in a fresh frozen or brined and refrigerated state. Refriger-
ated storage is provided if they are to be held before tanning.

19. Degreasing is practiced by many of these tanneries. After wash-
ing and soaking in warm water a solvent is added to remove the grease. The
resulting solution of solvent, grease amd water is pumped to large tarks,
where same separation is achieved by decanting. The solvent is recowered
for reuse. Grease is recovered by decanting or skimming fram the top of
the holding tanks.

20. Liming (to remove embedded hair), kating, amd pickling follows
the degreasing. Tanning is done next, using either chrame or wvegetable
campounds. Pig skins are generally fully tanned at this point, thus elimi-
nating the need for retanning. After tanning, the skins are tumble dried,
split, and shaved or skived top produce the desired thickness. The splits
(small pieces of non-uniform thickness) are sold for fertilizer production.
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21. Fran the tanhouse, the skins go to the coloring and fatliqworing
operations. The drying, coating, staking, and sanding operations follow
next to camplete the process. These are principally dry operations and are
considered as minor sources of wastes.

WASTE SOURCES AND CHARACTERISTICS

22. Wastes fram tannery operations will contain a manber of constitu-
ents, of varying quantities and significance according to the raw materi-
als, processes and final products. Materials which can appear in tannery
wastes include hair, hide scraps, pieces of flesh, blood, manure, dirt,
salt, lime, soluble proteins, sulfides, amines, chramium salts, tannin, so-
da ash, sugars and starches, oils, fats, greases, surface agents, mineral
acids, dyes and solvents.

23. Waste constituents, when present, may be discharged in the gas-
eaus, liquid, or solid state. The liguid wastes are of major signifi-~
cance. However, gaseous and solid materials are important in certain indi-
vidual operations, and consideration should be given to their dispoal.

24. The nost important paramaters for defining the characteristics of
the liquid wastes are: 5-day biochemical oxygen demand (BODg); total
Kjeldahl (ammonia plus organic) nitrogen (TKN); total susperded solids
(TSS):; chromium (Cr); oils and greases (0/G); sulfides; hydrogen-ion
concentration (pH) and fecal coliform organisms.

25. Particulate matter amd hydrogen sulfide are the two potential
gaseaus discharges of significance. The principal sources of hydrogen sul-~
fide are the reactions of involving sulfide wastes fram unhairing opera-
tions. The removal of nitrogen fram the wastes by ammonia stripping, when
required, creates ancther potential air pollution problem. Emissions fram
tannery boilers can also be a souwrce of gaseaus discharges, and fly ash
emissions generally ocaur when coal is used as a fuel. Sulfur dioxide will
be found in boiler stack gases when high sulfur coals or heavy fuel oils
are burned.

26. Solid wastes include fleshings, hair hide trimming, sanding
dusts, sludges, greases and general plant wastes. Most plants recover
fleshings and raw hide trimmings for sale to rendering plants or conversion
into glue. Where hair is recowered, it is sold as a by-product.

27. In terms of liquid wastes, certain operations are canmon to near-
ly all tanneries. ‘These include: washing amd soaking; degreasirg (for
sheep amd pig skins); uwhairing; Yating; pickling; tanning (including
bleaching for same vegetable tanning); retanning; coloring; fatliquoring
and finishing. The principal waste corstituents contributed by each of
these various operations are presented in Table 1.
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28. Not all plants utilize all of the operations indicated in Table
1. Based on the carbinations most frequently encountered in the industry,
tanneries may be ctegorized by primary processes, as shown in Table 2.
The color amd fatliquor processes are not included since their wastes are
normally of very low strength, even though highly variable in wolume.

Table 1. Principal Liquid Waste OConstituents Contributed By Specific

Operations.

Operation Waste Constituents

Washing and soaking BOD5, TSS

Degreasing BOD5, TSS, O/G

Unhairing BODs, TSS, pH, Sulfides,
Nitrogens

Bating Ammonia nitrogen

Pickling Acids, salts

Tanning Chranium, vegetable tannins

Retanning, Coloring, Color, 0il

Fatliquoring
Finishing Essentially none
29. Average raw water characteristics based on the categories given

in Table 2, are presented in Table 3 for more important pollution para-
meters.

EFFLUENT LIMITATIONS

30. The collection and disposal of gaseous amd solid wastes should
provide for essentially no discharge of such materials to the environment.
The sources and methods of handling these substances are discussed below.

31. Limitations on liquid effluent discharges to surface waters are
presented in Table 4. These are based on the best tedmology currently
available ard considered to be econamnically feasible.

32. Liquid effluent quality requirements for industries discharging
to mmicipal sewers can be less stringent than those discharging to a water
course. However, wastes discharged to municipal facilities uswlly will
require same degree of pretreatment, depending upon the wolume and strength

of the wastes, degree of mmicipal treatment and local regulations.
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Table 2. Plant Categories By Primary Processes. a/
Primary Process
Category
Bearhouse Tanning Finishirg
A Pulp Hair Chrame Yes
B Save Hair Chrane Yes
C Save Hair Vegetable Yes
D Hair Previously Previously,
Removed Tanned Yes
E Hair Previously Chrame Yes
Removed or
Retained
F Pulp or Save Chrame or No
No Tanning
a/ Fram EPA Doc. 440/1-74-016-a
CONTROL AND TREATMENT OF WASTES
33. While there are variations in individual operations between

plants, available control and treatment techniques are generally gpplicable
to most situations. Control of wastes is accanplished thraugh a carbin-
ation of in-plant measures, disposal to municipal facilities, or discharge
to the air, water ard land enviromments.

Gaseous Wastes

34. Gaseous emissions of hydrogen sulfide, principally fran the un-
hairing procedures, may be controlled by oxidation of the sulfides with a
catalyst prior to discharge to the main plant sewers. This not only avoids
potential air pollution and odor problems but also protects the safety of
workers exposed to the waste streams. Removal of nitrogen thraugh biologi-
cal systems rather than by ammonia stripping awoids potential problems
created by venting ammonia fram highly concentrated wastes.
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Table 3. Average Tannery Raw Wastewater Characteristics-
Kg per Megagram of Raw Hides Processed. a/ b/

Parameter Category

A B C D E F
Flow 53 63 50 20 63 y. <]
BODsg 95 69 67 37 67 110
TKN 17 13 9.2 3.7 6.0 16
TSS 140 145 135 47 88 110
Tot. Cr 4.3 4.9 0.2 2.6 1.2 4.4
o/G 19 43 33 7.9 24 6.6
Sulfides 8.5 0.8 1.2 2.1 4.5 3.7
pH 1.0- 4.0- 2.0- 3.4~ 1.5~ 9.2-

13.0 12.6 13.0 11.2 12.5 10.4

a/ Fram EPA Doc. 440/1-74-016-a.
b/ Except Flow and pH. Flow = m3/Mg Raw Hides Processed
1 megagram = 1 metric ton.

35. In addition to process sources, air pollution problems can also
result fram operation of the tamnery boilers. Wet scrubbers or electro-
static precipitators can remove over 98 percent of the fly ash fram coal
fired facilities. Sulfur dioxide emissions can be greatly reduced by burn-
ing coal and fuel oils having a low sulfur content. Gas scrubbers capable
of removing sulfur dioxide fram boiler flue gases are currently under
develcpment.

Liquid Wastes

36. The use of hide processors (essentially concrete mixers), in
place of vats, paddles, or drums, will greatly reduce water consumption in
applicable wet processing operations. Other in-plant measures to reduce
waste flow include: employee awareness and application of water saving
measures, changing contimious rinses to batch rinses; using meters or
timers to limit individual flows, and use of wash or rinse waters for
process solution makeup.
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Table 4. Daily Maximm Effluent Limitatons -~ Leather Tanneries.

Plant Category

Constituent

a/ A B C D E F
BODsg 2.8 3.2 2.6 1.0 3.2 1.4
TSS 3.0 3.6 2.8 1.2 3.6 l.6
0/G 1.1 1.3 1.0 0.48 | 1.3 0.68
Sulfides 0.010 | 0.012 | 0.010 | 0.004{ 0.012[ 0.006
Tot. Cr. 0.10 0.12 0.10 0.04 0.12 0.06
TKN 0.54 0.64 0.50 0.20 0.62 0.28
PH 6.0 to 9.0
Fecal Col. Not over 400 per 100 mL

a/ All limitations, except pH and Fecal Coliforms, expressed as kg/
Megagram of Raw Hides Processed.

37. Tan liquor discharges can be reduced through recycling in vege-
table tanneries or reuse in retanning operations. Chrame tanning solutions
can be regenerated anmd reused by settling the spent liquor, and adding
chranium salts, sulfuric acid, and sodium chloride to restore the proper
concentration. Unhairing solutions are also amenable to "regeneration" and
reuse. Final disposal of chrame liquors should be given special attention,
since chrome in its various valence states is hazardaus to man, aguatic
life, and wegetation. The chrame can be precipitated, in clarifiers or
equalization basins, as chramium hydroxide at a pH of 8.5 to 10.5. Dispos—-
al of chrame sludges is discussed below, in paragraph 41.

38. Pretreatment may be required for sewer safety and maintenance,
protection of biological treatment systems, meeting final effluent dis-
charge limitations, or confomming with sludge disposal criteria. The fol-
lowing methods, alone or in combination, may be applied for this purpose:
screening, flow equalization, sedimentation, coagulation, pH adjustment,
ard separate sludge disposal.
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39. For plants discharging wastes directly to surface waters, on-site
treatment should be provided in order to meet effluent limitations. Bio-
logical systems are most effective. The specific system to be used should
be designed for the wolume anmd characteristics of the wastes discharged.
Trickling filters, aerobic and anaerobic lagoons, and activated sludge sys-—
tems have been effective.

40. Additional treatment may be required in certain cases. When
there are high concentrations of nitrogen campounds, nitrogen removal may
be necessary. Microscreening, carbon adsorption (using fixed beds of acti-
vated carbon), color removal, ion exchange, and reverse osmosis are effec-
tive in providing additional treatment where necessary.

Solid Wastes

41. Sanitary landfills are best suited for disposal of those solid
wastes vhich are not recovered as valuable by-products. Incineration and
high temperature treatment are not recanmemded for sludges or other wastes
containing chrome, to avoid oxidation of the chrame fram the trivalent to
the hexavalent state. These sludges should be spreal on land until such
time as their impact upon the environment is better understood. '

42. Proper selection of a site for use as a landfill is of primary
importance in avoiding envirommental damages. Site selection factors
should include: sufficient area; reasonable haul distance; distance from
existing or planned residential, cammercial amd recreational areas; soil
conditions and rock formations; access to transporation networks:; location
of existing flood plains; and potential fire hazards.

BIBLIOGRAPHY

1. "Development Document for Effluent Limitations Guidelines and New
Source Performance Standards for the Leather Tanning ard Finishimg
Industry"”. U.S, Environmental Prctection Agency. Document
EPA-440/1-74-016-a. Washington, (March 1974).

2. Villa, J.A. "The Interrelationship Between Parameters of the Leather
Industry". UN Industrial Development Organization. United Nations.
New York (1973).

3. "Information Sources on the Leather and Leather Goods Industry". UN
Industrial Development Organization, Guides to Information Sources
No. 3. United Nations. New York (1972).

4. ‘"International Glocssary of Leather Terms". International Council of
Tamners. London (1967).

5. Harris, D. "Dictionary of Terms Used in the Hides, Skins, and Leather
Trade". ZAgriculture Handbock No. 465. U.S. Department of Agriculture.
(April 1974).



- 189 -

THE WORLD BANK JULY 1983

MEAT PROCESSING AND RENDERING

INDUSTRIAL WASTE DISPOSAL

1. Meat processing plants are those whose operations are confined to
dressing and curing of carcasses, to preparing specialty and other pro-
ducts, and to canning, following slaughter of the animals. The raw input
generally consists of carcasses of cows and hogs. Processing operations
may be carried out in conjunction with a slaughterhouse or at a separate
location. Slaughterhouses will not be covered in these guidelines since
they are the subject of a separate document.

2. A rendering plant is one which converts the inedible and discard-
ed remains of the animals (such as fats, bones, heads, blood, and offal)
into useful by-products such as lard, tallow, oils and proteinaceous
solids. Rendering may be done on-site as an adjunct to processing opera-
tions or off-site as an independent operation.

INDUSTRIAL PROCESSES

2. Meat processing produces a mumber of products which may be gener-
ally grouped as follows:

-- Meat cuts and related products (such as steaks, chops,
roasts and hamburgers) for hotels, restaurants and
private consumers;

— Hams and bacon, requiring curing in pickling solutions
followed by cooking and smoking, cooling, and slicing or
other preparation prior to packaging and marketing;

—— Camminuted meat products, requiring substantial size re-
duction and mixing. The final product will be in a casing
or container, such as sausages or sausage meat; and

— Canned products such as hams, sandwich spread and pet
foods.

4. Most plant;.s will produce a mix of these, although same do confine
themselves to one specialty only.
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5. Plant waste waters usually discharge through catch basins, grease
traps, or flotation units. While there is a waste reduction benefit, the
basic purpose of this procedure is to separate the greases for later by-
product recovery, rather than to provide waste treatment per se.

6. In the rendering operation, the bulk material (offal, bones,
trimmings, etc.) are dumped into a pit and then conveyed to a grinder, when
grinding is necessary. The raw mixture is next heated or cocked to melt
the tallow or grease and permit separation fram the proteinacecus materi-
als. The proteinacecus material, also know as "cracklings", is normally
screened ard ground to produce a meat and bone product. Both edible and
inedible by-products result fram the rendering operation, depending upon
the composition and freshness of the raw materials and on the procedures
used.

SOURCES AND CHARACTER OF WASTES

7. Liquid wastes, carrying various amounts of solids are the major
concern in this industry. Solid wastes, resulting mainly from screening
ard housekeeping, may also be of concern but this will depend upon the de-
gree of separation and by-product recovery practiced at the individual
plant. Other than odor problems, gaseous wastes are not significant. The
purely hazardous types of components, such as heavy metals and pesticides,
are not normally found in meat processing effluents.

8. The most important parameters applicable to liquid effluents are
5-day biochemical oyxgen demand (BODg), total suspended solids (TSS), oils
and greases (0 + G), hydrogen-ion concentration (pH), and fecal coliform
organisms. In addition, phosphorous may be of concern in meat processing
while ammonia may be of significance in rendering operations.

9. Odors can originate fram both point and non-point sources. They
generally result fram bacterial activity on organic matter, the heating of
animal materials, and the handling of warm animal residues.

10. The processing of carcasses and remains adds to the waste load-
ings as follows:

-- Preparation of meat materials. lLarge volumes of
highly contaminated waste are generated in thawing
raw materials by water immersion. The breaking, cut-
ting, trimming, and boning of meats for further pro-
cessing generates very little flow and waste load.
Waste loads originate primarily fram cleaning the
equipment used for grinding, mixing, blending, and
emulsifying the processed materials into other pro-
ducts. Additional wastes are ganerated fram extrusion,
stuffing, or molding operations related to forming or
containerization of the product mixture prior to cock-
ing.
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— Pickling or curing operation. This involves use of
a solution for pickling hams, bacon and other products.
Wastes result fram the nature of the process and the
washing down of floor areas.

—— Product ocooking. Products are generally cooked in
ovens (smokehouses) or in wet cookers using live steam
or hot water. Wastes are generated principally fram
the spraying applied to drench the products after cook-
ing and fraom equipment cleaning.

—— Canning. lLarge wolumes of water are generated in the
canning operation. Plants using automated canning lines
will discharge less water and wastes fram this source.

11. In the rendering industry the major waste sources are fram raw
materials receiving, condensing cooker vapors, plant cleanup, and truck and
barrel washing. These mainly ocontain organic matter and suspended solids,
along with variocus inorganic blood, meat and fatty tissue, body fluids,
hair, dirt, manure, hide curing solutions, tallow and grease, meal pro-
ducts, and caustic or alkaline detergents.

12. Typical raw waste characteristics for various types of operations
are shown in Table 1.

CONTROL AND TREATMENT OF WASTES

13. As has already been stated, the principal and usually only air
pollution problem connected with the meat prorcessing and rendering indus-
tries is that of odors, particularly in the rendering operations. Other
possible sources are the smokehouse operation and the dryers. Air scrub-
bers are most commonly used for odor control. To avoid increasing the lig-
uid waste loading the scrubber water may be recycled if the air is not too
heavily loaded with smoke and grease particles.

14. Liquid waste discharges to receiving waters can be reduced in
volume and concentration through effective water management, in-plant waste
controls, process modifications, and by the use of treatment systems. The
wastes may also be released to municipal systems provided that certain pre-
treatment measures are taken prior to discharge fram the industry.

15. In-plant control techniques include the use of screening, skim-
ming, or settling (alone or in combination) to reduce the discharge of sol-
ids. Because these solids, to a large degree can be processed into sale-
able by-products, this treatment step is routinely employed in most
plants. Excess solids can be hauled to a landfill. Where possible, steps
should be taken to prevent useful materials fram reaching the floor in
order to reduce general cleanup operations. This conserves water and re-
duces effluent flows. Catch basins can be employed for separation of
greases and other solids. Dissolved air flotation systems have also been
effective in removing grease and finely suspended solids.
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Table 1. Typical Raw Waste Characteristics - Meat Processing and Rendering.

Flow BOD TSS 0+G _a/

Type of Plant (Liters) (Kg? (Kg) (Rg)

Per'Mbgagram~of Final Product (FP)*
Small Processor _b/| 3,330 11 0.80 0.49
Meat Cutting 600 0.52 0.64 0.12
Sausage and
Lunch Meats 9,600 2.6 3.5 1.2
Ham Processing 10,600 5.5 3.3 2.4
Meat Canning 11,200 12, 4.5 2.1

Per Megagram Raw Material Input (RM)
Rendering _c/ 3,260 2,2 1.1 0.72

_a/ 0+ G = 0ils and Greases

_b/ Total production = less than 2,700 Kg/day

_c/ Following in-plant materials recovery using catch basins, skimmers, etc.

* 1 megagram = 1 metric ton
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16. Biological systems can generally be effective for treating these
wastes, particularly where in-plant "primary" treatment for recovery of
useful solids is being utilized. Secondary treatment, such as anaerobic
processes, aerobic lagoons, the activated sludge process, and high-rate
trickling filtration are the techniques most frequently used.

17. If treatment beyond "secondary" is required the effluent may be
subjected to slow sand filtration, microstraining, spray-irrigation, ion-
exchange, or other tertiary systems.

18.. Maximum daily effluent limitations, after treatment, are present-
ed in Table 2.
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Table 2. Daily Maximum Effluent Limitations - Meat Processing and
Rendering Plants

BOD TSS Oils + Greases
Type of Plant _a_/ &g . . (Kg)r (KQ

Per Megagram of Final Product (FP)

Small Processor _b/ (No discharge allowable) _c/

Meat Cutting 0.02 0.02 0.01
Sausage and

Lunch Meat 0.28 0.38 0.20
Ham Processing 0.32 0.42 0.22
Meat Caming 0.34 0.44 0.26

Per Megagram Raw Material Input (RM)

Rendering Plant _d/ 0.14 0.20 0.10

_a/ For all plants: pH = 6 to 9; Fecal Coliform MPN 400/100 ml.

_b/ Total Production = less than 2,700 kg/day.

_gj May be discharged to municipal system with adequate pretreatment.

_d/ For plants where hide curing is carried out, the following additive
adjustments are to be made:

BOD5 = 6.2 X (no _of hides)
(Kg, of RM)

TSS = 12.6 X (no. of hides)
(Rg of RM)
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GUIDELINES

STRIP (SURFACE MINING OPERATIONS)
SEDIMENT AND EROSION CONTROL (LAND RECLAMATION)

1. Control of erosion and sedimentation has assumed a new importance
in view of world-wide industrial expansion and increased energy needs.
Greater reliance is being placed on coal as a major energy source. Many
mineral ores ard coal supplies are readily accessible through strip (or
surface) mining operations. Therefore measures are necessary to protect
the environment fram uncontrolled soil movement and offsite damage that
could result from such operations.

2. Measures are also necessary to ensure the safety of workers and
others who are required to be at or near the site. On March 24, 1981, 19
persons were buried alive when their homes, located at the edge of an open
cast tin mine, were destroyed by a landslide. The ground on which the
homes were standing slipped 60 meters downhill into an excavation. This
tragic event occurred at Puchong, Selangor State, Malaysia.

3. Each Bark appraisal report should include a complete and detailed
proposal, with a timetable, for. controlling erosion and sedimentation which
could result fram projects. The plan should provide for initiating land
reclamation and other necessary measures in the early project stages, and
in no case later than three (3) years following the start of mining opera-
tions.

4. These guidelines present basic concepts and sources of sediment
pollution, principles of control, and the planning needed for effectiwve
ocontrol measures.

CONCEPTS AND COURCES OF SEDIMENT POLLUTION

5. Surface mining, like any large-scale earth-moving operation, can
generate large volumes of sediment. If the sediment can be contained
within the mining site, then no probicmns are created. However, if the
sediments are not contained but are alloved to reach adjacent waterways, as
is most frequently the cas:, then they become pollutants.

6. As pollutants, the sediments can have a mmber of detrimental ef-
fects, such as:

—Reducing storage capacity in reservoirs;
-~Filling lakes and ponds;

——Clogging stream channels;

~-Destroying aquatic habitats;
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—Increasing water treatments costs; and
--Acting as carriers of other pollutants (such as plant

nutrients, insecticides, heavy metals and diseas organisms).

7. The major sources of sediment pollution are those land-disturbing
activities associated with mining, construction, agriculture, and fores-
try. It has been reported that active surface mining and construction
operations cause the highest rates of erosion.

8. The major sources of sediment in surface mining operations are
the areas being cleared, grubbed (removal of stumps and roots), and scalped
(removal of vegetation oover); roadways; spoil pits; and active mining
areas.

9. Soil losses fram clearing, grubbing and scalping operations are
caused by:

--Failing to install perimeter control measures prior to
start up of operations;

—-Exposing soils or steep slopes;

--Clearing too far above the unexcavated face of the over-
burden;

-=-Clearing and grubbing too far ahead of the open cut;

--Improperly placing or protecting the salvaged or stock-~
piled materials; and

—Creating a surface that impedes infiltration or oconcen-
trates surface runoff, such as leaving bulldozer cleat
marks that run up and down a slope.

10. Roadways are often the major source of sediment, and may function
as conduits for sediment washing down fram other areas into the natural
drainage systems. This includes the roadways within the mining area itself
as well as the access roads outside the actual mine site.

11. Long access roads can adversely disrupt the natural drainage sys-—
tams by intercepting, concentrating and diverting runoff. This will result
in severe soil losses fram roadway surfaces, ditches, cut slopes and safety
berms.

12, Accelerated onsite and offsite erosion will occur after the mine
ceases operations if steps are not taken to permanently stabilize exposed
surfaces with wvegetation and to otherwise lessen disruption of the normal
drainage patterns.

13. In area strip mining operations, carried out in level or gently
rolling topography, the spoil accumulating below the outcrop line has the
greatest potential for causing offsite sediment damage. Water pumped from
the pit during rainfall can also contribute significant quantities of sedi-
ment and other contaminants.
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14. Contour strip mining, carried out in steep or mountainous terrain
has a much greater potential for sediment damage. Since contour mines have
a narrow, linear configuration more of the spoil area tends to discharge
directly into the natural drainage systems. Ancther contributing factor is
that the receiving waterway is generally closer to the sediment source and
separated by relatively steep terrain. Additionally, the mine site
receives erosive runoff from undisturbed areas above it.

15. Mountain-top removal mining has, in recent years, been an alter-
native to strip mining. The most critical areas at this type of operation
are the spoil slopes around the perimeter, mine roadway exits, and valley
fills. The fills are highly susceptible to piping (subsurface removal of
soil) and to landslides. Another serious problem can be the soil losses
from the face of the slope due to rainfall and runoff. Chemical and acid
pollution can also cause serious problems.

16. Certain reclamation practices contribute significantly to en-
vironmental damage if not properly carried ocut. OConfiguration of the grad-
ed areas, the pattern of reestablished drainageways, revegetation measures,
tillage practices, and followup maintenance will all influence the long
term soil losses and offsite damages.

PRINCIPLES OF EROSION AND SEDIMENT TRANSPORT

17. As applied to mining operations the most important types of eros-
ion are those caused by a stormwater runoff. Three basic types are of
major significance:

--Sheet erosion - resulting fram rain striking a bare
soll surface, and displacing soil particles;

--Rill and qully erosion - removal of soil by water through
small, well-defined channels; and

--Stream channel erosion - scouring of the stream channel
by sediment reaching the stream from land surfaces.

18. The erosion potential of any area is determined by climate (pre-
cipitation, temperature and wind); vegetative cover; soil characteristics
(structure, texture, organic matter, moisture, and permeability); and to-
pography. While these factors must be considered separately, it is their
combined effects which determine the total erosion potential.

19. Sediment transportation and deposition are influenced by the flow
patterns of the water and the nature of the particles being transported.
As velocity and turbulence increase, more sediment is transported. Small,
light particles such as fine sand, silt and clay are easily transported.

Conversely, coarser and heavier particles are more readily deposited.
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CONTROL TBECHNOLOGY

20. Stormwater runoff, which is the basic cause of soil erosion, can
be controlled through applications of proper vegetative and structual prac-
tices, and construction measures that control the location, volume, and ve-
locity of runoff. To this should be conbined a suitable program of schedu-
hing mining operations to minimize problems related to seasonal climatic
fluctations.

21. Control may be accomplished through one or more of the following:

—-Reduction and detention of the runoff;
—Interception and diversion of the runoff; and
~-Proper handling and disposal of concentrated flow.

22. Soil stabilization is another means of preventing soil erosion.
Stabilization measures may be either vegetative or non-vegetative, short
term or long term, or a combination of these. Vegetative stabilization
utilizes different types of vegetation to protect the soil fram erosion.
Non-vegetative stabilization employs a multitude of measures that depend on
materials other than vegetation to prevent erosion. Frequently the two
types are used together.

23. Mulching and chemical stabilization are the two major types of
short term measures applied. Mulching, with organic materials such as
straw, hay, wood chips, wood fiber or other products, is most often used.
Chemical stabilizers serve to coat and penetrate the soil surface and bind
the soil particles together. These are most effective for dry, highly per-
meable spoil or inplace soils subject to sheet flow. ,

24. Mulching and channel stabilization are most frequently used for
long term stabilization. However, mulching in this case involves the use
of fiber glass, plastics, or other non-biodegradable material to protect
seed beds during the germination and early plant development periods. In
general, structual channel stabilization involves the use of stone riprap
(brocken rock) or other durable material to stabilize ditches and other
waterways. Stone surfacing is sometimes used to stabilize highly toxic
surfaces or excessively wet seepage areas on slopes.

25. Sediment is the product of erosion and hence must be contained,
and every effort should be made to control sediments at, or as close to,
the source as possible. The procedures used successfully for trapping
(such as sandbags and straw bales), settling basins and chemical coagula-
tion.

26. All erosion control and sediment containment facilities must re-
ceive proper maintenance during their design life in order to perform ef-
fectively. They should be located in a highly visible area so as not to be
overlooked. They must also be readily accessible to personnel and equip-
ment for reqular inspections, and for the performance of routine and emer-

gency repairs.
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27. Once the mining operation is finished, all sediment control
structures should be disosed of in such a way as to present both the struc-
tures and the accumulated sediments fram becaoming nuisances and contribu-
ting to environmental deterioration.

EFFLUENT LIMITATIONS

28. Runoff and drainage from surface mining operations should not ex-
ceed the following limitations prior to discharge into surface waters:
Total Suspended Solids: 30 - 100 mg/L
Total Iron 4 -7 mg/L
pH 6 -9
Alkalinity Greater than acidity
Soluble Toxicants None

CONTROL PLANNING

29. An erosion and sediment control plan serves as the basis for op-
erating the mine and at the same time minimizing or eliminating environmen-
tal damage.

30. Preparation of a control plan requires five basic steps:

—-Identification of legal and technical requirements;

~—Collection and evaluation of site information;

—Development of a control strateqgy:

—-Interdisciplinary review of the feasibility of the
preliminary plan; and

—Revision and finalization of the control plan

31. Table 1 presents a list of the major components which should be
considered in formulating an erosion and sediment control master plan.
This should be made an integral part of the overall mining cperation.

LAND RECLAMATION

32. Surface mine reclamation shall be performed in such a manner
that the lands are returned to conditions capable of supporting prior land
uses or uses that are equal to or better than prior land use. The operator
must backfill and grade to cover all acid and toxic materials. Highwalls
and spoil piles must be eliminated and the approximate original contour re-
stored. All surface areas must be stablized and protected in order to con-
trol slides, erosion, subsidence and accompanying water pollution. Water
impoundments, retention facilities, dams, or settling ponds shall be ade-
*quate for intended land use. These faclities cannot produce significant
adverse effects to adjacent water resources. Operators must use best prac-
ticable commercially available technology to minimize, control, or prevent
disturbances to surface or underground water quality, quantity, or flow.
Mining wastes and rubbish must be properly disposed of so as to minimize,
control, or prevent water pollution.
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Table 1. Components to be Considered for Preparation of Erosion and
Sediment Control Plans a/
Sackground informetion: Sanveduie 0f >+ twitiss—continued:
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It is important that land reclamation be started as soon as pos-

sible and at the latest 3 years after the opening of the mine. The Bank
Mission should receive concrete and detailed proposals on the reclamation
program and on the means necessary to achieve it.

1.
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UNDERGROUND COAL MINING

EFFLUENT GUIDELINES

1. Many of the world's mineral resources are extracted from the
earth through underground mining operations. The principal ones include
coal, and to a lesser degree, copper, lead, zinc, molybdenum, uranium, and
others. This document will be confined to the environmental effects of un-
derground coal production and its associated operations.

MINING PROCESSES

2. Underground mining is a highly complex operation, involving basi-
cally working beneath a thick overburden, connected to the outside by
shafts and passageways which are sometimes hundreds of meters long. Major
problems which are not found or are of lesser importance in surface mining
include roof supports, ventilation, lighting, drainage, methane release,
equipment access and coal conveyance.

3. Once a main access portal has been established, parallel entries
are driven into the coal deposit to provide corridors for haulage, ventila-
tion, power and other operational needs. Cross-—corridors then reach to the
sides of the mine, leaving pillars in a checkerboard fashion to support
the roof and overburden. The deeper the mine, the larger the pillars must
be relative to the mined ocut areas. Where large pillars are required for
support during operations it may be desirable to mine the pillars as the
equipment retreats back toward the main tunnel. The roof must then be sup-
ported by other means or allowed to collapse.

4. Equipment used in underground mining ranges fram relatively sim-
ple to highly automated machinery. Many small mines still rely primarily
on hard labor. Coal is blasted fram the face of the seam and loaded into
shuttle cars, using mechanical techiques in most cases. This involves un—
dercutting, drilling, blasting and loading. Shuttle cars, filled by porta-
ble conveyor belts, take the coal either to an underground transfer point
or directly out of the mine.

5. These operations produce large amounts of dust and liberate meth-
ane trapped in the coal, requiring that exposed areas be kept essentially
free of particulates or open flames to prevent coal dust or methane explo-
sions. Machines are usually connected to a water supply to provide a spray
for dust control. Frequent methane testing is required at the seam face to
avoid danger to the workers.
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6. Continuous machines are employed in many locations. Basically a
rotating head digs into the coal and loosens it while arms scoop it onto a
conveyor belt for loading into a shuttle car.

7. I.ongwallnunlnghasbeenused in Europe for many years and is now
gaining popularity in other regions. Corridors about 100 to 200 meters a-
part are driven into the coal and interconnected. The longwall of the in-
terconnection is then mined in slices. The roof is held up by steel sup-
ports while the cutter makes a pass across the face. The roof supports
are advanced with the shearing machine to make a new pass, while the roof
in the mined out area collapses behind the supports.

8. For most uses, the mined coal must be processed to meet consumer
needs in terms of size, moisture, mineral concentrations, heat content and
other properties. This may be done by either physical or chemical proced-
ures, and usually takes place at the mine site.

9. Physical coal cleaning involves crushing, grinding, sizing, sol-
ids separation, washing and flotation in various cambinations. These tech-
niques remove portlons of the sulfur and ash contents. Although the sulfur
exists in the coal in both the organic and J.norgam.c forms, physical clean-
ing is effective only in reducing the inorganic portion. Because of par-
tial ash removal, the procedure also increases the per kilogram heat con-
tent.

10. Chemical coal cleaning or desulfurization involves treating coal
with a reagent capable of converting the sulfur to a soluble or wolatile
form. Leaching solutions such as nitric acid, hydrofluoric acid, chlorine,
ammonia, and organic solvents have been reported to be successful. How-
ever, this cleaning procedure is still in the experimental stage and is not
currently being applied cammercially.

SOURCES AND CHARACTERISTICS OF WASTES

11. Coal mining operat:bns ard equipment choices vary widely, and are
generally selected on the bdsis of local geology and other natural condi-
tions. The specific environmental effects will depend upon the mining
techniques utilized and the existing geological or geochemical characteris-
tics.

Air Bmissions

12. Air pollutants fram coal mining operations are not considered to
be significant. Dusts originate from drilling and blasting procedures, but
these are generally controlled by water sprays at the working face. Meth-
ane is ocontrolled through effective ventilation with air in order to reduce
the gas oconcentrations to levels below the flammable or toxic limits, and
thus avoids the possibility of underground explosions. The methane problem
increases with greater depths because the methane has less opportunity to
diffuse to the surface over geologic time. It has been estimated that at
mining levels methane is produced at an average rate of 5 cubic meters per
ton of ocoal mined.
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Liquid Effluents

13. The principal environmental pollutant resulting fram underground
coal mining operations is acid mine drainage.: The acidity results when
naturally occurring pyrite (FeSj)in the coal seam and wastes are oxidized
in the presence of air and water to form sulfuric acid (HySO4) and iron
sulfates FeSOp and Fez(S04) This very acidic (pH 2 to 3) effluent must be
treated for pH and dissolved iron before release to water courses. At the
low pH values heavy metals (such as iron, manganese, cadmium, copper, zinc,
and lead) are more soluble and can create serious water pollution
problems. Continuous acid discharges will seriously affect aquatic
ecosystems. Acid waters containing heavy concentrations of dissolved heavy
metals will support only a limited water flora, such as acid-tolerant molds
and algae, and will not support fish. Acid waters are not suitable for hu-
man consumption nor for most industrial uses.

14. The amount and rate of acid formation and the quality of water
discharged will depend upon the amount and type of pyrite in the overbur-
den and in the coal, time of exposure( characteristics of the overburden,
and amount of available water. It has been estimated that in the Appala-
chian bituminous coal mining regions of the eastern United States an aver-
age of 1200 liters of acid mine water is discharged for each metric ton of
coal mined.

15. Water is supplied to coal mines primarily for suppressing dust
(continuous mining and oconveyor belt operation) and for equipment cooling.
Rain water can enter mine areas through infiltration. Hence, continuous
water removal is required to assure continuity and efficiency of the mining
process

16. In coal preparation the water is deliberately introduced into the
unit process operations which include wet screening, tables, cyclones,
gravity separation and heavy media separation. Water is also used for dust
control, equipment cooling, and transporting coal in the washing process.

17. The parameters of principal concerm; in underground coal mining
operations and for coal preparation plants include hydrogen ion concentra-
tions (pH), total suspended solids (TSS), total iron, and total manganese.
Average levels of these parameters found in typical underground mining and
coal preparation plants are given in Table 1.

Solid Wastes

18. Solid wastes are generated both during underground mining and du-
ring the preparation process. The solid waste from underground mines (com-
monly referred to as "gob" results fram the digging required to reach the
coal seams. Normally this material is transported to the surface and dump-
ed in piles on the land. Its composition in general corresponds to the
overburden found in the mining area.
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Table 1. Average Quality of Raw Effluents Fram Acid Mine Drainage
and Coal Preparation

Parameter Acid Coal
Drainage Preparation
Total Susp. Sol. - mg/L 158 218,000
Total Manganese - mg/L 4.9 8.4
Total Iron - mg/L 135 733
19. Refuse fram the coal extraction and preparation, consisting of

solid wastes and other impurities, is also generally disposed of by dumping
on nearby land areas.

20. The waste piles are unsightly, causing degradation of local prop-
erty values and destruction of esthetics. The refuse contains flammable
material readily susceptible to spontanecus combustion and difficult to
quench. This burning produces particulate matter and fumes high in sulfur
dioxide. Acid mine drainage and siltation can also result from runoff from
the piles. Siltation is influenced by the steepness, campaction, drainage
control structures, and cover material of the pile.

WASTE DISCHARGE LIMITATIONS

Air Bmissions

21. Dust arnd methane gas are the principal air pollutants of concern
in underground mining. Particulates should be controlled by water sprays.
Methane gases should be controlled by efficient ventilation systems bring-
ing outside air to the working areas.

22. Coal preparation plants can be sources of discharges of particu-
late matter to the atmosphere. Pneumatic cleaning and thermal drying are
the chief sources. Particulates should be limited to:

Ann. Geam. Mean 75 pg/m3
Max. 24-hours 260 pug/m3

(outside the mine fence at ground level)
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Liquid Effluents

23. Liquid effluents fraom subsurface mining and coal preparation op-
erations should conform to the limitations shown in Table 2.

Table 2 - Effluent Limitations for Acid Mine Drainage and Coal Preparation

Parameter Limitation
Total Susp. Sol. - mg/L 70
Total Manganese - mg/L 4
Total Iron - mg/L 6
pH - Units 6 to 9

CONTROL AND TREATMENT OF WASTES

Air Bmissions

24. Dust control in the mines is effected by continuous spraying of
the working face. The methane is diluted with air to less-than-flammable
limits to avoid the possibility of underground explosions. In some instan-
ces the methane can be drained fram the coal seam before mining. Such an
operation recovers the gas for use as a fuel and at the same time reduces
the danger of mine explosions.

25. Particulate matter fram coal preparation originates fram crush-
ing, pneumatic cleaning and thermal drying. These emissions can be effec-

tively controlled by use of baghouses or other dust collection devices.

Liquid Effluents B

26. The acidity in the acid mine drainage may be controlled through
pH adjustment and chemical precipitation. Hydrated lime (Ca(OH),) is most
commonly used for this purpose, and can be introduced as an aqueous slurry
or as a dry powder. In large installations calcined lime (Ca0O) (also term-
ed "unslaked" or "quick" lime) or limestone (CaCO3) may be more economical
o use. Caustic soda (NaOH) or soda ash (NajCO3) can also be used, but are
-much more expensive.

27. Control of the pH will also result in a reduction of the iron and
manganese levels in the effluent, by causing oxidation which oconverts the
ferrous iron to ferric iron and thus precipitates it out of solution. The
upward adjustment of the pH causes a solubility decrease and precipitation
of the heavy metals in the effluent. The precipitates can then be removed
by settling.
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28. The effectiveness of neutralization and settling in controlling
the effluent is governed by the reagents used, the influent and effluent
pH, temperature, volume of flow and the presence of any side reactions, in-
cluding metal chelation and mixed-metal hydroxide camplexing. (Chelation
is a chemical reaction in which a central metallic ion is captured in a
complex within a ring containing several atoms).

29. Oxidation of certain components common to coal mine wastewaters
(such as ferrous ions) to easily removed campounds can also be accamplished
by aeration, either mechanical or simple cascading flow. The resulting
sludge and other solids are readily settled in settling basins.

30. Wastewater from coal preparation plants may be satisfactorily
treated by settling. If the settling pond capacity is limited it may be
necessary to use a coagulant. The overflow fram the ponds is generally
suitable for recycling through the preparation systems, resulting in lit-
tle or no discharge to surface waters. Where sufficient land area is
available two or more ponds are used on an intermittent basis. As a pond
is filled with settled solids, it is taken out of service for removal and
disposal of the sludge.

Solid Wastes

31. Refuse from the mining operation may be left underground but in
most cases it is brought to the surface and dumped nearby. Refuse fram the
coal cleaning is generally ocollected and also dumped near the site.

32. Steps should be taken to assure that leachate and surface runoff
fram the piles does not cause harm to surface waters or groundwater sup-
plies. Leaching, which should be monitored, can be minimized or prevented
by careful composition and layering of the refuse material. Leaching water
will be treated if need be.

33. Sludges fram the settling ponds can be dredged and conveyed to a
refuse pile and sludge lagoon. Where sufficient pond capacity is provided,
the sludge may be allowed to dry in the lagoon. This will reduce the
volure and facilitate removal and final disposal.

COAL SLURRY PIPELINES

34. Although it is not being widely applied at this time, coal slurry
pipeline technology has already proven to be a commercially successful al-
ternative for transportation of coal. Because use of this technology is
expanding, it is considered advisable to outline the possible environmental
effects. Guidelines on use of pipelines for transportation of petroleum
and its derivatives have been prepared by the Bank's Office of Environmen-
tal Affairs.
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35. The major risks of environmental damage occur during the cons-

truction phases of slurry pipelines.
es that can be taken to minimize these effects are shown in Table 3.

The envirommental effects and measur-

Ccal

pipelines may extend for distances of as much as 500 to 2000 kilometers.
The facilities are usually buried underground and hence cause no permanent

esthetic damage.

Table 3 - Envirormental Effects of Coal Pipeline Construction. a/

Activity

Environmental Effects

Mitigation Measures

(1) Clearing and
grading

(2) Ditching

(3) Hauling and
Stringing Pipe

(4) Welding Pipe
(5) Coating Pipe

(6) Backfill

(7) Clean-up

(8) Testing Systen

Destroys wildlife habitat
Encourages runoff and
erosion

Degrades esthetics

Potential runoff from
spoil pile

Covering top soil may
produce rock rubble

Increased truck
traffic

None

Accidental spill of
coating materials

¥

Extra top soil or
ditch "padding" soil
may be needed

i

Erosion of right-of~
way

Requires large volumes
of water

Revegetate quickly
Slow runoff

Leave screening
vegetation

Close ditch as soon as
possible

Separate top soil and
set aside

Haul to appropriate
disposal site

Limit haul hours and
route

None

Normal care in operation
and availability of
cleanup materials

Use existing or properly
sited borrow pits

Adequate revegetation
program

Restore drainage
patterns

Monitoring of recovery

Careful selection of
water source and discharge

_a/ From EPA Document EPA - 600/7-77-015

(See Bibliography)
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36. The risk of spills fram such facilities is considered to be neg-
ligible. The control and prevention of corrosion are well developed techno-
logies because of extensive use of these underground systems to transport
petroleum, natural gas, and other resources.

37. Operational impacts are affected by the coal preparation, pumping
stations , and dewatering facilities. Problems are associated with prepar-
ation of the coal slurry, inter-basin transfer of large quantities of water
required, and discharge or disposal of the separated water at the de-
stination.

38. Since preparation of the slurry is generally done at the site of
coal preparation, as previously discussed, the handling of wastes is gen-
rally included in the measures otherwise taken at the site. To prevent
settling and possible obstruction in the system, ponds are provided at in-
tervals for emptying the line in case of a system breakdown or other inter-

ruption.

39. At the discharge end, the coal slurry goes into agitated tank
storage, from which it is oconveyed to the dewatering systems. Dewatering
is done by natural settling, vacuum filtration, or by centrifuge. Addi-
tional thermal drying is required before use of the ooal. The finely
ground coal still remaining in the water is generally removed by chemical
flocculation. The reclaimed water may be used for oooling or other pur-

poses.
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NITROGEN OXIDE EMISSIONS
GUIDELINES

1. Oxides of nitrogen present in the atmosphere originate from both
natural and man-imade sources. Natural sources include lightning, volcanic
eruptions, and bacterial action in the soil. Althouch these natural emis-
sions far exceed those generated from man-made activities they are not con-
sidered significant. They are distributed over the entire earth, and the
resulting air concentrations are practically negligible. The background
concgntration of nitrogen dioxide in land areas generally ranges between
0.4 and 9.4 micrograms per cubic meter.

2. This document will concern itself with those oxides of nitrogen
discharged from man-made sources. They include nitric oxide (NO) and ni-
trogen dioxide (NO5). At the point of discharge the predominant form is
nitric oxide, but this is readily converted to nitrogen dioxide through
chemical reactions in the atmosphere.

SOURCES AND EFFECTS

3. The principal source of man-made emissions is the combustion of
fossil fuels. In this context fossil fuels include coal, oil and its de-
rivatives, and natural gas. The predominant oxide of nitrogen emitted by
combustion processes is nitric oxide, with small amounts of nitrogen diox-
ide. Emissions originate from both stationary and mobile sources. Specif-
ically, emissions originate from transporation (principally autamobile ex-
hausts); fuel combustion for power generation and industrial production:
and certain non-combustion sources. Home conbustion of fuels may also make
significant contributions in some locations. Other industrial sources in-
clude fertilizers, glass, iron ore preparation (sintering and pelletizing)
plants, and petroleum refineries.

4, Stationary cambustion sources will generally account for 50 per-
cent or more of the total nitrogen oxide emissions. For example, the pro-
portions are estimated to be 60 percent in Japan, 59 percent in the Nether-
lands, 82 percent in the United Kingdom, but only 44 percent in the United
States. Home combustion of fuels is said to contribute between 5 and 6
percent of the emissions in the United Kingdom and the United States.

5. Transportation sources include personal automobiles, buses,
trucks, railroad vehicles, aircraft, and ships on inland waterways. Gaso-
line powered vehicles are by far the largest contributors among these. Of
the total emissions, transportation facilities contribute approximately 40
percent in Japan, 41 percent in the Netherlands, 18 percent in the United
Kingdom, and 51 percent in the United States.
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small portion of the total nitrogen oxide emitted, they can be significant
in certain local situations. The manufacture of nitric acid is the most
important of these. Other examnples include electroplating and processes
using concentrated nitric acid, such as the manufacture of explosives or
the production of sulfuric acid by means of the chamber process.

7. Oxides of nitrogen formed in combustion processes are usually due
either to thermal fixation of atmospheric nitrogen in the combustion air
(resulting in “thermal NOX") or to the conversion of chemically bound
nitrogen in the fuel (resulting in "fuel NO,"). For natural gas and dis-
tillate oil firing, nearly all NO, emissions result from thermal fixation.
For residual oil and coal, the contribution from fuel-bound nitrogen can be
significant, and even be predominant under certain operating conditions.

8. When a mixture of oxygen and nitrogen (such as air) is heated
above 1600° C, oxides of nitrogen will result. Normal combustion tempera-
tures in car engines are well above this level. As a result, over 0.3 per-
cent of the exhaust can consist of a mixture of NO and NO,. Emissions are
lowest at lower engine speeds. The character of the emissions will depend
upon the operating characteristics of the engine, such as temperature, du-
ration of the combustion cycle, air/fuel ratio, etc. Diesel engines also
are emission sources but to a much lesser degree because of the lower ocom-
bustion temperatures in the cylinders. Gas turbines and other similar en-
gines are also less significant as sources.

9. Autamobile exhausts will also release unburned hydrocarbons into
the atmosphere. While hydrocarbons are not in themselves generally harm-
ful, they can form photochemical oxidants commonly known as smog when re-
leased in the presence of oxides of nitrogen and exposed to sunlight. Pho-
tochemical smogs can occur anywhere, but they Lave been most severe in Los
Angeles, California, where they are a year-round phenomenon due to frequent
tamerature inversions.

10. Ozone is the main constituent of photochemical oxidants and can
have severe effects on the respiratory system. Smog can irritate the lungs
and seriocusly aggravate asthma or other respiratory diseases. Coughing,
eye irritation, headaches, and throat pain are commonly experienced during

exposure to smog.

11. The nitrogen oxides from man-made sources can also exist as pri-
mary pollutants in areas not subject to formation of smog. Such exposure
is believed to increase the risks of acute respiratory disease and suscept-
ibility to chronic respiratory infection. Nitrogen dioxide (NO,) contri-
butes to heart, lung, liver, and kidney damage, and can be fatal at high
concentrations.

12. Nitrogen oxides are also toxic to vegetation. Although many
plants can metabolize low concentrations of NOy, the higher concentrations
will reduce growth and the fertility of seeds.
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13. Nitrogen oxides can also affect the environment by contributing
significantly to the acid rain problem. Throuch complex atmospheric reac-
tions, these oxides can be converted to nitric acid, which is then depos-
ited with rain or snow. In the United States acid precipitation, much of
which is due to nitric acid, has reduced or destroyed commercially and re-
creationally important species of fish in several areas.

EMISSION SAMPLING AND ANALYSES

14. The unit of measurement used to dencte the ambient concentrations
of nitrogen oxides in the atmosphere, after emission from either stationary
or mobile sources, is expressed as weight per unit volume of air or, spe~
cifically, as micrograms of nitrogen dioxide (NO,;) per cubic meter 919/m3).
This unit is to be used in all World Bank project reports.

15. Plant emissions, prior to reaching the atmosphere may be express-—
ed in terms of plant input or output. Examples of these limitations, as
applied to fossil fuel and nitric acid plants, are given below.

16. Sampling and analytical procedures for determining nitrogen ox-
ides are covered in a separate gquideline issued by the Office of Environ-
mental Affairs.

ACCEPTABLE STANDARDS

17. Two types of standards are generally used -- ambient and emis-
sions. Ambient standards express the allowable concentration of a contami-
nant in the air (in this case) surrounding the industrial site, following
discharge and mixing. Anbient levels are essential for determining poss-
ible environmental damage and for evaluating adverse physical, health, and
other effects upon the surrounding area and its inhabitants.

18. Fmission standards express the allowable concentrations of a con-
taminant at the point of discharge, before any mixing with the surrounding
medium (air). BEmission levels are necessary for identifying specific pol-
lution sources and designing remedial works.

19. For all Bank projects ambient air concentrations of nitrogen ox-
ides, expressed as NOj, should not exceed the following:
Annual Arith. Mean: 100 ug/mg
(0.05 ppm)
20. For guidance purposes, emission levels for stationary source dis—

charges, before mixing with the atmosphere, should be maintained as fol=-
lows:

(a) For fuel fired steam generators, as Nanograms
(1079 gram) per Joule of heat input:

Gaseous fossil fuel 86
Liquid fossil fuel 130
Solid fossil fuel 300

Lignite fossil fuel 260
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(b) Nitric acid plants:
1.5 Kg NOp/metric ton acid produced.

21. In special situations, strict adherence to these standards may be
difficult for a number of reasons. Where this occurs, Bank missions should
very thoroughly document such cases, with sufficient information to allow a
judgement to be made. Examples of situations where these standards could
not be met, with acceptable modifications, include:

— Expansion of existing plants - The Annual Arithmetic
Mean and the maximum 24~-hour peak resulting from
the combination of the old units with the new ones
should be no greater than the values existing prior
to operation of new units. In addition, the new units
by themselves should meet established standards.

More simply, emission plumes fram new and existing
sources should not mix to the extent that combined
anbient concentrations exceed maximum ambient concen-
trations obtained fram the existing source alone. This
may be accomplished by (a) increasing the stack height
of the new source, (b) changing the stack location of
the new source, or (c) reducing the new source emission
levels. Furthermore, if plume mixing is not a problem
the new source units should, by themselves, meet the
above standards.

-~ Revamping of existing plants - Every effort should
be made to decrease existing pollution levels and
provide measures which will minimize concentrations
without placing unreascnable econamic burdens on the
industry. .

-~ Inversions - When the NOy source location is in a valley
or surrounded by mountains, inversion layers which may
occur during certain seasons of the year could trap the
stack emissions. These same emissions can drop back to
ground level, stagnate there, and damage crops sensitive
to both SOy and NOy. In World Bark financed pro-
jects it may be impossible to change the site loca-
tion (i.e. in the case of an expansion of an
existing plant). To protect human and plant life
in such cases, the peak concentration should be
decreased from 500 ,ug/m3 during any 24-hour period
down to 350 ug/m3 during 4 hours, unless it can be
shown that the effluent will not be trapped by the
inversion layer.
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CONTROL TECHNOLOGY

22. Emission control measures must be designed for each individual
plant, particularly since the system must be capable of reducing more than
one polludant in most situations.

23. The most common method currently used to reduce NO, emissions
from autamobile exhausts (which are the major sources) is the catalytic
converter. The method utilizes a catalyst instead of high temperatures to
achieve simultaneous oxidation of the remaining fuel, and reduction of NO,
to Ny. The catalyst achieves the double goal of decreasing concentrations
of oth NO, and hydrocarbons on a metal catalyst deposited on ceramic ma-
terial. :

24. Mobile source emissions are also reduced through changes in cam-
bustion chamber design (such as lower ocompression ratios), spark retar-
dation (including both basic timing and a "slower" advance curve), and ex-
haust gas recirculation.

25. The NO, emissions from oil-fired combustion systems can be re-
duced by mixing water with the oil before it is sprayed into the burmers.
Water decreases the combustion temperatures, and can reduce NO, emissions
fram light-weight oils by as much as 15 percent. Energy-wise, however, the
method is considered to be oostly.

26. Emissions fram stationary sources, such as utility and industrial
combustion installations, can be reduced by a number of methods. Among
these, staged combustion, low excess air operation, and flue gas recircula-
tion are widely used.

27. Staged combustion is effective for control of both thermal and
fuel nitrogen oxides. The method consists of initially providing less than
the amount of air (Oj) required for complete combustion. After a time de-
lay more air is added in one or more steps or stages. The method is appli-
cable to a wide range of fuels and facilities, from pulverized coal burners
to small scale industrial boilers. Addition of this method to existing
coal-buring installations has resulted in a 30 to 50 percent reduction of
NO, emissions.

28. In the low excess air method, the principal mechanism is also the
lack of available oxygen for combining with either thermal activated or
cracked fuel activated nitrogen atoms. This method can be combined with
the staged combustion process, and can reduce nitrogen oxide emissions by
40 to 70 percent, without seriously increasing carbon monoxide emissions.

29. Flue gas recirculation has been effective in controlling thermal
nitrogen oxides. The recirculation of exhaust gases to the flame regions
reduces peak temperatures and oxygen availability, thus reducing nitric
oxide formation. This method is more difficult to apply, since it requires
increased operation controls and greater capital investment.
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A nurber of methods are under further study for stationary source

emissions. These include burner design changes, water/steam injection, wet
scrubbing with aqueous ammonia, and fluid bed cambustion.

3.

4.

6.

10.
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NITROGEN OXIDE SAMPLING AND ANALYSES

1. This document supplements a companion Bank document, titled
"Nitrogen Oxide Emissions”. It provides procedures required for sampling
and analysis of stack emissions and the ambient atmosphere to determine
compliance with NO, pollution limits for Bank projects.

2. Major man-made emissions of nitrogen oxides are fossil fuel com-
bustion in stationary sources (heating, power generation, etc.) and ex-
hausts fram nmotor wehicles and any movable sources utilizing internal com-—
bustion engines.

3. Land areas normally have natural background concentrations of ni-
trogen dioxide in the range of 0.4 to 9.0 micrograms per cubic meter. 1In
urban areas, world-wide, average annual background concentrations may vary
from 20 to 90 micrograms per cubic meter.

4. Oxides of nitrogen, for purposes of this document, include nitric
oxide (NO) ard nitrogen dioxide (NO,). At point of discharge fram man-made
sources, the principal oxide is nitric oxide. This is rapidly oonverted to
nitrogen dioxide by atmospheric chemical reactions. Nitric oxide and ni-
trogen dioxide can be measured separately or collectively by various tech-
niques.

STATIONARY SOURCE MONITORING

Sampling

5. Stationary source samples are collected through openings provided
for that purpose in stacks or other ducts carrying emissions fram combus-
tion chambers. Sampling ports should be located at least eight stack di-
ameters beyond any bends, constrictions, abatement equipment, or other
causes of flow disturbance. If this is not possible then the sampling lo—
cation should be at least two stack diameters ahead of the flow disturb-
ance. Where these conditions cannot be met, it may be necessary to extend
the stack. :

6. Sampling ports should be flush with the stack walls, and extend
outward from the exterior wall for 5 to 20 centimeters. However, addition-
al extension may be required for installing valves or other appurtenances.

-
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7. The sampling apparatus is shown schematically in Figure 1. The
sampling probe may be placed at any location across the stack diameter, and
a grab sample collected in an evacuated flask containing a dilute sulfuric
acid-hydrogen peroxide solution. This solution reacts with the nitrogen
oxides. The volumetric flow rate and moisture content of exhaust gas
stream must be determined for calculating the total mass emission rate.

8. Each grab sample is obtained rapidly (15 to 30 seconds) and four
grab samples consitute a run. A minimum of three runs should be taken, or
a total of 12 grab samples. Furthermore, an interval of 15 minutes should
elapse between each grab sample.

9. Since a grab sample collects a relatively small amount of materi-
al relatively short period of time, the result obtained will be essentially
an instantaneous measure of the nitrogen oxides. It will be representative
of the emissions only if the gas stream is well mixed and the concentration
is constant with time. Multiple samples are therefore necessary.

Analzs&s

10. Nitrogen oxide levels are determined by the EPA procedure desig-
nated as "Method 7". Nitrogen oxides (except for nitrous oxide-Ny0) are
measured colorametrically using the Phenoldisulfonic Acid Procedure. The
method is applicable for measurement of nitrogen oxides (as NO,) from sta-
tionary sources in the range of 2 to 400 milligrams per dry standard cubic
meter, without having to dilute the sample.

11. A similar method has been developed by the American Society for
Testing and Materials, designated as Method ANSI/ASTM-D-1608-77. This meth-
od is applicable to concentrations ranging from 4 to several thousand mill-
igrams per dry standard cubic meter.

AMBIENT ATR MONITORING

Sampling

12. The number of sampling points required for an ambient air moni-
toring network will depend upon program objectives, effluent requirements,
meteorological conditions, topography, and other related factors. For a
small source, particularly if one wind direction predominates, only two
sites are required. One site would be for monitoring source effects while
the other would provide upwind or background concentrations. Where wind
directions are variable several sampling points are required.

13. It is desirable to place collection devices in areas most likely
to receive the highest ground-level ooncentrations of pollutants. Plume
trajectory from emission source to the point of ground-level impact may be
predicted roughly from a knowledge of predominant wind directions. A con-
venient tool for performing such an analysis is the '"wind rose"; a chart
which plots wind directions and percentage of time, annually, that wind is
blowing fram that direction. Where more precise information is required
for site selection, computerized atmospheric dispersion rodels may be nec-

essary.
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14. The principal factors in selecting the sampling locations are
topography and meteorology. Other oonsiderations include:

(a) Location of the sampling site, relative to
pollutant source, accessibility, and
operation.

(b) Sample delivery to laboratory facilities.

(c) Proper handling of samples to prevent deteriora-
tion ar conversion that would produce inaccurate
results.

(d) Availability of suitable analytical procedures
and instrumentation for generating acceptable
quantitative and qualitative data.

(e) Legal restrictions (such as effluent limitations)
affecting the discharges fram existing sources.

15. Preferably, ambient levels should be monitored continuously.Con-
tinuous samples may be obtained by a variety of instrument techniques and
are particularly suitable for averaging over long time periods. Non-auto-
matic (or dynamic) samples may be used when continuocus types of equipment
are not available.

16. A typical continuous monitoring device consists of an inlet sec-
tion, gas pretreatment section, detector, rhotomultiplier, spectrometer,
and readout device. Depending upon conditions of the gas to be analyzed,
pretreatment could include pressure adjustment, particulates removal (usu-
ally by filter), moisture removal (usually with silica gel colum) and tem-
perature adjustment (usually by oondenser).

17. Basic components for a dynamic sampling unit (shown in Figures 2
and 3): include inlet, fritted bubbler, drying tube, temperature gauge, dry
test meter, pump, and manometer.

Analyses

18. The chemiluminescent method, adopted by the U.S. Environmental
Protection Agency, amd cited in the Bibliography, is the preferred analyti-
cal method for determining nitrogen dioxide levels in ambient air samples.
This is an automated continuous method which records a measurement every
few seoconds, and readily permits determination of specific time average
levels. The method is applicable to measurements in the range of zero to
about 2,000 milligrams per cubic meter.
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19. Chemiluminescence analyzers will respord to other nitrogen con-
taining compounds, such as peroxyacetyl nitrate. Atmospheric ooncentra-
tions of these potential interferences are generally low relative to NO,,
and hence valid NO, measurements may be obtained. Where levels of inter-
fering substances (such as sulfur dioxide and ozone levels) are suspected
of being high, then an alternate method should be used.

20. Nitrogen dioxide levels may be determined manually by the Griess-
Saltzman Method, adopted by the American Society for Testing and Materials,
and cited in the Bibliography. The sampling train shown in Figures 2 and 3
should be used for this purpose. Sampling periods should be between 15 and
30 minutes, at a flow rate of about 0.4 liter/per minute. The method is
applicable for 1levels in the range of 4 to 10,000 micrograms per cubic
meter.

22. In the Griess-Saltzman Method, NO, is absorbed in an azo-dye-
forming reagent. A red violet color is produced within 15 minutes, ard its
intensity measured spectrometrically at 550 nanometers.

23. A ten-fold ratio of sulfur dioxide to nitrogen dioxide produces
no effect. A 30-fold ratio slowly bleaches the color to a slight degree.
Addition of acetone to the reagent retards fading, and permits reading the
color intensity within 4 to 5 hours instead of 45 minutes required without
acetone. A 5-fold ratio of ozone to nitrogen dioxide will cause a small
interference, with the maximal effect occurring within 3 hours. Other ni-
trogen oxides and other gases that may be present in polluted air oould al-
so interfere with the accuracy of the manual method.
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NOISE

1. Bank missions will be concerned with noise and its environmental
effects in various types of projects. Among these are highway and railway
projects, airports, agricultural enterprises (from operation of farm
machinery), and industrial installations.

BASIC CONCEPTS

2. Noise may be described as sound without agreeable musical quali-
ty, or as "unwanted sound". Generally, noise is produced when an object or
surface vibrates rapidly enough to generate a pressure wave or disturbance
in the surrounding medium. Fram the standpoint of environmental effects
the medium of greatest concern is air, although sound may also be transmit-
ted through liquids ard solids.

3. Sound is transmitted by wave motion. It propagates as the result
of the elastic interactions between the molecular components of the medium
through which it travels. The speed of sound, therefore, depends upon the
mass of molecules (density) and their elastic reactions (pressure). The
human ear responds to the pressure fluctuations set up in the surrounding
medium. Airborne sound travels at a speed of 344 meters per second at a
temperature of 20°C. In seawater sound travels at the rate of about 1490
meters per second.

4. The decibel (dB) is used to measure the relative pressure of dif-
ferent sounds. The decibel is equal to 20 times the logarithm of the ratio
of sound pressure to a reference pressure of 20 /uPa*, or

Sound pressure level (dB) = logjp Measured Pressure
Reference Pressure

Thus, a sound with 10 times the pressure of another is considered to be 20
dB louder, and each succeeding 10-fold increase adds another 20 dB to the
sound level. Relative sound pressure levels for various degrees of "loud-
ness" are presented in Table 1.

5. The quality of sound (or noise) is measured by flow of energy per
unit area. Frequency is a measure of the number of complete vibrations
occurring per second, and is measured in "hertz" (Hz). Thus, 1 Hz equals 1
cycle per second. Normally, the human ear cannot detect sounds above
15,000 Hz (ultrasound). The lower limit of human detection depends more on
the quantity of sound. At 65 Hz the human ear does not normally detect
sounds below 60 dB.

* 1 Pascal (Pa) = 10 dynes per square centimeter.
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Table 1. Relative Sound Pressure levels for Various Sources of Noise a/.
Relative Sound
Pressude Levels P 1
Fxom ascals
igﬂ:;‘f:: Examples aB Ratio to
- 0 48
Deaiening Jet aircraft 140 10,000,000 200
Threshold of feeling 130 2,162,000
Very loud Elevated train, thunder 120 1,000,000 20
Subway train, riveter 110 316,200
Noisy Ind. Plant 100 100,000 2
Loud street noise 920 31,620
Noisy office 80 10,000 0.2
Loud Av. Street noisa 70 3,162
Av. office 50 1,000 0.02
Moderate Mod. restaurant clatter 50 316
‘ Private office 40 100 0.002
i Faint Rustling leaves 20 10 0.0002
Very faint Norzal breathing 10 3
Threshold audibility 0 1 0.00002

a/ Fram "Sound Control Constructions"

U.S. Gypsum Co.
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MEASUREMENT OF NOISE

6. The basic goal in quantifying sourd is to determine the time and
location variations of noise in the environment throughout a community and
to assure that the data can be used as a measure of the effects of environ-
mental noise on people.

7. The Sound Level Meter (SIM) is the hasic instrument for measuring
sound or noise. While such instruments are available fram a number of man-
ufacturers, all meters to be used for this purpose must meet the American
National Standards Institute (ANSI) specification S1.4~1971, or the latest
ANSI issurances. Both Type 1 (Precision) and Type 2 (General Purpose)
meters are acceptable. The Type 2 meter has broader performance toler-
ances, and is usually less bulky, lighter, and less expensive than Type 1.

8. A sound level meter electronically weighs the amplitude of the
various frequencies in accordance with a person's hearing sensitivity and
sums the resulting weighted spectrum into a single number. The typical
meter contains three different response weighting networks: A, to match
the response of the ear to sound of low intensity; B, to match response to
sound of moderate intensity and C, to match response to sound of high in-
tensity. The A scale is commonly used, since it closely approximates the
human perception of sound. The weighted sound level unit, at the A setting
is commonly designated as dB (A).

Table 2 - Corrections from "Flat" Response levels to A Levels.

Octave Band Center Correction
Frequency (Hz) (dB)
31.5 - 39.5
63 - 26
125 - 16
250 -~ 8.5
500 - 3.0
1000 0
2000 + 1.0
4000 + 1.0
8000 - 1.0
16000 - 6.5
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9. The SIM A-setting measures the sound level at a frequency of
1,000 Hz. Where frequency readings differ from the standard of 1,000 Hz,
then a correction must be made to convert "flat" response readings to the A
levels. The term "flat" response designates the uniform response of an in-
strument over a wide frequency range, up to 20 K Hz.

- EFFECTS OF NOISE

10. A wniversal effect of noise is its interference with the under-
standing of speech. This is one aspect of "masking" -- an interaction of
two acoustic stimuli whereby one of them changes the perceived quality of
the other, shifts its apparent location or loudness, or makes speech cam~
pletely inaudible. Various factors enter into the degree of speech inter-
ference, such as speech, age, and hearing of individuals. Children have
less precise speech than do adults, while older persons are more suscept-
ible to interference fram backgrourd noise.

11. Noise can elicit a variety of physiological responses, but no
clear evidence exists to indicate that continued activation of these re-
sponses leads to permanent health effects. Sounds of sufficient intensity
can cause pain to the auditory nervous system. It can be presumed that
noise exposure can cause general personal stress, either by itself or in
cambination with other stress sources. Noise exposure to moderate intensi-
ties that may be found in the environment does have some effect on the car-
diovascular system, but no definite permanent effects on the circulatory
systems have been demonstrated., Moderate noise levels have been known to
cause vasoconstriction of the periphereal areas of the body and pupillary
dilation, but there is no evidence that these effects can lead to harmful
consequences over a period of time.

12. Continuous noise levels above 90 dB (A) have detrimental effects
on human performance, especially in so—called "noise-sensitive" functions,
such as vigilance tasks, information gathering, and analytical processes.
Noise levels below 90 dB (A) can be disruptive, particularly if they have
predominantly high frequency oomponents, and are intermittent, unexpected
and uncontrollable.

13. Frequencies below 16 Hz are referred to as infrasonic, and in-
clude such sources as earthquakes, wind, thunder, and distant jet air-
craft. Man-made infrasound occurs at higher intensity levels than those
found in nature. Effects associated with infrasound resemble mild stress
reactions and bizarre auditory sensations, such as pulsating and flutter-
ing. Ultrasonic frequencies are those above 20,000 Bz, and are produced by
a variety of jet engines and industrial equipment. Above 105 dB, the ef-
fects of high intensity ultrasounds resemble those observed during stress
situations.

14. Noise has the same general effects on wildlife and other animals
as it does on humans. Noise of sufficient intensity can disrupt normal
patterns of animal existence. Exploratory behavior can be curtailed,
avoidance behavior can limit access to food and shelter, and breeding
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habits can be disrupted. Hearing loss and masking of auditory signals can
conplicate an animal's ability to recognize its young, detect and locate
prey and evade predators. Physiological effects of noise exposure -- such
as changes in blood pressure and chemistry, hormone halance, and reproduc-
tivity —— have been demonstrated in laboratory animals and, to same extent,

in farm animals.

15. Secondary effects of noise on the health and welfare of man in-
clude three general types: sonic boan effects, noise induced vibration and
sonic fatigue. Sound can also cause buildings to vibrate, and this can
have a direct effect on humans. Sonic booms of sufficient intensity not
only can break windows, but they can also damage building structures. How-
ever, sonic booms can be controlled to levels which are innocuous in rela-
tion to buildings and structures. Noise induced vibrations near rocket
launch sites can also cause window breakage. Construction activities may
have similar effects. Sonic fatigue is also a problem where material is
used near intense sound sources, but such problems can be avoided by proper
design and this type of fatigue does not usually cause environmental prob-
lems.

NOISE CONTROL TECHNIQUES

16. Noise control techniques fall into two general categories: con-
trol at the source amd control of the path of sound. Within the urban en-
vironment noises originate principally from aircraft and airport opera-
tions, industrial operations, construction activities and highway traffic.

17. Aircraft related noises mainly affect the populations living near
airports or in the flight paths of low flying airplanes. Although many new
types of Jjet-powered ships introduced since 1972 emit less noise than
earlier models, noise continues to be the most serious constraint currently
facing airport operations.

18. A nunber of techniques may be applied, alone or in combination,
to the reduction of aircraft noises and their effects. The principal ones

include:

—— Operational measures designed to limit the production
of noise by aircraft. This ocould involve special take-
off and landing procedures, restrictions on the total
noisy aircraft traffic, banning of night traffic, di-
version of part of the traffic to other regional air-
ports, and application of local airport noises regulations.

—-- Measures aimed at changing the land use in areas exposed
to heavy noise. This requires close coordination of air-
port planning with regional and local landuse policy. Such
an approach is most easily implemented in the case of new
airports in areas not yet intensely developed. However,
even around existing airports it is possible to re-zone the
heavily impacted areas over a period of time and minimize
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noise exposures for private dwellings, schools, hospitals
and recreational areas.

-- Measures aimed at reducing the impact of noise at the
point of reception. This will require sound-proofing
of private residences, hotels, offices and other
structures. Such measures should be taken as a last
resort, since they do nothing to eliminate the scurce
of the noise or to improve the outdoor environment.

19. Noises resulting fram industrial operations are generally confin-
ed within the plant structure. Machinery ard equipment are the main sourc-
es, and the effects are felt mostly by the individual workers. Controls
may be accomplished through measures at the source (relocation, vibration,
vibration control, etc.); installation of acoustical shields, enclosures,
or other barriers to interrupt the path of the sound; or through limiting
the duration of the exposure by the receiver. The first two of these meas-
ures will help reduce the noise levels in the environment outside the
plant.

20. While construction operations are not permanent, large projects
are carried ocut over relatively long time periods, and measures are fre-

quently required to reduce noise emissions. Construction noises can origi-
nate fram such sources as crane and hoisting equipment, air compressors,
concrete mixers, tractor and bulldozing equipment and materials delivery
vehicles.

21. Noise ocontrol at oconstruction sites will require an analysis of
each individual situation to determine which measures should be applied.

The general measures which can be effective include:

~-- Assurance that the manufacturer has designed, built
and equipped the unit to conform with existing noise
control regulations.

—— Adequate ¢peration and maintenance of equipment.

-- Limiting the time of day during which equipment
may be operated.

— Limiting the places or zones in which equipment
may be used.

22. The effect of wehicle noise on populations is usually dependent
upon traffic concentrations rather than on any one individual vehicle. Al-
though trucks are normally fewer in number, they tend to contribute the
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Yearly Average BEquivalent Sound levels Required for

Protection of Public Health and Welfare 1/

Indoor . Outdoor »
Activity Hearing Loss T: .lfrlol:u Activity Hearing Loss T: ,Prok'.(.t
Measure fnter-  Considera- B::‘n:. p nter- Considzcra- H:‘J I:"I;l‘
fi LN Both Ei-
__2_/ erence tion fects (b) ference tion fects (b)
Residential with Qui- | Ly;, 45 45 55 55
side Spacc and Farm
Residences Leqi24) 70 70
Residentizl with Ne Lan 45 45
Outside Space
Leg(24) 70
Commercial Leq(2d) (a) 70 70(c) (a) 70 70(c)
Inside Transportation L‘cq(:.;) (h) 70 (a)
Industrial Leq(g‘;)(d) ) 70 70(c) {a) 70 70(c)
Hospitals Lan 45 45 55 55
'-eql24) e 70
Educationzl l{q(-_u, 3] 45 5¢ 55
Leq(24)d) 0 70
Recreational Areas Legi24) (a) 70 70(c) (a) 70 70(¢)
Farin Laud and Leq( pEY (a) 70 70(c)
General Unpopulated
Land
Code:
a.  Since different types of activities appear to be associated with different levels, identifi-

erg

cation of a maximum level tor activity wterterence

ay de aithicelt except in those
circumstances where specch cobnntiniation is o ritica i

b activity.

Based on lowest level,

Basced only on hearng luss,

An Loy(s) of 75 4B may de tdentitied in these situations so tong as the exposure over
the remaiming 16 hoass per day iy low enough 10 result ina negiigible contribation to
the 24-hour average. i.e.. no greater than an Ly, of 00 JB.

1/ From Ref. 4

_2_[_ Lgn = Day-night average A - weighted equivalent sound level,
with a 10-decibel weighting applied to night time levels

Leq (24) = Equivalent A-weighted sound level over 24 hours.
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largest share of the noise. Motorcycle traffic can also be a significant
contributor. For highway wvehicles, noises originate from the exhaust sys-
tems, engines, special features (such as loading machinery on solid waste
carriers and heavy duty trucks), and other individual characteristics.

23. Noise abatement measures are similar to those for construction
equipment, as given in paragraph 21. Additional controls may be imposed
through licensing and inspection procedures, and through driver education
on operational procedures.

ACCEPTABLE NOISE LIMITATIONS

24. There are considerable variations in the recommended allowable
noise levels emitted by the many individual sources existing in the en-
vironment. The limitations presented in Table 3 represent the net effect
of cumulative contributions fram all sources. The levels given are con-
sidered adequate for protecting the health and welfare of the general pub-
lic in the specific environmental situation. The term "public health and
welfare" denotes personal comfort and well-being as well as the absence of
hearing damage or other clinical symptoms.
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THE WORLD BANK MARCH 1983

NON-FERROUS METALS INDUSTRY

ALUMINUM PRODUCTION

ENVIRONMENTAL GUIDELINES

1. The non-ferrous metals category includes a large number of metal-
lic elements, but only a few are of concern to World Bank operations at
this time. Those most frequently encountered in Bank activities are cover-
ed in four separate documents in the series, as follows: (a) aluminum; (b)
lead and zinc; (c¢) copper and nickel; and (d) silver, tungsten, columbium,
and tantallum. This document will concern itself with aluminum production.

2. Both primary and secondary aluminum will be discussed, the class-
ification being based upon the raw materials used in the production. Norm-
ally, the primary metal is produced from the raw ore, while the secondary
metal is produced from manufacturing scrap, discarded consumer items, and
other residues containing economically recoverable quantities. The manu-
facturing process and waste sources are shown in Figures 1 and 2.

3. Aluminum is considered to be the most abundant metal in the
earth's crust. The aluminum industry is international in scope, and its
manufacture, fabrication, and use are currently worldwide. The wastes re-
sulting from the industry's operations are of significant proportions, and
hence their effects must be considered in environmental impact assessments.

MANUFACTURING PROCESSES

4. The basic material used in the manufacture of aluminum metal is
bauxite ore. Major sources of the mineral are South America, the Caribbean
and Australia. Specific sources include Jamaica, Haiti, Costa Rica, Suri-
nam, Guyana, French Guiana, Brazil, Ghana, Guinea, Sierra Leone, Cameroon,
Sumatra, Java and Borneo.

5. The most commonly used method for the production of aluminum met-
al from bauxite ore is the Bayer Process, followed by the Hall-Heroult Pro-
cess. Thus, aluminum production may be considered a two-step process.

6. In the Bayer Process the bauxite is digested with a hot, strong
alkali solution (generally sodium hydroxide) to form a sodium aluminate
solution and an undissolved residue commonly called "red mud". The red mud
is separated by filtration and reworked for recovery of additional alum—
ina. The sodium aluminate solution is hydrolyzed to aluminum hydroxide by
cooling and dilution, and the hydroxide then induced to crystallize by
seeding with alumina crystals. The precipitate (which is the aluminum hy-
droxide) is separated from the liquor, clarified in tray thickeners, washed
with hot water, and filtered. As the final step the hyudroxide is calcined
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in rotary kilns, at temperatures up to 1800°C to produce alumina (Al, O3),
cooled, and shipped to reduction plants.

7. The alumina is then reduced electrolytically by the Hall-Heroult
Process, to produce alumimum. This involves the electrolysis of alumina
dissolved in a fused salt electrolyte consisting of cryolite (NajAl Fg),
with minor additions of other fluoride salts. The process is carried out
in a cell (pot) -- consisting of a carbon anode, a cathode, and the elec-
trolyte -- contained in a carbon-lined steel box. This is followed by al-
loying and casting into ingots. The ingots are then shaped for final use
by casting, rolling, forging and/or extrusion.

8. For secondary aluminum production, the raw materials include new
clippings; forgings and other solids; borings and turnings; residues; old
castings and sheets; and high iron scrap.

9. The smelting process for secondary aluminum generally consists of
six steps: charging scrap into the furnmace, addition of fluxing agents,
addition of alloying agents, mixing, demagging (magnesium removal) or de-
gassing, and skimming. Some plants also process residues to recover a high
aluminum fraction for smelting and a low aluminum fraction for use by steel
manufacturers as ingot topping. High-iron scrap undergoes presmelting
treatment for iron removal.

WASTE SOURCES AND CHARACTERISTICS

10. The major environmental concerns in bauxite mining operations are
land erosion, runoff water control, and dust control. In the processing of
bauxite to produce aluminum the principal environmental concerns include:
(a) disposal of bauxite residue (red mud):; (b) dirt losses (c) emissions
from fuel burning; and (d) waste liquid and slurry streams.

Air Bmissions

11. In the primary aluminum industry, gasecus emissions originate
from the potlines, potroom, paste plant, anode bake plant, and the
degassing operation. Most plants effectively collect and remove the
various emissions and therefore very little escapes to the atmosphere. In
the secondary aluminum category, emissions originate in the demagging
(magnesium removal) operations and from processing of furnace residues.
These also are effectively collected and removed.

12. The emissions, in both primary and secondary plants, will contain
dusts, fluorides, sulfur compounds, fuel combustion products, certain or-
ganic pollutants, phenols, cyanides (in cryolite recovery) and organic car-
bon in varying amounts.

Liquid Wastes

13. The conventional water pollution parameters (biochemical oxygen
demand, chemical oxygen demand, total organic carbon, oils and greases,
etc. ) have limited values in the non-ferrous metals industry. High concen-
trations of metals, a characteristic of the wastes, will inhibit biological
activity and render these tests ineffective and of limited value.
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14. 