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SECTION I
SUMMARY

Industry and Operations

Porcelain enameling is the application of glass-like coatings to
metals such as steel, cast iron, aluminum or copper. The purpose
of the coating 1is to improve resistance to chemicals, abrasion
and water and to improve thermal stability, electrical resistance
and appearance. The coating applied to the workpiece is a water
based slurry called a "slip" and is composed of one of many
combinations of frit (glassy 1like material), <clays, coloring
oxides, water and special additives such as suspending agents.
These vitreous inorganic coatings are applied to the metal by a
variety of methods such as spraying, dipping, and flow coating,
and are bonded to the base metal at temperatures in excess of 500
degrees C (over 1000F). At these temperatures, finely ground
enamel frit particles fuse and flow together to form the
permanently bonded, hard procelain coating. '

Porcelain enameling began in the United States in the late

1800's. Following the Depression, the manufacture of porcelain
enameled refrigerators, stoves, and other household items
expanded many times. The demand for procelain enamel products

and finishes remained at a peak until the early 1960's, when
substitute finishes began to replace many uses of the more costly
porcelain enamel surfaces. EPA estimates that currently there
are approximately 116 procelain enameling plants in the United
States; the majority are located east of the Mississippi River.

There are two major groups of standard process steps used in
manufacturing procelain enameled materials. These are: (1)
surface preparation and (2) coating. Surface preparation is for
removal of soil, oil, corrosion and similar dirt from the basis
material. Surface preparation cleaning processes includes water
based alkaline cleaners for removing oil and dirt; employ acid
pickling solutions to remove oxides and corrosion and to etch the
surface of the workpiece; and water rinses of the basis material
after alkaline cleaning or acid pickling.

The steel subcategory also uses é fourth metal preparation step,
water solution of nickel salts (nickel flash) is used to improve
adhesion of the slip to the basis metal.

Coating includes both ball milling and enamel application. Ball
milling is performed to mix and grind frit and other raw
materials, forming an enamel slip of appropriate consistency for
the intended use of the product. The steel ‘subcategory also uses




a fourth metal preparation step, The ball milling operation uses
water for washing out the ball mills between mixing batches and
for <cooling the ball mills. During application of the porcelain
enamel slip, water also may be used in a curtain device to
capture waste slip in overspray.

The most important pollutants or pollutant parameters are: (1)
toxic metal pollutants--—-antimony, cadmium, chromium, copper,
lead, nickel, selenium and, zinc; (2) conventional
pollutants—--total suspended solids, pH, and oil and grease, and
(3) nonconventional pollutants--aluminum and iron. Toxic organic
pollutants, however, were not found with any frequency and are
not considered to be significant in this industry.

Data Base and Information Used

In developing this regulation, EPA studied the porcelain
enameling category to determihe whether differences 1in raw
materials, final products, manufacturing processes, equipment,
age and size of plants, water use, wastewater constituents, or
other factors required the development of separate effluent
limitations and standards for different segments of the industry.

EPA has subcategorized the porcelain enameling industry based on
the basis material coated. The subcategories are defined as
procelain enameling on: steel, cast iron, aluminum, and copper.
No limitations are established for porcelain enameling on
precious metals (gold, silver and platinum group metals) because
they are believed to be very small sources and virtually all
would be excluded from regulation by the small indirect
discharger exemption.

This study included the identification of raw waste and treated
effluent characteristics, including: (1) the sources and volume
of water used, the processes employed, and the sources of
pollutants and wastewaters in the plant, and (2) the constituents
of wastewaters. Such analysis enabled EPA to determine the
presence and concentration of toxic pollutants in wastewater
discharges.

EPA also identified both actual and potential control and
treatment technologies, including both in-plant and
end-of-process technologies. The Agency analyzed both historical
and newly generated data on the performance of these technologies
including performance, operational limitations, and reliability.

Current wastewater treatment practices in the porcelain enameling
category range from no treatment by about 72 percent of the
plants to a high level of physical-chemical treatment combined




with water conservation practices. Of the 116 porcelain
enameling plants for which data are available, 33 percent have
sedimentation or clarification devices, 24 percent have alkaline
addition pH adjustment systems, and 9 percent have acid addition
pH adjustment systems. There is no apparent difference between
direct or indirect dischargers in the  nature or degree of
treatment employed.

The control and treatment technologies available for this
category include both in-process and end-of-pipe treatment.
In-process treatment 1includes a variety of water flow reduction
steps and major process changes such as cascade rinsing to reduce
the amount of water used to remove unwanted materials from the
workpiece surface, the use of flow control equipment and the
recycle of treated coating wastewaters. End-of-pipe treatment
includes: hexavalent chromium reduction (where applicable), oil
skimming, chemical precipitation of metals wusing hydroxides or
carbonates and removal of precipitated metals and other materials
using settling, sedimentation, filtration, and combinations of
these technologies. !

The effectiveness of these treatment technologies has been
evaluated and established by examining the performance of these
technologies on porcelain enameling and ~other similar
wastewaters. The primary data base for hydroxide
precipitation--sedimentation technology is a composite of data
drawn frcocm EPA sampling and analysis of copper and aluminum
forming, battery manufacturing, porcelain enameling, and coil
coating. These wastewaters are judged to be similar in
treatability because they contain similar ranges of dissolved
metals which can be removed by precipitation and solids removal.
Similarly, the precipitation--sedimentation and filtration
technology performance is based on the performance of full scale
commerical systems treating multicategory wastewaters which also
are essentially similar to porcelain enameling wastewaters. '

The Agency estimated the costs of each control and treatment
technology using a computer program developed by standard
engineering analysis. EPA derived unit process costs for each of
116 plants using data and characteristics (production and flow)
applied to each treatment process (i.e.,hexavalent chromium
reduction, metals precipitation, sedimentation, granular
bed-multimedia filtration, etc.). These unit process costs were
added to yield total cost at each treatment level. After
confirming the reasonableness of this methodology by comparing
EPA cost estimates to treatment system costs supplied by the
industry, the Agency evaluated the economic impacts of these
costs. :




Regulation

On the basis of these factors, EPA identified various control and
treatment technologies as the basis for BPT, NSPS, PSES and PSNS.
The regqulation, however, does not require the installation of any
particular technology. Rather, it requires achievement of
effluent limitations equivalent to those achieved by the proper
operation of these or equivalent technologies.

The effluent limitations for BPT, BAT, and NSPS are expressed as
mass limitations (mg/m2) and are calculated by multiplying three
elements: (1) effluent concentrations determined from analysis
of control technology performance. data; (2) allowable wastewater
flow determined by an analysis of flow data at plants in each
subcategory with adequate water use practices; and (3) the
relevant process or treatment variability factor (e.g., maximum
monthly average vs. maximum day).

Pretreatment standards for existing sources (PSES) are expressed
as concentration standards. The equivalent mass standards are
also presented for use when POTW find it neécessary to impose mass
pretreatment standards. Pretreatment standards for new sources
(PSNS) are expressed as mass standards to assure the pollutant
reduction benefits of the 90 percent flow reduction included as
the basis of PSNS.

BPT

In general, the BPT 1level represents the average of the best
existing performances of plants of various ages, sizes, processes
or other common characteristics. Where existing performance is
uniformly inadequate, BPT may be transferred from a different
subcategory or category.

In balancing costs in relation to effluent reduction benefits,
EPA considers the volume and nature of existing discharges, the
volume and nature of discharges expected after application of
BPT, the general environmental effects of the pollutants, and
cost and economic impacts of the required pollution control
level.

This regulation imposes BPT requirements on the steel, cast iron,
and aluminum subcategories. The technology basis for the BPT
limitations being promulgated is the same as for the proposed
limitations and includes flow normalization, hexavalent chromium
reduction (for facilities which perform  porcelain enameling on
aluminum), oil skimming, pH adjustment, and sedimentation to
remove the resultant precipitate and other suspended solids:
Zero discharge for metal preparation is required in the cast iron




subcategory because the metal preparation method usually employed
does not result 1in a discharge of process wastewater. BPT (as
well as BAT and PSES) limitations are not being promulgated for
the copper subcategory because there are no existing direct
dischargers and no large = indirect dischargers in.  this
subcategory. ) .

The BPT technology outlined above applies all three regulated
porcelain enameling subcategories and the effluent concentrations
resulting from the application of the technology are identical.
However, the mass limitations vary due to different water uses
among the subcategories and the absence of some pollutants in
some subcategories. ‘ :

The pollutants vseiected for regulation at BPT are: chromium,
lead, nickel, zinc, aluminum, iron, oil and grease, TSS, and pH.

Implementation of the BPT limitations will. remove annually an
estimated 96,700 kg of toxic pollutants and 7,640,000 kg of other
pollutants (from estimated current discharge) at a capital cost
above equipment in place of $5.4 million and an annual cost of
$2.8 million (based on January 1978 dollars).

BAT

The BAT technology level represents, the best economically
achievable performance of plants of various ages, sizes,
processes or other shared characteristics. As with BPT, where
existing performance 1is uniformly inadequate, BAT may be
transferred from a different subcategory or category.” BAT may
include feasible process changes or internal controls, even when
not common industry practice.

In developing BAT, EPA has given substantial weight to the
reasonableness of costs. The Agency considered the volume and
nature of discharges, the volume and nature of discharges
expected after application of BAT, the general environmental
effects of the pollutants, and the costs and economic impacts of
the required pollution control levels. '

Despite this consideration of costs, the primary determinant 6f
BAT is still effluent reduction capability.

The Agency considered three major sets of technology options
which might be applied at the BAT level. The. effectiveness and
costs of the BAT options were evaluated and considered in
selecting BAT. This regulation imposes BAT requirements on the
steel, cast iron and aluminum subcategories. The technology
basis for BAT or the final regulation is flow normalization,




chromium reduction, o0il & grease removal and lime and settle
end-of~-pipe treatment. Flow reduction by reusing treated
wastewater for all coating water needs except ball mill washout
also is included as part of the BAT model technology. This will
reduce wastewater discharge from coating operations by about 95
percent (compared to BPT) and the overall wastewater discharge by
about 15-18 percent.

This technology basis for BAT eliminates filtration from the
proposed BAT model treatment system and added reuse of process
wastewaters. Industry comments opposed filtration as a basis for
BAT because of its cost and . because it could present
technological problems for porcelain enamelers whose operations
are integrated with operations covered by other regulations.
Comments on an the alternative flow reduction option presented in
the proposed regulation stated that the ball mill allowance
should be higher than the amount specified. " The final regulation
includes a substantial increase in the ball mill washout
allowance which is used as the basis for the mass based discharge
limitations.

The pollutants selected for regulation at BAT are: chromium,
lead, nickel, zinc, aluminum and iron. The toxic pollutants
considered for regulation at proposal, but not selected for
regulation, are arsenic, antimony, cadmium, copper, cyanide and
selenium. The technology that would be necessary to meet the
limitations for the regulated pollutants will effectively control
the unrequlated pollutants.

The direct dischargers are expected to -move directly to
compliance with BAT limitations from existing treatment because
the flow reduction used to meet BAT limitations will allow the
use of smaller -- and less expensive -- lime and settle equipment
than would be used to meet BPT 1limitations without flow
reduction.

Implementation of the BAT limitations will @ remove annually an
estimated 97,350 kg/yr of toxic pollutants and 7,650,000 kg/yr of
other pollutants (from estimated current dlscharge) at a capital
cost above equipment in place of $5.7 million and an annual cost
of $2.9 million (based on January 1978 dollars).

BAT will remove 650 kg/yr of toxic pollutants and 10,000 kg/yr of
other pollutants incrementally above BPT; the incremental
investment cost is $0.3 million and the additional total annual
cost is $0.1 million (January 1978 dollar basis).




NSPS

NSPS (new source performance standards) are based on the best
available demonstrated technology (BDT), including process
changes, in-plant control, and end-of-pipe treatment technologies
which reduce pollution to the maximum extent feasible. EPA
considered three options for selection of NSPS technology.  This
regulation establishes NSPS for all four subcategories.

The proposed NSPS were based on the following technology: 90
percent reduction of metal preparation wastewater. by
countercurrent rinsing followed by 1lime, settle and filter
end-of-pipe treatment. Elimination of all coatings"wastewater
was part of the model treatment technology and was to be achieved
by use of electrostatic dry powder coatings, a dry process that
eliminates the 'generation of wastewater. Industry comments
opposed eliminating coating wastewater. Many companies stated
that powder coatings are not appropriate for their products
because. of problems associated with enamellng complex shapes and
aluminum materials.

After consideration of these options we are promulgatlng' a
modified NSPS based on multi-stage countercurrent cascade rinsing
after each metal preparation operation, reuse of most coating
operation water as in BAT and lime, settle and filter end-of-pipe
treatment technology for all wastewaters. The Agency has
eliminated dry electrostatic powder coating as a technology basis
for NSPS because this coating is not universally applicable.

Filtration has been retained in the NSPS model because filters
are substantially less costly for new sources after substantial
flow reduction than for existing sources. Filtration and flow
reduction will remove an estimated 94 percent of the toxic
pollutants discharged after BAT. ' ' '

The pollutants regulated are: chromium, 1lead, nickel, zinc,
aluminum, o©il and grease, iron, TSS and pH. The capital
investment for new sources to meet NSPS is about 7 percent above
that needed by existing sources to comply with BAT.

PSES

PSES (pretreatment standards for existing sources) are designed
to prevent the discharge of pollutants which pass through,
interfere with, or are otherwise incompatible with the operation
of POTWs. Pretreatment standards are to be technology-based and
analogous to the best avallable technology for removal of toxic
pollutants.




This regulation establishes PSES for the steel, cast iron and
aluminum subcategories.

EPA determined there is pass-through of toxic metal pollutants
because POTW removals of major toxic pollutants found 1in
porcelain enameling wastewater average about 50 percent (Cr-18%,
Cu—-58%, CN-52%, 1ZIn—-65%) while BAT technology treatment removes
more than 99 percent of these pollutants. This difference in
removal effectiveness clearly indicates pass—-through of
pollutants will occur unless porcelain enameling wastewaters are
adequately pretreated. The pollutants to be regulated by PSES
include chromium, copper, lead, nickel and zinc.

The Agency proposed PSES using technology analogous to the
proposed BAT: flow normalization, chromium reduction, and lime,
settle and filter end-of-pipe treatment. For the reasons
discussed under BAT, we are removing filtration from the PSES
model technology and adding reuse of process wastewater. The
model technology on which ~the promulgated PSES 1is based is
analogous to the promulgated BAT model technology except that oil
skimming is not included. This PSES model technology consists of
flow reduction by reuse of treated process wastewater, chromium
reduction, and lime and settle end-of-pipe treatment.

The Agency determined that PSES are not not economically
achievable for small plants. Plants which produce less than 1600
m2/day product and discharge less than 60,000 1/day wastewater
are not controlled by the categorical PSES established by this
regulation. The two copper subcategory plants in the data base
are excluded from regulation by this provision. Indirect
discharging plants not controlled by this PSES must, however,
conform to the provisions of 40 CFR Part 403. The exclusion
point is reasonable since the next projected plant closure is
about twice the cutoff level. This cut-off exempts from the
categorical PSES regulation 38 small indirect discharges which
represent about 4.6 percent of the total industry production and
6.8 percent of the production by indirect dischargers. Further
details of the small plant analysis are presented in the economic
analysis document.

The Agency has determined that there 1is no 1less stringent
technology that could be the basis of pretreatment standards for
small plants. EPA evaluated a less expensive, sump settling
technology suggested by public comments for small indirect
dischargers. However, the Agency determined that this technology
has not been adequately demonstrated in the industry and probably
would not appreciably reduce the discharge of toxic pollutants.
The 38 small indirect dischargers not regulated by this PSES
generate 21,800 kg/yr toxic pollutants and 1,426,000 kg/yr other
pollutants. If PSES applied to these facilities they would




introduce into POTW only 605 kg/yr toxic pollutants and 8,500
kg/yr other pollutants. v '

Concentration based standards, rather than >the proposed
mass-based standards, are promulgated for PSES with mass-based
alternate standards made available for use where desired by the
POTW. - .

Implementation of the PSES standards will remove annually an
estimated 179,500 kg of toxic pollutants and 14,200,000 kg of
other pollutants (from estimated current discharge) at a capital
cost above equipment in place of $13.5 million and an annual cost
of $6.6 million (January 1978 dollar basis)

The Agency has set the PSES compllance date at three years after:
.promulgatlon of this regulation: November, 1985.

PSNS

Like PSES, PSNS (pretreatment standards for new sources) are to
prevent the discharge of pollutants which pass through, interfere
with, or are otherwise incompatable with the operation of the
POTW. New indirect dischargers, 1like new direct dischargers,
have the ' opporturnity to incorporate the best available
demonstrated technologies including process changes, in-plant
controls, . and end-of-pipe treatment technologies, and to use’
plant site selection to ensure adequate treatment ~system
installation. ' :

This regulation establishes -mass-based PSNS for all four
subcategories. The treatment technology basis for the PSNS being
promulgated is identical to the treatment technology set forth as
the basis for the NSPS being promulgated: multi-stage
countercurrent cascade rinsing, coating wastewater recycle and
lime, settle and filter end-of-pipe treatment.

Although mass-based standards may be somewhat more difficult for
a POTW to enforce, mass-based standards are necessary for PSNS to
ensure that the considerable effluent-reduction benefits of flow
reduction techniques are obtained. Overall flow and pollutant
reduction of about 90 percent can be achieved by countercurrent
cascade rinsing, and countercurrent cascade rinsing 1is not
excessively costly in new plants. Since POTW removal of toxic
pollutants is only about 50 percent, pass-through of toxic
pollutants will occur.

The incremental capital investment (above the capital that would
have been required if PSES requirements applied) for new source




standards is less than 0.5 percent of expected revenues and is
not expected to result in any barrier to entry into the category.
Regulated pollutants at PSNS are antimony, chromium, lead, nickel
and zinc.

Non-Water Quality Environmental Impacts

Eliminating or reducing one form of pollution may cause other
environmental problems. Sections 304(b) and 306 of the Act
require EPA to consider the non-water quality environmental
impacts (including energy requirements) of certain regulations.
In compliance with these provisions, we considered the effect of
this regulation on air pollution, solid waste generation, water
scarcity, and energy consumption.

This regulation was reviewed by EPA personnel responsible for
non-water quality programs. While it is difficult to balance
pollution problems against each other and against energy use, we
believe that this regulation will best serve often competing
national goals.

Wastewater treatment sludges from this category are expected to
be non-hazardous under RCRA when generated using the model
technology. Treatment of similar wastewaters from other
categories using this technology has resulted in non-hazardous
sludges. Costs for disposal of non-hazardous wastes are included
in the annual costs.

To achieve the BPT and BAT effluent limitation, a typical direct
discharger will increase total energy consumption by less than
one percent of the energy consumed for production purposes.




RECOMMENDATIONS

1. EPA has divided the porcelain enameling category into
subcategories for the purpose effluent 1limitations
standards. These subcategories are:

steel

cast iron

aluminum

copper
2. The following effluent 11m1tatlons are being promulgated for

existing sources‘

SECTION II

A. Subcategory A - Steel Basis Material

(a) BPT Limitations

Pollutant of

BPT Effluent Limitations

Pollutant Maximum for ~ Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating
preparation operation preparation operation

Metric Units--mg/m2--of -Area Processed or Coated

Chromium 16.82

Lead 6.01
Nickel 56.46
Zinc 53.26
Aluminum 182.20
Iron 49.26
Oil & Grease 800.84
TSS ‘ 1642.00
pH (1)

1
1
3

WO — ~ W

332

.41
.21
.43
.78
.87
.97
162.

10

.20

(1)

6.
5.
40.
22,
74.
25.
480.
800.90
(1)

.38
.06
11
.54
.07
5.11
97.23
162.00
(1)

Ul s 00— ~

1

English Units--1lbs/1

million £t2 of Area Processed or Coated

Chromium 3.45
Lead 1.23
Nickel 11.57
Zinc 10.91

0.
0.
2.34

2. :

70
25

21

11

.40
.07
.20
.60

0.29
0.22
1.66
0.93




. Aluminum 37.32 7.55 15.26 3.09
Iron 10.09 2.04 5.17 1.05
0il & Grease 164.03 33.19 98.42 19.92
TSS 337.00 68.10 164.00 33.20
pH (1) (1) (1) (1)
(1) Within the range 7.5 to 10.0 at all times.

(b) BAT Limitations
BAT Effluent Limitations
Pollutant or
Pollutant Maximum for Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating

preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 16.82 0.27 6.81 0.11
Lead 6.01 0.10 5.21 0.09
Nickel 56.50 0.90 40.05 0.64
Zinc 53.30 0.85 . 22.43 0.36
Aluminum 182.00 2.90 74.48 1.19
Iron 49.30 0.79 - 25.23 0.41

English Units--1bs/1 million ft2 of Area Processed or Coated

Chromium 3.45 0.06 1.4 0.022
Lead 1.23 0.02 1.07 0.017
Nickel 11.57 0.19 8.20 0.13
Zinc 10.91 0.18 4.60 0.08
Aluminum 37.32 0.6 15.26 0.25
Iron 10.09 0.16 5.17 0.09

B. Subcategory B - Cast Iron Basis Material

(1) There shall be no discharge of process wastewater
pollutants from metal preparation operations.

(2) The discharge of process wasterwater pollutants from
all porcelain enameling coating operations shall not exceed the
values set forth below: :
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(a) BPT Limitations

3 ‘ BPT Effluent Limitations
Pollutant o
Pollutant - Maximum for Maximum for
Property . any 1 day Monthly average

mg/m2 (lbs/1 million ft2) of Area Coated

.12

Chromium 0.29 (0.06) 0 (0.024)
Lead 0.11 (0.02) 0.09 (0.02)
Nickel 0.98 (0.20) 0.7 (0.15)
Zinc 0.93 (0.19) 0.39 (0.08)
Aluminum 3.16 (0.65) 1.29 (0.27)
Iron 0.86 (0.18) 0.44 (0.09)
Oil & Grease 13.86 (2.84) 8.32 (1.71)
TSS . 28.42 (5.82) 13.86 (2.84)
pH (1) (1) (1) (1)
(1) Within the range 7.5 to 10. 0 at all times.

(b) BAT Limitations

BAT Effluent Limitations

Pollutant or
Pollutant Maximum for. Maximum for
Property any 1 day Monthly ‘average

mg/m2 (lbs/1 million ft2) of Area Coated

Chromium 0.27 (0.06) 0.11 (0.022)

~ Lead 0.10 (0.02) 0.09 (0.017)
Nickel 0.90 (0.19) 0.64 (0.13)
Zinc 0.85 (0.18) 0.36 (0.08)
Aluminum 2.90 (0.60) 1.19 (0.25)
Iron 0.79 (0.16) 0.40 (0.09)
C. Subcategory C - Aluminum Basis Material

(a) BPT Limitations

BPT Effluent Limitations
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Pollutant or

Pollutant Maximum for Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating

preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 16.34 6.32 6.63 2.56
Lead 5.84 2.26 5.06 1.96
Nickel 54.85 21.21 38.90 15.04
Zinc 51.73 20.01 21.79 8.43
Aluminum 176.98 68.44 72.35 27.98
Iron 47 .85 18.50 24.51 9.48
0il & Grease 777.92 300.84 466.76 108.50
TSS 1594.74 616.68 777.92 300.82

pH (1) (1) (1) (1)

English Units—-lbs/]l million ft2 of Area Processed or Coated

Chromium 3.35 1.30 1.37 0.53
Lead 1.20 0.47 1.04 0.40
Nickel 11.24 4.35 ©7.97 3.08
Zinc 10.6 4.10 4.46 1.73
Aluminum 36.25 14.02 14,82 5.73
Iron 9.80 3.79 5.02 1.94
0il & Grease 159.33 61.61 - 95.60 36.97
TSS 326.63 126.33 159.33- 61.61
pH (1) (1) (1) (1)

(1) Within the range 7.5 to 10.0 at all times.
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(b) BAT Limitations

) ‘ BAT Effluent Limitations
Pollutant or

Pollutant Maximum for Maximum for
Property any 1 day Monthly average
Metal Coating ‘Metal Coating

preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 16.34 0.27 6.62 v 0.1
Lead 5.84 0.10 5.06 0.09
Nickel 54.85 0.90 38.90 0.64
Zinc 51.74 ' 0.85 21.79 0.36
Aluminum 176.98 2.9 72.35 1.19
Iron 47.85 0.79 24.51 0.40

English Units--1bs/1 million ft2 of Area Processed or Coated

Chromium 3.35 0. 1.36 0.022
Lead 1.20 - 0.02 1.04 0.02
Nickel 11.24 0.19 7.97 0.13
Zinc 10.60 0.18 4.46 0.08
Aluminum 36.25 0.60 14.82 0.25
Iron 9.80 0.16 5.02 0.09




D. Subcategory D - Copper Basis Material

(a) No BPT effluent limitation are being promulgated.
(b) No BAT effluent limitations are being promulgated.

3. The following effluent standards are being promulgated for
new sources. ‘

A, Subcategory A - Steel Basis Material

NSPS
8466.13 New source performance standards.

Any new source subject to this subpart must achieve the
following new source performance standards:

Subpart A. NSPS

Pollutant or

Pollutant Maximum for = Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating

preparation operation preparation operation

Metric Units--mg/m? of Area Processed or Coated

Chromium 1.33 0.24 0.54 0.1
Lead 0.36 0.70 0.33 0.06
Nickel 1.97 0.35 1.32 0.24
Zinc 3.65 0.65 1.51 0.27
Aluminum 10.90 1.93 4.44 0.79
Iron 4.40 0.79 - 2.26 0.40
0il & Grease 35.75 6.36 35.75 6.36
TSS 53.7 9.54 39.4 7.0
pB (1) (1) (1) (1)

English Units--1lbs/1 million ft2 of Area Processed or Coated

Chromium 0.27 0.05 0.11 0.02
Lead 0.08 0.013 0.07 0.012
Nickel 0.41 0.08 - 0.27 0.05
Zinc 0.75 0.14 ©0.31 0.06
Aluminum 2.22 0.4 0.91 0.17
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Iron “0.90 0.16 0.46 0.09

- 011 & Grease 7.33 1.31 7.33 1.31

TSS 10.99 1.96 8.06 1.44
(1) (1) (1)

pH (1)

(1) Within the range 7.5 to 10.0 at all times.

B. Subcategory B - Cast Iron Basis Material

(a) There shall be no discharge of process wastewater
pollutants from metal p:eparation operations.

(b)- ‘The discharge of process wastewater pollutants from all
porcelain enameling coating operations shall not exceed the
values set forth below: :

Subgart B. NSPS
Pollutant or ' o

Pollutant Maximum for Maximum for
Property ~ any 1 day Monthly average

mg/m2 (1lb/1 million ft2) of area Coated

Chromium 0.24 (0.05) 0.10 (0.02)
Lead 0.07 (0.013) 0.06 (0.012)
Nickel 0.35 (0.08) 0.24 (0.05)
Zinc 0.65 (0.14) 0.27 (0.06)
Aluminum 1.93 (0.4) 0.79 (0.17)
Iron 0.79 (0.16) 0.40 (0.09)
Oil & Grease 6.36 (1.31) 6.36) (1.31)
TSS 9.54 (1.95) 7.00 (1.44)
pH (1) (1) (1) (1)
(1) Within the range 7.5 to 10.0 at all times.
C. Subcategory C - Aluminum Basis Material
NSPS

"Pollutant or . - .
Pollutant Maximum for Maximum for
Property any 1 day Monthly average

Metal Coating Metal Coating

preparation operation preparation operation




Metric Units--mg/m2 of Area Processed or .Coated

Chromium 1.29 0.24 0.52 0.1

Lead 0.35 0.07 0.32 0.05
Nickel 1.91 0.35 1.29 0.24
Zinc 3.55 0.65 1.46 0.27
Aluminum 10.53 1.93 4.31 0.79
Iron 4,28 0.79 2.19 0.40
0il & Grease 34.73 6.36 34.73 6.36
TSS 52.1 9.54 38.21 7.00
pH (1) (1) (1) (1)

English Units--1lbs/1 million ft2 of Area Processed or Coated

Chromium 0.27 0.05 0.11 0.02
Lead 0.07 0.013 0.07 0.012
Nickel 0.39 0.08 0.27 0.05
Zinc 0.723 0.14 0.3 0.06
Aluminum 2.16 0.4 0.89 0.17
Iron 0.88 0.16 0.45 0.09
0Oil & Grease 7.12 1.31 7.12 1.31
7SS 10.67 1.96 7.83 1.44
pH (1) (1) (1) (1)
(1) Within the range 7.5 to 10.0 at all times.
D. Subcategory D - Copper Basis Material
NSPS

Pollutant or

Pollutant Maximum for Maximum for

Property -any 1 day Monthly average

Metal Coating Metal Coating

preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 2.23 0.24 0.90 0.1
Lead 0.60 0.07 0.54 0.06
Nickel 3.31 0.35 2.23 0.24
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.65 2.53 0.27

“Zinc 6.13 0
Aluminum 18.21 1.93 7.46 0.79
Iron 7.4 0.79 3.79 0.40
0il & Grease 60.1 6.36 60.1 6.36
TSS 90.15 9.54 66.11 7.0
(1) (1) (1)

pH (1)

English Units--lbs/1 million ft2 of Area Processed or Coated

Chromium 0.46 0.05 0.19 0.02
Lead 0.13 0.013 0.11 0.012
Nickel 0.68 0.08 0.46 0.05
Zinc 1.26 0.14 0.52 0.06
Aluminum - 3.73 0.4 1.53 0.17
Iron 1.52 0.16 0.78 0.09
0il & Grease 12.31 1.31 12.31 1.31
TSS 18.47 1.96 13.54 1.44
pH (1) (1) (1) (1)
(1) Within the range 7.5 to 10.0 at all times.
4, The following §retreatment standards afe being promulgated for
existing sources and new sources. : ,
A. Subcategory A - Steel Basis Material
(a) Pretreatment Standards for Existing Source
PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any 1 day Monthly average

Metal Coating Metal Coating

preparation operation preparation operation

Milligrams per liter (mg/l)

Chromium 0.42 0.17

Lead 0.15 0.13

Nickel ‘ 1.41 1.00

Zinc 1.33 0.56
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(b) In cases where POTW find it necessary to impose mass
effluent pretreatment standards the following equivalent mass
standards are provided:

Pollutant or

‘Pollutant Maximum for Maximum for
Property any 1 day .___Monthly average
Metal Coating Metal Coating

preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 16.82 0.27 6.81 0.11
Lead 6.01 0.10 5.21 0.09
Nickel 56.5 0.90 40.1 0.64
Zinc 53.3 0.85 22.9 0.36

English Units--1lbs/1 million ft2 of Areas Process or Coated

Chromium 3.45 0.06 1.4 0.022
Lead 1.23 0.19 1.07 0.02
Nickel 11.6 0.19 © 8.20 0.13
Zinc 10.9 0.18 4.6 0.08




(b) Pretreatment Standards for New Sources

PSNS Effluent Limitations
Pollutant or

Pollutant : v Maximum for Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating

. preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 1.33

0.24 0.54 ©0.10
Lead 0.36 0.07 0.33 0.06
Nickel 1.97 0.35 1.33 0.24
Zinc 3.65 0.65 1.51 0.27

English Units--1bs/1 million ft2 of Area Processad or Coated

Chromium 0.27 0.05 0.11 0.02
Lead 0.07 0.013 0.07 0.012
Nickel 0.41 0.08 0.27 0.05
Zinc 0.75 0.14 0.31 0.06




B. Subcategory B - Cast Iron Basis Material .

Pretreatment Standards for Existing Sources

(a) There shall be no discharge of process wastewater
pollutants from metal preparation operations.

(b) The discharge of process wastewater pollutants from all
porcelain enameling coating operations shall not exceed the
values set forth below: :

PSES Effluent Limitations
Polliutant or
Pollutant Maximum for Maximum for
Property any 1 day Monthly average

milligrams per liter (mg/1)

Chromium 0.42 | 0.17
Lead 0.15 ‘0.13
Nickel 1.41 1.00
Zinc 1.33 0.56
b) In cases when POTW find it necessary to impose mass

pretreatment standards the following equivalent mass standards
are provided.

(a) There shall be no discharge of process wastewater
pollutants from metal preparation operations.

(b) The discharge of process wastewater pollutants from all
porcelain enameling coating operations shall not exceed the
values set forth below:




Subpart B. PSES

Pollutant or .
Pollutant Maximum for Maximum for
Property any 1 day- Monthly average

Metric Units - mg/m2 (English Units - 1lb/1 million ft2) of area Coated

Chromium 0.27 (0.06) 0.11 (0.022)
Lead 0.10 (0.02) 0.09 (0.017)
Nickel 0.90 (0.19) 0.64 (0.13)
Zinc 0.85 (0.18) - 0.36 (0.08)

(b) Pretreatment Standards for New Sources

(a) There shall be no discharge of process wastewater
pollutants from metal preparation operations.

(b) The discharge of process wastewater pollutants from all
porcelain enameling coating operations shall not exceed the
values set forth below: : .

Subpart B. PSNS

Pollutant or
Pollutant Maximum for Maximum for
Property ‘ any 1 day Monthly average

mg/m2 (1lb/1 million ft2) of Area Coated

Chromium 0.24 (0.05) 0.10 (0.02)
Lead 0.07 (0.02) 0.06 (0.012)
Nickel 0.35 (0.08) 0.24 (0.05)
Zinc 0.65 (0.14) 0.27 (0.06)
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C. Subcategory C - Aluminum Basis Material

(a) Pretreatment Standards for Existing Sources

Subpart B. PSES

Pollutant or
Pollutant Maximum for Maximum for
Property any 1 day Monthly average

milligrams per liter (mg/1)

Chromium 0.42 0.17
Lead 0.15 0.13
Nickel 1.41 1.00
Zinc 1.33 0.56

b) In cases when POTW find it necessary to impose mass
pretreatment standards the following equivalent mass standards
are provided:

Subpart C. PSES

Pollutant or

Pollutant Maximum for Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating

preparation operation preparation @ operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 16.34 0.28 6.62 0.11
Lead 5.84 0.10 5.06 0.09
Nickel 54.85 0.90 38.9 0.64
Zinc 51.74 0.85 21.79 0.36

English Units--1lbs/1 million ft2 of Area Processed or Coated

Chromium 3.35 0.06 1.36 7 0.022
Lead 1.20 0.02 1.04 0.017
Nickel 11.24 T1.19 7.97 0.13
Zinc 10.6 0.18 4.46 0.08
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(b) Pretreatment Standards for New Sources

PSNS
Pollutant or ,
Pollutant Maximum for Maximum for
Property any 1 day + Monthly average
Metal Coating Metal Coating

preparation operation preparation operation

Metric Units—-mg/mz'of Area Processed or Coated

Chromium ‘ 1.29 : 0.24 0.52 0.1

Lead 0.35 0.07 0.32 0.06
Nickel 1.91 0.35 1.29 0.24
Zinc ‘ 3.55 0.65 1.46 | 0.27

English Units--lbs/1 million fté of Area Processed or Coated

Chromium 0.27 0.05 0.11 0.12
Lead - 0.07 7 0.013 0.07 0.012
Nickel 0.39 - 0.08 0.05
Zinc 0.73 0.14 0.06
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D. Subcategory D - Copper Basis Material

No Pretreatment Standards for Existing Sources are
being promulgated

(b) Pretreatment Standards for New Source

PSNS
Pollutant or
Pollutant Maximum for Maximum for
Property any 1 day Monthly average
Metal Coating Metal Coating

preparation operation preparation operation

Metric Units--mg/m2 of Area Processed or Coated

Chromium 2.23 0.24 0.90 0.1

Lead 0.6 0.07 0.54 0.06
Nickel 3.31 0.35 2.23 0.24
Zinc 6.13 0.65 2.53 0.27

English Units--1lbs/1 million ft2 of Area Processed or Coated

Chromium 0.46 0.05 0.19 0.02

Lead 0.13 0.013 0.11 0.012
Nickel 0.68 0.08 0.46 0.05

Zinc 1.26 0.14 0.52 0.06

5. No effluent limitations based on the best conventional

treatment are being promulgated at this time.




SECTION III

INTRODUCTION

Background

The Clean Water Act

The Federal Water Pollution Control Act Amendments of 1972
established a comprehensive program to restore and maintain the
chemical, physical, and biological 1integrity of the Nation's
waters. By July 1, 1977, existing industrial dischargers were
required to achieve effluent limitations requiring the
application of the best practicable control technology currently
available (BPT), Section 301(b)(1)(A); and by July 1, 1983, these
dischargers are required to achieve effluent limitations
requiring the application of the best available technology

economically achievable --- which will result in reasonable
further progress toward the national goal of eliminating the
discharge of all pollutants (BAT), Section 301(b)(2)(A). New

industrial direct dischargers are required to comply with Section
306 new source performance standards (NSPS), based on best
available demonstrated technology; and new and existing sources
which introduce pollutants into publicly owned treatment works
((POTW) are subject to pretreatment standards under Sections
307(b) and (c) of the Act. While the requirements for direct
dischargers are to be 1incorporated into National Pollutant
Discharge Elimination System (NPDES) permits issued under Section
402 of the Act, pretreatment standards are made enforceable
directly against any owner or operator of any source which
introduces pollutants into POTWs (indirect dischargers).

Although section 402(a)(1) of the 1972 Act authorizes the setting
of requirements for direct dischargers on a case-by-case basis,
Congress intended that, for the most part, control requirements
would be based on regulations promulgated by the Administrator of
EPA. Section 304(b) of the Act requires the Administrator to
promulgate regulations providing guidelines. for effluent
limitations setting forth the degree of effluent reduction
attainable through the application of BPT and BAT. Moreover,
Section 306 of the Act requires promulgation of regulations for
NSPS. Sections 304(f), 307(b), and 307(c) requires promulgation
of regulations for pretreatment standards. 1In addition to these
regulations for designated industry categories, Section 307(a) of
the Act requires the Administrator to promulgate effluent
standards applicable to all dischargers of toxic pollutants.
Finally, Section 501(a) of the Act authorizes the Administrator




to prescribe any additional regulations necessary to carry out
his functions under the Act.

The EPA was unable to promulgate many of these regulations by the
dates contained in the Act. 1In 1976, EPA was sued by several
environmental groups, and in settlement of this lawsuit EPA and
the plaintiffs executed a Settlement Agreement which was approved
by the Court. This Agreement required EPA to develop a program
and adhere to a schedule for promulgating for 21 major industries
BAT effluent limitations guidelines, pretreatment standards, and
new source performance standards for 65 priority pollutants and
classes of pollutants. See Natural Resources Defense Council,
Inc. v. Train, 8 ERC 2120 (D.D.C. 1976), modified March 9, 1979.
Porcelain Enameling ‘is included in the 21 industries in the
Agreement.

On December 27, 1977, the President signed into 1law the Clean
Water Act of 1977. Although this law makes several important
changes in the Federal water pollution control program, its most
significant feature is its incorporation into the Act of several
of the basic elements of the Settlement Agreement program .for
priority pollutant control. Sections 301(b)(2)(A) and
301(b)(2)(C) of the Act now require the achievement by July 1,
1984 of effluent 1limitations requiring application of BAT for
"toxic" pollutants, including the 65 ‘'"priority" pollutants and
classes of pollutants which Congress declared "toxic" under

Section 307(a) of the Act. Likewise, EPA's programs for new
source performance standards and pretreatment standards are now
aimed principally at toxic pollutant controls. Moreover, to

strengthen the toxics control program, Section 304(e) of the Act
authorizes the Administrator to prescribe best management
practices (BMPs) to prevent the release of toxic and hazardous
pollutants from plant site runoff, spillage or leaks, sludge or
waste disposal, and drainage from raw material storage associated
with, or ancillary to, the manufacturing or treatment process.

The 1977 Amendments added Section 301(b)(2)(E) to the Act
establishing "best conventional pollutant control technology"”
(BCT) for discharges of conventional pollutants from existing
industrial point sources.

BCT is not an additional limitation but replaces BAT for the
control of conventional pollutants, TSS, BOD, o0il and grease, pH
and fecal coliforms. 1In addition to other factors specified in
section 304(b)(4)(B), the Act requires that BCT limitations be
assessed in light of a two part "cost-reasonableness" test.
.American Paper Institute v. EPA, 660 'F.2d 954 (4th Cir. 1981).
The first test compares the cost for private industry to reduce
its® conventional pollutants with the costs to publicly owned
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treatment works for similar levels of reduction in their
discharge of these pollutants. The second test examines the
cost-effectiveness of additional industrial treatment beyond BPT.
EPA must find that limitations are "reasonable" under both tests
before establishing them -as BCT, In no case may BCT be less
stringent than BPT. v '

EPA published its methodology for analyzing BCT costs on August
29, 1979 (44 FR 50732). In the case noted above, the Court of
Appeals ordered EPA to correct data errors underlying EPA's
calculation of the first test, and to apply the second cost test.
(EPA had argued that a second cost test was not required.) '

EPA has determined that the technology which is the basis for
porcelain enameling BAT can remove significant amounts of
conventional pollutants. However, EPA has not yet developed a
revised BCT methodology in response to the American Paper
Institute v. EPA decision mentioned earlier. Accordingly, EPA is
deferring a decision on the appropriate final BCT limitations.

NSPS are based on the best available demonstrated technology
(BDT). New plants have the opportunity to install the best and
most efficient production processes and wastewater treatment
technologies. '

PSES are designed to prevent the discharge of pollutants that
pass through, interfere with, or are otherwise 1ncompat1ble with
the operation of publicly owned treatment works

GUIDELINES DEVELOPMENT SUMMARY.

The proposed effluent 1limitations and standards (January 27,
1981) for "porcelain enameling were developed from data obtained
from previous EPA studies, 1literature searches, and a plant
survey and evaluation. Initially, information from EPA records
was collected and a 1literature search was conducted. This
information was then catalogued in the form of individual plant
summaries describing processes performed, production rates, raw
-materials utilized, wastewater treatment practices, water uses
and wastewaler characteristics. : :

In addition to providing a quantitative description of the
porcelain enameling category, this information was used to
determine if the characteristics of plants in the category as a
whole were uniform and thus amenable to one set of effluent
limitations and standards. Since the characteristics of the
plants in the data base and the wastewater generation and
discharge varied widely, the establishment of subcategories was
determined to be necessary. The subcategorization of the
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category was made by using basis material processed as the
subcategory descriptor. The subcategorization process is fully
discussed in Section IV of this Development Document.

To supplement existing data, data collection portfolios (dcp's)
under authority of Section 308 of the Federal Water Pollution
Control Act, as amended, were transmitted by EPA to all known
porcelain enameling companies. In addition to existing and plant
supplied information (via dcp), data were obtained through a
sampling program carried out at selected sites. Sampling
consisted of a screening program at one plant for each basis
material type plus verification at up to 5 plants for each type.
Screen sampling was utilized to select pollutant parameters for
analysis in the second or verification phase of the program. The
designated priority pollutants (65 toxic pollutants) and typical
porcelain enameling pollutants formed 'the basic 1list for
screening. Verification sampling and analysis was conducted to
determine the source and quantity of the selected pollutant
parameters in each subcategory. :

Available data were analyzed to determine wastewater generation
and mass discharge rates for each basis material subcategory. 1In
addition to evaluating pollutant generation and discharges, the
full range of control and treatment technologies existing within
the porcelain enameling category was identified. This was done
by taking into consideration the pollutants to be treated and the
chemical, physical, and biological characteristics of these
pollutants. Special attention was paid to in-process technology
such as the recovery and reuse of process solutions, the recycle
of process water and the curtailment of water use.

The information as outlined above was then evaluated in order to
determine what levels of technology were appropriate as a basis
for effluent 1limitations for proposed existing sources based on
the best practicable control technology currently available (BPT)
and based on best available technology economically achievable
(BAT). Levels of technology appropriate for pretreatment of
wastewater introduced into a publicly owned treatment works
(POTW) from both new and existing sources were also identified as
were the new source performance standards (NSPS) based on best
demonstrated control technology, processes, operating methods, or
other alternatives (BDT) for the control of direct discharges
from new sources. In evaluating these technologies various
factors were considered. These included treatment technologies
from other industries, any pretreatment requirements, the total
cost of application of the technology in relation to the effluent
reduction benefits to be achieved, the age of equipment and faci-
lities involved, the processes employed, the engineering aspects
of the application of various types of control technique process
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changes, and non-water quality environmental impact (including
energy requirements). - This information is summarized in the
proposed regulation development document for porcelain enameling
(EPA 440/1-81/072-b).

Sources of Industry Data

Before proposal of limitations, data on the porcelain enameling
category were gathered from previous EPA studies, 1literature
studies, 1inquiries to federal and state environmental agencies,
raw material manufacturers and suppliers, trade association
contacts and the porcelain enameling manufacturers: themselves.
Additionally, meetings were held with industry representatives

and the EPA. All known porcelain enamelers were sent a data
collection portfolio (dcp) to solicit specific information
concerning each facility. Finally, a sampling program was

carried out at plants consisting of screen sampling and analysis
at five facilities to determine the presence of a broad range of
pollutants and verification sampling and analysis at 15 plants
(at two plants two subcategories were sampled) to quantify the
pollutants present in porcelain enameling wastewater. Specific
details of the sampling program and information from the above
data sources are presented in Section V of this Document.

Literature Study - Published literature in the form of books,
reports, papers, periodicals, and promotional materials was
examined. The most informative sources are listed in Section XV.

EPA Studies - A previous preliminary and unpublished EPA study of
the porcelain enameling segment was reviewed. The information
included a summary of the industry describing: the manufacturing
processes; the waste characteristics associated with these
processes; recommended pollutant parameters requiring control;
applicable end-of-pipe treatment technologies for wastewaters;
effluent characteristics resulting from this treatment; and a
background bibliography. Also included 1in these data were
detailed production and sampling information on approximately 19
manufacturing plants.

Plant Survey and Evaluation - The collection of data pertaining
to facilities that perform porcelain enameling was a two-phased
. operation. First, a mail survey was conducted by EPA. A dcp was
mailed to each company 1in the country known or believed to
perform porcelain enameling. This dcp included. sections for
general plant data, specific production process data, waste
management process data, raw and treated wastewater data, waste
treatment cost information, and priority pollutant information
based on 1976 production records. Nearly 250 requests for
information were mailed. From this mailing, it was determined




that 103 companies operate 123 porcelain enameling facilities.
Of the total data requests, 117 submitted a completed dcp for
porcelain enameling, 2 plants that did no porcelain enameling
submitted dcps, 95 reported no porcelain enameling, three were

dry processors, six were not deliverable, 17 mailings went to
corporate addresses, 10 were duplicate mailings, and there was no
response from three. Some plants responded with 1977 or 1978

data, while most provided 1976 data. Table III-1 (Page 43)
summarizes the survey responses received. It was subsequently
learned in a telephone survey of several plants that plant 36069
had ceased operations. This reduced the number of porcelain
enameling plants identified to 116.

Dtilization of Industry Data

Data collected from the previously listed sources are used
throughout this report in the development of a base for BPT and
BAT limitations and NSPS and pretreatment standards. The EPA
studies as well as the available literature provided the basis
for the porcelain enameling @ subcategorization discussed in
Section 1IV. Raw wastewater characteristics for each subcategory
presented in Section V were obtained from the screening and
verification sampling. Dcp information on wastewater
characteristics was incomplete. Selection of pollutant
parameters for control (Section VI) was based on both dcp
responses and verification and screening results. These provided
information on both the pollutants which the plant personnel felt
were in their wastewater discharges and those pollutants
specifically found in porcelain enameling wastewaters as the
result -of sampling. Based on the selection of pollutants
requiring control and their 1levels, applicable treatment
technologies were identified and are described in Section VII of
this document. Actual waste treatment technologies utilized by
porcelain enameling plants (as identified in the dcp responses
and observed at the sampled plants) were also used to identify
applicable treatment technologies. The cost of treatment (both
individual technologies and systems) is based primarily on data
from equipment manufacturers and is contained in Section VIII of
this document. Finally, dcp data, sampling data and estimated
treatment system performance are utilized in Sections IX, X, XI,
and XII (BPT, BAT, NSPS, and pretreatment respectively) in the
selection of applicable treatment systems, the presentation of
achievable effluent 1levels, and the presentation of actual
effluent levels obtained for each porcelain enameling

subcategory. Cost of -treatment systems and environmental
benefits are presented for BPT, BAT, NSPS, and pretreatment 1in
Sections IX, X, XI, and XII, respectively. The technical

development document was published with the proposed regulation
for Effluent Limitations Guidelines and Standards for Porcelain
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Enameling, and public comments were invited. In response to
public comments, changes were made in this document before the
final regulation was published. The two most important changes
to the proposed regulation are reanalysis of the combined metals
data base (described in Section VII) and recalculation of the
estimated compliance costs (described Section VIII). Other
. changes include reevaluation of the feasibility of filtration,
dry powder coatings and a sump settling technologies (described
in Section VII), a reconsideration of the pollutants requiring
limitation (Sections VI and 1IX) and modifications of the
production normalized water use data base in Section V, IX, X,
XI).

DESCRIPTION OF THE PORCELAIN ENAMELING INDUSTRIAL SEGMENT

Backgrounde

Porcelain enameling is the application of glass-like coatings to
metals such as steel, cast iron, aluminum or copper. The purpose
of the coating is to improve surface characteristics of the
product such as; chemical resistance, abrasion resistance,
thermal stability, electrical resistance and appearance. Most
coatings are applied to the workpiece as "slip" which is composed
of frit (glassy-like raw material), clays, coloring oxides, metal
salts, water, and special additives such as suspending agents.
The vitreous inorganic coating is produced by applying the slip
to the metal by a variety of methods such as spraying, dipping,
and flow coating, and then bonding the coating to the base metal
at temperatures in excess of 500°C (1,000°F). At these
. temperatures, finely ground enamel frit particles fuse and flow
together entrapping the other solid constituents of the slip to
form the permanently bonded, hard porcelain coating. Some enamel
coating is applied as a dry powder. The powder is prepared from
frit, fluxes, and other components The dry powder is applied by
electrostatic powder spraylng or by dusting the powder onto the
hot object (usually cast iron plumbing ware).

The facilities regulated by this category may be listed under SIC
codes 3469 (porcelain enameled products, except plumbing
supplies), 3431 (enameled iron and metal sanitary ware), 3479
(porcelain enameling for the trade), 3631 (household cooking
equipment), 3632 (household refrigerators and home and farm
freezers), 3633 (household laundry equipment), and 3639
(household appliances, not elsewhere classified). Included among
these areas are the 1large appliance, cookware, architectural
panel, and plumbingware industries.
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The porcelain enameling category is estimated to consist of 116
plants of various sizes. Included in this total are many plants
that also perform metal finishing, aluminum forming or other
processes included in other point source categories. Independent
shops obtain raw untreated metal, and produce a wide variety of

porcelain enameled products for specific customers. Sometimes
the independent porcelain enameler performs a toll function,
coating basis materials owned by the customer. A captive

porcelain enameling operation is usually an integral part of a
large corporation engaged in many phases of metal production and
finishing. The annual square footage for most independent shops
is lower than captive porcelain enameling operations.

Porcelain enameling facilities generally clean, etch and apply
porcelain enamel to one of four basis materials which are steel
(sometimes called sheet iron), cast iron; aluminum, and copper.
Special low-carbon steels, generally referred to as enameling
iron, are used extensively because of their superior performance
in enameling operations. A few facilities coat more than one
basis material, usually steel and cast iron. The basis metal 1is
prepared for enamel application on both sides of the work piece,
but the number of coats applied varies according to product
spec1£1cat10ns A ground coat is usually applied to the whole
work piece with the additional coatings applled to one side or
again to both sides as necessary.

Most porcelain enameling facilities purchase coating materials
and metal preparation chemicals 1including alkaline cleaners,
acids, neutralizers, etc. Virtually all porcelain enameling
facilities blend and grind purchased materials in a ball mill to
make slip, a viscous fluid to be coated on the work piece.

Slip ingredients are manufactured and sold by only a few
specialized chemical firms. Many formulations of slip may be
used in any plant so that the finished porcelain enamel surface
will meet individual product specifications. In general,
porcelain enamel facilities depend heavily on their individual
vendors for technical advice for optimum use of purchased
chemicals.

Description of Porcelain Enameling Process

Regardless of the basis metal being coated, the porcelain
enameling process involves the preparation of the enamel slip or
powder, surface preparation of the basis material, application of
the enamel, drying, and firing to fuse the coating to the metal.
The following sections describe the various production processes
involved in porcelain enameling. They are, ball milling, metal

34




surface preparations, enamel application methods, and process
sequences for each basis metal coated.

Ball Milling

Ball milling is the process of mixing and grinding frit and other
raw materials to form an enamel slip of the appropriate
consistency for a particular application. The components of the
enamel are loaded into a revolving drum (ball mill) with water
and grinding balls made of porcelain or alumina. The revolving
motion of the ball mill causes the balls to impact, trapping raw
materials in between them. This action, over a period of time,
breaks the individual particles into very small fragments and.
forms a homogeneous mixture suitable for spraying, dipping or
flow coating. The very fine particle size achieved in a ball
mill (about 99 percent will pass through a 325 mesh screen)
provides a very large surface area making metal components more
available for leaching into water.

A typical enamel slip is comprised of a combination of the
following: ‘

1. Frit or a combination of frits - These make up the
major portion of the slip.

2. Clays - Clays are used as floating agents to suspend
the frit particles in the slip.

3. Gums - Compounds such as gum arabic and gum tragacanth
are used as floating agents 1in some enamels and in
other cases are used as hardness controllers.

4, Suspending agents such as bentonites and colloidal
silica.

5. Opacifiers such as tin oxide, ' zirconium oxide or
"uverite".

6. Cdloring oxides which impart desired color to thel
. enamel.

7. Eleétrblytes such as borax, sodium carbonate and
magnesium sulfate which control the properties of the
slip. '

8. Water, which is the vehicle for the coating.




Basis Material Preparation

In order for the porcelain enamel to form a good bond with the
workpiece, the base metal to be coated must be properly prepared.
Depending on the type of metal being finished, one or more
surface preparation processes are performed. These processes may
include solvent cleaning, alkaline <c¢leaning, acid etch, grit
blasting, nickel strike, neutralization, and chromate cleaning.

Solvent Cleaning is used to remove oily dirt, grease, smears and
fingerprints from metal workpieces. Solvent -~ cleaning is
classified as either hot <cleaning such as vapor degreasing or
cold cleaning which covers all solvent cleaning performed at or
near room temperature. Vapor degreasing, which is carried out in
specifically designed equipment that maintains a nonflammable
solvent such as trichloroethylene or 1,1,2-trichloroethane at its
boiling point, is wused to <c¢lean metal parts. It is very
effective in removing non-saponifiable oils, and sulfurized or
chlorinated components. It is also used to flush away soluble
soil. In cold cleaning, the solvent or mixture of solvents is
selected based on the type of so0il to be removed. For some
parts, diphase cleaning provides the best method of cleaning
where soil removal requires the action of water and organic
compounds. This approach uses a two Jlayer system of water
soluble and water insoluble solvents. Diphase cleaning is
particularly useful where both solvent-soluble and water-soluble
lubricants are used.

Alkaline Cleaning is used to remove oils, soils or solid soil
from workpieces. The detergent nature of the cleaning solution
provides most of the <cleaning action with agitation of the
solution and movement of the workpiece being of secondary
importance. Alkaline cleaners are classified into three types:
soak, spray, and electrolytic. Soak cleaners are used on easily
removed soil. This type of cleaner is less efficient than spray
or electrolytic cleaners. '

Spray cleaners combine the detergent properties of the solution
with the impact force of the spray which mechanically loosens the
soil. A difficulty with spray cleaning is that to be effective
the spray must reach all surfaces. Another problem is that the
detergent concentration is often lessened because of foaming.

When aluminum is the metal being porcelain enameled, a stronger
alkaline solution 1is often used to bring about a mild etch or
micro etch of the metal. The purpose of the etch is to remove a
thin layer of aluminum, thereby ensuring that surface oxides are
removed.
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Electrolytic cleaning produces the cleanest surfaces -available
from conventional methods of cleaning. The effectiveness of this
method results from the strong agitation of the solution by gas
evolution and oxidation-reduction reactions that occur during
electrolysis. Also, certain dirt particles become electrically
charged and are repelled from the surface,. Direct current
(cathodic), the most common electrolytic cleaning, uses the
workpiece as the cathode, while reverse current (anodic) cleaning
uses the workpiece 1is the anode. Periodic reverse current
cleaning is a combination of ' anodic and cathodic cleaning in
which the current is periodically reversed. Periodic reverse
cleaning gives improved smut removal, accelerated cleaning and a
more active surface for subsequent coating.

Acid Etch - Acid may be utilized to remove rust, scale and oxides
that form on a part and to provide desired surface
characteristics prior to porcelain enameling. Acid etch may
include acid cleaning, acid pickling or acid etching. Acid
¢cleaning involves a mild acid solution which dissolves surface
oxides; acid pickling uses a stronger solution which dissolves
and attacks the metal, liberating hydrogen gas which forces scale
from the surface. Acid etching makes use of a strong acid
solution for the controlled removal of surface metal. The result
of this is a clean, bare and etched basis material.

As a rule, sulfuric acid is used for acid etching in the porce-
lain enameling industry, although hydrochloric (muriatic) acid,

phosphoric acid and nitric acid are also employed In many
cases, an acid ferric sulfate solution is used in conjunction
with a sulfuric acid dip for pickllng of steel. The ferric

sulfate solution attacks or etches the metal much (four to six
times) faster than acid alone. However, sihce it does not remove
rust, smut and scale as eff1c1ent1v as sulfuric acid, a sulfuric
acid dip is also required.

Nickel Flash - Prior to the porcelain enameling of many steels, a
nickel plating step is performed. This deposition of nickel is a
form of immersion plating in which a thin, metal deposit is
obtained by chemical displacement on the surface of the basis
metal. In immersion plating, a metal displaces from solution any
other metal that 1is below it in the electromotive series of
elements. The more noble metal is deposited from solution while
the more active is dissolved. 1In this particular case, nickel
comes out of solution and deposits on the steel while iron ions
go into solution.

Nickel flash is employed in order to improve the bond between the

porcelain enamel and the metal. It i$ normally deposited after
the part has been etched and rinsed. The solution can consist of
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single (NiSO,e6H,0) or double (NiSO,®(NH3)_,SO,®6H,0) nickel salts
with nickel sulfate being the predominant component.

Neutralization - The neutralization step follows the acid etch
and nickel flash (if present) steps prior to the porcelain
enameling of steel. 1Its function is to remove the last traces of
acid left on the metal surface. Neutralization may or may not be
followed by a rinse.

The alkali neutralizer solution may be made up of soda ash, borax
or trisodium phosphate and water. The alkalinity of these
compounds neutralizes any remaining acid.

Chromate Cleaning - When certain aluminum alloys (such as high
magnesium alloys) are being porcelain enameled, a chromate
cleaning or pickling solution is usually used to enhance adher-

ence of the enamel. Typical solutions contain a source of
chromate (potassium chromate or sodium bichromate), sodium
hydroxide and water. This step, when used, 1is the £final

preparation step performed on aluminum prior to porcelain
enameling. Data received indicate that four aluminum porcelain
enameling plants utilize the chromate cleaning process.

Grit Blasting is a mechanical surface preparation in which an
abrasive impacts the metal to be processed in order to produce a
roughened, matte surface. The mold chilled surface of cast iron
must be altered to achieve a good bond with porcelain enamel and
grit blasting has proven to be effective in producing a suitable
surface. Sand, steel grit, and steel shot are the abrasives used
in blasting, though steel grit appears to be most widely used in
porcelain enameling. The parts which are grit blasted require no
additional surface preparation since they are essentially clean
and their roughened surfaces provide a good 'tooth' for porcelain
enamel adherence.

Coating Application Methods

Once the workpiece has undergone the proper basis metal
preparation and the enamel slip has been prepared, the next step
is the actual application of the porcelain enamel. Included
among the application methods used are air spraying,
electrostatic spraying, dip coating, electrostatic powder
coating, flow coating, powder coating, and silk screening. After
each coating is applied, the part is dried if a wet coating is
used, then fired in a furnace to fuse the enamel coating to the
basis metal or substrate.

Air Spraying - The most widely used method of enamel application
is air spraying. In this process, enamel slip is atomized and
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propelled by air into a conical pattern, which can be directed
over the article to be coated by an operator or machine. The
atomization of the coating material occurs due to the expansion
and turbulence of compressed air, which tears the slip into tiny
droplets. '

Air spraying operates with controlled air pressure supplied to
the slip container from a compressed air supply 1line and
finishing material supplied from a flexible fluid hose. This
type of spraying is especially good if there are frequent color
changes or if parts of random shape and size are to be coated.

Electrostatic Spray Coating incorporates the principles of air
atomized spray coating with the attraction of unlike electric
charges. 1In electrostatic spray coating, atomized slip particles
are charged at 70,000-100,000 volts and directed toward a
grounded part. The electrostatic forces push the particles away
from the atomizer and away from each other. The charged
particles are attracted to the grounded workpiece and adhere to
it.

Dip Coating consists of submerging a part in a tank of slip,
withdrawing the part, and permitting it to drain or centrifuging
it to remove excess slip. There are several instances for which
dip coating 'is well suited:

1. Lérge parts too bulky to be spray coated.

2, Parts with complex shapes or deep recesses.

3. Pérts that require metal protection, but uniformity of
coating and appearance are not important

4, Large numbers of small parts such as hardware.

5. Small objects that require coating on only one end.

Flow Coating - In the flow coating process, enamel slip is pumped
from a storage tank to nozzles that are positioned according to
the shape and size of the parts so as to direct the flow of
enamel onto the surface of the parts as the parts are conveyed
past the nozzles. The excess enamel drains back to the storage
tank for recirculation.

Powder Coating 1is an application method employed for cover
coating cast iron. It is a dry process which requires no water.
After a ground coat is applied and fused, the hot or reheated
cast iron part, in a red hot condition, is dusted with porcelain
enamel in the form of a dry powder. The glass powder melts as it




strikes the hot surface. The dusting is carried out as 1long as
the temperature of the part is higher than the melting point of
the powder. 1If necessary, the casting can be reheated and dusted
several times to achieve the desired finish.

Electrostatic Powder Coating is a combination of electrostatic
spray coating and powder coating. Charged dry powder particles
are sprayed toward the workpiece and are attracted to the c¢old
grounded workpiece by electrostatic attraction. The process is
dry, neither using process water nor generating process
wastewater.

Silk Screening is utilized by some companies to impart a
decorative pattern onto a porcelain enameled piece. This |is
accomplished through the use of an oil based porcelain enamel
which is applied to the part through a stencil constructed of

silk. The enamel is spread on in a thin layer with a squeegee.
After application, the workpiece is baked to achieve fusion of

the enamel. It should be noted that only one color can be
applied and baked at one time. ,

INDUSTRY SUMMARY
The porcelain enameling industry in the United States is

estimated to consist of at least 116 porcelain enameling plants.
The basis materials enameled are steel, cast iron, aluminum and

copper. Products manufactured are varied, ranging from large
cooking appliances (porcelain on steel) to smaller, more
specialized items such as jewelry (porcelain on copper). Of the

116 plants Kknown to apply porcelain enamel, 100 facilities enamel
on steel, 12 enamel on cast iron 16 enamel on aluminum, and two
enamei 1on copper. Several facilities coat two different basis
materials.

General Information

o Plants range in age from new to almost 100 years old. Most
plants were built or modified significantly after 1960.

L Employment in plants engaged in porcelain enameling ranges
from 3 to almost 3,000 people. These figures represent
total plant employment and do not necessarily represent only
employees engaged in porcelain enameling for captive
operations. The average employment is 173 people.

L 88 facilities discharge to municipal treatment systems; 28
discharge to streams or rivers.
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Production Profile

. The average (mean) porcelain enamel plant applies
1.08 x 106 m2/yr (11.6 x 106 ft2/yr). metal preparation
1.18 x 106 m2/yr (12.7 x 106 ft2/yr). porcelain enamel coated
e  Total porcelain enamel applied each year by all plants
is estimated at 153 x 106 m2 (1610 x 106 ft2),
o The average productlon rate of a plant in each basis
metal subcategory is:
Metal Prep . Coating
(Millions) m2/yr ft2/yr m2/yr ft2/yr
Steel  1.230 13.23 1.400 15.06
Cast Iron 0.796 8.56
Aluminum 0.257 2.765 0.207 2.227
Copper 0.052 0.560 0.054 0.581

Porcelain enameling operations generate wastewater from surface
preparation of the basis material and from the enamel application
process. The rate of process water discharge varies from five to
almost 15,000 gallons per hour.

The porcelain enameling industrial segment has various types of
end-of~-pipe treatment systems but only 1limited in-process
treatment to handle wastewater streams. Seventy-two percent of
the plants have no treatment in-place. Dcp's indicate that the
following waste treatment components are commonly found in this
industrial segment.

Treatment in Place Percent of Plants
pH Adjust-Lime or Caustic 28
pH Adjust-Acid 9
Chemical Precipitation and Sedimentation 28
Sedimentation Lagoon 11
Contract Removal of Sludge 7
Landfill of Sludge 21
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Industry Outlook

Porcelain enameling as an industry in this country is about 100
years old. During the first half of the 20th century porcelain
enameling was a vigorous industry segment as it supplied a low
cost weather resistant surface of great durability. Products
ranged from household pots and plumbingware to outdoor signs and
building surface panels. The advent of stainless and aluminum
ware, improved characteristics of painted metals, molded and
formed plastic parts and changes 1in architectural taste have
combined to reduce the relative demand for porcelain enameling.
Despite the .- fact that lower cost competitive materials are
eroding some porcelain enamel markets, it appears to be a stable
industry. Additional consideration of the industry economic
outlook 1is provided in the Agency's Economic Analysis of the
Industry (EPA 440/2-82-005).
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TABLE III-1

PORCELAIN ENAMELING INDUSTRY PROFILE
SUBCATEGORIZATION AND DISCHARGE INFORMATION

PROCELAIN ENAMELING SUBCATEGORY
(a) (b)
DATE NUMBER AND DIRECT OR_INDIRECT DISCHARGE
PLANT BUILT OR OF STEEL CAST IRON ALUMINUM COPPER
ID MODIFIED EMPLOYEES DIR IND DIR IND DIR IND DIR IND
01059 1978 22 X

01061 1978 500 X X

01062 1972 10 X

03032 1976 50 X

03033 1972 9 X
04066 1946 20 X

04098 1976 30 X

04099 1978 12 X X

04101 1952 30 X

04102 1975 40 X

04122 1964 65 X

04126 1946 160 X X
04138 1966 32 X X

06030 1971 8 X
06031 1970 10 X
09031 1977 66 - X

09032 1973 55 X

09037 1967 600 X
11045 1965 12 X
11052 1975 160 X

11053 1976 1084 X

11082 1974 1237 X

11089 1976 53 X

11090 1976 75 X

11091 1977 45 X

11092 1950 100 X X

11105 1966 22 X

11106 1967 10 X

11107 1962 1080 X

11117 1965 - 1300 X

11923 1973 1200 X

12035 1955 154 X

12037 1946 40 X

12038 1968 86 X

12039 1968 185 X X

12040 1946 125 X X

12043 1929 390 X

12044 1958 538 X

12045 1975 20 X X

(a) Direct: Discharge of PE Process Wastewater to Surface Water Course.
(b) Indirect: ~Discharge of PE Process Wastewater to POTW
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TABLE III-1 (Continued)

PORCELAIN ENAMELING INDUSTRY PROFILE
SUBCATEGORIZATION AND DISCHARGE INFORMATION

PROCELAIN ENAMELING SUBCATEGORY

(a) (b)
DATE NUMBER  ___AND DIRECT OR_INDIRECT DISCHARGE
PLANT BUILT OR OF STEEL CAST IRON ALUMINUM COPPER
ID _ MODIFIED EMPLOYEES DIR IND DIR IND DIR IND DIR IND
12064 1977 750 X
12234 1974 65 X
12235 1977 290 X
13321 1964 - X
13330 1977 175 X
15031 1970 75 X
15032 1976 15 X
15033 1968 175 X
15051 1967 275 X
15194 1971 79 X .
15712 1959 1080 X
15949 1978 160 X
18538 1970 1400 X
15049 1976 15 X
20015 1976 80 X
20059 1978 7 X
20067 1969 50 X
20090 1964 14 X
20091 1970 76 X
21060 1965 500 X
22024 1977 13 X ,
23089 1949 - X X
30043 1970 138 X
30062 1967 46 X
33053 1960 8 X
33054 1968 2800 X
33076 1958 3 X
33077 1967 14 ‘ X
33083 1971 373 X
33084 1957 56 X
33085 1960 1155 X
33086 1954 155 X
33088 1965 4 X
33089 1977 - X
33092 1973 40 X
33097 1957 70 X
33098 1969 27 X

(a) Direct: Discharge of PE Process Wastewater to Surface Water Course.
{b) Indirect: Discharge of PE Process .Wastewater to POTW
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TABLE III-1 (Continued)

PORCELAIN ENAMELING INDUSTRY PROFILE
SUBCATEGORIZATION AND DISCHARGE INFORMATION

PROCELAIN ENAMELING SUBCATEGORY
(a) : (b)
DATE NUMBER AND DIRECT OR_INDIRECT DISCHARGE
PLANT BUILT OR OF STEEL CAST IRON  ALUMINUM COPPER
-iD__ MODIFIED EMPLOYEES DIR IND DIR IND DIR IND DIR IND

33104 1975 200 X

33617 1977 516 X

34031 1974 35 X X

36030 1978 50 X X
36039 1964 30 . X X

36052 1978 110 X

36069 1973 6 X X

36072 1977 28 X X

36077 1957 11 X X

36078 1956 3 X

40031 1969 47 X

40032 1972 245 X

40033 1977 1500 X

40034 1976 51 X

40035 1977 25 X

40036 1968 6 X

40039 1977 75 X

40040 1953 20 X

40041 1977 28 X

40042 1964 11

40043 1976 11 X

40050 1972 50 X

40053 1966 75 X X

40055 1973 210 X X

40063 - 216 X

40540 1971 9 X

41062 1971 59 X

41076 1977 70 X

41078 1958 55 X

44031 1967 28 X

45030 1974 79 X

47032 1965 28 X
47033 1977 35 X

47034 1960 42 X

47036 1978 12 X
47037 1953 32 X

47038 1965 38 X

47050 1951 40 X X

47051 1971 46 X
47111 1948 306 X

47670 1978 48 X

(a) Direct: Discharge of PE Process Wastewater to Surface Water Course.
(b) Indirect: Discharge of PE Process Wastewater to POTW
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SECTION IV
INDUSTRY SUBCATEGORIZATION

INTRODUCTION

Subcategorization should take into account pertinent industry
characteristics, manufacturing process variations, water use,
wastewater characteristics, and other factors which do or could
compel a 'specific grouping of segments of industry for the
purpose of regulating wastewater pollutants. Effluent
limitations and standards establish mass 1limitations on the
discharge of pollutants which are applied, through the permit
issuance process, to specific dischargers. Division of the
industry segment into subcategories provides a mechanism for
addressing process and product variations which result in
distinct wastewater characteristics. To allow the national
limitations and standards to be applied to a wide range of sizes
of production units, the mass of pollutant discharge must be
referenced to a unit of production. This factor is referred to
as a production normalizing parameter and 1is developed in
conjunction with subcategorization.

SUBCATEGORIZATION BASIS

Factors Considered

After considering the nature of the various segments of the
porcelain enameling industry and the operations  performed
therein, the following subcategorization bases were selected for
evaluation.

Basis Material Used

Manufacturing Processes

Wastewater Characteristics

Products Manufactured

Water Use

Water Pollution Control Technology
Treatment Costs

S0lid Waste Generation -and Disposal
Size of Plant

Age of Plant

Number of Employees

Total Energy Requirements (Manufacturing Process
and Waste Treatment and Control)
Non-Water Quality Characteristics
Unique Plant Characteristics

.

— et = OO NIV N

> W DNt Do ¢ ¢ ¢ s o ¢ o

—t od
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Subcqtegorv Selection

A review of each of the potential subcategorization factors
reveals that the basis material used and the processes performed
on these basis materials are the principal factors affecting the
wastewater characteristics of plants in the porcelain enameling
category. This is because both the process chemicals and the
basis material constituents can appear in wastewaters. The major
manufacturing processes 1in the porcelain enameling industry are
cleaning, etching, and enamel application. Wastewaters from
cleaning and etching are dependent on the basis material
processed, while wastewaters from the enamel application step are
relatively independent o¢f the basis material. Therefore,
subcategorization by basis material inherently accounts for the
process chemicals used. Such a subcategorization is:

A, Porcelain enameling on steel

B. Porcelain enameling on cast iron
C. Porcelain enameling on aluminum
D. Porcelain enameling on copper

In addition to the above subcategorization, the steel and
aluminum base metals could be further divided into two segments,
sheet and strip to account for the significant water saving
potential of continuous operations relative to individual sheet
processing. However, because there are only two known porcelain
enamelers on strip, it was not selected as a separate
subcategory.

Other Factors Considered

Other categorization bases considered but not selected for
categorization are presented in the following subsections along
with the reasons why they are not considered as appropriate as
the basis selected.

Products Manufactured. The products porcelain enameled are
varied ranging from pots and pans to washing machine drums.
While there are specific manufacturing differences from product
to product (and hence, wastewater differences), subcategorization
by the discrete process differences associated with each basis
metal inherently accounts for product variation in terms of
wastewater characteristics,

Water Use. Water use alone is not a comprehensive enough factor
for subcategorization. While water use is a key element in the
limitations established, it does not inherently relate to B the
source or to the type and quantity of the waste. Water use must
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be related to the manufacturing process utilizing the water since.
it dictates the water use and cannot be used alone as an
effective subcategorization base.

Water Pollution Control Technology and Treatment Costs. The
necessity for a subcategorization factor to relate to the raw
wastewater characteristics of a plant automatically eliminates
certain factors £from consideration as potential bases for
subdividing the category. Water pollution control technology,
treatment costs, and effluent discharge destination have no
effect on the raw waste water generated in a plant. The water
pollution control technology employed at a plant and its cost are
the result of a requirement to achieve a particular effluent
level for a given raw wastewater load. It does not affect the
raw wastewater characteristics.

Solid Waste Generation and Disposal. Physical and chemical
characteristics of solid waste generated by the porcelain enamel
category are inherently accounted for by subcategorization
according to basis metal or manufacturiing process used, since
these factors determine the resultant solid waste from a plant.
Solid waste characteristics as well as wastewater characteristics
are a function of the basis metal and process employed in a
plant. Solid waste disposal techniques may be identical for a
wide variety of scolid wastes and do not provide a sufficient
basis for subcategorization.

Size of Plant. The nature of the processes for the porcelain
enameling industry are the same in all facilities regardless of
size, The size of a plant 1is not an appropriate basis for
subcategorization parameter since the waste characteristics of a
plant per unit of production are essentially the same for plants
of all sizes when processing the same basis material. Thus, size
alone 1is not an adequate technical subcategorization parameter
since the wastewater characteristics of plants are dependent on
the type of products produced.

While size 1is not adequate as the technical subcategorization
parameter, it is recognized that the capital investment £for
installing wastewater control facilities may be greater for small
plants relative to the investment in their production facilities
than for larger plants. Consequently, the size distribution of
plants was investigated during the development of limitations and
wastewater treatment technology recommendations were reviewed to
dftermine if special considerations are required for small
plants.
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Age of Plant. While the relative age of a plant is important in-
con31der1ng ing the economic 1mpact of a guideline, it 1is not an
appropriate basis for grouping the porcelain enamel industry into
subcategories because it does not take into consideration the
significant parameters which affect the raw wastewater
characteristics. The basis material enameled dictates the
processes employed and these have a much more significant impact
on the raw wastewater generated than the age of the plant. 1In
addition, subcategorization would have to allow for old plants
with new equipment, new plants with old equipment and other
possible combinations.

Number of Employees. The number of employees in a plant does not
dlrectly provide a basis for subcategorization since the number
of employees does not necessarily reflect the production or water
use at any plant. A plant manually controlled and operated by
six people may produce less than an automated plant with two
employees that has extensive automated equipment. Since the
amount of wastewater generated 1is related to the production
rates, the number of employees does not provide a definitive
relationship to wastewater generation.

Total Energy Requirements. Total energy requirements were
excluded as a subcategorization parameter primarily because of
the difficulty ‘in obtaining reliable energy estimates
specifically for production and waste treatment. When energy
consumption data are available, they are likely to include other
energy requirements such as lighting, process, air conditioning,
and heating or cooling energy figures.

Non—-Water Quality Aspects. Non-water quality aspects may have an
effect on the wastewater generated in a plant. °A non-water
quality area such as air pollution discharges may be under
regulation and water scrubbers may be used to satisfy such a
regulation. This c¢ould result in an additional contribution to
the plant's wastewater. However, it is not the prime cause of
wastewater generation in the porcelain enamel category, and
therefore not useful as an overall subcategorization factor.

Unigue Plant Characteristics. Unique plant characteristics such
as geographical location, space availability, and water
availability do not provide a proper basis for subcategorization
since they do not necessarily affect the raw wastewater
characteristics of the plant. Plants in the same geographical
area have different wastewater characteristics. Process water
availability may be a function of the geography of a plant, and
the price of water determines any necessary modifications to
water use procedures employed in each plant.  However, required
procedural changes to account for water availability only affect
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the volume of pollutants discharged, not the characteristics of
the constituents. Waste treatment procedures can be utilized in
most geographical locations.

A limitation in the availability of land space for constructing a
waste treatment facility may in some cases affect the economic
impact of an effluent limitation. However, in-process controls
and rinse water conservation can be adopted to minimize the size
- and thus land space required - for the end-of-process treatment
facility. Often, a compact treatment unit can easily handle end-
of-process waste if good in-process techniques are utilized to
conserve raw materials and water.

Summary of Subcategorization

For this study, it was determined that the principal factor
affecting the wastewater characteristics of plants in the
porcelain enamel category is the basis metal enameled. This
dictates the type of preparation required, thus affecting the
waste characteristics. The coating operations were considered as
a separate subcategory because these wastewaters are basically
homogeneous regardless of basis metal to which the enamel is
applied. Because of the different subcategory £flows observed,
the coating wastewaters are subcategorized according to basis
metal.

PRODUCTION NORMALIZING PARAMETERS

The relation of the pollution generation rate to spent solution
and slip generation rates is directly dependent on the amount of
porcelain enameling performed, i.e., the processed area. This
leads naturally to the selection of processed area as a
production related pollutant discharge rate parameter. Processed
area might be different for surface preparation operations and
enamel application. This results from the application- of
multiple coats of porcelain enamel to a part, or enamel
application on only one side of a part that has had both sides
prepared by a dip operation. ‘Therefore, area processed must
consider both the area prepared (each side) and the area coated.

Weight of material being porcelain enameled is a direct and
readily identifiable production normalizing parameter. However,
the thickness of the basis material can vary. This can result in
a variation in surface area for products of identical weights.
This variation in surface area affects the quantity of spent
solutions and process baths. Thus, the weight of product is not
sufficient for determining a quantitative prediction of pollutant
discharge rate. The processed area must be used.




Raw materials consumed was also considered for a production
normalizing parameter. The amount of chemicals and other
materials used in production is not an accurate measure of the
production rate because some plants are more efficient in their
use of porcelain enamels and chemicals. Reduction of dragout is
an important production feature that can extend the life of
various solutions. As bath dragout is reduced, the amount of
solution makeup required is also reduced. Thus, the amount of
raw materials consumed for identical processed areas can vary
widely. For these reasons, the amount 'of raw materials consumed
is not appropriate as a production normalizing parameter. In
summary, area of basis material cleaned and area coated were
determined to be the most 1logical and useful production
normalizing parameters.
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SECTION V

WATER USE AND WASTEWATER CHARACTERIZATION

This section presents supportive data which describe porcelain
enameling water use and wastewater characteristics. Data
collection and data analysis methodologies are discussed. Raw
waste and effluent concentrations, flows and pollutant mass per
unit of production area are presented for the four basis material
subcategories and for specific functional operations in each.

DATA COLLECTION

Data on the porcelain enameling category segment were gathered
from previous EPA studies, 1literature studies, 1inquiries to
federal and state environmental agencies, raw material
manufacturers and suppliers, trade association contacts and the.
porcelain - enamelers themselves via a mail survey and plant
visits. Additionally, meetings were held with © industry
representatives. :

Literature Study:

Published 1literature in the form of books, reports, papers, per-
iodicals, and promotional materials was examined; the most infor-
mative sources are listed in Section XV. The material researched
covered the manufacturing processes utilized in porcelain enamel-
ing, water used, wastewater treatment technology and economic
data. ‘

Previous EPA Studies:

Previous EPA studies of the porcelain enameling industry segment
were examined. From these studies information was gathered on
manufacturing processes, wastewater treatment technology, and
some preliminary raw wastewater characteristics at specific
plants. ’ :

Federal and State Contacts:

Federal EPA ‘regional offices and several state environmental
agencies were contacted to obtain permit and monitoring data on
specific porcelain enameling plants.
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Raw Material Manufacturers and Suppliers:

Eight manufacturers of porcelain enamel slip ingredients were
contacted by the EPA and requested to supply priority pollutant
information concerning their formulations. This information was
tabulated and is discussed later in this section.

Trade Association Contacts:

In preparation for a survey of the industry, a meeting with
representatives of the Porcelain Enamel Institute (PEI) and the
Agency was held to discuss conclusions from previous EPA data
gathering efforts and to discuss the information to be gathered
in the data collection portfolio employed in the study. Each dcp
qguestion was reviewed to assure that it was necessary and
appropriate. Several additional meetings with the PEI took place
during the data collection period at their request to review the
progress of the Agency. The Agency specifically requested that
PEI assist the Agency by providing a mailing list of PEI members
who perform porcelain enameling. PEI refused to comply with this
request.

Dcp Survey Data:

The collection of information and data pertaining to individual
manufacturing facilities that perform porcelain enameling
consisted of a mail survey conducted by the EPA. A search
through the Dun and Bradstreet index and discussions with
industry personnel provided a 1list of the possible porcelain
enamelers in the U.S. Dcps were mailed to all of the companies
believed to do porcelain enameling. The dcp requested general
plant data, specific production information, waste treatment
information, process and treated wastewater data, waste treatment
cost information, and priority pollutant information. The Agency
mailed 250 dcp's to companies presumed to perform porcelain
enameling and received data and information on 117 plants. Of
the 117 portfolios received, only 2 contained data on raw waste-
water streams .,and only 31 contained any effluent stream data.
Approximately 75 percent of the portfolios received = were
relatively complete and provided information regarding
production, size, process descriptions, wastewater t{reatment
systems, and water use. This information was used to provide a
good profile of the porcelain enameling ' industry. Of the
remaining portfolios: 95 facilities reported they were no longer
engaged in porcelain enameling, 17 went to corporate addresses,
six were undeliverable, 10 were duplicate mailings, the remainder
used no water (dry process) and three were never returned.. It
was learned that one plant 36069 had subseqguently ceased
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operations. The reduced the number of plants identified as
generating wastewater in procelain enameling operations to 116.

PLANT SAMPLING

The data collection effort also included engineering visits and
wastewater sampling at porcelain enameling facilities. A two
phased sampling program was conducted to collect ~technical and
chemical information about specific plants. The first phase -
called screening - was intended to collect incoming water, raw
wastewater and treated wastewater samples and determine the
presence or absence of pollutants with special emphasis on the
Agency list of. 65 (129 specific) toxic pollutants. The second
phase, verification, was intended to further confirm (or refute)
the toxic pollutants found in the screening of each subcategory.
The presence of conventional pollutants and other pollutants was
determined as appropriate.

The principal difference between screening and verification
sampling and analysis is the chemical analysis method used for
analyzing toxic organic pollutants. Verification analysis more
extensive procedures to assure accurate quantification of
pollutants. For plants which were used for screening, a
screening analysis was performed on the first sampling day.
Verification analysis was performed on the remaining two days of
sampling. Usually, three consecutive days of sampling were
conducted at each sampled plant.

Site Selection - The dcp served as a primary information source
in the selection of plants for visitation and sampling. Specific
criteria used to select plant visit sites for sampling included:

1. Assuring visits to plants using each basis metal.

2. Providing‘a mixture of plants with relatively large and small
productlon Production was judged a more important factor than
flow since a plant with poor housekeeplng practice can have large
discharge, regardless of its size.

3. Selecting plants whose production processes are typical of
the processes performed for each basis material. Consideration
was also given to selection of plants with unique processes or
treatment not universally practiced but applicable to the
industry in general as a potential pollutant reduction
alternative.

4, Evidence of a company's Kknowledge of its' production

processes, water use, wastewater generation and treatment system
as indicated in the.dcp's received. This knowledge is important
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in establishing the degree to which sampling data from the plant
is representative of the industry.

5. The presence of wastewater treatment or water conservation
practices. If a plant meets the first four criteria, it is cost
efficient for EPA to sample plants that will provide untreated
wastewater data as well as treatment performance data. 1Included
in this criteria was a consideration of dcp data that might
indicate proper design and operation of the treatment technology.

6. Any problems or situations peculiar to the plant being
visited. In particular, consideration of accessibility of
wastewater streams or availability of transportation to convey
samples to laboratories within protocol requirements also
impacted the selection of sampling sites.

Table V-1 (Page 73) presents a summary of the sampling sites
selected. '

Sampling Program - The wastewater sampling program conducted at
each plant consisted of screening and verification, or just
verification. The object of screening was to determine, by
sampling, analysis and flow measurements the identity and
quantity of pollutants present in plant wastewater for each basis
material porcelain enameled. - Screening involved sampling, flow
measurement and full spectrum analysis of one plant in each basis
material subcategory. Once the screening data were obtained,
parameters were chosen for verification analysis based on the
pollutants detected during screening, information reported in the
dcp, and technical judgment concerning the probable presence or
absence of each pollutant. The samples collected during
verification were then analyzed for those selected parameters.

Prior to each sampling visit, all available data, such as layouts
and diagrams of the selected plant's production processes and
wastewater treatment facilities, were reviewed. Often a visit to
the plant to be sampled was made prior to the actual sampling
visit to finalize the sampling appreoach. Representative sample
points were then selected to provide coverage of discrete raw
wastewater sources, total raw wastewater entering a wastewater
treatment system, and final effluents. Finally, before
conducting a visit, a detailed sampling plan showing the selected
sample points and all pertinent sample data to be obtained was
generated and reviewed. '

For all sampling programs, flow proportioned composite samples or
the equivalent (for batch operations) were taken over the time
period that the plant -was in operation - one day for screening
and three consecutive days for verification. On a screening




visit, a total raw wastewater sample was taken to determine what
pollutants were generated by the production processes, a final
effluent sample was collected to determine which pollutants were
removed or contributed by the wastewater treatment system, and a
plant incoming water sample was taken to determine if there were
any significant pollutants in the water source.

For the verification sampliné visits, samples were taken of the
plant incoming water, final effluent and discrete raw wastewater

sources. Individual process operations were sampled at most
plants, these data were subsequently combined into two basic
functions: coating operations and metal preparation operations.

Figure V-1 (Page 111) presents typical porcelain enameling on
steel process operations and raw wastewater sampling points.
These points generally included incoming water, metal preparation
(i.e., alkaline cleaning rinse, acid etch rinse, nickel flash
rinse, neutralization Trinse) and coating (i.e., ball milling
wastewater and spray booth wastewater). Table V-2 (Page 74)
presents the number of days verification sampling was performed
on metal preparation and coating raw wastewater sources for the
sampling program. v

Figure V-2 (Page 112) presents a process line diagram of a
typical porcelain enameling on cast iron facility. Raw
wastewater sampling points included incoming water and ball
milling and enamel application wastewater. '

Figure V-3 (Page 113) presents typical porcelain enameling on
aluminum process operations and raw wastewater sampling points.
Sampling points for sampled facilities within this subcategory
included incoming water, metal preparation, (i.e., alkaline
cleaning rinse water), and coating (i.e., ball milling and enamel
application wastewater). All sampled porcelain enameling on
aluminum facilities performed the same process operations. Table
V-2 shows the number of sampling days for metal preparatlon and
coating raw wastewater at each sampled facility.

Figure V-4 (Page 114) presents typical porcelain enameling on
copper process operations and raw wastewater sampling points.
Sampling points for facilities within this subcategory included
incoming water, metal preparation (i.e., acid etch rinse water),
and coating (i.e., ball milling and enamel application
wastewater). Solvent cleaning was used at one sampled facility
(06031); however, no wastewater was discharged from this
operation. Alkaline cleaning, while being reported in the dcp's
as used, was not observed at any plants visited. Table V-2
presents the number of sampling days for metal preparation and
coating raw wastewater at sampled facilities..




All of the samples collected were kept on ice throughout each day
of sampling. At the end of the sampling day, the composite
samples were divided into several bottles and preserved according
to EPA protocol.

All samples were subjected to three levels of analysis depending
on the stability of the parameters to be analyzed. On-site
analysis, performed by the sampler at the facility, measured flow
rate, pH, and temperature. Four liters of water from each sample
point for each of the three sampling days were delivered to a
laboratory in the vicinity of the subject plant and analyzed for
total cyanide, cyanide amenable to chlorination, 0il and grease,
phenols (4AAP method), and total suspended solids. This analysis
was performed by these 1local laboratories within a six hour
period after each day's composite sample was prepared. Because
of the sensitive nature of the cyanide analysis procedure, a
quality assurance questionnaire intended to document conformance
of the procedures used by the laboratories with EPA (Part 136)
analysis methods was completed by all laboratories performing
this analysis. '

The remainder of the composite samples prepared each day were
“analyzed by three different laboratories: a central laboratory
for verification samples and some screening analysis, the EPA
Chicago Regional Laboratory for metals screening analysis, and a
laboratory which specialized in gas chromatograph-mass
spectroscopy (GCMS) analysis for screening of organic priority
pollutants. The EPA Chicago Regional Laboratory employed an
inductively coupled argon plasma unit (ICAP) to analyze the
samples for metals.

On a verification sampling visit, the central laboratory only
analyzed for those parameters which were selected after screening
for verification analyses. In addition, special samples were
taken of various process solutions to determine their organic or
metals content and these samples were analyzed at the central
laboratory.

Screening and verification parameters and laboratory
methodologies are listed in Table V-3 (Page 75).

Verification Parameter Selection - In order to reduce the volume
of data which must be handled, to avoid unnecessary expense, and
to 1limit the scope of the sampling program, a number of the
pollutant parameters analyzed for during the screen sampling are
not analyzed for during the verification sampling. The pollutant
parameters which are chosen for further analysis are called
verification pollutant parameters. Because there are different
pollutants present in each subcategory, verification pollutant
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parameter selection is done separately for each subcategory.
Three sources of information are used for their selection: the
pollutants the industry believes are present in their wastewater
as reported in dcp responses, the screen sampling analyses, and
the pollutants the Agency believes should be present after
studying the processes and materials used by the industry.

The absence or presence of priority pollutants in plant waste-
waters was also investigated as part of the data collection port-
folio survey transmitted to all known porcelain enamel plants.
Specifically, a 1list of the priority pollutants was attached to
all data collection portfolios to determine which of the priority
.pollutants should be investigated further. Table V-4 (Page 81)
is a tabulation of the responses to this survey and presents raw
wastewater concentration ranges. For each priority pollutant, it
lists the number of plants that knew, or believed, it was absent
or present in their wastewater.

Supplementing the above information are the sampling data
supplied by porcelain enamelers in their dcp responses. The
information received is presented in Table V-5 (Page 85) for the
plants that supplied analytical data. These data are only from
effluent streams since no significant raw waste data were
received in the responses. In addition to those reported 1in
Table V-5, 1long term effluent data were received from two
facilities (18538 and 13330). These data are presented in
Secti?n VII of this report, in Tables VII-14 and VII-15 (Pages 98
to 99).

Table V-6 (Page 88) presents screening results tabulated from all
screening visits.

Table V-7 (Page 89) presents the selected verification parameters
for each subcategory based on the above mentioned sampling dcp
information and engineering judgment.

In the final analysis a number of metals other than the basis
material processed or major process bath constituents were found
in raw wastewaters in measurable concentrations. These included
antimony, barium, cadmium, chromium, cobalt, lead, manganese,
selenium, titanium, and zinc. These metals may be found in the
following areas:

e The metals are components resulting from direct addition
or contamination of porcelain enamel slips used within
each subcategory.

e The metals are present in incoming water.
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e The metals are associated with the basis metal as con-
taminants. These metals can be contaminants resulting
from the original ore reduction and smelting operations.
Some of these metals are present in the applied oils and
greases used during forming or to protect the workpiece.
Metallic fumes and other contaminants, often present in
shop atmospheres, can dissolve into the applied oil film.

e Metals from the tanks, pipes and soldered connections
can be dissolved by the process solutions.

As can be seen from Table V-7 a number of organic pollutant
parameters were also detected. Trichloroethylene and 1,1,2-
trichloroethane were detected 1in the copper subcategory since
vapor degreasing is sometimes used to prepare copper for the
application of slip. Bis(2-ethylhexyl)phthalate and di-n~octyl
phthalate were detected in the aluminum subcategory. However,
these organic pollutants were detected only in relatively few
samples and were present at or near detection limits of 10 mg/1.

Incoming Water Analysis - Incoming water samples were collected
for each sampled plant and analyzed for verification (and
screening where applicable) parameters. Overall, these analyses
revealed very few parameters whose concentrations were above the
minimum detectable or analytically quantifiable 1limit of the
specific method. The concentration levels found in the incoming
water of parameters common to process discharges were not
significant enough to affect the anticipated design of a
wastewater treatment system.

DATA ANALYSIS

Porcelain enameling wastewater characteristics are presented for
each basis material in terms of water use, raw wastewater stream
concentrations and final effluent stream concentrations. '

Water Use and Wastewater Generation - Water is used in most
porcelain enameling operations. 1t provides the mechanism for
removing undesirable material from the ware surface, 1is the
medium for the chemical reactions that occur on the basis metal,
is a vehicle for coating application, is used as cooling water
for ball milling operations and is used for plant clean-up and
maintenance. The nature of porcelain enamel operations, the area
of basis material processed, and the quantity of and types of
chemicals used produce a large volume of wastewater that requires
treatment before discharge, recycle or reuse. Sampled plant
water use by subcategory and process operation is shown on Table
V-24 (Page 108). The mean water use of these sampled plants is
used in calculating BPT limitations. 'In response to a comment on
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the proposed regulation data for plant ID§ 33617 are excluded
from the existing source analysis because this plant uses
countercurrent rinsing and other in-process flow reduction
technology which is not part of BPT or BAT. However, the flow
data for # 33617 are used in Section XI as a basis for NSPS.
(Plant ID# 33617 effluent characteristics are used for comparison
with BPT limitations in Section IX).

Wastewater is generated 1in each subcategory (steel, cast iron,
aluminum, and copper). The wastewater generated by basis
material preparation and coating may (1) flow directly to a
municipal sewage treatment system or to surface water, (2) £flow
to an onsite waste treatment system and then to a municipal
sewage treatment system or surface water, (3) be recirculated or
recycled following intermediate treatment, or (4) a combination
of the above. Table III-1 (Page 43) presented effluent
destinations as reported in the dcp's for each basis material
subcategory.

Specific Wastewater Sources - Specific wastewater sources in
porcelain enameling may vary from basis material to basis
material. Wastewaters generated from the coating operations are
uniform in their origin and are listed below only once although
they are applicable to each subcategory.

Coating Operations

1) wastewater generated by spraying the outside of ball
mills for cooling

2) ‘wastewater from overspray during application which
is either caught in water curtains or results from
floor and booth area washdowns

3) wastewater from cleaning operatlons assoc1ated w1th
the ball mills themselves

4) wastewater from cleaning of fixtures used to hold
work pieces during application of porcelain enamel slip.

Steel Subcategory - Potential wastewater sources from
basis material preparation are:

1) alkaline cleanlng wastewater 1nc1ud1ng process bath
batch dumps and rinsing operatlons

2) acid etch wastewater including process bath batch
dumps and rinsing operations
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3) nickel flash wastewater including process bath
batch dumps, r1ns1ng operations and filter discharges
(filters remove iron from the process bath to

extend the bath life).

4) neutralization of remaining acid wastewater including
process bath batch dumps and subsequent rinsing opera-
tions.

Cast Iron Subcategory - There is.no water used for cast 1iron
basis material preparation. Dry, mechanical cleaning processes
are used.

Aluminum Subcategory - Potential wastewater sources from basis
material preparation are: ,

1) alkaline cleaning wastewater including process bath batch
dumps and discharges from rinsing operations

2) acid etch and chromate conversion Coating wastewater.

Copper Subcategory - Potential wastewater sources from
basis material preparation are:

1) alkaline cleaning wastewater that includes process bath
batch dumps and rinsing operations (some porcelain
enamelers on copper may substitute vapor degreasing)

2) acid etching wastewater that includes process bath batch
dumps and rinsing operations.

Dcp flow data were not used because EPA plant visits revealed
lack of attention to water use at several plants. Only careful
analysis of plant operations during sampling visits provided an
adequate basis for determining whether adequate in-plant flow
control exists at any plant. Dcp data was inadequate for this
purpose. :

Metal preparation water use and coating and enamel water use and
production rates obtained from dcp's for the steel and aluminum
subcategories are shown in Tables V-8 and V-9 (Pages 90-91).
These tables present the hourly flow rate (1/hr), hourly
production rate (m2/hr), and production normalized flow (1/m2)
for both streams for all plants within these subcategories for
which dcp data were provided. Dcp data for the cast iron and
copper subcategories relative to water use were limited and
plants reporting such information were also visited. The
production from the dcp's is average hourly production since it
was calculated as the annual production divided by the number of
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hours per year the facility operated. These reported production
rates represent  the area which undergoes basis material
preparation and the area that receives porcelain enamel as
applicable. Where multiple coats of enamel are applied, they are
counted individually. ‘

Raw Waste‘Characteristics

Wastewater from porcelain enameling operations is characterized
by the chemicals associated with each operation and the basis
metal. During verification sampling, discrete samples of each
wastewater-producing operation were obtained. The pollutants in
the wastewater streams sampled included the basis metal, oil and
grease, and a variety of other pollutants associated with
individual process solutions or porcelain enamel slips. 0il and
grease for the porcelain enameling subcategories is free 0il and
emulsified o0il, not soluble o0il. Free o0il and emulsified oils
are typically milling oils or rust inhibitors, and can be removed
by the application of coalescing agents, sedimentation,
separation and skimming. -

Following 1is a detailed discussion of the raw wastewater sources
and characteristics for each basis material subcategory. Coating
wastewater characteristics are discussed first since these
operations contribute by far the largest quantity of pollutants
in comparison to basis material preparation operations. Included
is an explanation of ball milling operations and how they can
generate wastewater. Following the ball milling discussion, the
various methods of application of the porcelain enamel slip are
presented along with their respective contributions to
wastewater. Raw wastewater sampling data from the wastewater
streams are then presented. Finally, the result of an extensive
study done by the Agency to quantify and discern the
environmental impact of the toxic pollutants discharged by these
processes is presented.

Following the discussion of coating wastewater, basis metal
preparation operations and the resultant wastewater generated are
presented. In this presentation each basis material subcategory
is discussed separately since these operations, unlike coating
operations, vary significantly from subcategory to subcategory.

Ball Milling and Enamel Application

The first operation involved with application of porcelain enamel
is the grinding and mixing of all the various ingredients. The
constituents of porcelain enamel usually include a mixture of
frits (glassy raw material), clays and coloring oxides. Specific
additions to this basic mixture can include borax, feldspar,
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quartz, cobalt oxide and manganese dioxide. A wide range of
other additions can also be made depending on color, whitening
and opacification requirements. The constituents are weighed and
poured into the ball mill with a carefully measured amount of
water if the enamel is to be applied in a wet or slip form.

The ball mills are cylindrical drums of different sizes and are
usually up to 2/3 full of ceramic balls. The ceramic balls serve
to grind and throughly mix all the ingredients. The raw
materials are milled and this produces a potentially detrimental
amount of heat caused by friction. To control the temperature, a
fine mist of water is constantly sprayed onto the outer surface
of the mill. In the majority of cases this cooling water is a
source of wastewater since it usually comes into contact with
wasted slip when it falls onto the floor areas around the ball
mill and mixes with spilled slip. After several hours of
grinding, the slip is poured through a screen to trap oversized
particles, and is then placed in containers. Wastewater may be
generated by equipment cleaning, which is done to prevent color
contamination of this screening and holding equipment.

The procedures used for cleaning out ball mills vary greatly from
facility to facility. If space and finances permit, some
facilities have separate ball mills for each color they use and
the mills are rarely cleaned. In other cases close attention is
paid to scheduling of mill runs so the colors milled get
progressively darker making only occasional cleaning necessary.
It is a rule of thumb in most facilities to wash out ball mills
as infrequently as possible to avoid wasting the significant
amount of slip which adheres to interior walls and the ceramic
balls within the mill. The actual amount of wastewater generated
by ball mill washouts was determined in the proposed regulation
by evaluation of data gathered at six porcelain enameling
facilities (ID's 12038, 15712, 33076, 33617, 33076, 40053).
However, several comments on the proposed regulation indicated
that some of the data was not correct. Upon close examination it
was found that plant ID 12038 supplied data in the dcp which was
inconsistent. Two possible flows--differing by a factor of five-
-could be calculated for ball mill washout. Plant ID 33076
recycles ball mill wash out water from a sump, therefore the
water used for one wash out cannot be calculated. Plant ID 33617
water use data from plant visit did not identify separate ball
mill washout flow; information obtained subsequent to the visit
was inadequate to provide uniquely defined ball mill washout
water usage. Plant ID 36077 sampled water flow data were not
definitive enough to calculate ball mill wash out water use. The
water use for the remaining two plants ID 15712 (0.0107 1l/sqg.m.)
and ID 40053 (1.2603 l/sqgq.m.) were used to calculate' a mean
production normalized wastewater usage of 0.636 l/sg.m. of area
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coated for bail mill wash out this revised mean is used 1in the
calculation of BPT and BAT limitations as well as new source and
pretreatment standards.

Porcelain enamel slip is applied by several different methods
that generate wastewater. Each method is described below.

. Air Spraying - The most widely used method of ‘enamel
application 1is air spraying. In this process enamel slip is
atomized and propelled by air into a conical pattern, which can
be directed over the article to be coated by an operator or
machine. R

U Electrostatic Spray Coating - Electrostatic spray coating
incorporates the principles of air atomized spray coating with
the attraction of unlike electric charges. In electrostatic

spray coating, atomized enamel slip particles are charged at
70,000-100,000 volts and directed toward a grounded part. The
electrostatic forces push the particles away from the atomizer
and away from each other. The charged particles are attracted to
the grounded workpiece and adhere to it.

° Dip Coating - In dip c¢oating a part is submerged in a tank
of enamel slip, withdrawn, and permitted to drain or is
centrifuged to remove excess slip.

L Flow Coating - In this process, enamel slip is pumped from a
storage tank to nozzles that are positioned according to the
shape and size of the ware to direct the flow of enamel onto the
surface as the parts are conveyed past the nozzles.

o Powder Coating - The ground (first) coat is applied. The
part is heated to red heat, the powdered enamel is dusted on the
part, and the part is re-fired. The most prevalent use of powder
coating is for the application of a cover (second) coat of enamel
to cast iron workpieces. Three porcelain enameling plants use
the dry process exclusively on cast iron, and therefore generate -
no coating process wastewater.

All of these methods of porcelain enamel application generate

wastewater. Air spraying usually generates the 1largest
quantities of wastewater since overspray must be strictly
controlled. This 1is usually accomplished by the use of a water
curtain behind the spraybooth. Significant quantities of
wastewater are generated when the water curtains are dumped or
cleaned. Electrostatic, dip, and flow coating operations

generate ' wastewater when application equipment and floor areas
are cleaned. Powder coat1ng operatlons generate the smallest
quantity of wastewater since little or no clean-up is necessary.




A sixth enamel application method, electrostatic dry powder
coating, also exists and is described in Section III. However it
does not generate wastewater and is not discussed further in this
section.

For the purposes of sampling, wastewaters associated with ball
milling and enamel application at each plant were usually mixed.
This mixed sample generally included wastewater from the
following sources: ball mill cooling water, ball mill wash out
water, water curtain batch dumps, and general clean-up water from
drain board, spray equipment and floor areas. Table V-10 (Page
92) presents the raw wastewater concentrations (mg/l) of the 36
sampled coating streams for all subcategories. The mean
concentration of these streams is used in calculating the normal
plant and subcategory totals for the amount of pollutants removed
and discharged. These wastewater streams contain significant
amounts of toxic metals regardless of subcategory. To verify
this, an experiment comparing total metals analysis and dissolved
metals analysis on coating wastewater was conducted. Tables V-11
through V-14 (Pages 95-98) show the results of this comparison of
wastewater streams from typical plants in each subcategory.

For the dissolved metals analysis, samples were first settled and
then passed through a 0.45 micron filter. Total metals analysis
was performed on an aliquot sample of a well mixed and unfiltered
sample. =

In response to industry comments questioning the need to control
discharges from coating operations a study was also performed to
determine the short term 1leaching characteristics of enamel
coating wastewaters at various pH levels over a 24 hour period.
The results of this experiment are shown in Table V-15 (page 99)
and indicate that at acidic pH levels, a significant amount of
toxic metals are dissolved from the coating solids into the
wastewater matrix.

From these studies EPA also was concluded that the toxic metals
contained in the wastewater of ball milling and enamel
application operations are variable, depending upon specific
formulations that may change hourly. Although a high
concentration of toxic metals 1is certain, it 1is wvirtually
impossible to predict the exact composition and specific metals
to be found at any specific time. Because of this extreme
variability and potential toxicity, EPA has focused its attention
on minimization of wastewater discharges from coating operations.
To further quantify the amounts of these metals that are
discharged to the environment, coatihg wastewater streams were
sampled at fourteen porcelain enameling facilities. Sample
location and potential sample contamination problems were checked
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to verify that the sample was gathered before any settling had
occurred and that no other waste streams were mixed with the
coating wastewater streams. Of these fourteen plants, five
facilities could be used to quantify the amount of toxic metals
discharged. These five facilities were plants 11045, 33077,
33617, 40053 and 40063. EPA also quantified the amount of toxic
metals contained in the raw materials supplied as slip
ingredients.: Dcp supplied raw material data often contained
amounts and brand names of frits and coloring oxides used by the
facility, however, no data were available on the actual amount of
toxic metals contained in each of these products. In order to
gather -these data, the Agency contacted the eight largest
manufacturers of frit and coloring oxides and asked them to
supply the percent of selected elements, including all of the
toxic metals, contained in each of their products and the amounts
of these products that were manufactured in 1976. The results of
this 1inquiry indicated that the toxic metals contained in the
frits were antimony, arsenic, cadmium, chromium, copper, lead,
nickel, and =zinc. In addition, cobalt, manganese, and trace
quantities of several rare earth metals were reported. The
coloring oxides -contained significant quantities of all of the
above with the exception of arsenic and the rare earth metals.
Selenium, vanadium and trace quantities of silver were present in
coloring oxides but not in the frits.

Using this information the amount of toxic metals in the raw
materials was calculated for the six visited plants previously
identified. These figures were compared to the quantitative
analysis of the raw wastewater streams of these six facilities
and a  percent toxic metals discharged was calculated. The
percent discharge (not applied to workpiece or reclaimed) ranged
from 0.3 percent to 21 percent.

To determine the full magnitude of these discharges, these
percentages were  applied to the entire porcelain enameling
category. Useful dcp data, gathered from 56 of these 116
facilities resulted in an EPA estimate that these 56 plants used
45,600,000 pounds of frit and 813,000 pounds of oxides. The data
for 56 plants represented approximately 75 percent of the total
raw materials used by the industry since all of the largest
porcelain enamelers were accounted for in this data base. To
depict the entire porcelain enameling industrial segment, these
amounts were extrapolated to represent the entire 116 facility
data base. This resulted in a total of approximately 57,000,000
pounds of frit and 1,000,000 pounds of oxides used by the entire
porcelain enameling category. The total amount of toxic metals
contained in these frits and.oxides is 1,900,000 pounds.
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The discharge percentages calculated for the six visited
facilities were then applied to the extrapolated amount of frit
and oxide consumed by the 116 facilities in the data base. Table
V-16 (Page 100) presents the estimated total amount of toxic
metals discharged by the entire porcelain enameling category.
These totals emphasize the need for control of toxic discharges
from coating discharges.

Metal Preparation

Raw wastewater sample concentration data for metal preparation
for each subcategory are shown in Tables V-17, V-18 and V-19
(Pages 101-103). Each table lists the minimum, maximum, mean,
median and flow proportioned average concentration of
verification and screening sample data for parameters whose
concentrations were greater than 0.010 mg/l. This concentration
was selected for toxic organics because at 0.010 mg/1 and below
the organic priority pollutants cannot be quantified accurately.
The 0.010 mg/l cutoff was also selected for metals since existing
control technologies cannot effectively reduce the concentration
of most metals below this concentration. The number of data
points defines the total number of positive values used for the
mean, median and flow proportioned average concentration
presentations. The "number of zeros" column reflects the number
of samples analyzed for each parameter where no detectable
concentration was measured.

Steel Subcategory Metal Preparation - Wastewater in this
subcategory results from alkaline <cleaning, acid etch, nickel
flash, neutralization and coating operations.

Alkaline Cleaning solutions usually contain one or more of the
following chemicals: sodium hydroxide, sodium carbonate, sodium
metasilicate, sodium phosphate, (di-or trisodium) sodium
silicate, sodium tetra phosphate, and a wetting agent. The
specific content of cleaners varies with the type of so0il being
removed, the cleaners for steel being more alkaline and active
than other cleaners. Wastewaters from alkaline cleaning
operations contain not only the consitituents of the cleaning
bath, but also oils and greases which have been removed from the
part. The wastewaters also contain iron removed from the base
metal, but the amount is small in relation to the iron removed in
the acid etching process.

Alkaline cleaning wastes enter the waste stream in three ways:

1. Rinsing directly following the alkaline cleaning step.

2. Continuous overflow of the rinse tanks.




‘3. 'Bétch dump of a spent alkaline cleaning bath.

Acid Etch typically utilizes either sulfuric acid, or ferric
sulfate in combination with sulfuric acid. Hydrochloric
(muriatic), phosphoric, and nitric acids are also reportedly in
use. The components of the acids enter the waste stream but they
are of 1little consequence in comparison to the metals that are
contributed by the acid etching operation. Acid solutions after
a period of use have a high metallic content due to the
dissolution of the surface of the steel when it is etched. As a

result, large amounts of iron enter by way of dragout from the
acid solutions into rinse waters and also when the baths are
dumped. Also present at significant levels are components of

steel such as phosphorus and manganese. : :

Nickel Flash, either through dragout into the rinsewaters or
batch dumping of the spent bath, contributes metals to the raw
waste stream. The process solutions contain nickel salts, nickel
sulfate in particular. After a period of use the nickel bath
also contains high concentrations of iron due to the displacement
reaction of the nickel 1ions on the steel surface. Thus the
nickel flash raw wastewater streams show high 1levels of nickel
and iron.

Neutralization is designed to remove the last traces of acid from
the steel workpiece. The neutralizing bath consists of an alkali
such as soda ash, borax, or trisodium phosphate and water. The
contents of the bath enter the wastewater stream either through
dragout into subsequent rinses or batch dumping of the process-
solution tanks.

Coating Operations are the main source of pollution in the
porcelain enameling industry and were discussed previously in
this section.

Cast Iron Sdbcategory - The only waterborne wastes found at
sampled plants in this subcategory were from coating operations
and have been discussed previously in this section.

Aluminum Subcategory - Wastewater in this subcategory results
from alkaline cleaning, acid treatment, chromate treatment and
coating operations.

Alkaline Cleaning waters contain dirt and grease removed in the

cleaning process as well as the contents of the <c¢leaning
solution. Depending on the strength of the solution, some amount
of aluminum is removed from the workpiece and is in solution. 1In
the case of an alkaline etch, a considerable amount of aluminum

can accumulate in a bath prior to dumping. The typical alkaline




cleaning stream in this subcategory contains suspended solids and
phosphorus as well as aluminum.

Acid solutions are sometimes utilized in the preparation of
aluminum for the purpose of deoxidizing the surface of the
workpiece. This operation is not practiced frequently; a nitric
acid solution 1is wused when this step is performed. The nitric
acid causes the dissolution of some metal, resulting in the
presence of aluminum in the waste stream. None of the sampled
facilities performed acid treatment.

Chromate Treatment is employed by some facilities to promote
adhesion and good enameling properties. This step is performed
last on the metal preparation line, after alkaline cleaning and
acid treatment. The chromate solution is composed of potassium
chromate and sodium hydroxide; these chemicals enter the
wastewater stream from rinsing or batch dumps of the chromate
bath. None of the visited facilities performed chromate
treatment.

Coating Operations are the major source of pollutants in this
subcategory and were discussed previously in this section.

Copper Subcategory - Wastewater in this subcategory results from
surface preparation and coating operations.

Surface Preparation is accomplished by alkaline cleaning and acid

etching solutions. These materials can enter the wastewater
stream either from rinsing or through batch dumps of the process
solutions. The alkaline cleaning step produces wastewater

containing o0il and soils that have been removed from the
workpieces. Specific raw wastewater data on alkaline cleaning of
copper 1is not available because it was not reported in dcp
responses and the two copper porcelain enameling plants sampled
did not employ this process. Acid etching adds to the wastewater
stream copper that has been dissolved from the surface of the
part to be coated. If a vapor degreasing step 1is wused, trace
amounts of the degreasing solvent may be found in the wastewater
stream. These solvents are so volatile that the amount present
is likely to be negligible.

Coating wastewater is the major source of pollutants within this
subcategory and was discussed previously in this section.

Effluent Characteristics

A summary of treated effluents from 15 sampled plants with
various levels of treatment is presented in Tables V-20 through
V-23 (Pages 104-107). The sampled results are presented by
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subcategory for the pollutant parameters considered for
regulatory control (Reference Section VI). Each of these tables
also 1lists the treatment components at each plant. Limited dcp
effluent data are available and were presented previously 1in
Table V-5. .

Data Summary

Comparison of wastewaters from the different subcategories within
the porcelain enameling industry segment is difficult because of
widely varying basis material preparation operations from
subcategory to subcategory. A comparison between subcategories
can best be made if subcategory wastewater characteristics are
split in terms of wastewater generated by metal preparation and
wastewater generated by coating.

Tables V-17, V-18, and V-19 (Pages 101-103) present wastewater
characteristics for the basis material preparation stream for
each subcategory. Specific information derived from these tables
follows:

0Oil and grease concentrations in basis metal preparation streams
were highest in the copper subcategory and lowest in the aluminum
subcategory. This is caused by large amounts of drawing oils and
waxes applied to copper parts to prevent oxidation.

The basis metal preparation streams for all three subcategories
(steel, aluminum and copper) contain similar levels of total
suspended solids, with slightly higher levels in the steel and
aluminum subcateqgories. Steel and aluminum workpieces generally
undergo a - larger number of forming operations than copper parts
and thus are likely to have more dirt and grease on the surface.

The basis metal preparation stream of the steel subcategory shows
the highest concentrations of basis material. This 1indicates
that steel workpieces undergo more severe basis material
preparation operations. |

Concentrations of lead are significantly higher in the basis
metal preparation streams for the copper and aluminum
subcategories. This is attributable to higher 1lead 1levels in
these basis materials.

Concentrations of nickel 1in the basis material preparation
streams are highest in the steel subcategory. This significant
difference is attributed to the discharge from nickel deposition
operations used in basis material preparation for steel.
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In general, wastewater constituents associated with coating
wastewater streams vary only slightly according to bonding and
color requirements associated with the basis metal. These
requirements are reflected in the slip ingredients used, which
were previously discussed.
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TABLE V-1
SUMMARY OF SAMPLING SITES
'AND DAYS SAMPLED
p | BASIS MATERTIAL
I - Steel ' Iron . Aluminum Copper
Plant th“ Screen | Verit §creenl Verif | Screen [ Verif | Screen | Verif
06031 | 1
11045 ’ 3
15051 1 2
15712 1 2
18538 3
3 33076 1
33077 1 2
33617 3
36030 3 | 1 2
36077 1 2
40053 3 3
40063 3
41062 3
47033 3
47051 3
Totals || 2 25 1 6 1 8 1 3




TABLE W2
NUMBER OF SAMPLING DAYS FOR EACH OPERATICN
AT FACH SAMPLED FACILITY

15051 18538 33617 36030 36077 40053 40063 41062 47033 15712 33076 11045 33077 47051 06031
Subcategory Steel g::? Cast Cast
Steel Steel Steel Copper Steel Iron Steel Steel Steel Iron Iron Aluninum Aluninum Aluminum  Copper
Process Operation
e
Alkaline Clean 3 3 3 3 3 3 3 3 3 3 3
Acid Treatment ° 3 3 3 3 3 3 3 3 1
Nickel Deposition 3 3 3 {a) (a) 3 3
«  Neutralization 3 3 1 3 ' (a) 3 (a) 3
" Ball Milling and 3 3 3 3 3 3 3 3 3 3 1 3 3 3 1(b)

Enamel Application

(a) No diséharge at time of visit. However, batch dumps do occur.

(b,), Essentially a dry operation with a minor discharge fram rack washing.
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TABLE V-3

SCREENING AND VERIFICATION ANALYSIS TEQHNIQUES

Screening Analysis

Verification Analysis

Priority Pollutants- Methodology Methodology -
1. Acenaphthene sp
2. Acroiein SP
3. Acrylonitrile sp
4. Benzene sP
5. Benzidine SP
6. Carbon Tetrachloride sp
(Tetrachloramethane)
7. Chlorcbenzene sp
8. 1,2,4-Trichlorcbenzene s
9. Hexachlorobenzene sp
10. 1,2-Dichloroethane sp
11. 1,1,1-Trichlorcethane sp
12, Hexachloroethane sp
13. 1,i-Dichloroethans sP VvPs I~L Bitvactj GC,ED
14, 1,1,2-rrichloroethana SP VP: Le-L Extract; GC,ECD
15. 1,1,2,2-Tetrachloroethane sp
16. Chloroethane sp
17. Bis(Chloramethyl) Ether sp
18. Bis(2-Chloroethyl) Ether sp
19. 2~Chlorocethyl Vinyl Ether (Mixed) sP
20. 2~Chloronaphthalene sP
21, 2,4,6-Trichlorophenol SP
22, Parachlorameta Cresol SP
23. Chloroform (Trichloramethane) sp X
24, 2-Chlorophenol sp
25, 1,2-bDichlorcbenzene sp
26, 1,3-Dirchlorobenzene sp
27. 1,4-Dichlordbenzene sP
-28. 3,3-Dichlorcbenzidine sp
29. 1,1-Dichlorvethylene sp
30. 1,2-Trans-Dichlorvethylene sp VP;: I~L Extract; GC,ECD
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TABLE V-3 (Continued)
SCREENING AND VERIFICATION AMALYSIS TECHNIQUES

Screening Analysis Verification Analysis
Priority Pollutants Methodology Methodology

31, 2,4-Dichlorophenol 134

32, 1,2-Dichloropropane sp

33. 1,2-Dichlorcpropylene sP

(1, 3-bichloropropens)

34. 2,4-Dimethylphenol sp VP: GC - FID
35. 2,4-Dinitrotoluene sp

36. 2,6-Dinitrotoluene sp

37. 1,2-Diphenylhydrazine SP

38, Ethylbenzene SP

39. Fluoranthene sP sp
40, 4~Chlorophenyl Phenyl Ether 14

41, 4-Bramcphenyl Phenyl Ether sp

42. Bis(2-Chloroisopropyl) Ether SP

43. Bis(2-Chloroethaxy) Methane sp

44, Methylene Chloride (Dichloramethane) sp

45. Methyl Chloride (Chloromethane) sP

46. Methyl Bramide (Bramomethane) sp

47, Bramoform (Tribrapomethane) sp

48, Dichlorcbranamethane sp

50, Dichlorodifluorangthane sp

51. Chlorodibramomethane sp

52. Hexachlorabutadiene sP

53. Rexachlorocyclopentadiene SP

54. Isophorone sP se
55. Naphthalene sp sp
56. Nitrobenzene SP

57. 2-Nitrophenol sp

58. 4-Nitrophenol sp

59, 2,4-Dinitrophenol sp

60. 4,6-bDinitro-0~Cresol sp




LL

TABLE V-3 (Continued)

SCREENING AND VERIFICATION ANALYSIS TECHNIQUES

Screening Analysis Verification Analysis
Priority Pollutants Methodology " Methodology
61. N-Nitrosodimethylamine sp
62, N-Nitrosodiphenylamine sp
63, N-Nitrosodi-N-Propylamine sp
64. Pentachlorophenol sp
65. Phenol SP vP: GC,ID
66. Bis(2-Ethylhexyl) Phthalate sp sp
67. Butyl Benzyl Phthalate sp sp
68. Di-N-Butyl Phthalate sp - 8P
69. Di-N-Octyl Phthalate SP SP
70. Diethyl pPhthalate SP SP
71. Dimethyl Phthalate SP sp
72. 1,2-Benzanthracene ’ SP sp
(Benzo (a) Anthracene)
73. Benzo (a) Pvrene (3,4-Benzo-Pyrene) sp sp
75. 11,12-Benzofluoranthene
{(Benzo (k) Fluoranthene) sp sP
76. Chrysene sP sP
77. Acenaphthylene SP sp
78. Anthracene sp sP
79. 1,12-Benzoperylene sp sP
(Benzo (ghi)-Perylene)
80, Fluorene SP sp
81. Phenanthrene sp sp
82. 1,2,5,6-Dibenzathracene
{(Dibenzo (a,h) Anthracene) sSp sp
83. Indeno (1,2,3-cd) Pyrene -
(s,3-0-Phenylene Pyrene) sp sP
84. Pyrene : sp SP
85. Tetrachlorvethylene sP
86. Toluene sp vpP: L-L Extract; GC,FID
87. Trichloroethylene sp VP: I-L Extract; GC,ECD
88. Vinyl Chloride (Chloroethylene) sp
89. Aldrin sp
90. Dieldrin sp




TABLE V-3 (Continued)
Screening Analysis Verification Analysis
Priority Pollutants Methodology Methodology
91. Chlordane sp
(Technical Mixture and Metabolites)
92, 4,4-DOT sp
93. 4,4-DDE (p,p*-DOX) sp
94, 4,4-DOD (p,p'-TOE) sp
95. Alpha-Endosulfan sp
96. Beta~Endosulfan sP
97. Endesulfan Suifate sp
98. Endrin SP
99, Endrin Aldehyde sp
100. Heptachlor sp
10i. Reptachlor Epaxide
({BHiC=Hexachlorocyclohexane) spP
102, Alpha-BHC sp
103, Beta-BHC sp
104. Gamma-BHC {(Lindane) sp
105, PDelta-BHC
(PCB-Polychlorinated Biphenyls) SP
106. PCB~1242 {Arochlor 1242) Sp
a3 107. PCB~1254 (Arochlor 1254) sp
108, PCB-1221 (Arochlor 121) - : sp
109. PCB~1332 (Arochlor 1232) sp
110. PCB-1248 (Arochlor 1248) sp
111, PCB-1260 (Arochlor 1260) sp
112, PCB-1016 (Arochlor 1016) . sp
113, Toxaphene sp
114. Antimony sp
115, Arsenic sP
116. Asbestos , -
117, Beryllium ICAP
118, Cadmium ICAP 40CFR 136: AA
119, Chromium ICAP 40CFR 136: AA
120. Copper Icap 40CFR 136: AA




TABLE V-3 (Continued)

SCREENING AND VERIFICATION ANALYSIS TECHNIQUES

Screening Analysis Verification Analysis
Priority Pollutants Methodology Methodology
12i. Cyanide 40 CFR 136: Dist./Col. Hea. 40CFR 136: Dist./Col. Mea.
122. Lead 1CAP 40CFR 136: AA
123. Mercury sp
124. Nickel ICAP 40CPR 1363 AA
125. Selenium SP
126. Silver SP
127. Thallium sP
128. 2Zinc ICAP 40CFR 136: AA
129. 2,3,4,8-Tatrachlorodibaenzo-
P-Dioxin (TCDD) sP
pH Minimum - Electrocheaical
pH Maximum - - Rlectrochemical
Temperature - -
011 & Gi‘iiii - 503?3 1363 aiit. Iozo
3 Flourides - Dist./1.E.
Phosphorous Total - SM: Dig/SnCl
TSS - 40CFR 136
DS - 4OCFR 136
Cyanide Amenable to Chlorination 40CFR 136: Dist./Col. Mea.
Phenols - &0CFR 136
Aluainum : - 4OCFR 1363 AA )
Hexavalent Chromium - 40CFR 136: Colorimetric
Iron - 4O0CFR 136: AA
Manganese - 4OCFR 136: AA




TABLE V-3 (Coniinued)

SCREENING AND VERIFICATION ANALYSIS TECHNIQUES

Notes

40 CFR 136: Code of Federal Regulations, Title 40, Part 136

SP ~ Sampling and Analysis Procedures for Screening of Industrial Effluents for
Priority Pollutants, U.S. EPA, March, 1977, Revised April, 1977.

VP - Analytical Methods for the Verification Phase of BAT Review,
U.S. EPA, June, 1977.

SM - Standard Methods, l4th Edition.

ICAP -~ Inductively Coupled Argon Plasma.

AA - Atomic Absorption.

1~L Extract; GC,ECD-Liquid - Liquid Extraction/Gas Chromatography, Electron
Capture Detection.

Dig/SnCl, - Digestion/Stannous Chloride.

Filt./Grav. - Filtration/Gravimetric

Freon Ext. - Freon Extraction

Dist./Col. Mea., - Distillation/pyridine pyrazolone colorimetric

Dist./I.E. - Distillation/Ion Electrode

GC-FID - Gas Chromatography - Flame Ionization Detection

SIE - Selective Ion Electrode




TABLE V-4
SUMMARY OF RESPONSES TO DCP
(NUMBER OF PLANTS RESPONDING IN EACH AREA)
Known Believed Believed Known . Raw Wastewater
‘ To-Be To Be To Be To Be . Concentration
Priority Pollutant Present Present Absent  Absent Range mg/1
1. acenaphthene 0 0 58 14 0
2. acrolein 0 0 58 14 0
3. acrylonitrile 0 0 59 13 0
4. benzene 0 4 58 10 0
5. benzidine 0 0 57 15 0
6. carbon tetrachloride 0 0 57 i5 0
{ tetrachloramethane)
7. chlorcbenzene 0 0 58 14 0
8. 1,2,4-trichlorchenzene 0 0 57 15 0
9. hexachlorcbenzene 0 0 57 15 0
10. 1,2-dichloroethane 0 0 58 14 0
11. 1,1,1-trichloroethane 2 2 56 12 0
12. hexachloroethane 0 1 58 13 0
13. 1,1-dichloroethane 0 0 58 14 0
14. 1,1,2~trichloroethane 0 0 56 13 0.007
15. 1,1,2,2-tetrachloroethane 0 0 58 14 0
16. chloroethane . 1 1 58 12 0
17. bis(chloroemthyl) ether 0 0 59 13 0
18. bis{2-chloroethyl) ether 0 0 59 13 0
19. 2-~chloroethyl vinyl ether
(mixed) 0 0 58 14 0
20. 2-chloronaphthalene 0 0] 60 12 0
21, 2,4,6-trichlorcophenol 0 0 59 13 0
22, parachlorameta cresol 0 0 58 14 0
23. chlorofom (trichloromethane) 0 1 59 12 0.002-0.005
24. 2-chlorophenol 0 0 59 i3 0
25. 1,2-dichloxcbenzene 0 0 58 14 0
26. 1,3-dichlorchenzene 0 0 58 14 0
27. 1,4-dichlordbenzene 0 0 58 14 0
28. 3,3'~dichlordbenzidine 0 0 57 15 0
29. 1,1-dichlorocethylene 0 0 58 14 -0
30. 1,2~trans—~-dichloroethylene 0 0 58 14 0.002
31. 2,4-dichlorophencl 0 0 58 14 0
32. 1,2-dichloropropane 0 0 57 15 0
33. 1,2-dichloropropylene '
(1, 3-dichlorcpropene) 0 0 59 13 0
34, 2,4-dimethylphenol 0 0 59 13 0
35. 2,4-dinitrotoluene 0 0 59 13 0
36. 2,6-dinitrotoluene 0 0 59 i3 0
37. 1,2-diphenylhydrazine 0 0 58 14 0
38. ethylbenzene 0 2 61 9 0
39. fluoranthene 0 0 59 13 0
40. 4~chlorophenyl phenyl ether 0 0 59 13 0
41, 4-braomophenyl phenyl ether 0 0 58 13 0
42. bis(2-chloroisopropyl) ether 0 0 58 13 0
43. bis(2-chloroethoxy) methane 0 0 58 13 0
44, methylene chloride
{dichloramethane) 1 4 54 12 0.002-0,005




TABLE V-4 (CONT)

Known Believed Believed Known Raw Wastewater
To Be To Be To Be To Be Concentration
Priority Pollutant Present Present Absent Absent Range mg/1

45. methyl chloride

(chloramethane) 0 0 58 13 0
46. methyl bramide (bramomethane) 0 0 58 13 0
47. bramofom (tribramomethane) 0 0 58 13 0.002*
48. dichlordbromomethane 0 0 58 13 0.002-0.007*
49. trichlorofluorcmethane 0 1 57 13 0
50. dichlorodifluoramethane 0 2 56 13 0
51. chlorodibromomethane 0 0 57 14 0.002-0.003*
52. hexachlorcbutadiene 0 0 57 14 0
53. hexachlorocyclopentadiene 0 0 57 14 0
54. isophorone 0 3 57 11 0
55. naphthalene 0 0 56 15 0
56. nitrobenzene 0 0 56 15 0
57. 2-nitrophenol 0 0 56 15 0.001
58. 4-nitrophenol 0 0 56 i5 0
59. 2,4-dinitrophenol 0 0 56 15 0
60. 4,6~dinitro~o~cresol 0 0 57 14 0
61. N-nitrosodimethylamine 0 0 57 14 0
62. N-nitrosodiphenylamine 0 0 57 14 0
63. N-nitrosodi-n-propylamine 0 0 58 13 0
64. pentachlorcphenol 0 0 57 14 0
65. phenol, 2 1 56 12 0
66. bis(2-ethylhexyl) phthalate 0 0 59 12 0.002-0.022
67. butyl benzyl phthalate 0 0 56 15 0
68. di~n-butyl phthalate 0 0 57 14 0.002-0.005
69. di~n-octyl phthalate 0 1 56 14 0.011
70. diethyl phthalate 0 0 57 14 0.002%
71. dimethyl phthalate 0 1 56 14 0
72. 1,2-benzanthracene
(benzo(a)anthracene) 0 1 57 13 0
73. benzo (a) pyrene (3,4-benzo-
pyrene) 0 0 58 13 0
74. 3,4~benzofluoranthene
{(benzo(b)fluoranthene) 0 0 57 14 0
75. 11,12-benzofluoranthene
{benzo (k) £luoranthene) 0 0 57 14 0
76. chrysene 0 0 58 13 0
77. acenaphthylene 0 0 57 14 0
78. anthracene 0 0 57 14 0
79. 1,12~benzoperylene (benzo(ghi)-
perylene) 0 3 56 15 0
80. fluorene 0 0 55 13 0
81. phenanthrene 0 0 59 13 0
82. 1,2,5,6-dikenzanthracene
(dikenzo(a,h)anthracene) 0 0 58 14 0
83. indeno(1,2,3-cd) pyrene
(2,3-o-phenylene pyrene) 0 1 57 14 0
84. pyrene 0 1 58 13 0

* The same or a higher concentration was found in the incaming water
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TABLE V-4 (CONT)
Known Believed Believed Known Raw Wastewater
To Be To Be To Be To Be Concentration
Priority Pollutant Present Present Absent  Absent Range mg/1
85. tetrachloroethylene 1 2 57 12 0
86. toluene 2 9 52 9 0.018
87. trichloroethylene 1 4 55 12 0.004
88. vinyl chloride (chloroethylene) 0 2 58 12 0
89. aldrin 0 0 60 12 0
90. dieldrin 0 0 58 14 0
91. chlordane (technical mixture
and metabolites) 0 0 60 12 0
92. 4,4'-DDT 0 0 59 13 0
93. 4,4'-DDE (p,p'-DDX) 0 0 59 13 0
94. 4,4'-DDD (p,p'-TDE) 0 0 59 13 0
95. alpha-endosulfan 0 -0 60 12 0
96. beta—endosulfan 0 0 59 13 0
97. endosulfan sulfate 0 1 59 12 0
98. endrin 0 0 59 13 0
99, endrin aldehyde 0 0 60 12 0
100. heptachlor 0 0 59 13 0
101. heptachlor epoxide 0 0 59 13 0
{BHC=hexachlorocyclohexane)
102. alpha-BHC ' 0 0 60 12 0.
103. beta~BHC 0 0 60 12 0
104, garma-BHC (lindane) 0 0 60 12 0
105. delta-BHC 0 0 59 13 0
(PCB-polychlorinated biphenyls)
106. PCB-1242 (Arochlor 1242) 0 0 59 13 0
107. PCB-1254 (Arochlor 1254) 0 0 59 13 0
108. PCB-1221 (Arochlor 1221) 0 0 59 13 0
109. PCB-1232 (Arochlor 1232) 0 0 59 13 0
110. PCB-1248 (Arochlor 1248) 0 0 59 13 0
111. PCB~1260 {Arochlor 1260) 0 0 59 13 0
112. PCB-1016 (Arochlor 1016) 0 0 60 12 0
113. Toxaphene 0 0 59 13 0
114. Antimony 13 31 22 6 0.150
115. Arsenic 8 14 39 11 0
116. Asbestos 0 2 59 11 -
117. Beryllium 2 3 54 13 0.002
118. Cadmium 17 26 19 10 0.03-20.0
119. Chromium 29 21 15 7 0.06-0.2
120. Copper 28 21 19 4 : 0.02~20.0
121, Cyanide 4 1 53 14 0.007
122. Lead 23 24 17 8 0.5-30.0
123, Mercury ‘ 3 1 54 13 0.0002
124, Nickel 32 19 15 5 1.0-3.0
125. Selenium 7 26 30 9 0.72-13.84
126, Silver 4 2 54 12 0.02
127. Thallium , 1 1 58 12 0
128. Zinc : 29 21 16 6 0.4-0.7
129. 2,3,7,8~tetrachlorodibenzo-
p-dioxin (TCDD) 0 0 58 13 0
NON-CONVENTIONAL POLLUTANTS ’ 0 2 23 3 -
Xylenes 2 5 20 3 -
Alkyl epoxides 0 2 23 3 _




Priority Pollutant

Aluminum
Barium

Boron
Chromium, Hexavalent
Cobalt
Fluoride
Iron
Magnesium
Manganese
Molybdenum
Phenol, Total
Phosphorus
Sodium

Tin

Titanium
Vanadium
Yttrium

0Oil & Grease
TSS

TABLE V-4 (Cont)

Known Believed Believed EKnown Raw Wastewater
T Be To Be To Be To Be Concentration
Present Present Rbsent Absent  Range mg/1
Mt Applicable 1.0-7.0
Not Applicable 1.0-6.0
Not Applicable 4.0-10.0
Not Applicable .2

Not Applicable «9-~1.0
Not Applicable 0

Not Applicable .3-100.0
Not Applicable 7.4-12.0
Mot Applicable .08-3.0
Not Applicable 2—.4
Not Applicable 0-.012
Mot Applicable 4.14-80.1
Not Applicable 57.-400.0
Not Applicable .02-.04
Mot Applicable 2.0~-20.0
Not Applicable .02

Mot Applicable 0

Mot Applicable 1.0

Not Applicable 32-364
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TABLE V-5
DCP EFFLUENT (mg/l1)

) DESTIN-  FLOW F TSS AL SB (o) CR-T cu FE BB MN NI SE TI N
- ATION (aph) .

1059 PO

1061  EOTW/SURF

1062 PO

3032  FOM™ 46.000 14.000 4.3 0.010  0.020 0.300  0.080 0.040 0.870
3033 PO 86100 492.000 0.16  0.08  0.03 0.8 4.1 0.05  0.01 0.0
4066  POTW 520,000 0.000 0.01  0.080 0.000 0.020 0.100

U1 11052 FOTW 3900 1396 0.004 14.000 18.400 5.2 24.000
11053 PO

11082 O™ 4500 2,000 750,000 0.010 1.960 2.300 3.600
11089 oW

11090 FOW 741.000 0.040 0.100 0.320 0.100 2.600
11091 2400 233,000 0.055 0.050 0.050 0.230 14.950 0.050 5.320 0.270

120.000

5610 1108 _ 150.000 '1.100 1.600

1.700 . 0.000 1.300  0.810  0.000 0.130 0.470
12064 FOTW 56.000 0.010 1.800  0.430  0.010 0.170 0.580
68460 673.000 19.000 1.870 144.000 2.400 4.820

0.012 0.373




TABLE V-5 Con t.

ICP EFPLUENT (mg/1) -

FLOA TSS CR-T a FE m NI
(gph)
2,500 264.000 0.078 27.000  0.320 2.130
1.900 96.000 0.199 58.000  0.030 1.150
1.000

12000

274,000 1.975 15.000 0.170 1.550

274.000 1.975 15.000 0.170 0.155

1458
500.000 ) 900.000

26.000
18.000

20.000

10.000
72.000
14.000
16.000
90.000
22,000
74.000
19.000
12,000
12,000
22,000
11.000
4,000
66.000
222.000
9.000




L8

ID

33097
33098
33104
33617
34031
36030
36039
36052
36069
36072
36072
36072
36072
36072
36072
36072
36077
36078
40031
40032
40033
40034
40035
40036
40039
40040
40041
40042
40043
40050
40053
40055
40063
40540
41062
41076
41078
41078
41078
41078
41078
44031
45030
47032
47033
47034
47036
47037
47038
47050
47051

47111
47670

DESTINA-
TION

NONE
FOTW
SURF
SURF
BO™W
FO™W
20717}
RIVR

FLOW
(gph)

2280

1980
1980
1980
1980
1980
1980
1980

10.000

18000
200.000
3840
1560
17.000
1121
374.000

1086

4800
1000
72.000
232.000

2704
2704
2704
2704
2704

1577

3120
4800

858.000
11648
7083
51300

5.460

2.200

15.000

1,800

TSS

15,000

40.000
400.000

,34.000
22,000
38.000
14.000

124,000
84.000
16.000

1160

2.500
103.570
150.000

44,000

212.000
10.000

1400
19.000

560.000
160.000
190.000
310.000
370.000

1.000

129.000

41.300
232.000
282.000

9.800
242.000

0.051

sB

0.014

0.001

0.001

TABLE V-5 Con t.

DCP EFFLUENT (mg/1)

(&) CR-T

0.005
6.010

1,200

0.200
0.010
0.050
0.010
124.000
0.200
0.150

6.140
0.300
0.020

0.002 0.012

0.003 0.020

0.007 0.005
0.005

0.020 0.001

0.008
0.130

0.040
1.800

0.550
0.750

0.920
0.220

0,020
2.300
1.450

0.010

Cu

0.050

0.000
0.010

6.700
0.050
0.100
0.030
0.080
0.100
0.080

2.000

0.040
0.035

0.040

0.000

0.250
0.010
0.190

6.100
0.090

0.070
6.050

FE

14,000
'200.000

0.170
0.590
0.530
1.700
100.000
11.500
32.000

6.500
0.140
7.430
0.400
9.300

44.000

0.860

3.550
4.000
2,420

PB

0.027
0.010

0.060
0.060
0.120
0.480
0.480
0.250
0.200

1.400

0.150
0.022

0.011

0.180
0.220
0.060

3.560
5.450

0.130
0.300
0.500

0.020

3.900

0.110

0.020

0.150

NI

0.500

0.040
1.000

0.500

0.680
0.120
1.200
0.280
6.250
3.250
22.000

1.900
0.190
0.120

0.291

0.040

0.186
0.800
0.285

0.100
0.050

0.800
0.010

0.360
1.600
0.020

SE

0.020

0.001

TI

0.220

0.000
0.010

0.500
0.200
0.200

0.290
0.200

© 2.250

0.150

6.900
0.060
0.040

0.200

0.090

0.055

0.036
0.046

0.540

0.040
0.020
0.766
0.350

0.200
0.430




Parameter

14 1,1,2-Trichloroethane
23 Chloroform
30 1,2-transdichloroethylene
44 Methylene chloride
47 Bromoform
48 Dichlorobromomethane
51 Chlorodibromomethane
57 2-nitrophenol
66 Bis(2-ethylhexyl)phthalate
68 Di-n-butyl phthalate
69 Di-n-octyl phthalate
70 Diethyl phthalate
86 Toluene
87 Trichloroethylene
114 Antimony
117 Beryllium
117 Cadmium
119 Chromium, Total
Chromium, Bexavalent
120 Copper
121 Cyanide
122 1ead
123 Mercury
124 Nickel
125 Selenium
126 Silver
128 Zinc
Aluminum
Barium
Boron
Calcium
Cobalt
Fluorides
Iron
Magnesium
Manganese
Molybdenum
Phenols, Total
Fhosphorus
Sodium
Tin
Titanium
Vanadium
Yttrium

* Not detected in analysis

PARAMETERS FOUND IN SCREENING ANALYSIS

Inlet
Water

*
+002~-.068
*

. 001—0 012
.002~-.010
. 003-0 008

. 001"‘0 010

*

.001~-.008
.002_0 003
*

.002

.001
*

*
*

.01
.006~.043
*
.018—-.05
.006-.13
.04-.16
*

.192
%

.033
.10
«16-.3
»01-.08
.07

19.6-24.0

.027

1.1

o2
4.5-15.0
.007-.009
.03
.020~-.054
.410-.6
16~-24
.009-.05
.02

.036

0.4

TABLE V-6

Goncentration Range (mg/l1)

Raw
Wastewater

.007
.002-.005
.002
.002-.005
.002
.002-.007
.002-.003
.001
.002-.022
.002-.005
.011
.002-.024
.018
.004
.150
.002
.03-20.0
.06-.2
.02
.02~20.0
.007 '
.5-30.0
.0002
1.0-3.0
.72-3.84
.02
WA4=.7
190"'7.0 )
1.0-6.0
4.0-10.0
17.0-80.0
.9-1.0
%
.3-100.0
7.4-12.0
0008—300
.02-.03
.005-.012
4.14-80.1
57.0-400.0
.02-.04
2.0-20.0
.02
.

88

Effluent

* %

.003

% ok % ¥ ¥ % ¥ ¥ ¥ % *

%

0014—09
006_54
*

.024-.5
.03

«2-.5
.0008
+25-4.0
.084-11.8
.01
.07-2.0
«2-2.0
«3-2.0
.157-20.0
26.0-87.0
.044-.8
2.0

100.0
3.1-13.0
.009-2.0
.02-.04
.009-.038
2,06-5.14
36.0-250.0
.03
.02-9.0
.03-.042
.05

Blank

*

u004—0005
*

.014~.024
*

.003

S o Sk ok N % %k ok ok % % S % ¥ b % % ¥ b Ok % % % %k X Ok ¥ ¥ ¥ ¥ X X ¥ A % % *




TABLE V-7

POLLUTANT PARAMETERS SELECTED
FOR VERIFICATION SAMPLING AND ANALYSIS
FOR THE PORCELAIN ENAMELING CATEGORY*

Pollutant ' Subcategory
Parameter Steel Cast Iron Aluminum Copper
14 1,1,2-Trichloroethane - -

66 Bis(2-ethylhexyl)phthalate - -
69 Di-n-octyl phthalate -

86 Toluene

87 Trichloroethylene
114 Antimony

115 Arsenic

117 Beryllium

118 Cadmium

119. Chromium, Total
119

120

Chromium, Hexavalent
Copper
122 Lead
124 Nickel
125 Selenium
128 Zinc
Aluminum
Barium
Cobalt
Fluoride
Iron
Manganese
Phenols, Total
Phosphorus
Titanium
-0il & Grease
Total Suspended Solids

pH

I I I I VY R VN B VI VI VIS RO

I A Y N VI | xx:cxaeg 2% 1 X1l

B B DO D B B B BB D M D B B D DD M DB M N [T % x|
4x>¢x><xaeuaexaeuaeuacuaex 15 56 | 3¢ ¢ %% | | M

*A dash (-) indicates the parameter was not selected for verification;
an x indicates the parameter was selected for verification. Selection
of parameters was made prior to the determination that coating
wastewaters are essentialy similar for each subcategory.




TABLE V-8

WATER USE RATES REPORTED IN DCP's
STEEL SUBCATEGORY

METAIL PREPARATION . COATING AND BALIL MILLING
PLANT ID 1/hr mZ/hr 1/m? 1/hr n? /hr 1/m?

01059 397.43 245.75 1.62 227.48 245.75 0.926
03032 14534 1492.8 9.74 682.06  783.7 0.87
04098 3028 96.8 31.28 378.9 48.4 7.83
04102 6797.9 224.38 30.3 10291 355,28 28.97
09032 71536 746.8 95.79 3209.7 746.8 4.30
11052 3633.98 466 7.80 113.17 466 0.243
11090 1911.05 222 8.61 892.02 224 3.99
11105 26571 87.13 304.96 14307 131.47 108.82
11107 339.89 455 0.75 1363 455 3.0
12038 49205 1626 30.26 3785 1626 2.33
12043 5744.9 154.55 37.17 3093 201.66 15.34
15031 10366.7 321.8 32.21 8565 943 9.08
15033 14079.8 1385 10.17 44852 1385 32.38
15194 53368.1 259 206.05 11355 279 40.70
15949 38607 1061 36.39 112793 1185 95.18
20059 10763.4 42.82 251.36 - 5693.4 42.82 132.96
20067 1229.7 164.2 7.49 757 164.2 4.61
22024 5376 41.82 128.55 18.925 24.88 0.76
33054 22710 906.13 25.06 20523 824.8 35.79
33084 5905.0 349.34 16.9 6131.3 572.92 10.7
33086 14761.9 515 28.66 578 339 1.70
33092 31794 536 59.32 10787 586 18.41
33617 4769.1 1990.3 2.396 18320 2692 6.80
36030 465.9 31.65 14.72 1691.9 40.36 41.92
36052 14288 234.5 60.93 . 2271 109.6 20.72
40031 7721.4 246 31.39 3406.5 467 7.29
40034 14306.9 149 96.02 2953.1 292 ‘ 10.11
40035 1135.88 103.5 10.97 1267.2 51.76 24.48
40039 11808.8 569.0 20.75 2952.3 569.0 5.19
40040 923.16 10 92.32 265.7 18 l4.76
40043 49.92 191 0.26 33.28 191 0.174
40055 13970 557.17 25.07 3970.8 1446.7 2.74
40063 8858.9 204 43.43 5906 292 20.23
40540 3814.9 286 13.34 2089.7 286 7.31
44031 7608 148 51.41 5072 207 24.5
47033 14429.2 88 163.97 - 9619.4 40 240.49
47034 2725.2 217 12.56 4768.7 128 37.26
47037 5677.5 274 20.72 4911.4 164 29.95
11089 3406.5 273 12.48 1135.5 258 4.40
11106 40878 263 155.43 757 229 3.3
20015 5450.4 561.21 9.71 1173.7 902.47 1.30
20091 7948.5 209 38.03 18168.4 209 86.93
33085 1457.2 157.06 9.28 3141.9 236.5 13.28
33098 49345 151 326.79 6294.8 155 40.61
40042 2157.5 61 35.37 654. 4 91 7.19
41062 734.29 11 66.75 143.8 40 3.60
11091 5954.2 215 27.69 3205.5 324 9.89

12039 29084 254 35.76 8403 356 23.6




TABLE V-~ 9

WATER USE RATES REPORTED IN DCP's
ALUMINUM SUBCATEGORY

METAL PREPARATION COATING AND BALL MILLING
PLANT ID 1/hr m2/hr l/m2 1/hr mz/hr l/m2

09037 5205.9 520.75 10.0 2803.2 412.46 6.8
06030 - 6813 55.76 122.2 700.2 37.17 18.84
11045 1328.2 46.47 . 28.58 715.7 46.47 15.40
33077 8119.2 113.67 71.43 4371.7 113.67 38.46
33083 - 3633.6 107.11 33.92 567.75 53.55 10.60
47032 13626 73.37 185.72 1816.8 73.37 24.76
47036 3406.5 55.73 61.125 1286.5 55.73 23.08
47051 12490.5 88.87 140.55 1589.3 88.87 17.88
47670 11355 351.72 32.28 11177 175.86 63.56

33053 20.06 36.83 0.54 - 10.6 69.03 0.154
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47033 47033 47033
150 151 152

0.0 1020,000 3.350
0.280 0.250 0.0
0.0 0.044 0.0
4.110 6.100 1.080
1.190 37.400 0.110
55.000 12.100 0.520
7.580 10.800 1.470 0.840
67.000 21.593 358.000 2,900 3.630
0.820 16.321 2.030 0.0 0.120
95.000 645.000 10.425 61.448 1320.000 77.000 1.980
95,000 *290.000 23.633 85.054 287.203 1525.000 365.000 5.240

8.910 95.000 0.310 6.502 12.598 350.000 90.000 6.240
Fluorides 38.000 105.000 46.373 33.251 34.449 74.000 60.000 14.500
Iron 52.000 150.000 2.903 24.371 41.403 152.000 620.000 3.330
Manganese 11.400 65.000 12,780 29.296 82.754 400.000 275.000 11.800
Phosphorus 0.490 0.940 0.856 0.600 0.692 9.810 2,060 1.640
Titanium 19.160 102.000 41.190 184.058 1641.450 1500.000 138.000 5.750
0il & Grease 54.274 3.820 3.360
Total Suspended Solids  6629.996 27899.988 2218.809 21708.258 21709.882 319599.937 10669.996
pH - Minimuam 8.3 8.3 7.0 7.4 8.3 8.3
pH - Maximum 9.0 9.0 11.5 11.4 12.5 8.9 8.9

ID# 33077 36077 36077 47051 47051 47051
151 150 151 150 151 - 152 Mean

Antimony 16.500

Arsenic 0.0

Beryllium 0.060

Cadmium " 8.000

Chranium 3.000

Copper 3.000

Lead 40,000

Nickel 30.000
“Selenim @ 7 ) ) o 0.720°

Zine . 400,000 203,000 92,000
Aluminum 200.000 29.700 43,800
Barium 0.110 90,000

Cobalt 0.029 30.000 1.200 2,680
Fluorides 0.920 8.800 15,000
Iron 0,200 20.000 7.880 8.830
Manganese 0.0 5.000 0.580 0.660
Phosphorus 65.300 0.0 0.850 1.130
Titanium 30.400 100.000 198.000 280.000
0il & Grease 0.0 7.900 5.00 2.640
Total Suspended Solids 650.000 22095.992 6019.99% 5209.996
pH - Minimum - 9.2 8.4 8.7 8.2
pH ~ Maximun 9.5 9.3 9.4 8.5

77.7472
1.7924
0.049

- 6.7405
1.5728
4.0283

51.4413

36.6847

11.8858

113.9000
184.0688

10.5239

36.4673

27.9779

43.9262

54,3345
4.6307692

5357.257

15.8652

15291.658
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NOTE: The number immediately below each plant ID# indicates either screening or verification sampling and
the sampling day on which these results were obtained. Numbers beginning with 14 indicate screening;
numbers beginning with 15 indicate verification sampling. The third digit represents a specific
sampling day in relation to other sampling days at the same plant.
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114

115
117
118
119
120
122
124
125
128

114
115
117
118
119
120
122
124
125
128

D} 33617

140

Antimony 0.0
Arsenic 0.0
Beryllium 0.0
Cadmium 0.0
Chramium 0.060
Copper 0.260
Lead 0.630
Nickel 2.000
Selenium 0.0
Zinc 3.360
Aluminum 41,500
Barium
Cobalt 1.980
Fluorides 19.000
Iron 3.130
Manganese 2.300
Phosphorus 5.140
Titanium 45.800
0il & Grease 34.000
Total Suspended Solids 488.000
pH - Minimum 8.4
pH - Maximum 8.9

11045 11045
IDk 150 151
Antimony 0.362 0.208
Arsenic 0.0 0.0
Beryllium 0.0 0.0
Cadmium 0.0 '6.984
Chramium 0.008 0.011
Copper 0.039 0.181
Lead 3.467 6.215
Nickel 0.0 0.0
Selenium 0.0 0.747
Zinc 0.153 0.202
Aluminum 0.253 0.270
Barium 0.310 0.303
Cobalt 0.0 0.0
Fluorides 0.920 0.932
Iron 0.563 0.940
Manganese 0.003 0.011
Phosphorus 1,091 1.044
Titanium 3.680 5.176
0il & Grease 2,335 4.698
Total Suspended Solids 121,630 249.146
pH - Minimum 6.950 7.7
PpH - Maximum 8.800 8.8

TABLE V~10 (Continued)
COATING RAW WASTEWATER SUMMARY

(mg/1)
33617 33617 36030
153 155 140
0.0 0.0 1.580
0.0 0.0 0.0
0.0 0.0 0.059
0.0 0.0 0.260
0.040 0.033 0.300
0.280 0.260 5.880
0.290 0.180 4,760
1.810 2.000 38.200
0.0 0.0 0.510
1.090 1.520 57.500
32.600 27.900 182.000
1.490 2,270 48.400
23.000 18.000 46.000
2.850 2.600 16.000
1.750 2,250 64.000
4.860 6.780 1.000
20.800 23.700 120.000
28.000 12.000 +10.000
2630.000 360,000 13799.996
8.9 8.1 7.6
9.1 8.3 . 9.5
11045 15712 15712
152 140 151
0.0 0.0 0.0
0.0 0.0 2.800
0.0 0.0 0.003
5.025 0.014 0.0
0.010 0.057 0.001
0.050 0.024 0.001
20.319 0.490 130.145
0.0 0.250 0.0
0.543 11.800 15.851
0.564 0.0 0.681
0.292 0.376 144.209
0.402 0.0
0.0 0.044 7.585
0.946 2.000 2.241
0.385 0.0 18.408
0.0 0.009 0.004
1.423 2.060 0.910
9.812 0.022 " 0.0
3.304 1.000 3.718
161.861 11949.996 16971.363
8.0 7.9 9.2
T 9.7 10.7 10.8

82.000
100.000

51.000
66.000
14.900
85.000

220.000

98.000

31249.992
8.1
9.7

15712
152

9.525

18598.203
9.3
10.5

36030
152

2.350
0.420
0.035
0.220
0.630
7.070
4,820
49.000
0.810
196.000
© 196.000

64.000
56.000
28.800
118.000

554.999
2.000
93899.937
8.0
10.100

33076
150
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0.118
22.846
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81337.875
11.1
11.4

0.910
6.610
6.050
42.500
0.530
3.600
180.000

46.800
115.000
37.700
28.900
1.500
54.000

26999.996

8.3
9.0

33077
150
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1749)

114 antimony
115 Arsenic
117 Beryllium
118 Cadmium
119 Chromium
120 Copper
122 Iead
124 Nickel
125 Selenium
128 zinc
Aluminum
Barium
Cobalt
Fluorides
Iron
Manganese
Phosphorus
Titanium

0il & Grease
Total Suspended Solids
i - Minimm
P - Maximm

18538
140

0.0
0.0
0.0
0.004
0.031
3.210
1.280
19.300
0.0
34.700
22.500
8.000
8.400
1.920
11.800
1.690
107.000
2.000
4272.000
6.2
7.9

TAHE V10 (Continued)

COATING FAW WASTEWATER SUMMBRY
(mg/1)
18538 18538 41062
152 154 150

0.0 0.0 0.920
0.130 0.0 0.060
0.0 0.0 0.014
0.0 0.0 4.640
0.260 0.013 0.410
1.920 0.160 0.190
0.750 0.047 3.590
7.610 0.600 0.750
0.150 0.0 0.680
14.100 16.400 14.700
12.500 5.330 24.000
3.090 0.440 2.950
6.400 1.900 6.200
1.530 0.450 2.420
" 4,550 0.720 0.610
2,250 1.350 2.710
72.000 23.300 4.330
2.000 3.000 90.000
2829.999  367.000  1560.000

5.8 6.4 8.2

5.9 7.6 8.4

41062
151

1.080
0.060
0.034
4.760
1.240
0.200
6.490
0.680
0.460
16.400
49.700
3.740
3.400
6.600
0.660
4.170
43.300
3.000
1840.000
8.2
8.6

41062
152

0.0
0.052
0.028
54.00
0.180
0.270
3.180
0.390
0.290
31.800
225.000
2.070
7.000
12.500

0.450

3.400
799.999
1.000
11599.996
7.5
8.2

Mean

68.1538
1.2201
0.0425
8.2589
1.3699
3.4924

42.8145

28.3336

10.0473

98.0343

162.8082

10.5239

29.6220

24.1331

36.9222

44,0939
4.2491
4415.0263
16.1072
21918.1669




TABLE V-11

TOTAL & DISSOLVED METALS ANALYSIS
STEEL SUBCATEGORY

Coating Waste Stream

TOTAL mg/1

PARAMETER DISSOLVED mg/l
pPH range 11.2-11.5

Aluminum 136.00 0.95
Antimony 14.10 0.00
Arsenic 4.690 0.00
Cobalt 10.40 0.00
Copper 1.80 0.019
Iron . 39.40 0.029
Manganese 46.70 0.0
Nickel 16.30 0.0
Selenium 28.50 0.0
Titanium 300.00 0.0
Zinc 49.10 0.017




TABLE V-12
TOTAL & DISSOLVED METALS ANALYSIS
CAST IRON SUBCATEGORY

Coating Waste Stream

PARAMETER TOTAL mg/1 DISSOLVED mg/]
pH range 10.3-10.5

Aluminum 254.0 0.0
Arsenic 2.930 0.0

Cobalt 7.860 0.0

Iron 18.900 0.007

Lead 135.00 2.10
Selenium 16.600 0.0

Zinc 0.710 0.011

926




PARAMETER

PH Range
Aluminum
Barium

Cadmium
Chromium, total
Iron

Lead

Selenium
Titanium

Zinc

TABLE V-13
TOTAL & DISSOLVED METALS ANALYSIS
ALUMINUM SUBCATEGORY

Coating Waste Stream

TOTAL mg/1

9.2-9.5
0.86
0.110
54.00
0.024
0.180
28.30
7.070
17.50
0.30

COOOCOoOOCOOO
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TABLE V-14

TOTAL & DISSOLVED METALS ANALYSIS

PARAMETER

PH range
Aluminum
Antimony
Arsenic
Beryllium
Cadmium
Chromium, total
Cobalt
Copper
Iron

Lead
Manganese
Nickel
Selenium
Titanium
Zinc

COPPER SUBCATEGORY
Coating Waste Stream

TOTAL mg/1

8.0-10.1
196.00
2.350
0.420
0.035
0.220
0.630
64.00
7.070
28.80"
4.82
118.00
49.00
0.810
555.00
196.00

98

DISSOLVED mg/1l

cococococo
WO OoOoND
RS

0.016
0.028
0.12
0.0
0.043
0.026
0.0
0.0
0.018




: TABLE V-15
SHORT TERM LEACHING CHARACTERISTICS
OF COATING WASTEWATER

Dissolved Parameter Analysis

CONCENTRATION (mg/l1)

PARAMETER pH=4 pH=7 pPH=10
Arsenic <1 <1 <1
Cadmium 0.70 0.00 0.00
Chromium <1 <1 <1 '
Cobalt 19.0 2.68 - <1l
Copper ‘ 1.13 <1 1
Fluoride 110 50 13
Iron 1.38 <1 <1
Lead 1 <1 <1
Manganese 24.8 1.58 <1
Nickel j 47.0 4.70 <1
Zinc 26.1 <1 <1
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TABLE V- 16
TOXIC METALS DISCHARGED FROM THE
COATING WASTE STREAM PER YEAR

Fraction of
Total Metals

Discharged

Parameter lbs/yr Discharged (Percent)
Antimony 8,000 ‘ 5.8

Arsenic 2,200 ’ 1.59
Cadmium 1,600 1.16
Chromium 425 0.31
Copper 6,000 4.35
Lead 3,000 2.17
Nickel 16,500 » 11.96
Selenium 225 0.16

Zinc 100,000 72.49
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TABLE V-17

SAMPLED PLANTS
EFFLUENT CONCENTRATION (mg/1)
STEEL SUBCATEGORY

PLANT 36030 PLANT 36077

DAY 1 DAY 2 DAY 3 DAY 1 DAY 2 DAY 3
Aluminum 1,760 166. 210. 10.0 4.29 8.08
Antinony 0 16.3 3.140 0.0 4.55 3.4
Arsenic - 0.780 0.520 - 0.0 0.0
Cadmium 0.079 0.480 1.090 2.0Q0 1.34 2.83
(hromium, Total 0.061 1.330 1.910 .080 0.024 0.0
Mbalt «590 50. 41.5 «300 »270 «300
Gpper 0.530 5.880 4.180 «200 0.115 0.0
Flwride 6.80 66. 100. - 8.3 13.0
Iron 110. 770. 1010. 2.000 1.08 2.39
fead 0.530 5.880 4.180 2.000 1.57 ).51
Manganese 1.550 82.0 69. 300 0.185 0.21
Nickel 0 46.80 40.50 1.000 0.76 0.71
Phenols, Total - 0.062 - 0.014 0.006 0.007
Prosplorus 0.800 3.0 7.020 1.98 0.8 1.23
Selenium 0 . 0.570 1.190 0.0 0.0 0.37
Titanium 4.630 970. 1025, 10.00 6.66 11.80
Zinc 1,790 257 279 5.00 5.13 26.9
0Oil and Crease - 12.0 242, 0.0 7.0 2.0
‘tal Suspended Solids 740. 60100.. 113300. 336.0 0. 198.0
- 1 - 6.2-8.2 6.4-10.5 7.9-8.4  8.4-9.2 8.2-8.6
TREATMENT IN PLACE
Equalization
Chromium Reduction
Chemical Precipitation
Clarification/Settling X
Sludge Dewatering

PLANT 40053 PLANT 41062

DAY 1 DAY 2 DAY 3 DAY 1 DAY 2 DAY 3
Aluninum +300 0.0 «270 1.37 1.93 3.08
Antimony - - - 0 0 -
Asenic - - - 0 0 0
Cadmium 0 .0 0 0.055 0.011 0.160
Chromium, Total 0.011 0.014 0.012 0.009 0.009 0.011
Cobalt 0.0 029 .036 0.0 0.0 0.0
opper 0.056 0.046 0.055 0.010 0.013 0.016
Fluworide 1.050 0.980 0.720 2.80 1.60 2.40
Iron 180. 275. 300. 0.050 0.069 0.600
Lead 0 [1] 0 0 0 0
Manganese 0.620 1.0 1.1 o 0 0.010
Nickel 3.800 2.970 4.620 0.021 0 0.020
Fhenols, Total 0.019 0.037 0.0:% 0.048 0.012 0.048
Posphorus 7.95 11.90 12.0 0.48 0.730 1.10
Selenium 0 1] 0 0 0 v}
Titanium 0.0 0.0 0.0 0.0 0.0 .480
2inc 0.120 0.130 0.160 0.480 0.130 0.088
Oil and Grease - - 1.0 3.0 1.0
Total Suspended Solids 3 9 10.0 141 6.0 13.0 18.0
o ‘ 2.1-3.2 2.1-3.2 2.1~3.2 7.5-8.9 8.4-9.4 8.4-8.9

TREATMENT N PLACE

Equalization

Chromium Reduction
Chemical Precipitation
Clarification/Settling
Sludge Dewatering
Filtration

~indicates no data available.
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PARAMETER

Aluminum
Antimony

Arsenic

Cadmium
Chromium, Total
Cobalt

Copper

Fluoride

Tron

Iead

Manganese

Nickel

Phenols, Total
Phosphorus
Selenium
Titanium

Zinc e
Total Suspended Solids
pH

TREATMENT IN PLACE

Equalization

Chromium Reduction
Chemical Precipitation
Clarification/Settling
Sludge Dewatering

0.0
11950
709_1007

TABLE V-18
SAMPLED PLANTS

EFFLUENT CONCENTRATION (mg/1)
CAST IRON SUBCATEGORY

"PLANT 15712
may 2

244.209

2.8
0.001
7.585
0.001
2.241
18.408
130.145
0.004
.008
.910
15.851

0.681
16971.363
9.2-10.8

DAY 3
342.873

2.401
0.0
11.283
0.001
2.541
20.222
188.242
0.003
.014
.734
161.189

0.732.

18598.203
903_1005

PLANT 33076

DAY 1

1220.012
6.002
1.872

0.74
.118
0.415
22.846

876.272
2.227

9.27

- 14.405
81337.87
11.1-11.4

PLANT 40053

DAY 2

)
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.025 .016

.49

.53 0.43
19.1

- 95.0

803"9.0

.99 6629.99

DAY 3

290.0
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Aluminum
Antinony
Arsenic

Barium

Cadmium
Chromium, Total
Chromium, Hexavalent
balt

Copper

Flwride

Iron

Lead

Manganese
Nickel

Phenols, Total
Phosphorus
Selenium
Titanium

Zinc

0il and Grease
Total Suspended Solids
pH

TREATMENT IN PLACE

Equalization

Chromium Reduction
Chemical Precipitation
Clarification/Settiing
Studge Dawatering

-indicates no data available
*indicates effluent contains pollutant from other Foint Sowrce Categories.

DAY 1

.381
0.26

.228
0.002
0.003

.092
.910
.506
2,765
.007
.008
0.811

1.824
0.1
3.116
138,025
6.95-8.8

TABLE V-19 -
SAMPLED PLANTS

EFFLUENT CONCENTRATION (mg/1)

159.812
7.0-8.8

ATIMINUM SUBCATEGORY

e

: PLANI' 3307/
DAY 3 pay 1 DAY 2
10.450 <200 0.0
- 0.0 0.0
- 0.0 0.0
.243 .300 +200
3.299 0.9 0.057
0.014 0.006 0.0
- 0.0 0.0
.040 0.0 0.0
.936 1.50 2.0
«252 0.0 .038
12.706 0.5 0.0
071 0.0 0.0
-006 .009 0.0
4.425 3.57 0.89
0.345 0.084 0.0
6.395 .400 0.0
0.344 0.07 0.54
3.184 0.0 0.0
120.143 5.0 0.0
8.0~-10.4 8.7-8.8 9.4-10.0

DAY 3
-0.027

0‘0
0.0
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DAY 1

2.86

.340
0.003
0.012
0.0
0.0

.009

.082

.100
0.12

.04

.028

.005
8.93

000
0.69

10.0

303.0

7.0~11.0

DAY 2
8.8

.400
0.024
0.019
0.0

.015

.088

.082

.590
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TABLE V20
SAMPLED PLANTS
EFFLUENT CONCENTRATION (mg/l1)
COPPER SUBCATEGORY

PLANT PLANT 36030
06031 : DAY 2 DAY 3

Aluminum .208 .76 166 210
Antimony 0.002 .0 16.3 3.14
Arsenic 0.081 0.78 0.52
Cadmium 0.003 0.079 0.48 1.09
Chromium, Total 0.013 0.061 1.33 1.91
Cobalt .024 .590 50.0 43,50
Copper 0.751 0.53 5.88 4.18
Fluoride - 6.8 66.0 100.0
Tron «345 110.0 770.0 1010.
Iead 0.542 0.085 1.69 4.58
Manganese 0.008 1.55 82.0 69.0
Nickel 0.025 0.0 46.8 40.5
Phenols, Total - - .062 -
Phosphorus - .800 3.0 7.02
Selenium 0.16 0.0 0.57 1.19
Titanium .004 - 4.63 970. 1025.
Trichloroethylene 011 - - -
Zinc 0.012 1.79 257.0 279.0
0il and Grease ) o= - .- 12.0 . 242
Total Suspended Solids - 740.0 60100 113300
pH 6.0-11.2 - 6.2-8.2 6.4~10.5

TREATMENT IN PLACE

Equalization

Chromium Reduction
Clarification/Settling
Sludge Dewatering

—-indicates no data available.
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86
114
115
117
118
119

120
121

12

124
125
128

Flow . 1/day

Minimum pH

Maximum pH
Temperature Deg C
Toluene

Antimony

Arsenic

Beryllium

Cadmium

Chramium, Total
Chromium, Hexavalent
Copper -
Cyanide, Total
Cyanide Am. to Chlor.
Lead

Nickel

Selenium

Zinc

Aluminum

Cohalt

Fluorides

Jron

Manganese

Phenols, Total
Phosphorus

Titanium

0il & Grease

Total Suspended Solids

RAIW WASTE:

TABLE V-21

PREPARATION OF STEEL (mg/1)

AVERAGE DAILY VALUES

MINIMUM
9910,

2.000
5.40
27.43
0.00
0.000
0.000
0.000
0.00169
0.00742
0.000
0.01944
0.000
0.000
0.01583
0.0751
0.00201
0.02002
0.04577
0.01004
0.2040
0.797
0.00326
.~ 0.00667
0.3618
0.04337

1.2746

4.768

MAXIMUM MEAN
206500, 916004
6.80 2.472
11.70 B.34
121.0 41.57
0.00 0.00
0.000 0.000
0.000 0.000
0.000 0.000
0.02307 0.00892
0.3478 0.1088
0.000 0.000
0.1193 0.0574
0.000 0.000
0.000 0.000
0.03537 0.02405
67.2 14.51
0.1898 0.0959
0.3478 0.1002
3.150 . 0.3449
0.1267 0.0521
1.250 0.696
1357. 535,
6.24 1.938
0.4727 0.0752
14.10 5.43
0.04337 0.04337
44.81 12.35
287.9 84.0

NTAN
AL

57500,

2,100
9.50

33.00
0.00
0.000
0.000
0.000
0.00594
0.0549
0.000
0.4995
0.000
0.000
0.0225
1.367
0.0959
0.0811
0.1633
0.0243
0.786

- . 488.5

1.247
0.03426
4.395
0.04337
5.05
32.74
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90T

122
124
125
128

Flow 1/day

Minimum pH

Maximum pH
Temperature beg C
B2-Ethyhexlphthalate
Di-n-octyl phthalate
Toluene

Antimony

Arsenic

Beryllium

Cadmium

Chramium, Total
Chramium, Hexavalent
Copper

Cyanide, Total
Cyanide Amn. to Chlor.
Lead

Nickel

Selenium

Zinc

Aluminum

Barium

Cabalt

Fluorides

Tron

Manganese

Phenols, Total
Phosphorus

Titanium

0il & Grease
Total Suspended Solids

RA WASTE:

TABLE V-22

PREPARATION OF ALUMINUM (mg/1)

AVERAGE DAILY VALUES

MINIMUM
19200.
6.30
7.90
18.00
0.00
0.00
0.00

0.000

0.000
0.000
0.003
0.007
0.000
0.021
0.015
0.015
0.040
0.000
0.000
0.019
0.680
0.000
0.000
0.720
0.013
0.019
0.005
0.410
0.000
3.000
1.000

MAXTMOM
216700.

9.500

10.40

36.90
0.00
0.00
0.00
0.000
0.000
0.000
0.003
0.018
0.000
0.056
0.176
0.176
4.310
0.000
0.000
0.540

25.90

0.000

0.000
0.980
0.330
0.180
0.016
24.30
0.000
11.00
181.0

MEAN
130900.
8.00
9.35
24.41
0.00
0.00
0.00
0.000
0.000
0.000
0.003
0.012
0.000
0.038
0.095
0.095
2.175
0.000
0.000
0.210
6.64
0.000
0.000
0.880
0.969
0.111
0.008
8.49
0.000
6.85
39.87

MEDIAN
168700.

7.93
9.60
23.40
0.00
0.00
0.00
0.000
0.000
0.000
0.003
0.012
0.000
0.038
0.095
0.095
2.175
0.000
0.000
0.170
4.510
0.000
0.000
0.910
0.059
0.135
0.007
2.40
0.000
6.70
17.00
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L0T

11

15
23
29
44
45
48
85
86

114
115
117
118
119

120
121

122
124
125
128

Flow 1/day

Minimum pH

Maximm pH
Temperature Deg C
Carbon tetrachloride
1,1,1-Trichloroethane
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroethane
Chlorofom
1,1-Dichloroethylene
Methylene chloride
Methyl chloride
Dichlorobromomethane
Tetrachloroethylene

. Toluene

Trichloroethylene
Antimony

Arsenic

Beryllium

Cadmium

Chramium, Total
Chromium, Hexavalent
Copper

Cyanide, Total
Cyanide Amn. to Chlor.
Lead

Nickel

Selenium

Zinc

Aluminum

Cobalt

Fluorides

Iron

Manganese
Phenols, Total

Phosphorus

Titanium

Oil & Grease

Total Suspended Solids

* < 0.01 mg/1

RAW WASTE: PREPARATION OF COPPER (mg/1)

TABLE V-23

AVERAGE DAILY VALUES

MINIMUM
6140.
1.800
6.50
19.00
0.00

*

0.00
*

0.00011
0.049
0.0002
0.000
0.110
0.150
0.010
0.006
0.520
0.000
196.0
14.00

MAXTMUM

7270.

6.500

6.60
28.00
0.00

*
0.00

*

*

0.00

0.00

0.00
*

0.00

0.00
*

0.00
0.00011
0.000
0.022
0.060
0.000
815,
0.000
0.000
0.770
0.1199
0.0001100
2.400
0.170
0.000
0.120
51.3
0.2599
0.006
0.520
0.000
196.0
24.00

MEAN
6890.
4.833
6.55
21.67
- 0.00
*

0.00
*
*

0.00
0.00
0.00
*
0.00
0.00
*
0.00
0.00011
0.000
0.022
0.02566
0.000
278.7
0.000
0.000
0.770
0.1199
0.00011
0.890
0.0734
0.000
0.115
27.41
0.0963
0.006
0.520
0.000
196.0
19.00

0.00011
0.220
0.050
0.000
0.115
30.78
0.019
0.006
0.520
0.000
196.0
19.00

[¢7]




TABLE V-24 5
SAMPLED PLANT WATER USE (1/m”)
Steel Subcategory

Sampling Metai.

Plant ID Day Preparation Coating
15051 1 96.305 : 4,229
2 55.020 ‘ 8.767

3 16.582 ’ 6.232

18538 1 23.060 T 11.480
2 27.276 16.675

3 23.060 ‘ 8.438

36030 1 15.631 4.914
2 13.490 4,936

3 17.174 | 3.861 .

36077 1 - A 4.472
2 - 1 2.708

3 - ? 5.498

40053 1 18.928 1.098
2 18.821 1.596

3 18.874 : 1.087

40063 1 9.552 ‘ 18.939
2 8.447 32.291

3 12,248 35.137

41062 1 141.677 ‘ 4.221
2 49.633 | 3.384

3 154.970 8.377

47033 1 109.024% 1.184
2 183.749% 1.355

3 192.136% 3,560

Mean 40.042 8.102

*Value deleted from subcategory average.

-No water use associated with metal preparation.
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SAMPLED PLANT WATER USE (1/m

TABLE V-24 (Con't) 5
)

Cast Iron Subcategory*

Sampling Metal
Plant ID Day Preparation Coating
15712 1 0.342
2 0.273
3 0.238
33076 1 0.219
40053 1 1.098
2 1.596
3 1.087
Mean 0.693
SAMPLED PLANT WATER USE (l/mz)
Aluminum Subcategory
Sampling Metal
Plant ID Day Preparation Coating
11045 1 20.155 51.435%*
2 23.598 67.146%*
3 41.822 64,012%*
33077 1 160,119%* 15.656
2 139.686%* 34,921
3 123.776%* 30.869
47051 1 49,998 3.406
2 45,491 3.771
3 52,313 1.625
Mean 38.896 15.041

*Value deléted from subcategory average.
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TABLE V-24 (Con't)
SAMPLED PLANT FLOW DATA (1/m
Copper Subcategory

2y

Sampling Metal
Plant ID Day Preparation Coating
06031 1 87.357 0.168*
36030 1 59.26 5.185
2 55.243" ‘ 4.834
3 - 4.194
67.29 4.74

* Value deleted from -
subcategory average.

- Indicates no data
available.
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SECTION VI

SELECTION OF POLLUTANT PARAMETERS

In Section V, pollutant parameters to be examined for possible
regulation were presented together with data from plant sampling
visits and subsequent chemical analysis. Priority,
nonconventional, and conventional pollutant parameters were
selected for verification according to a specified rationale.

Each of the pollutant parameters selected for verification
analysis is now discussed in detail. The selected priority
pollutant parameters are discussed in numerical order, followed
by nonconventional pollutants and then conventional pollutant
parameters, each in alphabetical order.

Finally, the pollutant parameters selected for consideration for
specific regulation and those dropped from further consideration
in each subcategory are set forth. The rationale for that
selection is also presented.

VERIFICATION PARAMETERS

Pollutant ' parameters selected for verification sampling and
analysis in the porcelain enameling point source category are
listed in Table V-7 (Page 89 ). The subcategory for each is
designated. The following discussion 1is designed to provide
information about: where the pollutant comes from - whether it is
a naturally occurring element, a processed metal, or a
manufactured compound; general physical properties of the
pollutants; toxic effects of the pollutant in humans and other
animals; and behavior of -~ the pollutant 1in POTW at the
concentrations that might be expected from industrial discharges.
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1,1,2-Trichloroethane(14). 1,1,2-Trichloroethane 1is one of the
two possible trichloroethanes and 1is sometimes called ethane
trichloride or vinyl trichloride. It is used as a solvent for
fats, oils, waxes, and resins, 1in the manufacture of 1,1-
dichloroethylene, and as an intermediate in organic synthesis.

1,1,2-Trichloroethane is a clear, colorless 1liquid at room
temperature with a vapor pressure of 16.7 mm Hg at 20°C, and a
boiling point of 113°C. It is insoluble in water and very
soluble in organic solvents. The formula is CHC1,CH,Cl.

Human toxicity data for 1,1,2-trichloroethane does not appear in

the 1literature. The compound does produce liver and kidney
damage in laboratory animals after intraperitoneal
administration. No literature data was found concerning
teratogenicity or mutagenicity of 1,1,2-trichloroethane.

However, mice treated with 1,1,2-trichloroethane showed increased
incidence of hepatocellular carcinoma. Although bioconcentration
factors are not available for 1,1,2-trichloroethane in fish and
other freshwater aquatic grganisms, it is concluded on the basis
of octanol-water partition coefficients that bioconcentration
does occur. ‘

For the maximum protection of human health from the potential
carcinogenic effects of exposure to 1,1,2-trichloroethane through
ingestion of water and contaminated aquatic organisms, the
ambient water concentration 1is zero. Concentrations of this
compound estimated to result in additional lifetime cancer risks
at risk levels of 10-7, 10-6, and 10-5 are 0.00006 mg/1, 0.0006
mg/l, and 0.006 mg/l respectively. If contaminated aquatic
organisms alone are consumed, excluding the consumption of water,
the water concentration should be less than 0.418 mg/l1 to keep
the increased 1lifetime cancer risk below 10-5. Available data
show that adverse effects on aquatic life occur at concentrations
higher than those cited for human health risks.

No detailed study of 1,1,2-trichloroethane behavior in POTW is
available. However, it is reported that small amounts are formed
by <chlorination processes and that this compound persists in the
environment (greater than two years) and it is not biologically
degraded. This information is not completely consistant with the
conclusions based on laboratory scale biochemical oxidation
studies relating molecular structure to ease of degradation. The
conclusion reached from the above information is that
1,1,2-trichloroethane will be biochemically oxidized to a lesser
extent than domestic sewage by biological treatment in POTW.
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The lack of water solubility and the relatively high vapor
pressure may lead to removal of this compound from POTW by
volatilization. :

Phthalate Esters (66-71). Phthalic acid, or
1,2-benzenedicarboxylic acid, is one of three isomeric
benzenedicarboxylic acids produced by the chemical industry.
The other two isomeric forms are called isophthalic and
terephthalic acids. The formula for all three acids is
CeHe (COOH) 5. Some esters of phthalic acid are designated as
priority pollutants. They will be discussed as a group here, and
specific properties of individual phthalate esters will be

discussed afterwards. ‘

Phthalic acid esters are manufactured in the U.S. at an annual
rate in excess of 1 billion pounds. They are used as
plasticizers -~ primarily in the production of plastics based on
polyvinyl chloride (PVC) resins. The most widely used phthalate
plasticizer is bis (2-ethylhexyl) phthalate (66) which accounts
for nearly one third of the phthalate - esters produced. This
particular ester 1is commonly referred to as dioctyl phthalate
(DOP) and should not be confused with one of the less used
esters, di-n-octyl phthalate (69), which 1is also used as a

plasticizer. . In addition to these two isomeric dioctyl
phthalates, four other esters, also used primarily as
plasticizers, are designated as priority pollutants. They are:

butyl benzyl phthalate (67), di-n-butyl phthalate (68), diethyl
phthalate (70), and dimethyl phthalate (71).

Industrially, phthalate esters are prepared from phthalic
anhydride and the specific alcohol to form the ester. Some
evidence is available suggesting that phthalic acid esters also
may be synthesized by certain plant and animal tissues. The
extent to which this occurs in nature is not known.

Phthalate esters used as plasticizers  can be present in
concentrations up to 60 percent of the total weight of the PVC
plastic. The plasticizer is not linked by primary chemical bonds
to the PVC resin. Rather, it is locked into the structure of
intermeshing polymer molecules and held by van der Waals forces.
The result is that the plasticizer is easily extracted.
Plasticizers are responsible for the odor associated with new
plastic toys or flexible sheet that has been contained in a
sealed package.

Although the phthalate . esters are not soluble or are only very
slightly soluble in water, they do migrate into aqueous solutions
placed in contact with the plastic. Thus industrial facilities
with tank 1linings, wire and cable coverings, tubing, and sheet




flooring of PVC are expected to discharge some phthalate esters
in their raw waste. 1In addition to their use as plasticizers, "
phthalate esters are used in lubricating oils and pesticide
carriers. These also can contribute to industrial discharge of
phthalate esters.

From the accumulated data on acute toxicity in animals, phthalate
‘esters may be considered as having a rather 1low order of
toxicity. Human toxicity data are limited. It is thought that
the toxic effects of the esters is most likely due to one of the
metabolic products, 1in particular the monoester. Oral acute
toxicity in animals is greater for the lower molecular weight
esters than for the higher molecular weight esters.

Orally administered phthalate esters generally produced enlarging
of liver and kidney, and atrophy of testes in laboratory animals.
Specific esters produced enlargement of heart and brain,
spleenitis, and degeneration of central nervous system tissue.

Subacute doses administered orally to laboratory animals produced
some decrease in growth and degeneration of the testes. Chronic
studies in animals showed similar effects to those found in acute
and subacute studies, but to a much lower degree. The same
organs were enlarged, but pathological changes were not usually
detected. .

A recent study of several phthalic esters produced suggestive but
not conclusive evidence that dimethyl and diethyl phthalates have

a cancer liability. Only four of the six priority pollutant
esters were. included in the study.  Phthalate esters do
bioconcentrate in {fish. The factors, weighted for relative

consumption of various aquatic and marine food groups, are used
to calculate ambient water quality criteria for four phthalate
esters. The values are included 1in the discussion of the
specific esters. :

Studies of toxicity of phthalate esters in freshwater and salt
water organisms are scarce. Available data show that adverse
effects on freshwater aquatic 1life occur at phthalate ester
concentrations as low as 0.003 mg/1.

The behavior of phthalate esters in POTW has not been studied.
However, the biochemical oxidation of many of the organic
priority pollutants has been investigated in 1laboratory-scale
studies at concentrations higher than would normally be expected
in municipal wastewater. Three of the phthalate esters were
studied. Bis(2-ethylhexyl) phthalate was found to be degraded
slightly or not at all and its removal by biological treatment in
a POTW is expected to be slight or =zero. Di-n-butyl phthalate




and diethyl phthalate were degraded to a moderate degree and it
is expected that they will be biochemically oxidized to a Iesser
extent than domestic sewage by biological treatment in POTW.
Based on these data and other observations relating molecular
structure to ease of biochemical degradation of other organic
pollutants, it is expected that butyl benzyl phthalate and
dimethyl phthalate will be biochemically oxidized to a lesser
extent than domestic sewage by bioclogical treatment in POTW. On
the same basis, it is expected that di-n-octyl phthalate will not
be biochemically oxidized to a significant extent by biological
treatment in POTW. An EPA study of seven POTW revealed that for
all but di-n-octyl phthalate, which was not studied, removals
ranged from 62 to 87 percent.

No information was found on possible interference with POTW
operation or the possible effects on sludge by the phthalate
esters. The water insoluble phthalate esters - butylbenzyl and
di-n-octyl phthalate -~ would tend to remain in sludge, whereas
the other forr. priority pollutant phthalate esters with water
solubilities ranging from 50 mg/1 to 4.5 mg/l1 would probably pass
through into the POTW effluent.

Bis (2-ethylhexyl) phthalate(66). In addition to the general
remarks and discussion on phthalate esters, specific information
on bis(2-ethylhexyl) phthalate is provided. Little information
is available about the physical properties of bis(2-ethylhexyl)

phthalate. It is a 1liquid boiling at 387¢C at 5mm Hg and is
insoluble in water. Its formula is CgH4(CO0CgH,;7),. This
priority pollutant constitutes about one third of the phthalate
ester production in the U.S. It 1is commonly referred to as

dioctyl phthalate, or DOP, in the plastics industry where it is
.the most extensively used compound for the plasticization of
polyvinyl chloride (PVC). Bis(2-ethylhexyl) phthalate has been
approved by the FDA for use in plastics in contact with food.
Therefore, it may be found in wastewaters coming in contact with
discarded plastic food wrappers as well as the PVC films and
shapes normally found in industrial plants. This priority
pollutant is also a commonly used organic diffusion pump o0il
where its low vapor pressure is an advantage.

For the protection of human health from the toxic properties of
bis(2~ethylhexyl) phthalate ingested through water and through
contaminated aquatic organisms, the ambient water criterion is
determined to be 15 mg/1. If contaminated aquatic organisms
alone are consumed, excluding the consumption of water, the
ambient water criteria is determined to be 50 mg/1.

Although the behavior of bis(2-ethylhexyl) phthalate in POTW has
not been studied, biochemical oxidation of this priority




pollutant has been studied on a laboratory . scale at
concentrations higher than would normally be expected in
municipal wastewater. 1In fresh water with a non-acclimated seed
culture no biochemical oxidation was observed after 5, 10, and 20

days. However, with an acclimated seed culture, biological
oxidation occurred to the extents of 13, 0, 6, and 23 percent of
theoretical after 5, 10, 15 and 20 days, respectively.

Bis(2-ethylhexyl) phthalate concentrations were 3 to 10 mg/l.
Little or no removal of bis(2-ethylhexyl) phthalate by biological
treatment in POTW is expected.

Di-n-octyl phthalate(69). 1In addition to the general remarks and
discussion on phthalate esters, specific information on
di-n-~octyl phthalate is provided. Di-n-octyl phthalate is not to
be confused with the isomeric bis(2-ethylhexyl) phthalate which
is commonly referred to 1in the plastics industry as DOP.
Di-n-octyl phthalate is a liquid which boils at 220°C at 5 mm Hg.
It 1is insoluble in water. - Its molecular formula is
Ce¢H,(CO0CgH;,)>. Its production constitutes about one percent of
all phthalate ester production in the U.S.

Industrially, di-n-octyl phthalate is used to plasticize
polyvinyl chloride (PVC) resins. ‘

No ambient water criterion is proposed for di-n-octyl phthalate.

Biological treatment in POTW is expected to lead to little or no
removal of di-n-octyl phthalate.

Toluene(86). Toluene is a clear, colorless liquid with a benzene
like odor. 1t is a naturally occuring compound derived primarily
from petroleum or petrochemical processes. Some toluene is
obtained from the manufacture of metallurgical coke. Toluene is
also referred to as toluol, methylbenzene, methacide, and
phenylmethane. It is an aromatic hydrocarbon with the formula
CegHsCHy. It boils at 111°C and has a vapor pressure of 30 mm Hg
at room temperature. The water solubility of toluene 1is 535
mg/l, and it is miscible with a variety of organic solvents.
Annual production of toluene in the U.S. 1is greater than 2
million metric tons. Approximately two-thirds of the toluene is
converted to benzene and the remaining 30 percent is divided

approximately equally into chemical manufacture, and use as a

paint solvent and aviation gasoline additive. An estimated 5,000
metric tons is discharged to the environment annually as a
constituent in wastewater.

Most data on the effects of toluene in human and other mammals
have been based on inhalation exposure or dermal contact studies.
There appear to be no reports of oral administration of toluene
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to human subjects. A long term toxicity study on female rats
revealed no adverse effects on growth, mortality, appearance and
behavior, organ to body weight ratios, blood-urea nitrogen
levels, bone marrow counts, peripheral blood counts, or
morphology of major organs. The effects of inhaled toluene on
the central nervous system, both at high and low concentrations,
have been studied in humans and animals. However, ingested
toluene is expected to be handled differently by the body because
it is absorbed more slowly and must first pass through the liver
before reaching the nervous system. Toluene is extensively and
rapidly metabolized in the liver. One of the principal metabolic
products of toluene is benzoic acid, which itself seems to have
little potential to produce tissue injury.

Toluene does not appear to be teratogenic in laboratory animals
or man. Nor is there any conclusive evidence that toluene |is
mutagenlc Toluene has not been demonstrated to be positive in
any in vitro mutagen1c1ty or carcinogenicity bioassay system, nor
to be carcinogenic in animals oriman.

Toluene has been found in fish caught in harbor waters in the
vicinity of petroleum and petrochemical plants. Bioconcentration
studies have not been conducted, but bioconcentration factors
have been calculated on the basis of the octanol-water partition
coefficient.

For the protection of human health from the toxic properties of
toluene ingested through water and through contaminated aquatic
organisms, the ambient water criterion is determined to be 14.3
mg/l. If contaminated aquatic organisms alone are consumed,
‘excluding the . consumption of water, the ambient water criterion
is 424 mg/1.  Available data show that adverse effects on aquatlc
life occur at concentrations as low as 5 mg/l.

Acute toxicity tests have been conducted with toluene and a
variety of freshwater fish and Daphnia magna. The latter appears
to be significantly more resistant than fish. No test results
have been reported for the chronic effects of toluene on
freshwater fish-or invertebrate species.

Only one study of toluene behavior in POTW 1is available.
However, the biochemical oxidation of many of the priority
pollutants has been investigated in laboratory scale studies at
concentrations greater than those expected to be contained by
most municipal wastewaters. At toluene concentrations ranging
from 3 to 250 mg/1l biochemical "oxidation proceeded to fifty
percent of theroetical or greater. The time period varied from a
few hours to 20 days depending on whether or not the seed culture
was acclimated. Phenol adapted acclimated seed cultures gave the




most rapid and extensive biochemical oxidation. Based on study
of the 1limited data, it 1is expected 'that toluene will be
biochemically oxidized to a lesser extent than domestic sewage by
biological treatment in POT¥. The volatility and relatively low
water solubility of toluene lead to the expectation that aeration
processes will remove significant quantities of toluene from the
POTW. The EPA studied toluene removal in seven POTW. The
removals ranged from 40 to 100 percent. Sludge concentrations of
toluene ranged from 54 x 10-3 to 1.85 mg/l.

Trichloroethylene(87). Trichloroethylene (1,1,2-trichloro-
ethylene or TCE) is a clear colorless liquid which boils at 87¢°C.
It has a vapor pressure of 77 mm Hg at room temperature and is
slightly soluble in water (1 gm/1). U.S. production 1is greater
than 0.25 million metric tons annually. It is produced from
tetrachloroethane by treatment with 1lime in the presence of
water.

TCE 1is used for vapor phase degreasing of metal parts, cleaning
and drying electronic components, as a solvent for paints, as a
refrigerant, for extraction of oils, fats, and waxes, and for dry
cleaning. Its widespread use and relatively high volatility
result in detectable levels in many parts of the environment.

Data on the effects produced by ingested TCE are 1limited. Most
studies have been directed at inhalation exposure. Nervous
system disorders and 1liver damage are frequent results of
inhalation exposure. 1In the short term exposures, TCE acts as a
central nervous system depressant - it was used as an anesthetic
before its other long term effects were defined.

TCE has been shown to induce transformation in a highly sSensitive
in vitro Fischer rat embryo cell system (F1706) that is used for
identifying carcinogens. Severe and persistent toxicity to the
liver was recently demonstrated when TCE was shown to produce
carcinoma of the liver in mouse strain B6C3F1. One systematic
study of TCE exposure and the incidence of human cancer was based
on 518 men exposed to TCE. The authors of that study concluded
that although the cancer risk to man .cannot be ruled  out,
exposure to 1low levels of TCE probably does not present a very
serious and general cancer hazard.

TCE is bioconcentrated in aquatic species, making the consumption
of such species by humans a significant source of TCE. ‘For the
protection of human health from the potential carcinogenic
effects of exposure to ‘trichloroethylene through ingestion of
water and contaminated aquatic organisms, the ambient water
concentration 1is zero. Concentrations of trichloroethylene
estimated to result in additional lifetime cancer risks of 10-7,
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10—6, and 10-5 are 2.7 x 10-4 mg/1, 2.7 x 10-3 mg/1, and 2.7 x
10-2 mg/1, respectively. If contaminated aquatic organisms alone
are consumed, excluding the consumption of water, the water
concentration should be 1less than 0.807 mg/l to Kkeep the
additional lifetime cancer risk below 10-5,

Only a very limited amount of data on the effects of TCE on
freshwater aquatic life are available. One species of fish
(fathead minnows) showed a loss of equilibrium at concentrations
below those resulting in lethal effects. The limited data for
aquatic life show that adverse effects occur at concentrations
higher than those cited for human health risks.

In laboratory scale studies of organic priority pollutants, TCE
was subjected to biochemical oxidation conditions. After 5, 10,
and 20 days no biochemical oxidation occurred. On the basis of
this study and general observations relating molecular structure
to ease of degradation, the conclusion is reached that TCE would
undergo little or no biochemical oxidation by biological
treatment in a POTW. The volatility and relatively 1low water
solubility of TCE is expected to result in volat111zat10n of some
of the TCE in aeration steps in a POTW.

For a recent Agency study, Fate of Priority Pollutants in
Publicly Owned Treatment Works, the pollutant concentrations 1in
the influent, effluent, and sludge of 20 POTW were measured. No
conclusions were made; however, trichloroethylene appeared in 95
percent of the influent stream samples but only in 54 percent of

the effluent stream samples. This indicates that
trichloroethylene either is concentrated in the sludge or escapes
to the atmosphere. Concentrations in 50 percent of the sludge

samples indicate that . much of the trichloroethylene is
~concentrated there.

Antimony(114). Antimony (chemical name - stibnium, symbol Sb)
classified as a non-metal or metalloid, is a silvery white ,
brittle, c¢rystalline solid. Antimony is found in small ore

bodies throughout the world. Principal ores are oxides of mixed
antimony valences, and an oxysulfide ore. Complex ores with
metals are important because the antimony 1is recovered as a
by-product. Antimony melts at 631°C, and is a poor conductor of
electricity and heat.

Annual U.S. consumption of primary antimony ranges from 10,000 to

20,000 tons. About half is consumed in metal products - mostly
antimonial 1lead for lead acid storage batteries, and about half
in non - metal products. A principal compound is antimony

trioxide which is used as a flame retardant in fabrics, and as an
opacifier in glass, ceramics, and enamels. Several antimony
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compounds are used as catalysts in organic chemicals synthesis,
as fluorinating agents (the antimony fluoride), as pigments, and
in fireworks. Semiconductor applications are economically
significant. _

Essentially no information on antimony - induced human health
effects has been derived from community epidemiology studies.
The available data are in literature relating effects observed
with therapeutic or medicinal wuses of antimony compounds and
industrial exposure studies. Large therapeutic doses of
antimonial compounds, usually used to treat schistisomiasis, have
caused severe nausea, vomiting, convulsions, irregular heart
action, liver damage, and skin rashes. Studies of acute
industrial antimony poisoning have revealed 1loss of appetitie,
diarrhea, headache, and dizziness 1in addition to the symptoms
found in studies of therapeutic doses of antimony.

For the protection of human health from the toxic properties of
antimony ingested through water and through contaminated aguatic
organisms the ambient water criterion is determined to be 0.146
mg/l. If contaminated aquatic organisms alone are consumed,
excluding the consumption of water, the ambient water criterion
is determined to be 45 mg/l. Available data show that adverse
effects on aquatic life occur at concentrations higher than those
cited for human health risks.

Very little information is available regarding the behavior of
antimony in POTW. The 1limited solubility of most antimony
compounds expected in POTW, i.e. the oxides and sulfides,
suggests that at least part of the antimony entering a POTW will
be precipitated and incorporated into the sludge. However, some
antimony is expected to remain dissolved and pass through the

POTW into the effluent. Antimony compounds remaining in the
sludge under anaerobic conditions may be connected to stibine
(SbH;), a very soluble and very toxic compound. There are no

data to show antimony inhibits any POTW processes. Antimony is
not known to be essential to the growth of plants, and has been
reported to be moderately toxic. Therefore, sludge containing
large amounts of antimony could be detrimental to plants if it is
applied in large amounts to cropland.

Arsenic(115). Arsenic (chemical symbol As), is classified as a
non-metal or metalloid. Elemental arsenic normally exists in the
alpha-crystalline metallic form which is steel gray and brittle,

and in the beta form which is dark gray and amorphous. Arsenic
sublimes at 6150C. Arsenic is widely distributed throughout the
world in a 1large number of minerals. The most important

commercial source of arsenic is as a by-product from treatment of
copper, lead, cobalt, and gold ores. Arsenic is usually marketed
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as the trioxide (As,05). Annual U.S. production of the trioxide
approaches 40,000 tons.

The principal use of arsenic is in agricultural chemicals
(herbicides) for controlling weeds in cotton fields. Arsenicals
have various applications in medicinal and veterinary use, as
wood preservatives, and in semiconductors.

The effects of arsenic in humans were known by the ancient Greeks
and Romans. The principal toxic effects are gastrointestinal
disturbances. Breakdown of red blood cells occurs. Symptoms of
acute poisoning include wvomiting, diarrhea, abdominal pain,
lassitude, dizziness, and headache. Longer exposure produced
dry, falling hair, brittle, loose nails, eczema; and exfoliation.
Arsenicals also exhibit teratogenic and mutagenic effects in
humans. Oral administration of arsenic compounds has been
associated «clinically with skin cancer for nearly a hundred
years. - Since 1888 numerous studies have 1linked occupatlonal
exposure to, and therapeutic administration of arsenic compounds
to increased incidence of respiratory and skin cancer.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to arsenic through ingestion of
water and c¢ontaminated aquatic organisms, the ambient water
concentration 1is zero. Concentrations of arsenic estimated to
result in additional lifetime cancer risk levels of 10-7, 10-s,
and 10-%5 are 2.2 x 10-7 mg/1, 2.2 x 10-¢ mg/1l, and 2.2 x 10-5S
mg/1l, respectively. 1If contaminated agquatic organisms alone are
consumed, excluding the consumption of water, the water
concentration should be less than 1.75 x 10-%4 mg/1 to keep the
increased lifetime cancer risk below 10-5. Available data show
that adverse effects on aquatic 1life occur at concentrations
higher than those cited for human health risks.

A few studies have been made regarding the behavior of arsenic in
POTW. One EPA survey of 9 POTW reported influent concentrations
ranging from 0.0005 to 0.693 mg/1l; effluents from 3 POTW having
biological treatment contained 0.0004 - 0.01 mg/1l; 2 POTW showed
arsenic removal efficiencies of 50 and 71 percent 1in biological

treatment. Inhibition of treatment processes by sodium arsenate
is reported to occur at 0.1 mg/l in activated sludge, and
1.6 mg/]l in anaerobic digestion processes. In another study

based on data from 60 POTW, arsenic in sludge ranged from 1.6 to
65.6 mg/kg and the median value was 7.8 mg/kg. Arsenic in sludge
spread on cropland may be taken up by plants grown on that land.
Edible plants can take up arsenic, but normally their growth |is
inhibited before the plants are ready for harvest.
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Beryllium(117). Beryllium 1is a dark gray metal of the alkaline
earth family. It is relatively rare, but because of ‘its unique
properties finds widespread use as an alloying element especially
for hardening copper which 1is used 1in springs, electrical
contacts, and non-sparking tools. World production 1is reported
to be in the range of 250 tons annually. However, much more
reaches the environment as emissions | from coal burning
operations. Analysis of coal indicates an average beryllium
content of 3 ppm and 0.1 to 1.0 percent in coal ash or £fly ash.

The principal ores are beryl (3Be0O»Al_,0;¢6Si0O,) and bertrandite
[Be,Si,0,(0H), 1. Only two industrial facilities produce
beryllium in the U.S. because of limited demand and its highly
toxic character. About two-thirds of the annual production goes
into alloys, 20 percent into heat sinks, and 10 percent into
beryllium oxide (BeO) ceramic products.

Beryllium has a specific gravity of 1.846 making it the lightest
metal with a high melting point (1350C). Beryllium alloys are
corrosion resistant, but the metal corrodes 1in aqueous
environment: Most common beryllium compounds are soluble 1in
water, at 1least to the extent necessary to produce a toxic
concentration of beryllium ions. :

Most data on toxicity of beryllium is for inhalation of beryllium
oxide dust. Some studies on orally administered beryllium in
laboratory animals have been reported. Despite the large number
of studies implicating beryllium as a carcinogen, there 1is no
recorded instance of cancer being produced by ingestion.
However, a recently convened panel of uninvolved experts
concluded that epidemiologic evidence 1is suggestive that
beryllium is a carcinogen in man.

In the aquatic environment beryllium 1is chronically toxic ¢to
aquatic organisms at 0.0053 mg/1. Water softness has a large
effect on beryllium toxicity to fish. 1In soft water, beryllium
is reportedly 100 times as toxic as in hard water.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to beryllium through ingestion
of water and contaminated aquatic organisms, the ambient water
concentration is zero. Concentrations of beryllium estimated to
result in additional lifetime cancer risk levels of 10-7, 10-s,
and 10-5 are 0.00000068 mg/1, 0.0000068 mg/l, and 0.000068 mg/1,
respectively. If contaminated aquatic  organisms alone are
consumed excluding the consumption of water, the concentration
should be 1less than 0.00117 mg/l1 to keep the increased lifeline
cancer risk below 10-5,
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" Information on the behavior of beryllium in POTW 1is scarce.
Because beryllium hydroxide is insoluble in water, most beryllium
entering POTW will probably be in the form of suspended solids.
As. a result most of the beryllium will settle and be removed with
sludge. However, beryllium has been shown to inhibit several
enzyme systems, to interfere with DNA metabolism in liver, and to
induce chromosomal and mitotic abnormalities. This interference
in cellular processes may extend to interfere with biological
treatment processes. The concentration and effects of beryllium
in sludge which could be applied to <cropland have not been
studied.

Cadmium(118). Cadmium is a relatively rare metallic element that
"is seldom found 1in sufficient quantities in a pure state to
warrant mining or extraction from the earth's surface. . It is
found in trace amounts of about 1 ppm throughout the earth's
crust. Cadmium 1is, however, a valuable by-product of =zinc
production.

Cadmium is used primarily as an electroplated metal, and is found
as an impurity 1in the secondary refining of zinc, lead, and
copper.

Cadmium is an extremely dangerous cumulative toxicant, causing
progressive chronic poisoning in mammals, £fish, and probably
other organisms. The metal is not excreted.

Toxic effects of cadmium on man have been reported from
throughout the world. Cadmium may be a factor in the development
of such human pathological conditions as kidney disease,
testicular tumors, hypertension, arteriosclerosis,  growth
inhibition, chronic —disease of o0ld age, and cancer. Cadmium is
normally. ingested by humans through food and water as well as by

breathing air contaminated by cadmium dust. Cadmium is
cumulative in the liver, kidney, pancreas, and thyroid of humans
and other animals. A severe bone and kidney syndrome known as

itai-itai disease has been documented in Japan as caused by
cadmium ingestion via drinking water and contaminated irrigation
water., 1Ingestion of as little as 0.6 mg/day has produced the
disease. Cadmium acts synergistically with other metals. Copper
‘and zinc substantially increase its toxicity.

Cadmium is concentrated by marine organisms, particularly
mollusks, which accumulate cadmium in calcareocus tissues and 1in
the viscera. A concentration factor of 1000 for cadmium in fish
muscle has been reported, as have concentration factors of 3000
in marine plants and up to 29,600 in certain marine animals. The
eggs and larvae of fish are apparently more sensitive than adult




fish to poisoning by cadmium, and crustaceans appear to be more
sensitive than fish eggs and larvae. :

For the protection of human health from the toxic properties of
cadmium ingested through water and through contaminated aquatic
organisms, the ambient water criterion is determined to be 0.010
mg/l. Available data show that adverse effects on aquatic 1life
occur at concentrations in the same range as those cited for
human health, and they are highly dependent on water hardness.

Cadmium is not destroyed when it is introduced into a POTW, and
will either pass through to the POTW effluent or be incorporated
into the POTW sludge. 1In addition, it can interfere with the
POTW treatment process.

In a study of 189 POTW, 75 percent of the primary plants, 57
percent of the trickling filter plants, 66 percent of the
activated sludge plants and 62 percent of the biological plants
allowed over 90 percent of the influent cadmium to pass through
to the POTW effluent. Only 2 of the 189 POTW allowed less than
20 percent pass-through, and none less than 10 percent
pass-through. POTW effluent concentrations ranged from 0.001 to
1.97 mg/1 (mean 0.028 mg/l, standard deviation 0.167 mg/l).

Cadmium not passed through the POTW will be retained in the
sludge where it is likely to build up in concentration. Cadmium
contamination of sewage sludge limits its use on land since it
increases the level of cadmium in the soil. Data show that
cadmium can be incorporated into crops, including vegetables and
grains, from contaminated soils. Since the crops themselves show
no adverse effects from soils with levels up to 100 mg/kg

cadmium, these contaminated crops could have a significant impact =~

on human health. Two Federal agencies have already recognized
the potential adverse human health effects posed by the use of
sludge on cropland. The FDA recommends that 'sludge containing
over 30 mg/kg of cadmium should not be used on agricultural land.
Sewage sludge contains 3 to 300 mg/kg (dry basis) of cadmium
(mean = 10 mg/kg; median = 16 mg/kg). The USDA also recommends
placing 1limits on the total cadmium £from sludge that may be
applied to land.

Chromium(119). Chromium is an elemental metal usually found as a
chromite (FeOeCr,05;). The metal is normally produced by reducing

the oxide with aluminum. A significant proportion of the
chromium used 1is in the form of compounds such as sodium
dichromate (Na,CrO,), and chromic acid (CrO;) - both are

hexavalent chromium compounds.




Chromium is found as; an alloying component of many steels and its
compounds are usié in. electroplating baths and as corrosion
inhibitors for clos{zd water circulation systems.

The two chromium forms most frequently found in industry
wastewaters are hexavalent and trivalent chromium. Hexavalaent
chromium is the form used for metal treatments. Some of it is
reduced to trivalent chromium as part of the process reaction.
The raw wastewater containing both valence states 1is usually
treated first to reduce remaining hexavalent to trivalent
chromium, and second to precipitate the trivalent form as the
hydroxide. The hexavalent form is not removed by lime treatment.

Chromium, in its various valence states, is hazardous to man. It
can produce lung tumors when inhaled, and induces skin
sensitizations. Large doses of chromates have corrosive effects
on the intestinal tract and can cause inflammation of the
kidneys. Hexavalent chromium is a known human carcinogen.
Levels of chromate ions that show no effect in man appear to be
so low as to prohibit determination, to date.

The toxicity of chromium salts to fish and other aquatic 1life
varies widely with the species, temperature, pH, valence of the
chromium, and synergistic or antagonistic effects, especially the
effect of water hardness. Studies have shown that trivalent
chromium is more toxic to fish of some types than is hexavalent
chromium.  Hexavalent chromium retards growth of one fish species
at 0.200 mg/l. Fish food organisms and other lower forms of
aquatic 1life are extremely sensitive to chromium. Therefore,
both hexavalent and trivalent chromium must be considered harmful
to particular fish or organisms.

For the protection of human health from the toxic properties of
chromium (trivalent) ingested through water and contaminated
aquatic organisms, the ambient water criterion is 170 mg/l. If
contaminated aquatic organisms alone are consumed, excluding the
consumption of water, the ambient water criterion for trivalent
chromium is 3,443 mg/1. THe ambient water quality criterion for
hexavalent chromium is recommended to be identical +to the
existing drinking water standard for total chromium which is
0.050 mg/1. ’ :

Chromium is not destroyed when treated by POTW (although the
oxidation state may change), and will either pass through to the
POTW effluent or be incorporated into the POTW sludge. Both
oxidation states can cause POTW treatment inhibition and can also
limit the usefulness of municipal sludge.




Influent concentrations of chromium to POTW facilities have been
observed by EPA to range from 0.005 to 14.0 mg/l, with a median
concentration of 0.1 mg/l. The efficiencies for removal of
chromium by the activated sludge process can vary greatly,
depending on chromium concentration in the influent, and other
operating conditions at the POTW. Chelation of chromium by
organic matter and dissolution due to the presence of carbonates
can cause deviations from the predicted behavior 1in treatment
systems.

The systematic presence of chromium compounds will halt
nitrification in a POTW for short periods, 'and most of the
chromium will be retained in the sludge solids. Hexavalent
chromium has been reported to severely affect the nitrification
process, but trivalent chromium has 1litte’' or no toxicity to
activated sludge, except at high concentrations. The presence of
iron, copper, and low pH will increase the toxicity of chromium
in a POTW by releasing the chromium into solution to be ingested
by microorganisms in the POTW.

The amount of chromium which passes through to the POTW effluent
depends on the type of treatment processes used by the POTW. 1In
a study of 240 POTW 56 percent of the primary plants allowed more
than 80 percent pass through to POTW effluent. More advanced
treatment results in less pass—through. POTW effluent
concentrations ranged from 0.003 to 3.2 mg/l total chromium (mean
= 0.197, standard deviation = 0.48), and from 0.002 to 0.1 mg/1
hexavalent chromium (mean = 0.017, standard deviation = 0.020).

Chromium not passed through the POTW will be retained in the
sludge, where it is likely to build up in concentration. Sludge
concentrations of total chromium of over 20,000 mg/kg (dry basis)
have been observed. Disposal of sludges containing very high
concentrations of trivalent chromium can potentially cause
problems in uncontrolled 1landfills. Incineration, or similar
destructive oxidation processes can produce hexavalent chromium
from 1lower valence trivalent chromium. Hexavalent chromium is
potentially more toxic than trivalent chromium, In cases where
high rates of chrome sludge ,application on 1land are used,
distinct growth inhibition and plant tissue uptake have been
noted. :

Pretreatment of discharges substantially reduces the
concentration of chromium in sludge. In Buffalo, New York,
pretreatment of electroplating waste resulted in a decrease in
chromium concentrations in POTW sludge from 2,510 to 1,040 mg/kg.
A similar reduction occurred in Grand Rapids, Michigan POTW where
the chromium concentration in sludge decreased from 11,000 to
2,700 mg/kg when pretreatment was made a requirement.
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Copper(120). . Copper 1is a metallic element that sometimes is
found free, as the native metal, and is also found in minerals.
such as cuprite (Cu,0), malachite [CuCOzeCu(OH),], azurite
[2CuCO;eCu(OH),], chalcopyrite (CuFeS,), and bornite (CugFeS,).
Copper 1is obtained from these ores by smelting, leaching, and
electrolysis. It is used in the plating, electrical, plumbing,
and heating equipment industries, as well as in insecticides and
fungicides.

Traces of copper are found in all forms of plant and animal life,
and the metal is an essential trace element for nutrition.
Copper 1is not considered to be a cumulative systemic poison for
humans as it is readily excreted by the body, but it can cause

symptoms of gastroenteritis, =~ with nausea and intestinal
irritations, at relatively low dosages. The limiting factor in
domestic water supplies 1is taste. To prevent this adverse

organoleptic effect of copper in water, a criterion of 1 mg/l has
been established.

The toxicity of copper to aquatic organisms varies significantly,
not only with the species, but also with the physical and
chemical characteristics of the water, including temperature,
hardness, turbidity, and carbon dioxide content. In hard water,
the toxicity of copper salts may be reduced by the precipitation
of copper carbonate or other insoluble compounds. The sulfates
of copper and zinc, and of copper and calcium are synergistic in
their toxic effect on fish.

Relatively high concentrations of copper may be tolerated by
adult fish for short periods of time; the critical effect of
copper appears to be its higher toxicity to young or juvenile
fish. Concentrations of 0.02 to 0.03 mg/1 have proven fatal to
some common fish species. 1In general the salmonoids are very
sensitive and the sunfishes are less sensitive to copper.

The recommended criterion to protect freshwater aquatic life is
0.0056 mg/1 as a 24-hour average, and 0.012 mg/1 maximum
concentration at a hardness of 50 mg/1 CaCO0j;.

Copper salts cause undesirable color reactions 1in the food
industry and cause pitting when deposited on some other metals
such as aluminum and galvanized steel. To control undesirable
taste and odor quality of ambient water due to the organoleptic
properties of copper, the estimated level is 1.0 mg/1 for total
recoverable copper. '

Irrigation water containing more than minute quantities of copper

can be detrimental to certain crops. Copper appears in all
soils, and its concentration ranges from 10 to 80 ppm. In soils,
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copper occurs in association with hydrous oxides of manganese and
iron, and also as soluble and insoluble complexes with organic
matter. Copper is essential to the 1life of plants, and the
normal range of concentration in plant tissue 1is from 5 to
20 ppm. Copper concentrations in plants normally do not build up
to high 1levels when toxicity occurs. For example, the
concentrations of copper in snapbean leaves and pods was less
than 50 and 20 mg/kg, respectively, under conditions of severe
copper toxicity. Even under conditions of copper toxicity, most
of the excess copper accumulates in the roots; very 1little is
moved to the aerial part of the plant.

Copper is not destroyed when treated by a POTW, and will either
pass through to the POTW effluent or be retained in the POTW
sludge. It can interfere with the POTW treatment processes and
can limit the usefulness of municipal sludge.

The influent concentration of copper to POTW facilities has been
observed by the EPA to range from 0.01 to 1.97 mg/1l, with a
median concentration of 0.12 mg/l. The copper that 1is removed
from the influent stream of a POTW is adsorbed on the sludge or
appears in the sludge as the hydroxide of the metal. Bench scale
pilot studies have shown that from about 25 percent to 75 percent
of the copper passing through the activated sludge process
remains 1in solution in the final effluent. Four-hour slug
dosages of copper sulfate in concentrations exceeding 50 mg/1
were reported to have severe effects on the removal efficiency of
an unacclimated system, with the system returning to normal in
about 100 hours. Slug dosages of copper in the form of copper
cyanide were observed to have much more severe effects on the
activated sludge system, but the total system returned to normal
in 24 hours. ‘

In a recent study of 268 POTW, the median pass-through was over
80 percent for primary plants and 40 to 50 percent for trickling
filter, activated sludge, and biological treatment plants. POTW
effluent concentrations of copper ranged from 0.003 to 1.8 mg/l
(mean 0.126, standard deviation 0.242).

Copper which does not pass through the POTW will be retained in
the sludge where it will build up in concentration. The presence
of excessive levels of copper in sludge may 1limit its wuse on
cropland. Sewage sludge contains up to 16,000 mg/kg of copper,

with 730 mg/kg as the mean value. These concentrations are
significantly greater than those normally found in soil, which
usually range from 18 to 80 mg/kg. Experimental data indicate

that when dried sludge is spread over tillable land, the copper
tends to remain in place down to the depth of tillage, except for
copper which is taken up by plants grown -in the soil. Recent
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investigation has shown that the extractable copper content of
sludge—treatpd soil .decreased with time, which suggests a
reversion of copper to less soluble forms was occurrlng

Lead (122). Lead 1is a soft, malleable, ductile, blueish-gray,
metallic element, usually obtained from the mineral galena (lead
sulfide, PbS), anglesite (lead sulfate, PbSO,), or cerussite
(lead carbonate, PbCO5;). Because it is usually associated with
" minerals of =zinc, silver, copper, gold, cadmium, antimony, and
arsenic, special purification methods are frequently used before
and after extraction of the metal from the ore concentrate by
smelting.

Lead is widely used for 1its <corrosion resistance, sound and
vibration absorption, low melting point (solders), and relatively
high imperviousness to various forms of radiation. Small amounts
of copper, antimony and other metals can be alloyed with lead to
achieve greater hardness, stiffness, or corrosion resistance than
is afforded by the pure metal. Lead compounds are used in glazes
and paints. About one third of U.S. lead consumption goes into
storage batteries. About half of U.S. lead consumption is from
secondary lead recovery. U.S. consumption of 1lead 1is 1in the
range of one million tons annually.

LLead 1ingested by humans produces a variety of toxic effects
including impaired reproductive ability, disturbances in blood
chemistry, neurological disorders, kidney damage, and adverse
cardiovascular effects. Exposure to lead in the diet results 1in
permanent increase in lead levels in the body. Most of the lead
entering the body eventually becomes localized in the bones where
it accumulates. Lead is a carcinogen or cocarcinogen 1in some
species of experimental  animals. Lead 1is teratogenic in
experimental animals. Mutagenicity data are not available for
lead. '

The ambient water quality criterion for lead is recommended to be
identical to the existing drinking water standard which is 0.050
mg/1l. Available data show that adverse effects on aquatic 1life
occur - at concentrations as 1low as 7.5 x 10-4 mg/1 of total
recoverable lead as a 24-hour average with a water hardness of 50
mg/1 as CaCO0j.

Lead is not destroyed in POTW, but is passed through to the
effluent or retained in the POTW sludge; it can interfere with
POTW treatment processes and can limit the usefulness of POTW
sludge for application to agricultural croplands. Threshold
concentration for inhibition of the activated sludge process is
0.1 mg/1, and for the nitrification process is 0.5 mg/l. 1In a
study of 214 POTW, median pass through values were over 80




percent for primary plants and over 60 percent for trickling
filter, activated sludge, and biological process plants. Lead
concentration in POTW effluents ranged from 0.003 to 1.8 mg/1
(means = 0.106 mg/l, standard deviation = 0.222).

Application of lead-containing sludge to cropland should not
affect the uptake by crops under most conditions because normally
lead 1is strongly bound by soil. . However, under the unusual
conditions of low pH (less than 5.5) and 1low concentrations of
labile phosphorus, 1lead solubility is increased and plants can
accumulate lead.

Nickel(124). Nickel is seldom found in nature as the pure

elemental metal. It is a relatively plentiful element and is
widely distributed throughout the earth's crust. It occurs 1in
marine organisms and 1is found 1in the oceans. The chief

commercial ores for nickel are pentlandite [(Fe,Ni)ySg], and a
lateritic ore consisting of hydrated nickel-iron-magnesium
silicate.

Nickel has many and varied uses. It is used in alloys and as the
pure metal. Nickel salts are used for electroplating baths.

The toxicity of nickel to man is thought to be very 1low, and
systemic poisoning of human beings by nickel or nickel salts is
almost unknown. In non-human mammals nickel acts to inhibit
insulin release, depress growth, and reduce cholesterol. A high
incidence of cancer of the lung and nose has been reported in
humans engaged in the refining of nickel.

Nickel salts can kill fish at very low concentrations. However,
nickel has been found to be less toxic to some fish than copper,
zinc, and iron. Nickel 1is present in c¢oastal and open ocean
water at con- centrations in the range of 0.0001 to 0.006 mg/l
although the most common values are 0.002 - 0.003 mg/l. Marine
animals contain up to 0.4 mg/1 and marine plants contain up to
3 mg/l. Higher nickel concentrations have been reported to cause
reduction 1in photosynthetic activity of the giant kelp. A low
concentration was found to-kill oyster eggs.

For the protection of human health based on the toxic properties
of nickel ingested through water and through contaminated aquatic
organisms, the ambient water criterion is determined to be 0.0134
mg/1. If contaminated aquatic organisms are consumed, excluding
consumption of water, the ambient water criterion is determined
to be 0.100 mg/l. Available data show that adverse effects on
aquatic life occur for total recoverable nickel concentrations as
low as 0.0071 mg/1l as a 24-hour average.
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Nickel is not destroyed when treated in a POTW, but will either
pass through to the POTW effluent or be retained in the POTW
sludge. It can interfere with POTW treatment processes and can
also 1limit the usefulness of municipal sludge.

Nickel salts have caused inhibition of the biochemical oxidation
of sewage in a POTW. 1In a pilot plant, slug doses of nickel
significantly reduced normal treatment efficiencies for a few
hours, but the plant acclimated 1itself somewhat to the slug
dosage and appeared to achieve normal treatment efficiencies
within 40 hours. It has been reported that the anaerobic
digestion process is inhibited only by high concentrations of"
nickel, while a 1low concentration of nickel inhibits the
nitrification process.

The influent concentration of nickel to POTW facilities has been
observed by the EPA to range from 0.01 to 3.19 mg/l, with a
median of 0.33 mg/1l. 1In a study of 130 POTW, nickel pass~-through
was greater than 90 percent for 82 percent of the primary plants.
Median pass~-through for trickling filter, activated sludge, and
biological process plants was 'greater than 80 percent. POTW
effuent concentrations ranged from 0.002 to 40 mg/1
(mean = 0.410, standard deviation = 3.279).

Nickel not passed through the POTW will be incorporated into the

sludge, In a recent two-year study of eight cities, four of the
cities had median nickel concentrations of over 350 mg/kg, and
two were over 1,000 mg/kg. The "maximum nickel concentration

observed was 4,010 mg/kg.

Nickel is found in nearly all soils, plants, and waters. Nickel
has no known essential function in plants. 1In soils, nickel
typically is found in the range from 10 to 100 mg/kg. Various
environmental exposures to nickel .appear to correlate with
increased incidence of tumors in man. For example, cancer in the
maxillary antrum of snuff users may result from using plant
material grown on soil high in nickel.

Nickel toxicity may develop in plants from application of sewage
sludge on acid soils. Nickel has caused reduction of yields for
a variety of crops including oats, mustard, turnips, and cabbage.
In one study nickel decreased the yields of oats significantly at
100 mg/kg. ' '

Whether nickel exerts a toxic effect on plants depends on several
soil factors, the amount of nickel applied, and the contents of
other metals in the sludge. Unlike copper and =zinc, which are
more available from inorganic sources than from sludge, nickKel
uptake by plants seems to be promoted by the presence of the
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organic matter 1in sludge. Soil . treatments, such as liming,
reduce the solubility of nickel. Toxicity of nickel to plants is
enhanced in acidic soils.

Selenium(125). Selenium (chemical symbol Se) is a non-metallic
element existing in several allotropic forms. Gray selenium,
which has a metallic appearance, is the stable form at ordinary
temperatures and melts at 2200C. Selenium is a major component
of 38 minerals and a minor component of 37 others found 1in
various parts of the world. Most selenium is obtained as a
by~-product of precious metals recovery from electrolytic copper
refinery slimes. U.S. annual production at one time reached one
million pounds. ‘

Principal uses of selenium are 1in semi-conductors, pigments,
decoloring of glass, zerography, and metallurgy. It also is used
to produce ruby glass used in signal lights. Several selenium
compounds are important oxidizing agents in the synthesis of
organic chemicals and drug products.

While results of some studies suggest that selenium may be an
essential element in human nutrition, the toxic effects of
selenium in humans are well established. Lassitude, loss of
hair, discoloration and 1loss of fingernails are symptoms of

selenium poisoning. In a fatal case of ingestion of a larger
dose of selenium acid, peripheral vascular collapse, pulumonary
edema, and coma occurred. = Selenium produces mutagenic and

teratogenic effects, but it has not been established as
exhibiting carcinogenic activity. ‘

The ambient water quality criterion for selenium is recommended
to be identical to the existing drinking water standard which |is
0.010 mg/1. Available data show that adverse effects on aquatic
life occur at concentrations higher than that cited for human
toxicity.

Very few data are available regarding the behavior of selenium in
POTW. One EPA survey of 103 POTW revealed one POTW using
biological treatment and having selenium in the influent.
Influent concentration was 0.0025 mg/1, effluent concentration
was 0.0016 mg/1 giving a removal of 37 percent. It is not known
to be inhibitory to POTW processes. In another study, sludge
from POTW in 16 cities was found to contain from 1.8 to 8.7 mg/kg
selenium, compared to 0.01 to 2 mg/kg in untreated soil. These
concentrations of selenium in sludge present a potential hazard
for humans or other mammuals eating crops grown on soil treated
with selenium containing sludge.
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Zinc(128). Zinc occurs abundantly in the earth's crust,
concentrated in ores. It 1is readily refined into the pure,
stable, silvery-white metal. 1In addition to its use in alloys,
zinc is used as a protective coating on steel. It is applied by
hot dipping (i.e. dipping the steel 1in molten =zinc) or by
electroplating. ' : .

Zinc can have an adverse effect on man and animals at high con-
centrations. Zinc at .concentrations in excess of 5 mg/l causes
an undesirable taste and odor which persists through conventional
treatment. For the prevention of adverse effects due to these
organoleptic properties of zinc, concentrations in ambient water
should not exceed 5 mg/l. Available data show that adverse
effects on aquatic life occur at concentrations as low as 0.047
mg/l as a 24-hour average.

Toxic concentrations of zinc compounds cause adverse changes 1in
the morphology and physiology of fish. Lethal concentrations in
the range of 0.1 mg/1 have been reported. Acutely toxic
concentrations induce <cellular breakdown of the gills, and
possibly the clogging of the gills with mucous. Chronically
toxic concentrations of zinc compounds cause general enfeeblement
and widespread histological changes to many organs, but not to
gills. Abnormal swimming behavior has been reported at
0.04 mg/1. Growth and maturation are retarded'by zinc. It has
been observed that the effects of zinc poisoning may not become
apparent immediately, so that fish removed from zinc- contamlnated
water may die as long as 48 hours after removal.

In general, salmonoids are most sensitive to elemental zinc in
soft water; the rainbow trout is the most sensitive 1in hard

waters. A complex relationship exists between zinc
concentration, dissolved zinc concentration, pH, temperature, and
calcium and magnesium concentration. Prediction of harmful

effects has been less than reliable and controlled studies have
not been extensively documented

The major concern with zinc compounds in marine waters 1is not
with acute 1lethal effects, but rather with the 1long-term
sublethal effects of the metallic compounds and complexes. Zinc
accumulates in some marine species, and marine animals contain
zinc in the range of 6 to 1500 mg/kg. From the point of view of
acute 1lethal effects, invertebrate marine animals seem to be the
most sen51t1ve organism tested. -

Toxicities of zinc in nutrient solutions have been demonstrated
for a number of plants. A variety of fresh water plants tested
manifested harmful symptoms at concentrations of 0.030 to




21.6 mg/l. Zinc sulfate has also been found to be lethal to many
plants and it could impair agricultural uses of the water.

Zinc 1is not destroyed when treated by POTW, but will either pass
through to the POTW effluent -or be retained in the POTW sludge.
It can interfere with treatment processes in the POTW and can
also limit the usefuleness of municipal sludge.

In slug doses, and particularly in the presence of copper,
dissolved zinc can interfere with or seriously disrupt the
operation of POTW biological processes by reducing overall
removal efficiencies, largely as a result of the toxicity of the
metal to biological organisms. However, zinc solids in the form
of hydroxides or sulfides do not appear to interfere with
biological treatment processes, on the basis of available data.
Such solids accumulate in the sludge. v

The influent concentrations of zinc to POTW facilities have been
observed by the EPA to range from 0.017 to 3.91 mg/l, with a
median concentration of 0.33 mg/l. Primary treatment is not
efficient in removing zinc; however, the microbial floc of
secondary treatment readily adsorbs zinc.

In a study of 258 POTW, the median pass-through values were 70 to
88 percent for primary plants, 50 to 60 percent for trickling
filter and biological process plants, and 30-40 percent for
activated process plants. POTW effluent concentrations of zinc
range? from 0.003 to 3.6 mg/1 (mean = 0.330, standard deviation =
0.464). : ' ‘

The zinc which does not pass through the POTW is retained in the
sludge. The presence of zinc in sludge may limit its use on
cropland. Sewage sludge contains 72 to over 30,000 mg/kg of
zinc, with 3,366 mg/kg as the mean value. These concentrations
are significantly greater than those normally found in soil,
which range from 0 to 195 mg/kg, with 94 mg/kg being a common
level. Therefore, application of sewage sludge to soil will
generally increase the concentration of zinc in the soil. Zinc
can be .toxic to plants, depending upon soil pH. Lettuce,
tomatoes, turnips, mustard, kale, and beets are especially
sensitive to zinc contamination.

Aluminum. Aluminum, a nonconventional pollutant, is an abundant

silvery white metal comprising 8.1 percent of the earth's crust,

but never found in a free state. The principal ore for aluminum
is bauxite from which alumina (Al,0;) is extracted. Aluminum

getﬁl is produced by electrolysis of the alumina in the cryolite
ath.
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Aluminum metal is relatively corrosion resistant because it forms
a protective oxide film on the surface which prevents corrosion
under many conditions. Electrolytic action of other metals in
contact with aluminum and strong acids and alkalis can break down
the oxide layer causing rapid corrosion to occur.

Aluminum is light, malleable, ductile, possesses high thermal and
electrical conductivity, and is non-magnetic. It can be formed,
machined or . cast. Aluminum 1is wused 1in the construction,
transportation, and container industries and competes with iron
and steel in these markets.

Aluminum had been found to be toxic to freshwater and marine
aquatic life. In freshwaters acute toxicity and 'solubility
increases as pH levels increase above pH 7. This relationship
also appears to be true as the pH levels decrease below pH 7.
Chronic effects of aluminum on aquatic 1life have also been
documented. Aluminum has been found to be toxic to certain
plants. A water quality standard for aluminum was established
(U.S. Federal Water Polluti9n Control Administration, 1968) for
interstate agricultural and irrigation waters, which set a trace
element tolerance at 1 mg/1 for continuous use on all soils and
20 mg/1 for short term use on fine-~textured soils.

Aluminum and some of its compounds used in food preparation and
as food additives are generally recognized as safe and are
sanctioned by the Food and Drug Administration. No 1limits on
aluminum content in food and beverage products have been
established.

There are no reported adverse physiological effects on man from
low concentrations of aluminum in drinking water, however, large
concentrations of aluminum in the human body are alleged to cause
changes in behavior. Salts of aluminum are used as  coagulants
in water treatment, and in limited quantities do not have any

adverse effects on POTW operations. Some aluminum salts are
soluble, however, mildly alkaline conditions cause precipitation
of aluminum as hydroxide. The precipitation of aluminum

hydroxide c¢an have an adverse effect on rooted aquatics and
invertebrate benthos.

Barium. Barium 1is a non-conventional pollutant. It is an
alkaline earth metal which in the pure state is soft and silvery
white. It reacts with moisture in the air, and reacts vigorously

with water, releasing hydrogen. The principal ore 1is barite
(BasO,) although witherite (BaCO;) was a commerical ore at one
time. Many barium compounds have commerical applications.

However, drilling muds consume 90 percent of all barite produced.
For manufacture of the other chemicals barite is converted to
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barium sulfide first. The aqueous barium sulfide is then treated
to produce the desired product. Barite 1itself and some other
insoluble barium compounds are used as fillers and pigments in
paints. Barium carbonate is the most important commerical barium
compound except for the natural sulfate. The carbonate is used
in the brick, ceramic, oil-well drilling, photographic, glass,
and chemical manufacturing industries.

Barium compounds such as the acetate, c¢hloride, hydroxide, and
nitrate are water soluble; the arsenate, chromate, fluoride,
oxalate, and sulfate are insoluble. Those salts soluble in water
and acid, including the carbonate and sulfide are toxic to
humans. Barium sulfate is so insoluble that it is non-toxic and
is used in X-ray medical diagnosis of the digestive tract. For
that purpose the sulfate must pass rigorous tests to assure
absence of water or acid scluble barium.

Lethal adult doses of most soluble barium salts are in the range
cof 1 to 15 g. The barium ion stimulates muscular tissue and
causes a depression in serum potassium. Symptoms of acute barium
poisoning include salivation, vomiting, abdominal pain and
diarrhea; slow and often irregular pulse; hypertension; heart
disturbances; tinnitus, vertigo; muscle twitching progressing to
convulsions or paralysis; dilated pupils, confusion; and
somnolence. Death may occur from respiratory failure due to
paralysis of the respiratory muscles, or from cardiac arrest or
fibrillation.

Raw wastewaters from most industrial facilities are wunlikely to
bear concentrations of soluble barium which would pose a threat
to human health. The general presence of small concentrations of
sulfate ion in many wastewaters is expected to be sufficient to
convert the barium to the non-toxic barium sulfate.

No data were found relating to the behavior of barium in POTW.
However, the insolubility of barium sulfate and the presence of
sulfates in most municipal wastewaters is expected to lead to
removal of soluble barium by precipitation follwed by settling
out with the other suspended solids. It is reported that the
typical mineral pickup from domestic water use increases the
sulfate concentration of 15 to 30 mg/l. If it is assumed that
sulfate concentration exists in POTW, and the sulfate 1is not
destroyed or precipitated by another metal ion, the dissolved
barium concentration would not exceed 0.1 mg/l1 at neutral pH in a
POTW. !

Cobalt. Cobalt is a non-conventional pollutant. It is a
brittle, hard, magnetic, gray metal with a reddish tinge. Cobalt
ores are usually the sulfide or arsenide [smaltite-(Co,Ni)As,;
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cobaltite-CoAsS] and are sparingly distributed in the earth's
crust. Cobalt 1is wusually produced as a by-product of mining
copper, nickel, arsenic, iron, manganese, or silver. Because of
the variety of ores and the very low concentrations of cobalt,
recovery of the metal 1is accomplished by several different
processes., Most consumption of cobalt is for alloys. Over two-
thirds of U.S. production goes to heat resistant, magnetic, and
wear resistant alloys. Chemicals and color pigments make up most
of the rest of consumption.

Cobalt and many of 1its alloys are not corrosion resistant,
therefore minor corrosion of any of the tool alloys or electrical
resistance alloys can contribute to its presence in raw
wastewater from a variety of manufacturing facilities.
Additionally, the use of cobalt soaps as dryers to accelerate
curing of unsaturated oils used 1in coatings may be a general
source of small quantities of the metal. Several cobalt pigments
are used in paints to produce yellows or blues.

Cobalt is an essential nutrient for humans and other mammals, and
is present at a fairly constant level of about 1.2 mg 1in  the
adult human body. Mammals tolerate low levels of ingested water-
soluble cobalt salts without any toxic symptoms; safe dosage
levels in man have been stated to be 2-7 mg/kg body weight per
day. A goitrogenic effect in humans 1is observed after the
systemic administration of 3-4 mg cobalt as cobaltous chloride
daily for three weeks. Fatal heart disease among heavy beer
drinkers was attributed to the cardiotoxic action of cobalt salts
which were formerly used as additives to improve foaming. The
carcinogenicity of c¢obalt in rats has been verified, however,
there is no evidence for the involvement of dietary cobalt in
carcinogenisis in mammals.

There are no data available on the behavior of cobalt in POTW.
There are no data to lead to an expectation of adverse effects of
cobalt on POTW operation or the utility of sludge from POTW for
crop application. Cobalt which enters POTW is expected to pass
through to the effluent unless sufficient sulfide ion is present,
or dgeneralted 1in anaerobic processes in the POTW to cause
precipitation of the very insoluble cobalt sulfide.

Fluoride. Fluoride ion (F-) 1is a non-conventional pollutant.
Fluorine is an extremely reactive, pale yellow gas which is never
found free in nature. Compounds of fluorine - fluorides - are
found widely distributed in nature. The principal minerals
containing fluorine are fluorspar (CaF,) and cryolite (NajzAlFg).
Although fluorine is produced commercially in small quantities by

electrolysis of potassium bifluoride in anhydrous hydrogen
fluoride, the elemental form bears 1little .relation to the
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combined ion. Total production of- fluoride chemicals in the U.S.
is difficult to estimate because of the varied uses. Large
volume usage compounds are: Calcium fluoride (est. 1,500,000
tons in U.S.) and sodium fluorocaluminate (est. 100,000 tons in
U.S.). Some fluoride compounds and their uses are: sodium
fluoroaluminate - aluminum production; calcium fluoride -
steelmaking, hydrofluoric acid production, enamel, iron foundry;
boron trifluoride - organic synthesis; antimony pentafluoride -
fluorocarbon production; fluoboric acid and fluoborates -
electroplating; perchloryl fluoride (Cl03F) - rocket fuel
oxidizer; hydrogen fluoride - organic fluoride manufacture,
pickling acid in stainless steelmaking, manufacture of aluminum
fluoride; sulfur hexafluoride - insulator in high voltage
transformers; polytetrafluoroethylene - inert plastic. Sodium
fluoride is used at a concentration of about 1 ppm in many public
drinking water supplies to prevent tooth decay in children.

The toxic effects of fluoride on humans include severe
gastroenteritis, vomiting, diarrhea, spasms, weakness, thirst,
failing pulse and delayed blood coagulation. Most observations
of toxic effects are made on individuals who intentionally or
accidentally ingest sodium fluoride intended for use as rat
poison or insecticide. Lethal doses for adults are estimated to
be as low as 2.5 g. At 1.5 ppm in drinking water, mottling of
tooth enamel 1is reported, and 14 ppm, consumed over a period of
years, may lead to deposition of calcium fluoride 1in bone and
tendons.

Very few data are available on the behavior of fluoride in POTW.
Under usual operating conditions in POTW, fluorides pass through
into the effluent. Very 1little of the fluoride entering
conventional primary® and secondary treatment processes is
removed. In one study of POTW influents conducted by the U.S.
EPA, nine POTW reported concentrations of fluoride ranging from
0.7 mg/l to 1.2 mg/l, which is the range of concentrations used
for fluoridated drinking water.

Iron. Iron is a nonconventional pollutant. It 1is an abundant
metal found at many places in the earth's crust. The most common
iron ore is hematite (Fe,0,) from which iron is obtained by
reduction with carbon. Other forms of commercial ores are
magnetite (Fe3;0,) and taconite (FeSiO). Pure iron is not often
found in commercial use, but it is wusually alloyed with other
metals and minerals. The most common of these is carbon.

Iron 1is the basic element in the production of steel. 1Iron with
carbon is used for casting of major parts of machines and it can
be machined, cast, formed, and welded. Ferrous iron is used in
paints, while powdered iron can be sintered and used 1in powder




metallurng Iron compounds afe also used to precipitate other
metals and undesirable minerals from industrial . wastewater
streams. : '

Corrosion products of iron in water cause staining of porcelain
fixtures, and ferric iron combines with tannin to produce a dark
violet color. The presence of excessive 1iron in water
discourages cows from drinking and thus reduces milk production.
High concentrations of ferric and ferrous ions in water kill most
fish introduced to the solution within a few hours. The killing
action is attributed to coatings of iron hydroxide precipitates
on the gills. Iron oxidizing bacteria are dependent on iron in
water for growth. These bacteria form slimes that can affect the
aesthetic values of bodies of water and cause stoppage of flows
in pipes. =~ However, high concentrations of iron can precipitate
on bottom sediments and affect rooted aqguatic and invertebrate
benthos.

Iron is an essential nutrient and micro-nutrient for all forms of
growth. Drinking water standards in the U.S. set a limit of 0.3
mg/1l of iron in domestic water supplies based on aesthetic and
organolept:c properties of iron in water.

High concentrations of iron do not pass through a POTW into the
effluent. In some POTW iron salts are added to coagulate
precipitates and suspended sediments into a sludge. In an EPA
study of POTW the concentration of iron in the effluent of 22
biological  POTW meeting secondary treatment performance levels
ranged from 0.048 to 0.569 mg/1 with a median value of 0.25 mg/l.
This represented removals of 76 to 97 percent with a median of 87
percent removal.

Iron in sewage sludge spread on 1land used for agricultural
purposes 1is not expected to have a detrimental effect on crops
grown on the land.

Manganese. Manganese is a non-conventional pollutant. It is a
gray-white metal resembling iron, but more brittle. The pure
metal does not occur in nature, but must be produced by reduction
of the oxide with sodium, magnesium, or aluminum, or by
electrolysis. The principal ores are pyrolusite (MnO,) and
psilomelane (a complex mixture of MnO, and oxides of potassium,
barium and other alkali and alkaline earth metals). The largest
percentage of manganese used in the U.S. 1is 1in ferro-manganese
alloys. A small amount goes into dry batteries and chemicals.

Manganese is not often present in natural surface waters because
its hydroxides and carbonates are only sparingly soluble.
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Mangenese is undesirable in domestic water supplies because it
causes unpleasant tastes, deposits on food during cooking, stains
and discolors laundry and plumbing fixtures, and fosters the
growth of some microorganisms in reservoirs, filters, and
distribution systems. '

Small concentratons of 0.2 to 0.3 mg/l manganese may cause
building of heavy encrustations in piping. Excessive manganese
is also undesirable in water for use in many industries,
including textiles, dyeing, food processing, distilling, brewing,
ice, and paper.

The recommended limitations for manganese in drinking water in
the U.S. is 0.05 mg/l. The 1limit appears to be based on
aesthetic and economic factors rather than physiological hazards.
Most investigators regard manganese to be of no toxicological
significance in drinking water at concentrations not causing
unpleasant tastes. However, cases of manganese poisoning have
been reported in the literature. A small outbreak of
encephalitis - like disease, with early symptoms of lethergy and
edema, was traced to manganese in the drinking water in a village
near Tokyo. Three persons died as a result of poisoning by well
water contaminated by manganese derived from dry-cell batteris
buried nearby. Excess manganese in the drinking water is also
believed to be the cause of a rare disease endemic in
Northeastern China.’

No data were found regarding the behavior of manganese in POTW.
However, one source reports that typical mineral pickup from
domestic water use results in an increase in manganese
concentration of 0.2 to 0.4 mg/l1 in a municipal sewage system.
Therefore, it 1is expected that interference in POTW, if it
occurs, would not be noted until manganese concentrations
exceeded 0.4 mg/l1.

Phenols(Total).  "Total Phenols" is a toxic pollutant parameter.
Total phenols is the result of analysis using the 4-AAP (4-amino-
antipyrene) method. This analytical procedure measures the color
development of reaction products between 4-AAP and some phenols.
The results are reported as phenol. Thus "total phenol" is not
total phenols because many phenols (notably nitrophenols) do not
react. Also, since each reacting phenol contributes to the color
development to a different degree, and each phenol has a
molecular weight different from others and from phenol itself,
analyses of several  mixtures containing the same total
concentration in mg/l1 of several phenols will give different
numbers depending on the proportions in the particular mixture.
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Despite these limitations of the analytical method, .total phenols
is ‘a wuseful parameter when the mix of phenols is relatively
constant and an inexpensive monitoring method is desired. 1In any
given plant or even in an industry ' subcategory, monitoring of
"total phenols” provides an indication of the concentration of
this group of priority pollutants as well as those phenols not
selected as priority pollutants. A further advantage is that the
method is widely used in water quality determinations.

In an EPA survey of 103 POTW the concentration of "total phenols"
ranged from 0.00017 mg/1 to 0.176 mg/l in the influent, with a
median concentration of 0.016 mg/l. Analysis of effluents from
22 of these same POTW which had biological treatment meeting
secondary treatment performance levels showed "total phenols”
concentrations ranging from 0 mg/l to 0.203 mg/1 with a median of
0.007. Removals were 64 to 100 percent with a median of 78
percent. ' ' '

It must be recognized, however, that six of the eleven priority
pollutant phenols could be present in high concentrations and not
be detected. Conversely, it is possible, but not probable, to
have a high "total phenol" concentration without any phenol
itself or any of the ten other priority pollutant phenols
present. A characterization of the phenol mixture to be
monltored to establish constancy of composition will allow "total
phenols" to be used with confidence. :

Phosphorus. Phosphorus, a conventional pollutant, is a general
term used to designate the various anions containing pentavalent
phosphorus and oxygen - -orthophosphate [(PO,)—3], metaphosphate
[(PO4)-], pyrophosphate [(P,0),~4], hypophosphate [(P,04)-4].
The element phosphorus exists in several allotropic forms - red,
white or yellow, and black. White phosphorus reacts with oxygen
in air, igniting spontaneously. It is not found free in nature,

but is widely distributed in nature. The most important
commercial sources of phosphate are the apatites [3Caj(P0,),eCaF,
and 3Cas(P0,),eCaCl,]. Phosphates also occur in bone and other

tissue. Phosphates are essential for plant and animal life.
Several millions of tons of phosphates are mined and converted
for use each year in the U.S. The - major form produced is
phosphoric acid. The acid 1is then used to produce other
phosphate chemicals. : '

The largest use for phosphates is fertilizer. Most of the U.S.
production of phosphoric acid goes 1into that application.
Phosphates are used in cleaning preparations for household and
industrial applications and as corrosion inhibitors in boiler
feed water and cooling towers. :
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Phosphates are not controlled because of toxic effects on man.
Phosphates are controlled because they promote growth of algae

and other plant 1life in aquatic environments. Such growth
becomes unsightly first, and if it florishes, eventually dies,
and adds to the biological oxygen demand (BOD). The result can

be a dead body of water. No standards or criteria appear to have
been established for U.S. surface waters.

Phosphorus is one of the concerns of any POTW, because phosphates
are introduced into domestic wastewaters from human body wastes
and food wastes as well as household detergents. About ten
percent of the phosphorus entering POTW 1is insoluble and is
removed by primary settling. Biological treatment removes very
little of the remaining phosphate. Removal is accomplished by
forming an insoluble precipitate which will settle out. Alum,
lime, and ferric chloride or sulfate are commonly used for this
purpose. The point of addition of chemicals £for phosphate
removal requires careful evaluation because pH adjustment may be
required, and material and capital costs differ with different
removal schemes. The phosphate content of the effluent also
varies according to the scheme used. There is concern about the
effect of phosphate contained in sludge used for soil amendment.
Phosphate is a principal ingredient of fertilizers.

Titanium. Titanium is a non-conventional pbllutant. It is a
lustrous white metal occurring as the oxide in ilmenite
(FeOeTiO,) and rutile (TiO,). The metal 1is used in heat-

resistant, high-strength, 1light-weight alloys for aircraft and
missiles. It is also used in surgical -appliances because of " its
high strength and 1light weight. Titanium dioxide 1is used
extensively as a white pigment in paints, ceramics, and plastics.

Toxicity data on titanium are not abundant. Because of the lack
of definitive data titanium compounds are generally considered
non-toxic. Large oral doses of titanium dioxide (TiO,) and
thiotitanic acid (H,TiSO;) were tolerated by rabbits for several
days with no toxic symptoms. However, impaired reproductive
capacity was observed in rats fed 5 mg/1 titanium as titanate in
drinking water. There was also a reduction in the male/female
ratio and in the number of animals surviving to the third
generation. Titanium compounds are reported to 1inhibit several
enzyme systems and to be carcinogenic.

The behavior of titanium in POTW has not been studied. On the
basis of the insolubility of the titanium oxides in water, it is
expected that most of the titanium entering the POTW will be
removed by settling and will remain in the sludge. No data were
found regarding possible effects on plants as a result of
spreading titanium - containing sludge on agricultural cropland.




Oil and Grease. 0il and grease are taken together as one
pollutant parameter. This is a conventional pollutant and some
of ips components are:

1. Light Hydrocarbons - These 1include 1light fuels such as
gasoline, kerosene, and jet fuel, and miscellaneous solvents
used for industrial processing, degreasing, or cleaning
purposes. The presence of these light hydrocarbons may make
the removal of other heavier oil wastes more difficult.

2. Heavy Hydrocarbons, Fuels, and Tars - These include the
crude oils, diesel oils, #6 fuel o0il, residual oils, slop
-oils, and in some cases, asphalt and road tar.

3. Lubricants and Cutting Fluids - These generally fall into
two classes: non-emulsifiable oils such as lubricating oils
and greases and emulsifiable o0ils such as water soluble
oils, rolling oils, cutting oils, and drawing compounds.
Emulsifiable o0ils may contain fat soap or various other
additives.

4. Vegetable and Animal Fats and Oils -~ These originate
primarily from processing of foods and natural products.

These compounds can settle or float and may exist as solids or
liquids depending upon factors such as method of use, production
process, and temperature of wastewater. '

Oils and ¢grease even in small quantities cause troublesome taste
and odor problems. Scum lines from these agents are produced on
water treatment basin walls and other containers. Fish and water
fowl are adversely affected by o0ils in their habitat. O0il
emulsions may adhere to the gills of fish causing suffocation,
and the flesh of fish is tainted when microorganisms that were
exposed to waste oil are eaten. Deposition of oil in the bottom
sediments of water can serve to inhibit normal benthic growth.
Oil and grease exhibit an oxygen demand.

Many of the organic priority pollutants will be found distributed.
between the oily phase and the aqueous phase in industrial
wastewaters. The presence of phenols, PCBs, PAHs, and almost any
other organic pollutant in the oil and grease makes
characterization of this parameter almost impossible. However,
all of these other organics add to the objectionable nature of
the o0il and grease. ’

Levels of 0il and grease which are toxic to aquatic organisms

vary greatly, depending on the type and the species
susceptibility. However, it has been reported that crude o0il in
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concentrations as low as 0.3 mg/l is extremely toxic to fresh-
water fish., It has been recommended that public water supply
sources be essentially free from oil and grease. .

0il and ¢grease in quantities of 100 1/sg km show up as a sheen on
‘the surface of a body of water. .The presence of oil slicks
decreases the aesthetic value of a waterway.

Oil and grease is compatible with a POTW activated sludge process
in limited quantity. However, slug loadings or high
concentrations of o0il and grease interfere with biological
treatment processes. The o0ils coat surfaces and solid particles,
preventing access of oxygen, and sealing in some microorganisms.
Land spreading of POTW sludge containing o0il and (grease
uncontaminated by toxic pollutants 1is not expected to affect
crops grown on the treated land, or animals eating those crops.

pH. Although not a specific pollutant, pH is related to the
acidity or alkalinity of a wastewater stream. It 1is not,
however, a measure of either. The term pH is used to describe
the hydrogen ion concentration (or activity) present in a given
solution. Values for pH range from 0 to 14, and these numbers
are the negative logarithms of the hydrogen 1ion concentrations.
A pH of 7 indicates neutrality. Solutions with a pH above 7 are
alkaline, while those solutions with a pH below 7 are acidic.
The relationship of pH and acidity and alkalinity 1is not
necessarily linear or direct.  Knowledge of the water pH is
useful in determining necessary measures for corrosion control,
sanitation, and disinfection. Its value is also necessary in the
treatment of industrial wastewaters to determine amounts of
chemcials required to remove pollutants and to measure their
effectiveness. Removal of pollutants, especially dissolved
solids, is affected by the pH of the wastewater.

Waters with a pH below 6.0 are corrosive to water works
structures, distribution lines, and household plumbing fixtures
and can thus add constituents to drinking water such as iron,
copper, zinc, cadmium, and lead. The hydrogen ion concentration
can affect the taste of the water and at a low pH, water tastes
sour. The bactericidal effect of chlorine is weakened as the pH
increases, and it is advantageous to keep the pH close to 7.0.
This is significant for providing safe drinking water.

Extremes of pH or rapid pH changes can exert stress conditions or
kill aquatic 1life outright. Even moderate changes from
acceptable criteria limits of pH are deleterious to some species.
The relative toxicity to aquatic 1life of many materials is
increased by changes in the water pH. For example,
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metallocyanide complexes can increase a thousand-fold in tox1c1tyr
with a drop of 1.5 pH units.

Because of the universal nature of pH and its effect on water
quality and treatment, it is selected as a pollutant parameter
for all subcategories in the porcelain enameling industry. A
neutral pH range (is generally desired because either extreme
beyond this range has a deleterious effect on receiving waters or
the pollutant nature of other wastewater constituents.

Pretreatment for regulation of pH 1is covered by the "General
Pretreatment Regulations for Exisiting- and New  Sources of
Pollution," 40 CFR 403.5. This section prohibits the discharge
to a POTW of "pollutants which will <cause corrosive structural
damage to the POTW" and "discharges with pH lower than 5.0 unless
the works is specially designed to accommodate such discharges."

Total Suspended Solids(TSS). Suspended solids include both
organic and inorganic materials.' The inorganic compounds include
sand, silt, and clay. The organic fraction includes such

materials as grease, o0il, tar, and animal and vegetable waste
products. These solids may settle out rapidly, and bottom
deposits are often a mixture of both organic and inorganic
solids. Solids may be suspended in water for 'a time and then
settle to the bed of the stream or lake.  These solids discharged
with man's wastes may be inert, slowly biodegradable materials,
or rapidly decomposable substances. While in . suspension,
suspended solids increase the turbidity of the water, reduce
light penetration, and impair the photosynthetic activity of
aquatic plants.

Suspended ' solids in water interfere with many industrial
processes and cause foaming in boilers and incrustations on
equipment exposed to such‘water, especially as the temperature
rises. They are undesirable in process water used in the
manufacture of steel, in the textile industry, in laundries, in
dyeing, and in cooling systems.

Solids in suspension are aesthetically displeasing. When they
settle to form sludge deposits on the stream or lake bed, they
are often damaging to the 1life 1in the water. Solids, when

transformed to sludge deposit, may do a variety of damaging
things, including blanketing the stream or lake bed and thereby
destroying the 1living spaces £for those benthic organisms that
would otherwise occupy the habitat. When of an organic nature,
solids use a portion or all of the dissolved oxygen available in
the area. Organic materials also serve as a food source for
sludgeworms and associated organisms.
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Disregarding any toxic effect attributable to substances leached
out by water, suspended solids may kill fish and shellfish by
causing abrasive injuries and by clogging the gills and
respiratory passages of various aquatic fauna. Indirectly,
suspended solids are inimical to aquatic life because they screen
out 1light, and they promote and maintain the development of
noxious conditions through oxygen depletion. This results in the
killing of fish and fish food organisms. ° Suspended solids also
reduce the recreational value of the water.

Total suspended solids is a traditional pollutant which is
compatible with a well-run POTW. This pollutant with the
exception of those components which are described elsewhere in
this section, e.g., heavy metal components, does not interfere
with the operation of a POTW. However, since a considerable
portion of the innocuous TSS may be inseparably bound to the
constituents which do interfere with POTW operation, or produce
unusable sludge, or subsequently dissolve to produce unacceptable
POTW effluent, TSS may be considered a toxic waste hazard.

REGULATION OF SPECIFIC POLLUTANTS

Discussions of individual pollutant parameters selected or not
selected for consideration for specific regulation are based on
data obtained by sampling and analyzing raw wastewater streams
from all discrete operations generating wastewater. From one to
five operations were sampled in each subcategory. Fcr coating
operations, the streams sampled included ball milli room and
application; for metal preparation the streams sampled included
alkaline cleaning, acid etch, nickel flash, and neutralization
when applicable. Therefore, the number of data points for
concentrations could be more than one per day for metal
preparation or for coating. '

The coating operation generates the largest quantity of
pollutants in porcelain enameling. Composition of the frit used
on different basis metals depends little on the metal. Color,
flow characteristics and service requirements have the greater
influence on frit composition. Therefore, data generated from
raw wastewaters from the coating operations in all four
subcategories are combined. Data on priority pollutant metals,
nonconventional and conventional pollutants are reviewed. The
selection for consideration for regulation 1is based on the
combined data and is applicable to all subcategories.

Concentrations of priority pollutants appearing in streams from
metal preparation processes are considered within each
subcategory. Selection for consideration for regulation is based
only on those data for metal preparation processes, and any final
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regulation must consider these 'selections and the selections
based on coating operations.

Coating Operations - All Subcategories

Pollutant Parameters Considered for Specific Regulation. Based
on verification sampling results and a careful examination of the
porcelain enameling coating processes and raw materials, twenty
pollutant parameters were selected for consideration for specific
regulation in effluent 1limitations and standards for all
subcategories. The twenty are: antimony, arsenic, cadmium,
chromium(total), copper, lead, nickel, selenium, zinc, aluminum,
barium, cobalt, fluoride, iron, manganese, phosphorus, titanium,
0il and grease, total suspended solids and pH. :

Antimony concentrations appeared on 17 of 40 sampling days for
the coating process. The maximum concentration was 1,020 mg/1.
Antimony oxides are used as coloring agents 1in porcelain
enameling. Some of the concentrations are greater than the level
that can be achieved with specific treatment methods. Therefore,
antimony is considered for specific regulation 1in coating
wastewater streams from all subcategories.

Arsenic concentrations appeared on 14 of 40 sampling days for the
coating process. The maximum concentration was 3.8 mg/1.
Arsenic compounds are used as coloring agents in enameling
slips. All of the arsenic concentrations are greater than the
level that can be achieved with specific treatment methods.
Therefore, arsenic 1is considered for specific regulation in
coating wastewater streams from all subcategories.

Cadmium concentrations appeared on 28 of 40 sampling days for the
coating process. The maximum concentration was 54.0 mg/l.
Cadmium compounds are used as coloring agents in enameling slip.
Most o©f the concentrations were greater than the level that can
be achieved with specific treatment methods. Therefore, cadmium
is considered for specific regulation in coating wastewaters from
all subcategories.

Chromium(total) concentrations appeared on all 40 sampling days

for the coating process. The maximum concentration was 37.4
mg/1. Chromium compounds are used as coloring agents in enamel
slip. About one-third of the chromium concentrations were
greater than the 1level achievable with specific treatment
technology. Therefore, chromium(total) is considered for

specific regulation in coating wastewaters from - all
subcategories. ,
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Copper concentrations appeared on 38 of 40 sampling days for the
coating process. The maximum concentration was 55.0 mg/l.
Copper oxide is used as a coloring agent in enamel slip. About
one-third of the concentrations were greater than the level that
can be achieved with specific treatment methods. Therefore,
copper is considered for specific regulation 1in coating
wastewater from all subcategories.

Lead concentrations appeared on 38 of 40 sampling days for the
coating process. The maximum concentration was 876.3 mg/l. Lead

compounds are used in enamel slips. All of the lead
concentrations are greater than the level that can be achieved
with specific treatment technology. . Therefore, 1lead is

considered for specific regulation in coating wastewater from all
subcategories.

Nickel concentrations appeared on 32 of 40 sampling days for the
coating process. The maximum concentration was 358.0 mg/l. Most
of the nickel concentrations are greater than the level that can
be achieved with specific treatment methods. Therefore, nickel
is considered for specific regulation in coating wastewaters from
all subcategories. '

Selenium concentrations appeared on 29 of 40 sampling days for
the coating process. The maximum concentration was 161.2 mg/l.
Selenium 1is used in some enamel slips. Most of the selenium
concentrations were greater than the level that can be achieved
with specific treatment methods. Therefore, selenium |is
considered for specific regulation 1in the coating wastewaters
from all subcategories.

Zinc concentrations appeared on 39 of 40 sampling days for the
coating process. The maximum concentration was 1,320 mg/l. Zinc
oxide is extensively used in enamel slip. Most of the =zinc
concentrations were greater than the 1level achievable with
specific treatment methods. Therefore, zinc 1is considered for
specific regulation in coating wastewaters from all
subcategories. :

Aluminum concentrations appeared on all 40 sampling days for the
coating process. The maximum concentration was 1,525 mg/1.
Aluminum is used in some enamel slips. More than half of the
concentrations were greater than the level that can be achieved
with specific treatment methods. Therefore, aluminum is
considered for specific regulation in coating wastewaters from
all subcategories.

Barium appeared on eight of nine sampling days for the coating
process. The maximum concentration was 90 mg/1l. Barium is
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present in some enamel slips. Therefore, barium is considered
for specific regulation in coating wastewater from all
subcategories.

Cobalt concentrations appeared on 33 of 40 sampling days for the’
coating process. The maximum concentration was 350.0 mg/1.
Cobalt compounds are used to color enamel slips. Most of the
cobalt concentrations were (greater than the level that can be
achieved with specific treatment methods. Therefore, cobalt is
considered for specific regulation in coating wastewaters for all
subcategories. ‘ »

Fluoride concentrations appeared on all 40 process sampling days
for the coating process. The maximum concentration was 115.0
mg/1. Fluoride in porcelain enameling raw wastewater results
from the use of fluorspar in the enamel slip. Many of the
fluoride  concentrations were greater than the level that can be
achieved with specific treatment methods. Therefore, fluoride is
.considered for specific regulation in coating wastewaters from
all subcategories.

‘Iron concentrations appeared on 38 of 39 sampling days for the
coating process. The maximum concentration was 620.0 mg/1. - Many
of the iron concentrations were greater than the level that can
be achieved with specific treatment methods. Therefore, iron is
considered for specific regulation in' coating wastewaters from
all subcategories.

Manganese concentrations appeared on 34 of 40 sampling days for
. the coating process. The maximum concentration was 400.0 mg/1l.
Manganese compounds are used to color enamel slips. Many of the
manganese concentrations were greater than the level that can be
achieved with specific treatment methods. Therefore, manganese
is considered for specific regulation in coating wastewaters from
. all subcategories.

. Phosphorus concentrations appeared on 25 of 36 sampling days for
the coating process. The maximum concentration was 71.0 mg/l.
More than half of the concentrations are greater than the level
that can be achieved with specific treatment methods. Therefore
phosphorus is considered for specific regulation in coating
wastewaters from all subcategories. '

Titanium concentrations appeared on 37 of 40 sampling days for
the coating operation. The maximum concentration was 1,641.45
mg/l. Titanium oxide is used as a pigment in enamel slip. About
two-thirds of the concentrations are greater than the level that
can be achieved with specific treatment methods. Therefore,
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titanium 1is considered for specific regulation in the coating
wastewater from all subcategories.

0il and grease concentrations appeared on 24 of 29 sampling days
for the coating process. The maximum concentration was 98 mg/l.
This concentration 1is within the range found in  domestic
wastewaters and therefore should be suitable for discharge to
POTW. Several of the concentrations are greater than the level
that can be achieved with specific treatment methods. Therefore,
0il and Grease is considered for specific regulation in coating
wastewaters from all subcategories for direct discharges only.

Total Suspended Solids (TSS) concentrations appeared on all 39
sampling days for the coating process. The maximum concentration
was 319,600 mg/l. TSS from the coating process is essentially a
dilute enamel slip. It therefore contains many of the priority
pollutant metals which makes it unsuitable for discharge to POTW.
All concentrations were greater than the 1level that can be
achieved with specific treatment methods. Therefore, TSS is
considered for specific regulation in coating wastewaters from
all subcategories for direct and indirect discharges.

pH ranged from 5.8 to 12.5 on the 30 sampling days for the
coating process. Specific treatment methods can readily bring pH
values within the prescribed limits of 7.5 to 10.0. Therefore,
pH is considered for specific regulation in coating wastewaters
from all subcategories.

Pollutant Parameters Not Considered for Specific Requlation. A
total of six pollutant parameters that were evaluated in
verification sampling and analysis were dropped from further
consideration for specific regulation in coating wastewaters from
all subcategories. The six are: bis (2-ethylhexyl)phthalate,
di-n-octyl phthalate, toluene, beryllium, chromium (hexavalent),
and phenols (total).

Bis(2-ethylhexyl)phthalate concentrations appeared on 2 of 10
sampling days for the coating process. The concentrations were
below the analytical quantification 1limit. Therefore, bis(2-
ethyl hexyl)phthalate 1is not considered for specific regulation
in coating wastewaters from any subcategory.

Di-n-octyl phthalate concentrations did not appear on any of 10
sample days for the coating process. Therefore, di-n-octyl
phthalate is not considered for specific regulation 1in coating
wastewaters from any subcategory. !

Toluene concentrations appeared on 2 of 13 sampling days for the
coating process. The maximum concentration was 0.018 mg/l1. Both
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concentrations are 1lower than the 1level treatable 1in this
industry. Therefore, toluene is not considered for specific
regulation in coating wastewaters from any subcategory.

Beryllium concentrations appeared on 15 of 40 sampling days for

the coating process. The maximum concentration was 0.12 mg/1l.
Beryllium can not be removed by specific treatment methods from
raw wastewater at that level. Therefore, beryllium 1is not

considered for spec1f1c regulatlon in coatlng wastewaters for any
subcategory.

Chromium (hexavalent) concentrations did not appear on any of 40
sample days .for the coating process. Therefore, hexavalent
chromium is not considered for specific regulation in coating
wastewaters for any subcategory.

Phenols (Total) concentrations appeared on 27 of 38 sampling days
for the coating process. The maximum concentration was 0.07 mg/1
which 1is the same level found in influent water for some plants.
Therefore, total phenols is not considered for specific
reqgulation in coating wastewaters from any subcategory.

Metal,Preparation Processes - By Subcategory

Steel Subcategory

Pollutant Parameters Considered for Specific Requlation. Based
on verification sampling results and a careful examination of the
steel subcategory manufacturing processes other than coating and
raw materials, fourteen pollutant parameters were selected for
consideration for specific regulation in effluent limitations and
standards for processes other than coating in  this subcategory.
The fourteen are: cadmium, chromium (total), copper, lead,
nickel, zinc, aluminum, cobalt, iron, manganese, phosphorus, oil
and grease, total suspended solids and pH.

Cadmium concentrations appeared on 5 of 61 process sampling days
for the steel subcategory. The maximum concentration was 0.084
mg/1. One of the concentrations is greater than the level than
can be achieved with specific treatment methods. Therefore,
cadmium is considered for specific regulation in this
subcategory.

Chromium concentrations appeared on 45 of 61 process sampling
days for the steel subcategory. The maximum concentration was
3.07 mg/1. Several of the concentrations are greater than the
level achievable with specific treatment methods. Therefore,
chromium is selected for specific regqulation in this subcategory.
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Copper concentrations appeared on 54 of 61 process sampling days
for the steel subcategory. The maximum concentration was 0.38
mg/1l. Several of the concentrations exceeded the level
achievable with specific treatment methods. Therefore, copper is
considered for specific regulation in this subcategory.

Lead concentrations appeared on 5 of 61 process sampling days.
The maximum concentration was 0.13 mg/1.. All the concentrations
exceeded the 1level that 1is achievable with specific treatment
methods. Therefore, lead is considered for specific regulation
in this subcategory. '

Nickel concentrations appeared on 43 of 59 process sampling days
for the steel subcategory. The maximum concentration was 281.0
mg/1. Nickel is used in a displacement coating process on steel
strip. Most of the nickel concentrations are greater than the
level achievable with specific treatment methods. Therefore,
nickel is considered for specific regulation in this subcategory.

Zinc concentrations appeared on 58 of 60 process sampling days
for the steel subcategory. The maximum concentration was 0.31
mg/l. Several of the zinc concentrations are greater than the
level achievable with specific treatment methods. Therefore,
zinc is considered for specific requlation in this subcategory.

Aluminum concentrations appeared on 39 of 61 process sampling
days for the steel subcategory. The maximum concentration was
3.15 mg/1. Some of the concentrations were greater than the
level achievable with specific treatment methods. Therefore,
aluminum is considered for specific regulation in  this
subcategory.

Cobalt concentrations appeared on 32 of 61 process sampling days.

The maximum concentration was 0.46 mg/l. Several of the cobalt
concentrations are greater than the 1level achievable with
specific treatment methods. Therefore, cobalt is considered for
specific regulation in this subcategory. ‘

Iron concentrations appeared on all 58 process sampling days for
the steel subcategory. The maximum concentration was 10,200
mg/l. ‘Iron is removed from steel during acid dipping and nickel
flash operations. Most ©of the iron concentrations were greater
than the level that can be achieved with specific treatment
methods. Therefore, iron is considered for specific regulation
in this subcategory.

Manganese concentrations appeared on 53‘of 59 process sampling
days for the steel subcategory. The maximum concentration was
53.0 mg/1. Some of the concentrations are greater than the level
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than can be achieved with specific treatment methods. Therefore,
manganese is considered for - specific regulation in this
subcategory. o

Phosphorus concentrations appeared on 39 of 41 sampling days in
the steel subcategory. The maximum was 92.4 mg/l. Phosphorus is
present in many compounds used for alkaline cleaning of metals.
Most of the concentrations were greater than the level that can
be achieved with specific treatment methods. ~Therefore,
phosphorus is considered for specific regulation in this
subcategory. ‘ :

0il and Grease concentrations appeared on all 34 process sampling
days for the steel subcategory. The maximum concentration was 63
mg/1. This pollutant parameter enters porcelain enameling
wastewater streams from steel cleaning operations and from
equipment washdown. Some of the concentrations are greater than
the 1level that can be achieved with specific treatment methods.
All concentrations are in the range that can be handled by POTW.
Therefore, the o0il and dgrease parameter 1is considered for
specific regulation for direct dischargers only, in this
subcategory. ‘ : :

Total Suspended solids (TSS) concentrations appeared on 36 of 55
process sampling days for the steel subcategory. The maximum
concentration was 649.2 mg/l. Nearly half of the concentrations
are greater than the level that can be achieved with specific
treatment methods. Therefore, total suspended solids is
considered for specific regulation for direct dischargers only in
this subcategory

pH ranged from 2.0 to 11.7 on 61 process sampling days in the
steel subcategory. pH can be controlled within the limits of 7.5
to 10.0 with specific treatment methods. Therefore, pH. is
considered for specific regulation in this subcategory. '

Pollutant Parameters Not Considered for Specific Regulation.
Based on verification sampling results and a careful examination
of the steel subcategory manufacturing processes other than.
coating and raw materials six pollutant parameters were dropped
from further consideration for specific regulation in the steel
subcategory. These parameters were found to be present in raw
wastewaters infreguently or at 1levels below those usually
achieved by specific treatment methods. The five are:  antimony,.
arsenic, selenium, fluoride, phenols (total), and titanium.

Arsenic concentrations did not appear on ‘any of 61 process
sampling days for the steel subcategory. Therefore, arsenic 'is
not considered for specific regulation in this subcategory.
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Selenium concentrations appeared on 4 of 61 process sampling days
in the steel subcategory. The concentration was 0.21 mg/1 which
is lower than the level that can be achieved with specific
treatment methods. Therefore, selenium is not considered for
specific regulation in this subcategory.

Fluoride concentrations appeared on all 61 process sampling days.
The maximum concentration was 1.8 mg/l1 which was less than the
concentration in the 1inlet water at one plant. Therefore,
fluoride is not considered for specific regulation in this
subcategory. ‘

Phenols (Total) concentrations appeared on 48 of 54 process
sampling days for the steel subcategory. The maximum
concentration was 0.69 mg/l. Only two concentrations were
greater than those found in inlet water at two plants (about 0.05
mg/l). The maximum concentration was not considered to be
environmentally significant. Therefore, Total Phenols is not
considered for specific regulation in this subcategory.

Titanium concentrations appeared on 1 of 61 process sampling days
for the steel subcategory. This concentration was 0.05 mg/l,
therefore, titanium is not considered for specific regulation in
this subcategory.

Cast Iron Subcategory

Coating process raw wastewater was the only stream sampled for
the cast iron subcategory. Therefore, all selections for
consideration for specific regulation of pollutant parameters are
based on those combined coating process concentrations discussed
at the beginning of this section.

Aluminum Subcategory

Pollutant Parameters Considered for Specific Requlation. Based
on verification sampling results and careful examination of the
aluminum subcategory alkaline cleaning process (the only process
sampled other than coating), seven pollutant parameters were
selected for consideration for specific regulation in effluent
limitations and standards for this subcategory. The seven are:
chromium (total), lead, zinc, aluminum, phosphorus, total
suspended solids and pH.

|
Chromium (total) concentrations appeared at low levels on 2 of 8
process sampling days for the aluminum subcategory. However, dcp
responses indicate that there are a few porcelain enamelers on
aluminum that use a chromate coating as a basis metal preparation
operation. This process operation was not included 1in - the




sampling program. Based on this dcp information total chromium
is considered for specific regulation in this subcategory.

Lead concentrations appeared on 2 of 8 process sampling days for
the aluminum subcategory. The greater concentration was 4.31
mg/1. Both concentrations were greater than the level that «can
be achieved with specific treatment methods. Therefore, lead is
considered for specific requlation in this subcategory.

- Zinc concentrations appeared on 7 of 8 process sampling days for
the aluminum subcategory. The maximum concentration was 0.54
mg/l. Some of the concentrations were greater than the level
that can be achieved with specific treatment methods. Therefore,
zinc is considered for specific regulation in this subcategory.

Aluminum concentrations appeared on 7 of 8 process sampling days
for the aluminum subcategory. The maximum concentration was 25.9
mg/1l. Most of the aluminum concentrations and greater than the
concentration 1level that can be achieved with specific treatment
methods. Therefore, aluminum is considered for specific
regulation in this subcategory. -

Phosphorus concentrations appeared on all 8 process sampling days
for the aluminum subcategory. The maximum concentration was 24.3
mg/1. Phosphorus compounds are used in many alkaline-cleaners.
Half of the phosphorus concentrations were greater than the level
that can be achieved with specific treatment methods. Therefore,
phosphorus is considered for specific regulation in this
subcategory. =

Total Suspended Solids (TSS) concentrations appeared on all 8
process sampling days for the aluminum subcategory. The maximum
concentration was 181.0 mg/l. Half of the concentrations were
greater than the level that can be achieved with specific
treatment methods. Therefore, TSS 1is considered for specific
regulation in this subcategory. ' :

pH ranged from 6.3 to 10.4 on 8 process sampling days for the
aluminum subcategory. pH can be controlled within the limits of
7.5 to.10.0 with specific treatment methods and 1is therefore
considered for specific regulation in this subcategory. :

Oil and Grease concentrations appeared on.4 of 8 process sampling
days for the aluminum subcategory. The maximum concentration was
11.0 mg/1. Dcp data and engineering analysis indicate that
treatable concentrations of oil and grease are present in metal
preparation wastewater as a result of aluminum forming oil
remaining on the basis metal. Therefore, '0il and grease is
considered for specific regulation in this subcategory.
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Pollutant Parameters Not Considered for Specific Regulation.
Based on verification sampling results and careful examination of
the aluminum subcategory alkaline c¢leaning process (the only
process sampled other than coating), ‘eighteen pollutant
parameters that were evaluated in verification sampling and
analysis were dropped from further consideration for specific

regulation in the aluminum subcategory. These parameters were
found to be present in raw wastewaters infrequently or at levels
below those usually achieved by specific treatment methods. The

eighteen are: bis(2-ethylhexyl)phthalate, di-n-octyl phthalate,
antimony, arsenic, beryllium, cadmium, -chromium (hexavalent),
copper, nickel, selenium, barium, cobalt, fluoride, iron,
manganese, phenols (total), titanium, and oil and grease.

Bis(2-ethylhexyl)phthalate concentrations appeared on 1 of 9
process sampling days for the aluminum subcategory. The
concentration was 0.022 mg/1 which is lower than the
concentration that 1is treatable for this industry Therefore,
bis(2-ethylhexyl)phthalate is not considered for regulation in
this subcategory. '

Di-n-octyl phthalate concentrations appeared on 1 of 9 process
sampling days for the aluminum subcategory. The concentration
was 0.011 mg/l which is lower than the concentration designated
as causing or likely to cause toxic effects in hymans.
Therefore, di-n-octyl phthalate 1is not considered for specific
regulation in this subcategory. 5 '

Antimony concentrations did not appear on any of 8 process
sampling days for the aluminum subcategory. Therefore, antimony
is not considered for specific regulation in metal preparation
wastewaters from this subcategory.

Arsenic concentrations did not appear on any of 8 process
sampling days for the aluminum subcategory. Therefore, arsenic
is not considered for specific regulation in this subcategory.

Beryllium concentration did not appear on any of 8 process
sampling days for the aluminum subcategory. Therefore, beryllium
is not considered for specific regulation in this subcategory.

Cadmium concentrations appeared on 1 of 8 process sampling days
for the aluminum subcategory. The concentration was 0.003 mg/1
which is lower than the level that can be achieved with specific
treatment technology. Therefore, cadmium is not considered for
specific regulation in this subcategory.

Chromium (hexavalent) concentrations did not appear on any of 8
process sampling days for the aluminum subcategory. Therefore,




hexavalent chromium is not considered for spec1f1c regulatlon in
this subcategory

Copper concentrations appeared on 2 of 8 pfocess samplingvdays

for the aluminum subcategory. The maximum concentration was
0.056 mg/l. Both concentrations were lower than the level that
can be achieved with specific treatment methods. Therefore,

copper is not selected for specific regulation in this
subcategory. ‘

Nickel concentrations did not appear on any of 8 process sampling
days for the aluminum subcategory. Therefore, nickel 1is not
considered  for specific regulation in metal preparation
wastewaters from this subcategory. : '

Seleniﬁm cbncentrations did not appear on any of 8 process
sampling days for the aluminum subcategory. Therefore, selenium
is not considered for specific regulation in this subcategory.

Barium concentrations did not appear on anyiof 8 process sampling
days for the aluminum subcategory. Therefore, 'barium 1is’ not
considered for specific regulation in this subcategory.

Cobalt concentrations did not appear on any of 8 process sampling
days for . the aluminum subcategory. - Therefore, cobalt is not
considered for specific regulation in this subcategory.

Fluoride concentrations appeared on all 8 process sampling days
for the aluminum subcategory. The maximum concentration was 0.98
mg/1. All concentrations were lower than the level that can be
achieved with specific treatment methods. Therefore, fluoride is
not considered for specific regulation in this subcategory.

Iron concentrations appeared on all 8 process sampling days for
the aluminum subcategory. The maximum concentration was 0.33
mg/l. This concentration was only slightly greater than the
level that <can be achieved with specific treatment methods.
Therefore, iron is not considered for specific regulation in
metal preparation wastewaters from this subcategory.

Manganese concentrations appeared on 3 of 8 process sampling days
for the aluminum subcategory. The maximum concentration was 0.18
mg/1. All concentrations were lower than the level that can be
achieved with specific treatment methods. Therefore, manganese
is not cons 1dered for specific regulation in thls subcategory

Phenols (total) concentrations appeared on 7 of 8 process

sampling days for the aluminum subcategory. The maximum
concentration was 0.016 mg/1l. This concentration is lower than
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the level that can be achieved for many specific phenols using
specific treatment methods. Therefore, total phenols is not
considered for specific regulation in this subcategory.

Titanium concentrations did not appear on any of 8 process
sampling days for the aluminum subcategory. Therefore, titanium
is not «considered for specific regulation in the aluminum
subcategory.

Copper Subcategory

Pollutant Parameters Considered for Specific Regulation - Based
on verification sampling results and careful examination of the
copper subcategory acid etching process (the only process sampled
other than coating), six pollutant parameters were selected for
consideration for specific regulation in effluent limitations and
standards for this subcategory. The six are: copper, zinc, iron,
oil and grease, total suspended solids, and pH.

Copper concentrations appeared on 3 of 3 sampling days for the
acid etching process. The maximum concentration was 814.52 mg/1.
All of the copper concentrations are greater than the level that
can be achieved with specific treatment technology. Therefore,
copper is considered for specific regulation in the copper
subcategory. ’

Zinc concentrations appeared on 3 of 3 process sampling days for
the copper subcategory. The maximum concentrations was 2.40
mg/l. One of the concentrations was greater than the level that
can be achieved with specific treatment methods. Therefore, zinc
is considered for specific regulation in this subcategory.

Iron concentrations appeared on all 3 process sampling days for
the copper subcategory. The maximum concentration was 30.78
mg/l. Two of the iron concentrations were greater than the level
that can be achieved with specific treatment methods. Therefore,
iron is considered for specific regulation in this subcategory.

0il and grease concentrations appeared on 1 of 3 process sampling
days for the copper subcategory. This concentration was 196.0
mg/1l. This pollutant parameter enters porcelain enameling
wastewater streams from copper etching operations. This
concentration is greater than the level that can be achieved with
specific treatment methods. All concentrations are in the range
that can be handled by POTW. Therefore, the o0il and grease
parameter 1is considered for specific regulation for direct
dischargers only, in this subcategory.
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Total suspended solids (TSS) concentrations appeared on 2 of 2
process sampling days. The maximum concentration was 24.0 mg/l.
This concentration is greater than the level that can be achieved
with specific treatment methods. Therefore TSS is con51dered for
specific regulation in this subcategory

pH ranged from 1.8 to 6.5 on 3 process sampling days for the
copper subcategory. pH can be controlled within the limits of
7.5 to 10.0 with specific treatment methods and is therefore
considered for specific regulation in this subcategory.

Pollutant Parameters Not Considered for Specific Regulation.
Based on verification sampling results and careful examination of
the copper subcategory etching process (the only process sampled
other than coating) eighteen pollutant parameters that were
evaluated in verification sampling and analysis were dropped from
further consideration for specific regulation 1in the copper
subcategory. These parameters were found to be present in raw
wastewaters infrequently or at nonquanitifiable levels (i. e.
below 0.01 mg/1) levels below those usually achieved by specific
treatment methods. The eighteen are: 1,1,2~-trichloroethane,
toluene, trichloroethylene, antimony, arsenic, c¢admium, total
chromium, lead, nickel, selenium, aluminum, barium, cobalt,
fluoride, manganese, total phenols, phosphorus, and titanium.

1,1,2-Trichloroethane, toluene, trichloroethylene, antimony,
arsenic, .selenium, cobalt, and titanium were not found above the
analytical quantification limit on any of the 3 sampling days for
this subcategory. Therefore, these parameters were dropped ' from
any further consideration as pollutant parameters within this
subcategory.

Cadmium concentrations appeared on 1 of 2 process sampling days
for the aluminum subcategory. The concentration was 0.02 mg/1
which is lower than the level that can be achieved with specific
treatment technology Therefore, cadmium is not considered for
specific regulatlon in this subcategory. ' o

Chromium (total) concentrations appeared on 3 of 3 process
sampling days for the aluminum subcategory. The concentrations
were lower than the level that can be achieved with specific
treatment methods. Therefore, total chromium is not considered
for specific regulation in this subcategory. -

Nickel concentrations appeared on only 1 of 3 sampling days for
this subcategory. This concentration was 0.12 mg/l. This -
concentraticon was lower than the level that can be achieved with
specific treatment methods. Therefore, nickel is not considered




for specific regulation in metal preparation wastewaters from
this subcategory.

Barium concentrations did not appear on any of 3 process sampling
days for the copper subcategory. Therefore, barium is not
considered for specific regulation in this subcategory.

Fluoride concentrations appeared on 2 of 2 process sampling days
for the copper subcategory. The maximum concentration was 0.11
mg/l. All concentrations were lower than the level that can be
achieved with specific treatment methods. Therefore, fluoride is
not considered for specific regulation in this subcategory.

Manganese concentrations appeared on 3 of 3 process sampling days
for the copper subcategory. The maximum concentration was 0.26
mg/l. All concentrations were lower than the level that can be
achieved with specific treatment methods. Therefore, manganese
is not considered for specific regulation in this subcategory.

Phenols (total) concentrations appeared on 1 of 2 process
sampling days for the copper subcategory. The maximum
concentration was 0.006 mg/l. This concentration is lower than
the 1level that can be achieved for many specific phenols using
specific treatment methods. Therefore, total phenols 1is not
considered for regulation within this subcategory.

Lead concentrations appeared on only 1 of 3 process sampling days

for this subcategory. This concentration was 0.77 mg/l.
Concentrations which appeared on the other two sampling days were
less than the minimum detectable 1limit. Therefore, lead was

dropped from further consideration as a pollutant parameter
within metal preparation wastewaters from this subcategory.

Aluminum concentrations appeared on 2 of 3 process sampling days.
The maximum concentration was 0.17 mg/l. This concentration is
lower than the 1level that can be achieved by many specific
treatment methods. Therefore, aluminum is not considered for
regulation within this subcategory.

Phosphorus concentrations appeared on 1 of 2 process sampling
days for the copper subcategory. This concentration was 0.52
mg/l. This concentration 1is lower than the level that can be
achieved by many specific treatment methods. Therefore,
phosphorus is not considered for regulation within the copper
subcategory.
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Summary

Table VI-1 (Page 165) presents the results of selection of
priority pollutant parameters for consideration for specific
regulation for the steel, cast iron, aluminum, and copper sub-
categories, respectively. The "Not Detected" symbol includes
pollutants not detected in raw wastewater streams during
screening and verification analysis. "Not Controlled" includes
unique parameters found in only one plant. "Not Treatable" means
that the concentrations were lower than the level achievable with
the specific treatment methods considered in Section VII. Table
VIi-2 (Page 169) summarizes the selection of non-conventional and
conventional pollutant parameters for consideration for specific
regulation by subcategory. : v '




TABLE VI-T-
PRIORITY POLLUTANT DISPOSITION

PORCELAIN ENAMELING

Subcategory

Steel Cast Iron Atuminum Copper

Pollutant v
093 4,4-DDE (p,p-DDX) ND ND ND ND
0%4 4,4-DDD (p,p-TDE) ND ND ND ND
095 Alpha-endosulfan ND ND ND ND
096 Beta-endosulfan ND ND ND ND
097 Endosulfan sulfate ND ND ND ND
098 Endrin ND ND ND ND
099 Endrin aldehyde ND ND ND ND
100 Heptachlor ND ND ND ND
101 Heptachlor epoxide (BHC-

hexachlorocyclohexane) ND ND ND ND
102 Alpha-BHC ND ND ND ND
103 Beta-BHC ND ND ND ND
104 Gamma-BHC (1indane) ND ND ND ND
105 Delta-BHC (PCB-poly- , ‘

chlorinated biphenyls) ND ND ND ND
106 PCB-1242(Arochlor 1242) ND ND ND ND
107 PCB-1254(Arochlor 1254) ND ND. ND ND
108 PCB-1221(Arochlor 1221) ND ND ND ND
109 PCB-1232(Arochlor 1232) ND ND ND ND
110 PCB-1248(Arochlor 1248) ND ND ND ND
111 PCB-1260(Arochlor 1260) ND ND ND ND
112 PCB-1016(Arochlor 1016) ND ND ND ND
113 Toxaphene ND ND ND ND
114 Antimony REG REG REG REG.
115 Arsenic REG REG REG REG
116 Asbestos ND ND ND ND
117 Beryllium NT ND NT ND
118 Cadmium REG REG REG REG
119 Chromiumm REG REG REG REG
120 Copper REG REG REG REG
121 Cyanide, Total ND ND EI ND
122 Lead REG REG REG REG
123 Mercury ND ND ND ND
124 Nickel REG REG REG REG
125 Selenium REG REG REG REG
126 Silver REG ND ND ND
127 Thallium ND ND ND ND
128 Zinc REG REG REG REG

dibenzo-p-dioxin
129 (TcDD) ND ND ND ND




TABLE VI-I]
PRIORITY POLLUTANT DISPOSITION
PORCELAIN ENAMELING
Subcategory
Steel €ast Iron ATuminum Copper

Poliutant )
062 N-nitrosodiphenylamine ND ND ND ND
063 N-nitrosodi-n-propyl-

amine ND ND ND ND
064 Pentachlorophenol ND ND ND ND
065 Phenol ND ND ND ND
066 Bis(2-ethylhexyl)

phthalate) ND NQ El ND
067 Butyl benzyl phthalate ND ND ND ND
068 Di-N-Butyl Phthalate ND ND ND ND
069 Di-n-octyl phthalate ND ND EI ND
070 Diethyl Phthalate ND ND ND ND
071 Dimethyl phthalate ND ND ND ND
072 1,2-benzanthracene

(benzo(a)anthracene) ND ND ND ‘ND
073 Benzo(a)pyrene (3,4~

benzopyrene) - ND ND ND ND
074 3,4-Benzofluoranthene '

(benzo(b) fluoranthene) ND ND ND ND
075 11,12-benzofluoranthene

(benzo(b) fluoranthene) ND ND ND ND
076 Chrysene ND ND ND ND
077 Acenaphthylene ND ND ND ND
078 Anthracene ND ND ND ND
079 1,12-benzoperylene

(benzo(ghi)perylene) ND ND ND ‘ ND
080 Fluorene - ND ND ND NQ
081 Phenanthrene ND ND ND ND
082 1,2,5,6-dibenzanthracene

(dibenzo( ,h)anthracene) ND ND ND ND
083 Indeno(1,2,3-cd) pyrene

(2,3-0-pheynylene ‘

pyrene) ND ND ND ND
084 Pyrene ND ND ND ND
085 Tetrachloroethylene ND ND ND . ND
086 Toluene ND 'ND ND NQ
087 Trichloroethylene NQ ND ND ND
088 Vinyl chloride (chloro-

ethylene) ND ND ND ND
089 Aldrin ND 'ND ND ND
090 Dieldrin ND ND ND ND
091 Chlordane {technical mixture

and metabolites) ND ND ND ND
092 4,4-DDT ND ND ND ND




TABLE VI-1
PRIORITY-POLLUTANT DISPOSITION

PORCELAIN ENAMELING

Subcategory

Steel Cast Iron ATuminum Copper

Potlutant '
030 1,2-trans-dichloro-

ethylene ND ND ND ND
031 2,4-dichlorophenol ND ND ND ND
032 1,2-dichloropropane ND ND ND ND
033 1,2-dichloropropylene

(1,3-dichloropropene) ND ND ND ND
034 2,4-dimethylphenol ND ND ND ND
035 2,4-dinitrotoluene ND ND ND ND
036 2,6-dinitrotoluene ND ND ND ND
037 1,2-diphenylhydrazine ND ND ND ND
038 Ethylbenzene ND ND ND ND
039 Fluoranthene ND ND ND ND
040 4-chlorophenyl phenyl _

ether ND ND ND ND
041 4-bromophenyl phenyl

ether ND ND ND ND
042 Bis(2-chloroisopropyl)

ether ND ND ND ND
043 Bis(2-chloroethoxy)

methane ND ND ND ND
044 Methylene chloride

(dichloromethane) ND ND ND ND
045 Methyl chloride .

(dichloromethane) ND ND ND ND
046 Methyl bromide

(bromomethane) ND ND ND ND
047 Bromoform (tribromo-

methane) ND ND ND ND
048 Dichlorobromomethane ND ND ND ND
049 Trichlorofluoromethane ND ND ’ ND ND
050 Dichlorodifluoromethane ND ND ND ND
051 Chlorodibromomethane ND ND ND ND
052 Hexachlorobutadiene ND ND _ ND ND
053 Hexachloromyclopenta- ‘

diene ND ND ND ND
054 Isophorone ND ND ND ND
055 Naphthalene ND ND ND ND
056 Nitrobenzene ND ND ‘ ND ND
057 2-nitrophenol ND ND ND ND
058 4-nitrophenol ND ND ND ND
059 2,4-dinitrophenol ND ND ND ND
060 4,6-dinitro-o-cresol ND ND ND ND
061 N-nitrosodimethylamine ND ND ND ND
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| TABLE VI-1
PRIORITY POLLUTANT DISPOSITION-
PORCELAIN ENAMELING
Subcategory
Steel Cast Iron Atuminum Copper
Poliutant '
001 Acenaphthene ND ND ND ND
002 Acrclein ND ND ND ND
003 Acrylonitrile ND ND ND ' ND
004 Benzene ND ND ND ND
005 Benzidine ND ND ND - ND
006 Carbon tetrachloride
(tetrachloromethane) ND ND ND ND
007 Chlorobenzene ND ND ND ND
008 1,2,4-trichlorobenzene ND ND ND ND
009 Hexachlorobenzene ND ND ND ND
010 1,2-dichloroethane ND ND ND ND
011 1,1,1-trichlorethane ND ND ND ND
012 Hexachloroethane ND ND ND ND
013 1,1-dichloroethane ND ND ND ND
014 1,1,2-trichloroethane ND ND ND NQ
015 1,1,2,2-tetra-
chloroethane ND ND ND ND
016 Chloroethane ND ND ND ND
017 Bis (chloromethyl)
ether ND ND ND ND
018 Bis (2-chloroethyl)
ether ND ND ND ND
019 2-chloroethyl vinyl
ether (mixed) ND ND ND ND
020 2-chloronaphthalene ND ND ND ~ ND
021 2,4,6-trichlorophenol ND ND ~ ND ND
022 Parachlorometa cresol ND ND ND ND
023 Chloroform (trichloro-
methane) ND ND ND ‘ ND
024 2-chlorophenol ND ND ND ND
025 1,2-dichlorobenzene ND . ND ND ND
026 1,3-dichlorobenzene ND ND ND ND
027 1,4-dichlorobenzene ND ND ND ND
028 3,3-dichlorobenzidine ND ND ND ND
029 1,1l-dichloroethylene ND ND ND ND
LEGEND:
ND = NOT DETECTED
NQ = NOT QUANTIFIABLE
EI = ENVIRONMENTALLY INSIGNIFICANT
NT = NOT TREATABLE ‘
REG = REGULATION CONSIDERED
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TABLE VI-2
NON-CONVENTIONAL AND CONVENTIONAL POLLUTANT PARAMETERS
SELECTED FOR CONSIDERATION FOR SPECIFIC REGULATION IN
THE PORCELAIN ENAMELING CATEGORY

Pollutant Subcategory

Parameter Steel Cast Iron Alumihum Copper

Aluminum
Barium
Cobalt

Fluoride

O X X K

Iron
Manganese

Phosphorus

Titanium

0il and Grease

TISsS

- T T - B

MOod b M XM M M X X X X

o T o T T T R B B B
>

XX X X X

pH
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SECTION VII

CONTROL AND TREATMENT TECHNOLOGY

This section describes the treatment techniques currently used or
available to remove or recover wastewater pollutants normally
generated by the porcelain enameling industrial point .source
category. Included are discussions of individual end-of-pipe
treatment technologies and in-plant technologies. These
treatment technologies are widely used in many industrial
categories and data and information to support | their
effectiveness has been drawn from a similarly wide range of
sources and data bases. :

END-OF-PIPE TREATMENT TECHNOLOGIES

Individual recovery and treatment technologies are described
which are used or are suitable for use in treating wastewater
discharges from porcelain enameling facilities. Each description
includes a functional description and discussions of application
and performance, advantages and limitations, operational factors
(reliability, maintainability, solid waste aspects), and
demonstration status. The treatment processes described include
both technologies presently demonstrated within the porcelain
enameling category, and technologies demonstrated in treatment of
similar wastes in other industries.

Porcelain enameling wastewater streams characteristically contain
significant 1levels of toxic inorganics. Chromium, lead, nickel,
and zinc are found in porcelain enameling wastewater streams at
substantial concentrations. These toxic 1inorganic pollutants
constitute the most significant- wastewater pollutants in this
category.

In general, these pollutants are removed by chemical
precipitation and sedimentation or filtration. Most of them may .
be effectively removed by precipitation of metal hydroxides or
carbonates utilizing the reaction with lime, sodium hydroxide, or
sodium carbonate. For some, improved removals are provided by
the use of sodium sulfide or ferrous sulfide to precipitate the
pollutants as sulfide compounds with very low solubilities.

Discussion of end-of-pipe treatment technoldgies is divided into

three parts: the major technologies; the effectiveness of major
technologies; and minor end-of-pipe technologies.
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MAJOR TECHNOLOGIES

In Sections IX, X, XI and XII, the rationale for selecting
treatment systems is discussed. The individual technologies used

in the system are descrit=:i here. The major end-of-pipe
technologies are: chemical reduction of hexavalent chromium,
chemical precipitation ot dissolved metals, cyanide

precipitation, granular bed filtration, pressure filtration,
settling of suspended solids, and skimming of oil. 1In practice,
precipitation of metals and settling ' of the resulting
precipitates 1is often a unified two-step operation. Suspended
solids originally present in raw wastewaters are not appreciably
affected by the precipitation operation and are removed with the
precipitated metals in the settling operations. Settling
operations c¢an be evaluated independently of hydroxide or other
chemical precipitation operations, but hydroxide and other
chemical precipitation operations can only be evaluated in
combination with a solids removal operation.

1. Chemical Reduction Of Chromium

Description of the Process. Reduction is a chemical reaction in
which electrons are transferred to the chemical being reduced
from the chemical initiating the transfer (the reducing agent).
Sulfur dioxide, sodium bisulfite, sodium metabisulfite, and
ferrous sulfate form strong reducing agents in aqgqueous solution
and are often used in industrial waste treatment facilities for
the reduction of hexavalent chromium to the trivalent form. The
reduction allows removal of chromium from solution in conjunction
with other metallic salts by alkaline precipitation. Hexavalent
chromium is not precipitated as the hydroxide.

Gaseous sulfur dioxide is a widely used reducing agent and
provides a good example of the chemical reduction process.
Reduction wusing other reagents 1is chemically similar. The
reactions involved may be illustrated as follows:

3 HpSO; + 2HyCrO, —--> Crp(S0,); + 5 H0

The above reaction is favored by low pH. A pH of from 2 to 3 is
normal for situations requiring complete reduction.. At pH levels
above 5, the reduction rate is slow. Oxidizing agents such as
dissolved oxygen and ferric iron interfere with the reduction
process by consuming the reducing agent. ‘

A typical treatment consists of 45 minutes retention in a
reaction tank. The reaction tank has an electronic recorder-
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controller device to control process conditions with respect to
pH and oxidation reduction potential (ORP). Gaseous sulfur
dioxide is metered to the reaction tank to maintain the ORP
within the range of 250 to 300 millivolts. Sulfuric acid is
added to maintain a pH level of from 1.8 to 2.0. The reaction
tank 1is equipped with a propeller agitator designed to provide
approximately one turnover per minute. Figure VII-13 (page 279)
shows a continuous chromium reduction system.

Application and Performance. Chromium reduction 1is wused in
porcelain enameling for treating chromating rinses for high-
magnesium aluminum basis materials. Electroplating rinse waters
and cooling tower blowdown are two major sources of chromium in

waste streams. A study of an operational waste treatment
facility chemically reducing hexavalent chromium has shown that a
99.7 percent reduction efficiency 1is easily achieved. Final

concentrations of 0.05 mg/1 are readily attained, and
concentrations of 0.01 mg/1 are considered to be attainable by
properly maintained and operated equipment.

Advantages and Limitations. The major advantage of chemical
reduction to reduce hexavalent chromium is that it 1is a £fully
proven technology based on many years of experience. Operation
at ambient conditions results in low energy consumption, and the
process, especially when using sulfur dioxide, is well suited to
automatic control. Furthermore, the equipment is readily
obtainable from many suppliers, and operation is straightforward,

One limitation of chemical reduction of hexavalent chromium is
that for high concentrations of chremium, the cost of treatment
chemicals may be prohibitive. When this situation occurs, other
treatment techniques are likely to be more economical. Chemical
interference by oxidizing agents is possible in the treatment of
mixed wastes, and the treatment itself may introduce pollutants
if not properly controlled. Storage and handling of sulfur
dioxide is somewhat hazardous.

Operational Factors. Reliability: Maintenance consists of
periodic removal of sludge, the frequency of which is a function
of the input concentrations of detrimental constituents.

Solid Waste Aspects: Pretreatment to eliminate substances which
will interfere with the process may often be necessary. This
process produces trivalent chromium which can be controlled by

further treatment. There may, however, be small amounts of
sludge collected due to minor shifts in the solubility of the
contaminants. This sludge can be processed by the main sludge

treatment equipment.




Demonstration Status. The reduction of chromium waste by sulfur
dioxide or sodium bisulfite is a classic process and is used by
numerous plants which have hexavalent chromium compounds in
wastewaters from operations such as electroplating and noncontact
cooling. v ,

2. Chemical Precipitation

Dissolved toxic metal ions and certain anions may be chemically
precipitated for removal by physical means such as sedimentation,
filtration, or centrifugation. Several reagents are commonly
used to effect this precipitation. :

1) Alkaline compounds such as lime or sodium hydroxide may be
used to precipitate many toxic metal 1ions as metal

hydroxides. Lime also may precipitate phosphates as
insoluble calcium phosphate and fluorides as calcium
fluoride.

2) Both "soluble" sulfides such as hydrogen sulfide or sodium
sulfide and "insoluble" sulfides such as ferrous sulfide may
be used to precipitate many heavy metal ions as insoluble
metal sulfides.

3) Ferrous sulfate, zinc sulfate or both (as is required) may
be used to precipitate cyanide as a  ferro or zinc
ferricyanide complex. ?

4) Carbonate precipitates may be used to remove metals either
by direct precipitation using a carbonate reagent such as
calcium carbonate or by converting hydroxides into
carbonates using carbon dioxide.

These treatment chemicals may be added to a flash mixer or rapid
mix tank, to a presettling tank, or directly to a clarifier or
other settling device. Because metal hydroxides tend to be col-
loidal in nature, coagulating agents may also be added to faci-
litate settling. After the solids have been removed, final pH
adjustment may be required to reduce the high pH created by the
alkaline treatment chemicals.

Chemical precipitation as a mechanism for removing metals from
wastewater is a complex process of at least two steps - pre-
cipitation of the unwanted metals and removal of the precipitate.
Some small amount of metal will remain dissolved in the
wastewater after complete precipitation. The amount of residual
dissolved metal depends on the treatment chemicals used and
related factors. The effectiveness of this method of removing.
any specific metal depends on the fraction of the specific metal




in the raw waste (and hence 1in the precipitate) and the
effectiveness of suspended solids removal. In specific
instances, a sacrifical ion such as iron or aluminum may be added
to aid in the precipitation process and reduce the fraction of a
specific metal in the precipitate.

Application and Performance. Chemical precipitation is used in
porcelain enameling for precipitation of dissolved metals. It
can be used to remove metal ions such as aluminum, antimony,
arsenic, beryllium, cadmium, chromium, cobalt, copper, iron,
lead, manganese, mercury, molybdenum, tin and zinc. The process
is also applicable to any substance that can be transformed -into
an insoluble form such as fluorides, phosphates, soaps, sulfides
- and others. Because it 1is simple and effective, chemical
precipitation is extensively used for industrial waste treatment.

The performance of chemical precipitation depends on several
variables. The most important factors affecting precipitation
effectiveness are: :

1. Maintenance of an alkaline pH throughout the
precipitation reaction and subsequent settling;

2. Addition of a sufficient excess of treatment 1ions to
drive the precipitation reaction to completion;

3. Addition of an adequate supply of sacrifical ions (such
as iron or aluminum) to ensure precipitation and
removal of specific target ions; and

4, Effective removal of precipitated solids (see
appropriate technologies discussed under "Solids
Removal").

Control of pH. Irrespective of the solids removal technology
employed, proper control of pH 1is absolutely essential for
favorable performance of precipitation-sedimentation
technologies. This 1is clearly illustrated by solubility curves
for selected metals hydroxides and sulfides shown in Figure VII-1
(page 267), and by plotting effluent zinc concentrations against
pH as shown in Figure VII-3 (page 269). Figure VII-3 was
obtained from Development Document for the Proposed Effluent
Limitations Guidelines and New Source Performance Standards for
the Zinc Segment of Nonferrous Metals Manufacturing Point Source
Category, U.S. E.P.A., EPA 440/1-74/033, November, 1974. Figure
VII-3 was plotted from the sampling data from several facilities
with metal finishing operations. It is partially illustrated by
data obtained from 3 consecutive days of sampling at one metal
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processing plant (47432) as displayed in Table VII-1. Flow
through this system is approximately 49,263 1/h (13,000 gal/hr).

TABLE VII-1
pH CONTROL EFFECT ON METALS REMOVAL
Day 1 Day 2 ‘ Day 3
In Qut In Qut In Qut

pH Range 2.4-3.4 8.5-8.7 1.0-3.0 5.0-6.0 2.0-5.0 6.5-8.

(mg/1)

TSS 39 8 16 19 16 7
Copper 312 0.22 120 5']2; 107 0.66
Zinc 250 0.31 32.5 25.0 ; 43.8 0.66

This treatment system uses 1lime precipitation (pH adjustment)
followed by coagulant addition and sedimentation. Samples were
taken before (in) and after (out) the treatment system. The best
treatment for removal of copper and zinc was achieved on day one,
when the pH was maintained at a satisfactory level. The poorest
treatment was found on the second day, when the pH slipped to an
unacceptably low level and intermediate values were were achieved
on the third day when pH values were less than desxrable but in
between the first and second days.

Sodium hydroxide is used by one facility (plant 439) for pH
adjustment and chemical precipitation, followed by settling
(sedimentation and a polishing lagoon) of precipitated solids.
Samples were taken prior to caustic addition and following the
polishing lagoon. Flow through the system is approximately
22,700 1/hr (6,000 gal/hr). Data are displayed in Table VII-2.
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TABLE VII-2
Effectiveness of Sodium Hydroxide for Metals Removal

Day 1 Day 2 Day 3
In Qut Ip Out In Out

pH Range 2.1-2.9 9.0-9.3 2.0-2.4 8.7-9.1 2.0-2.4 8.6-9.1

(mg/1)

Cr 0.097 0.0 0.057 0.005 0.068 0.005
Cu 0.063 0.018 0.078 0.014 0.053 . 0.019
Fe 9.24 0.76 15.5 0.92 9.41 0.95

Pb 1.0 S 0.11 1.36 0.13 1.45 0.11

Mn 0.11 0.06 0.12 0.044 0.11 0.044
Ni 0.077 0.011 0.036 0.009 0.069 0.011
Zn .054 0.0 0.12 0.0 0.19 0.037
TSS 13 11 1

These data indicate that the system was operated efficiently.
"Effluent pH was controlled within the range of 8.6-9.3, and,
while .raw 'waste 1loadings were not unusually high, most toxic
metals were removed to very low concentrations.

Lime and sodium hydroxide are sometimes used to precipitate
metals. Data developed from plant 40063, a facility with a metal
bearing wastewater, exemplify efficient operation of a chemical
precipitation and settling system. Table VII-3 shows sampling
data from this system, which uses lime and sodium hydroxide for
pH adjustment, chemical precipitation, polyelectrolyte flocculant
addition, and sedimentation. Samples were taken of the raw waste
influent to the system and of the clarifier effluent. Flow
through the system is approximately 5,000 gal/hr. ‘
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TABLE VII-3 ‘
Effectiveness of Lime and Sodium Hydroxide for Metals Removal

Day 1 Day 2 Day 3

In Qut In Out In Out
pH Range 9.2-9.6 8.3-9.8 9.2 7.6—3.1 9.6 7.8-8.2
(mg/1) :

Al 37.3 0.35 38.1 0.35: 29.9 0.35
Co 3.92 0.0 4.65 0.0 j 4.37 0.0
Cu 0.65 0.003 0.63 0.003 0.72 0.003
Fe 137 0.49 110 0.57 208 0.58
Mn 175 0.12 205 0.012 245 0.12
Ni 6.86 0.0 5.84 0.0 5.63 0.0
Se 28.6 0.0 30.2 0.0 27.4 0.0
Ti 143 0.0 125 0.0 115 0.0
in 18.5 0.027 16.2 0.0044 17.0 0.01
TSS 4390 9 3595 13 i 2805 13

At this plant, effluent TSS levels were below 15 mg/1l on each
day, despite average raw waste TSS concentrations of over 3500
mg/1l. Effluent pH was maintained at approximately 8, lime
addition was sufficient to precipitate the dissolved metal ions,
and the flocculant addition and clarifier retention served to
remove effectively the precipitated solids.

Sulfide precipitation is sometimes used to precipitate metals
resulting in improved metals removals. Most metal sulfides are
less soluble than hydroxides and the precipitates are frequently
more dependably removed from water. Solubilities for selected
metal hydroxide, carbonate and sulfide precipitates are shown in
Table VII-4 (Source: Lange's Handbook of Chemistry). Sulfide
precipitation is particularly eifective in removing specific
metals such as silver and mercury. Sampling data from three
industrial plants using sulfide precipitation appear in Table
VII-5. ‘
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THEORETICAL SOLUBILITIES OF HYDROXIDES AND SULFIDES
OF SELECTED METALS IN PURE WATER

TABLE VII-4

Solubility of metal ion,

mg/1

Metal As Hydroxide As Carbonate
Cadmium (Cd++) 2.3 x 10-8 1.0 x 10—+
Chromium (Cr+++) 8.4 x 10-4 ,

Cobalt (Cot+t) 2.2 x 101

Copper (Cu*+) 2.2 x 10-2

Iron (Fe++) 8.9 x 10—t

Lead (Pb+*+). 2.1 7.0 x 10-3
Manganese (Mn*+) 1.2

Mercury (Hgt+) 3.9 x 10—+ 3.9 x 10-2
Nickel (Ni++t) 6.9 x 10-3 1.9 x 10—-1
Silver (Ag*) 13.3 2.1 x 101
Tin (Snt+) 1.1 x 10—4

Zinc (Znt+) 1.1 7.0 x 10—4

TABLE VII-5

SAMPLING DATA FROM SULFIDE

PRECIPITATION-SEDIMENTATION SYSTEMS

Lime, FeS, Poly-

electrolyte,
Treatment Settle, Filter
In Out
pH 5.0-6.8 8-9
(mg/1)
Cr+6 25.6 <0.014
Cr 32.3 <0.04
Cu - -
Fe 0.52 0.10
Ni . - -
Zn 39.5 <0.07

Lime, FeS, Poly-
electrolyte,
Settie, Filter
In Qut
7.7 7.38:
0.022 <0.020
2.4 <0.1
108 0.6
0.68 <0.1
33.9 <0.1

These data were obtained from three sources:
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6.7 x 10—10
No precipitate
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NaOH, Ferric
Chloride, Na,S
Clarify (1 stage)

In Qut
11.45 <.005
- 18.35 <.005
0.029 0.003
0.060 0.009
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10-18
10-5
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10-3
10-20
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Summary Report, Control and Treatmenf Technology for the
Metal Finishing Industry: Sulfide Precipitation, USEPA, EPA
No. 625/8/80-003,. 1979.

Industrial Finishing, Vol. 35, No. 11, November, 1979.

Electroplating sampiing data from plant 27045.

In all cases except iron, effluent concentrations are below 0.1
mg/l and in many cases below 0.01 mg/l for the three plants
studied.

Sampling data from several chlorine-caustic manufacturing plants
using sulfide precipitation demonstrate effluent mercury
concentrations varying between 0.009 and 0.03 mg/1l. As shown 1in
Figure VII-2, the solubilities of PbS and Ag,S are lower at
alkaline pH levels than either the corresponding hydroxides or
other sulfide compounds. This implies that removal performance
for lead and silver sulfides should be comparable to or better
than that for the heavy metal hydroxides. Bench scale tests on
several types of metal finishing and manufacturing wastewater
indicate that metals removal to levels of less than 0.05 mg/1 and
in some cases less than 0.0l mg/l are common in systems using

sulfide precipitation followed by clarification. Some of the
bench scale data, particularly in the case of lead, do not
support such low effluent concentrations. However, lead is

consistently removed to very low levels (less than 0.02 mg/1l) in
systems using hydroxide and carbonate . precipitation and
sedimentation.

Of particular interest is the ability of sulfide to precipitate
hexavalent chromium (Cr+6) without prior reduction to the tri-
valent state as 1is required in the hydroxide process. When
ferrous sulfide is used as the precipitant, iron and sulfide act
as reducing agents for the hexavalent chromium according to the
reaction:

CrO; + FeS + 3H,0 ----> Fe(OH)3 + Cr(OH); + S

The sludge produced in this reaction consists mainly of ferric
hydroxides, chromic hydroxides and various metallic sulfides.
Some excess hydroxyl ions are generated in thlS process, possibly
requiring a downward re-adjustment of pH.

Based on the available data, Table VII-6 shows the minimum
reliably attainable effluent 'concentrations for sulfide
precipitation-sedimentation systems. These values are used to
calculate performance predictions of sulfide precipitation~
sedimentation systems.
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TABLE VII-6

SULFIDE PRECIPITATION-SEDIMENTATION PERFORMANCE

Parameter Treated Effluent
' (mg/1)
Ccd 0.01
Cr 0.05
Cu 0.05
Pb 0.01
Hg 0.03
Ni 0.05
Ag 0.05
Zn 0.01

Table'VII—G‘is based on two reports:

Summary Report, Control and Treatment Technology for the
Metal Finishing Industry: Sulfide Precipitation, USEPA, EPA
o. 625/8/80-003, 1979. ‘

Addendum to Development Document for Effluent Limitations
Guidelines and New Source Performance Standards, Major
Inorganic products Segment of Inorganics Point Source
Category, USEPA., EPA Contract No. EPA=68-01-3281 (Task 7),
June, 1978.

Carbonate precipitation is sometimes used to precipitate metals,
especially where precipitated metals values are to be recovered.
The solubility of most metal carbonates is intermeédiate between
hydroxide and sulfide solubilities; in addition, carbonates form
easily filtered precipitates. ‘

Carbonate ions appear to be particularly useful in precipitating

lead and antimony. Sodium carbonate has been observed being
added at treatment to improve lead precipitation and removal 1in
‘some industrial plants. The lead hydroxide and lead carbonate
solubility curves displayed in Figure VII-2 (page 268) ("Heavy
Metals ‘Removal, by Kenneth Lanovette, Chemical
Englneerlng/Deskbook Issue, Oct. 17, 1977) explain this
phenomenon _ =

"Co—precipitation With Iron" - The presence of substantial

quantites of iron 'in metal bearing wastewaters before treatment
has been shown to improve the removal of toxic metals. 1In some
cases this iron is an integral part of the industrial wastewater;
in other cases iron is deliberately added as a pre or first step
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of treatment. The .iron functions to improve toxic metal removal
by three mechanisms: the iron co-precipitates with toxic metals
forming a stable precipitate which desolubilizes the toxic metal;
the iron improves the settleability of the precipitate; and the
large amount of iron reduces the fraction of toxic metal in the
precipitate. Co-precipitation with iron has been practiced for
many years incidentally when iron was a substantial consitutent
of raw wastewater and intentionally when iron salts were added as
a coagulant aid. Aluminum or mixed iron-aluminum salt also have
been used.

Co-precipitation using large amounts of ferrous 1iron salts is
known as ferrite co-precipitation because magnetic iron oxide or
ferrite is formed. The addition of ferrous salts (sulfate) is

followed by alkali precipitation and air oxidation. The
resultant precipitate is easily removed by filtration and may be
removed magnetically. Data 1illustrating the performance of

ferrite co-precipitation is shown in Table VII-7.

Table VII-7
FERRITE CO-PRECIPITATION PERFORMANCE

' Metal Influent(mg/1) ‘Effluent(mg/1)
Mercury 7.4 | 0.001
Cadmium 240 0.008
Copper 10 0.010
Zinc 18 1 0.016
Chromium 10 ! <0.010
Manganese 12 ' 0.007
Nickel 1,000 0.200
Iron 600 0.06
Bismuth 240 0.100
Lead 475 0

.010

NOTE: These data are from: ‘
Sources and Treatment of Wastewater in the Nonferrous
Metals Industry, USEPA, EPA No. 600,/2-80-074, 1980.

Advantages and Limitations

Chemical precipitation has proven to be an ‘effective technique
for removing many pollutants £from industrial wastewater. It
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operates at ambient conditions and is well suited to automatic
control. The use of chemical precipitation may be limited
because of interference by chelating agents, because of possible
chemical interference of mixed wastewaters and treatment
chemicals, or because of the potentially hazardous situation
involved with the storage and handling of those chemicals. Lime
is wusually added as a slurry when used in hydroxide

precipitation. The slurry must be Kkept well mixed and the
addition lines periodically checked to prevent blocking of the
lines, which may result from a buildup of solids. Also,

hydroxide precipitation usually makes recovery of the
precipitated metals difficult, because of the heterogeneous
nature of most hydroxide sludges.

The major advantage of the sulfide precipitation process is that
the extremely low solubility of most metal sulfides promotes very
high metal removal efficiencies; the sulfide process also has the
ability to remove chromates and dichromates without preliminary
reduction of the chromium to its trivalent state. In addition,
sulfide can precipitate metals complexed with most complexing
agents. The process demands care, however, in maintaining the pH
of the solution at approximately 10 in order to prevent the gen-
eration of  toxic hydrogen sulfide gas. For this reason,
ventilation of the treatment tanks may be a necessary precaution
in most installations. The use of insoluble sulfides reduces the

problem of hydrogen sulfide evolution. As' with hydroxide
precipitation, excess sulfide ion must be present to drive the
precipitation reaction to completion. Since the sulfide ion

itself is toxic, sulfide addition must be carefully controlled to
maximize heavy metals precipitation. with a minimum of excess
sulfide to avoid the necessity of post treatment. At very high
excess sulfide 1levels and high pH, soluble mercury-sulfide
compounds may also be formed. Where excess sulfide is present,
aeration of the effluent stream can. aid 1in oxidizing residual
sulfide to the less harmful sodium sulfate (Na,SO,). The cost of
sulfide precipitants is high in comparison with hydroxide
precipitants, and disposal of metallic sulfide sludges may pose
problems. An essential element in effective sulfide
precipitation is the removal of precipitated solids from the
wastewater and proper disposal in an appropriate site. Sulfide
precipitation will also generate a higher volume of sludge, than
hydroxide precipitation, resulting in higher disposal and
dewatering costs. This is especially true when ferrous sulfide
is used as the precipitant. '




Sulfide precipitation may be used as a polishing treatment after
hydroxide precipitation-sedimentation. - This treatment
configuration may provide the better treatment effectiveness of
sulfide precipitation while minimizing the variability caused by
changes in raw waste and reducing the amount of sulfide
precipitant required. :

Operational Factors. Reliability: ~ Alkaline chemical
precipitation 1is highly reliable, although proper monitoring and
control are required. Sulfide precipitation systems provide

similar reliability.

Maintainability: The major maintenance needs involve periodic
upkeep of monitoring equipment, automatic feeding  equipment,
mixing equip