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I. INTRODUCTION

Purpose: The purpose of this report i< to provide design criteria for pretreatment needs for
discharge of industrial wastewater streams to Publicly Owned Treatment Works (POTW).

Problem: The provisions of the Resource Conservation and Recovery Act (RCRA) and the
National Pretreatment Standards prohibit the discharge of hazardous waste or waste which will
inhibit downstream treatment processes. Some effluent limitations have been discussed
previously (letter from USAFOEHL/CV to HQ USAF/SGES on Criteria for Industrial
Wastewater Effluent dated 26 Dec 1934).

Scope: This report reviews available options and design criteria for pretreatment of
base-generated wastewater streams but does not determine preferred treatment processes.
Typical waste stream compositions are included. Optimum process configuration will be
site-specific.

The scope of this report is limited to published literature and data, and the results of
wastewater characterization surveys published as USAFOEHL Reports. No pilot plant studies
have been conducted.

II. DISCUSSION

This section contains a discussion on the sources of wastewater streams discharged from Air
Tuice bases, pullutant 2i-charge limits, and alternarive treatment processes available to bring
effluent streams into compliance with discharge limits.

A. Wastewater Types, Sources, and Pollutant Concentrations

The types and volumes ot liquid wastes generated depend on the operations conducted

at the Air Force base. Not all processes discussed are present on all bases. Although overall
base discharge flows are relatively stable, many wastewater streams are generated by batch

processes, making effluent pollutant concentrations subject to wide fluctuation.

Wastewater streams can be categorized into one of the classes listed in Table 1.
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Table I ®
WASTE STREAM CLASSIFICATION 3
1'~
Class Wastewater Description
1 Streams containing high concentrations of "nontoxic" organics (e.g., washrack aqueous 0
effluent). ';:__'r
2 Streams containing high concentrations of organics, some of which may be classified as f;"‘ .
"toxic," and low concentrations of heavy metals (e.g., paint stripping wastewater). -5
3 Streams containing trace levels of "toxic organics” (e.g., degreasing solution rinses from '2‘ -
engine cleaning). e
4 Streams containing heavy metals and low or no organics (e.g., plating rinse water, o~
neutralized battery acid). :1"
5 Streams containing cyanide and low concentrations of heavy metals and some organics :__,.-
(e.g., from metal plating or photo lab). °
6 Streams containing cyanide, heavy metals, and low or no organics (e.g., wastewater AN
containing dilute amounts ot Alodine solution). )
3
e
The advantages and disadvantages of pretreating individual streams prior to discharge will be '."
discussed later in this report. The major sources of wastewater are reviewed below and :r';
corresponding typical concentration ranges are listed. Comparable wastewater characterizations i\‘::
for streams generated by industry in the private sector can be obtained in the EPA Treatability o
Manual, Vol II. (USEPA, 1980b). 4
o
1. Washracks o~
;',:'; .
Wastewater streams generated at aircraft washracks may be hot (150-180° F) and b
contain oil and grease from aircraft engines and bearings. Organic detergents which contain -., =
materials such as alkyl phenol ethoxylate, Stoddard Solvent, monyl phenol polyethylene glycol. PY
sodium dodecyl benzene sulfonate. ethylene glycol monobutyl ether. and butyl cellosolve are s
used in washrack operaiions and add to thic chemical oxygen demand (COD) of the wastewater. ."_:.";:
Residual paint and paint stripper from aircraft stripping operations may be removed with water at :-:::-
> the washracks. :
¢ ®
Cadmium levels, however, may be higher than would be expected from paint j'z: :
' stripping residue alone. Cadmium can usually be deiected wherever zine is present. Paint can be RS
N removed from aircraft surfaces accidentally by the abrasive action of high pressure water :jj:‘,'
K streams. Some paint primers contain zinc chromate, and. therefore, can contribute to the :'_:-:';.
‘ cadmium levels found in washrack wastewater. Ny

s'-l\ e -'?.;:f :,-‘:),;.‘_:ﬂ.;.-‘;f.-.“" R '.“-'.-.'.'.'-1."_ ‘-J;.‘ “u :\.-.\."_'.\( MO CRRL SRR
4 £ L) o » » L) b

!




In additic ., soft metals such as brass, consisting of about one-third zinc, are
susceptible to chelatiuin by some detergents. Storage tanks, pumps, or any dispensing equipment
containing brass in contact with alkaline detergents could become additional sources of
cadmium. copper, and zinc.

Wastewater streams from aircraft washracks are considered Class 1 unless aircratt
surface contamination contains paint stripping residue, in which case they become Class 2
streams. Typical ranges of relevant contaminant concentrations for aircraft washrack wastewater
are given in Table 2.

Table 2
AIRCRAFT WASHRACK WASTEWATER CONTAMINANT CONCENTRATIONS

Pollutant or Concentration
Property {mg/l)
BCD* 100-2500
COD* T00-2500
TOC* 130-1200
Oil and Grease 2-55
Cadmium 0-0.2
Chromium (total) 0-4
Phenol 0-210
Methylene Chloride Trace
Surfactants -2
Ammonia Nitrogen 80
Suspended Solids 50-90

*BOD = Biochemical Oxygen Demand. COD = Chemical Oxygen Demand,
TOC = Total Organic Carbon

. -
o

* S
"N
P ot
W% NN

[
P

Motor pool washrack wastewater (Class 1) is similar to that generated at aircraft
washracks with two exceptions: (1) it is generallv not hot, and (2) it does not contain puaint and
stripper residues. Typical ranges of relevant contaminants in mg/l for motor pool washrack
wastewater (Chian et al., 1974) are given in Table 3.
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Table 3
MOTORPOOL WASHRACK WASTEWATER CONTAMINANT CONCENTRATIONS

Poltutant or
Property

Concentration

(mg/l)

Total Solids
COD

TOC

Oil and Grease
Surfactants

2. Battery Shop

570-12.900
64-3.400
24-1.700
20-8.700

(-2

Wastewater from the battery shop is generated from the neutralization and dilution of

lead-sulturic acid battery solution. The battery acid solution is neutralized with sodium
bicarbonate, generating a Class 4 wastewater stream. Typical relevant contaminant
concentrations (samples taken at Dover AFB in Feb, Mar 1986) are given in Table 4.

Table 4

BATTERY SHOP WASTEWATER CONTAMINANT CONCENTRATIONS

Pollutant or

Concentration

Property (mg/l)
Lead 14,9
pH 7.5%
Copper 34
Iron 15.0
Zine 215

*pH units rather than mg/l

3. Pamnt Stnipping

Wastewater from paint steipping (chiss 21 contuns chroman and sotvents with high

COD concentrations. Two types of paint stippers are commonly used: phenolic and

non-phenolic. Phenolic paint strippers usually contain phenol, methyvlene chloride and sodium

chromate. Non phenolic paint strippers usuathy contam methvilene chlonde and ammonium

hvdroxade. and are usoally used m conjunctuon with ethanof ormethvl ethyvl ketone (MEK).
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Methylene chloride comprises the largest solvent volume fraction in both phenolic and
non-phenolic paint strippers. Although methylene chloride is highly volatile (vapor pressure of
400 mm Hg at 24.1°C, Perry and Chilton, 1973), its solubiiity in water, 13.2 g/l at 25.0°C
(Mellan, 1957), is also high, making it a significant contaminant in the wastewater. Typical
ranges of relevant contaminant concentrations for paint stripping wastewater (Perrotti, 1975;
samples from Randolph AFB, Sep 1986, and Kelly AFB. Apr 1987) are given in Table 5. Low
concentrations of cadmium are often found in wastewater from paint stripping operations.
Cadmium is associated with zinc and is usually detected whenever zinc is found. Zinc chromate
coatings (to inhibit corrosion) which are stripped with paint strippers will contain some
cadmium.

Table 5
PAINT STRIPPING WASTEWATER CONTAMINANT CONCENTRATIONS

Pollutant or Concentration (mg/l)
Property Phenolic Non-phenolic
pH 8.0-8.6* 9.6%
Chromium 17.5-200 30
Cadmium (0-().38** ()-0.38**
Ammonia - 160)
Methylene chloride 100-3,000 13.4-51.4
Phenol 1,000-4,000 -

Oil and grease §-2.000 -
COD 5.000-36,000 8,500

Total suspended solids 100-1.000 90

Total solids 800-4,000 5.2(0)

*pH units rather than mg/1
**Cadmium concentration depends on the aircraft paint system
and parts being stripped.

4. Paint Shop

Paint removers containing glycol ethers, methyl ethyl ketone (MEK), toluene and
xylenes, and paint thinners containing nitrocellulose and cellulose acetate are commonly used.
Paint, thinners, and removers should not reach the sewer directly: however. the recirculating
pine-soap solution in the "waterfall” vent scrubbers which may contain some of these materials
may be periodically discharged to the sewer. Fine aerosol mist from the spray painting process
and volatile solvents find their wey into the scrubber solution and. therefore, into the sewer.
Characteristics and concentrations for relevant materials (samples taken at Randolph AFB on
21 Nov 1985) are given in Table 6.
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Table 6
PAINT SHOP VENT SCRUBBER WASTEWATER
CONTAMINANT CONCENTRATIONS

Pollutant or Concentration
Property (mg/1)
COD 760
BOD; 720

TOC 150
Suspended Solids 40

Lead 0.03
Chromium 1.4

5. Engine Cleaning

A series of baths is used to remove all traces of fuel, oil, and grease in the process of
cleaning an engine or engine parts for repairs or inspection. Drag-out (entrained solution) from
parts is collected and returned to the baths. Baths are removed periodically by truck or
drummed. Rinse waters for parts emerging from the various baths are the potential pollution
sources.

Sodium or potassium permanganate baths are a potential source of manganese
contamination. Drag-out from the permanganate baths, which contain 7-10 oz. of potassium
permanganate per gallon, is diluted with water in the rinse tanks. The rinse water leaving the
tanks (class 4) typically contains 8-100 mg KMnO,/l and has a purple tint (Herrin, 1986).
However, the permanganate is readily reduced by other contaminants in the sewer system and is
generally not a concern,

Perchloroethylene (tetrachloroethylene) and 1,1, 1-trichloroethane are usea as degreasers
in engine cleaning operations. They are slightly soluble in water (400 mg/l and 4800 mg/1 at
25°C, respectively; Mellan, 1957). These solvents do not find their way into the rinse water
directly. Low concentrations are typically found in the monoethanolamine (MEA) bath which
immediately follows the solvent baths (with no rinse step between baths).

MEA., used as a carbon remover, is water soluble. Upon MEA degradation, rinse
solutions can be a source of ammonia to receiving bodies of water. The dilute concentrations
found in rinse water are not likely to present a problem with regard to ammonia nitrogen. The
rinse solution from the MEA bath will contain trace concentrations of perchloroethylene and
1.1,1-trichle ~ethane which contribute to the total toxic organic concentration.
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6. NDI (Non-Destructive Inspection)

Many engine parts are inspected using NDI penetrant dye techniques following cleaning.
As in engine cleaning, the dye solution is applied and drippings are collected for reuse. Rinse
water containing residual dye solution is the potential pollution source. Contaminant concentra-
tions in the rinse water depend upon the amount of solution remaining on the parts being
inspected and the volume of rinse water used. Dyes typically contain 30-40% xylene (dimethyl
benzenes) and ethyl benzene, and have a specific gravity of approximately 1.0. The dyes are
typically alkylamino substituted anthriquinones or azo compounds of naphthalene and alcohol.
Values of wastewater characteristics that are typical of the NDI process (samples taken from
Randolph AFB on 21 Nov 1985) are given in Table 7.

Table 7
NDI WASTEWATER CONTAMINANT CONCENTRATIONS

Pollutant or Concentration
Property (mg/1)
COD 1510
BOD; 1110
Ammonia Nitrogen 74
Suspended Solids 560

7. Photo Lab

Wastewater from photo processing is largely dilute combinations of developer, stopbath
and fixer solutions. The three streams are combined and discharged to the sewer with varying
amounts of silver being recovered from the fixer solution prior to discharge. The combined
discharge is usually rich in acetic acid, has a COD/TOC ratio of about 7, has a low pH, and can
contain significant quantities of boron and cyanide. The wastewater could be Class 1, Class 4,
Class 5. or some combination thereof, depending on the waste being pumped and the sump size.
Photo processing wastewater characteristics and typical ranges of relevant contaminants are
presented in Table 8. The ranges were determined from reported photographic waste
concentrations (Thomas, J. F. et al.. 1974: Newbrough and Kinch. 1981: samples taken at Beale
AFB in May and Jun 1985, Randolph AFB on 21 Nov 1985. and Hickam AFB in Jan 1987).
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de Table 8 "!
o PHOTO PROCESSING WASTEWATER CONTAMINANT CONCENTRATIONS Vo
& 3
,‘Q. Wy ]
) Pollutant or Concentration e
i ot
i Property (mg/l) 3
L8y .I’A.i

o
n COD 37-6700 o™
(! TOC 5-140 po
o Cyanide <0.01-12.5 &
'::.. Silver <0.1-1.11 n

. pH 4.3-4.4% &

°q Boron 7.0-7.5 o
: -
A 3
Wy *pH units rather than mg/l ]
a:; "
[}
A &7

e
;‘j Special treatment of photographic wastewater for the removal of hydroquinone is o
L sometimes necessary to comply with effluent standards on phenols. Hydroquinone is detected as

q

FAAs

2

L g0 g B N
XAy

PLL

a phenol (Binovi et al., 1987).
8. Plating Waste .

o Heavy metals found in plating process wastewater are in dilute concentrations and vary A
! with the type of plating process in use. Cyanides discharged to the sewer are a major concern e
" because of the possibillty of the formation and volatilization of hydrogen cyanide. The organic Ry
content of wastewater is usually low. Reported process wastewater contaminant concentrations °

vary greatly between sources. Included in Table 9. are concentration ranges taken from the EPA N

‘ f{" Treatability Manual, (EPATM) Vol. Il (USEPA, 1980b) and ranges typical of summer operations vl
at Kelly AFB (Jun 1986). Numbers in parentheses represent monthly average concentrations. -~
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Table 9 W]

METAL PLATING WASTEWATER CONTAMINANT CONCENTRATIONS -
(’0:::!':::
Pollutant or Concentration (mg/l) ',::l':t.:','
Property EPATM Kelly AFB o
l.“:“"i
TSS* 0.1-10.000 : 9;0
COD 5-300 : e
Cadmium 0.01-21.6 0.05-11.5 (0.8) Tt
Chromium 0.09-530.0  0.02:172(35) Ran
Copper 0.03-270.0 - i
Lead 0.66-25.0 001-19.8 (0.7) ey
Nickel 0.02-3.000 0.04-120 (3.0) "-3':'.:"
Silver 0.05-180.0 : e
Zine 0.11-250.0 ..:.;3
Cyanide (total) 0.01-150.0 005 45 (1.0 2 "
¥ SO
*TSS = Total Suspended Solids E::'Ej
R
e
Typically, rinse solutions are trucked away if any of the pollutant concentrations disposal limits i "‘
are exceeded. For example, disposal limits (in mg/l) of 1.0, 1.0, 0.2, 10.0. and 0.2 might be set TAE
for cadmium, chromium, lead, nickel, and cyanide, respectively (Kelly AFB). :f“,g-
Nt
9. Miscellaneous Contaminants. N
®
Several other chemicals are used at various locations and merit special discussion. When bt
the wastewater produced can be isolated before mixing with other wastewater streams, treatment A
is usually simpler and more efficient. There are, of course. exceptions to this generalization. :f:%.ﬁ
e
a. Alodine Solution. °
R
Alodine solution (an agueous solution of chromic and other acids) is used at many sites ey
(e.g., tank and radiator shops, paint shops) where. as a corrosion prevenuon measare. a chromate &\:E-.
film is applied before painting metal equipment. The contaaiant concentrations in the ; "E:,,,
wastewater depend upon the degree of dilution, with the ravo ot evanide 1o chromium being °
approximately 3.6:1. Wastewater containing dilute alochne solution is a Class 6 waste. E:,\'; '
K
b. Petroleum Distillates. 't:;t:
o
Moestrcuoicanmdistlline:s ate nnxtens o 0 Do s coree s aa o broy ae pednens °
of specitied boilmg ranges trom disttlation columns uscd U ot Vit oll aind W
intermediate products trom various process units common Lo the petolcan retining industry. \"\, X
Many distillates have simitar botting ranges. However tho v can be distingaished trom each *’
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! other by the ratios of the various compounds they contain. Normal alkanes comprise a large ""'
" fraction (over 50%) of Stoddard Solvent, PD-680), and JP-4 Jet Fuel. Normal alkanes are also 0
j: relatively nonbiodegradable, when compared to the branched alkanes and other distillate com- :_f‘i
" ponents. Pollutant sources can often be determined by establishing the relative concentrations of R
:: these compounds. Tables 10, 11, and 12 list compounds that are tvpically included in the charac- ‘;'
teristic signatures of Stoddard Solvent, PD-680), and JP-4 Jet Fuel. respectively. The analyses ”.
:-‘ given are not complete. They represent the normalized volume percent of only the compounds =
:: listed. Actual concentrations of those compounds may be as low as half the listed values, but the "'
:: relative concentrations should remain constant. :-_-_-:
y !
(I) Stoddard Solvent. °
R . . . o
" Stoddard Solvent is used as a general-purpose degreasing solvent (also used in the ",,.:,!
N dry cleaning industry). It is relatively insoluble in water and is largely composed of 9-, 10-, and ;$
; 11-carbon atom normal alkanes. It also contains trace amounts of 7-, 8-, 12-, and 13-carbon f
: atom normal alkanes with as much as 5 vol% aromatics (toluene and xylenes). Wastewaters ‘o
oy containing dilute amounts of Stoddard Solvent are Class 3 wastes. Normalized partial Stoddard o
E: Solvent analysis results are given in Table 10 (per Anne Roberts, USAFOEHL/SA, Brooks {:.:
\ AFB). a0y
§ R
Table 10 o
X TYPICAL COMPOSITION OF STODDARD SOLVENT N
| oS
‘ Pollutant or Concentration Q O.f‘
. Property (Volume %) &.‘ '
. K
P C-7 0.04 :f.'}'_.
0 Toluene 0.11 wiady
C-8 0.30 R
F, Xylene, meta- 1.04 &’\.}
and para- ‘e
Xylene, ortho- 0.30 ok
W C9 30.35 RS
C-10 41.82 :,t:: ‘
\ C-11 24.43 s
C-12 1.60 _
b C-13 0.01 i
« 5
\ :\i‘\'
(2) PD-680. ]
: -
y PD-680 is primarily composed of 9- to {4-carbon atom normal alkanes, with the 10- y
! and 11-carbon atom alkanes comprising most of the hydrocarbon mixture. Wastewater contain-
b ing dilute PD-680 is a Class ! waste. Table 11 contains normalized partial analysis results for
Y PD-680 and PD-680 type 1l (per Anne Roberts, USAFOEHL/SA, Brooks AFB).
10
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Table 11
TYPICAL COMPOSITION OF PD-680

Pollutant or Concentration { Volume %)
Property PD-680 PD-680 Type Il
Cc9 0.02 0.19

C-10 5.30 13.52

C-11 80.41 60.96

C-12 13.99 23.63

C-13 (.28 1.67

C-14 0.00 0.02

(3) JP-4 Jet Fuel.

Jet fuel is found periodically in wastewater generated at various sites. The washdown
of small fuel spills or cleaning of aircraft, aircraft engines and engine parts, for example,
contribute to jet fuel in wastewater. JP-4 contains significant amounts of 5- to 15-carbon atom
normal alkanes and is rich in aromatics. Wastewaters may contain oxidation products of jet fuel
at locations where jet fuel is introduced as a contaminant. For example, phthalates. resulting
from the partial oxidation of xylene found in jet fuel. may be present in aircraft washrack
wastewater (samples from Dover AFB taken in Feb, Mar 1986). Table 12 contains normalized
partial analysis results for JP-4 (per Anne Roberts, USAFOEHL/SA, Brooks AFB).

B. Discharge Limits

Title 40 of the Code of Federal Regulations (40 CFR--Protection of Environment) contains
pretreatment and hazardous waste standards which are germane to many of the operations
discussed in the previous section. The pretreatment standards apply to specific industries and
processes. Each pretreatment standard provides discharge limiis for contaminants normaily
associated with a particular process. Hazardous waste regulations, on the cther hand, are speoitic
to the contaminants in and characteristics of the wastewater. and apply to wastewater streams not
covered by the pretreatment standards.
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Table12 2
. TYPICAL COMPOSITION OF JP-4 JET FUEL N
)
: . e
¢ Pollutant or Concentration ot
i Property (Volume %) ":.‘.:'::
‘ C-5 431 A
X C-6 13.00 s
K Benzene 7.07 :;_J'"
! C-7 13.00 5
Toluene 11.39 " o
g C-8 8.63 :"‘:f
N Xylene, meta- and para- 6.53 ':‘u::‘
\ Xylene, ortho- 1.62 'o:'..‘,
N C-9 6.23 R
C-10 5.75 °
K C-11 7.79 -
b d
! C-12 6.i1 pod
; C-13 4.25 o
g C-14 2.88 i
C-15 1.08 "o
! C-16 0.24 nes,
' W
K C-17 0.06 ‘,{:'“.;
! C-18 0.04 oo
¥ C-19 0.02 j;
. ®
D The federal regulations which are relevant to most wastewater-generating processes on Air e
Y Force bases are listed below: ]
N v
Part 403--General pretreatment regulations for existing and new sources of pollution ;'S-l" ::
. Part 413--Electroplating point source category °
Part 433--Meta! finishing point source category :'E:
v Part 459--Photographic point source category : ":.'* )
y Part 261--Identification and Listing of Hazardous Waste '.‘_:-:“' ‘.
. Zadn
4 A list of over one hundred "toxic organics” (organic priority pollutants) listed in both 40 i
1: CFR Part 413 and Part 433 is reproduced as Table 13. QC"'
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