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AFFADAVIT

My nome is Kenneth §. Price. My address is: 2504
rond Street, Urbnna, I)linois, 61801, I am an Environmental
Consultant in the firm of Clark, Dietz nnd Associates-Englneers,
Inc. with home offices in Urbana, !llinois., 1 am a
Registered Professional Engincer in the Stete of Illinois,

] am a native of Indiana and since the receipt of my Dachelor
of Science in Civil Engincering Uepree from Purdue University
in 1964, I have devoted my life to the study, teaching, and
practice of watcr and wastcwater treatment specialjzing in the
arus of industrial wastc troatment, 1 received Master of
Science in Civil Engincering and PhU Degrees from Purduc
University specializing in Environmental lHnginecering, in 1966
and 1268, respectively. During my praduate study program,

1 was a full-time instructor in the Environmental Ingincering
Depoartment. for approximntely 2 ycars.

Pron 1968 to 1970 1 was Ceptain in the U, S. Army Mecdical
Service Corps sorving as the Post Senitary Engincer and Assistent
Preventive Medicine 0Fftcer at Fort Huachuca, Arjzona.

From 1970 10 1973, ) was an Lnvivopmental lnglnecr in the
Water Quadity Rescarch Group, Research and bevelopment bepavt-
meut, tnion Curbide Corporation, South Charleston, West Virginia.
In thls positiun, ) conductod basic and applicd research related
to the contro) und treatwment of petrochemical wastewaters. In

addition, ) provided technica) service to the customers of the
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tnion Carbide Corporation with respect to the handling and
treatment of wastewaters containing petrochemjcals, Dusing

this same period, | was an Adjunct Assistant Profcssor of

Civil Engincering at the Kanawha Valley Graduate Center of

West Virginia University., In this pﬁsi(ion, 1 taupht courses

on water treatment and physical-chemical treatment of industrial
wastewaters, 1} have published paper: rclated to hiological
treatment of petrochemical wastewsters sand the mecasurcment of

the bicdepradability and acute aquatic toxicity of petrochemicals,

In my current position, 1 am principally responsible for
tho development of treatment processes for industrial wastcwaters.
During the past yecar, I have reviewed all avajlable technical
information on Polychlorinnted Biphenyls in the cnvironment and
prepared an internal report on the handling and disposal of
cquipment contaminatcd with PCi's, | am also Technical Dircctor
of Labcratory Services for Clark, Dietz & Assocfates,

1 am a member of the Amcrican Society of Civil Enginecers,
Watcr Pollution Control Federation, the American Yater Works
Associotion, and Sigma XI. I am presently scrving as the
Chatrman of the Industrial Waste Practices Committce, Environ-
menta) Engincering Pivision, Amcrican Society of Civil Engincers.

WATEDR MANAGEMENT SUMMARY FOR POLYCHLORINATED BRIPHENYLS
Int roduction

Podychlorinated biphenyls have in the past been emp)oyed
primarily os diedectric fluids In the manufacture of capacitors

and transfermers.  In addition, PUR'e have been used as plostici-

ters for paints, inks, copying papers, adhesives, and sealants.

PCE's hove also heen employed in formulating pesticides,
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as industrial fluids for heur transfer oand hydraulic applicatjons,
as cutting oils, as Jubricating oils, and as vacuum pump olls,
The sole domestic producer of PCR's, Monsonto Industria) Chemicals
Company, has indicated voluntary discontinuance of the sole of

ICi's for 8]] uses except in the manulacture of capacitors

end transformers. lowcver, there aye po restrictions on the

impn{3511gn_gﬁ_jhg_Iﬂnlﬁ—vﬂn'TCﬁ—Ebnlnining matevrinls from

producers outside of the linited States. Thercfore, in

[
developing tr)x-oposcd ef{{iucnt dischavpe standard for PCR's
the assumption has been made that PCB's may continuc to be
emp’!_(:_y’g_l__l_n\:n_l_l_g[ \ll:é!l;v‘@}_l‘;it;l):reps.

This report will present l\dn;unlon of the control
ond/nr treatment techniques which will most probably be required
to mcct thoe proposed efflucnt discharge limitations. The sub-
ject arcas to be considered are summarized in the following
outline:

A. Contyol Mcasures Applicable to All Industrial Operations
Involving the Use of PCR's

R. Control Measurcs Related to Specific Industria) Operations
Involving TCil's

(1) Manufacturc of PCH's

(2) Capaciter and transformer manufacturing

(3) Recovery and regenerntion facilities

{4) AV} other manulacturing, formulnting, and processing

operations invelving the use of ICR's and constituting

point sources of discharge.

(5) Ultimate disposal opcerations.
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C. Potential Treatment Systems for the Removal of PUB's
{rom Wastcwater

P, Comments on Costs of Jmplemcnting Control and Treoatment
Programs

E. Comments on Time Requirements for the Implementation of

Effective Discharpe Control Measures

Control Mcusures Applicable to All Tndustrinl Operations

Involving PCR's
Without regard to the type of facility being considered,

certain operations are required which present the potential
for loss of PCR's to the local cnvironment and subsequent
contamination cf woter. Examples, of such operaticns include
loading and unloading transport vehicles and containers, cleasning
transport vechicles and containcrs, storage of PCB's in tank
farms, clcaninpg storage vessels, transferring PCD's to and
from storage facilitics, and the disposal of contaminated or
“off-prade” PCE's or PCH tontnining formulations, With the
exception of clenning operations there would appear to be no
need for the introduction of water into these operations.
Control measurcs to prevent the loss of concentrated organic
materials are, of coursc, not foreign to industrial operations
and have been employed in the petroleum industry, the petro-
chemital industry, etc. ‘the basic philosophies followed in
such control measures include minimizing the potential for

. sccidontal spills and leals, containment of unavoidahle spills

and leaks, and exclucion of woter from those orcas §n which
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spills, leaks, ctc. are unavoidable. Specific cxamples of

the measures which should be employed to prevent accidental

Josses of M'Ch's are cnumcrated below:

1.

Operations involved with loading and unloading
transport vehicles represcent potential sources
of minor losscs due to spills in connection and
disconncction of transfer lines, leeks in trens-
fer lines, leaking pumps, etc. These minor
losses should he contained through the use of
drip pans, collcction sumps, etc, Accidental
contamination of rainwater could be avoided by
enclosing these opcrations, All storm waters
originating outside of thc enclosed nrea sﬁould
be routed around such enclosures, Curbing ond
diking should he employcd to prevent accidental
spills from leaving the enclosures. Loading and
unloading operutions also represent the potential
for major losses of PCB's through overfilling,
improper closuro of vslves, etc. Liquid level
alarms, instrumcntation including valve positioning
indicators etc., collection bibs and sumps, and
opcrator tvducation represcnt the best control measures
for proventing major losses during loading and
unloading operations,

Transport vehicles employed for the carriage of
PCB's should be dedicated to that service., Dedi-

cation of transport vehicles reduces and potentially
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clinminates the need (or cleaning of such

1 vehicles. When cleaning is unavoidahle,

. solvent cleaning with the contaminatcd solvents
subsequently being incinerated should be con-
sidered, When the use of N;(vr in cleaning
opcrations cannot be avoided, the actual volumes
of water cmployed should be minimized with the use
of numerous swall washings rather than large
volume flushing.

3. PCh storupe tanks and vessels should also be
dedicated to that service. Drum storoge areas
should be enclosed and curbed; there should be
no floor drains in the drum storage arca, Over-
packs which can be employed to contain leaking

drums should be availablc. Accidental spills in

tho diked storagc area should be picked up using
absorbent materisls and the use of water for cleaning
fn this urca should be avoided, Large tanks employed
for the storage of PCR's should at a minimum be

diked with the diked volume being sufficicnt to hold
the entire contents of the tank. Although it would
he unusual on the basis of current practice, it would
also he wisc tu consider cnclosing tank farms cmployed
for the wtorape of PCR's to prevent accidental
contumination of rainwater, At a minimum, storm

wiater originuting in the PCH‘Iunk Farm should be scpre

pated from storm witers which have a low potentia) of
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becoming contaminated with PCR's, Vapors origlnnling
from PCB stovage tanks may condense and be depoxited
around a tank «torage arca. Such accumulations

could subscquently result in the contamination of
storm water, therefore, positive control on the vapors
{from PCB storape tanks shou)b ke considered. Such
control mcasures might include an incrt pas blanket
on storage tanks, routing all vapors through the
properly designed jncinerator to destyoy ICB's

or manifolding all tanks and routing off-gases through
A central sctivatcd carbon adsorption system,
Trensfer lincs, pumps, etc. cmployed to move PCR's
from stroage {octlities to the usc point in manu
facturing opcrations should ho readily accessable to
pormit proper maintenance and routine inspections

for leaks. [t would be desirable to have such trans-
fer )ines located in a pipc pallery and again en-
closed to prevent the contamination of storm water,
Drip pans, sumps, ctc. should be liberally employed
to contuin accidental losses and lesks of PCB's,
Empticd drums shon)d either be decontaminated through
solvent washing or {orwarded to disposal firms '
cquipped to incinerate drums contaminated with
bazarlous materinls.

Pure PCB's ov concentrated orvganic formulntions
containing PCB's which huve for onc rcason or another
become contaminated with undesirable materials should

eithey be repenceated and reused or destreyed throuph
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{ncincration.

With the possible exception of enclosing tank

farm cemployed for PCB storage, virtually nll of

the measmics cited above could be categorized as
standard operating procedurcs for many industries,

The proposed cfftuent dischn;ga standards for PCh's
will undoubtcdly make stringent application of

those principals and practicoes a necossity., MHowever,
those mecasurcs will also represcent very cost effective
mcans of reducing the total volumc of water, particularly
storm water, which might require terminal treatment.

Control Mcasuves Related To Specific Industrisl Opcrntions

Invelving PCH's

Manufacture of I'CR's. The sole U. S. Manufacturer of
PCB's is the Monsanto Industrial Chemicals Company. Tts
plant, locatecd at Sauget, Illinois, produces PCB's by chlorine-
ting biphenyds in cylindrical contact towurs using either iron
filings or ferric chloride as a catalyst. A byproduct of the
chlorination rcaction is hydrogen chloride which ix absorbed
in scrubber woter. The crude products, the desired characteristics
of such are contrelled by predetermincd chlorination cxposures,
arc purificd by distillation under curofully controlled con
ditjons of temporiature and pressure, The electrical resistivity
of the product §s rcgulated by mixing the product with Fuller's
Barth at elcvated temperatures and then filtering through
paper to achivve the desired charactevistics,

Potentiul sources of water contaminated with PCR's which

could ariginate from the PCH manufgcturing operations can be
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summarized as follows:

1. Waters cmployed in the scrubber system for the
capture of the byproduct hydrogen chloride
can become contaminated with MCh's duc to
volatilzation of PCB's from the contuct tower
and through minor process upsot. The scrubber
waters are neutralized and reportedly contained
in a closod reactor loop system. Blow down from
the scrubber water system can contain PCB's.
Non-contact cooling waters can become contaminated
with PCH's through minor leaks in heat cxchange
equipment,

2. V¥ater employed to flush PCB’s from the floor of
the production aroa in the ovent of spills or
leaks.

3. Wator employed for the cleaning of transport
vessels,

4. Storm watcr falling on the PUR production area;
the manufacturer helieves that this contumination
results primarily from the accimulation of PCH's
which ocrured prior to the jnitiation of a rigorus
in-plant control progrim.

In o presentation to the Stondards and Water Quality
Information Advisory Committco (1) Monsanto detailcd additional
control meastires employed in their manufacturing facility.
These control measuvres are summarized in the following numbcred

flems:
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3,

Droinage is directed to trenches and piplng and

then to one of two J000-gallon settling dssins for
the containment of accidental spills. Small
quantities ol PMCB's collected in the settling

bazins are later pumped to drums for ultimate
dispossl. '

Rupture disc linos and atmospheric vents have been
routed throuph catch bosins or redirectod to the
settling basins. This mensurc insures containment

of PC8's in the event that rupture does occur,
Storape tanks are blanketed with nitrogen to
oliuinate tank "breathing".

Mist climinutors have been installed in vapor lines,
Sewers have been altered to prevent build-up of PCR's
in the system and to allow monitoring of the offluent
from a manufacturing unit,

Opcrator cducetion has been conducted to insurc a
high lcvel of “housckeeping”, Oporator vesponsibilities
include checking for lcaking pumps on every shift,
veporting and documenting lcaks to insurc corrective
actions, emptying drip pans into scrap ICB drums,
using "Floor liry" to absorb any PCD's and minlmiz}ng
the volume of water used if flushing of I'CR's to the
scttling basin is vogquired, and insuring that all
sappling drums/scrap PCH drums sre tvansferrod to

the uitimate diﬁpnxn]vuruu.
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7. A special incinerator has becn installed for

the ultimate disposal of concentrated PCB's

employing temperatuves at or above 2000° F.

Drajnage in the disposal arca is also routed

to o 10,000 gallon basin for the containment

of PCB's.

Even with thesc control messurcs, Monsanto indicates

that their current cfflucnt discharge would not mecet the
proposed J'CH d)scﬁurgu limitations. Thercfore, tcrmlngl
wastewater treatment facjlitics for thma's
voufsjir::EBTT!nt““'“
———
Capacitay_and Trapsformer Monufacturing. Polychlorinated
biphenyls have becn employed for muny years as diolectric
fluids in capecitors and transformers. Their usc in these
applications is primarily related to their superior di-
eloctrical propertics and particularly with regavrd to
transformers, their low firc hazard vating., In reviewing ull
potential uses of PCB's, the Interdepartmental Task Force
on PCh*'s (2) concluded that the use of PCR's in capacitors and
transformers should he continued since suituble substitute
materinls were not available at the present time. A publica-
tation by the Hutional Electrical Manufacturers Association,
(RENA) {}) presents “Propescd American Nitional Standard
Guldelines for Mandling and Pisposal) of Capacitor-and
Transformer-Grade Axkarcls Cantuiniag Polychlorinated Bi-
phenyls.” Wilmot (4) prescents a survey of production techriques
omploycd in manufacturing capacitors containing PCR's. In

reviowing theso publications, the following aumbercd potentinl
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sources of PCB containing wastewaters was developed:

I

Bulk shipment, receiving, and transfer of PCA's,
Implementation of the previously described contio)
measurcs for these types of operations could poten-
tially climinote ond should certainly minimize

the volume of PCH contaminated waters relcased from
these operations.

Stcam jet vacuum systems condensates. Preconditioning
steps employcd in preparing PCh's for use in capacitors
and transformers include heatinp and the application

of vacuum for the degasification and demoisturizing

of the PCR’s.  In addition, the impregnation process
employcd in manufacturing capacitors cn‘ employ the
spplication of heat and a vacuum for these samc purposes.
PCB's volatilized during these opcrations can con-
taminate stcam employcd in vacuum jot systems. The
volume of contaminated wnter con be reduced by employing
other then vacuum jcts for the development of & vacuum
(.c. substitution of a rotary or piston type vacuum
pump). The small volume of water vapor condensate
contaminated with PCB's rosulting from PCB demoisturizing
procedures should be capturcd and disposcd of through
incineration.

In some instances water/detergent type washers are
appavently employed to clean capacitors following
impregnation and scaling. This source of PCh con-
taminuted wastewater could be climinated throuzh the

spplication of solvent washing techniques.
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4. Contvo) of I'CH's in 8l) other operations associated
with manufacture of copacitors and transformers
should permit the climination of PCR contaminated
wastewaters, The measures recommended in the NI'MA
report essentiolly center around good housckeeping
to include containment of sccidental spills, dry
cleaning methods, and ultimate disposal of con-
centrated IFCH's or concentrated organics contnining
PCD's via incineration. The NIIMA report should be
consulted for detajled discussion of the rccommended
control mcasurcs. The only other control measure which
could he rccommended at this time would include the
applicntion of activated carbon adsorption systems
on lil local cxhaust ventilation systems employed to
control PCH levels in the work environment. Exhausts
from such control systems cnnAresult in the con-
tamination of roofs and plant site ground which sub-
soquently results in the contamination of storm woter.
In summary, it would appear tho control mcasurcs to provent
tho loss of PCR's to water und ultimnte disposa) of PCB contaminated
so0)ids and orpanic liquids through incincration would represent
the best approsch to achieving complinnce with the proposed PCB
cfflucnt discharge limitotions., If the rccommended control
measurcs arce found to he too restrictive for normal production
opcrations, terminal trcutmvny systems could be employed as
required to permi:mco;;l};;c; with the proposed discharpge
limftations. T

Rocovery and Repenerntion Tacilitics. 1 am unaware of any
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speciflc facilitics constructed for the sole purpose of
vecovering and regencrating PCB's.  As previously indicated,
capacitor and trans{ormer wmanufacturing facilitics may pre-
condition or recondition (vregencrate) PCD's from capacitors and
tronsformers which fai) to pass quality control checks. If
faciditics have or will be constructed for the redistillation
and recovery of PCH's from PCB containing formulations, it is
belicved that the control measures, ctc. discussed for the
manufacture of PCB's would he cqually applicable.

All Othey Manufncturing, Formulnting and Processing Operations

Involving the Use Of PCR'y and Comstituting 8 Point Source

of Dischayge. This broad category includes facilities using
PCB's as plasticizers for paints, inks, copy papcr, adhesives
or scalants, in pattern, waxes for investment casting, snd in
industrial flulds for heat transfer, hydraulic fluid, vacuum
pump oi! aund cutting oils. The general control mcasures for
preventing the loss of PCR's to water from handling, storage
and transfer cperaticns are agalin cqually opplicable to these
uses of PCB's.,  Manufacturers employing PCh's for any of these
applications should revicw their operations and determine if
water contamination can he avoided §n their specific cases,
Where water contamination is helieved to be unavoidable, these

monufocturers are confronted with two choices, The first and

most satisfactory alternotive from the viewpoaint of positive
prevention of PEIH contumination of woter would be substitution
of other muterials for PCH's. The vreport hy the Interdeparimental

Tusk Force on PCB's containa detalled discussions of potential
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substitute materials for PCB's In many of theso applicatinns,
The secand altcrunvive would be 1o weigh the benefits of the
continued use of PCR's in applications where water contamination
is unaveidable against the cnpilul‘nnh opersting investments

to permit terminal trentment of contamipated wastewaters such
thst compliance with discharge 1imitations on PCB's can be
attnined,

Uttimatc Disposnl Operations, The genersl control

meusures, previously prescented, arc equally applicable to
vitimate disposnl operntions with regard to the prevention of
accidentul losscs and contaminotion of storm wster, ctc,
Monsanto in its numcrous presentations, the NEMA report, and
others have justifiably indicated that the best moans of ultimate
disposul of liquid PCH's sad orgamic concentrates containing
PCB's is through high temperature jncineration. The NEMA
report includes a sectjon describing existing commercisl
dirposal operations with the capahility of incincrating PCB
contaminated solid wastes. Since water scrubbing is required
to capture 1CL generated in the incinerstion of PCB's the major
consideration of ultimate Jisposial opcrations would be to insure
that incineration facilities arc so op&rutcd as to result in

the complete destruction of PCB's.

Since the varfous Jandfilling procedures, subsurface
injectlon, cte., really only represent control techniques rather
then destroction of PO’ s, these means of disposs) of rew’s
should he nvoided 31 at atl possible, llowever, it should be

noted Vhat landfi1) disgposal of small capacitors may he the
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anly satisfactory mvans of disposal currently avallable,

FOR_THEE REMOVAL 01 BUR™s VR

LA

As previously indicated, polychlorinated b
phanyle e ondy sVightly selwuble in water., Therefore, the
first and wont obvicur means of removing gross quantitics of
PCR's from water would Le through gyavity separation. In
some instanves, this treatpent unit might also scrve to
contain Jarge volume spills of PCM's and preveat overloading
of subsequent treatment focilities or divect discharge to o
receiving styeam,  The use of this type of treatment device
has already been cited by Monsanto. 1f particulate matcrials
contaminated with PCH's are arrocinted with the wastowatey,
such a tycatment unit might also remove these solids,

The available dota on solubility of PCR's in water is
somcwhat cantradictory. Hoague, ef_0l. (%) performed studjcs
whith indicated the equilibivium solubility of Arnclor 1244
was approximately 56 ppb,  In comparing theivr results with the
vurh of Zitho, who obtained solubilities in the range of

4.5 10 3, ppm, Hayae,

al

Cosugpested that the high values
obtained by “ithe wight have heen due to the presence of
forcign materials an the “tyosh weter' employed in Zitko's
stulies.  These statements sugpest the possibility that
chemical trcatment (i.c. pll adjusiment or coapgulant additicn)
might improve the sepuration of PCAs f(rom water. To my
knowledpe, thin posaibitity has not been examined.  2Zitho's

resul e mipht aleo indicate that the presence of other orpanic
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matvrials nvavases the sndubitivy af PUBYs in water,  Inoany

v B ois obvious that g

avity separation technigues, with or
witbont chemical addivions, could not reduce the concentyition
to o level Jess than e solability of PCB's in water,

Based on g veview of ol available terature and to the
best ol omy knowledge, treatment S)’f-li"l!i:l for the removal of I'Ci's
from water (heyvnd grosa separations in grovity cdavification
devices) are not cuvrenlly in operation.  Therefarce, industyvics
confronted with the removal of trace quantities af FCR's from
wiater will bave 1o resort to the use of available treatment
technology the applicability of which s supported only by
tabaratory data,

Adsorprion.  Activarted carbon adsorption has heen widely
used in the pant to treat wastewsters for the removal of organic

materiala,  Hapie, et al presented data which indicated that

Avoclor 12540 could be adsarbed in various organic containing
soils. Morc recently Hager and l(izw((’) presented data relative
to the adsorption of Aroclor 1242 and Aroc.or 1254 on activated
carbon,  The data presented are in the form of adsorption fso-
therws hised on the vewoval of these Aroclors from pure water
At initial concentrations of approximately 50 parts pey billion.

The results obtained indicate that it shoutd be techuically

Feasibbe to wchicve efltuent concentration, at Je Tow au
Poph o empluying activated carhon adsorption, 1t should be poted
that data of thiv type ave pot adequoite For Sinad design of

P o b s i

carhon sabaaeption fatifitics to freat waste witers containing

¢ technical fe

PERY . Mowever, these data verily the b Mitity
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—_———

af cach a tveatment systen, Since the type and quantities of
erthor contaminants grvocrated with PCB's in a piven waste stregm
coudd vipmticintly influcuce the deeign of <asbhon tyeatmen
systeamn, pilot teses are yequired §n virtoally cvery instance

to develop preci desiyn parameters.

U oshonld be notad chat the data by Hager and Rizzo ilta

strate  another intercsting point with regard to the removal of
PCHY s from wastewater.  In preparing a standard sample for the
adsarption isnlhqrm test, concentrations of approximately 100
parts per hallian were initially prepared.  Subscquent fine
media Tidtration resnlted in a reduction of the PCB concentra-
tions to approximately the 50 parts per billion range.
Imtcaestingly, this residual PCH level following filtration
coryesponds quite closely to the muximum solubility of ICL's
invater (in particular Aruelor 1254} as reported by Hague, ot
ul.  However, the other tedhnical point yaised by this obser-
vation (ice. the removal ol PCB's via fine medin filtration) is
that Cine mediza Ciltration might be employed following pravity
chaification and proceeding activated carbon adsorption as

another poatential PCR vemoval step. M is noted that the maximum

allowable dis

hitge concentyation for PCR*s in the proposcd
el discharge Timitation is 280 parts per billion, There-
fure, it i \""/iv’“"’""”'“-l._ilun_mmliu filtration alone mipght

put certiaan CRINTE ng i

Ltries in complinnce.

The seport by (hper and Rizzo poes into some detail on the

meaning of adsoerption isatherm tests and the additional stepe
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vegoed s developing deign parameters. Theis report is
attached o bxlobie A ot additionadl discussions will not he
piven hese, One technical point pot covered by Hagey amd Rizzo

i the potentiatl difficulty in yegensrating avtivated cabon

heen employed for the removal of PCB's from tewater,
—— - A

r.anT the destruction of PEB's requires temperatnres i exces:

which

of 2,000” . which i higher than the normal temperature employed
for the repencration carbon,  The norma) regenerition teaperature
i approsimately AB00T L and should he setficient for volatili

zatron of PCR's From the activated carhon, however, an alter.-

hurner to cor ¢ sulficient)y high temperatures for the complete
destiuction of PCRY wight be vequired.  In addition, the pencr-
ation ol ICL might require special construction materials and,
of tourve, wonld regunire of (0 gas serubbing which is normally

employed with carhon regencvation jin any cuase.

Lxtroction.  The anslytical technique employed for the

meaturement of PER'S requires the extraction of PCR's from water
employing hexane.  Extraction techniques have only heen employed
1o bimted extent in the treatment of wastewaters.,  llowever,
Thit abservatton presents anatheyr potentinl techniyoe for the

vemoval ol trace quantitics of PCB'S Jrom wasteswaters,

Mewdeoane Separation,  The poeviowsy clted example of “fine

media Pibteation for the reduction of PCH Jevels in wastowatoers
aleo sappead s that any of the various mesbrane processes currently
empiuyed for the Dreatment of wistewater might a¥so he appticable

to the removal of FER' s Trom wa

cwiter,  Membrane processing

vt by only resalts in concentrating materials therefore
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witimate disposal ol the concentiates would scill be regnned
Thevedme, wembrane separatton would Scem to be a less practical
and potesteallby more expensive process in this instance,

Chemical oxidation and the use

Orhes drcatment 1eehniqa

of surface active agents to foam sepavate PCR's from water wipht
yepresent potential treatment techniques.  No data ase avaitable
to specifivally isdicate the applicabidity of cithey process.
Biologival treatment is not applicable,

Sumeary. T would appear that the wost promising treatment
sequence for removing PR from water would include gravity
sepration, possibly foltowed by filtration, and final remova)
of FCBTy via activated carbon adsorption,  PCB conventrates
ohtained from the pravity separation could cither be regenerated
or destyoyed via incineration.  Fine media filtration, in this
case, would prabably imply the use of diatumaicous varth or some
similar mterial for the physical filtration of PCh's from the
watey,  Spent diatomaccous carth would have to be incincrated
to ansure that the environment did not bhecome contaminated with
thiv material,  The final treatment step would be wetivated
cavbon adsorption. M in-plant control measures etc, had

reduced the volume of wat at a given fnstallation to a

sufdiviently low tevel, ¥t is conceivable that the most ot onom-
ical system would he to incinevate the exhausted carbon rather
than attempt yepeneration.  If larper volumes of water were

beroy teeated and therefore larger quantitics of carbon exhausted,

repenerntion ol the carhon might resutt in the lowest operating
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coot, Repenearataen conld e accomp) ished with ow sate sepener
atren Gy LiCies comprasing a spent carbun transport system, ;
repencration furnace (either maftipie hearth or rotary kaln
with the special appurtenances previously indicated, and o
repencrated cmbon transport system.  Alternatively, off sjte

regeacration Servic re offered by the Calpon Corpoaration.

r 1t shoutd he noted that although the basic technolopy for

! i(lw synfems vited ghove are available, Jabovatory and pilot

CFtents would be required for coch specific installation in order
to develop cxact design purvameters,

COMMINTS O3 GO

Ov_1wn.

ENTING_CONTROL AND TREATME

FROGRAMS
in-Plant Contro) Mensures. The previously cited in-plant
control measures could be implemented hy us simple o technique
ns sealing existing floor draink in certaln operations where
PCU'S are employed.  On the other hand, extensive revisjons of
entire sewer systems might he required at other instellations,
Process modifications to permit substitution of altcrnative
materiols for PUB's or to climinate the usc of woter in certain
operations, mipght require extensive revisions of cquipment, Or,
«t the opposite oxtreme, measures of this type might be imple-
mented immediately by simply removing PCB's and substituting
ooon a one to one hasis an alternaste material. The point heing

mucde herve io that the types and cxtent of revisions reguired

e so variable penevalication of the conts

Invelved can he nade,
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Conty tor the divpanat of sevap PER's will, of course, be
mighly vaciabile dependent on the control measures employed to
Prevent accidentad apar it oand Josses of PCIYs, Incineration cap
reportedly be aecomplished for §.08 per patlon by Montante ar
St plant in Saupet, 11hineis,  This ‘cost 38 bhased on customes
delivery of puie Liguid PCB's in customer vwned containers.  Ope
cuntyact waste disposal firm, Roblins Environmentnl Services,
Ine., quotes a price of $.07 per gallon for RES pickup and dis
posal of PER's at its Logan Township, New Jersey plant.  This

cost can vary depending on transport distances,

Terminal Wastowster treatment.  the costs involved in the

terminal treatment of wastewaters will also he dependent on the
success of in-plant contrvel measures in reducing the volume of
contaminated wavers,  Therefore, perhaps the best approach to
summavizing potential costs for wastewater treatment would he
to present ranges of unit costs per thousand gallons of waste-
water tyeated in the propoved treatment scheme, Anticipated
ranpen ol treatment costs lor pravity clarification, diatomaccous
carth filtration, and activated carbon adsorption arc presented
in Appendin A,

The folluwing comments are of fered reparding the usc of

the Jisted treatwent conts:

1. Cited values Tor gravity clarificotion represent anly

ssociated with that specific

those costs dircetly
wnit,  Additienat vostn would be anseciated with inlet

and ot 1ot piping aml the disposa) of any PCR's actualty
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collected o abhe o, Phe wapnitade of voste to

whtamete dinpnsal viea ancincration have been pmeviyoas]y

presentoed,

he cont o digromaceons carth filtration is prance.

Wl ly biad wa the nowinal waage rate of didtone roun

carth for the 1iltatson of water.  Since this provens

bas not actuatly been evaluared for Hl: removal ol PCRTS,

an accewrate prediction of The DE use rate cannor b

made,  In addition, this estimate would not include

the Cost for utimate disposal of the contaminated

dintomaceons earth,

The vonges of costs for activated carbon adsorption

are those reported by Haper and Rizze. The actual

costs for this type of wystem wildl, of conrse, vary with

the volume of wastewater to be treated, and the actual
——— s

effluenr PCB goncentration l'l‘i\‘ir\(‘(‘.

Since proper in-plant contre) will minimize the volume

of wastewnter (o e treated, most of the systemw ve-

quiring tevminad trcatment for the removal of PCR'S

will probably be vedatively wma)) on a volume {low bosis,

Theselore, the cont per thoutimd pallons of wantewates

vreated vl probably be teward the high side ot the

ranpes coted,
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beme Bprrenent s oy e dmplementatson of Fflective By hrge
Contn o) e e - T e

The nuread progression of events in the impleaental ton

Ao tewaler aapagement poopram is oas {ol)ows:
1Y tmplementation of dn plant contrel measures to e impate
Al upneves oty materials towses and to reduce the

volume of wastewater,

) Evalustion of wastewaters vemadndng following the imple-

mentation of in plant control measares, and (he per
foymance of necescary Iaboratory and pilot stwdics to
develop desipn parametevs for termina) treatment systeas,
3} Besipn of requived treatment facilities,
4)  Conttruction of Gieatment facilitics,
8) Startoup of Dreatment facilities,
Piegiae elapicd time estimates for the compiction of the indi-

cated steps are diflicult to prepare for a generadized case,

HBovever, with the possible exception of those operations in which

alternate materrads can be substituted on o one to one basis for

PERT S, 0 seems quite improbable that implementation of the re

quited programs coudd be completed within the stipulated one year

faltowing the adoption of the propos

d PCR divcharge Yimitarions,
In the cane of the sole domestic producer of PCH's, it
appeirs that the aecommended in-plant contra) measures have
alveady been instatuted,  Therefore, a reasonable projection of
the minemum Ciwme regurred (or dnstallation of terminal tresg-

ment wonld o lode gpproximately 6 monthe for pilot studices

Gonoutles Jor tacrbities design, amd 12 manthe. Cov constim Cian
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sk arart up. The .u.hmw—ﬂﬂm‘—«ﬁ'ﬂib would then be

-(JLJ1£1+~‘1_QEIHUM Comsidering the current shortage of

maas bavte constraction matercalys it does not

e

seem that cven
wilh extreme cfforrs this clapsed time could he veduced 1o wuch
Tover than 18 monthe .

With regord Lo mamifacturers of capacitors and tians-
formers employing PCRS B0 shoutd be woted that the reyuired
in ) bt vontred weasaeren have been well docomented hy the
repert prepaved by the National Electyical Manufacturers Avsoci -
aticn.  The eatent of dmplementation of these recommendst rons
by the manulacturers is unknown, 10 such measures have not

atready been implemented dtoas quite probahle that an additionn)

17 1o 18 months <outd be regquived Tor a Aix'm‘x”n'r'"'.\“n]}i' 42
months for the start-up of terminal trceatwent Iuggjitios if
vequired. P in plant control measures are already in force,
the minimom tjme requirement would again appear to be in the

vanpe of I8 to 24 monihs,

1 ¢

ence, it ois belreved that the propo

& one y

Lamitatjon for vmpdementatbon of reguixed sontrol progroam:
- — ——

too short to he realistic.  In addition, it is believed that
SRANELA Il

11 such tiwe limitations were stringently enforced, improperly

desipned and conntrected facilitres condd resolt which would

in turn create wmore long teem difficultios in achieving the

desived contral on the disvharpe of PCRs,
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AVEERNEX A

Antacrpated Cont Ranges
For LR Contaminated
Fastewater Treatment

Treatment Prace O Apnuad Coet, ¢/1ea0 G (1)

Clavitication ()
tw/o chemieal addation) 0.0) - .04
Biatomacenus Larrn (Y
Filtration 0.0 - .10
Ativated Cavbon Adenrption
O wite Repeneration 2.08 »71]3.0“’
OCF- 500 Reponoration 16 130t

e smast capital (10 yrooat 10%) and M 6 G costn,
\
""Ii;mw aticeted primarily by cconomy of scile based on Flow yate,

(”A:.'-uuw-- otk DLZ1HR pallons; doees not include disposal
cosae tor o apenl D

D5 iy ingite boph wasue, range $2.05-5.00/3000 pallons,

.
( ,M( thod ol annectbicing capital tosts unluown.
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REHUYAL 0 1OXTC Gl AUBCS FRON WASTIWATIR BY

AVSQRTLTRN 30 C et AR ACTIVATED CARSON

by

. G, Hager
and

J. L. Rzzo
Calqon Corporation
(A Substdiary of Merck & Lo., Inc.)

PREPRINT: Dot for PPubYlcation

This paper has letu prepared for presentation to an
Lovivateental Frotectieon faency Technoulogy Transfer Session
on treatment ol loxde Cheatcals, Atlanta, Georgla, Aprdl 19, 1974,
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VoA vecently campleted wleerntha study Indicates that mnst of the

PR propoed disuolved oeeanic tonde chomlcals can e reeoved from

water by e Livated corlen {Renzidine was not tested),

2. Other cheadcally simila (aromatic, non-polar, high awlecular weight)
contambnant e, cuch ay OUIA def{ned carcinogens and the chemicale
winder erambuation by the EPA for inclusion on the toyic chemicals
Titt are abwn predicted to be adsorbuble from wastewoter by activated

[RTREUIN
3. Yull-scaie granular activated carbon dnstallations arc currently

1 wnying Luxie or blotoefcally refractive contamtnants from wastewater,

et the odousted corbon s Leing reactivated for reuse.
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WALTEVATER L 100t 100 10700 ORGAYLC CHIMECALY
B3 U R N TUR R RS ACLIVAD LAYl

Bty Uhe cardy DRat e umdanaonary traveling throunh Sontheat
Auio cane upen a vilTear i vy anbgue marf b citgatlon — kvery
tave el aan Lad niuc v dadog wowrld fraveler, the ot fonary wae
aut surpe g by padyaany, U e did b ofmut the manter nine.
ol by, sew D cus denit s get the Le U of him, be mestercd enough
courdge Lo o'k uac ot the tribesmen the purpose of nine wives,

"IU ts very stmple,” replied the man.  "Qur nearest ¢lean water
supply in alne mlles wiy, and (L requires one person a whole day to walk
the distance both ways. U also takes nine trips to secure cnough water
to walisty the needs of o fawily for one day.  Since water-carrying duties
are Jerfarmed by ovur womep, it becomes a practical motter to have nine

wive i

Inde twetlon

Throwgh the aors wan by howe that he will adapt his wacial habits
to the quest for clean water, Clvilzations such o9 Fayptiany, Romans,
Grecka, cud yes, even oue eorly colontots, took care to profect and cleanse
wates supplies, Al wany ol thewe peoples used carcoa) to purify Leth
WALOL il wed i ieee |

AUl e wbanplion process e buown in encient Limes, it s
ot b i e P00 continy 1ha e Bepon 10 use pevedered carbon on a geand
scales for e vemoval of tvde s and oder-cansing constituents from deind ing
wilen. Then, duving Hortd a1, powdered carbon wats Ueied tn qgas menks

o protect tevops feea Loebe v o e i chemicod varfare.  An poveder,

hoveser, the catbame vas ol g Lo becanse the predact v dunsty, o

yramtbar eorbons weve deveinged,
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Follaaing Yo dd e UL, b advorption found application. iu S
dicoler foailon, anlvent yecevery, awd Hguld and gos poartflaation. tater,
he et pd bon pratess wes shien te b Aectmdcally snund and eoommvda o)y
attractive fm the vewoval ot vefractory and toxic dissolved oraanicy trom
was L Streams, .

Adsor ption cystie boee Leen proven Lo be more ef fictent dwe to
their ability 1o hendle Lexic wastes such as fnsecticldes, herbicfdes,
olther chlovinated hydieearbons and phenel,  Sclentista {n many countotes,

1,5,6,7

including Russia .‘" Lwlucrl.m-l] end the Unfted Statee agree on
this point, and their work 1y cited fn the Mteratore,

An exanple of the use of an adsorption Systew to correct o health
tcard vat opevfenced o Ohfo tn 1970 when a S-acre state park late wvas
dediterately polsoned sith 1.8 pounds of rndrinﬂ. Tu cYiminate the hazard
1 Ly the lake, both o human and aquatic 1ife, the entire body of
Moot vas purped thiough an adsorher contatning granular carbon, Analyses

whowed the contaminated vater contained up to 10 ppb endrin, while the

slow detretable

carbesc-trested o fluent shewed the endrin content to be

1o spent corhon e thermally reactivated, and the endrin
destroyed,

In otwther oy w Falluay Spidl of 25,000 gallons of carbolic acid
theeatoned e Pato v Kiver s Aadn, activated cardon was cnployed to
venove Lhe comanngd Nom U veeolf entor ing a feeder creck, therehy pro-
fegting drtnd b waler suppboc dmanstrcon, And, during snother enerecocy
cauned by an wocidental splTt ot acrylonitride in Ohlo, carbon was employed
I polebte witer Qoataent plant fo prevent the ponstbitlity of the chomfcad

enter g the dedn' bng nupply.
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Althoualy theen sravgdes Ty trate the atflity of carban adsosptfon
fo specrTte I tances, the quest tons, posed today are;  Mhich toric orsantc
cherd a1y gree us Gswedtate concern? vy And can granilar activated carbens
renaye thew from oue waste - tream,?

The Beadinal Mt Petlntion Cantrol Act reguives that EPA pulilaeh o
Vet ot tovie polTutonte ot e ulehbish et et standards for such pollutanty.
The statote wgwcttfoelly presttes that the standard can he an abiolute pra-
Blldtion of disebarge,  The Hat can be added Lo whencyer the FTPA Cinds other
potlutants that meet the statulery eriterfa of "toxic pollutants.”  They far,
the (PA has proposed ef fluent guidielines for the following tosic potlutants:
atdrin, dieldrin, bonsldine and $1n catts, cadinfum and 311 cadmium compounds,
cyantde and ab) cyanlde compounds, DO, ODE and 00T, endrin, mercury and all
mercyry compouteds, polychlorinaled biphenyls and toxaphenc, With the exception
of mereury, cadminm and cyonide, these chemicals are orgenic in nature and
have cyelic shiucteres (Tlgure 1), Additfonal toxtc pollutant 1ists published
o the future iy fnclude those shown to Floure 2.9

In sddition to these 1ists, the administrators of the Occupatfomal and
fafety Mealth Act (6°HA) have listed 14 compounds as corcinogenic to humans
or animals, (lanie l).10 These compounds also have cyclic structures and are
simflar Lo Lwse appearing on the TPA st (Figure 3).

According Lo Trma ¥et of the CaYifornia State PMepartment of lealth,
the Vg cange or indhiert effects that toyic organte chemicals can have on the
envfromment luve been most disturbing,  The most widely used pesticides, the
Chiter neted bydvocatbom, are concentrated by Yving watter fn the wiuetic en-
vironwent,  An Incrcosing Lol b of the pettictde may occer fn cach Vink of
the food chatu,  However, the amounts toleveted before noticeable effects occur
vary itk the port leabae mchnad cpectes and Lhe pestictde,  Some speules can
tolerte Lorger amant e, bl soener or Tater, they ave affected by decreased

fertti ity et ¢ sentuadly dn-.llh.”
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Atthough most attention to this type of bubldup ¥4 focused on Towe
tot, ot antealy such ws she L0 amd other marine Yife, St ig a facl that

I and 1ty pertaholate @0 bave been found 0 atl samples of hmen tat et

for '} Clemtosly Dot (),
Much reeewr el b b ing condacted to determine the eftect of tooe arganig
Bud 1t e b b Bt s vy, the complen nataes of the Lotk will godogtit

vdly roguive mang veern te e lep clear ol condlusions. o the ot hand,
Wt do dnew Tt reiny of Uiese chiemicats attack the omtral nevvous wystem and
Hver when talen in large mnuunl-..” And, o5 11ttle as 0,04 ounces (20 mafkg)
of a chemicel such ay dieldiin can be considered a large amount when we toke
fate account that this dose can k111 o 170-pound nun.”

To eliminate the threat of toxic organic chomicals as o potentio)
health hazard then, we wuat take precavtionary meacncs to boep them ender
controb. M, ag mentioncd previously, the use of grenular carbon can help

to uchieve that goal,

i Study

cien feathe

The technioad Titerature includes numerous laboratory studies regarding
the vaiehility of adssreption for removal of many of the [PA proposed toxic
ctencels from vantewater « plus many other putential contaminants used in

cort cree for prsticides amd erpanie chemical Intermediates applications.

Ve venearchers Bave eoomined a varicty of typey of sctivated carhon under
many sater combitions. T vesults are invariably the same.  These compounds
are e aved Do wetee very cfles Lively by sdsorption in the presence of other

organte. Chemical, Thiy bu oot e privieg on carben adsorption s fevored by

higher waleounlar wright, non polarity ond Yhelted wolubility of the contaningnts,

ed tuxde Cwenicals pencons,

st of which Vi ey it e e oo
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A tabwratory fuethess shaly was eecently completed to evaluste the rpuoy )
of argunde choafeats o e FPA Tint of torlc pollutants by 4 comaeretal-grade of
granelur a: Liveted savbe o wivhon bas hard consfiberable une o the 1.5, dapan and
Lurepe 0 sumerous, modcipal amd (pdustrial wastewater treatmeat systems,  The
Tanoratory creede 05 veee Storderd adsorption funthenn tecdmiques deseefbed n
the Mteratus e and specificalty deltocated in Addendum 1 and Addendgm . Ana-
Tytical tooting fur the concesteation of contamtnants followed [PA 5 ccnnmended
roe 1‘\1'1!'"".”

A Yaboratory adiorption fsetherm testing procedure 15 a retdabie teche

nique Lo ascrvtadn (easil ity of adrorption treatment, This testing procedure

spiecitically dndicetes:

. The eftluyent levels of contaminant concentration obtainable
by adsorption {reatment,

2. The welght of contaminant that will be adsorbed by the

adsorbent at the contaminant concentrations studies.

Un the other hand, the laboratory test fs not used to determine the
nec wsary conlact tiee for graoular carbon beds to effect the desired reduc-
tiun This determimation 1s vsually performed {n swall pilot carbon beds under
dyr e by oulfe flaw conditdons - also, o well-antablished procedure reported
i b Mteratuee,

Sluer Uie anlzbitity oy water of the proposed toxte chemfcels f5 Timdt-
ml.”"”' 114, 0 lUeal T prepare (he slandard fsothers test samples by {4itre-
i heongin 4 fine (iltor te remove the fnsuluble feaction (Addendun 1 and 2).

Data on reocval ul BED D1, 00E, endedn, aliin, dietdrin, PCE's {Arochlor
1242 and 1094, and torcpdene [s shoem i suwnary form in Tlunres 4, 5, 6 and 7.,

tens e 4 not shuan Decaneas (0t duston on the 05 11ut of cure Inngens

prevented 415 frclusfon in thie sty
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I cach fnstonce, the fine f11Lratlon step ahesd of adsorplion il
stittially vcduced the conentration of contaminants from the Anftial 100 ppl
Tevelo,  In the  tenty on the O wdxtures (Mqure 6), the samples dndicateil
a high degree of foeolub ity and thus (1itration alune reduces the nit gl
concentrotlony Lo Tevels prepased by the TPA quidelines,  Other fuomers of
the PO family may be les o incetuble, and adsorptsun uppears to ef fegtively
reducy the solable bioction ta very low concantrattons,,

Many of the fvotherm results plotted $u figures 4-7 du not reach the
Tower effluent Vimits propaced fn the effluent gufdelines because of difff-
cultles {n testing techintyoes assoctated with these very Yow concentrations.
Hovever, dsotherm dela con be reasonably extrapolated beyond the data provided
by the analytical techniques,  Rased on the dats shown §n I'igures 4-G, experi-
e with grandlor carbon systems indicates that the carbon adsorptivn pro-
roy can be designed Lo meet treatment objectives proposed by the [PAL

fsotherm test date for toxaphene §s not entirely conclusive, and the
tesls should be repeated to eliminate interferences and to assure the use of
optinum adserption conditions.  Toxaphene is reported by Baron to be odsorbable
on auttvated Larlon.”

e duta shown in Figures 4-7 and {n Addentem Y oand 2 suggect the
following cone Tnnioas ot this adsorption isotherm study:

Y. Adnerptian on activated carban s an ¢ffective treatment

process Loowe L praposed TEA cfOuent nbjectives Tor toric
ovgente choaleals,

2. Wetght pickup ui the vovions contaminents at the very low
cotw et oo tesied varied bretween 0% and 107 by wefgin
af carbon,

3. Fine wedie Filteetlon vovaves sobstant 1a) amomnts of
fnnoluble componerts, {n coneereialegrade chemfcals found
ob the peopoect losic chwmicals 118t

4, Analylie. Ling of the vntewater widl requice exacting
procedur Yochmtagues ta assure meaningful results on
Hue carbanetee obd wastoaator,
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The resultts of this isetherm wtudy are conststent with o brosd-novge 15gtivgm
stdy cecently corpdeted o 1T canplen of fndustylad ef Clgente in whicon

Corbom apduorprlen oo o et b et for 16° of 1he wastewators lnﬂ.lrut”

Bt made enign Facaret vy
Yhe adumrpt fon fuetbere wtaty preyvionsly desorthed provides only o

vy view of adeorption’y petentiel for renoving toxic vrganic chemfcaly
from warte Streamn, Novever , maerous companies have proceeded far beyond an
frothers test procedure to the tnstallatfon of full-scule systems.  Some have
been Ao operatfon for o nowbes of years, while others have more recently been
put into wervice,
Cach system fo comprised of three bosic functiona) components:
The adsorntion treatient of the wastewater

1.
2. Yhe carbon reactivation equipment
T the carbuyfuater trimspu Loarrengement

Aduovptbun dviatment, of the Yatteoater

Yhe adsorbors, held the granulor activated carbon beds through which
the wasteseior flows.  They can bee designed for pressure or gravity flow to
wchiove e desteed comlect U of the waler with the carbon.  Suspended solids
ond space comsiderations aluo mint be considercd 1n the adsorber configuration,
Flow rates vswally TG under 10 gpm per square foot of carbon bed surface
aea. Contect times tm Andost dal vastonrter mixtures vsually are in excess

of 60 mintlen, which is about twice the thee employed for purification of

domeutic sevoye.  Hhen .'.n,;‘wurl.»d solidy are present, they will be filtered
out on the corbon bedo This doa) purpose of corbon beds can be usefolly
waploved as oy an thee wdynrlers gre destgmed to accomodate perfodic back-
waskng acd Peecdean iy pencedine, sich as afr scour snd/or surface wosh,

A Dhedesdgme 4 vater denicilmtion o anderdradn il Ansure gnod

Bache o by pevtovimse e gs el ws an even tnteitutton of Lhe water.  He))
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8
vitablished f11tratfon dectgn practtoes can bee effectively employed fn earbon
b ddestgn systems. Keep dnonbud, hewever, that the carbon teds must 1o
periodically coanved via woter wlurry and obstructions to the flow of
corbon trom the gduorber shonld be avabiled In adsorber design.

Carbon beds wve nmnaltly in rveess of 10 feet deep and ususMy 1ol

{ato woe of four basic confinuatione:

1. Moviny bed,
2. Beds in series
3. Beds Y parallel
4. Uxpondert beds
The type of cunfiguretion selected depends on a number of variables ~
prin: ipal amony them are -- totyd water flow end suspended solids and degree of
contunrinant reduction d.cslrl‘(l. These and other factors have heen discussed {n

other papers on lhis; subju.l.”'m

Reacttvation of 1h

randar Cavbon

Therial oxddation iy cuployed to reactivate the exhausted carbon

for veuse,  Lither multiple bearth fornaces or rntnr'y k11ns are employed for
reactivation vf the exhousted carhon, The stze of the thermal reactivation
equipment. §5 based on the corbon exhoustion rate, 1,e., pound: of carbon
extugsled per thousand gallons ol watlewsler treated, and the welght of
contuminaut on the cavhon.  [reess capactly §9 desfgned fnto the therual
reactivation unit to allow for verfanves fn carbon use rate due to chanqes
10 the wasteviator (low and o ganic loadsng.

The exhausted granular activated corbon 1s heated Lo 1600-1800°F to
effet volotidization and nxidation of the dissolved organic contaminants,
Oxyq .. tn the furnuce 15 portally controlled at less than )17 to effect selec-
tive - ddatton of contaminants over activated carbon, A 5% loss of activated

carbro, poy veactivatien cyele by an acceptalie bench mark upon which granular
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carben wyaters econuricn may be Lased.  In adiltion, the reactivatien equipment
shia bt b dude an afteckaroer and/or ate scrubber to reduce the pousibhidity of
aty aallution,

Granntar carbon e taw parted hetwesn the adsorbers and the 1 cactivation
cquipaent by water Slurs oo Ve tas punpling destyn, can be eployed inc lurling
centrifugal and diaphragr pasps as well as movement using efther hydraulfc o
pncusatte pressure. The teansport piping <hould include flush ports and wide
radfus bends,  About one to theee pounds of carbon per gallon of woaler are
wsed, depending upon distance and clevation considerations.

Eatertal:, of, fonstoetion

Spectal consideration should be gfven to the selection of naterfals of
construction used in the adsorption system from two standpoints:

1. Galvante Corrosions -~ any tendency toward galvanic corrosion
due to water characteristics, such as conductivity and pH,
will be cnhanced {n granular carbon beds. Tanks or adsovbers
holding granular carben under water made from mild steel shoyld
te Vined or constructed of cement or reinforced synthetic
restas/plastics.

Carbon/ymter shurry piping, which experiences only periodic

exposure, Lo arually cxempted from any speclal corrosion

contderations,

0 Lrenlen periodte veplacement of the carbon heds can cavse
Tindug tailures at exd ports in carbon tenks, and adsorbers.
Spectal grades of tainless steel are wwually employed for

such weear polate,

MONS 039705



FULL-SCALE UDUSTRIA THSTAIY ATICHS

Tables 3 and A4 suwmarire data from industrial granular activated
carlom systrmt purdfytng wastowater that 15 toxic or blologically refractive,
Table 3 fncludes those fustallations which fnclude on-uite thermal yeactivo-
tiow, while Table 4 sunmarizes data from Installatlons where the cavlon 1s
tronsported to contral reactivation facilities. The data is, of necessity,
not detalled Lecause most {ndustrial) dischargers classify such Information
as confidential,

The flow rates shown in Tables 3 and 4 vary considerably because of
the point of opplication at cach plant. In some cases, the total plant
effluent 15 bring treated. In others, only specific waste streams arc being
trested by adsorption,  The latter point of application normally {s beneficial
from a tolal cost vicapuint, as there s usually lTess contaminated woler
(smaller treatment system) and higher contaminant concentrations {greater
use of the carbun before reactivation).

Comparison of Table 3 and Table 4 on total costs indicates similar
costs per 1000 gallons regardless of the carbon reactivation system being
on atte or reactivation belng performed on o service hasts, While the tota)
annual coste appear to be similar, there vould be appreciabily less initial
{nvestment al coch treatment <ite and less space requirements §f the reacti-
voltom syslem can be obviated by a reactivation service,

Tot«) annual costs shown in Table 3 ronge from $1 to $20 per 1000 ga)lons,
Str-ilarly, total costs in Tablc 4 range from $1,15 to $11 per 1000 godlons.
These ranges are clearly in excess of conts normally assoclated with domestic
snwage or biodegradable fndustria) wastewater trcatment. 1his can be attributed

not only tu the type aad severity of the contaminant problems betng handled
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ty carbon, bul also dur 1o the fact that there are no additional costs
assoctated with granglor cerbon Lreatment.  Biological treatment cnats
estimates often reflect only the wastewater treatment components while

neglecting the assaciated sludge treatinent, handling and disposal.
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cuta 10

Adsorption by acfivaled corbun 11 dan effective nethod to reduce (PA
prope 1 toxir vhemfcals Lo EPA proposed discharge quidelfnes, A nuriber
of £it scale avanular carbon installations have deponstrated reltable and
econe i treatment of wastewaters conta$ning toxic or bilelogically refractive
contominants, Granular corbon triatment has been employed on total plant
cffiuents as well as speciffc {n-plant waste streams, Granuler carbon
reactivation can be performed cconomically at the treatment site or central

reactivation facilities on a service hasis.
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JARLE 1
L1ST OF CARCINOGINS

2-Acetylaminof luorene
4-Aminodiphunyl

Bonzidine (and 1ts salts)
bis-Chloromcthyl ether

3,3 -0chlorubens Idine (and fts salts)
A-Dimethylmatnoazobenzene
Ethylenctuine

Methyl Chlorouethyl ether

4,4 -Methylene(bis)-2-chloroaniline
alpha-Napthyl mine
beta-Napthylamine

4-Kitrobipheny)

N-Nitroso dimethylamine

beta-Proplalictone
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11.00D

1AL

0.30

0.06

0.04

0.02

TABLE 2

LR
2.0
1.0
0.2

0.2

DD PLUS D0 10 HUMAN T1SSUL {mg}

oROTLIH
4.0
2.0
0.4

0.7

MONS
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290 300
69 72
41 42
21 {2
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12680 SNOW

TAtlE 3

TOXIC €2 RIFSACTORY LIDUSTRIAL W
GRANULAR CARZON INSTALLATIONS (C

2N

P 430 =3/1 vultiple Hearth 352 2

e22 ¥ultiple rearty 1,202 2

4 B [ 302 =g/l Kila 252 :
prenalics

521 50 136 mg/1 Myltiple Hearth 352 .
chenslics .

£ 550 Color iln —— -

F 1100 Color Celor wyitiple Hearth ——- cee

* = Includes enjineering, constructicn, adscrption system and reactivaticn equipsert
3 3 S

*¢ = Direct operating costs and do not include ceprectation or cost of capital investsd.




TCXIC CR AEFRACTORY TRIAL KA

BRANULAR CAZ2TH INSTALLATICNS (£ :

PLANT FLSS
EHTASLR R
FER_YEAR

03J2CTIVE

A 128 Pre-clics 1 =g/ C.) =z/1
T 250 =g/1
- B 18 Pheralics &g/l 0.1 mo/l <02 2.7 €12
T 300 =mg/1
i 183 Prenclizs 120 g/l AV wg/i pit z.22
T 650 @3/
S 1 o £00¢/Day €2#/Cay 3.2 £.63
& 26 ToC 275 mg/1  Sgecific 4.33 2.55 5.5%
Texicity
E3 Tests
[=]
z Fe 84 Color 800 mg/1 Cclor 1.50 g.23 1.75
© T0¢ Reroval
[<] 4 55 Prercifes 1700 m3/1 C.1 m¢/1 1.29 2.23 2.2
‘s ToC 350 mg/!
= H 55 TOC  10GC mg/l Soecific 2.c0 5.2 .82
4] Toxicity
Tests

* = F{ltration Treatrent also
“* = Ircludes: Capital, Maiptenence, Insurance & Usilities
*ov = Includes: Reactivetion Cacical, Traasportation, Reactivation Usi®

ies & Make-Ur Cerzor




Figure 1
EFA FROFOEED LIST OF TOXIC CRGANIC CHENGCALS

ALDET le‘.'&CLO

EENZIDINE Cynldoly,

‘ cL
e /CH / s
2 Nt~ =
CL— 2 2
CL

D.ELDRINC o HaCl,

El' TN Cy,HCLG0
cL
K8
¢ oLy
~ \'/ G
£L

PO LT o 8

(]

" DDE (TDE) C14H10CL 4

CHCLp
|

POLCHLOUMNATED RIPHZNYL
(<10 1scmars)
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4 hhgure 2
TOXIC CRGAIICS LHDER ZPA EXAMINATICN
(Partial List)

SEVIN Cy,yH,,MO, HEPTACHLOR C,,H,CL
: 00CRECH, CtL CL
O * CL /H
HYDRGCUIIONE CHi0, ol
OH cL
CHLORDARE CinHClg CAMPHOR CyqH,c0
CL CL Cil4
CL @ ‘ CL OH 0
clL
LINDANE C5HeClg NAPTHOL CyptigO

CL CL

ol
CL L O-CHLCT/JPHENOL C4HLCLO CO
o/ ‘o oi _
ACIADING Cort1Cllg ¢l PARATHION CioH, NO.PS

S
A ~ ' ] 02”50

1
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FIure o

CARCIMNOCZNG

{(Partial List)

2-ACETYLAMIKOTLCURENE
Cs Hy3z NC

N} LoTy

4-- ANNODINHENYL
Ci2 H1IN

OO

3,3"-BICHLOROBENZIDKIE
CiaHinC2.2CHCL

c. et
u-y—@——{ }rmz
~L

G-DGETRYLAINGAL TTENRT

Ciq b5 N3

<- >— P {- > ey,

e
b

ALPHA - NAPTHYLANMIRE
CioHg N
NHo

4-NITRO3IPHZYL
C12 HgNOy

NOy

PROPIOLACTONE
C3 Hq O2

0

ETHYLENININME
Co HsN
!
Hzc/__\Cf)z
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Addendum 1

TOXIC CHLMICAL T50THERM AND ANALYSLES PROCEDURE

Adsorption fsotherms wieve run on aldrin, dieldrin, endrin, BOD, pOf,
DT, toxaphune and Arochlor 1247 and 1254, The first seven are pesticldes,
and the last two are mixtures of PCH's con(';lnlnq 42% and 54% chlorine by
wefght.  Stock solutfons of each compound, except toxaphene, were prepared
in acetonc at V00 mg/)., Toxaphene was made up at 1000 my/). I’Hl‘ra'-m'hR 300

{F$-~300) activated carbon was used throughout, Carbon was added from a stock

. suspension of ) g or 2 g of pulverized FS-300 per liter of distilled water.

Isotherms of aldrin, dicldrin, endrin, DOD and Arochlor 1242 and 1234
were prepared by the following mcthod. Exactly 1 m) of stock pesticide or
PCH solution was added to seven flasks, each containing slightly less than )
Vter of distilled water, Measuved volumes of the 2 g/1 carbon stock solution
was added to cach flatk to give carbon concentratfons of 0, 2, 5, 10, 25, 50
and 100 myg/1. The tota) volume of cach flask was 1000 ml. After four hours
agitation on a wrist shaker, cach solutfon was filtered through 0.4% micro-
millipore pads ond storcd in a refrigerator in quart omber glass bottles with
Teflon-1ined caps untid anslyzed.

The same {sotherm procedure was followed with DOL, DDT and toxaphene,
except the carbon stock as 1 ¢/) ond carbon dosages were 1, 2.5, 5, 12.5, 25
and 0 my/1. Also, unly 0.6 m! of toxaphene stock solution was added to each
flask.

A nicke)l 63-clectron copturc gas chromatograph was used for analysis.

A1l somples were extracted and concentrated approximately 100 twmes before

“analysts.  The method 1w described in the 1971 EPA report, “Methods for Organic

Pestichde Analysts {r Vater ond Waste Water ®
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Adcendur 2

ANALYTICAL LABORATCRY RESULTS

pAASE oo CELIRIN INT ANCCELAR et RACEL R TOE

Centrel i3 €2 19 41 56 28 155 133 44
- 1.¢ - - - 81 - 3¢ 147 - -
z.0 2 i€ 6.3 - 69 - a 7.3 37
2.5 - - - 2 - 29 - . -
5.2 18 3.4 2.4 3.7 37 12 3 1.5 W7
0.9 12 1.5 1.1 - 2.2 -- 2.7 1.1 &2
12.5 - - - <} - 3.3 - - -
2.2 6.3 0.5¢ - - c.45 1.1 - - 1.6
2.0 4.4 0.22 - -- 6.35 0.9 - - 1.2
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