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1.0 IENECUTIVE SUMKARY

The Pranch Limited Task Jroup has initiated & progras to
develop & technical data and practical aexperience bass, for
using Dbiotrsatment tachnology to remediate ths French Limited
sita waatss. Laboratory tasts have oconfirmed that the
tschnology 4is applicable. (8sa Resource Enginssring Report -
laboratory Rvaluation of Biodegradation at the Pranch Limjtaed
site =~ Dacambar, 1886). DMased on tho rssults of the laborstory
evaiuation & largs scales 7iald Test Program was conducted {from
Descembar 26, 1984 to Pebruary 13, 1987. The Field Test Program
was designad to ecale-up ths laboratory tests to 1ield
conditions by utilizing ¢tws large tanks tor biodsgradation of
sludges from Lwo separate locations in the lagoon. As {n &the
laboratory svaludtion, ths lagoon water and tha siudge itsslf
provided tha sourcs of indigonous nicro-organisas.
Approximataly 9,000 gallons of lagoon watsr was placed {n sach
tank. 790 gellons of sludga from the aast and of ths lagoon
was added to Vessal 1, and 580 gallons of sludge {from ths wast
and of the lagoon was added to Veassal 2.

Agitation of ths mixturs was accomplishad by sirculation
pumping at approximataly B300 gpm flow rats, combined with
periocdic air lance agitation., The air lancing was nacessary to
1ifec settled aludges from the tank bottoms.

The pH in each tank was adjusted, and maintainad baetweesn
7.0 and 8.0, and appropriate nutriants addsd ¢o stimulats the
bicdegradation procsas. The teat was oparated for 49 days
after initial locading of the sludges.

Woakly aamplea of the aludge wers obtained for prierity
polliutant (QC/M8) analyeis, with aludge sample aplits baing
providaed to a laboratory selected by the EPA for duplicate
analysis.
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Siwaakly air emissions samples ( 4 to 8 hour composites!
wvare colleacted from the vessel head space for a priority
pollutant analysis, to assess the compounds released from the
biodegradation operation,

T™The £ield biodegradation esvaluation has confirmed the
laboratory conclusions: ia: that the French Limited sludges
ars biocdegradable utilizing a 1liquid/liquid matrix of lagoon
water and siudge.

Raview of the analytical data ravsals that 2a tan foid
reduction of volatilss and base nautrals was achiaved in Vessel
2, and 2 ten fold reduction of volatilaes was achiaved in vVesse®
1, The tast expariesnced an intarruption in the growth of the
micro-organism population dus to an unanticipated increase in
oxygen damand when dagradation of the more "difficult" nigh
molecular weight compounds began, This occurred aftsr an
initial period whan ths lower molecular weight matarials were
baing dagraded. This interruption, combined with a dalay in
achieving a homogesnuous aludge/water mix during the first 2
woaks of the test resulted in the sludge biocdegradation baing
incoaplets at the and of the 49 day tast,

Data dascribing tha degree of siudge dsgradation achieved
during the tast is shown in Baection 6.0 of this report. This
information will provide the data basc on which to basae the
naxt phase of biodegradation devaelopment.

The laboratory avaluation of blodagradation combinad with
tha results from this £ield test indlcate that proceeding to
tha naext »step in tha development of ¢the FPrench Limited
blodagradation process i{a juatified. The naxt developmaent step
should ba directaed at demonatrating tha mnechanics of how
bioremadiation of the lagoon would be accomplished, and
dafining the economics o©f the Dblodegradation remedial
alternatives.

J07241
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2.0 INTRODUCTION

In the course of planning for the French Limited Site
Feasibility 8tudy, it was belisved that biological treatment of
the waste was a viable remedlal alternative. Based on this
baliaf, tha French Limited Taak Group initlated a program to
davelop & technical data and practical experience base for
using biotreatment taechnelogy on +the French Limited waste
sludgas, contaminated water, and contaminated soil. Laboratory
teats confirmed that the <technology is applicable. (8ea
Rasource Enginesaring Report =~  Laboratory Evaluation of
Biodegradation at the French Limited Site, December, 1886 ahown

o
in Appendix 1), The test rasults verified axcellent <
biodsgradation of the waste constituents, and based on those N |
results, & large scale flald tank test program was conductad 2;
from Decembar 26, 1986 to February 13, 1987. o

The program approach f£for the £fleld tank test program

consisted of the following methodology steps:

& Tha lagoon water and the sludge itself provided the
source of indigenous micro-organisms.

® The sludge/water mixture was to be blotreated in
tanke located on the lagoon shora.

. Agitation of the mixture was maintained by
circulation pumping of the sludge/water mixture,
combined with periodic air agitation.

s Weekly samples of the sludge were obtained for a
priority pollutant GC/MS analysis. Sludge sample
gplits were provided to a laboratory selected by the
EPA for duplicate analysis.

- 3 -3
i _.‘.ﬁﬂﬂ -
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vesgel head space for a priority pollutant analysis.

A deacription of the egquipment and procedures used in the
fiald tast tank program  together with +the regults and
conclusions from the program is presented in this report.

' ® Biweekly esamples of alr emiesions were taken from the
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3.0 EQUIPMENT DESCRIPTION

A schematic flow diagram depicting the equipment dascribed
in 8ections 3.1, 3.2, 3.3, 3.4, and 3.5 ia shown on Figure
3-1. All the equipment for this teat was installed 4in a
filled, graded area near the lagoon which provided for apiil
and stormwater runoff contrel, The location of +this test arasa
is also shown on Figure 3-1.

3.1 Biodegradation Vesasls

The biodegradation vessels used in the field tast ware two
500~barrel capacity portable vassela (Frac Tanks) which waere
formerly used in oil field servics., The tanke wera cleansd
prior to being used in the fisld tast. Overall dimensions of
the vessels ware approximately 35' L x 8' W x 12' H.

Each vasasgl was aquipped with two internal plate typa haat
exchangers having a surfaca area of approximataly 128 aquare
faeot. Haated water was circulated through thesae plates to aid
in controlling the temperature of tha sludge/water mixtura in
the biodegradation vessals.

Two 4' L x 8' W sections from the top of sach vessal ware
removed during the field test for =sludge loading, obasrvation,
sampling, and sludge mixing during the tast. Access to the top
of each tank was provided by a ladder, while scaffolding was
inetalled on top of and between the tanks to provide a working
platform. It was initially thought that it would be necessary
to insulate the wvessels to maintain a temperature suitable for
biodegradation, but operating experiencs indicated that
inaulation wvas not reguired.

The north end (as installed) of each vessel was aguippad
with two 4-inch flanged connections (sludge/water girculation),
two 2-inch screwed connections (hot water ¢irculation), and a

J007244 '
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3-inch flanged <connection wvhich was used for temparsturs

Bsasurasment of the sludge/vwatar nmixture in the Dplodesgradation
vesssls.

3.2 Siludge/Watar Circulating Pumps

The pumps used in this ssrvice wers disssl-poversd "trash
pumps" with 4-inch suction and discharge connactiona. Ths
circulation rats of the sludge/vater mixturs was approximately
500 gallons/minuts. Connsctions wars provided sc that the
pumps could ba usad to i1l ths biodegradation vesssls with
lagoon water prior to sludge loading.

In addition, & 1l-1/2-inch connaction was provided on aeach
pusp discharge to divert part of tha circulation to the top of
tha tanks. This connection was used to provide water to wash
sludga out of the trackhos bucket during the sludge loading

oparation, and for ths wvater lancing which is daacribed (n
Saction 4.2,

07246

3.3 Hot Water Circulating Systes

The hot wataer circulating system conasisted of o 120-~gallon
reaservoir, a circulating pump, and two 40,000 BTU/HR LPG-fired
hot water hsatera. The flowv from ths hot watar circulating
punp was aplit at the pump dischargs, and sent through thae two
watar heators {esach biodegradation vessel having its own
heater), to the internal heat axchanger plates in the
biodegradation vessels and back to tha rassrvolir on tha suction
pide of the hot water sirculating pump.

Operating expaerienca indicatad the LPg-Fired water hsatera
ware only required during pesriods of sub-freaezing tempsraturas.

007246
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The work (i.e., horsepowar) transfered to the circulating
sludge/watar mixture from the diasel drivan circulating pumps
was oguivalent to 30,000-40,000 BTU/KR and this heat input was
sufficient to maintain a ¢0°'Y minimum water tesperature axcept
in tha coldest weather.

2.4 Alr lLancing Systan

T™hs air lancing system was installed to provide a means of
disturbing the sludge layer on the bottom of tha biodegradation
vagaels. This procedura was developad after it was dstarmined
that ths combination of pump circulation and watar 1lancing was
not adagquate to disperse ths aludge into the water. The air
lances congisted of l/4i-inch pipas long enough to reach the
bottom o©f tha vassals. A portabla air compressor having a 128
paig discharge prassurs and & 100 cubic faet/minute capacity
provided air te the lanca.

JO7247

3.5 Alr Sparging System

The alr sparging system vwas installed on day 33 of the 4%
day test after it was noted that oxygen consumption of the
biodagradation process was greatar than that which could be
provided by ths combination of air lancing, and air contact
with t¢he ¢irculating sludge/water miwturas. The air sparging
syatem was conatructed of l-inch PVC pipe drilled with & numbsr
of 1/18 inch holas. The perforatad pipe was instalied
approximately ons foot above the bottom of the bjlodegradation
vessals. The pame cComprespor usaed for alr lancing was also
usad for air sparging. The air spargling system was Buccessful
in paintaining at lesast 2 mg/l dissolved oxygaen in the
circulating sludge/water mixture through the remainder of the
tast.

007247
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4.0 PROCEDURES

A field log of the activities involved in the
biodegradation f£ield test was maintained throughout the 49 day
period. A separate logsheat was used for aach tank. These
"French Biodegradation Time Charts" present the tank operations
data that was resgularly logged, as well as notes on epecial

oparating steps parformed. The time charts are shown 4in ...
Appandix 1.

4.1 8ludge Loading Procadure

Approximataly 9,000 gallona of lagoon water was pumped
into aach of the vessals and continuously circulated during the
sludge loading process.

8ludge loading was planned to be carried out in two steps
with three days of equilibration batween sach step. Sludge was
scoopad out of the oeast and weat ends of the lagoon at the
locations shown on Figure 3-1 using & trackhoe with a 5/4 cubic
yard bucket. Tha eludge wae washad out of the bucket into the
dasignatad biodegradation vesasal using the water lance supplied
by the circulating pump dlacharge as described in Sectlon 3.2.
8ludge from the aast end of the lagoon was placed in the sast
vessal (Tank #1) and sludge from the west and went to the wesat
vassal (Tank 12).

The Microtox Toxilcity Analysis of the sludge/water mixture
after the flret step of sludge loading indicated higher than
axpected results in Tank §2 8o the eecond loading event for
thie tank was cancelled. The pH of the circulating mixture in
aach vessel wae adjusted to between 7.0 = 8.0 after sludge
loading. Dolomitic limestone waes added to the circulating
sludge/water mixture in the east blodegradation vessel (Tank
1), whose pH was approximately 5.0 after sludge loading.

007248
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Phogphoric acid was added to the circulating mixture {n the
west  tank, whoae pH was approximately 11.0 after aludge
loading. The nutriant requirasmenta o¢f tha mixture in each
vessel were calculated after compaensating for tha materials
ugad in pH adjustment, and ware added after tha pH of aeach
vessel was between 7.0 = 8.0. The approximate quantities of
sludge, lagoon wataer, pH adjustment chemicals, and nutrients
loaded into each veszsl are shown in Appendix 1.

4.2 Operating Procedure

s implied in section 3.0 (Equipment Daescription), thae
opaerating procedure for the fileld test was adjusted as
equipment was added to respond to changes in oparating
requirements. The avolution in operating equipment can ba
traced in the notes shown in AaAppendix 1, but are generally
described in the following steps:

1. Sludge/wataer movemant by circulation pumping only.

2, Use of 1-1/2 inch diameter hoses from circulating
pump discharge to provide water for agitation of the
sludge layer on the bottom of the blodegradation
vessels (water lancing). These 1-1/2 inch hoses were
attached to the sasame 3/4-inch pipea that are
described in Section 3.4,

3. Use of an ailr compressor with the same 1-1/2 inch
diameter hoses and 3/4-inch inch pipes notad in (2)
above for sludge layer agitation (air lancing). This
technique replaced water lancing as a rReans of
agitating the sludge.

- 10 -
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4. Use of PVC air spargers to maintain a dissolved
oxygen level suitable for biodegradation.

The normal oparating and safety procedures for the
biodegradation field test after air sparger installation are
dascribed below.

* The sludge/water <circulating pumps ware operated on a
24 hour/day basis with the following sxceptions:

- The circulating pumps were shut down Thuraday
svening to allew asampling of the sattled
sludge layer in tha biodegradation vassala on
Friday morning prior to air lancing. They N
were ra-started Friday morning after obtaining 2;
ths sludge sample. ‘@]

- The circulating pumps vare shutdown
approximately one hour/weeX for routine

maintenance &f the dlesel engins.

e Alr lancing was carriaed out twice/wesk on Tuesday and
Friday. Moving thae alr lances around the bottonr of
the blodegradation vessels required approximately 1=-2
hours to ensure thorough aludge agitation. Personnel
carrying out this operation wore protective
goveralls, gloves, boots, hsaring protection, and
cartridge respirators during this operation.

® Alr sparging was performed as required to maintain 2
mg/l disaolved oxygen in the circualting sludge/water
mixture. Personnel on top of the bilodegradation
vessels during ailr sparging wore protectlve gloves,
boots, hearing protection, and cartridge respirators.

-1 -
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] Tampsraturs msasurement of the sludge/vwater nixturs
in the bilodegradation vessels and the hot water
system was reccrded hourly.

e Hearing protaction was required for routine data
logging, wmaintesnance, and sampling because of the
high noiss 1level associated with the dissel-powsred
circulating pumps and air compressor.

4.3 8Sampling Procedure

The sarmpling and analytical schedule that was followed
during the biodagradation fiald tast is shown in Table 4-)1., It
ditfers from that prassnted in Ssction 4.0 (Sampiing PFraguency

and Analysis} of the ERT report Proposed Field Evaluation of
Biodegradation at the Prench Limited B8ite (Decembar 1886) in

the following respects:

® Baginning on January 16 (Day 21), Microtox analyses
and plate counts were taken three timas/weaek from
each blodagradation vaessel to monitor hiodegradation
activity instead of oncte/waeak as originally proposed.

® HNU readings ware ¢taken on a dally basis after
January 16 to provide data on air emissions.

. Alr sampling using polyurethane foam (PUF) and
charcoal tube detectors was carried out after the
initial Bludge locad and regularly after air lancing
beginning January 12 (Day 17). Meteorological
conditions of persistent fog and rain prevented air
sampling prior to Day 17.

- 12 -
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] Ssparate sludge and sludge/watsr mixed liquor samples
ware taken befors and aftar ajir lancing bsginning

January ¢ (Day 14) for full priority pollutant G&C/Ms
snalysis.

® Dissolved oxygan {D.0.} was not maasured until
January 27 (Day 32) Dbecauss the oil and greass
contant of the circulating esludge/vater mixture
tandad to foul the mambrans of tha D.0. meter. A wet
chemical techniqua to detarmine D.O. content basad on
a color changs when titrating tha mixture wap also
unsuccassful . The circulating  mixture 4in the
biodagradation vessals was <clear snough aftaer Day 32

to use the D.0. meter, and frequsnt anzlyses wera
made aftser that point.

All sanples warse collected in appropriata clsan
containers, presaerved as required, and Bubmittad to tha
laboratory f{or analysis in accordance with French Limited sita
sampling and analytical procaduras (RI Report, Juns 1986).

HNU and pH readings, sludge/water dally average
tamperatures, and oparational comments are found in Appendix 1.

4.4 Vesssl Unloading Procedure
The biocdegradation vessels were unloaded in two steps:

1, The water was drained back to the lagoon through a
filter to assure all sollids were retailned.

2. The solids were collected from the filter and the
tank bottom and placed in 55-gallon drusm,

ﬁléu
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Peraonnel carrying out this operation wore supplied air
respirators, hard hats with face shields, protective coveralls,
gloves, and boota. S8tandard industrial vessel entry procadures
ware followed during this operation.

- 15
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.0 ANALYTICAL METHODS
5.1 Biological Evaluations

The relative toxicity of the sludge/water mixed liquor was
measured at regular intervals with the MicrotoxTM biocassay.
The bioassay provides a measure of relative toxicity based on a
reduction in biloluminescence of the Luclferase enzyme syctaem of

the marine bacterium Photobacterium pheosphorsun. Datails of
extraction procedures, sample preparation, and test parameters
appear in the Resourcs Engineering Report Laboratory

Evaluation of Biodegradation at the French Limited Site,
December 1986. A copy of this report is provided in Appendix 2.

Since loading capacities much higher than the sludge ECgg
value (see Appendiwx 2 -« Laboratory Evaluation Report, Section
4.3, for definition of ECgq) were used in this bilodegradation
study, relative toxicity measurements were standardized ¢to the
£ECsp value of each sample. Four dilutions of each sample
(50%, 25%, 12.5%, 6.25%) were evaluated by Microtox and the
$EC5g value was determined by plotting the gamma values against
concentration. 1In addition to identifying the %ECgqg, this plot
indicated gualitative and cquantitative toxicity differences in
succeeding samples.

Microorganism populations were enumerated according to
standard mnicrobiological methods (EPA Microbiological Manual
1978) on Nutrient Agar. The highest enumeration efficlency was
obtained with Nutrient Agar in a preliminary comparison with
Trypticase 8oy Agar and Brain-Heart Infusion Agar. Colony
Forming Units (CFU) were counted 4 days after incubation at
room temperature.

Biomass activity, based on the catalase enzyme system, was
measured with the HMB System (Biotech International Inc.,
Bellaire, Texas) according to the manufacturer's

207255
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recommendations. The assay measures gas production of viable
aerobic and facultative anaeroblic organisms after axposure to
hydrogen peroxida.

5.2 Waste Water Treatmant Parameters
BODy was determined with an acclimated municipal asludge

according to B8tandard Method #307. Othar parameters wvars
analyzed according to 8tandard Mathods, 16th Edition, as

follows:

Total Suspendad Solids (TSS) 208¢ :i

Total Kjeldahl Nitrogen (TKN) 420A o~

Dissolved Oxygen (D.0.) ~
(membrana elactrode, YSI meter) 421F (=

01l and Grease 503A o

Total Organiec Carbon (TOC) 505A

Chemical Oxygen Damand (COD) S08A

5.3 Priority Pollutant Organics

Sludge and water samplea weéra analyzed accerding to
standard EPA analytical methods #5W 846 and #600 respectivaly
ag specified:

Method
Wateyr Eludge
Volatiles 624 8240
Base/Neutral Extractables 625 B250
Acid Extractables 625 B250
Pesticlides 625 8250
PCBs 608 8250

B 007256
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8.4 Inorganics

Anslytical methods in Standard Hsthods, 16th Edition, ware
used as follows! $303M for copper, potassium, chromjium, lead,
cadaium, and silver) §303C for Dbarium; #303F for asarsenic and
salonium; §303F {for mexcury: {#407A,B for chloride; $4184 for
nitrate; $424C,D for phosphatae; and $4i26C for sulfatae.

5.5 Alr Imissiona

Volatila and senmi~volatila organic aemissions vers
collected from the headspace of sach blorsactor by adsorption
on charcoal tubss and polyurethana foam (PUF), raspectivaly.
Air sample volums and duration wears regulated by an Alpha i
programmable pump adjusted for collection periods of at least 4
hours but not mors than § hours. Yor velatilas, Quantitative
analysis for benzena, ¢tolusns, 4ethyl benzens, and the four
compounds presant in tha highast concantration was reported.
The total spactrum of volatiles avaluatsed in this scan s shown
in Table 5-1. For sami-volatilas, the standard 16 compound PHA
scan was conductead.

5.6 Laboratory Rasporte

Tha Datailed Laboratory Reporte for the various analysas
described in this report are shown in Appendix 3.

- 18 -

BN007257

J07257



smartin
Rectangle
007257


007258

TABLE 3-1

SBUKHARY OF THE VOLATILE PRIORITY POLLUTANTS AMD APPEHXIX IX
COKPOUNDS SCAMHED FOR IN THE HEADSPACE AIR SAKPLE AMALYSES

Chloromethans
Sromosthans
Vinyl Chlorids
Chlorosthans
MHethylana Chloride
Acgtons

Carbon Disulfids
i,1=-Dichloroathans
1,1~Dichlorocethans
Trans-~1,2-Dichlorcethens
Chiorofom
1,2-Dichlorocathans
2=Butanona
1,1,1-Trichloroathana
Carbon Tatrachlorida
Vinyl Acetate
Bromodichloromathana
l,2~Dichloropropans
Trana~l,3-Dichloropropens
Trichloroethana
Dibromochlorcanathana
1,1,2=-Trichlorosthana
Banzane
Clia~i,3=Dichloeropropena
2=Chloroethylvinylethay
Bromoform

2«Haxanona
4-Mathyl-2~Pantanone
Tetrachloroethene

1:1,2,2-Tetrechiorosthans
Tolusns

Chiorchbanzans
Ethylibanians

Styrens

Total Xylenas
Dichlorodifluoromsthans
1,2=Dibremo=3=Chioropropans
Triechlorofluoromsthane
Acatonitrile
Acrylonitrile

IodomsLnana

Ethyl Cyanida

Allyl Chloride

Allyl Alecchol
Dibromosthane
Methacrylonitrils
1,4-Dioxans
2~Chlorc=-1,3~Butadiaene
1,2«Dibromoathans

Mathyl Msthacrylate
1,1,1,2«Tetrachloroemethans
1,2,3=Trichloropropana
l,4=-Dichloro~2-Butena
Ethyl Methacyrylate
Acrolein
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6.0 AHALYTICAL RESULTS

§.1 Biological Evaluation from Vessal 1}

Gamma values (see Appendix 2 - Laboratory Evaluation
Report, Saction 4.3, for dafinition eof Gamma Valuaas) and the
reapactive SIECgp valuvas for thas nixed ligquor and sludga of
Vasasl 1 are summarized in Tabla 6-) and are &also shown in
graph form on Piqura é-1. Parcant ECsp valuas incressa as the
relative toxicity of the asample decrsssaes. The highest
toxicities were recordsd on Day 0 and Day 7. Tha lovaat
toxicity, recorded on Day -1, reflects inadequate mixing and
aquilibration following sludge 1loading. The ralative toxicity
of sludge decreasad from Day 21 to Day 52.

Hicrobiological counts, ralative catalass activity, and
dissolved oxygen valuss during biodagradation in Vesssl 1 are
summarizad in Table 6-2 and ara also shown in graph form on
Figure 6~2. The biomass generally incraased in both numbaers of
colony forming units and 4in biological activity, as sxpressed
by catalase activity, when dissolved oxygen increased during
the last 15 days. Catalase activity 1s consistently and
significantly higher after air lancing in all casas, This can
be attributed ¢to induction or activation of the catalase system
in response to vigorous air injection during a short period.
Pre-lancing levals are low bacausse the 12-hour cquiescent
period, prior to sampling and alr lancing, suppressea catalasa
activity or favoers enzyme turnover related to oxygen limiting
conditions. Converssly, the number of colony forming units
increases during the guiescent period then decreases during air
lancing and mixing. Since many microorganisms attach to
suspended organic mattar during wigorous mixing, flocculation

may remove or consolidate some colony forming units in this
assay,

= 20 -
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TABLE 6-1

MICROTOXTM GAMMA VALUES AND
% ECsg FOR MIXED LIQUOR
AND BLUDGE FROM VESSEL 1 DURING BIODEGRADATION

Dilution
Day "B0%  28%  12.8% 6.25% AECsq
Mixad Liquor -3 70.12 18.32  4.8%0 1.87 4.60
-1 2,43 1.25 0.89 0.37 11.00
0 20,21 14.03  9.00 6.11 0.25
3 9.73  7.58  3.36 2,72 1.35 3
vi 19.66 15.88 9.11 6.21 0.25 o
14 20,40 10.00 5,00 2.60 2,385 .~
18 10,23  85.40  2.74 1.36 4,60 ©
19 13.50 5.24  2.69 1.35 4.40 <
21a  30.20 10.45 5.93 3.99 2.40
21k 31.80 11.06 4.10 3.76 2.40
24 30.10 12.09  6.19 3.44 3.00
26 24.30 11.65 7.76 4.25 1.80
28 317.86 5.84 2.83 1.63 4.00
31 41.90 13.35 7.51 3.88 1.05
33 23.53 16.07 9.23 5.55 0.60
35 21,50 9.75 5.2l 2.76 2.05
38 20.61 11.74 6.08 4.03 1,00
40 25,855 14.46 7.15 4.43 1.05
42 26,98 8.72  4.72 2.68 2.00
45 20.95 5.94  3.32 2,55 1.40
47 20.79  9.42  4.91 3.26 2.80
49 21.79 10.29  5.27 3.34 2.90
sludge 21 29.00 11.55 4.79 2.90 2.53
§2 17.30 6.47  3.32 2.37 3.55

a,b are replicate sanmples
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MICROBIOLOGICAL €O
RELATIVE CATALASE ACTIVITY

TAJLE 6~2

UNTS (CFU/ml)

AND DISSOLVED OXYGEN (Do)

DURING BIODEGRADATION IS VESSEL 1
Vesgel 1
Plate Count Bio Mass Do

Day CFUx107 /m1 Catalase (mg/1)
0 0.019 2.00 NA
4 NA 4,69 NA
7 0.026 3.94 NA
11 0.001 NA NA
12 0.14 NA NA
14 0.14 NA NA
18 0.54 8.00 RA
19 6.6 8.18 Na
21 23.3 >10 HA
24 18.7 3.26 NA
25a 21.3 3.05 NA
25b le.6 6.13 NA
26 16.9 5.13 Na
27 15.4 3.66 RA
28a 12.4 1.30 NA
28b 7.6 6.80 NA
31 17.5 4.50 NA
32 11.9 7.32 0.6-0,5C
33 20.4 7.46 0.5
34 8.2 5.10 0.6-0,
35a 10.1 3.25 6.0
35L 8.9 8.46 4.0
36 2.9 5.27 1.5
37 13,6 5.43 0.5
38 11.7 6.44 0.6«5,1
29 32.0 6.35 5.1-2.,1
40 25.4 7.49 4.9-4,7
42 29-9 6.80 7.4"5-2
45 3515 6658 6-9"'703
46 30.5 5.20 7.6=5,2
47 40&5 5.24 7.8"'8.3
48 4315 5-35 7.2""-6
49 57.5 5.75 7.6

a. Sampled after 12 hr, statis, but before air lancing

b. Sampled after air lancing

€. Morning ~ afternoon measurements
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6.2 Inorganic and Wastewater Treatment Parameters from Vessel 1

Analytical values for aeventeen inorganic and five
wastewater treatment p.rameters are summarized in Table 6-3,
The eight RCRA metals (As, Ba, <cd, Cr, Pb, Hg, Se, Ag) wete
found in concentrations near the level of detection. Slight
variations in concentrations were observed over the nine
sampling periods but no c¢lear trends were evident. Copper
concentrations fluctuated with time but had an average
concentration of 4.0 mg/l. Both sulfate and chloride
concentrations increased twofold during the sampling period.
Phosphate, nitrate, and Total Kjeldahl Nitrogen (TKN) showed
wlde variations in the initlal samples. Subseguent samples
were filtered prior to analysis but this failed to narrow the

variation observed. A weighted estimate provided the following
average values:

DTKN 543.3 mg/1
DHO3 27.9 mg/1

Potassium concentrations were consistent and increased slightly
in the last sampling periods.

Chemical Oxygen Demand (COD) correlated well with oil and
grease analyses. Both analyses were reasonably consistent with
najor increases during the anoxic period, Day 21 through Day
28. The sixfold increase in COD during this periecd was
probably due to substrate reduction by facultative anaerobic
organisms during oxygen limiting conditions. Bioclogical Oxygen
Demand (BOD), Total Organic Carbon (TOC), and Total Suspended

Solids (TSS8) values were inconsistent and exhibited wide
variations.
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6.3 Organic Components oi Sludge and Mixed Liguor from Vessel 1

The volatile priority pollutant profile for Vessel 1 is
shown in Table 6-~4. The highest Jlevels of most priority
pollutant volatiles were detected 7 days after loading, about
the time when mixing and recirculation problems in the reactor
were resolved. Voeolatiles decreased rapidly from this point to
a 1level less than 0.3% of the Day 7 concentration in 42 days.
Chlorinated hydrocarbong account for more than 90% of the
compounds in most samples. Their decrease in concentration
correlates well with the increase in chloride concentrations
discussed in Section 6.2.

The concentration profiles of base and neutral
extractables for Vescgel 1 are summarized in Table 6-5. Most of
the compounds in this group are polynuclear aromatics (PNA).
The total concentration of base/neutral extractables in the
mixed liquor increased during the first 28 days of incubation,
then decreased to 11.0% of the maximum level. The relatively
low solubility of these high molecular weight PNAs may explain
the apparent increase in concentration in the mixed liquor with
time. Many microorganisms produce detergents and surfactants
to improve substrate concentrations in their environment. As
many of the readily degradable components are conaumed,
nicroorganisms exhibit a metabolic shift or population shift to
adarags the more degradation-resistant substrates. This would
explain the apparent increase in PNA concentration in the mixed
liquor followed by a sharp decrease. Several compounds that
appeared for the first time on Day 21 (chrysene, benzo(a)
anthracene) are probably intermediates in the degradation
pathway of more complex c¢ompounds. Of the entire sludge mass
available for biodegradation, less than 20% of the compounds
appear on our priority pollutant scan. Therefore, mass balance
interpretations using the list are inappropriate.
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TABLE 6-4

Volatile Priocity Pollutant Profiile
Dueing Biodnaracation of Sludoes in Vesgel 1

Davsy
Initfal o 3 7 14 hy 28 33 42 %
Sl pcic Mix Mix Mix foowid Mix Sluoce 181 Slucan Mrx ST udere Mix STucooe Hix Sludce _Mix &l udom
YXATILES vy/an oyl wg/l ugll ugsl vyl uglgm g/l e vyl ug vl ogiem 1wl wyl w/m
COMPOND
Actalein .o ] o o w N> o N 0] W N> H o] 2+] D m NI o ND
Mrviotitrile 4] N3 NO 3 o] b 2} 3] o s} o D o N w ND o] M
2-Chiovoeenyivinel ether RE 2o} ) ND ND N 2o N> N N 23 2+ N o] o ] o
Biachiorometityl) ather o ND e} |y N 3] MDY MO 2] D ) 2 o 5] -} o ND o]
Chloromethans L. o] o ) L] .+ D 1] D o) i+ o o N o s} N o
RBrovosethare 2 o] W NO 1) |2 0 o 21 NG e o s o o) ] mn ND
Dicilorodt 3 vcomethane D o w 2 2] N N o) - o] Ho [ o] N o >+ ol L o) 23] 1]
Vinwl chioride 2 5] 180 150 s} & -] D o] o o o o 1o} w0 ND o) Mo
i arostrans o e 290 2} 2] ND D N s} M w 243 HE o] m [ 5] ) w
Metorlern chloride piry SLa 330 1100 Da D 9 ¥ o o 3 o) Fi M 896 e 4] BS -]
Trichloroflyoraeethan o] HD w0 Np O 2o} ND N 2.+ N N o) MO KO B [+ D
1.l1-Dichiorosthene ] 20 2% L) N> 75 123 o o o 6.8 ) N 9] o W 2 o3
1, i=0f{chloroethane 210 920 78 Roeo M praty] g TL W 0 £ 3 o] ND o) w < ] MD
trane~i 2-Dichiloroethens: 1530 600 €I0 300 3 o v d1n] 48 1) w0 Iry 15U €5 15.7 65 2 o] 120 o
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Carton tetraciioride 530 620 550 520 210 420 1 170 62 1o T 3 69.7 o 5¢ 58 &5
Bromodichi oromethane 5] | 44 [ N MO [ 3] ND ND Ny 1] 2 o 23] N N |2 o) . H ND
1,2-picklor ] v} - ») 4} o] 2 o] 2 o] 2 1 N -] ] o] ol [+ ] o 1]
trans~-L,}-0tchloreprooers ) 4] 2 3] ND Ny o 2o [0} ol N » o] Nz . ] e .+] o)
Trichlotostnens 350 &7e 620 BBO a0 440 P& p ¥4 ] N Ry T a 47.1 MO 2 62 N
cta-f,I-Dichioropropens N 2] o] o £ ] o) i) Mo e} 0 4] o = D o ] N
(.1 4500 00 5500 2900 2400 63 460 110 400 o bt ] 9.8 140 (11 by 7
Lol o2-Trichioroetinawm ND [ <] N N MO Ly ND N ND 2] [ Ny [ o] 2] L, 2] o N
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TABLE 6-5

Base and Neyzral fimractables Profiie

Dy Siooegradacaon of Sludot iy Vessel |
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Acid extractable and pesticide/PCB concentrations in the
sludge and mixed liguor are summarized in Table €-6. The only
three phenolic compounds recorded were not found after Day 7.
Heptachlor was the only pesticide detected during the first 14
days and again during the last 7 days. The latter may reflect
inadequate sludge mixing since heptachlor appeared in the
sludge on Day 42, then in the mixed liquor on Day 489.

The total volatiles, base and neutral extractables, acid
extractables, and pesticide/PCBs found during biodecoradation in
Vessel 1 (Tables 6-4, 6-5, and 6-6) are summarized in Table
€~7. Total priority pollutant compounds reached their highest
concentratinn in the mixed liquor 7 days after loading then
decreased to 8% of +this 1level on Day 49. The percentage of
sludge in the mixed liquor decreased 100-fold 35 days after
loading, indicating that the highly soluble/easily suspendable
compounds were gone, leaving more insoluble precipitates,
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TABLE 6-6

Mtd and Pesticade Extraceabiex Profize

Buring Siodeqradeticn of Slucmes in Vessel 1

Dervsy

ST L
21 oo

49

iz

Sluooe

42

“Mrx

4

-~ Stucos

51 voam ML

18
Mir

Lacurd

uwg/l  oiegm usl va/om v/l g/ an o/ e g .7 ) ug/em v/l oglen

b
-~

(-7

ogigs wl sl

ECD SXTRACTASLES

8889588880819

288680882096y

BRRR20980989

REZ2888RARES

BREERERRRRD

R2ERBRRRRRA

B9082R380E80889

E2RR080490989
886892809685949

880800900698

B2E99888088

RESEEEEEERR

RRE0ANEHEAE

B
2

T80

ggasesgsee
EELELEET

mmMmmmmmmmm

g228308865¢

~(hi ocovhena]
2 . 4=-Dimmthylrheral

2.4 5+-Trichiocophennl

4=titrorhernl

ples)

200 1500

20

5o

5000 30w 50ug

o

4.0

1000

200

W = Ter Decected Belov:

FESTICIOE EXTPACTIBLES

EEEEPEEEEEEEEEE
CEEEEPEELEFEETYY Y

mmmmmmmmmmmmmmmmm

ESEERR00RRARERRER

EROPRBBECREEAREES

RE2ERRREERREBERRRR

PREERRAGRABLAERNAR

809000 RERRARERGEY
BRR000E8RBRRRLATAE

RE8RPHEERARNAREEREH

FREEERGAARANRRLRH

HBERARRERARBRRERRRY

ARBE9ARARRRRRAES

RBHERARSLREAAARERS
CECECUELTEPEEL TR

AEERRRREARARGEEAZ.

£EERERERSYRERRANG

10

1o

1o

louo

oo

4.0

ND = Not Detpctaq Helawt:
Toxartverw
p-1018

888899

o
18

9968906839

8089988689

PREoBG09

BeeR8988

REGERERH

8898044

20869645

288881888

BR9838EY

B8990 RG98

EE8RRREY

22898008889

RE88209008

RRE9REGS

geegggge

o289 a8g

P~ 21
PE-1212
PCP=1242
PR-1248
B-1254
PB-1260

M

30

7$

10w

o

50 vl 50 10uy

1oun

pieio) Lo0 400

300

ND = Not Detectea Helow

207270

007270



smartin
Rectangle
007270


TABLE 6-7
TOTAL VOIATILES BASE AND NEUTRAL EXTRACTABLIES,
ACTD EXTRACTABIES, AND PESTICIDES/PCBs DURING BIODEGRADATION IN VESSEL 1
Base/ Pesticides
Mix fug/l) Day  Volatiles Neutrals Acid Ext. FCBs Total
0 87970 8800 1100 700 98570
3 76610 17200 2266 300 96370
7 1602890 27400 3300 220 1033810
14 76625 120000 BDL 2800 199425
21 16839 114800 BOL B0L 283191
28 7830 177300 EOL BOL 185130
35 i855 5580 BOL BOL 7435
42 1875 21940 BDL BOL 23815
49 3012 20060 BDL 700 23072
Sludge Base/ Pesticides % Sludge
L{u/gm) Day  Volatiles Neutrals Acid Ext. _ ECBs Total Mixture
) 13930 2177 BOL EDL 1610 0.7
14 1301 8550 EDL BOL 9851 2.0
21 1292 12460 BDL, 0L 13752 2.0
28 7127.8 8661 BDL BDL 15818.8 1.2
35 ‘458 10796 BOL BOL 12248 0.01
42 956 8140 BDL 3600 12696 0.02
49 1226 5964 EDL EDL 7190 0.03
a BDL = Below Detectable Limits
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6.4 Air Emissions from Vessel 1

Analytical results for wvolatile and semi-«velatile air
enissions collected from the headspace of Vessel 1 are
summarized in Table 6-8. Five PNA and three volatiles were
present at detectable levels during operation of Vessel 1. Aall
compounds generally decrease in concentration with time except
on Day 39 when more vigorous than wusual alr lancing was
conducted.

an estinmate of the  total amounht of veolatile and
semi-volatile compounds released during the operation of Vessel
1 can be calculated by integration of the air sampling data
over time. These values are summarized in Table 6€-9.

6.5 Biological Evaluation from Vessel 2

Microtox gamma values and $ECgy for the mirved 1liguor and
selected sludge samples from Vessel 2 are shown in Table 6-10
and are also shown in graph form on Figure 6-3. Toxicity of
the mixed liquor decreased initially, increased, then decreased
sharply until Day 18 when oxygen became limiting. The mnixed
ligquor toxicity fluctuated for the next 17 days until air
eparging provided sufficient dissolved oxygen at Day  35.
Beginning at Day 35, toxicity fell consistently until
operations were terminated. The toxicity of the sludge was
reduced over 50% in the 31-day period beginning with Day 21.
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TBLE _6-8
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Table 6-9

SUMMARY OF THE PRIORITY POLLUTANT VOLATILES AND
SEMI-VOLATILES LOST TO VOLATILIZATION IN VESSEL 1

sample
Waighteql
Total Lost To
Volatilization
(GRAMS)
Semi-Volatiles
Naphthalense 4.23 <t
Acenapthylene 0.50 ~
Acenaphthens 0.56 N
Fluorene 0.44 2;
Phenanthrene 0.16 o
Anthracene 0.02
Volatiles
Benzene 61.8
Toluene 27.4
Ethylbenzena 9.1
1 56 day incubation period
Note: Sea Table 3, Page 16 in the "Amendment" Section of this
report for explanation of the method used to calculate
this data.

(Revision)
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' TABLE 6-~10

i

MICROTOXTM GAMMA VALUES AND
% ECs5y FOR MIXED LIQUOR
AND SLUDGE FROM VESSEL 2 DURING BIODEGRADATION

Dilution
Day  50%  25%  12.8%  §6.35% $ECs
Mixed Liquor -3 - - 11.13 1.44 4.40 ;
-1 «  38.10 10.05  3.89 3.28 ¥
4.35  3.31  2.23  1.53 2.50 o B
2.91  1.61 0.99  0.51 14.00 9~ @
4.27  2.96 2.22  1.38 3.0 N K
14 4.70 2,00 1.00  0.60 11.00 2; -
18 4,13 1,02 0.42  0.23 21,50 gy
19 3.00 1.28 0.87  0.22 17.00 |
2la  3.94 2.81 1.69  1.07 5.60
21b 3.95 2.12 1.06  0.77 5.60
24 4,51 2,80 1.78  1.26 4.20
| 26 3.80 2.20 1.29  0.76 9.20
] 28 3.31  1.42  0.79  0.54 14.50
| 31 4,18  2.47 1.59  0.99 6.25
L 33 6.06 3.48  2.26  1.39 4,00
| 35 4.31  2.27  1.30 0.52 10,80
| 38 2.72  1.59  1.01  0.45 13.60
40 2,54 1.59 0.80  0.49 16.00
42 2,80 1,68 1.00  0.59 12.50
a5 2,80 1.16 1.01  0.78 13.50
a7 2.34  0.95 0.53  0.35 23.30
49 1.54 0.82 0.63  0.30 29.00
Sludge 21 2.35  4.52  3.12  1.73 3.30
52 4.71  2.59 1.86  1.55 7.80

a,b are replicate samples
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Total colony forming wunits, relative catalase activity,
and dissolved oxygen in Vessel 2 are asummarized in Table 6-11
and are also shown 1In graph form on Figure 6-4. The
concentration of microorganisma increased rapidly until 12 days
after loading, reached a plateau for several days at z x 108
CFU/ml, then declined as oxygen became limiting at Day 18. The
concentration remained relatively conatant, near 8 x 107
CFU/ml, for the next 17 days until air sparging supplied
sufficient dissolved oxygen to support the highar titer.

Catalase activity Increased sharply in response to air
lancing while the pre<lancing aquiescent period suppressed
catalase activity. Catalagse activity was consistently higher
when diesolved oxygen was greater than 2 mg/l.

- 3R -
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TABLE 6-11
MICROBIOLOGICAL COUNTS (CFU/ml)

RELATIVE CATALASE ACTIVITY AND DISSOLVED OXYGEN (DO)

DURING BIODEGRADATION IS VESSEL 2

_ Vagsel 2

Plate Count Bio Mass 0o
Day CFUx107/ml Catalase (mg/1)
0 0.01 0 NA
4 NA 0 NA
7 1.76 0.5 NA
11 1.81 NA NA
12 18.4 NA NA
14 20.0 NA NA
ls 5.2 0.63 NA
1¢ 4.4 0.83 NA
21 2.0 4.22 NA
24 6.7 0.70 NA
25a 2.7 0.52 NA
25bh 4.5 2.79 NA
26 9.4 0.76 NA
27 8.5 0.95 NA
28a 6.3 0.38 NA
28b 9.7 4.50 NA
31 5.3 0.92 NA
32 9.2 4.16 1.0=0.6¢
33 7.2 2,36 0.7-1.2
34 10‘0 0n64 0-5"1.2
35a 2.2 0.49 6.0
35b 1.3 l.16 3.0
36 2.6 6.38 £.8
37 2.3 7.15 4.0
38 19.6 4.29 0.7=5.2
39 31.5 6.87 6.,9-5.,1
40 22.9 6.20 6.7=6.5
42 14.4 2.50 6.6-3.9
45 21.1 2.50 8.1-7.8
46 23-1 4.80 7-9"‘601
47 1201 4122 7:9"811
48 11.9 3.75 7.6=7.7
49 12.6 2.03 8.1

a. Sampled after 12 hr, statis, but before air lancing
b. Sampled after air lancing
c. Morning - afternoon measurements

007278
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a
8 !: a= After quiescent period

b = Following vigorous air lancing and mixing
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6.6 Inorganic and Wastewater Treatment Parameters from Vessel 2

0f the 21 analyses of inorganic and wastewater treatment
parameters monitored in Vessel 2 and summarized in fTable
saveral clear correlations and trends are noteworthy. The
concentration of the eight RCRA metals and copper fluctuated
near +the level of datection. The chlorlde and sulfate
concentrations increased consistently until Day 42, then

decreaged. Nitrate, phosphate, and TKN were variable with
estimated average valuesg of:

6=12,

D.TKN 46.70 mg/1
DlNOB 13.»00 mg/l
D. PO, 1.94 mg/1

€COD and O0O&G correlated well but BOD, Tss,

and ToOC were
inconsistent and unrelated to other trends.
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6.7 Organic Components of Sludge and Mixed Ligquor from Vessel 2

Volatile priority pollutants measured during
biodegradation in Vessel 2 are summarized in Table 6-13. fThe
highest concentration of wvolatiles in the mixed liquor was
observed 7 days after loading, then the concentration decreased
to less than 1.5% of this 1level 1in 42 days. Even though
chlorinated hydrocarbons account £or less <than 40% o¢f ¢the
priority pollutant volatiles in Vessel 2, the chloride
concentration consiatently increased until Day 49 (see Table
6=12) .

Base and neutral extractable (BNE} priority pollutants
from mixed liguor and sludge of Vessel 2 are shown in Table
6=14. PNA compounds account for more than 97% of this group.
The highest concentration of BNE was measured 28 days after
loading. Measurable amounts then decreased to lesz than 0.3%
of this level by Day 49. As the biodegradation progressed,
additional compounds (e.g., c¢hrysene, benzo(a)anthracene} were
observed.

Only pentachlorophenci and heptachlor were found in the
acid extractables and pestlicides/PCBg fraction and these were
below detectable limits 21 days after loading (Table 6-15).
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TABLE 6-14

Bags and Newrral fxuractanies Profie
During Biodeqrovation of Sluoge ur Vessel 2
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The total volatiles, base and neutral extractablas, acid
extractables, and pesticide/PCBs found during biodegradation in
Vassel 2 (Tables 6-13, 6-1l4, and 6~-15) ara summarizad in Tablas
6=-16. Tha percantage of sludge (basad on the increassd organic
priority pollutants) in the mixed liquor increased gradually,
reaching & maximum at 28 days after loading. A 100-fold
reduction in solubility/suspendablility was observed 35 days
aftar loading and bayond.

6,8 Alr Emissions from Vessal 2

Volatiles and semi-volatilaes cellected £rom the headspace
of Vassal 2 are sumamrized in Table 6~17. All semi-volatile and
volatile priority pollutants were balow detactabla limits
during the oparation of Veasel 2 except naphthalena which
axceedad detactables limits during two sanmpling periods.
Measurablse amounts of five PNAs and threa priority pollutant
volatiles werae recorded only during the loading of Vassal 2.

An aestimated summary of the total gquantity of volatile and
sami~volatile compounda raleased to the atmosphere from Vessael
2 1s shown in Table 6~18.

= 47 =
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TABLE 6-16
TOTAL VOLATILES, BASE AND NEUTRAL BXTR&CTABLES,
ACID EXTR&CT&BLES AND PESTICIDES/PCBS DURING BIODEGRADATION IN VESSEL 2
Base/ Pasticides
‘Mix (ug/1} Day vOlat_i._;g_g Neutrals Acid Ext. PCBs Total
‘Prm o 4140 680 BDL, BDL 4820
3 2062 420 150 3600 6233
7 4429 BDL 130 700 5269
1a 787 1510 2 2900 5199
2) 227 18090 BDL, 1200 19517
28 81 28830 BDI, BDI. 28911
35 33 370 BDL BDL 403
42 134 245 BDL BDL 379
49 66 as BDIL, BDL 151
Sludge Base/ Pesticides
‘ug/orm Day Volatiles Neutrals Acid Ext. PCBs Total
Ppm O 1142 14020 BDIL, BDL 15162
14 16 532 BDL BDL 648
21 178 1148 BDL, BDL 1323
28 73 856 BDL BDL 929
35 141 1058 BDL, BDL 119%
42 295 918 BDL BD1L, 1213
49 150 1309 BDL BDL 1459
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Table 6-18

SUMMARY OF THE PRIORITY POLLUTANT VOLATILES AND
SEMI-VOLATILES 1LOST TO VOLATILIZATION IN VESSEL 2

- 8ample

Weightedl
Total Loat To
Volatilization
{GRAMS)

Semi-volatilas
Naphthalene 2.00
Acenapthylene 0.11
Acenaphthene 0.08
Fluorana 0.10
Phenanthrane 0.04
Anthracane 6,00
Volatiles
Banzana 17.1
Toluens 27.8
Ethylbenzenae 26.2

1 s5¢ day incubation pericd

Note: See Table 3, page 16 in the "Amendment" Section of this
report for explanation of the method used to calculate
this data.

(Revision)
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7.0 CONCLUSIONS
7.1 Biodegradation

The Field Tank Biodegradation Test has confirmed the
laboratory conclusions, that the French Limited sludges are
biodegradable utilizing & liquid/liquid matrix of lagoon water
and sludge.

Review of the analytical data reveals that a tenfold
reduction of volatiles and base neutrals was achleved in Vessel
2, and a tenfold reduction of volatiles was achieved in Vessel
1,

The test experienced an interruption in the growth of the
micro~-organisem population due to an unanticipated increase in
oxygen demand when degradation of the more “daifficult" high
molecular welght compounds began. This oc¢curred after an
initial period when the lower molecular welight materials were
being degraded, This interruption, combined with a delay in
achieving a homogeneous sludge/water mix during the initial two
waeeks of the taest, resulted iIn the sludge biodegradation being
imcomplete at the end of the 49 day test.

Compounds on the priority pollutants 1list comprise
approximately 20% of the total compounds present in the French
Limited sludge and as a result most biodegradation activity is
directed at other compounds. Since biodegradation intermedijate
compounds of priority pollutants and nonepriority pollutants
may or may not be on the priority pollutant list, measurement
of the priority pollutants may exhibit an inconsistent
degradation trend. Also, as degradation progresses
consolidation of the vremaining compounds may result in an
apparent increase in concentration level even though their
total quantity is decreasing.

= 51 =
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It was not poesible to assess the
biodegradation based on asludge volume due

progress  of
to the following

factors:

- The presence of major quantities of sand in the
original sludge placed in the tank.

- The presence of a "soupy" blomase at the end of the
test that could not be dewatered with the avalilable
facilities.

- Upon mixing with water the sludge volume increases

due to hydration, and then, as degradation occurs the
volume decreases.

7.2 Air Emissions

Alr emissions analysis data has identified the major
priority pollutant volatile and semi-volatile compounds that

were released from the biodegradation process.

This
information will be

utililized 4in designing the air emissions
program for the next biodegradation development step.

7.3 Operating Parameters

Results of biodegradation investligations in Vessel 1 and 2
indicates that certain analytical parameters are more essential
to blodegradation optomization than  others. 0f the 21
inorganic and waste water treatment parameters measured, only
COD, oil and greasse, TKN, phosphate, and nitrate, would be
useful in further studies. Inconsistencles in other parameters
minimizes their application in future operatior and control of
biodegradation  operations. Two additional parameters not
measured in this study, but worthy of future consideration

include Mixed Ligquid Volatiles Suspended 8olids (MLVSS) and
Ammoniacal Nitrogen.

307291



smartin
Rectangle
007291


0f the blological parameters measured in this study only
Catalase would have application for future studies.

While the microblal count (CFU/ML) is informative, similar
information can be obtained more rapidly with MLvss, The
microtoxT™ bicassay is useful for confirming loading vrates and
determining degradation and points but because of the
interaction of mixed waste and its sensitivity to the
endogencus end product, produces inconclusive @ata in high
fraguency analysis. Catalase measurement provides a rapid
indication of microbial activity that intergrates ths effaect of
mixing and digsolved oxygen.

Another observation based on raview of the data indicates
that organic analysis conducted to evaluate the progress of
biodegradation should be based on a composite sample of
hydrated sludge, rather than analysis of the sludge as it is
obtained directly from the lagoon.
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8,0 RECOMMENDATIONS

The Laboratory Bilodegradation Evaluation and the Fileld
Tank Test results indicate that proceeding to the next step in
the development of the French lLimited Biodegradation Process is
justified. The next development satep should be directed at
achieving the folleawing objectives:

e Demonstrating the mechanics of how blo remediation of
the lagoon would be accomplishaed.

. Defining the economics of the biodegradation remedial
alternativa.
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380 VWes Cnester Pine
Neatzan Sguare Pennsyivang 19073
Tegimore 25 32w 200

£
X

Engineenng pgnd Envronmentas
Ervrgomenta’ Health & Satety

April 24, 1987

Mr. R. E. Hannesschlager

U.§. Environmantal Protaction
Agency, Region VI

1445 Roseg Avenue

Dallas, Taxas 75202-27133

Dear Mr. Hannesschlager:

Attached you will find our regponse to the EPA and TWC comments

on the "Fleld Evaluation of Blodegradation at tha French
Limited Site (Phase II) Volume 1" raeport.

We appreclate your prompt attention in preparing the agency's
comments, and the diascussion of our response comments in the
meeting of April 22, 1987 with EPA and CHsM  Hill
representatives, Pleagse contact me if there are any questions,

Very truly yours,
{ '- 4/’/“;”‘5—
R. L. Sloan /ééﬁﬂl

Special Projects Manager

RLS/kac
Arrachment

ce:  Alex Onjanow (TWC)
Marilyn Plitnik (EPA)
Robert Davis (CHaM)
_Larry Thomas (E!A)
Peter Wynne (ARCO)
Molly Cagle (V & E)
Carl Everett (L,8A,F, & H)
william R. Faught (CH3M)
Malcom Payhe (DuPont)
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ERT Response to EPA Comment on
"Field Evaluation of Biodegradation
at the French Limited (Phase II) Volume I"

EPA General Commenta:

Biogradation may have occurred in tha tanks; however, the
game type of results could possibly result from ailr stripping
due to air lancing and sparging operations. Headspace sampling
of the tanks was performed and <this indicated that wvolatiles
were being released, but air sampling was not performed during
air lancing operations and it is unclear if alr sampling was
performed during air aparging. Finally, no “rate-of-release"
mgasurements were performed,

The reduction in base/neutral extractable in tank No. 2
could have baen due to biodegradation: howevar, the data
indicates some lcsses due to wvolatilization. In addition,
without aludge volume (dry weight basis) measurements, the
reduction in base/neutral extractables cannot be accurately
calculated and the reduction of these contaminants may be due
to a change in sludge character rasulting in dilution of
contaminants rather than degradation.

Preliminary review of the split sampling data indicates
the presence of PCBs in tank No. 2 but not found in ERT's
laboratory results. PCBs in the =sludge sampling ranged from
"Not detected" (day 14) to 74,000 ug/L (2/13/87 sampling) with
no indication of PCB biodegradation.

Difficulties with  nmixing and the ability to obtain
representative samples, and laboratory QA/QC may have accounted
for some apparent reduction in contaminants. For example, air
lancing for mixing did not start until day 12 of the testing
and as discussed in previous meetings, the ability to mix the
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contents of the tanks increased as the operator become more
experlenced. The  representativeness  of sampling seens
dependent on when air lancing occurred, when air sparging was
taking place, extent of sludge settleability, and physically
how the sample was taken. The relationship between these
sampling variables are not presented in the ERT report. The
nethodology should be reviewed to assess the sgampling and
analytical errore of the blodsgradation work,

In g¢eneral, the discussions presented in the report are
not sufficient to explain what is occurring. This needs to be
expanded throughout the report. Estimates and conclusions must
be supported by calculations and/or data which are presented in
the report.

ERT Response: The general comments address four aspects of the
test, These are air stripping, mass balance
calculations, PCB concentrations, and the lssue
of gsample representativeness and consistency.
ERT response is as follows.

Alr stripping

Alyr stripping did remove eome degree of the
priority pollutants present in the sludges, and
thus contributed to their reduction which was
measured analytlcally. However, explaration of
the analytical results based on air stripping
alone is unlikely. Alr samples of 4-8 hour
duration were collected immediately following
lancing operationse, while air sparging and tank
circulation continued. Based on these air
analyses, ERT'e best estimate of total priority
pollutante lost to air stripping is well below

007296
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both qualitative and quantitative analytical
results. S5ee Table 3 (paga 16} in this response
report for more detaliled comment.

Masa Balance Calculations

Three  factors that affact nass balancs
calculations for thia system are sludge voluma,
sludge density and cumulative air emieasicna.
The arror associated with measuramant of each of
these factors precludes the ability to perform a

meaningful nass balance calculation.
Additionally, the calculation is not raquired to
verify blodagradation. The biodegradation

process can be verlfiaed by attainment of the
decontamination criteria in the final eolide
residue and water. Obviously, while in
operation, the Dblodsgradation procass  must
maintain acceptable air emissions limits.

PCB Concentrations

ERT 1s wuncertain as to how to comment on the PCB
analysis  data. ERT's c¢ontract  laboratory,
Southern Petroleum Laboratoriea (SPL} treported
no PCB's. NUS analyses reports three diffarent
PCBs in different sampling events (PCB 1232,
1242, and 1248) (see the following Tables 1 and
2)., Of the twelve samples reported to contain
PCBs, all but two of the concentration results
reported were at the detection 1limit. Consulta-
tion with NUS indicates that separation of these
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thrae PCBe on the chromatograph is veary

diftficult, and subject to interpretation by the
oparator.

Differences in PCR  extraction and sample
clsan-up mathods could possibly provide an
axplanation for tha variation in PCB analyses
obsarved in ths asludges,. goniatron extraction
) was the initial axtraction method used by both
laboratoriaes. NU8 wutilized ¢the fluercil coluan
clesanup mathod specified in EPA BW 846,
Southern Patroluam laboratoriss tested tha
aludges according to tha ASTM mathod for olily
sanples Dbut did not usa a fluorcil column
cleanup. Dan Difso of SPL indicated that & nmasa
o2 materisal elutead in tha PCB range but
background {nterferance pracluded ths clear
identification of any specific PCB arochloer.

Heither laboratory conducted & second column
confirmation analysis,

!
I
|
I
|

272073C¢C

The 1986 Fleld 1Invaestigation and Supplementary
R.I. Raeport providad a total of 61 PCB analysas
on triplicatad samples from 22 Jocationas in the

lagoon. PCB 1242 was the only compound raportad
at that time,

gample Representativeness

The early mixed ligquor sample representativenass
was varlable, depending on the degree of mixing
that was occurring at the ¢time of sampling.
Howaver, beginning with day 14, the mixed liquor
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007301

sampls was ¢ollected 1 hour after lancing during
continuous circulation and alr separging. The
sanpling procedure for <thae bottom sludges was
revised ¢to stop circulation and allow the tanks
to settle ovarnight, prior to obtaining a
bottoms sludga sampla the next morning. Once
this approach vas instituted the
reprasantativensas of both mixad liguor and
botton sludge sanplas appears to be very good.

In an actual biodegradation oparation it would
be inappropriate to attempt to correlate mixed
liquor priority pollutan analysis with
biodasgradation progreaas, Hovweavar, upon
completion of biodegradation, both the water and
ths bottoms rasidus should meat the
decontaminction eriteria.

307301
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EPA Comment
Section 2:

ERT Responsgse:

EPA Commant:

Saction 2:

ERT Rasponse!

am007302

SPECIFIC EPA COMMENTS

Specific +tyreatment objectives should be added to
assess the ability of the testing to bilodegra-
date the priority pollutants. None were pre-
santad in this 8action.

The objective of the fleld test was to achieve a
scale-up of +the laboratory test; to define the
operating parametess approprilate for control of
the bilodegradation process; and to verify that
the Dbiodegradation progress could be achieved
within tha available tims. Specific treatment
objectives were not egtablished because
achiseving those objectives is a function of time.

The reduction in toxlicity as measured Iin the
Laboratory Evaluation of Bilodegradation Report
does not necegsarily verify Taxecaellent"
biodagradation, Sampling and laboratory
methodology and  laboratory QA/QC  were not
available for raview to confirm the test
results. Metal results indicate that the data
was poorly presented. Dilutlon factors need to
be explained. The tables indicate metal
biodegradation. This does not occur.

Another objective of the test waz to ascertaln
whether the toxicity measurement would show a
correlation with priority pollutant analyses
and, thus be a useful indicator parameter. We
agree that reduction in toxicity alone, would
not verify excellent bjiodegradation. However,
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EPA Comment
Saection 5:

ERT Response!

the reduction 1in toxicity measurement does
correlate with the priority pollutant analysis,

which shows a reduction in priority poliutant
concentration.

The priority pollutant analyses were perfornmed
in sccordance with sama EPA approved procedures

that were utilized in the 1986 remedial
investigation.

The data presented in the yreport was a direct
report of lad results. Consideration of the
dilution factor that occurred as a vresult of
preparing the initial sludge 1load into each
laboratory test container would account for the
dacrease in metal concentrations reported in

Table 8~8. Wa agrea that bjlodegradation of
matals does not occur.

A description of how the sludge for the BOD test
was acclimated to the lagoon environment was not
dascribed. Acclimation is very important to
cbtaining representative BOD results.

The BOD test was conducted in accordance with
the EPA accepted procedure provided by Poly-Bac
Corporation. This method incorporates a mixture

of lyophlilized bacteria which is well suited for
routine BOD analysis.
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EPA Comment
Section é6:

ERT Response:

EPA Comment
Section 6:

ERT Responsa:

The mixing techniques and sampling procedures
were changed during the course o¢f the study.
This needs to be dlscussed in detail and a
thorough digcussion on how this affects the
comparison of data needa to be presented.

Sampling procedures were consistent throughout
the study. Mixed liquor samples were obtained
using a S-gallon bucket sampler. 8ludge samples
ware taken using a piston sampler. Beginning on
day 14 the tanks ware allowed to asttlae
overnight 8o that discraete samples of each phase
{(ligquor and sludge) could be obtainad the next
morni.g.

We agrse that wmixed 1ligquor samplas mnay be
affected by the degree of mnmixing occurring at
the time of sampling. After day 14 thse mixed
ligquor gamples wers conslistently taken one hour
after thae water or air lancing operation whila
recirculation mixing was maintained.

If the test was run for 49 days how do you
obtain day 52 results?

The tanks were allowed to smettle for 3 days
after cessation of aeration and c¢irculation
before taking the £inal sludge sample for
toxicity analysis. The £inal sludgs priority
pollutant sample was taken with a piston sampler
on day 49, to be consistent with prior sampling
protocol.
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EPA Comment
Section 6.1:

ERT Rasponsa:

EPA Commant
Baction 6.1:

ERT Raesponsa:

EPA Comment
Saction 6.2

The data does not indicate that thas parcant
EC=-50 betwaan 0 and 5 paercent is atatistically
significant to conclude reduced toxlcity or
signiticant bilodegradation. Supporting data and
confidence interval calculations should De
provided for review.

The plots of toxicity analysis shown on Pigures
é-1 and 6-) wera presented to look for
correlations with quantativs chemical analyaas.
They werse not intanded to stand alona. A
repiicate analysis, performed on tha day 21
samplas, showed no difference in the EC-50
numbar.

The discussion of ths catalaas system response
to alr 4injection and quisscent pariods I8
posaible but data is not preeented to support
conclusions.

In ERT's opinion, the discussion of the ocatalasa
system response to air injection and guiascant
pariods is8 & <rsasonable Iinterpretation of the
available data. Thera is atrong corralation
batwaan catalase activity and air lancing as
shown on Table 6«2 and 6~11, as well as Filgures
-2 and 6-4.

I1f testing has stopped on day 42, the twofold
increass in chlorides and sulfate would not be
true. Sampling and analytical variability may
have more impact on conclusion and the data
variations may not bes statistically significant,
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ERT Reaponaas:

TPA Commant
gaction 6.2:

ERT Responsa:

EPA Comment
gection 6.3:

ERT Response:

EPA Commant
gaction 6.2

We agres with tha commant, and review of the
data causes ERT to suspect that the day 42
samples of tha two tanks werae Iinadvertantly
interchanged. This suspicion is consistently
supported Dby all of <ths wasts water trsatment
paramgtar rasultas raported for the two tanka,
for this sampling evant.

I£{ an increass in COD took place betwasn day 21
and 29 during anaerobic conditiona, why did ¢COD
increase on day 49 undar asrobic conditions?
Plaasa providse sxplanation.

We sae no apparent axplanation.

It testing had astopped on day 42, tha correla-
tion betwean chlorides and volatile removals
doas not held, Data may not ba statistically
significant to reach this conclusion,

8es commant in Saction 6.2 regarding the day 42
aamplea.

Data 18 not presented to support tha conclusion
that tha incresssd in base/neutral contaminanta
le dus to degradation intermediates. Banmpling
and analytical variability may lead ¢to apparent
but not realistiec conclusions. 3In additlion, the
objective of tha blodegradation tests would be
to reduce priority pollutants. A maas balance
of priority pollutants 1ls headed ¢to npore fully
assens the osuccess of bhiodegradation on the
lageon contanta,

= 12 =
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ERT Responsa: This s & reasonable axplanation aince naw
priority pollutant compounds such as chrysens
anéd benzo(a)anthracane wers not found in aarly
sludge samplaa, but they did appear wvhen PAH
became the predominate subatrate.

REFERENCE!

Rochkind, M.L., J.W. Blackburn and G.8. Sayler
1986. Microblal Decomposition of Chlorinated
Arometic Compounds. Hazardous Waste Enginearing
Resaach laboratory, Cincinnati, OH
EPA/600/2-86/030

Tha teat was performed based on uaing the

priority pollutant analyses of tra <final residue

a8 2 verification of biodegradation, and data

sufficient to asupport a masa balanca calculation
( wvas not osbtainad.

Nn07307

Mass balanca analysis requires accurate
detarmination of aludge voluma and denalty.
gludge volumas woers estimated to be 790 and 5280
gallons ¢ 8% for vesaala 1 and 2, raspectivaly.
Accurata density determination was complicataed
by the heaeteroganous natura of the aludge. 8ince
the total ©priority pollutants comprise a
relative small portien of the asludge,
disappearance of most of the priority pollutants
could be accountad for by the error factors.
Masa balance calculations are insufficiently
accurate to provide an eatimate of priority
pollutants losses in this systen.
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EPA Comment
Sactjion 6.3

ERT Raesponsa:

EPA Commant
Baction 6.4:

The reduction of contaminants presented in Table
6=-7 is almoat totally due to a reduction of
volatiles. The data does not  support
biodegradation of volatiles which may have been
reduced by alr stripping.

In many Dblodegradation operations the more
soluabla, low molacular weight compounds will be
degraded first, followed by the 1less socluable
higher molecular weight conmpounds, Interpreta=-
tion of data from the study confirms this
saguance of avente. We agrese that a portion of
tha velatliles were air stripped, but it {is
unlikely that a major reduction in wvolatiles
occurred through this mechanism.

A major thrust of the In-Situ Biodegradation
Demonatration currently beginning, g ¢o obtain
data on this factor.

Alr emissions sampling does indicate a loss of
volatilegs and some samivolatiles during the
operation of the ¢tanka. 2Air enmission rate
measuremsents were not performed to estimate the
loss of volatiles/semivolatiles through ailr
sparging and lancing. This data is needed to
assass the biodegradation test results before
conclusions can be made about the successfulness
of the tank tests.

D07308
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ERT Response:

EPrA Comment
Section 6.4:¢

ERT Response!

EPA Comment

Section 6.5:

ERT Response:

EPA Co»mant
Sec:lon 6.6:

ERT Response:

EPA Comment
Section 6.7:

We agree that measurement of air enmlesiornn rates
is important to future understanding of tha
biodegradation process for the French Limited
Site. While the data suggeats that destruction
of the priority ©pollutants was dua to
biodegradation, air stripping played a role in
priority pollutant loas. There is insufficient
data to prove beyond all doubt, the pracise
mechanism of priority pollutant loss.

The data and methodology were not provided to
teview the yesults showing in Table 6-9.
Calculations would be needed to ryeview thase
results.

The equations used in these calculations are
discussed in Table 3, attached.

Bame as 6.1,
See response to 6.1.

Same as 6.2 relative to sampling and analytical
variability.

See responsge to 6.2,

The reasoning why the base/neutral extractables
were reduced in Tank No. 2 and not in Tank No. 1
needs to be presented. The basic constituents
of the sludge are similar and resuits would be
expected to be similar. A tank to tank
comparison would be helpful to explain the
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Tables §~9 and 6-18, Bection §:

Neconeter

™aLL 3
Explaration and Cadoulations Bupgmating

Aalyticnl Paml s

Bumtion Larole
Gantitative Mta in tables 3 Tatly b0
&8 and €-17 1s corwertad wg'T = . e (¥
to ug carten or VT tutw (T). L Secglie Doy - &
Bnare 2.8
(3.81147.4)
- 4 y
o3'T » {24.68
Datermire ug raleassd 1
pir day (D) 1n Ehe M-Iﬁ%&hmﬁn m-““‘%m,
sapl 3 voluma,
ogt = 3348.08

Cetoomine vy raleamd
et day in the veamel
headopsce (HE) veiume,

W:%ﬁ%ﬂ%‘\

Vonsa) KB vol » 37800 liter

NP+ ST DTE )
/M « 1051100,6
ot = 1,03

Height the avission rate by mltiplying
the marber of daye of inkerval (1) batween
esrpie svants, Ao astimate of the total
anisaions by corvpound can be abtaired by
sumration oret the 36 day sl ing pariod.

[e;10 3]

Using the lumited ailr smaple database
ssch compound in the vesse] headpace over Lime by wiing the meple voluwe,

duration and tha hasdapsce voluee.

These ooncentzations were mumarized {n Table é-9 and ¢-18.
of these va]ues §s based on certain 2ASUELIONE Lhat sy not be werifiable.

purpose of maxing thebe sstimates, we assuned thai:

1. ...the hasdipace vapor wis hawogeneous;
2, ...the partisl pressure of esch oampound 0 the hesdspaom did not dporess

3.
{Thiz of edures,

asimpioon [ror the mixed ]igur;

« . the headspace wAs eseentially open frace that did not acoumulste vaporg
wai not the ouse, howersr,

The intaeval fcor smple
~6 w My 17m2]&yi.&y

GVI/RE « (D) (2.63)
on/1/ME = 16,59

svailatle, w caleulated 5§ aoncotcration of

mnpl ¢

Coviouuly, the sccurscy
For the

raking this assungtion would

provide for higher axmcentrations than expectad frae an open top vesss)))

4. ...the arimion rate ger

day per headspsce did mot dacrease durirg  the

frderval following eamplirg (Thic I8 tnlikely uimce air sampl i) becen

famedintely after lancing and lasted only
provides for the highest toncentration estimate for each interval)
.othe arizsion levels oheerved at londing (Day =6) were mauntained mntii Ene

fext papl thg event (23 days).

4 to 8 lows. This amsusprion

007310
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ERT Rasponsae:

EPA Comment
Section 6.8¢

ERT Response!

bass/nautral extractablae reduction 4{m Tank No.
2. Sampling and analytical wvariability should
ba discussed as it 1relates to tank mixing,
sanpling mathodology.; laboratory QA/QC, and
sludge/priority pellutant 1mase calculations.
Deta was not provided on raduction of solubility
and suspendability observed on day 315,

The basic constituents of the sludgs are not
similar with respect to priority pollutant
contant, toxlcity, and bilodegradabllity as
damonstrated in ths laboratory bhench scala tasts
and analytical raports from ¢this atudy. The
tanks were loadad at different rates, wsre
amendad using diffarent supplementa, and &
different spectrum of organismes ware present in
aach tank. Consequantly, & tank to tank
comparison is unrealistic.

The data showing reduction of wsolublility and
suspendability observed on day 3% is presented
in Table 6-16. The percent of sludge priority
pollutants found in the mixed licquor after day
3% decreased 100 fold as compared to earlier
samples. This wae also observed in Tank 1l as
shown in Table 6-7.

Same as 6.4,

See response to 6.4,

J07311
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EPA Comment
Saction 7

ZRT Rasponas:

EPA Comment
Section 7:

ERT Rasaponsa:

007312

General commants on the c¢onclusions have baen
addressad esariier in this 1lestter. Howaver,
saveral specific commants remaini

8ludgs mama calculationa and air emission rate
measuremsnts are axtremaly important ¢o ths
svaluation of any biodegradation testas.

The biodagradation test for the Prench Limited
8ite can be aeavaluatad by assuring that air
emission rates ryemain within acceptable 1limits
during operation of tha asystem, and that
priocrity pollutant analysis of the <{final residus
mests the wsite clean-up criteria. Beacause the
volume of sludges to be dagraded is unknown, and
the content of ths sludgaes ies sc hetarogenaocus,
mase balance calculationa are not possibla. 8ae
response to Bection 6.3, above.

How will reduced toxicity through the bloaasay
tasting provide data on ths degradation end
points of priority pollutante?

Biocassay testing was conducted to evaluate the
potential ¢orrelation with priority pollutant
concentrations in the mixed liquor. Time and
economical consideration favor the use of the
bioagssay as a rapld indicator of the loss of
priority pollutants as compared to the time
consuming and expensive GC/MS analysis. The
bioassay would not replace final GC/MS analysis,
but would be wused as an indicator for the mora
extensive analysis.

= 18 =
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EPA Comment
Ssction 7

ERT Rasaponsa!

EPA Conmant
Ssction 7:

ERT Raaponsa:

How will tha cataluss =maasurement provida data
on the degradation priority pellutant?

The catalass mneasuremants Jis usaed &3 a process
control parameter to evaluats tha activity of
the bilological reaction mixture. This parameter
ia not intended ¢ts measure priority pollutant
biocdegradation rasults.

An explanation of why the dstection 1limits
vary ¢ much sheuld be included, It is possible
this i due to largs concentrations of a
compound which may maak othar compounds which
come off the gas chromotograph at & later
retention time, but thls should bs axplained in
the report.

We agree with this posaibility, Howaver,
gquantitativa non priority pollutant data for
these samples are not availabls.

307313
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TWC Comment 1@

ERT Reaponse:

TWC Comment 2:

ERT Rasponse:

007314

Texas Water Commisaion Comments of
Field Evaluation of Blodegradation
tha Praench Limited (Phase II)}) Volume I“

The appendix states the laboratory reportas are
included? Whaere? We have not received them.

The Appandix volume waas majiled April 15, 1987.

Page 12, the statement "Mgteorological
conditione or persistent fog and rain prevented
alr sampling prior to day 17", This statement
is inaccurate. Alr sampling was requested by
TWC/EPA and instituted after our insistencs.

Tables 6-8 and 6=17, both raeport ailr data
obtained from alr samples taken during the
first loading evant for each tank. An air
monitoring program was included in the initial
plan for the tank test. Heavy raln and fog
cecurring during the initlal weeks of <the test
resulted in conditions that, in the opinion of
ERT, would preclude an accurate sample for
analysis using normal sanpling methods for
Tenax and PUF cartridges. The TWC/EPA comment
received during the field wvisit resulted in
increased emphasis on the air monltoring
program, and increased frequency of sampling.
The fact that we experienced better weather
from that point forward alsc was of help.

- 20 =

007314

L iyl



smartin
Rectangle
007314


THC Comment 3:

ERT Response:

TWC Comment 4:

ERT Ragponae:

TWC Comment 5:

ERT Response:

007315

Section 4.4. Ware these solids analyzed?

The solids removed from the <tanks on day 52
ware not analyzed, Howaver, day 49 sludge
samples which were analyzed, and reported in
Tableg 6-4, 6-5, 6-6, 6-13, 6-=14, and 6-15
represent the same material,

Table é-3 only shows inorganic parameters In
mixed liquor (mg/l). Where are the sludge or
soll analyses? Section 6.2 is useless based on
Table 6~3 as it exlists.

The msetal analyses presented in Table 6-3 ware
performed bacause biodegradation rates are
affected by soluable metale in the mixed
liquor. Thaese metalg and waste water treatment
parameters were not Iintended to subsitute for
sludge or soil priority pollutant analyses.

Please explaln the following (Page 27). ¥YOf the
entire =sludge wmass avallable for biodegradation
lessg than 20% of the compounds appear on our
priority pollutant  scan. Therefore, mass
balance interpretations using the 1list are
inappropriate.”

The 20% number is an estimate based on a total
analysls of the esludges that was accomplished
during the remedial investigation. Mass
balance interpretations using this 1list are
inappropriate because degradation intermediates
of the non priority pollutants may appesar on
the priority pollutant scan.

- 21 =
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ERT

TWC

ERT

TWC

ERT

TWC

Comment 6!

Regponse!:

Commant 7

Ragponga:

Comment 8:

Responsge:

Comment 9i

Response:

Comment 10:

#

Plasase provide explanation and calculations
that support Table 6-9,

See Table 3 on Page 15.

Table é-4 shows drastic reduction in wvinyl
chlorida, chioroethans, mathylana chloride,
chloroform, 1,2,-dichloroethana, ete., yet
Table 6-8 lists only é volatiles picked up |in
the air sampling. What happened ¢to all the
other volatiles?

While the data suggests that destruction of
the priority pollutants wae dus to
biodegradation, air stripping played a role in
priority pollutant logs. Thera is
insufficient data to prove beyond all doubt,

the precise mecharism of priority pollutant
loss.

Please explain and elaborate footnota for
Table 6-9.

See Table 3 on Page 15.

Section 6.6 1le useless because it 18 based on
Table 6=12. &ame comment as # 4.

See rewponse to TWC Comment 4.

Table 6-17, with respect to Table 6-13, same
comment as # 7.

27207316
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ERT

ERT

007317

Responss:

Commant l1l}:

Response:

Cc=mant 12¢

Responsae:

Commant 13:

Rasponse!

Commaent 1l4:

Responsa:

8aa Responsa to Comment 7.

Plazse provida sxplanation and calculations
for Tabls 6-18.

Sse Tabla 3 on Page 13.

Tables 6&-1, 6-10. VWhere d4ces the sampls from
day 32 fit in during this 49 day teat?

gea responsa to EPA Comment B8action 6.

Conclusions (8ection 7) are not asupported by
thae data praesanted.

Saa Response to Comment 7.

Pleaasa provide & maass balance intsrpratation
for Vasaal 2.

Scae response to EPA Comment Saection 6.3.

- 23 =
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&/ Jan. 2
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53 doring atr
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13/J8x. &
14/3an. 3
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17/%an. 12 1-6
I8/Jan. 13 1O affter xir
lanctooy
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IPVERAYL 1 teontinvedd
FRENCR BNCOCRRONTEN TIME OWRT

VESSEL #1 (EAST) Toge ) of I8

OPERATING DNY/ ANOONT CF pit
DATE 21243 AMDORT OF HEMICALS OR RCORS OF R R MG, DL
o7 Beacing SLUTGE FXED  RUTRIENTS AOOED —GIRC. AIR_LICTRG _mee. Jn vty
22/Jan. 1T 24 h T L Soun covers /1 of Wit
/Jan. 18 2-5 24 b T80 7
W/ Jan. 19 1-2 24 h s 7 Twrned heocern ofy oc Godw
25/Jan. 20 1-2 before lancing U h K loncing ne 7 Lass frim o0 top Sn Doch
60 during Xencing tarits thae Lefore
2~} 1t
after lancing
2/7am. 21 2=2.% 2 h Ta® 7 Fllm covers wos of tank
Z7/Jan. 22 05~ 15 7 ot hestern on &) ndghe
28/Jan. 23 1-2 before 12h30m KMo leocing 7 Min is dsmipating
Llaxing
15-17 during
lancing
=2 1 b after
Lancing
2%/Jan. 24 1 28 b o ?
30/Jan. 25 1-2 24 b o ?
3am. 26 051 MHn 692 7 Sweld)l seoonw: of Tiem
nocth whde
32/Jan. 27 0.7 & 1200 2 h Xr lencing px o 7 Blmsclved oxygen (00)
15 @ 1330 1B30~-1330 oD~ 0.6 ug/l & 0E30
5 @ 1335 20 = 0.5 mg/l & M5
Q.5~1.0 @ 1435
33/00mn. 28 0.5-1.0 24 b "o 7 = 0.5 my/l, Instatied
T spergery 10 ofe atr
congressor used for aar
mEply.
34/Jan. 29 0.5 15 k& 810 7 0= 0.6 - 0.5 Y

8 007320

inataited 100 cfm oar
cowpressoc for sparger ate
nmrply. Qmnpeestor
operaced oono uously.
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b
£
]
; APPENDIX 1 {contfnoed)
3 PRENCR BIOTEGRADATION TIME CHART
‘, VESSEL #1 {EAST} Page & of 10
OPERMTING DAY/ AVOONT OF it
DATE a9 AMOUNT CF CREMICALS CR BIRS OF WATER CR G, BUEK
iz Peading SLITSE AOCER  NUTRIENTS_ADUED __CIRC, AIR LANCENG TEMP. i OMYENTS
IS/ Jan, 30 1.5 & 030 M h Afr lancing 780 7 00« 6.8 mp/) & 0800
2.5 @ 1330 10001200 - 4.0 w1 @ 1350
3 36/Fan, 31 1.0 M b 762 7 Alr compressor malirunction
¢ 2 080U; repalres @ 0930
: 0O = 1.5 mg/l @ L6,
4 F/Peb. ! 3.0 2 h 780 7 Afr compressor maltwnction
2 0600 on 2/1/81y repaxred
: & 1730 on 2/2/EY
e o = 0.5 my/} € 1058
3a/Feh, 2 1.0-2.0 24 h 790 7 Alr sparging oompressor
" . in operation & 12s4
: £ = 0.6 myl # Lty
‘ » 5.1 my/1 B 1330
! 39/Peb. 2 2 & 1135 24 h Atr lanchrg T90 T B¢ = E. 1 o/l @ 10w
= - 10 & 1230 1035~1135 = 4.0 mg/1 @ EOs>
| « 8.5 my/l & 213>
- - 2.0 mg/l & 1250
= 2.6 my/l & 1543
40/Feb. 4 910 24 h gge 7 0= 4.9 mg/) @ 0930
= 2.6 mg/1 & 101y
: = 4.7 my/l & 1400
- Compressor shut down £ron
0945 to 16020 increased
‘ atr fiow to epacger at 1100
4 A1/Ped. 5 15 b 800 7 00 = 8.6 my/1
€2/Peb. & 5 & 0730 14 b Air lancing 730 7 50 = 7.8 my/2 8 0730
. 1o & 1000 1000-1100 = 5.2 rg/1 & 130G
1.5 @ 1300
43/Feb. 7 1.5 & 143C 28 h Toe 7 B = 5.7 ry/1l O 1430
i4/Feb, B Baseline & 1353 24 b 740 7 0O = 6.1 mg/t & 13v0
45/feb. ¥ 0.8-1 Hh 750 7 0w 6.9 mgl € 163y
w 7.3 g/l & Livy
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CPERRYTNG DAY/
OATE iy ]
87 Peading
46/Feb. 10 2.5 @ 1000
2,7 @ 1130
2.0 8 110
47/vel. 11 0.5-6.7
46/Peb, 12 Baseifne
49/Feb, 13 BNJ

KPPENDTEX 1 {continuved)
FRENCR BICCEGRADATION TIME CHART
VESSFL #) (EAST}

AMOORT OF HEMIGALS R HCURS (F NATER CR G, HLX
SAGE ACED  MITRIFNTS ADEED _EIRC, AR LANCING e,

24 h Alr lancing 760

leoo~1130
3 gad 320~ 24 h ne
5 gal 4-11-1%
15 h 81
2h 79¢

COMENTS

0= 7.6 myl @ Jouw
= 5.2 mg/l @ 1230

D= 7.8-8.3 mg/t

B0 = T.2-7.6 mylt
PO = 7.6 mg/l @ 0930
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APPENDIX 1 fcont fnued)
FRENCH BIODEGRADATION TIME CHART

VESSHL #2 [WEST} Page € of 10
OFERNTTNG DAY/ AFDUNY CP ot
EATE BN AMDONT OF CHEMICALS OR qa0oS o WATER OR VG, BULE
86 Beading SLUGE AXED  NITRIENTS ADCED —GRC, MR LANTING 1. -l CMENTS
-6/Dec, 20 2h 550 Filled Weat Biodeqradetion
Veesal withi 9200 qaliong
Legoon water 12/17/86
-5/Dec, 21 580 gal gh 0O fot water cireuiation ta
botn biodegradation vesapl g
—4/Dec, 22 f h [ 1
=3/Dec, 23 "1/2 gal phos $h20m 649 000,11
acid 1906 110,10
“V'2 gul phoe. 1430,10
acid 1loe
“1/2 cal phos.
acic (430
~2/Decz, 2% V2 pt phos. $hism §70 4520,9.5
acid 0930
“1/2 pt phos.
acid, 1300
=1/Dec, 25 Thiom 690 oB0,7
ago,7
0/Dec, 26 10 gal 4-}11-11 9 h 710
1/Dec, 27 2hi30m T4
2/Dec, 28 g8h 790
3/Dec. 29 Eh30m 720 ¢800,7
1500,7
4/Dec, 30 7h T30 9930,7
5/Dec. 31 4n TIC 1230,7.%
1550,8

007323



smartin
Rectangle
007323


OFERNTING DAY/ ANOUNT OF pH
EATE .2 ) AMCTT OF CHEMICALS OR
87 Reading SIEGE NTED  MUTRIENTS ADDED
§/Janm. 1
: T/3an. 2
8/Jan, 2
9/ an. €
0/5an. &
11/3an, 6 8 oz chom. acid
at 0300
4 ox phog. actd
at 1600
12/Jan. 7 3 before air
lancing
5¢ during airc
lancing
13/3an, 8
/e, 9
15/Jan, 19
16/3an, 11
X1/3an, 12  peseline
18/Jan. 13 Busoeline
19/3an, 14
20/0an, 15
2t/Jan. 15 2-4 1340
Baoel toe 1430

APTENDTK 1 {oont Lrwed)
FRENCE BIODEGRADATEON TEME CHART
VESSEL #2 [WEST)

BOORS OF WATER OR
—GIRG AR LANCING
6 hiom

16 h Water lancing
24 h

24 h

24 b Water lancing
4 h Water Fancing
28 h Adr lancing
¥k

Mk

24 b

24 h

24 h

24 h Alr lancing
24 h

5 h

12 h Mr lancing

WG, B

e

e

T4C

3

..

0936,7.5
l¢3w,7.5

090,7.5

0808,7.5
1500,8
860,48

1030,7
16u0,8

Q800,7

.3

~ N~ -

BT reading taken after
lancing
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26/Jan. 21

¥/ 3an. 22

26/Jan. 23

29/3am. 24
30/Jan. 25
IV Jan. 26
32/78n. 27

33/ Jamy, 28

O DAY/ ROOWr OF pft
f2. 14 BN AT OF CHEMTCALS (R
&7 Reading SLIEGE MEED  NUIRIENTS ADCED
23/Jan, 18 Bagelfns
2¢4/Jan. 19 PBaselfina
X5/Jan. 20 Bageline before

lancing
15 during lancing
I one b after
Iencing

Bape] {ne
Basel ine

faseline pefore
lancling

-6 during
lancing

0-~1 one h after
lancing

Pasel ine

Baseline

Bagel iom

Banel ine & 1200

10 & 1329

2-3 @ 1135

<0.5 8 1435

Bane} e

APPENDTX 1 {continued)

FRENCE BIODRGRADATION TRE CHART

VESSEL #2 (WESTY

aoRs oF
CIRC,

24 b
24 h

24 b

28 h

15 h

I3h3m

b
24 h
F
24 h

4 h

WATER (R
AR LRNCING

Afr lencing

Afr lancing

Ay lancing
1230-1336

NG, BIEK

20
Tic
T

710

692

67¢

69°
Kitad
Te

780

R

Page 8 of IO

Turned heaters ofr at 0804

Lesg frum on top in botn
tanks

Film is pataw; covers 174
of tank

Fut heaters on all night,
fim in Hsaipating

R £rim

Dissolved oxygen (D0}
O = I mg/T # 0B3U
B = 0.6 tg/l @ 1435

0= ¢.7-1.2 my/L
Instalied aic sperger: 10
cfm air compressor used
for sperger aur supply
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APPENDEY 1 {cont {rued}
FRENGCH BIODEGRADATION TTIME CHART

007326

VESSEL #2 (WEST) Page % of 10
OPERATTNG DAY/ NOUNT P pit i
DATE B MO OF CARMICALS OR BOURS OF WATER R G, BER
g7 Reading SLGE ADCED  BUTRIENTS ADEEDY CIRC. AIR LANCING B _H OMPENTS
¥/ Jacr, 29 Bagelins ISk g1¢ 1 0 = 0.5~1.2 my/1
Instatted 100 ofm arr
coampeessor for sparger adr
supply. C(ompressor
operated continuouwsty.
3%Jan. 30 0.5 @ 00O 14 bk Afr lancing 789 0O = 6.0 @ 0800
0.5 & 1330 1000-1200 « 3.0 @ 1330
36/3an. 31  Bapelfne 2¢ b 769 MAMr oconpressor maltunction
€ pEt0; retmired at Qy3Q,
0 » 6.8 my/l @ 1130
37/Feb, 1 3.0 24 h 782 Adr m} funetion
@ 0800 on 2/1/87; repmired
& 1210 on 2//87
0w £.0 g/l 8 1030
3%Peb. 2 Baseline-0.2 24 b 790 Mr sparging ompressor
pue in operation @ LX3C
o= 0.7 my/l & 1100
= 5.2 mg/T 8 1330
39/Feb. 3 16 above sparger 24 b Mr lancing TI¢ DO = 6.9 s/l € 1000
: 0.2 € 1135 1035-1135 = 6.5 og/t & 1035
0.5 & 1030 - 2.6 mg/l 8 113y
eloewhere on = 4.1 my/l & 1230
top of veesge]l e 5.1 mg/1 @ 1545
; 40/Feb. & Baselire 24 h a1o O » 6.7 my/1 & 0930
« 5.7 s/l & 101y
K = 6.5 m3/l @ Lép
reapor shut down: from
i O%45 to 1020
41/Peb. 5 15 h DO = 3.8 ol
#2/feb, §  Baaelire @ 0720 14 h Mr lancing 19 K = 6.6 ng/t & 0730
40-50 @ 1000 1006-1100 = 1.9 ag/l @ L300
Easeline & 1300
& 007326
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APPERLTY 1 {continved)
FRENCH BICEEGRADNTION TIME (HART

VESSEY, #2 (WEST) Page 10 of 10
OFERATING DAY/ AT OF g
oaTE NG AMONT OF CREMICALS (R BOYSRS OF WAOER (R MG, BIEK
a7 Beading SLACGE ADDER  BUTREENTS ADCED CIRC. AR LANCING _Ter. LB CHENTS
&3/Feb, T Bapeline @ 1430 24 b 700 7 o= g1 my/l @ 1430
fd/Psb, §  Baseiire 8 1350 24 b Te0 7 IO = 8.4 mg/l @ 1350
45/Pets, 9 Bapel ine 24 b 760 ¥ = 8.1 ngl & iU
- 7.8 gyl & LTUn
46/Feb, 10 2.5 # 1000 24 b Ar tancing 769 7 00~ 7.9 og/) @ love
2.0 € 1130 1000-1130 = 6.1 my/t @ Yz
2.5 8 IR0
4T/Peby, 11  Pamelire 24 b 770 1 0o = 7.9-8.1 my/1
48/Feb, 12 Bameline I5h g1e T = 7.6-7.7 my}
49/Feb, 13 @ 2n 790 7 o0 = 8.1 myl @ 0930

Ml function
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DOCUMENT 276~17

LABORATORY EVALUATION OF BIODEGRADATION
AT THE FRENCH LIMITED SITE

007328

207328
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LABORATORY EVALUATION OF BIODEGRADATION

AT THE FRENCH LIMITED SITE

1.0 INTRODUCTION

Saveral field investigations c¢onducted at the French
Limited site have resulted in a detailed understanding of the
geology and hydrogeoclogy of the site, as well as the chemical
constituents of contamination present at the sgite. Initial
planning for the site's feasibility study highlighted the lack
of technical data regarding biodegradation technology, which is
ohe of the important remedial action alternatives. As a
result, the French Limited Task Group initiated a laboratory
evaluation of blodegradation of the organic wastes at the site,
including study of both sludges and contaminated soils.

This report describes the investigations performed, and
their results. Recommendations for the next investigative step

are also presented.

2.0 BIODEGRADATION STUDY METHODOLOGY

The methodology for performing the laboratory evaluation

of biocdegradation at the French Limited site was as follows:

° A quantity of French Limited lagoon sludges and

contaminated goils was collected from  four (4)

RESOURCE ENGINEERING ——
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locations. The sludge from three (3) of <these
locations contained a nearly colorless 1liquid, that

was given the name "sludge supernatant."

Extracts from the =sludyge, sludge supernantant, and

contaminated so0il ware prepared.

The relative toxicity of each extract was measured by
adding the extract to lyophilized bacteria whose
luminescence decreases upon axposure to toxicants. A
MicrotoxTH toxicity meter was used to measure the
change in bac.erial 1light output, producing ECgg

MicrotoxTM measurements of relative toxicity.

The initial "loading rate® that could be used for
biodegradation tests of each material, was then
calculated based on each individual samples' relative
toxicity. "Loading rate" is  the amount of
contaminant that can be mixed with water for the
liguid/liquid tests, or mixed with soil for the
semi-g0lid tests, without Jeopardizing the viability
of the degrading organisms.

oo7337
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° Each contaminant was then mixed in proper proportion
with French Limited soil extract which provided a
gource of micro organisms that were aceclimated to the

French Limited site chemistry.

° Each contamiant/soil mixture was then agitated for
ten (10) days while extracting samples periodically
for measurement of the relative toxicity. The

‘28

progress of biodegradation was monitored by plotting J

the relative texicity of the sanple versug time,

107 33¢

® A matrix of contaminant materials were usgsed to assess
the impact of adding various types of fertilizers as

nutrients for stimulating micro-organism activity.

e All of the preliminary experiments monitored changes
in the relative toxicity of the reaction mixture by
the MicrotoxT! biocassay and used this as an indicator
of biodegradation activity. A final experiment used
poth MicrotoxT™ and classical analytical chemical
methods (gas chromatography, mass spectrography) to

verify biodegradation of specific contaminants.
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3.0 CONTAMINANT MATERIAL PROCUREMENT

Test guantities of representative  French Limited
contaminant materials were obtained from four (4) locations
around the perimeter of the lagoon as shown in Figure 3-1.

Contaminated surface solls were collected along the lagoon
shore (using a shovel) at a depth of approximately six (6)
inches. Corresponding sludge material was collected
approximately ten (10) feet off-shore from the spot where the

contaminated soil material was obtained. The sludge material

was collected (from a boat) using a PVC plunger type sampler
device, from the +top 0~24 inches of sludge. Contaminant
material procurement Locations #1 and 42 were located on the

north and south sides of the lagoon, and Locations #3 and #4 at
the east and west ends, respectively. The sludge and
contaminated s0il material obtained from each procurement site
was composited from at least six (6), but not more than ten
{10) PVC sampler or shovel fulls of material at each location.

The sludges from Locations #1, #2, and #3 were found to
contain a slightly discolored liquid. It was decided that
biodegradation tests would Dbe conducted on this 1liquid
separately from the sludge and the contaminated soil.

This contaminant material was given the nawme  Sludge

Supernatant.

_______007339
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4.0 LOADING RATE DETERMINATION

Based on the test procedure calling for mixing the various
contaminant materials with water for the ligquid/liquid tests
and with uncontaminated soil for the semi~solid test, it was
firat necessary to determine the "Loading Rate" that could be
used for each batch of contaminated material. This "Loading
Rate" is defined as the quantity of contaminated material that
can be mixed with water (or uncontaminated soil) for the
bioderadation test, while still maintairing an active micro
osrganism biomass. |

This deterrmination consisted of performing a three (3)

207341

step process.

) Prepare an extract from each c¢ontaminant material
batch.

® Measure the relative toxicity of that extract.

® Determine each "Loading Rate", hased on the measured

relative toxicity data.

4.1 Extract Preparation - A known amount of contaminant

material from each batch (one (1) gram (g) of sludge, or fifty
(50) grams (g) of contaminated soil) was placed in a sealed
flask with 400 milliliters (ml) of distilled water. The flask
was mounted on a rotary shaker operating at 45 revolutions per
minute (RPM) for 22 (+ 2) hours at room temperature. The

mixture was then allowed to settle and the extracts were
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geparated from the insoluables by filtration using a Whatman $§1
filter followed by a 0.45 micron millipore.

Sludge supernatant extract was not prepared by mixing
and filtering. The supernatant was simply diluted to a 5%
solution (by volume) with distilled water.

Two percent sodium chloride (NaCl) was added to
adjust osmotic pressure of all extracts prior to the relative
toxicity determination.

4.2 Relative Toxicity Measurement - The relative toxicity

of each extract was determined using a method developed by the
Microbiecs Corporation which measures 1light output from a
bioluminescent marine bacterium. Their Microtox™  toxicity
meter 18 equipped with a photomultiplier tube, a cooling system
to maintain temperature at 15°C, and a digital display
indicating light output. A 1lyophilized bicassay bacterium

{Photo Bacterium Phogphoreum) which is a 1luminescent marine

bacterium that exhibits decreasing light output upon exposure
to toxicants, was obtained from Microbics Corporation for use
in the relative toxicity measurements.

Ten microliters of lyophilized bacteria reconstituted
with distilled water were added to 0.5 ml of 2% NaCl and placed
in the cooling block at 15°cC. When the light output had
stablized, 0.5 ml of the sample to be tested was added and the
change in light output measured after 5 mins. The change in
luminescence was converted to a Gamma value where Gamma = light

lost / 1light remaining. This relative toxicity test was then

RESOURCE ENGINEERING ——
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performed fo:r several concentrations of extract, and the
results documented by preparing a log~log plot of Gamma values
versus the concentration of contaminat material. The results
of these relative toxlicity measurements are tabulated in Table
(=1 the same data is also plotted in graph form on Figures 4-1,
§=-2, and 4-3 for contaminated egoils, s8ludges, and sludge
supernatant, respectively.

Essentially, all curves are  straight, parallel

lines. The relative toxicities for the four soil samples are ﬁN\
#2 >> #3 > #4 > #1. The relative toxicity of the sludge and [T
sludge supernatant material correlates well for each sample i::
site. for the sludge and sludge supernatant samples, the 53

relative toxicity is #3 > #1 > #4 > §2 and #3 > #1 > #2
respectively (sludge supernatant #4 was not tested). Based on
relative toxicity measurements the sludge supernatant contains
the extraction equivalent of about 20 g of sludyge and therefore

ig considered to be significantly more toxic.

4.3 Loading Rate Selection ~ The ECsp value is defined as
the concentration of contaminant materlal whose toxicity causes
a 50 percent reduction 1in 1light output from the bacterium.

This point vrepresents a 50 percent change in bacteria activity

and ig the egquivalent of a Gamma value of 1. It may be read
| directly off the 1log-log plots of Gamma values versus
concentration of contaminant material shown in Figures ¢-1,

4-2, and 4-3.
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Sludge
| $ludge
’ Sludge
Sludge

A L3 0N

Soil
Scil
Soil
Soil

B L B

Sludge Supernatant 1
Sluddge Supernatant 2
Sludge Supernatant 3

EC,0 and Loading Capacity of
Soile and Sludges

a
Gamma Values

4=1

' Gamma Values used for Determining

1.25 0.625 0.3125 (mg/ml)
3.50 1.68 1,02
1.15 0.45 0.30
16.53 4.73 3.50
2.17 1.03 0.62 d
62.5 31.25 15.63 (mg/ml) :
0.91 0.68 0.41 f
23.09 14.30 6.38 d
1.91 1.01 0.51 4
1.36 0.67 0.39
5% 2.5% 1.25% (% v/v)
5,32 2.80 1.48
1.62 0.83 0.52
41,89 12.93 8.17

a, Illustrated in Figures 4-1, 4-2, and 4-3.

JOT o=+
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The initital physical 1loading rates determined from
the ECsg MicrotoxTH values for aach sample are summarized 4n
Table 42, For the corresponding Bludge and sludge
supernatants the percent loading rates are essantially the
same, The 120% loading rate for soil material from Location #1

means that this sample can be dagraded without dilution.

5.0 LIQUID/LIQUID BIODEGRADATION

5.1 Preliminary Supplements Taests - Ona (1) g of aach

sludge in 400 ml of water, was mixed with 100 ml of the
corresponding soll extract (50 ¢ 4in 400 ml) and <tha total
volume made up to 800 ml with water, To assure adaquate
aeration, each sludge mixture was distriputad at a rate of 100
mi per 1 1liter flask. To 100 ml ot sach sludge mixture, 91 mg
of l4-4«4 or 260 mg of 4-11-11 fertilizer was added; an
unsupplemented 100 ml mixture was used as & control. This
rasulted in thraee (3) seperate flasks to ba testad, for sach
location site, and a total of twelvae (12) test flagks. The
control and 2 treatment flasks for each sludge mixture wers
sealed then incubated at room temparature with ahaking (4% rpm).

At timea 0, 24, 48, 100 and 240 h after mixing, 5 ml
was removed from each flask and teated for toxicity.

Table 5-1 provides a summary of the commerical
fertilizer grades employed, thelr tespective application rates

in mg/100 g soil, and ppm N~P305-K50 respectively.

007348 -
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TABLE 4-2

MicrotoxT™™ Datermination of ECsy and
Physical Loading Capacity for
8041, Sludge and Sludge Supernatant

ECs0
mg/ml
S0il 1 75,00
2 1.75
3 31.00
4 45,00
Sludge 1 0.30
2 1.25
3 0.09
3 0.10
Sludge Superd 1 7.6%0
2 28.0%
3 2.3%

4sludge supernatant was available only for sludges 1,2,3.
brelative toxicities ware determined on % v/v dilutions.

007349

Physical
Loading Capacity
%

120.00
2.80
49.60
72.00

Erse WY

Ju o477

e

0.48
2.00
0.014
0.91

0.38
1.40
0.118
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TABLE 5-1

Sunmary of Commercial Fertilizer Grades

Commercial

Used as Kutrlent Supplements in
Bliodegradation Experiments

Faertilizer Grade

H
14
32
32
19.4
14

P;0¢g

0

0

0
19.4

4
12
11
12
24

4

4

K50

O O OO O

11
1z
12

ny/100 g Soll

71.0
109.4
1094.0
180.4
91.90
83.0
260.90
41.0
41.5
41.%
166.0

L
-

Hutrients
(ppm)

N P05 1 K30
100 0 0
as50 0 0

3500 0 D
350 350 0
124 17 E¥

50 100 50
104 286 286
50 50 50

0 100 50

(¥ 17 17

4] 68 68
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Sludge supernatant 42 was tested with the same
fertilizer additions without dilution because this supernatant
exhibited green chorophyllic¢ coloration.

Figures 5-1, 5-~2, 5=3, 5-4, and 5-5 illustrate the
decrease in relative toxicity with respect to time for sludge
material #1, #2, #3, #4, and sludge supernatant #2 in the
presence of 4-11-11 and 14-4«4 fertilizer, respectively. These
curves were plotted from the test results data which is also
presented in tabular form on Table 5-2. In all cases, except
eludge #4, no change in toxicity was observed in the absence of

fertilizer; indicating that loss of toxicity was not due to

007351

physical loss of the toxicants. Sludge #4 exhibited a slight
decrease in toxicity in the absence of fertilizer, however,
this is relatively minor compared to that observed in the
presence of fertilizer. All of the sludge mixtures except #3
and &sludge supernantant #2 exhibit the best degradation
kinetics with fertlizer 4-11-11, The two exceptions  have
better degradation rates with 14-4-4. Sludge samples #2, #3
and supernatant §2 (Figure 5-2, 5-3, and 5-5) exhibit changes
in the degradation rate with time; suggesting that different
compounds are degraded at different stages of the
biodegradation,

8,2 Specific Supplements Tests «~ Mixtures of sludges #1,

§2, and #3 were prepared for blodegradation as described in
Section 5.1. To five flasks containing 100 ml of the

sludge/soil mixture, 41 mg of 12-12-12 was added; no nutrients

- 16 -
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TABLE 5-2

Experimental Design and Garma
Values for Licquid-Ligquid Biodegradation of
Sludges with Preliminary Supplements

91 mg 14~-4-¢
260 my 4-11-1)

Untreated
91 mg 14-4-4
260 my 4-11-11

91 ™y 14-4—4
260 g 4-11-11

91 my 14-4-4
260 mg 4-11-11

91 mg 14-4-4
260 my 4-11-11

Values with Time fhrs)@

24 48 100

a. Illustrated in Figures 51, 5-2, 53, 5-¢, and 5-5.

b. Perived

L (07357
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ware sdded to the sixth flasX as a control. Thres treataent
flasks also recajived ons ¢f the following amounts and grads of
fertilizer; 180.4 mg of 19.4-19.4-0; 1094 mg of 32-0«0; oOr
109.4 m»g of 32=0=0. The six ssalsd {flasks for each sludgs
mixture ware then incubated at room temperature with shaking &t
45 RPHM. At times O, 24, 48, 72, 120 and 240 hours sftsr
mixing, 5 ml was removed Zrom each flask and tested for
toxicity.

The decrease in toxicity with respect to time for
sludge samples #1, #2, and #3 in the presence of the various
fertilizer mixtures ars given in Figures 5-6, 5-7, and 5-8
respactively. These curvas were plotted from the test rasults
data which is alsoc presented in tsbular form on Table 5-3. Ho
change was obaserved in toxicity in the absence of fertilizer:
indicating that 1loss of toxicity is not dus to physical loss cf
the toxicants. For aludge wmataerial 1, f2 and $3 no
degradation was observed for the high concentration of 32-0-0
plus 12-12-12 and no effect was obsarved for the low
concentration of 32-0-0 with sludge sample #2. Bludge #31 was
unchangsd by addition of 19.4-19.4-0 plus 12-12-12. All

remaining fertilizer additionas promotad degradation.

- 24 =

007358

7 :

J

RESOURCE ENGINEERING ——



smartin
Rectangle
007358


5’0- ¥ | [ ] } ) 1
l TAEATMEMT
i P00 1850-10- 00
| 0-0-0
1 ___af”.
- .0 , -
)
| o
:13 08+ 100-400-30 ~ 3
= ‘
» ! . 400-30-30 '
n T
o ¢
g &
Fo) #0-30-50
Y
W
z 0.1} -
-
<
-
g :
0.0} -
o.ol H 1 ] I !
Q Y] 1040 150 200 250 300
TIME (HOURS)
@ RESOURCE ENGINEERING
EHVAGHMENTAL CONSIATANTS
ROULTON, HEAAS
'NUMBERS DENOTE GONGENTRATION OF TR
N-PpOs-K20 IN pom BIODEGRADATION
OF SLUDGE NO. 1

: WITH FOHU’t;l SUPPLEMENTS

Jonawn 8y

1007359

TR Y



smartin
Rectangle
007359


5.0

1.0

0.5

RELATIVE TOXICITY T (58° 15°C)

0.08

0.0 H‘L

TREATMEN

H—-‘—‘ 400-50-80

160-400-30
1 |

A 3650-80-50

§ Cl

\¥e

0-0-0 o

rlu

<}

f'#

\0 §0-50-30

T

0

80 100
TIME

"NUMBERS DENOTE ?ONCENTRATION OFf
N“PgOg'KaO iN ppit

160 200 250 300
(HOURS)

f8} RESOURCE ENGINEERING

EHVROMMERT AL GONSULTANTS
FOURION, TiRaY

FIGURE 8-7
BIODEGRADATION
OF SLUDGE NO.

WITH FOUR SUPPLEMENTS
_ FRENCH LIMITED



smartin
Rectangle
007360


RELATIVE TOXICITY T (5° 15°C)

TREATMENT

1] 400-400-50

Y\ 3550-50-80

I ! ¥

80-60-50

B 00-50-50

i | I

0.t
0.05 |~
0.01 i
0 80

* NUMBERS DENOTE CONCENTRATION
N-Pa'os-l(ao IN ppm

100
TIME (HOURS)

160 200 250 300

TO T e

EHVIRONMEHTAL CONSIALTANTS
ROUSION, Yikhs

@ RESOURCE ENGINEERING

“FIGUAL 6-8
BIODEGRADATION
OF SLUDGE NO. 3

WITH FOUR SUPPLEMEN?S
' FRAENCM LUMTED
SR G [0 11-7-88 _m‘“"_' 215-17



smartin
Rectangle
007361


TABLE 5-3
Experimertal Design and Gazmma Values for Biodegradation of Sludges
Emended with Specific Supplewments
% Loading RButrients Gama Valves with Tiee (frs)a
Sludge  Capacity Treatwent/100 mls N P205 K20 0 24 48 72 120 216
1 0.125 Control 0 3] 0 1.40 1.07  1.13  1.33 MA A
41 mg 12-12-12 50 50 50 1.40 0.80 0.30 (.17 NA NA
41 mg 12-12-12;
109 my 32~-0-G 400 50 50 1.59 0.66 0.46 0.31 MNA NA
41 mg 12-12~-12:
1090 my 32-0-¢ 3550 50 50 2.0 1.86 2.00  2.07 NA NA
41 my 12-12-12;
182 my 19.4~
18.4~0 400 400 50 1.5 ©.83 0.75  0.48 NA NA
2 0.125 Corntrol o ) ) 0.32 0.4 0.37 0.34 NA NA
41 my 12-12-12 50 50 50 0.35 0.54 0.18  0.13 NA NA
41 mg 12-12~12:
109 my 22-0~0 400 50 50 1.27  1.29  1.23  1.30 NA NA
41 my 12-32-12;
1090 mgy 32-0~0 3550 50 50 0.25 ©0.23 0.52  0.55 NA NA
41 mg 12-12-12;
R 182 my 19.4~
% 19.4-0 400 400 50 0.23 0.002 0.0 0.0 NA NA
S 3 0.125 Corttrol 0 0 o 6.98 2.76  2.98  3.90 2.88 M
S 41 mgy i2-12-12 50 50 50 5.05 2.74 2,38 3.9 1.2}  0.51
™ 41 mg 12-12-12;
™ 109 my 32-0-0 400 50 50 6.98 2.30 1.99  2.40 1.07  0.28
- 41 my 12~12-12;
2] 1090 mg 32-0-0 3550 50 50 5.16 3.14  3.19 5.22 3.37 MA
% 41 wy 12-12-12;
~ 182 mg 19.4~
b 19.4-0 400 400 50 4.33  3.70  3.06  4.06 4.77 NA
3
- &. Illustrated in Figures 5-6, 5~7, and S5~8

307362
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6.0 DETERMINATION OF INOCULUM SOURCE

Biodegradation studies described in Section 5.0 were based
on utilizing soil inoculum as the source of microbes. This was
viewed as the practical situation which would be encountered in
an actual field kiodegradation program. The following
axperiment was dasigned to determine whether or not microbes
were present in the sludges and whether the nutrients in the
s0il contribute to the biodegradation process.

6.1 Test Methods - Three (3) ¢g of sludge #3 was mixed

with 1200 ml of water and 100 ml of this mixture distributed

into ten, 1 liter flasks. No nutrients were added to one flask

307565

as a control. To one set of four flasks containing 100 ml of
the sludge mixture, 41 mg of 12-12-12 fertilizer was added.
Three of these flasks also received one the following amounts
and grade of fertilizer; 180.4 mg of 19.4-19.4-0; 1094 mg of
32=0-0 or 109.4 mg of 32-0~-0. A second set of five flasks weres
prepared as above except to these was added 1.56 g of sterile
soil #3 (sterlization verified by standard microbial
technigues).

Two (2) g of sludge #4 were mixed with 800 ml of
water and 100 ml of this mixture placed in four, 1 liter
flasks. The control flask received no additives. The second
and third flasks received either 260 wmy of 4-11-11 fertilizer
or 1.56 g of sterile soil {4 and flask four received both
sterile soil and fertilizer. The flasks were sealed, then

incubated at room temperature with shaking at 45 RPM.

RESOURCE ENGINEERING —
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At times 0, 24, 48, 78, 120 and 240 hcurs after
mixing, 5 ml was removed from each flask and tested for
toxicity.

6.2 Test Results and Diacussion =~ The results obtained

for sludge #3 and sludge #4 are shown in Figure 6-1 and also
shown in tabular form on Table 6-1. The control exhibits a
slight decrease in toxicity. Likewise, vary little degradation
wag observed for the 12-12-12 plus 10x 32-0-0 and 12~-12-12 plus
: 15.4-19.4~0 with sludge #3 with or without sterile aoil.
‘ Addition of 12-12-12 with and without 32=-0=0 stimulated

degradation in both samples with and without sterile soil to

W T . Sne T B I
SV 0L

{ the same extent.

With sludge sample 44, degradation with 4-11-11 alone
was equivalent to the initial degradation rate obtained in
niodegradation tests dascribed in Section 5.1. The addition of
sterile scil with or without 4-11-11 to sludge #4 exhibited
smaller but significant degradation, Overall <these resulta
indicate that 8o0il inoculation 1is unnecessary to  obtain
bilodegradation of sludges #3 and #4. Also, although the soil
Goes appear to contribute some factor to the degradation
process 1t can be duplicated by the appropriate fertilizer

grade.

-.29 =

RESOURCE ENGINEERING
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™S &)

Bgperioental Dewign and Comen
talecw for Incclum Source Baperimedt
telng Sludges 83 &a ¥

¥ Loading _ =W MW
Sake  Cyecity Sotltyg) ‘Troatoert/100 ste » o 4 L e a8 g2 2»
3 8223 1.56 Pok:reated Contral o o ® ¢.99 m 2.9 w 2., -,
4 oy 12-32-12 = % 30 5405 2.7¢ 238 393 1AL 9.5
43 py 12-A2-12p
109 wy 3200 438 b . €% 138 199 I L7 .20
£ my 12-12-12;
190 my 3>0-9 se - w 5.16 3.is .19 5.22 b -
€1 my 12-12-12y
182 ng 390~
1g.4-0 "y L 38 43 rm 2.0 4.0 an [
3 0.25 L) tetirented Control a & & 5.2 458 awn 4.72 3.93 ”m
42 wg 12-22-12 e W 0 ake 287 153 2.3 1.2 0.6
4 =g 13-223-12y
199 ny X3-6-0 L w » 5. 3% 2.3 1% LT3 XY "la
£ my 121211y
1096 g 32-0-8 e - w 7.5k 1% D 243 2 -
4 =y A-L2-12y
152 my 19.4-
1940 o «“a 5@ SEF 39 429 IM 2 »m
¥ 25 156 Entreated Control L] ] ] b B ) 2.n 2.86 L X an Y
tstecilel &0 =y R-12-12 50 8 Sa 295 155 M 226 27 8.92
43X my 13-12-125
% my I-0-9 20 56 58 3.0 2.7 152 .am 2.2 s.1e
2 =g Y-12-12r
1096 mg 32-6-8 a5 E k) 1.9 2. 235) 255 2.9 [
& g 12-12-12
12 oy 194~
19.4-0 S0 20 % 6.70 287 19 143 2159 =
4 825 1.58 260 my 2111 18t G 6 i .44 .25 9.38 ] | 1
a.2s 1.56 266 my 4-11-11
{sterile} 1.y ey 018 0.8 -~ 1
°.25 ] %8 g 41121 F 5% .29 0.1y 0.0 m Y
e.25 L] ] . 8 e 1.68 1.74 I.}e 1.3 - -

A Iilustrated im Flgores 6-1.
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7.0 SEMI-SOLID BIODEGRADATION OF COHTAMINATED SOILS

7.1 Test Methods =~ Four hundred grams of contaminated

soil from aeach location ware placed in each of thraee reaction

} flasks. The pH of contaminated so0il #3 was adjusted with 45 ng

calcium hydroxide/ 100 g of soll. Ona of sach set servaed as an

untreated control while the remaining two received 41 mg of

12-12-12 / 100 g of soil. One of thesa from each soil type
(1, €2, #3, and #4) alsoc receivad ths following:

_,
{

soil #1: 41.5 mg of 0-d-4 / 100 g soil

r.a

-
A0

Soil $2: 71.0 mg of 14-0-0 / 100 g smoil

-

8oil #J3: 41.5 pg of 0~24-12 / 100 g soil

PAY;

Boil t4: 83.0 mg of 6~12-6 / 100 ¢ socil
An additional flask of contaminatad aoil #) receivad 166 mg of
0=-4=4 plus 41 =g of 12-312-~12 / 100 ¢ soll. All flasks ware
incubataed at room tamparature and sampled at 0, 24, 48, and 162
hours. Extraction for MicrotoxT™ assay used 50 g of soil and
400 ml of water as dascribed abova asxcept that the axtraction
was accorplished by blending 3 times in the following sequenca;
8 saconds &t low apaed, 45 saeconds at high spead then 3 minutes

off for cooling.

7.2 Test Results and Discusgjion - The degradation plota

for the contaminated #oil material are shown (n Figuras 7-1,
7=-2, 7=3, and 7-4 foxr aolls §), %2, #3, and #4 reapectively.

These curves wars plotted from the test results data which s

ghown in tabular form on Table 7<1.

RESOURCE ENGINEERING ——
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TABLE 7-1
Experimental Design and Gamma
Values for Semi-Solid Biodegrxadation of
Contaminated Soils from Four Locations
% Loading Ppm_Nutrients Gamma_Values with Time
fhrs)?
Sludge Capacity Treatment/100 mls N P20 K0 0 48 168
2 100 Untreated 4] 0 0 0.185 0.124 0.13
1 100 162 mg 12~12-12 50 S0 50 0.185 0.293 0.11
. 1 100 162 mg 12-12-12,
! 160 wg 0-4-4 50 &7 67 0.18% 0.307 G.1%
. 1 100 162 »g 12-12-12,
664 mg 0-4-4 50 216 216 0.185 0.300 0.28
2 100 Untreated 0 0 o 13.698 16.877 29.81
2 LO0 162 mg 12~12-12 S0 50 S0 13.698 25.65% 29.24
2 100 162 mg 12-12-12,
284 mg :4-0-0 150 50 50 13.699 35.95 4%.20
3 109 Untreated 4] 0 0 1-075 1.342 2.8}
3 104 162 my 12-12-12 50 50 %0 1.07% 1.358 2.48
3 106 162 mg 12-12-12,
166 wmg 0-24~12 50 150 100 1.07% 1.659 2.22
4 100 Untreated 0 0 0 0.178 0.411 0.028
4 100 162 g 12-12-12 50 50 50 0.178 0.454 0.0
4 100 162 mg 12~12-12,
332 mg 6-12-6 100 150 100 0.178 0-.444 0.0
a. TIllustrated in Figures 7-1, 7-2, 7-3, and 7-4.
JO T 572
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8.0 BIODEGRADATION VERIFICATION WITH CONTAMINANT ANALYSIS
This

sxperiment was designed to confirm the nutrient
stimulated bicdegradation measured by the Microtox TM methoed in
pravious experiments, by repeating tham and parforming a full

priority pollutant analysis on the contaminant material beforae

and after dagradation.

8.1 Taest and

Analysis Methods - Sludge matarial for this

ratast was collected using ths mathod describad in Section 2.0,

from contaminant material procuremant locations #3 and 84 at

the sast and west ands of the lagoon reapactivaly,

&8 shown on
Figure €-1, Samplas

of this sludge material were collected in

the (fisld wusing atandard French Limited sludge sampling

procedures (seae tha June, 1986 Remedial Investigation Report)

for priority pollutant analysis, including volatiles, acid tasge

nautrals pesticides and PCB's.

Thae toxicity of the contaminant matarial sludges and

soils was measured by the Microtox™ biscassay

system after
dilution to 0.17

walght/volume  and 1.07
respactively. For sludges,

water:;

weight/volume

10 ¢ was digspersed in %00 mls of
1 ml was dilutaed in 9 ml of water then 0.5 ml
to 0.5 ml

wag added

of the reconsituted assay

organismse. Soils were

treated as above except that 20g was homogenized in 100 ml of

wataer prior to further dilution and assay. The resulting Gamma

values from these tests are shown in Table 8-1.

The projected leoading capacity was
the ECgzp values

calculated from
determined in Section 4.0 for

material from Locations #3 and #4.

contanminant

Contaminant sludges and
- 38 =

S

SRV

RESOURCE ENGINEERING ——
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Sludge #3
§50i) #3
Sludge #4
Soil #4

TABLE 8.1
Summary of Gamma Values and
Physical Loading Capacity for Soil and
Sludge from Locations #3 and §4

Projected Actual Loading
Dilution Tau ¥ Loading & Loading Capacity
Factor ECsp Capacity Capacity Factor
0.001 12,28 0.012% 0.03% .
0.0l 0.13 15.00% 20.00% ‘
0.001 5.52 0.036% 0.10%
0.01 0.28 7.00% 20.00%

P W By -Gy L

19 I ¥ A = s g

RESOURCE ENGINEERING —— |
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contaminated soils were adjustad to the actual percent loading
capacity with water. The actual loading capacity was higher
than the calculated valuas by factore ranging from 1.3 to 2.9.
The  biodegradation rsaction mixture f{for aeach contaminant
material was incubated in four flasks, each with a (final,
loaded wvoluma of 500ml, Two flagks from each contaminant
material received nutrients and two remained untreated. Thae
experimental design and resulting gamma values arsa summarized
in Table 8.2.

The reaction mixturs wae incubated and sampled as
dascribed in Section 5.0, The biodagradation axperiment was
terminated when the relative toxicity according to MicrotoxTH
decreased at least one log cycle. The final reaction mixture
for each contaminant material, alons, and with nutrients was
gubmitted for a full priority pollutant analysis, similar ¢to

the analysis performed on the original sludge samples.

8.2 Tegt Results and Disgcussion = Gamma values for the

biodegradation of contaminant sludge and soil from Locations §3

and #4 are shown in Tabular form in Table 8-2, and plotted in

Graphical form in Figure 8-2 and Figure 8-3 respectively.
Soils and sludges unsupplemented with nutrients showed 1little
change in relative toxicity during the 9 day incubation
periecd. Treated sludges and soils exhibited degradation
kinetics consistent with the previous biodegradation

experiments described in Section 5.0.

-RESOURCE ENGINEERING —-
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TAHLE 8-2
BExperimental Design and Gasme
Values for Fimal Bicdegradstion of
Sludge and Soil from Iccations #3 and 94
% Ioading pon Nutrients G _Values with Time (hrs)®
Sludge Capacity Treatwent /100 mnls ] Py0s, K20 Rep 0 72 120 216 4%6
Sludge 3 0.93 Control 0 ] 0 A 3.49 M 2.78 3. Na
B NA Ha 3.40 4.15 NA
0.03 91 my 1444 128 a7 37 A J.42 0.65 0.36 0.28 0.1}
B NA 0.61 0.30 0.25 0.06
Soil 3 20.0 Control 0 0 o A 0.35 Y NA 0.48 "
B NA MNA Y 0.52 M
20,0 182 my 1444 256 74 4 A 0.37 0.1 0.03 0.07 0.39
B » 0.20 .12 0.15 0.26
Sludge 4 0.1 Cordtrol 4] 0 0 A 3.23 N 3.29 3.90 Y
B N, NA 3.23 3.70 [
0.1 260 mg 4~11-11 104 286 226 A 3.58 0.65 0.3% 0.07 9.08
B NR 0.564 0.26 c.02 0.0
Soil 4 20.0 Conbrsal (1] 0 0 A 0.46 M M 0.69 NA
B NA NA NA 0.59 A
28.0 520 my 4-211-1% 208 872 S1T2 A 0.5 0.20 0.24 0.14 0.22
B NA 0.25 0.20 Q.11 0.45

a. Illlustrated in Figires 8-2 and 8-3.

INIYTINIINT I24N0STH
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gludge #4 exhibited a rapid and constant degradation
rate while sludge #3 showed rapid 1loss in toxicity within 5

days followad by degradation at a much lower vrate. Both

contaminant soils exhibited lower dagradation rates than their

corrasponding sludges. Contaminant aolubility and desorption

— e wams ms AN

kXinetics may ba rate determining factors. After 8 days of
{ dacreasing toxicity, both soils aexhibited an increased toxicity

suggesting that the degradation proceads via intermediates of

L
q
>

varying toxiclty. $§

Gas chromatagraphic analysas for volatile priority |~

-

pellutants are summarized in Table 8-3. Sludges contain very

8]

high levels of volatiles at both locations but none were
datacted in soils, Residual wvolatiles following the
biodegradation test with supplemental nutrients were
significantly lower.

Gas ¢chromatagraphic/Mase spectrographic analyses for

base and neutral extractables priority pollutants

are
summarized in Table 8~4. Again, sludges contain the highest
l
lavels of these compounds at both locations, however some ware

detacted in the corresponding solls but at much lower levels.
The biodaegradation ¢test using nutritional supplementation
reduced the concentrations in =sludges below detectable liwits
while significant quantities remained in the tests involving
non supplemental mixtures. Biodegradation of the base and
neutral extractable compounds Iin solils was inconsistent with

] previous observations and MicrotoxTM data. However  the

~RESOURCE ENGINEERING ——
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- TABLE 83

GAS CHROMATOGRAPH ARNALYSES FOR VOLATILE PRIORITY FOLLUTENTS BEFORE AND APTER
BIDDEGRADATION OF SLAEGES AND SOILS GOLLECTED FROM LOCATIONS #3 AD &4

1 Senpl ing Location #3 Sanpi ing Location #4
! Shudge Soil Sudge Sois
- Initiat Fipad {1} inf{tfal Final (1) Inictal Finak (1} Infvial Pinal (2]
3 Smple Samgle Sampie Smuple Sample Sarple Sample Sample
With without With Without with Without with Witpout
VOLATILES . Nutrients lMNutrients Rutrients Nutrientg Mutrients Nutflents Butrients Nutrrents
: prb ug/1 vg/1 pro ug/1 ug/1 prb ug/1 ug/1 peo ug/% ug/X
20 gt o]
-+ Acroletn 3 N D ND N> N Y M D N D o N
Acrytonditrile i ND ND ND o |2 o] ND ¥ 33 ND = 3] o 1) o
y L 2=Chaorcethylvingl ether 2] o o {2 ] Mo .23 N N . o) . ] NO NG 2 o]
¢ Bisf{chiorometiyl) ether L) o N N N ND 2] N N N KD 3]
¢ 1 Chioromethans No 2 3 MDY ND ND ND ND ND ND W HD 2.3
Bromowethare _ ) NO N ND ND ND ND ND KD 92 N N
‘Dichioroai £1uorcmethane N NEY ND NO N> ND NO .0 1.0] 23] N 2
- Viswr chioride ) ) w . o) 3 3 4] 419,000 D 155 N N 2]
. Chioroethane ND v [2-2] D ND ND [ o] KD ND N N ND
- Mettylene chioride 170,000 W ND 5] b2 o N 9,000 Ny D % 33} ND
- Prichiovofluoranethans ND N . 3] N | ) ND ND L 2 ] ND ) ND
" 1,}-Dichlcroethene N N NG ND D ND 3,000 .. N> o ND 2 v}
1,3-Dichicroethane . g ND 13 143 HD ND 178,000 No 149 20 M o)
teane-1,2-Dchiotoethens 320,000 o] 65 30} ND ND ND N 205 [ 4] ND ND
: 1,540,000 12 680 ] NO N> D ND ND ND ND ND
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Table 8-3 (continued)

1,2-Dichioroctaane 2,050,000 41 790 ND N ¥D N 20 260 s} ND MD
1,1 ,-Trichiotroethane D ND N ND D ND NEY NO [ o) ND ND NO
Carbon tetrachioride 230,000 ND L7 Ny Np ND ND 2 4 N ND HD ND
Bromodichloroamthans D D 223 N 2 43 D ND ND bEy D ND {2 8]
1,2-bichlotropr. N ND N N ND 3. ND ND 88 D M MO
trans-1,3~8ichioropropens ND N> ND ND 2] b o ND 50 N 3 o] ND N
Trichioroethens 650,000 ND 152 N> NO ND N N 33 ND ND ND
cis-},3-Dichloropropere 2 3] |1 3] wn 1 8 10 i3] 6,000 111 12 N 2 33 4]
Benzene 400,000 e 68 20 ND NO N NI 19 2 2 N M
1,1 .2-Trichioroethane o ¥ Wp L) .2 2 3] 39,000 1 ¢) 63 2 o] D 1)
Pib: Loramethane ) o N ND 2 3] o) N i KD ND ND ND
Bramoform N HD 13 Mo 1)) ND 23] ND 2 2] 2 9] ND D
1,1,2,2-Tetrachioroethans 2 NB 26 | 51] D 5.0 MO ND L ) o ND KD
Tetrachicroethene 130,000 Y 2 N> ND N ND ND NIy ND N ND
Toluvene 500,000 N> 9l ND NEY ND 2 2] NO IS0 ND ND ND
Chiorobenzens 320,000 [ o) ND ! 3] ND ND 6,000 NG 2] N N> NO
& Etnylbenzens 540,000 0 72 ND ND ND Np N 225 ND HD N
: N = Hot Detected Below: 1060 19.0 0.0 10.0 10. 10.0 LN 10.0 0.0 18.0 1e.0 0.0
o ug/gm ug/1 ug/1 vg/kg ug/1 ug/k ud/gm ug/1 ug/1 ug/kg ug/L ug/1

EA "1‘:-;‘,

¥. 9 day incubation period.
2. 19 day tncubation pertod.
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TASLE 8-4

GAS CHROMPTOGRAPH/MASS SPECTROGRAPH ANALYSES FOR BASE/NEUTHAL
EXTRACIABLES PRIORITY FOLLUTANTS BEFDHE AND AFTER BIDDEGRADAT LN
OF SLUDGES AND SOTLS (CLLECTED FROM LOCATIONS 3 MO #4

Sampl ing Location #3 Sompl 1ng Location 4
Sodee Soil £l udae Sodr
Initial Final(l) Enitial Final (1} Initial Final (1) Initial Fimal (2}
Sample Sample Savpie Sample _. Sample Sampte Semple Sanple
N with wWithout With Without With Without witn Without
BASE NEIFTRALS Butrients Mutrientg Mutcients MNutrients Nutrients MNutrients Mutrients Nutrients

prb ug/1 pet peb vg/1 pro ™o ug/1 Peo peo ug/1 ug/1
COMPOND
1 ,3-Dichiorobenzens 1 4] o] R o N e MD 53] < 3 D o) N
1 ,4-Dichtorobenzens 2] ND N 1 MDY ND D w ND D 2 o KD
Hexachlioroethane 2 ND [n ] ND ND N N 23] ND ND WD N
bix (2-Chioroethy!)ether ND 1 5] ND ND N N ND D ND ND N ND
1,2-bichlorobenzene ND ND 1.2 ND [0 ND NB ND ND ND 2 3] ND
bis{2-Chioroisopropyliether ND D No ND ND ND N ND N ND ND N
N-Nitroso-di-H-propylamine  ND [ ) |2l 4] ND Np ND ND N ND ND
Nitrobenzens ND ND ND ND ND ND NE ND N2 ND ND ND
Hexachlorobutadiene KD "] ¥ ND ND n N ND N> |1} 22} ND
1,2,4-Trichiorcbenzene ND w ND ND MO H ] 2] MO N 2 5] ND N>
fsophorone D ) N TS 33 N D ND 7] 2] N o)
Naphthatene 2,760,000 ND 420 NB 4] ND 658,000 o TiL |2 o] ND | o)
bisf{2-Chiiorcethoxylmethane D N N N 50] ND M N ND 2 3 ND D
Hexachiorocyciopentadiene N o h ) N N> ND 2} D N D .3 D
2=-Chroronaphthalene ND ND 2 33 N N> w o) ND N ND e ND
Aceraghthylene 567,000 5 o) N ND 2 o] 1] 116,000 3 1] 9Ty 3,800 99y NG
Acenaphthene 467,000 ND 260 8 5] 5,130 HD 60,000 ND o 5.0 NG N
Dimethylohchalate L 3 ND No N N ND [2.9) ND 1 2 ND ND .}
2,6~binftrotoluene 2 o) N a3 2] o N 33 ND 23] ] ND »
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Fleorene 5,49 000
D

4-Chu orophenyipherr Lether

2A-Dinitrotolvense w
1, 2-Diphenyitwdrazine D
Diethyichthalate 2]
N-Nicrcaodipheny Lamine [22]
Bexachliorobenzene ND

Berzo (A)anthracene 76,000

3,3 -bichiorobenzidine
Bi-p-octylphthalate
Benzo (B} fluocantrene

. Benzo (K} fluorarnthens
Benzo{A)pyrene
Inenc{l,2,3-C, Dipyrene
Dibenzo (A, ) anthracanse
Betizo (G, H, E)perylene
N-Nitrogodimethylamine

Nb = Not Detected Below:

1. ¢ &y incubation peciod.
2. 19 day incunation perfod.
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Table B8=4 [(continued)

1) 3] 156 ,Qauy

MO MO M

O N 3 )

D ND ND

ND ND ND

ND ND 3.v]

ND 1.5} + o)

112) M ND

621 Y 1) 96,00y

as8 MO 285 Doy

ND ND 17,000
1,530 666 57,000
2,924 1,050 53,000

1) M 3 8]

1Y3) ND N

N 350 L3

g1s [ o] 19,000

k[ ND 14,000

135 ND ND

1) N 7o)

525 )] ND

ND 1) ND

N N ND

MO 13} N

ND 170 N>

5] W X0

N WD 7]

300 300 lo.0
uwy/1 ug/kg g/
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analysis does confirm that degradation occurred. 1In this case,
lower residual contaminant Jlevels were found in the tests
without supplemental nutrients.

Gas chromatagrapic/mass spectragraphic analyses for
acid extractables and pesticides are shown in Table 8=5.
Phenol was the only acid extractable found and it was present
only in sludges from both locations. Biodegradation reduced
the level o©of phenol below detectable limits in all cases. The
sole pesticide detected was PCB-1242, present in significant
concentrations in sludge and soil from both locations. No
PCB~1242, was detected following degradation of the sludge with
oY without nutritional supplements, However, measureable
quantities remained £following biodegradation of the 801l
contaminants at both locations.

Table 8-6 presents the Quantitive Metals Analysis
bafore and after biodegradation.

The analytical chemical GC/MS results supports the
Microtox biocassay findings in the following conclusions.

l. Sludges are nore toxic than soils and

therefore require lower loading rates

2. Bicdegradation of the sludges is wore rapid

and complete than Dbiodegradation of the

contaminants contained in the soils.

RESOURCE ENGINEERING —

NO 71389
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BLE 8~5

GAS CHROMATOGRAPH/MASS SPECTROGRAPH ANALYSES FOR
AID EXTRATASLES/PESTICIDE EXTRACTABLES PRIORETY
POLLIFTANTS BF7ORE AND AFTER BIODEGRADATION CF SLUKGES A
SOILS (DLLECTED FRCM LOCATIONS #2 AND M

Sangl ing Location B3 Servpl ing Location #4
Sludge Seil Sludge Sofl
Initial Final(l} Tnitial Finad (1) Tnitial Fnal (1} Inftial Final(2)
Swmrple Sample Smpie Sample Sample Sample Sample Sample
With Without With Without Witn Without With Withoat
HID EXTRACTARIES Matrients HMutrcients Nutriemts ¥utrients futrients MNotrfents Matrients Mitrients
. peb ug/1 erb peb ug/1 oo peb ug/1 peb peb ug/1 ug/2
' OMEORD
=hrorophenc] . ] W -} ¥ ] M o) 9] N N ND N
; 2-Nitropherol + 5) w ND 1 5.0) 93 N 12 N ) 3) N N W
i Fhenoi 82,700 v} D D D 3 ) 66,000 ) 553 1) 1 )
; 2A-PimethyIphenol 73 ) ) O MO o N 1 34] ) T2t M 7]
24~Dichiorophenol N L) 0 2o 1:9] D o N N L] e ND
2.4 ,6~Trichlocophenol N -] NO 5 2 w 2 ) 3.2 W 2] 3] Mo 3 )
p-Chloro~o-cresol N> WD D KO N N 1 2] 34 ND N 2 3 34
2,4-Diid vrophenol MO 7 o] MO [ 4] D r3) ) ND ND o) N ND
4,6-Dinitro-o-cresol M ) 12 [ ) w 2 2] 1)) Mo M [} 2] N
Pentachiorophenol N> w N 2} N N N N D N ND Ny
4~Riccophenol ND N ) N 5] W N W 2] 5] D o
D = Mot Detected Below: 50,0 160 200 1.0 300 500 1.0 50 300 2.0 1ep 100
ug/gn ug/1 vg/kg uey/ope vg/1 1g/kg v/ g w1 ug/kg ay/ga ag/L ug/'L
ESTICTDE EXTRACTARLES
COMETTRD
A-DEC )] MO o) 2 3] ND D 3] HO w 2 o) | 33 2}
B-BIC W o 11+ ) w 113 o) o W 5] N ¢
D-BHC N 23] W o () N 2] N N> [14) D m
G-BRC D 1) W ) o) 1) o ) o) T o) 1 o)
i Adde v ] D NO W D 3] 1o] M N> N N N
Chiordane N> N 115 N D N o D ) 175 N - 13}
3 LA -00D 1) w 18] 2 3] 23 1 4] |2 8] D [ ] 1] N )

E | 3107386
007386 B e e e e S
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Table 8-5 {continued}

mmmmmmmmmmmmmmmmmm

mwmwwmmwmmmmmmmmmm

£978655009829950490

£09998000629292088
588885888995608048
_ g
£26998982909927828
8
639892908200807849

9868689985588085588%

559999629999987048
9089892909 95058882
RE5850R00258220008

mmmmwmmmmmmmmmmmmm

N = Not Detected Below:

o0
vg/1

100
ug/1

2.8
ug/ g

50.0 500 1.0 300 300 16.0 50.0 I
vg/l vg/kg ug/om ug/1 wy/kg ug/gn vk v/ kg

50.0
ag/gn

§ day incuhatton period.
19 day incubation period.

1.
2.

n07387
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TABLE 8-6
CUANTTTATIVE METAIS ANALYSTIS BEFORE AND
AFTER RIODEGRADATION OF SIUDGES AND SOILS
CQOLLECTED FROM LOCATIONS #3 AND #4
Sampling Locations §3 Sampling Iocation #4
Sludge Soil Sludge Soil
1 2
Symb. Initial Fi.nall Initial Final Initial Fimﬁ Initial Final.
g/ kg uy/1 ng/kg ug/1 ng/kg ug/1 et/ ke ug/1
- Antimony Sb <20 <0.2 <20 <0.2 <20 <0.2 <20 <0.02
Arsenic As 2.358 0.008 0.809 0.122 0.774 0.023 3.716 0.520
Beryllium Be <50 <0.5 <50 <0.% <50 <0.5 <50 <0.5
Cadmium od 1.42 0.015 0.80 0.019 1.62 0.020 <0.5 0.05
Chromium Cr 45.2 <0.02 20.0 0.59 86.4 0.15 37.3 4.85
Copper Cu 165.0 0.3 15.0 0.9 100.0 0.3 28.0 2.7
Lead 2] 73.0 <0.05 17.0 0.8 42.0 <0.05 31.0 2.3
- Mercury Hy 0.756 0.001 0.148 0.006 0.393 0.005 0.410 3.039
Nickel Ni 148.6 <Q.03 6.3 0.53 17.7 0.048 29.3 2.37
" Selenium Se 1.26 0.04 1.44 0.036 1.12 0.04 <0, 10 <0.10
- Silver Ag <Q.83 <0.0% <1.0 <0.0L <0.53 <0.01 <1.0 <0.02
CThallium T1 <50 <0.5 <50 <0.5 <50 <0.5 <50 <0.5
Zinc Zn 177 0.2 37 3.1 248 0.7 72 7.3

‘1. 9 day incubation period with mutrients.
‘2. 19 day incubation period with mutrients.

i'I‘abIe 4. Quantitative metals analysis before and after Biodegradation
: of Sludges and Soils collected from Iocations #3 and #4.

INIHIINIONT 124N0SIY
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3. Nutritional supplementation  promotes rapid,
more complete degradation in sludges compared
to non-supplenmented systens.

4. Biodegradation of s<il borne contaminants is
much less nutrient dependent +¢han that of
sludges. This probably reflects an inate
nutrient content of the soils.

5. additional investigation is vrequired to fully

explain the biodegradation results obtained

with soll borne contaminants.

9.0 CONCLUSIONS

The following c¢onc¢lusions can be summarized from  the

laboratory biodegradation evaluation of French  Limited
contaminants.
o The relative toxicity differed between the various

contaminant materials, with sludge supernatant being

the most toxic, followed by sludges, and then soil

contaminants.

o The relative toxicity of each contaminant material
varied between locations in the lagoon. The nost
toxic sludges and sludge supernatant were found at

location #3. The most toxic soils were found at

Location #2.

- RESOURCE ENGINEERING ——
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Nutrients reguired for stimulating biodegradation
were location specific, and differed for each
location. For example, Lecation #3 required nitrogen

addition whereas Location #4 required phosphate.

Indigenous organisme capable of degrading sludges
were present in the sludge material, probably at <he

sludge/water interface.

Contaminants at all 1locations, and in each material,
could be biodegraded by indigenous organisms. The
rate of Dbiodegradation was accelerated by the

addition of nutrients ain the proper ratio.

Although more toxic than soil material, sludges
appear to be degraded more rapidly, and completely

than the solils contaminants, within the time frame of

the tests.

The semi~solid degradation system showed little or no
degradation within the time frane of the test

performed.

GC/MS analyses confirm that the Microtox™ bicassay
toxicity measurement is an  effective tool for

monitoring the progress of biodegradation activity.

RESOURCE ENGINEERING ——
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10.0 RECOMMENDATION

The laboratory biodegradation evaluation on French ILimited

contaminants indicate that  additional large scale pilot

investigations are Justified, and should be performed under

field conditions, to establish an understanding of the

technical data base, and the practical mechanics that would be

regquired for performing in-situ bioremediation of the total

site.

3507 391
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