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niwrrkly air rmirsions rwplrr ( 4 to 6 hour conpositr; 
wrrr collrctod fro8 thr vrosel hrad aprcr for a priority 
pollutant rnalyrir, to rrrecr tho coapoundr rolrasrd from the 
b1oQogredrtion oprration. 

Fh8 Sirld biodraradrtion rvrlurtion hrr confirmrd tkr 
lmborrtory c0nClu8i0n81 ir: that thr French Limitrd iludgrr 
mro biobr$rmdrbla utilioing a Liquid/liquid u t r i x  of hgoor, 
wctrr and rludge. 

llrviow of tho mrlyticml date rrvoelr ttmt A t m  ioid 
rrductbon of volrtilrr and bare nrutrilr wrs aohirvrd in Vessel 
2 ,  and a ton fold rrduction of vol&tilor war rchirvrd in Vrrse: 
1. Thr tabt urpcrirncrd an interruption in the growth of tkr 
micro-orgrnirm populrtion due to rn unanticiprtad increars in 
oxygrn demand when drgradrtion of thr more ndiiflcult" hip!: 
801rculbr wright eompoundr begrn, Thir occurrrd rftrr m 
tnltirl prridl whrn the lower mehcular weight materirlr wrrr 
bring drgradrd. Thin intartuption, combinad with a delay In 
rchirving a homogrnuour oludga/watsr mix during the first 1 

works of tho tort r0UUltOd in tho oludgs biodrgradation being 
tncompletr re thr and of the 49 dry teat, 

Data darcribing the drqrrr of rludgo degradation achieved 
during the tort io a h o m  in Brctisn 6 , B  of this report. Tbir 
inforration 1 providr tho data baao on which to bane thr 
next phrre of biodegradation development, 

Tho laboratory evaluation sf biodegradation combined with 
the rerulta I r a  a field tart indicate that proceeding to 
the next atop in tho developmant of the Prench Limited 
bidegradation procear io jurtified. Tho next development stop 
rhouZd be directed at demonatrating the rnechanic~ of how 
Bloromodiation of the lagoon would be aecompliehed, and 
defini~g the economice a t  the biodegradation remedial 
alternativee. 
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In the course of planning for the Fr~nch Limited Gite 
Feasibility Study, it was believed that biological treatment of 
the waete was a viable remedial alternative. Based on this 
belfaf, the French Limited Task Croup initiated a program to 

develop a technical data and practical experience baee for 
using biotreatment teahnalagy on the French Limited waete 

oludgee, contaminated water, and contaminated soil. Laboratory 
tests confirmed that tho technology is applicable. (See 
Raoourcr Engineering Report - Laboratorry Evaluation of 
Biodeqradation at the French Limited Site, December, 1986 shown 

in Appendix 5). The teet results verified excellent 
biodegradation of the waete conetituentr, and based on those 

results, a leege scale field tank teet program was conductad 

from December 26, 1986 to February 13, 1967. 

The program approach for the field tank test program 

consisted of tho following methodology steps: 

The lagoon water and the eludge itself provided the 

eourcr of indig~nous micro-organiems. 

The eludga/waber mixture was to be biotroated in 

tanks located on the lagoon ehora. 

Agitaehn of tho mixture wae maintained by 

circulation pumping of the aludg@/water mixture, 
combined with periodic air agitation. 

Weekly samples of the sludge were obtained for a 
priority pollutant GC/MS analysis. Sludge sample 
eplite were provided to a laboratory eelected by the 

EPA far duplicate analyeia. 
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Biweekly samples of air emissions were taken from the 
vessel head space for a priority pollutant ana:yeie. 

A description of the equipment and procedures used in the 
field test tank program together with the results and 

conclusions from the program is presented in t h i s  report. 

smartin
Rectangle
007243



3.0 EQUIPMEHT DESCRIPTION 

A schematic flow diagram dep ic t ing  t h e  equipment deusrfbed 
i n  Sec t ions  3 . 1 ,  3 .2 ,  3.3, 3 .4 ,  and 3.5 is shawnonF igu re  
3-1. A l l  t h e  equipment Lon: thhie t e a t  wae i n s t a l l e d  i n  a 
f i l l e d ,  graded a r ea  near the lagoen which provided f o r  n p i l l  
and stormwater xunoff con t ro l .  The Location of t h i a  t e s t  area 
is a l s o  shown on f i q u r e  3-1. 

3 . 1  Biodegradation Vessels  

r3 

The biodegrsdat ion veeoele used i n  t h e  f i e l d  tarst were two u 

500-barrel capaci ty  po r t ab l e  veere lo  (Frac Tanks) which were 
formerly used i n  o i l  f i e l d  seaticcp, The t rnkc  ware chanod 
p r i o r  t o  being used i n  +he f i e l d  t e s t .  Overal l  dimensions of 
t h e  v e s s e l s  were apgroxiaatoly 39' L x 8 '  W x 12' W .  

Each vasee l  waa equipped wi th  two i n t e r n a l  p l a t e  tgrga heat 
exchangers having a eur fasa  &re& of approximately 128 square 
Eaet. Weeted water was circulated through the se  p l a t e s  t o  a id  
i n  c o n t r o l l i n g  t h e  temperature of t h a  rludge/water mixture i n  
t h e  biodegradation vesoelo.  

Two 4 '  L x 8 '  W eect ione  from the. t op  of each voeosl ware 
removed during t h e  f i e l d  t e a t  f o r  ~ l u d g e  loading,  obeervation, 
aaampLing, and sludge mixing during t h e  t o s t .  Access t o  t h e  tog 
of each tank was pravided by a ladder ,  while  sca f fo ld ing  waa 
i n s t a l l e d  on t og  of and between t h e  tanka t o  provide a workins 
platform. 31t was i n i t i a l l y  thought t h a t  it would be neceseary 
t o  i n s u l a t e  t h e  veosels  t o  maintain a temperature s u i t a b l e  f f fx  
biodegradation, bu t  opera t ing experience indieatad  t h a t  
i n s u l a t i o n  was not  required .  

The north end (as i n s t a l l e d )  of each v e s s e l  was equipped 
with two 4-inch fl-anged connections (sludge/water c i r c u l a t i a n ) ,  
two 2-inch screwed e o n n e ~ t i o n e  (hot  water  c i r c u l a t i o n ) ,  and a 

smartin
Rectangle
007244



smartin
Rectangle
007245



3-inch flcnged connrction which wcr urrd for tubparrturr 
borrurrmrnt of tlm aludgo/wrtrr drturr in tho biodrgrrdrtion 
vm@ole. 

m r  punpa urrd in thir rrrvior wrro direel-pourrrd 'trcrh 
purprtl vith 4-inch rucUon md 4AreIurga oonnrctlona. Tho 
clrculrtlon rat. of thr aludgr/wrtar mixturr vrr rpproxi~rtrly 
boo gallonr/minutr. ConnroCionr wrrr provided ro that the 
p u p a  could br urad to 1511 the bi&aqrcdation vrrrrlr with 
lagoon waerr prior to rludgr lordinq, 

In addition, r l-1/1-inah connrctlon war provldrd on rach 
pump dirchrrqr to divrtt part of tho airculrtion to tha top of 
thr tanks. Thir connrction wr8 urrd to provide water to wrrh 
rludgr out of tho trackhor bckrt during UIa rludgr lording 
operation, and for thr urtrr lancing which in drrcribrd in 
Section 4.1, 

3.3 Hot Wrtrr Circulating I y r t u  

?ha hot wrtrr cireulathg ryrtra oonrirtrd of a 120-gallon 
trrrrvoit, a ~isculrting pump, and two J0,000 m/HR LK?-firrd 
hot watar hrrtaro. %'ha f l w  ires UI.8 hot water circulrting 
pump w.8 split at tha p u p  dirchrrga, and rant through the two 
watac harttar8 (each bl&agrrthtion vrarrl having it. awn 
heater), to thr internal hare axehangar plater fn W r  
biodrgardation versela and back to the rurrrvolr on tho auction 
ofdr of the hot water aLr6uhtSng p p ,  

c5petating cxperiance indioated the Wg-Pired water hsaterr 
ware only required dureng poriode ot  rub-freecing temperatutor, 
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Tho work ( i  , horrrpowor) t r anr forod  t o  tho  c i rcu la t ing  
mludgo/uatrr s i x t u r b  f r o 8  t h e  d i o r o l  dr iven c i rou l a t i ng  pump* 
war bqu iv r l rn t  t o  30,000-40,000 BTU/KR and t h i r  hoat input v r r  
8 u f f i c i m t  t o  maint r in  a a0'F minimur water tamporaturo except 
i n  the coldbrt wrathor.  

3 . 4  A i r  Lancing #yoton 

8 a i r  lancing r y r t m  war i n r t a l l b d  t o  provide n moan. of 
d l r t u r b i n g  t h o  rludgo layer  on Chb bottom of +ha biodrgradation 
vooro l r .  Thir procoduro War devolopod r i t o r  it war dotominod 
tha t  t h o  co rb in r t i on  of pun$ c i r c u l a t i o n  and wrtor lancing war 
not  rdoqurtb t o  d iop r r ro  tho  rludgo i n t o  tho  wator. Tho a i r  
l ance r  conrimtbd a t  3/4-inch pipor long onouqh t o  reach the  
bet to^ of ihr v a r s o l r .  A por t rb lo  a i r  comprbrror having a a25 
p r i g  diachargo pror rura  and a 100 cubic f4ot/mknutb capacity 
p r w i d o d  rig t o  t h e  lenco. 

Tho a i r  rp r rg ing  r y r t o r  war t n s t r l l o d  on bay 33 of tho  49 

Bay t e a t  a f t b r  it war noted t h a t  oxygen consumption of the  
b l o d ~ g r a d a t f o n  procorr  war g r ea to r  than that which could be 
provi&ed by tho  coa$ination of a i r  lancing,  and a i r  contact 
wi th  tho  e t r c u l a t i n g  oludge/vatas mixturo. The air rparging 
ryotom war oonr tmctod  of 1-inch PVC pipe d r i l l e d  wi th  a number 
sf 1/16 inch holor ,  Tha perfora tad  pipe waa i n r t a l l e d  
approximately one t o o t  &bow tho bottom of t h o  blodegrlrdation 
voroolr .  Thb samo aemprsesoh urod t o r  a i r  lancing wae r l r a  
used t o r  a i r  oparging. Tho a i r  opsrglng syeten war succaseful 
i n  m a i ~ t a i n i n g  a t  l e a o t  2 mg/l disaolvod oxygen i n  the 
a i r e u l a t i n p  ~ ludge /wate r  mixture through t h e  remainder s f  the  
b e t ,  

smartin
Rectangle
007247



4.0  PROCEDURES 

A f i e l d  log of tho  a c t i v i t i e s  involved in  the 
biodegradation F ie ld  test was maintained throughout t h e  49 day 

per iod.  A r epa ra t e  loqsheot was used f o r  each tank. These 
"French Biodegr~da t ion  Time Charts" p resen t  t h e  tank operations 
d&ta that we. regu la r ly  logged, am wal l  a s  notea on opecial 
opera t ing  s t e p s  performed. The time char to  are ahown i n  
Appendix 1. 

4 . 1  Sludge Loading Procedure 

Approximately 9,000 gallone of lagoon water was pumped 
i n t o  aach of t h r  vaaselo and continuouoly c i r c u l a t e d  during the 
a3udge loading process.  

Sludge loading was planned t o  be ca r r i ed  out  i n  two s teps  
wi th  t h r e e  day. of equ i l i b r a t i on  between each etep.  Sludge was 

mcoopod out  of t h e  e a s t  and wert onda of the, lagoon a t  the 
l o c a t i o n r  shown on Figure 3-1 using a trackhoe with a 9/8 cubic 
yard bucket. The sludgu was waehed out  of t h e  bucket i n t o  tSe 
dastgneited biodrgradat ion veooel ueing t h e  wster lance supplied 
by t ha  c i r c u l a t i n g  pump dimcharge as doocribed i n  Section 3 . 2 .  

Sludge from t h e  s ao t  end at' t h e  lagoon wae placed i n  the  ea s t  
veasa l  (Tank 4 )  and d u d g e  from t h e  weet end went t o  t h e  weat 
veosel  (Tank l a )  a 

The Hicrotox Toxici ty Analyeie st t h e  sludge/water mixture 
a f t e r  t h e  f i r t? t  s t e p  of sludge loading indicated  higher than 
crxpected r e e u l t a  i n  Tank 1 2  eo t h o  second Loading event f a t  

t h i o  t ank  wee cancel led.  The pH af t h e  c i r c u l a t i n g  mixture i n  
aach vesee l  wae adjusted t o  between 4 . 0  - 8.0 a f t e r  sludge 
loading.  D d b m i t i ~  limestone was added t o  t h e  c i rcula t ing 
sludga/water mixture i n  t h e  eeat biotlegradation vesse l  (Tank 
# I ) ,  whose pH was approximately 5 . 0  a f t e r  sludge loading. 
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Phosphoric acid was added to the circulating mixture i n  me 
west tank, whoae pH was approxirnat*ly 11.0 after rludge 
loading. The nutrient requirement4 of the mixture in arch 
vessel were calculated aftvr compensating for the materials 
used in pH adjustment, and were added after the pH of each 
vessel was between 7.0 - 8 . 0 .  The spproximrrte quantities of 
sludge, lagoon water, pH adjustment chemicals, and nutrient. 
loaded into each vessel are ohown in Apgen&ix 2 ,  

4.2 Operating Procedure 

As implied in Section 3.0 (Equipment DeecrigtSon), the T 
u 

operating procedure for the field test war adjusted I. Cy 

equipment was added to teepond to changes in opcrating 
requirements. The evolution in operating equipment can be 
traced in the notes shown in Appendix 1, but are generally 
described in tha fallowing rteps: 

1. Sludge/water movement: by circulation pumping only. 

2. U6e of 1-1/2 inch diameter hoaee from circulating 
pump discharge to provide water for agitation of tho 
sludge Layer on the bottom of the biodegradation 
vessels (water lancing), Theee 1-1/2 inch hoses were 
attached to the same 3/4=inch pipes that are 
described in Section 3 . 4 .  

3. Use of an air compressor with the same 1-L/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 means of 
agitating the sludge, 
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4 urr of PVc air opargerr to maintain a Qirrolved 
oxygen level ruitable for biodrgrrdation. 

The normal oprrating and eafety procodurea bar the 
biodegradation iield teat attar air rpargrr inrtrllrtfon fro 
deocribrd below, 

r 'rho rludgm/watar circulatinq pumpr were operated on A 
24 hour/day barsir with tho follo~ing excrptionri 

- Tho circuZating pumps weto @hut down Thurrday 

evening to allow rampling of thr rattled 
sludge l ~ y e r  in the biodrgrrdation versolo on 
Friday morning prior to air lancing. They 
wepe re-rtarted Friday morning after obtaining 
tho rludgm ramgle. - 'rho circulating pumpo ware ohutdown 

approximatrly one hour/week for routine 
maintenance ot the dierel engine. 

a Air lancing wae carried out twice/week on Tuerday and 
Friday. Moving the air lances around the bottom of 
the biodegradation vessels required approximately 2-2 

houre to ensure thorough oludge agitation. Personnel 
carrying out this operation wore protective 
coveralls, gloves, boots, hearing protection, and 
cartridge respirators during this operation. 

8 Air sparging was performed ae required to maintain 2 

mg/l diesolved oxygen in the circualting sludge/watar 
mixture. Personnel on top of the biodegradation 
vessels during air sparging wore protective gloves, 
boots, hearing protection, and cartridge respirators. 
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r Tenperature mearurrnent of the rludge/wator miuturo 
in the biodegradation veaaelr and the hot water 
r y a t a  wan rrcemtd hourly. 

c Hrrring protection wae rrqulrrd 50s routinr data 
lopping, maintonancr, and armpling becauar or the 
high noiar level aaaociated with the dirarl-powered 
circulating p u p s  and rlr collprearor. 

4 3 Impling Procedurr 

The sampling and analytic61 rchodule that waa followed 
during tho biodagradation field teat ir ehown in Tabla 4-1. Zt 
differ8 from that praarnted in arction 4 ' 0  (9ampiing rrrquency 
and Analyrie) of the &RT report Pro~oaed Field Evaluation of 
Biode~radation at the French Limited 8itq (Deceaber 1906) in 
the following roapecta: 

Beginning on January l6 (Day 2 2 ) ,  Wicrotox analyrra 
and plate counts were taken throe timer/week from 
each biodegradation vessel to monitor biodegradation 
activity instead of onzo/weok as originally proposed. 

KHU readings were taken on a daily b a s h  after 
January 16 to provide data on air emieeione. 

Air sampling uaing polyurethane foam (PUP) and 
charcoal tube detectors wae carried out after the 
initial eludge load and regularly after air lancing 
beginning January 12 (Day 27). Meteordlogieal 
conditions of persietent fog and rain prevented air 
eampling prior to Day 27. 
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o I lepl r r to  slubgo and rludge/water mixed l iquor  ramples 
war. tclkan before and a i t ~ r  a i r  lancing beginning 
January O (My l 4 )  f o r  C u l l  p r i o r i t y  po l lu t an t  Gc/ns 
an&iys i r .  

0 Dissolvrd omygan (D.0,) war no t  raeaoutb8 u n t i l  
January 27 (Day 32) bscause t h e  oil and grease 
cantant  of tho  c i r c u l r t i n g  rluclga/water n ix tura  
tondo8 t o  fou l  tho  membrane of t h e  D.0. motet. w wet 
ohaaica l  tachnique t o  deternine  D.O. content  Barad on 
r co lor  changa vhon t i t r a r i n g  t h e  mixture was a l so  p, 

unsuccersful .  Tho c i r cu l a t i ng  mixture i n  t h o u '  
biodrgradat ion vor98lr  war c h a r  enough a f t e r  Day 3 2  N 
t o  uae tho D.O. meter, and frequent  analyses wera 
made a f t e r  t h a t  p o i n t ,  

A l l  Sai+ples ware c o l h c t e d  in appropr ia te  clean 
con ta iner r ,  preserved a s  hecyited,  and submitted t o  tho 
labora tory  f o r  analyaia i n  accordance with Fronch Limited eite 
sampling and analyt ic61 procodurar (Rt Report, June 1 9 8 6 ) .  

W End pH readings,  aludga/water d a i l y  average 

tnnperaturofi, and opera t ional  cammonte a t e  found i n  Appendix 1. 

4 . 4  Vessel Unloading Procedure 

Tho biodegradation veeeele weha unloaded i n  two s teps :  

1. The water was drained back t o  t h e  fagoon through a 
f i l t e r  t o  assure  a l l  ad l i d s  were re ta ined.  

2 .  The s o l i d s  were collected from t h e  f i l t e r  and the  
tank bottom and placed i n  55-gallon dmem. 
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Permnnel carrying out this operation wore Supplied air 
respirators, hard hat@ with face shie2ds, protective coveralls, 
gloves, and boote. Standard industrial vessel ontry pracadures 

were toLlowed during thio operation, 
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5.0 ANALYTICAL METHODS 

5.1 Biological Evaluations 

The relative toxicity of the elu&ge/water mixed liquor was 
measured at regular intar\*als with the ~icrotoxTM bioassay, 
The bioassay provides a measure of relative toxicity based on a 
seduction in biolumineecence of the Luciferase enzyme eyctem a£ 
the marine bacterium Photobacterium ~hos~horeum. Dotails of 
extraction proceduree, sample preparation, and test parametere 
appear in the Resource Engineering Report Laboratory 
Evaluation of Biodegradation at the French Limited Bite, - 
December 1986. A copy of thiai report ie provided in Appendix 2. 

Since loading capacities much higher than the sludge E C ~ O  
value (see Appendix 2 - Laboratory Evaluation Report, Section 
4.3, for definition of EC50) were used in this biodegradation 
~tudy, relative toxicity measurements were standardized to the 
%EC50 value of each sample. Four dilutions of each sample 
(50%, 25%, 12.5%, 6.25%) were evaluated by Microtox and the 
%ECgo value was determined by plotting the gamma values against 
concentration. In addition to identifying the %EC50, this plot 
indicated qualitative and quantitative toxicity differences in 
succeeding samples. 

Microorganism populations were enumerated according to 
standard microbiological methods (EPA Microbiological Manual 
1978) on Nutrient Agar. The highest enumeration efficiency was 
obtained with Nutrient Agar in a preliminary comparison with 
Tryptfcase Soy 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 WMB System (Biotech international Inc., 
Bellaire, Texas) according to the manufacturer's 
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rocommendatione. The ammay maamuree gas production of viable 
aerobic and facultative anaerobic organimrnn after exposure to 
hydrogen peroxid.. 

5 . 2  Waate Water Treatment Paramrtere 

BOD5 wae determined with an acclimated municipal rludgr 

according to Btandard Method 1'567. Other paramrtrrr wrrr 
analyzed accorcting to Brandasd lirrhado, 16th Edition, rr 
follows: 

Total Suegonded Solids (TSS) 209C 

Total. Xjeldahl Nitrogen (TKN) 420A 

Dissolved Oxygen (D.O.) 

(membrane electrode, YSf meter) 421P 

Oil and Grease 5O3A 

Total Organic Carbon (TOC) 505A 

Chemical Oxygen Demand (COD) 508A 

5 , 3  Priority Pollutant Organics 

Sludge and water samplae were analyzed accarding to 
standard EPA analytical methods B I W  846 and 8600 respectively 

as specified: 

Volatiles 

Base/Neutral Extractables 
Acid Extrastabhe 
Pesticides 

PCBs 

Method 

Water GZudqe 

624 8240 

623  8250 

625  8250 

625 8250 

6 0 8  8250 
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R n r l y t i c r l  mrthodr i n  -, A6UI M i t i o n ,  v r r r  
u r rd  a s  t o l l w r ~  8303A l o r  cropper, p o t r r r i r u ,  ohtoaim, h d ,  
c rda i ru ,  and r i l v r r r  1301C l o r  brriurr I3OJX l o r  a r r r n i c  md 
r e l en iu r r  I l O l t  l o r  w c u r y t  1 1 0 7 A , 1  Lor ob lo t i d r r  / 4 U k  l o r  
n i t r r t o t  I 4 2 4 C , D  f o r  phorphcter rnd i 4 2 6 C  f o r  r u l f r t r .  

5.5  A i r  h i r r i o n r  

Y o l r t i l r  and remi -vo l r t i l e  organic emiarions ~ r r r  
r- 

o o l l r c t e d  i r o n  t h e  hrrdrpecr  of arch b l o r r r c t o r  by rdrorpt ion a 
on c h r r c o r l  tubrr and polyurr thrne foem ( W F ) ,  r r r p r c t l v r l y .  a 
A i r  r l n p l r  v o t u r  and du r r t i on  ware r r g u l r t r d  by en Alpha 1 r' 
programmable p u p  ad ju r t rd  f o r  a o l l e c t i o n  par iodr  of r t  t r r r t  4 0 n 
hour. but  not more U u n  1 hour., For v o l r t l l r r ,  q u a n t l t r t i v r  
a n r t y r i r  f o r  benzene, Ooluinr, e t h y l  bonzane, md the tour 
compound# p r r r r n t  i n  tho  h i g h r r t  concrntrth:ion war reported. 
Thr t o t a l  rpactrum of v o l a t i l r r  avatuated i n  t h i s  scan i r  ahom 
i n  T r b l r  5-1, For r a n i - v o l r t i l r r ,  thr ct rndard  16 coepound BWA 

rccn war condueted. 

5 . 6  Laboratory Reportr 

Tho Dota~lZod L a b ~ r a t o r y  Regatte t o r  bha varhour kntIlyraa 
doncribad i n  t h i ~  report: a r e  shown in Apge~dix  3 .  
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Chlorarrthrnr 
Browrthrnr 
vitkyl cbLorSCa 
ChlarooLhmr 
Wethylrnr Chloride 
Aco tone 
Carbon Dirullibr 
1,l-Dichlororthmr 
1,l-Dichlororthma 
Trrnr-1,s-Dichloroathona 
Chlorof o m  
l,i-Dichtororth&nr 
P k t r n o n ~  
l,L,l-Trichiororthanr 
Ccrben Totrrchloritle 
Vinyl Acrtrt6 
Broaodichioroa.th&na 
1,Z-Dichlorogrepano 
Trano-3,3-Dichloroproprno 
Trichlotosthano 
D~romoch~oroemoth&no 
l,l,2-Trichletoethana 
Bsnseno 
Gin-&,3-Dlchloropragono 
2-Chlsroathylvtnylether 
Bromaf o m  
2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethena 

k,t,t,Z-Tatraohlor~thana 
'Polu.~ 
GBl0rebant.m 
ttbylbrnrrna 
luyronr 
Total Xylrnar 
Di~lorodif~uoromafhmu 
1,1-Dbro.o-2-CRlor~toprar 
Tric)rlorofluorometh~nr 
AcrtonitriLr 
Ircrylanitrilr 
Zodoaabdrnr 
Ethyl Cyanido 
kllyl Chlorddr 
Ally1 Alcohol 
Dibromorthrna 
nothacrylonitrile 
l,4-Bio~dno 
2-Ghlero-3,3-Butadtona 
&,a-bibromoptthano 
Methyl Mothacrylate 
l,l,Z,2-TakrachLoroemekhana 
1,2,3-TrichLoropropane 
l,4-Dbchlera-%-Butene 
Ethyl Methacrylate 
Actolein 
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6.0 EHALYTX GAL RESULTS 

6 biological Lvalurtion i r m  Varral 3 

Q s u r  VrlUe8 (la. Appendix 2 - Laboretory Evelurtion 
noport, laction 4.3, for drfinition ot Gamma Valuar) and tho 
rreprctive &fCso vrluam tor the M Jiquer m d  rludgr of 
Vase81 S rrr suasrrired irk Tabla 6-1 and are alro rhown in 
eraph form on Ptqura 6-1. Pararnt LC50 vrlueo incraara as tho 
ralativr toxicity of tho rrmpla daotrrrar, The highart 
toxicitiar wrr8 rocordad on Day a m d  Day 7 .  The 1owost (J- 
toxicity, rocordad on Dry -1, In rrflrctr inrdecpate mixing and 
rquilibration iollowing oludgo lording. m a  rrlativo toxicity p, 

of rludgr drcraamrd from Day 11 to Day 52 .  0 
xFcrobiologic6l countr, tat6tive c6talrr8 acrivicy, and " 

dirrolvrd oxygan V & ~ U O ~  during biodegradation in Varrrl 1 ate 
ruazaarized in Trblr 6-2 And are rlro rhown In graph form on 
Pipurr 6-2. Tha bion&rr generally incrorred In both n u e r r  of! 
eoLony foming unit. and in biologicel activity, as expreored 
by c ~ ~ ~ I R s *  activity, when dirrolved oxygen increased during 
the lart 25 days. Catalare activity is coneiotently and 
significantly higher aftrr air lslncing in all came. Thie san 
be attributed to induction or activation of tho catalaae ciyetem 
in response to vigoroub air injection &wing a short period, 
Pre-lancing leve1nr aro low becauee the La-hour guieecent 
period, prior t~ rampling and air Lanci~g, euppreasee catalaea 
activity or tavara enzyme turnover related to oxygen limiting 
conditions. Conversely, the number of colony forming units 
insrearre5 during the quiescent period then decre~ees during air 
lancing and mixing. since many mictaorganism~ attach to 

su~pended organic matter during vigoraus mixing, flocculation 
mey rolaavca or consolidate some colony forming unite in this 
assay. 
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TABLE 6-1 

M I C R O T O X ~  CANNA VAWES AND 
% ECso FOR MIXED LIQUOR 

AND SLUDGE PRQM VESSEL 1 DURING BEODEGRADATION 

Dilution 

xixed ~iquor  - 3 
-1 

0 

3 

7 

14 

;L B 
39 

2 l a  
2  1b 

24 

2 6 

25 

3  1 
33 

35 

as 
4 0  

4 2 

45  

47 

4 9 

Sludge 2 9, 29-00 11.59 

% 2 17.33 6 - 4 7  

- 
a , b  are replicate samples 
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TIME (DAYS 

MLCROTOX ANALYSIS 
VESSEL I 

DIY* sv 
sj 1- 3-10-87 1 . M S C I Y O  f!?5-10 

- 

smartin
Rectangle
007261



MICROBIOLOGICAL COUNTS (CFU/ml) 
RELATIVE CATALASE ACTIVITY AND DISSOLmD OXYGEN (no) 

DURING BIODEGRADATION IS VESSEL 1 

- Vessel 1 
Plate Caunt: 
C F U X L O ~ / ~ ~ .  

Bio Mass DO - Catalase - (mg/l) - 
0.019 2.00 
MA 4.69 NA 

0.026 3.94 N A 
0.001 NA NA 
0.14 N A NA 
0.14 N A NA 
0.54 8.00 NA 
6.6 8.15 N A 
23.3 >lo N A 
18.7 3.26 NA 
21.3 3.05 N A 
16.6 6.13 

N A 
16.9 5.13 

N A 
15.4 3.66 NA 
12.4 1.30 

NA 
7.6 6.80 

NA 
17.5 4 50 NA 
11.9 7.32 NA 
20.4 0.6-0.5C 

8.2 
9.46 0.5 
5.10 

10.1 3.25 
0.6-0. 

8.9 8.46 
6.0 

2.9 5.27 
4.0 

13.6 5.43 
1.5 

11.7 6.44 
0.5 

32.0 0.6-5.1 
25.4 6.35 7.49 

5.1-2.1 

29.9 4.80 
4.9-4.7 

3 5 . 5  7.4-5.2 6.58 
30.5 5.20 6.9-7.3 
40.5 7.6-5.2 5 .26  
43.5 5.35 

7.8-8.3 

57.5 7.2-7.6 5.75 7.6 - 
a.  after 12 hr, statis, but before air lancing 
b. Sampled after a i ~  lancing 
C .  Morning - afternoon measurements 
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TME (DAYS) 

a - After 12 ho,urs static 

b - After air lancing 

BIOLOGICAL EVALUATION 
VESSEL 1 . 

DRAWII  B I  O A U  CiROJlCl b0 

SJ 3-10-87 276-19 
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6.2 Inorganic and Wastewater Treatment Parameters from Vessel 1 

Analytical values for seventeen inorganic and five 
wastewater treatment p~rameters are sumnarized in Table 6-3. 

The eight RCRA metals (As, Ba, Cd, Cr, Pb, Bg, Se, Ag) were 
found in concentrations near the level of detection. Slight 
variations in concentrations were observed over the nine 
san~pling periods but no clear 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 tho sampling period. ct 

Phosphate, nitrate, and Total Xjeldahl Nitrogen (TKN) showed 
wide variations in the initial samples. Subsequent samples OJ 

r- 
were filtered prior to analysis but this failed to narrow the 0 

variation observed. A weighted estimate provided the following 0 

average values: 

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 
major increases during the anoxic period, Day 21 through Day 
28 .  The eixfold increase in COD during this period was 
probably due to substrate reduction by facultative enae~obic 
organisms during oxygen limiting conditions. Biological Oxygen 
Demand (BOD), Total Organic Carbon (TOC), and Total Suspended 
Solids (TSS) values were inconsistent and exhibited wide 
variations. 
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6.3 Organic Components ~f Sludge and Mixed Liquor from Vessel 1 

The volatile priority pollutant profile for Vessel L is 
shown in Table 6-4. The highest levels of most. priority 
pollutant volatiles were detected 7 days after loading, about 
the time when mixing and recirculation problems in the reactor 
were resolved. Volatiles decreased rapidly from this point to 
a level less than 0.3% of the Bay 7 concentration in 42 days. 
Chlorinated hydrocarbons 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 sf base and neutral 
extractables for Vessel 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 envirsnment. As 

many of the readily degradable components are consumed, 
microorganisms exhibit a metabolic shift or population shift to 
ad$r+ss 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 compounds, 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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Acid extractable and pesticide/PCD concentrations in the 
sludge and mixed liquor are summarized in Table 6-6. The only 
three phenolic compounds recorded were not found after bay 7. 

Heptachlor was the only pesticide detected during the first 1 4  

days and again during the last 7 days. The latter may reflect 
inadequate sluage mixing since heptachlor appeared in the 
sludge on Day 42, then in the mixed Liquor on Day 49. 

The total volatiles, base and neutral extxactables, acid 
extractables, and pesticide/PCBs found during biodtoradation in 
Vessel 1 (Tables 6-4, 6-5, and 6-6) are summarized in Thble 
6-7. Total priority pollutant compoun3s reached their highest 0 

concentratinn in the mixed liquor 7 days after loading then a 
decreased to 8% of this level on Day 49. The percentage of hl 

I'- 
sludge in the mixed liquor decreased 100-fold 35 days after 
loading, indicating that the highly soluble/easily suspendable 0 

compounds were gone, leaving more insoluble precipitates. 
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Acid Ext. 
1100 

2260 

3300 

BDL 

BDL 

BDL 

BDL 

BM. 

SDL 

Acid Ext. 
BDL 

Em 
BDL 

BZ)]; 

BUL 

BlSL 

Pax 

Pesticides 
XEs 
700 

300 

220 

2800 

SL7L 

E m  

700 

Pesefcides 
- Fcm 

BDL 

BDL 

bi3L 

BDL 

BDL 

3600 

m 

BDL = Belcw Detectable Limits 
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6.4 Air Emissions from Vessel 1 

Analytical results for volatile and semi-velatile air 
emissions 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. A 1 1  

compounds generally decrease in concentration with time except 
on Day 39 when more vigorous than usual air lancing was 
conducted. 

Bn estimate of the total amount 04 volatile and 
semi-volatile compounds released during the operation of Vessel cu 
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 %EC50 for the mixed liquor and 
selected sludge samples from Vessel 2 are shorn 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 nixed 
liquor toxicity fluctuated for the next 17 days until air 
sparging 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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Table 6-9 

SUMMARY OF THE PRIORITY POLLUTANT VOLATILES AND 
SEMI-VOLATILES US!!? TO VOLATILIZATION IN VESSEL l 

5818ple 
weighted1 

Total Lost To 

Semi-Volatile. 

Naphthalene 
Acenagthylene 
Acanaphthene 
FLuorene 
Phenanthrene 
Anthracene 

Benzene 
Toluene 
Ethylbenzene 

- 

56 day incubation period 

Note: See Table 3, Page 16 in the I1Amendmentt1 Section of this 
report for explanation of the method used to calculate 
this data. 

(Revision) 
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TABLE 6-10 

M L C R O T O X ~  GAMMA VALUES AND 
% EC50 FOR MIXED LIQUOR 

AND SWDGE FROM VESSEL 2  BWRLNG BIODEGRADATXON 

Hixed Liquor  -3 - 1 
0 

3 

7 

14 

1 8  

1 9  

2 la 

2  1b 

24 

2 6 

28 

3 1 

33 

35 

38 

4 0 

4 2 

4 5 

47 

4 9 

Sludge 2 1  

5 2  

Dilution 

50% - - 25% 12.5% 6 . 2 5 %  -- 

a,b are replicate samples 
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I MICROTOX ANALYSIS I 
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Total colony fanning unite, relative catalaee activity, 
and &issolved oxygen in Vessel 2 are summarized in Table 6-11 

and are also shown in graph form on Figure 6-4. The 
concentration of microorganisms increased rapidly until 12 days 
after loading, reached a plateau for several days at 2 x 108 
CFU/ml, then declined as oxygen became limiting at Day 18. The 
concentration remained relatively constant, near 8 x 10' 

CN/ml, for the next 17 days until air eparging supplied 
sufficient dissolved oxygen to eupport the higher titer. 

Catalaaia activity increased sharply in response to air 

lancing while the pte-lancing ayuieecent period  upp pressed 

satalaee activity. Catalaee activity was consistently higher P 

when diewalved oxygen was greater than 2 rag/l. I. 
CW 
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TABLE 6-11 

MICRQBIOLd3GICAL COUNTS (CFU/ml)  
RELATIVE CATALASE A C T I V I T Y  AND DISSOLVED OXYGEN (DO) . . 

DURING BIODECRADATPON I S  V E S S E L  2 

Vessel 2 
P l a t s  Count B i o  Mass DO 
C F O X ~ D ~ / ~ ~  Catalase (mg/l) 

0.01 0 N A 
N A 0 N A 
1.76 0 . 5  N A 
1.81 N A NA 

18.4 N A N A 
20.0 NA NA 
5.2 0.63 N A 
4.4 0.83 N A 
9.0 4.22 N A 
6.9 0.70 N A 
2.7 0.52 N A 
4.5 2.79 NR 
9.4 0.76 N A 
8.5 0.95 NA 
6.3 0.38 Nk 
9.7 4,50 N A 
9.3 0.92 N A 
9.2 4.16 1.0-0.6c 
7.2 2.36 0.7-1.2 
LO. 0 0.64 0.5-1.2 
2.2 0.49 6.0 
11.3 l.16 3.0 
2.6 6.38 6.8 
2.3 7.15 4.0 
19.6 4.29 0.7-5.2 
31.5 6.87 6.9-5.1 
22.9 6.20 6.7-6.5 
14.4 2.50 6.6-3.9 
21.1 2.50 8.1-7.8 
23.1 4.80 7.9-6.1 
12.1 4.22 7.9-8.1 
11.9 3.75 9.6-7.7 
12.6  2.03 8.1 

a .  sampled a f t e r  12  hr ,  s t a t i s ,  but before a i r  lancing 
b. Sampled a f t e r  a ir  lancing 
c. Morning - afternoon measurements 
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a= After quiescent per~od 

b = Following vigcrous air lancing and mixing 

-- - -- - - 

ERT 
A REllOUROE lNllWEERWP OOUPANY 

I BIOLOGICAL EVALUATION 
VESSEL 2 
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6.6 Inorganic and Wastewater Treatment Parameters from Vessel 2 

of the 21 analyses of inorganic and wastewater treatment 
parameters monitored in Vessel 2 and summarized in Table 6-12, 

several clear correlations and trends are noteworthy. The 
concentration of the eight RCRh metale and copper fluctuated 
near the level of detestion. The chloride and eulfate 
can cent ration^ increased consistontly until bay 42, then 
decreaeed. Nitrate, phosphate, and TKN were variable with 
estimated average values of: 

0 

D.TIU4 46.70 mg/l 03 
R1 

~ ~ ~ 0 3  13.00 mg/l I- 
D. PO4 1.94 mg/l 0 

0 

COD and O&G correlated well but BOD, TSS, and TOC were 
inconsistent and unrelated to other trends. 
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6.7 Organic Components of Sludge and Mixed Liquor from Vessel 2 

Volatile priority pollutants measured during 
biodegradation in Vessel 2 are sumarized in Table 6-13. The 
highest concentration of voletiles Sn the mixed Iiguor war 
observed 7 days after loading, then the concentratim decreased 
to lass than 1.5% of this level in 42 days. Even though 
chlorinated hydrocarbons account for leaa than 40% of the 
priority pollutant volatilee in Vessel 2, the chloride 
concentration consistantLy incroaeed until bay 49 (eee Table 
6-12) * 

Base and neutral extractable (BNE) priority pollutants 
from mixed liquor and sludge of Vessel 2 are shown in Table 
6-14. PNA compounds account for more than 37% of this group. 
The highest concentration of BNE was measured 28 days after 
loading. Measurable amounts than decreased to Less than 0.3% 
of this level by Day 49. As the biodegradation progressed, 

additional compounds ( e . g . ,  ehrysme, benzo(a)anthracene) were 
observed. 

Only pentachlorophenoi and heptachlor were found in the 
acid extrastables and pest!.cidea/PCBs fraction and these were 
below detectable limit6 21 days after loading (Table 6-15). 
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- - - . -  
- 

TABLE 6-13 

tP11.~ue &zorrey mUucrr+ R d U e  

BZCM B z o g q r a ~ u a r  rb In t r a a l  2 

Dmrs 

1 7 LI :; 2s 1' - a2 
Ix e x  l i d  =i=- L- 4. - p u r r - - - =  

oJr 1 1 w9 e w w  uan vs/P -34 WpP &I uu"a 

.m m m  ta m m m w m m  rn 
m m M m m m m m M m FJ 
00 m m  m  .w 10 .m ED m m m  
M W m  m ta ED (0 K) M R) N) 

M) m w  ba m m m m  m m N) 

N) m io m M m m m  m m N) 

m m m M m m M ~1 m m R) 

ED m m  m  ED m m m m m m 
W M H, H, ED A3 NI liD LU 10 B, 
3~ m 3.0 m M m 5 m 6.6 m w 
m w m  m m ta m R) R) tu NI 
m m .m w m m m m m tm m 
16 P 3.1 m M m m IG m LO 2.6 
33 32 4.9 M M l2 M LO M 12 3.7 
DO P 8.3 m 3.3 m 2.5 m w m m 
6 10 IM 7.2 M 5.0 M 2-7 LD M 00 M) 

~ 8 )  m m m m ED m m M m  m 
m  m m M 62 m ta m  m m M) 

m m  m m m  m m m  m m m 
U 17 2.6 H) ED K) M W M K) 10 
m  ED m m m PO m RI m B m 
41 58 8.3 22 4.9 ze 2.9 u 1.7 20 9.7 
M m m  m m m m tw m  m m 
91 92 L.S 2.9 6.0 1 4  1.0 K 2.B 31 Ld 
N) m M w m m w M m  ME MI 
m m m  m m m m ED LID m MI 
M M m M m m m m m M M 
.m m .m m M w *D M HI m N) 

NI M N )  W M N) LD M 2.0 M 2.0 
161 190 24 M 29 X 25 10 8 . 1  59 72 
!a LD m M D M N) Al . M  N1 tm 
la, ZlU 25 93 65 W 42 N) PB.7 1 9  

LO 10 2.5 10 2.5 YI 2 5  10 2.5 i s  10 
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Tha total volatiles, base and neutral extractablee, acid 

uxtractabler, and pe~ticido/PCBs found during biodegr8dation in 

Versa1 2 (Tables 6-13, 6-14, and 6-15) are summarized in Table 
6-56. The percentage of sludge (based on the increased organic 

priority pollutants) in the mixed liquor increaoed gradually, 

reaching a maximm at 28 days a f t w  loading. A 100-told 

ra6uctlon la ecSllbkltty/surprnd&bility was obsemed 35 days 
after loading and beyond. 

6.8 Air Emisriono from VersoL 2 

Voletilee and semi-volatiles collected from the headrpace 

of Vessel 2 are rumanrrized in T6ble 6-17. All remi-volatile and 
volatile priority pollutants were below detectable limitr 
during the operation of VoPsel 2 exccpt naphthalene which 
exceeded detectable limits during two sampling periodo. 
Measurable amounts of tivo PNAs and three priority pollutant 
volatiles were recorded only during the loading of Vensel 2. 

An estimated P~mnary of the total quantity of volatile and 
semi-volatile senapounds released to the atworphere from Verse1 

2 is shown in Table 6-18, 

smartin
Rectangle
007286



227 18090 
81 

BGL 
28830 

3 3 
BDL 

370 
134 

BDL 
245 

66 
BDL 

8 5 BDL 

Base/ 
Neutrals 
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Tabla 6-18 

SUMMhRY OF THE PRIORITY POLLUTANT VOLATILES AND 

SEMI-VOLATILES LOST TO VOLATILIZATION IN VESSEL 2 

sample 
weighted1 

Total b a t  To 

Semi-Volatileo 

Naphthalene 
Acenapthylone 

Acenaphtheno 

Fluorma 

Phenanthrone 

Anthracene 

Volatiles 

Benzene 

Toluene 
Ethylbenzene 

- - 

56 day incubation period 

Note: See Tabla 3, page 16 in the nAmendmentit 
report for explanation of the metho 
this data. 

(Revision) 

Section of this 
d used to calcuhato 
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7.0 CONCLUSIONS 

7.1 Biodegradation 

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

Review of the analytical data raveale that a tenfold 
reduction of volatilee and base neutrals was achieved in Vessel 
2 and a tenfold reduction of volatilas was achieved in Vessel 

1. 

The test exgarienccdd an interruption in the growth of the 

micro-organism population due to an unanticipated increase in 
oxygen demand when degradation of the more tldifficultn high 

molecular weight compounds began. This occurred after an 
initial period when the lower molecular weight materials were 
being degraded. This interruption, combined with a delay in 
achieving a homogeneous sludge/water mix during the initial two 
weeks of the test, resulted in the sludge biodegradation being 

imcomplete at the end of the 49 day test. 

Compounds on the priority pollutants list comprise 
approximately 20% of the total compounds present in the French 
Limited sludge and as a rasult most biodegradation activity is 
directed at other compounds. Since biodegradation intermediate 
compounds of priority pollutants and non-priority pollutants 
may or may not be on the priority pollutant list, measurement 
a£ the priority pollutants may exhibit an inconsistent 
degradation trend. Also, a6 degradation progresses 
consolidation of the remaining compounds may result in an 
apparent increase in concentration level even though their 
total quantity is decreasing. 
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It was not possible to assess the progress of 
biodegradation bseed on sludge volume due to the folLowi3g 
factors : 

- The presence of major quantities of sand in the 

original sludge placed in the tank. - The presence of a wsoupY1l biomass at the end of the 

test that could not be dewatered with the available 
facilitias. - Upon mixing with water the sludge volume increases 

due to hydration, and then, as degradation occurs the r. 

volume decreases. 

7.2 Air Enistiions 

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

I 

7.3 Operating Parameters 

Results of biodegradation investigations in Vessel 1 and 2 

indicates that certain analytical parameters are more essential 
to biodegradation optomization than others. Of the 21 
inorganic and waste water treatment parameters measured, only 
COD, oil and grease, TKN, phosphate, and nitrate, would be 

useful in further studies, Inconsistencies in other parameters 
minimizes their application in future operatioc and control of 
biodegradation operations. Two additional parameters not 
measured in this study, but worthy of future consideration 
include Mixeu Lipid Volatiles Suspended Solids (MLVSS) and 
Ammoniaeal Nitrogen. 
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Of the biological parameters measured in this study only 
Catalase would have application for future studies. 

While the microbial count (GFJ/ML) is informative, similar 
infoxmation can be obtained mare rapidly with MLVSS. The 
microtoxTM bioaasay is useful for confirming leading rates and 
determining degradation end point8 but because of the 
interaction of mixed wast6 and it6 sensitivity to the 
endogenous end product, produces inconclueiva data in high 
frequency analyrie. Catalese meaeurement provider a rapid 
indication of microbial activity that intergratoe the effect of 
mixing and dissolved oxygen. CV 

Another observation based on review of the data indicates 9 
cu 

that organic analysis conducted to evaluate the progress of r, 

biodegradation should be based on a comgosita sample of 0 
hydrated sludge, rather than analysis of the sludge ae it is O 

obtained directly from the lagoon. 
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8 . 0  RECOMMENDATIONS 

The Laboratory Biodegradation Evaluation and the Field 
Tank Toet raaulte indicate that proceeding to the next step in 
the development of the French Limited Biodegradation Process is 
justified. The next development rtep should be directed at 

achieving the foll~wing objectives: 

s. Demonstrating the mechanics of how bio remediation of 
the lagoon would be accomplished. 

a Defining the economice of the biodegradation remedial 
alternative. s 

CU 
f- 

0 
CI 
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April 24, 1987 

Mr. R. E. Hannesschlager 
U.S. Environmental Protaction 

Agency, Region V I  
1 4 4 5  Rose Avenue 
Dallas, Texas 75202-2733 

Dear Mr. Hanneaachlager: C 
cu 

Attached you will find our response to the EPA and TWC somento I-- 
on the "Field Evaluation of Biodegradation at the French 
Limited Site (Phase If) Volume 1" report. 0 

0 

We appreciate your prompt attention in preparing the agency1# 
somonte, and the discussion of our reeponee cements in the 
meeting of April 22, 1987 with EPA and CW2M Hill 
representatives. Please contact me i f  there are any questions. 

Very truly yours, 

R. L. d;loan /& M 
Special Projects Manager 

Atrachment 

cc: Alex bnjanow (TWC) 
Marilyn Plitnik (EPA) 
Robert Davis (CH2M) 

. Earry Thomas (E: 8 )  
Peter Wynne (ARCO) 
Molly Cagle ( V  h E )  
Carl Everett (L,SA,F, & H) 
William R. Faught (CH2M) 
Malcom Payne (DuPont) 
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ERT Response to EPA Comment on 
I1Field Evaluation of Biodegradation 

at the French Limited (Phase 11) Volume 1" 

EPA General Comments: 

Biogradation may have occurred in the tankel however, the 
same type of rasulte could possibly result from air stripping 
due to air lancing and eparging operations. Readspace sampling 
of the tanks was performed and this indicated that volatilea 
were being released, but air sampling was not performed during 
air lancing operations and it is unclear if air sampling wae 
perfamed during air sparging. Finally, no tlrata-of-relearetl 
measurements were performed. 

The reduction in base/noutral extractable in tank No. 2 

could have been due to biodegradation; however, the data 
indicates some losses due to volatilization. In addition, 
without eludge volume (dry weight basis) measurements, the 
reduction in b&se/neutral extractables cannot be accurately 
calculated and the reduction of these contaminante may be due 
to a change in sludge character resulting 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 eampling ranged from 
"Not detectedu (day 1 4 )  to 54,000 ug/L (2/13/87 sampling) with 
no indication of PCB biodegradation. 

bifficulties with mixing and the ability to obtain 
representative samples, and laboratory QA,'QC may have accounted 
for some apparent reduction in contamhants. 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 
experf enced . The representativeness of sampling seems 
dependent on when air lancing occurred, when air sparging was 
taking place, extant of sludge settleability, and physically 
how the sample was taken, The relationship between these 
sampling variables are not presented in the ERT report. The 
methodology should be reviewed to assess the sampling and 
analytical errors a% the biodegradation work. 

In general, 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 comment8 address four aspecte of the 
test. These are air stripping, mass balance 
colculations, PCB concentrations, and the issue 
of sample representativeness and consiater~cy. 
ERT response is as follows. 

Air stripping did renove some degree of the 

priority pollutants present in the sludges, and 
thus contributed to their teduction which was 
measured analytically. However, explal!ation of 
the analytical results based on air stripping 
alone is unlikely. Air eehgles of 4-8 hour 
duration were collected immediately f~llowing 
lancing operations, while air sparging and tank 
circulation continued. Based on these air 
analyses, ERT's best estimate of total priority 
pollutarrtc lost to air stripping is well below 
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both gualitative and gukntitarive analytical 
results. Sao Table 3 (paga 16) in thin srrgonne 
report for more detailed comment, 

Maen Balance Calculatfona 

Three factor0 that affrct man@ balance 
calculations for thin oyotem are oludga volumo, 
raluage density and cumulative air emiasiona. 
The error aooociated with mearsuremmt of each of 

r- these factors  preclude^ the ability to perform 8 

meaningful mass balance calculation. ~1 

Additionally, the calculation ie not required to t- 

verify biodegradation. The biodegradation 0 
R 

procose can be verified by attainment of the 
decontamination criteria in the final eolide 
residue and water. Obviously, while in 

operation, the biodegradation process must 
maintain acGepbablo air emieeione Limits. 

ERT is uncertain as to how to comment on the PCB 
analysis data. ERT1s contract laboratory, 
southern Petroleum Laboratoriea (SPL) reported 
no PCB's. NUS analyses reporta three different 
PCBs in different sampling events (PCB 1232, 

1242, and 1248) (see the following Tables 1 and 
2). Of the twelve sample6 reported to contain 
PCBs, all but two of the concentration results 
reported were at the detection limit. Consulta- 
tion with NUS indicates that separation of these 
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three PCB0 on tho chromatoqragh ir very 
diificult, and rubjrct to interprrtatLon by tho 
operator. 

Ditterrncer in PCB bxt~action and ruple 
clran-up arthod. could porribly provide m 
wqilrnrtion for the vari~tion in PCB malyrrr 
obsrsvbd fn the sludger, Bonirtron bxttrctfon 
war thr initial rvtraction method ured by both 
5aboratsrier, HU8 utilized thr t1uotail co1wn 
cleanup method rpecitted in  PA sw 846, 
southern Prtrolurm Laboratosier trrtrd tho 
rludgrr according to tho kSTM mathod for o i l y  
sarplee but did not use a tluorcll c o l m  
clrrnup. Dan Difre of IPL indicated that a mrrr 
of material eluted in tho PCB rangr but 
background fnterferenca precluded the clear 
fdrntificrtion of any rprcitic PCB arochlor. 
Hsithrr laboratory conductrd a rrcond column 
confirmation anslyria. 

The 1986 tiold Invautiqation and Supp2oment~ry 
R.Z. Report provided a total of 62 PCB analyoee 
on trip3lc&ted marplea from 22 locations in tho 
lagocn. PCB 1242 war the only campound repottad 
at that tino. 

Tho early mixed llpuar cample repraaentativeneea 
was variable, depending en the degree ef nixing 
that was eccurrimg at the tima et mampling. 
However, beginning with day 14, the mixrd liquor 
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SPECIFIC EPA COl.IKENTS 

EPA Comment 
Section 2: 

ERT Response 

EPA Comment: 
Section 2: 

ERT Response: 

Specific treatment objectives should be added to 

assess the ability of tha testing to biodegra- 

date the priority pollutants. None were pre- 

sented in this 8ection. 

The objective of the field teet was to achieve a 
scale-up of the laboratory teatt to aafine the 

operating parameted8 appropriate for control of 

tho biodegradation process; and to verify that 

the biodegradation progress could be achieved 

within the available time. Specific treatment 

objectives were not established becauee 
achieving thoae objectives is a function of time. 

Tho reduction in toxicity as measured in the 
Laboratory Evaluation of Biodegradation Report 
does not naceosarily verify 

biodagradation, Sampling and laboratory 

methodology and laboratory QA/QC were not 
available for review to confirm the teet 
resulta. Metal resulta indicate that the data 
was poorly presented. Dilution factore need to 
be explained. The tables indicate metal 

biodegradation. This does not occur. 

Another objective of the test was to ascertain 
whether the toxicity maaeurament would show e 

correlation with prioxity pollutant analyses 

and, thus be a useful indieator parameter. We 
agree that reduction in toxicity alone, would 

not verify excellent biodegradation. However, 
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EPA Csment 
Section 5 :  

ERT Response: 

the reduction in toxicity measurement does 
correlate with the priority pollutant analysis, 
which shows a reductian in priority pollutant 
concentration. 

The priority poilutant analysee were perfomad 
in accordance with same EPA &sggroved procedures 
that were utilized in the 1986 remedial 
investigation. 

The data presented in the report was a direct r: 
report of lab results, Consideration of the 

t'-I dilution factor that occurred as a result of 
preparing the initial sludge Load into each 
laboratory test container would account for the o 
decreaea in metal concentrations reported in 
Table 8-6. We agree that biodegradation of 
metale does not occur. 

A decscription of how the sludge for the BOD test 
was acclimated to the lagoon environment was not 
described. Acclimation is vary important to 
obtaining representative BOD results. 

The BOD test was conducted in Q C C O ~ ~ ~ ~ C ~  with 
the EPA accepted procedure provided by Psly-Bac 
Corporation. Thie method incorporatea a mixture 
of lyophilized bacteria which is well euited for 
routine BOD analysie. 
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$PA Comment The mixing techniquee and sampling procedures 
Section 6: were changed during the course of tile study, 

This needs to ba diocuosed in detail and a 

thorough discussion on how this affect& the 
comparison sf data needs to be presented. 

ERT Response: Sampling procadures were c.snsistent throughout 
the study. Mixed liquor eamplos were obtained 

using a §-gallon bucket sampler. 81udga samples 

were taken using a piston eampler. Beginning on 

day 14 the tanks were allowed to mettle 

overnight so that discrete eamplas of each phase 

(liquor and sludge) could be obtained the next 

morni.,g. 

We acgrea that mixed liquor samples may be 

affected by the degree of mixing occurring at 

the time of sampling. After day 1 4  the mixed 

liquor samples were coneiatently taken one hour 

after the water or air lancing operation while 

recirculatian mixing was maintained. 

EPA Comment If the test was run for 49 days how do you 

Section 6: obtain day 42 rasulte? 

ERT Response: The tanks ware allowed to settle for 3 days 
after cessation of aeration end circulation 
before taking the final eludge @ample for 
toxicity analyeis. The final eludge priority 
pollutant sample was taken with a pieton sampler 
on day 49, to be coneistent with prior sampling 
protocol. 
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E m  Comment The data door not indicate that the percent 
Section 6.1: EC-50 between 0 and 5 percent i rtatirtically 

rignificant to conclude reduced toxicity or 
rignificant biodegradation. lupporting data and 
eonfidenca Sntbrvak calcukationr ahoukd be 
provided for rwlaw, 

ERT Roepanme: The plotr of toxicity analyrir rhsvn on Figurer 
6 -  and 6-3 were prarented to look for 
correlationr with guantative chamical an.kyrer, 
They were not intanded to rtand alone, A 
teplicate analyrir, performed on thhr day 21 
samglao, rhowed no difference in th4 EC-So 
number. 

EPA Comment The dircursion ei the catrlara eyetern rerponre 
Section 6.1: to air injection and guiercent periodr Ir 

possible but &at& tr nor pteoented to rugport 
ccncluriono. 

ERT Response: In ERTte opinion, the dircursion of the catalare 
8ymtenr resgonoe to air injection and qyieocent 
periods is a reaeonable interpretation of the 
avaikabke data. There i e  ettong correlation 
between catalaoe activity and air lancing ae 
ehswn on Table 6-2 and 6-11, am well ar Figure# 
6-2 and 6-4 ,  

EPA Cornsrat Zf testing has stopped on day 42, the twofold 
Section 6.2: tncreaee in chLoridas and eulfate would not be 

true. Sampling and analytical variability may 
have more impact on conclusion and the data 
variation5 may not bs ~tatiatically signitieant. 
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IRT Raeponrr : 

&PA Commrnt 
Section 6.3: 

ERT Response: 

We agree vlth the comment, and revirw of the 
data causes LRT to rurpect that thr dry 4 2  
ramplea of the two tanks ware inadvertant2y 
tnferahrarslged. Thir rurpicion i r  oonrirrmtly 
rupported by all of +ha Wart6 water trratmmt 
parmetar rerultr trported for the two tanlu, 
for thir campling avant. 

Xg m incrarra in COD took glacr brturm day 31 
and 1 9  during anarrobic conditionr, why did COD 
increrra an day d P  under arrobic condition87 
Plerro provide rxplranation. 

Wr sro no apparent axplanation, 

If torting had rfopprd on Qey 42, the cormla- 
tien betvren ct~loridrr and velatila remevaZs 
doam not hold. Data may not be rtatirtlcally 
rignificant to reach thia concluoion. 

So6 cement in Section 6.2 rrgarding tho day 4 1  

aamplen . 
Data in not greranted to rupport the concluoion 
that tho insrearod in bane/noutral conta~inantn 
ir dua to degradation intrrmediatoo. BamplLng 
and analytical variability may lead to apparent 
but not reallatic conoluaione. Tn addftion, tho 
objective of tha biodegradation testa would be 
ta reduce priority pollutante. A mare balanaa 
of priority pollutants in nerdad to sore fully 
aBoene the sueawn at biodegradation on the 
lagoan contanta. 
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ERT R.rponre: Thir  ir a rearonable explanat ion r i nce  new 
p r i o r i t y  p o l l u t a n t  compound0 ruch a r  chryrone 
and benso(a)anthrrcane were no t  found i n  aa r ly  
r ludge ramplea, bu t  thay did appear when PAH 
becam. t h e  predominate ruba t ra te .  

KECEPERENCE t 
W W d ,  M.L,, J.W. Blackburn and 6.5. Bayler 
1986. Wicrablal D8~08p0ri t ion of Chlorinated 
kramrtic  Compounds. Ifarardous Waree Ilnpinesrtng 
Rereach Laboratory , Cincinnat i ,  OH 
EPA/600/2-86/090 

The t e a t  war petformed bared on ur ing che 
p r i o r i t y  pol lu tane  analyrer  of tP.a f i n a l  residue 
a s  a v e r i f i c a t i e n  cf b iodeg~ada t ion ,  and da ta  
r u f f i c i e n t  t o  ruppott  a mare balanca ca lcu la t ion  
war not  obtained. 

H u e  bakanco ana lys i s  r equ i r e s  accura te  
detanainat ion of aludgo valumo and den r i t y ,  
81udga volumer wero estimated t o  be 790 and 580 
ga l l ens  f S t  f o r  veeeela 1 and 2 ,  raapect ively ,  
Accurate dens i ty  detembnat ion war complicated 
by t h e  horarogonieue nature  of tho  oludga. Since 
t h e  t o t a l  p r i o r i t y  po l lu tan te  compritae a 
r a l a t i v e  emall por t ion  of t h e  eludge, 
disappoaranca of moot of t h e  p r i o r i t y  po l lu tan ta  
could be accounted f e z  by t h e  e r r o r  f ac t a r e .  
Mass balance cafcula t iona  a r e  i n s u f f i c i e n t l y  
accura te  t o  provide an entimate of p r i o r i t y  
pcdlutanto l e s s e e  i n  t h i r  ryetern. 
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&PA Comment The reduction of contaminants preasnted in Table 
Socticn 6.3: 6-7 is almost totally due to a reduction of 

volattler. The data does not support 
biodegradation of volatilas which may have been 
reduced by air stripping. 

ERT Rasponsa: Tn many biodegradation operations the more 
colurble, low malrcular weight compounds will be 
degraded first, &allowed by the lees eoluabls 
higher molecular weight: compounds, interpreta- 
tion cf data from the etudy confixms this 
sequence of events. We agree that a portion of 
the volatileo were air stripped, but it in 
unlikely that a major reduction in vo2atiles 
accurrad through this mechanism. 

A major thrust of the in-Situ Biodegradation 
Demonetration currently beginning, is to obtain 
data on this factor. 

EPA Coment Air emi~eions eampling does indicate a loss of 
Section 6 , 4 :  volatiles and soma eemivolattles during the 

operation of the tanka. Air emission rate 
measurements were not performed to estimate the 
Loss of volatiles/eamivolatiles through air 
sparging and lancing. This data is needed to 
assess the biodegradation test reeults befok-e 
conelusions can be made about the successfulness 
of the tank tests. 
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ERT Response: 

EPA Comment 

Section 6.4: 

ERT Response: 

EPA Comment 

Section 6.5: 

ERT Response: 

EPA Cc-ent 
Gec :ion 6.6: 

ERT Response: 

EPA Comment 

Section 6.7: 

We agree that measurement OF air emiesion rates 

i6 important to Future understanding of the 

biodegradation process For the French Limited 

Site. While the data sr?ggeeta that deetruction 
of the priority pollutants wae due to 

biodegradntion, air stripping played a pole in 

priority pollutant loes. There i o  ineufficient 
data to prove beyond all doubt, tho precire 

mechanism of priority pollutant lass. 

The data and methodology were not provided to 

review the results showing in Table 6-9. 

Calculationrd would be needed to review theee 

results. 

The equations used in these calculatione are 

discussed in Table 3, attached. 

Same as 6.1. 

See response to 6.1. 

Same as 6.2 relative to sampling and malytical 
variability. 

See response to 6.2. 

The reasoning why the 

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 results would be 
expected to be eimilar, A tank to tank 

compariesn would be helpful to explain the 
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4 .  ... Ms~s1681cn rake PI &y p r  haa&rm! did not &crease &ram me 
IHervi l l  fol jor lng edm~4Im Rhlo I 0  ~ n l l t e l y  # I r a  r lr  sarpllq m n  
ImdIatcly MLOI la~iq bna luted only 4 to 8 lux#. Phi8 beaw@lm 
p w 1 B s  for thc lu&&enl mncnntratlm cst ln¶U for each In~nwrvlllI 

5. ... tnr a iu lm  1~101s  &eNed a t  l m d t n ~  (Day -61 vere m n t a l m d  mtu tn* 
rext sarM1q went lo @a]. 
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bare/nautral extractablm reduction in Tank No. 
2. BaapSing and analytical vsriabflity should 
be discusoed &a it relate0 to tank mixing, 
sa~pling mothodelogy, laboratory W Q C ,  and 
#ludga/priority pollutant 5aer calculationn. 
Data war not p~ovided an toduction of solubility 
and surpendability obrerved on day 35. 

tRT Response: The baric con#tituents of the  nl\ldgo are not 

similar with rerrpect to priority pollutant 
content, toxicity, and biodegradability as 
demonstrated in the laboratory bench scale tests 
and analytical rsport8 froa thio study, The 

tanks wore loaded at different ratee, wore 
amended using different supplementr, and a 
different spectrum of organisam ware present in 
each tank. Conrequently, e tank to tank 
compari~on io unrealietic. 

The data @hewing reduction of s01ubLlity and 
euspentfability observed on day 39 ie presented 
in Table 6-16. The percent of ~ludgo priority 

pollutants found in the mixed liquor after day 

35 decreased 100 fold as compared to earlier 

samples. Thie wae elso obslerved in Tank Z as 
shown in Table 6 - 9 .  

EPA Comment 
Section 6 , E :  Same a5 6.4. 

ERT Responee: Sea response to 6.4. 
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EPA Comment Qsneral commantr on thr conclurionr have barn 
Section 7: addrarcrd aarliar in thir irtter, Houavrr, 

ravaral rpacific c m r n t r  ramint 

6ludga mare calcuLationr and a ami~rion rate 
mraruremrntr are axtromaly important to the 
wrluation ot m y  biodrgradation tertr. 

ERT Rosponar: Tha biodegradation tart for the French Limited 
Bite can br evaLuatrd by arsurtng that air 
oairrion ratre remain within accoptablo iimitr 
during operation of the mystam, and that 
priority pollutant analyoir of the final raridur 
mreta the rite clean-up criteria. lecauso tho 
volmr of rludgrr to be dogradad ir unknown, and 
tho content of the oludgrs is so heterogeneous, 
mare balance calculationr are not gooaible. 8er 

moponso to Boction 6.3, above. 

EPA Comment How will reduced toxicity through the bioaeeay 
Section 7: tasting provide data on the degradation end 

points of priority pollutante? 

ERT Response: Bioas~ay testing was conducted to evaluate the 
potential correlation with priority pollutant 
concentrations in the mixed liquor. Time and 
economical consideration favor the use of the 
bioassay as a rapid indicator of the loss of 
priority pollutants ae compared to the time 
consuming and expensive GC/MS analyeie. The 
bioassay would not replace final GC/Ms analysis, 
but would be used as an indicator for the more 
extensive analysis. 
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tPA Comment 
Section 7r 

How will the setal&lo mearuromorit provido data 
en the dogrrdrtion priority pollutant? 

Tho eatalania moarur~mrnto io uaad a0 a procore 
control parameter ta evrluata tho activity of 
6 biological, raretion mixture. This parameter 
ir not intended. te makrura priority po2lutant 
biodeqredarion tosultr. 

EPA Coraaont 
Soction 7: 

ERT Reeponro: 

An axplnnrtion of why tho detection limits 
vary 90 much ~houlcl ba included, Tt io p08sible 
thio io due ts Lhrge concentrations o f  a 
compound which may maak other coutpsunds whish 
etame off tho gar chromotogtaph at a later 
retention tima, but thir rhouS-8 ba axplained in 
the rsgort. 

We rgrae with this possibility. However, 

quantitative non priority pollutant data for 
t h e m  aamplem are not availabLe. 
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Texas Water Commieeion Comments of 
81Field Evaluation of Biodegradation 

at the French Limited (Phaee 11) Volume 1" 

TWC Comment I.: The appendix etatee the laboratory reports are 
included? Where? We have not received them. 

ERT Response: 

TIqC Comment 2: 

ERT Reagonee: 

The Appendix volume waa mailed April 15, 1987. 

Page 12, the ~tatement Weteorological 
eenditionr or persistent fog and rain prevented 
air eamgling prior to day 1711. This statement 
io inaccurate. Air eampling wae requested by 
TWC/EPA and inetituted after our ineietence. 

Tables 6-8 and 6-17, both report air data 
obtained from air eamplee taken during the 
first loading event for each tank. An air 
monitoring program was included in the initial 
plan for the tank test. Heavy rain and fog 
occurring during the initial weeks of the test 
resulted in conditions that, in the opinion of 
ERT, would preclude an accurate sample for 
analysis using normal sampling methods for 
Tenax and PUF cartridges. The TWC/EPA comment 
received during the field visit resulted in 
increased emphasis on the air monitoring 
program, and increased frequency of sampling. 
The fact that we experienced better weather 
Zrom that point forward also was of help. 
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TWC Comment 3: 

ERT Xesponse: 

TWC Comment 4: 

ERT Response: 

TWC Comment 5: 

ERT Response: 

Section 4.4. Were these solids analyzed? 

The solids removed from the tanka on day 52 
were not analyzed. However, day 49 aludge 
samples which were analyzed, and reported in 

Tables 6-4, 6-5, 6-6, 6-13, 6-14, and 6-15 
represent the same material. 

Table 6-3 only ehows inorganic parameters in 

mixed liquor (mg/l). Where are the sludge or 
soil analyses? Section 6.2 is useless bared on 
Table 6-3 aa it exists. 

The metal anaLysee presented in Table 6-3 were 

performed becauea biodegradation rates are 

affected by eoluable metals in the mixed 

liquor. These metals and waste water treatment 

parametere ware not intended to eubeitute for 

aludge or soil priority pollutant analyses. 

Please explain the following (Page 27). HOf the 

entire sludge mass available For biodegradation 
less than 20% of the compounds appear on our 

priority pollutant scan. Therefore, mas6 
balance interpretations using the list are 
inappropriate." 

The 10% number is an estimate based on a total 
analysis of the sludges that was accomplished 
duking the remedial investigation. Mass 

balance interpretations using this list are 
inappropriate because degradation intermediates 
of the non priority pollutants may appear en 

the priority pollutant scan. 
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Please provide explanation and calculation8 

ERT Response: 

TWC Comment 7: 

that pupport Table 6-9. 

See Table 3 an Page 15.  

Table 6-4 ahowe dramtic reduction in vinyl 

chloride, chloroatrhane, methylane chloride, 
chloroform, 3,2,-dichlcroethane, etc., yet 
Table 6-8 lirts only 6 volatiles picked up in 

the air sampling. What happened to all the 

athex volatilee? 

ERT Reeponee: While the data suggests that destruction of 
the priority pollutants was due to 

biodegradation, air etripging played a role in 
priority pollutant lose. There ie 

insufficient data to prove beyond all doubt, 

the precise maehaclsm of priority pollutant 

lose. 

TWC Comment 8: Please explain and elaborate footnote for 
Table 6-9. 

ERT Response: 

1WC Comment 9: 

See Table 3 on Page 2 5 .  

Section 6.6 is ueeless because it is baaed on 
Table 6-12. Same comment as # 4. 

ERT Response: See rabpanse to TWC Comment. 4. 

TWC Comment 10: Table 6-17, with respect to Table 6-13, same 
comment as # 9 .  
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ERT RerpOnSO: 

TWC Comment 13 

LRT Response: 6ee Rrrponro to Comrnt 7. 

TWC Comment 11: Pleare provide explanation and orlculationa 
for Table 6-18, 

ERT Rerponse : 1.0 Table 3 on page 15. 

mC Cc-mrnt 12: Table8 6 1  6-1Q. Whrrr door tho runplr from 
day 42 tit in during thir 49 day tart? 

See rerponre to EPA Comment Section 6. 

: Conclurionr (8rction 7 )  are not supported by 
the data presented, 

Bee Rerponsr to Coment 7. 

T W C  Coment 14: Pleare provide a maer balance interpretation 
tor Verse1 2 ,  

ERT Response: Bee eespsnee to EPA Comment Bocti~n 6.3. 

ERT Response: 
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LABOMTORY EVALUATION OF BIODEGRADATION 

AT THE FRENCH L I M I T E D  S I T E  

1.0 INTRODUCTION 

Several field investigation6 conducted at the French 

Limited site have resulted in a detailed understanding of the 

geology a ~ d  hydrogeology of the site, as well a6 the chemical 

constituents of contamination present at the site. Initial 

planning for the site's feasibility study highlighted the lack 

of technical data regarding biodegradation technology, which is 

one of the important remedial action alternatives. As a 

result, the French Limited Task Group initiated a laboratory 

evaluation of biodegradation 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 atep 

are also presented. 

2 . 0  BPODEGRADATION STUDY METHODOLOGY 

The methodology for performing the laboratory evaluation 

of biodegradation at the French Limited site was as follows: 

A quantity of French Limited lagoon sludges and 

contaminated soils was collected from four (4) 
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locations. The sludge from three (3) of these 

locations contained a nearly col6rless liquid, that 

was given the name tlsLudge eupernatent.It 

I 
e Extracts from the eludgo, sludge eupernantant, and 

I 
I contaminated nail were prepared. 

o The relative toxicity of each extract was measured by 

adding the extract to lyophilized bacteria whose F-, 

luminescence decreases upon exposure to toxicants. A t' 

licrotoxTM toxicity meter was used to measura the lg 
change in bac-aria1 light output, producing EcsO 

~icratox~* measurements of relative toxicity. 

a The initial "loading rateu that could be used for 

1 biodegradation testa of each material, was then 

calculated based on each individual samples1 relative 

toxicity. "Loading ratett is the amount 

contaminant that can be mixed with water for the 

liquid/liquid tests, or mixed with soil for the 

semi-solid tests, without jeopardizing the viability 

of the degrading organisms. 

- 2  - 
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Each contaminant was then mixed in proper proportion 

with French Limited soil extract which provided a 

source of micro organisms that were acclimated to the 

French Limited site chemistry. 

e Each contamiant/soil mixture was then agitated for 

ten (10) days while extracting samples periodically 

for measurement of the relative toxicity. The 

progress of biodegradation was monitored by plotting 

the relative toxicity of the sample versus time. 

8 A matrix of contaminant materials were used to assess 

the impact of adding various types of fertilizers as 

nutrients for stimulating micro-organism activity. 

o All of the preliminary experiments monitored changes 

in the relative toxicity of the reaction mixture by 

the ~icrotoxT~ bioassay and used this as an indicator 

of biodegradation activity. A final experiment used 

both MicrotoxTM and classical analytical chemical 

methods (gas chromatography, mass spectrography) to 

verify biodegradation of specific contaminants. 

3 - 

RESOURCE ENGINEERING - 
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3.0 CONTAMINANT MATERIAL PROCUREMENT 

Test quantities of representative French Limited 

contarinant materials were obtained from four (4) locations 

around the perimeter of the lagoon as shown in Figure 3-5. 

Contaminated surface soils were collected along the lagoon 

shore (using a shovel) at a depth of approximately six (6) 

inches. Corresponding ~ludge material was collected 

approximately ten (LO) feet off-shore from the spot where the 

contaminate6 soil material was obtained. The sludge material 

was collected (from a boat) using a PVC plunger type sampler 

device, from the tog 0-24 inches of sludge. Contaminant 

material procurement Locations #1 and # 2  were located on the 

north and south sides of the lagoon, and Locations #3 and #4 at 

the east and went ends, respectively. The sludge and 

contaminated soil material obtained from each procurement site 

was composited from at least six (6), but not more than ten 

(30) 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 be conducted on this liquid 

separately from the sludge and the contaminated soil. 

This contalninant material was given the name Sludge 

Supernatant. 

- 4  - 
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SLUDGE 
SITE +3  

SCALE IN FEET 

3 0 7 3 4 0  
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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 licpid/liquid tests 

and with uncontaminated soil for the semi-solid test, it was 

first necessary to determine the "Loading Ratet1 that could be 

uaed for each batch of contaminatcd material. This "Loading 

Rateu is defined as the quantity of contaminated material that 

can be mixed with water (or uncontaminated soil) for the 

bioderadation best, while still maintair.ing an active micro 

organism biomass. 

This deteraination consisted of performing a three (3) 

step process. 

Prepare an extract from each contaminant material 

batch. 

Measure the relative toxicity of that extract. 

Determine each I1Loading Ratet1, based an the measured 

relative toxicity data. 

I 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) houro at room temperature. The 

mixture was then allowed to settle and the extracts were 

- 6  - 
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bioluminescent marine bacterium. 

meter is equipped with a photomult 

to maintain temperature at 15OC, 

Their MicrotoxTM 

iplier tube, a cool 

and a digital 

separated from the insoluables by filtration using a Whatman $1 

filter followed by a 0.45 micron millipore, 

Sludge supernatant eltract was not prepared by mixing 

and filtering. The eupernatant 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 extracte 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 

Microbics Corporation which measures light output from a 

toxicity 

ing system 

display 

indicating light output. A lyophilized bioassay bacterium 

(Photo ~acterium Phosphoreum) which is a luminescent 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 15OC. 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 / light remaining. This relative toxicity test was then 

b 7  - 
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performed f :  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 toxicity measurements are tabulated in Table 

4-1 the same data is also plotted in graph form on Figures 4-1, 

4-2, and 4-3 for contaminated soils, sludges, and sludge 

supernatant, respectively. 

Essentially, all curves are straight, parallel 

lines. The relative toxicities for the four soil samples are 

# 2  >> g3 > #4 > #1. The relative toxicity of the sludge and 

sludge supernatant material correlates well for each sample 

site. For the sludge and sludge supernatant samples, the 

relative toxicity is #3 > 81 14 > 8 2  and #3 > #1 > 1 2  

respectively (sludge supernatant #4 was not tested). Based on 

relative toxicity measurements the sludge supernatant contains 

the extractioh equivalent of about 20 g of sludge and therefore 

is considered to be significantly more toxic. 

4.3 Loading Rate Selection - The EC50 value is defined as 

the concentration of contaminant material whose toxicity causes 

a 50 percent reduction in light output Prom the bacterium. 

This point represents a 50 percent change in bacteria activity 

and is the equivalent of a Gamma value of 1. It may be read 

directly off the log-log plotn of Gamma values versus 

concentration of contaminant material shown in Figures 4-1, 

4-2, and 4-3. 
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TABLE 4-1 

Gamma Values used for Determining 
EC,o and Loading Capacity of 

Soil6 and Sludges 

Sludge I 
Sludge 2 
Sludge 3 
Sludge 4 

Soil 1 
Soil 2 
s o i l  3 
Soil 4 

Sludge Supernatant 1 
Sludge Supernatant 2  
Sludge Supernatant 3 

a 
Gamma Values 

1.25 - - 0.625 

3.50 1.68 
1.15 0.45 
10.53 4.73 
2.17 1.03 

6 2 . 5  - 31.25 

0.91 0.68 
23.09 14.30 
1.91 1.01 
1.36 0.67 

5 % - -- 2 . 5 %  

5.32  2 . 8 0  
1.62 0.83 
41.89 12.93 

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

RESOURCE ENGINEERRING - 
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Tho initital physical loading rates determined from 

the E C ~ O  ~ i c r o t o x ~  values for each sample are summarized in 

Table 4-2. For tho corrorponding oludge and oludge 

supernatants the percent loading rates &re ossontfeJ1y the 

same. The 120% loading rate for ooil material from Location #l 

roans that thia sample can be degraded without dilution, 

5.0 LIQUID/LIQUID BIODEGRADATION 

5.1 Preliminary Supplemento Tests - One (1) g of each 

sludge in 400 ml of water, was mixed with 100 ml of tho 

corresponding ooil oxtract (50 g in 400 m and the total 

volume made up to 800 ml with water. To assure adequate 

aeration, each sludge mixture war dintri~uted at a rate at ZOO 

mi per 1 liter flask. To 100 ml on each sludge mixture, 91 mg 

of 14-4-4 or 260 mg Of 4-11-11 fertilizer was added; an 

unsupplemanted 100 m1 mixture was uood as a control. Thie 

resulted in three (3) seperate flasks to be tested, for each 

location site, and a total of twelve (12) test flasks. The 

control and 2 treatment flasks for eash sludge mixture were 

sealed then incubated at room temperature with shaking (45 rgm), 

At times 0 ,  24, 48, 100 and 240 h after mixing, 5 ml 

was removed from each flask and tested for toxicity. 

Tabla 5-1 provides a summary of the commerical 

fertilizer grades employed, their respective application rates 

in mg/lOO g soil, and ppm N-P205-K20 respectively. 

- 13 - 
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TABLE 4-2 
bficrotoxTM Determination of ECgo and 

Physical Loading Capacity for 

Soil, Sludge and Sludge Supernatant 

Loading Capacity 

Sludge Supera 1 7. 6%b 0.38 
2 28.09 1.40 

3 2.3% 0.115 

.hludge supernatant was available only far sludges 1.2.3. 

b~elative toxicities were determined on % v/v dilutions. 

- 1 4  - 
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TABLE 5-1  
GUR0nat.y of Commercial Fertilizer Grades 

Used as Nutrient Supplemente in 
' Biodegradation Exparimante 

Commercial 

Fertilizer Grade 

. mg/100 g 5011 

Nutrients 
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Sludge supernatant 42 was tesred with the same 

fertilizer additions without dilution because this supernatant 

exhibited green chorophyiLic 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 #I, $2, # 3 ,  R4, 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 16 also 

presented in tabular form on Table 5 - 2 .  in all cases, except 

sludge $4, no change in toxicity was observed in the absence of 

fertilizer; indicating that loss of toxicity was not due to 

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. A11 of the sludge mixtures except 13 

and sl*~dge 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 o f the 

biodegradation. 

5.2 Specific Supplements Tests - Mixtures of sludges #1, 
#2, and # 3  were prepared for biodegradation 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 - 
RESOURCE ENGINEERING - 

smartin
Rectangle
007351



I I I I I 
- 

COW1 ROL 

TIME (HOURS) 

I BIODEGRADATION OF SLUDGE 
NO. 1 WITH TWO SUPPLEMENT! 

FRENCH LIMIT ED 
P R O J I C ~  NO 

11-7-88 275- 
I- 

smartin
Rectangle
007352



5.0 w 
CONTROL 

TIME (HOURS) 

'NUMBERS OENOTe CONCENTRATION O r  
N -P206 -K20  IN ppm' 

FIQURE 6 - 2  

BIODEGRADATION OF SLUDGE 
NO. 2 WITH TWO SUPPLEMENTS 

FRENCH LlMlTEb 
0.11 PROJLCI kO 
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TABLE 5-2 

acperbentd Design and GaffoPa 
Values for Liquid-Lfquid Biodlegradation of 

Sludges w i t h  P r e l i m h q  S q p l @ n ~ k ~  

Untreated 
9 1  mg 14-4-4 
260 4-11-11 

a. lllrnstrsted in Figures 5-1. 5-2, 5-3, 5-4, and 5-5. 
b. &rived 
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uare oddad to the sixth flask ar 8 control. Three trortunt 

ilarks also rocrived one of tho following amount8 and grade of 

fertilizer: 1 mg of 19,4-19.4-Or 1094 of 32-0-0; or 

lO9,4 SQ of 32-0-0. Tho 8ix r u l . 4  flhek8 for each 81uCpe 

mixture were then incubated at room toaporaturo with 8haktng kt 

4 5  RPH. At time8 0, 2 48, 72, 120 and 240 hours alter 

mixing, 5 a1 war rerovod from arch flask and tomtad for 

toxicity. 

The decrorse in toxicity with respect to tirr for 

aludge ramploe (1, 02 ,  rnd t3 in tho presence of the various 

fortilirar mixturos are given in Figures 5 6  5-7, and 5-8 

respectively. There curvor wore plotted from tho test results 

data which e elso preeented in tabular form on Tablo 5-3. Ho 

change was obsorvad in toxicity in tho absence of fertilimr: 

indicating that loss of toxicity is not duo to physical loer cf 

tho toxicants. tor oLudge ~atarial 1 (2 and 13 no 

dogradation war observed for the high concentration of 32-0-0 

plus 12-:2-12 and no offoct was obeorvrd for the low 

concentration of 32-0-0 with eludgo sample l a ,  Studgo 13 was 

unchanged by addition of 19.4-19,4-0 p1ue 12-12-12, All 

remaining fertilizer ~ B d i t i o n ~  promoted degradation. 
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a. rllets(z*ated in Fiqr~res 5-6,  5-7, and 5-8 
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6.0 DETERMINATION 0'3- 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 whi~h would be encountered in 

an actual field biodegradation program. Tho following 

experiment was designed to datemine whether or not microbes 

were present in the sludges and whether the nutrients in the 

soil contribute to the biodegradation process. 

6.1 Test Methods - Three (3) g of sludge t 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 

as a control. To one set of four flasks containing 108 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 were 

prepared as above except to these was added 1.56 g of sterile 

soil # 3  (sterlization verified by standard microbial 

techniques). 

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 my 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. 
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At times 0, 24, 48, YE, 120 and 240 hours after 

siixing, 5 ml was removed from each flask and tested for 

toxicity. 

6.2 Test Results and Discussion - The results obtained 

for aludge 43 and sludge 14 are shown in Figure 6-1 and also 

shown in tabular form an Table 6-1. Tho control exhibits a 

slight decrease in toxicity. Likewise, very little degradation 

was observed for the 12-12-12 plus lox 32-0-0 an8 12-12-12 plus 

19.4-19.4-0 with sludge $ 3  with or without sterile eoil. 

Addition of 12-12-12 with and without 32-0-0 stimulated 

degradation in both samples with and without sterile soil to 

the same extant. 

With sludge sample 44, degradation with 4-11-11 alone 

was equivalent to the initial degradation rate obtained in 

hfadegradation bests described in Section 5.1. The addition of 

sterile coil with or without 4-11-11 to eludge 1 4  exhibited 

smaller but significant degradation. Overall these results 

indicate that soil inoculation is unnecessary to obtain 

biodegradation of sludges 13 and 84. Also, although the eoil 

cioes appear to contribute some factor to the degradation 

process it can be duplicated by the appropriate fertilizer 

grade. 
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7.0 SEHI-SOLID BIODEGRADATION OF CONTAMSNATED S O I W  

7.1 Test Hethodo - Four hundred grams of contrmEnaeed 

moil from each location were placod in each of thrso reaction 

flasks. Tho pH of contaminated moil 13 was adjureed with 4 mg 

crlciwa hydroxido/ 100 p of soil. One of each met sorved as an 

untreated control while the remaining two received 41 mg of 

l f - 1 ? - 1 2  / a00 p of soil. One of those from oach soil type 

1 42, $3, an3 14) a180 roceived the following: 

0011 el: 41.5 ag of 0-4-4 / 100 g soil 

S o i l  B l  r 71.0 rrp of 14-0-0 / 100 g moil 

soil t 3 : 41.5 mg of 0-24-12 / 100 g roil 

Soil $ 4 :  83.0 mg of 6-12-6 / 100 g moil 

hn addition&l flrmk of conteahated soil t l  received 166 m9 of 

0-4-4 plus 41 !ng of 12-12-11 / 100 g roil. All flasks were 

incubated at room tanperature and aamplod at 0 ,  24, 4 8 ,  and 168 

hours, Extraction for ~ i c r o t o x ~  asmry uaed SO g of moil and 

400 ml of wator as described above except that the axtraction 

war accomplished By blending 3 timon in the following sequence; 

S recondm at low opaod, 45 sacondm at high speed then 3 minutes 

otf tor cooling, 

1 . 2  Toot Rsaulte and Piecussion - Tha degradation plots 
for tho contaainatod soil aatorial are shewn in Figuree 9-L, 

7-2, 7 and 7-4 for roils 1L, 12, 13, and # 4  respectively. 

These curves were plotted from the test results data which is 

ehown in tabular form an Table 9 - 1 ,  

- 32 - 
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(htslia 
Sludge 

2. 
1 
P 

1 

2 
2 
2 

3 
3 
3 

4 
4 
4 

TABLE 7-1 

Experimental Qesllgn and G a m  
Values for Semi-Solid Biobeqraclation of 
Contaminated Soils from Four Lacations 

Untreated 
162 ag 12-12-12 
162 rg 12-12-P2, 
160 Q-4-4 

162 pg 12-12-12, 
664 ag 0-4-4 

Untreated 
162 12-12-12 
162 12-12-12. 

532 6-12-6 

Nutrients --- ---- 
N - p205 -- K20 

0 0 0 
50 50 50 

50 67 67 

58 216 216 

0 0 0 
50 50 50 

150 50 SO 

0 0 0 
50 50 SO 

30 150 100 

0 0 0 
50 SO 50 

100 150 100 

a. Illustrated in Figures 7-1, 7-2, 7-3. and 7-4. 
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8.0 EIODEGRADATIOH VERIFICATION WITH CONTAUINANT ANALYSIS 

This experiment was designed to confirm the nutrlant 

rtiaulreed biodagradstion aoasurad by the Microtox TM method in 

previous experinente, by rapeating them and performing R full 

priority pollutant analysis on the contaminant materia 

and after degradation. 

8.1. =st and knalvrir Hethadu - Sludge material 
,l before 

for this 

retest was collected using the method described in Section 3.0, 

from contaminant material procurement Locations 8 3  and rc at 

the east and wort ends of the lagoon tesgesetvely, as shown on 

Figure 8-1. Samplou of this eludga material were collected in 

the field using utandard French Limited sludge sampling 

procedures (see tho June, 1986 Remedial Inveatigatisn Report) 

for priority pollutant analysis, including vo1.atibe8, acid base 

neutrals pesticides and PCB's. 

Tho toxicity of the contaminant material sludges and 

moils was measured by tho ~ i s r o t o x m  bioassay system after 

dilution to 0.17 weight/volume and 1.07 weight/voluae 

raspectivaly. For sludges, 10 g was dispersed in 500 mls of 

water, 1 ml was diluted in 9 ml of water then 0.5 181 was added 

to Q.5 ml of the rsconaituted assay organisms, Soils were 

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

water prior to further dilution and assay, The resulting Gamma 

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

The projected loading capacity was calculated from 

the EC50 values determined in Section 4.0 for sontaminant 

material from Locations gs and 9 4 .  Contaminant sludges and 
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Sludge ti3 

S ~ i l  8 3  

Sludge t 4  

Soil k4 

TABLE 8.1 
Summary of Gamma Values and 

Physical Loading Capacity far Soil and 

Sluaga from Lbcationa $3 and b4 

Praj ected Actual Loading 
Dilution Tau % Loading % Loading Capacity 
Factor -- E65 0 - Capacity Capacity Factor 

0.001 12.28 0.012% 0.83% 2.5 I 

0.01 0.13 15.00% 20.00% 1.3 

0.003 5.52 0.0342 0.10% 2.8 

0. 01 0.28 7.00% 20.00% 2.9 
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contaminated soils were adjusted to the actual percent loading 

capacity with water. The actual loading capacity wa. higher 

than the CdLculated vrlues by factors ranging froa 1.3 to 2 . 9 .  

The biodegradation reaction mixture for each contaminant 

material was incubated in four flaeks, each with a final, 

loaded volume of 500ml. Two flaaks from sach contaminant 

material received nutrients and two remained untreated. The 

experimental design and resulting gamma values are summarized 

in Table 8.2. 

The reaction mixture was incubated and sampled as 

described in Section 5.0, The biodegradation axparimant was 

terminated when the relative toxicity according to ~icrotoxm 

decreased at least. one log cycle. The fin&l reaction mixture 

for each contaminant material, alone, and with nutrients was 

eu$mitted for a full priority pollutant analyeia, similar to 

t h e  analysis performed on the original sludge samples. 

8.2 Test- and~t3iseuesion - Gamma values for the 

biodegradation of contaminant sludge and soil from Locations t 3  

and 1 4  are shown in Tabular form in Table 8-2, and plotted in 

Graphical. form in Figuis 8-2 and Figure 6-3 reepectively. 

soils and sludges unsupplemented with nutriente showed little 

~hange in relative toxicity during the 9 day incubation 

period. Treated sludges and soils exhibited degradation 

kinetics consistent with the previous biodegradation 

experiments described in Section 5 . 0 .  

- 4 1  - 
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Fxprhahl Dasig, and Caa 
Values for FinaZ. Bicd.qradsticn of 

Sl- mcl Soil frol Lacations 13 md $4 
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Sludge r4 exhibited a rapid and constant degradation 

rata while sludge 13 showed rapid loss in toxicity within 5 

days followad by degradation at a much lower rate. ~ o t h  

contaminant soils exhibited lower degradation rates than their 

corresponding sludges. Contaminant eolubility and dasorptian 

kinetics may be rate determining factcro, After 9 days of 

decreasing toxicity, both roils exhibited an increased toxicity 

suggesting that the degradation proceeds via intermediates of 

varying toxicity. 

Gas chromatsgraphic analyses for volatile priority 

pollutants &re summarized in Table 6-3. Sludges contain very 

high levels of volatiles at both locations but none were 

detected in soils. Residual volatiles following the 

biodegradation tart with supplemental nutrients were 

significantly lower. 

Gas chromatagraphic/Maos epectrographic analyses for 

base and neutral extrastables priority pollutants are 

summarized in Table 8-4. Again, sludges contain the highest 

levels of these compounds at both locations, however some were 

detected in the corresponding  soil^ but at much lower levels. 

The biodegradation test using nutritional supplementation 

reduced the concentrations in sludges below detectable lipits 

while eignificant quantities remained in the tests invoiving 

Ron supplemental mixtures. Biodegradation of the base and 

neutral extractable r om pounds in soils was inconsistent with 

previous absexvations and ~ i c r o t o x ~ ~  data. However the 
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1. 9 day inaaatIon period. 
2. 19 day -lam p?riad. 

A-- 

Table 8-3  (continued) 

M m 
M) NJ 
N) m 
t 0  W 
W N) 
tal W 
hE, N) 
M) M) 
NJ W 
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analysis does confirm that degradation occurred. In this case, 

Lower residual contaminant levels were fcund in the tests 

without supplemental nutrients. 

Gas chromatagrapic/maos 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 of phenol below detectable l.imits in all cases. The 

sole pesticibe 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 

or without nutritional supplements. However, measureable 

quantities remained following biodegradation of the sail 

contaminants at both locations. 

Table 8-6 presents the Quantitive Metals Analysis 

before and after biodegradation. 

The analytical chemical GC/MS results supports the 

Microtox bioassay findings in the following conclusions. 

1. Sludges are more toxic than soils and 

therefore require lower loading rates 

2. Biodegradation of the sludges is mote rapid 

and complete than biodegradation of the 

contaminants contained in the soils. 
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Table 8-5 (continued) 
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1 
Final 
ug/l 

<0.2 
0.008 

a . 5  
0.015 

<o. 02 
0.3 

<O. 05 
0.001 

<0.03 
0.04 

<0.01 
<0.5 
0-2 

I n i t i a l  
mg/W 

<20 
0.809 

<50 
0.80 

20.0 
15.0 
17.0 
0.148 
6.3 
1.44 

a . 0  
<50 

37 

1 
Final - Initial 
w1- W k g  

? 
Fhl. -- 
Wl 

c0.02 
0.520 

<0.5 
0.05 
4.85 
2.7 
2.3 
3.039 
2.37 

co. 10 
<o. C2 
<0.5 

7 . 3  

1. 9 day irxnixition perid with nutrients. 
2. 19 day incubation period w i t h  nutrients. 

Table 4. QLantitative M s  analysis before arxE a f t e r  Bia?egra&tim 
of SlwQes and Soils  collected faom kca t ions  #3 and #4. 
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Nutritional supplementation promotes rapid, 

more complete degradation in sludges compared 

to non-supplemented systems. 

4. Biodegradation of scil borne contaminants is 

much less nutrient dependent than that of 

sludges. This probably reflects an inate 

nutrient content of the soils. 

5. Additional investigation is required to fully 

explain the biodegradation results obtained 

with soil borne contaminants. 

9.0 CONCLUSIONS 

The following conclusions 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 most 

toxic sludges and ~Ludge supernatant were found at 

Location #3. The most toxic s o i l s  were found at 

Location #2. 
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o Nutrients required for stimulating biodegradation 

were location specific, and differed for each 

location. For example, Location # 3  required nitrogen 

addition whereas Location 614 required phosphate. 

o Indigenous organisms capable of degrading sludges 

were present in the sludge material, probably at the 

sludge/water interface. 

o Contaminants at all locations, and in each material, 

could be biodegraded by indigenous organisms. The 

rate of biodegradation was accelerated by the 

addition of nutrients An the proper ratio. 

o Although more toxic than soil material, sludges 

appear to be degraded more rapidly, and completely 

than the soils contaminants, within the time frame of 

the tests. 

o The semi-solid degradation system showed little or no 

degradation within the time frame of the test 

performed. 

o GC/MS analyses confirm that the ~ i c r o t o x ~ ~  bioassay 

toxicity measurement is an effective tool for 

monitoring the progress of biodegradation activity. 
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10.0 RECOMMENDATION 

The laboratory biodegradation evaluation on French 1,imited 

contaminants indicate that additional large scale pilot 

investigations are justified, and should be performed under 

field conditions, to establish an understallding of t.he 

technical data base, and the practical mechanics that would be 

required for performing in-situ bioxemediation of the total 

site. 

- 53 - 
RESOURCE ENGINEERING - 

smartin
Rectangle
007391


	barcode: *1006758*
	barcodetext: 1006758


