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RELATIONSHIP BETWEEN NUMBERS OF ORTHO AND NON-ORTHO
CHLORINE ATOMS IN COMMERCIAL ARQOCLORS

NUMBER OF META PLUS PARA CHLORINES

) .ll‘ L

1 2 3 vy
NUMBER OF ORTHO CHLORINE ATOMS

Figure 8-1. Relationship between numbers of ortho and non-ortho chlorine atoms
in commerclal Aroclors.
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Ta-ble 1: Identification of PCB-degrading ci‘lvironmental;'isolatcs

_Strain designation _Organism .
MB1 - Corynebacterium sp.
Pid434 - Alcaligenes faecalis o
H850 Alcaligenes eutrophus |
H201, Pi704, R)JB . Pseudomonas cepacia
‘H128, H336, H430  Pseudomonas testosteroni
LB400, LB410 - Pseudomonas sp.

Pi939, Hl 130, Pi304 } _Pseudamonas (ACtdévorans gmup) |
‘H702, Pi101 L
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Figure 1: Comparisen ecf the PCB-degrading competcncc of environ-

mental bacterial isolates, fo) indicates that H850 deéraded less than

 20% of this congener (245-245-CB), but amecabome was isolated.
[adapted from reference 11]
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Biphenyl and PCB Biodegradation Pathway
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Figure 3: Initial oxidative degradation products for attack
via 2,3- and 3,4- dioxygenases on the congener 2,3,2',5'-
tetrachlorobiphenyl.
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Figure 4: Biodegradation of PCBs on soil by LB400 and MB1
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Table 2: Relatlve PCB degradmg actlvnty of E. coli recombmant

strains and Pseudomonas strain LB400.

. Percent Activity® , J
LB400 ] FM___ LB400
(Blphenyl) -~ 4100 . 4560 |

Congener

2.3
2.2
2.4

o0
N
oc-o 00000 dpo‘é

2,52
2,54
2,3,2'3"
2,3,2's'
2,5,3'4'
2,525

¢

°© 00000 00

2,4,525
23435
2,452

’

4,4

2,44
2,454
2,424
3.4,34
24,5248

o
. o.o
o]

*indicated as the percent of degradation Key: % Degradation
compared with biphenyl-grown LB406¢ . 86- 160

Resting cell assay: Mix 1B, 28 @ 5079
FM410'0 HB 101 {pGEM4 10) '
FM4560: TB't (PGEM45S) @ 40-59
LB400 (S): grown using succinate ; 20-39
. : 1-19
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B-B’ and C were associated with the decper
“hot spots,” which have been estimated o
contain 77 metric tons of PCBs (6).
Quantitation of the individual capillary
/GC pezks indicated that the kevels of most
tri- and tetrachlorobiphenyls were depressed
relative to those in Aroclor 1242 in all
classes of upper Hudson River sediments,
but particularly in those that showed pat-
terns B, B’, or C. Summary data for 2,5,4'-
plus 2,4,4'-chlorobiphenyl (CB) and for
253'4~Cl(whchmnptamtmvcol
with Jesser or greater res
o v decblorinaion, mspectgy) e
1annT¢kl(hmumeanw¢
" ment classes the fevels of the 2,6,2'- and
'2,6,3'-CBs and those of all dichlorobiphen-
yls were increased two- to sixfold, and the
- levels of the monochlorobiphenyl 2-CB in-
-ereased 7 d, with the largest
- changes in the samples shat
. showed patterns B, B’, cr C (Table 1). The
mcreascsmthemmo—mddadﬂaobqﬂwn—
to clute into the river waser or :
‘acrobic biodegradation. Thas it was evident

" 2 Pattern C dmi:thenwerﬁudsonkiverasaw&oka

massive (40 10 70 metric tons) conversion of

' ay-, tetra-, and higher chlorobiphenyls w0

33 , 13 : 23 % 348 % momo, &, and 2,6X"wickiorobiphcnyls

e~ §§ L 1i] 31 %élé 3 3 33 g (X' =2, 3, or 4) had occurred, particuladly

! ' : ] , i ® . “n the subsurface (25- w0 30-year- old9 por-
\ L}' k A A MSAL VS o of dhe sediments.

Fig. 1. DB-1 capillary gas chromatograms (plots of desector respomsc versus clution time) of The sediments of Silver Lake, a 10-ha

Hgdson chr segll;g\tfat;n show surface p(a’i(cmA(hgdy d Aroclor uu)mmsm wban pond in Pitsfield, Massachusctss,

patterns » an ame ionization detector was used 30 that e PCB peak response was ecardy  coprain an estimated 29. metric tons of PCBs

propomonal to molar concentration; however, non-PCB impuritics in the samples also produced (), which are belicved o have originally
obscnablc designated * and Tmp.). The major PCB ible for the obscrvedt iginatly
aﬁfy( thc?umbcrs that coP _£ond 0 the W?mwm cach of the two - been alpnost cntn'cly Aroclor 1260 released
rmgs, tus 2-2 and 24-4 indicatc 2,2’ Morobuphcayl and 2,44 richlorobiphenyl, respecuively.  from  adjacent wansformer- manufacmnng
Internal standard peaks are dcs:gnm Int. sed. ‘operations before 1972. A mapping and

Arocior 1260 A"OM mo

-
b
) =-\n
HY L) O - (=]
I 2 237 S
w T bl R - > i
8 &« h N % S Fig. 2. DB-1 capillary gas chro-
8 % e a’" s matograms. (plots of detector re-
] N . sponse versus clution time) of Aro-

, \ ) ; : r 1260 and: ofg:mArgc{lor ll?a“ic;
JUPR W NI ’ ‘ : N rcslduccxmcted aSitver:

- scdxmcat composite that showed

: mam Thanly pattern F (with some pat-

(g which contributed-the three

sma!lpeaksomhclcft) These chro-

) " .matograms were obtained with an

Pattern F (+G) electron capture detector. Such de-

rectors give a stronger response

with the more heavily chlorinated

PCB congeners, a weaker. response

© G with the less heavily chlorinated
3 Aans . ' ones, and little or no responsc with
T OXoe : S unchlorinated impuritics. The ma-
3 333 g % jor PCB congencr peaks and the
" sas N internal standard are designated as
A AN s ~— inFig. L
710 . SCIENCE, VOL. 236

(sF6)
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RELATIONSHIP BETWEEN NUMBERS OF ORTHO AND NON-ORTHO
CHLORINE ATOMS IN COMMERCIAL AROCLORS
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.o 2 3 4
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Figure 8-1. Relationship between numbers of ortho and non-ortio chlorine atoms
"~ in commercial Aroclors.
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- Comparison of Envir onmentally Tr ansformed PCB
and Laboratory Incubation of PCB
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Figtife 6«2 Dechioﬁhatnbn patterns observed under different conditions after 18 weeks.
Panel A, autoclaved control; Panel B, includes RAMM (pattern M); Panel C, includes

RAMM + cysteine hydrochloride at 1 gm/L (pattern ). 25
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Widespread Anaerobic Dechlorinating Micrdorganisms:

Contaminated Sediments

Escambia Bay, FL Ry
 "Hoosic River, MA B
~ Hudson River, NY o
New Bedford Harbor, MA
- Sheboygan River, W1
Silver Lake, MA
Waukegan Harbor, IL
Woods Pond, MA Kalomazoo, M

Uncontaminated Sediments

Adirondack Muck, NY

Center Pond, MA

Red Cedar River, MI

Saline River, Ml

Spier Falls, NY (Hudson River)

402677



Mole Percent

Mole Percent

No u-_an-d-q_-qﬂuq:_—#uq«:--—uuq-q:-q—-—:-q-—quudjdqﬂd—ququ~:qd~«-—-::«—uudﬂd:q

Hudson River HY
Aroclor 1242 16 Weeks

sl

“Autoclaved _ o __.\\ : i

w—-qmﬂqdqanqq L1 A qﬂquq-qqzuqd-qquu 14414

mo I «:qzuq—:-u:uuq—:—du:d«—d::dﬁuumqq«--u-—«ﬂ-qm,qﬂﬂqm—wq-_.:ﬁ-.««ﬁﬁ~qud«.qﬂq5mqnmu¢«v-
: . B

402678



Mole %

Mole %

Mole %

Endogenous Dragstrip PCBs
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Endogenous Hudson River Pch (HD)
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MOLE PERCENT

MOLE PERCENT

PCB CONGENER DISTRIBUTION
IN WOODS POND SEDIMENT
BEFORE AND AFTER DECHLORINATION'
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)

Aerobic Degradation

o Introduction
« rDNA Efforts
o Dragstrip

Anaerobic Dechlorination

e Introduction

e Aroclors

| //' o Single Congener

Anaerobic/Aerobic
e Lab Results
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- ‘D\;'\Y'\B ..&xmtf - ¢h Dedhlodinakion | pfoclu:.‘('s
Plleceit Sedimedts -

g -4
//
Ct l Cl
Cl l . Cl
+ +
® ) ().
®
Ct
Woods 96% 3% 1o
Pond ST
Silver 1'4,% 79% 2o
Lake .
- Hudson 63% 34% 3%
.~ River
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Concentrations of Planar PCB Congeners (Dioxin-like toxicity)

Congener*  Conc. of Congener in  Conc. of Congener in Po
Aroclor 1242 Dechlorinated** Reduction
4 oster €, Aroclor 1242
Caner Q0 (%) ( %)
34-34 0.14 <0.005 >96.5

345-34 0.003 0.0005 83

345-345 0.0015 <0.00015 >90 ava,
245-34 0.33 0.068 80 %957
234-34 0.43 0.061 86 ?

2345-34 0.008 0.0043 46

*  Most active congeners in AHH/EROD
enzyme indication assays

Microbial dechlorination pattern C with
Hudson River sediments

% %k

i
EROD assay demonstrated 75% reduction in enzyme induction
with dechlorinated Aroclor 1242




Transfer Experiments onto Different Supports

#Cl removed/25 wks
No support 0.0
Sand 0.0 LT
Sawdust 00 .7
Clay 0.0
Vermiculite 0.0
Whole sediment 1.3
Peat 0.6
Peat/Vermiculite 1.2
Peat/Clay 0.5

402687



889207

oNi

bi

(SAYQ) ZHIL HQILWIR

82

we
«

)

RELATIVE PERCENT

[~} =] [~} L[] o < =

PPN ET IV 0 6 O I P CYE YT ST PR TETYERTY TV ST TR L T 1 60V STV Ove nn741
au
H’M R
XX
v
BN

[
(73 -3 [3] N -3 & w [ ]
o
ey

09
W
>
N
b
>
2}
L[] ]
L}
1
T N T L (R TENTSN FYVRR ORIV [VFYRTYR UV FFVRRTUVTR FYFEPRUTRS FURVEFTRRY YRVEUTEVYE FPRTRUVIYY PRrNYrTeeTY
| I .
W %;: éﬁ‘ ™
('\ ‘\ e g’ C
w L e - .
R R
N . z° g T )l
XU o o B
:“ - , - Z
P )
% (

(SA84) TAII HOTLYINCKI

82

T

T2

)

»n
< [~

U B In B ar L ' B

W
]
'

et sdesa s Cler el srai b el
e o
¢ o
2% 5 35
& 3 ry ;je
T3z 2f
2. &

RELATIVE PERCENT )

9y
o» [34] -l 3 [ -] (13 0
Q (-] (] @ oS [~ (=]

[ NSRS b Nt e S ol o B e oo B s of -

Noyswr | ;*,;\

"t
\
4
P
¢

(7NN Sy NPRPEVES § u.n..c.l..u_a..._]

m



Relative DeCl Activity
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Figure 5-3. Effect of incubation temperature on the dechlorination of Aroclor 1242,
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% Conversion to 26--CB
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PERCENT OF 236-CB REMAINING
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Aerobic Degradation

e Introduction
o TDNA Efforts
o Dragstrip

Anaerobic Dechlorination

¢ Introduction
e Aroclors

« Single Congener

Anaerobic/Aerobic

/. Lab Results
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BACTERIAL TRANSFORMATION OF PCBs

Organié;ms
Location

Requirement for
Activity

Type of

: Tramformation

Best Stubstrates

AEROBIC BACTERIA

Pseudomonas, Alcaligenes,
Corynebacterium, ...

Water Column,
Surface Sediments

Oxygen

Oxidative
Ring Cleavage

Mono- to
Penta-CB

ANAEROBIC BACTERIA

Unknown,.~"

rd

Sub-sediments

Lack of Oxygen

Reductive
Dechlorination

Tri- to
Octa-CB
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Estimated Time Schedule

March 1, 1991

April 1, 1991

May 1, 1991

June 15, 1991

September 15, 1991

October 15, 1991

Final hardware design and
experimental plan

Hardware assembly begins at
fabricator shop

Site preparation begins

Site preparation completed
Hardware assembly completed
Construction of facility begins

On-site construction completed
In situ test begins

In situ testing completed
Site closure begins

Site closure completed

402704



Cell 1:

Cell 2:

Cell 3:

Cell 4.

Cell 5:

Cell 6:

Estimated Protocol

Isolation only (control).

Nitrogen sparging and rake agitation only (control).
No nutrient or microbial additions.

Full process control with added natural
microorganisms cultured in the laboratory (e.g., pH,
temperature, oxygen level, nutrient composition,
agitation, and cell density).

Full process control with added indigenous
microorganisms from the site cultured in the
laboratory (see Cell 3).

Partial process control with added natural
microorganisms (e.g., ambient temperature
and pH, limited nutrients, agitation,
aeration, and cell density).

Partial process control with indigenous
microorganisms (see Cell 5).
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Drawing shows proposed 10-by-25-foot experimental station to be placed in Woods Pond in

&

L:no‘x. ond’is actually 230 acres, and the final profect may include a 30-foot ramp from
shore, '

The Berkshive asle
Mgl 4, 1170
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Important New Findings:

— Rates at lower temperatures ~room temperature rates
- Transfer/enrich organisms

— Organisms are common
e Contaminated sediments

¢ Uncontaminated sediments

— Potential for complete anaerobic degradation

e Hudson River organisms can remove all outer
chlorines

e Housatonic River organisms can remove inner
chlorines

402707



SUMMARY

e PCBs do bnodegrade

wxdespread activity in sedlments

aerobic - S
« anaerobic ) | '
[PCB] in sediment/bass

o Attractive alternative
e in-place
o natural process
o lcss imvasive

o Moving forward
« accelerate this natural process
e lab scale
. 11ve1 model
. S1te test in the river (1991)
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PCB PROGRAM PERSONNEL -- HISTORICAL LIST

,’T AEROBIC DEGRADATION

Organism Isolation:
Donna L. Bedard
Lawrence H. Bopp
Michael J. Brennan, Jr.
Carl Johnson
John H. Lobos
Ronald Unterman

Biochemistry/Pathways:

Donna L. Bedard
Lawrence H. Bopp
Michael J. Brennan, Jr.
John F. Brown, Jr.
Marie L. Haberl

Ralph J. May

Ronald Unterman
Robert E. Wagner
(University of lowa)

”T “ (University of Kentucky)

Application/Scale-up:
Angelo A. Bracco
Ronald E. Brooks
Kenneth M. Carroll
David K. Dietrich
Mark R. Harkness
John B. McDermott
David P. Mobley
Charles Schwartz
Gregory L. Warner

Molecular Genetics:

Bruce D. Erickson
Frank J. Mondelio
James R. Yates

Metabolism:
/‘T John A. Bergeron
.< Bruce D. Erickson
Kenneth M. Fish
David W. Krueger
David T. Lin

ANAEROBIC DECHLORINATION

Hudson River:

Daniel A. Abramowicz

Michael J. Brennan, Jr.

Edie L. Gallagher

Chitra Stokes

Heidi M. Van Dort

William A. Williams

(Michigan State University)
(New York Univ. Medical Center)
(Oregon State University)
(Stanford University)

(State Univ. of New York, Syracuse)
(University of Georgia)

Woods Pond:
Donna L. Bedard
Stephen C. Bunnell
Heidi M. Van Dort

Models /Scale-up:
ark L. Stephens
(Celgene Corporation)
(University of Michigan)

ENVIRONMENTAL ASSESSMENT

John F. Brown, Jr.
George M. Frame, I
Ralph J. May
(AccuStandard)
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