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Single-well-push-pull tests were developed for use in assessing the feasibility of in-situ -
aerobic cometabolism of chlorinated aliphatic hydrocarbons (CAHs). The series includes
Transport tests, Biostimulation tests, and Activity tests. Transport tests are conducted to
evaluate the mobility of solutes used in subsequent tests. These included bromide or
chloride (conservative tracers), propane (growth substrate), ethylene, propylene (CAH
surrogates), dissolved oxygen (electron acceptor) and nitrate (a minor nutrient). Tests were
conducted at an experimental well field of Oregon State University. At this site, extraction
phase breakthrough curves for all solutes were similar, indicating apparent conservative
transport of the dissolved gases and nitrate prior to biostimulation. Biostimulation tests were
conducted to stimulate propane-utilizing activity of indigenous microorganisms and consisted
of sequential injections of site groundwater containing dissolved propane and oxygen.
Biostimulation was detected by the increase in rates of propane and oxygen utilization after
each injection. Activity tests were conducted to quantify rates of substrate utilization and to
confirm that CAH-transforming activity had been stimulated. In particular, the
transformation of injected CAH surrogates ethylene and propyvlene to the cometabolic
byproducts ethylene oxide and propylene oxide provided evidence that activity of the
monooxygenase enzyme system, responsible for aerobic cometabolic transformations of CAHs
had been stimulated. Estimated zero-order transformation rates decreased in the order
propane > ethylene > propylene. The series of push-pull tests developed and field tested in
this study should prove useful for conducting rapid, low-cost feasibility assessments for in
situ aerobic cometabolism of CAHs.
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ES 2 A5t 29S8 fEste #§718%E F trichloroethylene (TCE),

1,1,1 -trichloroethane(1,1,1-TCA) & t 9474 &35 E(Chlorinated Aliphatic

Hydrocarbons; CAHs)o] A3t o 5 2 dE82Z etz ot (8745, 1993). CAHsE
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2% AGol M A vFo EFH A&4E o] £ HF A microcosm testst BF
well-to-well pilot testol] 2J8] o]FoJHt} (Semprini ¢ McCarty, 1992). ©] ¥ &g
T 2FAHANM FEHoZ FYPHP o, vF EFAEE 0]4 3 microcosm test 27

A A9 well-to-well test A#3NA o] AF T2 ZAZ Utk welA, & AFdAE
LT AEYH, FEgy EAS A S Wy og w8 single well push-pull test
(Istoks, 1997)& propane 43t FJAES o] 8¢ ACY HEFHEY 34 ZALHL2
Aatsbed o
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single-well push pull 2382 Oregon State University9 A @& dAxHo] g 7Y
B2 A& oj&sted +£3sRTt. 2 1S single well push-pull testS E413F & Aok, &
% single well push-pull 438 9 A8E 47372 (propane), #E44, vAE FF2 (DB 2
&), tracer (bromide)%©] S°} AL test solutiond A 42 Fnvlsled A WE F<U(push
phase) & ¥, FIAE ®Zo] dUEF dA AEL Ao A FHA & F(rest phase)
&< (pull phase)®] TAZ FAAY FYHF FF Al AEE AHsH, 712, bromide, FIAE

BHERAE 5o TEE A, ¥ A9 breakthrough curve® A3t} 7)H 9 Ra&x,
BAirge A4dE&EEE AAsA
(1) test solution % (push) (2) test solution % (pull)

Single well push-pull test push-pull transport, biostimulation, push-pull activity 43
o2 zg= et Push-pull transport test® E3t propane, £ &4F4, bromide 59 A4
¢l A% L zAE e, biostimulation test® %3le] propane 33 U A EE9 FZEZAAH

ZAFSF R Th. Push-pull activity test§ 539 433 dF #YEEY CAH A5 S FA8d
LEAGAMY CAH v% ¥E& T53A ¥ol, @44F Al CAHY & 74t vAEE3d ¢ dnl
A, & Askr g4 A HA AYIAE FE] oJ¥Y webd, CAH 2358 23 A CAH A&
Yol Hedlth B AFoMe TCES EAFZ7F #A8 ethylene® propyleneS CAH WA EA 249 715
4 H7tstsih

push-pull transport 2 @A#E EU= ¢ 7z} £29 3+

My £ A

& (recovery)&, & 1o Yeld upo} Zo] &
A (porpane, ethylene, propylene, #&4t4, A4y A4)e] F+&L Br 9 348 (C 50%)% vl&d Ao
2 eyt & A EGYRee] 284 (sorption ), 333 (EUYR AE3te] etz Atdl/add
g3 5) ¥l o3 retardation £ E3HA XE AT YEistth
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¥ 1. push-pull transport Aol Al8d £33 7 & 2 AASE

Test Quantities | Propane | Ethylene | Propylene | Oxygen NON’ Br | CI"
type
Injected
M ass 4.7 0.43 46 37 6.4 54
(mmol)
Extracted
m ass 2.4 0.24 28 23 3.4 27
Transport (mmol)

% recovery 50 57 61 64 53 50
Zero-order

rate = 0 = = 0 = 0 E]
(umol/L/hr)
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29 2. Biostimulation 4823}

%Y 2% propane, bromide, §&4t4, nitrate’t €3il€ 100 L9 test solutiong WHEF-9]
F 4 8ATEY A wE ¥gE YEd Aot 1% FYF propane2 A 3FEE 9
3 HAMEAY v AE o3 EasEcd o 25 do] 23FHAY. 2x% FHFAAE 4 7 4, 3%
FAFoE o 39 4850 propane AAEE BHEAQ FYoz ZEE Aoz Jehgth
o] A#Z propane 43} v AEo] EFo EAA AFALES & F U

Biostimulation 2 &4 4433 propane At3} wlAE 2] CAH EqsHE& A5 &9
push-pull activity 48-& F3s-H . propane 243} vl A Eo] 93] ethylene®} propylene®]
cometabolismell 2]3jA E& =], 3] HAEZE ethylene oxide?d propylene oxide’} HEH A
ot o] A2 HAA A propane A8 P|AEL TCE £3)A Al€3l= monooxygenase
EAE o]8381 ethylene I} propylenes ¥ 3tte A& & 4 Atk Mass balance 2 3ol
o] 3} propane, ethylene, propylene ¢ 93 W& Ed&E+= Z+zF 36, 26, 1.4 micromol/L/hr
2 Yestd.
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