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Fifty-two bacteria isolated frc*n sewage , t~ nperate soil , and various
tropical soils were tested for their ability to attack 2 ,4—D and 2,4,5—T .
Fourteen caused the disa~~earance of 35 to 100% of the 2 ,4-D, and nine
brought about the destruction of 20 to 100% of the 2 ,4 , 5—T. None of the
organisms could use 2 ,4-D or 2 , 4 , 5—T as a sole source of carbon . Degradation
of 2 ,4-D and phenoxyacetic acid in rx nsterile sewage and a tropica l soil was
greatly enhanced by pretreating the sewage and soil with these ccii~pounds ,
suggesting the selection for organi~~~ capable of attacking 2 , 4-D and phenoxy-
acetic acid . Cell yields of the three nest active 2 ,4 ,5-T degraders in a
mediun with glucose, glycerol , and sodiun succinate and in a benzoate-supple-
nent nediujn with and without 2 ,4 , 5—T did i~~t differ , suggesting ccitetabolic
attack . Resting cell suspensions of nine of the isolates cleaved chlorine
frci’n the 2 ,4 , 5—T nx lecule while metabolizing n~ re than 40% of the 2 ,4 , 5-’T,
suggesting ring cleavage of the herbicide. Eight isolates produced chlori-
nated phenol frctn 2 4 ,5-T. Studies of the respiratory activity of three
isolates also suggested ring cleavage of 2 ,4 ,5—T. By use of (~4ç-ring-UL)
2 ,4 ,5-T, it was found that the herbicide was readily metabolized in a tropical
soil.
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fl~7riOr*JCr ION

Phenoxy herbicides such as 2 , 4-D and 2 ,4 ,5-T are anong the flOst CCI(TTK)nly

used herbicides for selective weed control and for defoliation . The metabolic

fates of 2 ,4-D and 2 , 4 , 5-T are of obvious concern because of the potential tox-

icity of the herbicides and their netabolites to nontarget organisms. Although

considerable work has been done on the persistence of 2 , 4-D in the soils char-

acteristic of agricultural lands of continental United States , little attention

has been given to the persistence and fate of this herbicide or 2 ,4 , 5—T in

tropica l soils of the Pacific Ocean area . The research in this report was

designed to determine the persistence and fate of 2 , 4—D and the persistence ,

fate, and role of cu~~tabolism in the biodegradation of 2 ,4 , 5-T in such soils.

MP~TERIALS AND ~VEThODS

Materials. 2 , 4—Dichlorophenoxyacetic acid (2 , 4-D) and 2 ,4 , 5—trichloro—

phenoxyacetic acid (2 ,4,5-T) were obta ined f rem E)~ z Chemical Co~. ,  Midland ,

Mich.; phenoxyacetic acid ( P A .) ,  2 ,4—dichlorophenol (tXP) , 2 ,4 ,5-trichioro—

phenol (‘ltP) , and catechol f rem Eastman Organic Chanicals , &d~ester , N.Y. ;

and phenol and sodiun benzoate frc*n Mallinckrodt Chemical Works, New York,

N.Y. Uniformly ring—labeled [14CJ 2 , 4 , 5—T (sp act 1.61 nCi/niw l) was pur-

chased frem California Bionuclear Corp., Sun Valley , Calif. The purity of

the 14c-labeleci catpound was 98% as determined by thin-layer chrematography.

Unlabeled 2 ,4 ,5-T and 2 ,4-D were purified by recrystallizing them twice in

benzene. The purity of the compounds was greater than 99% as determined by

thin-layer chrematography and melting point determinations. The ccinpounds

were prepared at 10, 000 ppn in ei.ther 95% ethanol (Mallinckrodt) or as the

sodiun salt in distilled water.

~~~ .. ‘1 S
—S
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Glassware. Glassware was cleaned by a 24-h inu~orsion in 20% (vo l /vol)

H~)3. Nitric acid was ruiu ved by multiple washings in tap wa ter folh~~~d by

distilled water.

Isolation of sewage and soil micr x~-~ani~~1s. Bacteria capable of deqrad-

ing 2 , 4-D and 2 , 4 , 5-T were isolated by the enr ictv~ nt culture technique using

the follc*’#ing sewage and soils at a concentration of 10% as initial sources

of inocula : sewage collected at the pr inury eff luen t of the Itha ca , N. Y . sew-

age trea tment facility ( used within 30 n u n  a fter cullection) , a tcii~erate—zone

soils mixture , Phil ippine soil (p1 1 6 .8) , Puerto Ria) soil (p1 1 5 .8 ) , Ni’lcr ian

soil (pH 5.9) , and Tr inidad soil (pH 6. 1) . The enrichment mediun was an inor-

ganic salts mediun (3 )  arxi contained (per l i t er ) : (NH 4
) 2S04 , 0.5 g; 1~~l , 0 .2  q ;

Mad , 0.1 g; CaCI 2.2H 20, 50 nx~, t~tjSO4.7}12O, 0 .2  q; FeC 13.61120, 20 n~j; and buf—

fered with 12 nt4 potassium phosphate bu f fer , p11 7 .2 .  When used as the sourec

of carbon , the carp ounds were added to f ina l concentrat ions of 250 and 1000

p~in. When used as a substrate for c~i~~t abil ism , the c~.~~ ounds ~~re added to

a f inal concentration of 100 pjan in the inorganic sal t .s medium cont aining 0.3

g/liter each of glucose , glycerol , and sodium succinate (basal medium) . The

riediun was sterilized by filtration through ster ile 0 .2  it n u nwanbrane f i l ters

(Millipore Corp., Bedford, Mass.). The enrichment cultures (10 ml total vol—

ume) were incubated statically in screw- cap tubes at 29°C . 2 , 4-D , 2 , 4,5-T and

PA disappearance were determined by UV absorbance. Once s iqni ficant loss and

visible turbidity occurred, 1.0 ml of the enrichment culture was transferred

to fresh medium. Af ter t~~ successive transfers , the enrichments ~~ re streaked

on plates conta ining either the inorganic salts medium wi th  1~ g/litc’r agar

(Difco) and amended w i t h  250 or 1000 p~in of the compound i f  used as carbon

source or basal medium with 15 g/liter agar and amended with 100 ppn of the

test ccwpound. Isolates able to attack 2 ,4—D and 2 ,4 , 5—T were subsequently

recognized by their ability to degrade the c~inpound in l i quid medium. Growth
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cuxves and kinetics of 2 ,4 , 5-T disappearance were studied by grewing selected

organisms in basal medium amended with 50 p~zn 2 , 4 , 5-T or mineral salts medium

with 300 p~in 2 ,4 , 5—T at 29°C and 150 ran. Periodically, portions were r~~oved ,

aM either the opt ical density determined or the samples were centrifuged at

10,000 X 
a at 4°C for 15 mm and the supernatan t fluid assayed for 2 ,4 , 5—T

disappearance. Nonbiologica l disappearance of 2 ,4 , 5-T was assessed using ster-

ile incubat ion medium.

1~ sting cell preparations. To prepare resting cells, cultures were qrc~~
in 1-liter Erlerineyer flasks containing 500 ml of basal medium amended and un-

anexr]ed with 25 p~n 2 ,4 , 5—T air] incubated at 29°C and 150 rlin for 36 h. The

cells were harvested by centrifugation for 15 mm at 10,000 X at 4°C and

washed three times with and resuspended in 10 ml of 10 i*1 phosphate buffer , pH

7.2 to an optical density of 1.5 at 420 rin . To 10 ml of the resting cell sus—

pension was added 25 ppn 2 ,4 , 5—T , and the suspensions were incubated for 24 h

at 29°C air] 150 rpn . The reaction mixtures were centr ifuged , and the super-

natant fluid was used for the analytical and chemical procedures . Nonbiolog-

ical degradation of 2 , 4 , 5—T was assessed with sterile medium.

Mananetry. Standard mancm~ tr ic procedures were used (20) . Each flask

received either 0. 33 ml of a solution with 1.1 ~no1es of substrate as 2 ,4 ,5—P

(sodium salt) in distilled water or inorganic salts mediun with glucose or

sodium benzoate as sole carbon source . The eixIogenous flask contained 0.33 ml

of 10 rrtl phosphate buffer, p11 7.2 , in the side arm. The main ccinpartitent con-

tam ed 2.67 ml of cell suspension in the phosphate buffer , and the center well

received 0.2 ml of 20% KOH . The cells were grown in the same medium as used

for respiration studies.

[~ qradation of ( 14C-ring-UL) 2, 4 ,5-P. To determine the persistence air]

degradation of 2 ,4 , 5—P in soil, 25 and 75 ~g 2 ,4 , 5—T ( 14C—ri ng—UL )/g soil were

added to 5.0 g of Philippine soil (p11 6. 8, organic matter about 3%) in 50 ml
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screw-cap Erleui~~yer flasks . The screw caps were nvdified to accam~date tef-

lon-silicone discs (Pierce Chemical Co. , W ckford , I l l . ) .  The herbicide was

dissolved in 95% ethanol, and the solvent was all~~~ d to evaporate before mix-

ing with the soil. The soil was wetted to 70% of field capacity with distilled

water . One flask with each chemical concentration contained a sample of soil

irradiated with a total dosage of 6 megarads; this dosage was sufficient to

totally inactivate the soil microflora . Periodically , the soil was acidified

with 10 N H2S04 , arid air was passed into the soil for 90 m m .  The air passing

out of each soil was buboled through filter sticks (Ace Glass , Inc., Vineland,

N.J.) into disposable scintillation vials (Kimble , Toledo, Onio) containing 2.0

m l  of carbon dioxide-trapping agent (C
~~2 i*~~t , M~ersham/Searle Corp ., Arlington

Heights , I l l .)  air] 13 ml of aqueous counting scintillant (AdS, M~ershanVSearle

Corp.).

Ana~ytical methods. Thrbidity was measured at 420 um in a Bausch and Lcinb

spectrophotaneter , medel Spectronic 20. 2,4 ,5—T, 2, 4-D, and PA disappearance

were menitored by ultraviolet (UV ) absorbance measurements at 292 , 280 , and 268

nm , respect ively, in 1—an quartz cuvettes in a Beckman grating spectrophotcineter ,

medel DB-G.

Chloride release was determined by the technique of I3ergmann and Sanik

(6).

Phenol production was determined by the method of Chrastil (10) .

Catechol production was determined by the method of Arnci’~ (4).

- 14 -Carbon dioxide— C activity in the scintillation vials was determined by

counting in a Beckman liquid scintillation counter , medel LS-lOOC . All counts

were corrected for quenching and background .
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isolat ion t ’~f stra ins . Enric1i~~nt cultures able to deqm’ ide 2 ,4— 1) and

2,4, ~—r were isolated ft ~~n sew iqe and soi l s .  Durin q the course of the enrich-

ment studies, the persistence ot 2 , 4—1) , 2 , 4 , 5—P air] phenoxyacet ic acid (PA ) was

determined t em st~~ aqe air] Philippine soi - Sewaqe and soil was imended w i t h

100 pt_in of the cxm~ ourid , and the deq radat ion was t e l  lcc’&~i by a det’m e mse in UV

absorbancy . %‘~en cct~.xircd to ant ~x’laved sewaqe (cont rol ) , qreater than 0% of

the 2 , 4 —1) and PA disappeared a f t  em 7 and 12 days , respect ively ; hi ’v~ r , 2 , 4 , 5— el’

was not attacked i t t  or t~0 days ( I i  q . 1) . Subsequent add i t  ions otT 2 ,4—fl and PA

o the s~~aqe s o~~d q reator than 75% disappoam mcv it  t o m  2 and ~ days , mes~~’c—

t ively, sugijest inq the select ion for ~ianisms capable of at t ack inq the ci im~iounds .

Similar results were obtained w i t h  P h i l i pp i ne soil , except that the t m v  needed

to observe 90% d msappeai ance ol 2 , 4—fl and PA was 14 and l~ days , rcsp\’t i v e l y,

while 3 arid 4 days w e m e  required tor 75% disappearance of subsequent ly a kied

2 ,4~~ air] PA , mes~~~ t ively (F’ iq. 2 ) .

To determine the number of isolates f rc*n each i nocu lun that could dcxii mde

2 ,4—I) air] 2 ,4 , “~—T , the bacteria wei-e qiv~jn i n l’ias m 1 nvdiun amended w i t h  ‘~0 ~j imm

2 ,4—D or 2 , 4 , 5—P . Disap pearan ce of the inpeunds was nt’mnitorod period i cal ly

by recording the UV absorbancy ct the culture ’s supernat ant f l u id, and these

data were c~.i~ xircd to tiv disappearance of the ii~ounds in St 01 lo nvdium

(control) . A suirmamy of the study to sh~~ the nunlx’r of i sola tes  fm ~in t\iO)t

inoculun capable of deqrad m tmq 2, 4—i) and 2,4, 5—T is q i \‘om m in Table ‘I .  St’waoo

arid Ph i l  ippinc soil prov i ded the mm~st 2, 4—1>-met abol m m rmq isolates , hereas the

number ot 2,4, 5—P—inetabal I inq isolates, a I thouqh hiqhest fru*m’m sewaqe, were

fat i1y evenly distributed .mnvno the various so i Is. Al I enrichments y melded

onjani~~~~ capable of metabo t i~~inq 2 , 4—I ) and 2 , 4 , 5—P. rhcnexy~m~~’t ic acid , Nafl ,

I-
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arid phenol were used as a carlx n source ?,~~i is a substrate for ca’~~tabo1i~ im ,

whereas 2 , 4—D , 2 ,4 ,5—T , DCP, arid ‘lCP ere used as a substrate for caT~ tabo1i~~
only.

The isolates were studied further to ascertain their morpholog ical and

bioch~ nica1 characteristics . The bacteria exhibited the following diversity :

88% were Gram—negative, 78% were rod-shaped , 58% were motile, 32% were pig-

mented and/or fluorescent , 68% were oxidase positive , and 94% were catalase

positive (Table 2 ) .  A breakd own of the characteristics of the isolates by

inoculmin indicated that the inocula conta ined a high percentage of Gram-nega-

tive, rod-shaped , catalase —posit ive bacteria , while the r~~taining characteris-

tics fluctuated fran a low of 5% pigmented and/or fluorescent bacteria fr an

the tanperate soil to 88% oxidase-positive bacteria fran the Phili ppine soil.
it

Metabo1i~ n of 2, 4-D and 2 ,4 , 5—T. Nineteen isolates were capable of metabo-

li z ing 2, 4-D air] 2,4, 5—T. Resting-cell suspensions of these bacteria were pre—

pared , and 2 ,4 , S-T disappear ance , phenol and catechol production , and chloride

release were determined. When canpared to sterile controls , eight isolates

caused the disappearance of greater than 50% of the 2 , 4 , 5-T E~ tensive metabo-

li ~ n occurred with isolates 2~t3 ( 88% ) ,  4C3 (88%) ,  and 5D3 (92% ) (Tabl e 3) .

Twelve isolates released chlor ide in the medium, with isolates 2A3 , 4C3, and

5D3 liberating 90% or more. Eight isolates produced phenol fran 2 , 4 , 5—T . No

catecho l was detected in the medium after a 36-h incubation period . The loss

of tJ V absorbancy , release of chloride , and absence of phenol and catechol in-

dicated that certain isolates were metabolizing 2 , 4 , 5—T by destroying the aro-

matic r ing . The product ion of phenol with and without chloride release sug-

gested that sa~~ of the isolates were converting 2 , 4 , 5-T to 2 , 4 , 5—trichloro-

phenol and mono- and dichlorophenol.

• --4
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TP~BLE 2. W)rphological and bioch~~ical characteristics of bacteria isolated

fran sewage and soil

Percentage of isolates showing characteristic
Gram F~ d Pigmented1 Oxidase Catalase

Source negative shaped Motility fluorescent positive positive

Sewage 90 95 69 50 87 100

‘I~ nperate soil 92 60 60 5 40 97

Philippine soil 88 86 71 43 88 91

Pi~~rto Rico soil 73 76 49 28 67 100

Nigeria soil 91 75 50 29 57 85

Trinidad soil 94 76 49 37 69 91

it —

f~~an 88 78 58 32 68 94 

— - ~~~ ~~~ - --~~~~~~ - - -~~~~~~~~~~~~~~~~~~~
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TAI1u~: 3 . ~~,ta1~~1 i~~n ~~ 2,4 , 5—T , i e1e.I~k’ v4 t  chloi ide , and pi~xh~ct i~ n of phonol

by ie~ t it tq —ct ’f l  ~ts ~*~xwt~~ns

~ I2 , 4 , ‘~— i’ ~h 1 ~t i ’k’
I tciol’ Lun 14 , 4~-3t a ( %)  I O I( ’ , I ~ t Mt t

~ ( % ) (a~ %)

IAI 0 2.1 60

2/U 8 0

2A2 0 40

2A3 88 ~4 C)

4A3 C) 0

4A5 44 24 C)

0 0
it

1137 44 40 0

(.)R2 24 0 I t)

(1 C)

0 0 1 ’

2C4 ~4 30 0

4CC 44 ~t) 0

4C.4 88 ~)L) 0

4C~ 8 0

4D~ 4 ~4

SD) t12 C)

3K) 72 40 0

SF4 t~8 ‘it) 0

Ii ~t i a 1 coIk~”flt t a t  tun : 2’~ IIqA~I

b
c n ~~ )t ra t. t~~ ot oh C w ide in .~~~ qflu l ‘, 4 , ~—T : 10. ~ ~u 1.
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The three n~ast~ act i vt ’ 2~ 4 , 5— P—dcqrad inq t solates (2A3 , ‘IC ~~, and 51) 3) wet ‘

grown in bas.-t 1 mcd i ~iu ~ut~sxlod w i t h  50 p~iu of  1, 4 , s—i’ or in \;~~It i c s,t I t  S it~’d i ~iu

ani, ridtr] with 300 p~iu 2 , 4 , 5— 1’. Cont f l 4  1 1 Casks contain inq basal mcdi tin wet.e

cubated with the isolate. ( r ~~~th , n~~istwtd by opt i cal dens i t  y ,  Was a

with 2
, 4 , 5—T d isap~x’arancc as measured b’~’ loss of CIV absorbancy . Reqardless

ot the presence or absence of  2,4, ~— 1’ in the basa l n~ \ 1iLII I , i so lat e  2A I

strated a signuidal growth curve w i t h  nt-tx ima l g rowth ~t t t  or 30 h (F ig .  3)

D.isappoaran&x’ ol 2 , 4, 5—P sta r’ted abou t 8 h • i  l t ~~r i noou I . i t  ion , aixI a f t er  90 h ,

grea t or than 90% ot the herbicide had disappeartxl. S t e r i le  cont r ot s  had loss

than 2% disappearance after  90 h. No growth o~cu t i t ~ 1 in the inorganic salt  S

n~ diuii after 90 h. The inab i I i  ty ot 2 , 4 , 5—1’ to serve as solo c~i t l ~on sou r ~~~~~~

the disappearance of t h e  cci pound in the presence 01 an oxtoni ,t 1 carb on SoUi Ot’,

arid the lack of s ignit i cant di C letoncos in gt\Mt h bet ween amended ai~1 tui an~’iidod

basal medium indicated th at  the loss of the herbicide resulted t t c I f l  c~1tk’t aba! tsm.

C’cvictalx,lism ot 2,4,5—P was also indic~t t od for isolates 4C1 (Fi g .  4) and 51) C

(Fig . 5)

The t a t e  arid extent ot d~ upt ake was measured w i t h  r estin g — c e l l  susp~ i—

s ions of 2A3 , 4(2 1, and 51)3 prepared C nm cultures grt -~ n On 0 Iucose—inot qctn I L ’

salts nkxiitzn wi th  .izmi without 2
, 4 , 5—’1’ (30 ppii) or inorq,-tnic  s,i I t s  nt ’ditiu w i t h

sodium benzoate as sole carbon source. The oxygen usLEIç t ion t’,I! ues art ’ the

n~~~ns ot twe replic a tes corrected for ondoqenous t esp i t a t lou ( less t h.-a ui ~nt ’ I

ot 02 in 3 h) and are determined lot- sod i in beIr’Ax ~t 0 or q I ucose as so! t ’

source and 2, 4 , 5—P in tlie glucose—inorganic sa l t s  nicdttin .

The ox jdat ion 01 2,4, 5—T , glucose and soditin beti~~~ tt e is  pt eseiit t xl in

Fig . 6. Oxygen consumption was high I’. ~t ’ sxI in benzoat c (~ ~~ I of O~ — u~ I ot

sodium benzoatc) - Glucose was cunpietely oxidized (~ l inu l ot CJ ,/ I n l k 4 1

by 2A3. A) tbauqh °1 consun~ t ion lot 2 , 4 , 5—P WaS nt’q I ig ibli ’ by 21t wheti qt own
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with glucose, the cells consuned about 1.7 ime I of 02/1 inv l of 2 , 4 , 5—T when grown

with sodium berizoate, suggest ing a substrate—analog stimulation of respiration .

The anm unt of 02 constux~ d was about 25% of the theoretica l ani unt needed to

oxidize the 2 , 4 , 5-P ccm~~1etely .

Resti ng cells of 4C3 were prepared fran cultures grown in glucose-inorganic

salts medium with ar id witho ut 2 , 4 , 5—P. The cells cau~~1etely oxidized glucose

(Fig. 7 ) .  Oxygen constzi~ t ion in the presence of 2 , 4 , 5—T by ce 1 Is not grown in

the presence of 2 , 4 , 5—T was 2 tima l of 0,/t inmal of substrate. Hc~ ever , cells  ex-

posed to 2 , 4 , 5-T in the growth medium consumed nearly 4 uno I of O~/~atK l of 2 , 4 , 5—T ,

suggesting that the presence of 2 , 4 , 5-T st imulated nictabo li~mi and ring cleavaqe

of the herbicide .

Resting cells of isolate 503 were prepared simi lar to 4(23 , and these cells

also oxidized all the g lucose (Fig. 8 ) .  Cells not exposed to 2 , 4 , 5—T in the

growth medium consumed nearly 2 piwz l of O~/t IsL 1 of 2 ,4 , 5—T while “pre-exposed ”

cells constui~~I 3 pn~~l of 02/pmol of substrate. The enhanced 02 constipt ion

( about 40% of the theoretical amaunt for cunplete oxidation of 2 , 4 , 5—T ) sug-

gests , similar to 4C3 , that the presence of the herbicide during growth stimu-

lated subsequent 2, 4 , 5—P oxidation .

¶Ib determine further the persistence and degradation of 2 , 4 , 5-P in soil ,

the Philippine soil was amended with 5 and 15 ppn of 2 , 4, 5—T ( 14C—r ir t q —UL ) .

The evolved was measured period ically by acidif ying the soil ar id trapp nq

the l4~~ in a trappi ng solut ion . Ccit~ ared to gama-irradiated controls ,

evolution was detected in the soil with 5 ~çin 2 , 4 , 5-P (Tab le 4 ) .  The an~ unt of
l4~~ detected was 16% of the initial radioactivity added after 2 weeks arid 23%

after 3 weeks. No significant l4~~ evolut ion occurred in the soil with 15 pçxn

in a 3-week period . Evolution of 14CD fran the soil provided ad-

ditional. evidence of r ing cleavage .
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TABLE 4. [~ gradation of 2 ,4 ,5—T( 14C-ring-UL) by Philippine soil

Deg~radation (%)~~
.

Weeks 5 ppn l5~~çin

1 0 0

2 16.3 < 1.0

3 22.6 1.8

~~~asured as % of 2 ,4 , 5—T ( 14C—r ing—UL) evolved as 14C0

-_
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DISCUSSICt’~

Enriclii~ nt-culture techniques using 2 ,4-D , 2 ,4, 5-T , arid analogues indi-

cated that the inocula fran natural ecosyst~ ns conta ined many bacteria capable

of destroyi ng 2 , 4-D and 2 , 4,5-T but only by canetabolism. Stodies with resting

cell suspensions of the bacteria showed that 74% of the isolates destroyed I ran

8 to 92% of the 2 , 4 , 5—T in the median , 63% released chloride fran 2 , 4 , 5—T , ar id

42% produced phenol . In addition , 64% of the bacteria that degraded 2 , 4 , 5-T

also released chloride . The liberation of chloride with loss of ~W absorbancy

indicated r ing cleavage of the herbicide . Further , the data fran mananetric

stixlies suggested ring cleavage of 2 , 4 , 5—T by two “induced ” bacterial isolates ,

4C3 arid 503. The cleavage of the herbicide agrees with the f indings of (Xi and

Sikka (17) , who found extensive degradation of the ar anatic ri ng of a structurally

similar molecule , 2- (2 , 4 , 5—tr ichlorophenoxy) propionic acid by aquatic bacteria.

In contrast, other ~~rk ers (2 , 9) have reported that phenoxy herbicides with a

chlorine in the meta position of the aranatic ring were resistant to microbial

degradation in soil. The failure to show microbial degradation of these cheni-

cals may have resulted f ran soil inocula in which the appropriate microorganisms

were either absent or not present in sufficient numbers to produce degradation

of the carç ound in the time of the experiment.

In addition to organisms degrad ing 2 4 ,  5-T, bacteria were also isolated

that could produce a phenolic canpound f ran the herbicide. In sate cases,

phenol production was acoinpanied by chloride release , suggesting the conver-

sion of 2,4,5-T to the mono— or dichlorophenol. In other instances , phenol was

produced without a loss of UV absorbancy and chloride release , suggesting the

production of 2 , 4 , 5—trichlorophenol. Sharpee (18) showed also the product ion

of 2 , 4 , 5—trichiorophenol fran 2 , 4, 5-T. The appearance of the chlor inated phenols

in the culture medium suggests that 2 ,4,  5-T degradation proceeds via the cleavage

1
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of the acetate moiety as described for 2,4—D degradation (1,7,8,15,19). If the

trichlorophenol is dehalogenated, then the molecule may be decanposed by the

pathways described for 2 , 4-D degradat ion (18,19) . The pathway of degradation

of the trichiorophe nol, hc~~ver , rana ins unknown ( 1) . Al ternately , 2 , 4 , 5-T may

be converted t:O a h~iroxylated, dehalogenated organic product such as 3 , 5-di-

chiorocatechol as descr ibed by Horvath (12). If so, then the ca techol may be

decanposed as described for 2 , 4-D since the ca techo l is also produced dur ing

the bacterial degradation of this herbicide (14,18,19).

The data f ran the enr icIii~ nt cultures indicated that 100 ppn of 2 , 4 , 5-T

persisted in s~~age and Philippine soil for 60 days . However , a subsequent

exper iment using a larger sample of Philipp ine soil amended with only 5 p~in

2 , 4 , 5—T ( 14C-~ring-UL) indicated ring cleavage and evolution of l4~~ within

2 weeks. Inasmuch as 2,4,5—T does indeed disappear f ran soil (1 , 11) ar id evi—

dence exists that microorganisms are involved (12), one might expect that mi-

croorganisms could be obtained which use it as a source of carbon and energy .

However , such an organism had yet to be found . In th is stndy, the three most

active bacteria attacked 2, 4, 5—T by cc*netabolism. Catetabolism is the metabo-

lism by a microorganism of a oinpound that will not supply that organ ism with

energy or an essential nutrient . The species thus does not replicate at the

expense of the catpour id ; hence, should the initial cell number be small, there

will be no increase in cells with the requisite enzymes so that the rate of

decanposition will. rana th low and also will not show the typical increa se with

time that is characteristic of substrates supporting growth (13) . This long

persistence coinciding with an apparent microbial transfonna t ion (5) is typical

of the behavior of 2,4,5—T in soil. The persisten ce , however , of 2 ,4—D and

2,4,5—T is dependent on many factors , not the least of which is abundance of

2 , 4—0 ar id 2 , 4 , 5—T—metabolizir~g bacteria (1 , 14) . Thus, a small soil sample imay
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not contain the bacteria in sufficient numbe r to deqr ade 2 , 4-D and especially
— 

2 ,4 , 5-T within the test per iod . A dependency of 2 , 4-D and 2 , 4 , 5-T metabolism

on size of soil samples has been shown (16,21).

Future research will be directed to (a) deter-mining the fate and persist-

ence of 2 , 4 , 5—T in Pacific Island soils utilizing gas—liquid thranatography

arid 14C-tagged herbicide , (b) determining the role of cc*tetabolism in the bio-

degradation of 2 , 4 , 5-T and seeking means to enhance the process , and (c) assess-

ing the effect of selected pesticides on the funct ion of microbial cciiirum ities

of sewage.
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