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toxicity ar*i degradation of pesticide*’ thtredu~~~ into sanitary

se~~r facilities t~ .s yet to be extensively sti4ied. Fbr this reason, the
effect atx~ fate of eight ~~sticides ware inve~~igated using the
with a sewage irx~culi zit. Six of the eight d~~ icals (Carbaryl, Malathion,
DiazAxx~~, (Xirsban, Dichlorvoe, aixi 2 ,4 ,-did roç*enoxyac~ tic acid) did r~ t
retard oxygen arssisr’tion by a 0.33% aewaqe,~, ii cul in in a one—~~~k test perj od
at ~~n~~~trations r~~~~r~ Lr~~i~ L1 to ~QQ. ~Jiul of active ingredient . Baygors
at 10 and 100 .~ /m1 was toxic in the test peried. FlcaTt at I ~~~~~~~ lO~~j~n1
also sl~~ed oxygen ~~~sir~ tion during the deam~osition of sewage as cx~~~~ ed
to a axit.rol with ri pesticide. The LU) n~ tix d was used to test the biod.g-
radation of the pesticides with eadi di~ nical being used as a sole carbon
sourt~ for an adapted or tsiadaptad izi cultjn . Carbary l was readi ly degr~~~d,
a~~ Malathion aixi Diaz irvx~ also a~~eared to urdergo oxidation , aitbough the
reaction was incu~~lete . Dictilorvos, Bay~~n , and 2 ,4-D ware resistant to -
breakd~~’n ~‘E~in tested by the WI) n~ thtxL 

~~~~~~~~~~~~~ 
- 

--

Little loss of ur~labe led 2 ,4 , 5—tn chtor~~~~~~~~accti c acid (2 ,4 , S-’r)
was evident in four trc~ ical soils in the first b&IYeq~ths after addi tion
of the berhicide, bit the rate of thsa~j~~aranc~ then in&~~~& with tine.
Little tha pearar~~ was evidçr)t in four nrd~ths in q~rm~~- ir~s4~ated soil.
Ihe pnxiuction of l4~~~ f r~i~ ~~C-ring- labe1ed 2 , 4 , 5-T was dete3b~ I in one
wçek in t~~~ tr~~ical soils, bit tw rnnths was ruiuired for signi f %c~ant
1i(~~ pr*xkction in t~~~ other tr~~ica1 soils.

th the decxr~xsi  tion of 2 , 4 , 5-tr I di b r  xyacetic acid (2 , 4, 5-T) 1i
soi l and soil sus~x~naion, 2 , 4 , 5-trichlor ç*erx l ~~peared and t1~~ disa~~~ared .

.~, 4 , 5-T decxr ceition was evident in soil or soil suspension sterilized
by gai ~~~ irradiation . A bacterial culture destroyed about 70% of the 2 4 , 5-T
____ to a qluouee-ux rganic salts n~~1itri in 80 h , and nearly 60% of the
herbicide that was netabouized was rea:,vered as 2 , 4 , 5-t richlor ~~heno1 . ‘11w
bacteri~z~ did r~ t u,ç the tricthborqihexx l as a c~rban source , and it did rK t
~~~~ase i4~~~~ f rut ~‘C-2 , 4 , 5-tnidilorrç *~enol or ‘4C-2 , 4 , 5—T. Soil sus~~~sicns
ççiwerted 8% of labeled 2 , 4, r-T and 40% of lahe led 2 , 4 , 5—tr ithlozu~A~erx l to
~~~~~ in 25 days. 2 ,4 , 5-rrith1on~*cno1 was i.uwertsd by micrcx rgani~~~ in
the soil su~~~~s ions to pnx~ucts that ware identified as 3 , 5-didilorocated~~l,
4-dilorocatedEl, and succinate by gas d%ruMtOgraphy and ness spectraretry
and to products that ware tentatively identified as cis,cis-2,4-didüorami~~-nate, 2-dilor -4-carboi ynethy 1ene-bit-2-ø~olide, and~~~lorosuccinate by gas
and thin- layer dwanatLx~raphy . Based on these results, a patIi~ay of 2,4 ,5-’r
decxzrçcsition is prqx~eed.
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- This report is in —_ sections. C~e section deals with st*zlies of

- the degradation and ef fects of insecticides. ‘ft* aeonnd pert represents

the f inal phase of sttziies on the degradation of 2 ,4 ,5-T.
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I. MI~~C~lAL ~~~M~~TIC~ AND U’F~rFS (F t}S~~FICIL~S

The literature on the effect and fate of orgarEc~x srEx rus, carb~nate,

and orgarcdilorine pesticides in the envix~~.~~nt ~ ,ntinues to expand as new

information is sought in orc~ r to minimize ~ wii~~-ii~~ ta1 pollution with these

t~~icants. 14.xth of the information bE~ith already exists relates to the toxic

effects of these pesticides on micrEx rgani~ te grx:*~ing in laboratory nedia and

on micrthial icpulatiixi5 and cumunities in soils. )~ views by Martin (1972)

and lksuilaon (1975) stitmarize nudi of this ~~rk , and these reviews are aug-

nented by st~xIies by Ba.1 1ir~ ton et al. ( 1978) on Dithlor~xs, Lejczak (1977)

on Carbazyl and Bay~ xi, Kuseske et al. (1974 ) on Baygon , and Hart aid larson

(1966 ) on 2, 4-dithloro zExyaostic acid . Altheugh nudi rec~~ t ~~rk is ~~n-

c~rr~~ with persiste~~~ and degradation in soi l of t*irsban and Diaziixxi

(Mi les Ct al. ,  1979; Th , 197$), Diazircn (Qxuier , 1970) , Baygon (G.Qta et al.,

1975) , and Carbary l (Rxiriq~~z , l9 ’7),  rct nearly as nixti ~~rk has been di—

rect ad to the fate and effect in ai~uatic environients. W iurquin (1977)

st~ziied the degradation of Malathion in salt marshes , aid &itder et al.

( 1977), Sethunathan and Pathak ( 1972), My and El-Dib (1973) , arid Liditenstein

et al. (1966) atixiied the fate of Dzrsban , Diaziiu~, Baygon , and Carbaryl,

re~~~ctively, in various f re&~j ater envir~~ii~nts. H~~~ver , little ~~rk has

been carried out on the effects of pesticides on micrthial cxmvisii tes of

se~~~~ (Hashinaga et al., 1977).

lie intxvduction of pesticides into sani tary ~~~~~ r facilities may pose

a significant prth1~ u. especially ~~~re disposal of s1~~ wastes occurs on

nulitazy inst&l1AtiC*~~ (Maier St al. 1976). A1thc*4~i the average daily

quantities of active pesticide ingredients diectharged are usua lly bel~~ 2

~~ n (Gebhart , personal i~unication, 1979), d.lad~ar ~~s occur at variable 

- 
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intervals, causing locally higher ccncentrations. The tox.icity of s~~~ an

influx to the sewage microflora i., therefore, of cxx~~ rn. Further, the po-

tential for degradation of these az~x*tds by sewage micr~xirganiaes is also

in x rtant ina~~~~~ as the treated effluant i. usually dietharged into natural

waterways. Hence, the present stuiy was ‘.rdertaken to determine the toxicity

arid potential for degradation of eight selected pesticides in the sewage en-

virogm~~ t.

~~ 1tRIMS AND *‘1iK])S

Stock solutions of all Lnsecticides ware prepared in anhydrous ethyl

ether (absolute, Mallinckrodt, Inc., St. I.c*iis, tb. ) arid aik~ed to 300 ml

standard 8(1) (biod~~nical oxygen denand ) bottles (Wieaton Scientific ,

Mi llville, N . J . ) .  The ether was allc~ ed to evaporate and, t~xin the ai3d i-

ton of 300 ml of the test solution , f inal cx mc~ ntrations of 0.1 , 1.0, 10,

and 100 ~ig/nil ware thtai ried . A list of ar id ~~~e diaracteristics of the pesti-

cides used are given iii Table 1. A solution of the herbicide 2 , 4-didiloro-

~I~~~ xya~~tic acid (2 , 4-0) was prepared by dissolving 1.0 g in 100 ml of 0.2

M K2IWO4 , fran ~Eiith a~~rq r iate ~~ltres ware drawn to yield I inal ~~~~~ntra-

tions of 1.0, 10 or 100 ~q/nd afte r ~~~ition of 300 ml of dil~~ it. All stock

pesticide solutions ware prepared f resh for eath e~q~~ri~Tuant , arid all glass-

ware was washei by soaking at least 24 bours in a nitric acid bath (a~~rt~c.

15% 1f~O3, ~~i/~~l) before use.

8(1) diluant was prepared as outlired in Standard ?‘~ theds for the F~cani-

nation of ~Mter ar id b~ stewater (~~ . 544-546) The f inal ~*1 was ~~~~oxis~ tsly

7.2. The solution was aerated for 4-6 Pcurs at rr~~ t~~~~rathxe. A fresh

ircculr~xn of nu~icipal ~~~~~ was ~~~ed at the rate of 0.33% (vol/vol) and

aU~~~~ to mix. 8(1) bottles cxx~taining pesticide ware fi lied with ii~~~ i-
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malE 1

Pesticide tharacteristics

Oii~ ourid ~~~~~ Pesticide nanea Other nane (a) %~~ter solitiility
(p~~~~~~)

-: Carb~~~te Carbaryl Sevin 40 at 30°C

( irbaznate Baygon Pro~xno.ix 2000 at 20°C

Carb~Mte Fican~ ~~~~iocarb 10

Thioate Diazir~ n - 40 at 25°C

Th.ioate IXiraban øilorpyri foe , 2
~~raban

Dithicate Malathion — 145

- Dxdüor~ )8 V~ xxia ca 10,000

Pher~ xy acid 2, 4-Dichioro- 2 , 4-i) So1~tile as K salt
~*~ rx)xyac~ tic
acid

structure:
.- -.~

Carbs.ryl: ( l— n ~ *~thyl N-isethylcarbamate)

Baygon : 2— (l—nethyietboxy) j*ienol n~ thyicarb~nate

Fican: 2 , 2-dinethyl- 1, 3—tenzodioxyl-4-ol -N-nethyicarban~ te

Diazizui: 0, 0-diethy 1-0- (2- i~~~rqyl-6-nethy 1- 5-pyr imidinyl ) p~~rt~-thicate

IXir*ban : 0, 0-diethyl-0- (3 ,5, 6-tridiloro-2-pyridy 1) ~*xs~ ~orothioate

Malathi on: 0, O-diuethyl-S- (1, 2-dicartet1~ xyethyl ) *~ sptoredi th.ioate

• Dichlorvos: 2 , 2—djd~1orovi riy1—O,O-d.isethyIi*csi*iate

2, 4-D: 2, 4-dich1oi~~henoxyacatic acid
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lated , aerated di1~~ it arid stcçpered. le~ ir~ tt~ation was at 25°C. Initial

dissolved cocygen (D. O. ) was determined using the azide nodified titration

net1~ d outlined in Standard t~ thx1s (~~~. 443—444 ), arid the vahes are the

averages of d~~1icate or triplicate bottles. &1~eeq~.ent oxygen determina-

tions ware m~ ie using a olar~~raF*~ic oxygen electrode (Yellc~ Springs Instru-

nent Ca., Yellc~~ Springs, Cab .) based cxi a 100% saturation ountrol preserved

by ackhng 1.0 g of )~~ to cx~ bottle at zero thre. Five replicates of

the no-~~~ticide treatircnt as wall as of eath pesticide xncentr~tion ware

used. The average percentage of the ini tial D.O. of the five replicates was

recorded. The treasure of toxicity was nede by .~xepar ing the resu lting per~~~t

D.O. at tine end of the test period (180-200 t cur s) for eadi cx~ncentration of

~~~~ pesticide vt�rsus a ountrol with no pesticide.

The assay for degradabi lity of individual pesticides was perfonted as

above except that tie ir~x~uhzn was ei the r Nold ,~ carbon-depleted liquid fran

tie toxicity phese of the exper itrents or cx~~-~~ek old , refrigerated sewage .

V4ereas the oxidation of carbonaceous neteria l present in the s~~~ge inocu-

lun in oithination with the introduced pesticide was treasured in the toxicity

e,çer uxente, in these e,qer jnents only ~~~ticide carbon was available for

degradat ion. The n~~sure of degrada tion was nwie by cxx~parizrj tie f ina l

perc~~tt D.O. at tie end of the 180- 200 luir test period with the t1~~ retically

e3q*cted atrxxi t based on the stoithiaretry of eadi reaction.

~~~JLTS AND DISCVSSI(1~

lee presence of Carberyl , Malathion, Diazlsx tn , (Xzrsban , Didüorvos, or

2 ,4-i) in onncentratione ranging fr~m 0.1 to 100 ugAnl An 10- fold im.~ an~nts

ca~sed little or no ~‘çperent toxicity to the of a 0.3 3% fresh ~~~~ge

inocuhzn (Table 2) .  In all instan~~~, 10 iag/ml of pesticide, in ~~~~ination
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ThBLE 2

‘fl.~cicity of eight selected pesticides in a~~~ge

• 
• Pesticide concentration (~qJ~nl)

Pesticide iwie 0.1 1.0 10 100

% D.0. rwiaining af ter test period5

carbaryl 13 12 5

3 Il 51 53

Ftcmn 35 57

Diazincn ND ND 13 ND

t~ ntban 3 3 3 2

Malathion 2 2 2 P1)

Didüor~~s 2 3 15 P1)

2 ,4—i) P1) 2 2 2

~I~st period, 180—200 xx2rs .
bpercentag e gi~~~ is highest value thtained in 1 , 2 , or 3 experUtents ~k*e

using th is cxxioentration .
C?bt done

I
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with the carbonaceous neteria ls in tie sewage itxx~ul tin, provic~~ nore than

~~~~uate oxidizable neteria l to assure 100% rato val of oxygen fran the satu-

rat ed systocn. By tie end of the 180-200 bour test period, tie highest resiain-

ing 02 mentration in B~ ) bottles to whith any of these six pesticides was

intr oduced was 15%. Ml vah~ s in Table 2 represent tie highest percent D.O.

r~~tiiunq at tie cuelusion of all similar exper ure nts with that particular

pesucide. In sep~irate trials with 100 pg of 1)irsban and 10 ~q of Carbaryl/mi,

~ slight delay occurred Leto re the onset of oxyq~~ utilization (Figure 1) as

xxt~~a.ruI to tie no-~~-st.icxde ountrol rate . ~k~~ ver , catplete o,cy~~~ ax~st*tp-

tion was wi tiessed in the test per icxl , despi te tie ini tial laq . Alternatively ,

in other e~qx~r tzrents with t)~rsL~n and Malathion , at 100 ~q/m1, the ini tiation

ot oxidation was set~ung1y enhanced (Figure 2) as cupared to the ountrol .

Thc effects of ~k~lay and e~~ance~rent e~.xdenccd in Figures 1 and 2 ney he a

resul t of var iati ons in micr~~ ia1 jx~~i1ations in the s~~aqe inocula , whid

ware cx)llectul at different tizres for different e,qer inents . lee delay ney

result fr an ScEe initial toxicity ~tiich was sonn o~~raire or a binding to

organic paruculates of the rrolecules fo11c~~ d by slc~ release (M i les et al . ,

1979) ; tIe erthancurent ney result f ran dx~nical hydrolysis of the nolecule

fol lc~~ d by a rapid nucr~~ia1 oxidati on (Konrad et al . ,  1969; f~xirre , 1978) .

Although six of the eight dxxnicals did not significantly alter the W*) ,

t~~ carbatetea (Baygon arid }‘ican) shc~md petentially toxic effects . At 10 and

100 ..q/ml of Baygon arid 1 and 10 .ag/ml of Fican , a decrease in the percent

of oxygen ctr&stred was ~~~n (Tab le 2 ) .  Qeat.er than 50% of the initial D. 0.

r~nained when My~ r~ was present, arid nore than 35% “4ien Fi can was present .

At the 1c~~ r Hey~~~ cuicentrations, tie f inal D.0. was also less than 15%,

the highest vaiue r~ nainthg in e3qerinwts with tie other six pesticides. 
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Figure 1. Possible toxicity of Carbaryl and Ilarsban to W1) of s~~age.
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Figure 2. Possible ex*wrt~ient of lxi) of sewage by prosence of (~irsban ar~i

Malathion.
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~ cper ini~nts to detentuxe the suscept ibility of tie eight pesticides

when used as seic cartx n sources by micrtx rgani~~~ (and thus be bicxlegra~~ 1)

tol1~~~d directly fran the toxicity e,-~ier iirents j ust described . “Old , ” car-

tx n-&~ 1eted i nocula ware ~~taxr~d either f ran [U) Lxttles after axpl eti on

of t~e tuxi~- 1ty ~~ase of tie eiqeriniint , or fran sewage stored or~� we~~ at

4 ~C. In t:~~ z~~~x ,  the inocu ltin should (Xxitai!i organi ~~~ tolerant of , if

!*t ~k1apt&’d tc , the L ..trucu lar ~~~~~~~~~ to whi ± it was e~qz sed; stored sew—

age i~~x~ i 1xn s:~~uId not have these orqani~~e .  The so l ubilit ics of all tie

pesticides xc~ ~t ‘~ir sL~u,  xc~~ds tie highest c~ ncentratxon , 20 ,.q ’nil , used

(T~Lb1c 1) . l~~• wate: st.~LiLi1:ty ox Rirshen is .‘ c

~~~~~~ o .  tie ti utic.i~ ~~~~~ c~ 8 .~;~ n1 ~~.O. i~~ saturated WI) water,

~~t intr~.x~uction of 10 - ~J of ach o~ tie ~~‘st ic~des exctl ’t Rirsban

~ ru~:ide ~; ; x  tci.~~: ’.t } •~St . iC1~~~ ~i~.trtnn ( 2 1  l — 294~ ) ft’r ti ,tal O~

t I  : .  ~kb~~VtI , i~ is u~ 1ike1v th.~t the to~al no]ecule iS uTrII~diat( 1y avai l—

.tt~1 , ratier t h t~ ;x rt i zi.s are m i  ti ~l1y oxid: zed (C~~’ta et al .  , 1975; Liu

and t~~llag , :~~7 1 ) .  Assu u this t~. be tn.e , tie ap~;1ication of 10 , : nil of

;!‘~;tic~~~ t”~c i i  ;~rovide enouqh irri ’dmatcly oxidizable cartrr to aca~w~t for

2 ~~ — 
~~‘ of tie r~~s ibi e 02 ns~r Lion fc: I ve n f the e 1 c~ht rrolecules.

atiiio;. ( h a )  and Dma zirxin ( l 2 7 ~ ) miy s t i l l  a 1lc~~ for azt~-lete 02 deple-

tion; [Xirsba :~ ~?~~) is l un.mted by ;ts water solu bi l i t y  ( Table 3 ) .

The cxper u~~nta l results of xy x’n cu~smr~ tion rexrckxl itt e,q~er1nents

in wtucth 1 .. 10, ~r 20 ,x~ ml of ; es t : ci de ware ~~~~~ are s~~’wn in Table 3.

Thc en ier~x~ oxidation tn  tie treath~~its with no pest ici~~ has been sub-

tracted fran the results presented. Little degradation c’ Baygcz~, Didilorvos,

and 2 , 4-~ was evident at the aincentrations cr~ployed. In all att~ 1~ ts, tie

~~iiuit of oxidation was a less than theoret ical. Plen diazir win slid Ma lathion

ware used at 10 pg/nil . 
~2 1Z~ tiOfl occurred , 1*it tie extent was less than
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tleoretica1. Hc~~ ver , tie percenthqe was c~xtt1ed at tIe 20 pg/mi c iicz~itr a-

tion, x~~iioatuag tha t prthably an ~ xessib1e p~rtion of the mlecule was new

avai lable at twice tie tx*icentration, bet tIe break~~~ n of the r~ naiz~~~r of

the n~ 1ec’.’les had yet to cxrur (Paris et al. • 1975; Sethunathari and Yoshida ,

1973 ) .  At tie 1 and 10 .~~~~. ~mi onncentrat ions of Carbaryl. the percent~~ e

oxyy~~i ~~t1aUT’4x1 approact~~l tie thtx ret meal ~s~r*int , tie cxtl y pesticide of the

eight to t so. (~ nflicting n~su1ts ware ct~tau~ d in repeat c~qer utt nt s with

10 . ‘~;nil Fx catn and [Air aban ; in ae wqx~r ini~nt , cu~i1etc oxidation wa~; found,

whereas no oxidation was ~~~n in a •iexx-id cq~~r mni�nt. ~k~~ver , when 20 pg/mi

~)t I i e ~~ Was ~~cd. 0~ consuT%)tion did read l 40% , whereas the re was no incr~~sc

with .~~ ) • .~ . nml uirs ban , alt &ugh an Increase ~~~ not be ~~asurab1e because of

the lew solubi ii ty o IXt.r sbart and the n lat i ~~ 1 shor t incubati on per m cxi .

Di t ferencx~s in tie act ivity  o~ micr~~ rgazu t~~ ~n tie irxx~il~r also may be

resj~x~sth1c for tie .xxmfimct irk : results as f ur ’4ial qrmrth was visible in the

[Xirsb~n eqier lltcnt ir. which 85. 8~ of tie O~ was n’siri~~d. while no f ungus

grewth was noted in the other.

The Lk~ ; z adat ion I~ y ,~ *-i and 2 , 4—b • al tl~u~h not noted here , has t~~ n

rc~~rted in ~ juatAc systt~~ (Aly and El-Dib, 1 q 7 3 ) .  Did tkr ~vs, non~~lly

ap plied as a vapor, arid Fican , a relativ ely 7~~~r insecticide (Story, 1977),

ha~~ been sti4ied mnfr eq~~nt ly tn aquatic enviwv~~ ts. Mal athion , Diaz thon ,

and !).iraban ware all suscept ible to naicrth ial att ad~, k*it at a rate pessibly

deperdent on the sut~ tm tt~ nts present. Carbaryl was sfra ~n in this a~~rk to

be re&ii 1y degraded , thus a,nfirming the r~ x*t of Lidttenstein et al. (1966).

The differ ences in tie degraiahility of these a~~x*vids may be a result of

the alert i~~ubation pericxl taed, the peor sol~A)i1ity of tie n~~1ecule , or

the abe~~xe of gr~~rith factors z other essential in.ztrients (Bturquin , 1977).

Hi 
_ _ _  
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I I .  2 ,4 , 5-T ~~~ *‘WO6ITICE li~ SOIL No BY ~U(~~0~~AN1~~~ IN CJLTtfl~

Nany pe.ticiz~~s are trana fon~ d in soi l by agents that are destroyed by

heat , aix! it is ger~ rally believed th at tie agents responsible for many of

these r~~~t.iona are micr~x)rqaniws. Nevertheless, mic oorqa ni r~ able to use

several of these pesticides as carthn or ererq y sources have yet to be isolated.

C~ tie other hard, microorgani~~~ can often be ~~tairix1 bthich cxretabolize tie

rolecules; that is, they netaholize the d~~iuca1s witlx ut ~~ix~ th~in as r~i-

trients (Alexander , 1979) .  I~vmdeix~~ exists that 2 , 4-th dm1oroç~*enoxyaceti c

acid (2 , 4-D) ar id 2 , 4 , 5-tridm1or~~henoxyacetic acid (2,4, 5—T) are destroyed by

microbmol~ j mca1 r~eans ( Yoshida arid Castro, 1975) ,  and it is usually ~sstred

that 2 , 4-D is solely iiethlx lmzed by organ~~~~ grt~ irs~ on the herbicide because

bacteria capable of us ing tie aii~xxzid as .i cartx n source have )~~~n isolated

(1~~1 l~~ et a!., 196 8a; 196$b) . With 2 , 4 , 5-T , on the other hard , tie only mA-

cr~~rgaru~~~ found as yet to netatoli ze this herbicide .zk not use it as a car-

txz- source (Horvath , 1970; Din~xk , 1975).

A l ikely cxx~a~~ence of xretatolt~ n , at least wt~~ tie niziters of ~~~~~
-

~etaho1mz inq organi~~~ in the soil are 1~~, is tie persistence of tie sub-

strate. Th~ reason for tie persisteire txider these ~~eiditions is that the

~ m~il ~xçulation cannot increase in size because tie organi~~~ get no cartxin

or erergy , arid i~~re the FxcJulatian ckx?s not mr~ rease in size in soi ls re-

ceiving the herbicide with no s~~~l~~ental car~~n (Alexander , 1979) . Thus,

2 ,4, 5-T often is fc*xd in soil several xiunths af ter its first &~iition (I.oos,

1975) .

The present stidy was desiqi~~ to establish the ~*rsist~ x~ of 2 ,4 , 5-T

in trtç~icai soils in ~thid~, a,ntrary to e3q~ectatior~ f ran sttxlies in ta~ierate

soils arid ourrent interpretati ons of cx~ietabo1iw~, it soisetUres l~ destroyed

rea~~~ab1y r~~idly (Yoshida and C tro, 1975) . The investigation was also

t i 

_ _ _ _ _ _
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designed to determine ~ ether its cx nversion mi ght give rise to 
~~2’ as is

cf~aracteristic of serth ic prccesses in soil t~ c*x~ht ~~~ut by microo ~~~~~~~

graiiing on many synthetic d~~nicals. Another pirpose of the investigation

was to ascertain the patk~~ y of 2 .4 , 5-T cxmvt.aboli~ n.

MA1~ RIALS No) ~~flU~

C~grar!ation 01 2 , 4 ,5-T arid 2 , 4 , 5-T ( 14 C—ring— UL). S~ples (100 g) of

soil that had k~~ n dried in air arid passed through a 2-um sieve were placed

in l-L ~~1ervteyer flasks arid sierded with 10 ,~q of 2 ,4 ,5-T/g of soil. Iden-

tical saiç les were mrr ariiated with a 60~~ •th a deisage of 6 Mrarl to

ster~lizc tie soil. Pericxlically, 10.0 q of soil was rr~toved fran tie flasks

aix! ~~~~~ to 250-mL ~~ lt~:i~~yer flasks o~nt.aining 10 mL of 0.1 N IC1 and 100 mL

of ethyl acetate, diethyl ether , and acetae ( 5 : 5 : 1) .  lIe latter flasks were

shaken for 60 r~n , arid after the soil settled , tie solvent was decanted, dried

with az~~ydrous seditzn sulfate , arid evaporated to approximately 2 mL with a

stream of ugh ~.~iri ty dry N
2 

in a tx,t water bath. The extract was der ivatized

with thazaiethane (Daughton et al., 1976 ) for qas thranatography . The ex-

traction was 85- 90% efficient xrpar ed to 2 , 4 , 5-T standards . In experinents

in which labeled 2, 4 , 5-T was incubated in soil , thin- layer thrmatogra~~y of

tie soil extracts sl~~~x~ that the only labeled cx~~xxzid that was present in

tie ext.ract Cx dir Mto ra~*ed with authentic 2 , 4 , 5-T.

Th deternu.r~’ further the persistence and degrarlation of 2 ,4 , 5-T in soi l ,

25 q of a silty clay I ran Trinided (~*( 6.1, 2.8% organic matter) , Maahas clay

fran tie ~iilx~~izes (pH 6.8 , 3.0 % or~;anic matter), a silty clay Iran Nigeria

(pH 5. 7, 2.4% organic matt’~r ) ,  or Nipe clay fran Pusrto Ricx (pH 5.8 , 2.2%

organic matter ) in 250-mi biai~ ter flasks (Bellcx Glass , Vinelard , N.J . )  was

~~~~ded with 10 ug of labeled 2 , 4 , 5-T/g of soil. The side arm o~ntained 10

mL of 0.1 N P~ *1 as the tra ~çinq solution for the evolved . Saie soil



_ _  

_____—

20

s~~~ies were sterilized by q~~ea irrediaticxi, and all s~~p1es were incubated

at 29 °C. Periodical ly , di~ licate l.0-mL portions of )~~i were re~oved arid

placul in disposable scint ’ liation vials (K.th t le , Thlecb, (liio) cx,ntaining

15 ml of ~ jusous scintillant (kS , A~ershan~/Searle Q~rp) arid counted for

rad ioactivity. The radioact ivity collected in the K~ 1 trap was verified as
l4~~ by acidifying with cx~rentrated IE1. i~ radioactivity rismiined in the

acidified solution. I~ f ore ackIinq 10 niL of f resh KC1L, 0.1 g of soil was re-

nr,vcd fran each bia~~ter flask arid treated as described for unlabeled 2 , 4 , 5-T.

The SL)- ,.L port i ons were placed in scintillation vials with 15 mL of scintil-

lant ar id counted .

Materials. 2 , 4 , S-T was ck,taued fran I~~ th~!ni ca! Cb., Midland, Mich.,

ar id 2 , 4 , ,— , 2,3,4— , ~~, 3 , 6— , 2 ,3 , 5- , 3 , 4 , 5— , arid 2 , 4 , 6— trichloxxçhenols ar id

catech l were I ran Eastman r- ;arüc th~ ni cals , kxthester , N.Y. lkii formi y ring-

labeled L ’4 C 1 2 , 4 , 5—T (specific activity 1.61 nCi/nIT ol ) ar id 2 , 4 , 5—TCP (specific

activity 4.0 rt ’l ’nrol ) were ~‘~rchased fran Cal i f  orni a Bionuclear ~~rp. , Sun

Valley . Ca lif. The pirities of tie ‘4 C— lakeied i~xqxuids were 98.0% and 98.5% ,

respectively, as determ ined by thin- layer thrariatogra~*iy. thlale led 2 , 4 , 5—1’

was recrystallized twice in benzene before use , and the pirity of tie a~~~ound

was greater than 99% as detenuired by thin- layer chranat~~raphy. 3,5-Dicthloro-

catect~~1, cis, cis-2 , 4-thch1oraii.xxx~ate • 2-ddoro-4-cartoxynethylene-bit-2-eno-

1 ide, chlorosucoinate, succiriate, 6-hydroxy- 2 , 4-dichloroçlemx,xyacetic acid ,

arid 4-thlorocatedx~l were ~~taired f rau I~~. J. M. E~ixbur y , O rnell ~hiversity.

Thin- layer arid gas— Liquid dirunatography irxlicated that these di~ nica.ls were

85-95% pure . All xmpxzrids %*~re dissolved in 95% ethanol prior to ~~~ition

to nath a. Standards were pr~~arui with pesticide-qrede ethyl acetate (Fisher

Scientific Cb. , Rxtester , N.Y) . All other thseiicals were of the highest

purity available ~i.~m.~rcial1y.
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Glaa~~are. Glas~~~re was cleaned by r ins u~.i in distilled water foll~~ed

by a 24-h inversion in 20~ (v/v ) ti’ii~. ‘lie n.i tr w acid was r~ io~~~ by t~~ r~~%3h

washing in tap water follc~~~d by diøt illed water .

Incubati on Qxiditions. ‘lie basa l n~th LIn consisted of tie inorganic salts

solution s~çpl~m’ented with 5. i lixx ee. !~‘caust tie greatest rat e ar id extent of

transformnat-i ri of phenoxy herb icides in tie four soi ls studied occur red in a

Phih,~~inc soil (Maahas clay . pH b .8 , 3.0% organic matter , 0.27~t total nitro-

gen) , it was used to investigate tie r~etabol i t.e I on~ed in tie transformation

of 2,4, ’-T arid 2 , 4 , 5—TCP . The soil was ~mcr~i&1 with 10 ~zq of 2 , 4 , 5—T/g of

soil arid incubated for 4 rrc nth s at 29 °C in 250—niL Erleiveyer flasks . The

soi l. s~~’~ 1es were then I kxxkid with 150 niL of basal ned,ijn , tie f lasks were

mi*xI for 2 h at .~~ °C aix! 150 rpn, the contents of the flasks were al lc~~ d

to settle, arid then 20-riL lx rUonS were transferred to (~1tier 125-inl baffled

Er lerveyer lasks or .~ 50—niL bi -vi’te r f lasks (Be l ico Class • Vinc land , N. J . ) .

These sU~~X~~S1onS were ~ircrided to f ina l concentrations of 10 ~&i of unlabeled

2 , 4 , 5—T or 2, 4 , 5—Tt~~ r~i in ti~~ ha lf lcd ~~lerr~yer flasks or 31 rCi (5.0 ,~q

of 2, 4 , 5-T ( 14 C- r ing-~ ) r~1~ ci 0 .22 ;.Ci (12 i) of 2 , 4 , 5-’ItP ( 14C-r ing-U ) /mL

in tie bxcrvter lasks.

‘lie flasks were in uba ted on a rotary shaker (150 rpn ) at 29 °C. The

l4~~ evolved frar tie biameter flasks was tra pped in 0.1  N )~11 contained in

tie sidearm , tie trapping solution tx’ir 1L~ repla~~ I at appropriate tine inter-

val.. C~e-milliliter portions of tie trapping solution were ~ k~ed to 15 niL

L of pq~~~us ~~ tir~ Scintillant (N~~, lcershmn/Saarle Q)rp., Arlington Heights ,

I l l .)  in scintilla tion vials (Kiirble, ‘rt l~ b, (iiio) , and tie radioactivity

was a,w~t&. At tie same tine, 5O-uL portions of the inoculated susçensions

were placed in scintillati on vials with 15 ml of N~~, and tie radioactivity

LL . 

was ~~~~~~~ 
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lie transformation of unlabeled 2,4 • 5-1’ was determured in Maahas clay .

Fbr this pirpoee, lOO-g p~rtions of soil were air dried arid passed throu h

a 2-nr~ sieve, lie herbicide (2.5 n~ ) in ethanol was added to tie reaction

flasks, tie solution was evaporated to about 0.5 niL, arid 1.0 niL of distilled

water was added. ‘lie soi l was then introduced into the flask , arid disti lled

water was f inafly aik}ed to br ing tie soi l to 70% of field capocity . The soil

was aerated at a rate of 100 n~~’min with water-saturated air that was first

freed of by passa ge thr ou~jh Mcarite. lie t~~~eratu re was 23 to 25 °C.

In an att~~~t to enhance 2 , 4,5- 1’ degrada tion. one set of f lasks was as~~ided

with 1.0 nt each of axii ui~ henroate arid ~-i 1 ucose/q of soil. l~br all experi-

ni~ntS, possible ruibiolcxj ical transtonmition of 2 , 4 , 5-1’ and 2 , 4 , 5-’I~ P was

assessed using soil ix~~ ul in , cell suspensions, or soi l trea ted with 6 nega-

rads of q.itrr~-irradiation. C)~~tro1s wi thout added ierbicxde or 2 , 4 , 5-1~~

were also prvpared, incubated, arid analyzed as described.

To deteruunc tie pnxltrts of 2 , 4 , 5-T degradation, a bacteri~r~ obtai red

f ran ~4~ahas clay was qr~~n in tie basal nedi~r~ aierided with 20 ~~i of unlabeled

2 , 4 , 5—T or 2 , 4,5- ’lO’. ’mL or with either 31 r~~i of 14C-r ing-U 2 ,4 ,5—T/utL or 0 .22

~Ci of 2, 4 , 5-’l~ P/m1 . lie orqaiu sir was gr~~ n in ei tier 1 25-niL baffled Er len-

ueyer f lasks or 250-nil bicveter flasks at 29 °C on a rota ry shaker operating

at 150 run.

Analysi s of unlabeled netabolitea. The cxr x~vid5 were extracted frau

the mixtures inoculated with soil or the axenic bacterial culture with equal

~vlt.ves of pesticide-grade ethyl acetate after acidi fy ing to pH 2 with iN lCl .

The extr action was repeated three tines , ar id tie solv~ ’~t phases were dried

with anhydrous Na2SO4. Based on teats with kn~~n concentrations of 2 , 4 , 5-1’

arid 2,4, 5-lU’, the extraction procedure r~ mvved nore than 90% of the d~~ni-

cals frau tie w~ le. ‘lie solvent was cxwioentrated to about 0.5 ml with dry

—
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N2 ar id treated with diazaiethare (Danghton et a l., 1976 ) .

2,4,5-1’ and possible net.abolitea were extracted periodically fran tie

soil by ~ kiing 100 niL of a solvent syst~ n contain ing ethyl acetate, diethyl

ether , arid acetae (5:5 : 1)  to 25 q of soil. lie soi l was shaken for 60 mm ,

tie particles were &11~~ed to settle , and tie solvent phase was r~ to~~~ . The

so1~~~t was dried with anhydrous 
~~2~~4 ’ concentrated under a strean of dry

N2 to about 5 mL , ar id treated with diaza~ethare . The efficiency of recovery

of 2 , 4 , 5-T f ran tie soil was 85% ~‘ten tested with knc~in concentrations of the

herbicides. For gas dircinatagraphy and utt~ired gas chrana tography-IMSS spec-

trcrietry , 2 ,4 , 5- flY and possible netabol i tes foryied frau 2 ,4 , 5-T were prepared

in ethyl acetate arid derivatized with diazuiethane . Analysis was by gas-liquid

chraTetography or gas dirunatography-inass spectrcmetry .

Analysis of laiz~ led tretabol i tea .~~ lie sa~~1es were extracted, dried, and

cmentrated (to 2 niL) as descr ibed above, arid 50-~L portions were witI xfr~~in

for tie deter mina tion of rad ioact ivity. For diranatogra~*iic analysis, 50 i.~L

of extr act was Rpott ed on thin- layer silica gel ((F) l~~li/p1ates (Fisher Sci-

ent ific (b. , Pittsburgh, lks~n a . ) .  Each spot was over laid with 50 ,~L xsithin-

ing 150 ~.q of a possible micrr ~ iai pnxluct generated fran the parent clwsnical.

The spots were all~~~ I to dry ,  and tie plates were develcçed in a solvent

syst~ n of xsq ropyl algxIxl, ethyl acetate , and ~~wiitui hydroxide (7 :9:4) .

The dircmetograr were exar~ired ur~~r 17. light , the sp-ts containing the

neta± x)lites were scraped off tie plate, arid tie resulting neterial was placed

in scintillation vials a~~taining is niL of ~~~~ . The radioactivity was then

~~~~ted.

A second set of thin-layer thranatography plates was developed , dried

in air , arid pl~~~~ against Kodak no-~~z~en ~~-5 X-ray filina (Easthen I~odak

~~~~ .,  l~x*est.er, N.Y. )  for 3 to 4 weeks to detect radioactive areas. ‘lie
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filma were developed as described by Wang and Wi 1 lie (1965) with Kodak X-ray

developer and rapid fixer .

Analytical ?~~thcx~s. lie disa arar~~ of 2 ,4 , 5-T and 2 , 4 ,5-’ICP was de-

termined by naasurmTent of the liv abeorbance of the solution at 292 ar id 310

nin , respectively, using 1. 0-an quartz cuvettes and a ~~~)cnan CU-2 spectr o- —

~ti tu~~ter . All readings were corrected for n~ terial absorbing at tie sare

wavelengths. Pter~)l was determined by tie netlxd of Oirasti l (1975) using a

Bausch arid Lath Sjectrcnic-20 spectrcçExtzmter . (~iloride was estimated by

tie tediiiq~.e of ~~rç~nann and Sanik ( 1957) ,  arid tie values thtained were cor-

rected for the chlorid e in tie basal niidiun. R~iioactivity was determir~~

by coun ting in a I~ d~iTen liqi.iid scint i llat i on counter , nrxiel LS-100C. All

counts were corrected for quenching and background.

i~is thrcinatographic analysis was ~er fon~vd with a Perkin-Eb~er gas-liquid

cthranatograph, nrxk ~l 3920B , equipoed with  a t l ~~~ ionization detector . lie

packing was 3% GJ—l7 on 100 120 rrvsh C.as thrcxn W (IU~) in a 1.83-in by 2-mn (i .d.)

~;lass coluim (&çelco, Inc. , Bel lefonte , P~nna .) .  ‘lie c~~erat 1ng teiperatu res

were 2 15 °C for the in)ector and 250 °C for the interface (detector) . The

was t~~irttair~d for 2 mm at 60 °C ar id progr~~ red at 8°/mm to 250 °C , or

it was operated isothermally at 135 °C. ‘lie I 1c~ rate of tie telitin carrier

gas was 30 mL/rru.n . lie quanti ties of 2 , 4 , 5-T and its possible iretsbolites were

— detenniz~~ by cx~ parmson with  standard curves prepared fran tie authentic dun-

icals.

Mass ~~~ctra were thtaiied with a Finnigan 3300 ness spectrop~~tcreter ,

electron isspact 70 eV , cx*~~led with a Fir.nigan 3300 gas duxr iatograp h via a

~~~ ted single-stage jet separator and t~ ing a glass colu~~ identical to the

one descri~~~ previously except that it was U-shaped ar id 1.53-in long . The

spectra were cxrpared with tiese of authenti c xxip,unds .

LI _ 
_ _  _
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The tropical soils were ~~enck d with 10 ~~ of t.silate led 2 , 4 , 5-T. The

data sl~~w that 2 ,4 , 5-1 was destroyed in tie four tropical soi is (Figure 1 ) .

Af ter an initial period of i~~ to 2 . 5  ITcnths , dur ing which there was little

loss, 2 , 4 , 5-T disappearance (as determined ~ ‘ loss of W theorbance arid gas

cthr znatogra~4iic analysis) beca~e marked and ra nged f ran 20 to 80% by 4 nonthe .

C1Uy 2% loss was detected in q~~iv~ — irr ath~ t’d soil in 16 weeks.

‘lie san’c soils wer i~ .~nerded with 10 ,~ ; of labeled 2 ,4 ,5-T/g of soil and

incubated at 29 °C in bicr~~ter flasks . The evolution of frau these soils

is depict ed in Figure 2 .  It is ev ident that tie soils di f fered appreciably

in their activities. In tie I’tii 1 ippir ~’ soil , l4~~ evolution was evident in

o~~ week, but iure than 2 rrcnths elapsed before ~~~~ in appreciable ~~ounts

was released I nr~ tie Puerto Rico soil; 34% of tie was released fr an tie

fon~~r and only 5. 2~ I ran the latter soi 1 afte r 4 nonths . liese data conf inn

the r ing cleavage of 2 , 4 , ~-T because tie herbicid~ contained the label in tie

ri ng. Less than 1% €~i the was released as 140:) in irra diated soil in 4

r~~ ths .

‘lie disappearance of the 14C-labe led 2 , 4 , S-T f ran tie soi 1 was neasured

at tie s.~ic tirre as (1)
2 evoluti on was noru tored . The data sl~~~ that the ap-

pearance of labeled 0)2 cx?curred concxmi tant l y with the loss of labeled 2 , 4 , 5-T

(Fi~ ur c 2 ) .  The loss was evident af ter t~~ weeks in the l~iilippine soil , but

nore than b~ n~xiths was r~ eded for a detectable loss in tie Puerto ico soil .

Af ter 4 nonths, approx.unately S to 35% of the in tie soils had disappeared ,

but less than 1% of the c*~~nica.l had been lost f ran sterile soil .

The rrctabolien of 2 ,4 , 5-1 and 2 , 4 , 5-la’ by tie nti md populati ons in a

soi l suspension was determined by loss of t ’ at*orba nce at 292 arid 310 mi,

respectively, arid by gas thrcmatogra~*iic analysis of 2 , 4 , 5-T. This mixture
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Figure 1. Disappearance of 2 , 4 , 5—T f ran Philipp ine ( P11) , Trini dad (‘FR ) ,

Nigerian ( N I ) ,  and Puerto Rican ( PR ) soi ls .
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Figure 2. Disappearance of 2 ,4 ,  5-1 (~
4C-r ing-UL ) ( tcp) and evolution

l4~~ (Lx ttan) fran four troç :ical soils ar~erx1ed wi~~ 10

~ ; ~t laL~ 1ed 2 , 4 , ~—T ~ c~~t soil ( see Figure 1 for atI revia—

tins).
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of orqazu~~~ Iran soil rati ~~r than soi 1 tseif was used to faci i i  tate tie

diiionst.ration ot rnicr ~~~ial tr ansfont~~tions in tie preliminary stedies . The

data st~jqest&~1 that 2 ,4 , 5-1 di sappear ed s lady, ar id gas dwtznatographic anal -

ysis sk~~&~d that only akX)ut 10~ was lost after 25 day s (Figure 3 ) .  The solu—

icxi gave ~t reaction in tie Oirast i 1 ( 1 9 7 5 )  t i•st st~4ge5ti.rKJ a ~*eno1, arid it

ti so itained a -! CX3UCt absort.) ing light at 310 irs wh ich is the wavelength

~t t  wtuch 2 , 4 , 5— ’lU’ absor bs r~ux irnal ly .  ‘lie ~disofl t ion rm~.xiita for 2 , 4 , 5— , 2 , 3 , 4— ,

1, 3, 6— , 2, 5. 5— , 5. 4 , 5— , ,.nd 1, 4 ,6—trich1orq kei~~i:; ware 310 , 283 , 289 , 280 ,

305, .t: .J U7 ~~~ rt si~ ’ct i v~ 1y. )\utlentic 2 , 4 , 5— lu’ ~ kkd to tie soil sus~~~ —

sior~ Jisa ~j *~ared i c  i~i1y, u~ci ni.~it thin BO~ ~~ tie a~~~our~i was lost at 25 days

.i~; :ai.i~~i ~y decline in ~
‘‘ absort~ .ncy . Nxxit 75~ of ti. dilor ire in tie herb—

iCide WaS u iber .itt ~1 .e-~ t r ee dilor ide . Aft i .‘
~ days . tie soil sus~ension re—

ceivu~; .1, 4 , r-T ~~ts extr ,tc t id with eth ’: l .ic~ t . i t ~ ~~~ sa~~~t for ~as dirana to—

qra~~ y -nuss s~ ‘ct r i. t y. In ~ - i l  sus~x i~s ion~; st 1 !  ii i  wd WI th g.~ir~i i rr arh a-

tin , r. 2 , 4 , 5—T ~ xixs t on was ~V

The bn3akdc~,jn ut 1 , 4 , 5 — T ( 14 C- ri ~~7— U) and 2,4 ,5—’IO’ (
14C—rinq—U ) was also

er~uied by ~i~~sur ing tie evol Ut ion of l4~~
2 and tie decreas e ~f 

14 C in the

~ - i i  S fl5i~~~ . lie .rt -*int ~~~~ 
in tie soil sus~ension conta ining labeled

1, 4 ,~-’—T t id ix,t decrease ~c~~i1  tv;  16 , ar id - i f te r  25 days alx*it 12% ~ f the

had thsa~j~~ared fr an the liquid (Figurv 4 ) .  Concurrent with the decrease in

rad ioactiv ity in tie suspens ion was tie evolution of 140) aM alxxit 8% of

tie initial rathoacti vi ty  had ~~~ri evolved as 140) by day 25.  In contrast,

wt~~ tie soil suB~~ Is1on was inct~~ated with labe led 2 , 4 ,5-l~i’, tie rthioac -

twit’, in tie l iquid started to decrease at 4 days , ar id nearly 50% of the

had disajçearul fran tie su~ x~ sion by day 25. M the derived frau

2 4 , 5— lU’ was lost fran the suspens Ion, 1 
~~2 was evolved ts~ti 1 nore than 40%

of tie ini tial radi oactivity was recovered as 140) by day 25. ‘lIe suapen-

— S 

~_—~~~~“-- -~~-  - -



--- _ - ~~

- -

~~

-

~~~~~

29

Fi(~~-e 3. than~~s in the cucentratins of 2 ,4 ,5-1 arid 2,4,5-’I(P in

a soi l suspension containing 10 ~ig of 2 ,4 , 5— 1 or 2,4,S—TCP/mL

The prodix t fornud f ran 2 , 4 , 5-1 ~~sort~ d n~ xu~tl ly at 310 ran.
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Figure 4. 1~~tabOUSTTI of labeled 2,4,5-1 or 2,4,5-lU’ and evolution

of 140) by soil s~~pensins. 
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sin was saved for thin-layer dir~ natogra~~y arid autoradiography .

A bacter i~jn was isolated fran Msahas clay by ir~ cuLating soil into a

netht.an .u’~taining 100 nrj of 2,4,5-1, 0.30 g of glucose, 0.30 g of glycerol ,

0.30 g of sod.iign succinate , 0.50 q of (~~4)2S04, 0.20 q of KC1, 0.20 g of

. 0. 10 g of MaCi , 50 n*~ of C~~~2. 21120, and 20 n*~ of F~Cl 
3• 6112

0 per

liter arid 12 n14 ~x tassiu~ sphate Ixiffer . %‘~en neasurtsicnts of ~~~ ~~

sorption indicated that the 2 , 4 ,5-1 was destr~~ x1 and a cthan ge in visible

turbidity was evident , the enrrdrent culture was transferred to f resh ncdi~zn.

Alter t~~ successive transfers, tie rxd~vient was streaked on a solid neditsn

ot tie s.~~c x~p~~itxn. lie isolate was identified as Paet.~i~rsas I lt%)rescens

basal on its physiological arid norpl* loqical diaracteristics. The bacteritxn

was gr~~n in the bssal iT.xj i jn ~j rt~r.k~cj with 20 ,iq of unlabeled 2,4,5-1 and 0.5

..Ci of ~
4C’-ring-U 2 , 4 , 5-T-’rnL . %4en cui~ar al to sterile controls, a decrease

in 2 , 4, 5-1’ cor~ t~itrat ion was evident at 20 h , arid akxxit 70% of tie d~~nical

had disappeared at 80 h (Figure 5). lie analysis of 2 ,4, 5—T was by nesauring

absorbency at 292 u n  arid by gas d tLxiraphy of san~~1es of the solution that

had ti~ n extracted with ethyl acetate and derivatized. At akx*it 20 h. tie

solution cuitaintid a stt~stance absorbing n~ x imil ly at 310 u~, giving a ~xs i  -

tive ~Eeno1 reaction, and having tie s~~v retention tine as 2 , 4 , 5-’!U’ by gas

chrcrat~x raphic analysis. Mstzninq that tie unknc~~n waa 2 ,4 , 5-lU’ and using ~- -

2 , 4 , 5-lU’ as a standard for quantification , tie yield of tie prew ~~ d 2 , 4 , 5-

1U’ read~~~ .i value of nearly 60% of tie maxiriun that could be preduced frau

2 , 4 ,5-1. ~t free diloride was released into tie ureditin.

The isolate of P. f1ucrescez~ could mt use 2 ,4 ,5-’lU’ as a carbon source

for gtuIth. l~breover, it did r*,t net~~~lize 2 ,4 ,5-lU’ in the besal t~ ditri

stçc~lw~~ited with 20 .q of unlabeled 2,4 ,5-’lU’/vnL or with 2.0 uCi (7.7 ~.g)

of labeled 

1~~~

’ 
5-’lU’/mL lie becter i ~xn did rvt literate 

140) fran labeled
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Figure 5. thanges in tie ~ ~~~ itratici~ of 2 ,4 ,5-1 arid 2 ,4 ,5-lU’

effected by a bacteriir~ gr~~n in basal nethun ariez~~ d

with 20 ~ti of 2,4,5—T.
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2 , 4 ,5-1 and 2 ,4 , 5-lU’ when gr~~ing in the basal neditin Thus, the isolate

cuietabul ized 2 ,4,5-1 antI convert ed it to a prixiuct that might be 2 4 , 5-lU’,

but it cc*Ud not degrade tie ~ er~ l further . lie cultures grc~ n in the basal

nedia ~rerided with unlabeled 2 , 4 ,5-1 ware extracted with ethy l acetate , de-

riva tized, arid saved for further analysis.

The degradation of 2 , 4 , 5-1 was deteniuned in Maahas clay ~~ezided with 25

• .~~ of tie berbicide/g of soi 1. SaTe of tie soi l s~~~les ware st~~ l~~ented

with 1.0 na~ eacii of ~lucose and soth~.zn tenzoate/g of soil. Portions (25 g)

of tie soil san~4es ware r i ’al at 30 , 60 , 90 , ar id 120 days ar id extracted ,

ar id tie extr acts wa ru  ana lyzed by gas diratetography . lie disappearance of

~~, 4,5-1’ was not evident unti l day 60 regardless of whether the soi l had re-

~ex~~ j  tie gluxee-benzoate ru xture (Figure 6 ) .  This supp lenent thus did

not enhar~~ 2 , 4 ,5-1 TT1’tabul i~ n in tie firs t few days, when the t~~ available

cartui scxirces ~#�re iikcly being utilized . The rate of 2 , 4 , 5-1 loss appeared

to ie greater in tie carbon-st~ plesented soi l than in the soil receiving

2 , 4 ,5-1 alcie , but tie differen ce was slight ar id because only .~~~~~~ soil rep-

licates ware exa~u~~ I, it is not knt~~n whether tie di f feren ce was stat isti-

cally significant. ~& 2 , 4 , 5-T dea~~osition was evident in soil by ganr~-

i rradation.

A preduct was fcxzrd in the extracts of soi 1 that had been incttated

with 2 , 4 , 5-T for 60 days . This x~~~xu1d gave a pesitive test for pherx)l ,

arid it had tie s.~tv retentAon tine (270 s) by gas dirana tograp hy as autI~-

tic 2 , 4 , 5-lU’. lie concentration of the cxrpu~d rose with tine arid then

decreased scr~~hat after 90 days. tt other pzxztucts ware f xiid by gas diro-

rnatography of tie extracts of tie 2 , 4 , ~-P-~ i~~ided soil as curpared with soil

not receiving tie herbicide, lie extract was saved for further analysis.
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Figure 6. thanges in the cxx~oentraticxe of 2 ,4,5-1 in Maahas clay

arTeride d with 25 iig of 2 , 4 , 5-T/g of soil and fornetion of

a ~~~~~lic product . lie soil was either treated with 1.0

irq of glucose and sothun kenzoath/g or not so ~Tended.
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E~ riva tiz~d extr acts of tie soil suspension, P. fltx rescens culture, anti

soil that t~~I been incubated with 2 , 4 , 5-1 ware analyzed by gas thranstography .

lie nethy l derivative of a product in oath of these extracts had tie sare re-

tention tine as tie nethylatad derivative of authentic 2 , 4 , 5-lU’. The reten-

Lion tines for 2, 4, 5— , 2, 3 , 4— , 2 , 3 , 6— , 2 , 4 , 6— , 3 , 4 , 5— , arid 2 , 3 5—trithloroç*e—

nols ware 270 , 180, 350 , 240 , 265 , arid 105 s, respectively, on tie (YJ — 17 coltrr~

c*,~ierated isotiertr~11y at 135 °C. Altl~~uqh 2 , 4 , 5- arid 3 , 4 , 5—tn chlorcphenols

had sunilar retention tines, their ~~ss spectra differed significantly. Fig-

ure 7 sI~~~s tie spectra for aut henti c 2 , 4 , 5-lU’ (A) , the netabolite fran the

P. 1 liz~rescens culture (B) , arid tie prtxluct thtair~ d f run soi l (C) . The prod-

uct fran tie soil suspension inctt~ated with 2 , 4 , S~ T had an identical spectrun

to that of tie other twa netabolites. ‘lie cui~xxinds had noleciilar ions with

of 210 arid fra~j~cntht.ion patterns identica l to that of authentic 2 ,4 , 5-

lU~. Thus, micr~x)rgani~ na in a~~nic culture , soi l suspension , arid Maahas

clay cuwerted 2 ,4 , 5-1’ to 2 , 4 , 5-lU’.

F~cause tie soi l suspension 1 i.berated ~ CD2 f ran labeled 2 , 4 , 5—TCi’, tie

piezx)l was further netakx lized; Pence, tie extracts f ran these suspensions

were analyzed for peas le products fonted f ran 2 , 4 , 5-’ltP . lie derivatized

extract fr an tie irxx~ul un rnded with iu’ilabeied 2 , 4 , 5-lU’ was analyzed by

gas thranatography , arid the retention tines ware cutpared with retention

tines of aut hentic 3, 5-dithlorocatecI~~1, cis-cis-2, 4-didilozmxx,nate, 2-

chioro- 4-carthxynethylere--bit- 2-enol ide , d~lnrosix~cinate , succinate, and

4—thlor~x~atecbol. ‘Ieee cxi~çeurids have keen previcxisly identified as prod-

ucts generated in tie netaboli~ n of 2 , 4-dichlor ~~~ic~cyaoetate (Bollag et al.,

1968a , 196& , (Xzxtxzry et al., 1970; Sharpee et al., 1973; Tiedje et a l.,  1969) .

Based on cupariecwe with retention tines for these derivatized standards, all

of tie products ware fcxsid in tie extract of the soil suspension incti*ted

- -  - 

*



- --—-~~
•
~~~~ ~~~~~~~~~~~~~~~~~~~~~

— 36

Figure 7 . Mass spectra of the nethyl derivatives of authentic

2 ,4 , 5—10’ (A) ar id of a product extracted fran a bac-

terial culture (B ) arid Maah&i clay soil (C) inct ba ted

• wi th 2 ,4 , 5—1’.
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1
with 2, 4 • 5-’fl~’. The retention tines ware 16. 3, 13.1, 16.7 , 10.0 , 8.6 , arid

13.4 m m .  respectively, on the t~ tçaerature-progr~~rted W-l7 a,luim .

Mass spectra ware cttaired for three of these products. Ge was identi-

cal to tie mass spectrun of authentic 3 , 5-didilorocatedx l (Fi gure 8) .  The

cu~x~ind si~~ied a nolecular ion with ~~~~~ of 206 , altbot~ h the ma jor peak

oceurred at 191, whicth pr~~~bly represents the ices of a nethyl gra~ip arid

tie fontetion of -0-O1~-O- f ran tie cx ygens of tie catecbol . The apectnzn

of tie se~~ id product was ic~~ tical to that of 4-thlorocateckx)l (Figu re 9) ,

arid tie product had a nolecular ion with ~~~ of 172 arid a frageentation pat-

tern identical to that of auth entic 4-dilorocatediol lie third product did

not sl~~ the e,qected nolecular ion at ~~~ 146 , k:*it it did have a base peak

at ~~~ 115 arid a I r.~~ entation pattern identica l to th at of authen tic dinethy l

succinate (Figure 1 0) .

The other three netabol i tes that were tentatively identified by gas ohIo-

matcgra~t~y were further analyzed by thin—layer thranatography arid autoradlo—

graphy. ~ ctracts Iran tie soil inocul tzrt ~iierx ~~ d with labeled 2 , 4 , 5-lU’ ware

spetted on silica ~~l plates , and these spests ware overlain with 50 ~AL of a

solution czx’ita ining oath of tie authentic ctunicals. A seaul set of plates

was used for autoradicx raphy. ‘lie authe ntic d~~nicals were located on tie

thranatogrre by their UV absorption or, in tie case of dilorosuocinate , by

the use of a spray for halogenated xr~xxinds. The plates war e firs t sprayed

with a solution of 1.0 g of in 100 mL of 0.5 N solution , they ware

dr ied briefly , ar id then the plates ware spray ed with 0.1% etharx lic f1~z,resoe in

solution (Fisher Scientific C X . ) .  ‘ieee slx ts ware tk~~ scraped off and trans-

ferr ed to scintillation vials cxxitainirs~ 15 niL of -~~~~ solution. The radio-

activit y ~~~i1d have been generated by 2 , 4,5-10’ netaboli~ n. th the basis of

radioactivity on the X-ray I j im arid spot formation, the products a~~eared to

- ‘



Fi gure 8. Mass spectra of the nethyl derivatives of authentic

t 3 , 5-dithlorccatechel (A) arid of a product fon~ed in

sol 1 stepens ion incubated with 2 ,4 , 5-lU’ (B) .
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Figure 9 • Mass spectra of the nethyl derivative of authenti c

4-dt1orocated~~l (A) ar id of a product fonied in soil

sus~~nsion incubated with 2 , 4 , 5-lU’ (B) .
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Figure 10. Mass spectra of tie nethy 1 derivative of succinate (A)

and of a product fum ed in soil suspension incubated

with 2 , 4 , 5—TCP (B) .
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L~ cis ,cie-2 , 4-dichlorutiicu~ate , tie h1orobutenol:~~ , and chiorosuccinate.

~b such products were found in tie sterile soil suspensions incubated with

2 , 4 , 5-TG’: hence, tie products are deriv ed Iran microbial netakx li~~ .

I) I SXSS 1U’~

Ln vxe~. of the ; z t s ~nt f iridinqs arid th e  n -j t r t  by Koth (1975)  tha t

2 , 4 , 5—i’ is vt~’r tt~l t~ (I , ,  one ~ i~ ht ~~~~~~~ that ru~cr orqani~~~ cxxild be

t,ta r~~d wtu c1~ . ~se i t  as a sourc e o~ carbon and ener~Jy. kbJever , sucth an

org~iz~~i;: ’ ~~~~ yut  to be fc~~*: , ~i:i~ a l l  of the c t iv ~ bacteria attack 2 , 4 , 5—T

~~~~~~~~~~~~~ i~~~.k uS~ ~i~~t t . t ~i 1i:u~~ s1’~c1es (k) rx t  replicate at tie cx—

~~nsc thc ~~~~~~~~~ on whi they a~ t , t h e  iat ~ ~ de xr~x~~ition w i l l  re—

.iL’~ ~ sl~ -~i1~ the ~~~t xal  ~‘u11  ~~rti i ii s”-. i l l .  This 1cr~ ~~rsi stena? ~~~~~
—

~~~~~~~~~~ ,~~~ . ,,
., th .~n a~ ~,ir~:i ~r~icrcbx~al t rar~ forr~nt 1~~~. 2$ t~~ -lCd l Of tie h.~vi

c~ , 4 ,~ — ~
:-

~ ~~.1 (~~idus , 1 ~~~~ i~i~ ~~~ hat ~ re soils :‘ur ’ re~ I i l y  1~—

~;tr ~r. ’:~. ~~‘rt ~ci~~ tha:~ others ~i~y ~~~~~~ 1t ’ ..~t tie axitent in tiese s u s

~~t r u : ~ts tha t sufl ’ r~ rvplicat~on ~f the cr r i t . t l i l i  zu. nq 
~~~~~ ~i1at i~~ns , tie

lar ~~r ~ucr~ki t :~rt*’ rs or bicztw~ss then b’~~n : ~~~~‘~~~‘ act iw in tie c~r,’t~tt~~l ic

r:t:..~torrut Ion .

The b .vc. it I.r ~ f 2 , 4, -T in soil has been ct~ erved by a n~zrber of in-

‘. s t i .;at.ors . For cx~~~ i~~, i’c~thida a~ i Castro ( 1~Y 5 )  dett~cted the ruicrd ial

r jction of 2 4 ~,_T 1:; t~~~ lkii 1 i~~ irc soils 12 weeks af te - addition of tie

herbicide. &x*~ ( 1975)  re~ • rte~ the e~x l  ut ion of 1 4(X) Iran ring- labeled

4, ~—T app li ed t~ Johnson Island ~~ra 1 , and ~~ar pre ( 1 9 7 3 )  s1z~~~i microbial

~tivi ty n 2 , 4 , ~—T in a tcs~x~ra te soil as wall as in ncdel ~~uatic eaDsyat~ 1e.

The nost extensive microbial destnicticx . of a tr icthlorcç*enoxy herbicide was

relx)rt.ed by (Xa and Siicica (1977), ‘.4x ~~~~~ that 2- (2,4, 5-tridilorcçheixxy )

prt4)ior~ te was cxxiverti’d ~~ <~
)
2
. In the present st~xly , 2, 4, 5—’lU’, 3 , 5-di —
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dilorocatcch l , 4-dUorocateobol , ar id succir iic acid ware ident ified as prod-

ucts by mass spectra~etry . In prior ~~rk , it has boan found that 2 , 4 , 5-lU’

• is pruiu~~ 1 f ran 2 ,4 , 5-i’ in soil and water (~~arpee , 1973) arid during the

utilization of 1_ (2 , 4 , ~-trichlort~Eerx~~y)propionate by a mixed microbial cul-

ture ((~ arid Sikk a, 1~~i 7 ) .  Based on a ~x~~itJ ve Arnc~~-catedx1 test arid thin-

layer C zmati~xjraphy , liorv ath (1970) proçx~~ed that Brevibacter u *.r’i ap. gen-

t . rauxl 3, 5 thdilo~~~.ated~~ 1 ran 2 , 4 , 5-i’. Iki*~ver , tie present ixi~uiry pro-

vides de! iru te evidence for the microbial for mation of ~ , 5-diohiorocateohol ,

..trid several other tur ~~~iu t t t ’ ~; fornid ii’ tie nvtatxD11~~U of 2 , 4 , 5—’ltP dso

have r~~~n t x ~L it ively idezu t ,i~ i~~~. i ’ ~_~~d on these findin gs, 2 ,4 , 5—i’ a~~ears

ti )  be act ixt on by •.:~ in . i t i i l  clt’avi~~ ’ ‘! tie ether linkage to yield 2 , 4 , 5—

lU’, ~tuch is then ii inv~ rt ~ ~ t~ 3 , 5-~~ i oh 1 orocated’~ ‘ 1. lix’ kenzene ri no is

t h en  apç arentlv ~~~~~~~~ to yit ’l ; ~hicts te n ta tiv e ly identified as cis ,cis—

2 , 4—di chlor 1~ixnat. , 2- - ~u lo r ~ ‘— 4— c.ut i  ~x i ’thyli ri—but— 2—cnolide , arid cthloro—

s~ ct ifl~ te, and ~~vuna tv is ~~ f i na l ~-nx ~uct ~~~~ ~~~~~~~~~~~~~ (Figure 1 1 ) .

The patiauy of itr t1gx.) 11 ~~~
‘- beyond ~, 1 ’—di cthli ri ‘a t4~ ‘ht ‘1 thus S analcx~ *is to

tie s ~i enc~ ck’scriixxl for 2 , 4- D dcqr ~ t .it ion ( I  • ‘:~~ , 1 ~ ‘
~~~~~. The precursor of

4—ch1orocatcd~~l is l ik e ly  the d i d i 1r ’a t e~.~~ 1 , t&it i t  is ~~‘t presen t ly clear

hc~ the thchlorocatediol is ~~nerated fr~~- 2. 4 , 5- flY because lx~th a dehalo-

~~nati on and a hydroxy lat ion ai e r~qui r&.

The data presented here ksit*istrate that 2 , 4,  S-T was act~~ on by cxr’~tab-

o1i~~n because the isolate could mt use 2 , 4 j ’.-T as a carbon and erergy source,

al tJx~zjh i t  ~x~uld net~~ ilize the herbicide. M isolate th le to use tie herbi-

c ide as a can on source f or qrt ~~th has yet to be obta ined . ~~~~~~~~ a soil

suspension cxzstaixed or aru~~rs ~~le to transform 2 , 4 , 5-lU’ to ~~~~in’,c acid ,

indicating that tie 2,4 , 5-i’ is u1tii~~te1y axiverted to cxr~x~zids that tubibt- -

edly serve as carben arid ~ erqy sources for microorgani sin . The usually long 
-

_ _ _ _ _ _ _ _ _  _ _  - -
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Figure 11. Prc~ oeed patkway for the microbial n~ t~~oLi*n of 2 ,4 ,5-i’.
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~ersistenoe of 2 ,4 , 5-i’ in soil is thus likely a result of tie inability of tie

smal l m~ta~~ 1izing !xlpulatxon to r€plicate by using the ~esticide as a carbon

source, but a product of tie cu~~t.~ oLism that can be used as a carbon source

~~uld rx t be found in nature in ~~preciable aincentrations because that prod-

• uct ~.ou1d serve as a sitetrate for nucrobial qr~~th.
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