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The microbial degredatioa of pfiraqust dichlorlde
by irivoetigatod by both, tr">octTOXi>M>t08ictric
dotorssdnation and Cl4-lebtdlod carbon dioxide omission.
9C" of the paraquat,when wmd in liquid culture aa the solo
nitrogen source was docompoeod in 72 hours.  When infX)rporatod
as an imest antial component of the medium, paraipmt took longer
to bo broken down (7-11 days) depending on the time a3.lowod for
Ljjpo”coB otarkoyi establishment bcjfort? addition of herbicide.
The broafcdiiioa of paraquat, in liquid culturels containijag a
r n{fo of 5CUB varying in organic/inorganic matter ratio, was
investigated.  Breakdown was stnm to occur witliln the first
96 touTJi, after tae commcmcemant of incuWtlon, in cultures
containing iiigh organic matter ioilo.  Adsorption isotherms
showed that the hi”“i organic matter nolle had a (greater total
adeorption of paraquat in solution concentrations in exoees of
250 p.m. A iiigh organic matter .>oil was divided by ultinv-jsonic
dl!?intcgration into its orgimlc and I)K>rgauic components.
Paraquat breakdown va» seen to occur in cultures containing tlie
former but not the latter. TiHO passage of Cy"-labelled %omraquat
from Uio orgenio cem*joiv*nta t*irou” a dialysis mombrfAc was observed
axia demonstrated to bo due largely to the presenco of inorganic

mateiial outside tijo ©embrume.



A system waa proposed, whereby the docompOBition
of paraquat in the soil by Lioomyces starkevi occured during
the stage when the herbicide was weakly adsorbed onto the
organic soil ooraponents. After a period of time (<"% hours in
one instance) roadcorption onto the inorganic soil component

rendered the paraquat unavailable to microbial depredation.
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GEHKIAE IKTR-)BIK:TIOH
1. Hietorv of otavMuat.

Interest in the quaternary ammonium compounds
datoo back to 1947 (Brian 1964), whm dodocyltrisethyl-assaonlua
bromide was subjected to field tenta and found to be widely toxic
to plants. In 1954 (Brian 1964) further quaternary csooix»und» were
evaluated and the bipyridiliun quaternary aamonium aalta were
found to be unique compared with the conventional chwmioale in
this family. Applications of 5-10 Ib/acro of the latter were
required to kill a fixed number of specie® under greenhouse
conditions, wiieroa» m little m 1/16 iVacr© of what are now
mown an diquat and paraquat salts were equivalent in activity
(Brian et al. 1958). From general observations of the effects of
the treatrwynt, and becawe the volume of application had ao little
effect on the activity it likely Wmt the new compound» were
acting oy»t«JdcalJly. IToof of tli© uptake and trair;location throu”
tiyo aerial parts of broad bewin and oats was readily obtained
(Brian 1% 0).

2. LMe,of,,

To undepstojfid clearly the iiode of action of the
bipyridiliua quaternary salts, it is necessary to r»)call that
there le evidence that tJio aalts tJioiaselvO» are not biologically
active, imt become so only upon reduction (homer ©t 1960,
CaXderbardc 1964). % is process involves the addition to tit®
herbicide molecule of one electron and the loss of one positive

charge, ibe additional electron is tJion free to take up a number



of pOBltiona available to that electron. It in the correlation
between the ease of reduction and the totoxic activity in
paraquat that led to the oonclunion that this compound la active
by reduction to tli© free radical within the plant (homer

i960). The reduction ie uoat likely by catalytic process connected
tiirough t)ie normal photosynthetlo raechaniaa (Boon 1967). the uue
of a gimtemar)” salt in photosynthesis experir;ents waa first
reported by horowita (1952) when ho obtained mass opectrofirntjhic
eviduncs that bensyl viologen, a 4,4*-dipyrldilium compound used
by #icheallG and Hill (1935) is red\jced in a pliotosynthetic reaction.
The free radicle involved subsequently reacts with oxygen,
regenerating parariuat and giving rise to a peroxide iwiicel or
hydrogen peroxide which is considered to be the actual phytotoxic
agent, Kok (1963a) and Kok and liocj (1963) have Bimm that
paraquat can be reduced in oiilorplast systems and Zweig and Avron
(1965) have d”*)nstrat«wi tlmt free radicals era formed under tWse
conditions, A ssisiilar xtsoult has been obs""rved with diquat (Zweig
jet 1965). Lvidenoe has also been obtained suggesting tliat the
reduced fom of paraquat ie reoxidioed in those systems (Kbk 1963b)
and Dav@n;x>rt (1963) hm observed the production of hydrogen
jiorosido. “Wre recently, Llado (1966) with maize, tomato end
broad beans, and usiiig cation exchrnge chro&mtcegra#qr, observed
that parac*uat was degraded in plants, not metabollcally but only
photochmicaily on the mirfaoe of Hm foliage. This is not a
sinrpriidng oonolutiion in the light of the rajdld ap*)©arance of
toxic symptoms in and subséquent death of plants treated with

paraquat, proi-?ursably resulting in tlie ver’f rapid dostruction of



onayia© oyatcsas potentially capable of degrading the herbicide. It

i8 in agreement with thio aode of action and the time factor Involved,
that paraquat act» esaentially as a catalyst in tIx© production of
wroxide radicale or hydrogen peroxyde, wiUmut itself being degraded.
Funderburk and Lawrence (1964) fed aethyl-labelled paraquat-~C
through nutrient solution into alligator weed and found strong
evidence tlxat it vas not sictabollcslly degraded. Slade (1966)

tiliowed that i“hotoohecaical degradation of paraquat can occur on the
surface of plant® mxring daylight; the armxmt of decomposition
depending on the tine of the year, since it is related to the
quantity of ultra-violet 11#*t between the wavelengths 290mp and
310%t present in dayliiirht. Analytical rewultc obtained in Great
Britain suggest that after exposure to strong eunlight for “several
weeks, degradation does not exceed 70i* of the chemical applied.
lh?0au»ably the paraquat which has re joined undograded, 1ms waved

into the plants soon after application, and i© protected from the
action of ultra-violet lii#t. The photochemical break™iown products
of paraquat-**C dicliloride, were isolated Slade (1966) and
idontified as 4-carb0sy-l-«aethyl-14C) pyrldilium oldLozdde and
aj’\tixylamine-14C hydrochloride.

Clearly then, paraquat is a very potent,
tran”looatable, rapidly acting herbicide, sx"i as such has found
oxten”ivo luiage in both agriculture and “horticulture (Boon 1965;
Springett 1965). A subsidiary effect of p.“raquat appeared with
the dlsooveiy of it?5 irreversible adsorption on to the cloy fraction

of the soil, (kebb at 1965; Coats et 1966). This means tlmt
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any horbicidal activity of paraquat io twou#t about by contact with

the foliage of the crop. Gnce the herbicide reach©» the ©oil,
whether it be through the spraying or the ploughing in of dead crops,
it is inactivated. There is thus no ireaidual effect and the crop can
be resown, vritlfi tJie (%inimm of delay, in a ”clean** soil.

Thia character of ic«ao<iiate adsorption, which
dietinguiahea the bipyridylium com|)Ounda from all other groupie of
herbicideo, poees its own problems. Otlier herbicide» are decoapoaed,
botil chemioally and jalorobiologically, in the soil over a period of
tine. This decomposition rm”orm the toxic oor;vjx>uads from the soil
laedium, arid tljore Is no problem of herbicide accuraxlation. With
paraqu&t and its relatives, Mwever, the irreversible ad«oration on
to tiie clay mineral fraction nemm that there in a build up of the
hxgiily toxic herbicide. There will become a t?ieoretical point in tiiiie
when all the available edaorption sites are exiiauated and any further
addition of heibicid© will leach through the soil and eventually
into the wfttenr systems, manifesting itself in acu e syr“ptoms of
oaii“ion toxicity.

The system outlined hero, mnphmlBon the importance
of microbial dogrodation of herbicides in the «oil, mid fin understanding
not only of the micro-orgaiuisas involved in paraquat breaWoum, but
also tiie dynamics of herbicide distribution, is of vital importance.
3. (WrMaM. adgftraUoM, in m il.

Mmvption is a key factor in the behaviour and
utilisation of a new herbicide, the tsaln characters influencing tho
phonoMona being largely understood (Freed et al, 1962; Bailey and

White, 1964).
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The procesB of adsorption involves an interaction
between t%io electrical charges on the herbicide and Uiose on tho coil
components (namely sand, silt, clay aiid organic fnxctiens), and
i& regulated to a largo extent by tho characteristic» of t)m soil
iolution (Frissel 1961).

(i) Tho inqrgBWdio fyaotipn. The mineral oocapenen
of the soli include colloidal clays bearing negative charges. The
clay ainerals can be broadly subdivided into two groups, the
aontmorillonltes and the kaolinitee, which consist mainly of plates
of aluminium and oxygen and plates of silicon and oxygen. Those
silica and alumina plates either simply alternate (1 %Il type, e.g.
kaolin!tee) or in the order fidllca-aliiBiintt-siiica (2 i 1 type e.g.
montaorillonitee). The montmorillinitic clays have very hiigh
jq’ecific (surface areas, high cation exchange capacities and expanding
lattices. The kaolin!tic ty;)o clays have low Ajaecific “mrfaces,
low cation exch“mge capacities and non-oxpandiug lattices. Duo to
theije aifferencea, the kaolinitic-typo clay» do not have as large
an ad«orp<tion cap>i*city as the montoorillonitic-types. This difference
in adsorption has been uesonstratod for monuron (Hill 1956, Yuen
and hilton 1962) and a vaidoty of herbicides (Fi-issel 1361).

Recently Bailey et al (i960) have aiiown that, regardlosB of chemical
character, adiwrption occurred to the greatest extent on laghly

acid montiaorlllonite». At pR below 5 tne exposed (H grou%am of
altisiinium ami f?llica tend to beooae po.iitively charged, but this
feature has not yet boon directly related to herbicide activity.

For herbicide®, nuoh as paraijuat and diquat.



which have a unit po*?itivd charge, inactivation occurs iamadlately
contact is made with the woil (Webb et al, 1965« Coats jgtaik» 1966).
For these two herbicides tix© adsorption i& apparently irravers4ble
under norsial conditions. In laboratory tests, once enough diquat and
paraquat has been added to saturate the cation ©OxclJiange capacity
(C.H.C) of the soil, furtlwr additions aisow bioloi*cal activity.

A ai>eoial feature of adwration by aontisorilldnitio
type clays is that organic ci.e?alcal« my bo trapped within the
expanding lattices (Dean 1960; llnck * 1961) and it has been
auggeated (Coats 1966) that interlazmelar adeorption by
montoiorlllonitea is respon#?lblo for the unavailability of the
paracjuat ion to wheat. Organic cationc, in general, interact with
clay ainorols and the identification of intorla»njelar adsorption
by %-ray diffraction is well Imown (Gieeoldag 1939; Greene-Kolly 1955).
Greenland (1965) rnxgigost”™ that the two csriin faotora of importance
In the adi»orptioa of organic ions ore t)i® large nuaiber of poasibl©O
points of contact between ion and adrx)rbent, which lends to a large
chwige in the entroj;y of the system; and the occ™Arence of K"jocific
adsorption sites wliich are dependant on the aoleoular characteristic»
of both tlifa cation and the subotrato, Tho adsorption of bmiic
organic coftipounde by tlxe aontisorilionitic-type olaye Dooms to bo
dopmdmit upon tmrface acidity (3-4 pH) and not upon tixe pH of the
suBjaneion. The converse appears to tioln 7zr.m for ti“io adnorption of
acidic type coKpomida (Bailey @t al 1968).

Much fnctore are not usually of ii“portance for

inorgwiic ions and it ia possible, therefore, to explain why



organic cations are more strongly adoorbod than Inorganic ones* T#
Kni#xt and Tomlinson (1967) propos© that strong adsorption la
priraailly a function of the clay mineral fraction of the moil.
Knl ht (i“ersonal com) also axvtgests that there i« a wide range of
adsorption strongt>ia in the soil which it is proposed, might be
related to inorganic/organic tmtter ratios.

(1) fractiofi. Hartley (1964) has
proposted that far too auoh emphaeie ia givtm to tlie clay colloid»
in relation to herbicide adisorption and that organic matter content
is the most important factor Involved. Moll organic matter has a
yii#i specific surface, and hii® cation exchange capacity which
deercaaen with Incroaoirig acidity. This is due to the diminished
ioniaation of functional group» on the organic aatter as tho hydrogen
ion concentration increaaea. At low pH coil organic matter has
positive charges?, but the iriplicatlon regarding horbicide ad”iorption
1» unexplained. Herbicides may posse«B unit negative or positive
ch rges whidi sAy» or may not be related to pH. Kni#it and
Tomlinson (1967) have shown, by treating with hydrogen peroxide to
remove the organic rmtter, that the tmximna p”omquat adnor; tion
capacity of some noils ia “significantly ini'luonced by organic (mtter
content.

AS far back as 1862 Hautenberg concluded that
coil hAwmn played an important part in cation oxonang®. Holden
(1369) and others of this lAorlod oafs© to the Bmm conclusion.
A coMprehonoivo revim# of the literature on organic material and
ion-oxch”"mge io given by Oohring (1931). EfvidencO preaonted by

Mhorbume and Freed (1954) investigating tho mechaniarn of ad«orj)tion



of sBonuron ouggoot» the overriding insportaiio© of soil organic matter.
A number of invoBtigation© Viavo oorroiated t}*o j*totoxicity of

soil incoXTJOrated herbicides with coil organic matter (Upchurch 1958;
Jordan and Day 1962; Sheets mta Drever 1962; Upchurch and Mason 1962;
Harris and Sheets 1965). mre exteanive evidence ia av”&llable tlrirough
bioaoféay experi®onta. In thwe, herbicide is uniformly *aixed into
the contents of soil pane and tim concentrations necessary to give the
same response noted. All users of this systesa agree tliat tlie organic
matter content of ttie soil ia tho jaoat important factor involved in
ad&orption. Upchurch (1958), in mi inveatigation concerming the
adsorption of monuron in a wide range of soil types anc using cotton
and ryegrass as indioator jlants, found that the best correlation

was Td.th organic matter content, mid that the next best with cation
exchange capacity, them two being thetsw”olveo correlated. Clay
content, base saturation, pWsphoru» content and did not ap;>ear

to be significant. Opcliur<di and t'-ason (1962) e"““dome these findings.
Considering the four soil properties, organic saatter, total clay,
cation Oxcii“mge capacity, and pli (iiheets and Drover, 1962) found
tiiat organic isatter was the bast single factor in correlating
aim&sine adsorption. By tlie inclusion of ti,e other properties, téio
correlation was only minimaly increased. )kist of tiiis work, Wwover,
conoertio the neutral nerblcideo; ch.urged herbicides have been largt*ly
ignored. Prised (1961) in a coi“prehonisive jAiblication ouggesta

that there is m especially strong attraction between herbicides and
clfiys. however, the enorsaous surface area available can accommodate

the herbicide molecules at a very lo%f doiuity. It is worth noting



here tiiat the organic matter of tfio soil also preeento an enoniouo
surface area.

Table 1 njioc%an that organic matter iiaa the highest
cation exchange capacity of all th© coll conatituontc and a auiTaoe
area comparable to mntRorlllonite. TWrefore it would appear that
organic matter hae a high potential adsorption capacity for both
those herbicidoB which may act aa cations and ttwse that can be
adsorbed by pdiyaickX ndisorrtion* Difference» la Wie composition
and a”Uiit of organic fiiattor between ooilo would be expected, and these
differences would account for the variation of herbicide ad%>rptlon
(both total and type of) between these m iltu The componontc which
co”»riee the organic fraction have not been completely characteri&édf
but partly decayed oellulone md th© resulting llgnia residueo have
an extensive and exoesnible internal surface. Moreover, in tJje case
of lignin, the molecular oonetitution of this sjtrface is more
favourable to adsor%;tion of organic laoleculos than the alimlna-
silicon surface©.

It can be ceon, therefore, that the adsorption of
a chemical by tho eoil W m important factor in the biological
effectivencRB of that chemical. This in ©videncod by th® fact that
a herbicide which is strongly adsorbed by th© soil colloid» is loos
effective at a given rate of application as one fron; a light
oandy soil to a heavy iduck r?oii. The strer”“gth of the adsorption
varies ajaong the coivotituents of the soil - sand, aiit, clay and
organic feiattor. As a general rule, clay mid organic rmtter are
the portions of the noil that adsorb sost strongly. I”Bical

adsorption of certain herbicides on non-epecifio orghnic matter



site» is raversabi©O (Yuan et al 1962; Harris and Marrm 1964;
GeissWiler et al 1963). It ia suggeeted that this »iy altvo apply

to the bipyridylium compounds.

10.



TABI* 1. MeXected Phyaloal, Properties of 30X/ Cgpu-oaents,

Soil oonotxtucnt, Cation oxchango capacity
««q.por 100 g.

Organic matter 20(MO0*
Montiisorilionlte 00- 150®
ADaollnit© >15 ¢

& Broadbent and Bradford (1952)
b. Boior and Gachwend (1952)
o. Grim (1953)

d. Diamond and Kinter (1958)

Surface area
O©q*motor®/g.

500-800"
600-800*

7-30"



4. The bgeakdpwt of Pamiuat by Upoaytaw StWewl.

I*ITX>wyceg gtarkevl Lod, and %ij. i© a sell yeast that
wam first recorded in Britain at Abarystwytii by Brady and Jone» (1964),
and has h&m need extensively as a source of i“crobial polysacoharide
in noil structure investigations for some year», (Jones, 1964;
Griffiths and Jones, 1965? Griffiths and Bums, 1968). Baldwin et fil.
1966, showed that the yeast, later identified as 14.Pom.yces starkeyj.
Isolated from soils can utiliiio paraquat dlOiloride as its mole source
of nitrogen. It decomposed all the 20 ppm. of herbicide in cultures,
and utilised the piraquat in preference to nitrate nitrogen but not
asmonia. The highest rate of breakdown >:m observed when sucrose wan
present. In an experiment when L1*-di(*"C)-«ietliyl-4,4*-bipyridilium
dichloride or LL1*-dimetbyl-2,3.2°,5'(*c)-4, 4'-bipyridiliua
dlchloride lim added to liquid cultures innoculatod with this yeast,
95/' of tho peiraquat was decomj)Os©d in two weeks and 82-64?’ of the
radio activity was emitted as COg during four woeke at 24*C.

These workers also found tiiat Clomtridiuni PAsteurianwd
and CorynebttOtcriuS3 faaciane were effective in decospooing 20-30

of paraquat over a raatter of weeks in cultures contaiif®” 10ppci*

Bossarth et al (1966) have shown that a bacterium, Paeudomonae sp.
gom profusely on a mediim containing 1,000 ppm. jiaraquat producing
reduced herbicide. Baldwin (ix“rsoa. comm.) has related fiow soli
aai pies recovered from thie field Itave loot conr>iderabl©® quantities of
tho origim”1l ;)araquat dowage, but has so far failed to reproduce any
degradation in the laboratory in a paraquat/soil complex.

Du© to paroiiualie strong adsorption on to the soil

compononte, it was hitherto believed Uiat no significant microbial
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decomposition of paraquat occurred in tho soil.

The aima of the research doaoribod in this thouio are
threefold. Flrotly to inveatlgate .wre thorou”nly the breakdown of
paraquat dichloride by the soil yoaat Ljpotayceo starkevi. Meoondly to
discover the nature of the soil adsorption of that herbicide, and
ti*lrdly, to discover where the breakdown of paraquat occure in the noil.
It is believed that decomposition of paraquat, after its irreversible
adBor"jition on to the clay colloidu, in unlikely and any degradation that

occurs Wecea place elsewhere wlt)iin the aoil.
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Tlie four soils u»ed In th© Oxpeiiia-"mte wer© obtained
from Rotiwifflstod Experimontal Station. Th<S& were of value in that
iithin each pair of milo, tho only oi*“*fleant difference in gros»
composition wan the organic caatter content. (See Table 2).

A siore cor«plox onalyniiv, from X-ray investigations,
sWwed that the clay types in Br2B and Br3 were airdJLar, whilst tisoae
of 72 and 75 could fairly be cosapared with tli© data obtained from an
adjacent plot (See Table 3).

2. imiM jdLasmcm.

The 17 il yeaat, Lioomyces starkevi. waa grown on malt
extract agar at a tei“perature of 30®C. After one week enfficiont growth
was observed to imiocudato the two liquid féodia involved in the ojcperimonta,

(i) Sucrose r”*edlm*

Sucrose 3*0f.
diJiydrogen-

ortiio p”ioophate 1.Og.

Potasriufii clilorids 0.2g.

Hag"voBiufa ouli”ate 0.2g.

Ferrous sulphat© 0.0lg.

Made up to 1 litre with diotilled water.
With paraquat dichloride at 20ppm.
(ii) Pei)tone/Doxtrcm iiedlum
Peptone 10g.
Dextrose 50g.

hade up to 1 litre with di«tilled water.



TABLE 2

SAVPLE NO.
Br2B
Br3
75
72

SOIL TYPE
Slit-loam
Silt-loam
Sandy-Xoam

Saady-Xo6am

AfIALISIA OF SOTHAi"STii) SOILS

% AAY  g(D.H

18 98.7
18 99.1
7 99.2
7 99.4

0.274
0.107
0.209
0.115

fle OHGC
2.88

0.91
2.45

1.35

:~ARB.C.

0.07
0.13

pH.
7.6
8.1
6.6
6.8
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A atmihird curve was produced by relating tho number of
id.iOitivceB ijtarkovi cells in oultur , cjounted on a hacaocytomoter slide,
to the rol&tive turbulence of the solution. This was «clsleved with tiio
use of an tiel nupr*meter head, connected to a Unlvalgo 200 taut
smspajuiion lairror gaivonometer. This method aillowed rapid and accurate
Keaf*uresents of cell nuKbers and conaequentiy the growtii rate# of
the cultured involved.

4. The «BwiKresawt of mraawmt (U.#loTi4@ oonPAAtratiom

)

Paraquat fsalts are extrmoly “luble in water, and
ore readily retained when dilute solutions of tlie salt are allowed to
percolate thiou#i a cation exch mge renin ooluran. Thio affords a
method of separating parwamt residues from soil constituents, which
ere generally not retained by tiie resin.

Aqueous soiutionfj of pjiraqu&t have a broad adeorption
band with a maxiaum at but measurement at thio wavelenigth la
impracticable because of considerable interference by the trace
afsounto of coil constituents. Paraquat liouever, is reduced by
alkaline odium dithionito, resulting in a deep blue fsolution which
is relatively stable in the presence of an excess of reducing agent
(Homer aiid Tomlinson, 1959). Parac®uat can then be determined, after
reduction, at 399m> If adequate controls are need, the Bmtiiods for
correction of background adjaorj-tion proposed by Horton and Stubbs
(1946) are wmecwwaiy. Tiie oetiiod. of extraction followed was that

used by Colderbonk and Yuen (1965).
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2*0g of oveo-driea soil were taken and 100 al. of 12*
Bulpfiiuric aoid added# The fixture wai> tiien boiled for five iiours in a
reflux oondeuser and -illowed to cool.

A Ceilto 545 filter woe tlien prepared ae follows!-.
A bhatimn ilo.5 filter paj)er was jxIMCod in a Buohn™r funnel supported
upon a 2-litro filter flask, Kx>iateiied with water, and auction applied.
This allowed the paper to be held firmly in the faeek, and olimiimtW
the chance of floating when further additions w?”re laade. 156 ml. of an
aqueouo ouepenaion of 10g of Colite 545 were then icured into tJio funnel
and sucked dry# The filtrate was discarded# Any contentf% of the
coniitmoer were then watched down into tiio boilin ; fl#$k with 50 ml. of
dietilled water and the roaultlng cosaplex [>owr€d «lowly into tho
Bucltmor fiinr*ol, where it wan filtered under auction# The reaiuue was
waiihed with two 100 ml. portions of water, billowing the first to be
sucked through before adding the secon#

Tho pale yellow filtrate wae then transferred to a
1" 1tre separating funnel and allowed to percolate ftriroujgjh the
pro’mred resin column at approximately 5 ml. /-*r lainute# At the
completion of this, tim funnel was ro?«oved and the oolmm washed, at
a flow rate of 3 mi# per minute, with 25 mi. of water, 100 ml. of 2Ii
hydrochloric acid, 25 nl. of water, 15 ml. of 2.5* ammonium clilorid©
solution, and 25 ml. of water, fim paraquat was then eluted from
the coiuisai with 50 ol. of saturated ammoniua cldoride at a flow-rate

of 1 mi# per edaute.
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(b) 3pectrpitotcmdtolg 4flfejmtnatt<>n.

After tli6 effluent wao thorouglily «hukea, 10 ml. were
traniiferred by pipette to a boiling tube, and 2 «il. of eodium
dlititiionito solution added and “dlxed vigo”raufily. Vithin two ainutea of
adding the sodium dithionite, the optical dem”ity of the solution at
399 Bp waa measured. A reference solution of 10 al. of saturated
ammonium clilorldo and 2 wl. of sodium dithionite wan prer”“ired
simultaneously.

The optical denaitioa of 0.1, 0.2, 0.4, 0.5, 0.8 and
1.0 ppm of péiraciuat solution were Ejeasurod similarly for each series
of analyses and a standard curve relating ooacentration to adsorption

furepared. If the optical density at 399 np was much hi#mr than
1.0 ppm the accuracy of the dotensination diminishes, and the saniple
was diluted to come within the rangf* of controls.

The concerntration of pjiraquat is read off, using the
lurevioufsly constructed calibration curve. Then th© wount of paraquat

in tfm 2g aac”ple » Concentration in ppm in effimmc© X jC&
/ recovery*.

*Before thio method ia applied, a series of racovczy rates is

established from tho range of soils.

(a) Boilinc flask - flasks of 500 al. oaimcity fitted
by means of 324 ground glass joints a two-tier reflux condenser.
(b) 8mct)%).Dhotometer - A Beckman DB-G Grating

epectroplTOtometer was used.

(a) .acid.- add cautiously with stirring
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355 ml. of concofitrated aulphixric acid (ap.gr. 1.84}» to 66$
of water.

(b) (lydrochlorlo acid 3 - dilute 17$ ml. of hydro-
chloric acid (ap.gr. 1.16) to one litre with water.

(c) teaoniua chloride soxutione - saturated and

(d) Cation exch’® o reain. Permutit 2eo-karb 22%

(82 to 100 mmh) containing 8" divinylbcmaene. The colwm is prepared
by woigjiing out 3.5 m* of the reain and washing into a 25 usl. burette»
in which a <*lass-wool imd had previously been placed. The top of the
rosin wao covered witti glaaa beadse 20 al. of 2H hydrochloric acid
and 50 al. of water wore passed miccoscively through the column at

a flov*rate of $ ml. per minute.

(«) Soalw difeilonit. Hol-gUon. # w/v in 8 sodium
fiydroride. This reagent was pre{»ared immediately before use and
wan not used wore tlian 30 iisinutes after preparation. As aolid sodium
ditdiionito Is unstable in the presence of nsoisture. It wao stored in
sulall quantities in a des/icator.

(u)

10 g. of soil wore taken and 5 sal. of labelled
paraquat were added. The ausjxmoion waa agitated for 24 hours at
20~C. when adsorption was itaown to comr>leto. A twsall quantity of
the soil was extracted vil®* a spatula» and pificed on a previously
weight planchot. $00jil. of glue solution was then added by means
of an Agla syringe. Thti sample was dried under an infz%-red lamp»
care being telcen in avoiding ovejvdrying which caused the s#:%pie/glue
cottiplex to contract. Tlie amiple was then coimted for p-partiole

emission» using fm IDL Betamat 6050 &od Window Counter.



On completion of the counting procedure» the i?oil
plue glue» plus pliuichet were weighed» luad by extraction of the
previously determined wei/d"te for both glue anti jdUiiichot, tiie
weirt of tlio soil was arrived at. Allowing for a uniform
distribution of iabeilea paraquat in the originf&l soil oasple»
the weight of the individual eamplea should bo related to
herbicide content» and in turn» to radiation count.

. mmmnWKWit of PjaEanmt In g.mtUEa.
(i) ima&Emm»

The method described above was found adequate
Althou” boiling under reflux in sulphuric acid wan not necoaaary
in cultures not containing i*>il. times» with oonoentrated
culture» of Linoaycee atarkevi. it was found helpful to apply idlr
prooflore to allow the Gun!>innijon to pass through the reain colum
in a reasonable time.

(11) si®'LAaiteAAA mmm & "

Carb0n14_labelled para»Youat dicliloride was added *o
the sucrose mediiw and maintained at 30%’ in an orbital j>hakor.
Labelled carbon dioxide emitted during #\& growth of hiroBivcea
starkeyj was collected in a «wall tube containing 2 ml. of IN
sodium hydroxide (see Fig. 1). Tiio procedure ufiod in estl:mtlng
the carbon dioxide was a modification of tJint proposed by Devlin
and Gallavey (1968). The 2 ml. of sodium hydroxide was tlion
divided into two 1 rJ.. jxjrtion» and 3.0mg. of {-odium carbonate
followed by one drop of O.tB mimtd.a and 0.25 ml. of saturated
bariiisi chloride solution (35*7g. in 100 ml.) were added to each

staple. The resulting wiiite» flocolent precipitate of barium

carbonate waa» In each instrjuie» IwmogenlRej» placed on to a

18.



fig. 1. fU© apparmtue used In the measurement of C”~-labelled

Carbon dioxide emiaeion.



Sodium Hvdroxide

Soil +

L. Starkey! +
C-labelled Paraquat +
Sucrose medium
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stainleee «te©l plamehot aiid dried under an inlruf-red lanp.
Application of too (ruch precipitate at one tiao led to the
fomation of a crust "“hm and m eventual uneven
distribution of the saraj>ie. Because of this» it van found beet
to apply Uw Bunpenoioa in em Il quantities allowing each to
dry before apjdLylng next. T>w wore tlion counted»
ufiing an I)L Betmmt 6050 t&d window coiDfiter.

It was found that little or m enrich*))(mt of
IJLmm'ccB atfirk-evi occurred in tlie decomposition of jmraquat.
Because of thia and other factor© (page 3" in all isoil/para’®iuat/
I"luQf>yceo erperiamte» it was of advantage to establish
each oultiupe before addition of the soil aaf’jpl®. i*araqimt
used to establish the culture was seen to be brokem dotm before
the fioil and more paraquat wore added. 7o different sequence»
conceriiln”: the addition of i%oil and %mra<juat were Involved» in
trying to discover tiie import"mce» if any» of the rat© and
strength of adsorption wltfiin the soil coa”ponmits.

6. JiiPR Jiiftthffiom.

M soiption data was obtained by shaking suspensions
of Ig. of ovem”ried «oil (<1W mesh) in 40 &8# of paraqimt
solution in conical flasks raaintfiined at 20** 2% & and using a
wide range of herbicide concentrations.

THio BU«[>onsiono were whaken for 24 iioure at which
tlifm preliminary investigations ).ad shown that adsorption was
complete. The aupematimt was r»3covared by centrifugation at
M<K* rpes. for 30 eiinuten» and the unad orbed paraquat ©«itlnsated

spectrophotometrically b tiio procedure outlined on isago ¢ Any
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paraquat adsorbed on to the colloidal fraction which failed to
aodimont out during centrifugation» did not inturforo with the
analyain.

Tlio quantity of “waf*uat adsorbed wan found by
difference betwe m tile known amount added and the amount n?covored.

A number of contrédle wa» run in each instance to
allow for any irrelevant adeox”>tion produced by the noil cospononta.
7. >itr«c:lAon of «oil orgianAc iiifttter. The extraction of org»rwic
matter from the fjoil in «m unchanged form» so that herbicide
diatribution can be examined, in a difficult: Studly at beat. A metWd
proiyosed by Halstead» Andereon and Scott (1966) was found to be tije
roat rewarding, and involves the use of ultrasonic disintegration
of the Boil staple. ?hO best extractant for organic matter was
0.2M aqueous aoetylaoetone (j3i7.3) following m acid pre-treatsmnt
with O.IN hydaiocliloric acid. Four i*ucc«»0iv©O extractlono following
the initial laltrafionic treatment were found to Increase the * yield
of organic material. Because t)ie r?réval of excoos acetylacetone
and it» complexes is an assentrequiresiont of the metWd» the
five extracts wore combined» and extracted t"“iroo times with di-ethyl
ether. Tlie aqueous |[*as© often contained some colloidal clay idiich
C(m be thrown down by centrifugation at a speed of 15,000 rp®©.

The fim il procedure used is outlined in Fig. 2.



2s» ©oil

Hdchaniofdly shake with 40
of O.IN. aCL for 30 ©in«.
Centrifuge at 3000 rpm.

21,

Residue Supernatant
ii©)oat HCl treatment Discard
Tranafer eample to Supernatant
centrifuge tube and add Discard
10 ml. 0.2% acetylacetone,
Adjust pH to 8.0 with
IN NaOK. I
Sliako for 24 hra. and
centrifuge at 3(XX) rpaa,
kenldue Supernatant 1.
fixtract four tinea with 40 sal. Supernatant 2 # 3 ... 4 and 8.

of 0.2M. ©cotylaoetone, «baking
for 24 hro. each tlam. Before
the fourth extraction allow 2 lir.
ultrasonic treatgjcnt.

Centrifuge at 3,000 rp®.

Su”jematazit
Containing the
organic fraction.

Combine sup”“nrntants, add
eqiuil volume of di-ethyl
otlior and reK“ovo in an
upward di*plaooRient
liquid-liquid extractor.

Repeat etlior extraction twice.

Clarify aquooue phase at
1,300 rpm.
i,
Residue

(After Halstead, .aiderson and Scott 1966)
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AHU imntm
1. 'Thft ab»->ratlon «reotnm of paawwat dXchlorldft.

A solution of 2.0 pjia. paraquat dichloritl©» in
saturated aesaoniuis ciilorldo, was roducod with sodium dit>iionito
(Pag© 16). Thin resulted in a doop blue solution which had its
absorption peak, in the visible rang© of tiie spectrum, at 399
ThIH ;>eak was «©«n to be well-defined, and wan consequently suitable

for use in quantitative mrunxxremmtB of the herbicide (Fig.3).

The solvent used, in all caoe:s, to elute paraquat
dicliloride from e%oh;mge resin was saturated si*fisonium ci”loride.
(3T7 mg in 1-litre at 20 C). Consequently, in deriving all standard
curves for reduced paraquat Koasurosaents, this same solvent was
used.

Two curves were %jrepared; the first to incorporate
herbicide concentration» from s“iro to 1.0 ppm, the second for
concentrations from 1.0 ppa to 5.0 ppm (Figs. 4 and 5, Appendix
Table 1). This aecsond curve was wed essentially to determino
what order of dilution woo i%k%uired to bring the amiiple into the
rang®© of conoimtratioa» calibrated on the first graph. TI&» was
ejq>6Cially i&iportmit in determining m il adsorption isotherms (see
Pago 19). All fiiud m %aBurmmnt& were observed on or below the
1.0 Pp»* mark, «c, in excess of this level the accuracy of the
nethod decreases. Tiie relationship between concerntration in
vpm of paraquat dic*Cloride and optical density at 39 np was

seen to bo represented by a atr?ii|dit line losing through aero.



AUD "ON i"VHD AdI33dS 0 Nid3ado3d NsHM o)

Absdrbtiraa”péctm rriirofE *'réaucé””,
Apsdrbtifaarplet — : —wivjtiizi.' !

SO0 WL



Fig. 4» The stsndarid curve for reduced paraquat diohlorida

at concentritions ranging from zero to L.Oppm.
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Fig* S5# The steBdard curve for reduced paraquat dlohlorlde

at ooncentratiors ranging from 1*Oppm*to 5*0ppm*
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2).
Cori£5€Kjuently, imy absorption roadinf, Iowa thfm that for 1.0

pp*a. horblcido concentration can be e”presnod as a percental
of tlmt concentration instead of reatiin;: off from the graph#
\kicmm of variation In temperature, time and reducing agent
concentration, it ie oasentlhl to run a fierles of contxx)ls
concuxreutiy vith each ©atimtion#

3. The «sttea.tim-of,.-AA aiiamtITO. .4ensl_Ue»

It was found iaix>soible to ensure directly
comparative ,";rowth rates of stai“cevi between replicated
cultures, esp”eci&lly at earlier stages of development.
Because of this, differing rates of microbial decompowition of
paracpuat dichlorid© were observed between replicates, wljich oWuld
have bean otrictly coR“mmble, As the deco?apoaition of the
herbicide must be related to the f*vth rate of the yeast, a method
was used, desi“med to supply infoxTiiation regarding the number of
yeast cells present in eadi culture (page 14). Tills Tom of
adjustiisiit was used only in tliO case of the clear sucrose medium,
witli vdiich the majority of the e%y)erim<mtjtl work was performed,
I)ecojs|x>8ition in the peptone dextrose/medium was not subject to
the seem corrections.

The volume of coll suo””ncion counted, in each
instance, on the haesaoGytojTieter elide is 0,02 m»3° Consequently,
the number of cells in each ml. of culture could bo calculated as

liaeasocytoiv”iter count x 7000 x 100 x dilution factor,
2

Before all eotiantions ware made, the samr*dlLen were homogenized.
The results sWwn in Fig,6 and Appendix Table 2,

indicated that t e optical doTrsity of the cultures was directly



Fig# s# The relationsiiip between the number of Lipoia“yceg
starkeyl celle in a sucrose medium to the turbidity

of that medium,ae measured with a Nephelometer#-
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related to iW yeast ooXl content.
4. -gftte of Mamygw »tark.sl to auoxooa aedima.

Tliree flanktj of the »\icrose medlim were inoculated
with liXWM/cm ntarkovl mid incubated in an orbital s!luskor at
30 C. Relative ttirbidity was laeaaured, with a Nejiieloaetor, every
elrdit hourf! for tvonty-four houra, and thereafter every twenty-
four hours. Reading of < 10 cannot be regarded as indicative
of becaium of certain elowlineas in the medium at time
Koro* In view of this, a om&ll lag plxaee in t>ic growtii rtite
was observed lasting approximately 16 liours. After t)iie, a
rapid- j-ate of growth began rising steeply up to 72 hours, at wiiich
point it slowed down almoet to a stop. (Flg.7, Table 4).

The gjmwth vmrve coincides with the breaicdovm of
>f'riv'iuat (see page 26 }.
5. ]lmjaiGfabWK dewipoiLLtloa®  jmrwnmt dic)ilojdL<ie ,bv

n :&ikeyl.

A. SnectronyiotoMetrio

This ©x])eriE3ent waa designcKi to investigate tiie
breakdown of paracpint dicdiloride in two madia. The firot,
a Medium eont”dniiig paraquat as ita eole nitrogen source; the
second a complet© modiusi aif?0 cont aining paraquat. This would
tell us whether the .iimmfcoa atarkevi utilised piiraciuat bocau™”e
It had no other nitrogen source, and whether thia utilii>ation
mm ©O till evident whan an alternative eourcw of nitrogen waa
av liable. Previous work (B*iXdwin, at al 1966) han demonstrated

the brea“cdown in paraquat in a nitrogen starved medium.
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Fig. 7» The growth rate of Xilpotayees starke.vl in a aucrose

mediiMs,as measured with a Kephelometer.
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a) limrom n&bym (Pag© 15). ThIR madiiw#

containing the equivalent of 2(; ppm. paraquat, waa inoculated
with a culture of .Lipotavceo starxovl which haid been grown on malt
extrftct agar for seven day®, T)w culture» wore incubated in an
orbital ©hakor, maiiittiined at 30" C, and two replicate» and a
control (no Lix“aycea atarkevi) were rc*ioved at certain fixed
tiae interval». These intervals wore every four hours di%ii%
the firiit twenty four, md mibse<tuently every eight Wuro,
for a total j>erlod of three da}'s. Faraqtmt was extracted by the
usual aetiiod (page IB) and spectropWtometrlc analytic made.
It was observed, at this stage, that all cultures did not
necessarily grow at the same rate, some taking longer to establish
than others. Because of this it wan decided that a direct
coi;g>arison betvie” the f*Trowth rate of replicate cultures might
be used, and a factor evolved to «nablo a clearer interpretation
of tvie results. This met- od, ufsing a Hepheloaeter, which aeamires
relative turbidity, is outlined on page 14. 'Sie absorbance
reading for each reidticate on the Hephelo<aetOr was recorded before
the extraction procedure and a correction factor derived aa
followsi-

bot the reading on the nepheloiaeter for liep.l « a.

« ** Hep.2 « b.
Where a > b.
}j0t the absorbanoe roaxling of reduced paraquat for liop.l = ax,

« « « « ” « Rep.2 » bx.



26,

Then correction factor * » Y.
Then corrected reading fo}‘) IWp.2. »
Y

A oufaif’y of these restate ia ohown in Table 5#
and expre»s€id graphically in Fig.8. A full lint of results i«
to be found in Appendix Table 5*

i) The us® of the correction factor is of Itmitod
vtiluc, until the growth rate lias begim to accelerate ra”“ddly.
Before tiilo tSjao, fmall diffonmce© in growti rate are magnified
and only serve to distort the results. After 20 !wurs, mme
increase in correlation is observed, but rsirely emufh to justify
the %ae of tide method.

ii) The unadjusted readings show a |?eriod,
whore little (iocor:ipooition ocourtj, lasting approximately 24
hours. Thereafter, rapid breal:down begins, the rate accelerating
up to 72 hours when all p%raiquat detectable by this method has
disappeared. fhU" breakdown pattern closely follows the groutki
curve for storkevi (Fig.7), as would be exfmooted.

b) Poptone/*ax rose aoditp. Tills complet©
sisdium alBO contiiiriod 20 p%am of paraquat, however, the
addition of herbicide at tlie con“encomeut of the culture, as in
the isaeros© medlm, aeomod to have some kind of toxicity effect,
and growth was slow and spasmodic. It uao found best to allow
the op&yeee stari”yj to establish itself, for periods of
either seven or fourteen days, prior to addition of the herbicide.

Using trtis t;:et)iod, a series of result© waa aciiievee, seen in

Table 6, and oxpressed gra:hioaXly in Fig.9. Hi© i*©ault6 are
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Hg** 8. Ttie microbial decomposition of paracuet diehlorld©
by Llpomyoe® starkeyl in e sucrose medium,as measured

spectrophotometricaliye
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found in Appendix Table 4.

i) Cultures grown for seven daye, prior to addition
of paraquat, showed on addition of herbicide, a gradual breakdown
continuing for ten days, whm approxizmtely 10* of the herbicide
rm*iiiined undecomposed.

ii) Cultures grown for fourteen days, prior to
addition of paraquat, nhoved a fanter rate of breakdown which
indicated Uiat of the paraquat had disappeared in sixty
Mure, m cor:,pnred vdth 150 houIB in (i). After 5 days
approximately 1#" of the herbicide reiaained undeoofipowed.

These difference© were almoat cortainly accounted
for by idle greater eatablijihEiwmt of t‘ie “icro-organlGm in the
fourteeiWry ciUturen.

From these fietn of resultij, it wan «©an thati-

1) hlmmvem at”?ievl deco”poaed 20 ppm. of
paraquat dicloloride, when it was an ooaentlal component of the
cstedium, in approximately 72 hour&:, under the conditiotia of tlie
experiment*

ii) In an eetabliBhed culture, uneoeential
jeHttraquat dichloride waa al*o decoiqjoned but at a much Blower rate.

It was observed during the course of these
investigations, that hi“jopyces atarko.vi frequently lost its
ability to decomjxjse paraquat if kept in trie pr&inmioe of herbicide
for long period», "hajuv “zmtion'* of the culture could be achieved
by growing in a non-pffroijuat medium.

Because of a corpsratively gr eater length of

tisie involved in growing IJLmmrce» star svi in the peptone/dextrose
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Fig.- 9* The microbial decomposition of paraquat dloliloride

by LL”“omyces atarkeyl In e peptone/dextroe© medium
as measured BpectrophotometrlcaXly*

Broken line indicates 14 dfiy cultures®
Continuous line indicates 7 dry culturoo*



LU

lii

100

50

30

48 96 144
HRS. INCUBATION AT

192
30 C

240

288



28.

aediufi, axid the artiixciaiity of the jxjet-ocJtftblishaent horbicido
addition, whore possible, all experiments hereafter were conducted
with the use of the sucrose medium.

B. :v;.dioactivo tracer. miM a.

An estimation of paracjuat dichlorido decoi.”oaitlon
was carried out, using C14- labelled herbicide* Breakdown of
herbicide resulted in C14_ labelled carbon dioxide being evolved,
which was measured, after oell*ction, in a caustic aoda trap (see
page 1B).

The advantages of this method over that which
saeai:ured the parw”uat rcmainli® unueoomposed (see page 14) were
that boalde» being much speedier, it eliminated the need for a
different culture for each extraction® On the reaoval of the
Carbon dioxide trap for analysis, a fresh one waa put in its
place. However, despite thio adv*mtai® there were certain
limitations im])oaed by the r“thod* It was necessary to know
what total 6iaiaaion of labelled carbon dioxide was going to W
before any accurate qua-ntitative deteriaination of paraquat
deoomi)osed was amde.

The cultures were incubated at 30® C in an
orbitéil shj&ker. i>oda traps %m@ re oved and analyued every
24 hours. Viei& the results, it can be aeen that (Table 7,
Fig*10, Appendix Table b):-

1) The larg©i?t quantity of emission was at
dcys 2 and 3» whilst some c :rbon dioxide was still being
detected after 16 days. TJii* shows up the limitations of the

ionr*xchango procedure (paf*e 25) whicli indicated complete breakdown



*jis HicacBiAt. B2cci'n>fji;m<ai or 5*'*-UTQOia® PABIJWPW
DICHWaiDB Hr UKWICES OTitfU:m IN A SiiCKOSK MBDIUK. KEASI®}®
Bf THB iaffBSIOH OF CA'*-LAaWLWD OARBOS DIOXIPB.

Tii® in hour»*

Replicates 0 72 96 192 584
1 20 508 166 54 40 46
2 30 521 100 52 57 45
3 32 516 155 29 46 41
4 51 551 190 52 45 40
mm 50 524 175 52 42 45

floplicatr Figures arc covntn per ’hlnut© and
each is the mean of counts.
For jHirpoiitfa of compsrison a baolqgroimd count of

2Z+ cpa. may b*) dAcd.

Soo also Appemdix TabloS5.



10» The miorablal décomposition of C*-labelled paraquat
dlohlorlde,a8 measured by labelled carbon dioxide

emission#
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at 72 hotiro®* However, hy the MBH of tracer nxotiioda, approximately
9 1 . of the parmpmt was decom]X)sed after 72 hours, which left only
8.S0 of 1.0 ppm in #km medium. Therefore, with the epocto”iotometrie
feiothod of quantitative mmlysia, after 72 hour© a detection level
of 0.085 ppm. would be required. As can be dedueod from the
correlation curve on page 22 concentratiom? of paraquat below
0.1 ppm praduce unreliable absorbance readln#*. Therefore, tiie
two metliods of quantitative pamquat detection arc not incompatible.
The jAase of rapid microbial breakdown was seen to be the same in
both cases, tliat is, from 24 to 72 hours after innoculation.
Another 1AOthod, designed to show >iow much
labelled parm%uat rcRiaincd in the soil, wen investigated using
the technique on page 17. Mmited success was achieved (Fig.11,
App<mdlx Table 6) ahtougii a modification was used at a later
date with far better results (page 37 ),
6.
The four soils used in this oxi“orir.wmt are
described on page 15 and the aethods used in tlie dotersiination
of adsorption isotherms outlined on page 19. Tho results of each
series of eqiAilibrations were expressed in a graph showing tho
quantity of paraquat adsorbed in grams per 100 grmB of soil,
against tlie solution concentration (Fig.12). From the results
(Table B, Appendix Table 7) a number of couclueiona can be
reached.
i) The total amunt of pfiraquat dichloride adsorbed on to
the 1500 particles increased up to a cortoln level, deimndent

on tlie concentration of herbicide in solution, in equilibrium



Fig* 11* The estisaetion of C*”labelied paracjviat dlohlorlde

reiaalnlng in the soil*
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50.
witli tho soil. ~10 ook adoorijtion capacity (PAC) wee in all
instance» reached when Uio jmrat*uat concentration woo in the
region of 1,000 ppa. Hi#er csonoentrations than thi» did not
significantly increase tiie PAC
ii) ¥it*dn co”p”rahle soiXa (75 and 72§ Br2B and %)) the PAC
was significantly different in each pair. The hi*er PAC
occurred in the soil with the high organic m ttor content* It
is isuggeetod that in soils 75 and Br2B tiiO organic matter alone
in responsible for the Increase in PAC
lii) Hier© was a significant differenoo between the two pair»
of milB, in that t)ie PAC of 75 and 72 was hi* er than that of
Br2B and Br5. Hilh was, in all probability, accounted for by
the difference in clay types between the two soil paire (see
Table 3). Soils 75 and 72 Imd 26 - SCV BJontrjorillonita
(hi# adsorption capacity) and S 1# kaolinito (low adtiorption
capacity). lk>lls Br2B and itr3 in contrast, had only 5 - 1(*
0K)ntex>rlllonito, and as much as 11 - 2y ¢ kaolin!te.

iv) The organic aiatter content of aoil 75 cmned m such

an 42" of tiie increase in FAC due to the difference in clay
types alone.

v)  Organic matter seamed to have little effect at solution
concentrations below 25U ppa. but a difference of Uve type nhown
above would not be ox">eeted until the concentration is
reached at which the adsorption sites are approacr.ing
saturation. However, tli© 1JUdts imposed by t"io ex”“erliient do
not noceeearily preclude a range of adsorption str<i%##ho bctlow

250 ppm



T/aW:: 8.

Pl»
I"aquat

50

100

250

500

1000

75. 72. By2B ana m

Gmaa/lOO nreism adsorbed

75

0.197

0.384

0.008

1.640

1.920

1.920

72 Br2B
0.196 0.199
0.381 0.393
0.780 0.668
1.480 1.000
1.540 1.120

1.544 1.200

Br3

0.199

0.390

0.592

0.600

0.640

0.640

2"fi nlsc Appendix Table 7.



Pig. 12« Ike paraquat dlckloriae adsorption isotherms for

soils Br2B,Br5,72 and 75%
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Figi»® 13» The ©tanderd curve for reduced paraouat dlchlorlde.

Used In adsorption isotherms experiments*.
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7. Tiic TOPovary ratQii of 410jii-O.Adn .frOH ..the mXI.

All foiir ooilfs were oubjectW to oxtennlve teats
to ascertain tho rocovei’y ratos of paraituit dichloi*iae fi-oii, the
soil under ideal conditional

In oach c&se 2.0g of soil wais Incubated Yslth
20 ml. of jnicrooe nedlum, containing 20 ppm, paraquat. The
incubation procetja carried out at 30** Cin an orbital t“daker,
and tiie duration varirod from 24 hours to 96 hours. This was to
inveoti*te if 6t\© Icngtli of adsorption time liad ftf§j effect on
the etrongth of t)iat adsorption, ito >ver, imdor the conditions
do:landed for the ortraction of the herbicide, it was unlikely
that any form of adsorption would be résistant. The mraquat was
extracted by tho m thod described on page 14. After elution of
tho herbicide with 50 ml. of mmonlua ohloidde, 1. z5 ml. vas

extracted and Made up to 10.0 ml. with the aolvmit. In tho event

of 10C" recover}', tlds would give a final concentration of 1.0 ppm

It will be seen from Appendix Table 8 that neither
tise nor noil type #ffectm” this drastic for" of extraction. An
average recovery rate of 9 0 . was used in all experisawnt©
Involving this “urocoduro.

e. bra&-vdo'.i;v of rvixaawt to tee aoU.
The imrix>8e of those GX].»ori3f*iits was to détermine

if there v/as any ilifference botveon tkie four soils Br2B, Br3$

31.

72 and 75# m regards tho broakdom of adsorbed paraquat dichloriue.

It had alz'oady been eotabliahed (page 29) that at very high paj*uat



levels total awiaorption (PAC) was gjroater to with high
organic matter content, as opposed to those with low organic matter
content. nowover, at nomol application rates (20 ppm) this tiurplus
organic adsorption of herbicide may bo inapplicable as iiiot ail
the available adfor; tion sites are need. '"Twrefore, m the total
amount of paraquat acWrbed to this exneitottmt io tlks saao to all
soil» it be \miia®ortant compared with the atrw”gth of
adsorption on to the respective soil cof“ponents.

All cultures in thewe cxperiitseute were alio wed
to eatablieh for 10 daye to the sucrose i“ediua ciont¢cdning tmlafeelled
paraituat (20 ppm). This uae for a m«aber of reasons. It was
decided toi,ti/uly to keep the soil unsterilisod as any foyrm of
stfirilisation 3igJSt affect the adiiorptive prc”perties of that soil,
ocpeci'illy those of m organic nature. /iilLso, if unfiterilised
m il had boon added at 1 the competition for nutri“mta by
other Edcro”rgaiiisijss rdght well hive prevented growth of
the yea«t. /dTtor 10 days giowth, cultures were selected that
had approximately ide: timQO. cell contents, thus ensuring an
equality between replicates and treat?ients &t the coE#'mco;":cnt of
the foij>orto«mt.

jmtbod

20 ml. of sucrose oontaistog 20 ppm of
piimquat dichloride and Imicoulated witli iAwRVcoa (vtarkevi was
allowW to grow for 10 days, after tiiis ttoe cultures were selected
for tiie oxpcirtoent mii 2g. of m il added to oacih flajdc, together
wito a further 2 ml. of 2(% ppm. p%aac%amt. The cultur»»» were

agitated on an orbital shaker at 30® C and two replicates of each

32.



soil extracted every 24 hoiira for 72 hours# This meant thiat each
soil ty\>e wae incubated In nix flanks, s> 24 cultures were used In
all. As a control 20 ppia. paraquat was shaken in the i“croue
medium alone and extracted at t)ie some time intervals used, for
the troatnente.

Extraction» were carried out following the method
outlined on page 14 and the reduced %amaqu& determined, after
suitable dilutions (pa*™e3: ) spiictrophotocsetrically. All the soil
extraction ropulta were adjusted with the factor for recovery
rate (page 31) bo an to give a true ropresentation of the lo«s of
herbicide#

The résulta are exprosiiod in Table» 9 10 and 11
and illustrated in Fig.14.

i)  After 24 hourc cultures containing fjoil Br2B (high organic
matter) lost some 10 - more piiToquat than the other three
treatr onts# Whetiter all soils have lost some heit)icid<® was
doubtfi* md flguroB between 90 - pilfit be viewed mi probable
experimental orrr.

ii) After 48 hours, cultures containing Br23 again contained
significantly loss i>aranuet then the otitor throve, but the
quantity riad not increased on that lost after 24 hours.

ill) Br2B culture» incubated for 72 “kouirs aliow no significant
loss of pera:;uat,

Tiao problem» arising from this ox?)»riment wciPe
numerous. The need to have a different culture for «veiy
extraction issnodiately Increases the error as, despite equally

at tho covmimcemmt of the expiorlstoiit, the cultures wore toum to
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jn yjvau: <.
ke P " va P
24 40 72 24 48 72 34 46 72 24 48 T2
TOTAL 7 352 742 337 50.29  106.00 40.Xr
R\PLICATB 3 13 23 49 4.33 7.67 16.33 0.45 0.19 0.21
TRIATV, nT K :fio 59 310 579.4K) 32.06 14.96 0.77

ERROR 3 29 120 229 J.67 40.00 76.33



At my? 70 pPTEIMNE pmiviDUAL maim
TmcATif*TTE iim cm t> m table lo.

24 fiouriu

uaD t ?

%

Br2B V 75 12.6 36.65

75 V72 12.6 1.07

48 Hourii.

cowjunrmi LED t ?

Br2B V 72 6.2 3.61 ¥

72 V75 6.2 1.66

t tost» wore iaade:
a. Comparing Br2B “d.th the troatoent that différa loaat from it

b* Comparing the two treatemta» other tiian Br2B, that differ most
from each other.



Fig. 14. The microbial decomposition of paraquat dlchlorlde
by Lipomyces sterkeyl in cultures containing ©Ooils
Br28,Br3*72 and 75 Measurement©O %de spectrophoto-

metrically.
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have different “rrowli ratea cloixmdiner on the contaminants" added
with tlie HOl1. iltto, m each extr ction pix)oeBo took about six
iioure to Gi¥late, it wae ijapoepvible to treat all replicates at
t)ie tlrie. In tho”e circ*catitHnce.s, culturea wore placed

in tiio refrigerator until they could be analysed. The résulta of
oulturoM containing t*il Br2B after 72 I'lonan were rather suispoct
as one would expect a breakilotm level of the oane order ao tJiat
at 24 and 48 houra. hue to the unsatiofactoiy and laboriouij
nature of tiils laethod of eGthmtlng puraquat. It wac decided to
continue the uork using labelled herbicide.

H. itaaioactlve. tmrm' aettioA.

Two methods wEyre evolved in the addition of the
ooll and (314_labelled pcira®uat to the ten day old cultiires.

a) TilO soil and p>nrCquat added separately but at the moment
in time.

b) The soil and }mraq uat allowed to equilibrate together for

24 Wuru before addition.

The purj”oe of having two methods® of addition vas
to eotabliiith if there was any degree of variation betw”m the
atrofigtii of initial adsorption of paraquat and that after 24
houTD, and whether this auinifosted itself in the availability
of herbicidi? to bpeakdown#

The uwoda trajvi were nmaoved and oampled after 48,
96 and 192 houro by the method described on page 18. The results
in Tables 12, 15 and 14 mid Fig.15 ehow that at 48 Murs:-

1} aoU» ia”B and4 BrS - ABBticUon A. These culture, both

appeared to indicate microbial deoo iposition of labelled paraquat.



iiovwor, cultures oont*iining Br2B (tW high organic matter
showed, on analysis, a aignlfleant increase in labeliod carbon-
dioxide tariiasiouj whereas cultures containing BrS (the low org’mlc
matter soil) did not®
ii) oqilB 72 atri 75 - Aas”ieftUtm 4. In this soil pair, neither
cultures showed any itigrilfleant paraquat broakdovia althoti*>h oome
»r,:all deooiiipoeition appeared to bo occuring In cultures containing
soil 75 (hi*i organic aiatter).
ill) In ail soils no significant breolcdown of paraquat was
obcorved when Application B wats involved.
ivy between 48 and 96 hours, labelled carbon dioxide vac evolved
in cultures containing w il Br2B - Application A. llone of the
othor>", regardleac of method of application, was significantly
above background level.
v)  Between 96 and 192 hour» ik>further miiseion of carbon
dioxide was evident in any of the cultures.
vi) At 48 and betve"m 48 and 96 hour*;, all breakdown of paraquat,
shown by labi*lled carbon dioxide (mieeion was in cultures
containing hl#i organic natter «oils, notably Br2B.

From tiiOi"e series of reoTilts, it ctm bo
that under the conditions of tide experiment, the majority
of dec»oopoaition of herbicide by himmyoes starkcvi secured in
under 96 Mur», iifter thin time any porat%cuat present had in some
MBy become unavailable. With rofercmce to application B, it
v;as noted that no breakdown occurred at any time during the
exporisjont. It was suggested that the pfirm*uat had already

become unav?ulabie before it was added to the culture. This
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mMixsrz py ey mi'A in Tj&E::a2.

Total Rep. Tn:at. Error

d.f. 19 3 4 12
g A 5691 64 s
B 45 4 % 19
A 96 5 79 12
as. 96 " 2 2 20
A 10 1 1 B
9
19?7 B 15 3 1 9
46 § 2995 213 12708 453
B 226 1.53 5.0 1.58
. o A 505 167 1975  1.00
' B 126 O.of 0.0 1.67
0y A 055 033 025 0.67
B 0.68 1.00 C.25 0.75
. 0.47 28.03
W p 0.84 3.16
1.67 19.72
va. c# 0.40 C3U
192 C49 V37
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Fig. 15.

The saicroblel decomposition of C”ilebelled peraq'uat

diohlortde by Llpoaiyoee gtarkeyl in cultures
containing soils Br2B,Br3f72 and 75. Measurements

made by C”-labelled carbon dioxide emission.

Hatched columns indicate application A}empty

columns indicate application B.(see text page 34).
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mut havo ly&m hr u#tt about during/ tho 24 hour period of
equilibration.

A wo}idLng hy”~iotheolo was forwarded at thia
point, auggeating that the type and strength of adsorption at
times below 96 tiour"i wa» different from that after this period
hiid aiaptiod. It was already ©stablishad #mX org;t?iic matter had
a positive effect on PAC (page 29) and it wae proposed that it
also iiad an influence on t}lie type of adsorption of herbicide at uorraal
application mtoo (2C ppm).

With a view to exarainiag this possibility m
attmapt was mode to fractioruite the (mil into its organic imd
inorganic cosaponentc. An soil Br2B had bMwd the greatest
quantity of broaiuloun it was solocted for use in the suoceeding
exporiaontDo
9. The bnm':do:m of txiracnm' in the **eDar&ite rmil. comportants
(i) jjemis-jalMe

A saaplo of the organic matter r«?Dldue from

«oil }ir2B i.extracted as shown on 2(i) wa« ehaktm with ZOppes
of *Mijabt3iid jarmpmt for 48 Mur» to o-liow for any
mh.oi'ption.  Thiii war then Ircubated with starkeyi

(€0)
at pO<C in orbital choker and omlasion of redio-activo 2
estimated lofora (page 113), b eakdown of tiie herbicide

WI? obifiirvcii after approxi/sately % houru.

A siMlar experiment was set up af; above only
thia time using a ijortlon of the inorganic ""t**"ial from Br2B

and adding it separately with the paraqw.it. No i?igrdfleant
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brewikdovm of M*raquat w»? oMurvod after 96 hours.

TIiH o %-porimeat indicated that any organic
matter adsorption v;ub not ctrong* enough to bo Tmt&tnmt to
microbial attack. Inorganic matter adsorption however
took place almont tsiaediatoly on addition of %j)araquat and
r ndorcKl the herbicide mmv~alabie for brealidoim.
10. mo at>tgniiJBniiloo of the atroiif'th of. jfaMaoxptioB oi: Inor“mnlc

taafeMAal k%.M.ra

Tiw organic matter residue from 2g. of roil Br2B
(high or“ianic matter) wae extracted by the mctMd siMwn on
page 20 and tjiken up in 20rll. of dictillod water. ICfel. of
tt«i« solution sampled and I0e&l. of C14_lab-died 40ppm. paraquat
dichloride addM. Thi# gave a herbicide conmaitration of 20ppa.
The Kiixture was {diokem gently for 48 Muro to coj“ure complete
adsorption. A 1QOsil. aliquot won tiw% extraotod by pipette and
pasned into a length of dialysis tubing which was then tied at
Ix>tii undo. 0.5g. of the inorganic fraction extracted from the
2g. of i>oii Br2B wai, placed in a PMM* encical flask and 150ml.
of distilled water added. The dialyaiu tubing containing in the
organic frriuction pluiii /kraquat watJ placed into tiie inorganic
aua”»molon and tli? flask agigatecl is an orbital nWcer. Titis
aarved to kfmp the inorganic componeat©O in a permanent and
mobile otato of -~uovtennion, allowing for the occuflﬁllnc© If any,

of aaximm readrcrption.

At Intervr lu, after addition of ilio dialyoi©
tubing, 10sal. aliquote wore extracted from tiie inorganic suapen«ion.

Fro» thio three 2ial. «amplM were tikken and dried on a planch®t.



31%
1.Ocl. at a tiiae, U.-ing tids method, cvim layer of roil
vaB add-—>vCd wiiicli gaVf) iwch saoro liable rerults then the
one dorfcrlbed o« page 29.

ilu a control, to discover if any paraquat
had piisiicsd throu” the ni;abr-ine b a procema of iffu ion
along A concentration d’radi% ', a second section of dialysis
tubing, holding an ogindl. quantity of the organic matter end
labelled ;>araqviet, ya'i placed in a 2SOml. conical flask
cont. lining 15:ml. of distilled water. hiich hour, jorrarponding
with tlie trontEfW3«t saiapling, a Ifml. aliquot drawn o ff
and an equivalent portion of tho inorganic soil sample added
(0.033g«)#  Tliile WAR shaken for 120 minutes, to allow for the
adsorption of any herbicide preoent in the water, which was
then det”icted by the a?voe neihod »u doi“cribcd ab<ve *

fsubtracting the roadings? for tiio control from
thoao of the treatmimts it i« %X)(mlble to arrive at on
mitigation of the rt«al i;*unt of diffusion due to the inorgiiaiic/
organic matter ralaticmdiip (Table 16).

At tlic end of the ex;}cria«nt(4 day*?) the dialysis
tubing wtlich Wi been in tiie Inorganic Hcil sucpcnoion wa*? split
oymi and examined for any r*malniiwi jj“araquat.

rcftulte aumr*orived in Tables 15 ma 16
and cx trussed gra}Thicaily in Fig. 16 chow t>mt:-
(i) of the paraquat paBSIng Ihroiq” the aembreni:” was

not due to the readaorption effect of the inorganic fraction.

It brought about by a diffusion of paraquat from tlie dialysis

tubing into th<f water along a concentration gradient, Tis
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paraquat wm in all pix>bability not adsorbed onto tiiu organic
colloidal fraction and was frfio in solution ithin the tubijig.

(ii) The larger fraction of p*iraquat (7C*") waa atrongly enough
adBorWI onto the organic matter to bo rorl“stont to diffusion

of the typo oxpnri meed in tlie control and it va" only when the
external modixaa cont*jlnod inorganic material th't the adsorbed
herbicide began to out tiirou#; the m“mbi'ane. This wan
Indicative of the comparative odBori“tion Qtrongths of the inorganic
BOil cofiiononti? op])oeed to that of the organic.

(ill) 90 of the readaorption thmu#i the nmhrmm had occurad
Thoreaftor only mall accounts of paraquat aoned tiiroufji tiie
membrane.

(iv) There wan found to bo no labelled “mraquat rxaalninc in the
dialyain tubing, which had rceolved the inorganic matter treatment,
after day 4. T'rds ohowtW that by tliia time all Mm h rblolda

had ijasaed through the racmbrane to be adwrh d onto the inorganic

matter.



TAtiLfe 15,

as.; R M IHOiiGAjge oOIL imCTIOQii. OF
dL4-L,u) :iiji' i/A.wwUAIi. ciciiiUAaLS. FiQH isU oiKurnc aoix,

Counts per minute.

Time in Treatment Control
ainutoa Uep.l. dep.2. Kwp.j. Mean Rap.2. Rep. 3. Mean
5 56 59 66 60
15 70 70 98 79
30 104 108 115 109
60 177 174 176 176 48 46 42 45
120 337 343 345 342 94 93 93 93
100 414 ,03 413 410 142 142 138 141
2H) 422 475 473 457 142 152 151 148
300 501 502 2C 508 156 166 174 165
420 515 576 555 549 159 165 170 165
14)0 579 589 584 564 187 189 100 105
2880 611 598 600 03 179 185 184 183
5760 608 592 616 605 177 190 186 184

All readings converted from counts per
400 seconds#



A oy r'‘ruQiA?
jithX'n™ )Sr% T4 UMiamc :v:ii,'rm “im («o0 Tabio 15)

Th# of the inorsaaio material.

Time in Count:; pBT minute A of Total maisslon at day
mins. Four (605)
60 131 21.65
120 249 41.16
lae 269 44.46
240 309 51.07
343 56.69
420 384 63.47
144() 399 65.95
2EX) P~ 69.42

5760 421 69.59



pig. 15, the readsorption,by an inorganic soli fraction,

of -labelled paraquat dlohloride from an organic

soil fraction.
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noll yeaiit r*-“wrierl by

Brady mid Jonokii (1964)# vmit to aecom)x>f0 the bipyridylium
herbicido# pfiragimt In accordance with the work prewentod by
Baldvdln et at (1966)* this daoomix>oltlon va&® detected,
firotiy by ri})ectr(>photoiaotric mcttodn and ascondly by the wm
of C**-iabiJllod p<iraqtmt anti the eciineion of C””-labfexlled
carbon dioxide# ronnltin " from Itr defoliation*

iVo nutrient media were mod in these experiments™*
A complete poptono/6»xtrosiO iiGdiusj and a sucrooe m’sllua* To the
latter “mraquat vfa’ obli*tory a« the® iiola nitrogen source# to the
foJTiior it was ?>ot*  Breakdown of “pp®. herbicide wmj a&m to
occur x3| both oedia when incubated at "O"C in m orbital shakor.
In the poptone/<lextrof?e r"ediusi hir>m-/cao tstarki* cultures wore
allowed to eotabXiGh for 7 or 14 days before addition of paraquat.
In the 7 day old cultures 5# of the added paraquat W8R decomposed
in 1% hours.  Culture» groim for 14 days prior to addition of
pnmqunt ssiiowed e mre raped rat© of broaivdown, 5d* die-appearing"
after 60 hour». Thiw 1» most probably explained the “gpoater
eetablif fuaciit of the microorg»ni(’ni In 14 day cultures ocor?>ar«d

with that of 7.

In the sucrose mediun# where paraquat was necessary

for growth# complete breakdown, as determined with the spectrophotometer,

took place in 72 hours. ! Using the emiaaion of
CA~*-labelled QO" as a guide to .araquat depredation only 90" had

diiittppearfxJ after 72 hours and th* r<*alning 10" wae gradually
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docnxB/OHod over the a x¢ fortnight. The results of thee©
two Mothoiin# daupitc appearmces, com]:iatible (page 28 )
although the tracer ncthod io fg"r mem* Ronsltlve to aronll awunts
of broakdown. .loviever, it lj> iiocosaary to Imow the total
esloalon of C “«.labelled QO" at the <md ofthe oxporWrnt bfjfore
any accurate eatination can be made of Uio porcmitag*; bre ikdown
at intcrvolo during the cx%,>erinont.

In iantcmcea whore imraquat war; added at time
soro (»ucrof£iO wiedlum) a htig phaee of approximately 16ho"ms was
noticed* Atthe end of this tiide a period of rapid breatolown
(page 26 )» iiiroctly correlated with growth rateipsge””), was
obuervwd which looted approximately % hours*

Breakdown of paraquat in roll tXum investigated
(page 31 ) Two dIffferont methods of herbicide/roilapplication
Wijre evolved to try to discover if there waj; fmy dlffeixmoe in
breakdown between soils wliich had weakly adsorbed herbicide and
thoBo wtdch had strongly adsorbed herbicide. Method A involved
tlio addition of paraquat ami soil to the culture# sc|)aratoly# but
at the casso rmmont in time. Het%iod B, involved thv’ equilibration
of the coil/jkXjragimt complex for 24 houro before addition. In
all exporlKaont ' the “mcroco medium wae used and the cultures allowed
to ©«tabiioh for 10 days prior to tlic addition of the noil and
paraquat (page 32 )e

Initially# breakdown vas investigated apootrojahoto-
metrically witii method A, application.  Kxtractions wore c”inied

out every 24 hourf? for 72 }&ours and reduced paraquat determined ae before.
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Tho renuits 33) nlowed th?it cultureri ccwntaljiiii the
high orgrmic matter moil, Br2B, had loot a nidifierait quantity
of herbicide compared to culture» oontainlnf the other n-oiio*
Thiu locD wan consist’int (approximately 10-2C") in 24 hours and
48 hour samples but at 72 hour® a greater error Wtwrxm replicated
appeared and the lone ua;- not statiuti.oally significant, Because
of thii? apparent disparity between remultc', the pheticnaocon exhibited
in tills oxporiivint waa fu.ther Investigated usln” d* labelled
paraquat and of Itr- broaktlowi by labelled CO”opiisaion*
The two Bcthodo of addition, of i“argicuat ami noil,
described above were used. The rodo traps were rcEx>ved and analysed
for C~"-lab”lled CO" at the time interval» of Ox»£b, 4B-96 and
96-192 hours.  ?ht; jv”sultif confirmed those of the earlier expcidiment
in that v/ith application A, eslture” containing" Br2B showed loss
of ->amquat (indicated by CO* mission) after 48 hours and between
48 and 96 hourru Ikitwoen 96 and 192 houro no further ""ssion
was recorded. At 48 ans 4i>-96 houro soae breakdown also app ared
to ht: occuring in culture» containing soil 75 (hi#i organic matter)
but statistical im/ilysis failed to endorse these obcorvt? tion». In
all treataent;® Including soil Br2B no br‘iskdown of paraquat wa» observed
when application B wa? used.
It appears, from this m ¢ of results?, “kit the 24
hour equilibration (application B) *suecoasd*ully nmoved moat, if
not oil, paraquat from an available state for breaSiidown.
bnoquillbrntod soils ( “plication A) seemed to reooh a point when

/iftor 96 hours no fu ther paraquat 1;* available for brooirdown.
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Thlc i1s in cioi’c itli the resuits obtained from
spectrophotometric analysia of application A, treattK?nts.
The dio])arity Wtwoen the inactivation after 96 hotm”™ ohoan
by application A and that aft“r 24 hours “liown by aiqlicatlon B,
oi”™t wall bo oxplained b on effect of the starrevl
which, when included in the ulture, nstardo the procowr* of
inactivation, 10Boibly by mm& adoorptivo effect of 1t% cm.
It 1% MUW)sted, at thie jimcturo, th t inactivation 1b
sylionocsouo with clay particle mdoor%:tion and that initially laore
rtnramablo forme of adforption are available to the herbicide,
thus faeilitatin”r its decoH|K>aition Ay Lipomoea ntaz’reyj.

The next piece of work involved an investigation
into the corAporative adoo%q;tion properties of the four m iis
used throug hout the coumo of these exf>ori©ente.  The admiption
isothem» whown on 29 indicate the resialts of thin investigation.
It vafj frooti that soils with high organic matter content (Br2B and
75) adsorb a greater total mmunt of paraquat (P/U than thoso
of lov organic matter oontmt (Br3 and 72). As tho main liffer& am
vithin comparable soil palm (Br2B and Br3? 72 end 75) le the organic
Eiattcr/inorganlc matter ratio, it is A propose that
the differoncoB discovered wjro due to this variation. The
diaoropancy bt>tween mil types, which ohowe total adaorption of
72 and 75 to bo hi**er tlmn that of Br2B mid Br3 can be explained
by different prolx>rtion» of bi” adsorptive clay particle»

(jaontmorlllonitee) and low adaoi“tive clay particle© (kaolinites? )(Table 3)
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Frora a stutiy of the adsorption
thorofore, wo con aay that organic matter contant significantly
influonooo tho totnl /raount of herbicide adsorbed. Ho evidence
io prosontod however, an to whether there in a ri?ngo of
ndrjorptlon strengths at the normal (2Cpgxi.) rate; of
imraqiuit application.

The two main ooil coapon“mtn of the nwat active
soil Br2B, the organic a#d inorganic fr?icticona, wore uccensfnlly
separated by ultradi.ntntigr»tlon using ocetylacotono am the organic
solvent (Kilmtcod et ml 1966). After allowing a portion of the
organjc fraction to oquilibrate with C14-labelled paraquat for
48 'lours (application B) it wm added to & IdnociYcer starkeyi
culture and Y breakdown was obf/erved after 96 houn?. A elailar
experira”mt but this tjjne by adding the Inorganic rafittcr and

-labelled parequat separately but elmultanooualy (application A)

eliowed no »i*ificant breakdown after 96 Mur?.

A length of dialysis tubing wae them filled with
a imlution of organic matter, from Br2B, and C14-labelled paraquat,
which had been incubated for 4B houro to allow for any adsorption
of hei*loilvi mi tlie organic colloid. This was then rlaced
in a flask containing distilled water and tli© inorganic fraction
from Br2B. The whole eyatoa was agigatod to keep the inorganic
material in a permanent state of mobility to allow the most
favourable conditions for adaor:>tion of any paraquat present.
Samples of inorganic material were uxtractW at intervals and
examined for C*”-labolled paraquat. A control was run

simultaneously, having the saa& contenta witliin dialypi»
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tubing, but only dintilled water without. Ihls enwurod

til© KoGSuwridnwvnt of 2Jiy pmmage of paraquat through the zs<‘nmbrfine
indep-endant of inorganic material. @ Samples ware takon at
Intorvaln from the control and any p/iraqu&t present '"nalted out”
by addition of an equival»mt quiintity of inorganic material.

From the* roBulta, exproBsed graphically in Fig.16,
it can bo arwn th/it approximat#?ly 30" of carbon C*-labfdlod
poraqimt passing throu“di the dialysic membrane to be adsorbed
onto the inorganic matter was by a diffuoion proceaalndepcnaant
of the external auspenoion. liovement of p“traquat from the organic
matter the moabrme dependent on inorganic material
accounted for th« roEUiining 70* and was itself completed
420 tidjiuten after the corraaoncemtmt of the experiment. The
romaining pa aed slowly out of the dialysis tubing over
a period of four days. At thi?; time no further paiwjuat remained
in m”sociation with the organic matter .

From UiUresults outlinos here it is possible to
propose a aystom in which at least some bre?dciown of ;)m%quat occurs.
when the herbicide reaches the soil it comes into contact with two
strongly adsorptive fractions-the organic and the clay colloids.
Adsorption occurs to a la#p(? extent on th® first colloidal particle
the pansquat molecule meets. #> in a hyjxitlietical mediiaa consisting

of an homogemoow» mixture of 5(*' organic ana 5C\ clay particles

equal quantities of pjraquat are adeoibod onto each oom;x)nent.
*Hiia phenomoiion we shall call ‘initial atifsorptioa*. flow Uk

adaorptive otrem”tha of cloy particles la for tlio motit p“irt
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g0 rutenti VO to bo irrovorsabXe. Tills lo In contrefit to
tho organic fraction. Bcomino of this unoqml syatem of
oilsorption otrorurtlu: between hoil particle», par%qguat whicli ham
boon adoorbod onto the organic matter, is gradually attracted
onto tlO ‘clay fraction. Thio proceoB we shall call *r*widsorption’.
Jiidor the condition» of the exj.'OriJB*jatai work de-'“cribad in tliis
theslB and the soilo used, the time taken for *ro-a<isorption*
1» anytiling approaching 96 houra.

It i< prolOlied that at leaet a pourcentage of the
degradation of paraquat caused bj micro-orgaai?ims, jmrticulorly
Limpycea ntark.evi. ocourc during the time that the paraquat is
rcversibly adsorbed onto the org mio matter. This, after all,
tis the site of microbial activity. :ividence produced by O'Toole
(1965) which may well tie up with thl/z hypothe;?!» tella of the
Blownenn of inactivation of j>araquat in :;*oiis rfith high j"“eat conttmt.

Certainly the methods examined her© - tlie reparation
of the imll components by ultradieintogrr tion, adsorption isothertas
and sites of microbial activity concoitiod in the breakdown of
paraquat, indicate promising tools in th/S r?>-oa:amination of the
dynamics of, not only bipyridyls but tlie whole rongo of
artificial environs-mt-contro’lere wiildi find tlieir way

eventually into tliu soil.
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*h« optical dm aitlae of raduosd paraquat dichlorld. aaod la
fomulmtiiw Btydard ourvOT frlaa» 4 5)

Gomo, of PARACUAT in ppm. “399
0.1 0.021
0.2 0.038
0.4 0,076
0.5 0.098
0.8 0.172
1.0 0.192
1.0 0,196
2.0 0.397
3.0 0.571
4.0 0.739

5.0 0.920
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Tiiu RLATICRimr OF THE mim2! OF LIKMCB:* STARKKYI C:IIS
IN A SOCHBK MIXIM TO TH  TURBI)I?Y OF THAT JL:
WIH A

Ila(mocytometer roadiru; fiophelometer roadlng Ho.of celle per ml.X 10

148
147
141 78.0 73.5
144
156

147 Hi/m

79
80
72 39.2 38.0
75
74

76 iieaii

47
19
29
56

|0 18%: 19.0

43

39
61

40

38 Kean
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Taa AF i -at,, WUAE fixcHu.Kii, >
Olu. tm e. g&mwm Itl k signPA: mpiw. a. ua
-PXT*tfciKnai-AacAUjfy
fisse ii Rep. Obaervod Corrected O.D.Cr.
hours C.D. FaTtiquat O.P. (Paraquat
1 0.164 95.34 0.138 71.50
4 2 0.195 95.85 0.1(25 95.85 1.3:, 0.193
Mean 95.60 83.68
1 C.196 102.08 0.122 58.33
8 2 O.im 95.31 6.183 95.31 1.75 (.1)2
Mom 08.70 76.82
1 0.160 97.30 Oo.W 52.42
12 2 0.178 96.22 0.178 96.22 1.86 0.185
MYa 96.76 74.33
0.153 92.17 0.153 92.17
16 2 0.175 105.42 0.146 87.75 1.20 0.166
MiiX 98.80 90.06
2 0.190 94.06 0.170 84.16
20 2 0.161 79.70 C.161 79.70 1.12 0.202
Mban t 66.2 81.93
1 0.165 64.62 0.165 84.62
24 2A . iu. W 83.59 0.151 Tf.44 1.08 0.195
asdjii 84.11 87.03
1 0.145 75.52 0.134 69.79
32 2 0.128 66.67 0.128 66.67 1.08 o.ise
Mean 71.20 68.23
1 0.104 55.03 0.104 55.03
40 ? 0.123 65.C 0.UO 58.20 1.12 0.189
60.06 56,15
1 0.115 56.10 0.104 50.73
48 2 0.096 46.83 0.096 46.83 1.11  0.205
Mean 53.47 48.78
1 0.071 36.60 u.cn 36.60
56 2 0.060 X.93 0.050 25.77 1.20 0.194
Hx<n 33.77 31.19
1 0.0% HB.5S D.augl .. 16.* '
o4 2 0.027 14.75 0.027 14.75 1.10 0.183
16.67 15.05
1 0 0
72 2 0 - 0 0.192
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THE MICKUBIAL DJCOMPOSITIOH OF PAIUQUAT BICHLORIDE
mmiUM. AS

O.D.

0.170
U.19U

0.166
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SHORT COMMUNICATION

Effects of Gamma Irradiation on Soil Aggregate Stability

Introduction

In an investigation of the effects of soil irradiation on plant growth,
Bowen and Cawse i noted that soils, which had received a dose of 2.5
megarads, dried out more slowly and that the rate of percolation of water
through the soil appeared to be reduced. They offered no explanation for
these observations which would seem to indicate that irradiation had in
some way affected soil structure.

The nature of materials responsible for soil aggregation is still somewhat
obscure. It is well known that extracellular polysaccharides of many soil
micro-organisms are very effective aggregating agents but the extent to
which they are important remains in doubt (Griffiths ). Metha et
working with a Swiss Araunerde under forest, found that selective oxidation
of polysaccharides by periodate produced no effect on aggregation. Green-
land et alA obtained similar results with soils under permanent grass in
Australia but found that periodate treatment substantially reduced aggre-
gates in soils from young leys, indicating that in these latter instances, poly-
saccharides were making a significant contribution to aggregation.

Gamma irradiation of polysaccharides produces degradation (Collinson
and Swallow 2) and it is also known (Geoghegan 3) that reduction of the
chain length of microbial polysaccharides reduces their capacity to aggregate
soils. It seems possible therefore that irradiation may reduce aggregation in
soils where this is due to microbial polysaccharides. In order to investigate
this possibility a study was made of the effect of irradiation on natural and
synthetic (polysaccharide amended) aggregates from a number of soils.

Materials and Methods

The four soils used were all from the N.A.A.S. Experimental Husbandry
harm, Kirton, Lincs. and some of their characteristics arc summarized in
Table 1. Natural aggregates (2 mm) were removed by dry sieving. Synthetic
aggregates (2 mm), both with and without polysaccharides were prepared
by the method described by Griffiths and Jones G The polysaccharide
used was isolated from cultures of the soil yeast Lipomyces starkeyi, (Jones
and Griffiths ?) and incorporated in the aggregates at a concentration of
0.5 per cent. The stability of aggregates was determined by the water drop
method (MeCall a 3), details of the apparatus used being given by Griffiths

— 169 —
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TAR.LI<: 1

Characteristics of Lincolnshii e soils

Mechanical analysis

. . Aggregate * Coarse Pine silt clay  organic
Soil Origin stability sand 20-200/1 220/1 < %1 matter
<200/1 sand
% % v %
A Permanent pasture 95.2 2.1 49.2 15.0 30.0 3.7
B 2 yr. ryegrass ley 42.5 8.6 6L7 7.5 12.5 3.7
C 1 yr. cocksfoot ley 14.5 4.9 73.4 6.8 5.8 9.3
1) Arable 11.6 5.1 68.1 17.5 6.3 3.1

* Determined by water-drop metliod. Each value represents the mean number of

water drops to disintegrate 20 aggregates.

and Jones Samples of the natural and synthetic aggregates and of the
purified polysaccharide were irradiated at a dose of 2.5 megarads by the
A.E.R.A. at Wantage.

Results and Discussion

The effects of irradiation on the stability of natural and synthetic aggre-
gates of the four soils studied are summarized in Table 2. .Analysis of these
data failed to reveal any significant effect of irradiation on either the natural
aggregates or the synthetic aggregates which did not contain polysaccharide.

TABLE 2

Effect of gamma irradiation (2.5 megrads) on stability (water-drop method) of natural
and synthetic aggregates of four Lincolnshire soils

Synthetic aggregates

Nat 1 t i

atural aggregates Synthetic aggregates with 0.5% polysaccharide

Change in Change in Change in

Soil Not Irradi- stability Not Irradi stability Not Irradi stability
irradi- ated after irradi- rradl- after irradi- 0 after

ated irradi- 1 ated ate . irradi- ated ated irradi-

1 ation % i ation % 1 ation %

A 95.2 93.6 - 1.7 9.5 ! 94 - 11 25.4 22.9 - 9.8
B 42.5 36.3 - 146 8.1 7.9 — 2.5 28.8 23.0 - 20.1
C 14.5 13.8 - 438 71 1 6.9 - 2.8 109.3 572 - 522
D 11.6 13.2 + 52 7.7 7.5 - 2.6 106.3 54.0 - 49.2

Totals 1163.8 1156.9 - 1324 1317 1269.8 1 152.1

T.Sn for P =
0.05 Dbetween

sample means
= 4.17
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d'hesc latter aggregates were all uniformly unstable, a finding in accord with
previous work (Mehta et ald\ Griffths and Jones R appears to make
little difference whether the original sample was ccunposcd of stable aggre-
gates or not and as Mehta ef ald put it, the aggregating substance ‘can only
be effective once, and new agent is necessary to form stable aggregates
again’.

Synthetic aggregates containing 0.5 per cent polysaccharide were clearly
more stable than those without and irradiation significantly reduced their
stability. It can be seen, however, that aggregates from the four soils were
not affected equally, those from soils C and 1) (originally tlu; most stable)
showing the greatest reduction in stability.

Inspection of Table 1shows that soils whose polysaccharide treated aggre-
gates responded least to irradiation had the highest clay content and vice
versa. The correlation between percentage clay and percentage reduction
in stability following irradiation was high { = —0.89) and significant at
the 5 per cent level. It would appear that clay in some way protects the poly-
saccharide from the damaging effects of irradiation.

Aqueous solutions of the irradiated polysaccharide were much less viscous
than the untreated material. Using 0.5 per cent solutions the times taken for
10 ml to flow through the capillary of an Ostwald 200 Viscometer were 16
and 31 secs respectively for irradiated and non-irradiated samples. This
reduction in viscosity is indicative of degradation of the polysaccharide and
from the observations of Geoghegan 3 it would be expected that such
material would be less effective in aggregation. This was found to be so. The
stability of aggregates prepared from soil I) with 0.5 per cent polysaccharide
was reduced from 106 with untreated material to 19 with irradiated ma-
terial.

It seems clear that aggregation dependent upon microbial polysaccharide
is sensitive to the effects of gamma irradiation. From the work of Greenland
et al4A it might have been expected that the natural aggregates from the grass
leys (soils B and C) would also have shown reduced stability following ir-
radiation. The differences found, though not statistically significant, do show
a trend in this direction and with a larger body of data it might well be
possible to demonstrate a differential effect of irradiation upon the aggre-
gation in old grassland and young leys. Certainly gamma irradiation seems
to offer promise as an analytical tool in assessing the extent to which aggre-
gation in soils is dependent upon microbial polysaccharides.

Summary

Four soils, with a range of natural aggregate stability, were used to com-
pare the effects of gamma irradiation on the stability of natural aggregates
and of synthetic aggregates containing 0.5 per cent microbial polysaccharide.
The stability of natural aggregates was not significantly affected by irradi-
ation but that of the synthetic aggregates (prepared from the same soils) was
significantly reduced, the magnitude of the reduction being negatively
correlated with the clay content of the soil.
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