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'!'he thf~ ory vf i s ot pe frt ctionut ion in equili britun t.nd unidir

cctiollbl chnll1iC;b l processes is now fui.L'ly well un erstoo • 'l'be 

maa.surement of .isotope fraction~•tion t.hat occurs in ohemiCtlll l"(l ctions 

·ch rofor 

tl e: proceaa . Ia top~ t raetim t1nn .\.;'tudies re or pt:>rtic l Hr i nte!'est 

in g oc hemi~.>tr;,· ~inca processe$ Whi<lh ocourrod in the geological 

p!-:3 t muy be traced ntl informu tion cone rnin(• the f.te and ox•igin t 

rocks and minoru.l lllliY bfl obtained. 

In t h i s connection, ~t,lpl ur i oto ~tudies have b .on partieul

a :rly f'l>uitful . Previous i.nvoatigations t.how t het; murked 'Vta.ri1.1t1 ons 

in the t buf;.danco of t.l.H• .tlphur i soto pes clo occur (1-10) • It is 1m

portant t determine geochemio~l and biological processes res on~ible 

tor tbe sulphux· i sotop dLstl.·ibution found. UndOllbtedly . the l:itUlphur 

c.vcle tn nature pl y n im:port a.nt p .rt (6, 7 , 9,10) . ThG 1' jor · i m of 

this work hes beon to deterL1ine tho inotopa fractionat i on which occurs 

in purt or tl1ia oycle; namely, in ·t,be plant mt•t boliam or sulphate 

bot.h in tho l abor tory nd 1 n na ture . 

Historical-
Isotope£ wer .firut discovet'ed in 1910 by '-1od•Jy (ll) nd Fnjans 

(12) i ndependentl y. This. discovery as an outco o ol' th~:.~ !Jtudy of the 

r:adioactivo dis1nt,eg.rution sriGs. It W~lS found thut sorue or the 

ale· cnts of the uruniwll. and thoriwn aeries ·ell tw tho end product, 

loud; had the :'ia.nw ehe.ltical and p.hyal.cal pro:por ti s although they 

differed i n ma.la and r!:idiOt.iOt ive proporties. Soddy concluded that 

-l
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stabl lcment .m£.tY ol o exist u~ ·t mixtur"' of t o o • mor spae1 s, 

and. nrun.ed the~ t~pocies of tba s 10 element "isotopos" froll't the 

Gr ek ~ord ctaMil' ,.,. "aamo pl~oo ·• in the Periodic •.r bl • 

1 . J. Th pSi.>D. {13) prov ·' ~:tOddy ' conclusior th"- t st· ble 

~lament mo.y e.xi t u& a • iJ:tu1•0 of' isotopes by doaignin_>, e.nd bu ld

1ng th first maas tJ])O'Ctrograpn, an ix stt"Ument uaed to aopctrate a 

b€1am ot charged pru•tiales aec.ordin• to mttsa by m~:ans oi' <:roused 

ol~ct:rio · n<~ r.taft,ne it~ fi ··lds . Ha ohowed t.nut noon waa u mixture o:f' 

t o i otopea, aaaea ~CJ e.nd 22. Lt ter, PiSton (li;) and ilC1mpater (15) 

identified t:~nd me~sl.lreu tho bundu oes of iaoto:poa of uny "lemcnto, 

ueing the mass spectro.raph • 

•D.though tb.er(;l we..s Vurietion in the isotopic l;.II'Ju.n.dl1l.noe of 

e,lem~nts formed b~ nucle tX process a, no veri tion i n the at ble isotopes 

of tho li :h'ber elan ents as found. Also, the ru:re hmny i otopea of 

tho 11ehter (:lemonta escaped d~t ction. 'l'hts was ue t > th lack of 

sen 1tiv1ty o.f tho mass spectrograph$ o.vail~::.b~e. Howev r, ln l9.c), 

th heavy i~Jotopes of o:xygon (16) .nd lt tor, nitrogen (17) and o rbon 

( lH) were diace>Vtll'ed through th& , tudy of' fino strunture in molec~: 1 r 

s:peotra.. ln 19)1, Urey, Brl.ckwe<hio tind furpby {19) discovered 

dcut~riwn. 

ln 1933, Urey ~m lUttenberg (20), using atatistienl.meob.anicst 

uho; ad that th6re wer"" differanc.. a in th6 ch mioal ttnd pbyaieu.l prop

erti~s of li~b.t nd. he vy hyd.l"ogen t:tnd then con.fimed 1t eX'periiTHmtally. 

Otllr;:r olon:u;,nts like 11th1u."ll, boron, ec:r.bon, ni t:ror,en nd oxygen WtiJ1"6 

stu iod by c.t~.lcul tir (:. aqui11br1um oon tLttnta for !a:otopic ax:ollango 
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reactions (21) and carryi!lR out experimental tests for confil.'41&tion. 

~ost of this i'40r.Lc was pel•f'orm6d by Urey and his co-workero. 

~hu.s, shown thttt isotopes differod somewhat in their ohemieel 

properties, 1svtopa tr~c:tionation in natm·e and the l uboratory was 

expected. However 1 due to the laok of high precision 1n the mass 

speet:t•om.ll)ters used by Urey i.n. 1932, the relative abundance studies 

of hydro@en, ni trogon C~nd oxygeu showed .no vari;;.t i 011 beyond the 

l1mits of exporiment~l error ( 22; 23) • However, :nm.eleus 2!, !1: (24) 

reportod a. v~ri.~tion i.t:l the isotopic constitution of hydrogen 

through aacur,1to density mt:l~J.curements of wuta1· from various ~ou1~cea. 

1'he difforuncea in density .ma.y have been due also to vt~rhtt1ons in 

the o~yg~~n iEmtopes~ Therefore, Dole and bia assoo1~1tos (:25-30) 

carried out .uu e:xtHusive 1r~ve.stigation of the isotopic con51t1t1lt1on 

of ozygE!n in air, water. <and minerals through density ~tud1es and 

found vari tions up to tour per cent. tater, !:\mith t:tlll '.ihode ()1} 

through :mass spectrometric study found ~gl"EH~rnent with Dola'o work:. 

Urli!ly Gllld hi~~ associates (32..35) have carried .out extensive 

investigations of the ol 8 exchange betw ,en o.urbona.te ions in sol ut i on 

ttnd water, tH'ld have rG11:lted the ol S llbund:at~ce of tho :t:'O$sils to the 

temperature of depoait'ion, setting up ~l paleo--tot:tpet'eture scale. 

btltirine organis tZ lay do.vn thi()::I.T carbonaceous sh,ella in. equilibrium 

with the sea lm.ter and so their oli content can be :t•elat,.d to tho 

temperl:iture of' tbe sea ,,t thu time ol" fOl'£l!Jlti.on through the1 tem.perature 

coefficient to1• tha exchange equilibrium of o18 bet\'teen calaitutt 

carbcmate and water. 

Jla.e:rtschi and Silvorman (36-.38) have made mass spect:t~omet.er 
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inveat.i ttonG o.f tho isotopic conat1t tion or oxygen in Hie to 

rocks (1 :nee edt t:;nt ry CJ. d m taori tic) nd ll'· ve foun vari

at1on.a up to 2.0 :pe:t- eont 1n the ol6;oJ.B r tio. '•hE)y tound th~t 

ting iahed f1• • t.aota-sodimont ry oek • 

Nier and h~ " eo-work~ra (J9, 0} reported u tive per cant var

i ution in tb.~ &bunlianee of cUTbon isotopee. J :p:refercmt!al onrieh

nlont oi' oJ.3 wew folllld in inorganic compou:;;~ao while <18J/letion ,,.as 

f nd in ora~nie mut~ri l. 'ha1r results have boon eon!'ir.rn o by »nrs 

ot :-7wcden (41) und 1't"o1'1 ov or l1u do (42). iclan n (43,44) has 

rec~:mtly found on investig tina t.ha cL.;cl3 ratio ot 150 pl nta thet 

tluar W()l'e no aberuet&r1at1() ditforenoas betwsl!ln the plants gro m. in 

differunt env1ronm •nts. lJnrine p14lntu brave 1 low ct~;clJ ratio 

indio ting little fraot1onat1 n ith re pect to oe wat;r curbonatea, 

while tropical rain forest trees have a hi b rutio ind1c~t1nb 1 r e 

isotope fraationuti Jl, tbe tot ~.1 vorit.tion b int; t o t)Gr cant. 

vel.uea. 

~;.ob.oanhe1mor a d • it onberg {45) reported a o.ooe per cent 

excess ot Nl; in a.mino acids 1.:1 oomp.ar d to tmoapheric nitro .,en. 

Thode ~&• V.6) ft>und a 3.,5 pet· cent V£.U.•b·t1on in tho hotope ratio 

of borou. 'lr h c-.lft 1 Macna.maru, Cl'Ocker !:nd :.t. cFurlane (47) howed thu.t 

in :~ r u:olum the 70/Ge76 ratio· vnry up to 0.7-0.01 per c nt, whilo 

F.d rds (48) r ported a vari ·t ion ot 0.5 per cent in the Cl35jcl37 

r• tio ot eaples ot' bulite from two dif:f.'eront a ..t t dopositu. 
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V~:ri~t~.!~ the I_sotOiliC Constitution. o.f , u.tphur 

Pw:o1ns the :paa't savere,l ;y0ars Th(:)de nd oo- orkers carried 

out extend'Yf.l inveattg t!ons of the isotopic constitution of 

t~rrlilstrial >flnd meteot·i.tic sulphur (l-10). ':t'lu~ result$ ot these 

lnvosti~l)ti on.." re awmJ ri zed 1n ~rapll in i''ie;ure I wh •re the 

s32t s34 r t1o 1 rcportod. The rotios ,of s32; &J3 and ~.;2/s)b 

V!$1'Y correo~} ndi»(lil1 in r~tlo~~J 6<Htol'd1n.tt ·to their mttss s. 

It ia seen that, -depenc11ng on the &ouroe ot the sul_phur • 

tl'l& s J4 eoncentrution Vtll'itH~ bl' ae mttch tUJ rt.:l.ne ver cent. In 

general. tsulphutes ur enriched 1n iJ4 heretlS tJulpbJ.des a.nd 

hydrogen sulphide samples. etl' 4eplete4 in the heavy isotope. ;pyrite 

mineFals hnvo s34 concootretion , hiOh vur1eu11 ot'er a wide ran~~e, 

or-acing the mean isotope abundance . t etec>ritic sulphur has been 

tound to be 'f'irtually oon,etnnt . ln.veatigation.o ot o .ni.U!lber ot 

meteorite . eolleoted rr" 41tt4't-on.t p$,rts of the e rth and involving 

both it-on u~:~.a ntekel and ~tonr m<ateorlte.e have given :r:esults wh1eh 

1ncl1oate little or no vt~.ri.~'tion in the t~bundanoes of tho ulph~ 

.isotopes trom metaoritlo or1g,in. '!'he range is m1dWtiY in the rang~ 

of valuee tor t6rr•l!ltrial sulphur. eu~e tlns that it is the 1m• 

ord1al va~ue end that traet10i1il>ti n bus occurred since in btologloal 

ana geological prcceaaes, t-hereby spreading out the l'«t1os above ~nd 

b~low the base value . !t 1ndicatoa that ~oteQr1t1c sulphur b~s not 

been subjected to the uuQ fractionation proce,~see as has sulphur 

ot terrestrial origin .• 

It 1$ seen from tho fP!'aph t.h6:t tb.e Uotop1c calli})(l&it 1on of 

igneous sulphur baa a slightly greetcJl" r ange tM:n moteori t1c sulph\li' 
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low r tb&n ~et or1t1a sul phur and ov,rlepa 1t. ~ close 

u~e ment etw~en tho s32/ s)4 r~~1os tor th~ sulphur 1n igneous 

rockn nd ~ t orttea 1a e further ovidone of tho th~ory th t 

found tb t tb~ isotopic eol'!lpc:Htit1one of oxygen ot 1gneou. and 

roet&o:ritie odgtn a1·s 1dent.1Cal { 9). 

N ti.VEi1 li!lulpllur hMJ sho a 4 . 5 per osnt vari · tion in the 

a32;s 34 ratio. :Ju.lphui" of organic origin .baa be ora round to cover 

t his ent.1.:r~ t'lll'lge , har.etuJ sa.mpclfu~ of Vol:a.a.Jli ·O' or i :tin cover an rea 

one-tb1rd ot the ora 1c, in the r gion othigher 3A ~o oentration . 

L1ke o rbon. 1n wbtoh tne c!lrbonet a are <l~s:riehed in c13 (39,40), 

a · a.ter sulph es have :b~en fouad 

il:l!lll!tt0,Pic bund nee data: tor aul:phat.e., .sulphu.r an4 h;yl:lrogen t>u.lph1de 

p e$ent togQth~~ 1n ell ~ter. 

·r~1BI..E I 

i\ cOtn:rnr.hlon ot ia(')top~ abundE£nce. data tor 
0304=., · , end 8.2$ present tog:ether in woll WEtt$1' 

)entplo Do.rcbet.llter, IJ:ill'oon'burg, l'o:rt ~eree , ort Stanley 
Ont. Qnt. Ont. • 

.32 r)'4s I· · :rr tlo 

a2:.~ 22.7o;tc.o1o 22.1SOlO .Ol0 ;:2 . 4001() . , 10 22.ZJ.;+ ..Q.Ol0 
0" :.U.735~0 .010 .21 . 7l$iO.OlO .:Jl .~;o · o.olO 2l.;S!)!.O.Ol0dl• 22.705t0.010 22.28510.010 ---- -·-l.l 
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fhe hJd,ro~an GU1pb1de uno. tree S'(1lphur present tn tbe $Ue 

sol~tlons wo;r·~ fQu:ncl to oont 1n from .2-; per cent l~~u1 s~ thlln 

the sulph.Ettes . The tree .. ulpb:ur t'ormed fro.m thoee solutions by 

at:r OJ~:ida:'Uoll ot by:drog~:n sulphide had ~boat tb~ s~ tsotop1c. 

uo:nt~nt as tnt h,-41i"Oflt*JA sulphide in ·~h<~ two Cl'ASt$ l!!til.ltUed ~ 

Wi ·tn I'(tgf.U"d to .P:trit~ sulphur, ~ td.de~pre~~Ad vad at.i !'Jn tn 

SJ;j;/f.'$34 ratiO W!.I.S d:iSOOV~J:.t'edt dthougb, :in genl'i:l~al, the $34· ~as 

deplete¢ oampl'liNd to sultJltat.gs. 'l'lto<'h;, lfii~JCn~ttru a:nd Co;lllns. (2) 

have 1$bown th'Qt thttl"Q i:e no CO:t"t"el~U an betwee:n de,ponU.lon see and 

is()topic content of tho l!linerAli:ll, nor between th;:J tsoto,pio coateat 

6nd cryBt~lll~Zing t~mp&l"'t.tturs. G.lthou,gh there 1s & aorreb;tton 

~hef):rettcal 

The ttuw:ry· ot 1~;tr.rtope fr.aettop.~tton 1n ~qu1:Hhriwn p:rooeuaea 

h now fairly well uade:rtttood. Urey (5G), using st~t1~tical 

mechtul1Ca , oal(..'Ulat~d eq\lUib.:rturn oon$'tetntw trxr muny isotopic 

rea.c~ions 1»vo,t·U.ng th.e li~t clements . tf.td&e end ~'hot'ie (7} 

extGndod theill!t~ otd.ou.lati()ns to t~ot<>p~c 't•e.actiotH~ of sulph\B'l. 

In s.a.nel'~l, tor: the ;reaoti<>n 

where 2md i are ~leeules whieh b.ave some on$ elemen:t as a 

eonunon e·onatitu~nt t.tnd t¥ubaenpt.(3 l anli'i ;! indicate tbtt~ the 

n~.oloeule contains elth•r tbQ. li.ght ol" hott'fY molecule, the ll)qUU

1b~aum co:nBtunt t is s1Ten by 

http:altaou.gh
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tor th d1fl'ero:nt molecules. 

oleeulae • tben "'<lt, tqu~ls F.ottl, • n· , ·oB2 equals E0~. Thus, the 

e:xpon ntiel tem tn t e bovo equation bco .os u.uit)' nd 

K• ~· A~Ja~]b 

Q ' ·11-v~ (3} 

Uroy (50) devised method by fl ich the pu~tition tuu<:Uon r tio 1'or 

rr..,~u ·net s lone.. 'tb:o equUibriUl con.st nt tor ~V pos ible 

eaclumge reactions or ~.?ulpbur i.!&c>topes ea.lcu.latru1 by 1\.ldge end t'hod.o 

prooesaas . 

r te& ot isotopic utou ei».d .=.olecul • 'J."he & 41ftaronoes in .reaeti<>n 

reten el"a l'lmts:ll <md .e~a o1.' the ord&r ot one to ten per cent {51) • 

:&1 "'Sletstul.. has dQrive-4. fJ formula t'oi' the ru'bio ot the J."ute oonstunts 



iH 

{4) 

(5) 


11 €!: - laS.ubn nnd Uti1(11." ($3.) lu~ve ~ velopotil fl'Qm tbit.~ the foll4>l'l'1~ (l(!Wil.t1on 

r} ~ ~ 
sl s~ [ ~ 1 Ju.-6 _ 3n '-6 ._ _r _ . 
s s "F m'1 l + ~ 1G(u1)t..u1 - ~ 1G{u1 )Au.1f

2 1 ... (6) 
I 
;

t.be r~u.tt'b r of v'b:rti·U, aal moileD U:. t.ha mol eQlllll, t~nd U! i s ~ta.u 1 to 

ho(wl.- w2}/ltl!'. J!;y dafittiti i;)n.. the attbso:r1pt.t» l ana 2 ,rl. t ar- to tho 

l16ht ® Mavy oloeul.e.s, l'9·&~ettvely. 'rh~ sup rsct'1pt, ;* retera to 

tlli p:ropoll:'~1 ot the tl~~.:rur' t.1en ·t tE.!. tho f't1 etor il11rolvin(J the. ~' ' o :h e. 

oi. ple atet1st1oal '>nt> wu.ioh (llrl.sos trOI!l th6 t bct t hat if tber-e wu:r 

t horo l*'ill be tjl: OO!t:'l'fHJJ,•Onttintl tno:rea .. 1a tbe p.t•obabtl1tr of' .one ot ~he 
a , 3S • 

r cU. • llle t · .to~ (tlJ /m.l) 1ve.a th~> l'dti,o {.)!' th numb l" ot lt t .and 

http:ttpL}nd.1n


h•avy "aoti• ti~d oompl ~•s" which dee•.•mposo• pe:r untt ttme. 1h 

quunt1ty 1n the ~uarc braQkets give u n~ tlt1t~t1'fe de$<:!r1ptton ot 

the etteot of the du•ter...mces in z :o potllt onere;le of the 11t,~bt &n4 

heavy moleeul.es in tho norm l and trans1.t:ton st tea. 

It. is therQtor post)ibla tQ o loulrate the isotope rract1otu:ttion 

e:xp~oted tor a:sy 1~:roces , provid d the :meohf.U11am 1s !mow and the 

appropr1 te p :t•titi on tunotions can be caJ.oulated. ln s~ne:ral. there 

i:s r m~lteble agreo.w.ont 'between tbetlry and expor1J::tent. 

N tura.l Procossea tmll the ·. lpJtur Ozcle, 

It ts olea1• t t the ieotopai r sulphur ditter tn their ohemic&l 

prop rti s nd re traotionatod in geolo hat and. bi<>loa1oal processes . 

1'he E~xohengu; re otion 

1.m1st be oonetdored. in these proces.S'$s~ 'fb. e•uilibl"ium constant has 

btt~n t'OI.Uld t.o be 1.074 .at 2'°C; thu8 tbe 8_:;4 iS favoured in the 

aulphete bf 7.4 pel' cant . 

sreat detal of energy 1 , nowover . re uired to red,uce sulphate 

ton and sulphate& will not e~ChMge the.f.r uul.pl:\Q.l' with h1{dr,ogen sulphide 

undo.r normal conditione so tb1.:1t SOlie tnocllan1a 1s re •u.tred . lt has b()en 

suggested {6 ,9,10) thttt'l the biolo tosl su.lphu.r eyole in nature which is 

11lust:rate<i bC~tlow provides this nooess~y Jill oh.(1Il18a!... 

http:t>u.lpb.ur
http:moleeul.es
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NATIVE SUI.J>HUR 


ANAEROBIC BACTERIA= so HzS
4 OXIDATION AND AEROBIC BACTERIA 

ORGANIC SULPHUR 

34It may be through this sul phur cycle that variations 1n s are 

produced. 

Thode , Kleerekoper, und Me • chePan ( 5 } bave studied the reduction 

of sulph t e to hydrog n sulphide by reducing bacteria, Vi brio desulfuri 

cans, under controlled 1 boratory c nditions where the hydrogen sul phide 

is awept out by nitroe~en. The hydrogen sulphi de formed as f ound to 

be depleted in o34 by about one p r cent at 25° • aonrunar a an<!. Tho e 

(6) have stud i ed t he reducing action of b cter1a in t he natural 

environment . hey repor ted 3.2 p r cent fractionation in sul phur 
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thi l· ~ the n th· ulph\11' is tor ed by th baoter1al re:duotton 

of su.Lph~te t hj1\!iro~n ·ulpn14a {VtbJ•ir.> a:~su.lt'urioe:n~ nd finally 

o.tid1z~d by 1)u.rpla baQt$:r1 to nutive sul.pb.ttr . .~u though tb1s Yltlue 

1$ only about h .lt that ex1 oted if 1 otopi e equ111br1um were 

i~ io a unidirocti~nel rathor t l n I.W t't(U1l11:.lrt .um proe-es • It we 

assu.m th.t.t tha r~t$•COntt•oU1ns &tep i nv · e the b:r k1~~ ot 

f!ulphu.r-o ;rg"0n 'bon:l• tbon tha · eper ··uon .f'!loto:t- ·oen bo iluloul. ted •. 

enera :f.unctton Oi.' th · 11Ql!'.tllil.l. nd tranaJ.Uon states erisee tram tbe 

vibration tre Jlency of th~ bond r\lpturod in the t:r ae1t1on • t ate (52). 

u· the f'9'1'C!fl o:onstant of t.his bond 1 ,p,t e ual t.o ro in the tl"ans

http:unidil"oct!ou.al
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'o1• s34o;, the carreapond1.nQ.: trequ6.nG.te'a ar• <;;ao, 451(.<), .1.098 . 56(3) 

and 615.55{3}. Z:tno<') t he fi:rut t'li!IO frc<4uer.c1ee are id.e.t.ratieal tor 

s32o;; t:tnd s34o4.. they must not involve th. sulphur .t.tt om . ,e may 

aaSUI!l$ th~t tn. ruptur~td bond 18 tlie one in wlti. Gh the dJ.tferl'lnoe 

betwsen the two fr~HLuemdes 1s the £9;'08ter; tllut is , whore the 

f:r()qU~noies are lll) ,60 and 1097 •. 56 tor :~32a; tUlA. o34o4 • :res.r><.Jctiv~ly . 

~·hen • eona.1dcr1n& th N duoed muss aero~ tn~ .sulphur-oxygen bond.. 

the rutio ot tho raaot:t .n rate 1$ toun< to be 1 . 03 at .25°0. Thts 

's apJ>~~1mate.ly the "ltalue 1'oun4 t01t .reaet1ona in nature ~ 

:I'b.s {Sulphur 1 otope .cQJltent of m~r-1ne 4lttl.Ph1 o· f$Dd (llulp.b.t\te 

d.eposit(l , a toUild in l1IIlUstone and tJb~l le$ , was tnve&tii(\u.te.d (10) . 

t hea th~ tsoto:pic r tios for Sllrdiment"~lry sulphides an · sulJThutea 

su.l;ph.:lt~;~ procuth)cl 1~ tbe b~.ctfl.~i al rednetion of $qlph~te . It a ppe re 

that ltt.tle O:t' no traotiomttion ooeu~red, betw~~en ~ulpbatc nnd sulphide 

th.~~; 8priJad 1s about se't't~ll ps~· ('r0nt . These r eaults ~t:rronglJ a~seest 

tha t lite ln~olv 1n the sulp.bt.U' l $oto,pea became bundant about Soo 

m.i lion fO«irs asc; wh~n i ooto:pic ttxchange betW(r~n, sulpbltte a;nd ~ulphide 

bega~, ~ht~~ exOllat~· pr<iiCG8e b&QORiing mor tnd :tore r~ptd c;t$ this tY:pe 

http:apJ>~~1mate.ly
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o· organ1 boo & mo1•e nd m:.or& undan.t. 

Tbcrc ts eena1derab1~:~ Ervtd~n.oe (54} that livin oraa.ni&:us a~)pear&d 

on th~ c rth b tor~ thi t1~~ (th t 1~, l .4xlo9 yoars ugo). fl . c . Urey 

(58) has recently outlined the che.m1. cal hi ctory of' thE) formation ot 

primitive at sphfl'r e w s r&ducin one conai tiD.£ ot methane, , onia, 

a~ p ovtded conditions 1\tvourabl for the origin of ltfe. 'rb.e flrst 

prit 1t1ve 11v1n~ or~ni~s r&Oeivod tboi~ supply or tr~e enere1 fro.m 

t.heae organic com: ound • Later, afl the-a compound , bao8Jn · d.epl ted, 

a.n:u tt'~e ,j)tmoaph :re mor• ox:tdi z:tn~ thl'ougb photoeynt..l:les:t or watex• and 

th lo s ot bydrogoa tr th~ planet, 11vins orgl!tJ.lism.s began to develop 

whioh could ut.U.1~o th tree &1\61" ' · vdbbla from the o:dduti n ot 

'hfdl'Oi0ll 6'Ul M.d., and sul.phu~ n.o) . ''Xhua, tt may \'re,u be th&t the 

first Uvin or niam ap,pe: red 1.4.%109 years go altbou.gh Ute involving 

the sulphur 1.otopt~ beotUno abundant 800 million yet~:re t~go . 

la.uorctory oon, it ons to dot rr ine th isoto e t:raetbna ian. :~acto:ri l1ll 

the b oter1a hioh reduoes aul;h t e directly to hydrogen aul ph1de, 

'rh10R£l"l1~ wh1eh o·tidiz&s tniomulph(:lte to uulph te, llih study of the 

reduction or ulptu~ti.l to hydras n sulp.hl do by an er b.i c 'b eterta. ba.s 

been oarrted out mor<.~ EJxt..-.ms'-vely recently .. Ps.-e11m1nary studr ot the 

http:altbou.gh
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plant lfiotaboli · m o:t aalpha't oa t o pror.,uo~ ort~tllnie aul t?hur bas been 

oarr1od out. by lto' ·~t (60) ou litUst rd p.l ~t>nt -* • In tna war'k ro!JO!I't~ 

;l nts rro-11 tho tield and e·ea..w6ed t rom Lake 1;;r1e were 1nv stigated . 

In the p.lant mctnbo~1sm of .aulpb. t~, tll' ~UJ. l->h~to i ons d iffuse 

thrl!fuf)l the r.nembranes ot thu plt:An·t cella (55) . The sulphate ls 

tben ooavorti!ld to or pnio s-ul plun,~, .ma:inl.y 1n th(l fo:r.m ot pla nt pr'Ota1n. 

1l'be proteins of plantEj cont ain from 0 .003 to 7. 2 pe"lr oont su.l :r,hur (56) 

nd on tbe vorag& about Q " 6 per oun t . Aocord.~:ng t& -tnnknaa (54.) 

tbe total yi ald. ot ;tlhotoaynt ·e .is hi a _wproxi..Dretely 15 x 1010 tons 

ot eubon a.o.uually. Now•. it the avc;ra.g .qount o-r carbon ia 52 per cent 

and. sulph\U" 18 0.6 ;per c•nt in ple.n.t p:rot~ixus; tho total y1ol4 ot 

sulphur 1n photosynthesis ie 1"$ ;x 109 ton~ . 't'hf» lllU (;J <>1" tbe er~;uJt 

ot the eart h iel 0 . 04;} x lo:e'7 grams (57) ~nd the· ti'fii;:t"i.1.ge sUlphur content 

1016is composed t .onl y tsn&ous rock, th.e emouat, of .sulphur is 2 .!) x 

tQJ:Is . 'fhu.a, at tho. mo~'b , ouEt p: :-ct 1n 14,000 ,000 of the aulphur in 

t;.h~ GtJ:rth ' a c~u.~t takes put ln pb.oto$ynthesils annually. ll'he. aetu.al 

roughly eight tlmes that t:n thl' ea-rth's crust {57) . 

AU tb sulJ)hur wh1Qh i~ ·turned t.nto plant m~ttJ<;r .tal through 'photo

http:turth.er
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sulphur the plants . Thus, 1t ppe rs tbat bt,oteri al proces es are 

more reepon ibl$ ro:r :fr111.c .ion.oUon t sUlphur 1 ·oto:pas tt e.n pl nt 

uet.flbol1Blll 1a. 



~..
p 

A;cJ~l" tus tor l)bnt Cultl.U'~;. rhe chlortill as ero m 1 thirty

two 11tro"' :Qf .n.utric, t sol. . tlon eonta1ned 1n tour 9··11tre j • J."' 

(Figur• !Il,?} quipped with tho follo 1ng: 

••... Ou.tlet t bG oon-ta.d..nin:g cotton 'bettinJJ und glass wool 

A- ll'~et tube :ndins in :poroiU.! por 1 in bUbblet" 

Y- l'Wml.ll tor int:rotl oi..n~ Ol..1Slnt;J.l aura lo Qf oJllor<Hla 

z... '!Ubfi! ui p d itb gu rubbe:t co.Ym$Oti .n and scr w 
ol«l!ttp ro.r ro ov1n:g ehlorilla u.d 1nt1'oduoina 
new nu.tJ!'i nt betwean su.oc ~:slv r\ute 

well Wi tb it'" bubble nd cool'"'d Wi tb tap wat~r :runttng tl\r'()l18h coi.lod 

copp r tubins. The teillpereture cou.la bo N.a.d1 y regul~t.od within .2° . 

Nutr:i n:t olution was ateriUzcd 1n a jar (P'igtll"e IV} and trans

ter~ed to jar F vi 2. ~o prGvent contamin tion, th~ ~nde ot the 

tubing were :1$l"aeraed 1:0 al~Ohol tJ.n4 t.he urrQundinn; dr he ted. ith 

fla e. 

'l'.b.e appal" tue aoe tor th, culture ot ehlt">r lla ~hown in 

Fi t;;;ura IXI ll $U.<.:h. t~t the nutr1ent sol t l n r;as stGrilc t all 

times. streats of air and CU!t.r'bon aioxtde ~e pas ed 'through rnsrotu7 

bubbl rs .~ . . Th · .s,xt\ilN cont lnln ~ tr .n,a car'bqn dioJ'rido in the 

ratio crt ppro:z:imately 5 !l then stor.tlizod and ootu.ra,t&d i .th tor 

mailto:o.r1@i.ar;;.l
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by p s·tng thro~t~ tho follow1n sy8t ; ~los wool tilt r to 

prevent l'CUJ7 f am 'bubbli over~ concentrated ulphurio acid 111 

by ro.mat ~r· jJ:r C, econ gla s wol tilt r to p.r vent th 

ulpburio acid trom aplatb1 . over, sterilize to -tre eter D. 

1!\he tor evopor . tins tt>o D o 'utor.l8:tio Uy ropl co wt th water 

fro- :reaorvoir • h presau regul d by .m.eo.ns ot m: rcu:ry 

velve B. '!'his .ixtlli' of ir and e rboa d1cu~ide a.e passed into 

the n.utri nt aolutt na through • The e(}ntents ot the j l'$ were 

kept stirr•d by the 1.r coming through the po.roelain b~tbbl ra . 

~he Ohlorell as 1llumin&t d by four 15 d~ligbt tluoresoent 

1 mps, two 40W l~ps itt s rie , and one .2000. 1 p. These were 

placed uppPt->X1 ately six: inohe~ trom the jus. 

culture olution w s :pr parad by p~aas1n.g atattlh:d ·wcter through a 

c·olW!W co11t 1n1ng a. mixture ct oation and anton exchange ra ins . 

?he cation resin, borlite l R•l20. ht1d been oonYel'ted to tho bydrogen 

oyole by the etio:n ot four pel1' o.ent bydrochlor1c acid . frhe Ulton 

r s1n, !1 berl1te lfU1- 400to had been converted t o tho hydro yl cyole 

with four p~r ceDt sodium hydroxi e . 

~ nutrient uoluti on WG8 ade up .s 1n Tabl e II . 
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TABLE II 

Nutrient Solution for Chlorella 

Compound 

lm#04 

KN03 

MgS04. 

Fe2(S04)3 

Na citrate 

Concentration 

0.009: M 

0 . 014 M 

0 . 010. M 

1 . 33 :x to•4 :t~. 

!).60 X lo-4 M 

Two stock solutions were made at concentrations of one hundred times 

that of the final solution. one eonsistin~ of the potassium nitrate 

and potassium dihydrogen phosphate, and the other Qf the remaining 

three compounds, since otherwise, at this concentration :ferric 

phosphate wauld h ve precipitated out. The solution was then 

sterilized by heating in an autoclave at a pressure of two atmos

pberes f or approximately thirty minutes . After it had been allowed 

to oool, the nutrient s lution was added to the jars t hrough z. 

Prepa,ratioP, of Pla.nt ~ter1al :- The chlo.:rella were left to e-,.row 

for several weeks. The len.gth of time depended on the t emperature 

at which the algae were being grown, the period o:f time required 

decraastng with increasing t e per ture . I~oweYer, a.t temperatures 

above 25°0 th~y did not lnt\lUply.• and at higher temperatures died. 

'lhen sU:ffioient ohlorella had been produced to give e. dense 

green suspension, the solution was removed by cl osing W, opening Z 

http:pota.s.si
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and. allo 1ng th· 111r in ide to force tho $olut1on out.. It waa 

ablorell wa . then "tr ,eze-dri d, " u int5 nn oll ptmtp and 

co 1 utin th'ti t r in a 11qutd air trap . whil tho lg o 

8 . Ana.lzsia or G,reon Plant t1' tartal 

The ~E l'41t1_on of Sul Ehut.o fro~ Pr'f'tfltin Su'-phur Oompounds;,• 

'l'.b.e prooedur"* :tol.lowed wau be.aically tho one uatto. by ll.owet (60) 

wi.th te · od1fieat1oo~ . the method:& out,Uned bt Balks and 

.ctu•mann (bl) and . c~trand t u ~ ·~il bor tein (6;!) wer·a used . 
( 

ith. hydrochlodc acid. nd :Precip1tu1;1on 1th ba.1·1um chl.oride 

(61) . IJ'ha r .t:~Etin1ng prote1u sulphUl' was <P::id.i'zad. to ulphato bJ 

paro1:1d.$ (61} · nl tn~n , t'umin n1tr1o ctd (6.2} . !fht-n thu mixture 

ll'otu- g a ot (lrtod pl· nt 1 a t erisl , 200 ml . or tar, and 

10 1. of 20 per cent hydro~Hlo.r1c acid es evaporatt:ld over a 

http:u.lpho.to
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sand- bath to a volume of a ,ppx-oxi m tely 50 .n-.1; then 200 ml . of 

~0 per cent. hydroehl.orio. atcid ae dded nd tile e'V: po.rntio:n cat·r1ed 

h:e dL :rk t 1ck h:ture ' s t il n tr411aterred 

d1lutt3d to ;;:;50 ml . t .b · f iltrat e was then used ao tho ~xtractant 

tor an e1ghte n.- ho:u.r e:x:tpaction . 1'he h t a·>l.uti n a tnen 

sulphate obt~ined waa then oollectod on a. . hatme.:n. lj/.,2 filter paper . 

·odium hyd.Fo:x1d · ~net tin S- 10 ml . excess of l.O per oent sodium bydrGxide 

gelatinous ·precipit ~~ w ~ ruterod 4Uld washed tnor·o~hly . 'l'o this 

filtr te 1 .2 m,1. . ·t 30 per c nt bydrogt-t! pero:ddEt and S ·ml. . or aod1um 

hypobromitli' Golution waa added . 'The s olution wbioh ha.d blll'tm a very 



cautiou ly ·· d uii to t.b re 

h4d boen i.~.li e4. tho • l t)t :reJsi.due rro th6 So.xhlut extraction. The 

miLture u h te ·. ov ~ o~nd·batb, seve l ml . ore fumi nitrio 

cid -s dd d , ' n<i then ev p rated t o ,a qalleP volumo. The 

:r,1xtur~ WC~ti tr&nilfer.red to u porael in ott. s ol&, llOO ovapor$o~t.ed 

t'1.u·tbttl'. T n pe:r aunt a dl'Wll c 1'Done.te wM then -curetul.ly d ed, 

nth st,:h:rin,s , until. ilo ~i'fa.t'Veseence occurred . An f.H11lal vol.urn 

ot aod1u e~rbt.)n .t& to th-at u od s a-<lded . E. por:ttio.n · Rti co:

tinued. ov~t· ~ eattd-bt:1th, t:UHi then ov"r ~ ~ok~.r bur»e::r , t d.rynoa.a . 

'l'b~ l! l ok ~irtu.:rr ~t-t'td.uolly tormod v. lu tnous grey...blaok crust 

~h1ah t hen elo ly t lted , ;prou.ucitw colourl e.m.1l U.<;:uid. ,fter 

oooliv.ll, , tbe elt a& d i soolv d. 1 n :re.ter, trtmM'errt~d t o e ooeln!lr 

nd cone :atro,t hydrooh1Cl'.r1c aCid d4ad until tlw .. Glu·t1on ~ e 

oU~btl.y c1d1c. The whlto t!!llic~ whiol\ pz•oei pttmtod att qu.tokl.:V 

:t' moved b' rnt.ri.ttlon Jtu baJ.•it.tm ohlori~e na added: to the- hot t1l.tre.to . 

Th6 b l' lum sul h t& obt 1nad in. thitt illY .r-epl'et~ nt .. Q. t.ha prot ein 

GUlpht'.W in tbe plant 

the: r.teauetio. work revi u. ly 

earr1 d out t:n th1 lf.lborlli:tol"f on the tl'lva t i~t1 .n o.f th£1 iootop1c 

d1atri ution. ot sulphur . th :roduotto.n of ~1 nulphet e o sulphide 

wv a ~t~.rried ut u~Sing carbon (2) • iron (63) • ~ino ( 60) or mettn atum. 

(64}. 

:r..n tt ls inv~s.t1 g~;; t:1 n •oh mo1c f ic1ent n,j &i!'::l.ple :r 4t.tet li!)n 

proD uu.ra Vtoa used . ·~ '1'0duotne . 1 ture usCild by ·ep'k:o itz 1\lM· ;;.;hirle.:y 

(6$} Ol"i ,inrulr descl'ibe4 by ..u.ke (66) waa t.UJed . tth1s mixtur w • 
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pri!;pared by mi xing 500 "'· • of' 50 p x· o~nt hydrlo io acid • 4$0 ml . 

()f 1..:,; l!l: hYClrochlorte e.cicl and 144 ml . ot 50 pe:· eent .h.ypo:phosphoroue 

acid. ''hi .~t1ixtt.tr w<.ta he te tor uppro:d..n.u.\t ly thirty minut es in 

order to r du.oe «tly sulph te oo.u l.n~u · n 1n t b :re.agetrts and. to 

boil way the hyctro ·en .eu1ph1da l"oducc trom it . 'rh pale yello 

solut i on ~• cooled ~nd tored in u. brQwn bottle to void o:x1di.t1on 

of. the bydriodh aotd . 

The btr.~iwn aul ph t e .s reduoed in tho p. r utus shown in 

J i euro V. The sample ·· nd P11l:'OT.it.li6tely 75 m:t . of ...atl.uoin • racixtu:re w ·s 

ad(hH'l to the boiling f lo k . ..Ut:ro on WlilS n n.tly bub led. t-b;roug,b tbe 

ixture >1hi .a tb f ~G~ ' a he&ttjd titb a low flt>lllo. Th .bydrosen 

su.lphi tl f'¢1rmad waa- bub l". thro\1~1 di $tilled 'l'n\tor C to ~bsorb the 

bydrogan ch1·or1d.a wne£> hi ou I:J.Y b.;.w been t: rmed t higher t o•. per~ture , 

nd throusn . aolut19n o • e ~ aoetato D, ~ade up by mixin~ 12. 5 ~· 

o:t Cd ( f.IAo}
2 

• :.aH2 , 100 tnl . of' 1 ,2: cet ic a.ai and 400 ml . of · nte.r . 

rog sul phi de wn. pro uoc 1:1$ te ted wi t h lo d ostute 

pelper , D wa,· rer~t<>v.ed , nrl th.~ c dl'i:1U.'n ulph1de coavort(ttl to sil;v·er 

s l pb.i de· oy ad.din& o.J. l 11'1 J'' nitrl:l t e to 'th,. f letsk . htt gol~tlnous 

ollot!i c~ m1 sulphid{i) preciplt t e was oonverted 1mmod.tat~l to tho 

Jleavt0:r blank s:LlVi' l~ u lphtda preeip1tate . The prec:tp1tute tt'$8 

eoll~eted in a filter no wash-ed wt b dilute W:U;loniu.m hyd1•oxtd to 

1seolve (my , UV~'l:t' enlo»"1d& :pl"o.sent. and .8bed tnor o'-le;hl:? with dig... 

tilled water . i'he pr~c ,ipitate wo.s then dr .ied at ll0°C ovarnigbt. 

http:o.olleet.ed
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nd aoet.or.le . flhe pur1t1ecd. oxygen ~Q. · paiii8 tlU'Ough · sulphuric 

&aid bubbler C nd the throu~h the tube D oont n1 s ilver':I 

combustion . '11!1\11~ th . Q%)"6fltl was pa~s d. tlu'ous:n :0 nA out through 

the two- tvQY toek...cook E, the other pa.rt ot tho ystem was e<Vaou.atad . 

Ai'ter co.mpl · t<" ev cuet.1on an · r . .tiilm1q .of tho bt•eak...seal Gemple tube 
I , 

H, stoclt- cock.a ~ , th$n F, WJH' ole>et!Jd .and • turn0a. slow.tz.~ to. let tne 
' 

oxy6ett pa.a tl.u:'ol.lgh 'tthei r o t ot tlle syate.;n. When thfl l~vel or the 

ereury .t.n tho manomote:r bl:td 1n.d1oa.ted th~t the line tcaa conDl•-tely 

trap 0 urround6d. by l i quid air , t he sample wna then heated ~1tb a 

ptn•e go.s b:r\.\ h tlo o u11tU alobuleo of silv~:r met&l .r·o~inoa. 

· ter cloeins stop-

Cl.iO'k: r , tlie li ·ui d A),tr 6 l'OUnd trap G WtU l:'Cm()V'Eid to . llow t}V.;j aul.phur 

<U. .old.d~ ·to fill t hfl ltne . Usuully .200 mg. or i11lvc:r ulpb.ide "'a 
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sealed ott. 

\'hU e th<> sulp ..ur · .lo::d..de conde sed in the trap , C, wu.s 

evt.tpQ:ratinE£, t . 4e us 1.1 tub U ras 1·o~.0ve4 and :r .epleoed by another 

sample atl\:t t~r·&ah phos;pho:ro11s p~mtozidG· , ~url tha i'il•et part of tlte 

G. Mass. Spectrometry 

'The ane.lyse.s vt' tho slllph\lr diOXide sampl aa :tor the i sotoplo 

r&.tios ware~ oarr1ed out ~ith a 90-desvee fr!EUUI' a):.u:~et.rQ111otax· , modl.t1·$d 

toi· aimultanilous coll,ect.hn u:1.a moal\lur~ment by weans ot a. null .tn~thod 

asses 64 and 66. The instrument. used ~ m gnet1o valve systtttrl to 

taeilitat the r p14 ehauga f:rom. one aampl,e to ·nother . The 

col ltHteor a~as. eJ.~:~t;ly was constructed .so that onlr the ion eu:r:r n.t.s of 

mMUh,us 64 and 66 m1ti!',ht $t.r<ikf> the collector e1ect ro«e!l, tnu• 

eliminating aay contri hutiQJ:l to the ion C\ll":'6l!l:ts frota adjacent :tt<.asses. 

Maas 64 i s oompoe~d or s32o16o16, while mass 6b is made up of 

sJ2Ql6ol8, s J4ol6ol6, s32ol7ol7 and :.;3Jol6ol7. ifbe liia't twt} spec.ies 

are ot such small abundanc& tha·t th~air .contr1Dut1Gtl to the 66 ion 

CW.'rent .liU!.l.f b'e nitglacted . 

The ion current at masa 64 , am,plit'ied by a D. C. amplU"ier, was 

st!U.Ida:rd · nd ~nlmown g.as sampl ao by djuating the gas pre eures for 

http:coll,ect.hn


su.l~hur dioxide d p nd on th6 :rat1o ot t h 1. otop s, MY v• ri tion 

uW.no1'Il\ fl"0.1l t hat f t;iu .• r.ttncto Otii.U b·J oe.leulllltod as th p J•cn1t~1 .o 

'3~ 'H . . 
d.U'fol."e~oc bo\Wfl~t t t.to ~ · A'"/Sfl+ l'ut1o ot thtJ s t .an<ltil'd w:1d unkn wn ea.a. 

or th# mtil: s 64.,/m.ass 66 rati-o ..t thl.~:~ sampl~ COhlt~t·t.d tr:> t.h · ~Stand ·d 

w111ch ita 20.236 is 20. 236 x 6. o x-r0 2 m· 'nth'! per<:ent(lgf) dttf0l'cne& Us 
.J. \.1; 
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Th& vu.luo o:t' o18; o16 1 1 t e oxygen u. d to bux·n the aatriplea 1 a taken 

aa 0. 002 8 a r viou y dotermi d (67). 

Hence. 

'hua, by aub t,;ttuting th value for tbe 66/64 r Uo into the bovo 

equ~t on , the ·J:J.; $)4 l'"" tto t or t he Hw plo oan be calculated. By this 

roc duro , telutiv isotopic abunda.neoa oould be d tor.nina4 with a 

precision of 0 . 02 per cent. 



RESULTS AND . DISCUSS~ON 

The results of the isotope investigation of sulphu.r in 

chlorolla grown unde~ sterile eondi t ions at tour different temper

atures are shovm in Table I!I . In oolumn two, three and tour, 

below, s32;sJ4 ratios are r eported tor or ganie protein sulphur, 

plant sulphate and nu.tri$nt sulphate, :respectively. The plant 

sulphate h the sulphate obtained atter digestion of the ohlorella 

with hydrochloric acid and extraction With a So.xhlet . The sulphate 

obtained by oxidation of the residue and filt:J>ate attar the Soxhlet 

extraction i s considered to be protein sulph\lr. The value given 

for the nutrient sulphate is the average of determinations made 

before, during, and attar the growth of' the algae·. 

TABLE Ill 


Isotopic Dtetr ibuti0n ot SUlphur in Chlorella 


fractionation 
Temperature Protein Plant Nutrient Factor 

Sulphur Sulphate Sulphate R3J'R1 
R R2 R31 

10°C 22.099 22.22.5 1.002 

15°0 22.124 22.232 1.001 

~W°C 22.132 22. l93 +22.151-0.008 1.001 

25°C 22.143 22.227 1.ooo 
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~;he 1 ~otop~1 rraetion.lt.1on t etor obtained bY comparing nutrtent 

:su,lpbote ld:ld the l)rotoin ulpbur 1~ etven .in ool w, n five . The 

rot:Jult3 obt inw ho thut there is little or no tra.ation · tlon 

in th~ pl.wnt tn()t b~li $1l of sulplmtea by ohloreUa grown UJJ.der 

at r1lu conditions 1n th~ l abo.ro,tory ,. 

Stmili'Jl' i"$1lU.lt w r obrta1n~d Ylith green alga tuen f ran 

t.he snores ot I.ake Erie nd wi t:h nl.uatl:U'd pl en\\s taEen trom the 

field • '.f.hatJe -r··&ttlt.e .r · sw:amo:r1te4 in. 1! ble IV. ~e same 

pro9ed~rs.s were \uled t£> ext:t ot proteilt sulphur and plunt sttlphut• 

as 1n tbe <Jhlorellt\ ,rem untt tt steril~ co1nUttona. In tl:le case 

of' th.~ aka }l;;ri$ e~~. source :~ulp.hi~ito u wl)hatce in the w«ter in 

:tJh1oh the alB$ tro$ found; wlJ.erea ., b . th.~ e · ~ taf tho a.uatord .Pl nto, 

sc.m;:rQ:e su.l :phet$ raters to sulphate itL th!il soil in ~tch the plants 

bad · '<nm . Al.&a 1}1. is that obtained in the summe.r of 1.952, while 

,'J. 1 th t obtll!ned in 195:3. 

http:J!il~if.it
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TABLE IV 

l .sotopio Dist ribut t on o't Sull·htll' in !!u.at.e;rd Pl ants 
nd fAD !:1•1e Gfi 

--------------- -- Fraotiontl·t.ion
!factor · 

Frll>t 61Jl Plntt.t ~jOtlr'<!(l 
11jR1;ulpb:tUt 3ulphate Sulpo t• 

R 1!2 l'!J 
7. 	 a 

t:;ak . 10 A:t(!li 
11 1 1'952 22:.134 22.099 22.1)9 1. 000 .-

2 19.53 22.104 2.2.104 22.1.04 1.000 

Mus t ard :Pl ante 
~ · l ·Tumbling 2.4 . 158 2a.l46 --

!AutJt artl. 
1 2 \torm&ee4 ....... 22.03,. 22.095~r 

ll'ust tlt-4 
II 3 Brasatca 22.. 222 l2.143 2~ . :U.7 1. 001 

&.abor 
J 4 	Brasa1ca 2::!••2fl{ ;t~l-15) a2..1a3 


Kab•r 


i n tAB' plant xueta'bolism ot $Ul pliat es i n the nat!Ul'a l environment. 

\11tb t be Laku 3r ht 6.l e;e. !}2, two urius determ1nat1ont~ of the 

total eulphur wer3 a :r:r.:ted out to cllecll.: the s:34· content ot Ooli'ib i ned 

aul pba.ta t1nd protfl i,n St.1lphur .. The l"ftaul.ts obtai ned ere 22 . 090 and 

22.14.3 , ~iving a Yslu.e o£ 22. 117!.0 . 0 ? . Al thll.lugh ther fi i s tt disol"&l>-... 
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p),;S.,!.\l.Elsioll ot l'!p~ri~~~l1~ 1 . · Q(}edu:r-e 

Tha anulytical proe duPo used wa d jlt..,d onh fttJ~ e o r~tul 

oonaid~r~uon nd t•stin~ of: other methodu f'Ol.lnd in the l1t rlitlll" • 

'rho l~ehin.c- of' $Ulphato :t'l'QI!l pl~nt mr:tte:r1~l 'lith byd.I•oehlo:ric e1d 

aacol'iU · to t:h meth~4 o:t ~iUta · nd Wehrmann was inv-a.st1gt:l.t(ld by 

~tGtz (68 } m:~d al· i to be qu~:utit tive. l1cn'f&Vvr, t:fter AtQet of 

our analysea lta:d br en compl ~ d • "'lpr1ng'r ~ nd · ~~nti n (69} el.e1mad 

that in tbia ;p;roQe1t\ur com.$ f tbo il:'~t'Jnic li\:UlphtU' · tH! oxit.Uzed to 

eul.ph&te . The r~~et:lnt&t!:& (J>zd.d1~ed , howav~r. la n~~U~~t!ble so we :~.~~re 

qutt eertdu thbt it lwa no ieut.t'.i,c nee t,n olU" roEnAlts . 

be extracti on of the eulplmt from tho organic At ter1 1 wue 

•1rtullll1 cott.p.l te .in. Ei i ghtaun hours . Th f:o v..roven by c· t"l'Yi.ng 

QUt tt ovntinUOU6 ~r.trac1< .1on wM.ch w e interrupted at three-hour 

' ~~~vel to ~.n lyzet the ul'OO\lnt of SU ph.lte ftxtrected. It WO.l9 tound1nt 

th t 1 th n t o.xtraot.1on. ar ly any ulpbate w s o'btt.ti,n d so ~llet 

an , 1 !,hteon-hou.x e::ttr ction · ould l~ e qut:~nti't.nttve . 

Tho J!ll,etbod t)f ~rtrand nd Sil'berste.:in fo:t· tbe ox1d ·t .t t'lll ot 

organu~ aul,phur in plw-..nts wa prQvon "t;~ b.~ qu·ttn'tU~.ttve by lu.n~e (70} 

by co p rt. on wtth th ~du m~thoa . Thus., the.ru :U l:I.O isotopic 

tr · tion1r<tion in t.b.t.& prooellS . 

r.t'he raduet1on of tl'l uulpbTt.& .u,n ·the redudng sol uUon ot hydl':i: odic 

aci·d, bnopt,tospbJ:>l"OUS acid ~n hydroe.hlO:.t'iC t..eid W&$ shown to be. bet·tel" 

\ .b.M 98 ,per oe:nt Co1l\pl.t:lt0 . ·.n1a was acco.mpli ihed: l.ty redtac1ng a woighad. 

c:unount ot lp.i~te 'tUld bl.1bbl1 the hy'droge~ aulph1de 1llto solutio;u of 

<Hs. i a: 1 · cot.ato . ·1hen hydroton sulphid~ wa no lo r :produe$d , t1 

http:redu.ct'.t.on
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w ,lph1d - nd tlle excess s ilv ·r nitl' te aot mined bt t he Volb rd 

.m t od (71) u ic,u p tu dum thtooycn ~ . e d te h · l'V'an 1n 

Tabl& v. 

O.lS7J 0.1843 

0 ,.~2 0.~~.21 ~ 

Dieeussitln of nesJtltH~ 

:t:a the prol1!1iiMl"Y '~~ 1•k oa:rriad ut by :Rowii~t (60} on tho utudy 

{'If th f :t" ct! a:na ti n of $Ulphux· i~topea 1n the- plant m ta\'>oli run of 

ulph tee , it s ro .<>nod th ·t o tz<a tio1 uti n: a$ t()und Uil 

muot\~d vh•nt.s <1:•-t;;wn u.r.1<Jer at ril t<H)nd,i t1on • '.fhi s ts in oompl&te 

agre&.a.ell<t. -vtith our ; k . In~ tew c• ~ - u th atard p.l n u fr . 

tb~· ti8l.d , o ut. repo.r-t-ocl. t'l'aot ona: tiona t rum o.s - 2.1 ;per cout. 

l!owever., he CG parad the f'2.'-aotionation betW&en :pl.e.n'b ~sul.pb.ate ~nd 

pi ot in su.lphur 1-Mr~a -u i!:tl'U eOJup.erina ourc ealphate with p:roteir.t 

W.phur . In on ot se, whore thi! m>u.rce tmll' ate• a s'J 2; s34 r tio 1a 

~v~1labl.e. 't.hu t:raotionotton fe,cto:r :s t®ntl to b• 0 .997 :hUh ,ugain 

agrees ~11th ou;r ·or • ln th.a ce.llle or v.:· l atU . aulpbw:• ~ the!'fj i <tt Dome 
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fl•&otlon tiun, wt in ur t:Jrk o i:!E~:t"u o ,natrn$d 1.th prot in ulpbur 

:fd r.u~e volatile- ulpnw- ¢omp .utK\ s !tr6 f'l tttua.tly qu.t te rare 1.n t.h plant 

klil(3d0ll. 

In ·th l• tY;dy ot :th :reduotie.1,n Qf o;ul:;"hetes by reelu,,tne; b~Jetll)rie 

R'lMt>ckolH'r and 'e!l".lct er:,n {:5) taund 

l . C!l por ~mn:t tract11J!t.ut:Lon. Th .fil ·ui ib~iurn • twttitnt ;:·1 . 074 at 

:<5 Q tor t,h.(} i otoph ea·oll:un:.. e l'£la:(rt.ion t 

a2al4 + a.32o,4 ~ aas32"' a.34o4 

'l'hU.0, in ttny Jl'l'O~.I,'Is 1u whicm lUi iso opto c q.u.tlib:rium .h ~t~~ta.uUsb~d, 

l~rge- :f'r <rt1o:nat1on ·wn r sult . 

~hEl one r-a;p o t f:rt41;lt..l.:otu:.Jt i ~"lll c>bt. tn~ in tho ;retluetit'>:n t 

au p!Htas by be.et~ri.t . ~y b.~ u o 4ll 1 otope afft)ct ln ~ m ob.e:tnieal 

equill ·riunr. pNcea in «n en.zylito- tHit lyzod re&.ctton or U: . iootic 

oft00t W~Utl.'O ~ 6:34 ...0 boh4 iS Ql"OU!l: 1 $£! JVC~(til,y tban iii: fl)~ - 0 bonl!i . 

th l bor t ry exp l' i.11.umt, the ooutux-1. ,:);perttt- d under an erobtc 

coud1t ions (itt a. u.itrog~n 6:tmosp e:t•o) EUlAl th~ byd ogen nulphld · VH':iS 

sw .pt ou:t. lh:tdttl' tbf<! e <H;mdi t:t.Gn w. eht expect tz~o x•edu.ction to 

b unidl:rectivn L Th · b~ an~e ?f' si~U'ieant qu nt1tiee o tnt.er

mad:ts..1HHs ould s e;ttst tba.t tlH~ su(!Ce Biv'{j .Gt ;ps tU'O< tt 111 :r.api~ and 

that th.e l:'eact1on Pl'Ob11bly go e t compl.titi.oo l!l:t'tar thG first t•educt1 n 

step. 'i'! s it t~uld eeli\ tl1 t ll.. .hnve 1 ot.opic r-actionat1ou in the 

l!'ira't ut&,p, f#het Ui)~ we bif{> ~m ~tu.Uit)x-1\l.tll b¢l't; 0en s l '[J,b ti't& nd. su.l.phit(t 

tJI' ... • tnetto ott' eo duo -.o tlH1 ,;rea t · 1robabili ty of rupttu'e t n 

s32_o bond co ~~ d with ~ s'4-o b~nd. 

In t.b.e p.~,.ant. uctn'boli a r:>f sulpb· tes, the e Jlf.ll'U'lents indicate 

toot t or-e 1a no tr~otion· tiop; of eu11~ nr 1 otopet) . It <.\ppttr1 rs, 
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thel~etore , that ·a ha ve nel th r an aqllil1brium nol:' a kinotio 1sotope 

etfll!ot. llowe·f'ar ., .e ~xpeot biollhemtcal _p.rooe.ase.a to be un1ver al in 

nature, and the en0yM-oata.lyzod steps in sulph~te reduction to be 

thtt sun1.e , eo th&t tf tha:ve is :f':riU.ction · i. n 1n tl.te ba..crterial 

reduction of .aulph!ites, :imilar frueti.~n6.tion might be expooted 

in plant .metaboli~ . In all p:t•obabili t y , the enzyme...eatalyzed 

react ions art!i sit il r in tho t o :p.rooessoa. Eowev~J:, tn the 1tt1t .ial 

ratfJ•oo.ntroll.ine; ·step, the cono~nt1"er.t1on of sulphat·e ion tlltiY be 

ditterent 1.n. these Cb.-.ea; thus, sulphur i soto:pa traot1onat1on might 

appef!ll' i n the t'ir.st case &nO.. not in tho othet<. 

Apparently , 'Very UttJ.e i s knawn ··bout t .he phEtaom.enon of the 

d.itt"us1.on ot ions through eel.1 membranes in plants . The governing 

factors may be rela ti-ve ma.$8:. e.b.arge and size . Nott, 1n cous.id ring 

s>2oz: and SJ4o;_. :l.t is cU.t'ttQult. to calGulatt~ the efteot1ve masses 

because ot tnsutttcient knowledg&· about the 1on1o at:mos:uherQa . Also, 

there is no eXp$:r1mental ev1dence of iaot.optc fractionation of iotu~ 

1n solution. In tn<~ o4se ot tne a'b~ve two ion.s, thera is no ~utterance 

in eha.rge and u neglit?;ible d1tteranoe .in S:i$Q. Thus, i t the d1ttua1on 

or tile ions i nto the cells i s sl,.o\'1 enough to be t he r a te•controlling 

step. it may be th~!i.t no freHrtionstion of sul phur isotopes takes .~lace. 

rrrey (72) report6d that ome tractionQtion ·Of the carbon i sotopes 

occurs 1n plant ph toayntheots. .. · gaEl anci air11ple plants were found to 

C·on:te5.n 2. . 97 per co.nt l tHh-i C 13 than the Cat'lwn.a.te of the nu.trieht 111 

which they gr~w. Ore\1S (7~} to\Uld t hat land: plants and tree leaves 

oonto.ined 2. 63 per cent less e l3 than carbonates did , and that petroleum 

http:Cat'lwn.a.te
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cont""inad 2.72 per oe11t lea$ Q1.3, so that the c13;ol?. r atios ot 

petrolewl etnd terreatrial plant(; were approxtma teely the tiame. 

In eoae preliminAry work Cfll'r1ed out in Ot~r 1 borato:ry on petr<,l&Ulll; 

1t was toun.~ that ther-e ·wtui no di:t'teranc& in t.h s32;s34 r atio 

in the organi o ul.Dhur in potrol«llt'l and eulphate . Thus, the 

sulphur and carbon ~esult6 are in }gre~ent inaamuoh as th•Y 

blotb Wg.{ttult thtlt pat:roleu"':\ is tQ·vmea from plant matoria.l . 
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The :pt-ocodura tor th•. t~:n6lyats o"f &J'een plant Mtet>14l. 

developed. by ~owet (60) was mo<11t1ad tmd 1m.:pToVed. A new 111ethod 

tor the reductlO'tl of aulphr.t.e to. hyd:rogen sul:ph1d.e \'#as adoptocl 

an tount.t to b$ at l~~st 9~ 001\.Pll'lta. A ay-etem tot' tb.e gro· 

1ng or obl.orelJ.Q ·uner rrt~:rile aond1t!ono was devised. tittle 

or no fl"e.etioa~tion waa round in the proce.s.s of eul,phat~ metab

ol!slfl in pla.nti.t . ei t.her tn tho .l ab orator or in nF. tlU'e. I a 

view o · the faot that tho~J 1a !nrichaent ot ha'*vy i aotopoa 111. 

~Ulflhetee~ ln nature.• this 1s a ve.ry $ignit.1outl result sinoe it 

ap.t;,lEhlJ•a tb:ifit; in t h1 a p~.rtieular ete;p of tb~ sulphur cyclt~. there 

ts no fr<iot1onat1~. '!'his tact ma,y be· of lligniticanoo in the 

4ltu.4y ot th~ o1:1a 1.n ot OOt'tl ~nd oil~ 
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