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I .  I N T R o D U C T I o N

Lrc l ine h ls  long l leen known t ls  r ln  essent ia l  e lcnrent
firr hnnrrrr-rs, et)(l l l t l lnln2lls in gcnerzr[, u hcre it is
c()nccr)trlte(l in the tl.rvroicl glancl. It is a corrrPonenr
of the tl.rvroirl horrnone thyroxine. Deprivation of
iocline resnlts in a series of iodine cleliciencr. clisorders
(lDD), thc nrost conrnon of u,hich is enclenric goirrr,
a con(lit ion u-hcre the thvroid glancl l leconres cnlargecl
in ln ltterr.rpt to be nrore efficient. Iodine cleficiencr.
during f-etal clevekrplnent 21ncl in the l irst t.ear of l i fe can
result ir.r enclcn'ric cretinisrn, a c{isease u.hich causes
stuntc(l q-rou'th ar-rd general der.eklpnrent along uith

I:r. tt t )r lt'tl \ lt,lit,t l ( itolo.qt

S o I L S  A N D  I o o I N E

D E F I C I E N C Y

Rox FucE,
U n i i' crs i t.1, of' LIh I c s

l r ra in t l r rnr l rgc.  l l< lu,er ,er ,  rvh i lc  thesc t \ \ ' ( )  ( l isu lscs :u.c
cr ts i lv  recogniz: rb lc ,  perhrr l ls  the r r rorc i r rs i r l ious problcnr
is  thrr t  i< l t l ine r lc l ic iencv i r r rp. . r i rs  I r r r r in  t lcvc lo l ) r ]1cnr  in
chi l r l ren cven u ' l rcn t l . rcrc is  r . ro o lx iot rs  l lhrs icr r l  e f f lc t .
Inr lcer l  i t  hr ts  l rccrr  suggcstcr l  thr r t  io t l ine r lc f ic icnct '
is  the nr( )s t  conulr ( )n prevent l l l r le  c i t t rsc of  nrcnta l
ret i l r (L l t i ( )n (scc ( ieologicrr l  I r r rprrc ts  on Ntr t r i t ion,  r rnr l
I l io loeic l l  Responscs of  l , l lc r r rents,  th is  volurnc) .

F] r rdern ic  L lo i ter  r rnr [  crct in isrn r r lonq u i th rc l r r tc t l
I I ) l )  hr rve l< lnq been recoqnizct l  r rs  se r ious herr l th  pro l r -
le lns ant l  consequcnt ly  r r ruch uork hrrs  l leen c l r r icr l  out
on the cti<llog*v rrntl geogr.lPhicrrl t l istri l lution of t lrese
t l iseases.  Mlny 'auth<l rs  har . 'c  suggeste( l  the involvcrnent
of  several  < l ther  c lcrnents in  the ct io loq-r '  o f  these r l is-
errses, u,hereas a groul) of sulfirr-contrrininq cornpounrls,
th ioq, 'anates and th iourr rc i ls ,  idcnt i f ier l  co l lcct ivc l i  . . rs
qoitrogens, hlve lrce n stronglv irnplic:rrctl ir-.r sonre
cnt lern ics. ' l ' l - rese cornpouncls hrrve bccn f i r r rnr l  to  c i ther
inhib i t  iod i r rc  Lrptake bv the thvro i r l  s l r lnr l  or  inh i l r i t  thc
firrrnation of the tl.rvroicl honnones. I lou evcr, it is gcn-
erallv aglreccl that thc pri lnarv ciruse of II)D is.:r lack of
iodine in tl-re diet.

Icldine was the l irst elenrent rec()q'nize(l rrs being
essent i i l  to  hurnans ancl  the r l isease of  enr lenr ic  goi t t r
$'as the first to be relatecl to enviror.uncntel geochent-
istnr Indeecl, this disease appears ro hrve been identi-
t lecl bt' the ancient Clhinese. One (,hinese nredicirl
rvriter from the :lth centur\- AD notecl tl.re use of thc
seau.eeds Strensyntt and Lontitttttia (u'hich are knorin to
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lle r-en- ioclir-re rich) for tre2rtrnent of goiter (Langer,
1960). Florve\-er, there are rnanv earlier records in
irncient I iterrrture of seaueecls ar.rcl burnt sea spon€les
used in the trerrtn)ent of enderr.ric €loiter possiblv frorn
as earlv as 27(X) BC (I-aneeq 1960). Iodine $'as clisc(x'-
eretl bv tl.re French chenrist Bernard (lourtois in 1811
u'hen he acciclentallr- acklecl concentratecl sull irric ircicl
to the searveeci Ftrctrs i'csictrlo.!11.r, one of the seau.eecls
used in goiter trelltnrent. It \\ 'r ls soon realizecl that iocline
\\ 'as the active ingreclient in the trerrtment. Iocline u'as
later identif iecl irs irr.r essential elernent in hunran nutn-
tion. Despite this e.rrlv recognitiol-l of the role of ioclinc
in enclenric qoiter :rnrl relatecl clisorclers, it is rppirrcnt
thrrt IDD is sti l l  af-fcctirrs lrrEle nuurbers of people
lvrlrlr lr 'vide, u ith sorne estinrates sullgestir1g that arouncl
J0"1, of the lorld'.s poptrlation are at risk. Prirlr to thc
rn id<l le  of  the IOth centurv iodine-def ic iency problerns
rrfl-ected virtull lv every c()untrv (Kellv & Srredrlcn,
1960).  Al though the problerr r  has been err t t l ic r r tec[  in
nrilny countries, it is sti l l  ir rnirjor c()ncern irr thc rlevcl-
oping r.vorlt l. In acltl i t iorr it hrrs bcen shou'n recentlv thrlt
sonre nr()rc irfHucnt countries in westenr l iuroue arc
'.rlso rrffcctctl uith II)D. Delrrnge (199+) sr,ssc.r.ir. l rh,lr
.50 l (X)  rn i l l ion pcoplc in  F- t rnrpe ' : r re at  r isk.

' l 'hc 
arcrrs  uhcrc I I ) l )  r r rc  conccnt l - r t tc t l  tcnt l  t< l  l le

geoLtnl)hicrl lv t lefinctl. 
' I 'hus 

rn'rny of the nrost se\"ere
occrlrrcnccs <lf cntlcnric t{oiter rrntI cretinisln hrve
been f i runt l  t ( )  ( )ccur  in  h ieh r r r< lunt l i r r  r ' rngcs,  r " . r i r r
sh.tt[<lu rrerts, .rntl ccntr' l l  continent'; l l  regi<lns (ltelh' &
Snct lc le n,  1960).  

' l 'h is  
t l is t r i l ru t ior r  of  IDD restr l ts

t ronr  the uni t luc gc<lchenr is t r r ,  o f  io t l ine.  ( ]eochenr is ts
gcncral l l  i lgrce th l r t  l i t t lc  i< ld inc in  thc sccont l r r ry
enr , i rorr r r re nt  is  r le  r ivct l  f rorn we r the r ing '  o I  thc
l i thospl . rere .  J lost  ior l inc is  t ler i r , 'e t l  f ro ln vol r r t i l iz l t i< ln
frorn thc ()ceril ls rvith strbsetlrrcnt trrnsl)ort <lnt() l lrnt[
( ( io l t lschrr r i r l t ,  I95- l ) . ' l 'hcref i r re,  to  unr lcrstanr l  the nr le
of  so i l  ior l i r re geochcrnis t rv  in  IDD i t  is  essent i l l  t<r
consicler sonre rlspects <lf thc qencrrl l ge<lchernistrt of
ior l ine r rnc l  i ts  cvc l ic in '  in  thc cnvi r<)nnrent .

I I .  I O D I N E  G E o C H E M I S T R Y

Ioclirre hrts beetr shori 'n to be concctrtratecl in sert$.i lter.
in the biosphere , encl in the atnrosphere. Becar.rse of this,
it is classil ietl as :i hvdrophile, biophile, ancl 2ltmophilc
element ((iolclschnrit lt, 195+). In rrclclit ion iocline hirs
been fbur-rcl to be concentrated in sulhrr-contxining
minerals causing it to be clrrssif ied es a chalcophile
element .

A. The Lithosphere

In the l it l-rospl-rere iodine is an ultra-trrrce elcnrerrt; its
crusta l  abundar. rce is  est imated to bc 0.1- inrskg '  b\ -
Fuse (l9ti|) ar-rd rnore recentlr ' 0.J rnsks I br'
]Iur'.rrlatsu and \4/edepohl (1998). Due to thc Lrrqe
ior- r ic  radius of  the iodide ion (220prn) ,  i t  is  thousht
unlikelv that iodine enters the cn'strl l  latt ices of most
rock-forn'ring minerals. In fact t l.re iocline content of the
various rock-fbrrningl rl inerals has becn shoun to be
fairlv unifbn.n and lou', with sonre enrichrnent found in
onlv dre chlor ine-conta i r r ing rn ine r l ls  sot la l i te  and
etrtl ialvte. Its distribution irr the diff lrent iq'neous rocks
is frrir l l '  unifbrnr (Tirble I) with onlv volcanic qlasses
shou'ir-rg cornparative enrichnrent. Solne rlrrtrr suqgest
that carlronatites are als<l sonreu'h'.tt r ichcr in iorl ine
thirtr avcrage igneorrs rocks.

Serlirnentrrrt, rocks sh<llv rr gre:lter rrrrrqe of iotl ine
content r,r ' i th clrv'-rich or argil laceous rocks rnore
enrichetl than the sanrl-rich, i lrenrlct:()us rocks (' lrrble I).
' l 'he 

hiehest concentrrrt i()ns of iorl ine hrrvc l lccn firund
in orgrnic-rich shales, u'ith corrce ntrrlt i()ns rrs hieh rs -+*

nrgkg '  recr ln lcr l  in  sorne l r i tunr inous shi r lcs.  
' l 'he 

io t l ine
c()ntcnt of crtrl lonatc rocks (l irrrestorrcs) :rrrt l shrrles is
hig'hll 'r 'arirrble but g'cncrrl l lv c<lrrclrrtes u ith the i lrnoultt
()f organic nrl lttcr.

Reccr-rt sctl inrcnts of nrrrrinc oriqir-r ciur lrc cxtrcrnclr'
cr r r ichct l  in  ioc l inc wi th c<lncentr r l t i ( )ns of  r r l l  to  J0,(X)
rng 'ku '  rccorr lcr l  in  s<lnre sur f ic ia l  secl i l r rc l r ts  ( \ \onq,
l  e 9 l  ) .

I t  secrns l ikc lv  that  thc io t l ine c()ntcnt  of  nret iunr l r -
p l . r ic  rocks is  s inr i lar  to  thr l t  o f  igneous rocks.  Rccent

T A B L E  I .

Rocks
l od ine  in  lgneous and Sed imentary

Rock type Mean iodine content (mgkg I)

lgneous rocl<s
G ran i te
All  other intrusives
Basalts
All  other volcanics
Volcanic glasses

Sedimentary rocl<s
Shales
Sandstones
Limestones
Organic-r ich shales

0.25
0.22
0.22
0.24
0.s2

L . 5

0.80
1 ?
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anirlr-t icaI drrtrr produccd bv N{urarrratsu ..11r(1 \\.eclcprihl
( l99 l l )  suqqcst  that  nret i r rnorphic rocks hrr r .e uni -
firrnrlr lou' iorl ir.re conrents of <0.02.i nrgqku '. Thc srrnre
rtuthors suqqest thrrt felsic igneous nrcks lre rrlso r.erv
lorv in iorl ine n'ith <0.009 nrg kg' r. It is sugrlcstctl
t l .rat the lou' conce ntr.rt iolts lre <lue to rrl lati l izatirin of
iotl ine during thc firrrnation of thesc rocks.

B. The llarine Environmenr

Scrt\ \ ' i t te r is lrr  frrr the biegcst rescrlrr ir  of iocl ine; i ts
r lVc f i lqe  c ( ) l t ce l t t r r t t ion  is . . r l t< [ r t  60get ,  I  ( \ \? )ng . ,  199 I ) .
Io t l inc  i s  thought  to  h r rve  f i r i r l y  un i f i r r rn  co l tce l t t r r l t lo l t s
u i th  t l cp th ,  l ru t  i t  i s  s l igh t ly  c lep le te r l  i r r  sur f r rce  ocerur
\\ ' i l tcrs lrcc:rrrsc i t  is coltcentr lr tccl l lv org'r 'ur isrns. Iorl inc
crrtr erist in severlr l  f i rrrns in scrl \ \ , . . t ter rrrrr l  the tr:ursf i l r-
ln r l t i ( )ns  l l cnvccn thc  v r r r i< l t rs  f i rn r rs  r rn r l  the i r  rncchr r -
n isnrs  i r rc  r  i t r l  f i r r  unr le rs ta r r t l ing  the  cyc l inq '  o f  io t l inc
in  thc  q 'cne  r r l  env i ronrncnt .

Inorq- i rn ic  io r l ine  is  cssent i r r l l v  l ) rescn t  i r r  tno  f i r rn rs ,
thc  io t l i t le  r rn ion ,  I ,  r t r r t l  the  ioc l r r tc  r rn io r r ,  I ( ) ,  .  Io r l r r tc
is  thc  thcr r r ro r l ln r r r r r i c r r l l l  s t r rb lc  f i l r r r r  o f  i r r , r rq r rn ic
iot l ine i  n oryq'errr 'r tct[ ,  l t l  krr l  inc scr ' lu i l tcr,  u,hererrs ior l i r le,
the  re t lucer l  spec ics ,  i s  in  r r  n rc t i l s t r t l ) l c  s t i r re . ' l ' herc  i s
cons i r le  r r t l r le  v r t r i r r t ion  o f  thc  I  / l (  ) ,  r : r t io  ' , v i th  r l cp th
u  i th  I  cnr ichc t l  in  sLr r f r tcc  \ r , i t t c rs  . . r r r r l  t l cp le  rc t l  rn
t l ceper '  \ \ : l t c ls .  

' l ' hc rc  
i s  r t l s< l  cons i r le r r r l r le  eeogr . . rph ic

r ' : t r i : t t ion  o f  t l t c  I  / l ( ) ,  r r r t io  w i th  u , i l t c rs  f ro r r r  thc  shr t l -
lou  e  r  i r rncr  she  l f  r r rc : rs  cont r r in in r - l  r r ro rc  io r l i r le  th : rn  the
t lcepe r  r r r i t l - shc l f  \ \ ' r l t c rs .  

' l ' hc  
convcrs ion  o f  I ( ) ,  to  I

i s  thoLrqht  to  l rc  t luc  to  b io log ic : r l  r rc t i r , i t r ' ,  u  i th  thc
e l rzvnre  n i t r r i te  rc t luc t t rse  i rn l t l i c : r tc r l  in  thc  re r rc t i ( )n .
' [ ' hc  

inc rer tsc t l  io t l i c l c  i r r  r r r r ' f , rc . . , rn t l  shr r l lou  she l f  l v r r tc rs
is  thus  thouqht  to  l re  t lue  to  thc  h ieh  b io log ic i l l  r l c t i v i t y
in  these zoncs .  I  louever .  i t  i s  toss ib le  th r r t  sornc  r r l r io -
loq ic r r l  t t rechr r r . r i snrs  n r iqhr  r r l s , i  l r c  i r r r ' , , l v r t l  in  thc  c< l r . r -
vc rs io r . r  o f  i< l t l l te  to  io t l i t le .  ( )ncc  f i r r rncc l ,  io t l i r le  i s  < ln l l
s lou lv  le -o r i t l i ze r l  to  io rL r te  ( \ \ i rne ,  l99  l ) .

I t  h : rs  long l leen  suggester l  th r r t  sornc  io r l ine  in
setl \ \ ' t t tcr is prescnt i ts tn <trgltnic phase, l trr t l  recentlV i t
hrrs been f inrnt l  thrrt  in sonre co..tst lr l  \ \ ' r l tcrs cl issolr.ct l
orqrtnic iot l ine crr- l  c()nst i tute up to J0'/ ,  of the totrr l
iot l i r .rc content (\ \ i rne & Ohcng', l99tl) .  . \ l rhouq-h
\\ irns (199 I) l -rrs int l icetet l  thrrt  f 'elv speci l ic orq..rr.ro-
iodine cornpounrls have been idcnti f ied in sei l \ \ ' r l ter, one
of  thc  subs t i inccs  ident i t i cd ,  rne thy l  iod ide  ( ( l I I r I ) ,  i s  o f
intcrest t l l rc to i ts volat i l i tv ancl possiblc role irr r l .re
tr irnsfer of iocl ine frorn thc ocerl l ls to the i tntosohere.
Li i ' r-clock et l l .  (197-i) u'ere thc f irst resc,rr-cher, t , . ,
detect nret lr i ' l  iodide in sea$'ater. This compound cln
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l le fbrmetl both bicl log' icrr lh, bv serruecrls ,rncl phvto-
p lank ton ,  anc l  bv  photochern ica l  re lc t ions .  u i th  the
l ikel ihood thet chernical f i rrrrr i t t ion of lnethl l  iot l i t le is
rnorc  in rpor tan t  in  the  open ( )ceen.  Rece n t lv  i t  h r rs  beer r
fbuncl that nrethyl iocl ide is ()\ 'ersrl tr tr i l ter l  in surf i tce
ocean \\ 'aters (Moore & ( irosko, 1()99).

' l ' hc  
s t rong enr ichrncnt  o f  ioc l ine  in  n r r t r i r re  ( )1 l . r ln -

i s rns  hrs  long l rcen  recogn ized u ' i th  ( l ru r to is  t l i scover -
ing t l .rc clenrent in t lre broun rt lql  I  i . rr l ivr lo.r 'a.r.  Since
tl-rat t inrc lrror,r ' r-r algrre hltvc lreen shori n to stronrl ' i \ .  con-
centr ir tc iodine u, i th arr cnrichntent f : tctor of ir lqrr/serr-
rva ter  h r rv ing  l l ccn  es t in r r r te  r l  r rs  bc in r l 'o r  e  r  - l l , (XX)  (1 , 'uee

& Johnson, I9t36). r\ l thr lrgh conccntrrrt ion trrctors f irr
red  r tn r l  q reen a lg le  t rc  loucr ,  thcy  r r rc  s t i l l  cnr . i chc t l  i r r
io t l ine .  I )hv to l t lank ton  : r l so  c (  ) l t cen t r r l tes  io t l ine .

I t  i s  gcncml lv  he  l r l  th i r t  thc  io t l i t le  ion  is  p re  te  rcnr i r r l l r
incorpor r r tc t l  in to  thc  r l rg r rn is rns ;  houerer .  i t  h r rs  l recn
r lcnrons t r r tc t l  th l t  [ rhy to l l l r rnk t r )n  c r l l r  t r rke  in  io r l r r tc
( , \ ' l o is : rn  c t  r r l . ,  199- l ) .  \ \ ' h r r tcve  r  rhc  n tcc l t r r r r i s r r r  o f
rup t . rke  ,  thcse  nr : r r inc  o rq : rn isnrs  p l : rv  r rn  in r lx ) r t : l l r t  r ( ) le
in  t r r rns f i r r rn r r t ion  o f  io r l ine  spcc ics  ru r t l  r r l t i r r r r r tc l r  in  i t s
t r l rns fc r  f i - r l r r r  thc  0ccr rn ic  e r r r  i |onr r rc r r t  t ( )  thc  x t l i l ( ) -
sphcre .  l t  h : rs  l rccn  t len t t l l r s t r r r tc r l  th r r t  t l rq - r rnO- iOt l inc
conrl ' lounrls l trc rclcirsct l  f l -orrr l rrou rr se:ru cerls l tnt l  this
cor r l t l  r cprescnt  r l  s ( ) r l rcc  o f  : r t r r ros l t l te r i c  io t l ine  .

C. 
'fransf-er 

of Iodinc Fr<lm the trIarinc to
'Ibrrestrial 

E,nvironment Vi:r the Atrnospherc

Ior l ine hrrs l tccn shourr  to  l lc  conccntr : r te t l  in  t l te  t t tn to-
spl re rc .  

' l 'h is  
r r t rnol th i lc  l lchrrv ior  is  the l t ) ( )s t  in t l ) (  ) r . r r lnr

l ) i l r t  ( ) f  i ts  geochcnt ic , r l  cvc le ,  u  i rh the t r r rnsfe r  of  io t l ine
frorr r  thc occt l l ts  to  the r t t r r tos l the re t r l t i r r r r r tc l r  gor  cr - r r -
ing i ts  c l is t r ibr r t ion in  thc tcr rcst r i r r l  cr rv i ronnrent .

' l -he 
rnecharr isrn of  t r r tnsfcr  of  io t l inc f l 'onr  thc ( )cer lns

t() thc rlt l l toslt ltcrc htrs l lccrr tr sLrIl jcct of sonrr rle lrrrtc.
Unr loul t te t l l r /  so lnc ior l inc is  t r : tns lerrer l  to  t l te  r r tn to-
sphere i ls  ser l$, r l tcr  sprr r t .  I  Iouever,  i t  l r : rs  l reen shor i r r
thrr t  t l - rc  r l l l tou l t t  o f  i< l r l inc re l r t t ivc to chlor i r re in  the
atrnospherc is  ser ,era l  hunt l rer l  t i r r re s  th: r t  in  se : rs  i r tcr .
. \ l though sorne of  thc io t l ine rs  l ikc l r  to  l re  in  r rer .osols,
i t  has i r lso l lcen shou n thrr t  r r  I r r l r lc  1, . . , ' . . , r tag"  of  r i t r r ro-
spher ic  ioc l ine is  i r r  r  g lseous f i r r r r r  ( l )ucc et  r r l . .  197. i ) .' l 'herefbrc,  

the nta jor  r r rechrrn isr r r  of  io t l inc t r r rnsfer
nrust rcllect prcftrentirrl volrrt i l iz:rt ion of se..i\\ 'rttcr
ioclir"re into tl.re atlnosphere.

The ioclide ior.r crrn l)e convcrte(l to elenrcr.rt:rl iotl ine
(I1) bv photocherrric..rl oxirlation, rrntl this hrrs bcen pro-
posetl as rr rtrechanisnr fi lr voladlizrrtion of iorl inc fl-onr
the riceans. ,\ ' Ir lre recentll '  i t hrrs been lrrolrosccl thrrt ],
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(ancl possiblv HOl) could tre proc{uced at the sea surfirce
frrln'r <lxidatior.r of iotl ide bv such species as ozone anc{
tritroqen dioxicle ((iarland & C)urtis, 1981; Fleurnann
et al., 19ti7). I lolr 'ever, soure u'rlrkers have sugq-ested
that  vo lat i l izar ion of  e lenrent i r l  iod ine is  not  l ike lv  to be
ir rnrrjor sorlrce of transf-er of iodine from thc occilr ls
to the Jt lnosphere.

As rrrethr-l iorl ide has becn for.rncl to occur in tl.re
surfrrce \\ ' i l ters <lf the sea lncl as this conrnotrntl is
volati le, it coulrl rel)resent a signil icrnt source ()f itt lno-
spl.reric ioclinc. \ irshida rtrrrl ' \{rrrarnatsu (1995) founrl
that on thc -f lplnese corlst 907o of atrnospheric iodinc
is  gaseous rv i th  orqrn ic : r l ly  b<mnt l  iod ine : rs  the < lorr r i -
nant  specics.  In  at l t l i t ion,  ( l lb ler  i rnd Flcurnann (199 1)
f i runcl  th l t  orgrrn ica l l t ' l rounr l  ioc l ine is  thc nrost
abunt l rnt  species of  i< l t l ine i r r  l . )ur< lpearr  a i r .  I l r  the
rtlnosphere nrethvl iotl i t le is broken rlown rrncl hrrs ln
cstinri ite(l l i fctirnc of rrl lout f ive rl irvs (Zthrou, l()71).

\\ 'hcrerrs seve rrrl r lutltors Ita,u'e sutl '1l 'cstetI t lrat l l tcth\ I
iotl i t le is the tlonrinlnt f irrrrr of iorl inc relerrserl f l-onr tl.re
ocerlns, it se enrs l ikclv th'.rt there rrrc scvcrul rrrcchirnisrns
of tr '.tnsfcr of iotl irrc f r<lrtr the ()ccrlns t<l the atnrosnhe rc
rrrrt l ult irrrrrtelv to thc lrtntlnrrtsses. I. 'roln stutl ic's in
,.\ntrrrcticrr, I Icurn'.rrrrr e t rrl. ( | 990) suggcste rl t l .rrrt t lrrring
short rl istrrnce tr 'Jnsl)()rt intO c<last:rl ttrcrrs iotl ine is
crrrrierl :rs 11, I l l , rrntl seil sl)rl l \, ' ;  f irr lorrg rl istrrncc tr:rns-
pol t  Ol  I , l  is  responsib le.  

' l 'hc 
res i r lcncc t i rnc of  i r ror-

grrnic ioc[inc i lt t l te i l tnt()sphcre h:rs ltecn cstirrrirterl to
bc l0  r l . r ls  ( l l r rhn et  . r1. ,  1976;  ( lhr rnrc i t lcs & I ) r rv is ,
l9 l i0)  ln t l  the tot r i l  res ic lcncc t i rne of  ior l inc l . r r rs  l leen
cst in l i r tc( l  to  l rc  15 t l i rvs (Kochcr ,  l9 t3 l ) .

Io t l ine is  t r : rnsfcrrc t l  f rorr r  t l rc  l tnros l rhe rc  to thc tcr -
rcst r i . r l  envi ror- rnrent  l r t '  u  cr  r rnt l  t l rv  t le  posi t i , rn .  ( )n the
brrsis of the nrrrrir.rc origirr of irt lnoslthcric iocline it rniq'ltt
be cxPcctetl th.rt clcPosition slroultl l le hiqhcst .. lt the
cotst .tnrl t lecre:rsc inlrrntl. Hou'evcr, l i terltture rlrrt l rrre
l i rn i tc t l  or l  thc io t l inc content  of  r l in  f iorn cols t l l  r rnt l
irrlend locrrtior-rs. Scver,rl r.r 'orkers hlve ttuoterl rl..rtrr f i lr
t l .re iodine c()ntent of r '.r irrt ir l l  in thc LII{. rhe u,hole of
ul.ricl.r hrrs i l  str()nq lnrrrit inre inlluerrcc. (]enerrrl lv thc
srr t t tp les ucre f i l r r r t l  to  cont ' ; r in : r rouncl  2FgL'  ioc l ine
lvith sonre higher r':r lues (up to 5prgL r) recrlnlecl in
coirstrrl r ' .r infir l l . It l .ras l lcen showr.r t l 'rat rair.r collectctl
f ir lnr irr.r upl.rnrl rrre:r l2 knr inl:rnd from the nricl-\\ 'rr lcs
cortst cotrtainetl over three tirnes as nruch iodir-rc rrs rrrin-
frrl l  frrlrn ti i- lkrn inlrrrrcl. Nthouc-h some snrrl ies of ioc[ine
contents of rl inf:rl l  har c t,ri letl to rlcnx)nstrate signifi-
crr-rt lr. higher vit lues in corrstal rain, :rnalyses of rainfrrl l
fronr tl.re continentirl Unitecl States (Missouri) shou'ecl
ioc l i t re  contents of  < l .0peL ' ,  and i t  does seenr l ike lv
fronr the l inritecl data thet the iodine contenr of rain is
influencecl bv its trroximitv to the oceans.

The fbrm of iodinc in rainfrrl l  has been thc subject
of rnuch cliscussion. In ger.reral it l-rls bee n sl.rou n
that iodicle is t l-re n.rost coll- lnron firrnr of iorl inc ir.r rain
rnakine up over 50'% of rainfall ioclir.re, ancl thc iodatc
ion is the second nrajor conrponent. It hrrs als<r
been der.nonstrated that the i<trl lrc content of rainfl l]
clecreirses inland u.ith iodirle contcnt shori ' irrq a prrrallel
increase. In vier,r, of thc l ikelt, inrportrrnce of orglnically
lround firrrtrs ir.r atrnosltheric tr: lnsl)ort of iotl ine, it
r.r '<lulrl seen.r l ikelv thrt sonre iodinc in rain shoultl be
present :rs organo-iorl ine, witlr irr-r clrlt stu(lv suggest-
i t rs  as nruch ls  40 '2,  is  orsxnic: l l lv  l rourr t l  ( l )can,  l9( r .1) .
Hor'r 'er.er, rnore recentlt ' , <lr-rlv sln..t l l  lrrrounts of "non-

ionic"  r l issolved iodi r rc  hrrve been f i runr [  to  ( ]ccur  r r
.f .tprnese rain; ioclide rrnrl ioclate l lrc thc rlorninrrrrt f irrrns
( ' lhkrg i  et  a l . ,  199-1) .  I t  sccnrs l ikc lv  rhr l r  rurv r l rnro-
sptreric nrethyl iorl ir le is corrvcrtctl to inorg.lnic firrrns
llcfi lre deposition.

Drr '< leposi t ion of  io t l ine coul t l  l le  an i rn l )or t iur r  t r . . lns-
fcr rrrechirnisnr f irr iotl ine flr lrn the ..rtnr<lsnhere to the
lirntl surfrrce. I, 'cu, stutl ics hrrvc rrtterrr ptctl to q u:rnti f\ '  thc
ilnrount of iorl inc tlcpositerl on l. lrrt l srrrf irces lrr rln
cleposition. 

-l 'hose 
sttrt l ies sugg'cst th..rt t lrv t lcposition

irr ttrrtrine influencctl lrers is rr signific..rnt sourcc of
te rrestri lr l iorl ine. IJou,cvcr, the re is l)() rlqrecrtrcnt on
the re l r t t i r . 'c  inr l ) ( ) r tJncc of  uct  : rnt l  t l rv  t le l los i t ion,  : rnr l
l i tt le is krror,l 'n u'ith rcgrrrtl to the rlurrntit ies of iotl ine in
rlrv cle position in arc'.rs rcnr()tc frorr thc se rr.

I I I .  I o D I N E  G E o c H E M I S T R Y  O F  S o I L S

'l 'here 
is rt c<lnsit[er'.rblc b<ltlv of rlrrtrr t i lr iorl ine in soils

and this shows rr verl '  lrrorrrl r lnq'c of conccntrrlt ions
f i < l n  <0 .1 -1 -50 rneke ' .  

' l ' he  
i o r l i r r c  c< ln ten r  o f  so i l s  i s

gcnerallt consirlerull lv hiehcr than the rocks fl-onr
u'hich thev rlerive. ,\ ' Iost gcochellt ists rlq'rec tltxt the
nrr t j< l r i t r ,< l f  the io t l i r . rc  in  soi ls  is  t lc l i r lc . l  f l 'or r r  the
atnrosphere ' . rnr l  u l t i rnate lv  the r r r l r ine enr i lonrr rcnt .
TIre pr<lxinritv of rtn eret to tltc sel therefirrc is l ikelv
to excrt a strong'inflr,rence olt t l)c i<lrl ine conte nt ,,f s,ri ls
in tl.r lt area. This alsrl results in considerirblc geoqraphic
varilt ion of soil iocline content. The othcr lnllx)rrAnr
feanrre of soil iocline g;eochcnristrv is t l.rc frrcr thrrt thc
elenrent c'.rn become strongly rrclsorbecl lrt vrrrious soil
colnponents, and thus its conccntratior-r rrncl l lel-ravior
in soils is going to clcpend or.r soil corlrposirion. In this
respect the nature of the cclrrrpositir ln clf the soil l) i lrent
rr.raterial indirectly exerts a strong inlluence on the
iodine chernistrv of the scli l . Thc iorl ine qeocherrristn'

&



of soils t lren can be surnmarized as i lependent on the
quantit\- of iodine suppliecl coupled r.r ' i th the soil 's abil in.
to retirir.r this iocline.

A. Factors Influencing the
Supply of Iodine to Soils

lt hrrs qeltcrallv lteen suggestcd that soils in close prox-
i rn i t r . to  the corrst  r r re l ikc lv  to be enr iched in i , rd inc u. i th
those frrr renrovecl from the corrst t lcpletctl of iocline
( ( i , r l t l s c l r r r r i t l r ,  l ( ) 5 - l )  ( s re  r r l so  

' l i r l r l c  
l l ) .  I  I ou . c re r ,  i r r

sonrc cilscs such a relrrt ionsl-rip is not <llx,ious arrd
sorrrc l lorkcrs have firuncl no corrcllt ion betn,eelr iorl ine
rurrl cl istrrncc frrlrrr the sca. l 'his hls lcrl sorne u.<lrkcrs
to su!l 'gcst t lt lrt rrrarine inlluence cxtelt(ls rr consiclcralt lc
c l is t r rnce in larr t l .  \ \ 'h i tehcad ( I9 iJ4) ,  f i r r  i r . rsrance,  sug-
qcsterl thrrt rrl l  soils f l-olrr the UK irrc rrf lectc,l l ,r,rh"
str()ng rrrirrit irrrc irrl]uencc ovcr the u,lrole cotrntrv rrnrl
th l t  Iou ior l inc soi ls  u,oul t l  on ly  be f i lunt l  in  rhc n i i t l . . l l , , :
o f  cont i r - rcnt l l  r t re; rs .  

' l i r  
s< l r r rc  extent  th is  is  t r t re,  l l t r t  i t

is perhrrlts l)crti l tcltt to point out that irr rr soil traverse
frorr r  thc \ \L lsh coi rs t  |20krr r  in lanr l  ( I i ieurc I ) ,  i t  u . : rs
f i runt l  th , r t  sr rnrp lcs f l -orr r  l rcvorr t l  l (X)knr  (13 srr rnples)
con ta inc t l  bc ruecn  2  an t l  . l r r r gkg 'o f  i o t l i ne .  S i r r r i l l r l r , ,
r l [r ' . lve rsc fl 'ortr thc Irish coast showetl thirt soil slrnnles
col lectet l  l le l 'or r t l  l l0  krn i r r l r rnr l  c<lnt r r iner l  bct r l  ccrr  [ .7
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ancl 2.8 rnskg r. These r.:rlucs are nor nruch hiqher thar.r
c(mcentrations in soils front continentrrl UDitecl States
(Thble I I ) .  On th is  basis  i t  is  qui re I ike l r . that  rhe stnrnq
influence of the rnarine cnvrronlrlent rln soil iocline
contents cloes not extcntl verr- frrr inlanrl.

TABLE n .  lod ine  in  Coasta l  and In land So i ls

Somple origin
lodine Content
Ronge Units Meon lJnits Ref

Coastal areas

Nor thwest  5 .4 -16 .6
Norway

Wales | .5- 149
lreland 4.2-54

Inland areas
East Norway 2.8-7.6

Wales/England | .8- 10.5
Missouri,  U. S. 0. l2-5.6
Whole of U. S." <0.5-9.6

Lag & Steinnes
( 1 e 7 6 )

Fuge ( |  996)
Fuge (unpublished)

Lag & Steinnes
(1e76)

Fuge ( |  995)
Fuge ( |  987)
Shacklette &

Boerngen (1984)

9.0

t4 .7
| 4.7

4.4

4.2
t . 3
1 . 2

" lnc ludes some from coastal  local i t ies.
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TABLE I l l .  lod ine  Conten t  o f  Var ious  So i l  Types

Soil type lodine Ronge Units mgkg' Meon ReI

Peats (70% organic matter),  UK

Peats, UK
Peaty tundra soi ls, Russian Plain

Non-peaty  so i l s ,  Russ ian  P la in

l ron- r i ch  so i l s ,  UK

Chalk and l imestone parent material,  UK

Over l imestone, Derbyshire, UK

Over shale, sandstone, and dolomite, Derbyshire' UK

Carbonate-r ich soi ls, Austr ia

Carbonate-free soi ls, Austr ia

Clay parent material,  UK

Sand and sandstone parent material,  UK

River and terrace al luvium parent material,  UK

Marine estuarine al luvium parent material,  UK

Johnson (1980) ;
Fuge & Johnson (1986)

Whi tehead (1984)
V inogradov  (1959)

V inogradov  (1959)
Fuge &Ander  (1998)  and unpub l ished

information
Whi tehead (1984)

Fuge ( |  996)
Fuge ( |  996)
Gerzabe l<  e t  a l .  (1999)

Gerzabek e t  a l .  (1999)

Whi tehead (1984)
Whi tehead (1984)

Whi tehead (1984)
Whi tehead (1984)

28-98

18.7-98.2
0.242
0.3-9.8
7.5 32.5

7.9-2t .8
2.58-26.0
| .88-8.53
t .64  5 .63
t .08 4.80
2.  l -8 .9
1.7-5.4
0.5-7. I
8.8-36.9

56

46.8
t 2 . 0
2.8

t6 .0

|  3.0
8.2

3.44
3.75
2.58
5.2
3 .7
3.8

19.6

' l ' he  
in f l r re  ncc  o f  to l lo t -1 r r t l )h \ '  ( )11  the  io t l i r le  c ( ) l l ce  l l -

t r : l t i ( ) r r  o f  so i l s  i s  u  c l l  i l l i r s t r ' . r te t l  i r l  l " ig t r re  l  .  
' l ' hc

h ig 'hcs t  l r r l t rcs  i t t  thc  t r r tvc rse  occr t r  i t l  so i l s  ov t : r  the

\ \c lsh  . \ lo r r r r t r r i r rs ,  uh ich  r r l l l gc  t l l )  to . l  50r l r  ( ( ) r t l i r r r rncc

I ) r r t r r rn ) .  l r r  ' . r t l t l i t i on ,  se  ve  r r l l  r l f  thc  h ighe r  \ ' : l l l r cs  i l l  t l l e

l r r t te r  h : r l f  o l ' the  t r : t ve t ' sc  ( )cc t l r  o r r  h iq -h  g t 'o t r t t t l .  
' l ' hc

grei l tcr l treci l t i t : t t ior l  thrtt  occttrs ir l  the tr l l l rr l t l  t t t 'c ' . ts

crluses i l  grcrl tcr t leq'rce of $' i tshottt  r l f  r t tr l r t ls l lhcric

io r l inc : r r r t l  l re t rce  , t  h iehcr  i r r l l t r t  o f  io t l ine .  An i l t l t l i t i o r l t r l

trrctor is thrrt  i rr  thc rt t 'c.t  of thc tr i t 'u 'crse, tr l l l r tr l t l  soi ls tentl

to be orgirnic l ich rtrt t l  thtts,trc l l tore i l l ) lc to rctrt i t l  the

inct 'c.tsetl  iotI inc ir t l l t r t  (sce I lclor.r, ' ) .
' l -hc  

coro l l : t r t  o f  u ' . t sho t t t  o f  io t l inc  i r l  t rp l r l r r t l  r t rc r ts  i s

t l .rc lou sul lplv of iot l i r te to r ' . l i l1 shltkln'  i trers l levotlcl .
' l -his 

is q'oitrq- to l te l trrrt icLrl :rr lv l l rotrott l lcet l  in t l .re rrt i r l

shlt lor i  . tre i ts <lf  high tt t t , t t t l t r t i t l  rr l t tqe s sttch rrs the

I I in r r r l r r " . rs  r rn t l  the  . \ lps .

B. Factors Influencing the

Retention of Iodine in Soils

As strrte ( l  errr l ie r stt i l  i r tdine Sleocherlr istrt .  rcf lects l lot l . l

thc inpnt of iodir.re ertt l  thc abi l i tv cl f  the srl i l  to ret l in

i t .  Ihnl f i tctors l .r i rr-c been inlpl icrrtet l  in the leteutic,r. t

of iodir.re in soi l .  Iot l ine is strongly enriched iu orgauic-

r i ch  sc t l i rnc r r ts  r t r t t l  i t  scer t ts  l i kc lv  th i t t  o t l c  o1 ' the  t t los t

in f l r rcn t i i r l  so i l  co t t t l to t te l l t s  \ \ ' i t l l  r cq , i r t l  to  rc te t l t io t t  o l '

i o t l inc  i s  o rgr t t t i c  l t l l t t t c r .  So i l s  r i ch  i l l  o rq ' r t t t i c  l l l : l t t c r : l rc

f r -c t l r rc r r t l v  enr ichc t l  i r t  io t l i r rc  u i th  the  c ( ) l l cc l l t r l l t i ( ) l l  ( )1

io r l i r rc  cor t ' c l r r tc t l  rv i th  thc  co t l te t l t  o f  o rqr t t l i c  l l l i t t t t . l ' .

l ) c . r t t '  so i l s  r l re  l ) r r t i c t r l r t r l v  c r l r i chc t l  i r r  io t l i r re  (see r t l s r r
' l i r t r l c  

l l l ) .

\ \ ' hc rers  o rgr t t t i c  l t l r t t t c l 'h ' . l s  l l ce t l  shor i t l  to  l le  the

rn i r j r l r  cor - t t t ' i l ) t l t ( ) r  t ( )  the  rc te t l t io r l  o f  so i l  io t l i r le  ,  i t  h ' . rs

i r l so  l rce  n  sugqestc t l  th . r t  i ro r t  t i t t t l  : t l t r t l l i n t l t t t  o r i t les  l l l r t v
ru r  i rn l ) ( ) r t i l r ) t  ro le  in  so i l  io t l i r te  re te l l t i ( )11  ( \ \ 'h i t chcr r t l ,

197- t ) .  \ \ ' i th  rcqar t l  to  i ro t t  o r i t l c  i t  i s  t ro te  u  o r th r  th r l t

the u eatherct l  surfrtces of irotr l l letcori tes h. ivc lrce l l

f i runc l  to  l te  s t ro r tg l l '  c r l r i che t l  in  io t l inc  ( l le t r l t r r tn t l

e t  r l . ,  1990) .  L r  a t ld i t io r t ,  i t  h r rs  l lec l l  t in r r l t l  th r t t  io t l inc

is  c< lncent ra te t l  in  i ron- r i ch  so i l s  ( - l r l l r le  I I I ) .  l r l  the  c r tse

of rr luttr inntn oxicle, i t  hls l tcert t lettr t l trstr, t tet l  i r l  e r l le r-

inrental $'ork with l tot l ' r  elurrt ir l r tr l t  r tr t l  i rot l  or i t les thi l t

s ( ) rp t i ( )n  < l f  i r l t l i c le  l t v  r t lu t t l i t r r t t l r  o r i t le  i s  s i r r r i l . r r  t t r

t l -rat bv irorr oxit lc (\ \rhiteheatl ,  197-l).  
' l 'he 

sorl)t ior l  of

ior l iclc bv rr lut.ninutrt  ancl irot. t  t lx i t les is stronq' l t ' t lel le nd-

ent on srlr l  pH u' i th s<lrpt ir lr l  qrerl test ir l  rrci t l  cot l t l i t iot-ts,

uhich is tr 'pical of aniot.t  r tclsorl l t ion. I t  hzts r lso l lcerr

shori ' r .r  that iodate wil l  be strol lglv sr lr l let l  ln rt l l t t l l i r l t r t l l

encl iron oxides; horvcver, this i t l r l  is tr<lt  sorlrcd l lv

orqi l l l lc rnatter.
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carbonate rocks. In such soils, ri 'hich q.encr-rrl lr. hrrre
r lka l ine or  c i rcurn-neutra l  p l  I  v i r lues,  ioc l ine contents
arc generr l lv  e lcvatec l .  

' lh is  
associ r r t i< ln of  io t l ine u i th

crrbclnate l lednlcks is pirrt icul arl i. rvc I I i  I I ustr..rrerl u.her.r
courpar int r  the iodine content  of  so i ls  over l l  inq.  l inre-
st< lne u, ' i th  neighl lor ing soi ls  over l r . inq.  r ron- l i rncstorrc
litholoqics ':rs i l lustratecl f irr thc I)e rlrr.shire rrrea oI rhe
U.K.  (Tr l t le  I I I ) .  As inr i l r l  re l r r t i , r r rsh i1 ' ,  1 , , , '  1 , " .n t lenron-
str'.rted fi lr carllonlte-r' ich r "rr,,. ,r,,r l-.,rr. lronrrtc soils
fnrrn , {ust r ia  ( ( icrzabck et  r r l . ,  l9( )9)  (scc ' lh l r le  

I I I ) .  I t
hr ts  been shou,n that  thc soi ls  ove r l r . i r rq.  l inre stonc hrve
cl is t inct lv  h ie l rer  io t l inc c()ntcnts r r r r t l  hence h,rvc r r  h ig l r
f i r : t t  i o t t  l ) (  ) l cn t  i : r l .

\ \hcrcrrs  soi ls  tkr  not  nornrr r l l r .  t ler ive rnuch iot l i r rc
f l 'orn thei r  p.Jrent  rn l ter i r r ls ,  , r  hc ic  thc l ) r l t .cnt  r r r i r rcr i r r l
is  sedinrent  of  f i r r r l t ,  rccc l r r  n l i lnnc , r r - ig i r r  : r r r t l  l ikc l r  to
be iot l ine-r ich,  thc soi ls  t lcr ivcr l  corr l r l  i r r l rcr i t  sonre o l '
t l re i r  ior l inc f l 'orn the pr t rentr r l  s( )urcc ( ' l i l r lc  I I I ) .  In
r r tk l i t ion,  i t  is  l ikc lv  thr t t  so i ls  rcccnr lv  inr rnt l r r tc t l  l r l
I t t l t t ' i t t e  i n c t t t ' s i o t t s  o t '  l l l o s c  l  l t : l t  o t . t . t r r -  , , r r . . r .  r . . .  l , t i r r r . , l

I r ta r inc  : r rc r rs  u . ' i l l  l l c  h iq 'h  in  io t l ine .
. ' \ s  io r l i r rc  i s  { . l cncr r l l l t '  s t r ( )n { l l v  sor . l re t l  u  i th in  so i l s ,

r  c rv  l i t t le  i s  in  ' l  u . ' r r t c r -so l r r l r le  f i r r r r r .  \ i r r . ious  rcsc , r rche rs
h . rvc  f i ru r r t l  th r r t  r rp  t< t  25" / , ,  i s  in  i r  so lu l r le  l i r r r r  l  i th  the
u r r te  r -so lu l l l c  c ( ) l t t cn t  o f  thc  r r r r r  jo r in .  o f  so i l s  l te  inq .  l css
th :u r  10" / '  ( f  ohnson,  l9U0) .  In  n r ( )s r  h iq .h - io t l inc ,
< l rq 'an ic - r i ch  so i l s  u  r r tc r -so lu l l l c  io r l inc  r rccoLrn ts  f i r r -
n ruc l r  l css  th : rn  l0 '2 ,  o l ' t l te  to t r r l .  . \ lo re  re  ccn t l r ' .  r r  s tu t l v
<r f  ( i c r r r r r rn  s< l i l s  rcvcr r l c r l  th : r t  l . j  9 .7" / , ,  o i  the  i , r , l i ne
\ \ ' l l s  \ \ ' l l t c r  s o l r r l l l c ;  h o u c v e r ,  i n  t h e  s l u n c  s o i l s l : ' ' 1 .
rccent lV  r r t l r l c r l  i ' o rn  r r  r r t rc le r r r  re l t roccss inq .  l t l r tn t ,  u r rs
c o n s i t l c r ' : t l r l r  r n , , r ' e  s o l r r l r l e  ( l  1 . 7  + 8 . ; ' , ? , ) .  

' l ' h r s  
s u q . q . c s r s

th r t t  n r tL r r r r l  io t l inc  h i r r l  l reconre  s t rong lv  l ro rur , l  th i - , ,uq . l r
t i rnc  (Sc l r rn i tz .  &  , , \u r r r r r r rn ,  l ( ) ( ) - l ) .  l i o r  r r ros t  so i l s  i t  c : r r r
bc  conf i r l c r r t l v  p rc t l i c tc t l  th : r t  r i  r r te  r -so l r r l r le  io t l ine  u  i l l
: i ccount  f i r r  o r r lV  r r  s r r r r r l l  l )e rce l t t r l { . l c  o1 ' t l te  to t r r l ,  l rL r t  in
r t r i r l  r t rees  i r l k r r l inc  so i l s  r r re  l i kc l r  to  cont r in  l r ro rc  c le -
v r l t c ( l  ' Jn rou l t ts  o f  u  i r te  r -so l r r l r le  io t l ine  .

\ \ ' herer rs  ioc l inc  sor l rc t l  i r r  so i l s  i s  gene r - r r l l r  s t r -ong lv
he ld  rn t l  i s  no t  c r ts i l y  t lesor l le t l ,  i t  h r rs  l rcen  s r rq .q .es te( l
th r r t  io t l ine  is  s t ronq l l  r l cso l l l c t l  i r r  u  r r tc r loq-q .e t l  so i l s .' l -hus  

Yu i t i t  c t  a l .  ( I99  I )  t l cn to l r ' t r i l t t : ( l  th i l r  r r r i t i c r  l loor l -
ing ,  r rn t l  thc  res t r l t r rn t  re i luc ing  cont l i r ions ,  l - .1  t in res  r rs
r r ruch  io r l inc  i s  so lu l l i l i z .e t l  f io rn  so i l s  r rs  in  t l r r . ,  o . r i t l i z -
ing  c r lnd i t i< l r . rs .  Such lv r t te r logqc t l ,  r . c t luc ing  cont l i t ions
'.rrc f l l t ical <lf  r icc p:rdrl ies irnt l  stronq. t lesorption of
io r l ine  has  becn f i l rnd  t ( )  ( )ccur  in  thcsc  so i l s
( I Iu r ' r rn ra tsu  e t  a l . ,  199( r ) .  S i r r r i l r r l r  lou  l r rn r l  - [ r rp r rncse
so i l s  r re  lou ' in  io r l ine .  I t  i s  sLrg-ges te t l  th , r t  t l t i s  i s  t lL re ,
in prrrt ,  to f lo<lding rnt l  clesorption f l .orn the rerlucinq-
concl i t ions occlsionctl  l ry nriclobirr l  rct ivi t \ '  ( . \  lurrrnrir tsu
& \? rsh ida .  1999) .
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todine Fixat ion Potent ia l

F IGURE 2  A  s imp l i f i ed  mode l  f o r  i od i ne  con ren t  o f  so i l s
based on supply and f ixat ion porent ia l .  (Modi f ied f rom Fuge &

Johnson ,  I  986 . )

( , l r ry  r r r inerr r ls  h, rvc l recrr  thought  to l le  i r r ro lver l  in
l 'e tent ion of  so i l  ior l inc u, ' i th  thc srrggesf i ( )n t l t i i t  the
s() r l ) t i ( ) l t  o f  io t l inc to c l ins is  r r lso 1t l  I r lepcrr r lent  ( l ) r . is tcr -
c t  r r l . ,  l  9 ;7) .  I  Iou cvcr ,  i t  is  gcncr i t l lv  he l r l  t l t r r t  c l r r l  r r r i r . r -
er : t ls  t rc  lc l : t t ivc lv  t r r r i r r rpor t r rnt  in  soi l  io t l ine r .c tent i ( )u,
u i th  orqrrn ic  l l l i l t tcr  . .u t t l  r r l t r rn inurr r  r rnt l  i t .or t  or i t les
pnrv i r l inq-  the l lu lk  o i  the rc tcrr t i r ,e  crrpr tc i t t  o f  so i ls .' l 'hc 

r rb i l i t r  o f  so i l  ro  ret . . r in  io t l ine hrrs l lcen crr l le t [  rhe
iot l ine t i r : r t ion lx) tcnt i ; t l  ( lFI r )  l ry  I , ' t rgc , r r r t l  . fohrrson
(19u6).  ' l 'hr rs  

soi ls  thrr t  r r rc  r ich in  ( ) l rc  or  nrore of
orq'iuric lnlltter, iror-r orit lcs, lrnrl lt lurrrir-rLrrrr oxir[es lre
like lr to hrtvc rr hig'h 11t1,, w'herels rlrosc u ith krl
r lnr ( )unts 0f  the r t r r r  jor -  l i - r l t ion c() l l l l )o l )e l t ts  h lVe r r  l< l r r
IFI )  ( l i iq 'ure l ) .

\ \ 'herc i rs  l i t t le  ior l inc is  t ler ivet l  f l -< lnr  thc \ \ 'e i t ther ing
of betlnrck, the lt itrcnt rrrrttcrial go\,.t:nts the ti pc <lf soil
f irrrrrctl. ]rr this c()ntcrt, the l ledrock crn ererr rl srrolrrl.
in l lLre nce ( )n the ioc l ine retcnt i ( )n crrpr tc i tv  of  so i ls  (Ttb le
I I I ) .  

' l 'hus 
in  the cr tsc of  so i ls  r ler iver l  f i -onr  s lnc l - r ic l . r

prrrent rnrrterirrl, iocline c()ntcltts te ncl to ltc lorv irs t l-re
sr tnt lv  so i ls  dcr ivet l  rv i l l  hu,e l i t t le  abi l i tv  ro r r . lp  ioc l ine.
A prrrticulirrlv intercsting l itholoc-ic:l l  contr-ol on the
iotl ine contellt of soils occurs ir-r . lreas untlerlein bv
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C. Chemical Form of Iodine in Soils

As outl ir-recl in the previous section <lf this chapter, in

most soils ioclir.re is stronslv bouncl to organic l lr ltter

:rncl iron ancl alurniuttnt oxicles. Hor,l 'eveq it is of inter-

est to establish the firnl of the soluble or easil.v leachecl

ioclinc ir.r soils rs this is dre fr:rction which shor.rld bc

olant evailall le. Sever:rl ar.rthors l.rave fbuncl that the

iclclir le ion is the dorniltr l l tt fortrl of soluble soil iotl ine

in aciclic s<ti ls, prrrticularly in wetcrlogsed srl i ls.

However, in dn', oxirl izirrg conclit ior.rs iotlate u'ls fbtrncl

to be thc dottritrrrt.tt f irrtn of s<tluble ioclir le. The tlorrl i-

n :urce of  iod i t lc  i r r  r rc ic l ic  s t l i ls ,  wi th i< lc l t te  d, r t l r inr t i t tg

irr alkll irre soils, cletttonstrates the irlportance of pH in

sovertrinq the firrrn of soltrblc iotl inc. However, Eh u'i l l
' .r ls<l exert ln i l trp<lrtitt-tt cotrtrol on the fi lrnl <lf s<li l

iotl inc. It hrrs '.r lso been tlettronstrrlted thlt I '-e" ,tntl

S()+r retlucit.tg l lrrcteria firttnd in soils rlre crrprl l l le of

rer luc i r rq ioc l r t te  to io t l ide (Oouncel l  c t  r r l . ,  1997).

I)espite sottte cottf l ictinq' eviderrcc i l.r the l itcrrrttrre,

fnlrn the Irh-pl I t l irgrrtlrr f irr iotl ine (l"iutrre -3), it seetrls

l ikc lv  th l t  in  r rc i t l  so i ls  so l t r l t lc  i t l t l inc wi l l  l l rc t lor r r inr t te
as iodi t le ,  uhcrer ts  in  e lka l ine soi ls  io t l ' . r te  wi l l  be t lorn i -

nrlnt. As rvil l  bc tl isctrssctl l.rtcr, this is i l l lp()rtrt l l t $ he I1

S o t r - s  e r n  l o o t ^ . - e  D r r l t : t r x c v
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I
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Eh-pH diagram for iodine. (Modif ied from Vinogradov

consic ler ing the b ioavai labi l iw end possi l l le  r  o l r t i l in '  o f

soil iodine.

D. Volatilization of Soil Iodine

\rr lat i l izat ion clf  iocl ine fronr srl i ls rts iot l i r tc grts h' .rs lr lng

been sug{ested to l le au i l t tportrrt l t  l )r()ctr\s ir l  the iodine

ct 'cle. Not al l  authors ' .rgrce on the deqrec of r 'olrt i l iz.rr-

t ion clf  iodine f ionr soi ls, but i t  is genert l lv str{ l 'gcsted

that i ts r"olrrt i l izat iorr is si t l - l t i f icant. I t  seel l ts l ikelv f l ' t l rn

considemtion of d're Eh-pl I  diagrl tn f irr  iodine ( l" iqure

-3), t l rrrt  i r .r  oxicl izir .r l4 cortdit iorrs iot l inc gas is t lui te l ikclt

f i r r r r re r l  f ro rn  io t l ide  in  ac id  s r l i l s .  Pere l ' r r l r r r l  (1977)  h . l s

rr lso sugglesterl  thl t  the Fe t '  atrt l  , \ ' l l t+'  i<lns cotr l t l  or i t l iz.e

iod i r le  under  bo th  ac i t l  a r r t l  a lk r r l i r re  co t l t l i t i o t ts .

In rrt l r l i t ion to the l)ossi l) le 'u'ol ir t i l iz.rrt iol l  of qrtseotrs

elen)entJl iot l inc f i<lrn soi ls. scverrt l  \ \ 'orkers hrtvc t lcl t t-

onstr ir tc( l  that soi l  iot l i l rc cr l tr  l rc volrt t i l iz.et l  : ls l l rcthvl

iodir le, l)r lr t icultr lv t t tr t lcr u'rt ter logrl 'et l  i l t l t l  rct l trci t t t l '

contl i t ions. I ' -urther, i t  hrts lrcen strgqcste<l thrrt  volrr-

t i l izrrt iorr of rnethl ' l  i<l t l i t lc frr lr l l  the rvrttcr logge t l  soi ls

rnirt '  l rc i t  cotrtr i l rutory ci l trsc of the lorv iot l i t rc cotl te t t ts
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of louland soils in Japan (Murarnrltsu & \?rshicla,
t999).

Therefirre. it seerns that volati l ization of iocline fronr
soils is qtrite l ikelv l lnd as such coulcl pllt ' l  ven' inrpor-
tant rolc in thc iocline cvcle irncl the transf-er of iodine
into the biosphcrc. F-ugc (1996) has sussested tl-rat onlv
';r relativclv srnll l  proportion of ioclir-re derir,ed frorn the
rnrrrine crrvironrncrrt is trnnsportecl into centri l l  conti-
nental reqions ancl regions l icncrallv renrotc fronr the
seil. S()nre of the iorl ir-rc that occurs in envir<lnrnents
fitr rcttrovctl f ronr nrarit-rc influetrce cotrlcl l-rrrr. 'e l leer-r
r 'olrrt i l iz.eil fronr soils, with i<lcline clepositetl r ln lrrnd bv
\\ 'e t JIr(l r ln' pre cipitrrt i<n beitrg sr-rl lsequentlv re-
vol r r t i l izec l  enr ich inq the ' : r t rnosphere in  iod ine.  Sucl . r
precipit irt iorr'.trrt l re-r'olitt i l  ization cotrlrl occur sevcrrtl
t i rnes resrr l t inq in  iod ine rn ig ' r r r t in t  "s tcpu. isc"  in lanr l .  In
soils uhere iorl ine is strorrgly bourrtl, such rts orgr'u't ic-
rich soils, it is l ikcly thrrt iorl irrc is rrot ru.' ir iLrblc firr rc-
volrti l iz;rt ion. 

' l-his 
coulrl l .rrrve rr rletrirnclrt ir l ef-fect on

the loc i r l  ior l inc cvc le by r lcpr iv ine p l r rnts  < l f  i l  p( ) tcnt i r r l
s( )urct :  o f  io t l inc (scc Scct ion l \ ) .  I t  is  r r lso i r r r l lor tant  to
notc th i r t  vo l : r t i l iz . i r t ion is  going to l rc  r lepenclcrr t  < ln
l roth I rh i rnr l  p l  l ,  u , i th  vol r r t i l iz r r t ion unclcr  r r lkr r l inc
oxi r l iz inr l  conr l i t ions verv t rn l ike l t ' ,  wl r ich is  a l loss ib lc
cx l l l r rnr t t ior r  f i r r  thc c ler" r r tet l  i< l t l ine contents of  the
ci rcurn-ne ut r t r l  t ( )  r lk : r l ine soi ls  ( )ccr l r r i l r r . l  ( ) \  cr
l i tnestonc ( ' l ' . r l r lc  I  I  l ) .

I V .  T R A N S F E R  o F  I o D I N E

F R O M  S O I L  T O  P L A N T S

\ \ 'hen  io t l inc  i s  s t r< lng l1 ,sor l l c r l  in  n r< ls t  so i l s  i t  r . r ' i l l  no t

bc  rc r i i [ i l v  b i tx rv r r i la l l le  .  
' l ' here  

f i l r c ,  thc  p rcscncc  o f  h igh

i<lr l inc concentrr l t iotrs in soi l  tkles not necesstr i lv rnelr-r

thrrt  1l l :rrrts grorving in thc soi l  wi l l  incorporrrte large

concent r r l t i ( )ns  o f  ioc l ine  ;  in r lec r l ,  i t  h rs  l l cen  sh< lun  tha t

t l-rere is no correlrrt ion l lctween thc iorl ine content <lf

soi ls ru.rt [  t l re plrrnts prou' irrg on thcrlr (Al-Ajclr i  l9tt5).
- l 'his 

is 1)r lr t iculrrh'  i rnprlrt ' lnt u'hen consir ler ing the t l is-

tr ibution of IDD. An ' ldt l i t ionl l  consiclcrrrt ion is thrrt

iodine in hiql.r  concerrtr 'Jt ions hrrs been shou'n to l le

toxic to nrost pl irnts (Sheppercl & I ivcnclcn, 199-5), l l ' i th

hieh iorl ine uptrrke in r ice plrrnts thor.rght t<l be respon-

sible f irr  . \krrqrre r l iscrtse (Yuit ' .r ,  1994b).

In rnost circurnstances the rnajor path\\, 'ev of elenrents

ir-rto pl ' lnts is through the root svstenr fbl lorvecl br-

transl<lcrrt ion to the upper parts of the plant. For iocl ine

it  hls t leen shou'n experimental ly that i t  can bc takcn in

t l-rrouql.r the rclot svstem of plants with the iocl icle ion
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rnore readilv incorporaterl tharr ioclatc. I lou.cve r, it has
also been (lernonstratecl t l.rat there is l i tt le trirnslocrrtior.r
frrrln the roots to tlre aerirrl parts of thc pl:rnt. In s<lrne
circurnstances higl.r concentrrlt ions of i<lcline heve lreen
shou.'n to occur in ricc gro\\ 'n <ln flo<lderl soil, rvhicl.r
leads to ,\kagare cliseese. 

' l-his 
hrrs lrcen suqgeste<l to

be th. re to h igh soluble io i l ic tc  in  soi ls ,  rvh ich resul ts
in ppeater uptake bl' the roots; ho\\ 'cvcr, it hrs lreen
denronstratecl that there is onlv rr relatir.elv snrrr]l
increase in the iocline c()ntent of ricc qro\\ 'n in floorlctl
soil u'hen conrparecl u'ith ricc qro\\ 'n on tlr l inctl soil,
but sr-rbrnergetl lerves r.r 'hcn cornprrrctl to othcr lclves
shoued drarr rat ica l lv  increrrsecl  ioc l inc content .

I i ror t r  thesc considcrr t t ior ts  i t  sce r r rs  l ike l l  thr r t  root
uPt':rke of iotl ine is relrrt ir.elv ulrirrrPort.rnt t irr thc overrrl l
iod ine content  of  p lants.  I t  is  l l ro l l r rb le th: r t  thc l r rost
irnp<lrtlnt pirthwlv into Plrrnts is f l 'onr thc i ltnr()sl)hcrc
lrv rl i  rect'.t lrsrlrpti on. l-xpcri rrren ts uti l  i  zi nq ritr l i  o:rctivc
isotopcs < l f  io t l inc h lve r lcr r ronstr r l te  ( l  th i r t  p l i rn t  le i rvcs
can a l lsor l l  th is  ior l inc.  r rnr l  i t  hr rs  l lecrr  f i rLrnt l  thr t t  the
l l ls< l rpt ion of  grrscous io t l ine l ry  le i rves increrrses u i t l - r
incrers i r . rg hurn i t l i tv .  

' l 'h is  
is  pro l r i r l l lv  r l r re to i r rcre i rser l

opcning of  t l rc  lcr I  s to lnr l t r r .  Io t l inc : r l lsor l ret l  throrrq 'h
thc lcrrf c' ln lrc trrrnslocrrtetl throrrq'h the rest of thc
plrrnt, ir l l lcit slowlv.

\ \ 'h i le  thc uptr rkc < l f  grrscous io t l ine h. rs  l leen t ler r rorr -
s t r i r te  d to l rc  s igni t icr tnt ,  r l< l r r l r t  h . ts  l le  e n crprcssct l  th i r t
s igni f icr tnt  r l r .nounts oI  rncthv l  io t l i t le  coul t l  l rc  t : rkrn in
through the stonrr t t r r .  I  Iou cvcr ,  cr  e n i f  l i t t le  is  i r l lsorbe t l ,
a tn. ros l l l ' rcr ic  io t l inc,  u hrr tcvcr  the f i r r rn,  coul r l  l le
depositerl on plant surfi lccs rtnr[ rts such corrlt l  re l)rcse nt
r t  s igni f ic : rnt  s( )urcc of  ior l inc t ( )  grr lz inq '  , rn inr ' . i ls ,  e tc .
' l 'hc 

sorrrce of thc :tttttosnheric iotl ine in nertr-corrstrrl
: t r c l t s  u i l l  l r e  r l r r i r r l r '  , t , a r i , , . .  I l , r r r e r c r ' .  t l r e  r , r r r r c e  i n
inlrrnd rtre'.ts coulcl bc rle rive cl in prtrt f l-onr iotl inc
r  o l l t i l izer l  f ronr  soi l ,  i r r  sorr re c l rc l l r r rs t r lnccs th is  l rc inr l
verl '  significant.

' lhe 
upt';rke of iotl ine irrto l l lrtnts is. thcre firrc, rrcc()nr-

plisherl in two w:r.y-s: thr()ugh thc roots rtntl through lerrf
stor'nrlt ' :1. l 'he lrrtter is Prolxrlrlr the rrrost inrportrrnt.
I{ou'ever, it rnust l le stresserl t l.rrrt the l l iorrrrri l :r l l i l in' of
ioc l inc in  soi ls  is  lou, ,  uhr tever  the preferret [  upt : rke
nlute. 

' l 'hus, 
str 'ong-lv bountl iorl ine u i l l  n()t l)c biorrviri l-

rble fi lr either ro<lt uptake rlr f irr volrrt i l iz.rrt ion fl 'orrr thc
soils. Several wrlrkers have rluotetl soil-to-l l lrrnt con-
centratioll f ' .rctrlrs for iodine (iodine irr olrrnt/ioclinc in
soi l ) ;  drese are general ly  vcr \  l , , r r  , r , r . l  , r i ' .  in  thc r r tnqc
of  0.01-1.-5 u ' ' i th  most  fa l l ine benleen 0.01 r rnd 0.  I  (Ne,
1982),  u.h i le  IAEA (199+) quotet l  a  \ i r lue of  0. (X) l - l
for grass. Variation <lf the plant concentrrrt ion f 'actrlr
for clifferent s<li l tvpes has l leen <lenronstratecl, ancl
'\{urarnatsu et al. (199-3) quoted frrct<lrs firr lrroun licc
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q'ro\\ 'r l on rrn rrnclosol end grav klu'land soil in Jrp:rn of
0.(X)7 rnrl 0.002, respectivelr '.

Not surprisinqlr- ther.r, t l-re iocline content of plants is
gcnerrrl lv lou. (lrrrss ancl herbage anrlvses frottr tnrrnt-
cliff lrerrt countries havc shor.vn iocline corrtents to l)e
lbout  0. l r r rq-kq ' ' ;  . r  n 'p icr r l  exanrple l te ine fbr  the UK
rv i th an est in l i l te( l  rncrn of  0.22 !  0 . l6nrgke |  1 \ \ 'h i tc-
herrd, lgtt-l). In r sturlv ofJaprr.rese plants \ir ita (199-la)

fitund the nrertn iorl ine c()ntent of t l i ffererrt plrrnt plrts
to be qreen le lves 0. - l ( r r rgkg^ ' ,  f ru i t  0 .1-1,  ec l ib le r< lots
0.05i .  rnr l  seet ls  0. (X) .19.

V .  I o D I N E  S o U R C E S  F O R  H U M A N S

' l 'he  
r l r r i l r  reconrn tcnr le t l  t l i c t r r rv  i r r t i r kc  o f  io t l i r re  i s  r , t r -

ious lv  quotc t l  l ru t  i s  cs t i r t l r l te ( l  t< l  bc  I  l0 - l . i0prg / t l . r l ' f i r r

ch i l r l ren  Lrn t le r  thc  r tsc  o f  1 ,90  l20 t r re / t l . ry  f i r r  ch i l t l re r r

rrect l  I  10. :rnt l  I  50 pr{r- l t l . l l '  f i rr  ' . r t lul ts ' .r tr t l  r t t l<l lcscct.rts,

rv i th  h iqhcr  conccnt r r l t i ( ) t rs  requ i rc t l  t lL r r i r rq  l ) rcgnr r r rcv
r r r r r l  l r rc t r r t ion  (sec  (  i co log ic i r l  In r l )Jc ts  on  Nt r t r i t io t t ,  th is

vo lunrc ) .  
' l ' hc  

t r r r t l i t i o t t ' . t l  v icu '  i s  th r r t  h t t t t r r t t rs  t le r i ve

the i r  io t l inc  f l ' onr  consunr l ) t i ( )n  ( ) f  cnrps  r r t r t l  veg t : t i t l ) les ,

e tc. In ncl lr-co:tst,r l  rrre l ts sttch l t  sourcc trr l t l '  provit le strf-

f i c ic r r t  io t l ine  .  I  lou  e lc r ,  in  in l i rn t l  i l re r rs  th is  u ' i l l  l t r r t r  i t l c

on lv  rc l r t t i vc lv  lou  qu , tn t i t i cs  o f  io t l i r rc .  In  th is  c ( ) l t te r t

i t  h' . is lre cn t le rrrorrst lrr tc( l  th' . l t  ve gctr lr i rrn t l icts rcsult  in

lou  io t l ine  in t i t kc ,  uh ich  cou ld  le r t t l  to  io t l i r rc  t le f i c ie r rc t
( l ) r rv i t l sson,  l ( ) ( ) ( ) ;  I l cn rc r  e t  r t l . ,  1999)  (see i t l s r r

Oh: rp te  r '  7 ,  th is  lo lunre  ) .
Ser r f i ro t l  i s  : l  l )o tcn t i r l l l l '  r i ch  s ( ) t l rcc  o f  t l i e t i r t ' r '  i o t l i r t c

r rn t l ,  u  hcre  s t rch  t i ro t l  i s  i t  r r r : r i r l r  p : t r t  o f  the  t [ i c t  . rs  i r r

- f  , t1 l r tn  ru r t I  I ce l , rn t l ,  son te  1 t t 'o l l le t t t s  r l f  exccss  i ( ) ( l i l ]e

in  the  r l ie t  h , r re  bccr r  t lescr i l le t l .  A  h is 'h  io r l ine  in t r rkc

cr 'u. lses . i  t lecre .tsc of thi roir l  horttrottc prot lr tct iott  restr l t-

ing  in  f i r r r r r ' . i t i on  o f  "h igh  io r l ine  g< l i t c r . "  I  Ionever ,  r t t

thc  l l re  se  n t  t in re  the  nr : t  jo r  sourcc  o f  t [ i c t r r rv  io t l ine  i r r

rn r rn t  t l cve  lopc t l  cor rn t r ies  i s  r l r r i r l ' p ro t l t rce  s t rch  r rs  r t r i l k ,

lrutter, rnt l  chcese, ul-r icl-r l re r ich sources t l trc t<l the

:rt l t l i t ion of iot l ine t() ci i t t lc fcct l  ' . rrrt l  the trsc <lf  i t lc l ine-

contrr ininrl '  t l is intectrrnts in thc drr in'  i rr th-rstrr ' .  ()n this

point, i t  is l ikclv t l .r i r t  t l . re recent re-el lrergence <lf  IDI)

in  sor r re  r r fHuent  count r ies  i s  due to  thc  co t rsu t t rp t i t ln  < l f

Ir l l  er t l tnnti t ics of r l . t i rr '  pr<lt lucc irr the rnove to
"her r l th r  e r r t inq . "

It  is r lso l ikclv thrrt  even r. l ' i thottt  iot l ine at l t lct l  to

lrr inrrr l  r l iets, rtnirnrt l  pnrt lucts erc probabll '  enrichecl irr

iodine ls grrrzinq rrr.r irrrr ls u. ' i l l  take in iot l ine th.rt  has

been t lepositccl on t l .re sr:rf i rces of gri tss rrnt l  lelr-cs;

hurrr ' l r .r  pre prrrr l t ion of f i rot l  is l ikclf . '  to rel l tove tuuch t l f

S o r r . s  . r x u  I o o t x r  I ) r . r t t : t  r - r c : r '

this surfrrce-deposited iorl inc. In ircldit ion rrnitnl ls lre

knclu'n to inaclr. 'ertetrt lv cotrsuntc st i i l  rrncl this coLrlt l  at l t l

i od i r . re  tha t  i s  no t  b ioava i la l l le  to  p lan ts .  
' l -h is  

sor , r l cc  o i

iodine has bccr.r shou'n to prevent iocl ine t let icieno in

qrazir-rg lr-r inrrt ls i t . t  sonre areris r ihere pJSturc is iot l ine

clef icient r ls in Ner'v Zealantl  lncl 
' l isnrlrr ir  (see

(ieoPl-rrq-r '  rncl the Itrr. 'olutrt ln'  Inq-cst ion of Soi l ,

this volunrc), c\ ien thoueh the soi l  cot-t t i t i t rs onlv l

l rnq-kg  r .  ln  th is  contex t  i t  i s  r r l so  o f  no te  th r t  L i t l i r r rd

(199. ; )  f i l un t l  tha t  f i r rn r  : rn i rna ls  in  l rxnroor .  Sonterse t ,

UK, r ler,el<lpct l  ior l ine t lel icicncv st ' t t tprottts l  hetr

q r r rz - inq '  a reas  < l f  rec l r r in red  l r rn t l .  
' l ' hese  

r t re i ts ,  u  h ich  r re

r rbout  -10krn  f i r rn r  the  se l t ,  uere  r l r ig i t - t r t l l v  co ie re t l  rn

peirt  i lnd previ<lrs to recl l tntr i t ion no iot l i t re-t lcf icicncl

pnr l l le rns  hr t t l  occur rer l .  
- l ' hus  

i t  sce t t ts  l i ke l r  th r r t  the
' . rn in i ' l l s  h r t t l  p rcv io t rs ly  < l l r t r r inc t l  io t I ine  f l ' o r r r  i r r r t th  e r -

te  l r t  in t r tke  Of  pe  r t .

I t  i s  poss ib le  tha t  hu t t r r t t t s  r t r r t t  o l t t r t i t t  so t r rc  io t l i r te  l l v

i r rh r r l r r t ion ,  l )J r t i cu l r l r lV  in  t rc r r r -co : rs t , r l  e t rv i ro t t r t t c t t t s .

\ \ ' h i l c  i t  i s  inc lce t l  poss i l l l c  th i t t  so t t te  r t t t t tospher ic

io r l inc  n r igh t  be  inhr r l c t l  cvcn  i r r  i l re i l s  rc r r r ( ) te  t l -o r r t  thc

ser l ,  th is  i s  un l i kc lv  to  l rc  r t  n r r io r  co t t rp t )ne l r t  ( ) f  i ( ) ( l i r te

in t r rke .  I t  i s  o f  n ( ) tc  th i l t  thc  Nor t l i c  l ) ro jcc t  ( i ro t r l t

(1995)  sugqcs te( l  th . r t  r rn  in r l i v i t lu : , r l  r i c t lu i res  on l r  0 .5  p tq

pe r clal f l -onr inhrr lr t t iorr.

.A,l thour]h i t  h' .rs Ircen strqgestet l  th:t t  sottre t l ietrr l t

io t l ine  t le r i ve  s  f l -o rn  r l r ink inq '  \ \ ' r t te  r ,  qe  r te  r r r l l v  t l r i s

s ( )u rce  is  un l i kc lv  to  p rov i t l c  I l r ( ) re  th r l r r  l0 '2 ,  o f  thc  t l r r i l v

, r t lu l t  io r l inc  requ i rc rnc t t t .  I  I r tu  eve  r ,  r  c r t  h iqh  io t l ine

r l r ink inq  \ \ ' i l te  rs  t l c r i vc t l  f t -o r t t  q rou t t t lu  r t t c r  h : t t  e  l t ce  t t

recon lc t l  i t t  son tc  r t rc r ts  o f  ( l l r in : r .  In  thesc  r l rc i t s  t t

h r ts  I rccn  f i run t l  th r r t  go i tc r  i r rc i t le t tcc  i s  r regr t t i vc lv  c , r t ' -

re l r r tc t l  rv i th  the  io r l inc  co t r tc r ) t  ( ) l  the  t l r ink ing  s , r te r .

In  sor r rc  , r rc r rs  o f  ( ]h in r r ,  s r rc l r  , t s  r t ro r tn t l  I Joh i r i  I l r r  i r r

I Ie l r r r i  r rn t l  S I r ' . rn t l< lng  I ) rov i t rces  i r r r t l  i r r  so l r tc  J I - tJ t  t , i

X in  j i r rnq  i r r r t l  Shr tnx i  l ) ro r " i r rccs ,  t l r i r rk inq  \ \  r l te  r ' \  u , t r t t , t i t t

l re tueen 100 r rn t l  2 (X)pre l .  '  i rn t l  the  inc i t le r rce  o f  q -o i te t '

u r rs  f i run t l  to  l l c  pos i t i ve ly  cor re l , t te t l  r i i th  thc  io t l ine

c( )n ten t  0 f  thc  u ' r r te t ' .  
' l ' he  

h ieh  io t l ine  c r t t t ses  1 t r l1 tu l r r -
t ior-rs ir-r thc rtrcrts to sufler fr-ortr hiq'h ior l i r tc r1,, i tcr
(Tirn. 19u9).

V I .  T H E  G L O B A L  D I S T R I B U T I O N

O F  I O D I N E  D E F I C I E N C Y  D I S O R D E R S

A N D  T H E  I O D I N E  C Y C L E

The rn<lst inrport ' lnt parts of t l ' re iocl i l re cvcle. ln te nns

of t l -re en'r- irot 'urental t l istr i l l r t ion of iot l i rre ,rnt l  i ts

irrrpact on hun.trt t  health, are sunlnrr iz.cd irr I i iq 'ure -1.
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F IGURE 4  A  s imp l i f i ed  mode l  o f  pa r t  o f  t he  i od i ne  cyc l e

[)rior to rt lxlrrt I950 IDI) hrrtl rrffcctetl r. ' irturrl lr. g'e rv
c()untry  i r r  the uor lc l .  IJec i ruse the 1t r< l l l lc rn is  knoun to
be esscnt i r r l lv  t lue to the l rck of  ior l ine in  the t l ie t ,  i t  hr rs
lreen possilt le t() intr()(ltrce schunes firr the nti lss treat-
rnent <lf :rffectctl poptrl..rt i<lns such .ls the ..rcklit iorr of
i< l t l inc t ( )  the ( l ic r  throug- l . r  the use of  i< l t l izer l  sr r l t  and
l l re. r r l ,  c tc . ,  in  jcct i r lns of  iod izecl  o i l ,  < l r  the i r r lc l i t ion of
iorl irre to irrigrtt i<ln wilters (see Oherian rrncl Nortlberg,
th is  r 'o lunre) ,  which resul ts  in  the i r l lo , i i t r ion of  the
synr l ) t ( ) lns i r t  rnrrn l 'countr ies.  I t  was r rote<l  in  the 1970s
thrrt I l) l) hatl been effcctively cratl icatcrl in rhe <level-
opcrl rvorlrl lnrl cntlernic g<liter r, las tlescribed rrs ir
clisclse of the poor that r.vrs largelv corrfinerl to rhird
r.r 'orlrl countries. Flowever', i t is inrportrlnt t() lx)lnr our
thrrt in the 1990s ioclir.re dcficiency hirs becn reporrecl to
occur ir-r sevelirl irfHuer-rt countries in u'estem Eurooe.
pr<ll lablv rrs a resnlt of clietrrrv chlnges. Tl-ris sugrtc.t,
thrt such changes coulcl cause the reintroduction of
II)D in rnrrnv countries.

' l 'he 
elobal distribution of iocline-tleficienq' prob-

lenrs is shor.r'n in Fig;ure 5. This ligure is b..rsecl on rhe
clata in Dr-rnn rnd virn cler Haar (1990) and is l irnitecl as
data lre lacking fbr sorne areirs such as parrs of Africa
ancl the Il icldle East.

As out l inct l  l lv  I ie  l lv  r r r r t l  Sne r l t lon ( l  ( )60)  nr , rnr '  o f  rhc
rlreils rlf ' fectccl lrv iotl ine rlctjciencv rire rcrrrotc fl-orrr
rnar inc in f l r rerrce .  ' \ , l r r r r r '  , , i  th .  , r re, r ,  h i r1hl iqhtct l  r t rc  thc
lnornrt: l inous regi<lns lrnrl their rrrirr shlrt lou ltrc..rs srrclr
rls the I l intalayrtrt regiorr, the Itrrroltertn ..\ l1ts rcgion, rrntl
thc Anr lean ( lhrr in . ' l r rn ( l9 t l ( r )  hrs inr l ic : r ter l  rhrr r  nr i tnr .
of  the extrentc ly  scr iouslv  i l f fccrc( l  l l ) l )  : r rerrs  , r i  ( .h i r r , r
r t rc  the ntoul t t r l inous ln t l  l r i l lv  rcq ior- rs  ( ) \ 'e  r  thc \ \ ' l t ( ) le
cor.nrtry. (lentrl l col-rt incntrrl regiorrs, srrclt Irs t]rosc of
Afr ica ant l  ( lh inrr ,  r re r r lso uel l - t locrrnrenter l  r r rc i rs  of
ior l ine def ic iencv.  ln  a l l  o f  thesc s i tu : r t ions I l ) l )  c ,ur  bc
explained rrcc<lrcling to the cl..rssic e.rplrrnrrtions of lorv
iodine supplv anr l  hcnce lorv ior l inc r r r  l i l : r l r i l i t r ' .  

' l 'hus 
in

continental irreas such as the centrti l  L'niterl St:rtes.
r.r. 'hcre iodinc-dellcicncv l lrolrlerns u cre tlcscribetl prior
to the 1950s ( I (e l lv  c \  Snecl tkrn,  1960),  so i l  ioc l inc is
re let ive lv  low wi th c()ncentr r t i ( )ns t rp icr r l l r  l . . lnrq.kg l
(Trble ID.

Hou'ever, rnirnv enclenri..rs lre not e.rPlicall le in these
sirnplistic ternrs ancl several countries .lncl rcgions tl-rlt
are close to thc coast h.:ne ltecr-r knoun to suffer fron
IDD probler.ns. For exanrple, lrrrq-e rcq'i<lns <lf the UK
have histories of IDD, clespite rhe stnrr.r11 rnrrrit irne influ-
ence or-l the country (see Fier.rre (r). IDD ilt Sri Lanka
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FIGURE 5  Globa l  d is t r ibu t ion  o f  lDD.  (Mod i f ied  f rom Dunn & van der  Haar ,  1990. )
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occurs rn coirstir l arees (Dissanyakc & Chandr:r j i th,
1996) u hile Trn (l98at had docurnented coasrrl
rreas of Clhinrr w.here enclernic qoiter hacl l leen
rec, r r, I etl .

In sorne cnclcrnias tl-re involvelnent of thc sulfur_
containing goitrogcns has bcen invclkcrl rs a reason.
Sorne of these nral' derive frorlr geoloeical sources ancl
be irrcorporarecl irrto drinking rv..i .I. ,r, foocl ((iaitan et
rrl., 199.3), l l tt othcrs occur n:lturally in r.,egetables
suc l r  r l s  t h ( ) sc  o l ' t hc  B t i r t . t i t , r  g . , . , , , r  a , . , . 1  i n . t , . . h
staple itcrrrs as crlssAvil (scc rrlso Ohrpter f l, this
\ 'o l  u l l le  ) .

Sevcral  other  e lernerr ts  such as l luor inc,  arsenic,  z inc,
lnAe'lreslunr, nranganese ar-rd cobalt have llecn suggcsterl
to  be inr 'o l r .er l  in  thc et io log-v of  [DI) ,  but  theic  is  n<r
rerrl evit lence t() supp()rt their involvcllrcnt. Ho\\.ever,
n l ( ) fe  rccent lv  i r - r  s<lnrc areas of  IDD sc lerr iunr  has bcen
shou r.r ro lrc stronslv irnplicrrtecl (Varri lcrpas et al., 1990)
(see a lso Ohal l ter  1.5,  th is  volunre) .

I Ioucver ,  cven l l l< lwi l - rg for  the i r rv<l l r , .cnrcnt  of  other
e leracr ts  i r r r l  c . r 'P<^rncls  i '  s , r r re err le l ' ias,  i t  scc.s
l ikc l ' thr r t  the c: ruses ' f  I I ) l )  1 t r< lb lcr rs  i ,  se 'cra l  r r rcr rs
Arc !{()\ 'crnetl lrv thc geochcrrristr\, of ioclinc antl its
bi.r*ailrrl l i l i tr ' . Ir s.rre ..r"r r.,., i11, s.i ls hrr'e l lce'
f ir"rl t. 'cc'u. irr e,itr.trs rrrcrrs such rls tht: c.estal
regions of  ( lh inrr .  I Icre r rny ioc l ine r r r lc le t l  to  thc soi l
fr<lrrr rrtrr.sllhcric s.tr 'cc. i i  g,, i 'g t. bc lcrrcheil f i-.1'
thc s. i l  r r rPi t l l r ' ,  u l r ich rest r l ts  i r r  l i r lv - i . r l i rc  sr i ls .  

. l .h is

lnei lns l i t t le  ioc l ine is  r rvr r i l ; r [ r lc  f i l r  r rny p l r rnts  or  crops
gr ' *  i r rq '  i .  the rcei ( ) . ,  thus t lepr iv i rg '  hurr : r r rs  r r r r t l  l i r  c-
s tock < l f  r l  s( )urce of  ior l ine .

I r  sr r r t l '  s , i ls  i , t l i r re  is  ' ( ) t  re t i l i l ler l ,  r rs  . ' t l i 'e t l  i '
Sect i . .  I I I  . f  th is  c l r r rPter .  

' l 'he 
i . r l i r re re[cr) ro l r  cr l r ) r lc-

ity of soils is re l lrtetl to corrrlt<tsit i<ln with org.rrnic lniltte l.,
ln t l  i r< ln r rnr l  l lurn inurn ox i r les : l re  the rn<ist  inrp, r r t r rnt
rete l t t ive c() ln l ) ( )ncnts.  So thrr t  in  gerrerr t l ,  h ig.h_i , r t l i r re
s. i ls  r r rc  r ich i .  ore ( ) r  r r r l re . f  the ie c<l r 'pr lacrr ts . ' l 'he
iorl ine sorllerl lrt '  these soil corrrl-ror.rrr.rts is srronglv he lrl
l r rc l  l i t t le  hrrs  l reen f i lunt l  to  l le  easi lv  Icachahl . ' : ,  s t ,  rhr t
i r r  gc r r c r ' : r l  f e r r r r s  t l r i s  s l r ( ) ng l \ .  l r e l t l  so i l  i o t l i r r c  i s  no r r -
bioal' ir i lrr l l le. -l ' l-rus 

Trn (l9lJ6) n<ltecl that s()rne l)ean.
lrcas of- (lhina uere goitrous. Sinri lrrrlv, se\,,crrl l  pe.ltv
areirs of the LIK, evcn though sonle are in coastal
reqions, :rre l isterl ls goitrous bv Kellv anrl Sr.recl<lon
(1e60) .

' \nother c-ranrplc of envinrnrnentrl control on IDD
u oultl seenr to l le the strong associirt icln of srlrne
goitrous regions r.vith l irnestonc lre.lr,,ck es first nren_
tionecl by Ilor-rssilrstult (18-3 l) fbr a region of Clolum_
bia, lnd subsequentlv bv scverrl othcr iesearchers such
as Perel'nr:rn (1977). This association of l irncstone r.r. ith
gloitnrus areits Ied to the suggJestion that calciurn r,r.ils :r

goitrogen, a claint that u.as subseciuentlr. t l isltrrtr.ccl ir.r
clinical tests.

'f lrere 
are nranv exirnrples of such Iirncstonc_

irss.ciatecl ende'rias occurrins in the uK a.rl Ircla't l
rv i th  the l imestone regions of  n, r r th  \ i , r .kshi re h is tor i_
calh' renou,'ned for its severe qoiter anrl cretinisnr prob_
lenrs (.see Figure 6). Sinri larlr. Countr. 

-l-rppcr.ar.r. 
rn

Irelancl, unclerlrin bv (l,rrboJifer,,,-,, i , i ,.,.,.r,one. \\. i ts
h is tor ica l ly  one of  thc rnajor  r r reas of  I I ) l )  in  thrr t
countrn.  ( )nc oI  the rnost  u,e l l - r locurr renter l  arerrs of
IDD in the UK is tlre Dcrbyslrire resion of northent
Errg land,  r ln  2t rea that  is  l ,c tucen l - ;0  r ln( l  l t jOkrn f l -onr
thc l r 'cst  coast  in  the c l i rect iorr  of  the prcvai l ing u. inr l .
Here cnclenr ic  g<l i tcr  uas r i fe ,  knou.r r  , rs  , ,1)er l rvshi rc

neck,"  n ' i t l . r  the enr lerr i r r  c ,nf inet l  t ( )  r l re i ls  u. t lcr . l r r i r r  l^ .
l i l 'est,ne beclr<lck (sce I, ' iu,re 6). .\ral 'scs .t s.i l  irr rhc
f i r r r rcr  g. i t r .us rcgi 'n  hrr 'e  s l r r l * '  thr r t  i , r r i rc  c( ) l rccr-
t r r r t rons ra l tgc u l )  to  l / r r t rgkgl  r r i th  r r  r r rc , r r t  vr r lue of
8.2 rngkp r .  In  nc ighl ror ing.  r r re i rs  unr lcr l : r in  l rv  non_
l i r r rcst ' .e  l i th ' l .g ies r r r r t l  r . r ' i rh  ' .  h isr ' r '  , t  l l ) l ) .  sr i l
io t l ine conce ntrat ions r r rc  l , , r r  cr .  r r  i t l r  ,  , , , " r , ,  o f  .1  . { - l  rnq
kg ' .  S i r r r i l i r r - ly ,  thcrc is  r r r  r r rcr r  . f  ' . r ' th  ( )x t i r r t lsh i re.
I rngl rnr l ,  u . 'herc enr lcr r r ic  goi tcr  r l i ts  prcr . : t lent  (Kel l i  &
Srer l tLrr ,  I960)  r r ' r l  u 'he re i , t l i .e  - t lc t ic icrc '  l r r r l r le  r r rs
i l t  sc h, r , l  t .h i l . l rcr r  u crc r -cr . . r . t l . , l  , r r  , . " r . . . , r f  i r  , r ,  t1 . , .
1950s.  

' l 'h is  
arcrr  is  unt lcr l r r in  l lv  l i r r restorrc  r rnt l  so i l

i o t l i r r t ,  r ' : r r r r gcs  l r c tu t . c r r  i  : r r r t l  l t ) r r i q . kq , .
I  l ) l )  .ccurs i r  these I  i  r rcst ' re , r  i . , r , ,1 . .1. , i  rc  re l  : r t i 'c l '

l r i g l r  i r t l i r r c  i r r  s , i l s .  l ' l r i s  r r . r r l t l  i r r r p l i  r l r r r r  i , , r l i r r c  r s  r r , , r
b i .a ' r r i l r r l l le .  S. i ls 'vc.  thc l  i  r r rcst . r rcs r r , ,u  r , l  { .1 .e 'cr r i l  l '
bc rvel l  t l r r r i .ec l  l r t l  c i rcr r r r - r rcr r t r , r l  t ,  r r lkr r l inc i l ' ,  , . , r t , , r " .
l r r  thcse concl i t ions lny solublc  soi l  ior l inc is  l ike lv  to l rc
l ) r esc l l l  r r s  t l t r  i r t l : r t c  r rn i r r r  1 l : i q r r r . c  . i  ) .  I t  h r r s  1 , . . , , ' r l r , , r , , ,
t l t r r t  i< l r l r r te  u l t t r tke thr .Lrr lh  PLl r t  r , , , , ts  is ' t , r rc  l i r r r i tc t l
than the uptakc of  io t l i t lc ,  thr rs  in  neutr r r r  to  r r rk i r r i r rc
soi ls  r< lot  u l t take of  ior l inc r r r r rv  l re  l r lu . .

hr  r r t ld i t i * ,  as srr r tet l  c , r r . l i , - i r ,  i t  i :  l ikc l i  rh : i r  , l r r . rs
t l c r i r c  l t r r r r ' l r  o t '  t l r c i r -  i o t l i l r e  l r , r r r r  t l ) ( ,  i t l n t ( ) \ l ; l t r . t . u .
throrrgh the upper pr l r ts  ( ) f  the l l l r rnt .  ln  the n.urr . , i l  t , ,
l lka l ine soi ls  general lv  t i ,Lrnt l  , , r  cr lvrnr t  l rnrcsror . rcs
r i 'he re iodate is  uoing-  to l rc  thc , l , ,nr in , r r r t  , , , lu l l le  s l lcc ie s
of  io t l ine,  there is  no p<lss i l r i l i$ .  o f  co l rvcrs i , , , . I  , , f  ,1 . . r , ,
species t() gasc()us elcrncntrrl iotl ine (sce I. ' iq.urc .i). ..\n
l t lc l i t i r 'a l  Factr l r  is  that  in  t l re  rvc l l -c l r i r i 'er i  s , i rs  therc
is going to be no conversion of iocline to nrethr.l iorl it le .' I-hus 

in tl 're l irnestone llreils, plirnts u.i l l  l le rlcprivctl ,, i
a lclcal source of ann<lspheric iorl ine.

The clistriLlutron of IDD rcllccrs rhc q.cochcrnistry of
i . t l i r r c  l t . t l ,  : l s  s t i l r c ( l  r t l r . r c .  r , r i t l t  l : r r r l c  , r r . c , r r , , l ' i , , , i i r r c
deficiencv occurring in cL.ntrall contirrerrtrrl regions ancl
uountaino's ancl rain sl.rark^,r. irerls, this diitrrl lLrti,n
lits in with thc classical explanrrtion of II)D q.overnecl
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lrr the ertcrnrl strppll '  of iocline from thc nrarine enr-i-
ronnrent via the atrrrospherc. Hower,-er, the qeochenr-
is t rv  of  ior l ine is  rnore complex than rh is  s inrp l is t ic
':rpproirch, rrnrl frrlrn ir cl()scr scrutiny of the distribution
of IDD it is apparelrt that, in rnrnv crrses, ioclinc-
deficieno' yrroblerrrs are rclrted to the bioavrri labil in- of
io t l ine in  soi ls  r rn<l  r t re not  re latec l  d i rect ly  to  the extcr-
I ra l  su l r l r l l  o f  io t l ine.

V I I .  R A D I o A c T I V E  I o D I N E

I N  T H E  E N V I R O N M E N T

.-\ re l irt ir cl i rcccnt Problcrn rcganlirrg iorl irre rtncl
hutnr ' rn he:r l th  is  thrr t  o f  enthro l )ogenicrr l l r '  l l ro t lucet l
rrtt l iorrctive iorl inc, rl t()l) ic that hrrs receir.erl cor.rsirler-
r r l r lc  r r t tcr r t ion t lur ing t l re  l r ts t  tw<l  r lccrr r les.  , \ l though the
prol r ler r r  of  r r r r l ioact ive io t l i r rc  thrr t  is  of  rur th lo l ' rogerr ic
or iq ' in  is  perh i tps out  ( ) f  p l r tcc i l r  th is  chrrptcr ' ,  i t  is
inc lur ler l  bcc:r r rsc the t l is t r i l ru t ion of  nr t tura l  io t l ine is
l ike l i  to  hrrve r r  rnrr rkct l  in l luencc on the l rerr l th  c f fccts
of  thc r : r t l ior rc t ive ior l i r rc .

\ \ 'hcrerrs n, r turr r l  ioc l inc is  essent i r r l lv  l l ron()  isotopic
rrnr l  the onc st : r l r lc  isotope is  ' t t l ,  ove r  l0  r . . r r l io i rc t ivc iso-
topes hrr le  l rccn i r lcnt i f ic t l  r ' . rnqi r rg f l 'or r r r r - l  t ( )  r ' ' '1 .  ( ) f

these r:rt l iorrctive isotollcs onl\, ' t ' ' l  lr..rs rr significrlntlt
I t r r re hr l f - l i l tc  o l  l . ( ,  ,  l0  \ 'c r t rs .  l l r t rcr r re ly  srnr i l l
run()unts of '  ' t ' ' l  , r re pror lucct l  nr l tur : l l ly  l lv  spont l t r reous
l iss ion of  umniurn r rnr I  r r lso l r l ,  sprr l l r t t ior r  of  xenon i l r  thc
r.l l) l)cr'Jtl lr( )s1lh crc. I Iou,er, 'cr, conr l)r rativelr ' l  rr rq'e q u..r n -

t it ies of rr ' ' l  r lre protlrrcetl f i 'otn nuclcitr f issirtn fir l lorrt
rnt l  re  . ic tors. ' l 'hc prc-nrrc le i r r . . rgc t ) \ ) l /1 : ' I  r i t t io  hrs l reer- r
e st inr r i te( l  : ts  I0  r l  rvh i le  l ) rcsel t t  t l r r t '  " l l lckqroLrnt l

vr t lucs"  h. rve been cst inr ' . l te( l  to  l tc  r r l rout  l0  r0.

Rclrrt ir cly hiqh crlncentri lt ions of rr"l hrrr. 'c lreen firtrncl
in thc lriospherc rrorrntl nuclcrr plrr.rts, rrrrrl elevltecl
c()nce ntrrrt i()ns <lf this isotolte hrrr, 'e lteen shor.vn to ()ccrlr
in  the thynr i t l  q ' l r rnr ls  of  ln i rnals  in  thc v ic in i t r . ,o f  nucler i r
irrstit lLrtions. Tl.re rclcrrsc of f ir ir lv larec qtrantit ics <lf 'r ' ' I

f l-r irrr nuclcrrr- sources is <lf c<lncern, but it is the rrl l icrl
re le i rse of  the shorrer  l ived isotoucs I r t I  (hal f - l i fe  60
r l a r s ) ,  r ' r l  ( ha l f ' - l i f - e  u . ( ) - l  t l : r ys ) ,  r r i d r " I  ( h r l f - l i f e  20 .9
hrlrrs) thrt represeltts the q.rerltcr threat to hnntan
he.rlth. Of these it is I 'r l th.irt hrrs been susgestecl to p<lse
the qre:rtest risk becmse it is procluced in fir ir lv lrrrs'e
qurntit ies fron'r f ission of enrichecl Llr: lniurtr (the viclcl is
'.r lrout .3'2,). It l-rrrs a particularly high specific icri\. ir],
rrntl hence is highh' radioactive. It hls been estim2lted
tl-rrrt in t l 're (lhernobvl accident, in April 1986, -l-5
n'ri l l ion curics of 'rrI u':rs releasecl.

Tlre problenr of t l-re short-l ir.ctl rrrclio.;rctir c i\()r()pcs
of iocline was llrst cncounterecl in the crrrlr-r 'errrs <lf the
nuclear indust, v- aftcr an acci(lcnt tt \\ ' indscrrle, L-K, in
1957.  Radioact ivc ioc l ine u ' r rs  f i lund ro enter  the b io-
sphere rapidly ancl u'as finrrrcl in pllrrts rrntl in cou ls rnilk
shortly after the accii lent. Prcsurnablv rts the rarl io.;tctive
iodinc woultl havc been relc..rsetl ls rr grrs, it coultl be
absorirerl througlh plrrnt stonrrrtrr rrrrt l t le posite d on
foliase. ThLrs the contlrnir.rrrlrt iotl inc prrsses trir lv
rapidlv throush thc fir<lrl chain lntl irrt,, hrirnrn, u h.r'e
it c:rn be taken into the thyroirl q' lrrrrt l. ()nce there,
radioactive brelrkclorl 'n uoulcl rcsult in rrn incre irscd risk
of thvr<iit l  crurcer.

In arerrs wlrerc nrr turr t l  ioc l inc is  t lc t ic ie  nt ,  thc l t ro l r lern
<l f  large re lc lses of  r i r l  r , l 'ou l t l  l re  potcnt i r r l l \ ' \ 'e  rv  senous!
ls  r r  sur lc lcn increrrsc of  io t l inc uoul t l  resul t  i r r  r  h iqh
pcrcentage of  l r ior r , ' 'a i l r rb le i< l r l ine thrr t  is  r : r t l ior rc t ive.
- fhus 

nruch <l f  the ior l inc enter ine '  the hrun. .ur  l ror ly
u oul t l  be r ' l r l i rxrc t ivc.  

' l 'hc 
r r rerr  : t rounr l  ( ,he rnol r r  I  is  s i t -

uate(l in rr ccntrrrl corrtincntrrl rcgion rinrl irs such hirs rr
h is tory of  ior l ine r le f ic ierro '  ( l {e l l r '  & Sner l t lon,  19(r0)
rv i th  goi tcr  f i runr l  to  occrr r  in  schoolchi l t l re  n in  thc : r rce.
Sincc t l . rc  ( lhcrnol ry l  acc i t lcnt  thcre h. rs  l reen i rn
incrc. rsct l  inc i r lcncc of  ch i l r lhoot l  thr  ro i t l  cr rncers.  rur t l
th is  hrrs  l recn shown t< l  l re  crrusrr l l r  l inket l  to  the re lc lsc
of  r r r r l i< l rc t ivc ior l inc.

V I I I .  S U M M A R Y

' l 'he  
l i thosphere  is  { . l c l rc r r l l l v  t lep lc te t l  in  io t l i r rc  r rn t l

a l though i t  con t r ibu tcs  to  io r l ine  in  so i l s  th rouq 'h  \ \  eNth-
er inq  o f  l t c r l rock ,  th is  i s  no t  t l t c  rnos t  i l t ) l x ) r t iu ) t  l ) iu ' t  ( ) t

the  i r id ine  qeochcrn ic r r l  cyc le  .  
' l ' he  

ocer lns  rc l ) rese  n t  the
largest rcscn,oir of ior l inc ()n the [: .rrrth, irnt l  vir tuir l l t  rr l l
iodine in t l-re terrestr irr l  cnvironntcrrt  t lcr ives f i 'ont thc
oce i lns  l rv  u ' r r t '  o f  the  a tn rosphere  .  I< l t l i nc  i s  vo l r r t i l i zed
f ro rn  the  se ' r  r l s  n re thv l  io t l i t l e  ( ( .1  I . l ) ,  c lc r r rcnr r r l  io r l ine
(11) ,  an< l  poss i l t l l '  r s  s ( )n re  o ther  i l r ( ) rg r ln ic  io r l i l te  conr -
p o u n r l s  s u c h  i r s  H I  o r  I I ( ) 1 ,  u i t h  O I I , l  l l r o b a l r l v  t h c
nros t  in rpor t ln t  < l f  thcse .  

- l - l r i s  
r .o le t i l i zec l  io t l ine  is

clepositet ' l  on l i rn<l l tv u,et anrl  t l rr '  l t rccipitrrt ion antl  con-
sequentlV soi ls fronr nerrr-corrst. .r l  ertvironntcnts rrrc
enricl-recl irr  iodir-re ancl soi ls renr()te f l 'onr t l rc sei l  Are
dep le ted .

' fhe 
ior] ine c()ntent of soi ls ref lects not onlv the

2lnloLurt of iocl ine input f t-ont the rrtrtr<lsl ther' .  lnt is
nttrkecl l t '  clependent on soi l  cr lrnposit iotr.  Tl.rrrr (  ' t 'Srul ic

Inrl t ter, and iron ancl alunrinurn oxiclcs in soi ls rrrc able
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to stronq-lv sorb iocl irre, and soi ls enrichecl in these cotu-

ponents r lre f l-equcndr. '  enriched in iocl ine.

l t  l . ras gener' :r l l r .  been assunrecl that iocl ine in soi ls is

transf-erre(l  to plants ancl these, in turn, represent i . l

nr l jor prrthrvav of iodine into aninuls rtncl hutt ' tr t t .rs.

I  kxi 'ever, t l .re soi l- t<l-plrrt . t t  concentrr l t i () t l  frrctor f i l r

iocl inc hls beer.r shou'tr to be low <lue to thc strotrq srlrp-

t ion of iodine l l t 'soi l  c()nrponents such as orgrttr ic l t t i l t ter

rrncl iron anrl ' r lunri truttr oxicles. Lit t lc iocl ine irr soi ls hrrs

becn f i r t rnd  to  l re  e ls i l r , ' l eachab le  anc l  t ro  cor re la t i r ln  o f

soi l  rrncl plant iot l ine has beer.r ( lenronstrr l tcci.  In at l t l i -

t i r ln. i t  hrrs been shou,r 'r  that alth<lush iocl irre is trrkerr

in to  p l i rn t  roo ts  u i th  thc  ioc l ide  io t r  tn r l rc  rc : tc l i l v  incor -

l )o r ' r te ( l  th rn  io t l r te .  l im le  o f  th is  io t l ine  is  t ra r ts loc i t te t l

i l - , ,rn the roots of plants to the rcri 'al  p: lr ts. I t  is l ikelv

th r r t  n ros t  io t l inc  in  p lan ts  i s  t r rken  in  f ro r t r  the  r t t t to -

sphcre through the stottt l t ta. \Vhererrs i tr  cortst l l  r treas

such . t t r  i t t t t tosphcr ic  s ( )u rce  < l f  io t l i r rc  i s  l i kc l t '  to  l le

r rbLrn t I r rn t ,  in  in l r r r r r l  r reas  such r l l t  i t t l l l ( )s l )her ic  so t t rcc

rvoulr l ,  to rr l rrrgc e xtcnt, be t lcpcttt le t t t  otr i<lt l i t rc

vo l : r t i l i ze r l  t r -o rn  so i l s .  \ ro l r r t i l i z r r t io r r  o f  so i l  io t l i r te  i s

l i ke l r  to  l re  o f  n r r t jo r  in r l ) ( ) r t ' : l ncc  in  t l . rc  io t l i l te  cvc lc ,  l t t r t

in lnrrnv rrrcrts such volrrt i l iz ' :r t iorr t tr iu'  l lc l i rnitct l  t lLtc t tr

i o r l i n e  b c i n q ' s t r o n q l y  l l o u t t t l  i n  s o i l . ' l ' h i s  i s  l i k c l l ' t o  l t e

l ) r l r t i cu l r l r l v  in r l x ) r t l ln t  i t r ' . t rc ' . t s  t r r t t I c r l l i  r t  l r v  l i  n rcs tonc

uherc  so i l s  uor r l t l  l l c  expcc tc t l  to  l t c  c i rc t t t t r -nc t t t r i l l  t ( )

r r l k r r l inc ,  rvh ich  resr r l t s  in  . tnv  l r r l l i l c  io t l inc  bc i t rg  l l rescr t t
:rs thc iot lr tc ion ir t t t I  hcncc Ltttr t l l le to lrc cottvet ' tet l  t<r

gr lsc ( )us  e  lenrc r - r t r t l  io t l i r re  .
' l i . r t l i t ionrr l l i ,  

cr() l)s r ln( l  vcgetr l l ) lcs hrrvc l teett stt t l -

geste(l  t0 [ le i t t tpot ' t ' . lnt sources 0f t l ictrrrV iot l i rre f irr

hunr r rns .  I  louever ,  th is  i s  un l i ke lv  t< l  l r c  tn te  i r r  ' . r l l  l l L r t

co . ls t r l l  r cq i ( )ns , rs  l i t t l c  io r l inc  in  so i l s  i s  gencr r r l l y

lr iorrvrr i l rrble. Scrrf irocl is generrr l lv rr r ich sottrce of

r l ietrrrv iot l ine , u herc'. ts i t t  sotttc lrerrs t lr i t tkir tg \ \ ' : l ters
' .rrc inrportrtnt s()urccs. lrr  t levelopctl  cotttr tr ies, t l l i r l '

pr<lt lucts rtrc rt  r t t i t jor source of diet irrv iot l i r te due to the

r t l t l i t i on  o f  io t l ine  t ( )  c r l t t le  fee t l  rn t l  t t se  o f  io t l inc -

c ( )n t r l in ing  s te  r i l t rn ts  in  thc  t l l i r y  in t lus t r l ' .  I {ou  e le  r ,

ever r  l i thou t  thc  r rdc l i t ion  o f  io t l ine  to  d l i r r '  p r< lc l t t c ts

rtninrrt l  prot lr-rcts ' .rrc l ikely to l le r ichcr s()t lrces of t [ ictrtrr.

ior[ ine irs q'r ' .rz. ing .t t . t i lnl ls wi l l  t lke in i t l t l ine thrrt  l .ras

l leen r leyrositet l  on the srlr fr lces of gr ' . tss lnt l  lc ' :rvcs. I t t

rrclr l i t ion, nl iurv gf 'JZ.ing aninrals ' . trc ktroun t<l i t- t lclvcr-

tcntlv trrke in soi l ,  rvhich hrrs l leetr shout.t  to 1tr<lvicle
nrore  io t l ine .

' l 'hc 
g' lobrl l  t l istr ibution of IDD ref lects the geo-

chetn is t r r 'o f  io t l inc ' "v i t l . r  la rq -e  r rc r rs  o f  iod ine  t le f i c ic t tcv

occurri  nq- in centr l t l  c( )nt inentlr l  rcgiot-ts : tncl t troutr tr t t  tr-

ous irnrl  r l in shrrclou' areas, u'hich ref lect t l -re supplv of

iocl ine frorn t l-rc nrarine environnretrt  vi l  the rt tr-ro-

sphere. Houer-cr, the q-eochenristrv of iclcl ine ls l t tore

D t p r c l , x t : r '

complex th:rn this simplistic :rpproach, rtncl f i 'orrr l closer
scrutinv of thc distribution of IDD it is . ipparent t l.rat,
in rranl'crrses, iocline-deficiencl problcnrs rlre re]ite(l to
the bioavailabil it-v of iodine ir.r soils rurtl i lre n()t relatetl
cl irectlv to the extcrnal supplr' <lf iotl inc.

A relatively nroclenl problenr concerrri lrtt '  irtdine is
the rele':rse of raclioactive iodinc fl-ortt rttrthropoq'enic
sources.  ( ) f  the rac l ioact ive isotopcs of  io t l ine i t  is  ' '  I ,
u' ith a half-l i f 'c of t3.0'l r lavs, rvhich hirs been suq'scstecl
to pose the greetcst risk as it is protlucctl in ir i l lr l ' trgc
(lLlentit ies fronr fission of enrichctl rtrrit.t i ttttt lntl is
h ighl r . ' radioact ivc.  ln . t reas uhere n l turr r l  io t l ine is  t le l i -
c icr r t  the Problet t t  o f  l : t rge re lc . tscs of  ' ' ' l  uotr l t l  l re
potcnti ' .t l lv verv scriotts, rts rt strt lt lctr itrcrcrtsc of iotl inc
u 'oulc l  resul t  in  r r  h ieh l )crccntr ' rgc of  l r ior rvr i l r r l r lc  io t l i r tc
being-  r r l ( l io 'act ive. ' l 'h is  pro l r lenr  urrs  h iehl iehtct l  in  thc
(lhernobl' l  i tccit lent r.r 'hich occtrrrctl in rr celrtr:t l c()ltt i-
nent' l l  lrcrt vl 'here iorl inc-tlcticie rrci Pr<tlrletrrs hrtvc l lcctt
r lescr i l lc r l .  r \  h igh inc i t lencc of  ch i l t lhoot l  thr  ro i t l  cr i l tccr
s ince the r tcc i t lent  hr ts  l rccn shor t  r r  to  l re  crr t rsr r l l i  l i r tkct l
to  thc rc lcr tsc of  the r r t t l ior tc t ivc io t l ine .
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