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and water throuah t'allcur (luring smellinl!'. 
Natural roil concenti<llions of cadmium are less 
than 1 wm and average ahout 0.4 ppm. Sewase 

is often c<Jntaminatcd witn caJmiurn. 
then~:onccntrates in plants grown on con

soils. The problem of hea ... y-rnctal 
especially cadmium. ha.5 heen 

of the mo5t serious .::oncem!'i imPC~Jmg the 
use and dispOsal of dom~tir: se"·age slud~e on 
all'icuJturallands. Cl:ldmium al!ro enter~ agricul· 

: •tura.l soils as a contaminant of phosphate terr:iliz
. ers. There is some evidence for the lcachin~ of 

cadmium in ~oJls. 
Amana the CMtaJs. ~admium is one of the 

most readil~ absorbed and a(Cumulated in f'i<tnts 
JrOWn on contaminated sotl. Tt~e ~igni.iicance or' 

. this phenomenon is readilY apparent in the n:Ja.
.tJonslliJ) of cadmium concentrations in rice vlith 

·tile incidence: of itai-itai disease. Althouah there 
is some question about the ~pccific ctiolo*y of 
this disease. t~re is ample cvi<ten,;e t'rom many 

·. ·•rudies of a positive correlation between ri~= 
rtcwlliu:m content and the incidence of the dis· 

in Japan C$ee. for C'lample. Nogawa et al.. 
' 19831. 

Cadminm concentrations in fresh wacers c1rc 
usually le~s rhan l ppb. wt'ltle ~;onccntrutinn~ ill 
seawater rnn1e from 0.0.5 to 0. 2 Pl'lb anu averatze 
about 0.15 ppb fFieischer e-r ,,/.. i~74). Higher 
eoncentrations of cadmium in :surface warer are 
usu..!Jy due to met;dlur~roical plant~. I'JI<ttin~: oper
aliora. cadmium pigments. batterie~. pla~tir.:s 
manufacture. or from sewage effluent. Mine 
drainaae and mineraliz~d arca!l al~o contribute 
Qnific:amly to cadmium fluxes in the Mis~is
sippi .River in the Missouri-Tenne~~ee-Kentucky 
area . 

OrinltinJ water in soft-water .1rr:tu can ~crve 
as a ~ource of cll<lmium throufh corrosion of 
plumbina. However. this source i~ esum:ucd t" 
be sma1lln relation to food intake. A~ in the a~· 
sociation of selenium and mercury. there u!'l
pears to be a protective r:ffect With zinc and cal
cium qairm cadmium toxic:iry. 

Lead. The use oflenu. its minintt. and it~ pro
ctssilll date b11ck ~vera! centuries. Cl'langjn,~: 
usase patterns rafher than increa,ed consump.. 
tion determine: pre!llent en..,ironmental inputs 
from man's u~e ot'lead. Batteries. ~a~>oline o.dai
tives. and paint pigments are ma.1or US4:~. but 
cornbu~;tioo of ea~oline additives is the ma.ior 
source of environmental pollution by lead. Thus. 
lead is primarily an atmospheric pelJutant that 
tDUrs soil and '"'"ater as fallout. a process deter· 
mined by phvskal form und panicle: size. The 
net result is 11 buildup ot· lead near heavily trav
eled road~. In a study if') Ma:s~achusett5. there 
was a close concordance betwe¢n [he ·u~e of 
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lea~ed gasoline and umbilical cord blood lead 
lev~l~. Tl't1s ~u~:gcst!l that furTher reductions in 
l..:alled sa~oiine usage would re~ult in lower 
human exPOsure levels <Rabinowitz and Need
leham. 1983). 

Lea.;! ent=n aquatic !IY!Items from runoff' or as 
fallout of insoluble precipitates a.nd is found in 
sediments. Typical fre~h·water concentrations 
iic between l and 10 ,uw'l while naturall~ad con· 
centralions in soil ran(re from 2 to 200 ppm and 
uvernge 10 to 1' ppm, Deep ocean waccrs. below 
1000 m. contain lead at 0.02 to ()_(14 fLi1k1 con· 
centrations. but ~urface waters ofthe Mediterra
nean Sea i\nd Pacific Ocean contain O.:.!Q and 
0.35 .IJ.~Ikf: levels tNa.tional Academy of Sci
en~;es. t 972). DrioldOI water concentrations (Jf 
!cad may be trre<Atly increased in soft-water :1reas 
rhruush corro~lon of let~d·lined pipinf and con· 
nections. However. n.veraae drinkins···••afer in
c:.~kc i~ cnnsid.erably less than food soun:n. 

The hiulolric metbylation of inorsanir: lead to 
tctramethyl lea~ by lake sedimem microoraan
isms has been oemonstrated. (Wong tN ai., 197$). 
but the si;nificance of this observadon remains 
unknown. It has not been possible t<> detect 
retramethyl lclld. trimethYI lead, or dimethYl 
lead in >ediment~ ur w:1ter th<!t have hi!;th lead 
levels. 

AnPnh:. Ar!<.enic is widely di!'itributed in the 
cnvironmeru. yJan's ini'Ut of arsenic into rhc 
trlobi:•l crde- l1CC:Jt'~ throu.;h smelling. coal burn· 
ins. and the usc of arseni~ pesticides. Sl)e(ia
tion of ar~enic is an imoortant consideration in 
1he fate. movement. and action of this element. 
The chemical and biochemical transformation~ 
l)f ,,r.;cnic include oxidation. reduction. and 
meth)•la!ion. wh1ch affect the volatilization. ad
~orption. dissolution. and bioloaic: dispOsition of 
ihe arsenic ~l'ecies involve<l. 

Ar!lenic con.tamination Qf soils from point 
-;oun:e~ ~ucb as ~:opper !lmelters or coal·bul'ninr 
power rla.nl!l i~ ea~ier to control than the disper
~ive u~;e or arscnic:1l pesticide!!. resultin& in non· 
point-source pollution. Various form~ of :;rseni~ 
u1-e u~ed u~ p~ticid~s. Chroma.ted copper arse
nate continues to ttrow in u~e as a w;>Od J>re· 
~c:rvative ( Fitzeerald. 1983). Ar$enic a~id 
(H1ASOJ) i~ a leaf desi<:~ant used in cotton ~ro
Jv~:tion. lead and calcium l:ll:scnates were used 
a!i ir1secticide~. and orsa.nic atlieni(;als. which 
include mechancarsonic acid and its sodium salts 
as well as dimeth:rl anenic acid (cacodylic acidl. 
nrc used u POStemer,ence herbicides. The 
tra.nsPOn ofar~n~ in tb.c environment is larvely 
controlled by adsorptionidr:sorption procenes 
in ~oil and sedimenu. Therefore. sediment 
movement is re!I"Donsible for transfer of arsenic 
soil residues to rheir ultimate sinks in deep 
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reproduction was dc:cn:usc<i by approximately 
HO percent oy continuous expo~ure of 30 flg/1 
DEHP for up to 21 days. R<:produ~:tion in zebra 
ti~h an~ guppies was aho decreased by low con
centrations of DEHP. 

Although the concenmu.ion~ of phthalate es
tent in soil and water arc quite low. rhe recent 
report or carcinoaenicrty and the continuing re
ports of the ubiquitous presence of r·esidues in 
the environment led to ~ontem Hbout the poten
tial for human health effect!'. liecausc phthalate~ 
have been fC>und to occur in drinkina water in 
lhe llniteu SLates <Br~ss ~~ al .. 1977) and are 
present in food. that concern is reinforced. 

MF:TALS 

The toxicoloa:Y of metals. includ.inalthcir uo;e. 
cx.;currence. 01110 ellej;ts. has already been Dn:
!>ented in Chapc:er I ~:f. In thi:; ser;;lion we will deal 
~.•nly with some i\lij)Cr;;t~ of the natural cyr;;lcs of 
clem~nrs ttnd conditions that alter the prQcess 
involved. Jt ill necessary ro limit this treatment 
to the b8$t·studled example!'! of environmentally 
iml)Ortant elements: mercury. cadmium. lead, 
ar~enic. and 5el~nium. IN~[e; arsenic and S¢le
nium are not mc:l<tls. hut the rerm will be used to 
include these metalloids. J 

Merc:ui'Y. MethYlmercury POllution of Mini· 
mata Ba~ and the subsequcot human POisoniQ 
trom consumption of contaminalecl seafood has 
:;timulated much research un the oriain aoo faLc 
of methyJ mercury. An imPOrtllnt theme 
throughout th~ discussion of metals i:s the: Que~
tion of chemical 5pecies. Mcri;ury, for examf)!c. 
exilil~ in the inoraaoic forn1 as free mcrcun'. 
Haf. mercun ion in ~alt~ and complexes. H~~ ·; 
or a!'i or1anir.: mercury COnti"Ounds. such <IS 
f)benylmerc:uric ~e~JLs. which have been used as 
fungicide.." and herbicides. and the alkYl-mercury 
cornPOUJids iucJudina methyl mercury. Jn natu· 
ral sY5tems. a dynamic e<~,uillbrium that is deter· 
mined by the l'hYsiochemical and biolo~ic con
ditions of the soil-water sy~rem exists between 
the varioos chemical :.pc~ics. Some or~nic 
forrns of mercury err~ man·made. su~,;h a!l the 
phenylmercuric com1>0un<ts. while methyl mer
cury is produced by human~. sediment mjcroor
gani~ms. nonbJoloaically in ~ediment~. and pos
~ibly b)· some tish. As u pecte\1. ear;;b specie~ t1f 

mercury has its own set of r:-hysical. chemical. 
and toxicolottic propertie!l. 

Mercury i~ transi'Orted to aquatic ecos~stems 
via surtace runotY and throuah the atmosphere. 
It i~ coml'Jiexc:d or tilthtJY bound to hoth ll1'81lnic 
and inorpnic I'Jarticics. Sedi rnent5 with hiah sul
fur content will stronaJ;- bind mercury. Organic 
acids such as fulvic and :I:Jumic acid are lJsually 
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associated wi!h. the mercury that i~ nor bound to 
particles. 

Methylation or mer~ury by microor&ani~ms i~ 
a detoxication rcspon~e tha.t allows rhc: oraanism 
to diSl)o,;e of heav): mctlll ions as small or"no-
metallic ~;;omplexe!i. Conditions for methylation 
by sediment microun:lliiisms are !ltrict and occur 
only within a narrow pH ranac.""fhe rate ofnn~ 
th~lljs of merr,yJ men;ury ~iso depends on the 
redox potential. c.;ml'osition of the microbial 
populatioQ. avl:lilabilitY of Ht~"'. and tcmpera
rure. Vitamin B,: deri'>'ativc:s are believed to be 
the methYiatin~ a~ents •. s.iJKe mec:ha.nistic:ally 
they are the only methyl 'arbanion and methyl 
radical donmin~: coenT.YJJJes known cRidley et 
a/ .. 1971). An \lnrJc:rstaodins of the biomcrhyla
tion r·caction mechanisms tog~~:tbcr with oxida
lion·reduction chemistry of elements allows ore
diCtiOns of the environmcnral conditions 
nc:ces!;ary for the biomethylation of mercury and 
~event! other metals. However. the be~t convcr. 
.,;ion rare for inoritanic: mercury to methyl mer
cury under idelll conditions is less than l.S per· 
cent Der month <Jensen 11nd Jernelov. 1969). 

Linle or no methYl mercury i,; found in sedi
ments. Convcnion of inQf'lanic mercury to 
mc:thyl met·cury n:sult~ in iH desomtion from 
~edimcnt tr.lrticie~o o.tl a rclaLively fnst rate. De
methylation hy se<.ilmcnL microoriant~ms also 
occurs at 11 rapid rare when compared to methyl· 
'ttion. Metl\yl mercury released in ~ourface wa
ters can under!lo ph\ltodecompesition to inor· 
ganic me1·cun. How~ver. methYl mercurv can 
also be bioac:cumulattd by planlcron aiaae and 
ti!ih. In Ihh. th~ rate of Cibsorption of methyl 
men.:ury i~ fast.er than that t'or inoraat~ic mer· 
cury. <~mlthc deara11Ce ntle is ~lower with a net 
result of birh mcthl-·1 mercury concentra[ions in 
the muscle tis!lue. Selenium. which i'> present in 
~eawater and seafood. readily complexes with 
methyl mercury and h believed to have an im
port.al'lt J"rutccti ve l!ction aaainst the toAiC ef· 
!eels of methYl mere ury. In summarY. the dan
~:~cr of metnyl mcrcun· POisoning. &li occurred in 
Minrmala. ari~es t'rllm direct methyl mercury 
.:ontaminalion rather than .nerhylation of envi· 
ron mental source!!' or' inursanic mercury. 

Caamiu~n. Cacimium has Jona been rec;Ofl• 
n•zed tu a [oxic eh:mcnt. 1~ imPOrtance as an 
c:nvironmenhll (;Ontaminant w~ demon~trated 
in the oulhreak of iLai·itai di~ase c~sused by 
smelter W<islcs that contaminated rice t~addics in 
Japan (see Chapter 19). Cadmium de~sitS are 
found a~ :sulfides with :z:inc. C()I)J)er, and lead 
deposits. and cadmium. ill recovered llS a bY· 
product ol' smeltintt processes for those metals. 
A maior envirunmen~l source of cadmium rs 
vapor emission:. that contamina:e surrounding 
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vaE>orization rate since air movement continu· 
oosly repl~ce~ ~nd mixe!'l air around the n·aPO
rating !iU!f<~~c. M•1ny chemi~:<4h evnPQrilte sirnul
taneou~IY with water. which lcad3 5omc 
researchers to believe that chemical!'~ ~uch a~ 
DDT "codistill'' with water. This phenomenon 
can be ,temoi\Stl'ilted in lo.horatory di~tlllations 
at lOO"C. but does not occur ~\l normal cnviron
menr<\l remperature:c:. ln~tead. water evapora
tion and DDT vulalih:z.a!ion 1.1C:C\1T inutpen
dentl)'. Hi~her vapor loi'i~ from mo~t soil 
sutface~ correlate,; with pesticide volatilization. 
but is due to tlcsorptilln of ~hemi~als from soil 
adsorr-tion sites by water molecules and the 
ma<is ;1l1W of cl'lemic:1l to the 'l<lil ~urfnce hy the 
""'·ick effect." This phenomenon has been 
noted w!lh ..:hemi~l:ll:s such a:s 2.4-D c:stc:rl!. thiol
carbamates. triazioes. l"~rto:nochlorine insecri
cide!l .• .md N-mcthyl-c arbaiJUitc~. Volatility of 
oraanis: chemicals t'rorn wateJ· increases with 
decrea~ing water <iOiubility. As a result. a chemi· 
o.l with both luw \'ctl'lUr nr~sure i t1 the :so lit! 
phase and very low water .. oiubilitv would be 
much mure voh:ttile from ~:~queuus solutiun than 
miaht be expected. DD'r i!\ apin the example. 

Partitionin•· The l.listribtltion relationshil's 
for" ~1\c:mical lletween the e1tvirnnmental com
Nlltmenrs \'f air. snil. water. and bil.,ta cam be 
expre~sed by a series "f partition ~'.>dtidcclls 
(Mt<:all er tli .. l ~3). Tht: soil liOITHtOn COrl:!olClnt 

CK,;> n:l<ttes lhc e~mount ot' cherntcoJ .~t)rbed to 
soil to the concenrrat1on in water t Table 26-~l. 
Since oraanic matter is ~ key to l~ sorption 
pruce$ii in mttn~ :;oil:;. as discu!i~ed above. the 
~orptinn characteri"itics of a chcmiclll can be 
normaliLed by wse of K •. ,. which relme'l '\<.)r~tion 
prol)elili!!'i tO ~oil or.Ranic matter. Air-w,tLcr dis· 
tribution. C.\prcs:;cd ali K .. rrorn Hcer~ry· .. law. i~ 

vctlid onb· for dilute solUtiOns which i~ the ca.<.e 
L'vr rn~):;! e;wironmental chemical:.. The biocon· 
centration factor •BCF) is actmtilY e1 measure of 
the parcirioning ot"a ch~mical between watu and 
fi:oh but is a !>Uilablc indicator for biota in ~en· 
er;11. This information provide!. relative ranlcines 
of chemicals. althou~orh variations will oc~ur 
r'mon~ dift'erent orpnisms with re11pect to bio· 
l:cncentration. A laboratl'O' mealiure of the l'lat
tltionin~ ot' a chemical between 11-oc:tand and 
"""ter provids:s }(,.., .. which is related to water 
~0lubihlY. K.... values have been correlated 
with bio.:oncentration factor~ and soil sorption 
ct>Mtanu for a number of ocaani~: chem.l
~J.Is. Rcccnti;·, retention times for chemicals 
on reveni!..J-rlta~ high-performance liQuid 
chromaro~ra~ny <RP-liPLC> have been u~d to 
predict panitionins between the organic; and 
<•qu~:ous ph~tscs of th.: eRvironttlent <Swann f'l 

t:Jl.. 19K3i. Thu!'l. with ju!it a few measurements 
of the propcrtic!) of a chcmiclil (water solubilitY. 
vaPOI' 11re,~ure. meltina point. panitionina pa. 
r.1meters. or RP-HPLC retention times) it is J)OS

sible to euess a cbemical's expected en\liron
menta.l di!itribution. 

Bioa.ccumulation. Bioaccumulation is differ
ent frCJm ocher environmental r>roCC:li!iC:li because: 
'' concentt<1t es mther than <iitio:ses the chemical 
m c:~ue~t'""· fhis concentration effect i~ ex· 
pressed :.t'\ the r::~tio of the .:oncentra.tion t'f a 
d1cmical in the orumsm to that in the medium 
Wsually wa!cTl. Bio~cucuJ~o~tion r~ters to both 
uptake of di~:solved chemicals from water (bio
~.unccntmtton> and uotake from ingcstt!d food 
OJ.nd sediment residues. The two properties of a 
l:hcmtcal that nre re~por.sible for hiah bioac
cumulati~m r<llio v~t.iucs ttrc: 't 1 hi~h !.'artition 
~oofficient. :.e .. liPOPhilic. and C2) recalcitrance 

Tabltt 26-2:. KEY PH\"SICAL A:'\'"D 
[:'li\"IRO~E:STAL PROPERTIES 

1:'11 .I''A'n: .-'SSJo:S..'SMF.:'IIT~ 
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Soil surpliun .;,m,..la.nl 
( /\',.,.) 

W.uer·air ratio 
(K,,.) 

n-Oo.:totnul-••iat<'r .:ue:ITkien~ 
(1<,_.) 

Bioconcentration factor 
ri3C'r:') 

"'' Cht!'l1icll "'i~'ll ot' >1111 
"',.; C:hemicu; "'ateri, ·;,·f waiU 

____ .. ___ -~l:!..----- ... '0(1 

'" O!lli~k (arbon · 

1'1 Chcmkah:m' of wt.:::r 
1•1; U"m;c,tl·~m1 ~·l' 01ir 

.-. Chetr.ic~:ml tH)Ctanoi 

~ Cbetrutailmlu( waler 

J'ol cl Cllcricalla of fi!lh 
•4 ui" <."he:nicill· 1.1 ot" W&ler 

·' From S"'ann. R. L .. ~r ai: .'1. raDid mc1hc..:l lot tiM: c,tini&U~•Q of tho;: 
envrr>mmentill >'a;ameters onLnoL'watcr 1*!1itiO•' coefficient. ~cil 
'lll)f~lion cunstan: ..... ,1ter to a1r ratio. and '*atu <..\lub~lil). l~uiri#IC' 

f~f''',. llli: 17-~!j, l9!i3. 
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flo;viRONMENTAL Toxu:oLOOV 

dnsscs <lf chemicals has been summariz~d by 
Hamaker and Thomp~on tl972) (labh: 26-0. 

Adso!l'tion data for .:hemicab in ~oih is u~u
alJy exprc:ssed hy the fireundlich isothenn. 
.t/m • KC": xim is the amount of dlcmical 
sorbed per '-"ei8bt o£ the adsorf:,eat. C i.s the 
equilibrium concentration of the chtnli<:al. and 
K and tt arc <:()nStllnt~. Th~ con!ttunt K re,rc· 
~nts the extent of ad~orotian while the vlilue n 
shc:ds llght on the flaturc of the 3d'IO!'Ption me~;h
ani!lm and the role of tbe :;olvent. water. 

:Soil oreanic matter usuall}' ranses from O.l to 
7.0 percent and ~erves as the most imoorrcmt 
sorptive surface: for nonxonic chemicals. Abo\'c: 
a few l)e!'<:ent or,_nic matter. all tbe soil mineral 
~ut•fat:cs are effectively hlo~ked and thu-s no 
lon,er !'unction 11s adsorbt:nts. Soil oriltni.: mat
ter cno be divided into two main a:roups: 
(I) nonhurnic sub~t.ancc,;. which are fre~h or in· 
~.:ompler.ely decom'POl'ed plant and a11imal mare
dal. and Cl) humic !!Ub!'itanccs. which arc more 
or Jess completely altered or rc5Ynthesized tnil· 
tcrials. The forrner serve as a ~ource tbr the: lat
ter. Nonhumi~ materials include wcll·known 
on;anic; chemica! eroups with definite character
i!lti~; proteins. carbchydr.atcll. oraa.nic acid~. 
su8nr:s. fat~. ~a"es. rc-.ins. li~.:nios. Dil!ments. 
i.Lnd low-molecular-wei&ht compounds. The:sc 

.n11terinls ~:umprise l() to 15 percent uf the liOil 
organic matter. Their cumposilion and rc~1dence 
times arc Quite variable. Humic )Ub~ran~,;e~ a<:· 
co•ant for ll5 to 9() percent ot' ~oil cr~ani~ matter 
and their nat~ i~ not well under.s!ood. liumac 
~ubsumces are fractionated to Jive tulvic ~id. 
which is soluble in hoth 11lkali and acid: humic 
aciu. which is ~ublc in alklil.i but not in acid: 
;md the humin fra<:tion. which cannot be! ;eadily 
ext!'flctcd with cold alkllli. Humic aci<1 and fulvic: 
acid arc aromatic pOlYmers with molecular 
weishts thatl ranac from .5000 ro 100.000 IUid 
from 2000 to 9000. respectively. FunctionaJ 
groutJs rhat have been idenlified on humic ~ub
!>lances arc car~xyl. l"bcnolic h~drox~·l. alco
holic hydroxyl, carbonyl. and meth.Jx~·. lietero
cyclic rinas with OJI.yaen and nitroeen atoms are 
ui!IO pre!'lent. A hYPOthetic srructurr- t'or humic 
,,~;id has been l'I'O!)O!Ied. by Kononova. t i966l a~ 
~hown below. 

Vaporization. VapOri:lation from soil. water. 
ur plant surfaces is a majortramporr process tor 
many ~:hemicals. The volatilitY of a c~mical is a 
tun<::tioa of it!\ vapor pressure. bul the rate of 
vapurizmtion also depends on environmental 
conditions such as temperature. deJree of ad
sorption. ~oil J'!rooerties. and S<lil ~at~r ~OCilcnt. 
Airflow o~·er the cvaJ')onuins Sllrf•t.:e r.ffects 

C~H1 ;0< 

COOH b OH 

<{H t~li~ H<;:--<r'H: HC--cJ.Il 
T --. H .>-\ \ )•--. If ;---\ ~. H 

o·~ \-c-o_.· '1--t- :-.-: ·)-c. -o-( )-e-N-( ·r-e-o-. ·:..a0 
\ ,f H \ / 1-1 \ '~ H '. __ / H ') ,7 H ·....,.. r ,..- .... ;--. ,.. ,.,. ·-

n 0Cii.• 0 (~'II: (J 

Table .Z6-l. t:LAS.'if:S OF \1.'\TERI.I.LS RUAT'ED 1'0 THE lo;fFECT Ot· piJ 
O:'li ADSOKPTION" 

~HJLEC:.. r .41\ FORM 

1.LAS9 t:XAMI'~t: r.-1\'(, Lm,· pH lfbdr pi-! ::H £:.1(-a 

StronJ ~Jd Lin~ar ~fk:YI:o~u!fQilatc:s Anion t\ni<m Small 
Wcalc acid Pid•1rnm 

. ., _,,, Free: &cid Anion L:u'tt' o:cJ 'o:-ption: 
pH 01pprox. ~K,, 

S trofl8 b&l!c 01Qll3t Ciltion Catiun Dcc.:rcas~ til \·~~)' 
J~lw rH • ~~ ~ 
H.SO.I 

Wcuk base Ame•ryne Cari•m Free b11..~c: lncreasinf odsOfl>' 
tion to pH 
IPI)fOX. pi(., and 
then dc;:rease 

Polar molecul~ Diu ron NonionJZcd U n-iunizcd Small 
Neutral moleculell DDT Sil S onionize~ Un-ionized Probabh •mne 

' Frrun Ham&l<•r. J. W .. Wl<1 Th~~mp.son. J . .M.: Ad~orp!ios\. ll: GorinJ!', C. A. j,, «nci Haol\aier. J. W iedt. ): Or::•:nir C'l<<iP11irals 
,,, lilt .~i/l!nvl".'"'"tltr. \'I)J. I. Ma~el Dekker. lt1s;,, :-lew 't'<nl<. 19~. Rcllrinred by Ce>11t1esy of Marcel Dcllkt~. Jn;:. 
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The domc~ti~o: and urban usc and disr>osal of 
chemicnl:'i all;O re~ult in the contamination of !\ml 
and Wliter. Domc~tic wtt~t~s ;iiJe conc~ntrattd in 
sE:wage s~stems nnd lo.nC.fill operations. Fre
quently, !arse butldups of hcttvy metals occur a~ 
a rc~ult. Pes1icides and fertili:z:er!'l u~ in subur
ban and some urban situalions for htwn and 
home earden purPOses or peM contml in other 
!lituations also are seriou:s ('lrob!cm~ when im
properly u~ed. Deteraentlio may al!!io cnu5e diffi· 
culties ~~ referred to above. The discovr:ry that 
che proc~l'i of purifyinc water can re5ult in the 
chlorin.-tion or c:ertain oreanic chemi~als to rmJ
duce chlorinated hydrocarbons that 01re potendal 
carcinosen~ hal'. f!enernted concern. In "orne 
pan!l llf the country concentrations nf ~uch 
chcmicab ~above levels con~iuen~d to be safe 
have heen f~o)und in drinkine-\loo·ater systems. 

Finally. metals. minerals. and plant or animal 
toxins e~n= !\.lund in the environment as muural 
~omponent!\ of water and !!Oil ~y~tem~. 1\llt"'Ollih 
they have ;t\waYs been there and t~IWI:lYS will be. 
human activities frecnJentiY rer.ult in exces5ive 
production or movement of such chc:mJcaJs 
found naturally occurrina in the environment 
and can result in concc:ntrations detrimental to 
human ~1r ,,rher· oraanisms. furthermore. the 
po~.;ibilit}' of interaction or c;ymhetic cherni<:al:s 
and ~:mllutant!\ "'ith naturally occurrin!l metnls. 
mincr .. als. and t'•~in~ must be con~idered. 

Tnntrpon. Mobility, tmd DisDositio11 
The rate and <.listriburion of chemkals in the 

environment are determi~d by sev~ral ""rill
bk!l thut can interact in numerous way!'. An 
ana10$Y l:'etween pharrn<l~.;ou~·ncunics •Lnd 
'hcmo<hn:~.mit:!l ~an be drawn tc iilu~.trate <,ome 
b;~si~.; ::simih,ritih in t<u:h <tPPn><H;h. First. one 
mu!'it appreciate the phy~icochem!Cnl PI'OJ'e:'til::s 
of a chemica.!. s.uch ttS water solubility, lipid !iOI
ul:-ility. part1tiooina behavior. v<liXJt J'lressun:. 
pKa for iumc <~pecit:'i. chemical .;tabilitY. et~: .. if 
one is to pro.:dict the behavior of a chemical in a 
SYStt'!m-tt~ it human or an CCO!;YStcm. S~cond. 
the proces~e' that cu:t within the :sntcm must h<! 
c~1nsidered. Trnn!'iPOt1. via serum protein~ vcr· 
~us suspended scd1mcnt~: circulation. via rhe 
ciJ'culatorr system ver"lllls the hy<.lrolua.ic cycle: 
dc,radation. in liver vc:r~u5 !'.oil microorg.anisrns: 
nn~1 c::~.~retion. vi<t urine. fcr.:cs. <tnd c.'I:Pired air 
vcr.m~ di!uuon in water ano air t~') nonderectabJc: 
leveh or f.!ePO~ition in ultimate sink.s :;uch o.s 
deep ocean sediment!!. are all processes that li~t 
on chemicals to determine the mobility and tina! 
di,I'Qsition 0f a chemical in a system. The anal
ogy can be carried one 8tep further to ir.dudc 
tatJ~t oraans or tissues affected by the chemical 
in comparison wi[h the susceptible spccJc!\ of an 
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ccosysre::n. The fundamental diff.:rencc in this 
cunsiueration is one of scale. in both time an,J 
dimen~icm. which then require~ model!'! of vary
ing 5C.Illc. Several m;ttl!cmatic~l moods have 
hecom.e ,;~.11ailable in rcc;cnt years to predict the 
transport and fate of Olllanic chemicals and met
al~ in borh aquati<: and $Oil S'Y'items !Dick~on ,, 
ai .. 19821. The soil models ttr<: divided into un
'l:J.turated and satur·med sy~tems while ocher 
models deal with runoff 11nd the transport of to.'t
icant!lm ~urt'ace waters. The value of ~ucil mod
c:b i~ in undcrsll1ndiru: the.: properties 1h11l Hre 
mo~t im,:~ ... ~lant in determinintt the environmen
tal fl!te of a chemical under &riven conditicmi . .'\ 
second objective i!l to predict exoo.!lure of vari
uu~ un;anisms through time to various to:xicants 
<1nd thus aid regulatory <u~cncies in decision 
making. 

Water Solubility. The water solubility and 
latent heat of solution arc critical properties of a 
chemict~l thai att"ect its eovironrnental fate. 
M11nY environmental toxicant:!! are hydrophobic. 
havine solubilities in the: parb-per-milliun (ppm. 
mciJ) to parts-~:~er·billion (ppb. ~I> ranae. Re· 
J'lOrte\1 solubilitY values v1:1ry with lhc method 
used for determination (Gunther ttl a/ .. 1968). 
Water solubilities are affected hy DH !for ioniza• 
llle chemicabi. prc:~cncc of dis:;ol••cd salts and 
orl!<•llil:s. ;lnd cemperi.tlure. 

Soil Adsorption. Ad!\orpt1on ro partic:ulo.tl! 
rnall<:r is 1:1 I'TU\ior mcchani~m h}o· v.'hich chcmi· 
cal~ are removed from solution. Adsorbent nJA
teri.als in ~oils and sediments can be divided into 
clay mineral!! and !loil Ofllanie matter. Cia}' min· 
erclis im:ludc vario~ bydrous sdiC".ltes. oxides. 
and iayer c;ilkares. The day mineral& ha,·e beet, 
;.;,,t..:nsivcly s1udicd and are characterized t>r 
oi1Y~icnl .structure or laverintl: lYt~e. either 1: I or 
~: 1. swcllin~ abilitY. cation exchang.e caoocity. 
and ~I"C~o;ific surface rm=tgj fWeber. J972l. Thcs~ 
parameters c>re impOrtant considerations Jn the 
bc:ha-.ior of or~:anic cation.~. polar orpnic mole· 
..:ule~. ;and metal ions in !>oils. High ~pccific :o-ur
face i~ ca~sOt.:iated with smaJI~:~articlc si:tc: th~rc
filre. the c~.,lloidal fraclion ul" the soil ts a 
Jcmin<lnt tactor in ..:hemical-~uil inteJ·ct..:liun~. 
Calion cxchafl;;e capacity of' 1he inorJZanic fmc
iion h a runc.tion uf the maanitude and distnbu· 
tiun of the ~tructuml charae. Exchange"bilitY i~ 
dt:!"Cndc:nl on the ad5orbed cation~. u.-;uallr ,;o• 
dium potalllsium. or ~akium. and the nature ot 
the replaciru: cation ... 

The water associated with clay pla:ys an im
wrumt role in deflni111 its charactcrlstJ~. Ad
sorbed water on clay surfaces is mon: ordc:red 
rh:m free water. Water on the clay surface may 
abo be more 1onized 'than otherwise. Thu!ll. the 
hydro ~:en ion ~oncentnt.tiOII of the clay surfa~c is 
hish. Th.e effect of l'IH on the adS()mhon of 
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