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The asse>sment of the magnitude of transfer of ch.mical, bet"'·..n air. "'''ter,
ooil and biota and the ,",su!llng content"'tion. in the rtspt<:li.'e companments
are an indispensable prerequisile for the est,malion of prob<lbk «]"IOSure,
accumulation proees.s<:. and toxi';l ... for organisms including man.

Two kinds of information are u.uall ...· needed: ~I"ti,·. informalion which
allo",., comparison between chemicals tesled under similar condition, and

'"
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Ilbsolu,~ inform.tion on p",ce.. ral.. and 'lWl.nliti~1 of produ"t~ under
naturol en,-ironmenlal conditions. For the firsl tn"'. standardi'ed
exp"'imental conditionl of,.n requill' lignific.nt de,-i.tions from those of lhe
nalUral ens'ironment in order to obtain rele'ant re,ull,. Thel<' ex!"'riments
include lhe determinalion of ph}'siro-<:hemical d.ta and lhe mor~ 5imple
laborolO'}' 'eS" which pro,-ide qualitalis'e Or rel.ti,-~ informalion On 'he
lronspon. tronsformalion and acrumulation of chemi",ls, Absolute
informalion requirel more oomplex l.borolOTj '~SIS und~r Simulated
en"ironmemal oondilions and dire"t field teSls_ The"" teslS gi' c results which
are repre""nt'li'e of the general en' ironment. but are onl~ confirmatory
""thin lite spc<:ific ensironmental condition of the test. Since a multilude of
faelors affect' ex!"'riment.1 results. comparisons betw~en ch~m;cal, .hould
be und~rtaken onl} ,,-ilh caution. BOlh groups of t~sts are n~ces..ry and hav~

specific ullli,). n..ertheless great'" insight into environmental behniour of
chemicals is achie'ed if re,ulls are propcrl~ s}'nthesized,

To asl<'''' the abilit~, of tests to prodicl the environmental beh3\'iour of a
chemical, comparison of results with those obtained b~' the anal}'si, of
en"ironmemal samples ...ithin mon.iloring programmes is indispenl<lble_ This
is true both for comparali.e laboratory and field [eslS. Suilabllitj and limits of
reponed leslS of both typcs will be dis,ru...,d in 'his <tttion_

The determination of ph)'sico-chemical da,. i. the firs' Slep in elucidating
.he beha.iour of a chemical in the en"ironmenl, Howe"er. when e.'a1uating
these results One shOuld cons;der th., physico-chemi",1 da.. yield onl}' panial
information and ,hat 'he role environmental factors play in the reSpc<:tive
en,ironmental process should be understood and integrated imo a model
before an}' conclusion is drawn, Extensi\'~ laboralory work i. ofl~n n~ed~d to
<:Iarif)' these imerrelal;onships. Although it i. ,,-ell known thaI s-apour
pressure is relaled to the o<:curr~nce of ch~micals in th~ almosphere. il "'ould
be an ~rror 10 exclude from consideration the presence of all chemi",l. with
"ery-' low .'apour pressure when asse,'<ing ch~mical accumulation in the
atmo>ph~re and. conl<'quenl1y. global atmospheric transport. DDT (.-apour
pre"ure: 10 'Pa; \bier-Bode, I%S). dieldrin (..apour PI'Cssur~, 10 'Pa,
Mai~r·Bode, I%S) and hexachlorobenzene ('-apour pressure: 10 Pa;
Schmidt·Bleck ~t Ill.. 198:2) are ,,·~ll·known ~,"mple, of compounds "'ith low
vapour pressure but significant almo>pher;c ltansport.

Computalion mod~11 to predict the en.'ironment.1 partitioning of a
chemical be!"een lhe media (air• ...-ater and soil) h",~ be~n published
recenll}'. Neely (1980) proposed equations based on the sUMlance',
phys;co-ch~mical properties. like molar mass, "apour pressure. and ...-aler
""Iubilily. Anolher approach has utiliud 'he concep' of fugacity' . ...-hich can
be defin~d as .h~ tend~ncy for a substance to e....pc from a phase, and
assumes equilibrium condition' among a set of environm~ntalcompartments
(Macka). 1979; Mackay and Pat~rwn. 1981). Both models h3\'e been used



for Ihe eSlimalion of en"ironmeniai comp>lTlmenlalization of 25 chemIcals as
a basis for an en,-ironmental hazard a''''!oSmenl (Schmidt.Blee\; t' ~/_. 1982)

Because of lhe complc.il) of inleITcI.tiOn~hipsbet",een ph)sico-chemic.1
properties of a pure compound .nd environmenlal faclOrs, ,horHerm
laboralOI) teslS a. "'ell as field le't' arc indi'l"'nsahle for ...alillic .s..ss­
men, of en"ironmemal dislribulion and tran~pon of lhe chemical. These
lests nOt onl) conr.rm lhe conclusion. or calculated ....ult. delermined
from ph}slco-chemical data, bUI lhe) arc prerequi~ile to eslablish,ng the
intcITelalion,hip bel"'een pll)~ico-chemical properties nee<led for such
estim.l;on,_

LaboratOf}' lest. are eilher aimed at delermining Ihe influentt of single
en,-ironmental factors On the beh.viour of chemic.ls b}' rontrolling olher
major inf!uentt. from the en"ironment, or at delermining the integrated
effce' of 'he sum of factors pre",nt in a complete en"irnnmental S)'Slem (e_g.
simul.ted ecos)'~,em.)""thout diffe... n,ialing indi,-idual influentt._ For field
tests, a multi'ude of en"ironmen'al par.mOle", acl in concert on the chemical
and .uch comple. imerrelalionships cannot be ea,il) controlled.

Chemical rcacli'il) i. another parameler which complicale. lhe i",es­
ligalion of tran~fer and lf1lnspoTl prncc...._ When chemlc.l ...actions C>CCUr
al rale. coml"'liti"e ",'ilh dislribution or lransport prncc"",., distribu­
tion path"'a)'~ will be controlled panialll 1»' Ihe parenl compound, and
paniall) b)' n. con"et'Sion products_ The di.tribution of bolh the parenl
compound and it' con"ersion product' can be followed and pool. and flu~e.

quan'ified u.ing radiOtracer 'echniquc•.

5.2 TRA!'>SFER or CHDIlCAL.S BITWEEl'i SOIL Al'iD WATER

Kno",ledge of the tr.n.fer of chemicals belween $Oil and "'ater i. nettSSll'} to
e"aluate the migralO')' tendenc) of the.. chemieal~, for e>ample, the $Oi]"s
tendenC} to ta\;e up chemical' from rain, irrigalion or "''''Sle w.ler spill•. or
for chemical. to migrate wi,hin $Oil~ and leach inlO ground "'ater Or "'n-off in
surface "'ater. Ph)'1ico-chemical prol"'ni(> affecting tran'fer prncc.se, a. ""ell
a. Iaborato') lest. and field tri.ls to quantif)' chemical m""ement between
...ater .nd $Oil .re summarized in Table 5.1.

The imponant influence of soil.sorplion properties On .11 tr.nsfer proccssc>
belw..,n "'il and ....ter i. gener.ll) undemood (Furmidge .nd Osgerb).
1967; B.ile) .nd Whll•. 1~70; J.rCl)\;, 1972; Felsol.nd D.hm, 197~).

Ad$Orplion model' under diSCUSSion are 'he Langmuir .nd Ihe Freundlich
adsorplion .qu.tiOns (B.ile) and While, 1970)_ The Langmuir .dsorplion
equalion "'"liS initi.lly d.ri\'ed for the ad;orplion of gases bj solids; in terms of
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ooncenlrations. i' rna) be wrinen as follow"

.< ~K,·K,·C.

m I+K,C.

where:rlm is the amOunt ad;orbed per uni' amOunt of adsorbenl. K and K,
are con,lant, lor the system. and C. is the equilibrium ooncentrat;on in
oolution.

The Langmuir iSO\herm equatiOn implies 'hal Ihe heat of adsorption is
independent 01 surface OO\'erage. This i' based on a model which a"umes a
uniform surface. In COntraSI to Ihis, the Freundlich isotherm is deri"ed on the
as>umption thaI a decrea'" in heal of adsorptIon with increasing surface
ooncenlration or co\Orage can occur due to surface beterogeneit). The
Freundlich isotherm equalion is wrillen as folio..."

'"
The adsorption constant K can be u",d '0 compare sorption of different
chemical« on various soils at unit concentration or to study the dependence of
adsorption upon other phy,ico-chemical propen'es of a chemical. 1;'11
prO\'ides a rough estimation of the intensit) of adsorption (Felsot and Dahm,
1919).

Soil sorplion of a chemicallrom aqueous solution rna} be characterized in
screening te>t, b) the determination of 'he adSOrp'iOl1 roelficienl K for a
single concentration. based on o'en-drj ..'eight of solid maller (OECD
Chemicals TeSting Programme. 1981). This test is performed by equilibration
of a known amount of chemical di'sol"ed in water or dilute sail solution with
a conain amounl of soil. follo..'ed b}' cen'rifugation. The adsorption
roefficienl K" i' then calculated acoording '0 (3):

-< .. m
K'-_ (3)

C.

K' i" an approximate 'alue of the adsorption COn"ant K in equation (2)
\\'herea".IOJ more polar or ionic chemical molecules. clay minerals pia} a

major role in adsorp'ion effects, for weakl) polar non-ionic. organic
"uMtanceo. the amount of organic maUer in soils i. the mOS' imporlan' faclOr
oontrolling adsorption (Lambert nul.. 1965: Spencer el al.• 1913; Felsot and
Dahm, 1919, Rippen or ul.. 1982). Therefore. an appropriate adsorption
roefficient K'.. ""ould be ba<e<l on soil organic carbon oon'enl;

K'·IOO
K' ~ (4)

'" ""'.C.
where K'.. is ,he adsorp'ion coefficient based on organic carbon conlenl in



soil. K i> the adOO<JltiOfl oooffi<ien,. and "".e. is the pel'C<'ntage of organIc
carbon in soils.

Although adsorp'ion generall,- is reversible, desorp,ion i> n01 al"'o\,
complete, Therdore. adsorption teSIS should be follo"ed by <ltsorp,ion teslS
"ith ,he same compoundS. Ad"anced 'es's. examining the innuence of
differen' Iniual concen,rations, prm ide further informa'ion on the adsorption
beha"iour of a compound {OECD Chemicals Tes'ing Programme. 1981). If a
hnear Ii"" re>ult. from plouing 'he data as log (xim). ersus log C•• the log form
of 'he empirical Freundlich adsorp,ion equa,ion (2) is obtained. The
adsorption constan, K ma~- be based on soil organic carbon oonlent and ,hu.
expres.se<J as K. analogous to K'.c in equation (J).

In conlraSl to 'he <It,erminatlon of more SImple physioo.<:hemical
paramete~. the de'ermination of sorption coefficient> or conS,antS imoh'e,
problems "hlch are, on the one hand. due '0 'he difficulties in standardizing
natural soils. and on the o'her. due 10 interference. 1:»' eompetitiH
en"ironmen,al Pl'OC':!SCS. primarily ,he biotIC degradahon of the chemical
during 'he requireJ adsorption and/or desorp,ion period. The difficultie, in
da,a inlerpreta'ion encountered because of the large .-aria,ions in adsorption
beha.iour of natural soils. ma,- be m'eroome b,- replacing natural soil. b,­
standard mixture>, A mixture of lollnd. kaolini'e. and peat. as used b) La Fleur
(1979), howe"er, may lead to difficulties similar '0 'bose ,,';th na'ural soils.
due '0 'he non.homogeneou\ ",,,C'ure of peal. Therefore. Rlppen., al. (1982)
proposed 10 replace ,he natural soil. b) SynthetiC adsorbents. The authors
showed 'ha' inorganic adsorbent< like silica geL kIeselguhr or alumina had
only 10" K·"alues for non.polar chemIcals. whereas cellulose exhibited high
adsorption constants. They demonstrated also 'ha' a correlation of K-.'alues
for o:o:lIulosc with K.·. alues of natural soils i. possIble. A mix'ure of o:o:llulosc
and inorganic a!>sorbon" could. 'herefore. take into account botb adsorption
on mineral and on organic soil cons,i'uenl<.

Sino:o: the de'ermination of adsorbed ponion. of chemicals is usually canied
out indire<:lly. i,e. by measuring the unadsorbod portIons lef' in solution.
losse, b,- biotic degrada,ion Or cons'e"ion in na,ural soils may be
misinterpre,ed for adsorp,ion_ Bio'ic <ltgrada'ion may be pre.ented b)
\teriliza,ion; Ito"'e.'er. ,hi. rna) result in altera'ion. of 'he adsorbing surface.,
cspc:ciall) for those soils hIgh in organic maner. There is also ,he possibili'lto
Include a de'ermina,ion of biotic degradation wi'hin the adsorption 'cst, I:»
mea.uring 'he amount of CO, formed from 'he .,enobiotic during ,he
adsorp'ion or desorp,ion period (Vocke!. 1981). This me,hod provides
optimal gain for ,he ..perimental effon but requirc-s ,he use of "C·labelled
chemIcals. AnOther meanS '0 o'-errome the diffiCIIlties related to bIO­
degradation losses is 'he u>e of model adsorbents rather than natural soils.

A simple. rapid. and reproducible me,hod to determine soil sorption. ,,-hich
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essentially in~oh'es filtration rather than ~ntrifu~ation as in the ron"entional
method, was rep'lfied by Wahid and Sethunathan (1978) for y-BHC and
parathion, 11 u",s a hy'podermic syringe fined "'"h a filter paper disc and
permilS quantification of the t""O chemicals sorbed at extremely shon time
intervals down to 5 ",c.

Soil sorption has been .oov.'n to be cor",lated to more simple
physiC<K:hemical parameters Empirical equations ha'-e been ootain<:d
experimentall)' for non-ionic chemical. ",lating soil adsorption to ""ater
solub~ity (Kenaga and Goring, 1978: FeliOt and Dahm, 1979: Chiou el aI,.
1979: Brigg~ 1981 b). and octanol_water panition coefficien" (Briggs. 1973:
Kenaga and Goring. 1978; Felsot and Dahm. 1979: Briggs. 19810),
Dissociation constants playa role lor ionizable chemical' (Baile) and White.
1970),

Paradlor i' a temperature-independent substan~ parameter ",hich 'elates
surfa~ tension to the liquid and vapour density Quayle (1953) suggested an
additi"e scheme to correlate this paramete' with chemical Slruefure, Lambert
(1967) derived the follo"';ng expression ",lating til<: parachor to the panition
coefficient. neglecting an) interactions

log K. - "PAU (5)

whe'" P is the parachor. K. the panitioo coefficient," a constant and AU the
difference in internal p,e"u", between the two pha",s. Where "'ater is one of
the phases, the AU term is dominate<! by the internal pressure: ofwater which
io -10 times that of immiscible organic soh'ents. Therefore:, for solHnt "'-ater
panitions, til<: AU term is similar for all solvents aruJ, in the absence of solute
sol"ent interaction" all panitions should be 'imilar except whcre the organIc
phase itself COntains much "'liter ( >5 Mwater), If the pre",n<:c of "'liter in the
organic pha", increll"" the internal pressure in the orgamc phase, it ,,;11
decrease the diffe",nce between the twO phases and hence decrease the
panition coefficient. If we a..ume that the differen"" in Internal pressure IJU
io proportional to the difference in the ".-ater concentrations in th-e aqueous
and organic phases, AW, equation (5) become.;

log K. - ,,'PIJW (6)

(Briw. 1981b)
The CQllander equation (7)

log K .. -". log K" - b 0'
re:laung panition coefficient. of an)' pair of soh'ents to each other (Collander,
1950), and equation (6) were u",d b)' Briggs (1981b) to calculate, for
nOn· ionic chemicals, relationships be'....een so~ adsorption, octanol~....at~r
partition coefficients, "'liter soIubilit)', bioconcentration factors, and the
parachor, if the water concentrations in the respecti"e organic pha"" ;n



equilibrium "ith water are \;no...n. The.., theoretical relation~hipswere shown
10 be comparable to tho.., obtained eXp"'rimemall}', For the calculahon
of soil adsorption COnStantS, the only additional infonnation needed is the
water co"""ntrat;on in soil organic matter at equilibrium.

The parachor offen a "er) rapid "..ay to <:.alculate approximate values of the
octanol-water panition oooefficient and hence also of soil a<!sorption
constants from chemical structure characteristics alone without the u'" of
experimental data (Briggs. 1981b). A relation$hip bet...een parachor and
adsorption oon,tan" ha' also been found experimentall}' (Lambert. 1967;
Felsot and Da"m. 1979).

Molecular connecttvit\ indi<:ell are numerical characteristics of a molecule .
...hich depend on the number and t}'pes of atom. and bonds as ...ell as
their ,patial ronsiderations, Each inde- is a quantl1ati"e repre..,ntation
of molecular structure at different 10"eis of complexity. For the calculation of
oecond-order "alence moleeular connecti";t\ indices. atorru; of molecular
subgraplls are described by their "ale""" delta ,'alue•. w"ieh indude the
number of valence electrons in the atom and the number of hydrogen atoms
bound to it, Molecular connecti'ity indices ha" been ~ho...n to be linurly
oorrdated to the oct3nol-water partition coelf>Cients for a "anet)' of
monofunctional chemical dasses induding esters. alcohols. ketones,
carbox\lic acids. amines, and hydrocaroon, (Murra) tr al., 1975). The
relationship bet...een molecular connecti"it\ indices and soil sorption
coefficients reported b} Sabljic and Protic (1982) offers another possible
meanS of estimating soil sorption coefficients "ithout experimental data.
HO"'e"er, this means rdationship "as betn sho...n. thus far. onl} for
polycydic aromatic hydrocarbons,

TM Infonnation a"ailable tOOa\' on the relationship of phl"sico-chemi<:.al
propenies 10 adsorption/desorption processes is hdpful in assessing transfer
rate, 01 chemIcal. bet"'etn soil and ...ater, but all estim.tes should be
accompanied bl" confinnato!) laoorato!)' and/or field teSts.

5.2.2 Labo..llory Tf'Sts

In mOSt cases, laborato!)' tests do not produce data which is quantitati"l)'
predictive of chemical beha'iouf in the en"ironment. but they give. b}
relati"el} simple means, comparati"e data for 'ariou. chemicals.

The misrato!)' beha,iour of chemical. In soil> and tbeir transfer to
leaching water usually is detennined b}' soil column studie, in the laboralOf)'
(Lambert tl aJ" 1965; Jal'CZjk, 1972; 8iologische BundesanSlah fur Land·
und Forstwiruchft, 1973; Leima el aJ" 1976; JarCl\ \;, 1978; McCall elill.,
1980). The chemical i. applied on the tOP of the column "'hieh is then
percolated with water. The eluation is .naly~d for the chemical at appropriate
time or ,"olume ime ....a1•. Similarly, the upward m()\'ement of chemicals in soil
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is leSled in columns ,,'here the chemical i~ apphed 10 Ihe d«ptSI soil 13ytl.
l11e column is sel into a ""ntain",. and water is added SO that the column is
subirrigated. The units are placed in a hood with the fan operating, Al the end
of the experlmenlal 'ime. 'he ""Iumn, are shced and the different laye",
analysed for Ihe ehemical (Harri~ 1969). A relationship beN'een resull' of
leaching expenmenl' in soil ""Iumn' and so",lion coefficiem, was ""nfirmed
1»' McCall 01 al. (1980) who demonstrated decreasing leaching di'tance. in
soil column. "';th increusing so",tion coefficient•. Lei"ra el ai, (1976)
reported the relationship of sorption coefficients ",'hh leaching behaviour for
aldicarb and it, metaboJite'. The sorption coefficiem'. logether ""'h diffusion
coefficients and "arious soil and column paramelers. were combined ,n a
ma,hem"lical model

A ,imple but reliable te,t methodologj 10 assess the migration behaviour of
chemicals in soils is chroma'ography'. McCall 01 aI. (1980) demonS1ra'ed I
C(>TTolation of soil adso",'ion coefficients ""'h liquid chromatographic
retention times. Since adSO",lion coefficiem, h.,'e been correlated "·,,h soil
column leaching diS1ances. a correlalion be''''een reten'ion time, and column
leaching di'tances is e,·ident. A general correlation between R!-"alues of
panition Ihin-Ia)'er chromalograms and panition coeffICient. was established
by Lambert (1%8). The R.·s-alue. defined b) equa,ion (8)

(8)

is related 10 Ihe parlilion coefficienl of the respecti"e TLC·,ys,em. If soil is
used as a thin.layer coating and water"" a des'eloping soh'ent (Helling and
Turner. 1968; Helling, 1971.-<;; Helling 01 al,. 1971: Helling 01 al.. 1974:
Lord .. al.• 1978). the R .,'·alue can be correlated '0 Iho adsorption coefficient
and Ihe organic maUor comem of 'he soil (Briggs. 198Ib).

Te,t. for the migra'ion of Chemicals from soil imo wa,er are indi.pen>able
for hydrophilic chemical•. For lipophdic pesticjdes. il may be more
appropriate to study the leaching beba"our of readily fonned con"ersinn
produCts. rather ,han that of ,he parenl compound. The con,'ersion produc,s
u,ua1I~' are more hydrophdic and thus more susceptible to leaching and
fUn-off. Wi,h radiolabelling teChniques. bolh parent compound .nd con­
'usion produCt. can be mOllilore<l in experimental sy,'em. (Scheune.. et
~I.. 1981).

The environmental relevance of resulls from laboratory leaching
eJlperiments can be evalualed by comparison ""'h field teSt dalu and by'
monitoring the OttUrrence of the re'p«1ive chemical in natural ground water
at locations where known releases have OttUrred, The predictability of
laboratory" leaching results 10 behaviour under en,'ironmenlal conditions mal'
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be impr",-ed b) using undisturbed $011 cores instead of disturbed or 5.ifled soils
(JaTCZ)'k, 1979), Howe'-er, ,~ yariation' in ad$Orp'ion CapaCIty of na'ural
soil. are so large, that 'he differences be,ween di"urbed or undiSlurbed soil'
migh' ~ less important than Ihe utilization of a soil type con.i.tent with thaI
of the nalural environment for ",'hich the prediclions are being made,

The prediction of leaching beha,-iour in an ecosystem from re,uhs of
labora,o'} column ,lUdie, as ""ell a, from malhematical model' based on
two-phase equilibria is compJicaled b) the faCt tha' man) unaccounlable
,'ariables innuence field beha"iour, For example. do""nward leaching may be
accompanied b) lateral migration, up""ard moyemem rna)' be iniliated as a
consequence of ,-olatilization, tran,pon ma~ occur along fractures, etc, If
malhematical or laboratory model!; are based on tWO-phase equilibria
(chemical in di,soh'ed and ad$O,~d phase). 'he occurrence of 'hre<:-pha..,
equilibria (including undissol'-ed chemical), after high dosing rale, under field
oondilion" may pre'em realistic predictions (:-.'RCC), 1980), Hamaker
(1975) concluded from a,ailable laborato,) and field dala that in lhe field
lhere i, less mO'emem of chemial than indicated b)' laboratof)-Ieaehing te,tS
and recommended 'he use of laboratory lest resuhs to compare the
Ieachabilit) of One chemical ""ith others of kllO""n leaching beha,'iouL

Laboratof)' model ecosystems are generally designed to delermine
chemical "ansfers between all me<lia and Ihe biOla. in addition 10 lhe
examInation of inuacompa.rtmen,al accumulalion. con'-ersion and degra·
dation, Ho"'-e'er, some model .y.tems are especially sui'able for lhe deter·
mlna,ion of chemicallran,fe" from SOil into waler or ,-ice "e.....

Leaching proce''''' can be simulated in relati"ely ,imple terrestrial model
e<:osystems_ Water i, percolaled through a soil-plant s}'s..m afte' lreatmenl
of the soil wilh 11K chemical, The percolale<l "iale, i. coIlecled and checke<l
for Chemical re>.idue' (liChtenstein el <d.. 1974). BeSide, leaching, planl
uplake, "olalJlizatiQ<l and degradation rna) be detennined in another,
rela'i"e1y .imple appara'U' reponed by Be., and Weber (1974), A highly
complicaled plant me,aboh,m box ha. been constructed by Figge and Klahn
(1982) enabling mea'i-Uremen" of leachmg as "'ell a, 'otal maSS balance
",udie, under controlled cJima,ic conditioru;,

The simulation of soilrun-off also requi,e, mOle oomphca.led microcosm
designs, These cxperimental ,)'stems are oompanmentalized and consiSl of
terreslrial and aquatic componen"_ Rain i, ,imulated, and the run-off from
the $Oil into 'he ",ater is measulcd (Li<:hlen'tcin~, <>1.. 1978; Liang and
Lichtenstem, 1980; Vi,,"nen tt <d.. 1980).

Such microcosm, .hould be used iru;lead of te"5 ..-jlh soil and water alone
whene'-er po'enlial inlluences of bio'a On trander proc...., are '0 be
asses.sed, For instance, aflel appllc:l1ion of fonofos-''C to a soil_plant_water
microcofm, 'he amOUm of ''C traru;poned in run-off decrea",d dra'lically in
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10 Ihe concenlralion difference:

(9)

,,'here F is Ihe flux in rna.. per unil of lime and per unil of area, u i~ the
concentration difference. and Ihe faClor K the inlerfacial mass lransfer
coefficienl .,hich h,.. dimensions of "el<>cily (muall) expressed in m • see 'or
m' h 'j. A..uming an inilial concentralion C. of a ehemicol in waler and a
concentration of nearly' Ze'O in 'he air {i.e., the Si,ualion of a single chemical
pollulant in a "'ater bod}' or of a laboralory "ol.lilil)' experiment). the
decrease in concenlration C in water as a funclion of the lime I is exponenlial
in aoxordana "ilh firsl order kineliCli:

(10)

where L is the depth of Ihe water body.
The reciprocal of Ihe maSS lran,fer coefficient K i. called the overall maSS

transfer re!.i'lane<:' and is Ihe sum of the liquid·pha.. resis!.nce 11k, and Ihe
ga..phase resis13ne<:' R • Tik.· H, where R i. Ihe gas ron'tanl, T the absolule
temperalU!e, k, Ihe liquid film ma" Iran,fe, coefficien', k, Ihe gas film rna"
Iransfer coefficienl. and H Ihe HenT}" Law constant. H. assuming limiled
""ter solubdily and ideal beha\iour. can be approxima'ed as follows;

(11 )

where p i' Ihe partial pre"ure of Ihe compound al SIHu,alion and S is Ihe
maJIimal solubilily of ,he compound in the liquid phase at Ihe re,peeti'e
lemperature.

ThU$, according '0 'he two.film boundary layer model. the o"erall mu.
rran.fer coefficient K mal be defined a. folio".. ,

[ ' R"]'K" -+--
k k,' H

(12)

If Ihe ,alue of H is greater than 5· 10-' aim m' mol which implies a
compound of high "apoul pressure and/or low "'ater solubilily, the ,esiSlane<:'
lie. almosllo1311y in I"" liquid phase, and the se<:ond lerm in equalion (12) i.
relali'e1;- unimportant: i.e .. the "olalilil} is liquid·phase controlled, If the
Henry's law COn~lan! is below 5· 10 • atm m' mol " which implies a
compound of low npour preloSUre andfor high waler solubilily, Ihe firsl ,erm
of equahon (12) is unimportanl. and Ihe "olalilizalion is vapour.phase
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CQIltrolled. For chenucals wilh Htol)'s ronslants between lhese two limits,
both liquid and ga..-pha", re~~lanCf' is of 'ar}ing imponanCf'

Tesl guidelines a,·.ilable loday 10 "'k"Ulale lhe "olalilil~ of a dl.mi",l
diswl,·t<,l in "'a,er ,n t",m~ of ,h. flux lhrough ,h. interfaCf' al a gi".n ",at.r
OOnCf'nlralion (.xprt~",d in mass p"r unil of tim. and p"r unil of area). Or in
lermS of 'he half·lif. lim. in water. "hicb i' ind<:p"nd.nt of lh. inilial
wnCf'nlralion. art based upon th. calculalion of H aCCQrding 10 equalion (11)
and lhe liquid and ga' mass lran,l", coeffici'nl~.

Th. calculalion of H according to .qualion (11) gi"" inuan r..ul" if
eilher lhe vapour pressure. or Ihe waler solubility oflhe chemical. Or bolh art
SO low lhallh.ir ,xp"rim.nlal d.t..minalion i~ difficult. Although the "apour
pressurt can be ..limat.d from lhe boiling point and m.lting poinl (Mackay
et al.. 1981). and Wat.. solubilil) can be ..timated from molecular structure
characteri<>ics ,'ia Ih. p.1tac!>or (Rngg•. 1981b: ",. S<:ction 5.2 I).lhe use of
such dala in equalion (11) followed by calculalion of ,-olat;lit) aCCQrding 10
.quation. (9). (10). and (12) ""ould giv. inaceu'at. data. Th..efore. for such
...b<lance~ lh. up"rim.nlal d"'..minalion .ith.. of H according to Mackay
., al. (1979) Or of ,'olalilizalion rateS (sec S<:nion 5.3.2) art pref..abl. 10
"'lculalion m.thods,

Funh..mort, .quation (11) is nOI applicaN. to .ob>lan..., ""ith infintte
wat.. solubilil)'. which. nevenhcless. are "ola'ilc from aquc<>u, solu,ion, due
10 th.ir high vapoor pressure. e.g.. auctone (Rathbun el al .. 1982), For lhe'"
~ub1;tanCf'~, H mal' be ..timated aCCQrding to Mackay., al. (1979) (13):

11-1R·IO·'1·P, (13)

where 1 i. th. aeti"il)" coeffici.nl and P, the "apout pressort of lhe pure
solutt, Some correlation' for 1 a. a function of molecular properties can be
used 10 eSlimate H (Madl)' and Shiu. 1977). Howe"". also in SUCh cases
il is rerommend.d 10 dtttrmine .ilher H or lbe ,'olalilizalion rale.
"p"rim.mall) .

For lhe calculation of liquid and gas mass transfer coefficient., il .hould be
tak.n into aCCOunt lhat lhese p.1camelers arc slrongl)" dcp"ndcnl on
.nvironm.nlal condilion•. Two approacbe. to lhe approximation of lhe'"
parameltrs ha>'e been proposed:

I. Li,. and Sla'er (1974) and Macka) and Leinonen (1975) propose:
eSlimated "alues for the annuaH)' and globall~' averaged gas and liqUid
film maSS lransfer coefficients based on wattr and CO, fluxes for lh.
ocean•. A ga".pha", ma" "ansfec coeffiCIent. 30 m/h, is eSlimaled for
water where resi"an... 10 interfaciallranSpon Ii .. in lhe gas phase, The
liquid phase rna.. lransfer coefficient, 0.2 m/h. i. eSlimated for carbon
dioxide ,,'here rt~Slan... lie' in the liquid pha",. For other compound.,
lhe values for water Or C3rbo<l dioxide arc multiplied bj-' the ratio of lhe
"Iuare roots of Ibe molecular "-eights of "'aler or "'rbo<l dioxid. and lhe



respecti' e compound, l"o further properties of the ,ubstance are needed
for 'he calculation.

2. The mass transfer <X>effiClenlS can be calculated from diffusion
<X>efficients and environmental conditions. 1nSlead of oblaining eSlimateS
of the .,er.~ h.lf.life for chem\cal, in "'1IIer. half-life estimates for
spe<:ific en"ironmenlal siwaliom can be oblained. Diffusion coefficients
.re a"ailable from literature.•s me.sured ,.Iues. or can be calculated
.ccording 10 "nou. melhod. (Reid ~I aI,. 1977). wilh onl)' ,he
knowledge of molecul.r weight and molecular '·olume. The crilical
en,'ironmcn,al p....meters .re the turbulence of air for Ihe gas--phase
rna.. lramfer <X>efficienl and Ihe lumulence of water for Ihe liquid ph.se
mass tr.n.fer CQefficienl. Good correlation' h",'e been found bel"'een
Ihe gas--phase mass Iran.fer CQefficient and wind speed (Mackay and
Matsugu. 1973; M.cka}. 1980; Wolff and ,an der Heijde. 1982).

The quanli\.alion of Ihe liquid-phase mass transfer CQefficient.
h",,'e,·er. i, mOre complex ,in« Ihe lurbulence of "'aler usuaU) is due 10
more than one en'"onmenlal factor. for example flow of a ri"er Or
curren'. influence of 'he wind, Or mechanical $lirring a, In Ihe laboralOTj.
elc, Schulz (19S0) proposed the assessmenl of Ihe liquid'phase maSS
,ran,fer coefficienl from the flow "elocily of ri,ers; h",,'e'·er. according 10
Wolff and van der Heijde (1982). an appreciable error can be made iflhe
influence of wind On Ihis par.meler is disreSarded. These authors
propose a calculatIon model for Ihe liqUId. phase mass1Tansfer coefftcienl
based ",lei)' On ";nd speed. to be used for aquatiC s}stems wilh Ihe
exception of turbulent me" where "'earn "elocil) should be taken
into ac<:<>unt. Howe,er. it has been shown that '" ,'el) low wind speeds
«2 m.-'sec) ""'ak water mm'ements. for example §lirring in Ihe
laboratOTj'. ha"e • ronsiderable eff":l On Ihe liquid-phase mass Iransfer
coefficienl (Co""n el at,. 19~5; Soulhworlh. 1979; Ralhbun and Tai.
1981; Rathbun e, aI .• 1982). In these specific situations. 'he model of
Wolff .nd ,'an dcr Heijde (1982) is nOt .pplic.ble,

Southworth (1979) reponed. method to calculate the liquid·ph.se rna"
transfer coefficienl based on Ihe currenl "elocil)' of "'''Ier. bUI regarding aI",
",ind "elocil). Simil.r]). he calculated ps--pha.. mass transfer coefrlCients
based on the "'ind ,'elocil~, regarding alw the innuen« of CUrrent "elocil)' of
water. In order 10 rompare caleulaled "olatilizalion rale. "'ilh Ih"'" obtained
from laboratoTj experiments. he proposed to establi'h. for a h)'polhelical
,ubstance with a molecular weighl 01 lOll, 'apparalus--,pecific' mass transfet
CQefficienl. for gi"en stirring rales and wind "elocilies.
Som~ uncertaint)' remains in the caleulation of th~ liquid-phase mass

lransfer CQefficienlS. Funhermore, lhe exact dependence of k I and k, on
chemical substance pwpenies i~ nOl fuDy understood, The uncenaintiC$ both
in calculating H discussed abm'e and in calculating ma" Iransfer CQelficients
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sugge't nOl ~I}ing on calculation method, alone. Additional!}. imeractions
bet"'een se"eral chemicals in aqueou, solution or ,u'penSlon are nOt TegaTded
in calculation models although it ha' been reponed that, for example,
detergentS (Smith tl d/.. 1980) or humic acids (Machy' et d/., 1979) do affen
'olatilization rales. The influence of "ateT impurities in general on
"oIatilization rates has bun 'hown by S,ngma"e, III (1977). Camparati'e
laboratory experiments wilh distilled and three em'ironmental "''Ite~

,ho""ed, for four chlorinated hydrocarbon,_ a 2~3 fold prolonged half.life in
the en"ironmental "''IterS. In ,'iew of these limitations of calculation models,
and in VICW of the imponance of 'ol31iliza'ion rates whieh are 'he limitIng
factor for the hall_hes of many en"ironmental chemicals in aquatic systems,
it is recommended that theoretical methods should be used for the
determination of the "olatility of chemicals from aqueous solutions only as a
pTeliminary Step until mOTe information bceomes a"ailable on the complex
phy siro<hemical intera<:tions, Calculation' should be followed by laboratory
experiments and a combined evaluation of results from both methods,

5.3.Z LJoborlot0r") Tl'SIS

Laboratory teSlS quantifY'lng transfer phenomena between water and air
include the determination of the air~""ater Henry', law constants, volatility
meaSUTements. and the determinalion of Ihe uptake of chemical from the air
by water. Henry's la,,· constant. can be determined in the laborato'y by a
simple m(1hod (Mackay- tl d/., 1979) where nllrogen is bubbled through an
aqueous solution of 'he chemical. Henry's con>lant is calculated from the
decrease in the concentration of a Chemical in the stripping vessel aftet
equilihrium conditions lta"e been achle'ed. This method i. recommended
when the calculation of H from "apour pres.sure and solublhly do,a ..
Inaccurate due to "el) I"" ",..ter solubility andior '-ery low 'apour pre..ures,
and when more complicated laboratory testS are unwarranted. The authors
ha.'e compared calculated and expe,imental result. for five substances of high
and medium >'oIatility (1/ - 10 '_10 • atm m'/mol) and found a good
agreement. For two substances of 10", mlatility (1/ - 10 '~IO • atm m'imol)
agreement wa, al>o <atisfaClOl)' (Metcalfe tl ~1.. 1990). How,,'er, anOlher
group ,eported difficulties u.ing this method for substance. of low "olatilit}'
(Smith tl ai., (981).

A good correlation ~tween Hen')·, la'" co"'tants and molecular "'eight
"''IS reponed b)' Southwonh (1979) for poll'O)'c1ic aromatic h)'drocarhons

Laboratory measurements of chemical "olatilit}' from aqueous >olutions
include indirect and direct delCClion and quantir>eation of "olatilized com­
pounds, With indirect methods, ,'olatilization is estimaled as lhe """cen·
tration decrease in the original aqueous solution, A ......ming the absence
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of Olher major tosses sueh as bioric or ab'OIic degradation. indirect
methods are acceptable for highl) 'olatile sub'itances for which ,-olatiliution
losse' can be detected within a 'hon upcrimental time. Relati"d}' simple
method' (Dilling el 01.• 19n; Hill el 11/., 1976; Dilling. 1977; Southworth.
1979: Metcalfe el 01.. 1980; Smuh e, til.. 1980. 1981: Rathburn and Tai.
1981; Rathburn el 11/•• 1982) use op<:n beaken wi,h ,urred aqueous ..,Iutions.
Their limits arc reached when the concentration decrease (within a
reasonable time period) equal. the ..andard de"alion of 'he anal\,tical
determina,ion procedure, In some case'. the reaeration constant of ox)gen
and lor the volatilization rate of water are mea.ured simultaneousl\' 10 assess
the liquid and/or gas phase mass tran'fer coefficient. and to aid in
."raflOlation of the ,-olatiliution raleS oblained in the laooratory 10 those
occumng under en"ironmental condition. (Hill el til.. 1976; Smith e, Q/..
1980. 1981. Me,calfe el aJ .• 1980: Rathbun and Tai. 1981),

Large scale laooratof) experiments in wind tunnel. ha"e been conducted
to 1n-eS1lgale the gas e,change be'ween the air_,,'a,er intetface, The
experience gained from such >!udie, with natural gase<. like caroon dioxide
(Hoo,Cf and Berkshire. 1969; Liss. 1973; Broecker el 01.• 1978). o"\'gen
(Downing and Truesdale. 1955: Liss. 1973) and ""ter 'apour (Liss. 1973)
have been used 10 fa<ili'ate similar experiments wilh >enabiotic chemicals. for
example, benzene and toluene (Cohen el 11/.. 1978) Or dieldrin (Slater and
Spedding. 1981), Although. in prin<iple. the direct measuremen1 of the rale
of "olatilized .ubslance. i. po:ssible. 'olaliJiution is usually determined
indireetl\.

Using direcl method•• the "olatilized .ub'itance i. trapped and then loss
rate. are determined, In this case other facton conttibuting to decrease. in
the parent comflOund in solution need nOl be con<idered: furthermore. e\Cn
"ery small losses can be determined "ithin relati'el) short time periods. for
highly 'olalile comflOunds. howe,-er. there is 'he risl of incomplete !rapping
Such unaccounted for trapping losses result in "<>!atili,atiOn rate estimate.
"'hich are much lower than act....ll\ occur. Therefore. ,rappingmelhod,.hould
be used onl\ for compounds ""ith medium or low ,'olaliti'), and mass balance
measurements should be induded as part of the experimental design.

A smalllaboralOry apparatus ""hich n,a} be u>ed to determine the chemical
"olatilit) either indirectly or direcd\'. depending on ,he properties of the
chemical in question, h. been de"eloped b\ Klijpffer~,aJ. (1982). It consists
of a '-o!atilizal1on chamber. filled "'ith an aqueous ..,lution of the chemical.
which is stirred. and a s~"em of cold traps ,n Dewar flasks filled "ilh an
acetone---<!l).ice mi"ure, Ahemate!). samptes rna} be taken lrom ,he
,'o!a,iliullon chamber to determine the decrease of ini'ial concentration, Or
from the uaps to measure ,'olatih..d amounts d1recrl). The half·lives
ob'ained in lhis apparatus differ from those calculated according to !>lacka}



and Leinonen (1975) b} a faCiOT of 3-4 (Scheunen, 1982a). This means Ilia!
the o·..erall mass lran~u coefficient in 'his apparatus is wilhin Ihe range of
average environmemal condilions.

In a short·term. direCi labora,ory screening me,hod (KiLzer~, al.. 1979).
lhe "olalilized substance i' trapped wi'h lh' aid of a cold fing". This
apparatus has been designed primarily to determine lhe volalilily of chemical'
from soils (see xcrion 5.4,2). For the delermina'ion of 'Olalilily from
aqueous solution. lhis melhod is useful only as a shon.lerm screen for
comparati"e purposes. II is limited to substances whose volatilily can be
d"ermined within 8 hours. sin"" the cold finger ha, to be ehanged at I,ast
e"ery hour and the te'l cannot be run overnight "'ithout observation.

Th' process opposile to the "olalilizalion of chemicals from aqueous
soIUlion-lhe uplake a{chrmical. from thr ai' by ...a/e,-h", been measured
for dieldrin in lh' laboralOry by' using a "..,lted_wall column (Sla"r and
Spedding, 1981).

Double-diSlilied wal" waS pumped through an all-gla.. pump 10 lhe lOp of
a gla.. column 152 em in heighl and 2.5 em in int'rnal diameter. Waler le"el
fiucrualio", "'ele minimize<! by the use of a surge tank from ,,"'hich the waler
flowed do"",,, Ihe inner "'alls of the column at a "IOCII} of 0.25 m S.j. Air
COntaining "C·di,ldrin "apour at aboul 3 x 10 - mgl l wa, pa...,d up lhe
column. the a"erage con«nllat;on being oblained by sampling the all al lh,
lOp and the bonom of 'he column. Measuled "olumes of air were drawn
through Dreschel boltles containing toluene. and the ''Cacli,'ity in lhe
""h'ent al the end of lhe experimem "'as delermined by liquid scintillation
specrrom"ry, The ".",cr leaching lhe botlom 01 the column ,,"'as pa...,d
through a polyulelhane plug which was shown by a pleliminary ,xperimem to

completely lemO'o'e "C-dieldrin from solulion. The dieldrin·free Wa,er lhen
pasoed through the pump back to lh' top of the column. At the completion of
lhe experimenl. lhe radioocrivily in lhe polyule'hane plug ""11. delermined by
liquid scintillalion coun,ing. Thus. lh' amount laken up by the wator "".,,s
d"ermined bolh dilecrly in lhe water and indirectly by analy,ing the air,

5.3.3 Freid T<Sl5

The lIansport of chemical' from ,,"'ater to air under field condition. has been
measured hy indirect and direct methods, The residue dechne in narural
walers depends on a mul!itude of variables: a 5imple compuler model as a
screen for pe",istence of ch,mical~ in aquatiC ecosj'stem. has bun presente<l
by' Robe". ~/ Dl. (1981), The meaSUlement of concentration declines in
natural "".,,ters generally i. a good estimate of ,olatihution only if other
""urces for loss including adsorption "'to sedimeo" and biolic or abiolic
degradation are negligible.
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Measurernem of concentration decline' ha' been applied to the flowing
channels of waste water from lreatment plams (Ruf and Scherb, 1971). In
mosl experimenl' in natural ponds (Salonen and Vaajakorpi. 1914; Klein el
al" 1981) the deeline in concenlralion of chemicals in water is due 10
'·olalilization. adsorplion imo lhe sediment. degradation, and uplake b;
organisms; thus. lillie specific informalion on ,'oIalilizal;on rates can be
obtained from just lhe mea,uremem of a concentralion decline in lhe ...·aler.
Thru'phase equilibria in lhe sediment_Waler s)'.tem rna) re~h in measured
half-he. of residue. in waler, which are not independem of mitial
<Xlncentration, (Lay el al., 1982),

Direct mea,urement of the "olalilil)' of chemicals from waters, such a, a
flooded field, ,s possible b)' utilizing aerod) namic technique, to estimale the
"apour flux in tbe atmosphere aooH the water (Oialh er al.. 1980). Th"
prOC<'dure i. s,milar 10 lhose used to measure ,'olalilizal;on o"er terreslrial
fields (see Seclion 5.4.3),

As in lhe case of Olher field Studies, field leSlS on the "ola,ilit) of chemical'
from ...·ater should be used onl)' lor selecled reference subs'ances since lhese
procedures are npen.i,·e.

In Table 5.3. half-li"e' of chemicals with dilferem ,'ola,ili,ies (one
liquid-phase <XlnlToUed chemical, One parll)' liquid-phase controlled chemical,
and lWO gas·phase conlrolled chemical,). a, calculated and determined
experimentall)' under laboratot) and field conditions. are presented, The
table shovo', half-li"e' comparable "i'hin an order of magnitude for ,he
liquid.phase controUed and the partly liquid_phase CQntroUed chemical, "'ith
the exceplion of lrichloroe'h;'lene in a pond <Xlmpanment ,,'here onl)' "et)'
Jow waler mo,'emenl occurred. Due 10 relalh'el) rapid volalilizalion, lhe
losses due to competil;"e processe' seemed 10 be 10"". However, mOre
confirmatot)· field da,a i. necessary 10 generalize lhe ulrapolation of
theoretical and laboratOT) dala 10 field <Xlndilion,.

Poor agreement be'ween calculated and laooratot) da'a on the one hand
and field data On lhe o'her i' e"idem for the 'wo gas-phase <Xlp.trolled
chemical•. Their half.Ii,·.. under field condition. arc much ,horter e,'en "hen
conversion products for pen,achlorophenol were included in lhe anal;'Si"
The rcason for this discrepancy is not the le,t me,hod bUl 'he fact lhal
chemical de<Xlmposition of both substances under field condition. ,s faSler
than "olatilization, p-Chloroaniline i' decomposed b) autoxidalion from the
second cia)' after application. This fact is renected by the decrease in the
concentration cu"'e for l~e pond water. which is dtarly exponential onl; for
3 cia;'s, Pentachlorophenol. in its ionized form. is phOlol)'sed by sunltght tn
,,'ater (pH 7.3) after 5-1 da)'s (Wong and Crosb), J911). It i. assumed ,hat
for man; chemicals with low "olatilit)' lhere are elimination mechanisms;n
natural "'",ers, which occur al much higher raleS lhan vol",ilizal;on. II mal be
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concluded Ihal ,oIatility leSling is rele"ant for less volalile substances only if
they are chemically persi'tenl. and Ihat further res.carl'h On vola,ili,} ,e<ling
should be focused mainl} on liquid.pha... conlroUed chemicals.

5A TRANSFER or CHE.\lICALS BETWEE.," SOIL A.,"D AIR

Numerous dala arc a,·ailable for 'he transfer of chemicals from 'Oil into Ihe
air. Besides contributing '0 almospheric conaminalion. lhis lran,fer is
importanl 10 Ihe asses.smenl of chemical residues in w~ and Iheir uptake b)'
food plan... Information ..·ailable on the opposile process-Ihe adsorp,ion of
chemicals from Ihe air b)" soils-i. limited to 10", molecular weighl
almospheric compounds.

5.4.1 Ph)sio:o-cbl'mkaJ ~rti..

The role physico-<:hemical properties play in Ihe transfer process of chemical'
betw..,n 'Oil and air i' complex. The factors and mechani,m, in,ol,-ed
are differenl betw..,n free and adsorbed chemicals, bet"·een chemicals <Ill

surfaces and inco<pOrated chemicals. belween dr)' and moiS! soils, Before
considering '·olalili1.alion mechanism' of chemicals from soils, the
voialiliZ3lion of pure. free chemicals is discus..d brien)'_

The ,·olatilization ofpuu wmpOlmds may be described b\ a model sim~ar
'0 ,hal for the volatilization from waler. The ,'olalilil)" of pure subslances can
be deri,'ed from equalions for ,he VOlalilit\ from aqueous solution. (9), (10)
and (12) wilh Ihe liquid phase resislan« (I/k,) equal uro, 'he ·waler
solubilit\' (5. expressed in moles/m') equal 10'/.\1. and ,he ·concenlration
difference' (&c, expressed," g/m} equal 10'. The '·olalihty of a pure
substance is Ihen: , .,

F ... :..:.L..!:.. • /II
R·T

(14)

where k I is Ihe ga~phase maSS Iransfer ooefficienl.P is ,he vapour pressure, R
IS Ihe gas constant. T i' Ihe absolute temperalure. and ,II ;, Ihe mole<:ular
" ..ighl (S<:hul~. 1980; Sleicher and Hopcroft. 1982).

For Ihe Iransfe< of chemicals from soil 10 ai" rele,·an, physico-chemical
subslane>: properties and labonlor)' and field lesl'i are listed in Table 5.4.

For Ihe calculalion of ,·olatilll\ of chemicalS "dsorbed on dry .urft!cr,.
equalion (I~) is applicable if, in'lead of Ihe '·apour pressure of lhe pure
subslance, the ~apour pressure as reduoed b} soil wrpl;on is use<! (Spene>:r
"al.. 1973), II has been ,hovo'n that the substance I"", from Ihe surface is
ronstanl provided Ihe surface remain' completely co\'Cred (H~nle\. 1969~

Ta~-Ior, 1978) and pr"'ided 'he deerease in concentralion does nol resull in a
deerea.. of ~apour pressure (see Se<:tion 5.4.2).
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For $tandardized conditiQn~ (d.r) wil~ in the laboralQfJ), a mOle simple
relalionship has been reporled. The evaporalion rale (F, ma$!; per unit of time
and per unit ofarea) is proportional 10 ,'apour pre$!;ure and the $quare rOOl of
molecular Weighl (HartJey, 1969; Spencerel aI,. 1973), Consequently, if lhe
"oIalilil}' of a reference compound i' k""""n, the "olatilit), of a te~l compound
may be calculated aeoording to (15),

p, M.
F,--·-··F

p, At, 1

where, F, i' lhe "Olalilil)' of the tesl chemical, F , is lhe "olatilil)' of lhe
reference chemical. p, i$ lhe "apour ptessure of Ihe le,1 chemical, P, i$ the
"apour pre$!;ure of the reference chemical, M, i$ the molecular weight of lhe
le$l chemical, and At I i' Ihe molecular ""eighl of lhe reference chemical.

This e<juation ",'hich applie$ under laboratory' oondilions, how",'er, i. nOl
,'alid under field condilio"" except perhaP'l for oompound~ of Iov. ,'olat~ity

for which re,idue. rna}' persiSl for eXlended period, (Taylor. 1978). The main
rea$(m for this inapplicabilily may be lhe irregular changes in moi'lure
oonlenl$ of soils in open fields,

Volalilizalion from moisr Joil Jurfaca i. much higher lhan Ihat from dry
soils, It ha~ been well established l0d8y that 'his phenomena i. nOt due to
'oodi$tillation' bul '0 an increa$Cd .apour pre~$ure of lhe chemical in moi.l
soils. re$uhing from di.placemenl of the chemical by ""ate' from adsorplion
$ile. (Spencer e, al., 1973). It is a$!;umed that ,'oIatilizalion from a m01$1 soil
take. place mainly' from the aquwu~ pha$C and. lhu•• i' wbjected 10 the rule~

of "Olaliliza,ion from aqueous solulions. as reponed in Section 5,3 (Hamaker.
1972).

In CO$C of Joil·jltcorporated chemica". Ihe ,wo-film model ($Ce Senion
5.3.1) i~ di"""$Cd mainly in the conlexl of tra"'fer of ohemical<. pref.rably
.ulphur dioxide. from air 10 soil., The deposilion "elocity k, i. comparable 10
tho rna$!; lran,fer coeffici.nl k belw••n walor and air ($C' .qualions (9). (10)
and (12», 1be "al"" reciprocal 10 k, i' Ih. o'erall resislance to Ih. lran$fer
and is lh. sum of the ga~pha$C and soli re$i$tance (KIOplfor. 1981),

A precondition for tho two-film model is the homogeneous mixing of ooth
phases, Thi. i$ rather unreali"ic for ""at•• and nen more SO for soil" and
Ihereforo Ihe model is applied only for gases with .elalivel)' high diffusion
coefficients (•.g.. OlIlphur dioJtide). Normally. tho transport of lhe ch.mical.
""lhin tho soil i. lhe limiling factor oolh for ,'olatll;,alioo from $Oil and lor
uptake into $OiL

The volatiliution of soil.incorporal.d chemicals is dependent. in addition
to the facro~ affec,ing tho volatility from soil !Urf~s, upon the Tate of
transport of lhe chemicals from duper soilla)'.... 10 lh••vaporating <urface,
A,id. from mol.cular diffusion ""hich i$ of minor importance. the upward
maSS flow of aqueous solulions of the Chemicals by capilla.y fOTces
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('wlck-effecn i. Ihc m""l imponam factor in lhis prOoX\.S. Wa,u.sol\lbilil~

and sorplion propenies pia) an irnponanl role. a~ well as Ihe ";aler content of
the ",il;n Ihe upward transporl of chemical>, Where a 'wick-effecl' operale~.
it increase< e"aporatioo of chemical. from moi~l ",ils a~ compared 10 dry
soil~. H,w,e"er, Ihe facl Ihal chemical' may "",,"'e do,,"ward in pcrrolating
""Ier a, "",II as upward due 10 Ihe 'wick-effecf oomrhca,e~ p""diction of
chemical "Olalilizalion from Waler 1000 rales. The occurrence of three-phase
equilibria i. anolber problem ,,'hicb renden; more difficult 'he e<lrapolalion
fTom simple modclSlO field condi,ions, E"en lhough mlaulization rales from
soil· incorporated chemical' cannot be eSlimated accuratel~' because of Ihe
man) ~ariablc~ in~oIYed, 'he a,moopheric ~apour conccnlration rat;"" of
dosel) relaled compounds "olalililed from dry soil can be calcula'ed from
Telative sa'uration ,'apour pressures and ad"'rption iso,henns (Oia'h and
Spencer. 1912; Spencer e, Ill., 1973). nc",rp'ion isolherms for "'eakh polar
chemicals On ",ii, relating re1a''''e ,'apour den.il~, d'd•• '0 soil concentralion
mumly follow 'he Freundlich equation:

, (')"--K'· -. '. ( 16)

"here d;~ Ihe ohsc.-.'ed ~apour density. d. is 'he saturation "apour de",it~'

wi,hout ",it x i' lhe weigh' of chemical taken up b~' a weight m of solid, K' is
the vapour pha.... de"'Tption coefficient. and II" is a conS,.m. If II" is "er)
dose to unity, i.e .. at 10'" cot>cemration" adsorp,ion isolhenns are dosel)'
approximated by assuming a linear relalionship bel"'een xlm and dId..
Consequently, assuming linear adSOrplion isolherm. belween soil
concemralion, xlm, and rclali"e l'apour densit), dId, • lhe ralio of the vapour
density of 1"'0 closely relaled chemical. can be calculated "'ith the equalion
(11):

(11)

The magnitudes of K'\ and K', will change wllh soil propcnies and lhe
nalure of lhe chemical, bul the <alio of K'"K', shrnlld be relali"el~'

COnstant for any pair of 'closely rclaled' oompound~ in any soil.
Anolher moa,uro of relali"e volalilily of soil· applied peslicide. is a simple

distribution coefficient, k .. expre";ng Ihe ratio bel"'een the actual "apour
den.il~', d, in ngfl, and 'he soil Chemical oonccnlration. .<lm in I'glg. Such a
diStribution coefficient is relaled to lhe "apour p""ssure of the pesticide and
its adsorption by the soil, but i' is not a meaSure of vapour nux from the
,unace (Spencer el ~I., 1973). Vapour nux is a function of dislribulion



312 TErn TO PREDICT THE ENVIRONMEJ',TAL BEHAVIOUR OF CHEMICALS

coefficients and mas.s transfer coc:fficiems, including diffusion coeffici~nts and
;,; dependent on environmenlal conditions.

Burkhard and Guth (1981) hav~ proposed tM calculallon of the
di,uibution ratio between 'w, $Oil and air from the distribution ratio bet"'."en
water and air and the soilfwater adsorption coc:fficienl, assuming that
VOlatilization from a moist soil surfa"" i. "olat~izationfrom warer modified by
soil adsorption. The distribution ratio Ixt"."en water and air was calculated
from water solubilit~· and vapour pressure at saturation. The calculated
chemical roncentration in the air abelVe ",."t soil has been oompared with that
obtained experimentally in a volatility measurement apparatus. E.perimemal
and calculated resuhs sho""ed a linear rorrelation when ploned on
logarithmic <eales, How..'er. it should Ix noted that the five test chemicals
all had "ery low "olatility from water (H - 10" - 10 '0 atm m' mol ') and,
ronsequeml)'. this transfer "''Quid Ix completely gas-phase controlled, The
utility and interpretability of ,uch tests "'ith more volatile rompounds seem
questionable.

All theoretical approache, to e.timate the "olatility of organic chemicals
from soil should Ix followed by uperimenlallaboralOrji and tor field tests.

Volatilization of pure. unadsorbed substances prob.ably does occur in the
environment onll under exceptional conditions, As di"",...,d in Section
5A,1, it is related to the "apour pressure. LaboralOry methods to deter­
mine the "apour pressures of pure substance. either by direct pre"ure
measurement or b)' gas saluralion Ie<"hniqun ,,-ill not Ix d;scusud in this
chapter. A gravimetnc method to detumine the "o!atility of pesticides from
glass plates b) measuring the ",eighl losses b) meanS of a highl)" a<:<:urate.
"'If-recording ele<"tric balance has been reponed by Gikkel er 1>1. (1973;
1982), Although the'" tesls ,,'ere carried out under conditions "'hich OCCUr
only rarely in the .n,'ironment. they are suitable for a romparati"e e"aluat'on
of chem'cals, If v'ariou. carrier substances u",d for fonnulating pesticides are
included in the measurements. adsorption effects and other interae,ions
rele..nl to the agncultural environment can be ron,idered (Guckel e, ~/"

1974),
Volatilit)· of chemicals from ooil' may Ix assessed in the laboralOry by

different methods. The vapour pressure as reduced by soil adsorption may be
detumined by gas saturalion teehmqucs. p""ing nilrogen through the so;1 at
a vel)' slow rate approximating equilibrium conditions. The vapour pressure
is 'hen calculaled from the amOum of "olatihzed chemical trapped and
detennin«l by appropriate methods (Spencer and Oiath. 1%9; Spencer and
Oiatn, 1972. 1974; Oia,n and Spencer. 1972). The exten, of .'apour pre",ure
deerea",_ due 10 adsorpt,on. i< related to the concentration on the soil surface.
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The yapour pressure of an adsorbed chemical reaches lhal of Ihc pure
chemical al relali"ely low soil concentrations (Spenttr and Oiath, 197S). The
determination of reduced "apour pressure rna)' be standardized by u,ing a
itandard adsorbent (e_g., iilica gel) initcad of a natural soil (Pohtzki et ai"
1982), The ability 10 compare and rank differenl cnemicals undcr
experimenlally' reproducible conditions compensatcs for 'hc diilldyantage of
ha'-ing to uloe a slandard adsorbent_

Measurements of Yolatility from soils 1»' indirect mcthod', i.e"
dctcrmination of concentration decrease in soil (e.g., Haque el aJ., 1974) are
applicable only to pe"i'tenl compounds which do not undergo iignificant
ab;oti< or biotic changCi during the period of "olahlization_ With direct
methodi, air Or nitrogen i' passed o'-er the soil surface and the YOlatihzed
substance' trapped, idcntified and quantified by appropriale method'
(Burt. 1974; Kearney and Kontson. 1976; Atallah eldi.• 1979: Burkhard and
Guth. 1981). VOlatilized substances may be lrapped also by a cold finger
apparatus "ilhout the use of an air stream (Killer el di., 1979). as described
in Section 5.3.2. Although thi' experimental design does not $imulate
enYironmental conditions. 'he ranking of "olalilit) for different chemicals is
iimiJar to tnat for re,idue lo:sse. occurring under field condition'.

For the determination of volatiUty of soil.incorporated chemicals. m.thods
have been de'-elopcd. which permit 'he soil surface to remain relati"ely moist
during e"aporatioo and facilitate the tran,port of the chemical to the soil
iurface "ith the water mO\'emen' (Spencer and Ciath. 1973. 1974). Thi'
m.thod .hould be used when the determination of surface e"aporation alone
doe. not give ,ufficient information,

Some do>ed aerated laboratory' e<:o»~tems are filled with equipments to
trap and determine chemical products volatilized from the whole sy'Stem.
thus. pro,-iding volatilization data not only for bare soil hut a<:a>uming for the
influence, of plants and/or animals (Best and Weber. 1974: Gillon and Gile.
1976; Cole et aJ.. 1976: Beall cl aJ" 1976; Schuphan. 1977; Ebing and
Schuphan. 1979; KloskoWiki et a1.. 1981; Figge and Klahn. 1992). Resuh.
from theloe .y'stem' 'hould be con,idered beller approximations of "olatile
beha"iour for natural em-ironmental conditi<>n. than thO>e obtained by tM
"olati1i:>ation studie, with pure en~ironmental mcdia. Howe~er. th"", data
are quantitatively predicti,·e only- if the air flow1ie' within thc range of thO>e
occurring under field condition,; for example. the air flow in the
agrOttO'l)'Stem chamber of Beall el di. (J976) simulated a wind sp«<l of about
I m I.,.c, representing a ,-ery' calm "ind. which. ho"'c'·e,. is ";thin thc natural
range of ";nd velocitie•. If.;n .mallcr laborat(1)' ecosy"tems. only low wind
ipeeds can be achieved. then tne extrapolation of "olatility data to outdoor
conditions should be made only' on a comparative baois (Ki""kow,ki eT ~I..

1981).
Laboratory te.ts to dctermine thc process oppooite to the ,'oIatilizat;on
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from soil---dry d~posi,jo~ of,h~m~als o~ IQsoil-ha"e been reponed mainly
for sulphur dioxide. Paj"rissat and Be~ke (1915) measured the decrease of
SO,-ron«ntrations in air mo,ing O"er soil as a function of time in a 720 1
chamber built in hard PVC which has low SO,-adsorption prOpl'rties.
TefTagiio and Manganelli (1966) paiSCd air-SO, mi"ures through glass
columns filled with soils, and analysed the gas mixtures lea"ing the soils.
Judeikis and Ste"'an (1916) used a cylindrical now reaCtor ";Ih a concentric
PyTex cy~nder coated with soil Or other solids. and paiSCd a carrie' gas mixed
with. small amount of nitrogen containing traas of SO" which was then
analy'scd. Precondilion for an effecti"e transfer of chemicals from the air into
soil,s the adsorption on the mineral components. on the organic matter, or
dissolution in the so~ liquid (Klopffer. 1981). In moi" so~s. all three
muhanisms may be effecri"e. Terraglio and Manganelli (1966) reported the
,"ariation of SO,..lran>fer to soil. depl'nding On soil propl'nic< and moisture
content. The adsorption could be plotted as. Freundlich isotherm.

SA.3 Field Tests

Field eXpl'riments on ,"olalilil) of chemicals from soil to air arc pl'rfcmned in
large boxes. lysimeters or under actual field condition>. In most cases. plants
are included in the test S)1ltem, In boxes. the use of ''Clabelled chemical. in
maSS balance studies permits the portion of chemical 'volatilized' within a
tenain time pl'riod 10 be quantified. This 'vola,iliza,ion' loss also includes
"olatile con"emon and mineralization products. A design of this experi­
mental sel-up is gi"en in Section 5.5.1 (MOta e' ~/., 1916, 1979a and b)
Such bo' studies arc rcwmmended ,,'hen the identit), of the volatilized
portion is Ie.. imponam than the remaining residue. for example for
agricuhural problems.

When eXpl'riments in opl'n fields are conducted. the residue losses in 'he
uppl'r soil layer include volatilitation of parent compounds and of organic
metabolites, mineralization losses as well as leaching to deeper layers
(Edwards, 1966; Lich'en"ein el aI., 1970; Freemann el aI.. 1975; Elgar.
1975; EI Zorgani, 1976, Ware elm" 1917; Talekar e,m.. 1917; Sleimer and
Hopcroft, 1982). Therefore, field results arc relevant to volatilit) onl) for
pl'rsislent lipophilic Chemicals like DOT 0' dieldrin "ith low con,'e"";on rates.
low mineralization rates, and low leaching rates (Edwards. 1966; El Zorpni.
1976; Taleh,~, lll.. 1917; Ware et aI., 1917; Sl~icher and Hopcrof,. 1992).
An ~xponential representation of loss is an inappropriate description of
chemical losses from fields by volatilitation, as the volatilitation from a
smooth flat area with a uniform ch~mical deposit occurs at a con>tanl rate
(sec Section 5.4.1). H"",,'·er. since Ihe soil surface is ,ough and of complex
geometry, th~ chemical la)'er non_uniform, and since a decrease in soil
concentration can result in a decrease in vapour pressure (see $celion 5.4.1).



residue loss decrease. ",-ilh time. el-en if competitive ptOCCSSCli like leaching or
dea.>mposilion are only of minor imponance. Therefore. lhe half·life concept
is generally used for chemical re,idue losses from soil. al leaS! for eSlim31e.
within limited (defined) lime spans. Ollen different half-h'-ell arc obtained for
subsequent time periods (Elgar. 197~: Scheunen. 1981).

[n spite of alilhese limitations on lhe interpretation of re,idue losse. from
field te,ts. these melhods are essential to the evaluation of lhe environmental
significance of laboratOl) or OUldoor e~perimentS in bo~es. By comparing lhe
re,idue decline in the upper soil layer in lbe open field. with that ()(nlrring in
box .ySlemS. lhe environmental s-ignificancc of ,-oIalile loss estimates from
bo~ experiments can be =erlained. When box experimenlSon the behaviour
of chemicals ha,-e been demonstrated 10 simula'e the natural environment
to an a=ptable degree. lhese experiments rna)' be employed as a 1001 to
e"a1uate the enl'ironmental significance ollaboratol) dala.

Direct measurements of lhe 'olatiliution of chemkals and lheir conl'ersion
products from open field. ha'-e also been reporled (Caw and Taylor. 1971:
WiJliHI <>1•• 1972: Ta)lor c, <>1.. 1976: White cll21.• 1977: Turner CI ai,. 1977:
Oialh CI al.. 1990). The nux rale into the air is measured by coIlecling the air
s.amplell al ,'ariou. beights o'-er the field and e~lraCling lhe l'oIalile chemicaL
[n mOSt cases. lhe fields are co'-cred wilh plants so lbalthe evaporalion loss
from a whole erosySlem is estimated_

The verlical Ou~ of chemical "apour (F illhrough a hori~onlal plane al
heighl ~ abo,'e the soil is gilen by equalion (18)

Fr· K,(d.td,) (lg)

where d./d, is lbe gradient of ,-apour concentralion ",Ih heighl and K, is lhe
"ertical eddy- diffusi"ily' coeffICient at lhe heighl t. Since K, is a function of the
metcorological condilions onl. and nol of any physiro--<:hemical properly
(pf(}\'ided that the chemical behal'es as a molecular ,'apour). K, may be
calculated from water OWl dala if available.

tn the 'aerod)'nami<: method'. the eddy diffusil'it) coeffICient is detennined
from the gradient of lhe ,,'in<! profile m-er lhe surface. The .enical nux
intensity is lhen calculaled dirccl1) from the equalion (19);

p, .. K" (c\ - .,)(u, - u,) (19)

,"(;)'
where., and c, are chemical concentralions and uLand u, are windspeeds at
the heights ~ ,and :, abo"e lhe surface. K is van Karman's COnSlant (0,4) and
¢ is the .hennal "abiUty C01TCetion term oblained by- measurements of
temperature lapse rales in lhe atmosphere (Tallor. 1979)_

Thesc kinds of field 'ludie. arc expensive, difficull and, lhu" cannol be
recommended as a routine leSl for a large number of chemical•. HOI..e.-er,
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SInce Ihesc procedur~ I"<'pl"<'scnt the only means 10 olnain quamitatiYe
en,ironmenlal data on "olatilizali"", thel should be uscd for refel"<'nce
chemical. to ca~brate and e"aluate laboralOI') data.

5.5 TRANSFER OF CHBIiCALS Rl.'W£(N SOIL, AIR A!,\'l) BIOTA

The transfer 01 chemical' lrom water to organisms. from soil to animais. and
wilhin food chains is diseu...,d in Oapler 4 In this section. the Iransfer of
chemicals bel"'een ""~. air and higher plants ,,'~I be diseussed. Since higher
plantS contain by' far the largest ponion of organic carbon in the biosphere,
the)' conlribu.. considerably 10 the transport of chemicals between
en"ironmental media and to their global distribution. The uptake and
bioaccumulation of chemicals b)' plantS from soil will be discu...,d in Section
5,5.1, lbe opposite prace.., Ihe Iransfer of chemical' applied 10 plams yia
roots to Ihe >oil. is usuall)' less importanl since plant treatmenl is
accompanied hy unintended soil contamination. Contamination of soil by the
plant roolS, in facI, has been shown 10 be 'cry low (Weisgerber el al.. 1968
and 1970). The transfer of chemicals from plants to Ihe air is discussed in
Section 5.5.2, Ihe opposite process, Ihe uptake of chemicals hy plantS from
the air. i' indirectly pan of the uplake of chemical' from soil by plants and.
thus. is induded in SectIon 5.5.1

5.5.1 Uptake aDd BOoattUlnulal1on of Chemicals h) Plants

The asse..ment of mechanisms and factors affecting the uptake of chemicals
from soil b)' plants is of greal imponance. especiall)' for Ihe nUlrilion and
heallh of man. Besides Ihe direct effect On unwanted chemical r~dues in
food. the uptake of chemicals b)' planu can be regarded a, a 'taning point of
food weh bioaccumulation or posoible biomagnification of toxic chemicals in
terreslrial animal.,

The role ph)'sieo<hemical dala play in predicting the uptake 01 chemical.
from soil by hIgher planIS is not dear a1lhough data On plant uplake under a
multilude 01 experimental condition' are a"ailahle. Planl uptake is a comple.
prace.. which indude' nOl only the normal root uptake inlO conduction
channels bUI also uptake and transport through Oil channel sy"tem, (for
oil-<:onlaining plants; Hulpke and Sehuphan. 1970). from .'apour in the
.urrounding: air (Hulpko. 1970; Nash and Beall. 1970: Nash, 1974; Ha"ey.
1974: Klosko""ki .. 1981) and through external contamination by soil or dust
foU""'ed hy dissolullon in Ihe waxes of the culicle (Grimmer. 1979)

Two mechaniSll1$ al"<' invol.'ed in Ihe uptake of chemical. into plants ,'ia
roolS' upta~e Into rOOIS and subsequenl translocalion into shoots. For plants
wilh 'normal' lipid conlent and with non·woody <001S, the upltlke of
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non-ionized chemicals into the rootS from Gq~ouJ solurjo~ is positi"el)'
related to the 10gari,hm of Ihe ~-octanol-",·at.r partition coefficient (log K,..;
Briggs ., al.. 1982). Th. rool concentration factor (defined as concentralion
in roots di'ided by concentralion in exlemal solu,ion) is g.n.rally
ind.pend.nt of concentration for dilute solutio", (Leroux and Gredl. 1971)
and ...·a. sho...·n 10 increase "'ilh increasing log K,.. and to decrease to a
limillng ,·alu. of I~ than unit), for polar compounds (BnW.' <11.. 1982).
Assuming that Ihe root concentration factors can be explained by a
partitioning to lipophilic rOOt solids and a small upta.. ta~.n to be constant
for all compounds. Ihe mechanism of Ihe small uptake can be ascribed mOSt
simpl) to C<juilibration of the chemical betw••n the external solulion and Ihe
wat.r contained ....ithin Ihe roots. both wilhin tll<: fr.. space and the cells,

The efficien"1' of lranslocalion of. chemical to shoo" af'er rOOI upta~e is
described by the transpiralion slr.am conc.ntr.lI\i"" factor (defined as
concentralion in transpiration stream divided try.. concentration in external
solution (Shone and Wood. 197';). For 18 chemicals. the translocation to the
shoots ....as shown to be a passive process and was most efficient for
compounds of intermediate polarily (centred at log K.. - 1.8). The facto...
affecting 'he translocation of chemicals from roots 10 shoot> Ite poorly'
understood. Polar chemicals may pass Ihrough the lipid membranes in the
root ...·ith difficulty. whereas the passage of water is pre",mably not hindered.
resultIng in selecti"e f<'jC<"lIon of Ihese chemicals at Ihe membrane barriers.
Lipoph~ic molecule. on Ihe other hand. being rev....ibly sorbed by Ihe root
solids. might be e.pected to pass 10 'he xylem unhindered once equilibrium is
reached. re.ulting in a transpiration str.am conc.ntration factor of unit),.
Howe,'er. "ery lipophilic moleeules are n01 readily lran,ported in plant> even
after long exposure to Ihe chemicaL Thus. no relalionship bet"'een the uplake
try.'lhe rOOI and the subsequenl translocation 10 the shoot could be discemed
(Briggsr'''''.. 1982).

When regarding the upwkr of chemicals by plants from soil. it should be
considered that oot all the chemical applied to soil is in solution bectuse of
adsorptIon On to the soil phase. adsorption of non-ionic compounds being
largely on the organic malter in soil. For a soil "i'h gi"en organie malter and
""aler cont.nt. the fraction of chemical in soil solution can be calculated from
Ihe adsorplion coefficienl, The product of lhis fraClioo and the transpiralion
slream (:Once-nlration factor appropriate to Ihe ,·alu. of log K gi"es the
relali"e ease of translocation from soil. The opumum. log K for uptake
from soii is around 0.5.....hich is much I"""er than the ,'alue of 1.8 for
optimum up,ake from solution (Briggs r, <ll .. 1977).

The relationships discussed probably are nOt fully valid for plants with
'higher' lipid content Or wilh o~ channels (cr.... carrol). since addilional
upta~. mC<'hanisms due to the lipids ar. effecti"e (Scheu""n. 1982b).

The uptake via vapour in the air is relaled to the "olal~ity of the chemical
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Or its degradation products. In the laOOralO",. for DDT and some c)dodiene
inseC1icides. this pathwa)' has been shov.ll to comribute mOre 10 the tOlal
plant residue th.an root uptake (Nash. 197J). Under field condllions. vapour
uptake ill less imponam (Scheunen. 1982b). Thompson (1983) calculated
deposi60n "elocitics of chemical vapours from the air [0 plant surfaces.
regarding a total of se"en surface and aerodynamic resistances, Typical values
of the deposition "elo<ities calculated on these bases were found to be around
5 " 10-' m sec l in the case of vapours with molecular weights around 300.

For the uptake and Iranslocation of chemicals reaching the plam surface
eIther by deposItion "ia .apour or by deposition via "'il or dust partjdes. the
same mecbanism. are effeC1i"e as for the uplllke of foliage-applied pesticide•.
The efficienC)' of cutide penetration. adsorption imo rhe symplast. and shon­
and long-distance Iranspon within the plam pla~ a major role. In general,
any modification of the molecular >tructure which re,uhs in increased ~pid

..,Iubility ",;11 tend to enhance cuticular or membrane penetration; hO""ever,
Ihis is nOI always the case. Normally, Ihe non-polar deri,'ali,'cs of a ,'ariet)" of
chemical. peneuate the cuticle or orher membranes more readil~ than polar
oneS (Kirkwood. 1976),

A review on environmental factors affecting plant uptake of chemicals from
so~ (plant ,pecies. gro""h 'tage. application rate•. ..,~ propenies. etc,) has
been gi"en by' Nash (1974).

Test method. to assess the uptake and bioaccumulation of chemicals from
soils by planrs arc summari~d In Table 5.5. Chemical uplllke rales by higher
plams obtained from open (Weisgerber el <>1•• 1970; Walloofer and KOniger.
1974; Miltehtaedt and Fijhr, 1975. Cheng el <>1.• 1975) or aerated dos.e<l
(Best and Weber. 1974; Kl""kowski, 1981; KI""kowski er ai, 1981)
laOO"'to1)' testS are not repre>enlatj,'e of en"ironmental conditions since rates
from small laboratory pots are higher Ihan those from large boxes Or fields.
For dosed s)'Stems with a low air now rato. the difference i' e"en higher due
to increa!ie<l uptake from the gaseous phase. Thus, il is diffiCUlt 10 correlale
laboratory and field data. This applies [0 plant data obtained within
laooratory microc",m$, However. laboratory or microcosm experimenl!l are
important to determine mineralization nltes and to establish th. comple..
rna... balance of ch.mical, which is not possible in field lestS.

Field tests for the bioaccumulalion of chemical' from soil by plants indude
OUldoor uperimenrs in large boxe$ (Kohli r, at.. 1973; MOla rr <>1.. 1976.
1979a and b; Scheunen rt al.• 1977) or in open fields (Onsager rt al,. 1970;
LichtenStein el al.• 1970; Talehr rr al.. 1977). These t..t, provide
informa'ion which i< relevant to environmental behaviour but quantitalively
ulrapolatable only for lh. specific condit,on< of the re"l'C"ti"e .xperiment.
Variation of results "';th different en';ronmemal condirions (soil t)'pe,
dimate. plant specirs) i' considerable

In order to include con.'emon products in the investigation of chemical
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With direct methods (Burt, 1974: Que Hee ~IIJ1" 1975), air;' pas",d O'er
Ihe ,ruled plant $Urface" the "ola'ilized subs'ance. are lrapped by
appropriate equipment, and delermined b}' .pecific anal)'tical me,hod., In
Ibe",. ca",s, misinterprelation of derompo>i,ion for volatilitl wm not occur,
The volatility from dried plant material waS shown '0 be higher 'han 'hat from
$Oil (Burt. 1974).

The determina'ion of chemical vola,ilit} from plant in laboralory
ecosySlem. (Nash e, aI., 1977, s.chuphan, 1977; Ebing and Schuphan, 1979;
FiUe and Klahn, 1982) is performed in 'he same llpe of microoor.m as u",d
lor 'he de'ermination of \o!alilitl from ""i1s, Han'ey and Rei"" (1973)
reported a .pecial uap sl'stem to coIlec' al$O "ola'ile me,abolites, acidic,
neutral, and basic subs,ances being trapped "'paratel}'. The re.ults ob'ained
from such ecoslstems include 'he influence. of ""ii, and, Ihus, are closer '0
en"ironmental conditions than .,periments wi,h excised Or dried In\'..
alone, TI>.ir direct prediClabili'}' '0 en>lronmental conditions, howe\'er,
depend. on 'he meteorological conditions in Ihe .}stem, especially on ...ind
speed, as discussed in s.cction 5,4.2.

The exuapolation of re.ults of .hon-'erm experiments '0 long-term
en\'ironmental beh3\'iour i. poslible onl\ when the kinelics during 'he earll
experimemal period. approximale Ihose at later Slag... This should apply 10
,'Ola,iliuuion from flat, non-ad$Orbing, completel} CO"ered surfaces, a.
discu..w in ~C1ion ~.4.1 . Ho....,.er. under real conditions 'hi. does nOt IIeern
'0 be true for plant \oJatihzation, The \'olatihzation losse. of toxaphene and
DDT from an agroecosy.tem chamber containing ""il and colton plants (I'ash
~I al.. 1977) were found '0 follow log concentra'ion "';Ih log time during
'he fim ""eek and ,hen log concentration with linur lime thereafler. The
occurrence of IIe\'eral Slag.. of \'olaui,,.,ion may be explained by the fact thaI
regular .urface "ola'ilization "'ill be followed bl a "oJatilization of residue.
entrapped in surface irregularities on ,he lea\ .. and of rcoidues which ha\e
penetrated Ihe leaf ,issue (Ta)lor, 1978).

Field teSls for chemical "oJa'iliza'ion from planlS are the same as 'hose
reponed in ~C1ion ~,4.3 for 'he "ola'ilizalion from ""ils, ..cepl that the
chemical is spra)ed on the gro...'ing plants, The '"olahlit}" as assessed
indirect I}' from man balance Studies in large boxe•. as described in ScCllon
5.4.3, i' .ignificantly higher afler foliar application of the ehemicallhan after
soil application (Sandre><:k (I al.. 1972). According 10 direCl vola,ility'
measurement, in the labora,or)' (Bun, 1974). higher \'Olaliliu"ion rates of
parent compounds from plam surfaces are One reason for this phenomenon
However. higher total degradation ral.. by planlS 'han by $Oils mal also
con,ribute oignifican111 '0 ,he higher residue loss from Ie"'e' Ihan from ""iL

[n experimentS in open fields. 'he chemical i. sprayed on plants, and Ihe
\'ola'ili'y ;. de'ermined eitber indirec1l1 b}' monitoring ,he reoidue loss from
'he plant' (Slringer et aI., 1975, Sleicher and Hopcrof'. 1982) or direCllI bl
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measuring ,'oIalile compounds O'o'er the field as described in Se<tion 5.4.3
(Turner tf aJ" 1917; Taylor tl aI.. 1977; Oillih ... aJ" 198Ol. In the former
case, lhe residue loss is delennined onl) for planlS alone. and lhe inclusion of
soil l""ses is a~oided. Howe"er, lhese residue losses are n01 only caused
by ,'olatilizal;on bUI also by melabolic processes. as menlioned earlier. In
lhe laner case, ~olatility i' determined as a ,ingle factor. ~alues n01 only
include lhal from plant surfa""s but also lhat from soil. Thus, lhe choi"" of
method depends on the information needed in a specific case. Usually, the
illdire<t method is preferred sinct it is easier to perform and since in mOSt
case., espeCIally in agricultural research, more informal;"n is rcquired on lhe
residual chemicals on the plants than on atmospheric contamination

5.6 COSCLUSIOSS

Theoretical approaches from ph)~hemical p"ramelers as well as
laboralOry and field lests ,'ield good partial information on single factors
affecting lhe imermedial transport of chemical' in lhe en'ironment. The
inleraclion Ixlween lhese fa<tors in lhe ecosphere is romple. and somelimes
nol well undemood. Field lest, gi"e result' which are rele~anl for a opecif..
en"ironmenl, bUI which are difficult to in'e'l'ret. Basic research is needed 10

de"elop leslS which are designed to elucidate the fundamenlal relation. lhal
permil labora,ory observations to be interpreted in termS of field situatiOlls.
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