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IIAgl:icul tural Chemistry 
" 

BURDENS OF ALKYLLEAD COMPOUNDS IN THE SALTMARSH PER~WINKLE-~ 
'-.... TOXICITY OF ETHY·LLEAD SALTS TO JAPANESE QTJAIL 

~ 
Sal~marsh periwinkles (Littorina , \ . 

collected from six separate .. si tes in lower Chesapeake Bay 
.J 

, 
~ere analysed for alky~l~ad levels. of the six .ionic 

. 
alkyllead~' quantitated in the -tissue, l{icked a 1 

,/ 

~ significant correlation with the levels of each of the 

, individual 

the other 

;." 

alkylleadi' indicating a different origin, 
, -

alkylléad ânalytes. The high leyel 

from 
fT 

of 

correlation among the ethyl- and methylethyllead anâlytes 

- was' cGnsistent with à methyl~tion of ethyllead salts. In 

~o separat~ 1'~,eding t~ia1s, ~Japanese quaH w"re provided 

with drinking ~ater, amended with Et
3
PbCl, Et

2
PbCl

2 
or 

~ - , 

" 

• 

, f 

Pb (NO;> 2' A rapid ~ealkylation of t~i- to diethyllead and'a 
• 1 

recirculation of the to~~cants among the soft tissues ~as 
t 

·observed. suprisingly, a conversion of di- to triethyllead 
" 

was also observed, thollgh the e~iciency of this conversion 

relative 
q 

diethyllead ingested. was low to-the amount of 
/J' 

\ 

Even at these levels of intake of ethyfleads, mixed , 

alkylleads remained at trace' levels, indicaeing that 
6 

methylation of ingested ethyllead salts' in avian. species is 
, , 

not a major metabolic process~ Biological meth(1at~on 

. ingesfed inorgani:c lead i8 not a detectable ~ss. 
qua il. 
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CONCENTRATIONS D'ALKYLPLOMBS CHEZ LA PER~ENCHE DES MARAIS SALES· 

TOXICITE DES SELS D' ETHYLPLOMB CHEZ LA ÇAILLE JAP0t:lIQT{E 

'" Les \ perv~nches des marais saiés '(Li ttor,ina' irrorata ,r...! 
" 07 ~-

six emplacements différents de' la Baie 
, t . 

Së33.) provenant de 

de. /Ches~peake, ont 
" 

été analysées pour 'leur teneu~ en 
\ p 

- -
alkylplomb. 

~ 

Le manque de "corrélation ~ignifièati ve entre la . 
quantité 

+ ' 
de Me3Pb et chacun des autes 

/ 
sels d'alkylplomb 

.' 

indique une différence~au niveau.rle'la source de celui-ci. 
- -

La corr~~ion des niveaus d'étqyl- ~t de methylethylplomb 
~ '<\ 

s'accorde avec une rn~thylation des ~els d'ethylplornb .. Lors 

de deux essais distincts'de toxicité 9hroniqueq l~s 'cailles u [ . 
j aponises ont été approvis ionnées . en eau contenant Et

3 
PbCl,é 

.. • ......,1 

Et2 PbC1 2 ou Pb(N03 )2' Une dealkylation rapide des tri- au 
\ 

diethylplotnb et une' recir,culat~on des produits toxiques 
... . 
a • 

travers les orq,anes et les mu~cles ont été observées chez 

les cailles. Etonnement, la conversion du di-:- au . 
,triethylplomb a aussi été observée bien que l'efficacité de 

, cette conversion était peu élevée relativement a la 

quantité de diethylplomb. {z:lgé]:;"~e.· À l'ingestion . de ces 

concentrations d'ethylplornb, Les methyl~thylplornbs sont , , 

de~eures à l'ét~t de traces; indiquant que la methylation 

des sels d'éthylplornb ingérés par les espcées 'avicoles 

n'est ~pas un procédé mebolique majeur. La methylation 
Il> 

biologique de plomb inorganique suite " à l'ingestion de 

cel~-ci, n'est pas décel~chez la paille. 
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1. LITERATURE REVIEW 

~ Introduction 
. 

For the purpose of this dissertation, organoleads are 

cônsidered to be lead-containing'chemicals in which there 

is at ,1east one covalent bond b~tween a carbon and ,a lead 

atom. ~ In these products lead is usua~ly 'in the t~travalent 

'state. Tetraorganoleads (R4Pb, where the alkyl substituents 
) 

are elther methyl, ethyl or mixed'methylethyl) have'been o 
used extensively as gasoline antikno~k, additives. These 

\ . 
additives are thermally labile and are con~rted to lead 

oxide, which is formed as a fine mist in advance of the 
. 

~ flame front during-the'combustion process. It is the lead -

oxide which is responsible for capturing peroxy radicals 
c .:; \. _ 

'" 
and the con~equent reduction in prè-ignition (Shapiro and 

Frey, 1968). Jn the pr~sence ~f scavengers such as , 

dichloroetban~ (EDe) and dibromoethane (EDB) , lead oxide is 

converted to 
QI 
the more volatile lead halide (Nickerson, 

10954) • 
, , 

Sinc~ their introduction in 1923, the prod~ction of 
... , 

tetraalkyllead compounds has increased todsuch an extent 

, that l:y the mid 1970s only a few other organic ,-- compounds 

were being produced in amounts greater than , R Pb 
4 

(Grandjean, 1983). In view of more.recent concerns of the 

adverse health ,effects of 'lead" "" has been their use 
" 0 

decreased slowly during recent years • 

• 

1 



c: 

1-

/ 

... 5 1 
New au~omobiles manufactured in North America, are 

e~ipped with a ~atalytic convértor, which is poisoned 
/ 

by leaded gaso1ines. Whereas some countries 'have strict 

legis1ation to reduce 
II-

the lead content of· . gaso1 ine, 

otHer countries have not promulgatèd similar restrictions 
" 

. yet. 

l:t is high1y un1ikely that the last traces of 

leada1kyls will be rémoved from gasolines in the near 

"" . \ future, because of (1) thé lack of regulation? in other 

parts of the world; (2) the lack of an alternate antiknock 

agent which would be as economical yet less hazardous; and 
1 

(3) the slow consumer a?ceptanèe of alte~nate fuels or new 

formulations. since recent research has raised the 
1 

possibility of the alkylation of inorganic forms of lead 

in the environment, organolead 
\ 

compounds may not be 

entering the environment exclu~ively 
o 

from the leaded 

FOlines. 
1.2 Sobrces of Alkylleads 

1.2.1 Vehicular Sources. 

Although mo~t of the lead in the exhaust from internaI 

combustion engines is in an inorganic forro, at times up to 

10 % of emitted lead may remain in an organic forro 

(Laveskog, 1971; ~Pu~due et al., 1973). It has been 

estimated that up to 1.4 % of the tetraalkyllead formulated 

into gasoline's may enter the atmosphere due - to losses 

during the transport and transfer processes (Huntzicker et 

2 
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~., 1975). In places where a mixture'of tetraethyl- and 

t~tramethYlle~d has been used as a' ·gaso1i~e additi'ye, 

htghe~ levels of the latter dan be expected due to' its 

h . gher v~pour pressure r', 
.; , 

currently about ~5 % of the gasoline consumed i~ Canada 

• is 9f the leaded type .... By the end of this year ~1987) th~ 

permissible limit of lead in gasoline will be reduced from 

0.77 g/L to D.2~ g/L (Environment Canada, 1985). A 

reduction in airborne lead in the coming years is to be 

anticipated. Eisenreich et al. (1986) demonstrated that the 

~tmospheric lead levels decreased correspondingly if the 

lead level in gasoline was reduced. 

1.2.2 Bioalkylation 

" The term biologi~al methylation (biomethylation) implles . . ' 
t~e transfer (from another compound), or the ~ddition of an 

intact methy1 group to a· chemicpl compound in question 
-

under quasi steady-state conditions (Challenger, 1955). 

There has not been any direet evidence of the 

biomethylation ot lead in the environment as has been 
0' 

clearly demonstrated for other metals such as tin (Nelson 

P.t al., 

Hallas, 

1973; 

19811 

'Huey et: al., 1974; Oizikies et al., 1978; 

Ha11as et al., 1982! arSeniC--(Brarnan and 

Foreback, 1973; Cox and Alexpnder,' 1973; Wood, 1975; 
) 

Shi~aki et al., 1981; Rowland-and Davis, 1982; Buchet and 

Lauwerys, 1985) and mercury (Jensen and Jernelov, 1969; 

Kivimae et al., 1969; Bertillson and Neujahr, 1971; Imura, 
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1974; Neville and ~erlin, 1974: Berman and Bartha, 1986). 

Somewhat '" conflicting _reports have appeared in recent 
-

years, leither supporting (Wong et al., 1975; Schmidt and 

Huber, 1976;, Bellenick et al., .1977; Ch au ~? Wong, 1978), 

or al.'guing against (Jarvie and Whitm~e, 1981'; Reisinger 
" . 

et al., 1981; Jarvie et al., 1975, 1983) a bipmethylation 

mechanism in the environment. 

Chemical alkylation, o,f div~llent lead to tetrava1ent 

~ 'organolead compounds has been reported (Ahmad et al. 1980; 

Craig, 1980; craig and 'Rapsomanikis, 1985). Ahmad et al. 

(1980') 
t) 

demonstrated the formation of tetramethyllead in 

aqueous systems, from lead acetate in the l ' presence . of
l 

, 

methyl iodide. Since the presence of methyl iodide in 

natural waters has been reported·(Lovelock et al., 1973), ~ 

this '.mechanism may explain trace levels' of methy,lleads 

pres~nt in the various environmentai compartments. 

Wong et al. (197~) and Schmidt and Huber (1976) 

reported a microbially mediated formation of 

tetramethyllead from trime~hyllead acetate or from lead 

nitràte under anaèrobip conditions, although in case 

the latter substrate, the ~roduction of Me4Pb was 

sporadic. Harrisop and Laxen (1978) attributed levels of 

tetraalkyllead, 

England, to 

tetramethyllead. 

detected along 

the natural 

the coastal regions of 
\ 

sources/formation of 

Forsyth and Marshall (1986) found th~t tissue levels of 

-. 
n • 

\ 

• 

\ . 
\ : ,? 
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trimethyllead ,in Her~ing gulls, culled from several 

. ~ifferent colonies located within the Great Lakes, 
1. '" 1 

were 

'significantly correlateJ- with th~ mean inorganic lead 

(Pb+2 ) level of the lake. The observation was consistent 
, 

with a microbiall~mediated methylation- of' inorganic 
" 

1ead. Thus, there is considerable indirect evidence for 

the existence of a non automotive sourcè of methy1leads in 
ç, 

the environment. However, the mode of formation of these .. 
met~ylleads, whether bio1ogica11y or chemica11y mediated, . 

remains controversial. 

1.3 Environmental ~'of Alky11eads 

, Tetraa1ky1lead comP9unds which enter the environment as' 

.~. a resu1t of 
al' • 

incomp1ete combustion of leaded gasolines 

are converted, via a series-of sequentia1 dealkylations, 

intp tria1kyllead (R
3
Pb+), dia1kyllead (R

2
Pb2+) - and 

. fi~ally into inorganic lead cation (Pb2
;\-). (stevens et a.l\, 

1960; Cremer et al., 1965; Harrison and Laxen, 1978; 

Roderer, 1980; Jarvie et al., 1981),' The ionic alkyllead. 

safts,. being water soluble, undergo both dry and wet 
. 

precipitation ~~ocesses and may ~nter the aquatic 
. 

environment. It is likely that lead compounds are taken up 

by _aquatic organis~s and become accumulated through the 

aquatic food chain: (Mor and Beccaria,' 1977; Chau et al., 

1~79, 1980; Cruz et a~., 1980; Wong et al., 1981) . 
. 

Ultimately the remaining lead poOl is ~radui1lly deposited 

into sediments with the excreta r detritus or as the 

particulate-bound lead. {De.Jonghe and Adams, 1982).' 

5' 1 
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1.4 Occurrence ~ Alkylleads 

Low levels of ionic alkylleads have been found to 

occur in several environmental compartments: air (Harrison, 

(197.6; Radziuk et al. 1 1979 f Rohbock et al. 1 1980; Nielsen 
\.. 
et al., 1981; Harrison et al., 1985; Harrison and 

Radojevic, 1986); sediments (cruz et al., 1980; Chau et 

al., 1984, ,1985); rain water, snow and surfàce wate~ 

(Radojevic and ijarrison, 1986à; van Cleqvenberger et ,al., 
l' -

1986); street dusts and urban soils (Blais and Marshall, 

1986; Radojevic and Harrison, 1986b). The concentrations of 

organolead compounds in urban air, have been summarized by' 

De Jonghe and Adams (1982) and Forsyth (1985). Fish (Chau 

et al., 1980; Cruz et al., 1980); fowl ·(J<?hnson et al., 
4 

~982; Bull et al., 1983; Forsyth an~'Marshall, 1986) and 

human brain (Nielsen et al., 1978) have also been found to 

contain low 1evêls of organolead compounds. 

Although alkylleads generally comprise less than one 

percent of the total lead burdens in, most environmental 

compartments~ as much as 38 % of the total lead was in an 

organic forro in fish samp~es from the st. Clair river 
.. 

(Chau et al. 1985) . .Four to 84 % of the total lead in -- ~ 
. 

, 
human brain was organosoluble (Niel sen et al. , '1978) . A 

, . 
lack of correlation between the total lead level and the 

organosoluble 

environm~ntéll 

fr~tion has been observed 

compartme"hts . , (Harrison and 
, 

in various 

Perry, 1977; 

Nielsen et al., 1978; Blais and Marshall, 1986), but the 

reason for this observation is not evident~ 

-* ~ 
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~ Analytical Meth~ddlogy 

,The most commonly employed technique for the , '" 
determination of alkylleads involves a selective extraction 

procedure, a derivatization sequence and "a chromatographie 
\ 

separation fo11owed' by metal specifie detection. Several 
1 

researchers' have adopted an affordable 

invo1ving a :gas chromatograph (GC) 

analytica1 system 
.., . - -

equipped with a 

flame1ess atomic absorption spectrometer (AAS) or quartz T 

tube furnace as the detector (Estes et al., 1981;, 

chakraborti et al., 1984; Ch au et al., 1984; Forsyth and 

MarshaJ,.l, 1985; Radojevic et al., 1986). 'Whereas the 

volatile tetraalkyllead compounds can be -determined by 
, 

injecting a sùitab1y preconcentrate~ sample 

'directly into the Ge, the ionic alky1leads CR3Pb +, 

R = Me, Et) must be derivatized by alkylation 

extraet ,. 
RzPb2+ ; 

using a 

Grigpard reagent. Thus dialky1lead trialkyllead 

eompounds are usu~lly buty1ated to forro the corresponding 

tetraalkyl derivatives prior to analysis by Ge-AAS. ~ 

other methods of analysis 'include eapillary eolumn GC 
• 

with electron capture detection (Forsyth and Marshall, .,y--

1983); GC- AhS with e+ectrothermal atomization (Torsi and 

Palmosano, 1983); or more expensive approaches such as 

chromatographie separation' coupled with piasmi emission 

detection (Reamer et al., 1978; Estes et al.~ 1981, 1982) 

or mass spectrometrie detection (Nielsen'et al., 1981). 
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1.6 Toxico1ogy 

1.6.1 Introduction 

Toxieity and health hazards 

. '-

• of organolead compounds 

have been summarized by Grandjean and Nielsen (1979) and 
r' 

Grandjean 
\). ,~~ 

(1983). The characteristic toxie effects of 

tetraalkylleads, at least in mammals, are not caused by 

\ .the tetraalkyl eompounds themselves but rather by the 

trialkyl derivatives, rormed 

, oeeurs mainly 

Callaway, 1961}. 

in 
. ; 

1 the liver 

1.6.2 Açute Toxicity 

by d:alkylation whieh 

{Cremer, 1959; Cremer and 

The àeute LÙso'values for several orgapolead compounds 

are summarized in Table 1 along wit~values for several 

in9rganie lead eompounds whieh arè included for eomparison. 
f 

It ean be noted that the relative toxicity of .organolead 

compounds geperally is mueh higher than the inorganie 
J 

forms. Trialkyls are as toxie as or even more toxie than, 

their. tetraalkyl progeni tors. The dialkylleads are less 

toxie than their tetra- and 
~ 

trf.- analogues, but are , 
... 

eomparitively more toxie than any of the inorganie forms of, 

"Iead. Ethyl organoleads are more toxie than the methyl 

analogues to rats whereas the reverse is true -for dogs and 
• 

mice (Davis et al., 1963; Grandjean and Nielsen, 1979). The 
, 

Iethal dose for man has not been reported. ... 

Tetraeth~llead poisoning in mammals is generally 
• 1 

assoclated Wl th the initial onset of the "TEL triad" of 

et· • 
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Table 1. The acute L050 values for various lead com~ounds. 

1 

----------------------------~------~-~------~-------------~----------, , 
compound 1 • AnilV-al. Route LD5<f' Reference 
------------~-------~----------------_._--------------------~--------

Et4Pb 

, 
Et2PbC1 2 

Et2P.b(OAC)2 

Me4Pb 

>Q 

Me;PbCl 

Me3P~OAc 

Pb (OAc) 2 

,,?b3 ~s04) 2 

PbC1 2 

\ 

Rat 

Rat 

Rat 

Mouse 

Japanese 
1 

Quail 

;Mâllard 

Rat 

Mouse 

Rat 

Mouse 

Rat 

Mouse 

Rat 

Rat 

Rat 

Rat 

Guinea 

• pig 

oral 

Lg. 14.2 

Lp'!'." 15.4 

.1.p. 30.3 

oral 24.6 

oral _ 107.0 
. 

Lp. 

Lp. 

Lg. 

braI 

Il.2 

12.8 

120.0 

130.0 

.. 
Venugopal & Luckey (1978) 

Schroeder et al. (1972) 

Cremer (1959, 1961) 

Hâyakawa (-1972) 

HUdsop et al. (1984) 

Hudson et al. (1984) 

Cremer (1959) 

Hayakawa (1972) 

\ 

.' 

Springman et al. (1963) 

Jaworski (1978) " 

Lv. 109.3 - Çremer and Callaway (1961) 

Lp. 

Lp. 

Lp. 

Lp. 

oral 

oral 

14.3 

, 25.0 

140.0 

100.0, 

, 
2000.0 

Hayakawa (1972) 

Cremer and Càllaway (1961) 
-

Caujolla and Vois,in (1966) 

Venugopal and Luckey (1978), 

" 
'p 

" . 
Pb metai Rat i.p. 1000.0 " 
------~---~----~---------------------~~---~~-~---~-------~-~~--------

ct Lg. (intragastric): Lp. (intt'aperitonia1) 1 l.v; (lntravenoui) •. 

" .. 
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hypotension, bradycardia and hypothermi~, perhaps du& to 

hypothalamic changes (Razsudov, 1976). ~he ~cute poisonin~ 

with tetra or trialkyllead in rats was çharacterized by 
r 

hyperexcitabi1ity, tremor, periodic convulsions .' and 

'aggressive behaviour (Crem~r and Callaw~, 1961; spr~ngman 
1 • . 

e"t: al., 1963; Sanders', 1964; Schroeder et al.; 1972). No 
, 

effective treatment exists fpr acute brganolead poiso~ing 

(Grandjean and Nielsen, 1979).' 
~ 

1.6.3 SubacutejChronic Toxicity ~ 

The genera'l population is constantly exposed t~ sub-

lethal levels of alkylleads. In man, exposure "to a Et4Pb 

concentration of 100 mg (as Pb)/m.3 , for r.h may produce 

i11ness {Fleming, 1963 r . A level of 0.075 mg/m3 oi air if? 

cQnsidered as the permissible air concentrà~ion of Et4Pb 

(Ethyl corp., 1962). 

Schepers 
• fI)\ 

(~964) demonstrated that oral dos~ng of rats 

10 

with (1. 7 or 17.0 ug) tet~amethylleado or tetraethy11ead, fOr'----.. 

a p~riod of 21 weeks produced pathological changes in 
<> 

liver, pancreas, kidney, endocrine glands and tqe nervous 
1 

system-. -However, no' treatment-related ?istological changes 
" 

appeared in Rhesus monkeys which were given tetramethyllead 

or tetraethyl1ead (6 ug (as Pb)jKg body weight per day) 

orall~ for a period of six months (Heywood et al:, 1978, 

few studies have identified the hazards 

the chronic exposure to tetraalkyl1eac!.' 

f 
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compounds, ~-analogous studies (either\, s~b-chronic or 

chronic) with the actual ~oxic prlnciple (R3Pb+) or with 

its degradation product R2 Pb2+ have not been conducted. 

1.6.4 Toxicokinetics 

1.6.4.1 Absorption 

Absorption is of major concetn, in cases ot 

. tetraal~l~~d poisoninq because of tlle lipophilicity ot 

these éompo~ds. The dermal absorption. of tetraethy11ead 
\ 

increased with, increasl:n~apPlication area and exposure 

,time (Kehoe and Thamann, 19~1), moreovir its distribution 

• throughout thé body was faster than for tetramethyllead 

(Davis et al., 1963"). Whereas three daily 30., min dermal 

exposures (~pplied to N 28 sq. 

gasoline caused paralysis and 

gasoline having concentrations of 

, éms) to 10 Et4Pb 

dea~. ab~orption 
less than 
.. 

in 

trom 

net detectible (Keh~e and Thamann, 1931). Grandjean and 

•. Nielsen' (1979) estimatèd the ett iciency . ot pulmonary . 
absorption to be ab;>u~ 80 t. 

1.6.4.2 Metabolism" 

The toxic effects of tetraalkylleads appear ta be cau •• d 

'by their tria1kyl (R3 Pb+) homo1ogB. Cremer (1959) 

daJllonstrat~d the 

' triethy1lead by 

ug ~t4Pb / 9 wet 

-- .. be iE:olated from 

ta tetraethyllead 

r::P~:v::~ve:::o:bs::'e:e::::th:~:::~ ~:: 
weight of liver / ~o;r. Tricthylload caJld 0 

the livérs of rat~ whlch had bocn oxpo •• d 
Il,. 

. ~ 
vapours (stevens et al.! 1960). 

/ 

.. 
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Bolanowska et al. (1967), Bolanowska (1968), Bolanowska 

and Wisniewska-Knypl ( 1971) and Hayakawa (1972) 

demonstrated the rapid dealkylation of the tetraalkyllead -
compounds into R Pb+ 

3 
by either rat or rabbit liver 

homogenate, and in tetraethyllead-poisoned human beings. 

They + proposed that Et 4 Pb was converted to Et3 Pb and 
1 

then 

to inorganic lead directly, although their analytical , 

techniques did not permit the analysis of -dialkyllead 

compounds. Sequential dealkylation of-tetraalkylleads may 

proceed to dialkyllead compounds (Casida et al., 1971). 

1.6.4.3 Distribution 
1 • ~ 

In contra st to inorganic lead whieh is known to be , 

(bdnes, hair and \ excrèted or .déposited in ,storage tissues 

carti1age) fairly rapidly, alkylleads have been observed 
, .. 

main1y in the soft organs of the body. ,. The tissue 

+ disLîibution of Et
3

Pb has been studied in ~ats (Cremer and 

Callaway, 1961) , mice (Ha~akawa, 1972) and humans 
. 

(Bolanowska et al., 1967). The highest levels were observed 

in liver followed by kidney, brain and blood. In cases of 

tetraal~yllead poisoning blood lea~ levels always remained 

at less than 1 ug Pb/mL and tëtramethyllead was retained 

to a much greater extent than was tetraethyllead., Whereas 

th~ + half-life of Me3Pb was 15 days in blood and 40 days 

in the liver or kidney of r~ts, the half-life of Et
3

Pb+ 

was found to be' 3-5 days in blood and 15 days in liver or 

kidney of this species (Hayakawa, 197,2). 

et • 
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1.6.5 Toxïc Mechanisms 

1.6.5.1 Neurotoxic Effects 

The brain appears to be the target organ in cases 'of 

organolead poisoning. The organolead. compounds, being 

lipophilic are selectively localized in nervous tiss~e, 

resu1ting~in'the CNS type of toxicity. 

Cremer (1962 ) demonstrated that 
t 

at low 

concentrations inhibited oxygen consumption.and output of' 

carbon dioxide by. brain slices when labelled 14c-glucose 

was added as substrate. An increased production of lactic 

acid, under aerobic conditions, was also observed 

, indicating that this toxicant interferes witl1 ,the 

~ ~r.:tcarboxy1ic acid (TCA) cycle at the point whe.re pyruvate 

normally enters the cycle-.. 
\ 

Myelin forming cells were mo~e vulnerable than other 

cells in the brain of, Et 3PbCl intoxicated rats (Ronat and 

C1au~en, 1974; Konat et al., 1976). The maturation of the 

myelin sheath in the forebrain of the subjecto ooomcd ta 

have been retarded apprec~ably. A high , levol of 

correlation between the inhibition values for proto.ln 

synthesis and for my~lin deposition was oboervod (Konot et 
" 

\ 

al. , 1979 ; Konat and Clausen, 1980) 

Tilson et· al. (1982) found Et
3
PbCl to ho il highly 

. 
neurotoxic agent, which was capable of lnducing long 

lasting alterations in emotional bêhaviour and reactivity. 

,Trie~hyl~ead chloride (1 to '2.5 mg/kg) admln1otorod 

13 
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subcutaneous1y -to adu1t male rats for 5 days produced 

hyperexcitability and hyperactivity for 1-2 weeks post­

dqsing followed by hypoexcitability and hyp'oactivity 3-4 

weeks post-dosing! 

It is interest~ng to note that even the cerebral levels 

of alkylleads found in North Americans (0.3.to 1.0 x 10-6 

• 
M) with no history of abnormal exposure can modify the 

transmission of putative neurotransmi tters I( e$J., dopamine, 

glutamate) to a considerab1.e extent (Bondy et al:'., 1~79l.. 

1.6.5.2 Biochemical Toxicity 

Inhibitory effects of triethyllead cation on serum 

cholinesterase activity (Galzigna et al., 1969, 1973) and 

glutathione-S-aryl transferase (Henry and Byington, 1972) 
. 

have been demonstrated in vitro. Beattie et al. (1972' 

~iserved a. pronounced reduction in blood aminolevu1enic 

acid 
... , 

dehydrase (ALA-D, the enzyme responsible for the 

conversion of aminolevulenic acid to porphobilinogen) 
1 

... " activity in cases of Et4 Pb poisoning.· 

Hamilton (1986) reported that di~~thyllead dichloride 

had the greatest inh!bitory effect on human erythrocyte 

ALA-D in vitro. The enzyme was cbmpletely in~ibited at a 

conè,entration of 10-4 M and was only 5 % as active ·in the 

preBe~ce o( 5 x 10-6 M Me
2

PbC12 as"in the absence of this 
, 1 _ 

toxicant~ Interestingly, trialkylleads were considered 

less effective !nhibitors in this assay .. 

/1 
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1.6.5.3-Cellular Toxicity 

et" ai., .--- (1978), investiqatinq the use ot' 

chicken embryo brain cell cultures in toxicolQgical 

. studies, found t~at triethyllead chloride inhibited the 

synthesis of DNA, of sulfatides and the synthesis oi those 

cerebrocides which were devoid ~f hydroxy fatty acids. The 
J 

, 
confluent, layer of the astroblasts was disrupted in 50 % 

of the cultures at the tissùe culture lethal dose (TCLDSO 

= 1.9 mg/L) and the neurons lost their activity at ev en 

lower conc~ntration (TCEDSO = 0.57~mgfL). 
,-

One of the major biochemical effects caused by 
v ~ 

alkylleads is the uncoupling of oxidative phosphorylation. 

Bjerrum (1978) demonstr~ted that bath trimethyl1ead and 

triethyllead salts could induce an exchange of 

extracellular ehloride_with intracellular hydroxyl ions, 

with triethyl1ead being ten.times more effective than the 

corresponding trimethyllead salt. 

1.6.6 spee~al Toxicity studies 

_' Alkyllead '~'- -JC6mpounds cause . genetie modifications 

similar to those caused by the alkyl mereury cornpounds. 

l-J.utagenfc effects have been observed at a' concentration -ot 

about 10-7 M, Et3PbCl being more toxie than Me 3PbCl 

(Ahlberg et al., 1972; Ramel, 1973). McC1ain and Bocker 

and Kennedy et al. 
I~ -

(1975) round no tcratogonic 

effects in the progeny of rats or mica whf.ch hlld received 
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maternaI toxicity was ob~erve~. 

. 

Tetraalkyllead~ 
... ~ 

are 

formulated i:pto gas'olines along with the lead scavengers, 

ethylene dibromide (EDB) or ethylene dichloride (EDe), 
'" 

which are known to be carcinogenic (lARe, 1977; Nel, 1978; 

Nylander, et al., 1978). The combined effects of tnese 

toxicants, . which have not been investigated, remains an 

area of concern. " ... 

1.7 Alkylleads in Marine SEec~es 
, \ 1.7.1 Introduction " 

It has been estimated (Huntzicker et al., 1975) that 20 

- 25 % of the lead resulting from the combustion of leaded 

gasolines,· finds its way into the oceans. Whereas the mean 

total lead concentration in deep water is about 1 ngjL 

(Patterson and Settle, 1976), it may be more th an ~oo times 

this amount near ~he . surface or in polluted waters 

(Tiravanti and Bo'ari, ,,1979) • 

The sinking of an Yugoslavian s,hip C'Catvat") carrying 

325 metric tonnes of alkyllead antikhock formulations, in 

16 1 

c 

the Adriatic sea (Tiravanti and Boari, 1979) focused ~ 

concerns about the possible harmful effects ,of these 

compounds to aquatic lifê. 

The accumulation of alkyllead compounds by marine 

org~nisms is of concern ~ot only because of their 

deleterious effects on the organism itself but also 

becauce of the possible harmful effects that the 

accumulated levels ... may .haye on predators such aS! man. 
, 

1 

nt • 
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. Accumulation may be the result of either direct absorption 

from water and sediments, or ing~stion from the food 

chain. 

-
17 

Speciation of alkylleads in fresh wat~r fish (Botre ~ ~ 

"-' al., 197'7; Chau et al., 1979, 1980, 1984,.1985), cod, 

lobster, mackerel and in flounder ,eal samples (Sirota and 

Uthe, 1977) has been reported. A!kylleads,constituted up 

to 38 % of total lead burdens in fish samples from the 
. , 

st. Clair J;:'iver, ontario (Chau et al., . 1985). 

Tetraalkylleads accounted for about 9.5 - 90 % of the 

total lead in various marine, tissues (Sirota and Uthe, 
" 

1977) • 

1.7.2 Toxicity to Marine 'Organisms 

The estimated conc'entrations required to kil1 50 % or-

~ .J 
( e est marine organisms (LC50 ) a(te~, 96 h exposura to 

ethyl- and methyllead compounds and ino~ganic land are . \ 
summarized in Table 2. It has been demonstrnted, at lcast 

for marine organisms, that the toxicity of the alkylload , 

compounds is directly related to the degreo of alkylation 
1. 

(Maddock and Taylor, 1980) • LevaIs of l' ppb tor 
dl 

tetraalkyll~ads and 100 ppb for trialkyllcado Qnvc bocn 
. 

suggeste'd as "safe" limits .- concontrationo nt which 

be anticiPated~irava~ti and 

no 

~ acute toxic effects wou1d 

B~ri, 1979). ~ 

Toxicity of tetraalkyllead compounds to fish (Turnbull 

et al., 1954), alga~ (~ozyura et al., 19611 S~lvorbQr9 ot 
- -- r .. """ .... -

al., 1977: Marchetti, 1978) and marine animaIs (Haddock 
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Me4Pb 

Et4Pb 

Me
3

PbCl 

Et
3

PbCl 

Me2PbC12 

Et2PbC12 

Inorg.' ~b 

.. ... 

0.05 

0.23 

24.60 

1.70 

375.00a 

\ 

0.11 

0.02 

8.S0 

5.80 

, 

'0.27 

0.10 

Q.50 

.1.10 .. ' 

3 00 ~ 00 

75.00 

lSO.OOb 

.. 

1.3 

0.1 

o.S 

0.1 

>5.0 

----------~----------------------------------------------

* 
a 
b 

Parameter measured was a reduction­
photêsynthetic activity ~, 

Portman and Wilson (1971) l' 
Jackim (1973) 
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and Taylor-, 1980) has been investigated. Marchettl (1978) 

demonstrated that .tetraethyllead was more acutely toxie 

than tetramethyllead to various marine species, and that 
\~ op.. • ~ 

marine anilllals were more susceptible to tet,raalk111eads 

r than ei ther algae or bacteria. 

1.7.3 Bioacc~mtlation 

The accumulation af tetramethyllead by rainbow tro'ut and 

subsequent depùration were investigated by Wong et al. 

(1981) • 

limited 

The author~ observed t~at the accumulation 
,if 

mainly ta fatty tissues,. a consequence of 

was , 
the 

lipophilic nature of the toxicant. Maddock and Taylor 
, 

(1980) reported that the accumulati9n in dabs (~manda 
.-1. 

limanda) was two fold for'trimethyllead chloride and 12 

fold for triethyllead chlo~ide. 

t ... ·0 'From this rather lit,ni ted range of experimonts 1 i t has l 

been suggested that the major environmental impact of 
, 

alkylleads jn the marine environment would rosult from 

'their acute toxicities . rather than thoir bioaccumulation .. 
• 

(Maddock and Taylor, 1980). 
~ . 

1.8 Alkyileads in Avian speciesr 

1.8.1 Introduction 

Although most of the tetraalk~lleads Jn gasolihes ,1)S 

decomposed during combustion, small amounts of theae 

c~mpounds have been detected ln particulates in urban 

areas (Harrison and' Laken, 1978: Blais and Marshall, 

1986) • . From 22 to 58 , of the 1ead'v emitted troll aotor 

"V 
Î' 

, 
-- ---- -- -- ( 
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vehicles is deposited on the ground or vegetation within 
1 . 

. the roadside verges (Ward et al., 1975; Little and Wiffen, 

1.978) • 

1.8.2 Lead in Avian Tissues 

Birds inhabiting roadside verges (al!'eas which 

f) constitute ~bout 30.4 million hectares in the_ U. S .~.} __ 
" . 
(smith, 1976)0 may b~ exposed"to lead from mot or vehicle 

exhaust through inhalation or inges~ion of contaminaeeœ 

,food~ Lead concentrations have been measured in the 
(1 

ing~sta or the tissues of ~rban pigeons Columbà livia 

,(Tansy and. Roth, 1970; Ohi et al., 1974, 1981; Hutton, 

1980; Hutton and G~odman, 1980; Johnson et al., 1982), 

daves (Siegfried et al., 1972) and urban songbirds (Getz 

et al., 1977; Udevitz et al., 1980; Grue et.al., 1984). 

Tissue levels of wild birds have been summarized by Bagley 

and Locke (1967). 

o 

1.8.3 Alkyllead Burdens in Birds 

Johnson et al. (1982) were the first group ta report 

levels af alkylleads in an avian species. Trialkylleads 

but neither tetraalkyllead nor the dialkyllead were 
. 

reported in the tissues of pigeons. concent~ations \ of' 

àbaût 0.3 ppm (in kidney) were observed. Subsequently 

it was reported (Bull et al., 1983), that alkylleads 'were 
" 

the toxicants responsible for the death and the sickness 
L ...... « 

of the 2,400 birds ,in the Mersey estuary, Q~K. in 1983 as 

weIl as fot mortalities during the years ~980 and 1981 • 

• t ..... 

l , 

" 1 
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Alkyllead (unspeciated) concentrations ranged up to 19~42 

ppm ·in theJkidney of the dead birds. from the ~ersey 

estuary. Much of the lead detected was likely to have be~n 

in the tria1kyl form . 

1.8.4 Speciation of A1kyll,eads in Âvian Tissues 

On1y four etudies (Hutton, 1980: Johnson et al., 1982; 

Bull et aIl., 1983: Forsyth and Marshall, 1986) reported 

t~e analysis of the avian tissues for' alkyllead levels. In 

the °st~dy by Hutton (1980) alkyllead salts were not 

detected in pigeon ~issues, possibly a result of the limit 

of detection pf the analytical rnethods employed (l'ug of 

either the tri- or dialkyllead) .. 

Johnson et al. ,( 198~ reported levels of ,alkylleads in 
" ,) 

tissues of urban pigeons. Using differential pulse anodiç 
./ 

stripping voltammetry, only the nature of the chemical 
~\ . ~ 

)species could be reported\ as R3Pb+ " but not the identity 

.of the'alkyl Substituents. 

"More recently Bull et al. (1983) reported levels of 

alkylleads in the tissues of de ad and eick birds collected 

from the'Mersey estuary. These workers were only able to 

measure the total ionic alkyllead levaIs; they did not 

identify the individual chemical species. 

The only' study (Forsyth and Marshall, 1986) that 

attempted to speciate the alkylleads, . found levels ot ... 

t~imethyllead to be ~igh relative to other alkyllead 

analytes, in the tissue,s of Herring gulls collected trom 

21 
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the Great Lakes. Alkyllead burdens in tissues (liver, 

kidney or brain) of mature and immature bir~s were not 

sfgn~f~cantly different, suggesting that gul1s did not 

bioaccumulate ionic alk~lleads. Significant correlatio~s 

were observed between ùissue levels of Me3Pb+ and Me2Po2+ 

cations and between' Et3Pb+ and Et2Pb2~ cations ~hich 

te sequential dealkylaLion 'of -the 

trialkyll~ad species. However the ethyl- and methyllead 

burdens "were ·,not sig,nificantly .correlated, indicating 

independent ethyl and methyllead sources to' the gull 

populations. 

1.8.5 Methyllèads in Avian Species 

above study also identified a significant 

cQrrelation between methyllead tissue concentrations of 

the combined (mature and immature) ~irds and the lake 

sediment inorganic Iead levels. Trim~thyllead cation 

concentrations in gull egg hornogenate were also correlated 
~C 

significantly with· me an Iake sediment inorganic lead 

22 

leve1s as reported by.Hodson et al. (1984). Correlations # 
~ 

between ethyllead and methyllead tissue levels were not 

significant; indeed a negative co~relation occurred in 

every case. It ie,to be not~d that Canadian gasolines 

contain tetraethyllead but not tetramethyllead (Chau et , 
è 

al., 1976; ~adziuk et al., 1979; Forsyth, 1985). High 

levels of trimethyllead detected in the gull tissues, 
1 

relative to the ethyllead levels, 
, 

would certainly not be 

expected. Together with the statistically significant 

et • 
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correlation of~ concentrations of methyllead salts with 

the mean lake sediment ino;ganic lead -CPb2+) levels, it 

c would seem ~hat methylation (possibly microbia:lly 

~ediated) but not~thylation of inorganic lead, is a 
~ 

potential source of ~ethyllead salts in the environment~ 

. 
1.8.6 Toxicity ~ A!kYlleads ~ Avian Species 

1.8.6.1. Acute Toxicity studies 

The acute oral LD50 vaules for tetraethyll-ead to 
- . 

/ -
Mallard ducks and Japanese quail are included in Table 1. 

L 

Polydyp~ia, regurgitation, shakiness, . hypoacti vi ty , 

wingdrop, wingspread, ataxia, tremors and anorexia were 

some of the maj or signa of intoxicat-ion in birds, (Hudson 
, 1 

et, al., 1984). 

Osborn ' et al. (1983},' 'investigating the toxicity of 

trialkylleads to kestrels, suggested tha~ 
Ir 

birds which 

were burdened with mor~ than O.5_mg Pb (in t~e form of 

trialkyllead) per kg wet ~eight in liver wou1d ,be at sorne 

r~sk if they met adverse conditions • .... 

1.8.6.2 Chronic Toxicity Studies 

,Diehl et al. (1985) reported, results of the exposure 

of ~aYing -;:ens to emissi~n sources o~ tetraethYllead.,7nd 

tetramethyllead for a perfod of 6 to 12 months. They found 

that the tissue total 1ead burdens decreased with 

increasing distance from the emis's ion source. 

-
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1.8.6.3 special studies 

'Egg shell thinning in r~ptorial bi~ds ha:s for 'long been 

attributed to their exposure to various erivironmental 
- < 

c'àn.taminants. Haegele and ~ucker (1974) investigated the --.... 

effect of tetraethyllead . on the egg shell thickness in 

'Japanese quail and Mallard ducks. Whereas a single dose of < 

( , 
6 ppm reduced egg shell thickness significantly CP <0.05) 

in - quail, the same do~age did not produée significjnt 

changes' (il'. the eggShell thiCkness in Mallarqs for up to 
,. 

one week post-dosing. 
~J ~ 

. Forsyth et "al. (1985) observed ari appreciably greater 

. interaction of the' alkyll~ad salts (R3PbCl, R2PbC12 ; R = 
1 

Me, Et) with the egg yolk fr..action than,o with the 

equivalent weight of egg white from chick~n eggs •. In 
! J 

another experiment they demonstrated the rapid tr~nsfer of 
1 

tQ~icants through the biological membrane~ within viable 

American kestrel eggs, to accumulate in the yolk and the 

developing.embrya. Sinee the chick resorbs the embryo just 
-

prior to hatching, these results indicate that the chicks 

will be burdened with the majoritY'of alkylleads present 

in the egg. 

From this rev~ew, it may be concluded that the chronic 

toxicity of ionic alkyllead compounds to avian species,<> 

remains virtually unexplored. The toxicity and metabolism 

of dialkyllead cations to avian species have not been 

investigated. There has been neither a metabolfc study 

with sub-lethal doses ofOtriethYllead or di~Yl1ea~, hor , 

. ~4 ' 
" 
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a study of the possib~e biom~thylation as a 

response to ingested inorganic lead 
o 

speciel' 

1.9 Obj ecti Jas of this Researeh Proj ect ' 

The fOllowing objeeti~es were defined: 
/ 

salts 

- -, 

metabolic 

qy avian' 

, 
1: To extend previous observations (Forsyth and M~rshall, 

, 
.~ '" 198,6) on the origin 'of individual ionie alkylleads by 

; 

investiqating the alkyllead burdens in a non-avian . 
indicator speciesJ 

r (SaI tmarsh Periwinkle) from - severaI 

an " aquati~' environmant' separate sitE~s from within 

(Chapter 2) • 
. ' 

2 (a). To asscss the possibility of biomethylation, , to 
-

produee 'dimethyllead .or trimethyllead cations as • 

metabolio ~esponse to ingestien of inorganic lead salta by 

a . suitable avian indrcator speêles (Japanese quail) 
; '~ 

(Chapte.r '3) • 

~ 

2(b). TQ study th~ ~ceumulation, metabolism and transter 

into egg of diethyl~ead 'cation" when Japanesc quail are 

administered low chronic doses of diethylloa~ dichl01ido~ 

/unper quasi steady-~tate conditions -(Chnptor 3). 

.J. 

2(c). To study the accumulation, metaboliom and transter 
'f. • • 0 \". 

int~ egg of triethyllead cation, whon Japaneoe quai1 are 
~ \ 

<" administered low chronic doses of tricthyllcild chlorid. 

under quasi steady-state conditions (Chapter 3) • 
• > 

, -

, 
/ 
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2. BURDENS OF ALKYLLEADS IN THE SALTMARSH PEJUWINKLE .. 

2.1 Introduction 
\ 

Saltmarsh ,periwinkles (Littorlna irrorata.- Say) are 
.r 

semiaquatic snails as~ociated with the grasses Sp~rtina 

alterniflora and Juncus roemarianus in the saltmarshes 

along the Atlantic and-Gulf coasts of the U.S.A. (Odum and 
J , 

Smal1ey,1959i smalley, 1959). Littorina irrorata feeds by 

scrapihg the surfaoe of the marsh at I(OW tide, thus 

ingesting detritus particles, associated bacteria and 

microalgae ~Smalley ,- 1959; Alexander, 1979). Wi th rising 

tides this species mounts the stems of Spartina and 

Juncus to avoid predation (Bingham, 1972). 

The nature of8 this species and the intimate 
, 

ts habitat suggests that the periwinkle 

would be a bioindicator of hazardous materials 
" 

contamination. Related specie~, Littorina littorea and 

Iittoralis, have been successfully used as indicators of 

heavy metals pollution (Bryan et al., 1983). 

The purpose of this study was to speciate aIky1leads 

in SaI tmarsh periwinkles which had b,een culled from six 

separate sites in lower Chesapeake Bay. It was also hoped 

that this species could be used to corroborate previous 

observations (Forsyth and Marshall, 1986) regarding 
'1 \ -

,methyllead sources in the environment. 

\ 

-+ .. 

26 

r 

\ 



\ 

,/ 

.. 

2.2 Maberials and Methods 

2.2.1 Location of sites 

Collection plots for Littorina irrorata 
r-

establ.:h\shed at t;wo si tes in southerr'l Maryland and at 

were 

four 

sites in northern Virginia (Figure 1). Sites were chosen e 

to provid~ different characteristics of polluti~n stress. 

The Maryland/Sites, Fishèr's Creek (FC? and Point Lookout 

(PL) were located on the st Mary's River and at the 

mouth of the Potomac River respectively. Tho former site 

(FC) is situated near a small college campus surrounded by 

agricultural lands and t'he latter site (PL) w,as also 

~ surrounded by farming areas. These two sites were 

considered to represent relatively pristine conditions. 

The Elizabeth river was chosen as a location of rolatively 
• 
high pollution stress. Specifie sites in this area (CI/CP) 

, , 

were limited by the relatively few 
1 

stands lof 

alterniflora remaining in the area. Craney ÎSlanp (CI) la 
\ 

located between a U.S coast-guard support base and a 
\ 

U.S 

navy ~uel depot, and Cardinal point (CP) is sit~tod in a 

residential àrea, in NorfOlk, Va. Hampton aites (HS,HN) 

• were located ~nly a short distance from tho Elizabeth 

river sites; however the characteristics of the anail 

more closely re~embled the popula~ion of the 

southern Maryland sites. These two sites were considared 

to represent an intermediate pollution strass. -
\ 

/ 

\ 
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Figure 1. Location of sampling sites in Chesapeake Bay, 'U.S.A.; 
\ 
l, Fisherls Creek, (Fe); 2, Point Lookout, (PL); 3, Hampton 

~ , 

North (RN); 4, Hampton South (RS); 5, Cardinal Point, (CP): 6, 

eraney Island (CI). 
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2.2.2 Sample Collection 

\ 
\ 

" . ~t each site, collection plots, 5x8_m2, were·transect~d 

into 0.25 m2 quadrats. Collectio~s were made from 

alternating quadrats and samples were stored immediately 

on ice. Collections were performed during JUne and July ~ 

~ 1985. Sna~ls were sexed prior to analyses. 

2.2.3 Analyses for Alkylleads 

2.2.3.1 Sample Preparation and Enzymatic Hydrolysis 

Thirty to forrty adult snails 'from each site, either 
, <" 

male. or female (shell length 20-25 mm) were pooled after 

separation from their shells and opercula. Samples were 

ground in a virtis tissue homogenizer, frozen in liquid 

nitrogen, pulverized and thé resulting powder was 

thoroughly mixed. Each sample, ~ 2.5 g, was placed in a 50 

mL Nalgene screw cap centrifuge tube, suspended in 20 mL 
,~ . 

of 5 % ethanol ~p 0.5 M NaH2Po4 contain~ng 40 mg'of each of 

Lipase Type VII and Protease Type XIV tSigma Chemical 'co.) 
1 

o ' and incubated at 37 C for 24 h. 

2.2.3.2 Extraction 

2.2.3.2.1 Extraction o~ tetra~lkylleads , 

The crude hydrolysate was extractea with 5 mL of 

hexane, and centrifuged to separ~te the hexane phase. The 

'organic solvent was removed, dried- over Na2S04 , 

concentrated to 1 mL under a gentle stream of nitrogeh and 

transferred to'capped sample vial~ fo~ ~nalysi~ by GC-QT­

AAS as described in section 2.2.3.4. 

( 

cO • 
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2.2.3.2.2 Extraction of Ionie Alkylleads 

The hydrolysate from each sample was combined with 5 mL 

ammoniacal buffer (consisting lof 22.6 g ammonium cit'rate, 

4.0 g KeN and 24.0 g Na2so
3 

diluted to 250 mL with double 

di~il1ed water and adjusted to a final pH of 10.0 with 

concentrated ~aqueous ammonia) and extracted ,three times 

with 5 mL 0~01 %,dithizone in hexane. centrifugation at 

4400 rpm hastened phase separation. The hexane extracts 

were combi'ned - and èonpentrated to 1.0 mL under a çtentle 
~ ~ . 

stream of nitrogen at ambient temperature. 

2.2.3.3 Derivatization 
\ 

N-butyl magnesium chloride [0.5 mL, 2.27 ' M in 

tetrahydrofuran (THF), Al fa Products, vent,ron Corp., 
~ . Denver,. Co.] was added, under N2 , to the tubes, containing 

the organolead dithizonates. The tubes wcre sea1ed, 

vortexed for ,20 s, and cooled in an ,icê bath. Excess 

,Grignard:rea~ent was destroyed by the dropwise addition ot 

,1 M HN03 • The reaotion mixture was diluted to 10 mL with 
" 

,water, shaken for 30 sand centrifuged for 5 min in a 

c1inioa1 centrifuge (1550 rpm) " The organic phase "'as' , 

removed and the aqueous phase was washed with a further 

5 mL he~ane" The organic extracts were combined, reduced 
. 

to 1 mL and dried over Na 2S04 " 

2.2.3.4 Instrumentation 

A gas chromatograp!l quartz tube atollllc 

absorption spectrometer (GC-QT-AAS) was used tor sample 

31 
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quanti tation. " Th,el Ge, equipped wi th an autoillj ector, was 
~ 

l , 

fitted with a glass column (1.8 m, 6 mm o.d, 2 mm i.d) 

packed with 10 % CV - 101 on 80-100 mesh Supelcoport.' 
'-

The optimized operating conditions (Forsyt!h and" Mars~all, 

1985) .were: carrier gas, helium, 35 mL/min; hydrogen make 

pp gas, 50 mL/mirt; injector temperature, 200oe; furnace 

temperature, 9QOoç; temperature program, 500 e (1 minute)­

raised at 8 0 C (min)-l to 2500 C and held for l minjte.' 

2.2.3.5 Quantitation 

Each butylated extr,act was analysed twice'; quanti tation 

was performed, by comparison of the peak a,reas wi th the 

peak areas of a standard mixture o~ Me3Bu~b, Me2 Bu2Pb, 

Et3 BUPb an~ Et2 BU2Pb. Mixed methylethyliead ~ompounds were 
-

identified from the prèdïcted Kovats' retention indices 

(Kovats, 1965) based on' the observed ~etention times of 

the alkylbutyllead standards. Actual, retention,times of 

the methylethylleads were confirmed by comparisonJwith a , 

standard mixture of transalkylation reaction products . 
. 

Quantitation of mixed alkylleads and 

EtMe2PbBu) w~ performed by comparison of peak areas with 

a' similar and 

respectively) for which the standards were avallable 

(Forsyth and Marshall, 1986). 

2.2.3.6 Recovèries of Ionic Alkyllead from Snail Tissue 

, Recoveries' of ionic alkylleads from the snail tissue 
, , 

. were assessed by spiking three samples of female tiss~e 

. , 
• 
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homogenate (from the Point Lookout site), with a standard 
. 

mixture of Me3PbCl, Me2PbCI2 , 

resulting spiked homogenate 

Et3PbCI and Et2PbC~2' 

samples were analysed 

The 

as 

described in sections 2.2.3.2 to 2.2.3.5. The .percen~ 

rec~ery was determined by dividing the mean peak area of 

the reçovered butylate by}J the mean peak area of E;\ 

butylated spike ~olution dil~ted to' the expected 
• 

concentration (âssuming a 100 % recQvery). Recoveries of 

the trimethyllead were corrected for the leve110f 

ànalyte which was originally present in the 

reported bur~ens of a~ unknown alkyllead 

calculated based on instrumental response for 

\ 

samples. 

the levels have not been corrected for recoveries. 

sample calculation is contained in Appendix 1. 

, !J 

2.2.4 Total Lead Analysis 

this 
1 

The 

were 

and 

A 

Samples of 1- 1.5 9 of the freeze,dried tiâsue,-pools 

were thoroughly m!xed. and drgested W'ith HN03 (10 mL, 10M) 

and HCl04 (2 mL, 7M) until cl~rified. Digests were 

4iluted to volume and analysed by graphite furnace 

atomic absorption spectrornetry (GF-AAS). . . 
2.3 Results and Discussion 

2.3.1 Population Dynarnics of Littorina irrorata 

Col~ection sites: 
. 

Within the collection plots the number of Littor1na 

decrcas~d towards the landwards edge. '~he 8na118 trom the 
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Elizabeth river sites appeared to pa abnormal in many 

aspects. These sites were characterized by a total absence 
, 

of juveniles (shell length less than 15- mm) ând smal1 

adults (shell length 15 - 19 mm). The female to male 

ratios were considerably lower thari other sites: 1.02 

(CI), 1.11 (CP) ~elative tO'other sites 1.32 (hN) , 1.42: 

(HS), 1. 57 (PL) and 1. 66 (FC). 1 

.. 
, 

2.3.2 Recoveries of Ionie Alkylleaàs: . -
The relative reeoveries of the spiked lead salts (Table 

3) were not .quantitative but were comparable to analogous~ 
1 

recoveri~s from avian tissue (Section 3.2.4) and to ' 

recoveries reported for avi'an tissue by Forsyth al(d 
( 

Marshall (1986). The reeoveries of dimethyllead diehloride 

was very low, but were in agreement with the previously 

reported observations by Creme~ (1959), Chau 'et- al. 

(1979) , 
, 

Chau et al. (Î984) and Forsyth (1985). These 
1 

authors conc1~ded that the dimethyllead remained bound to 

the tissue or existed in the solution as a complex which 

Table. ~. Mean percen~ recoveries of ~onic alkyllead eom~oMnds 
from snail tissue or from deionized distilled water " . ~ 

---------------------------------------------------------------
Mean2 ana l'y te percent reeovery + ! SD 

Matrix Me3PbCl Et3PbCl Me2PbC12 Et2PbC12 
, -----------~------------------~----~---------------------------

Snail hOmOgenat~a 105 ± 6 .72 ± 6, 28 ± 5 (47 ± 4 . 
·Distilled waterb 94 + 6 86 + 3 42 + 8 76 + 4 
Dlstilled Water 98 + 4' 93 + 4 84 +'8 93 + 6 . ---------------------------------------------------------------

,f ~ Spiked at 4-5 ppb (as Pb). . 1) 

. ' 

Spiked at 40 - 50 ppb (as Pb) with a mixture' of Et3PbCl, 

C Et2PbC12' Me3 PbCl and Me2PbC12 • 
c N=3 replicate aeterminations. 
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could not ,be extracted with the solvent. Ch au et al. 

(1984) observed a hiqher decomposition r~te .for 

dimethyllead dichlorid~ than for 'other alkyllead analytes 

in -aqueous media / 

2.3.3 Tetraalklyllepds in the Sa~ples: 

No tetraalkylleads were detected in any of. the samples 

in this study. Hexane extracts of the erude hydrolysates 

'did not-contain any volatil~ lead eompoundS 9 This miqht 

be attributed to the 106S of the volatile tetraalkyls 

during the 6ummer sampling times or because' of the 

environmental "and/or "metabolic dealkylation of t~ese 

analytes. 

2.3.4 Total Ionie Alkyllead Burdens: 

The alky1lead burdens in the representative pools of 
, 

ei ther \males· or femâles from each of the six sites • is 

recorded 
" 

in Table 4. The v~lues are reported on a dry 
, . 

weight basis, (percent dry weight = 25.6) and have been 

corrected for the percent recoveries, based on the 

recovery trials (Table 3). Six àlkyllead species were 
~ + . + + (- + 

Et Pb+ 2 quantitated (Me3Pb , EtMe2Pb 1 Et2MePb , Et3Pb , 
~ 

a~d an unknown leadacontaining analyte) in the samples. 
. 

Whereas, trimethyllead and an unknown lead-containing 

s~e~ies were ~etected in al~ samples, neither Me2Pb2+ nor 

. 2+ 
~EtMe~b . was present in any of the samples. The suro of 

:," the ionie alkylleade fO(d lees than l'of the total ~ead 

\. 

-
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Table 4. lonié a1ky11ead levels (as a1kylbutyl1eads) in soft tissue of saltmarsh periwinkles from lower Chesapeake Bay. 

Meani Alkl11eadii Concentrationiii + SD (ng/g dry weight) 
Source & Sexi v Unknown Me - Pb + + Et,MePb+ EtJPb + Et2P,b 2+ 3 ~ EtMe2Pb, 

Craney M 7.5a ,v+ 0.5 c3.6b + 0:3 a 
3.1, l2.3bc + 1. 0 b 31. Sa + ,6.7 + 13. 4~ + 1.3 

Island F 5.Zb + 0.6 3.1bc+ 0.3 4.7ab+ 1.0 S.Odc + 1. 3 7.4c + 0.6 13.2b + 

,Cardinal M 4.6bc + 0.7 3.0bc+ 0.6 4 .Oab~ ~.6 l,ti..Oa + 0.7 IS.'4 a + S.7 14. Sb + 

Point F 5.9b + 1.9 5.6 a + 2.1 4.0ab+ 1.6 18.1a + 4.7 a -18.3 + 3.6 13.0b + 
~ 

Hampton M 3.4cde+ 0.6 3.1bc+ 1.3 4.3abt 1.8 10.3dc*+ 3.2 9.g.C + 

South F 3.1cde+ 1.0 3. 3~c+ 1~3 3.0b + 0.1 S.9dc + 0.1 '5.7c + 
' ----

Hap1pton M 3.4 cd + 0.7 2.6bc+ 0.8 4.1ab+ 0.7 • 10.6dc*+ 6.1 6.B c + 
,North F 2. ade + 1.0 3.0bc+ 0.9 2.7atr+ 1.3 ND 6.0c + 

Fisher's M 3.3 ccie+ 0.8 3.6b + 1.0 
\> 4.9a*+ 1.6 ND 6.1 c + 

Creek F 1.8e + 0.2 1. 7e ;.: 0'.3 "ND 7.3d + 0.7 6.Sc + 

3. Scd + 0.4 2.lbc+ 3.Sb*+ 8.7dc*+ 1.9 
~ -

Point M 0.4 2.1 6.Sc + 

Lookout F i:se + 0.3 3.3bc+ 0.0 ND NB -ND 

~. --- I~---~~ 

,i. calculated from 2 re~licate injections of 3 separate determinations. 
ii. no Me2Pb2+ or EtMePb + was d~te~ted in any of the samples. 
iii.corrected for mean recoveries. 
iVe M ':'" male, F::: female Q 

v. means within a column bearing different superscripts are significantly (p <0.05) different. 
* detected in only two of the three replicate determinations. 
ND none detected (leas than 0.7 ng/g dry weight before correction for recovery). ~ 

-, 

-, 

.. 

3.4 13.3b*+ 

1.S ND 

3.B 9. 7b~+ 
0.6 6.3c*+ 

1.3 13.0b + 

0.7 ND 
" 

0.7 12.6b + 

ND 

~ 

------

\ 

3.0 

6.7 

2.5 

2.9 

4.0 

4.8 

3.4 

1.4 

1.3 

," 

c.l 
Q) 

"~ 

., 

j 
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'burdens in aIl the samples. The fraction of tota~ ionie 
, 

alkyllead in the 'total lead burdens decreased with 

1 decreasing 1 pOllution stress of the sites· (Table 5). In 

,Table 5. Total leada and the total ionie alkylleadb levelse in­
Saltmarsh periwinkles 

---------------------------------------------------------------
Sex Males 

d" 

Females 
Total Ionie Pereenâ' Total Ionie pereen~ 

site Lead Alkyl Burden Lead Alkyl Burden 
(ugjg) l,ead (ngjg) (ugjg)' lead (ngjg) 

----------------------------------------------------------------
Craney Island 07.91 75.3 0.95 04.79 41.6 0.87 
Cardinalpoint 15.39 60.9 0.40 10.88 65.1 0.60 
Hampton South 14.03 45.5 0.32 10.88 24.2' 0.22 
Hampton North Il.76 30.4 0.26 09.45 18.5 0.20 
Fishers Creek 14.21 /. ~9.4 (0.21 10.92 17.6 0.16 
Point Lookout 14.96 33.0 0.22 13.77 05.l, 0.04 . 
-----------------------------------------------------~----------a " . 
bMean total lead, ugjg, bas"ed on 2 replieate assays. 

Mean total ionie alkyl1ead, ngjg, based on 2 replieate 
einjeetions of 3 separate determinations. -
dBurdens' have been expressed on a dry weighi;: ~asis,. 
Percent Burpen = Mean total ionic alkylleadjMean total lead 

x 100. 

terms of the burdens of total ionie alkylle~ds the 

fo11owing trend was observed: Norfolk sites ·(CI,CP) > 

Hampton sites (HN,HS) > southern Maryland sites /{F~,PL). 

i . 
2.3.5 Individual Ionie Alkyllead Burdens: 

~ndividual alkyllead concentrations in these samples 

were very low - not detected to 8 ppb on an "as received" 

basis. A trend to decreasing concentrations from the right 

to the ~eJt si~e ~ and from the top to the b~om of 

Table 4 is evident. Ethyllead concentrations in these 

samples were higher than the mixed~alkylleads wh-ich, 
D 

in 

-
turn, were higher thàn trimethy1lead eoncentrations. An 

- / 
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.-analysis of variance 

interactions for aIl 

indicated significant site:'sèx 
1 

analytes '. excepting- Et3Pb + 'and 
-' 

and ~ex qependent (Table 6). 

Table 6. Analyses çf varia e of individual' alkyllead 
concent;rations in periwinkles wi th respect te si te and s~x. 

, ---------------------------------------------------
Anàlyte . Site Sex site-Sexa 

Level of significance 
--~----+----~~---------------------------------**-- Me Ph .. 0 • 02 13 0 . 524 6 ~ 0 • 0043 

EtHe Pb+ 0.,.0112* 0.0086** 0.3454 
Et2M~Pb+ o~ 0.0001 0.0237 0.0001** 
Et Pb-/' 0 . 0001 * *, 0 . 03 02 * 0 . 0890 
Et;Pb+2 -. " 0.0001 0.0002 < 0.0034**, 
UnRnown 0,0001 0.1218 0.0061** 
--------~---------------~--~------------------.--""~ ': Si te-sex interaction ** Signific~nt at p < 0.05 level 

Significant a~,p <" O. OJ. 1eveI 

,~..J 
Genera~ly males were burdened with higher concentrations 

1 

of alky1leads co~pared to females. The si~le effects 
, 

of 
.t.. . 

sex were investigated(further using, a contrast analysis 
~ 0 ~ 

(Steel and Torrie, 1980). Each of the analytes was sex 

dep,eI?-dent: except for trimethyl1ead (Table 7). 

~able 7. Analysis of variance using contrast anhlysis for'· .the 
, simple ef'fects of sex. 

---------------------------------~--------
Analyte Level of Significance 

------;~-;~+--------~~;~;~----------------' 
EtHe2 Pb+ 0.0031** 
Et2~ePb+ 0.0155* 
Et Pb+ 0.0016~w 

Et;Pb+2 0.0001** 
UnKnown 0.0022** 

Il 

-----;-----------------------------~------** Significant at p < 0."05 level 
signifi~ant at p < 0.01 level 

Cl 

.0 • 
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2.3.6 Unknown Ionie Alkyllead Species: 

~ " 

All the samp~es contained an unidentified 

lead-cont~ining ,compound, which eo-chromatographed Mith 

. authentie under our instrumental eondi tions . 

Further experiments wè>l';e undertaken to charaeterize this 
• 0 a 

"\S" , 

p:r:oduct. This arialy~e was npt deteeted in 
( 

either an 

initial hexane extraet of the enzymatically digested 
, 

sample homogenate (prior to complexometrie extraction), or 
, " 
in hexane-dithizonate extracts whieh had been back-washed 

with dilu~aeid. l!owèver/ it was observed consisténtly ~n 

the normal hexane-dithizonate extracts. This behaviour 
" 

precludes the possibility an 
, ' 

of the uI:1known ,being 

unc~arged tetraalkyllead species. Identification of this 
') 

product, by gas ehromatography - mass 'spectrometry (Ge-MS) 
. ~ 

was not possible beeaus'e" of the very low levels , of ~ this 

analyte present in these samples. Typieal chromatograms of 

a snail- sample 
~ , 
reçorded at 217 nin "and 283.3 nm, are 

presented in Figure 2. 

2.3.7 Ethylleads in periwinkle Samples 
, 

~ '" .Ionie ... ethYlleads formed the major fraction of the total 

ionie ~ky1lead burdens in these samples. The 

concentrations of 0 diethyllead were significantly 

correlated (p < 0.01) to the 'levels of triethyllead 

(Tatle 8) consistent with a metabolic dealkylation -and 

indicative of a eonunon origin, for these two jSnalytes. 
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Figure 2. Ge-AAS .çhrom,atograms of a typical periwink].e sample 

at: (A).217 nm and at (B) 283.3 nm containing l, ~e3BUPb; 2, 

unknQwn lead containing peak; 3, EtMe2BUPb; 4, Et2MeBuPb; S, 

Et3B~Pb; 6,. Et2Bu~Pb; 7, BU4Pb. The sample was concentrated 
/ 

approximàtely 
? L 

two fold prior toOanalysis at 283.3 

a 

o 

\ / 

.. 

• 

nm. 
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o 
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2".3.8 Trimethyllead in periwinkle Samples: 

In an effOrt to âetect differences in the origin of 
, 

individual alkyllead species, 
\. 

relationships among the 

'various anal~tes we~ studied. A simple correlation of the 

variables, in which the correlation is solely the r~sult 

of both variables varying along with sorne other primary 

variable, can lead to s~rious conclusions (Choi, 1978). 

In this case, since the analyte-Ievels were significantly 

influenced by site, sex and their interaction (Table 6); 

partial correlation would prove useful in deterrnining the 

relationship among the analytes. This approach allows one 
1 

to; correlate the levels of one analyte with levels of 

another, if adjustments for the influencing factors are ., 

made. with the exception of trimethyl1ead, aIl the 

~ralytes were. s~gnifican~IY côrrelated (p < 0.01) with the 
\, . ' / 

.A 

total ionic alkyllead levels (Table 8). Concentrations of 
, 

d{ethylmethyllead, triethyllead and diethyllead were also 

correlated to each other significantly (p < 0.01). Whereas 

ethyldimethyllead was significantly correlated to total 

ionic ~kYllead levels (p 

statis~CallY significant 

< 0.01), trimethyllead jlacked a 

correlation '(p > 0.05) with any 

other analyte or with the total ionic alkyllead leveis. 

Further treatrnent of the data was performed in ~hich 

correlations were examined for analyte levels where only 

concentrations above the limit of detection were 

c'onsidered. The rationale for tl1is approach was that the 

initial set' of data contained several "non detected" 
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Table 8. 

r 

Pearson's partial correlations between alkyllea~ 
concentrations of periwinkle tissue. 

. ... 
For 23 degrees of freedom 

Me Pb+ 0.3410 0.1288~ 0.3130 0.1408 0.3812 
pr~b > l r 1 0.0953 0.5395 0.1276 . 0.5019 0.0601 

. \ If 

EtM~2Pb+ 0.3771 0.3160 0.3377 0.5614 
Prob > l r 1 0.0631 0.1237 0.0987 0.0035·· 

Et
6

MePb+ 0.6085 0.71".18 0.8664 
,Pr b > l r l 0.0013·· 0.0001·* 0.0001·· 

Et Pb+ 0.5809 0.8136 
P:~'~b > 1 r l 

~ 
0.0023·· 0.0001·· 

Et Pb2:r 0.856+ 
pr6b 3> l r 1 0.0001·· 

43 
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Total = Sum of the tissue levels of aIl ionie alkylleads • 
Signifieant at p < 0.01 level 
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values which. may have 
, 

correlations appreciably. 

influenced the analysis for 

Thus an a~alyte level for which 

the levels of the sc~ond analyte was unavailable, was 1 

ignored. This explains the varying d~grees 'of freedom 

recorded in Table 9. Again di~thyllead was significantly 

correlated with levels of triethyllead (p < 0.05) and 

diethylmethyllead 

ethyldimethyllead 

(p 

was 

.. 
< 0.01) • In addition 

correlated significan~ly with 

diethyt- (p < 0.&5) and -highly with diethylmethyllead (p 

= 0.0503) concentrations. However, there was a more 

pronounced lack of correlation between the concentrations 

of trimethyllead and the concentrations of any., other 

ionic alkyllead. This analysis suggests a difference in 
-

the", origin of this analyte and the origin of the 

ethylleads. 

In an 

w~ether 
exist~d, 

a 

attempt to clarlfy the relationships and check 

true difference, in origin of the analytes 

further analysis of the data included a 

df j;he 

pooling 

'+ mixed alkyllead concentrations ,(Et2Mepb plus 

~EtMe2Pb+), and of the ethyllead concentrations . (Et
3

Pb+ 

plus Et2Pb2+). This approach enapled the use of aIl the 

individual analyte values and thus allowed considerati9n 

of aIl the data points. An analysi's of variance (Table 10) 

of the pooled data showed that the ethyllead 

concentratibns varied significantly among /the different 

sites and between sexes but without significant site-sex 

interaction; combined mixed alkylleads were site but not 

____________________ ~_ _O.' · 
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Table 9. Summary df the Pearson'a partial correlations betwaen 
alkyllead concentrations of periw±nkle tissue. ~ 

~~;î;~;---------~~~~~;~+-----~~~;;;~+-------;~~;~+-------;~~;b2~ \ 
--------~-------------------------------~--------------------

+ 
0.1510 MeÔpb 

Pr b > 1 r 1 0.5627 
df (16) 

EtMe
2

Pb+ 
frob > 1 r 1 
df 

. 
Et

3
MePb+ 

Pr b > 1 r 1 
df 

~Et Pb+ 
prÔb > 1 r l, 
çlf 

\ 

0.2856 
0.2835 

(14) 

0.4967 
0.0503 

(14) 

\ . 

0.3130., 
0.1458 

(21 ) 

0.2901 
0.2282 

(17 ) 

0.5482 
0.0649 

(10) 

0.0987 
0.7160 

(14) 

. 0.4584 
0.0420· 

(,18 ) 

0.6459 
0."0021.,· 

(18) 

0.4856 
0.04JO* 

(16 ) 

--------~r-----------------------------------------------------

d; Degrees o! freedom associated with each analysis 
**/Significant at p < 0.05 level 

Significant at p < 0.01 level 

,. " 

'. 

ft '-
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sex dependent and the interaction between the site and sex 

was signi~icaht in case of trimethyllead. Whereas the 

levels of the combined mixed alkylleads were 

significantly "'- correla't:ed (p < 0.01) to levels 'of the SUIn 

Of\ the ethyllead salts (Table Il), the triInet~y~lead 
fi' 

concentrations were not correlated significantly (p > 

0.05) with. eithér the combined ethyllead 

combined mi~ed alkyllead levels.o 

. 
or with the 

The ofraction of trimethyl1ead in the total ionic 

alkyllead burdens.was then compared with the fraction of 

ethyllead and mixed alkyllèad salts. ~ statistically 

significant (p = 0.0001) \ nega:tive (r = -0.'9664 ) 
.(> 

r~lationship was obtained. This correlation reflects the 

significant correlations of individua1 ethyl1eads with the 

total ionic alkyllead~urden, the high correlation of 
, 

mixed alkylleads with total alkyllead burden and the 
/" 
lack 

of variability of trimethyllead levels among the ·sites. 

Again the lack of a common source (origin) for 

trimethyllead and ethyllead salts or mixed alkylleads is 

indicated. 

o 

2.3.9 Possible origin of Trimethyllead: 

After the initial introduction of tetramethyllead in 

gasolines in 1960 (Grandjean and Nielsen, 1979), the use 

of this antiknock agent was generally restricted because 

of its high volatility. ~ereas Canadian gasolines are 

known to oontain only tetraethyllead as the additive (Chau 

1 
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Table 10. Analyses of variance of combined alkyllead 
concenttations and trimethyllead concentrations with respect to 

/ site and sexe 

'. , 

-----~------------------------------------------~----Analyte(s) 
~ 

site Sex 

Leve'! of Significance 
-----------~-----------------------------------------/ 

Me3Pb+ 
. , • 0.0401 0.4507 0.0103 

Et2MePb+&EtMe2Pb+ *. 0.0001 0.2819 0.1270 
• 

Et Pb + & Et Pb +2 ** ** 3 2 0.0001 0.0029 0.1953 

. a * Site-sex interaction 
** Significant ~t p < 0.05 leve1 

Significant at p < 0.01 level 

Table Il. Pearson's partial correlations between the 
mixed alkyllead concentrations and combined 
concentrations with trimethyllead levels in 

\. 
combined 

ethyllead 
saltmarsn 

.. 

OF = 23 

periwink1e samples. 
( 

-------------------------------------~-------

Me Pb+ 0.2617 0.2653 
pr6b > 1 r 1 0.2064 0.2000 

Mixed Alkyls 0.6398** 
Prob > l r l 0.0006 

----------------------------------------~~-~~ 

1 Mi~ed Alkyls - Sum ot Et2MePb+ plus E~Me2Pb+ 
2 Mixed ~thyls - Sum ot Et3Pb+ plus Et2Pb+2 

** siqnificant at p'< 0.01 level ~ ~ 
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et al., 1976; Radziuk et al., 1979; Forsyth, 1985), 

American gasolines may contain methylleads 

alk;llea~ as minor components (Du PUis and 

Estes et al., 1982). 

Interestingly, the analytical data from 
~ 

study suggests different origins for the 

or mixed 

Hill, 1979; 

the present 
..r;r 

methyl- and 

ethyllead compounds in the periwinkles. Whereas ethyllead 

concentrations in snails increased with increas,ing 

pollution stress at the collection sites, a similar trend 

was not: observed with trimethyllead., A lack of 

statistically significant correlation was observed between 

+ the burdens of Me 3Pb. and each of the alkyllead analytes. 
1 

+ This supports the hypoth~sis that the burdens of Me3Pb in 

these samples originated primarily from source(s) ~ther 
. 

than the 

In making 

demethylatitm of tetramethyllead in srasolines .• 

these conclusions, it,may be reasonable (o 

consider that the composition of the gasoline and the 

nature of the additives in it in the sampling area~ are 

homogeneous. 

In addition, the fact that the burdens of Me3 Pb+ were 

sex independent whereas burdens of each of the ethyllead 

salts were sex dêpendent, also indicates separate origins 

for the Me3?b+ and the 'ethyllead salts. Even if 

tetramethyllead 
1 / 

formed a fraction of the alkyllead 
~ 

additives in the gasolines~ it is clear that the entry of 

trimethyllead from source(s) ~other ~han directly from the 

,gasoline is 'predominant in these ~amples. 
-. 

'\ 
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-In vitro methylation of various inof9anic tin and 

organotin compounds by microbes isolated from the 

Chesapeake Bay have been demonstrated by Huey et al. 

(1974), Nelson et al. (1973) and Hallas (1981). Later --
..... 

Jackson et al. (1982) demonstrated ~pe methy1atiqp of tin . 
, by the pure cultures of penicillium (strain 244) isolated .. 

from tpe Chesapeake Bay. These authors postulated that the . 
methylstannanes present in the Chesapeake Bay rnay have 

1 

. arisen in a microbially mediated pathway. This was further 

supported by the observations reported other 

researchers (Chau, d980; Hallas, 1981; Guard ~ al., 1981). 

with existing chemica1 similarities between 1ead and 
.. 

tin~ it ~is possible that the trimethyllead originatod from 
, 

an environmentally-mediated methylation of inorganic lead. 

Recently, Forsyt~ and Marshall (1986) reported significant 

correlation 
. 

between the tissue leve1s of tr~~ethyllead and 

the mean lake inorganic lead levels in samples of Harring .. 
gulls culled from several different colonies in Great 

'Lakes, consistent wit? a methylation of inorganie lead in 

the environment (possibly microbially med~ated). Over the 

past decade, researchers have reported biological (Wong o~ 

al., 1975; Schmidt and HUber, 1976) and abiotie (Craig, 

1980) formation of yolatile tetramethy1lead in aquatic 

media and its apparent transport into the atmosphero over 

the coastal _flats (Harrison and Laxen, 1978). 
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2.3.10 possible Origirrof the Mixed Alkyllead ~écies: 
• Biomethy1atiol1 (presumably as a de-fence mechanism) has 

been clearly established for other trace elements [Mercury 

(Jensen and Jernelov, 1969; ... 
Bertilsson and Neujahr, 1971; 

ri' 

Kivimae et al., 1~69 ; 
'-

Imura, 1974; Neville and 

Berlin, 1974 i Bermal) and Bartha, 1986), selenium (McConnel,l 

an~ portman, 1952; D~nsfield and Challe~ger, ~5; Byard, 

1969; Palmer ét al., 1969, 1970; Fleming and'Alexander, 

1972) , arsenic (Braman and - Foreback, 1973; Cox and 

-- ---- -nexander, 1973; Wood, ï975; Shirachi et al., 1981; Rbwland 

and Davis, 1982; Buchet and Lauwerys, 1985), and tin 

(Nelson et al., 1973; Huey et al., 1974; Dizikies et al., 

19.78; Hallas, 1981; Hallas et al., 1982») and for the alkyl -- -- / 

/ 

Mercury (Wood et al., 1968; Landner, 1971; Tonomura et al., 

1972; Rudd and Furutani, 1980), ar.d alkyl tin species 

(Guard et al., 1981; Jackson et al., 1982; Rapsomanikis and 
" 

Weber, 1985; Maguire, 1984) • 

Huey et al. (1974) observed the methylati6n of 

~onomethyltin by a Pseudomonas species collected from 

Chesapeake Bay. Subsequently, the Qccurrence of mono-, di~, 

and trimethyltin compounds in the water of Tampa Bay 

(Braman and Tompkins, 1979) and Lake Micnigan (Hodges, 

1979)~was reported. Later, Guard et al. (1981) demonstrated 

the methylation of trlmethyltin compounds by estuarine , 

sediments from tidal flats in San FransisQo Bay. 

Methylation of trimethyllead acetate to volatile 

_è' ... 
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t,etramethyllead has also been reported (Wong et al. 1 197{'; 

Schmidt and Huber, 1976). Chau et al. (1984 , 1985)' 

specu1ated the methy1ation of~ionic ethyllead salts, to be 
, 

source of ethylmethyllead toxicants to aquatic 

organisms. , . The present study shows a possibility of 

+ methylation of ethyllead s~lts as a source of Et
2
MePb and 

+ EtMe2 Pb to the periwink1es. 

High levels of correlatiqn between burdens of + Et3Pb , 

+ + Et2MePb and EtMe2Pb were demonstrated. -Yet th1l 

levels of correlatiort with ,either ethyllead salt burden 

decreased as the nurnber of methy1 groups on the mixed , . 
D 

alkyllead increased (Tables 8 and ~). This pattern ia not 

inconsistent with an environrnentally mediated methylation 

of ethyllead palts as sugge~ted in Figure 3. In this 
a -

proposed decomposition scheme the ga801ine additive Et4Pb 
~ + +2 

is degraded sequentially, to Et
3

Pb and to Et2Pb - • 
. + 

Methylation of the latter product results in Et2Mep~ 

whereas methylation of the former would result in Et
3
Mepb, 

a volatile tetraalkyllead. De-ethylation df Et
2
MePb+ would 

result in EtMePb+2 (which has not been detected in these 

samples). However, a second methylation would result in 

EtMè2 Pb+. This scheme would predict that levels of 

correlation of the .burdens of individual alkyll~ad species 

should decreas~ as the number of intervening 

transformations increases. 
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Figure 3. Schematic summarf of proposed a~kylation .,-' dealkylation 

of ethyllead salts as interpreted from the periwinkle samples. 
1 • 

1, De,-ethylation; 2, Methylat~on., 
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2.3.11,Summary: 

1. Six ionie ~lkyllead analytes (Et3Pb+, E~2Pb+2, 
+ ' 4 + Et2MePb , EtMe2Pb , Me3Pb , açd an unknown lead containing 

peak) were quantitated in the tissue of 'saltmarsh 

periwink~es collected fr~six separate sitfs in the lower 

Chesapeake Bay, U.S.A. 

2. The total ionic alkyllead burdens constituted less 

than 1% of the total lead levels, and the burdens of 

individual alkylleads, except that of trimethyllead, were 

f sex dependent. 

3. Ethyllead salts constituted a major fraction of 
. 

the total ionic alkyllead burden. Their concentration 

varied significantly among the site~ • 

. 4. The lack of a statistieally significant 

correlation of trimethyllead burdens with-any of the 
r 

other alkyllead analytes, suggests a difference in origin 

of methylleads in the samples. 

5. The identical behaviour of ~he mixed alkyl1~d 

analytes with that. of the ethylleads, and not with 

methylleads, together with the positive and significant 

correlation of their burdens with ethyllead salts, is 
, , 

consistent with a'methylation of etrylleadS. 

Overall, thesè results suggest env ironmental 

methylation of lead. 
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3. T~ICIT~ OF ETHYLLEAD SALTS TO JAPANESE QUAlL 

3.1 Introduction 

Lead poisoning has been recognized as a factor in 

. wiIdlife mortality since the turn of the century. Birds are 
, \ 

constantly exposed to sub1ethal quantities of lead in their 

,diet, resulting in measurable quantities of this toxicant 

in their bon~s, 

recognized as 

so.ft, tissues and eggs. Alkylleads were 
i 

the toxic principle responsible for the 

death and sickness of 2,400 birds in the Mersey estuâry, 

U.K., during 1979-1981 (Osborn et al., 1983). Urban pigeons 
Q 

had been found to conta in up to 0.3 ppm of Iead in the forro 
" 

,of triQ.lkyls in their tissues (Johnson et al., 1982). 
~d 

The toxicity of trialkylleads have been reported by 

Osborn et al. )(1983) . 
, 

which had In this,study starlings, 

received 2.8 or 28 mg Et3PbCl/kg body weight, daily for up 

to èleven days, displayed overt signs of severe toxicity. 

For the higher dosage, the study was terminated before the 

planned time because of the severe toxie effects of 

triethyllead. Chronic and s~bchronic toxicity of tri- and 

diethy11ead to avian species have not been reported 

previou~y. .. ' 
The present 

pharmacokineties, 

trç:thYllead and 

indicator speeies. 

! 
work involved the study of the 

metabolism, and accumulation of 

diethy11ead cations in a suitable avian 

In addition, the transfer of the 

toxicants into egg was also monitored throughout the 
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experiment. and the possibility of biomethylation of host-
• <. 

ingested inorganic lead investigated. 

The Japanese quail (coturnix coturnix j aponica) was 

chosen for this s~~py. This species is considered t0jre a 

mu ch better model for avian wildlife th an is the domestic 

hen (Edens and Garlich, 1983). Based on experimental 

results with ~apanese quail and comparisons made with 

mammaliap studies (Morgan et al., 1975; stone et al., 1977, 

1978), the quail was suggested to be an appropriate model 

for the study of plumbism. Additionally it represented a 

species that laid eggs throughout the year. 
~ , 

3.2 Materials and Methods 

3.2.1 Chemicals and Rèagents 

Alkyllead chlorides and butylates were prepared as 

described by Forsyth and Marshall (1983). Lead nitrate was 

of ACS reagent grade (Allied ChemicaIs, New Jersey) as were 
) 

the other chem1cals used in the study . 

. ' 
3.2.2 Feeding Trials 

Six te eight month 

from a, local breeder 

old female Japanese,quail·purchased 
) , 

(Faïsanbec Inc, st. Jacques Le 

mineur, Queb~c) were used' in this' studyl. The birds were 

housed in groups of seven in chick batteries (68' x 79 x 20 

cm); in a room maintained at a ternperature of approximately 

.. 240C and 14L: 100 Photoperio~c conditions. 'The birds were 

provided feed (Turkey purina chow) and water ~d' libitum. 

During a two-week acclimatizatibn period, the egg laying 

" 

., -
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and weight change patterns were established. Two 

.separate feeding trials were conducted. In '/ the first 

trial, treatments consisted of amending the ~ater wi th-·· , 
either 0 or 250 ppm of Pb (N03 ) 2 or with 25 ppm of Et2PbCI 2 . 

In the second trial, treatments consisted of amending the 

water with 0, 0.25"or 2.5 ppm of Et3PbCI. The amended water 

was provided afresh every day, and the previous, day' s 

consumption was noted. Each trial was conducted for a 
Q 

period of eight weeks. Eggs were collected daily from the 
f 

control and from each of the treated grQups, pooled 

(within each group) after removal.from iheir shells, and 

frozen to await analysis. At the termination of the trial, 

the quail were sacrificed by cardiac puncture, and the soft· 
" 

J 

, 
organs (brain, liver, ~uscle ànd kidney)' were excised and 

weighed. Whereas the liver and muscle samples from aIl 

birds were analysed separ~tely, , the brain samples of each 

of the treatments were pooled for analysis. The kidney 

samples were pooled for analysis in aIl cases, except in 

2.5 ppm triethylleaa feeding group, in which the kidney of 
" 

the indivfdual birds was analysed separately. 

3.2.3 Analyses for Alkylleads . .. 
Pooled eggs from each treatment and individual tissues 

were analysed in tripl icate • Three separate samples from 

each or pool were placed in a 50 mL Nalgene 

tube and enzymatically hydrolysed (section 
j) 

and the crude hydrolysa tes were extracted 

. 
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with hexane:dithizone (section 2.2.3.2.2). The concentrated 

extracts were butYlated (section 2.2.3.3) and analysed by 
i 

GC-QT-AAS as described in section 2.2.3.4. Each sample was 

'quantifieq. twice by comparison with thEl external standards 

containing Me3PbBu, ~2PbBU~, Et3PbBU and Et2PbBU2. Mixed 

methylethyllead compounds were identified by predicted 

Kovats' retention indices (Forsyth and Ma~hall, 1986) ànd 
.J 

from retention time for each of the transalkyla ted 

products. The quantitation was achieved by comparison with 

a similar analyte for which standards were- available. Thus 

the quantitat~on of Et2MePb+ and EtMePb+2 were p~rformed' by 

comparison with Et Pb+ and Et Pb2+ respectively. 
3 2 

3.2.4 Recovery Experiments 

Recoveries of ionic alkylleads were calculated by 

spiking the appropriate tissue from a control bird (which 

has not previously been exposed to ethylleads) with a 

, 
at a level of 5-6 ppb (as Pb). Three, separate recovery 

experiments were conduc~ed as described in sections 2.2.3.2 

to 2.2.3.5. The percent recovery was determined by 1 

dividing the mean peak area 9f the recovered butylate by 

the mean peak area of the butylated spike solution fi diluted 

to th,e expected concentration '(assuming 100 % recovery) for 

each of the analytes. 

l , 

ot * 
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• 3.2.5 statistical Analysis .. .' 
The data 

\ 
were ana!ysed using the method·of covariance" 

taking into account the dependent variables associated with 
~ 

each of the independent variables. When the F ratio 

indicated a significant int.eraction, 'the treatment means 

were compared using Duncan's New Multiple Range Test (steel 
• 

and ,Torrie, 1980). 

3.3 Results and Discu~sion 

3.3.1 Effect on Water Consumptïon 

,Treated birds consumed significantly less water (p < 

0.05) than did thé control birds in Trial 1 (Figure 4), 

however there was no significant difference (p > 0.05) in 

mean water consumed between the group \. exposed to lead 

nitrate and the group which had been exposed to 

diethyllead dichloride. Mean water consumption was f the 

average daily consump~ion for the previous seven days., In 

Trial 2, the mean wàter consumption by the birds on 2lio ppb 

Et3 PbCI feeding was,not significantly different (p >0.05) 

from the mean consumption of controis (Figure 5) •. The 

birds, on 2.5 ppm triethyllead chloride feeding consumed 

significantly less water (p < 0.05) than the other two 

groups of birds. The average daily intake of the toxicant , 
per bird in treated groups were as follows: 61.2 ± 11.5, 

·5.6 ± 0.9 mg/kg bC?dy weight, 425 ± 36, 61 ± 5 ugjkg body 

weight for the Pb (N03) 2' dieth11lea'd dichloride, high and 

low triethyl1ead qhloride treatments ,respectively. 

.. 
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Figure i. Mean water consumed (daily average for'each week) by 

Japanese qua~l which were given drinking water amended with 

o ~ 0 ([J), -25 ppm Et2PbC12 (0), or 250 ppm P~Ojf2, (+). 
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Figure 5. Mean water consùmed (daily average for each week) by 

~Ja:Pane:e - ~~l which were given drinking water amend~d with 

0.0 (0), 
1 

0.25 ppm ( + ), or 2.5 ppm Et3 poe! (<». 
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3.3.2 Effect on Bo~y Weight 

E~posure of quai1 to 1ead nitrate or to diethyllead 
~ 

dich1oride~ did not resul t in a statistically -, significant 

Xp > 0.0,5) change in body weight relative to the controls 

(Figur~ 6). Thë birds on both 0.25 and 2.5 ppm of 
. \ 

tr~ethyllead, lost considerable weight over the period 

of the trial (Figure 7), but not significant1y (p = 

0.0503) . 

3.3.3 Effect on Organ Weights 
('. , 

The on1y'siqnificant difference between the treated and 

control groups Ü/terms of the relative organ weight to' the . 
body weight was observed for kidney (Table 12). A similar 

• observation has been reported·by stone and Soares (1974) 

for Japanese quail, which were fed with diets containing.a 

minimum of 500 ppm of inorganic lead for'32 days. It is 
1 

interesting '" quail to 25 to note that an exposure of ppm of 
,. . 

diethyllead dichloride (daily intake level 6-7 ppm) has 

resulted in a simiYâr effect. 

( 
Table 12. Means o~ relative organ-weight °to body weight ratio 

(x 10) for treated and contr~l birds. 

Treatment 

Control 
Pb(NO~)2 (250 ppb) 
Et2PbC1

2 
(25 ppm) 

Relative 
kidney weight 

5.0 + 0.9* 
7.9 + 1.0 -
8.3 + 3.8* 

Relative 
liver weight 

36.1 + 8.5 
37'.6 + 9.5 
32.9 + 4.3 

Reiative 
brain weight 

3.1 + 0.4 
2.6 + 0.4 
2.8 + 0.1 

Conteol / 7.3 + 0.9 3~.1 + 4.8 4.0 + 0.3 
Et3PbCl (250 ppb) 7.0 ± 0.7 29.3 + 4.8 3.7' + 0.4 

~:~:~::_~~:~_~~~~ ______ ~:{2~_::~ _____ :~:~_~_::: ____ :::_~_~:~_ 
* Significantly differen~ from mean control value (p < 0.01) 

et • 
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F~gure 6. 'Mean body weights (weekly average) of· Japanese quail 

which were qiven drinking water' amended with 0.0 

2~ ppm Et2 PbC1 2 (t::;), - or 250 ppm Pbf,r03) _ (+). 
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3.3.4 œransfer of Toxicants into ~ in Trial 1 

Exposure of birds to water amended with Et
2

PbCl2 

resulted in a prompt transfer of the toxicant into egg. 

The level of diethyllead in the daily egg pools is 

presented in Figure 8 as a function of the day of the 

trial. Each data point represents the average of three 

replicate determinations of separate samples from the pool 

of eggs which had been collected each day. Error bars have 

been included tQ provide a measure of reproducibility of' 

the analyses. Eggs laid 24 h ~fter the 'initial e~~osure of 

birds to Et2 PbC1
2 

were burdened with diethyllead cation 

concentration of 9.8 '+ 0.8 ppb. The level of diethyllead in 

the eggs was directly proportional to the toxicant during 

the first 33 days (Figure 8) reaching a maximum of 1.04 + 

69 

" J 
0.11 ppm in egg. During this period, egg burdens of 

Et2Pb+2 were positively (r = 0.9400) and significantly (p = 
. , 

0.0001) correlated to the cumulative intake ofe the 

toxicant. Although a steady-state condition' was not 

reached during the trial (in terms of amounts of 

diethyllead cation in egg), it was observed that an 

average 0.14 + 0.024 % of the ingested toxicant was 

transferred into the eggs. On day 27 and ~ubsequent days 

triethyllead cation 'was also detected in the egg pools 

(Figure 9). The level of this toxicant increased with time, 

however 

burden 

detecte'd 

it remained at less than 3.2 %. of 

in egg. After day 50, traces of 

the Et Pb2+ 
2 

Me
2

Pb2+ " were 

+ and on subsequent days Me3Pb was also detected. 
1 

/1 

1 , 
i 
1 
1 



70 

\ 

, , 

Fig~re 8. 
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given, 

/ 

Levels of Et2Pb2+ cation in egg of birds which 

drinking water ame~ded with 25 ppm of Et2 Pb?12' 

function of day of the trial. 
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Figure ~. Levels of ~onic alkylleads (other tl1.'an .Et2 Pb2+) in egg 

" of, birds which were given drinking water amended with 25 ppm 

of Et2PbC12 , as a" function of day, of the trial. 
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These contaminants always remained at trace levels relative 

to the diethyllead burdens in the eggs (on day 56,' the 

concentration of trimethyllead in egg was 6.5 + 1.6 ppb 

and the conpentration of dimethyllead was 82.1 + 6.6 ppb). 

Since the methyllead salts were not detected in any of the 

soft tissues at sacrifice, it is hypothesised that th~ 

methylation occurs within the egg production machinery and 

once formed it i5 not circulated throughout the body, 
. 

~epresentqtive chromatograms of the egg pools from 

different days are presented in Fi~ure 10. 

''''~\ 
.1 '3.3.5 Tissue Residues of Alkylleads in Trial 1 

The levels of alkyllead analytes detected in the various 

tissues have been corrected for the percentage 
" 

recover,y, 

for each analyte in each of the tissues' (Table 13). 

Table 13. Mean recoveries of ionic alkyllead compounds from 
1 '1 t' a qual. l.ssues. 

-----~-----------~~;~~-~~;î;;~-~;~~~~~-;~~~~~;;-±-i-~9~-----
T~ssues Me

3
Pb Me

2
Pb Et

3
Pb+ Et

2
Pb 

----------------------------------------------------t-------
Egg 92 + 3 75 + 6 78 + 8' 89 +, 7 
Liver 83 + 7 18 + 6 71 + 7 66 + 9 
Kid~e~ 84 + 6 22 + 7 74 + 5 74 ± 6 
Bral.n 72 + 2 17 + 4 61 + 2 50 + 2 

------------------------------------------------------------a spiked at 5-6 ppb (as Pb), with a standard mixture t of 

\.--

, ' 

Et
3

PbCl, Et"PbCl
2

, Me3PbCl and Me2PbCl2 , 
N=3 replicate detêrminations. 
calculated from three replicate injections of a 
'1 single determination. l' 

Analyses of<v tissues (liver, \kidney, brain and 
1 

muscle) of the bitds indicated that these tissues 

f\\ ., 
breast 

were 
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Figure la. Representative GC-AAS ehromatograms of egg homogenates 

from quail givefl dr1nking water amended with Et2Pb?12' 
i 

for various periods of time. (A) Ionie alkyllead Standar~ 

+ 2+ + 2+ l, M~3Pb ; 2, Me 2Pb ; 3, E~3Pb , and 4. Et2Pb respeetively. 

(B) day 56, (C) day 54 , (0) day 53, (E) day 50, (F) day 29, 
, 

(G) day 22, and (H) 4ay 4. 
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burdened with higher levels of triethyllead than 

diethyllead (Table 14). 

Table °14. Mean organolead catidh concentrations (ppb) in soft 
tissues from diethyllead dichlor,ide feeding to Japanese quail. 

77 

-----------------------------------------------------------------------
AnalY"te Mean

a + ! ~. Anatyte Range 2+' 
Et3Pb _ Et2Pb2 Et3Pb Et2Pb 

Tissue 

------------------------------------------------------7----------------
Brain poolb 16.2 + 0.05 5.1 + 0.01 -,' 
Kidne~ Poolc 161.6 + 32.3 52.6 + 14.6 
Liver d 49.6 + 44.9 22.0 + 7.8 14.9 - 150.1 II.9-31.9 
Muscle 15. 3 + 19.8 18.2 + 4.8 2.3 - 55. 7 9 • 2'~2 7.1 

L ' f J.ver f 
Kidn~y 

0.6 + 
1.5+ 

0.3 
0.3 

EtMePb2+ 

1.4 + 
1.,9 ± 

0.4 
0.6 

q~ 

------a--~~~~~~~~~-~~~-~~~~~~~i~~~--b-~~~~~-~~;ii~~~~-i~j~~~i~~~-----
of one poo~ed sarnple. two replicate injections of 3 separate 
samples., two feplicate injections of 3 separate samples from 
each indiv'idual. three replicate injections of a single pooled 
sample. 

This is surprising because the birds'had been treated with 

diethyllead. Whereas a metabolic .. dealkylation has been 

reported for s~veral mammalian species a metabolic 

conversion of dialkyl- to trialkyllead has not been 

reported previously. Thus , diethyllead was the major 
'\, 1 

analyte present' in egg, and triethyllead forrned the major 

bu rd en in the tissues of the birds te exposed / 
, /' -

diethyllead. The levels of triethyllead were Signirl3~~ 
" in liver and ~f correlated to the levels of diethyllead 

of the treated quails Cr = 0.6346, P = 0.0148) .. Clearlya 
. ' 

.metabolic toxification mechanism is aperative in quail. It 

is interesting ta note that the tria~kylleads formed the 

'. 
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c 

T 

'. 

~ 
major fraction of the total alkyllead burden~ in urban 

pigeons (Johnson et al., 1982) 1 Herring gulls (Forsyth and 

Marshall, 1986) and in dead and sick birds collected from 

Mersey estuary during 1979-1981 (Bull et al., 1983). The 

proportion of tri- to diethyllead was much higher in the~ 

soft tissues th an in eggs. surprisingly, the metabo1ised 

toxicant was 

as was the efficiently 
" 

not transferred into 

parent " compound 

egg aS" 

(Et
2

Pb2+). 

Concentrated samples of liver and kidney also contained 

low levels of mixed methylethylleads (Table 14). The trace 

levels of these toxicants show that methylation 
\ 

ethyllead salts is operative but is not a major 

process in quail. 
1 

of ionic 

metabolic 
, 1 

Tbe results of the inorganic lead,trial, in which lead 

nitrate was added at ~50 ppm to distilled water, were less 

spectacular. No alkylleads were detected in the soft 
"-.--

tissues or eggs of treated quail. This indicated that at a 

daily intake level of 60-70 ppm for 2 months, an alkylation 

of inorganic lead was not observed, and thus .methylation of 

host ingested inorganic lead is not a detectable metabolic 

process in quail. 

3.3.6 Transfer of Toxicants into ~ in Trial ~ 

As with the diethyllead feeding trial, alkylleads were 

transferred promptly into egg during these studies as weIl. 

/ Both triethyllead (the parent toxicant) and diethyllead 

(its degradation product) were detected in egg samples of 

treated 
i'I' 

birds throughout the trial. The burdens of 

t. t· 

'\ 
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\ 

triethYllea1 in egg increased gradually during the 

experimenta periode The total ionic ethyllead burdens of 

egg const tuted 0.77 ± 0.5 %, and 0.48 ± 0.2 % 

of the daily intake of triethyllead in 2.5 and 0.25 ppm 

triethylle groups respectively. 'Levels ,of tri:-J 

and llead cations in egg samples over the period of 

the trial re presented in Figures Il and 12, for 0.25 ppm 

and 12 •5 ppm Et3PbCl !eeding groups respectively. Each bar 

represents the average of three separate determinations 

and error bars have been included to provide an estimate of 

the reprod~cibilit~ of the analyses. The concentration of 

+ Et3Pb into egg was significantly correlated with the 

o cumulative intake of \oxicant (in 2.5 ppm,~t3PbCl feeding 

birds r = 0.9495, P = 0.0001, and in birds on 0.25 ppm 

E~3PbCl feeding r = 0.6745, P = 0.0212). similarly the 

diethyllead leve13 in egg were significantly correlated ta 

the ,daily intake of the toxicant (in the 2.5 ppm Et3PbCl 

feeding group r = 0.3073, P = 0.0212; in 0.25 pprn Et3PbCl 
1 

feeding group r = 0.3987, P = 0.0023)'. During the latter 

half of the trial, eggs were burdened with higher 

concentrations of triethyllead than of diethyllead, in 

both treatments. But in the low dose group, the levels of 

Et Pb2+ relative to triethyllead seemed to be higher 
2 

(Figure Il) than in the high dose group (Figure 12). Also 

the 

{r = 

levels of triethyllead were signifîcantly correlated 

0.6981, p = 0.0001) ~o the levels of diethyllead, 

over the period of the trial. 
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Figure ll. Concentrations of tri- and diethyllead cation in ~gg 
1 

samples ~ of quail which were given drinking water amended 
,. .. # -

"with 0.25 'ppm 'Of Et3Pbçl~ ... '\.as, a function of day of the tria'l-' 
, . t • • ~'41'V ' 
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Figure ,12. concentratio~s of tri- and diethyll~ad catian in the 

egg of quail qiven drinking water ame-nded,with 2.5 .ppm of 

Et3PbCl;~ 'as a function' of 

(2)' Et
2

Pb2+ .. (0 5 • 
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Tissue Residues of Alkylleads in Trial 2 

The ~anaayâes of tissues (liver, kidney, brain and 
G -'. ~ li 

muscle) of treated birds from the triethyllead chloride 

feeding trial, demonstrated higher levels of triethyllead 

relaj:ive to diethyllead ,(Table 15). Diethyllead was· 

ubiquitous in the ;tissues of the treated birds .'1 Overall, 

the tissue levels' of triethyllead and diethyllead were 

significantly correlated with each other, ~n both treae.ment , , 

group~ (r = 0.904~, P = 0.0001) consist~t with a· metabolic 
D r 
dealkylation. Dealkylation of tetraethyl,lead to 

~riethyllead in mammals has been demonstrated (Cremer f 

1958, 1959; stevens et al., 1960; Bolanowska, 1968)~ The 
-

principal site for this metabolic activity 1s the liver 

microsomal fraction (Cremer, 1958, 1959; Aldridge et al., 

1962;. Casida- et al., J.971) , and the microsol'(lal 

mqnooxygenase systems have been identifie? as a Mediator 

of thip process (Casida et al., 1971; Kimmel et al., 1977). 
~- --

Based on studies with microsomal preparations, ca~ida et 

al. (1971) ,demonstrated ~ se~ential dealkylation of 

.tetraa1kyl tins and proposed a similar mechanism f,or 
t '-

metabolism of tetraethylleads in mammals. The microsomal 

fractions in liver cells of avian species are 

. comparitively less active than in mammals (Tucker et al., 
') 

1973) . Nicliolson., et al. ~(197~) demonstrated that the 

activity of certain liver enzymes in immature an~ adu1t 

male quail was very low 1 compared te females. The 
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f 

/ 
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Table, 15. Alkyllead cation co~rations in soft tissue~ of 
Japanese_ quail provided with 'drinking water amended with 

0.25' or 2.5 ppm t:riethy11ead chloride. ' 
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~---------------------------------------------------------------------~ 

Tissue and 
tFeatment 

a 
Analytel~- ± ! S.D~t 

Et Pb Et Pb 
(U~/g) (ng7g) 

~ 1 

Anéflyte ~angen- 2+ 
Et Pb Et Pb 
(U~/g) (n~/g) 

-, 

----~------------------------------------------------~----------------- J Brainb ',' .' , ' _ . 

250 ppb 0.06 + 0.007 
2.5 ppîn 0.45" +" 0.009 

KidneyC 

250 ppb 
2.5 ppm ' 

1 

Liverd 

250 ppb 
2'.5 ppm 

~ 

0.30 "l- '0.1 
1.8,3 + 0.6 

, 
O. 29 ~+ 0.1 
1.11 + 0.03 

O.O~ + 0.03 
0.34 + 0.1 

2.4 + 0.4 
2~.1 + 1.1 

, ' .. '. , ' .... 
~ 

~·1. 3. ± 14.3 
239.8 + 13.3 

21.3 + 17.9 1:. 

70.5 + 34.9 

6.1 + 2.9 
2;1..0 + 7.4 

0;42 - 0.53 
1.06 - 2.96 

0.20 - 0.34 
0.66 - 2.33 

0.03 - 0.13 
0.27 - 0.61 

\ 

~ 

, 

.. 

?' 
11.0 - 48.0 

107.2 "':' 418.2 

Il.0 - 48.0 
48.8 -- 153(.8 

2.3 - 9.7 
15.0 - 38.6 

------------------------------------~~------------------------------~--
. a lborrect~d for recoveries. b three rep1icate injections of on~ 
pooled sample. c two repligate injections· of each- individual, ô 

k~dney samp1e separately. two replicate injections of three 
separate samples from each individual. 
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efficiency of dealkylation in both male and immatupe 
1 • 

l' ~ 

birds may be lower th an in females (the subjects in the -
pl;'esent stQ.dy). 

1" . 

. 86 . 

'"-.:' Additionally significant i correlations. among the- ionic " 

1 ,.., 

Il 

levels in muscles and livers o~ the individual 
\ 

ethyllead 

,birds h \1 , 
in bot the t~eated groups were identified • (Table!:! 

·16,17). 

. 
Table- 16. statistical correlations between ionic ethyllead 
concentrations of liver and muscl~s from quail which had, been 
u provided with water amended with 2~0 ppb 

, . 

. Triethyllead chlorj..de. " 
----------------------------------------_._---------~ 

Tissue & Muscl~2 Liver+ ~ ,Liver+2 Analyte Et2Pb Et3Pb .:Et2Pb 
.. 

-----------------------------------------------------
Muscle + 0.8703 0.7'945 EttPb ~ . 0.8669 

. Ptob > 1 1 tr 0.0023** 0.0025** 0.0105* ~ 

Et Pb2+ 
d' 

Muscle 0.8596 0.87201'/ 
Prob > 1 ~ l 0.Q030** 0.0022** 

, + 
-Li ver Et

3 
p~ 0.9396 

Prob > l r 1 0.0002** 

The ub,iquity of diethyllead in'tissues of. triethy1lead-
~ 

treated birds and its significant correlation w~th the 

levels of triethyllead 
. - ,..,.\. 
1n the vaT10us, body tissues i8 

consistent with a recirculation or redistribution of ,the 
t~ 

. 

dea1kylated .... metabolite among the body 'tissues. . , 
Interestingly, the ,relative propqrtion of diethyllead to 

• i • ( • 
±he tr1ethyl~ead cat~on was v1rtually constant (0.074 + 

~ 

0.03 %) in aIl soft tissue's of both treated groups. 

1 
1 ... 

iii .' • 
, 

1 

'0 
~ ... ...... .... 
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Table 17. statistièal, correlations between ionic alky,llead 
concentrations in 1iver and muscles.of quail which had cbeen 
provided~water amended with 2.5 ppm tr!ethyllead c~loride. . -

. 

. , 

!~/ .. - - - --_#_--------------------~------_ ... _-----_..:_----------------------/ . 1 • 
Tissue and Muscli Liver Liver2+ Liver + Liver 2~ 
Analyte Et2Pb + ,Et3Pb+ Et2Pb Et2MePb EtMePp 

~ ----------~--------------------------~----------------------------
Muscle Et Pb+ 0.9530 0.9796 0.9777' 0.5326 0.8328' 
Prob > 1 f 1 ' 0.0003** 0.0001*r 0.0001** 0~1741 0.0103* 

Et Pb2+ 
. } 

Muscle ri 0 4 9054 0.98~5 0.5165" 0.8073 
Prob > 1 f 1 0.0020** 0.0001** 0.1900 0.0154* 

4 Li ver Et3 Pb + ", 0.9481 0.6049 ""0.8443 
" • prob > 1 r 1 0.0003**' 0.1121 0.0084** 

" 
Liver Et2Pb2+ -

,.J 0.5180 0.8191 
Prob > 1 r l .. ~ 0.1885 0.0129* . 

l + 1 Liver Et2MePb 0.8645 
prob > ,1 r l 0.0056** , 
i--:----------------------------·;;----.-------------.----~---------

. s~gnificant at < 0.05 level. signifiçant at < 0.01 leveI. • 
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~ ,,-, , • AlI the tissues of treated birds from the 2.5 ppm 

\riethYllead feeding -were burdened with -tra~e~evels of 
'-

methylethy11ead a'tla1ytes (Table 18) . Whereas ~ 

.. 
monoethylmethyllead and diethy1methyllead ana1ytes were 

• 

Table '18. Mi~ed a1kyllead concentration.s (as alkylbuty1leads·) in 
soft tissues from quàil whic~ had been provided water amended 

with 2.5 ppm triethyll~ad chloricte. ' 
, 1 

---------------~-~------b-----~------------~---~------------
'Tissue Analyte,~- + ê.~t _ Anal~te Range 2+ ' 

• Et
2

MePb EtMe~ Et2MePb Etl1ePb' 
(ng/g) (Og/g) (ng/g) (ng/,tg) 

----------------------------------------------~---------~---
Br-ain~ 3.15 + 0.4 ~ 
Liver' 4.47 + 2.7 6.30 + 5.6 nd - 8.2 nd - 18.5 ~ 

.,. 'd e ' 2 _ _~:_~:: ____ ::~~_~_::~-__ ::ï~_~_:::---_::~_:_~:: ___ ~::_:~::: __ 
-, - aV ~ • - • - b . c 
. none detected ~n muscl~. corrected for recaver~es. three 

replibate injections of one pooled sample. two· repl~cate 
injections of three separate samples from each individual., two 
rep1icate injections of each individual kidney samp1e ana1ysed 
separately. 

1 ~ 
detected in the tissue samples, 

, + 
EtMe2Pb was not detected. 

The levels of these toxicartts were'highly ~correlated to the 

levels of the ethyll~ads (Ta~le 18(19), showing a common 

origin, presumab1y a metabo1ic methy1ation of ethy11ead 
, ' 

1 

Table 19. Correlations between 10nic a1ky11~ad concentration~ in 
kidney from quail which had· been provided water am'ended wi th 

2.5 ppm"triethyllead 'chloride. . . 
~~;i;~~--------;~~~~2+---;~~;;~~+--;~~~~~2+~ 
--------------~-------~---------------------
Et Pb+ 0.8585 0.9086 0.9123-
prdb > 1 r l 0.0064** 0.0018** 0.OpI6~* 

Et Pb2+ 
pr6b > 1 r 1 

0.8924 0.7640 
O.OQ29** 0.0273* 

EP2MePb+ 0.8902 
'~rOQ > ,1 rIO. &030** 
i-------------------------------------------

** significant at < 0.05 level. 
significant at < 0.01 1evel. 
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sallts in 

n· . 

t~iS spe'cie~.' Tn& leve:ls of these analytes , are . 
d 

probably not ~oxicologically significant,' relative to .the 

.concentration and toxicity of triethyllead' cation in the 

t:i:ssues. 

The fa ct that the levels of mixed alkylleads remaine~ 
1 , 

trace, even at these levels of intake of ethyllead salts 
, 

indicates the absence of an efficient biomethylation 

- mechanism in avian spec~s. The mixed alkyllead burdens 

\ 

reported in tissue of Mallard ducks and .Herring, gulls 

(Forsyth, 1985) , might weIl have resul t'ad from the 

ingestion of these tqxicants rather than from a methylation 

'of ingested ethyllead salt. This is aga in indicative of ~n 

~nvironmentally-mediated ,methylation of ethyllead salts, in 
- ; 

regions whe!e only ethyllead gasoline is in use • 
'". .. 0 

Another intéresting observation, is the ratio of 

triethyllead to diethyllead in tissue of the treated birds. 
t> 

The ratio was much higher in tissue of quail exposed' to 
. 

triethyll~ad than in the ones exposed to diethyllead. The 
\ ' 

ratio of di- to triethYlliad was 0.35 in kidney and 0.44'in 

89 

'liver of Et2PbC12-treat~d quail (Trial 1). The ratios • 

. '(Et2Pb2+/E43Pb+) i~ the liv~ and kidney of Herring gulls 

were 0.31 + 0.10 and 0.35 + 0.24 respectively (calculated 

from7 Forsyth and Marshall, 1986). This is more 
~ 

charact'eristic of the (Et' Pb2+/Et Pb+) ratio in liver 
'2 3. 

and 

~idney of quail which were exposed to Et2PbC1 2 , and is 

indicative of the exposu~e of gulls tO,Et2 PbC1 2 rather than 
4 

Et3PbCI,_~s the major contaminant. 

, 
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3.3.8 s~ary 

1. The transfer of ionie et~ylleads into~eqg has, been 

demonstrated by feeding the adul~ quail with diethyllead 
, ~ ,) 

dichloride and triethyllead chlorida. Soft ,tissues have 

been identified to be highly suitable as indicators for the 

" J 
exposu~~ of adults to lonlC ethyllead toxicants. 

, 
2. A metabolie conversion of diethyllead to the more 

• . 
'toxie triethyllead has been demonstrated in J~panese quail. 1 

Although the effieiency of this conversion was low relative 

o to the, qu~.ntity of Et2'PbC12 inqeste~, it does clearJ.y 

r~present a metabolic tox-ification me,chanism. 

3. Meta~olic qe~lkyation of tri: to diethyll~ad has 

been demonstrated in this indicator species. 

4. Methylation of ümi'c ethylleads is not a major 

meta~olic 'process and the leve~s of mixed alkyllead 

analytes in avian tissues (environmental samples) would 

appear to have resulted from the intake of'these toxicants 

, fr0I\. sour~e (s) other ~han the methylation of the il1gested 
{ 

'etllyllead sai ts by the avian specie,s themselves . 
. 

5. aiological methylation of ingested~norganic leàd is 

not a detectable process in quail..' 
o 

.. 
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'. 

.. 

\ -
t 

90 

\ g 



... 

o 

-- -

,\ .. " r. -!'. 
Î " 

.' . , 

. j ~,. SUGGESTIONS FOR FUTURE WOR!{ 

-/ 
i 

\ 

, 
~. It is recommended that further studies be d;rected ~t 

"" elucidating the mechanism of conversion . of di- to 
\. . 

tri~thyllead in biological systems. It would he interesting 

to further note whether such ët conversion ,tak.es place .with, 

methyllead salta too, - and in Qther aquatic species 
" 

and ~ 

mammalian systems . 
. 

2. The toxicity of the mixed met~ylethyllead analytes to .' 
various biolo~ical species should ~termined, and their 

, mode of entry into ~he environment should also 
• , 

d~termined in placeq where tetraethyllead is exclusively 
'JI 

used as the gasoline. antiknock additive: ~ 

3. Since penicillium ,(strain 244) has been ,shawn. to 
~ . 

methylate organic and inorganic forms of tin and mércury , 
o 

(especially in Ghesapeake Ba~), it may be ~worthwhile to 

pursue further-experimentation 'with the micrbbial '~ultures, 

isolated from' Chesapeake Bay, to find out about theit 

capacity to methylate inorganic lead and ionic 
r. 

salts. 

,4. There is a need to delineate the processes of' 

alkylation dealky~ation ·in the terresterial" and aquatic 

compartme!lts of the ecosystem. 
o 1 

Once the major processes 

occurring u~der ~ach of these envir9nmental condit~o~s are 
JI 

identified, understanding the environmental fate and 
. 

transformation of alkyllead toxicants,... ~ be much. 

easier. 

, 
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Appendix A. calcu1a~ion for alkylbuty1lead levels. 
, . 

• 
~Example. Calculation for the triethy~lead l~vels 

butylleads) .in the femaie samples of periwinkles 
, 

Hampton North site.­
fil 

The average of are a 
, J, 

counts for each of the 

from 

three 

separate . determinations were
Q 

calculat~d as 21832, , 17712, 
/ 

and '18988.' These area 'counts correspond te .0.201, 0.165, . ., . 
Q , 

and 0.177 ng of triethylbutyllead. Thesë were ~lcul~te~ 

from the concentration and area-~esponse of the known 
\ . "-

al~ylbutyl1ead stan~ards tha~ were run periodically. 'he 

area co'Unts observed 

deternination of the 

in therblank were used for 

ba~ound levels, which 

the 
--" 
were 

t' sllbtracted ,from the total levels in the samples. -L. 
.f 

The total amount of Et3BuPb was.calcula~ed by including 

the two factors - the .amount injeqted (20' uL) and the 

sample volume (1200 uL). 

Total Et3 BuPb = O~. 201 x (1200/20) = 12.06 
0.165 x (1200/20) = 9.90 
0.177 x (1200/20) = 10.62 

Takin'g 
, 

samp1e matrix into account the weight of the 

93 
1;) 

.' .. ,-
(2.5 g) and the mean percent recovery of the triethyllead 

'- from the periwin)cle tissues (72 %), 

.. 

Et3BuPb (ng/g) = 12.061(2.5 x 0.72) = 6.7 
9.90/(2.5 x 0.72) = 5.5 
1(}.62/~2.~x 0.72) ... 5.9 

/' 

= 6.0'+ 0.6 

/ 
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Appendix B. Transalkylation reaction and products. 

OThe various methylethyllead pompounds can be prepared by . /. ~ , 

\~,eating equ:imol~:t quanti ties . of l-fe2 Bu 2Pb and ,Et 2 Bu 2 Pb " , 

(both in iso-octane) together, 0 at 1S d ç for ,~l. li .. , Jl.he '" 
~ .. • ~ 0 

-
94 

.. analy,si$. of ,theOln~~ture ~ôf comp~urids resulting from the· ~ ~ 

reaction indicates the extensive exch~nge of alkyl .groups, 

resu,l ting in various. tetraalkyllead compounds (F!gure Al), 

"with retention times between thè r~tention times -of the 
~ 

known alkyllead standards. The predicte~ retentiqn times 
~ 

(Forsyth ànd Marshall, 1986) for these mixed alkyllead 

compounds are given in Table Al. 

Table Al. 
of mixed 

Absolute retention times ~nd ~etention 
methylethylleads (based on retention 
~elative to alkylbutyllead standards. 

(Forsyth and Marshall, 1986) 

indic~s 
times) 

, -----------------------~----------~-----------------------
Analyte N Absolute retention RetentiQna 

time ,(RT), min Index (I) . 
-.--------------------------------------~-----------------

Me3BuPb 7 9.21 700 
--rIe Bu Pb "t.ÏY,a ~l.22 800 (80S)b 

MeitaéuPb 9 13.Q4 900 (906) b 
Me2B ~Pb 10 14.23 1000 
Et Bu b 10 14.6S 1000 
EtMeBu~Pb 11 lS.77 1100 (l105)b 
Et2Bu2 b 12 17.1S 1200 
BU4Pb 16 21.,09 1600 

a predicted retention index (KOvats'- 1965). b l == 100N +~. 
100n [(RT - RT ) / (RT )] where N = number of 
carbons i~AÀnalyte~(Nb = carbQ~(Màmber dif~erence between 
R(N) and R(N+n), A = analyte for which retention index was 
calc~lated, R(N) = analyte containing N carbons, and 

'R(N+n) = analyte containing N+n carbons. 
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Figure Al Ge-AAS chromatoqram of the transalkylation 
\ 

readtio~ ~products containing A, Me3EtPb, , B, Me2Et2Pb: C~' 
(l 

Me3BuPb , D, MeEt3Pp: E, Me2EtBuP~; F, Et4Pb; G, MeEt2BuPb; 

H, ~e2Bu2Pb; 1" Et3,Bu~b; Jo,' MeEtau2Pb; K, Et2 BU2Pl::t: L, 

, MeBu3Pb: M, EtBu3 Pb and N 1 Bu 4. Pb • ~ 
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Appendix c. 

,(a) Data Set: Tissue levels of a~ylleads in Saltmarsh 
periwinkles . 

. ---------~---------~-----------------------------------, " 

Source 55 MS F' •. Pr>F 
--------------------------------------------------------- ) 

1. Trimethy11ead 

Total 
Model 
Error 

52.6353 
38.2700 
14.3652 

35 
15 
20 

2.5513 
0.7183 

3._55 0.0046 

" , 
--------------------------~-------------------------------
2. Ethyl dimethyllead 

Total 
Model -
Error 

163.4815 
124.0830 
39.3985 

31 
15 
16 

8.2722 
2.4624 

3.36 0.0107 

, ----------------------------------------------------------­, 
3: Diethyi methyllead 

Total 
Model 
Error 

-

1270.3503 
1184.0919 

86.2585 

\ 32 
15 
17 

78.9395 
5.0740 

15.56 0.0001 

----------------------------------------------------------
4. Triethyllead 

Total (121.8301 35 
Model . 988.7634 15 65.9176 
Error 133.0666 20 6~6533 

9.91 0.0001 

----------------------------------------------------------
5. D~ethy11ead 

Total 
.-Model 

" Error· 

32 
15 

.. 17 
170.0~Ü7 
10.3291 

16.47 0.0001 
2726-.8215 
2551. 2257 

175.5957 , 
/ 

-------------------------------~--------------------------, 
6. Unknown lead-containi~g analyte 

Total 
Model 
Error 

109.6813 
99.0565 
10.6813 

35 
15 
20 

6.6038 
0.5312 

~ . 
0.0001 

---------------------------------------------------------

" 

, , 
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(b) 'Data Set: Levels of trimethyllead, combin~d ethyllead 
and combined mixed alkyl~ead levels in 
periwink1es .. ' "~ 

j l ~ ..... ------------ ;;-1--------------------.. ------------------------
Source SS DF MS F Pr>r, 
--------------------------~------------------------------j 
1. Trimethy11éad 

Total 
Model 
Error 

52.7739 
33.1101 
19.663-8 

35 
13 
22 

2.5469 
0.8938 

2.85 0.0147 

-~---------~----------------------------------------------

Tqtal 
Model 

2119.4923 
1629.0726 

490.4197 

35 
13 
22 

125.3133 
22.2918 

\ 

5.62 0.0002 

, 
------~---------------------------------------------------2+ + 3. Sum of Et2Pb plus Et3Pb 
• 
Total 
Model 
Error, 

6246.2051 
5348.3966 

897.8085 

35 
13 
22 

. . 
411.4151 10.08 0.0001 

40.8095 1 _____________________________________________ ~ ________ ___ _ 

, 

'(c), Data Set: 'Mean water consumed by, and body 
change in quail (~rial 1) • 

weight 

. 
~---------------------------------------------------------
Source ss DF< MS F Pr>F 

"'1-'----.,..--------------------------,--------------------------• c b , ' 

1. Water consumed - Trial 1 
;' 

rt'otal 
Source 
Errol!' 

30590.6012 
28936'.9870 
1653.6142 

191 
71 

'120 
407 • 5632 \ 29. 5ft . 

13.7801 
0.0001 

---~------------------------------------------~-------~---
2. Body weight - Trial 1 

Total 
Model ;. 
Error 

179409.0798 
120818.1942 
58590.8856 

187 
90 
97 

1342.4234 
604.0297 

2.22 0.0001 
_____________ ~~ _____________________________ w ________ ~~ __ • 
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(d) Data Set: .Mean water consl,llned by 1 and body weight 

cHange in quail (Trial 2). 

, . 
-~~------------------------------------------~--~--------
Source' . SS ' DF MS ' F Pr>'F' , 

--------------------~------------~--------------------~---
1. Body weight (Trial 2) 

Total 
Model 
Error 

1~J9",.09.()8 
152456.78 

26952.30 

2. Water consumed 

Total 13513 :7,1 
Model' 12646.79 
Error 866.92 

( 187 
90 
97 

(Trial 2) 

t') 167 
31 

136 
-

1Q93.96 6,10 0.0001 

, 407.96 64.00 0.0001 
6.37 

------------------------------------------~---------------

• 
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,Appendix D. Mean water consumed by, quail. 
1 • ~ 

o 
• L- , 

Table A2. Mean water consumed by quail provided' 
drinking water amended with 0.0, 25 ppm Et2PbC12 or 

ppm Pb(N03 )2 for two months. ~ 

, 

with 
2'50 

100 

----------------------------------~----------------------- -• 
~::~---_:~~::~~~------_:~~~~~:~-------~:~:~:~~------------

0 87.8. ± 4.7 88.5 + 3.9 89.3 + 2.9 -
1 86.6 + 5.3 .72.2 + 5.3 65.4 +- 5.2 - -
2 91.6 + 4.8 75.3 + 2..9 66.2 + 

'i;:> 

3.5 - -
3 79.0 + 2.8 66.1 + 5.9 62.4 + 3·.3 - - -

4 79.4 + 6;5 59.3 + 1.,6 60.1 + 3.6 - -
5 .. 76.8 + 3.4 . _ 56.7 + 1.8 54: 4 + 1.2 

t9- ~ - p -
6 79.4 + 5.0 57.4 + 3.3 53.4 + 3.9 - -

./ 

7 73,\3 + 5.0 49.6 + 4.3 54.3 + 1.1 - - -
8 ·84.0 + 2.8 59.2 + 3.9 63.1 + 5.2 - - -

-----------------------------------~----------------------. 
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Table A3. Mean water consumed by quail provided" with 
drinking water amended with 0.0, 0.25, or 2.5 ppm Et3PbCl 

~ ,for two monthe. 

;;;~----~~~~;~î;-------~~~-;;~~~a-------~i~~-;;;~~b-------
-----~----------------------------------------------------

,;. 'fi' 

0 55.3 + 2.6 56 •. 1 + 1.8 54.8 + 1.4 - - -
1 54.6 + 2.8 54.6 + 1.3 36.0 + 1.8 - - -

2 55.4 + 2.8 51.4 + 2.2 34.0 + 2.3 - -

3 56.3 + 2.4 49.7 + 1.8 36.7 + 2.1 - . 
0 

4- 55.9 + 1.3 48.4 + 3.0 35.3 + 3.0 - -

5 53.7 + 3.9 49.7 + 2.6 34.3 + 3.0 - -

6 48.6 + 2.8 47.9 + 2.6 31.9 + 2.3 -~ 

7 51.0 + 3.7 46.7 + 2.4 33.0 + 2.8' - -
, 

8 53.9 + 3.3· 55.0 + 1.9 35.4 + 2.4 . 
---------------------------------------------------------~ 

Treatment' 
0 

coneisted amending a of the water with 250 ppb 

~f triethyllead chloride. 

b Treatment consisteo. of amendig the water with 2.5 ppm 
of triethyllead chloride. 

. " '. ... 

" 
- .. 

" "" 

, 
" 

( " ..-.... ....... 

101 

1 

. . 

~ 

, ~ 

. l 



'. '. 

. o 

, . 

, 

\-
1 

Appendix E. Body weight change in quail. , 

Table 
water 

/ 

A4. Mean weekly body weights of quail provided with. 
amended with 0.0, 25 ppm Et2PbC1

2
, , or 250 ppm 

Pb(N03 )2 for two mon~hs~ 

1 • 

,-

-----------------~--------------------------------------­" 

-~::~-------_:~~::~:_~-----_:~~~~~~~---------~:~:~::~----

1 . 
1 

2" 

3 

6 

'7 

8 

211. 0 + 12.4 

217.8 + 18.9 

230.5 -f 19.3 

242,0 5 + 15. 0 

250.7 + 14.9 

254.3 + 13.2 

220.7 + 20.7 

23005 + 1'9.9 

1 

247.0 + 19.4 
r 

265.6 + 21.2 

27,5.7 + 17.1 
. 

261.9 + 23.3 

2~6.7 + 10.5 270.6 + 21:7 

258.3 + 11.8- 272.0 + 28.0 

241. 2 + 38.5 262.3 + 50.3 

208.7 + 17.0 

215.8 + 18.9 

228.6 + 16.6 

241. 3 + io.o 
\ 

240.4 + 11.3 

236.3 + 8.0 

1242.6 + 11.4 

231.9 + 25.3 

<>2 15 ... 0 + 4 4 • 0 

, 
-----------------~-~--------------------------------~----

o 

, 
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Table A5 • Mean bOdy weights èf quail 

drink.inq wat~r amended with p.. 0, 0.25, 
, - . Et3 PbCljkq for two months. 

providéd wi th 
or 2.5 ppm 

. ~ 

~------------------------~------~-~~---------------------, a b Week Controls Low Treat . Hiqh Treat 
r-------------~----------------------------------------~--

\ 
-0- 214.5 + 24.7 230.7 + 13.5 211. 0 + 08.3 - -

1 226.0 + 23.0 234.7 + 19.6 211. 9 + 11.2 - -
2 213.3 + 26.1 209._1' + 15.2 204.5 + 12.9 -
3 218.5 + 25.7 209.2 + 15.1 203.l. ::!:- ],2: 1 - -4, 222.9 + 19.2 210.1 + 13.0 202.8 + 12.3 -

-
5 211. 0 .+ 20.8 202.8 + 15.7 

, 
201. 5 + 17.3 -

6 205.8 + 17.5 200,.0 + 13.4 201. 0 + ~9.4 - -. 
7 200.0 + 17.5 196.8 + 13.5 203~0 + 16.8 - -
8 206.9 + 21.6 196.2 + - 12.e 196.4 + 16.6 

-------------------------------------------------------p--
a Treatment consisted of amending the water with 250 

ppb of triethyllead çhloride. 

b Treatment consist~~ of amendinq the water with 2.5 
ppm of·triethyllead chloride. 

, 
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Appendix F. Ionie alkyllead levaIs in-eqq in trial 1. 

.. ,. 
"Table A6. Mean alkyllead concentrations in eqq homogenat~s 
from'{adult quail provided with drinkinq water amended with 

25 ppm Et
2

PbC1
2 

for two monthsr . 

104 

----------------~--------~-~~-----~-----------------------~-------------2+' '+ ~ + Z'+J 
. Day Et2 Pb E~3Pb Me3Pb ~ Me2Pb 

-----------------------------------------------------~-~-----~--~-------

01 
02 
03 
04 
05 
06 
07 
08 
qg. 
·10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2~ 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 " 
35 
36 
37 
38 
39 
40 
41 

0.0098 + 
0.0202 + 
0.0279 + 
0.039'3 + 
0-.0441 + 
0.052.5 + 
0.0745 + 
0.0799 + 
b.0923 + 
0.1150 + 
0.2208 ± 
0.2435 ~ 
0.2640 + 
0.2734-- + 
0.2~88 + 
0.3100 + 
0.3315 + 
0.3389 + 
0.3518 + 
0.3721 + -
0.3900 + 

. 0.5731 + -
0.4393 + 
0.5273 + 
0.4636--+ 
0.4635 + 
0.7695 + 
0.7613 +-
0.8200 + -
0.9633 + 
1: 0420 + 
0.6184 iT!t: 
0.6174 + 
-0.3270 + -0.2973 + 
0.2894 + 
0.3138 + 
0.3042 + 
0.3113 + 
0.3438 + 
0.3287 + 

0.006 
0.003 
0.003 
0.004 
0.003 
0.0004 
0.008 
0.061 
0.010\ " 
0.008 
0.054 
0.032 
0.028 . 
0.030 
0.022 
q.026 
0.029 
0.039 
0.020 
0.032 
0.031 
0.002 
0.054 
Q.032 

0.00178 + 
0.00180 + 
0.00200 + 
b.00223 + 
0.00708 + 
0.00617 + 
0.00602 ,+ -
0.00690 + -.0.00713 + 

O~. 022 
0.114 
0.050 
0.078 
0.007 
0.001 
0.169 
0.001 
0.045 
0.035 
0.010 ' 
0.013 
0.022, 
0.029 
0.113 
0.020 
0.031 

0.00749 + 
0.00765 + 
.0.00882 + 
0.00893 + 
0.01028 + 
0.0'1002 + 

Î 

0.00081 
0.0Q.082 
0.00102 
0·.00188' 
0:00260 
0.00198 
0.00224 
0.00243 
0.00121 
0.00310 
0.00285 
0.00147 
0.00489 
0.00312 
0.00212 

o 

f.-

\ 
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~;;---~;~~;~2+--------~~~;~+-----------~---~;~;~+------~--:'---;;~;~2+---
----------------------------------------------------~---~~-------------- , 

~~ 
'" 

42 
43 
44 
45 
46 
47 
48 

-49 

f 

. 
• 0.3157 + 

0.4139 + 
0.3033 + 
0.31:79 + 
0.3200 + 
0.3299 + 
0.3441 + 
0.3741 + 
0.4234 + 
0.5419 + 
0.6277 + 
0.6292 + 
D.6277 + 
0.6073 + 
0.6~92'+ 

4 

: 

c;, 

-

.. ' 

( 

-, . 

0.026 
0.039 
0,».008 
0.019 
0.009 
0-.021. 
0.012 
0.003 
0.005 
0.040 
0.048 
0.054 
0.061 
0.028 
0.038 
,. 

,4 .. 

.. ' 

, o. 00972 + 0.00398 
0.01143 + 0.00224 
0.01147 + 0.00198 

'0.00889 + 0.00260 
0.01012 + 0.00213 
o. '01002 + 0.001.88 
O. 01011. + 0.001.90 
0.00~+-4.~28~ 
O. <10683 + 0.001.63 
0.00712 + 0.00287 
0.00460 + 0.001.12 
0.00269 + 0.00108 
0.00178 t± 0.00106 
0.00299 + 0.00048 

-

, 
. .. 

" 

0 .. 00340 + 0.0012 
0.00603 + 0.0015 
0.00650 + O. 00l.6 

\ ... 

, -. 

. ~ ; fQb~~l -t 9 ~ ~~8cJ 
0 .. 00763 ~ 0.0034 
0.01.081 + 0.0046 
0.03482 +'0.0028 
0.082io +" ù.0066 

.. 

/' 

, 

9. 
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c' ------~-----------------------------
Day- -+ Et2 Pb+2 -- Et3Pb 

~-------------~---------------------
42 5.91 '+ 0.69 4.17 + 0.98 
43 5.80 + 0.61 3.92 + 1.00 
44 " 4.65 +"0.51 4.05 + 0.69 

-45 5.79 + 0.53 4.05 + 0.8l. 
46 5.22 + 0.55 4.00 + 0.58 
47 5.52 + 0.46 3.7S + 0.59 

t" 48 7.10 + 0.68 2.98 .± 0.31 .... 
\ 49 5.79 +" 0.60 3.08 + 0.44 

, \, 50 6.67 +" 0.53 4.6B- + 0.39 
51 7.11 +" 0.67 - 4.18 + 0.48 .. 

6.96 +" 52 0.63 4.81 + 0.52 
53_

t 
__ 4 .. 21 ± 0.34 4.81 + 0.43 

J 54 7 ~ 09 + 0.66 5.19 + 0.54 
55 5.87 + 0.73 8.10 + 0.6'7 
56 ~5 .. 86 ± 1.23 13.51 + 1.09 

'" 
,,--... --

• 
, 

- ... 

. . - .' .. 
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• Appendix !(;. 'Ionie ethyllead levels in egÇJ in Trial 2. -\ 
) , Table A8. Mean alkyllead concentrations in eg9 homoqenates. 

from adult quail provided with drinking water~ended with 
2.5 ppm triethyllead chlor~de for two m ha.· , 

fi ... - . 
, -

~~---:----------+-------------+~--
Day EtaPb Et 2Pb 

--~-----------------~--------------
1 1.11 + 0.12 

.r 2 2.09 + 0.19 1. 27 + 0.21 -
-' 3 3.48 1 O. 27 2.90 1 0.35 -4 4.68 + 0.38 2.91 + 0.34 -

5 5.51 +·0.67 2.63 + 0.41" -
6 5.79 + 0.46 6.89 + 0.45 -
7 6.98 + 0.49 4.81 + 0.56 - -.s 7.90 + 0.87 5.06 + 0.59 
9 10.19 + 0.92 13.50 + 1. 23 "---.:~ - -

10 12.99 + 0.82 17.97 + 1.44 -
11 12.65 + 1.04 20.32 + 1. 89 -' 

12.58.+ -
12 1.00 16. t3 + 2.18 

\ - 13 15.92 + 1.49 12.33 + 2.11 
14 

-
24.79 + 1.57 13..48 + 1. 84 

% 15 -
~ 27.63 + 1.38 l€L 12 + 2.19 

16 ~6.71\~ 2.19 24.19 + 1. 78 
17 39:01 

-
24.67 + 2.40 + 3.03 - -

18 25.12 + 3.30 38.92 + 3.71 ., 19 
-

24.89 + 1.4.0 42.68 + 4.5 ... 9 
20 22.90 + 2.11 46.27 + 3.98 

54.59 
-,21 21. 79 + 1.85 + 4.91 • - - ~ 

22 31. 30 + 2.59 43.04 + 3.89 -
v 23 30.48 + 1.64 39.29 ~,4.7l-6 .. -

24 32.50 + 3 • 13 37.12 + 3.28 
25 34.12 + ,2.89 34 :73 +'3.01 
26 33.18 + 1.87 38.45 + 2.80 • • - -
27 28.16 + 2.54 34.17 + 3.92 - -
28 22.01 + 3.33 50.63 + 3.89 -
29 33.32 + 2.046 51.40 + 4.44 -
30 28.50 + 3.41 48~95 + 4.,99 - -
31 28.73 + 2.52 54.99 + 3.91 - -
32 30.37 + 1.95 51. 71 + 4.76 - --

32.88 33 + 3. Il 35.76 + 2.9,6 - -
34 48.89 + 3.29 15.77 + 1. 32 - _. 
35 43.01 + 4.86 13.35 + 1. 73 - -36 45.51 + 3.88 10.67 + 1.24 

+- 5.59 -37 44.42 5.45 + 0.58 -38 4'6.14 + 3 ~ 69 5.57 !;,0.64 
39 52.52 + 4~72 5.77 + 0.53 "fo -- 40 49.27 + 2.02 6.71 -+- 1.41 - - 1. 52 41 52.17 + 3.62 5~6 + - -

" 
" ., 
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Day Et jPb+ Et2Pl!>2 l ___________ • ____________ ~ ___________ ~ 

'42 
43 
4-4 
45 
46 
47 
48 
49 

. 50 
51 

,. 52 
!?3 
54 
55 
56 

1 
. . 

. 
43.47 + 3.29 
47.83 + 4.01 
46.38.± 4.53 
49.28 + 5.03 

' 43.48 + 4.5l. 
44.93 +. 2.89 
49.28 + 3.39 
47.83 + 3.92 
43.48 + 4.13 
47.81 + 3.69 
49.27 + 4.67 
50.87 + 4.3l. 
51. 72 + 4.36 
52.84 + 5.07 
51. 72 + 4.43 

, 

.t t 

4.05 + 0.98 
4. Ü~ + 1.00 
5.02 + 0.69 

. 4. €l8 + 0.81 
5.89 + 0.68 
4.09 + 0.49 
3.68 +'0.62 
6.43,+ 0.34 
4.85. "+ 0.67 
5.12 + 1. 01 
9.31 + 1.12 

12.48 "+ 1.87 
20.25 "+ 2.62 
35'.31 + 2.77 
35.98 + 4.19 

~ ~ ~~-':l\t ~ ~ 
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