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OETERMIrMTI<W Of œcwo..EAO SAL T5- IN BHXJ)6ICAl TISSUE 

Ionte tr1alkyl- and dtalkyllead spec1es (RJPb+, R~t>2+) were extracte;. 

a,ter cOllplexat1on wfth dfphenylt:h1ocarbazone (d1th1zone) frOI enzYMt1cally 

hydrolyzed tissue, butylated by Grignard reaet10n and then quantif1ed by gis 

chrolatography (Ge)-atcI1e absorptfon spectroletry (AAS). The extractfon 

procedure was tested st trace levels (3-4 ppb as Pb) us1ng four do~tic 

ch1cken (Gallus dolest1cus) tissues as IIOdels for !nv1rontental Ilvian tissues. 

Trtalkyl1ead recover1es general1y exceeded d1&lkyllead recoverfes. An 

auto.ted Ge-AAS ~ystetl equt~ with a quartz T-tube furnace 'las developed and 

opt1lfzed for orgal'lOlead detectfon. The OC-AAS systetl .perforunœ was enhanœd 

by the 1led1atfon of organolead atolfzation' by hydrogen radfca1s forlled in the 

quartz furnace. The deterl1ned œtect10n lf.1ts (5-7 P9 Pb) are the lowest 

reported for OC-AAS 1nstrulentat1on. In bindf ng stud1~, ethyllead spec1es 

elChfbited IIOre f nteractf on w1t:h egg hollOgenate/yolk than lèthyllead specfes. 

Egg ~te/yolk l"eta1ntd IIOr! ionie alkyllead than egg a1OO11n • 
.... 1 

Trflll!tnyllead (MeJPb+) was found to be ub1qu1tous 1n envfron.ental sa..,les of , 
three avian spec1es, supporttng1he posstb111ty of env1ron.ental ~thylat1on of 

Pb( II). 
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o • 

Les espèces ion1que5 dialkylplollb et \lkY1P10Iib !R2Pb2+, R3Pb+) ont été 

extraftes, après ,coatplexatfon avec la d1J>hen1dtth1ocarbazone (d1thizone), de 

t:ssus traités enzynt1 qlJellent; ensuite el7:es . ont; été butylées, en etlP10yant la 

react10n de Grignard et ffnalellent quantlff par chrolatographie en pnase 

gazeuse (CG) couplée à la spect!'o.étrf d' absorpti on atolique (SM). La 

, '" , "-procedure d'extraction a ete evaluee au n~~~ traces (3-4 ppb de Pb) en 
. "" 

utilisant quatres tissus de poulet do.estfque {Gal1y~ do~tfcuS) co • .e IOdèles 

, , "'~ de tissus avf col es env1ronnetlentaux. Géneralellent '(es '~ecouvrelents de 
~ 

trfalkylplolb excèdent ceux des dialkylploltb. Un systèlle autontfsé CG-SM, 

equ1 pé d'une 
, , , 

fournaise faite d'un tu~ de quartz en T, a ete developpe et 

optilis~ pour la détection des co.posés organoplolb. 
, 

La perforllance du systelle 

CG-SAA a été accrue par 1'1 nterventl on de radi caux hydrogènes forllés dans 1 a 

-J fournaise dé quartz lors de l'atolisatfon des co.posés organoplolb. La li.ite 

de détection 
, 

(5-7 P9 de Pb) est 1 apI us basse j a181 s rapportee pour ce type 

d'lnstru.ent. Dans les ~udes de liaison, 1e5f espèces ethylplolb Îontrent plus 

d' fnteractfon avec l'hollOgénat de jaune d'oeuf que les espèces .ethylplo.b. 

LI hOIO<Jénat de j au~ d'oeuf ret1 ent pl us d'espèces 10n1 ques d' alkyl pl o.b que le 

blanc d'oeuf. l'espèce trhlethylplolb a été trouvée dan$ tous les échanti1'1ons 
~ , 

envi ronnellentaux provenant de tro1 s especes avi co 1 es; ce qui supporte 1 a 

possibilfté de .ethylation env1ronne.entale du Pb(II). 

r 

..... ! 1- ...... _~ ... 

~) -\':""'.. 



.. 

\ 

Î --

- -----------

--j . b 

The author stncerely lf)pNC1ates Or. V.D. Marshall 'or" ht •• uggest,tons, 
, 

gutdance and end1 •• petteftCe ~ the course of th1. study. 

1 also tna,. Or. fit.A. F.~ for consultat10n on statisttcal analysh, ...... 

Robert Si!lpSon 'or k1ndly translat1ng the abstract tRto French and the Plant 

Science ()eopartMnt 'or the use of a fla. burner equ1pped ato~c abSorption 

spectrOlieter. 

fitany thanks to 'If fellov gr.duate students ancl su.er undergraduates of 

the depart_nt for the1r .id and 'r1endshlp and 811 othe1" frfends and 

acquatntlnces wm"-.de ay years at Macdonald Coll* fun and mfardlng. 

1 gratefully acknowledge the f1nanc1al support provided by the Natural 

Sciences and Engineering Research Councll of CI Mda , fonds F.C.A.C. pour l'aide 

et le soutien à la recherche and the J.W. JltcConnell Foundat1on during thf~ 

study. 

Spedal tAanles to Jf1 .,He Sheila, for her 1 oYe, understand1"St help and 
\ 

support throughout this work, Fi na lly, 1 thanle Gad for His grace and power 

which have co.forted and sustalned Ile. .V 

v 

) 

: -. 



, , 

'. 

.. Tlble of Contents 

• 

. . . 

_tract ................................. ~ ....................................................... ' ........ ' ............ 111 
.:J \.' ReI_ ................... 1 ......... ~ ................................ " ............... ~ ..... ~ .. ,' ................. fv 

Ac:ItIlOW1~ntS ........... ~ ........... ' ........................................................... t ••• /v) 

List of Table •.....•........•......•.....•.................... , ...•......... x1 

o List of Figures ............•........•.......•.. : ...•..............••.......•. xiii 

1 

1. 'General 1 ntroduct1 on ....•.•....•..•.•...••....•..•..•...•.•.....•......•.. 1 

2. L 1 mature Rev1e'111 .....• ' .•.•...... : •....•.•...•..•..•...•.•....•••.•...•.• 3 
. 

2.1 Env~ronlental Sources of Organoleads .............•.•..... : ......... 3 

2. 1. l 'AutollOt1 ve 1 ndustry; •.......•......•..•...•.••...•••.....•.. 3 
1 

2.1.2 B1oalkylation ......•..•...•.•..•...••.•...•.•••..•••.•..• :.'.5 . . 
2.2 E,nvi ronlenta 1 D!collPOsf t:fon of OrganoleadS ••.•.••••••..••••. , ••••.• 7 

2.3 Tox1cology .......................................................... 9 

2.3...1 Acute Tox1 cf ty ....•...... : •••...•.••......••••...••......•.• 9 

2.3.2 St)bacute/Chron1e Tox1 city ................................... 11 

2.3.3 Mutagen1e, Card no94!n1 e and Teratogenf c Effects: .• ' ......... 11 

2.3.4 Tox1 coki net 1 cs ......•.......•...........•.••.....•.......•. 13 

2.3.4. 1 Absorpt10n .............. , .................•......... 13 

2.3.4.2 ~abolf5 •.........•.............•.•.......•........ 13 

2.3.4.3 Body Or9an 01 Sttr1but1 on ............................. 14 

2.3.4.4 B101091cal Half-Iffe ................................ 14 .. 
2.3.4.5 Excret1 on ....•...•..•••..•••••.•••••••••.••••..••••. 16 

2.3,,5 Tox1 c Mechan1 SIlS •••••••••••••• , ••• ' ••••••••••••••••••••••••• 16 

vi • 

, , 



2.3.5. 1 Effects on fitetlbranes •..•....•••....••••.•••• : •..•••• 16 

r 2:3.5.2 R1ochet11cal Eff~ ................................. 17 

. ~ 3. Organolead Standards Synthes1s .......................................... 19 . . 
3.1 Introduction ...... , ............................................... 19 

3. 2 Mater1 al 5 and Methods •.••..••••.•...•.••...••..•. c:.. ............ ' .... 'Zo 
f 

3.2. 1 Tr1~yllead Chlorfde [(CH:JCH2 ):fbCl] Synthesis ............ 21 
, \ r 

3.2.2 Trflethyllead Chlor1de [(CH3)3PbCl] Synthes1s .............. 22 

3. 2.3 D1ethyllead Di c:nlorf de [(CH~H~ )2PbC12] Synthesfs ... " ....... 22 
.. 

3.3.4 D1l!thyllead D1chlor1de ((CH3)#bC12] Synthes1s ............ 22 

3.2. S Ethyl or, Methyl but Y 1) ead Co.-pounds Synthes1s ............... 23 

3.2.6 CO-J,ound Characterf zat1 on ....••....•••....•••• ~ •..••••....• 24 

3.2.6.1 Th1 n-layer Chroutography ...•••• ..,. : •••••....•••...•• 24 
~_4 ;. 

3.2.6. 2 1 nfrared (IR) Spectroscopy ..••••....••••. :'.., .~" •••...•• 24 
, 

3.2.6.3 Nuclear Magnetfc Resonance (tM) Spectroscopy ....... 24 
!. • 

3.2.6.4 El etenta l Analys1s (C.H,Cl).".-._.; ... ~": ••. ' ......... ~.25 

3.2.6. S Gas Chroutography ..••.••....•••...• '" ..... ' ..•....••• 25 

3: 2. 6. 6 lead Contjent .................. : ........ ~ ... , .......... 25 
~ . 

3.3 Results and Discussion: ................ :.::.;'.-•. " ......... : ........... 26 .. " , 

. 
. - . 

~. Extractf on flitethodo 1 ogy .................................. , .............. 3S . ,. 
4.1 IntrodlJCtfon ............................... ~ t,a ~ ", ................. ••••• 35 

4.2 Mater1 al 5 and Ml!thods •••••••••• ;.: ••••••.•.•. ~ p.' ., :; ••••••• .' •• : •••••• 37 
, . 

4.2.1 EnzYIie Hydrolysts ...••••.••••••..••••••...•••••.•••..•....•• 37 

4.2.2 Extraction Methodology .................... ~ .............. 39 

4.2.3 Butylat10n .. ' ....... :-.••.....•.••.••.••.....•••...•.••.....• 40 

vii 



. . 

.f 

\ 
) 

'4.3 Resù 1 ts ~ar.ct D1sC1.ISs10n •••••••••••••••••••••••••••••••.•••••••••••• 43 

4.3.1 Enzy. Hydrolysfs •......•••......•.......•....... ' ........... 43 
'" 

4.3. 2 Extr.~10n Rec:.very ......................... , "c' • : ...... \ .. ~ 

5. Analytt cal Instru.ntati on ...................... : .......................... 50 

5.1 Introdoct1 on ...•.••. , .••.••..•••••••••• '_ •••.••••••••..•••.••• ~ •••. 50 
, DI' 

5.1.1 Instrulentat10n Opt1.1zat10n and Character1 zat1 on .......... 53 

5. 1. 2 Ato.' zatt on Processes ....•.......•......................... 55 , . 
5.2 Pllater1 al s and Methods ••••••..••••••...••• .1 •...••••..••••••••.••••• '!il 

5.2.1 OC-MS Systn ....•... , ..••..•. " .•............ : ...•.......••. SI 

,S. '2. l.l Quartz T-tube furnaêe .. '.! ...... t ...... "" ......... 59 
\/\,- 5.2.1.2 OC-AAS Inte'(face .•.•.....•••........... ' .•••.....•••. 62 

5.2.1.3 Til1ed Gas" Purge Ci rcuit ............................. 62 

5.2.2 Opt1t1zation and Characterizatfon of Ge-AAS Systell .... · ..... 64 .,. , 
> 1 • 

5.2.3 Ato.fc Processes .........•.......... : ...................... 66 

5. 2. 3.1 Vo l atf11 zat 1 on \f Oepos1 ted lead f n F'urnaée .......... 66 

5.2.3.2 lead Volatil1zat1 on fro. Quartz Insert ............... 67 

5.2.3.3 Gas Mixtures at Two. rurnac~ Tnperatures •........... 68 

5.3 Results and Dfscussion ........................... : ....•• ' ......•... 69 
../ .. 

", 5.3.1 OC-MS Systel ...........•.. '':' ..•............. : ............ 69 

5.3·.2 Opt1lfzat10n and Characterhat10n of OC-AAS Systell ......... 72' . 
5.3.3 Ato.f zat1 on Processes .•.........•.....•................••.. 86 

6. Organo 1 ead Egg 1 nteract 1 on ... ~ .......................................... ' .96 
.. 

... 6.1 1 ntroduct1 on ..•••• t ••••••••••••••••••••••••••• ,_,,, •••••••••••••••••• ~ 
. 

6.2 Mater1 a 15 and Methods •••• : •••••••••••••••••••••••••••••••••••••••• 97 

viii 

• 1 

\ . 

./ 

p 



» • 

6.i.l Analytical Methods.j ••••••.•••••••••••••••• ; ••••••••••••••••• 97 

6.2.2 Organo 1 ead E99 1 nteract1 on Stud1 es •..••..... '.' •.......•.... 99 
. . 
6.3 Results and Discussion •......••.....••••....•. ':. ......••......... .. 100 

.. 
7. Env1ron,ental Sallple Analysis ........................................... 106 

1 

7.1 IntrodI.lCt10n ................................ ., ....... ,. ............ , lC>6 

7.2 Materf il 1 s and Methods .••....•••••.•.•• ! ............ , ............. 108 

". 7.3 Result:s and Dfscussion ........ ; ...................... : ............ 113 

\ 

8. C1&fll5 of Original WOrk.' ............... : ................ !~ ............. 127 

9. Reco.-endations for .future WOrk ............................ ~ ............ 129 

• 
1 

..J"- 10. Appertd1 ces .. . ' .......... : ............................. ., ...................... .. 130 

Appendh A. OC-ECO analysis of alkyllead eOllpOunds ...................... 00131 

Appendh< B. Alkyl phenyll ead sy'nthesfs ..................................... 145 

Appendh C. Co., 1 exati on of organo 1 eads with aMIOnf UI pyro li di ne 

di thi ocarba.te (APOC) ....................................... ' •• 160 

Appendh D. Cam.lat1ons of aa1no nitr.n ................................ 164 

~ Appendh E. Calculatfons for ofganolead recover1es fro. bfologfea1 . 

ti ssue ......................•..............•.................. 166 

Appendh F. High pressure l1qufd chrolIItography-ato.fc.absorptfon , 

spectroscopy ..................••.... " e ! ...... : ............ ' ..... 168 

Appendh G. Effects of paraRters on OC-AAS systell sens1t1vity and , 

analyte peak .shape ..•.••••..•••••.....•.....•......•••....•..• 175 
l ' 

~ 

Appendh H. oc colu." resolut1on of Me2Bu2Pb and Et38uPb .. , ... I. ........... l]9 

ix 



"-

Appendix 1. Analys1s of variance .00 t-tests of lfnear regre!s1on 

!q'uat1 ons ........................................................................... 18() 

Appendt x J. Anal ys1 s of variance .................. II' ......................................... lef 

Appendix K. Analys1s of v.Y'1ance ................................................... 182 <l 

Appendfx L. Envi ronllenta 1 Slip 1 e coll ectf on data .......................... 183 

Appendh. M. Transalkylat10n react1on ...................................... 185 

AppeOOfx N. Calcul~tions of alkylbutyllead levels fn env1ro\1llental 

sal!p les .•....••........••.••.•.....• i::J' •••••••.•••.••.•••••••• 187 
o 

Appendfx O. Analysis of variance .......................................... 190 

Appendfx P. Pa1red-observatfon t-test between ionic alkyl1ead 

(as alkylbutyllead) concentrat1ons of 181ature and aature 

gul1 t1 SSlIe'S ........................................................................................ 191 

Appendix Q. Analys15 of Canadian gasol1nes for alkyllead content .......... l92 

Appendh R. Plired~observatfon t-test between fonie alkyllead 

(as alkylbutyl1ead) concentrations of Ille and feaale .. llard 
<r 

dUcKS ••••.••••••••••••••••••••••••••• '7 .....•...•.•......••.. 194 

Il. li terature C1 ted ...................•..... ' ............................. 195 

.. 



1 • -

:~ 

• 

--

1. 

2. 

3. 

4. 

5. 

6. 

• 

List of Tables 

Organolead af r concentrat1 ons •.••••.......•.•.••••••••.•••••••.••.•.•.•.• 4 
- . 

LOsa values for varfous le.d cO!pOunds •...•••.••••••••..••••...••.•..... 10 

Tissue distribution of org.nolead cOIPOunds .....••.•.•...•.•.•....•..... 15 

Lead content of synthesfzed org.nolead st.ndards ••.•...•...•.•...••... 1.33 

RécoYery procedu~es and lean reco~1es of fon1e alkyl1ead cOlpOunds Fro. 

b1 01091 ca 1 ti ssue ..........•.•............•.. " .•.......••••.•.•.••..... 42 

Extent of tissue hydrolysfs a'ter 24 h enzyaatic digestion relative to 

ac1d hydro lys i s ......................................................... 44 

7. Detectfon 11.ft and precisfon of instru.entfon used for organolead 
, 

analys1s ..•.......•....•...•. ' .....•.•.•.........••.•.•...........••..... 51 

8. L1lits of detectfon (LOO) •••••.••••••••••.•••••.••••.•••.••••••.•••.•.•. 83 

• 

9. ~ OC-AAS syste. reproducf b11 t ty .... " . " ..... " ........... " ................ : " ... " " " " 85 • Q. 

10. Volatf11zat1on and atolfzatfon of lead 1n furnace vith air to H2 

sv1 tch1 "g .....•.......•.............................................. : .. 89 

11. Vol,at111zatfon and atolfzat1on of lead in furnace vith HZ to H2 

sw1 tch1 n9. " " " " " " " ",,' " " " " " " " " " " " " " " " " " " • " " " t " " " " " " " " " " " " " " " • " " " " " " " " " " " " " " 9CJ 

12. Effect of egg cOipOnents on,alkyl1ead recoverfes ........ ~ .....•........ 102 

13. Effect of analyte on alkyl1ead recoverfes frol egg cOlpOnents ..... , .... l05 
... 
~. Concentrations of organolead co~unds in environlental sa~les ........ 107 

15. Absolute retention ti.es and retention tnd1ces of .1xed Iethylethyl1eads 

(based on retent10n t\.lIe5) rel,atfve to alkylbutyllead standards ........ 111 

16. Ionte alkyl1ead levels (as alkyl~utyl1ead) tn herring gull lfve~ and 

kfdney salples fro. various Great Lakes colonies ••. ~ .•.•.•.......••.... 114 

xi 

-co 

• 



'. 

. . 

---- -~-----~~~------------------~------~~e~".~"" 

0> 
17. Effect on gull tissue ionfc alkyllead levels (as alkylbutyl1ead) by 

5a.pl1ng sité ....................•..................•.........•......•.. 115 

18. Ionie alkyllead (as alkylbutyllead) levels in do.estfc chfckens .......• 117 

19. Correlations betwëen alkyllead eoncentra~ions ,of gull tissue fro. 

co.ofned birds and lake ~edilent lead levels ...........•..............• ll9 
• 20. Correlations between alkyl1ead concentrations of gul1 tfssue fro. 

. \ 

uture bf rds .......................................................•..• 120 . 

21. Correlations betwee~ alkyllead concentrations of gul1 tissue fro. 

i_ture bi rds .........................................•..............• 121 

22. Ionie alkyllead (as alkylbutyl1ead) levels in herring gul1 whol~'egg 

ho.ogenate fro. Great Lakes colonies ....•............•................. 123 

23. Correlatfons between tr1.ethyllead concentrations of guI 1 egg ho.ogenate 

and other t1 ssues .........................................•............ 124 

24. Ionie alkyllead (as alkylbutyl1ead) levels 1n separat~ tissues fro. 

ull ard ~ucks ...........................•...... ~ ......•.......•...... :.125 

Al. Absol ute retentfon tflles and retention i ndfces (based on retention tilleS) 

of alkylphenylleads relative to a ho~logous 'series of n-bro~alkanes .• 139 

Al. Liqear regress10n analysis of calibratfon curves for 

alkylphenylleads ................•..... ~ • .., .....•...............••..•.•.• J.41 

Al. Mean recoveries of fonie alkylleads fro. ~ater, buffer'and whole egg 

. ho.ogenate using different extraction·procedures •.....••...•........ \ .• i42 

A4. Distillation conditions for RxPh4-xPb co~unds ....••....•.....•..•...• 149 

xi:t 



" 

> \ 

• 

• 

List of Figures 

t. ChroMtograph1c, elnental and spectroscop1c analyses of tr111ethyllead 

co~urJCis,. . .. • . . . • • • • . . • • . • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • . • • • . • . •. 27 

2. Chro.tograph1c, ele.ental and spectroscopie analyses of dil1ethyllead 

colPOundS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28 
., 

3. Chroaltograph1c, ele.ental and spectroscopie analyses of tr1ethyllead 

co~unds ............ , 1 •••••••••••••••••••••••••••••••••••• : ................ 29 

4. Chroaltographic, ele.ental and spectroscopie analyses of dfethyllead 

COllPOurtds. .. .. • • • • • • ,. • . .. • • .. • .. • .. • .. • • • • • .. .. • • .. .. .. .. .. . • .. • .. .. .. .. .. • .. .. • .. .. .. .. • .. .. • .. . • .. • • 30 

5. A.f no ni trogen rel eased Fro. varf ous t 1 ~sues durf ng enzyalti c 

hydl'o 1 ysi s ..................................... " ........................ 45 

6. 810ck di agra. of OC-QTAAS syste •..............................•.......•. 58 

7. Exploded vfew of OC-AAS 1 nterface ........ , ," ............................. 60 

,·8. Exploded vfew oF quartz T-tube furnace .................................. 61 

9. Variable' the delay gIS purge circuit ................................... 63 

la. 5yste. response 'to cha~ 1 n ~rans fer 11 ne di stance fro. ~per tube .... 73 

Il. 5yste. response to changes fn Ge colu.n Flow rate ....................... 74 

12. 5y.te. response to changes 1 n furnace lIIkeup gas f10w rate .............. 75 

13. Syste. response to dffferent furnace .akeup gases .............•.......•. 78 

14. Syste. response to changes in furnace tewperature ....................... 79 

15. Response 11 nearity at 217 n. and 283.3 n ................................ 81 

16. Typ1cal OC-AAS chroutogr8lls ............................................ 84 ., 
17. Systew response dur1ng air -) H2 and ~ -) H2 gas sw1tdhing ............ 88 

18. Weight loss of lead eoated quartz fnserts under air or ,H2 ............... 92 
" 

xiii 

\ 
. 
'. 



• Q 

CI 

~ 

19. Systell response to various a1r/H2 or H2/~ li xtures at 9000C and ~ .. 94 

20. Env1ro..-elttal salPl1ng sites 1 n the Great Lakes reg1on •.•..••.•.....••. 109 

21. OC-MS chroMtogr .. of .. le _l1ard salPle at 217 and 283.3 na ........ 112 
~( 

Al. AIIf no nf trogen rel eased frol egg hoaogenate dur1 ng enzyutf c 
co 

hydrol ~1 5 ••...•.......••.•...•.•...•.......••..•..•.••••...••••...•••• 132 , 
# 

Al. Exploded vfe,t'of splitleSs fnjector .................................... 136 

Al. Ge-ECO respoft54! to changes fn operat1 ng paraaeters ..................... 138 

, A4. Ge-ECO chroaltogralS of alkylphenyllea~ ............................... 144 

AS. Controlled atlOsphere 910ve box ........................ , ................ 147 -r' 

AS. Ge-ECO chr~altogralS of transalkylat10n react10n products ............•. 153 

'A7. OC-AAS chroaltogralS of alkylphenyllead standards~ .................... 154 

~ \. AS. El e.enta 1 and spectral ana 1 yses of EtJPhPb..... ... . .... ' ............... 155 

A9. !le.ental and spectral analyses of ~b ............................. 156 ' 

AIO. Eleaental and s~ral analyses of Me2PhzPb ..................•...... ~ .. IS7 

All. El elll!nta 1 and spectral analyses of Et2PhlPb ............................ 158 

AIl. Mass spectra if EtJPbPOC and EtZPb(POC)Z .............................. 161 

AIl. Mass spectra of Me3PbPOC and MelPb(POC)2 ............................... 162 

A14. Mass spectra of Pb(POC)l ............................................... 163 

A1S. HPlC-AAS syste ••................ ' ...................................... 169 

A16. Exploded v1ew of quartz T -tube furnlce ................................. 170 

A17. Exploded vfew of HPLC-AAS fnterface ................................ , .•. 172 

A18. ttPLC-AAS, syste. response to Et3PbCl •.•.•..•...••••..•.••.•..•.••.•....• 173 

A19. Ge-AAS chroll&tograllS of transa 1 kyl at10n react1 on ....... : ..............• 186 

AlO. Ge-AAS chroaatogralS of soae Canadian leaded g8s011nes ................. 193 

xiv 



• 0 • 

• 
Organolèad COIIIPOunds have been used u antfknock addftha in gaso11ne 

s1nce 1923 and constitute the'-largest fndustr1al usage of organotleta111c 

colpOunds. By 1970, OYe1" r 5 1111 10n tons of lead (as tetraethyll ead) have been 

a..ed in autollObf1~ 1 n the northern hHisphere (equf valent to 120 ~unds of 

lead per square Ifle) (Venugopal and luckey 1978). 

Tet~aalkyl1ead cOipOunds, R4Pb, entet the env1ron~nt by e.1ss10ns fro. 

lutollOb11es and related 1ndustry and poss1bly frOI envfronlental alkylation of 

1norganic lead. Organolead coltpOunds are eons1dered IlUctt IOre toxie th&n 

1norgan1c lead. Tetralkylleads decolflOse 1n the env1ron.ent and anfllls to 

1on1e trtalkyl- (RJPbX), dialkyllead (R~bX2) eolpOunds, and eventually to 

~nor9anie lead. The 10n1e organolead spec1es, partfcularly tr1alkyllead 

(RJPb+), are belfeved to be the active agents 1nvolved fn ah.ost all toxie 

effects of tetraalkyllead cOlpOunds. Organo 1 ead cOllpOunds exhi b1 t SOIle 
", 

IUtagenic and carcinogenfe effects, whereas teratogenfc effects have not been 

eonclus1vely found. 

The future of organolead cOllf)Ounds as glso11 ne ant1knock additives reufns 

" unclear. The AleTtean Governllent appears co .. 1tted to reduc1ng the eurrent 

level of 0.29 9 Pb per_ l1ter to 0.026 9 peT liter by 1986 (E.œr 1984). 

EnvtrOn8ellt Canada 1s ~)(pected to lower the present 11.ft of O. n 9 Pb per 

liter to 0.29 9 Pb per liter by 1967 (Environ~nt Canada 1965). However, strong 

lobbyfng by the cnelfcal eOllp8nfes 1nvolved in organolead synthesis and the 

fact that SOIie dotleSt1c and II&ny hlported Jate IIOdel cars operate wfth leaded 

gasol1ne 11&)' pressure IOdff1cat1ons to these regulatfons. A legfslated 

reduct10n in the quant1t1es of organolead additives perltss1ble in gasolfnes 

r' 



-1 ..... 

________ ~ ___ ~ __ ---:~ ________ -----.. s--· ..... _ .. e 

2 

_y not rftult in a correspond1ng reduct10n in env1ron.ental levels of 

.thy11ead eoipOunds as env1roneental .thyl.tion of 1norgan1c lead already 

~t in aquati c syste. Clnnot be dt 5.15S8<1. \ -, 

, 
Investigations of t.~ environllental fate of organolead cospound!S have been 

haspered by the lad< of suitable .ethodology for œtentnfng fonie &lkyl1ead 

speei es 1 n b1 01 091 ça 1 t U!ue. The present s tudy was undertaken to deve 1 op 

~logy and 1~~rusentat10n that would per.ft env1ronsental sonftoring of 

fonte alkyllead eospounds f~ btologfeal tfssues,even 1n regfons where levels of 

organolead eolPOunds are retat. vely low. The bi nd1 ng of organolead species to 

~QlIPOnents 1 of egg -ho8Ogenate vas exal. ned. Evi dence for envi ronsenta 1 

alkylat10n was 50ught by an~lysts of envfronsental saaples fro. d1fferent 

reg10ns of the G~at Lakes. 

• 
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2. LITERATURE ~EVIEW 

2.1 Env1ron-.ental Sources of Organoleads 

2.1.1 Au'tollOthe Industry 

World v1de'''6rganolead production 1s approxiutely 300,000 etric tons per 

year (Grandjean 1983). It has been estflllted that 6U (64.5 tons) of the total 

léad e.1ss10ns fro. Canadfan aanufacturfng fndustrfes 1n 1970 occurred fro. the 

synthesfs of gaso11ne additives (Jaworskf 1979). The a~unts of organolead 

co~unds were not reported. 

losses of organo 1 ead cO!lpOunds durf ng gaso 1 f ne, hand1i ng and fro. 

autollOtfve fuel syste.s have been est1uted to he 1. 3" (Huntzfcker et al. 

f5). OrgallO Joad a~ft1.es ca. pas. through the autooot 1 ve 0091 ne unchanged 

fnto the environ~nt. (Huntzfcker et al. 1975). Estiutes of unconverted 

t~r.aalkyllead COllpOunds range fro. 1.8-,3.8S (Rea~r et al. 1978, Huntz1cker 

et al. 1975). 

The release of vapourous tetraalkyllead fro. car exhaust varfes vith 

dr1v1ng conditfons; cold start; (10-200C) 1000-5000 ug .-3, fdlfng· (war • .ator) 

50-1000 ug .-3, and when drf vi ng at constant speed ('w~r. ItOtor) 5-100 ug .-3 

(laveskog 1971). Realler et al. (1978) found, us1ng a 91s chrollltography (GC)­

.1crowave plas .. detector (MPO) systel, that vapourous tetraalkyllead released 

fro. a syStet veh1c1e exhaust when tested cold was about tltfce that of the salle 

vehfcle when runnfng at norlal operat1ng te~rature. A su ... ry of organolead 

concentratfons fn afr\fs presented 1n Table 1. 

The highest organolead levels occurred 1n underground parking garages. 
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Table 1{ " Organo 1 ead ai r concentratf ons 

location R.fb , Organic Pb Reference 

.si (ng .-3) , of Total Pb 

8alti~re tunnel 74-1001 0.4-0.7 Realler et aL ( 1978) 
U.S. No. 1 H1ghway 42-75 3.5-5.2 

Stockhol., 5weden 
N1elsen et a1.\ (1961) busy street 47-n 

0.5-230 3.2-9.2 B1rch et al. (1980) "'" ~ Lancaster, rural \/ 
( .... 

Centra 1 London, Y. K. ~11 6. 2:t2. 4 

Antwerp, Be 19i u. De Jonghe and AdallS 
Oownto~n 76-262 12.4-20.8 (1980) 
Res1 denti al 8-20 - 2.5-11.6 
Gasol1ne Station 192-213 23.9-24.3 
Tunnel 99-112 1. 7-5. 7 

London Area, U. K. Harr1 son et al. (1974) 
Gasol1ne Station 590 9.7 
Tunnel 20 0.1 
Street 60 1.5 

frankfurt, 
West Ger .. ny 
Gas611ne Station 45+34 7.1+3.7 Rohbock et al. (1980) .,. 
R~1dent1al 24+29 71&+9.9 
Hi!ttway e+4 . 0.7+0.4 
Underground Parking 678!253 27.~9.9 
Garage 

Underground Parking 1900-2200 15-18 
,-~ 

Purdue et al. (1973) 
Garage /. 
6 U. S. CHies 200-300 4-14 

Col1ege Street, 14 2.2 Radzuik et al. (1979) 
Toronto, Canada 

1-range ) L.ean+ one standard deviat10n (50) - .,. 

~ 

'-, 

'; 
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Nu.erous startups of cold autolObile engines, evaporat1on and accu.ulat10n of 

organolead vapour in an enclosed area wou1d cause these elevated levels. Urban 

arems tend to have higher organolead air concentrations than suburban or rural , 
areas because of slower denser traffie flow. A1r in the vfcfnfty of gasolfne 

stations has a high organolead concentration because of spf 1 1 age, storage tank 
. 

vent.1ng, and evaporation losses dur~ng gasoline f111ing operations (Table 1). 

2.1.2810a1kylation 

There i s at present no conclus ive ev' dence as to the, envi ronllenta 1 

occurr,=".:e clIN illportance of bioalkylat1on of lead. Sirota and Uthe (19n) 

tound relatively high ratios of tetraalkyllead to total lead in certain ffshery 

products fndieating poSSible Iethylat1~ in sedf.ent or f'sh tissue. Harrison 

a~ Laxen (1976a) found unusually h1gh tetraalkyllead to total lead percent ages 
~ 

in air which had passed over a coa5taJ/estuar1ne IUd Flat region. Natural 

env1ronlental llethylation of lead was proposed as the cause. 

Laboratory studfes support the possibility of environlental alkylation, 

but the actual leChan1s.(s) 1nvolved reuin(s) unclear. Tetralethyllead 

(Me4Pb) has been 150 lated fro. the headspace over i ncubated natura 1 1 ake 

Sedi.ents under anaerobic conditions. The addition of lead nitrate, lead 

cttloride or trilethyJ lead acetate (MefbOAc) enhanced the ~4Pb production 

(Wong et al. 1975). PurHted bacterfal fs01ates fra. 1ake sedflent were found 

to transfor. MeJPbOAc but not Pb(II) salts into Me4Pb (Wong et al. 1975). 

Schl1dt and Huber (1976) found that Pb(II) (as Pb(OAc)2) was converted to Me4Pb 

by 11croor9ani515 under anaerobic conditions. Pure AerolOnas cultures were 

shown to change Me3PbOAc to Me4Pb, wi th 15-2010 of the tota 1 Me4Pb produced by 

chelical disproport1onation. (Chau and Wong 1978). 
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Other studfes however, have found no evfdence to support b1oalkylat1on of 

Me)pbOAc ~Craf9 1980, Reisfnge~ et al. 1~1. Jarvfe et al. 1975) or Pb(II) 
" sa lts {Jarvie et aL 1983, Reisf nger et aL f981) and generally suggest 

dhea1cal alkylation (Jarvfe et al. 1975, Reis1nger et al. 1981) possibly 
• 

sulffde lediated, of the Pb(IV) salts but not for Pb(II) salts. 

Possible MeChanisMS for Pb(II) Jlethylation 1n water 1nclu~ nucleophi.lic 

C-
dfspfacelent of ~- fn Pb~2 by CH3 - to produce Me2Pb(II) which coul~ then 

dfsproportfonate to Me4Pb and Pbo (Ahaad et al. 1980). However, Pb(II) alkyls . 

ha~ extre.e hydrolytfc fnstabflfty (Shapfro and Frey 1968). Electrophflfc 

attack by CH3. + on PbX2 was inftially presuled unlfkely as weIl sfnce the 

ox1datfve addition fnter.edfate (MePbX2)+ was assuled unstable. However, 

recent work (Ah.ad et al. 1980, Jarvfe and Whft.ore 1981) has shown that 

aqueous Pb(II) salts can be alkylated to Me4Pb (Ahaad,et al. l~) or to ion1e 

lethyllead co.pounds in the presence of carbonfu. ion reagents. Wfth the 

presence of Jlethyl 1od1de fn the envfronJlent (Lovelock and Ma9gs 1973) th.s 

could represent an f.portant pathway for organolead tnto the envfron.ent. 

Methylcobalalin, a aethyl corrfnoid ./colpOund synthesfzed byanaerobie 

bacterfa has been flplfcated as the prfaary route For lethylat~on an~ 

1 
8Ob111zat10n of aercury frpl bottOI sediMents in Pol1uted waters (Sullers and 

S1lver 1976) presuaably by actfng às a carbanfon donor (Wood and wang 1983). 

The Possible involve~nt of .ethyleobalalfn in alkylation of Pb(II) or Pb(IV) 

saI ts has al so bee,n f nvestfgated. Pb(IV) and Pb(II) saI ts have been shown to 

aelethylate Methylcobalalfn (T~ayer 1976, 1983); a very s.all percentage of the 

volatile produ~ts (O.5~) was fdentiffed as Me4Pb. However, ne1ther Refs1nger et 

al'. (1981) or Jarv1e et al. (1975) were able to ffnd any evfdence of 

aethylation of efther Pb(II) or Pb(IV) salts fn the presence of 

\ . 

.-
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. Although 8val1able laboratory evidence supports the possibil fty of Pb'(lV) . , , 

and even Pb(Il) environilental alkylatfon, ft reuins unc1ear whether biol,og1eal 

, or che,IIical alkylatfon 1s the predo.1nant process f'nvol,ved. 

\. 
t 

2.2 Env1ron.ental Oeco!pOs1tion of Organoleads 

Tetraalkyl1ead cOlPOunds deco~se after entry 

trfaikyl-, dialkyl- and ~norgan1e lead spec1es. 

released ;1'0. car eXhaJst 15 alkyllead salts caused' 

into the environ.ent to 

Solle of the organi c 1 ead 

by pyrolytfc decoapos1t1on 

of tetraaTkyllead addfthes in 'the presence of haJogenated scavengers - 1n 

gaso11ne. R1fk1n and Walcutt (1956), found that approx118tely 18~ of the 

orga{c lead s_allPled fn 'the exhaust was in, the for. of trialkyl- and 

d1alkYÙead sahs. Triethyllead br·o.ide' was forlled when Et4Pb contai n1 ng 
J • ~ , 

gaso11ne (w1th 'dlbrollOethane) wa,s autoclave<! (Wfduier 1953" cfted by Grandj,ean 

and Nielsen 1979). 

'~ . Solle trialkyl- and dialkyl1ead !lf>ec1es uy result fro. the atlospheric 

decollPOs1tion of tetralkyllead cOllPOunds. Tetr.&IIethyl1ead, and Et4Pb have 

photolyt1c deçay rates of a, hll and 261 h-! respectfvely under conditions 
1 

approx1.at1ng br1ght su.-er sunlfght. Wfnter or cJoudy conditions would lo~r 

) 1 

the decay rates. In the dark, the deco.position, rates of Me4Pb and Et4Pb were 

0.2" h-1 and O.7~ h-1 respectfvely (Harrison and Laxen 197àb). ·_-fhe known 

existence of R3Pb' rad1cals (Booth et al. 1976) and for.at10n of R3PbBr 'When 

R4Pb was photo l yZed, 1 n the pr.esence of an al ky i brol1 de (Cooper et al., 1973)' 

, " 
indicate that R4Pb 15 split 1nt~ alkyl- and tr1alkylTead rad1eals wh1ch could 

react wi th other specf es 1 n the atllOsphere Qr deco.pose further. 

" 

• 
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Tetralkyllead COJlpOunds also reacted v1tttoz~ne, OH radfca1s and ato.iç 

oxyge~·enhancing the overa11 decay rates of Me4Pb and Et4Pb fn an frradiated 

aoderate1y pol1~ted ataosphere (Harrison and Laxen 1978b). No reactfon products 

were fdentiffed, but the foraat~on of SOie alkyllead salt or related co,pound 
n 

(e.g. o~ganOlead peroxfde) vas l1kely. 

Tetra1kyllead COJlpOunds decollpOse in aqueous systellS, for~ng prillélrl1y 

RJPb+ specfe,s. Grove (1980) and 'Waden (1980) reported that Me4Pb and Et4Pb 
\ 

solutfons in contact vfth vater decoaposed to R3Pb+, vith IUch lower aaounts of 
~ 

R2Pf)2+ and p!)2+ a1so present.. Jarvfe et ,al. (1981) deter.f ned that an aqueous 

~ solutfon of Et4Pb in the dark vas relat1vely stable v1t~ 2J deco.pos1tion to 
j 

Et3Pb+ 'fn 77 days. Metallfc cations enhanced decolpos1tion. Aqueous solutions 

of Me4Pb reacted IOre rapfdly vith 16J deco.position after 22 days, producing 

~, 

The rate of photol·ysis of aqueous solutions of tetraalkylleads appears 

dependent on 11ght intensit~. Grove (1980) found tha~ dfffused sunlight did 

not accelerate decolpos1tion whereas Jarvfe et al. (1981) reported m 
, 

\ decotpOs1t10n of Et4Pb after. 15 days and 59J decolpOsit10n of Me4Pb after 22 

days exposure to direct s~nlight. Deco.position produced R3Pb+.specfes. 

*' ........ -

A1kyllead fons are IOre stable than tetraa1ky11ead cOlpounds fn aqueous ~ 

systelS. Trfaethyllead and Et3Pb+ ~howed vfrtually no deco.posftion wheo kept 
• 

in the dark for up to 6 IOnths (Jarvfe et al. 1~1). Metallic ions did not 
..... 

prolOte deco.position of these alkyllead salts.' 

\, 

l''r; .... 

, -
" 
"'-

.... \ ~ 

V 
\ " " 
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Photolysis of aqueous R3Pb+ solutions oceurred w1th MeJPb+ (4~ 10ss) and Et3Pb+ 

(99J 10ss) decoapos1tfon over 15 days 1n direct sunlight resulting in pr1aar11y . 

'1norgan1c lead and so.e Et2Pb2+. Grove (1980), however, found that dfffused 

sunlight had little effect on R3Pb+ deco~s1tion. D1alkyllead 10ns in aqueous 

solutions d1sproport10nated to p~+ and R3Pb+, w1th lOJ and 6~ losses of 

Me2PD2+ and Et2Pb2+ respectively over 30 days. Photolysfs of Et2Pb2+ and 

Me2PD2+ was tinfal, w1th 25~ and 5~ losses respect1vely over 40 days (Jarvie 

et a J. 1981). 

Tetraalkylleads deCoapose rapidly in the env1ronlent forl1ng 10nie 

~. élkyllead and fnorganic lead spec1es~ The ion1è alkyllead SPec1es persist 

longer than the tetraalkyl1ead cOlpounds under Cblparabl~ conditions and could 

aceu.ulate in aquat1c systelS. 

2'.3 Toxfcolo9Y 

2.3.1 Acute Tox1c1ty 
c .. 

Although organolead cOipOunds lIy eonstitut~ only a sllll portion of the 
, , ,( 

total lead 1ntake of an organisl, they l8y IIrkedly fncrease tox1city (Table 

2) . 

Acute po1soning w1th tetraalkyl or tr1alkyllead co~unds in rAts results 

in hypere~c1~~b~11ty, tre.ors, per10dfc convulsions and aggress1ve behavfour 

(Spr1ngJlan et al. 1963, Schroeder et lolo 1972, Creller and.Callaway 1961). 

Schroeder et al. 

hi thl lethargy, 

(1972) descr1bed three stages of organolead po1son1ng: (1) 
. ) 

1 rrf tabi11 ty and ataxf a, (2) vf 0 1 ent reactf on to>, nof se and 

. ag9re5s1ve behav1our, ~3) con~tsions, thra~h1ng and f1nal1y death. Huaans 

e.xposed ta near lethal concentrations 'of tetraethyllead have e1hfbfted sf.nar 

\ 
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-l'able 2. LDso. values for var1cq lead collPOunds 

o 

COllp,Ound Routef Anf_l LDso(tg/kg) Reference 

., Et.,b 1.g. Rat 14.2 Schroeder et al. (1972), 

1. v. Rat 15.4 Cl'eller (1959) 

1. p. Mouse;:~ 30.3 
( ... '1 """1. ~ 

Hayakava (1972) 

Et#bCl 1.p. Rat 11.2 Creller (1959) ~ 

1. p. Mouse 12.8 Hayakava (1972) ~ 
Et2f>bC1 2 J.g. Rit 120 Sprf ngaan et al. (1963) 

Et2f>b(0Ac)2 oral Mouse 130' Jaw0r91. (1978) 

Me.fb 1. v. Rat 109.3 Cmer and Ca11&vay (1961) 
1{_ 

< 

1. p. Mouse 14.3 Hayakava (1972) 
t 

MeJPbCl 1. p. Rat 25.5 Crewr and Callavay (1961) 

1. p. Mouse 9.4 Hayakava (1972) 

Me2f>b(OAc)2 oral Mouse 120 Jaworsk1 (1979) 

PbC12 oral Guinee 2000 Venugopal and Luck,ey (1978) 
p1g 

." ) Pb(OAc) 2 l.p Rat 150 ~ . 
1_ 1.g.-1ntragastric, 1. p. -1 ntraper1 t"onea 1 , 1. v. -i ntravenous . 

( 
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SYlIPtOIlS (Sanders 1964, 8eatt1e et al. 1972). There 15 presently no èffectfve 

treat.ent for acute organolead po1son11l9 (Grandjean and N1eJsen 1979). 

The sy~tolS of acute toxfcfty 1 ndtcate fnvolvellent of the central nervous 

syste.. H1gh dosage levels of tetraethyllead and tetra.ethyllead have been, 

found to produce lesions in var10us regtons of the brain of rats (Davis et al. 

1963, ~pers 1964) and OOgs (Davis et al. 1963). Tetrallethyllead caused IIOre 

neural daaage and affected IIOre areas of the nervous syste. than did 

tetraethy 11 ead (Schepers 1964). 

2.3.2 SubacutE'/Chron1c Tox1city 

f ew stud1 es of th; s type are reported 1 n the 11 terature al though t~ 

general population 15 f..ollStantly exposed to subacute levels of organolead 

COllpounds. Schepers (1964) reported SOIie occurrences of swollen and friable 

Hver, fatty thylus tissue and brain lesions in rats g1ven dall)' subacute 

dosages of tetraethyllead and tetra.ethyllead for 147 days. Heywood et al. 

(1978, 1979) dfd not f1nd any treatlent related h1stologfcal changes in tissue 

frol RheSus IOnkeys ad.1n1stered e1ther tetraethyllead or tetrallethyl1ead for 

up to six IIOnths. • 

2.3. 3 Mutagcs;:~~. Carc1nogen1c and Terat.nic Effects 

Tetraethyll ead (O. 1 lM) has been shown to induce 91 ant IlUl tfnuc1eate cel 1 s 

of the unfcel1 ular flagt.'l1ate Poter10chrollOnas stip1tata (Roderer 1976). 

Tr1ethyl1ead was 250 t11t:'S IIOre effective than colchicine, a weIl knovn 

cytok1net1c inh1bitor, for tl'le inhibition of cytokinesis of the flagellate 

PoterfochrollOnas ulhalllensh leading to gfant ~ultinucleate cells (Roderer 

1979). 

-Ao 

• 

.J 
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Tr1ethyllead and trfllethyllead vere reported to cause changes, in the 

iIuIIber of dfv1d1ng cells and to fncrease Spfndle- fi ber dfsturbances in the' 

.1tôtic spfndle of on1on shoots (Alliul ~) (Ntlberg et al. 1972). 
, "-

T etraethy 11 ead has al 50 ~n reported to f nerease th!! f nef dence of 1 yllPho .. s 1 n 

'.le .tee (Epstefn and Mantel 1968). 
'c:;, 

Organolead cOlllPOunds can 1 nterfere wfth reproductive processe$. Odenbro 

and kfhlstrol (19n) found that feule lice treated orally vith tr1ethyl1ead 

chlorfde disp1 ayed decreased frequencies of pregnancy at dosages of 3. 0 ~J1nd 2.2 

119 k9-1 bodt weight. fe .. les g1ven 1. 5 lt9 kg-1 showed a decrea5eà1 frequency of 

fllPlanted la although there vas no di ffer~mce fn the percentage of vfable 
t -

etlbryos. 

j 
Oral doses of tetraethyllead, tetra.ethy11ead and - trillethyllead' 

adlinistered to feule rats durf ng organogenes1s resul ted in resorbed fetuses. 

Incollplete 0551 ficatfon and growth retar-datfon occurred only at dosage levels i 

wh1ch caused distinct s1gns of IIIlternal intoxication (McC1a1n ~nd Becker 1972). 

Neshkov (1971, cited by Grandjean and Nielsen 1979) found abnorllai 

sperlatogenes1s alOng .. le workers 'exposed to ~leaded gasoline. Sy.ptollS 

i ne 1 uded reduced ej aeu 1 ate vo 1 Ulle 1 lowered sperutozoa count and i .lObi 1 e 
'" 

sper .. tozoa. However, no di rect teratogenf e effects have been found in 

experf.ental studies usi n9 rats (MeClai n and Becker 1972, Kennedy et al. 1975) 
1 

or lice (Kennedy et al. 1975). 

11' 
Thus, organolead co.pounds appear to possess S08e lutagen1 c and' 

D 

carc1 nogeni c effeets whereas teratogenf e effects have not been delKlnstrated· 

conclusively. 
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2.3.4 Tox100k1net1cs 

2.3.4.1 Absorptfon Tetraalkyllftd colPOunds, becaUSè of their lipophflfc ~ 

nature tend ~o penetrate skin and Rllbr.ne barri ers. Rabbits absorb 

appreciable' quant1t1es of pure tetraethyllead appl1ed to bare skin in 

approx111tely one hour. Three' da11y 30 .1n derMl exposures to 1~ Et4Pb in 

gaso 11 ne cause<! para 1 ys' s and death. The absorpt10n of tetraethy 11 ead 

'nereased with application area and exposure tfae (Kehoe and Thaunn 19~1). THe 

absorption of tetrallethyl1ead through the ski n appears to be slower than 

tètraethyllead (Davis et al. .1963). 

Pull10nary absorption of tetraalkylleads fs est1.ted to be about 801 

(Grandjean and Hi el sen 1979). Presulably, absorption through the 

glstr01ntestfnal syste. would be extensive as wel1. 

2.3.4.2 ~abolis. Tetralkylleads appear to be rapfdly converted to 

trialf<yllead fons (R3Pb+) in 118l1li815. This has been shown 1n laboratory 

stud1es with lice (Hayakawa 1972), rats ~Creler and Cal1away 1961, Creler 1959, 

801anowska 1968) and rabb1ts (Hayakawa 1972). In the case of a fatal hUM" 

pofson'fng vith tetraethy 11 ead, Et:fb+ was found to be the predo.fnate lead 

coapound present (5olanowska et al. 1967). 

Casida et al. (1971) found ~hat ,there vas sequential dealkylat10n of 

tetra and tr1alkyl1ead cOllPOunds, at least: ta dfalkyllead coapoundS. lt was 

conc-luded that organolead dealkylatfon fnvol'!ed hydroxylatfon st the l-pos1t1on 

.. lt1ng in the release of 1-alkene fro. n-alkyl aofeties and ketones and 

"alcohols fro. sec-alkyl ltOiet1es. Oealkylat10'tl of tetraalkyllead has been 

-delOnstrated by 10 vitro studf es of 11 ver hOllOgenates of rat (50 1 ano~ka and 

W1snfewska-knypl 1971, Creller 1959,1961) and rabbit (Bolanowska and 

\ ' 

\ 
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W1sn1ewska-knyp1 1971). Rat anG rabbit kidney and brafn tissue holtOgenates a1so 

dealkylate Et4Pb to Et3Pb+ although at a illich lower rate than l1ver (Bolanowska 

and W1snfewska-knypl 1971). l1ver .'crosoleS of rat (Creler 1959) and rabbit 

(C&Sida et al. 1971) were the active l1ver cOlponent. 

A'though sequent1al dealkylatfon of tetra and trialkyllead co.pounds IaY 

proceed to d1alkyllead co.pounds (Casida et al. 1971), Hayakawa (1972) and 

801anowska (1968) suggested that Et4Pb'was converted to Et3Pb+ and fnorganic 

lead d1 rectl y although neither study d1rectly analyzed for dfalkyllead 

cOipOul1ds. 

2.3.4.3 Body Organ Distribution Distr1bution of the tr1alkyllead 

Ietabo11tes has been exali~ by various researchers (Table 3). Although the 

h1ghest levels of Et3Pb+ or Me3Pb+ are generally found ln the 1lver, followed 

by kfdney, brain and blood, variations occurred frol 1nterspedes dHferences, 

adlin1stered ofganolead'colpound and frol the t11e between ad.1nfstratfon and 

sacrifice (Hayakawa 1972). 

2.3.4.4 81010gieal HalF-liFe The conversion rate of Et4Pb to Et3Pb+ ls , 
qu1te rapldj a value of 60 ~9 Et)pb+ 9-1 wet wt rat 11ver h-1 was reported 

(Creler 1959). In rats, t1e4Pb appeared to be Iletabo1fzed IOre slow1 y than Et4Pb 

(Creler and Cal1away 1961, Hayakawa 1972) wnereas fn .fee the opposfte occurred 

(Hayakawa 1972). 

The triethyllead concentration 'rell81ned virtually constant fn the Jfver, 

kfdney and brain tissue of rats for at least 16 da ys lfter a single injection 

of Et4Pb, whereas the blood levels dropped stead11y (801anowska 1968). The 

biologies' half-l1fe of Me3Pb+ in blood was 15 days and 40 days,fn the l'ver 

/ 
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:-îable 3. T1ssutr distribution of organolead collpOunds 

?J '4--," Organolead levels (119/9 wet wt) 
An1ul Ti Ile 1 COllpOund ------~---Or9an----------- Reference 

<f (hours) Uver Kidney Brai,n 81000 

r-
\, ) 

Hu .. " 30 Et:fb+ 18.5 17.5 14.0 801anowska et al. (1967) 
-, 

Rat 24 Me3Pb+ 10.2 1.9 22.0 Creter a nd Ca 11 away (1961) 

Mouse 24 MeJPb+ 23.8 24.4 5.0 3.5 Hayakawa (1972) 

Rat • • 9.7 2.9 0.3 8.7 • 
\, 
\ Mouse • EtJPb+ 23.6 10.4 5.1 1.S • 

Rat • • 21. 2 6.8 0.8 2.4 • 

L tille after" adl1n1strat1on 

• 

) 
) . , 

• 
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and k1dœy of rats (Hayakawa 1972). There was l1ttle ~ase in, the brain 

.. levels over the observat10n peri ode Tr1ethyllead however, had a b1010g1cal 

helf-1He of 3-5 days in bl00d, 15, days in l1ver and k.1~ney and approx1aately 

7-8 days 1 n brai n. 

"-
2.3.4.5 Excretion Although Me4Pb and Et4Pb could be excreted vi a several 

routes, only faecal and urinary excreti2n have been stud1ed. Other possible 

routes 1 ne 1 ude exha 1 at1 on and perspi ration. El evated uri nary 1 ead output 

occurred in a huaan after fngest10n of a lethal dose of Et4Pb (Bolanowska et 

al. 1967). Tr1l1ethyllead was found in the urine of pr1nters one WIOnth sfter 

discont1nuation of exposure·to leaded gasolfne (Hayakawa 1972). 

respect1vely in the urine (Hayakawa 1972). 801anowska (1968) found Et3Pb+ in 

the uri ne and faeces of rats exposed to Et4Pb. The excret ion rate ne"ver 

exceeded 1 ~ of the dose, with approx1l18te 1 y tw1 ce as .,ch EtJPb+ be1 ng excreted 

1 n the faeees than 1 n the urine aftèr 12 days post 1nj~10n. 

2.3.5 T~fc Mechanis.s 

2.3.5.1 Effects on ~.branes Tr1alkyllesd cOltpOunds are aiiph1ph111c 

(conta1 n both a 11 poph111 c and hydS0phi11 c cOllPOnent) and can be expected to . 
concentrate alon9 water-l1p1d boundar1es, such as cell or organelle .aellbranes. 

Tri ethy 11 ead appeared to act as an a n1 on carri er across the 11tod'londr1 al 

~rane, caus1ng an exchange of external Cl- ions for intra.itochondT'1al Otr 

ions (Aldridge et al. 19n). Bjerru. (1978, c1ted by Grandjean and N1elsen 

1979) found that Et3Pb+ or ~Pb+ 1nduced Cl- ion transport (which was d1rect:1y 

proport1 ona 1 to the added organo 1 ead salt concentration) aCTOSS hUMn 
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erythrcx:yte llellbranes. 

2.3.5.2 81ochet11cal Effects The action of tr1alkyllead cOllPOunds on 

llellbranes causes a var1ety of b1oche111ca1 effects.) Energy cons ullPt 1 on, as 

tnd1cated by 1ncreased ATP hydrolys1s and oxygen uptake occurred as Il resu1t of 

an 1nduced C1- and OH':' ion exchange across litochondrial llelbranes (Aldr1dge et 

al. 1977, Aldr1dge 1978). Organolead salts can a1so uncouple ox1dative 

phOsphorylat1on (Creller 1962, Aldr1dge et al. 1962). Exposure to tri.ethyl or 

tr1ethyllead alters the glyco1yt1c pathway. A reduction of oxygen consulption 

an<faccUilulat1on of lactic acid was found!.!l vitro (Creller 1961,1962, Creller 

and Ca 11 away 1961) and in. vivo for bra 1 n SI.-p 1 es (Cre.er 1959, 1961). A lthough 

brain s 11 ces were IIOre sensitive than 11 ver, .1tochondria 1 preparat10ns fro. 

each tissue were equally sensitive to the applied organolead salt (Cr':!lM!r 

~962). 

Tr1butyllead 'acetate 1nh1b1ted high affinity uptake and, st1ltulated the 

release of putative neurotrans.1tters (eg. dopa.1 ne, gl ut alite ) 1 n lOuse bra1n 

,ho~nate (Bondy et al. 1979). Interference with neurotranslftters could 

resu1t fn the observed acute po1sonfng syliptollS (te. tretlOfS, hypérexc1tabfl1ty 

and 1rr1tab1l1ty). Tr1ethyllead 1nhfb1ted serui chol1nesterase !..!!. vitro 

(Ga1zigna et al. 1969) whl1e Et4Pb \lias found to alter drug letabol1z1 rl9 enZylie 

act1v1tfes in rats (Ahotupa et al. 1979). 

Acute and subacute studies with tr1ethyllead adlin1stered to young rat 

pups resulted in a reduct10n of brain lI)'elfn and ayelin protefn synthes1s 

(Konat et al. 1976, Konat and Clausen 1974). These effects ~re cons1dered to 

have resulted frol fnterference w1th SOIle posttranslational processes fnvolved 

in 5upply1ng I)'elili -.elbrane prote1ns (Konat et al. 1979, Konat and Clausen 

• 
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1980). These results suggest that young infants in areu of hfgh leaded 

gasol1 ne consuipt10n .y be at greater health r1sk than the genetal 

PQPU 1 at1 on. 

- 1 

, , 

• 
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3. ORGANOlEAO STAMlAROS SYNTHESIS· 

3.1 Introductf on 

Organolead salt eollPOunds are general1y not avatlable COlIIIerctal1y, 

neœss i tati ng thet r' synthes 15 for envi ronllenta 1 studf es. lllboratory sca 1 e 

synthesis of tr1org8nolead (R3PbX) and d1organolead (R~bX2) salts uses R4Pb. 
, 
\ 

cOllpOunds (avallable eonere1ally) as startfng uterfal, stnee few direct 

syntheses Fro. lead .etaI or foorganfe lead salts are known (Shapiro and FY-ey 

1968). 

The IOst COROn llethod of synthesfs of organolead salts 15 ·the react10n of 

a tetraorgano 1 ead wi th a ha 1 ogen: 

or halogen acid: 

R4Pb + X2 ---) R3PbX + RX 
R3PbX + X2 ---) R2PbX2 + RX 

R4Pb + HX ---) RJPbX + RH 
R:fbX + HX ---) R2PbX2 +RH . 

(Shapiro and Frey 1968). 

The reaeti on proeeeds in a 5 tepw1 se llânner to cl eave one or IIOre 

lead-carbon bonds. The degree of halogenation can be controlled by (a) reagent 

used, (b) sol vent, and (e) rea,etion te.perature. Halogens react IIOre 

.vfgorously than halogen acfds, therefore Il react10n vith a halogen IlUSt be run 

at low tellperatures (-BO°C) to fon R3PbX and at -lOoe to allow the react10n to 

proceed to R2PbX2 (Gillian and Robinson 1930). Halogen ae1d allows the react10n 

to be ItOre readily stopped at the R3Pb~ stage (leeper et al. 1954). The 

react10n solvents can be chosen to enhance the selection of the halogenatton 

reactf ons. Non-polar sol vents (helCane, heptane)' precfp1tate R:fbX saI ts and 

" 
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prevent further reletion (Cal1ngaert et al. '1945., Shapiro and Frey 1968). More 

polar solvents (dlloroforl, toluene) allo~ the fnitial reaet10n product R:fbX 

to r.ain soluble, and the reaetton to proceed to R~bX2' Careful IIOnitortng of 

the reaction by thfn-layer dlrollltography 1s neœssary' to prevent excessive 

PbX2 ~orMtt on. 

Alkylphenyllead standards, used ~1th tn1tf'al 915 Chroutography 

(GC)-electron capture detect10n (ECO) studfes (Appendh A) were prepare<! frol 

lead(II) and organolead hal1ctes (Appendh B). The use of n-butyl derhatfves of 

the organolead h&1fdes w1th the OC-AAS systea, required the synthe1s of 

unsy..etr1cal ~Pb standards wh1ch are .ost, colltOnly prepared by reactf ng an 

orgaoo 1 ead ha li de w1 th a Gr. gnard reagent: 

RJPbX '+ R'MgX ---) RJR'Pb 
R#bX2 + 2R'MgX --) R~'#b 

Alkyl derivatfves of organolead hal1des are readl1y ,synthes1zed 1n thfs 

Mnner. Trialkylleld (Estes et al. 1982, Chau et al. 1983,1984) and 

dfalkyllead salts (Ohau et al. 1983,1984) reacted quantitat1vely w1th n-buty! 

Gr' gnard reagent. 

The pur1ty of all synthes1zed organolead sta~rds was detenfned by 

chroutographfc, elelental and spectroscopie analyses. 

3. 2 Mater1 a 15 and ~hods 

A11 !lolvents used unless otherwise noted were dfst11led 1ri glass pesticide 

grade (Caledon Laborator1es ltd.). ACS reagent grade .reagents were used unless 
-

otherw1se des1gnated." Double dht111ed water was prepared usfng an all glass 

distfllation 5yst.,. (Cornfng AGI-B) and the d1st111ate stored 1n glass 
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contai ners. /. 
~ 
"3.2.1'Tri~yllead Chlor1de [(CH:JCH2)3PbCl) Synthes15 ,1 

Approx1utely 4 .... of tetraethyllead (ICN~ K and " Fine Che.1eals Lab.)· was, 

.a~ to hexane (150 Ill) in a 300 III three-n«ked round botto. fl a~k. 

Anhydrous hydrogen chlor1,5ie (Matheson Specialty Gases ttd.) was In~roduced foto 
, - .. 

the solution through a s1ntered gl a!;s ga5' diffuser under a nitrogen 

atllOsphere. A water cooled L1ebig condenser w1 th an attached calcfu. chlorfde 

1I01s~ure trap was connected to the center gl aS5 j of nt of the fI ask. The 

reactfon solutfon was li xed w1th a teflon covered Ilagnet1c stfrr..er for 30 

.1 nut~ and then tested to ensure excess ad di ty. The hexane was reltoved under" 

yacuuI (rotary evaporator at alibi ent tellJ)erature) and the res 1 due $01 ubili zed , . 

in wan acetone. 

The 1iquor was fl1tered (Whatllan No. 1), d1luted with'hexane to the po1nt 

of crystal fOrllat10n, and then placed fn a freezer overnight. The resul t1 ng , 

crystals were recovered by decant1 ng the supernatant and wash1 n9 severa 1 tilleS 

w1 th col d hexane. Resi dua 1 sol vent was rellOved by dryi ng under' a s treal of 

, nftrogen. 

Thin-layer chrollatography (Section 3.2.6.1) of the 'crude product 1ndfcated 

SOIle dfethyl1ead dichlor1de present. A puriffcation procedure adapted froll 

Bolanowska (1968) was used. The product was dfssOlved f n ethyl acetate (75 1It.) '. l, • "-

, 

.and extracted four tilles with 30~(w/v) NaCl (25 Ill). The organ1c layer was 

then drfed w1th anhydrous sodiul sulfate and reduced in volule under a strea. 

of n1trogen at alb1ent te.penture., Hexane was added to the point of crystal 

forution and the .1 xture was then placed f n a freezer overnfght . 

. -
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3.2.? Tr1lethyllead Chlor1de [(CH3)JPbCq Synthes1s 

" " 

• • 

22 

Tr1.thyllead chloride vas synthesited frol tetrallethyllead (801 

tetra~l1ead in toluene, Dupont canada ltd.) ustng ,esseRt1ally ~ sa. 

procedure de5crf bed for Et:fbCl. 

D1ethyl1ead d1,chloride vas purchâsed fro. Al fa Products, Ventron Corp. 

Thin-layer chroAtography 1ndfcated that the product co-ntafned a considerable 
, D 

level of tr1ethyllead chloride and lead(II) chlor1de 1l1Pur1tfes. 'Accord1ngly, 

the product was washed three tf~ w~th dfethyl ether (20 Ill), and then 

d1ss01ved in hot .ethanol. The llquor vas fl1tered, and reduced in V01UE 

, 
under a stree. of ni trogen at 700C. The concentrated sol utl on was coo 1 ed and 

d1ethyl ether added to the pofnt of crystal for_t1on. The recovered product 

contained SOIie tr1ethyllead chloride wh1ch vas re.oved by 1n1t:lal1y wash1ng the 

product four tilleS fith d1ethyl ether (50 Ill) and the" hot benzene (50 It.). 

The product was tJl1 dl s'so l ved 1 n hot .ethano 1 , ffl tered, an~ -~he sol vent 

V01UM reduced under vacuuiI. D1ethyl èther vas adde<i"to the pot nt of crystal 

for_tion and the .1xture then placed 1 n a freezer overnfght. The crystals 

, vere washed four tilleS with hot d1 ethy 1 ether (SOit.) and then dr1ed under a 

strea. of nf trogen. 

, 

3.2.4 .01lethyllead 01 chl ori de [{CH3)~bCl,2] Synthes1s ",' 

Tetra.et~l1ead solution (about 4 .... ) vas added to reagent .grade, 

chlorofor. (50 Il) in, a 100 Il three-necked rou~d botto. fl ask. Chlori ne gas 

(Med1gaz Ltée.) vas slovly buQbled into the solution ùnder a nitrogen 

atllOsphere. A Liebig condenser vith attached cildui chloride dry1ng tube ~as 
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used as de5crfbed previously (Section 3.2.1). The reaction ., xture was 

M1ntafned at -2()OC vith. crushed fce-acetone bath (cooled wfth 51111 allOunts 

of 11 qui d a 1 r) • 
"\ ' 

The mctf on vas IOn1 tored by th1 n-l ayer chrollatognphy and 

stopped after 1S .1 nutes when l ead ( II) ch 1 or1 de was detected. 

~ sol vent was reItOved under vacuu., and the ~uct washed three tilleS 

wi th hot benzene (25 1Il.) to re.ove Me:fbCl. The reu1n1"9 uteria 1 was 
l . 

• '1', 

dfsso lved f n hot llethano 1, f11 tered and reduced f n vol Ulle under a strea. of 

nitrogen at 700C. D1ethyl ether was added to the pofr.t of saturation and the 
~ 

Ifxture then placed fn a fr~zer ollern1ght. The crystals were washed four 

t11!eS wfth hot d1ethyl ether (25 Ill) and then drfed under a streal of 

nftrogen. 

3.2.5 Ett'lyl or Methylbutyllead COllpOun<!s Syntheses 

Organolead hal fde (10-25 19) 'was added to a dry 15 III graduated scr~cap 

centrf fuge tube. Tètrahydrofuran (2 Ill, HPLC anhydrouS grade, Ca 1 edon 

Laboratorfes Ltd.) and 500 f'l n-butyl I&gnesfui chlorfde (BtltgCl) (2.5 fit, Alfa 

Products, Ventron Corp. ) lfere added under nf trogen. The .hture was i n1 t1 a Il y 

vortexed (Vorte)(-Gen1e, Fisher Sei. Co.) for one .fnute (unt11 all the' 

organolead halide was d1ssolved) and 'then aag net 1 ca 11 y stf rred for 10 li n. 

The react10n .1 xture was then cooled in an 1ce bath, isooctane (3 Ill) 

added, vor4;exed, red'l111ed, and the exce5S Grignard destroyed by the dropvfse 

addition of double dfstt11ed water (1 lit). The Ifxture volulle was then llade up 

to 13 III w1th double'd1st111ed water, lleChanically shaken for 5 .1n, and the • 
~ 

Mganfc layer relOved. Two addft10nal extractions w1th 1s00ctal'M! (3 Ill) vere 

h perforJted. Centrifugation (1550 r~, Pred 51 on Cl1 n1 cal Centrf (uge, Prec1 s10n 

• Set. Co.) after each ex.traction hastened phase separation. The pooled org.nic 

• • 
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\ 
extract,was centr1fuged 5 .1n (1550 rp.), ~ied with anhydrous sodiuM sulfate 

and transferred to a 50 III yoluaei:r1c flask (wfth three wash1ngs of fsooctane 

. (3 Ill». 

3.2.6 COipOund Character1zat1on 

3.2.6. 1 Thf n-Laver Chroutography Puri ty was IIiOn1 tored by th1 n-l ayer 

chroaatography (TLC). Eastaan Kodak'6061 gel plates (0.2 •• , fastaan Kodak Co.) 

were .... act1vated at 120°C" for 30 .1n prior to use. An optflu. sep:\ration was 

achfevedus1 ng acetone: hexane: prop'1onfc acid as eluent (3: 7: O. 2 vlvlv). 

Relative .abil1t1es (Rf) were as fol1ows: MeJPbCl (0.71), Et3PbC1 (0.88), 

Me2PbC12 (0.32), Et2PbC12 (0.55) and PbC12 (0.00). 

Products were v15ualfzed by fluorescence quench and co~ by 

o~erspray1ng wfth O. U (wN) d1th1zone fh chlorofon (Pb(II), pink; RzPbC12' 

sall1On;. R3PbCl, yell ow). 

3.2.6.2 Infrared (IR) Speçtroscopy The organolead hal1des were prepared as 

solid dispersions 1n IR grade potass1u. brol1de (KBr) (BOH Che.icals) us1ng a 

coae1"c181 K8r d1sk press (Perk1n-Eher Corp.). Spectra we1"e r~orded fr08 4000 

to 625 a-1 on a Model 257 Perk1n-Elaer Spectr?photolleter (Perk1n-Ehler Corp.). 

The perforll8 nce of the 1 nstruaent was checked by pol ystyr ene ffl. standard. 

3.2.6.3 Nuclear Magnetic Resonance (tfR) Spectroscopy Tr1alkyl- and .. 
~ialkyllead ~alt saaples were d1ssolved in 99.81 deuter1uI oxfde (Stohler 

Isotope Chel1 ca 1 s ) , w1th II salt of 
" 

d1lethy 1-2-5 i l apenta~S-su 1 phon1 c ac1 d (DSS) as the 1 nterna 1 referente 

cOl!pOund. Tr1ethyllead chloride was a150 exal1ned in deuterated chloroforl 

(COC13) w1th tetrallethylsflane as the zero reference. 5pectra were recorded 

~- b 
'. 
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over a 600 Hz sveep vfdth" on a Vartan DI360 ,.. SpectrOileter (Vari_n Associltes 

Inc.) at albfent tetlperature. 

r 

3.2.6.4 E1e!l!!ta1 AnalYs.s (C,H,C1) Suples were analyzed for carbon, 

hydrogen and chlorine content by Agriculture Canada, Research Branch, C.B.R.I. 

Technol0g1cal Services Unit, Ottava. , 

3.2.6.5 Gas Chro.~aphy The butylated ethyl or llethyllead standards 

vere dl1uted ln 1s00ctane and then analyzed ",th the OC-AAS systetl under 

conditions described in Section 5.3.2. Each ~tandard was 1njected tw1ee w1th 

1 ead peak areas .easured by a recordl ng 1 ntegra tor (HewJ ett Padcard Mode J 

o 3390A). 

3.2.6.6 Lead Content The l~ad content of each derlvatlzed alkyl1ead 

cOllpOund was deter.1ned by- fla ... to.le absorption spectrolletry. uslng· a 

procedure adapted fro. Robinson (1961) and Mess .. n and Rains (1981). Four 

siaples of each standard were dfluted "fth llethyl Iso-butyl ketone (HIBK). A 

Jarrell Ash Model 850 AAS (Fisher Sei. Co.) equlwed wlth an air acetylene 

f1alle burner and deuter1u. background correct or "as used. The 283.3 n. lead 
, -

0' resonanee line was selected to .fnf.lze fnterference fN. the organ1c solvel!t. 

The AAS,.was operated 1n accordence to INnufacturer's Instructions. Sa~leS and 

standard (MeJPbCl in MleK) sol ut10ns were &spi rated long enough to o-bt81 n four '. 

"' tlae 8veraged (4 5) read1ngs. Pure solvent (MleK) "as asp1rated between 

s'aples. Standards were aspirated in order of increasi09 concentration 'to 

avoid possfble alelOry· effect. The lead content of each or9anole~d standard 

vas deter.1 ned fro. 11 near regress ion equat 1 ons. 
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3.3 Results and Discussion 

Ele.ental analys's results (F1gs. 1 to 4) general1y agreed vith the 

theoret1 ca 1 el e.ntll percentages. 51111 ar dev1 at1 ons frol expected va 1 lIeS 

have been reported (Cal1ngaert et al. 1945, Dav1es ""nd Puddephatt 1967). The 

Me2fbC12 standard had"a h1gher d'llorfne and lowr carbon content than expected, 
, 't .. 

... 
poss1bly caused by PbC12 contall1nat1on. The standard vas therefore d1sso1ved 

-
1 n hot llethano 1, fi 1 tered and recrysta ll1zed pt:f or to further usage:'-

The 1 nfrared (IR) spectra weere 1 nterpreted frol and 1 n close agrenent 

vith reported alkyl1ead IR' spectra (Clark, et al. 1968, Alberger and 

Honigschlid-Gross1ch 1965). The IR s~ra do not show leid-carbon or 

1 e.d-~ 1 ide absorptf on bands as they occur bel ov 625 a-1. 

The lethyllead salt spectra (ffgs. lB and 28) cootafned only lethyl group 
, 

. absorption bands. Sy-.rl:rf c and assy.-etJ1i c llethy 1 group stretch1 Dg caused 

abSorpt10n bands f n' the 2900-3020 cl-1 reg1on, whereas assylllletrf c and 

n..etr1c bendf ng produced absorpt16n bands at ... 1390 cl-1 and in the 1140-1170 
,~v ' 

CI-l re910n respeGtfvely. Absorption bands in the 750-850 CI-l regfon were 

caused by the llethyl group rodd Dg iode. 

. The ethyllead salt IR spectra (figs. 38 and 48) contained lethyl group, 
, 

llethylene group and carbon-carbon bond absorption bands. Sy8ll!trfc and 

assylletrfc lethyl and llethylene group stretch1 ng produced absorption bands 1 n 

the '2840-2980 ~CII-1 reg10n. The leth~ene group wa991ng *>de caused an 

absorpt10n band 1 n the 1200-1250 c.-1 reg1on. Carbon-carbon bond stretch1 "9 

p • 

occurred 1n the 950-1040 cl-1 reg 1 on. Absorption bands C~llSed by IIethyl and "\ 

• l llethylene group rocking IOdes occurred at 945 (1-1 and in the 680-720 CI-1 

reg10n respect1vely. 
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Figure 1. Chro~tograph1c, e-lellental and . spectroscopie analyses of 
~ .." \ 

trllethyl1ead cOlpOundss . (A) OC-AAS chroutogral of MeJ8uPb; (B) IR 
\ 

spectrui of Me~bCl i (C) rtR spectrui of Me3PbC1 . 
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figure 2. Chroaatograph1c, ele.ental- and spectroscopie analyses of di.ethyllead 

, cOllPOunds: (A) OC-AAS chroutogra. of Me~u~b; (8) IR spectru. of 
.J 

MeZPbC12i (~) tf'R spectru. of Me2PbC12-
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Elemental Analysis 
Calculated: 1. 79'0 C 
Found: 7. 35'0 C 
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Figure 3. Chrol8tographfc,. elelental and spectroscopie analyses of tr1ethyllead 

COltpOunds: (~) ~-AAS chroll8togra. of Et3BùPb; (B) IR spectru. of Et:fbCl; 

(C) MtR spectru. of Et3PbCl. 
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Elemental Analysis 
Calculated: 21 85% C 4.580/0 H 10.75% Cl 
Found: 21. 98% C 4. 87"!o H insufficient 
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Figure 4. Chrolatographi~, ele.ental and spectroscop1è analyses of d1ethyllead 

coçounds: (A) OC-AAS chroll8togl'a. of Etz8u2Pb; (8) IR s~ru. of 

Et2PbC12i (C) NMR spectru. of Et2PbC12' 
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Elemental Analysis ' 
Calculated: 14. 29% C z.. 990/0 H Z 1. 0910 Cl 

"Found: 13.92% C z.. 89% H 21. 04% Cl 
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The rR spectrophotoleter used gave consistently higher wavenulbers for 
. \ 

Po 1 ystyrene f11. standard peaks than the known values over the 3000 to 900 ~c.-l 

range. The average ~ standard devfatfon of these dffferences was 3 ! 2 c.-1. 

The nuclear ugnetfc resonance (tIR) spectra (figs. le,2e,3C,4C) a150 

indfcated the presence of onl.y lethyl and ltethylene groups in the organolead 

halfde standards. 

1", ~ trf.ethyllead and ~fltethyllead spectra (ffgs. le and 2e) showed a 

s1nglet fro. the equiva1ent .ethyl protons st 't.55 pp. and 2.62 pp. 
\ 

respectively. Sfnee one fsotope of lead, 207Pb (abundance ~21~, 
/ 

I~rÎ2) has 

nuclear sp!n, the Iain resonance signal was split by 207pbCH coupling, for.fng 

two satellites, located sy.~rlcally on e1ther side of the sfnglet (Fritz and 

Sdntarzhans 1964). The satellites occurred at 0.90 PP. and 2.~O pp. 1 n the 

trl.ethyllead spectru., whereas in the d1.ethyllead spectru., they occurred at 

1. 47 pp. and 3. n pp.. The area under the sIte 111 tes corresponded to the 207Pb 

abundance. The lead-proton coupl f ng constants, J(207PbCH~ of Me3PbCl and 

Me2PbCl2 were 78 and 138 Hz respectively. These values are sf.flar to those 

reported; 76 Hz for Me3PbCl in COC13 (S1ngh 1975) and 154.5 Hz for Me2PbCl2 fn 

OMSO (Shier and Orago 1966). However, ,as coupl1ng constants are affeeted by 

sa~le conc~ntration (Sfngh 1975) and sol vent (Shier and. Orago 1966), direct 

cOlparisons cannot be aade. The s1nglet at 4.75 pp. vas caused .by H20 

iapurities in the deuter1u. oxide. Slgnals fro. tne internaI standard occurred 

in the 0.3-0.8 PP., 1.5-2.0 pp. and 2.7-3.5 pp. regfons. 

.' 

, 

<-

The trfethyl and d1ethyllead NMR spectra (f1gs. 3C and 4C) 1nd1cated the .. 

presence of .ethyl and lethylene protons. The aethyl and .ethylene protons 

exhib1ted very shl1ar che.ical shifts 1n tr1ethyllead. However, 207pbCCH 
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• COU~li~'prOdUCed ,hearlYViSible lethyl proton satellites with a triplet split 

'ro. coupl1 ng between the lethyl and llethylene protons centered at O. 38 p~ and 

3.32 ppll, fn the tr1ethyllead spectru. (fig. 3e) run in COCl3, because of fewer . , 

solvent 1~ur1t1es. The la1n trfplet spl1t s1gnal was centered at 1.84 ppiI, 

whereas the Ieth~lene proton dhel1cal shfft was centered slfghtly downffeld at 

, .~2.3 pp.. The diethyllead spedru. (ffg. 4C) showed a triplet and a quartet 

'~ntered at 2.04 . pp. and 3.29 pp. respect1 vel y, ind1cat1ng .utua.11y coupled 

~hyl and -ethylene protons. Integration of the spectru. showed a 3:2 . 
Iethyl:l6thylene 'proton ratio. Methylene proton satellites fro. 207PbCH~, 

coup11ng vere sy-.etrical1y centered on either side of the .. fn quartet split 
Q 

~ ,at 2.71 pp. and 3.86 pp •. The ~thyl proton satellites were centered at ~O.63 

l -

" 

pp. and at ~4.7 pp. (nearly covered by HZO s1nglet). 

The J(207pbCCH) value for Et3PbCl was ln Hz whereas the J(207PbCCH) and 

'J{207PbCH) values for E~zPbC12 werè 320 and 68 Hz respect1vely. No coupl1ng 

constant values for EtJPbCl and EtzP~12 vere f(/~nd in the l1terature although 

J(207PbCH) 15 usually s.11er 'than J(207PbCCH) (Harris ~ al. 1978). However, 

Et3PbOAc in COC13 had a J(207PbCCH) 'value of ln Hz and Et2PbQAc2 in CDel3 had 
1 

J(207PbCCH) ~nd J(207pbCH) values of 305 and 81 Hz respect1vely (de Vos et al. 

1980) • 

The lead content of var10us synthes1zed organolead standards (Table 4) 

indfcated that derfvatizatfon of llethyl or ethyllead salts wfth either 

phenyl_gnesiu. chloride or n-butyl_gnes1l~." chlor1de Grignard reagent was 

v1rtually quantitative. Quantitative derivatization of alkyllead ha11des w1th 

n-butyl .. gnesiu. çhloride has been prevfously reported (Chau et al. 1983,1984, 

Estes et al. 1982). Tr1lethylbutyllead (Me3BuPb), which has the IOwe5t boi11ng 

point of the exa.1ned organolead co~und5, had a slightly elevated percentage 

$ Q2 

" ... 
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Table 4,. Lead content of synthes1zed organolead standards 

• 

Co.pôund --Pb Content (~)-- ~ Derfvatizatfoni1 

fllean+SOf +50 
Measured1f1-Expected1~ 

(A) (B) 

-, 

·~b 132.9+1. 7 141.1 94.2+1. 2' 

E~JPhPb 133.2+0.5 139.5 9S.5+0.4" -
" 

Me#h2Pb 162. fi+2. 0 . 164.1 99.0+1.2 - -. " 

l.. Et~h2Pb 117.6+1. 7 .~ 112.2 104.8+1. 5 
""'> 

MeJ8uPb 187.6+5.7 153.4 122.3+3.7 
. 

• 1 Et]8uPb 148.8+1. 4 149.5 99.5+0.9 

Me:J8u2Pb 175.5+2.6 . 165.4 106.1+1. 6 

Et~2Pb 135.7+4.4 • l34.3 101.0+3.3 

1_ N-8 repl1cate deter.1nat10ns 
,,_ A/B * 100 + SOA/B * 100 . 
11 f - deten1 ned Fro. 11 near regress10n equat10ns 

~. 
~ 

1v_ calculated Pb content of der1vat1zed organolead hal1de 
.<' 

\ .' 

.. 

, 
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, " 
der1 vltf zltf on, probab 1 y ClUSed by vo llt111 zltf on of the cOllpOund w1 thf n the 

nebul1zer chaJiber of the MS buf!ner. 

Gas chroutographfc-AAS an,alysis ('ffgs. lA, lA, lA, 4A) of the butylated 

orpnolead standards found .1n1.1 pl"oduct conta.fnation. The MefouPb standard 

" (Flg. lA) pl"oduced 98.2 't<).2J of thetotal'l~ad s1gnal (area), whereas the 
J 

d1,lIethYldfbutYll'ead (~~#b) standard (fig. lA) pr~UCed 97.~. 7~ of the 

total lead 51 gnal. The trfethylbutylJead (Et3BuPb) standard (fig. lA) dt d not 

contain Any e~traneous leao conta1ning peaks, whereas the d1ethyldfbutyllead 

(Etzau#b) standard (Fig. 4A) produced 97.~.91 of the total lead s1gna1.' 

These OC-AAS analyses of the butylated organolead hal1des 1nd1cate a h1gh 

degree of purity of the alkyllead halfdes as fnorganic lead or organolead salt 
a ' 

111pUY'itfes would be butylated a~ observed. 0 

The syntheS1zed organolead cOiipq nds vere used as standards for' al1 

sUbsequént studfes • 

• 

,. 
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• 
4. EXTRACTION fIETHOO(LOOY 

4.1 Introduction 

An extraction Iethodology for organolead SlltS 'ro. b101og1cal tissue 

involves severa 1 procedures. Inttfal1y,. tissue sallPle IIOdfffcatfon f5 

necessary to reduce or elt.inate possible organolead interaction vtth the 

sallple tfssue and to Itnf.fze foa.1ng or eaulsfon forutfon durfng extr'actton 

Vi th organ1 c sol vents. 

Most prevf OUS studf és used wthodo 1 og1 es that pree1 p1 tate the protèt ns 

vith ac1d (Cre.er 1959) or salt (Bolanowska 1968, Nfelsen et al. 1978, Johnson 

et al. 1982) . However, any' organo 1 eads &Ssoct ated v1 th the protet ns vere 

l1kely predpftated as vell, 11.1t1ng ex'traction eff1dency. other aethods 

solubilfze the sallPle tfssue vith tetraaethyla.onfu. hydroxtde (TMAH) heated 

to 6()OC (Chau et al. 1964) or enzyut1c hydro)ysis (forsyth and Marshall 

1983). 

-The organo1 ead salts are' then extr.cted fro. the saaple. Ionie 

suppressf on by addit10n of NaCl followed by organie 50 lvent extract10n has beên 

used unti1 reœntly (80lanowska 1968; Hayakava 1971, Potter et al. 19n, 

Nielsen et al. 1978, Estes ~ al. 1961, Johnson et a.1. 1962). This has been \ 
, , 

a useful technique for lletabol1<: stud1es, part1cul~rly of ,Et3Pb+ (Bolanowska' 

1968, Hayekawa 1972), but the .ore polar MeJPb+ and R#~+ specfes vere not 

efffc1ently recovered. 

The use of a c08plexatton agent overcoMs the proble11S &Sso<:fated vith 
1 , 

10nfc suppress1on. O1phenylth1ocarbaZone (d1th1zone) has been used to extra<:t 

EtJPb+ fro. rat tissue (Creter 1959). O1thtzone Cln coilplex vith bath R:fb+ and 

• 
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R2f>b2+ spec1.es (Henderson and Snyder 1961, Al~tdge and Street: 1981) and 

suœlsfully extracted these spec1es fro. tissue ~asples (F"orsyth and Marshall 

1983). Other lonk alkyllead coIIP1exat1on agents t nclude 

d1ethyld1thiocarbaute (NaOOTC) (Chau et al. 1983, 1964, Chakr~rtl et al. 

1984), 3-hydroxyflavone (Aldr1dge and Street 1961), and a.-onlu. pyroHd1ne 

d1th1ocarballte (APOC) (Àppendix C). At present, d1th1zone and NaOOTC are the 
Cc-

prlury cOIIP1exation agents used 1 n ellv1roniientaJ extraction Ilethodolog1es. 

Mask1ng agents are etployed to fllprove the seJect1vlty of the cOllplexatlon 

agent. Potassfu. cyanfde has been used w1th dfth1zone (forsyth and Marshall 

1983), whereas ethyl enedf a.i netetraaœtf c acid (EDTA) has been used with 

~ dfth1zone (De Jon9he et al. 1983) and NaOOTC (Chakrabort1 et al. 1984). 
, ' 

Although a Hski n9 agent such as ID'"" aay· be useful for expèrlIenta1 sallPles 

conta1nfng h1gh l~ve1s of 1norgan1c lead (soU, lake sed1l.ents), recent soft 

tissue .ethodologfes do not e~loy a lead(II) 1Nl5k1ng agent (forsyt~ and 

Marsha 11 1983, Chau et al. 1984 ) . 

\ 
Oer1vatizatfon of the organolead salts pr10r to OC-AAS analys1s 1s 

necessary because (1) although trialkyllead salts have been d1rectly analyzed 

by gas d1ro.at~91:~' .. 1 th padced (Hayakawa 1971) and fused s111 ca col u.ns 

(Estes et al. 1961). analyte peak tallfng occurred. fnd1cating unde5irable 

C01~ interactfon and (2) direct d1alkyllead salt analysis by gas 

chroutography has not been reported. Oerivattzation of the organoJead salts 

111proves thenal stab111ty, volatil 1 ty and chroaatograph1 c perForliance yithout 

alter1 ng the or1gt na 1 alkyl groups attached to the lead ato.. Reaction w1th a 

Grignard reagent replaces the reactive CI group ",fth a hydrocarbon lIOiety, 
~ 

produc1ng tetraorganolead, which has excellent 'd'lroNtograph1c properttes 

(Par~er et al. 1961, Bonelli and Hart .. nn 1963, Dawson Jr. 1963, Chau et al. 

5 Q • 

'. 
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1975, 1983, 1984, Chakrabort1 et al. 1984). Phenyl (F'oTsyth and ~rshall ,1983) 
, 
1 

'and n-butyl (Estes et al. 1982, ~h8U et .al. 1983, 1984, Chakraborti et al. 

1984) derfvat1ves of extracted ion1c a 'kyllead cOlpOunds have been used in 

eftv1ron.ental studiM. 

The purpose of th1s study was to develop an extraction llethodology capable 

of recoverfng env1ronlentally relevant levels of 1on1e alkyl1ead spec1es fro. 

avian t1 SSlH!S. 

4.2 Materfals and Methods 

'4.2. 1 Enzy.e Hydro l ys 15 

Enzy.e preparations and ~hyl cel1osolve (2-lIetho)(y~hanol) were obtafned 

fro. Si gu Cheal ca l Co.. Other 1 norganf c and organf c reagents were ACS grade or 

œtter. Double d1sttlled water was prepare<! as previously descr1bed (Section 

3.2). Low 81l1Onia content distilled water was prepared by pass1ng d1st1l1ed 

water through an actfvated charcoal-1on exchange sy~te. (Corn1ng Water Purifier 

Mode 1 LD-S). 

Egg. li ver, kfdney and brafn ttss~ was collected fro. uture dOlleStic 

.ch'ckens (Gallus do.est1cus) donated by the Poultry Unit at Macdonald Co"ege. 

1IM1e ~9 (.intlS shell) was oollOgen1zed US1,"g a Polytron ho~gen1zer (Bri~lI8nn 

Instruaents) at low speed. The other tissues were holtOgen1zed w1th a teflon 

pestle t1,ss~ gr1nder. Hoaogen1zed tissU«! W4S poole<!. Subsaaples (2.50 9) 

were we1ghed us1ng a Sartor1us 1219 ft> top loadfng electron1c balance and 

stored 1n p~4st1c vials at -200e. 

Salple tfss~ (2.50 g) was' ,1ncubated 1 n 1 50 Ill. Nalgene screw cap 

centrifuge tube at 3]OC for 48 h in 20 III of 51 ethanol/O.5 M sod1uI dfhydrogen 
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phosphate buffer (pH 7.5) contafn1ng 40 19 each of Lipase Type VII and Protease 

. Type X~V (51gl18 Che •. Co.). The ethanol (absolute) was added to'the hydrolysh 

.1xture to .fni.1ze bacterlal gfowth dur1ng hydrolysls (NolOto et al. 1960). 

, 

The course of enzyutlc hydrolysis was IIOn1tored by the nfnhy~rln react10n 

usfng the procedure of Ve •• and Cocking (1955) with the followfng 

IOdfflcatlons; the reactlon t11e and teaperature were changeâ to 45 11n at 

80-90oC respectively. Reagent and hydrolysis blanks (no tissue) were run and 

analyzed wfth the salples. Absorbances were read agalnst the reagent blanks at 

570 n. wfth a Perkf n-Ellier Lalbda 3 IJVIVIS 5pectropnotolleter (PerkJ n-Eller 

Corp.). The 1nstru.ent was used fn accordance with .anufacturer's 

instructions. A suple calculatfon appears 1n Appendh D. 

The acid hydrolysis procedure was adapted frol NolOto et al. (1960). 

Tissue (50-70 119 wet welght) was added to a 91 ass test tube, welghed by 

analytfcal balance, and centrifuged IOlientar11y (1550 rpa, Precision Che.tea) 

Centrifuge). Constant 0011109 Hel (1.0 Il) was added, and the tube 

rKentr1 fuged. The .ixture was frozen 1n l1qu1d air, al10wed to thaw under 
~ 

nftrogen, and then refrozen under nftrogen to reaove dfssol ved oxygen. The 

saitple tube .as flaae sealed and rotated whl1e heated at 1100C for 24 h in a 

hydrolysfs oven. The hydrolysates were IIèlde up to 10.0 Il.. with citrate 

buffer. 5a.p 1 es were then withdrawn for the ni ntlydri n procedure. Reagent 

(ac1d) bJanks were run and analyzed w1th the sa.ples. The a~1no n1trogen 

content was deter.1 ned as for the hydrol ysate. The extent of enzylatlc 

hydrolys1s was calculated by divfd1ng the Ie~n corrected a.lno nftrogen frol 

enzyaat1c hydrolysis w1th the lean corrected •• , no n1trogen fro. an equ1valent 

410unt of acfd hydrolyZed saaple. 

$ • u 
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4.2.2 Extraction Methodology 

SolYents were distilled 1 n glus grade (Ca1edon laboratories Ltd.) and 

1norgan1c reagents were ACS grade or better: The a..onlaeal buffet- cons1sted 

of d1a.eonfu. citrate (22.69), potlss1u. cyanide (4.0 9) and sod1u.sulffte 

(24.0 9) aade up to 250 li.. w1th double dht1l1ed ~ater. The pti ~as adjusted to 

10.0 w1th concentrated a.-on1u. hydro~1de. 

The extract 1 on .etho<to 1 091 ~ were tes ted by recovery tria 1 s us 1 ng tissue 

fr~. adult dOlleSt1e chid<ens (Gallus oolleSt1cus) donated by the Poultry UnIt at 

Macdonald (<>11*. four sallples (2.5O g) of each teste<! tissue were used for 

eacn exper18ent. Eleh sallPle was di sso 1 ved 1 n 20 Il of 5' ethano 1/0.5 M sO<l1 u. 

d1hydr~n phosphate buffer (pH 7.5), and was sp11<ed ~1th Il 11xture of Me3PbC1, 

~~bCI2, Et3PbC1 Ind Et~bC12 before or after hydrolys1s. The extraction and 

butylat10n procedures were perforlled and the resu1t11l9 butylates analyzed by 

OC-AAS. The pereentage recovery of each analyte was deten1ned by d1v1d1ng the 

~.n peak area of the recovered butylate by the 8ean peak area ('F the butylate 

1 n the recovery ·standards· (Appendh E). The butyl ated recovery ""tandards· 

~re analyzed eoneurrently vith the rf!Covt!ry sa~le'5 by OC-AAS. Ana'ys1s of 

variance and the Newaan-Keuls Illl tf pIe range test was perforled on COGed and 

arcs 1 ne transforled percentage data. 

Extract10n llethod 1. Auoniaca 1 buffer (5 Il) ~as added to the 

hydrolysate. The s&lIPle ~as then extracted three t1.es (5 11n, lleChanical 

shaker) with 0.011 (w'lv) dithizone (10 à.) 1n 501. benzene/hexane, followed by 

centrifugation (4000 rp., 5 .fn, lEe Centrifuge Mode 1 PR-l, International 

(qufpllent Co.) to hasten phase separation. The pooled organ.c extraèts -..ere 

oentr1fuged (10,000 rpi, IEC ~1 8-20 Centrifuge, International [qu1~nt 
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Co. ) for 10 11n to faei l1tate reltOval of res1dual buffer. The organ1c layer 

vas pi petted i nto a 50 li.. p'as~,1 c scre'W cap centrifuge tube and bad< extracted 
.. \ 

\ three tf~ (2 lin, lIectIan 14& 1 shaker) vith O. 15 ,.. HN03 (10 Il ) . 

Centrifugation (4000 rptt, 2 .'n, IEC Model PR-1 Centrifuge) hastene<1 phase 

separation after each extraction. The collbined ac1dlc vashes were neutral1zed 

vith 1 N NaOH (4.5 Ill) and further bas1f1ed with ailtOn1acal buffer (5 Ill) prior 

to three extractions (1 .1n) vith O.OU (v/v) dith1zone (5 Ill) 1n SOJ 

benzene/hexane. Centrifugation (1500 rp., IEe Model PR-l C~ntri fuge) fol1owe<t 

• each extraction. The co.b1ned organ1c extracts vere centr1fuged 5 .fn (1550 

rp., Precision C11 nlcal Centr1fuge, Precision Sef. Co.), residual buffer 

re-.oved and the volu.... vas reduced to 1-2 Ill. 1 n a 15 Il graduated glass 

cen~rifuge tube under a stresi of nftrogen at 300C. 

Extraction lethod 2. The fo110w1n9 changes to extraction llethod 1 were 

uœ: (1) the 1 nft 1 al pool ed df th1 zone extrads ...ere centrffuged at 4400 rp. 

for 10 .fn us1ng an IEC PR-l Centrifuge, (2) the final pooled d1th1zone 

extracts vere centrHuged tvo t'leS at 1550 rpI, and (3) the final volulle prfor 

to der 1 vat1 zatlon vas adjusted to 1. 0 Ill. 

- 4.2.3 Butylation 

\Solvents were dfst1l1ed fn glass or in the case of tetrahydrofuran (THf), 
',--

anhydrous HPLC grade (Caledon Laborator1es Ltd.). N-butyllagoesiul chlorlde 

(8\IItgÇl) vas obh1 ned frol Alfa Products, Ventron Corp. 

Butylatfon lethod 1. Solvent (2 Ill, THf in experllents A to C, benzene in 

experilent D, Table 5) and SOO JJl of B~l (2.5 M fn experillents A to C, 2.27, 

M ln exper'ilent 0) was added to the concentrated dithfzOM extracts under 

nitrogen. The solutfon vas Iagnetfcally stirred for 10 lin at aabient 
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telperature, then cool ed f n an 1 ce bath. Hexane (3 1Il.) W&5 added, the 11xture 

was vortexed for 10 5 (Vortex-Genie, Fisher Se1. Co.), recooled, 0.5 .. of 

double distl11ed water added, vortexed IIOientar11y and the volule then adjusted 

to 13 Ill. vi th dht1l1 ed water. ,The .1xture was extracted w1th hexane (3 Ill) 

for 0.5 Il n and then centrHuged for 2 .1 n (1550 rpI) . Two a<ktf tf onal -. , 

extract~ns (O. 5 Il n) vith hexane (3 1Il.) vere perforled fo 11 oved by 

centr1 fugatfon. The pooled t'lexane extraçts were: 

(1) Exper111ent A (Table 5)--back extracted once vith double dtst111ed 

water (5 Ill), adjuste<f to a 15 III volule and then dr1ed with annydrous sodiul 
( 

sulfate. 

(2) Exper111ent B and C (Table 5)--15 (1), but 10 li. of the dr1ed hexane 

was transferre<f to another 15 III graduated glass centrifuge tube and reduced 1 n 

volule to 2 Ill. under a streal of nitrogen ai 30°C. 

(3) Exper1l1ent 0 (Table 5)--back extracted once with double dlstf11ed 

water (5 Ill), drfed with arilydrous sod1 UI sulfate, transFerred to anottler 15 Ill. 

9l"aduated 91 as! centr i Fuge tube with ttlree hexane vash11l9s (0.5 Ill. each) and 

then reduced f n volulle to 0.5 III under a strea. of ni trogen at JOOC. 

\ 

Butylation !llethod 2. Butylll8goes1u. chlor1de (0.5 Ill. , 2.27 M) was added to 

the d1tf1zone extract under narogen. The solution was vortexed ~o s, 

_gllet1 cally st1 rred for 10 .1 n at allbtent te.perature and then cooled ~ n an 

ice bath. Several drops of water were added to the solution. The solution was 

vortexed IOlentarlly, recooled and then the volulle was adjusted to 11.5 Ill. 

The .1xture was shat<en (0.5 lin), centrifuged 5 lin (1550 rpI, Precision 

Cl1n1cal Centr1ftJge), and the aqueous layer dfscarded by Pasteur pipette. 

Double dfst111 ed vater (10 1Il.) litas added to the or9ani c phase, the .1xture was 

( 

• • 
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Table 5. Recovery procedures and ~an recoverleS of '~on~c alkyllead cœtx>unds fran_/biolog~cal tlSSœs 

Exp't Tissue Sp1kmg 1 
Recovery Procedure ~l 

~ % Recc1"ery.!.SD 
Level Extract10p ButylatlOn Anal~el11 - * 

* .., ~ttx::>d ~ttx::>d ~ PbClns Et 3PbCl ~2PbC12 Et2PbC12 1 2 1 2 3 

A Egg 130-2101V 
X X 98+4 79+8 95+10 97+6 

B Egg 13-21 iv x x 89+4 81+ 1:7 115+25 100+20 

C Egg 13-21v 
x x 93+7 82+4 96+9 112+12 

"-- 3-4V D Egg x x 63+3 56+5 33+9 67+15 
L1ver 3-4v x x 59+8 48+7 19+5 36+11 

EV1 
Egg 3_4v 

x ){ 105+9a 82+4a 94+29a 95+12a 
L1ver 3_4v 

x x 99+18a 74+7a 26+7b 66+9b 
IUdney 3_4v 

x x 94+15a 74+9a 25+7b 7l+lOb 
Bram 3-4v 

x x 83+9a 85+7a 29+11b 59+l1b - -

1- ppb Pb V1- means w1th the same let ter for Exp't E m 
11- N=4 repl1eate determinat10ns r-__ colum are not sigrnficantly d~fferent 
111- F-test * 0.05 Slgnlficance '(p=O.05. NewnaJ1-Keuls multlple range test) 

, ns not slgruflcant 
lV- sp{xed after hydrolyslS F-test takes precedence over Newman-Keuls 
v- sp~ ptior to hy.drolysLS multlple range test 

'â 

.0 
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shaken (0.5 .fn), centrifuged (1550 rp., 2 .1n) and the aqueous layer' 

discarded. The sallPle wa5 then centrffuged (1550 fpil, 5.f n), transferred to 

another 15 III graduated glass centrifuge tube and drfed vith anhydrous sodfu. 

1 . sul fate. 

4.3,Results and Dfscussion 

4.3.1 EnzYIie Hydrolys1s 

Each tissue 1s COllpOsed of a varfety of cOltplex IlacrollOlecules such as 

glycoprote1 M, lipoprotei ns, lip1ds and PhosphQ1i p1ds. The rel at1ve proport10n 
, 

of these INlcrolOle<:ules 1s tissue ~pendent. As enzyutfc hydrolys1s 

proceeded, soluble and insoluble cOllpOnents were released. Ge nera 11 y, 

hydrolyzed t1ssues d1splayed not1ceable pnysfcal changes durfng the initial' 16 

h of hydrolysfs. , Most ffbrfl aaterial ~as solubllfzed and foa.fll9 (when 

shaken) vas suppressed. Sole preef pHat 1 on occurred 1 nd1 cati"g SOIie 1 nso 1 ubl e 

cOllPOhents were present. The hydrolysate controls (no tissue) 8150 had a 

prec1p1tate caused by an insoluble enzylle fraction; th15 Hkely constituted. 

SOIie of the observed precfp1tate in the tissue hydrolysates.' 

L f ver hydro 1 ysa tes (Exper1l1ent A, T ab 1 e 6) contai n1 ng 20 or 40 119 each of 

lipase and protease preparations ach1eved. 83' or 88' hydrolysis respectfvely 

a,ter 24hours. The releas~f nino n1trogen (fig. 5) was.enhanceddurfng the_" 

f nitf al 24 heurs of hydro 1 ysf 5 )tfth 40 ICJ el!lch of 11 pase and protease. 

Therefore,' to I18x111ze the fnitfal rate of hydrolysfs, 40 119 each of the lipase 

and protease preparations were used in subSequent tissue hydrolysis. 

The extent of hydrolysis after 24 h of the other tissues with 40 119 each 

of l1pase and protease (egg, k1dney and brain) was 391, 7210 and 48'1 

\ 
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rible 6. Extent of tissue hydrolysfs alter 24 h enzylltfc 
di gestion re lat1ve to aci d hydro 1 ys 15 

, , 

Tissue Exp't Protease/ Meanf+SO " Hydro 1 ys 15 
lipase A.ino N1t~ogen (19)11 XIY*lO<>-tSOf f t 

added(lg) En2y.e (X) Ac1d (Y) 
Hydrol ys1s Hydrol ys1s 

Lher A 20/20 35.9!3.6 43. 1 !,O. 1 83!,8 

li ver A 40/40 37.7!.2.1 43. 1 !,O. 1 88!,5 

Egg B 40/40 11. o-tO. 3 28.4!2.5 39:t4 
1 

J(1dney B 40/40 26.8!.4.9 37.7!.2.1 72t18 

Brain B 40/40 12. 3!(>. 5 2S.7!;4.0 48!,8 

1_ N=3 repJ 1 cate deten1 nat1 ons 

. 1 L cal cuJ ated fro. J 1 near regr~s f on eqUllt f ons ahd corrected fot 
. background a.tno n1trogen by reagent and hydroJysfs bJanks 

11L detera1 ned by SO-[X/Y 1('50x/X)2 + (SOy/y)2].100 

, 

, . 
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--0-- ,If ver hydro 1 yzed w1 th 2a. lt9 figure 5. A.ho ni trogen released by: 

protease120 IICJ If pase and ltver; ---A.... l'ftg , --;,;. 

k1dneYi -q- • bra in. hydro 1 yzed wf th 40 ~ 

protease/40 IICJ l1pase durfng 48 h. Error bars represent + one standard 

devfat10n of three repl fcate deterM1 nations. 
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respedively (ExPerll.ent B, Table 6). The 1ncrease in alfno nftrogen between 24 
, 

and 48 h (fig. 5) was not cons{dered suff1c1ent to adopt a 48 h hydrolysfs 

pert od and the 24 h hydro 1 ys 15 peri od was used for a 11 subsequent envi ronllenta 1 . 
tissue analys1 s. The 24 h hydroly~1s resul ts (Table 6) extended 1 nto the range 

of enzyutfc hydrolys1s of pure protein solutions (60-90~ relative to acfd 

hydro 1 ys i s) reported by NolN>to et al. (1960). All hydrolyzed tfssues were 

suftable for liqufd-liqufd extraction regardless of the extent of hydrolysfs. 

Enzyut1c hydrolysfs IIOdff1.ed the four dffferent tissues sufffcfently to al JOli' 

lfqufd-lfquid extraction wlthout extensive precipitation or eluls1f1cation and 

lIay have reduced organolead-sallple tissue assoc1atiq,ft. 
,) 

4.3.2 Extractfon Recovery 

An hlportant cri terion of the recovery. procedures reported f n forsyth and 

Marshall (1983) and the present work was to lso1ate the' ionic alkyllead specfes 

wfth a •• n'Iu. of coextractives fro. biolog1cal tissues. Soft tissue co~afns 

nUlerous 11 po ph 1 11 c co.ponents whf ch wou 1 d be extracted f nto the organi c phase 

/) of a l1qufd-liquid extract,ion. Whole egg hoaogenate was used exten~fvely as 

the recovery procedure saçle tissue because 1t was easy to obtafn, hOllOgen1ze 

and fs a well-docullented tissue. Pr~11linary work 'usfng a single extraction 

procedure fnd1cated that the final extracts conta1ned sufffcfent levels of 

€OC!xtràctf ves to ra pi d1 y conta.1 na.te a Ge co 1 u.n. 

A double extraction procedure was developed in wtl1ch the fonic alkyllead 

specfes were i n1tiall y partitf oned f nto' the organ1 c phase as d1thfzonates, 
<;. 

fol1owed tiy an acfdf c back extraction that di ssociated the organolead dfthf zone 

éO!lplex allowjng extraction of the trialkyl- and d1alkyllead species 1nto the 

aqueous phase. Organic soluble coextractives, however, reuined in , 

, . 

. , 
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•• 
the '6rgan1c phase. Bas1f1cat1on of the aqueous extracts enabled repart1tfon1ng 

of t~ Ionie triàlkyllead and d1alkyllead specles as dlth1zonate5 into the 

orga'htc phase for der1vat1zat1on. Th1s procedure, when coupled to, bu~ylatfon 

produced a relat1vely clean extract suf~able for analys1s w1thout further 

c1eanup. 

An initial conCf!rn was whether hydrolysis lowered alkyllead salt 

r.ecoverfes. A 24 hour hydrolysf s at 370C had no discernable effect on 

recover1es (Experhlents B and C. Table 5) of efther the trfalkyl- or 

dfalkyl1ead specfes. At a spfkfng level of 13-21 ppb as Pb, recoverfes were 

between BI-U5!' (T~tle 5) whether the sallPles were spfked pr10r to or after 

hydrolys1s. These results ind1cated thatj (a) heat fnduced deco~s1tfon of 
o 

10nk al ky 11 ead specf es was .1 nf 111 under hydro 1 ys f s cond,f t1 ons, ( b) the e~zYIe 

'l 'preparatfons had no direct detr1lental effect. and (c) any b1ndlng sites 1n tlie 

-.:e9g hydrolysate d1d not collpete successfull y with d1thfzone for the 

alkylleads. , The hfgh recoveries (79-1151) of trialkyl1ead and d1alkyl1ead fro. 

egg holtOgenate over a spfkl ng range of 3-nO ppb Pb (Exper1.ents A to Ct Table 

5) 1001 cated that the recovery procedure woul d be adapti ve to 1 arge var1 at1 ons ' 

of anal y te concentrations within an envfronllental sa.ple. 
~ 

Recoveries of al1 four alkyllead co.pounds decreased when the sallPle 

volulle was r~uced to 0.5 III Just pr10r to OC-AAS analys1s (Experll1ent D, Table 
'v 

5). The butylatfon procedure was therefore IIOdHfed (Butylatlon Method 2, 

Section 4.2.3). resultfng '1n greatly Il1Proved organolead recover1es (82-1051) 

fro. egg tissue (Experhent Et Table 5). 

Trialkyllèad recoveries did not vary s1gnificantly (p=0.05, Newun-K~uls 
< i 

.ltfple range test) &lIOng the four tissues. However, the d1alkyllead ..... 

.. 

• 
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recovertes were sfgn1ficantly 'less (paO. OS, Nevlan-Keuls .,lt1pl~ range testt 

fro. 11~, brain and kidney thsue than the egg. The d111ethyllead recoveries 

vere parti cu larl y suppressed. Chau et al. (1984) noted 1 arge Pb( II) Peaks in 

fish sal!ples spfked -nth dillethyllead not seen 1n pan 11 el controls (no 

tissue), suggest1ng Sll!ple 1nduced decollpOsft1on of diRthyllead. However, the 

3-4 ppb (as Pb) organôlead sp1king leveJs ûSed in Exper111ents 0 and E (Table 5) 
). 

vere toô 10lt to deteni ne whether add1t1 CI na 1 Pb( II) occurred 1 n the recovery 

tissue sa~les with the lowered d1alkyllead recover ies. 

Ofa1kyllead recover1es uy have been lowered by t1ssùe saJple lMrtabol1c 

acti vi ty. E99 1 S cO!lpOsed prf.rfl y of storage protef 05, wherea$ the other 

exa.,ned tissues have cell ular .ei:abolf C act1vity known to dealky1 ate 

organolead COltpOunds (Cre.er 1959, Casida et, al. 1971, Bolano~ka and 

W1snlewska-knypl 1971), pr.obably o.ccurrfng in the .1crosolleS (Cre.er 1959, 

C&sida et al. 1971). M1crosoul dealkylatfon of the d1alkylleads dur1ng tlver, 

br~fn and kldney saaple hydrolys1s 1$ possible, but unl1kely as (1) l1ver has 

auch greater .fcrosou1 dealky1atfon actfvlty than kldney or braln (Bolanows~a 

and Wfsnfewska-knypl 1971), yet the dlalky11ead ,recoverfes were not 

s1gnlf1cantly dffferent (paO. 05, Newaan-l(eu1s aultlple range test) aaong these 

tissues, (2) trlalkyllead recover1es would probably have been lowered by 

dealky1atlon as well, but they were not slg~1flcantly dlfferent (p=O.OS, 

Newaan-Keuls .. ltfple range test) aaong the four tissues (Experfaent E, Table 

5), and (3) enzyaatlc hydro1ysfs should have, rapldly suppressed .lcrosoaal 
1 

actfvity. 

The decrease ln dlalkyllead recoveri-es uy have been caused by cO.tJ4!tf tfv~ 

bindin9 fn the saaple hydrolysate or physfcal occlus1on of the d1alkylleads 

wlthln Insoluble hydrolysate products. However, the factor(si 1nvolved in' 

, 1 
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suppression of d1alkyllead recover1es ,vere not elllinated by nwt tissue 

solub111zat(on or NlmTC extraction as Chau et al. ( 1984) reported 

d1aethyllead NCOver1es of 56-89S at spiking level. of 0.5-10 PPII ("'150-3000 

< t1aes grnter than the present study). 6enerall y, a suppress1Ye effect becOIleS 

aore apparent at lower sp1k1ng lnels. Chau et ~1. (1984), therefore uy have 

exper1enced sh11ar d1alkyllead recover'les frol f1sh tissue if the, spiking 

levels had been coaparable to the present study. 

The extract{ion Iethodology, as outl1ned above, produces reasonable 

recoveries of MeJPb+, Etj>b+ and Et~t>2+ frOI four d1fferent b101og1cal tissues 

at a spi king 1 eve 1 ... ( 3~ ppb as Pb) lLICh lower than previ OUS 1 y reported. 
" , 

Organolead recoveries frOi egg ho.oge",te were cons istent 1 y h1gh over a spHd ng 

lnel range of 3-210 ppb (as Pb). 01aethyllead recoveries were lowered '1 n 

11 ver, bra1n and k1dney suples by unknown suppress1ve factor(s). 

• sws u 
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5. ANAl YTICAl INSTRlJI:NTATHW 

5.1 Illtroductf on 

.. 
Analyt1cIl instru~ntlt10n for organoleld analys1s has contfnual1y 

fllPro~ as the need for e.nhanced select1vfty and sens1t1.v1ty arose frol 

btochetl1cal and envfronllental stud1es. 

UV/Vis1ble spectroscopy ~as an early.athod used to analyze organolead 

cOllPOunds. 10n1 C alkyllead spec1es have been cOJlplexed wfth dfth1zone (Creller 

1959, Henderson and Snyder 1961, Bo1ano~ka 1968), 3-hydroxyflavone (Aldr1dge 

and Street 1981) and 4-(2-pyrfdylazo)resorcfnol (Noden 1980, Jarvfe et al. 

1981) for quantftatfon. Partial speciation was possfble (R3Pb+, R2Pt)2+), but 

œtectfon li.fts were only .... 0.02-2 ug (Table 7) . 

Gas chroaatography (Ge) has been used frequently for organolead spec1at1on 

and fs fdeally sufted for separatfng 8 
~ 

cOlplex Ihture of COlPOundSj 

sens1t1v1ty and specfffcfty are detector ~ndent (Table 7). 

• 

Electron capture œtectfon (ECO) of organoleads (Dawson Jr. 1963, Cantutf. 
\ 

and Cartonf 1968, Potter et al. 19n, Jarvfe et al. 1961, forsyth and 

Marshall 1983) offers h1gh sensftivfty (Table 7), but coextract1ves, such as 

arouti c, oxygen or ha 1 ogen contaf n1 ng cOllPOunds cause a response and cou 1 d 

1 nterfere 1f they have a s1.i1ar retent10n t 1 Ile to those of the organo 1 eads . 

Flaae 1onfzatfon œtectfon (FIO) (Soulages 1966, Harrfson and Laxen 1978b) 
1 

ha! less sensft1vfty (Table 7) and selectfvity than ECO. DuPu1s and Hfll Jr. 

(1979), however, reported a .,d1f1ed fIO SySt8 whfdl ~s sensitive 800 ele-.ent 

selectf ve (Table 7). 



Tâble 7. Detection liait and precision of fnstrUlientation 
used for organolead analysis 

lN/VIS 
• 

OC-oz iv 

OC-ECDv 

GC-flDvf 

GC-ftSvi11 

ABT-fAASX 

• 

Anal y te 

Me4Pb 
Et4Pb 
R4Pb 
Et4Pb 

GC-QTAASX1i R4Pb 
• R4Pb 

2119 
0.02 119 

1119 

0.8 ng 
6.4 P9 

0.1 ng 
1 ng 

19 P9 

47 P9 
6.4 P9 

0.71 pg 

10-20 ng 
• 

31 P9 
19 P9 
0.12 Ag 

1.1ng 

0.1 ng 
0.05-0.1 ng 

1.3 

5 
5 

6 

2 
2 

5.1 
4.7 

Author 

80 1 anowska (1968) 

Noden (1980) 

Parker et al. (1961) 

Hayakawa (1971) 

Harrfson and Laxen (1978b) 

l)W)uts and Hf n Jr. (1979) 

Nielsenet al. (1981) 

Estes et aL (1982) 

Coker (1978) 

Chakraborti et al. (1981) 

Bye et al. (1~78) 

Chau et aL (1975) 
Chakrabort1 et aL (1984) 

1_ as Pb 11_ reported as relative standard deviation 
1i1_ not reported iv_ dith1zone v_ eleçtron capture ~tection 
vi- f1 aile 1 orU zati on detect ion 
viL hydrogen ahosphere flalle ion1zation detectfon 
v111_ IIS5 spectro.etry 1x_ .1crovave fnduced plas .. detect10n 
x.. absorption tube flale sto.ie absorption spectroaeter 
xi - graphf te furnace ato.f c absorpti on spectroaeter 
xi1_ quartz T-tube furnace equ1pped ato.ie absorption spectroaeter 

" 
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Mus spectrolletry detect10n (MSO) (Laveskog 1971, Jarv1e and Wh1t11ore 

1981, N1elsen et al. 1961) 1s selective (single ion 8Onftorfng) and sensftive 

(Table 7), but 1s an expens1ve syste.. 

llticrowave fnduced plas. deteçtfon (Il1>0) (Relliler et II. 1976, Estes et 

al. 1961) 15 sensitive and selective (Table 7), but pluu systellS do not 

tolerate typ1cal solvent voluleS used fn envfronlental analysfs (>1~) wfthout 

solv~nt vent1ng. This technique requfres considerable technfcal expertise and 

4nftial equ1plent costs are expens1ve. 
1 

Ato.ic absorption speçtroletry (AAS) detection offers several advantages 

over the prev10usly d1scussed systellS ahd has been used extens1vely to 

quant1tate organolead co~unds. Fla.e (Harrison et al. 1974, Coker 1976) and 

graph1t~ furnace (Si rota and Uthe 1977, Beccaria et al. 1978, De Jonghe et 

al. 1963) ato.1zers have been used. Graphite furnaces are 100-500 t111eS .ore 

sensitive than flale burners (Table 7). Although AAS 1s a sensitive, elelent 

specifie syste., organolead speciation requires eo~und separation prior to 

analys1s. Modification costs are afniaal, high selectivity and 5ens1t1vfty 

(là:ble 7) are possible, and only ItOdest ted'mical expertise 1s necessary. 

flale (Ka1b et al. 1966, Bal11nger and Whftteaore 1968, Coker 1978), graph1te 

furnace (Robinson and K1esel 19n, Bye et al. 1978, Radzu1k et al. 1979, Cruz 

et al. 1980) and quartz T-tube furnace (Chau et al. 1975, Ebdc" et a1. 1982, 

Chakrabort1 et al. 1984) ato.1zers have been used (Table 7). flalle AAS, 

although read11y avaflable and 1nexpens1ve, cannot provide the sensftfv1ty of 

graphite furnace or quartz T-tube furnace ato.1zers. 
t t ~ .... 

H1gh pressure 11quid chroaatography-ato.fc absorption spectroaetry 

(lC-AAS) has been used to analyze tetralkylleads (Botre et al. 1976, Ko1zu.i 

0, 
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et al. 1979, Messaan and Rains 1981), but vas unsuftable for the traee 

analysfs of 'fonic alkyllead cO!ipOunds (Appendix F). 

Ge-AAS syst~ have beco.e the preferred fnstru~ntatfon for ~rganolead 

analysfs (Chau et al. 1975, Bye et al. 1978, Chakraborti et al. 1981) , 

provfdfng co.pound separation and Pb spectfie detectfon. The quartz T-tube 

furnace has beco.e the principal ato.fzer syste. used in recent organolead 

studfes (Chakraborti et al, 1984, Chau et al. 1984) as 1 t 1s f nexper,sble, 

robust and sensitive. 

5.1. 1 Instru.entatt~ Optf.izatfon and Character1zat1on , 

Optt.f zatt on and characterfzat10n of 'the f nstru.entatf on syste. prf or to 

envfron.ental analysfs provfde an overall 

capabflf ty. 

apprafsal of sY5te. analytfcal 
. ~ 

Un1varfate optfl1zation, in whfch one syste. operating para.eter 15 varted 

across a range of values while the reaafnfng varfables are held constant, has 

been the predo.fnant aethod used (DuPuis and Hfll Jr. 1979, Radzufk et al. 

1979, Forsyth and Marshall 1983, Chakrabort1 et al. 1984). Operating 

paraleters eritical to syste. perforaance are 1dentified, enablfng the analyst 

to logically deffne each paraaeter value rather than relying on trial and 

error, The syste. should be opti.fzed in ter.s of several instru.ental 

character f sti cs, 1 ncl udf n9 sens1tf vit y , reproducfbflity and resolutfon. 

further characterfzatfon of 1nstruaental perfor.ance, includfng 111it of 

deteet 1 on and range of 'i nearfty 1 LInder optflf zed ~ operat1 n9 paraleters, 

coçletes 5yste. apprat saI. 

The reproduc1bflfty of the anal y te response in an fnstru.ent 1s a .easure 

• - • 
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of precision. Varlous studfes r~ported 2-10J varlabl1lty (as relative standard 
• 

devfatlon) in syste. respons~ to organolead co~unds (Table 7). Max1.izlng 

lnstru.entation reproducibilfty (prec15ion) 1s an 1~rtant 5tep for .ln1.iz1~9 

errol' ~'1ated with quantitatlon of the envfronllental sallPles. 

~The fnstru.entatlon .u5t Isol0te each analyte suff1ciently to allow 

quantitat1on. When usf n9 gas chrollatography ta separate cOllPOunds, the Ge 

colu.n should have a .1nfllU. resolutlùn (peak separatfan/pea;" vfdth) of 1. 5 for 

quanti tathe (99.9J) separat10n between two adjacent peaks (Schenk et aL 

1981). lo~r resolut1on (R) values between adjacent peaks fndlcates greater 
; 

peak o~rlap, resultlng ln less accurate Integration of peak area. 

The lf.ft of detectfon (LOD) 15 the s.allest concentration or alOunt of 

analyte that can be deter.fned to be statistical1y dffferent fro. background 

noise (blank) ~Kelth et al. 1983, Foley and Oorsey 1964). ~ recoHended LOO 

value, at three standard deviatlons above the leln ba~9round noise, per.1ts a 

confidence lev~l of 99.86' for leasure.ents, assu.fng a norlal distribution of 

background nols~ sfgnals (W1nefordner and Long 1963). 

The range of l1nearfty extends fro. the lf.ft or detection and fncludes 

the regfon in wnldh detectfon response 15 d1rectly proportional to analyte 

conc~ntrat1on (Szepesy 1970). Salple quant1tatfon w1thfn the range of l1nearlty 

prevents excessive error fro. nonl1near analyte response. An upper lf.ft of 

11 nearfty 1 n AAS sys tellS i 5 hlposed by res f dua 1 unabsorbed 11 gtlt readhf ng the 

photo.ult1pl1er tube (PMI). Unabsorbable light.ay occur fro. nonabsorb1ng 

lines orig1natfng fro. the source cathode aaterial or the hollow cathode la.p 

fil 1 gas pass1"g vithln the spectral bandw1dth of the IIOnod'lrollator (Priee 

1974) . 

s - u 
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5.1.2 Ato.fzat1on Processes 

further developtlent of analytfcal 1nstrUilentat1C1n for organolead analysfs. 

plrt1cul.rly quartz T-tube furn&ce at:r).1zers for OC-MS systeM, would benef1t 

fro. abriter unders tandt 09 of the atolt c processes 1 nvo l~. However, 

research of organolead atolizatfon pr~esses in non-fIlle syste.s 15 11.tted. 

Quartz T --tube and graphite furnaces appear to atOll ze organolelld cOlpounds 

by dffferent processes. Quartz T-tube furnaces efFecttvely atollzed or~anolead 

(Chau et al. 1975, Chakrebortl et al. 1964) and organoseJen1de (Van Loon and 

Radzufk 1976) cOlp6unds at 9OO-1OOOoC, wnereas graphite furnaces requir~ IUch 

h1gher operatlng teaperatureS (lSOO-20000 C) for optllUl organolead response 

(Robinson et al. 19n, Radzulk et al. 1979, Chakrabortl et al. 1981). The 

lo~r effective operating te.perature of quartz furnaces lay result frol quartz 

belng less absorpt1ve than carbon (at lOOOOC) (Parrls et al. 1977). However, 

t~ use of hydrogen w1th quartz furnlce systeas rather than the 10ert gases 

typlcal1y us~ ~Ith graphite furnaces 15 a .are l1kely reason. 

Hydrogen enhances the atolfzatfon of cOlpounds in a varfety of analytfcal 

1nstru~ntation. The addition of hydrogen to c~1er or futnace gase5 has 

ilproved the sens1tivity and reproduc1b1lity of quartz furnace response to 

or9anoleads (Chau et al. 1975, Chakrabortf et al. 1964, Forsyth and Marshall 

1965), organoselen1des (Van Loon and Radzu1k 1976) and hydr1de forl109 eleaents 

(Welz and Melcher 1983). Organoleads gave vfrtually no response in a quartz 

furnace syste. 1n the absence of hydrogen (Chakrabort1 et al. 1964, forsyth 

and Marshall 1985). Graphfte furnace (Parris et al, 1977) and plas .. (Relier 

et al. 1976, Estes et al. 1982) syste. sensitfvlty and reproducfb111ty to 
<'l 

or9anoleads and hydr1de forl1ng eleaents ~re also enhanced by hydrogen. 
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) Hydrogen l1kely aa1fttains a volatile lead population and 1led1 ates the 

ato.fzatfon of lead cOlPOunds fn the resonance radiat10n pathway of the quartz 

T-tube furnace: Parris et al. (1977) 5~ted that hydrogen rad1c11s 

ass1sted in the deco~s1tion reaetions: 

and aay fon hydrides with lletal atollS deposfted on the furnace tube 

surface, transporting the letal back into the resonance radiat10n pathway: 

\ 
volatf11zatfon ato.fzatfon 

M M M + H2 ---) M-H ------------.) M-H-----------> ,.. + H 

~FACE StRfACE 

Hydrogen rad1cals were essent1al for the atoaizat10n of selen1ua hydrfde 

(Oedina and Rubeska 1980) and ars1ne (Welz and Melcher 1983). Oxygen in the 

presence of excess hydrogen heated above 600°C was reported to prollOte hydrogen 

radical foraat1on: 

H + ~ ---) OH + 0 
o + H2 --->. OH + H 

<;»i + H2 ---) H~ + H 

- Hydrogen radicals were concludeô to outnulber OH radicals by at least 

severa 1 orœrs of aagn 1 tude-.... ( 0ed1 na and Rubeska 1980). 
~ 

The purpose of this study was to develop an fnexrens1ve quartz T-tube 

furnace wh1ch was suff1c1ently robust for prolonged usage in an autoaated 

Ge-AAS systea and capable of detect1ng env1ron.ental le~els of organolead 

cOlpOunds. An autoaated Ge-AAS systea for organole,d analys1s has not been 

prev10usly reported in the lfterature. Autoaat10n of saaple introduction 
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(autosa.., 1 eT') and 0' quantitatfon (record1 ng 1 ntegrator) hlproves both 

reproduc1 bf11 ty and through sa."le output. The Ge-AAS operat1 n9 para.eters' 

vere optf If zed and the Ge-AAS systell characteristf cs eX.lf ned to ensure 

relfable analyt1cal perfor .. nce. The atolic processes occurring ~fth1n a 

quartz T-tube furnace vere studtedJ parttcularly the role of hydrogen in 

or9l00 lead atol1zatf on. Pos!1 ble iliprOvelients f n the OC-AAS systell were 

eX&l1ned. 

5.2 Mater1 al s and Methods 

5.2.1 OC-AAS Systel 

~ 

The OC-MS syste. (fig. 6) ~as assellbled ",th a Hevlett Pacl<ard Model 5750 

gas chr.ollltograph equfpped with an autosallPler (Model 7670A, Hewlett Packard 

Co.) fnterfaced w1th a Zefss fMD-3 atolie absorptfon spectroleter (Carl Zeiss, 

fRG). 

The-Ge was fftted wfth a 1.8 l, 6.25 .. o.d., 2 la i.d. glass coluln 

'4 

packed with lOf. QV-lOl fn 601100 Iesh Supelcoport . (Supelco loe.). A transfer " 

p 

lf ne between the Ge col uln and the quartz T -tube furnace was I&de frol al. "": .. 

sectfon of .ethyl s11icone coated wide bore (f.d. 0.31 .. ) fused sfl1ca 

capfllary col'uln (Hewlett Packard Co.). A zero dead volule 1/4 in (0.64 CI} to 

1I161n (0.16 CI) Sw"gélok reduc1ng unfon connected the transfer 11ne to the 

end of the Ge col uln. The trans fer 11 ne was enc 1 osed 1 n an f nsu) ated, heated 

114 f n (0.64 CI) o. d. copper tube. The te~ratur~ was 181 nhi Red by heat1 ng 

tape (Cole Palier Co.), contro))ed and IOnitored by the Ge electronics. A 
'­

te8perature control 1er circuit re.oved frol a Mode) 310 Hall Electrolyt1c 

Conduct1v1ty Oetector (Tracor Ine. ) was 1neorporated fnto the Ge electron1cs to 

control the quartz furnaee te.perature. furnac~ teaperature was aa1nta1ned 



; 

Figure 6. Black. d1agr •• of the flow syste. and electron1cs' for t~ GC-QTAAS 

syste.: 1, quartz T-tube furrlacej 2, autolnjector; 3, furnace te.perlture 

control circuit; 4, variable tl~ delay solvent purge circuit; 5, 

autolnjector electronfcs; 6, heated transf~r llne. 
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w1 ~h1 n +~C, and IIOn1 tored by a cali brated di g1 ta 1 te.perature 1 ndi cator ,.{~1 
., 

199, 0IIega Engineering roc.). A t111ed gas purge cycle circuit allowed autouted . . 

ga5 swi tchi ng to the furnace. 

The MS was equipped w1th a deuteriu. la." background correction systell. 

A record1 ng 1 ntegrator (Hewlett Packard Model ,3390A) rece1 ved the recorder 

output frol the AAS el ectronf cs. A 11 1 nstru.entat1 on wttre operated 1 n 

accordance to .nufacturerls recolIIIendat1ons. 

Nor.l OC-AAS syste. operat1.;g conditions vere: 

(a) GC--carr1er gas, He, 35 III 11n-1; 
A 

injector tetperature, .200oC; 

telrperature progral, sooe (1 li n) 11 near 1 ncrease (8oC 11n-1) to 250°C (1 Itn); 

transfer li ne telperature, 2580C . 

(b) AAS furnace--upper tube surface telperature, 9000Cj llakeup gas H2; 

lIkeup gas flow rate, 50 Il ain-li H2 entry route, tnJets f and K (fig. 7); gas 

purge cycle, air (500 Il 11n-1 for initial 3 ain of Ge teMPerature progral). 

(c) AA$--hollow cathode lalp current, 10 18; wavelength, 217 ni; 51ft 

width, 0.3 .1; bandw1dth, 0.75 nI; photolu1t1p11er tube alplif1er, step 1 

(lowest settfng)j deuter1uI laip current, 200 la. 

'5.2.1.1 Quartz T-tube furnace The quartz furnace (fig. 8) consisted Of.8 
<) 

quartz T-tube (upper tube, 10 CI X 9 .. o.d., 7 .. 1.d.; lower tube 6 CI X 6.25 

• o. d., 4 .. 1. d.) whi ch was heate<:! by two wound heat1 ng el ellents, each 

foraed fro. 1.8 • of 22 gauge A110y 875 resistance vire. (Hoskfns Alloys of 

Canada). A layer of f1berfrax cera.1c fiber (The Carborundua Co.) 1nsulated and 

cush1o~ the quartz tube within two sections of shaped refractofY brick (A.P. 

Green Fire, Brick Co.). four Swagelok 1/8 in. (0.32 CI) M>T (National Pipe 

" 
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figure 7. Ge-AAS Interface: ~; 6.25 _ o.d. lover tube of quartz T-tubel Br 

1/4 1 n (0.64 ca) SVa~lok nut; Cr al u.1 na 0 tube; D, 1/4 1 n (0.64 at) . , 
graphite ferrulej E, 1/4 1 n (0.64 CIl) to 1/8 1 n (0.32 CI) Swagelok 

reducfng union; f r H2 tnletj G, afr tnletj H, 1/8 1n (0.32 CIl) 

vespel/graph1te ferrule; Ir 1/8 1 n (0.32 CI) Swagelok nuts; J, 1/8 in 

(0.32 CI) to 1/16 in (0.16 CI) Swagelok reducing unfon; Kr H2 1 nlet; Lr 

capl1larygraph1teferrule; M, IJ161n(0.16CI) Swagelok nut; N, fused 
\ 

sf1fc~ capf11ary cd1uln (transfer 11 ne); 0, P, longitudinal sections of 

reducfng unions E and J respectfvely • 
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• figure 8. Exploded v1eW of quartz T-tube furn"ce: A, shaped f1rebrtck upper 

cui "Si B, quartz T -tube; C, A11 oy 875 r~t stance heat1 ng w1re; 0, hl nged 

al U.1nUI cas 1 ngj E, type K therllOcouplesi F, Swagelok connectors w1 th 

cera.te tub1ng Inserts; G, shaped f1rebrfck, lower cas1ngj H, alulfnu. 

lOuntfng bracketi l, .chfne (6-32) screws. 
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Thread) to 1/8 fn (0.32 CI) tube connectors were ~unted fn the furnace casfng 

(11 CI X 4.8 CI o.d., 4 CI l.d.) as entry ports for electrfcal connectlons to 

the heatfng ele.ents and to posft:i)n two type 1< (Chro.el-Alullel) thenocouples 

,(placed 1-2 .. fro. the quartz tube surface). Ceralie tubing (O.ega 

Engineering Inc.) ~unted wlthin the Swagelok eonnectors was used as electrleal 

and ther.al lnsulation. The furnaee easing was held together by an aluilnui 

.ountfng bracket. The furnace was posltfoned wlthfn the opt1eal path of the 

AAS by an adjustable baIl jolnt afffxed to the lOuntfng bracket. 

5.2.1.2 GC-AA~ Interface The interface of the capll1ary coluln transfer 

lfne with the quartz furnace (fig. 7) utl1ized readfly avaflable parts. A 1/4 

in (0.64 c.) to 1/8 1n (0.32 CI) Swagelol< reduelng union, IIOd1f1ed with two 

attached 1/16 fn (0.16 CI) stafnless steel tubfng gas lnlets, posftiooed a 

section of alu.1na tubing (8.5 CI X 1/8 ln (0.32 CI) o.d., 1116 ln (0.16 CI) 

1. d. , Olllega Engl neeri ng Inc.) withi n the lower tube of the quartz T .. tube 

furnaee. A 1/8 fn (0.32 CI) to 1/16 1n (0.16 CI) Swagelok reduefng union, 

shilarly IIOd1f1ed~with an attached 1116 ln (0.16 cra) stainless steel tubing 

gas 1nlet, was attached to the end of the alUMina tube. The transfer Ilne was 

passed through the 1/8 in (0.32 CI) to l/lb ln (0.16 CI) reducing union and 

alu~ina tube to the upper tube of the quartz T-tube. Graphite ferrules were 

used at all glass ~tal connections to avo1d break age when for~ing agas tight 

s,al. 

5.2.1.3 lillled Gas Purge Circuit Ihe gas purge tf.fng ccircuH (fig. 9) 

events were synehronfzed by a solfd state delay relay (Mode l T2K-0030Q-461, 

National Controls Corp.) whi~h was connected to two solenoid valves (Asco No. 

8595(5) con~oll1n9 the entry of furnace .akeup gases. Both solenold valves 

were normal ly closed types, 50 that only the energfzed valve was open. The 

1 
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F1gurè 9. Variable tille delay gis purge circuit: A, sol1d state adjustable tille 

delay relaYi 8, IOlientary contact 5witch, C, SPST switch; D, neon 

indfcator lfghts; E, air flow solenofd valve; f. H2 soleoo1d valve. 
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no1'_l syste. configuration 15 'shown in figure 9; the H2 solenofd was 

energ1zed. Duri ng autoMte<! operatlôn, the cf rcuft was act1vated by a 

IOltentary contact aCTOSS pi ns 5 and 6 of the re lay, al tering the power flow 

configuration for a preselected tille (3-300 s), such that the air solenold 

valve was energlzed (opened). The H2 solenofd valve silUltaneously deenerg1zed 

(closed). The gas flow configuration was IK>nftored by ~n ind1cator 11ghts. 

5.2.2 Opt1l1zation and Characterlzatlon of OC-AAS Systel. 

Co,pressee! gase5 use<! were extra dry or prepurHied grade (Medlg8z ltee) 

w1th the exception of an(mla (anhydrous) and llethane (co • .erclal grade). Gas 

flow rates were lIeasur~ by precalibrated rotalleter or soap buhble flowlleter. 

A stod< sol uti on contai ni 09 Me3BuPb (3. 07XI0-6 9 Ill. -1 (as Pb)), Me28u2Pb 

{1.34XlO-6 9 .. -} (as Pb)) in lsooctane was used for the opt1l1zation studles. 

SeriaI dilution of thfs stock solution wlth fsooctane prollfded worklng 

standards. 

Tripl1cate sa.pl'-e Injections (10 ~) were perforlled by the autosa.pler 

unless otherw1se noted. Peak area response and area/height ratfo were 

recorded. 

rive operat:1ng paralleters were each systeaat1cally varied \:0 optfl1ze the 

Ge-MS syste. perfofll8nce: (a) transfer line position w1th1n the furnace, (b) 

Ge colu.n g8S flow rate, (e) furnace telperature, (dl hydrogen furnace lIakeup 

gBS Flow rate and (e) furnace llakeup ga5. Whlle one paralleter was altered, the 

others were held constant: furnace IIakeup gas flow rate, 50 Ill. lin- 1; tl'ansfer 

l1ne position, junct10n of upper and lower quartz tube (0 •• )i OC coluln flow 

" 
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rate, 55 Il .in-l ; furnace tettperature, 9O()OC1 furnace uk.eup gas, HZ' 

[ach para~r wu var1ed otler a wide range. The tran5f~ lfne 'lias 

posttfoned 0, 5, 10 and 20 _ beck frOI the upper tube junction. The transfer 

Hne vas .lw.ys extended"'1 CI fro. the t1p of the alu.1 na tube (Fig. 7). The 

Ge coluln g85 flow rate was charJged to 20, 35, 55/lM n li.. 11n-1 dur1ng the 

opt1.1zation study. The furnace teJlf)erllt ... p"e 'lias var1ed fro. 6OO0 ( to lOOOoC in 

lOOO( 1 ncrellents. The hydrogen IIkeup gis flow rate WIlS varfed frOI 0 to 1SO 

.. 11n-1, Ffve dffferent gases (H2. Mi3, C~, He and afr) and a 98S .1xture 

(111 Mi3: H2) were exuf ned as furnace lakeup g8S. The furnace l8keup gas 'lias 

split after the H2 soleoofd valve (fig. 9) and entered the OC-AAS furnace 

interface through fnlets f and K (Fig. 7). The Mi3/H2 .1xture ..,as produced by 

Ileter1 ng the two gases f nto a Swagelok tee unf on prf or to enterf n9 the H2 

soleno1d valve. AIIIIOn1a absorbed strongly 8t 217 ni, therefore allOn1a peak 

ares responses '!tere ~asured at 283.3 ni, then converted to 217 n. peak area 

response us i "9 sens tt1vity rati os (217 n.: 263.3 n.) observed 1 n a 11 nearfty 

study. 

The reso 1 ut10n between 1'Ie28u2Pb and Et 38uPb (wtli ch have 1dentical 

Ikllecular weights) was deter.1ned fro. the retention tflle!, and peak area/he1ght 

ratios recorded during the OC colu." flow rate paralleter study. 

A cO!lp8l"ison of Ifnearfty (at 217 n. versus 283.3 ni) of the G(,-MS systel 

response to seriaI dilutions of the alkylbutyllead stock solut10n (10-9 9 ... -1 

to 10-6 9 li.. -1) was perforled under opt11ized operatfng conditions. 

.... -

! 
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The l1nearHy of the OC-AAS systea response at 217 n. to seriaI dl1utions 

of the alkyl btJtyllead stock solution (10:-9 9 .1-1 to 10-7 9 ":-1) unœr noraal 

(opti.fzed) operatlng conditions (Section 5.2.1) was analyzed by l'foear 

regresslon. The sfgnHfcanee of each regression equatfon was deterlfned by 

anal ys 15 of varfance. The signiflcance of eaeh equatlon paraleter was exufne<t 

by t-test. 

The liait of detectlon for each alkylbutyl1ead standard was deter.ined 

frol G(-AAS systea background noise and sensitivit)' leasured as peak height 

counts (available d1redly frol the HfNlett Packard 3390A record1ng 
( 

1nt~rator). Background noise was estillated by r.easuring all (a .lnhul of 20) 

peak to peak baselfne noise perturbations alon9 2 .1n (run tile) intervals 

eentered on each alkyl butyllead standard retention tf le. The Ge-AAS systeM 

sensft1 vi ty to each al kylbutyllead standard was 1e1iSUre~ by i nJedion of seriaI 

dilutions of the alkylbutyllead standard stock solution (10-9 9 1,-1 to 10-7 9 

III -1) w1th the recordi ng i ntegrator report i n9 hei ght counts rather than peak 

ares. 

5.2.3 Ato.1e Processe5 

COl!pressed g&Se5 use<l \tere extra dry or prepur1ff ed grade (Hedi gaz L tee). 

Gas Flow rates ~rf" .e4sured by precalibrated rotaaeter or soap bubble 

flowleter. Tripl1cate sa.ple injections (IO pL) were perforte<! by the 

autosalpler unless otherwise noted. Peak ares response and area/height ratio 

were recorded. 

5.2.3. 1 Vol at111 zatf on of DePos1 ted Lead in Furnace Tetraethy11 ead 

(1. 31Xl0-9 g) was 1 njected Into the OC-AAS systeM wh1ch had an lsotherllal 
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coluln te.-perature of lOOOC and coJuln flow rat~ of 55 III .'n-1• Other Ge-AAS 

operat1ng conditions were as de5cribed earl1er (Section 5.2.1). Gas rotaleters 

vere conf1gured to allow two gases (air/H2 or ~/H2> to be lM!tered into a 

Swagelok tee connector Just pr10r ta enter1ng the H2 soleno1d (ffg. 9). Each 

gas rota-.eter cou 1 d be turned on or off to a 11 ow rapi d sv1 tch1"9 of the gas 

supplied to the H2 soleno1d. 

The peak area response of the" Et4Pb vas f nHia 11 y recorded under 50 III 

11 n-1 furnace H2 IIIlkeup 915. further sa8ple 1 njectfons were aade vith air or 

~ a5 the furnace llakeup gas (50 Il .1 n-1). At e1 ther 1 or 5 li n after the 

retentfon thle of Et4Pb (under the exper1aental cond1t10ns) the air or N2 vas 

\ 
The result1ng signal was recorded (Hewlett 

Packard 3390A) at both 217 n. and 263.3 ni. Solvent and gas swftch1 ng (N2 to 

H2, air to Hl> blanks ..ere run. 

5.2.3.2 Lead Voratil1zat10n frol Quartz Insert A 61. o.d., 4 .. l.d., 7 

CI long quartz tube 'las fftted vith S",agelok 1/4 1n (0.64 CI) to 1/16 in (0.16 

CI) reduc1 og uni ons at both ends. The quartz tube asselb 1 y 'las charge<! w1 th 

approxiutely 250 IJL of Et4Pb, flushed br1efly with extra dry H2 (~digaz 

ltée.), sealed vith 1/16 fn (0'.16 CI) end caps, and then heated rap1dly by a 

wound electrfeal heatfng eJeaent to 8000 C. The telperature was leasured w1th a 

Chrolel-Alulel theraocouple. After 5 Ifn, the assellbly 'las allowed to cool, 

and purged ",f th ~ (100 ... f n-1) for severa l li nutes. The 1 ead coated quartz 

tub! 'las then eut into two 3.5 c. sections. Eaq. section was w1ped externally, 
• 

rfnsed vith aeetone and hexane, oven dr1ed, allo~ to cool, and then weighed. 
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One section 'las placed fn the AAS furnace (on one sfde of the upper tube) 

and heated to 9O()OC 'If th H2 (50 li. .f n-1) as the furnace lIkeup gas. The gas 

purge cf rcuf t vas df sab 1 ed for these exper~ lents. The sectf on vas peri odf ca 11 y 

reItOved fro. the furnace, allowed to cool and then veighed. The other section 

• • • 

vas placed ln a ItUffle furnace, heated to 900°C for 16 h, r~ved, allowed to ' ... --

coo 1 and then wei gtled. 

Another quartz tube (4 CI X 6 H o. d., 4 n 1. d. ) was charged vi th 

several drops of Eto$Pb, heated (by a wound electrlcal reslstance heatlng 

elellent) to 8000C under afr for several .1 nutes, and allowed to cool. The 

procedure was repeated 2 thes. The exterlor was then wl ped, ri nsed with 

acetone and hexane, oven drfed,- allowe<t to cool, and then welghed. The entlre 

quartz tube was placed ln the AAS furnace (sm one side of the upper tube) and 

heated to 900°C wlth H2 (50 li. .ln-1) as the furnace llakeup 985. Periodic 

wei gh1 ng5 ~re I18de as before. 

5.2.3.3 Gas MI xtures at Two Furnace TeMperatures Ge-MS 5ystel response to 

the 10-7 9 Il. -1 dilution of the alkylbutyllead stock solution with varfous 

al r 1H2 or NzIH2 furnace l18keup gas .1 xtures was exa.i ned at two furnace 

te.peratures (600OC and 900°C). Noria 1 Ge -AAS operat f ng condit f ons ~re used 

(Section 5.2.1) except that the air or H2 entered the Ge-AAS Interface through 

1 nI et F (Fig. 7) , and vas thus entrai Red al 009 the ceruf c fnsert exterf or 

(Fig. 8). The hydrogen entered through fnlet 1( (Fig. 7), and was therefore 

contaf ned withl n the cera.fe 1 nsert 1 nterlor untll reachl ng the upper tube of 

the AAS furnaee. The 9&5 entry configuration prevented daNge to the transfer 

li ne '1=ro. collbu5tion of air/H2 11xtures ln the lower section of the OC-AAS 

interface. The furnace Mketip gues (or .fxtures) exa.1 ned were H2, 4: 1 HZ/ ai r 

~. 
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or~, 1: 1 H2/ai r or~, 1:4 H2/afr or ~, air and N2' The furnace I18keup gas 

flow rate \lias 50 .t. 11n-1. The gases were lletered by precalfbrated 

rotaleters. 

5.3 Results and D1scussion 
a 

5.3. 1 OC-AAS Syste. 

The quartz tube furnaee was desfgned to: (a) per.1t its physfcal plaee.ent' 

withfn the opticaJ path of the MS, (b) optfcally trans.1t the incident 

resonance radfation, (c) contain the ato.1cva pour wfthin the opt1cal pathwa)', 

(d) be coçatfble with readl1y avaflable Ge gas fftt1ngs (Swagelok), and ('è) be 

sufffcfentl y robust for prolonged usage. 

Var10us fla.e tube adapters (Rubeska and Moldan 1968, Delves 1970) have 

1.-proved sensftivity for lead by reta1nfng the stolS in the opt1cal path. The 

physfcal dillensfons of the tube affect the sens1t1 vit y of the 1nstru.entatfon. 

Ebdon et aL ( 1982) rePorted tha t decreas f ng the inter na J di alleter (vo 1 UIIe) of 

a flalle heated cera.fe tube ato.izer enhanced organolead response, presulably 

by fncreasing the lead atol cOflcentrat1on and tuba) area 11lu.fnated by the 

resonance radht f on fro. the ho J 'ow cathode J aç. 

The sens1 tf vit Y of a tube atolf zer woul d therefore 1 f ke 1 y be enhanced by 

us1 n9 a long narrow tube configuration. The IIaxhul tube length wh1ch could be 

~unted 1 n the AAS opt1cal path was 10 c.. A longer tube length was considered 
r 

too near the opt1cal s as'soct-ated wHh the ~nochrolat~r. Pre11.1 nary 

experiaentat10n w1 th a sertes of apertures f nd1 cated that 7 •• was apparentl y 

the .1nf1l81 d1aaeter openfng that would pass suff1cfent resonance radiation to 

allowa low gain PMT alplH1er sett1ng. A 7 •• internal d1alleter quartz tube 
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vas therefore used as the upper tube of the furnace (fi g. 8). The s 11 ica acted 

as a 1 fght guide by 1nternal surface reflect1on. The tube area was well 

111ul1nated by the resonance radiat10n. The outer d1aleter of the lower tube 

(6.25 .> allowed the use of readl1y aval1able Swagelok f1tt1ngs 1n the OC-AAS 

1 nterface. 

Re11able electr1cal res1stance heatfng e1elents were cons1dered essentia1 

for pro 1 onged use of the quart:! furnace f n an autolated Ge-MS syste •• 

Prel1.1nary stud1es showed that heat f ng el elllents lIade froll an 

1ron-chro.1ulI-alu.1nu. wfre (Alloy 875) were super10r to heat1ng elellents .ade 

frol nickel-chro.fui wfre (Chro.el, Hoskfns Alloys of Canada, Ltd.) under 

furnaee operae1 ng condftfons. Alloy 875 has a hf gher llaxhuil conti nuous 

operàtf ng telperature (12900C) than Chro~l (1180°C) whf ch wou1 d have all owed a 

hf gher furnace operatf ng telperature f f necessary. The Chrolle 1 wf re corroded 

IIOfe than the Alloy 875 wfre when installed fn the furnaee. 

The OC-AAS fnterface (fig. 7) was des1gned to: (a) Ifnf.fze the therll81 
p , 

transftfon zone of the furnace, (b) fntroduce varfous furlnace support gases, 

and (c) transport and preserve the organo 1 ead ana 1 y tes to the atol1 zatf on 

reg10n of the furnaee 1n a 11nhlui gas volulie. 

An initial problell with the OC-MS systel was analyte deco.positfon 
~ 

outside the atollfzat1on region of the furnaee. A therMal grad1ent between the 

upper and lower tube of the furnaee allowed excess1ve heat1ryg.of the transfer 
i 

11 ne. Thollpson and Thollerson (1974) reported that the 1nlet tube of the quartz 

T -tube furnace used had to be cooled to prevent prelature hydri de 

deco.posit10n. 

Prelill1nary work was done with afr coo1ed sta1n1ess steel tub1ng heat 

J 

/; 
{ 

./ . 
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excnangers lIOunted on the lower tube next to the heated reg10n of the furnaœ. 

Hovever, heat exd'lange was dffficult to control, and systea perforunce 

degraded. RellOval of a 11 surround1 n9 1 MU lati on (f1g. 6) froll the 10wer tube 

proved successful, allowing air circulation to reduce the thermal transition 

zone. The cera.1c insert (Fig. 7) pos1t10ned and shielded the transfer line. 

The hydrogen gas was entra1ned 10side and outside the ceraDic 1nsert (through 

tnlets f and K, Fig. 7) for eoo11n9, and swept the 10wer tube void volume. The 

fused silica transf~r l1ne "as flexible and reaa1ned 1nert when treated 

per1od1cally with d1.ethyld1si1azane and S11yl-8 (Chroaatograph1c Specialties 

Ltd. ). 

Metal transfer l1nes have beeo frequently used (Chau et al. 1975, Bye et 

al. 1978, Chal<nbort1 et al. 1964) although glass (Chakraborti et al. 1961), 

quartz capfllary (Realller et al. 1978) , and teflon-l1ned alUl.fnulII tub1ng 

(Radz1uk et al. 1979) have a150 been ~tported. The continued use of Metal 

transfer lines 15 surprfsing as the genera1 trend f~ gas chroaatography has 

been the rep l acellent of met~ 1 col ulllns with boro'.. f li eate and fused s 11 f ca 

colu.ns to ainillfze colu.n surface-analyte interact1\.', 

l nHia 1 work wi th the Ge-MS system showed that operat10n of the furnace 

under a hydrogen atlIOsphere resul ted fn carbon depos1t10n From the 1 njected 

'sol vent, 1 nsi de and at the exits of the upper tube. Contf nued carbon 

depos1tion aay have reduced resonance 11ght transII11ttance through the furnace 

(by developfng carbon plugs st the tube ex1ts) and lowered AAS syste. 

r~ponse. Carbon (as graphite) lowered AAS response to arsine (Parris et al. 

1977, We1z and Melcner 1983). Prelill1nary stud1es with a1r/hydrogen 1I1xtures 

indicated that carbon deposition could not be prevented w1thout analyte signal 

suppression. The autoaated g85 purge circuit (Fig. 9) a1lows cOMbustion of the 
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mject..fon solvent under afr to prevent carbon deco~s1t1on, and lIa)(f ... OC-AAS 

sensftfvity by switching back to H2 for salPle analys1s. 

5.3.~ Opt111zat1on and Characterfzation of Ge-AAS System 

The foûr alkylbutyllead standards behaved siMl1arly dur1n9 "the 

opt11!112atfon study. Results 91ven are froD Me3BuPb (unless otherwise noled) 

for shpl Hi cation. The other data are presented 1 n Appendix G. 

\ 

The transfer line vas not a crftfcal GC-AAS s~ste~ parameter. Pre 1 i .1 nary 
Il 
}; 

work fndicated that variation of transfer line te~per8ture froQ 2000C to 27SoC 

had no observabl e effect: on peak area response or area/hei 9ht rati o. A 

teaperature of 2500C was selected for subsequent use ta penit any h1gh 
, . i '\ 

JM)lecul ar wei ght coextract1ves to el ute durJ n9 OC-AAS syste. operation. The 

position of the transfer lfne 1n5fde the furnace (fig. 10) a150 had lfttle 

effect on the peak area response al though the peak shape. (as 18e8Sured by 

area/he1ght ratio-"'an approxhat101l of the half height peak width (!'lin) 

brai' .~ as the transfer 1 f ne was IIOVed away frolll the upper tube of the 
(" . 

furn e. The 0 .11 pos'ition of the transfer li ne froll the upper tube was 
, -

selected as ft ainflli2ed peal< broaden1ng and sfllplfffed posit1oning of the 
. {'- f • 

transfer 11 ne wfth1 n the furnace :assembly. 

, 
The Ge-AAS syste. was sensftive to the total gas flow (GC coJu.n + furnace . . ... 

l8keu~ gas Flow rates) rate through the furnace and the quantity of hydrogen fn 

the furnace aakeup gas. The effects of total gas Flow rate through the furnace 

~re . shown when the Ge colu.n Flow rate (fig. 11) o~ the Furna~e aakeup gas 

Flow rate (ffg. 12) was varied with the other held constant. The Ge colu.n 

Flow rate (fig. 11) affected peak area response, peak shape and colu.n 

resol ut1 on. The peak ares aaxi.a and optt.ized peak shape (.influ. area/height 
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Fi gure 10. Response of peak area and area/he1 ght r~ti 0 of 3.07 n9 (as Pb) 
-~. 

Me3BuPb to changes in trans fer 11 ne di stance fro. upper tube. 0 
• ~v 

peak are a response; - - -0- - , area/hei ght rati o. Error bars represent 
. 
~ one,standard deviation of three rep11cate deter.1nat1ons. 
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ff,9ure 11. Response of peak area and area/hefght ratfo of V.07 n9 (~s Pb) 
, . 

Me3BuPb to Changes 'in Ge 'coluan Flow rate. o , peak area 

response; - -€>- - ,area/he1ght rati o. Error bars represent·!. one 
J 

standard deviation of three repl icate.deterllfnations. \, 

.' 
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F1gure 12. Response of peak area • ,3.07 ng Pb i ."-,0.31 ng 

Pb); area/he1 ght rati 0 ........ of Me~uPb (3.07 n9 Pb)' to changes 1 n . 
furnace lakeup gas flow rate. Error bars represent ! one standard 

~} 

dev1ation of three repl1cate deterl1natfons. 
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ratio) occurred at 35 Ill. .1n-1 ,with the H2 furnace .akeup gas flow held 

co ~s ta.lat 50 III .1 n -1 (total gas fi ow through the f urMce, 85 III ol'n -1 ) , The 
, ... 

lowered, response at cp 1 uln flow rates 1 ess than 35 III rrf n-1 raay have been 

caused by thermal decolllpos1tion. The reduced peak ares response at coluan flow 

rates above 35 ml m1n-1 W8S ~1kely caused by a decreased r~fdence time of the 

lead atoms in the light path of the resonance radiation. Resolution between 

Me2Bu2Pb and Et3BuPb always exceeded 1.5, but max1m1zed at a column Flow rate 
1 

of 35 ml' .1n-1 (Append1x H). The hydrogen furnace makeup gas flow rate exerted 

a large influence on system response (fig. 12). In the absence of hydrogen 

. vi rtua 11 y no peak area response occurred, however, the peak area response 

Iax1ma for 3.07 âfid-0.31 ng (as Pb) Me3BuPb occurred st only 25 ml m1n- l (ffg. 

12) w1th the' colu.n Flow rate held 'constant at 55 ml mfn-1 (total gas flow 

through the furnace, 80 ml _in-1). Maximum peak area responses cf four' 

dffferent concentrations {ranging From 13 pg to 31 ng} of the four alkyllead 
~ . 

standards occurred at the sallie H2 flow rate (25 ml-I) (Appenciix û), fndicatfng 
,> /' ~ 

that the optimuM H2 flow rate was independent of the' quantity of lead 
" 

i nj ected. The rapi d f ncrease 1 n peak area response between 0 and 25 Iill. IIi n-1 

H2 su99ested that an optf.ul level of hydrogen in the furnace ~s . qufckly 

reached, above which the total gas Flow rate through the furnace became the 

predominate factor, lowering the peak area ,response. The suppressfve effect of 
,/ 

fncreasing gas Flow rate ~hrough the detector on-peak area response was shown 

by the continuous decrease 1n peak area response at furnace hydrogen ~keup gas 

flow rates above 25 ml .in-1 (Fig. 12). The decreased peak area response again 

was 1 ikely caused by reduced residence time of the lead atollS in the 119ht path ) 

,of the resonance radiation. The optiMum total gas Flow rate through the 

furnace was 80-85 Ill. .i n-1. 

/' 
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... . 
The 35 Ml 110-1 hel1uIII co1uln Flow rate produced Iax1aua peà~ are a response and 

opth1U1II peak shape. The H2 IIélkeup gas .results (fig. 12) fnd1cated that a 
",J \ 

') 

1II1n1auII of approxfmately 30~ H2 in hel 1ulI was necessary for opt111uII peak ares 

response. The Ge performance was opt1m1zed by select1 n9 a 35 III mi n-1 cQ.n 

Flow rate, whereas 50 ml l11n-1 furnaœ raakellp gas vas selected ta ensure 

sufficfent H2 in the furnace without exceeding the getermined 80-85 ml m1n-1 

total gas Flow maxima. 

Reproduc1bil1ïy of peak area response generslly decreased at parameter 

. values.bel0,w the peak area response !lax11a and fncreased at parameter values 
, " 

above the peak ,area response maxima (Figs. Il and 12). However, the trend was 

not consistent, and reproducibi11ty at the opt1lllum p,arameter ~alue was usually , . 
better than at IIOst other parameter values. 

/,,,, . 
The i dentity oF the flJrnace llIakeup gas had a prOnOUI1CM effect on peak 

area responsc and peak shape (fig. 13). 'Hydrogen produced the l argest peak ar~a 

CA 
response. The 1\: 1 (v/v) amlIIOnfa and hydrogen lIIixture produced the second 

largest peak area response, but was only·56J as effective as hydrogen. further 

discussion of these results 1s 1ncluded in Section 5.3.3. Hydrogen was selecte<! 

as the opti mUID furnace makeup gas. 

The upper t~be surface temperature affected peak area respon,se and 
t 

area/height ratio (fig. 14). The peak area response and peak Shape were 

relatively 'insensltfve to furnace teraperature changes above 8000C, althau~h the 

reproduci bil i ty i IIpr<we<! wi th f ncreasi"9 telll~rature. Be l ow 800°C, peak area , 
response droppe<! cons1 derab 1 y,' and peak broadenf n9 ,occurred. At lower furnace 

telllperatures a s li ght 1 Y i ncreased res1 dence ti Ille of the 1 ead atolllS in the , 
optical path would likely occur because of the lower thermal expansion of the 

.; 
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Ff gure 13. Response of peak ~rea a~ area/hei ght rati 0 of 3.07 09 (as Pb) 

-di fferent furnace l18keup gases. --~:. , peak area 
J 

response; ........ 1 area/he1ght ratio. Error bars represent '!:. one 

standard dev1at1on of three repl1cate deter.1nations. 
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FigUTe 14. Response of peak area and area/heigh~ ra~Jo of 3.07"g (as Pb) 

MeJBuPb furnace te.perature. • area 

responsej Il ....... , ~rea/height ratio. 
& 

Error bars represent !,one 

standard dev1ation of th~ee repl1cate deterDfnations. 
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gases w1 th1" tne furnace. Thf s effect shoul d have produced an i ncrease 1" peak 
~ 

area response. The decl i ne in peak area response below Goooe was therefore 

probabl y cause<! by reduced furnace atoll1 zat1 on efff cf ency. A furnace ope'ratf n9 

tellperature of 900°C was selecte<! as the peak area !1axiaa ocèurre(r~at that 

tellperature. In add1t1 on, 1t was consi dered that a lower operat1 ng temperature 

would extend the l1fespan of the electrical resistance heating e1ements. 

Based on the optimization studies, the standard operating conditions for 

the Ge-AAS system were: fur "ace makeup 9as, H2; furnace makeup gas flow (rate, 

50 nt. mi n-1; furnace temperature, 900°C; Ge colullln f10w rate, 35 ml IIIf "-l, 
transft'r 1 1ne position in the furnace, at the junction of the upper' and lower 

tubes. 

The atomization efficte"cy of the quartz furnace. did not decrease wfthin 

the 11 neari ty limitations of the MS. A log-log plot of the Ge-AAS peak area 
{ " 

, response to the different Me3BuPb concentrations at 217 and 283.3 nm (fig. 15) 

showed that linearity was extended at 283.3 ml because of lowered absorbance, 

whereas at 217 ma, the fncreased absorbance became curvi 1 i near above 3.07 n9 Pb 

(as Me3BuPb) 1 njected, because of res1 dua l, unabsorbabl e 1 i ght reachf n9 the MS 

photolRul t1 pl er tube. The range of 11 nearity cou1 d be extended by operati n9 the-(­

Ge-AAS system at 283.3 nm, but with a 1055 of sensitivity. 

~ The Ge-AAS peak are a respons~ was 11near from 13 pg to 3.07 ng Pb (as 

alkylbutyllead standards) at 217 nm. Analysfs of' variance (Appendix 1) 

fndfeated that the response of each aH:ylbutyl,lead standard signifieantly 
$1 , 

(p=O.Ol) fftted the simple 1 inear regreision mode1. The Y intercept of each'" 

regress10n equa~fon was not sf~nif1 cantly di fferent, frOIll zero (1)=0.01, t-test, 

A'PPEmdix 1), indfcating that wtthfn experimental error, the", lfnear o" ,regressfon , , 
, 

'. \ 
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.' figure 15. Peak area response of 31 pg-30.7 ng (as Pb) MeJBuPb at: 1 

217 ni; -.. l '283.3 ni. Error ~rs represent + one standard 

dev1ation of three' repltcate deteninati ons. 
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lfne would pass through the or1gtn. 

The li mit of detecti on (LOO) range<:( frol 4. S,'to 6.7 P9 Pb-. The LOO was 

calculated by ,.ult1ply1ng the lean peak to peak noise CNp-p> plus three 

standard deviatfons qNso) by the respOnse factor of each alkylbutyllead (Table 

8). Actual Ge-AAS response (Fig. 16) with 13 pg Pb fnjected (as Et2Bu2Pb) was 
J 

easily discerned frQm the baseline. These lilits of deteètfon are lower than 
1 

C 

any previously reported Jor a OC-AAS system (Table 7). Other authors reporting 

lOIrl picograll lhtfts of detectfon (Reaaer et al. 1978, Chakrabortf et 1\1. 
,'1 

1981, Niel sen et aL 1981) used IIIOre expe:lsi ve (graphite furnace, IlaSS 

spectrometer, ,.fè:rowave 1 nduced plasaa) detector systellS. 

-The reproductbf lit Y of analyte response, t::" ~:yste. ts supertor 

to prevf ous 1 y reported val ues. The n peak area \;;response of the 

alkylbutylleads fro", six repl1cate injections var1ed only O.2-1.4~ (relattve 

standard "deviatfon) at the nanogra. Pb level (Table 9). At cOlparable levels, 

other authors have reported 2-5.1' reproduc1bfl1ty (Table 7). The Ge-MS syste. 

reproducfbi11ty was l1kely enhanced by the use of an auto1njector . 
.A 

The auto.ated Ge-AAS systelll developed for th1s study has the 10w~U l1llft 

of detectf on rePorted for a OC-AAS systeM. The range of 11 nearf ty at 217 n. 

extended frOM the 1 fllits of detectfon to approxhately 3 n9 Pb. The 1 i near 

range could he extended by the use of the 283.3 n. Pb resonance 11 ne, but with 

a loss of sens itfvf ty. The systel reproduc1 b111 ty was enhanced by the use of 

an autoi njector. Ge col u.n reso 1 ut1 on was suffi ci ent for quanti tati ve 
" 

fntegratfon of a11 -alkylbutyllead analytes. 

d-

1 

:; 
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Table 8. U.1ts of detect10n (LOO). 

Mean f Np-p 11 Nsof11 
--(He1ght Count)--

70.7 30.1 

68.7 32.2 

68.7 32.2-

61.0 21.6 

1_ N:6 replfcate deter.1nations 
1 L !leln peak to peak basel1 ne noise 
HL standard dev1at1on of Np-p . 
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Response Factor1v LOOv 

(pg Pb) 

0.03976 6.4 

0.04031 6.7 

0.03986 6.6 

0.03811 4.8 

1v-' 1 nverse of s l ope fro. 11 near regress 1 on' anal ys 15 (P9 Pb hei ght count -1) . 

v_ (lIéan Np-p + 3Nso)* response factor 

,~ 

1 ~ 

( 
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figure 16. rYPkal GC~AAS chr,oPlato9ralS of: (1) Me3BuPb, (2) He2Bu2Pb, (3),' 

Et3BuPb and (4) Et:28u2Pb• ·Chrollatogra. A .contafns 0-.27-0.31 ng (as Pb); B, 
1 

27-31 pg (as Pb); C; 13-31 P9 (as Pb); D, sol vent blank. 
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Table 9. Ge-AAS systelll reproduc1bi l1ty , 

Co.pound 
o 

MeJBuPb 

Me2Bu2Pb 

Et3BuPb 

Et3Bu2Pb 

Quantity 
(ng Pb) 

3.07 

2.70 

1.49 

1.34 

Meani Peak 
Area'tSO 

832261. 7+1471. 3 

742703. 3+9461. 4 

44~63., 3+6220. 8 

379296. :Z+3142. 1 

1_ N=6 repl1cate deterJl1nations 
iL as relati ve standard dev1ation 

Reproduci b111 ty 11 

" 
+0.2 

+1. 3 

+1.4 

+0.8 

85 

.t, 

;) 
,/ 

a , 



f 

86 

5.3.3 Ato.1 zat10n Proœsses 

- \' 

lead atol1 zat10n 1 n the quartz furnace was .ost eff1 cf ent fil the presence 

of hydrogen - (Fig. 13) • Other gases contai ni ng structural hydrogen -~3, ÇH4) 

al so supported l ead (ato.f zatf on, but nOt as eff1 cf ent l y as el eaenta l hydrogen. 

AIIIOn1a and Dethane were 56 and 30~ as effective as hYdr6gen. ' The 1: 1 (v/v) 
1 

lixturè of hydrogep and aHOnia was not apprec1ably IlOre effective (59 versus 

56") ttlan pure alllOn1a, suggesting that a_lOnfa had a direct suppressive effect 
~ ~. ' 

on atolfzBt1on. 8ecause bond dfssocfation energfes for auonfa, methane"- and 

hydrogen are not àPpreci~j,ly dHferent (460, 435, and 432 kJ 801-1 

respective l Y \ . ai; ~!';t'ee gases If ght aet as a hydrogen atol source. The 1 ower 

at~.1zation eff1c1ency of aethane and auania aay be caused by CH3 or tff2 

, 
radfcals scltvengfng free H radical,s or lead ltetal: Nftrogen was 33~ as 

efficient as hydrogen, but produced a lOch broader peak shape than any other 

test~ furnace IIakeup gas, suggestf n9 that a 'dHfirent ato.1zati on ' IleChan1 Sil 

occurred. Hel fUi was only 1.4J as eff1cient as H2' 1ndfcat1ng that Ifn the 

}ibsence of NZ or a hydrogen ato. source, vfrtually no leàd atolfzat1on 

occurred: Mr 'Vas the least effic1ent- furnace aakeup gas (O.4~) despfte an 

approx1aate 78~ N2 content. Oxygen, the other. aajor cOlponent of afr ( .. 2U) 

likel y suppressed lead atol1zat1on below that wh1ch occurred under pure N2, by 

fora1 n9 refractory lead o)(1deS. 

,Hydrogen rapfdl y revo) atf11 zed 1 ead whf ch had been deposfted on the quartz 

~urface of the furnace under an ai r or ni trogen atllOsphere. Al though lead 

Jeta l has a bof 11 ng pof nt 8440C above the surface te.perature of the furnace, 

the depos1ted lead was' volatfl1zed in approxfllately 1-2 s when exposed to 

hydrogen at 9000C (fig. 17, Tables 10 and 11), fnd1caU-ng that a vo1a~fle lead 

» 1Q 
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hydrfde formed, and transported the 1 ead back i nto the pathway of the 'resonance 

radi ati on with subsequent atomi zati on . 

. ' , 
When air was the furnace makeup gas, no peak area response occurred at the 

, 
normal retentfon tfme of the injected organolead analyte (Et;4Pb) (Figs. 178 and 

17C). Approxfmately 57~ of the peak area response observed for Et4Pb in a 

,hydrogen atmosphere (Fi g. 17A) occurred when the af r was switched to H2, 1 or 5 ,1 

o 
min after the normal retentfon tfme of Et4Pb (Figs., 178 and I7e). The depo.sit~d 

, (.. 

lead did not volatilize under oxid1zing conditions _as there was no significant 

rlifference (p=O.05, t-test) between the tota 1 peak area response at 1 or '5 mi n 

post retentfon the of Et4Pb (Table 10). 

A nHrogen furnace makeup gas did support atomizatfon of the Et4Pb (Figs . 
. 

170 and I7E), .."ith a peak area response ~ .... 46~_ of thè peak area respons'e under 

H2) occurrfng at the nOrl!l~1 rete~tfon tfme of Et4Pb. However, f.urther lead 'fias 

vo 1 atil i zed (28-39_'; of thé peak, area response 'under H2) from the quartz surf ace­

when the N2 was swHched to -H2, 1 ,or 5 ,,!f n ~ fter the norma 1 retenti on ti me of 

Et4Pb (Fias.,. 170 and I7E), fndfcatfng f.flco~plete atom1zatfon. The deposlted 

" . 
lead continued to slowly vol,atilfze under N2r as the total peak area response 

, 
with l min post, retenti on t1rnel NZ to ~Z sw1tchln9 was s1gnificantly moy;-e 

(p=0.05, t-test) ,than the total peak area response with 5 ndn post retenti on 
, 1 

time NZ to HZ switchf n9 (Ta~le 11). 

The peak area response whi ch occurred when switchi ng from ai r or N2 to H2 

was measur:ed at two' lead resonance wavelengths, 217 and 283.3 nm to determi ne" 
l 

the response ratio. The Et4Pb response ratio was not sfgnificantly dffferent 

(p=0.05, t-test) From the response rati 0 of the si gnal occurrf ng durf"g gas 

swftchi ng. Ai r to H2 switch1ng controls produced a very small peak area 
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.Figure 17. Peak ares réspons} ~f: (1) 1.31 !19 Et4Pb and '(2) revolatilfzed lead 

under: Ar A2i Br ai r then ai r -) ,H2 swftçhi"9 1 .1 n pa~t retenti on til1ej 

C, air then a'fr -) H2 swftching 5 Ifn post retention tille; D. H2 then NZ­
'( 

-) H2 ~,,:ltchin9 C .ir. post retention ti~'; Et' N2 t:he'n Hz -) H2 swltching 5 
\. 

.1 n post retention tflle. 
1 

, ~ . 

•• 1 

., 
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Table 10. Volatilizat1on and ato.1zation of lead in furnace 
vith air to H2 sw1tching 

rJ 

89 

Para!lleter 
Gas, Tfme 

Mean 1 Peak Area"!.SO 
(Mean Area/Height'!:SO) 

Toti11 
Respon~e1i ,11/ 

Response 
Ratio1 11 , i v 

,..,..~J-.----Wave) ength( nll) -----
217 263.3 

H2, retenti 00 196327+ 1902 80118+1013 

Air, retentfon 

Air -) H2' 1 Ifn 112223+270av 45094+1297v 112223+270ans 2.49+0.0905 

post retenti on (O. 013to. 001) 

'Air \H21 5 IIfn 111217+6159Y 

post retenti on "(O. 013to. 001) 

L N=3 repl1cate ~ter.1nations 

.-
111217+61~ns _ -

o , 

iL peak are a response under afr at retention time + peak area (' 
response under ai r -) H2 swf tchi og 1 or 5 .1 n ,,?st retenti on ~lIe 

11L peak are a response at 217 ni/peak area response at 283.3 n. ' 
1v. t-test ns- not s1gnificantly dHferent, p=O.OS 
v_ corrected for air:' -) H2 blank control 

~ . 

'" - 1 • 

\ 

.. 
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,Table 11. Volatfl1zation and atol1zation- of lead in furnace 
, vi th N2 1:0 H2 svi tchi ng 

Total Response 

--. -\"{ . 

Paraatet:er 
Gas, TilDe 

Mean 1 Peak Area±.SO 
(Mean Area/Height±.SO) Responseii ,1 v Ratfôi1f ,iv 

--~--wa ve l ength ( nra) -----
217 263.3 , . 

H2' retentfon 190793+925 76469+]841 2.49+0.06n5 ,f 

(O. 26&:!:,O. '002) 

~, retentf on 85005+3150 
(O. 33o±t>.008) 

,~ -) H2 1 IIIf n 53512+330 

post retent10n (O. 01~O) 

21644+2808 i~5t7+3167* ·e. 47+0. 32n5 

" N21 retenti on 90268+2011 
(O. 350~O. 028) 

N2 -) H2 5 mi n 35669+2808 

post retentfon (0,Ol9:t,O.002) 

L N=3 repl1cate determinatfons 

., -

126137+3454* 

1 L peak area response under N2 a1: retention tille +, peak area 
response under N2 -) H2 switchi 09 1 or 5 mi n pOst retenti on t1 JAe 

ii1_ peak area response at 217nm/peak area response at 283.3 nli 

iv_ t-test ns- not si 9n1fi cant 1 y different, p=O.05 
*- O. as s 19n1 fi canee 

\ 
1 

90 

. -

.' 
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response, whereas N2 to H2 sw1tch1ng controls produced no peak area response. 

sOlvent blanks (fsooctane) a1'50 produced no peak area Tesponse. ' It 1s 

concluded that the observed peaks are caused by volat111zed lead. 

Hydrogen vol atl1ized aeasurable allOunts of l'ead froll quartz i nserts (lead 
, 

coated quartz tubes) heated at 900°C under hydrogen (Fig. 18). An fnser-t, usèd 

as a control, lost no measurable we1ght after 16 h at 9000C under air (Fig. 

18), show1ng that lead was not vol'at111zed under oxidizing conditions. 

lead oxides for~ under an air ataosphere were reduced and volati11zed 

under H2 in the furnace, as seen in the Et4Pb dePosition/revolatflization study 

(figs. 178 and 17e). A lead ox1de coated 1nsert lost weight', over the entire 

heatfng per~od at 9000C under H2 (fig. 18). The lead oxide coating was rap1dly 

reduced «15 mi n) to lead meta 1. 

Absorbance signal saturation occurred at both 217 and 283.3 nm when the 

1nserts were heated above SOOoC under H2' si;ilar to the dependence of 

organolead peak area response on furnace temperature deterained earl1er (Fig. 

14). A lead oxfde deposit for.ed on the detector cas1ng above t~ quartz tube 
• 

open1ng in wh1ch'the inserts were placed provid1ng visual confirmatlon that 

lend was be1ng removed frol the quartz surface and transported out the upper 

quartz tube open1ng. 

Several studies (Dedina and Rubeska 1980, Welz and Melcher 1983) found 
... 

that low levels of oxygen in H2 enhanced system response to various hydr1de 

for.ing ele.ents. However, in the present study, air or n1trogen in hydrogen 

furnace aakeup g8S mixtures were generally detriaental to organolead response 

in the quartz T-tube furnace. The effects were dependent on tnê furnace 
Q 

te.perature. At 9000C, the optimum peak area response occurred with pure H2. 
,> 

• • aq 
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Figure 18. 

900°C. 

. j 
We1ght 10ss of lead ~oated quartz 1nserts dur1ng ~eatin9 at 

" 

o , under airi - -8- -, under H2 (weight read fro. left . 

y axis); - ~ - ,under H2(we1ght read froll right Y axis). Error 

• 
bars represent the absolute uncertainty of single wefgh1ngs o~ a standard 

analytical balance. 

" 
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Peak area response decreased as t le percentage of ai r or H2 1 n H2 1 ncreased, 

unt11 reach1ng pure a1r or H2 peak area resr.,nse /~alues (fig., 19A). However, 
" 

with a furnace te.perature of 6OO0C, a SOS a1r/H2 .'xture produced a 2501 
,: 

1naease 1.nresponse relative to pure hydrogen, whereas ~ 50' H2/H2 a1xture 

caus.ed.a 101 reductfon in response (fig. 196). The response enhancellient IlaY, be 

caused by H r~d1 èa 1 S forJDed by the saiae react10ns w1 ~h oxygen propose<! by 

Oedina and Rubeska (1980) for a fue~ rich hydrogen-oxygen flalle. ' The response 

enha~cement ocçurred st 6000C because the H radical concentration was 

1nsuff1c1ent for optimum lead atoa1zat10n; increased H radical formation" From 

the small fla.e inside the quartz furnace increased the H rad1cal 

concentrati on, enhanci ng lead atom1zati ,on and thus peak area resPonse. At 

9000C, no response enhance.ent occurred as a suff1cient H radical concentration 

exfsted under pure H2. Nitrogen/H2 .1xtures çaused less severe, response 

suppression, suggesting that the oxygen cOlllponent of the airIH2 lIIixtures caused 

the 1 ncreased suppression of peak area response., The n1trogen and oxygen 
. , 

1fkely 1nterferes with the hydrogen radical mediated atolfzatfon of the 
. .. 

organoleads by scaveng1ng H radfcals or forl1ng less volatfle products w1th 

lead" 

Exper1Me~tal . ev1dence suggests that a hydrogen radical .... med1ated' 

ato.izat1on of lead occurs 1 n the quartz furnaœ. The sa811 changes 1 n peak 

area response to changes 1,n furnace tellperature above 6000C suggested that àn 

excess oF' H radfcals existed at these teJJperatures, yet the operatfng 

teMperature of the furnace was t~o low to produce aoy apprec1able gas phase 

dissoc1ation of H2 .olecules. Quartz has a \trong catalytfc effect at 

telperatures near lOOOoC (Welz and Melcher 1983) and was 11 kel l' .catalyzfng H 

radical for.atfon. Unsaturated oxygen atoMS on the quarfz surface May bfnd 
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figure 19. Response ~f peak area ( • air; _-

J 

area/he1ght rat1o( ,...... , air, " .. '~, N2) ,to changes in the 

pe~entage of a'1 r or ni trogen 1 n the furnace lIakeup gas with 3. 07 "9 (, as 

Pb) Me3BuPb. The furnace was ufntained at 9000C (A) or 6000C (B). Error 

bars represent, + one standard dev1at1on of three repliciite 

l, determf nat1 ons. 
\ 
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.olecular hydrogen, result1ng in surface hydroxyls and H rad1cals. 

Sfnee pyrolys1S 9f organoleads at 9000C under an 1nert (he11u.) atao~phere 

produeed virtually no ato.1zatfon, the hydrogen rad1eals are necessary to (a) 
, 

1181 ntaf n a vol atH e 1 ead popul at1 on 1 n the resonance rad1at10n pa,thway and (11) 

.ed1ate lead ato.1zat1on: 

\ 

CxHyPb -~) CxHy + Pbo 

Pbo + xH' --~) PbHx 

PbHx + xH' ---) Pbo + xH2 
PbHx -~) Pbo + xH' 

. \ 
(volat111zat10n) 

(atolli zatf on) 

The lead hydr1des, a1though not eharaeter1zed, are likely PbH2 and/or 

'. 

.. 

" 

\ 
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6. ORGANOLEAD' EGG INTERACTION 

6.1 Introduction 
\ 

\ 
InteJ'>action ",ah, cOlllponents of biologfcal tissues reduces alkyllead 

extraction efficiency. ~fethyl1ead, bùt not Et3Pb+ had an aff1nfty for thfol 
, " 

co.pounds (Cremer '1959). Bolanowska (1968) found that sone Et3Pb+ (4.3~) and 

Et2Pb2+ (7.3~) was' removed From tfssve homogenates wfth the protein fraçtf~n. 
>' ' 

Triethyllead chloride was bound 1to,the gl9bfn moiety of rat hemoglobfn, but had 

little afffnity for human, he,moglobln '(Byington et al. 1980). 

forsyth and Marshall (1983) found that recoveries of alkyllead salts were 

lowered ln the presence of eg9 homogenate. Enzymatfc hydrolys1s of the egg 

homogenate with a mixture of lipase ~nd protease increased alkyl1ead salt 

recoveries, suggest1ng a revers1ble organolead bfndfng to undeterm1ned egg 

Il cORlponents. 

Liquid whole egg consfsts of 64~ egg albomfn and 36~ yolk (Parkinson' 1966) 
. . 

. whfch dfffer substantfally f n cOlllposition. E99 albu~1n has 10w lfpid (0.02~) 

and 1norganic 10n (O.5~) content and cons1sts pr1marfly, of water (66.5~) and 

protefl'ls (10.5~), lII~ny of whfch are gly,éoprot.efns (Osuga and Feeney 19n). A 

major protein component (12~) of egg album1n 15 ovo~sferr1n, a typ1cal 

transferrin capable of bfnd1ng metal1ic cat1ons. Ovotran~rrfn can t1ghtly 
, ' 

bfnd (KO=10-29 M) two Fe3+ per IIIOl~cule (A1sen et al .. 1970). 

Egg yolk has a h1gher lip1d (33.7') and 1norgan1c ion (1.1~) content than 

egg albuI1n (PoWerie 1973). Most o~ the lip1d 1s associated :~Jth protefn 

(Parkinson 1966). E99 yolk prote1n~ are COMpoSed of a nu.ber of conjugated 
. 

prote1 nSi 91 ycojJrotef ns, phosphoglycoprotefns, 11 poprotei ns and 

1Qi2 .-

,. , 
, , 
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phosphol1poprote1ns (Osuga arld feeney 19n). 

The purpose of thi 5 study ~as· to deter.he if organo 1 ead egg hi ndi ng was 

assoc1ated vith a specifie egg eoaponent; egg albul1n, yolk or the tran~ferrin 

protein, ovotransferr1n. F'err1c 10n ~as to be tested for its capac1ty to 

dislodge bound organolead frol egg holOgenate and ovotransferr1n. 

6.2 Materfals and Methods 

Solvents were d1stflled in glass grade (Caledon Laborator1es Ltd.) and 

inotgan1c reagents were ACS grade or better. The amaoniac~l buffer consisted 

of dfammoniuM citrate (9.04 g), potasSiUM cyan1de (1.6 g) and sodium sulfite 

(9.6 9) lade up to 100 Il w1t~ double ~1st111ed water. The PH (10.0) was 

adjusted wtth ,concentrated allOniua hydrox1de. Double dfstflled water was 

prepared as prev10usly descr1bed (Section 3.2). 

Whole egg hOlOgenate (minus shéll) W8S prepared fro~ freshly laid eggs 

(o~tai ned from the Poultry Unit at Macdonald Co 11 ege) us1 ng a Po l<ytron 

hOlOgenizer (Brink.ann Instru.ents). The egg hoaogenate was stored at 40C. Egg 
, 

yolk and albulin wer~ separated ~ith a cOMMercial yolk separator. The yolk ~as 
r , 

,gently rolled on a prellOistened paper t~wel to remove res1dual albUlD1n.' E99 

-albul1n Was homogenized usfng a Polytron ho~geni2er, whereas the egg yolk was 

stirred wfth a glass rod ,until 'hollOgenous. 80th egfj cOlponents were store<! at 

4°C. 

6~2.1 Analytical Methods. 

Each egg cOlponent sa.ple (egg h080genate, yolk, ovotransferrfn) was sade 

up to 49.5 Il. w1th 0.1 M phosphate buffer (pH 7.5). An aqueous alkyl1ead 

solution (0.5 Il) contafning the four 10~C alkyl1ead standards (each. 30-50 ~g 
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r. Pb) was added and the .1xture 1ued1ately transferred to an A.1con Model 52 

ultraf11 trat10n cell (Aai con-' Corp.) fitted ."ith a YK-I0 llelbrane (Ali con 

Corp.), wh1ch has 'an excl,us10n l1,.it of 10,000 daltons. The .ixture was 
" , ' 

sti rred 51 oltl Y by I18gnet1 c sti ~rer i n the ul traf11 trat1 on ce 11. The ce 11 was 

pressurized to 55 psi (380 kP'i)) "i~h N2 and ultrafiltrate fractions collected 
. '-..".') " 

at 0, '1, 6 and 24 h for recovery control 5 and egg hOllOgenate and st 0 and 1 h 

only for the other treatœents. The first .11111Her of each 8 ml fraction was 

discarded and three 2 ml. salllples taken frol the relllaining ultrafiltrate. 

Ultrafl1 trati on and fraction coll ect1 ons were performed at 40C. 

AIIIlIOn1acal buffer (0.2 ml) and 1 ml. of 0.05" (w/v) dith1zone in benzene 

were added to each 2 ml ultrafll trate sample. T~ IIfxture was shaken by 

lleChan1 ca 1 shaker t n a 10 lIIl screw cap centri fuge tube for 5 mi n and then 

centrifuged (1550 rplII, Preé1s10n Cl1n1ca1 Centrifuge, 'Precision Sei. Co.) for 

severa 1 .'fnutes. Double d1sti lled water (4 Ill) was added and the salllple was 

centri fuged (l5SO rp.) for severa 1 , .1 nutes. A 0.5 ... a li quot of the benzene 

layer was rellOved' For der1vat1zat1on. Anhydrous HPlC grade THF (211t.) (Caledon 

Laboratories Ltd.) was added to the benzene extract of alkyllead dithizonates 
o 

in aIS' lIIl cal1brated centrifuge tube. Butyhagnes1ulI chlorfde (0.5l1li.,2.27 

M, . Alfa Products, Ventron Corp.) was added under N2 and the tube was sealed 

w1 th' a teflon 11 ned screw cap. Each tube was vortexed (Vortex Geni e, Fi sher . ' , 
Set Co.) for·-20 s, and then I18goot1cal1y st1rredfor 10 a1n at roolA 

teDperature. The sa.ples'were cooled in 1ce water, d11uted with 3 III hexane, 
. ..v • 

o 

recoo led, and excess 6r1 gnard reagent was deStroyed by dropw1 se add1 tf on of 0.5 

!Ill water. The sa.ples were then recooled and I118de up to 13 ml w1th double 

d1st111ed water. The hexane was rèmoved after the Ifxture had been shaken (0,5 
'" ~ ~ -

.1 n) and then céntrHuged. Two add1 t1 ona 1 extractions with hexane (3 1IIl) were 

l , 

. D 

t 
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'perf0,rMed. The cOlbi ned hexane extracts were back extraded once .. 1 th double 
, 

di-st111ed water (5,1Il), dl1uted ta 15 !Ill with hexane and dried olier anhldrous 

). sodi UI su1fate~ fI . 

AH analyses were perfor.ed w1th the OC-MS syste. us1 ng norul operatf"9 

conditions (Section 5.2.1). 

6.2.2 Organolead Egg Interaction Stud1es 

• 
The organolead egg component interaction stud1es cons1sted of the 

; follow1ng treatr.oents: 
..;; , , 

(a) recovery controls--No egg co.ponent was added to the phosphate 

buffer. 

(b) egg hOllOgenate--Egg hOllOgenate (2.00 g)' was added to the phosphate 

buffer. 

(c) egg albuIl1n--Egg albuI1n (1. 28 9, . 64~ of the 2.00 9 whole egg 

hOlOgenate wefght, correspondfng to percentage cOJllpos1tton of whole egg) was , 

added tô the phosphate buffer. 

(dl egg yolk--Volk (0.72 9, 36~ of the 2.00 9 whl?le egg hallOgenate weight, 

correspond1 n9 to percentage co.position. of whole egg) was added ta the 

phosphate buffer. 

(e) ovotransferr1n--Type IV (iron fréel Conalbulfn (Sf~a Che.ical Co.) 

(20 •• ~j) was added to the phosphate buffer. 

(f) Fe~+, + egg hOlIIOgenate--fe3+ (31 IJg as ferric aMlDOniuÏlÎ sulfate) was 

added to the .organC?lead-egg hOiogenate-phospbate buffer Mixture after 1 IIIfn of 
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, . 
sti rr1"9 f n the ul trafl1 trat1 on ce 11 . 

(9) f e3+ t ovQt~ansferrf n--Fe3+ (31 JJg as Ferri c a_lIOn1 ua sulfatf.' was 

added to the organolead-ovotransferrin (20 19)~phosphate buffer aixture after 1 

Ifn of stfrdng 1n the ultrafiltration œl1. 

(h) ultraf1ltration control--A 0 h ultraffltr~tfon fraction From unsp1ked 

1 egg hOl'llOgenate was spiked with, ionie alkyllead to produce a concentration 
, , ' 

equivalent to the organolead concentration in the ultraffl tration cell. four 2 

ft. sa.p 1 es were taken and extracted as prev1 ous 1 y descri bed. 

The percent age recovery of each ol"gano l ead ana 1 y te. ",as determi ned by 

di vi di ng the mean peak area response of the recovered but Y 1 ate by the mean peak v· 

area response, of the butylates 'in a re<:o very standards". Four replicate 

Nrecovery standards" ~ere made From an appropriate amount of butylated 

organolead spil<fng solution dfluted to the expected (assumfng 100~ recovery) 
; 

rec9very samp le concentrat10n. 

Analysis of variance and Duncan's multiple range tests were' perfot1Îted on 

the analYre recoverfes. The percentage recoveries were ar<:s1ne transfoned 

prior tl stat1stfcal analysfs. " 

< 6. '3 Results and Dfscussicùn 
t:, ' 

'. 

The interact10n Of ion1c'''alkylleads ",ith egg cOllponents ",as rap1d. 

I.n1 ti al stud1 es ",1 th egg homogenate sho"'ed that ana 1 y te recover1 es From the 24 

h ultraffl trate fracti on ",ere no l'es 5 than recover i es From the O· h 

ultraf1ltrate fracti on. 
c 

However t ' co 11 ecti on of both the 0 and 1 h 

ultrafiltrate fractions wete cont1nued' tO.monitor possible Hile dependent 

reductfons of analyte recover1es during all exper1mental. treatlllents. Analyte 

. ' \ . 
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recoveries less than those obta1 ned frOiI the recovery control$ (buffer only) 
"', 

were o assu.ed to be caused by interaction of the organoleads wfth the egg 
j 

.collPOnent. 

, 
The vari ances of the analyte recoveries' at 0 and 1 h were not 

sign1f1cantly different (~O. 05, t-te$t)i therefore the data ~re pooled for 

analysis of variance (Appendices J and K) and Duncan} s' lIIultipH~ range test.' As 
~ .. -\ . 

per~entages or proportions forl a binoMial rat~r than a nor~dl distribution 

(Zar 1974), an arcsine transfo~lIa.t1on 'of the percentage-recoverfes was used to 

noraal1ze the data prior tO statist1cal analysls. 

The alkylleads fnteracted ~re wftn eg9 homogenatelyolk than the other egg 
~ 

cOlponents. Alkyllead recoveries From eg9 homogenate were slgnificantly less 
~ 

(p=0.'05, Duncan's lIIultiple range test) than froID other egg components (except 
, . 

egg yolk) and the recovery contr:ols (Table 12). T~ coraponents of egg 

hOlOgenàte involved w1th ~lkyllead interaction have IIOlecula~ we1ghts exceeding 
, 

10,000 daltons, as the recover1es of alkyl1eads added to ultraf11trate 

(col1ected fro. egg hoaogenate) were not s1gnificantly less (p=O.05, t-test) 

than the recovery controls. 

The egg albulfn lowered alkyllead recoveries s1gn1ffcantly IOre than the 
~ 

,recovery control or ovotransferrfn treateents (p=O.05, Duncan's Multiple range 
, , . 

" ---- ' -test), but s1gn1f1cantly less than the egg hOllOgenate (Table 12). The alOunt of 

egg albuI1n (1.28 g) used 1n the binding studfes was equivalent to that in the 

whole ègg hOlOgenate, allowfng direct cOlparison of alkyl1ead recover1es. Egg 

albulin, therefore contafns SOie, but not the aajority of b1nd1ng sites in the 

whole egg holtOgenate. 
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Table .12. Effect of egg co.ponents on alkyllead recover1es 

102 

Alkylleadi 
.... Coot. ii [99 

Homo. 
E99 E99 
Al bum. Yolk 

OTflf F e3+ +Egg f e3+ +OT 
Homo. 

. . 
--------'--Mean i v Percentage Recoveryv, vf~SD---------------

Me3Pb++* 95+7 a 75+4d 88+Sc 76+3d 90+2bc 74+3d 

Me2Pl)2+** 100+5a 59+6d 81+3c '58+3d 92+3b 59+3d -
Et3Pb++* 89+5 a 36+4d '78+3c 32+3e 85+2b 36+3d 

E!2Pb2+** 93,:I"7a 4S+8d n+6c 45+2d 87+2b 49+7d 
-

L F-test H- 0.01 si gnificance / 
f L Recovery From buffer f n the absence of egg cOlAponent 
HL OvotransFerrfn ' 
fv_ Mean of 6 replfcates at 'time 0 and 6 replfcates at tille 1 h 
v_ ~ Recovery= (peak area of recovered jonic alkyl1ead 

(as alkylbutyllead)/peak area of alkyllead butylates in 
u recovery "standards") • 100 

vL Means wfth the salle leHer fn each row are not sfgnfficani;ly 
different (p;O.OS, Ouncan's Multiple. range test) 

-

93+3ab 

94+3b -
88+4ab 

9O+9ab -

, '0 
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Egg yolk has the lajority of b1nding sites in the ..mole egg hOllOgenate. 

Alkyllead recoverfes fro. ëgg yolk (Table 12) were efther not s1gnfffcantly 

d1fferent (p=O.OS, Duncan's multiple range test) or in the case of Et3Pb+, 

" . 
sfgn1f1cantly less than frol'l eS9 hOfll()~nate. The atlOunt of egg yolk (0.72 g) 

used inthe bind1ng studfes \rias equiva1ent to that in the whole egg homogenate, 

allow1ng direct comp~r1son of alkyllead recoverfes. 

Trfethyllead bfnds tQ myel1n (Lock and Aldrfdge 1975) and interacts with 

cellular œmbranes (Aldridge 1978) whfch both conta1n phosphol1pids associated 

w1th protef ns (Konat and Cl ausen 1974, lehnf nger 1975). E99 yolk conta1ns l1po­

a~d phospho 1 i poprotei os ,(Osuga and feeney 19n), whereas egg album1 n has 

vi rtua 11 y no ne. The 1 OIt'eS t al k Y 11 ead recovery (32~) ~ccurred ",ith the 1 east 

pol ar alkyll ead (Et3Pb+) in egg yolk, the egg component contai ni ng the most . 

11 pi d. These results suggest that alkyl1ead (particularly ethyllea<ls) 

)nteractfon ",ith egg yolk (or whole egg hOlROgenate) 1s with the l1po- and 

phospho 1 f poprotei ns. 

, 
Alkyllead recover1es frOM ovotransferri n were ge.neral1 y 519n1 fi cantl 'f \ll()re . 

(p~O. OS, Duncans's -multiple range test) than from egg albullli n (Table 12), 

although there was no s19n1 fi cant di ffereoce between Me3Pb+' recover;lesr fro", 

. ovotransferri n and egg al bwft1n (Table 12). Alkyl1ead recover1es frOlll 

ovotransferrfn were, however, s1gnificantly less than the recovery controls 

(Table 12). fnd1cating that ovotransferrin caused some,but not a11 of".the 

observed alkyl1ead 1 nteracti on wfth egg album1n .. 

The addition of ferric ion to egg hOlIIogenate or ovotransferrin (Table 12) 

dld not slgnificantly 1ncrease (p=O.05, Duncan's multiple range test) alkyl1ead 

recoveries, although a1l 'four analyte recoverfes FroM fe3+ + ovotransferr1n 0.J 

." 

" 
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were greater than FrOM ovotransferri n alone (Table' 12), s'f-lgesti1ng that SOie 

8lkyll ead llay have been d1spl aced by the ferri c ion. 

Alkyllead recover1es ~re s1gnH1cantly dHfe~ent (p=O.05, Du~can's 

IlUlt1ple range test) within IIOSt of ~he egg cOlponents (Table 13) . 

. Trfaethyllead recoveries were stgn1f1cantly greater",than a11 the other anal y tes 
" 't 

in al1 egg cOlllponent treataents 1,0 wh1ch there were s1gn1ficant differences 

"8lOng the analytes (Table 13). 01lethy11 ead recover~eS :"""'ere generally 

s1gnffcantly greater than either of the ethyllead salts (Table 13!. The 

llethy 11 ead compounds therefore, 1 nteracted 1 es!\ wfth the vari ous egg components 

than the ethyllead cOlllpounds. Tr1ethyllead recoveries were generally 

s1g'nficantly less than the 'other anal'ytes (Table 13), aHhough Et2Pi)2,+ recovery 

frOI egg albumf n "las si gnfficantly less than the Et3Pb+ recovery (Table 13) . 

• 
,In' sURIflary it lIay be cone 1 uded ;!lat ail the tested egg cOllponents f nteract 

r 

w1th the alkylleads and lower recoveries. The alkyllead interact10n with whole 

egg hOllOgenate 15 prill8rl1y frOM the yolk coaponent, although egg albuJlfp dfd 

interaet with Yhe alkylh;ads as weIl.' Ovotransferr1n lowered alkyllead 

recover1es 1ess than egg albu.1n, suggest1ng that add1tional bfndfng sftes are 

present in the egg albul1n. Methyl1ead salts 1nteracted less wfth egg 
u 

cOlponents than the ethyllead cOllpounds. Alkyllead b1nd1ng 1s likely 
, 

assoc1ated wfth the l1pid content of the egg yolk. Ferric ion addftion did not 

d1splace 51gn1 f1cant alOunts of alkyl1eads frol egg hOltOgenate or 

ovôtransferr1n bind1ng sites. These{fesults reflect the interaction of egg 

cOlpOnents wl th 15-25 PP' (as Pb) of each all<yllead 'present. However, the 
" () 

1 nteract10n behavfour of the e9g co.ponents lIIly vary w1 th the alkyll ead 

lt!vel1. 

-. 

..... ' . 

. , 

t 
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',.-'+------~~~ ~yte on :;:yu .. : '~~;ve;les f'O. egg co.ponent, 

"' E99 COlpo~nt i . Me3Pb+ 

---Mean11 

E99 hollOgenate** 79t41l 

E99 albuII1n .... 93!5a 

E99 'folk** 8O!.3a 

~lv~transferr1 nns 95:t2a -

Fe3+ + E99 hOIlO~nate** , 78:t3a 

Fe3+ + Ovotransferr1 nns 98:t3a 

L f-test **- 0.01 s1gnf1 canee 
ns- not s190f1 caot 

Me2Pb2+ Et3Pb+ Et2Pb2+ 

Percentage Recoveryi11, 1v±.so---

Î 

59t6b 41-t4d\ , 48t8c 

81±.3c B7:t.3b ~3:t6c 

58:t3b 35:t.4d 48!,2c 

92!3à 95!3a 93:t3a 

59;t3b 41!.4d 53:tic 

95t,4a ' 98-t4a 97:tlOa 

Note: f-test takes precedence 
over Duncan 1 s lul t1 pl e 
test 

fL llean of 6 replicates at tille 0 and 6 repl1cates at tflle 1 h 
HL ~ Recovery:: (~ recovery frol egg co.ponent/~ recovery 

frol buffer f n the abSence of egg cowponent) .. 100 
fv_ lleans wfth the saIRe letter fn each row ar~ not sfgnfffcantly 

different (p::O.05, Ouocanls itultiple range test) 

" . 
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7. ENVIRONMENTAl $AMPLE ANAlYSIS 

7.1 Introduction 

'--
Organolead coapounds. are ub1quitous ln the environ.ent (ra~e 14) and have 

been isolated froll rain water (Chakrabort1 et al. 1984), air (Table 1), f1sh 

(Sirota and Uthe 1977, Clf'au et al. 1979, 1980, 1984, Cruz et al. .1980) and 

hUlllan~ratns (Nfelsen et al. 1978). Lake or river sedflent (Cruz et al. 11980, 
.. 

Chau et al. 1984) and macrophytes (Chau et al. 1984) a150 contain organolead 

cOllpounds (Table 14). f 
Organolead ,compounds can b10acculllulate in the envlronment. Organolead 

, , 

.-- ' 

concentrations in organ1sllS exceed the leve1s found,1n rain water (Table 14). 

Fish rapfdly accumulate up to 700 times the Me4Pb concentration of the 

surround1ng ~ater (Wong et al. 1981). 

Avian populations contain organolead compounds wh1ch, can produce lethal 

and sublethal effec'ts. Pigeon poPl.Ilatiorts cootained ionie alkyllead cOlpounds 

(Johnson et al. 1982). 10n1 cal kyll ead compounds were found 1 n dead and, dyi og 

waders, wildfowl and gu11s (Bu11 et al. 1983). An avian toxicity' study FOUAd 

that lethal dosages of tr1alkyl1eads produced behavioural and IIIOrphologfcal, 

5 ymptoms 5 i mil a r to the bi rds co 11 e'cted by Bu 11 et aL ( 1983) (Os born et aL 
, 

1983). Sublethal dosages of Me3Pb+ reduced protein reserves (muscle IlaSS 105S) 

and altered organ wefghts, whereas both Me3Pb+ and Et3Pb+ sublethal dosages 
. ' 

altered feed1ng bèhav10ur (Osborn et al. 1983). 

Canadian aviao populations have not been prev-fously stud1ed for - the 

presence of ofganolead compounds. The he~r1n9 gull (L3rus argentatus) 1s used 

as the IIIOnitor specl es for toxi C contallli nants i 0 the Great lakes by Envi rontlent 



, 
Table 14. Concentrations of organolead cOlpOunds in 

e~vironmental salples 

Sàlple, 
Location 

Rafn water, 
Antwerp, Bel 91 um 

Rf ver sedi ment 
Macrophytes. 
Carp 
P1ke, St. 
Lawrence"R1 ver 
Nèar Maitland 
Ont. 

f1sh, Ont. 
Lakes 

Cod: 
Mackerel' 
Lobster, 
Hal ffax, N. S. 

, -

HUllan brai n 
Copenhagen, . 
Oenaark 

t 
Pigeon, Liverpool 
U.K. 

----;:-Organolead COlpOund-------
R3Pb+ R2Pt)2+ _ R4Pb 

-~Range(MeantSO) ng Pb/g wet wt--

N~ D. ~O. 0471 N~ O. -0.0681 _11 

N.O.-660 
" 132-558 

906-2735' 
~.D.-215 

N.O.-5O 

N.O.-310 f 

" 

N.O.-275 
N.O. -113 
362-707 

N.O. 

N.O. 

N.D. -1152 
68-16515 

137-760 
169-1018 

3-16 

10-125 
( 54to·5) 

(162,!:O. 4) 

N.D. 

Wlldfowl • (550!260)111. 
Herséy Estuary, 
U.K • 

. L ng Organolead COlllpound/g wet wt 
1 L n'ot anal yzed 
111_ R3Pb+ and R2P!)2+ 

N. D. - Not detected 

Reference 

Chakrabortf 
et aL ( 1984 ) 

Chau et al. 
(1964) 

Cruz et. al. 
(1980) 

Sirota and 
Uthe (1977) 

Nfelsen 
et al. (1978) 

Johnson 
et al. (1982) 

Bull et 
a~. (1963) 

. .... -
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Canada. The herring gull 15 a top predator in the food web of the'Great'lakes 

regi on. Al though the herri ng gull 15 an opportun1st1c feeder t with a var1 ed 

d1et inel ud1 ng i nsects, birds, sn1l I18nals and refuse, f1sh are the prinry 

d1et He. (M1neau et al. 1984). Great lakes adult breeding populatioris tend to 

reuin in the region of the colony and a,re therefore cons1dered a ,valuable 

envi ronlltènta 1 conta.1 nat1 o'n i ndi cator of the reg 1 on near the col ony (Gn bertson 

1975). 

The .allard duel< (Anas platyrhynchos) 15 the IIOst abundimt and w1dely 

distr1buted duck spec1es in, the Northern Hemisphere, mak1ng 1t a su1tal)le 

IIIOnitor species for organolead contalllinants in wildfowl populations. The 

lBallard 1s pr1laarily a herb1vorous surface fee<ler which' 1I1grates annually 

(Béll rose 1976} , 

The pur pose of this study was to deten1ne the relative 10n1c alkyllead 

levels ln varfous reg10ns of the Great Lakes b} analyzll'~ herr1ng 9ull. tissue 

s'aapled froll' different herr1ng gull breecl1ng colonies 1'1 the Great Lakes. 

Analys1s of IIallard duck tissue prq"y1ded estfl'lates of wildfowl alkyllead tissue 
, "' 

burdens. 

7.2 Materials and Methods 

Herr1ng gull (larus ,argentatus) and ullard (Anas platyl'hynchos) t1ss,U6$ 

were sa.p 1 ed frol var10us co 11 ecti on s 1 tes (f 19. 20) by the Canadf an Wfl dl He 

Service", futher sa.ple collectfon data are given, in Appendix. l. The tissue 

salples were rece1 ved fro~en and were stored at: -209c untH ana1n.is. The 

',' -salples ~ere thawed a~ rool\ tellpe.rat,ure, thoroughly Mixed and then subsallpled 

(2.50 9) for each deterllfnat1on. Subsalples' were im 

the opth1zed hydrolysis (Sedio" 4.2.1) and - ion 4.2.2) 

" , 

1 

: 1 
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Hgure 20. Map of the Great Lakes region fndicat1ng the location of the herrfng 

91.;11 colonies and aallard duck salllplfng sites used fn th1s study as 
~ , 1 • 

follows: 1. Upper Canada Migratory Bird SanctuarYi 2, Snake Island; 3, 

Scotch Bonnet'l Island; 4, Muggs Is 1 a~dj '5, HalRil ton Harbour; 6, Ni agara 

R1verj 7, M1ddle Island; 8, fight1rig Island; 9, Channel Shelter Islands; 

10, Double Island; 11, 'Agawa Rocks. 
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.eihodo l og1 es prevf ous 1 y des cr 1 bed. 

, 
. The OC-MS systeM vas used vith the 'opt1lized operat1ng paralleters 

(Seet10n 5.2..1) and de,uter1 UI 1 alp background correq:10n. Seven anal y tes were 

deterl1ned 1n each sa.aple (four tr1alkyllead and three d1alkyllead coapounds). 

E8th but,lated extract vas q~antitated th.ree tilles. The reported standard 

devfat10ns est1aàte var1abil1ty associated only with quantitation. 

, .. 
injeded after every four envfronmental s8MPle analyseS to calibrate the Ge-AAS 

syste.. Env1ronrtental salple quant1tation \!las br l1~ar interpolation between 
" 

calibration (or9anolead standard peak area response) po1 nts. Methylethyllead 

cOllpounds were 1dent1 Hed by p,red1ct1on of ~etent1on the usi n9 KO,vats 
, 

retent10n 1ndex (T~ble 15) developed fro~ retent10n ti.es of alkylbutyllead 

standards. Actual retention tilteS of reethylethyllead co.pol,mds were detenined 

frol t"ansalkyl at1~n reaetton products (Appendh M). Quantltation of the 

llethylethyllead cOlpounds \!lBS by COlIJ>8rison with a slllllar analyte for Wh1ch . , 

standards were availablej quant1tat1on for Me2EtPb+ ~as. based .on peak area 

respollse and recoveries for MeJPb+.' A salplê calculat10n for a gull kidney 

salllple appears f n Appendfx N. 

To prevent spur10us or non-Pb conta1n1ng peaks fro. be1ng 1dentifted as an , 
~tganolead analyte, the followtng precautions were taken: (a) the deuterfu. 

ta.p background correcti on was used duri ng a 11 analyses t (b) resu lts vere 

~ejected if the Ge retent10n tille of an AAS absorbance was variable or 1f the 

signal was not integrated by tM record1ng il'ltegrator during one or IIOre of the 

three quantftatfons, and (c) so.e butylated extracts were analyzed at 21~ na 

and 283.3 n. (fig. 21) to verHy the OC-MS selectiv1ty for lead eonta1n1ng 

\. 
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Table 15. Absolute retention t1mes and retent10n indices of 
.1xed aethylethylleads (based on retention tilleS) 
relative to alkylbutxllead standards 

\ ... ' 

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

Anal y te N Abso 1 ute Retenti on 
Tfme (RT) (1111 n) 

Retent1on1 
Index (1) 

\ 9.21 

8 11.22 

9 13.04 

" 10 14.23 

10 14.65 

11 15.n 

12 17.15 

16 2L09 

1_ predicted retention fndex (Kovats 1965) 
1f_ I=100N + 100n(RT(A)-RTR(N»)/(RTR(Ntn)-RTR(N»] 

N- number of carbons 1n analyte / 
n- carbon nu.ber dffference between R (N) and R ( N+n) 
A- analyte for wh1ch retentfon index was calculated 
R(~)- analyte conta1nfng N carbons 
R(N+n)- ar.alyte contai nf n9 (N+n) carbons 

700 

800(805)11 

900(906) i i 

1000 

1000 

1100(1090) 11 

1200 

1600 

111 

\ -
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Figure 21. Ge-MS chroaatogra. of,aaJe 1a11ard k1dney ~of sa.ple at: (A) 217 

nllt and (B) 283.3 mA conta1nfng l, Me3BuPbj 2, Me2EtBuPbj 3, MeEt2BuPb; 4, 

, Me2Bu2Pb; 5,' Et3BuPbj 6, MeEtBu2Pbj 7; Et2Bu2Pb and 8, BU4Pb. The saMple . , 

wa:s concentrated approx1mately two fold pr10r to analys1s at·263.3 nM. 
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cO!lpOunds. " 

tf' 
Ana 1 YSoi s of var1 ance and Duncan 1 s .It ti pl e range tests were perforled on 

, 
gull t1ssuè analyte levels. Pearson correlation éoeff1c1ents were deten1ned 

between various gull tissue analytes. 

7.3 Resul ts and Discussion 

Regional trends in alkyHead concentration occurred in the herring gull 

sallples (Table 16). The methyllead concentration trend; Lake Ontarfo>la't-e Huron 

~lake Eri e>Lake Super10r "las opposite to the ethyl1 ead concentrati on trendj 
- 0 

Lake Super1or>Lake Huron>Lake Erie~Lake Ontario. Analys1s of variance (Appendh 

0) found sfgn1 ficant dtfferences in the reg10nal trends (Table 17). 

Trhlethyllead levels fn"k1dney samples From Hamilton Harbour were signfffcantly 

greater (p=O~05, Duncan's Illultiple range test) than the other collected 

tissues. Uver salllples From Agawa Rock, Double Island, Middle Island and Agawa 

Rock kt dney samp les" had s1gn1 fi cantly 1 ess (p=O.05, Duncan' 5 !luI t1 ple range 

'.: test) f'te3Pb+ than the other t1S~Ues (Table 17). Sfmi1arl.y,~2Pb2+ levels in 

kidney tissue From Hamilton Harbour gulls were significantly greater (p=O.05, 

Ouncan's multiple range test),than Me2Pb2+ levels From other sites. l1ver 

sa.ples From Double Island gulls had s1gn1f1cantly less (p=O.OS, Duncan's 

lIult1ple range test) Me2Pb2+ than the other tissue samples (Table 17). 

Tr1ethyllead levels, however, were signfficantly greater (p=O.05, Ouncan's 

.u1tiple range test) in guYI k1dney samples collected from Agawa Rock than in 

other gull tissues. The d1ethyllead levels were not s1gnificantly dffferent 

(pO.OS, Duncan's lultiple range test) allOn9 collected tissue (Table 17). 
\ 

) 

The herr1ng gull does not appear to b10accululate ,fonic alkylleads as 

uture and 1lJ1ature bird ~analyte levels ~e not s1gn1f1cantly different 

< , ' 

',' ~i! 
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Table 16. Ionie alkyllead levels (as alkylbutylleadsl in herring gull hver and l<.idney sanples collected 
frcm various Great Lakes colonies ' 

Source + -----Me Pb -------
Liver 3 ~idncy' 

+ ~+ + -----Me EtPb ----- ---Me Pb ------ ---Et Pb -----
L ' 2 K'dn ' 2 Kidn L' 3 Kidn 

-----Et Pb2+ _____ ~_~ 
Li ver 2 Kidney Iver . l ey Llver ey Iver' ey 

Lake Superior 
< Agawa Rocks 
'Mature 

i ii . , 
-----------------------Mean Alkyllead Concentration1*lSD (n9/g wet wt)-----------------------~---

L -

2.3+0.1 4.5+0.2 N.D. N.D. 1.7+0.3 1.2+0.5 7.3+0.2 8.8+0.4 2.2+0.6 1.6+0.2 

Inmature 1.3+0.1 2.3+0.1 N.D. N.D. 1.6+0.4 1.4+1.1 t2.2+0.3 6.3+0.6 0.8+0.1 1.4+0.2 

Lake Huron 
Couble Island 
Mature ' 

Inmature 

Lake Erie 
Ml.ddle Island 
Mature 

Inmature 

Lake Ontario 
HéltUlton Harbour 

3.0+0.1 5.5+0.3 

3~3+0.1 5.5+0.3 

, ,. 

3.5+0.1 4.5+0.3 

1. 7+0.3 4.3+0.1 

N.D. 
N.D. 

':1 

N.D. 
0.3+0.2 

J 

~N.D. 2.4+0.2 3.1+0.4 4.5+0.1 0.9+0.3 0.8+0.3 

N.D. 1.8+0.6 3.0+0.5 ' 1.1+0.1 2.5+0.1 0.3+0.1 N.D. 

"" 
0.3+0.1 2.6+0.3 2.0+0.3 1.2+0.1 1.0+0.1 0.3+0.2 0.4+0.2 

0.6+0.1 1.6+0.4 1.9+0.4 0.8+0.1 1.1+0.1 0.4+0.2 o N.D. 

Mature 7.9+0.1 15.3+0.1 0.3+0.1 0.6+0.1 3.2~0.3 4.4!1.0 1 0.8+0.1' 0.8+0.1 0.8~0.1 0.6~O.2 

InmatUre 6.7+0.1 18".7+1.1 0.4+0.1 1.2+0.1 ~.2+0.9 5.8+0.3 0.9+0.1 1.6+0.1 N.D. ».DY 
-=-'" 

i- calculated fram thiee replicate injections into the gas chrornatograph 
, ~ 

ii- no MeEtPb2+ was detected in any of the samples and Et2MePb + was detected ~n only one séltple' 
(O. 3~O.1 n9/9, .irrrnë.ture, HaInllton Harbour) " 

0 

~ ... 
~ 

iii- corrected for recovery N.D.- not detected ..-

.. 
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Table 17. Effect on gull tissue i~n1c alkyllead levels 
(as alkylbutylleads) by sa.pling site. 

115'" 

Analyte i ------------------------~Site_----------------------------------
-Ham1 1 ton Har. - 7-Agawa Rock-- --Oo-ub 1 el. -- --M1 ddl el. --
-------------h-----------Tissue-------~-----------------~-~-----" 
L 1 ver Ki dney L f ver Ki dney L 1 ver ~ f dney L 1 ver Ki dney 

-----------Meanff, 111 Concentratl op ~ v {ng/g wet wt)---------

Me3Pb+*'* 7.3b 17.0a 1. 8<: 3.4c 3.2e 7.2b 2.6c' 4.4be 

" Me2Pb2+** 3.7&b 5.1a 1.6cd 1.3ed O.9d 2.7bc 2.lbcd 1. 9cd 

Et3Pb+* 0.9b 1. 2b ,4.8ab 7.6a 2.lb 3.5b LOb LIb 

Et2Pb2+ns O.4a 0.3a 1. Sa 1. Sa 0.6à 0.4a 0.4a 0.2a, 

" 

1_ f-test .. - 0.01 sign1f1cance Note: f-test takes preeedence 
.- 0.05 's1gnHfcance over Dunean's lIul~1ple range 

ns- not s f gnif1cant . test. 
11_ ~ature and famature values averaged 
II,_ .eans w1th the Same letter fn each row are not s1gnfffeantly 

d1fferent (0.05 level, Duncan's .ult1ple range test) 
f v_ corrected for recovery 

f Q 

, 

,..~ 



(paO. OS, paired cOMpar1son t-test, Append1.x P) except Et2Pt>2+ kidney levels, a 

data set conta hi n9 severa 1 zero va 1 Ues. Thf 5 i 001 eates that the lature and 

1M8ture b1rd alkyllead levels resulted froD equ111brÎlt1on to environllental 
/ . 

levels of alkyllead whfch were' charaeter1st1c of the ares surround1"9 the 
, 

sallPl1Ïlg site. The lature and 1nature b1rd analyte levels were tbererore 

". pooled for ana'lys1s of variance. 

l 

The presence of Me3Pb+ in a11 gU,l1 tissue samples was unexpected because 

Et4Pb is the predominant organolead gasol1ne additive used in ~rth America. 

Canadian leaded gasolfne conta1ns only Et4Pb (Append1x Q, Chau et al. 1976, 

Radzu1k et al. 1979), whereas Alerfean leaded gasolfne contafns elther Et4Pb 

- or Ilethylethyllead IDhtures wi th .Me4Pb eonst1 tutt ng a mi nor fraction of the 

total l~ conte~t, (Robinson and K1esel 1977, Rob1nson e~ al. 1977, DuPu1s antl 

Hill Jr. 1979, Estes et al. 1982). Ooaestic,dh1ckens (Gallus d?mest1eus) a)~o 

contained ~~re aethyllead than ethyllead (Table 18) ind1eatfng that the 

presence and ubiqu1tou5nes~ of ~3Pb+ W~5 not l hlited to gulls in ttie Great 

Lakes regi 00. 

~lthou~h environaental or biological aeth~lat1on of 1norganie lead reaains . '~_~' 
controversial (Section 2.1.2), lt 1s a possible source of Methyl1ead. 

\ Correlation (Pearson correlat1oneoefficlents) between alkyl1ead tissue 

concentrations of coMbined (lI8ture and i.Nture) bfrds and lake sedlltènt lead 

levels (fro. Hodson et a). 1984) were general1y sign1f1eant (p;O.Ù1, Table 19) 

for the aethylleads, but not the ethyHeads, ind1catfng poss1ble ,lethyla't10n. 

but not ethylation of 1norganic lead. TriMethyl1ead level~ 1n gull egg 
<"l 

,holOgenate sanples (Table 23) also eorrelatéd s1gniflcantly (r=O.86768. p=O.Ol) 
\ 

with lake sediMent 1ead. levels (froM Hodson et al. 1984). Host b1o.ethylatfon 

of ingested 1norganiç 1ead,' although unresearched, is a1so a POssible 



" 

" 
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Table 18. Ionie alkyllead (as alkylbutyllead) levels in doleStic chfckens 

Souree 

E99 HOllOgenate 

K1dney 

"Brain 

Lfver 

-----------------Analytesi----~--------------
HeJPb+ Me2Pb2+ Et3Pb+ Et2Pb2+ 

" ; 

-----Mean11 Concentrat1ontSD (n9'9 wet wt)-----

N.O. N.D. N. O. O. 6!O. 6 

z. 5:tQ. 2 1. 7!,O.1 O. 2!f1. 1 O.8!,O.1 

1. 0:!:;0.1 N.O. N. O. N.O. 

l.8!P.l O.7!,O.1 O. 2!f1. 3 O. 3!,O. 3 

,1- no MeZEtPb+, MeE..t2Pb+, or MeEtPb2+ .was detected in any of the sa.ples 
11_ N=4 repl1cate deterl1nat1ons 
N.D.- not detected 

J 

11 ? 
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.ethyllead source. 

The consullpt1on of. fish by herring gu115 is a 1,Ueely source of aTkylleads 

as al l(yllead cOMpounds have been found f n fish frol the St. Lawrence River 

(Chau et al. 1984) and Me4Pb rap1dly accu.ulates f,n f1sh (Wang' et al. 1981). 

Avian alkyllead Iletabol1s1 stud1es have not béen reported although pigeon 

populations w1th l!Ieasurable levels Qf tr1- and dialkylleads d1d not conta1n 

tetraalkyl1eads (Johnson et al. 1982) suggestfng rap1d dealkylatfon of 

tetraa l ky 11 eads. 

Correlation of the alkyllead levels in gu11 tissue also suggests that 

sequential dealkylat10n occurred. Trimethy11ea~ and Me2Pb2+ levels in lfver 

and k1dney sallples of cO.b1ned (mature and imaature) b1rds (Table 19) were 

s1gnfffcantly correlated (p=O.05, Pearson correlation coefficient). This 

correlat1on 'lias independent of the tissue type or of the .ethyllead spec1es. , , 

Triethyllead and Et2Pb2: concentrations were s1.Harly correlated (Table 19). 

Thus bath the Me3Pb+-Me2Pb2+ and Et3Pb+-Et2P_b2+ levels were i ndependent of the 
" 

salJi>1fng site. However, there were no s1gn1f1cant (p=O.05) correlatfons 

between any of the coab,nations of ethyllead Jevels with llethyllead levels in 

any of the tissues. Silflar trends, with fewer significant (p=O.05) , 

correlations occurred ~n lature (Table 20) and f •• àture (!able 21) bird 

'tissue levels were exalioed separatelY. Sequent1al dealkylat10n of alkyl1eads 
~ 

would tend to produce correlated Me3Pb+-Me2Pb2+ and Et3Pb+-Et2P~+ body 
, ' 

burdens. The absence of signfficant correlations bet~n ethyl~, and .ethyllead 

tissue levels suggests independent ethy1- and 'nethyllead input sourcés to the 

gull populations. T 

1.. 
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Table 19. Correlations between alkyllead concentrat~ons of gull t~ssue fram camb1ned b~dl 
~ lake sed.l.rrent lead leve~ii 

~3Kidney 
Prob >Irl 
Me2Liver 

Prob >~rl 

Me2Kidner 
Prob > Irl 

Et3Liver 
Prob > Ir! 

Et3Ki'dne:( 
Prob >Irl 

Et2Livèr 
Prob >trl 

Et 2 K1dner 
Prpb >\ ri 

- PbSed.irœnt 
Prob > 1 ri 

, . 
~3Liver M33K1.dney Me2Llver M32Kidney Et3Liver 

0.93012 
0.0008** 

0.73750 . 
0.0368* 

0.89512 
0.0027** 

-0.38201 
0.3504 

-0.54102 
0.1662 

( 

-0.33288 
0.4204 

0.76956 
0.0255* 

0.98128 
0.0001** 

-'-0.39185 
0.3370 

-0.49304 
0.2144 

-0.42325 
0.2961 

-0.38~03 ' -0.48811 
0.3476 0.2198 

0.8984 
.0.0024 '** 

0.9277 
0.0009** 

0.72785 
0.0407* 

-0.38704 
0.3435 

-0.48147 
0.2271 

-0.50458 
0.2022 

-0.56719 
0.1426 

0.89496 
0.0027** 

-0.42332 '-0.55426 0.93971 
0.0005** 0.2960 0.1540 

-0.38222 
0.3501 

0.5081 
O. ')86 

-0.56752 
0.1423 

0.77227 
0.0247* 

0.9348 -0.4226 
0.0007** 0.2969 

Et 3 Kidney Et2Llver 

0.85025 
0.0025** 

'0.88009 
0.0039** 

-0.4'862 
0.2218 

0.84901 
0.0077** 

-0.4123 
0.3101 

Et2Kidney 

-0.4641 
0.2467 

" 

i- N=8 *- 0.05 Slgnlficance **- 0.01 sigrnficance 
il- values taken fran HOOsOil et al. 1984 . 

.. 

), 

\.Û 
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Table 20. Correlations between alkyllead <:oncentrations of 
gull tissue fro. uture bfrds1 • 

129 

Me3L1 ver Me3Kfd. Me2Liver Me2K1d. Et3Uver Et3Kld. Et2Lf ver 

Me3Kfdney O~9aOO3 

Prob> 1 rI 0.0200· 

Me2l1 ver 0.65753 0.57426 
Prob> 1 ri 0.3425 0.4257 

Me2K1dQey 0.96407 0.95437 0.44304 
Prob> Irl 0.0359* 0.0456* 0.5570 

Et3l f ver -0.67404 -0.53429 -0.41603 -0.71769 
prob> 1 r 1 0.3260 0.4657 0.5640 0.2621 

Et3Kidney -0.68068 -0.53055 -0.52226 -0.66930 
Prob> 1 ri 0.3191 0.4694 0.4m 0.3107 

Et2L1ver -0.43698 -0.27108 -O.l6ClZ8 -0.49549 

Prob> Irl 0.5630 0.7269 0.7197 0.5045 

Et2K1dney -0.50572 -0.34437 -0.32986 -0.55736 
Prob> 1 ri 0.4943 

1_ N:4 
-- O.Olc,slgnificanee 
.-, O. oS '51goif1 canee 

0.6556 0.6701 

Me3KJd.- Me3BuPb levels in gul1 k1dney 
Me2Kld. - Me2Bu2Pb levels in gull kfdney 
Et3K1d. - Et3BuPb levels in gull kidney 

0.4426 

0.99078 
0.0092" 

0.95846 0.~929 

0.0415* 0.0507 

0.9nSl 0.97002 0.99695 
0.0225* 0.0300* 0.0031-



Table 21. Correlations between alkyl1ead concentrations of guI1 
t1ssue frol 1aaature b1rds

' 

Me3Liver Me3K1d. Me2l1ver Me2K1d. 

Me3K1dney 0.99918 , 
Î 

Prob> II"I 0.0008-

Me2Liver 0.96291 0.95425 
Prob> Irl 0.0371-* 0.0458* 

Me2K1dney 0.99918 0.99889 0.96734 
Prob>I~1 o.oooa** 0.0012** 0.0327* 

Et3L1ver -0.47329 -0.50507 -'0.37146 -0.49609 
Ptob> II"I 0.5267 0.4949 0.6285 0.5039 

Et3K1dney -0.46774 -0.51899 -0.36951 -0.51073 
Prob> Irl 0.5123 0.4810 0.6105 0.4893 

Et2L 1 ver -0.67475 -0.69306 -0.77225 -0.66354 
Prob> Irl 0.1253 0.1069 0.2276 0.1165 

Et2Kfdney -0.53351 -0.56673 -0.37975 -0.54778 
Prob> Irl 0.4465 

1_ N;4 
-- 0.01 s1gn1 f1cance 
*- 0=-.05 s1g01 ffcance 

0.4133 0.6202 

~,3Kid. - ,Me36uPb leve1s in gull k1 dney 
,~2K1d.- f1e26u2Pb levels in 9u11 k1dney 
Et3K1d.- Et3BuPb levels in gull k1dney 

0.4522 

Et3L1ver Et3Kid. 

0.99977. . 

0.0002** 

0.83211 0.83965 
0.1679 0.1604 

0.97156 0.96978 
0.0284* 0.0302* 

1 
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Et2l i ver 

0.87575 
0.1242 
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Methylleads .ay not only or1g1nate From .a dffferent sour~e than 

ethy11eads, but aay a1so have a suppressive- effect on ethyllead tissue leve1s. 
" , 

Although correlat1ons between ethyl- and methyllead tissue. levels were not 

signff1cant (p=O.05), a negatfve correlation, occurred in èach case (!ables 

19-21·), reflecting' the reg1ona) trends in alkyllead tissue concèntrations 

~(1 ab 1 é 16). 

\ 

~Ull e99 hO"genat~ (Table 22) sa.ples contalned prl •• rlly Me3Pb+ (g"out 

f 10 samples) at lower levels th~n those of other gu11 tissues. Correlation 

(Pearson correlatfon coefficients) of Me3Pb+ levels between comb1ned or mature 

\)'i rds t1 ssue and egg samp 1 es front t~ sa.me sam~ 11"g 's ites were ~1gn1f1ca"t 

(p;O.05) (Table ~3~-B). Immatu~e b1rd tissue and egg sample Me3Pb+ levels were 

not s19nff1~otly (p=O.05) correlated (Table 23C). Only Natur~ bfrds produce 

egg c1utches, s~ a nigh degree of correlation between adult !t1ssue and egg 

levels 1s not unexpected. 

1 
Mallard duck tissues (Table 24) contained lower levels of organolead 'salts 

than gu11 tissues. General1y, males conta1ned h1gher, levels .oe' alkyl1ead salts 

than females·1n the salllpled tissues (11ver, ,kfdney, brain and breast Muscle) 
~ 

although a pa1red compar1son t-test (Append1x R) 1nd1cated that ,only Et3Pb+. 

appear~~i) be signff1cantly {pO. 05), dHferent. The IIallards were col1ected 

during fal1 irfgratfons and could have orf9fnated, frol! northern or southern 

Ontario breed1ng grounds. The tissue levels suggested that t~.mal1ard habitat 
. d 

was less polluted than that of the gul1. Tr1methyllead salt concentrations in 
• 1 • 

r~ . 
the var10us tissues were sfmilar or s11ghtly greater,than Et3Pb+ tissue levels 

and were prevalent, aga1 n suggestf ng a source of ~b+ separate frol 
4 

indus tri !il sour:,ces. 

) 



! Table 22. 

Sol1rce 

Ionie alkyllead (as alkylbutyllead} Jevels in herrfng gull 
whole egg homogenate fro,", Great Lakes colonies 

-----------... -----Ana 1 y tes i -,-------------------
Me3Pb~ Me2Pb2+ E~3Pb+ Et2Pb2+ 

123~ 

----~Mean Concentration1ftSOii1 (nglg wet wt)---- \ . 

Lake Super10r 
Agawa Rock 

Lake Huron 
Channel Shelter 1. 
Double IsJ and 

Lake Erie 
Middle ISland 

Lake Ohtarfo 
Scotch Bonnet 1. 
Snake I. 
MU99S I. 
Hamilton Harbour 

Niagara River 
fi ghtf n9 I., 
Detroit River 

O.2:t0 • 1 N.O. 

.:.. 
N.O. N. D. 

O.2:t0 . 1 N.D. 

O.3:t0 .1. N.D. 

~ 

0.5+0.3 ~ N.D. 
0.5+0.1 0.6+0.2 
0.afO.3 _ ~.7~O.2 
O. 5!,0. 1 N.D. 

0.6+0.3 N.O. 
O.SfO.l N.O. 

N. D. 

" 

N. D. 
N. D. 

N.D. 

0.3+0.2 
N:-D. 

O. 3:tO. 1 
N.D, . 
N.O. 
N.D. 

! 

N.O. 

N. D. 
N. O. 

N. D. ' 

0.2+0.1 
N:-D. 

O. 3:!'.'O. 1 
·N.O . 

O. 2!,O. 4 
N.O. 

i_ no Me2EtPb+, MeEt2P~+, or MeEtPb2+ was detected in any of the samples 
i1_ corrected for recovery 
111_ calculated From three rep11caté injections ioto the gas chromatograph 
N.O.- not detected 

• 1 

• 4iiF 2Q ~ 

\ 
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Table 23. Correlations between tr1aethyllead cOncentrations 

of gull egg hoaogenate and other tissues 

A. Colbined B1rds (N=8) 

, 

Egg 
Prob> Irl 

L1ver 

0.94444 
0.0004** 

K1dney 

0.92759 
0.0009** 

\ 
, . 

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

B. Mat,ure 6 i r ds ( N=4 ) 

L1ver K1dney 

E99 
Prob> Irt 

0.99n3 
0.0023** 

0.96447 
0.03SS-

-----------------------------------------~-----~--------------- ~, 

C. Iaaature B1 rds (N=4) 

J 

Egg 
Prob> Irl 

L1ver 

0.93149 
0.0685 

**- 0.01 sign1f1cance 
*- 0.05 s1gn1f1cance 

, 

K1dney 

0.93024 
0.0698 

. -

, 24 
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Table 24. Ionie alkyllead (as alkylbutyllead) levels in separate t1s'sues 
froar lia 11 ard ducl(s 

Source 

lIVER 
Felale 1 

2 . 
3' 
4 
5 

(P) 

, 

---~~------Mean Concentrat1onf~~o11 (ng/g wet wt)--------~--

0.4+0.2 N. D. N. O. Jo. N. O. 5.5+0.8 N. D. 
O. 6+0.1 N. D. N. D. N. O. N. D. N:-O. N. D. 
1.3+0.1 N. D. N. D. -, N. O. 0.5+0.2 O. 3-trO.1 . N. D. 
0.7fo.2 N.o. N.o. N.O. N~o. 0.3tO.3 N.D. 
0.4+0.1 N.o. N.o. 1.7+0.4 0.3+0.1 0.6+0.3 N.D. 
O. sfO.1 N. D. N. o. N:-O~._ N:-o. N:-o. N. D. 
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Male 1 
2 
3 
4 
5 

0.9+0.2 
4.3+0.2 
0.8+0.1 
0.5+0.2 
0.6+0.1 
1.4fo.1 

0.2+0.1 
1. 2+0.2 

N:-D. 
N.O. 

0.2+0.1 

N.o. 
1.3+0.2 
0.6+0.1 

N:-D. 
N.D. 

0.7't0.! 

0.8+0.5 
2.2+0.5 

N:-O. 
N.O. 
N.O. 
N.O. 

0.5+0.1 0.7+0.3 
2.0+0.5 1. 5+0.4 
O. 8+0.4 0.7fQ.l 
O.6fO.3 0.6+0.3 
0.7+0.1 1.3+0.2 
1.3tO.2 '1~~.2 

N.D. 
0.6+0.1 

N:-D. 
N.D. 

(P) O. sfO.2 

KIDNEY 
FeMale(P) A 1.4+0.1 0.4+0.2 0.3+0.! N.D. 0.6+0.1 0.4+0.4 

B 1.4!9.1 0.3!9.1 O.4tO.1 N.O. O.7~.1 1.0!0.2 

; N.D., 
N.D. 

N.D. 
N.D. 

Male (P) A 4.0+0.3 1.7+0.1 1.7+0.1 1.9t0.7 3.5+0.5 ~.O!.O.J 0.7+0.1 
\ B 4. 3fo. 2 1. 8io .. 2 1. afO. 2 2. ota. 4 3. 3ia. l 1. 3't0. 5 N:-D. 

BRAIN 
Fell8le(P) O.6±.O.l N.O. N. O. " N. D. O. 3't0. 2 O. 7~0, 1 N.D. 

Male (P) 1.1!p.l O.~O.l O.8'tO.2 1.4!.O.2 1.2!O.3 O.~.5 N.D. 

BREAST MUSCLE 
Felllale(P) . O.4:tO.2 N.O. O.4!p.2 N.O. N. D. O. 5:!:O. 4 N.D. 

Male ,cP) 1. 6±.0. 1 O.6:tO:l O.~0.1 1.'7!.O:2 -1A!O.3 O.8:!:O.4· N.D: 

1_ correeted for recovery 
1f_ c$leulated fro~ three replicate injections 
(P)- pooled sa.ple From f1ve individuals 
N.O.- not detected 

.:-, 
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Trf.ethy 11 ead 1 s ub1 qui tous, bei ng found 1 n three avf an , . (herring 

gu 11 , Ma 1,1 ard duck and do.estfc chi cken) ,and a 11 exa.i ned tissue types. 
, . 

S1gn1ficant correlation between alkytlead tissue levels fn saapled herring 
o 

gu11s and Jake sedilllent lead_ levels suggest possible 8lethylation of fnorgan1c 

1,ead. The ethyllead and tlethyl1ead t'ssue levels in the gu11 colonies were 

inversely related." Haasflton Harbour b1rds conta1ned RUch hfgber levels of 

MeJPb+ than Et3Pb+, wfth no known automot1ve source of - Me3P~+. Tr1ethyllead~ 

tissue levels were greatest in Agawa Rock gull tissues, a relativety' 

undeveloped.r,egion with fewer potent1al automot1ve sources of èthyllead salts 
, . 

than t~e region surround1ng Haa1tton Harbou~. The correlation studfes sU99est 
. , 

that Methyllead salt,s uy have a suppressive effect on ethyllead levels tn 

9u11s. 
'.) 

, . 

" 

. . - .. 

'\ 

\ 

, , 
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8. CLAIMS Of ORIGINAl WORK 

- This study 15 an organ1zed and concerted effort to develop extraction .,. 

lethodology and analyt1cal instruMentation suitable for the trace analys1s of 

10nfe alkyllead cOlpounds in env1ron.ental salJ)les. The original ,df5coveries. 

are listed below under subject groups. 

1. Organolead Synthesis 

a) The first reported use of ~a1ine solution to extract dfalkyllead salt 

fapur1ties from tr1alkyllead standards. 

b) The f1rst reported synthes1s of alkylphenyllead eo.pounds fro. lead(II). 

using a o~ step synthes1s"method. 

e) The fi rst reported IR, tIR and MS spectra of MeJPhPb, Me2Ph2Pb,' Ét3PhPb 

and Et2Ph2Pb. 

, 
d) The first reported .ass spectra of alkyllead-pyrol1d1ne dfth1ocarba.ate 

~ 

cOlplexes. 

,u _ 

2. Extraction Methodology 

a) The f1rst use of enzylat1e hydrolys1s to Rrepare biologiea1 tissue for 

liquid-11qu1d extraction of fonie alkyllead cOlpounds. 
1 

b) The first reported double extraction technique with dithizone to . (" 

separate fonie alkylleads From coextractives, produc1ng a cJean extract w1th no 

further sa.ple cl~anup requ1red: 

'" 
e) The first reported extract1on"lIethodology for 10nie alkylleads in avian 

r 

; .. 

• 1 

1 

~ 

1 
- ( 

,J 



'" 
'. 

-

, 

•• 
tissues. 

3. Analytfcal Instruillentatfon 

) 
a) The fi rst reported usage of an autoll8.ted OC-AAS syste. for organo l ead 

~~---- t:), 

analys1s. 

b) Original advancellle~lts in quartz T-tube furnace atol3fzer and Ge-MS 

interface design. 

'c)' The fi rst reported HPlC-QTMS system, utll 1z1 ng a HPLC-MS 1 nterface 

desf gn for 501 vent de 1 i very to the quartz T -tube furnace atomi zer. 

d) The first reported comprehensive unfvarfate opt1111fzation of Ge-ECO and 
" 

ct-MS operatJog conditions for the analysfs· of alkylphenyllead5 and 

alkylbutylleads respectively. 

e) The first eX •. lIlfnation of alkyllead atollizatfon processes in a heated 

quartz T -tube furn-~~e. 

4. Organol ead Interaction 'Wfth Egg 

a) The fî'tst reported el(fdence of fonie aJkyllead bfndf ~9 wfth av1an egg 

\ 

s., Envi ronmenta 1 SaIRP 1 e Ana 1 ysf s 

a) The first deterlIIfnation of fonfe alkyllead levels 1n Canad1an avfan 

populati ons. 

b) The f1r,st evfdence of enviromnental Ileth~lation of inor~an1c lead frol 

biologica1 tfssue analysis. 
~""" . 

" 
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_ 9. REC(JtQ)ATIONS FOR FUT~E WORK 

1. It 1s recolllle~ that the e)(trac~1on of f'te2Pb2+ frol bfo'logfcal tissue 

be f IIProved by further extraction ltethodo l ogy deve 1 optent. 

2. further stud1es should be aade 1oto the 1 nteract10n of 1on1c alkyllead 

wt tn tf ssue matrices. :)r 

3. DevelopUlent of a capillary eoluln Ge-AAS systel (w.ith HZ .as the coluln 

carr 4 ergas) should be d~ne ta enhance analyte sepa,rationand permit a lower. 

tota 1 system gas flow through the quartz T -tube furnace. 

4. The atoll/fe processes'should be studied further to deter.fne 1K>1ecular 

sped es forme<!. 

5. Further stud1es 1 nto a usabl e HPLC-AAS systel should be I18de, 

part1cularly for the analys1s of underfvatfzed alkyllead salts. 

6. The continue<! lOnitorfng of fonie alkyllead levels in herrfng gull 
. . 

populations should be done to deterMfne 10n9 ter,. ,trends in alkyllead levels 1n 

the env1ronllent. 

7. The fonie alkyl1ead levels of ffsh and water sallples fro. the Great 

Lakes reg10n shou 1 d be ana 1 yzed to deterlli ne the aquati c pathways of al kyl1ead 

uptake ," the herri"9 gu 1 1 . 
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'Append1x" A. Ge-ECO analysls of alkyllead cOlpounds 

'/ 
A Varf an 3700 gas chrollatograph equf pped with a 63Ni el ectron capture 

detector, a 30. X 0.327 _ OB-1 fuse<! s111ca capillary coluln and a splitless 

1 njector 'rias use<! 1 n thf s f nvestf gat1on. Operati ng ,cond1 t.1 ons were as fo 11 ows:" 

carrier 9a5, tlelfullÏ, 3 lit.. ain-1; detector reakeup 9as, nitrogen, 30 ml 1II1n-1; 

detector telllperature, 3000C; 1 njector temperature, 2000 Cj teillperature prograll, 

1 sotherma 1 at sooe for 2 mfn followed by linear ramp1ng to 2000C at 40C min-1. 

Quantitatlon 'rIllS perforlDed by external standards us1ng a Sh1madzu C-RIB data 

processor. 

Solvents 'rIere d1st111ed 1n glass grade fro. Caledon laborator1es Ltd. 

lnorganf c reagents f ncl udf ng dt pheny 1 th1 ocarbazone (dfthf zone) were ACS rèagent 

grade or better. The ailtOn1aca 1 buffer co.prt sed 11. 3 9 dialllOnf UI ci trate, 

2.0 9 potass 1 UI cyanf de a'ld 12.0 9 sodl UII su lffte ~ 250 III H20. The pH 'rias 

adj us ted vi th eoncentrated aoonf ua hydrox f de. 

Enzyaatic Hydrolys1s 

Whole egg holK>genate 'rias f ncubated at 370 C for 24 h 1n 60 Il of 5~ 

ethanol/O.l M phosphate buffer (pH 7.5) contalnfng 301119 L1pase:Type VII and 30 

lIg Protease Type XIV. Enzy.e preparations were obtafned frol 51911<1 Chelleal Co. 

The course of the enzyllatf c hydro lys 1 s of who le egg holtOgenate was IIOnftored by 

the n1nhydr1n reaction (Ye •• and Cock1ng 1955) (fig. Al). Three rep11cate 

tri a ls 'rIere run on each of two separate days. Withf n exper1IIienta 1 error, no 

dffferences were observed bet'rleen 24 h and 36 h. The enzyaat1 c hydro 1 ys f s'rias 

72!.~ effective after 24 h and 78!.~ effective after 48 h relative to classfeal 
\ 

acfd hydrolys1s. Relat1ve to the protease alone, a cOlbinat10n of protease and V' 
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'., 

figure Al. The release of a.toc n1trogen FroM egg hOlOgenate durfng enzymatic . 
hydrolysis: ---' 1 trial 1j-------, trial 2, ErroT bars represent!. one 

1 

standard deviatfon of three replfcate detera1natfons. 
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li pase resul ted 1 n a !IOre hollOgelleOuS hydro 1 ysate. \of1 th 1 ess tendency to 

ellUls1fy when exb'acted vith organ1c sol vents. 

Extraction 

Two extraction procedures were -developedj the single cOllplexoll1etri c 

extraction was suitable for water sa.ples, wfJereas the double extraction 

procedure provi ded add1t 1 ona 1 cl eanup for the more comp 1 ex \t'ho 1 e egg 

hOlIIOgenate. Residual droplets of aqueous phase in organic centrHugates were 

'" ' conven1 ent 1 y relftOved by ~ lad ng the capped centrifuge tube 1 n a freezer (-20°C) 

for one-half hour. After th1s the, the organic-phase was decanted leàv1ng a 

pellet of 1cebeh1nd. 

Method 1 {used for wat~r saillp 1 e§ l AllIO nhea 1 buffer (pH 8.5, 10 ml.) ",as . 
'added to the sallple (60 Ill) whfch was then.extracted three ~1DeS wfth 0.005' 

(w/v) dithi zone _ (10 ml) 1 n 50' benzene/hexane. The or!;1an1 c extracts were 

cOllb1ned, reduced in volulle to 0.5 ml and der1vatized directly.' 

Method 2 (used for egg holltOgenate) Abso lute ethano 1 (15 l'Il. for Exper1 ments 

Band 0 or 22 III for Experf aents E and F), and 81110 n faca 1 buffer (pH 9.5, 10 

.... ) were added to the sa.ple.' The lixture was extracted three thles with 0.05' 

(w/v) dithizone (10 Ill) in 50~ benzene/hexane. The organfc extracts were 

cOlbi ned, centri fuged and bacl< extracted three t1 mes w1 th 10 III HN03 (0.15 M). 

The aqueous washes were coab1 ned, neutral1 zed ",f th NaOH and further basf fi ed 

with 5 III alllmon1 acal buffer (pH 9.5). The" alkyll ead salts were recovered by 

extracti ng the aqueous phase three ti mes with 0.011. dfthi zone (10 ml) 1 n 50~ 

benzene/hexane. These washes were CO mM ned, centr1 fuged and the organi c 1 ay~r 

reduced in volume to 0.5 Ill. 
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Oeri vatf zatf on 

Anhydrous THf (2 Ill) and 0.5 !Ill pheny1IMgnes1ua broIR1de (3 M, Aldrich 

Che.. Co.) were addeÇ to the concentrated extraets under nf trogen. The 

soluti~as stfrred for 30 11n ~t roo_ tellperature then transferred 

quant1tatively to a centrifuge tube (15 Ill). lhe. vol Ulle was adjusted to 10 lIIl. 

with water, then extr8:cted three tflleS wfth hexane. Centr1 fugat10n followed 

each extraction to has~en phase separation. For Experfaents- A-D, the cOIlM ned 

hexane extracts were washed once w1 th water (5 1IIl), twf ce w1 th 30J HZO/CH3CN (2 

Ill) then dfl uted to 15 l1li.. wftl1 hexane. for Exper1aents E and f, the hexane 
~ 

extracts were washed once w1 th water (5 rt.), di 1 uted to 15 Inl.. with hexane, then 

washed three t f lieS wf th CH3CN (1 !Ill). The hexane was readj usted to 15 ml and 

analyzed-' direct 1 y. 

The derivatfzat10n sequence was perforliled directl y on the (fi th1zonates 

because of s1I811 but persfstent losses of the Free alkyllead salts during 

solvent relOval. It was 1aperat1ve that the ex,tracts not be taken to dryness 

(freeze drying of ~he lead salts or of the1r correspondf ng di thfzonates 

resulted 1n apprecfable 10ss). Phenylat10n j1elds were also consistently 

better on the dith1 zona tes than on the free sa lts. 1 t 1 s postul ated that the 

dfthf zone acts as a keeper 1 n th1 s sys te •. 

The cOlleref al s'pl1tless 1njector systeM was unsuitable for these anay1 ses 

because of persistent sa.ple de<:ollposftfon despite exhaustive sflylat10n of the 

1nserts and of ,the 1njector body w1th df~thyldfchlorosi1ane in OO111n9 

xylene. On-coluan sllylatfng agents (511yl-6 or hexallethyldisl1azane) were not 

apprec1ably better. The problell was overcolile by us1ng an a11 glass fnsert and 
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other i njector 1IOd1f1cat1ons (Fig. Al). The salfent features of the Iad1 fied 

systeJI were an 1 ncreased fnternal volulle a"d a decreased .etal surface area. 

The IlaJor IIOMf1cat1on consfsted ·of an adapter, a 1/4 in (0.64 ca) stainless 

• -

steel Slilagelok nut that was sl1ver soldered te a 1/16 1n (0.16 dl) SS1 aa~e 'y/ 

connector. The i nter1 or of the adaptor was drill ed out to accept a 6.25 WI. 

o.d. boros1l1'cate glass fnsert ( 2 Il. f.d. X 82 •• ). A 1/4 in (0.64 cm) 

d1alleter d1sk of lead fofl (2 III th1ckness) provfded agas t1ght seal between 

th1s fnsert and the adaptor. The boros1l1cate insert lilas held in place by 

t1ghteni ng the adaptor onto the bulkhead fitt1"9 f n the roof of the 

chrollato9raphic oven, liIhich 5 l1ghtl Y deforraed the vespel/graphfte ferrule (C) 

and the lead foil (0). 

Three capi 11 ary, co 1 ulns were exa.l Red for separat 1 on, b 1 eed and i nert ness 
t .:,! 

charaçterfstfcs. A th1rty leter borosl11cate colu.n coated dyna.lcally with 

SE-3D (Canadfan Cap1l1ary Co.) developed s1gniffcantly IOre bleed and produced 

DÔre peak ta1l1 ng of organoleads durfng prograa.10g than d1d a 25 Il Jlethyl' 

sl1icone fused sfffca coluln (Hewlett Packard Co.). A 30 • fused s11fca 08-1 

coluilln (J and W Scfentif1c Co.), hO\rlever, 1aprovèd separation of the alkyl1ead 
l ' 

standards fro. coextract1 ves and was elployed f n a,l1 subsequent, studi es. 

He Il UI \rias chosen ~s c:arrfer gas over nftrogen be~t;se 1 t 1 n~r'eased feSO 1 ut i on 

of the .1 xture and ni trogen was chosen over 5~ argon/a.ethane as aakeup g8S 

~ause ft resulted f n aore stable detector operatf on.' Nitrngen doped with 10 

,pp. oxygen caused 1 ncreased detector response to coextractf ves, but dfd not 

enhance anal y te response appreciabl y. Ffve operatf n9 para",ters were varied 
1 \ i 

systeaat1cally to optflftfze the detector response (a cOlb1nation of sensft1v1tY 

and reproducf b1li ty) to each of the four anal y tes. Detector response to 

approx1 fJately equflOlar alkyl phenyl h:ad standard \rias plotted as a function of: 
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\ 

figure Al. Spl1tless injector co~sed ofl A, 1njector t'leater block fftt~n9j B, 

1/4 in {O,M CI} o.d. borQsl1icate fnsertj C, 1/4/ fn (O,M ca) 

vespellgraphite ferrulej 0, lead f011 p1erced by a pinholej, E, 1/4 fn(O.64 

CI) Swagelok nut si 1 ver soldered to" a 1116 in (0.16 ca) 55I !laIe 

connectOfj f, 0.4,.. graPhite ferrulej G, 1/16 1n (0.16 ca) Swagelok nut; 

H" fuse<! sil ka capU 1 ary co 1 u.n. 

/ 
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(a) fnjector telperature, (b) carrier gas flow rate, {cl colu.n depth 1ns1de 

'1njector and (d) detector Jakeup gas flow rate. Each data point was the - ' 

'averagè'trl\ three .repl1cate deten1nat10ns and the standard devfat1on" was 

l 
recorded as" an error bar. Ea"h parallleter was varie<! ~parately whl1e the other 

four p~raJlleters were raafnta1ned constant:: makeup .g8s, 30 ml min-li fnjector 
, 

te.perature, 2000 Cj 2.0 cm col uRln depthj 2.0 ai n f nHial ho 1 d. Based on 

sens1tivtty apd reproducfb111ty, a carrier gf.ls flow rate of 3.0 ml min-1 and a 

lIa~eup gas Flow rate of 3q nt. l111n-1 n1trogen were judged optfmal (fig. A3). At 
. ~ 

co 1 uln flow rates above 3.0 ml. ., n-1, the reso 1 ut f on of ana 1 y tes . from 

coextract1.\1es rapf dl y deteri orated. More hlportantl y, there- was a 'pronounced 

deterforation in the analyte peak shape. Although fncreased sens1t1vity was 

observe<! .us1 n9 lower I18keup gas fIow rates, the poorer reproducf bil1 ty and the 

,1 ncrease<! "susceptf bi11ty to contalIIi nati on of the detector (parti cul ar 1 y by 

œta1 deposits).did not warrant this IftOdest iIIIprovement. When determinations 

of egg hOlIIOgenate wer~ attellpted usf ng 20.0 lRl. 111 n-1 lIIakeup 9as, Frequent 

decontaraination of the detector (h1gh tellperature baldng) was necessar.y. An 

1sotherllal hold t1me between' oÎle and three minutes dfd not alter response or 

reproduc1 bil1ty. No septUM purg1 n9 lias found to he necessary dur1 ng 

chrollatographi c runs. Under these conditions the obser\(e<! retenti on times for 

the four' alkylphenyllead standards and their corresponding retent10n indices 

\ 
relati ve to a sertes of n-brollOalkanes were deter~i ned (Pachol ec and Poole 

\ 

1962) (Table Al). Under the 'prOgraml'llfn91ond1ti0nS the log of the adjusted 

retenti on tille versus carbon nUlber waS"'drsti net l y curv11iooar (r=O. 965) ~nd a 

better correlation was obta1ned using the actual retent10n time(r=O.997). 

lhese data were used to predict retent10n indices (Kovats 1965) of EtMe2PhPb, 

EtttePhPb and EtMePh2Pb (Table Al). Calibration curves w~re generated for each 

of the alkylphenyllead standards using chroutographic conditions descr1bed 

/ 



138 

/ 

- \ 

Figure A3. Detector response for ~u1lo1ar alkylphenyllead· standards to changes 

1 n: A, injector telperature,; Bt col utn flow ratei C, colutn depth inside 

1 njector and Dt detector I8keup gas flow rate. Error bars represent !. one 

standard 'devfation of threè replicate deterl1 nations. 
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Table Al. Absolute retent10n t1~ and retention fndices (based on 
ret,entfon ti mes) of all<,ylphenylleads relative to a 
holIIO 1 ogous serf es of n-brolIOa 1 kanes 

Anal y te Absolute" Retention ~'Analyte ' Absolute 
Retention Indexf (1) Retention 

, Time(min) _', rime(IRin) 

800 24.76 

~3PhPb 16. 15 9411 i 

O-ClOH21Br 18.13 1000 Me2Ph2Pb 30.87 

EtMe2PhPb 19.25 

Et2MePhPb ' 22. 11 

1033 ( 1036) f f E tMePh2Pb 

1125(1129) i f Et2Ph2Pb 

1200 

f- P~i cted retenti 0 n f ndex (Kovats 1965) 

33.11 

35.14 

1 L 1 = 100N +100n[(RT (A) - RTR(l-J»/(RTR(Ntn) -RTR(N») ) 
N- number of carbons 1 nana 1 y te 

R~tenti 01)''' \ 

Index! ..;(1) 

c 1400 

1532( 1536) i 1 

16201 i 

1800 

n- 'carbon nUinber dHference between R(N) and R(Ntn) 
A- ana 1 y te for wh1 ch retenti on 1 ndex was cal cu l ated 
R(N)- analyte contafning N carbons 
R (Ntn) - anal y te contai oi ng (N+n) carbo ns 

;> 
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&bave. 'A 1 i near f ncrease 111 detector respo nse was observeù wf th '1 ncreas i ng 

analyte concentrations (range 4 pg to 500 P9) of each of the four 

alkylphenyllead standards (Table Al). 

Recover fes 

Table A3 sUlilaarizes the results of six recovery trials. Using the 

s1.plffied extraction procedure (Method 1) or the double extraction technique 

(Method 2), recoverfes frOIll dist111ed water or froll phosphate buffer (spil<ed at 

1-20 ppb Pb) were consistently high. 

frol the two methods were detected. 

No consistent dffferences in recover1es 

Only Method 2 w:as attellpted for salllples of whole egg homogenate. The 

hydrolys1s when incorporated 1nto the determ1natfon sequence had no substant1a1 

effect on the mean recovery of ethyllead salts, however, precision was 

cons i derab 1 y i mproved (Experi ment E versus Exper1 ment f, Table A3) . In 

q>ntrast, the mean recovery of methyll ead sa 1 ts was dramatf call y i mproved, 

i ndi cati ng that the lllethyllead saI ts were rapi dl y bound up by the egg lIatri x. 

The determinations were commenced 15 lOin after each sample was spfked. The 

,- ~ _ enzymatf c pretreatment apparent lyre l eases the bound anal y tes . 
~'-

\ 

The poss1bflity that transalkylation of one lead salt by another mfght 

occur dur1ng the isolation ~rocedures or upon chromatography of the derivatfves 

was investigated in the follow1"9 stud1es. 

Gas chromatography-mass spectrometry 1dentffied the follow1ng mixed 

alkylphenyl leadsj EtMe2PhPb, E~2MePhPb and E~h2Pb. as weIl as biphenyl and 

-terphenyls in the crude reequi11bratfon reaction mixtures. None of these 

",.1xed" alkylleads have been detected durfng recovery trials of alkylphenyl1ead 
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Table A2. L1near regression analys1s of calibration curves for alkylphenylleads 

Anal y te l1near Regression Equat10ni 

Me3PhPb y = 415.9x + 1843 

Et3PhPb y = 238.9x + 494.4 

Me2Ph2Pb Y = 562.5x + 3163.0 

Et2Ph2Pb y = 547. lx + 778.7 

1_" Y = peak area (~V's) and x = pg Pb 

\ 

Correlation 
Coeff ici ent 

0.9998 

0.9997 

0.9996 

0.9988 

Data Poi nts 

15 

15 

15 

15 

i 
1. 

\ 
) 
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Table AJ. Mean recoverlcs of lonlC alkylleads fram water. buffer and whole egg hamogenate 
using-d~fferent extraction procedures. 

Exp't Matn.x Spllced at ~ Procedure ---------Alkylphenyllead---------- Nunber of 
(ppbl HydrolYS1S Method Me 3 Pl:C l Et 3 Pl:Cl Me2PbC12 Et2PbC12 Replicates 

1 2 

----Mean Percent Recovery~SD--------

A Disti lled l.l. 14-19 x 93+3 103+7 72+4 901-5 6 
water 

Dl.st1.l1edÜ 
"~ 

B 0.9-1.5 x 92+5 85+3, 60+3 99+13 3 
\ 

water - '.." " 

C phosphateil 14-19 89+3 100+6 70+2 86+5 3 
buffer x 

D 111 400-525 Whole egg x x 90+3 85+4 62+2 78+4 3 
harogenate 

E Whole egg ~l.~ 30-50 35+6 83+26 23115 115+22 x 5 
harogenate 

F 
il.l. 30-50 80+12 79+4 76+15 il7+15 6 Whole egg x x 

~- reported as ppb Pb 
iJ.- volune 60 mL 

D 

iii-welght 2.5 9 

,. 

--' 
+'" 
1'\) 
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standards or durfng recovery trials us1ng trfalkyllead chlorides or d1alkyllead 

chlor1des. 

Figure A4 records chrolllltograas of (A) synthet1 c mi xture of 

alkylphenyllead standards, (8) one of the repl1cate recovery trials From 

experflllent F (equf valent to 30-50 ppb Pb f n whole egg hOllOgenate) and. (C) a 

control recovery trial 'from whole egg homogenate. Because recoveries from 

water, phosphate buffer and froœ hydrolyzed egg homogenate were consistently 

h1gh and as there were no s1gn1f1cant peaks in tM chrollatograms which could 

have been attr1buted to transalkylation products, 1t 1s concluded that 

transalkylat10n was not a major source of 10ss. 

The app11 cati on of the llethod to herrf ng gu11 who le egg hOll1Ogenate was 

tested by analyzing three sa.ples. The procedures followed were exactly those 

for Exper1.ent F of the recovery trials. No practfcal d1ff1cultfes were 

encountered' 1 ndi cating that chi cken egg homogenate was a suf tabl e substf tute 

raatrh for these sa.ples. No i ndfcation of the presence of lead salts 1 n these 

samples was obtafned and ft 1s concluded that, at the tfme of analysfs, these 

analytes were present at less than 1-4 ppb in herrfng gull eg9 samples. 

Recovery trfals directly froll herring gui! egg homogenate were not attempted 

for lack of suitable samplesj thus b1 ndi ng to thi s matrix may be dffferent fro,. 

those 1 ~p~r~ct1 ons observed in the case of chf cken e99 homogenate. 
( 
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Figure M. OC-ECO chrolatograllS of: A, syntheti<: Mi xture of 15.0 P9 Me3PhPb 

, 
Br recovery s8111>1e frol whole egg hOJtOgenate (sp1ked ",1th 30-50 ppb 

alkyl1ead'salts); C, recovery trial frol control whole egg holO~nate. 
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Append1x B. Al~.yl phenyllead synthes1s 

Tetraalkyleads can be synthesf zed FroM lead( II) chlorfde by react10n with 

a Grignard reagent and alkyl hal1de. 

6ors1ch and Robbins (1969) reported a one step aethod for the synthes1s of 

tetraalkylleads froll a Grignard reagent, l.ead(II) chloride and alkyl chloride: 

3RMgX + PbC12 + R'el ---) R3PbR' + 3MgXCl 

The react10n procèeded by fn1t1ally forllling a trfalkylplUl.bylaagnesfua 

chloride co.plex: 

( W1111aas 1970) 

The tr1alkylplulbylaagnes1uII chloride was then reacted with an alkyl ha11de: 

R3PbMgCl + R'CI ---) R3R'Pb + MgC12 

The R3PbMgCl 1nterlled1ate forlled read11y 1n THf, but not in d1ethyl 

ether. The leau(II) salt Must be added to the Grignard to prevent lead metal 

foraat1on (Williaas 1970), wh1ch was 1fkely caused by d1sproportionatfon G of the 

R2Pb 1nter~1ate when excess Grignard was not ava11able to react to for~ the 

• 

The purpose of the study was to synthes i le uns)'lIllletr1 cal al ky1f!lenyl1ead ' 

cOllpounds for use as analyt1cal standards. 

Solvents (except THf) were d1stll1ed 1 n glass grade frol Caledon 

Laboratories Ltd. The tetrahydrofuran was HPLC anhydrous grade (Caledon 

.. 
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Laboratorfes Ltd.). Inorganfc reagents were ACS grade or better. Alkyl- and 

phenylmagnes1um ehlor1de were obta1ned From Alfa Produets, Ventron Corp. The 

cOlpressed n1trogen was extra dry grade fro. Med1gaz Ltee, Montreal. 

TtJe handl1"9 of o,xygen and 1101 sture sensitive reagents, anhydrous so lvents 

and organolead synthesis was 'simpllf1ed by the use of a hOMe aade glove box 

(fig. AS). 

Ethylphenyl1ead Synthesls. 

Lead(II) chlor1de (PbC12) was reacted wfth phenylmagnes1um dhlor1de 

(PhMgCl), ethylmagnesium ehlor1de (E~Cl) and ethyl bromide (EtBr). The .olar 

ratio of EtBr:PbC12 was 4:1, where'as the MOlar ratio of PhMgCl:EtMgCl:PbC12 was 

varied to optfm12e the yield of the desfred product(s)j for the synthesis of 

tetraethyl1ead and trlethylphenyllead, a malar ratio of 1:3:1 was used, and a 

.alar ratio of 2:2:1 was optimum for the syothesls of dlethylphenyl1ead and 

ethy 1 tr 1 pheny 11 ead. 

The phenyhlagnesiull chloTfde (1.95 M in THF), ,ethyhlagnesium chloride 

(2.08 M in THF) and ethyl broa1de were added f~ approprfate quantlt1es ta a 300 

ml three-necked round bottol flask under nltrogen (glove box). Tetrahydrofuran 

(100 al) was addedj the flask was stoppered and transferred to a crushed tee 

bath 1n a fUNe hood. A water cooled Liebig condenser fftted y,ith ~~ air 10ck 

(011 f111ed U trap) was attached to the central joint of the round bottol 

flask. The reaction mixture was stirred vfgorously and the telperature 

MOnitored wfth a thermocouple. When the solut1on teNperature reached 0-30C, 10 

9 of f1 nel y crushed PbC12 was added through the other si de ar" over 

approxi.ately 10 .i~utes. The PbC12 dispenser, a bent sealed glass tube with a 

ground glass j 01 nt, was removed and the nttrogen 'connected. The Mixture was 

• ..... ... 
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figure AS. Controlled atllOsphere glove, box cO,ns1st1ng of: A, plexfglass sheet, 

48.3 CI X 43.2 CI X 0.32 CI; Sf'aasonfte s1de section, 30.5 cm (front) X 

38.1 CI X 46.3 CI (back); C, Iason1te front section, 61 CI X 30.5 cm X 0.5 
, 

CI; 0, glove port, PVC tubing, 11.4 CI l.d., 12.7 o.d.; E, glass U-tube, 

oil fi l1edi r, gas rotaleter; G, ne<> pre ne glovesj H, foall! rubber seal i l, 

door .ounting hardware; J. door openfng, left sfde, 20.3 c. X 25.4 CI; K, 

12.7 C~ hose ela'Pi l, Masonfte door, 25.4 elll X 30.5 CI. 
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reacted at 1ce bath teçerature for approxiutely 10 .fnutes, and then allowed . ' 

to warD to roo. telperature oY~r one hour. The flask contents were' transferred 

to a 500 Il separatory funnel vith several V8$htngs of hexane (tot~l volulte-

100 Il) and then partit10ned three tilleS vfth double dtstilled vater (50 Ill). 

The organic layer vas filtered, dried vith sod1uD sulfate and reduced to a 
, t 

constant voluE under vacuUI (rotary evaporat1on at 35°C). . . 

Distillation The distillation apparat us (Ace Glass Inc., V1neland, N. V.) 

consisted of; (a) 10 Ill. round bottOI flask used as the d1stt11at10n flask, (b) -

Vigreux coluln, lndent section either 60 or 130 .. in length (glass blovn at 

Macdonald College) heated with electr1c cord (Cole Parler Co.) and wrapped with 

aluI1nu8 foil, (c) 1ntegral still head condenser unit and (d) cow receiver with 

, four 5 .... rece1ver flasks. 
, 
" 

The distillation flask was heated in an 011 bath, with both the bath and 

coluln tesperature IIOnitored by therllOcouples. The vacuulI 'las u1nta1ned by a 

EChanical high vacuuI puap (Model 025, Precision Se1.) and aonHored by a 

.ercury aanoaeter. A liqu1d air cold trap was placed before the pUMP in the 

vacuuI line to prevent possible contaMination. 

The reactfon products were transferred to the 10 lIIl distillation flask, 

the distillation apparatus assellbled and the vacuuI slowly appl1ed ta about 3 

.. Hg. The flask contents were I8gnetical1y stirred vith a tef10n coated stir 

bar. The oi1 bath and V1greux coluMn te.peratures vere slowly 1ncreased, w1th 

" the colulo teaperature being 1a1ntained at least SoC cooler than the heat1ng 

bath. The tellperatures were stabi 11 zed a!l soon as condensate was observee! 1 n 

the stl1l head and the fraction collected (Table M). The fractions vere 

anal yzee! by gas chrol8tography for pùr1 ty • 

. " 



Table A4. Distillation conditions for RxPh4-xPb cOMpounds 

Oi 1 Bath Te,,~!,ature Coluln Coluln i D1st11l ate 
(OC) He1ght Tellp 

(CM) (OC) 

" 
Albient-92 130 62-65 Et4Pb 

• '" 149-154 60 130-133 Et3PhPb 

204-207 130 182-184 Et2Ph2Pb 

103-107 130 89-93 Me3PhPb 

In-179 130 168-172 Me2Ph2Pb 

L 3 IlIll1 Hg 

<1. 

.. 



.. ~. 

150 

, ~ 
~ 

~ 
81phenyl, a byproduct of the synthesis could not be separated fro. 

triethylphenyl1ead with the ava11able distillation apparatus. Accord1ngly, the 

fol1ow1ng synthetic route to'triethylphenyllead vas used. 

Tr1ethyllead chlor1de (4.5 9, 0.014 ItOles) was added to 50 III 

tetrahydrofuran in a 100 Il three-ned:~ round botto. flask. 0 Phenyll fth1u. 

(O.02é moles, 1.9 M, Aldrich Che. Co.) vas held 1n a pressure èqual1zed 

,cy11ndr1cal separatory funnel under n1trogen. The ~lask vas placed in an 1ce 

bath with the separatory funnel attached to the center. joint. Nftrogen 

(prepur1f1ed grade, Medig8Z) \lias introduced into the top of the separatory 

funnel, passed into the flask and ex1ted through a water çooled condenser w1th 

an 011 f111ed U-trap attached. The te.perature of the reaction mixture 'rias 

IOn1tored with a thermocouple 1ns1de a glass insert. 

The lixture vas mag~1cally st1rred and cooled to 30C. The phenyll1th1u. 

wa::; added drop'rIise over 30 minutes; the 1ce bath was relftove<! and the react10n 

lixture \t'as allowed to warm to room tellperature. 

The fl ask contents, were _ transferre<! to a 500 ml separatory funnel vith a 

hexane rinse (100 Ill), then par~itioned three tfmbs 'rIith double distilled wate~ 
(50 l1li..). The pool ed aqueous extracts were bac\< extracted three. t1111es w1 th . . 
hex~ne (25 ml), whi ch 'rias then added to the separatorY.funnel. 

The cOllbf ned lIIi xture was then fi l tered and drf ed ",1 th anhydrous sod1 u .. / 

sulfate. The solvent 'lias relllOved un der vacuum (rotary evaporation at 40°C). 

The resfdue was frad10nally d1stilled under vacùum usfng a 60.1 Vigreux 

colullln (Table M). 
" 

. ... 
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Methylphenyt1ead SyntheSfs 

lead(II) dllor1de vas reacted vith phenyl.gnestu. ch1ortde, 

Iethylaagnes1u. dllor1de and .ethyl brol1de. The 1I01ar ratio of MeBr:PbC12 vas 

411. The, 1I01a.r ratio ~1 : Mef1gCl : PhC12 vas 1: 3: 1 to obta1n 

tri.etnylphenyllead, whereas a 3:1: 1 ItOlar ratio opthized the synthesfs of 

d1l1ethylphenyllead. 

The react10n apparatus, con~1t10ns and 1s01at10~ of the reacti~ .products", 

was as descr1bed for ethylphenyllead synthes1s. VaCUUI fract,onal distillation 

was carried out as reported in Table M. 

COllpOund ~haract~1 zat1 on. 

Elellental Ana.lys1s (C,H) 

. 
SalPles ~ anal yzed by C.B.R.I Technolog1cal Services Unf~, Research 

8ranch, Agriculture Canada, Ottawa, Ontario, Canada .. 

Infrared (IR) Spectroscopy 

The alkylphenylleads were l'un as neat 1 fqu1ds 1n a deIIOuntable sod1uI 

chlo'r1de vindow assetlbly v1 th a 0.025 _ Mtal fo11 spacer (Perk1n-El.-er 

Corp. ). ~ra were recorded frol 4000 to 635 a-Ion a Model 2S7 Perl<1 n-Ell1er 

Spectrophotoaeter. 

Nucl ear Magnet1 c Resonance (PfR) Spectroscopy 

, 

The alkylphenylleads were run"' in spectrophotolet:er grade carbon 

tetrachlor1de (Aldrich ~ Co. ) with 11 tetrallettlyls1lane as the 1nt~rnal' 

reference cOllpOund. Spectra were recorded ov~ a 600 Hz sveep v1 dth on a 

, -

.. 
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. , 

Varian 0060 PfR 5pectro.oter (Varian Assocfates Inc.) at alb1ent tetlf)eY'ature. 
1 

Gas ChroJatography 

The al kyl phenyl1eads and readf on ahtures were anal yzed w1 th a Vati an 

3700 9&5 chrollatograph (Varian Assocfates Inc.) equfpped with a 63Ni e{ectron 

capture detector. Operati n9 condit1ons were as 91 ven 1 n forsyth and Mursha 11 

(1983). Analysfs of the reaetfon products by Ge-AAS was a1so. perforlled under 

conditions descr1 bed fn Section 5.2.1. 

Gas Chrollatography-Mass Spectrolletry 

Saap 1 es \l'ere ana 1 yzed by the Canadi an .,ft dl1fe Servi ce, W11 dl1 fe 

Toxicology Oivisi on, Hull, Quebec, Canadi.' 

Resul ts and Discussion 

.' 

The al kyl pheny11 ead reaet10n .htures conta1 ned 3-4 products (Fi g. ASA and 

A68) a1though Me4Pb, absent froa t~""1ïethylphenyllead reactfon products (fig. 
o 

A68), was 1 f ke 1 y relOved durf ng rotary evaporat10n of the li xture prf or to 

analys1s T fractional distillation of the reaction Mixture 1so1ated the desfred 

alkylphenyl1eads with a high degree of purfty (fig. A7A-O). further cOMpound 

character1zat10n by elellW?ntal analys1s, IR, tIR and MSS spectroscopy conffrle;d 
.' C 

COllpOund f dentit 1 es (fi gs. AS-AU) . 

Alkyl1ead phenylates were in1t1ally chosen to .1nl.ize 1055 of derivat1zed 

alkylleads dur1ng solvent reduction f n the recovery procedure. Also, ft was 
, 

felt that phenyl groups would enhance electron capture detectfon. 

Chrollatography of the alkyl1ead phenylates was excellent (fig. ASA).· 

Phenylatfon of the extracted lonic alkylleads fn1tfally produced sufflciently 

.' 

.. 
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" figure M>. Ge-ECO chrO .. tograllS of: (A) ethylphenyl1ead reaction 11xture 

conta1n1ng !' Et4Pbj 2, Et:fhPbj 3, Et2Ph~b; 4, EtPh3Pb and (8) a 

lethylphenyllead react10n .hture containing 1, MeJPhPb; ,2, Me2Ph2Pbjo 3, 
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Figure A7. GC~ -chrolatograllS of: CA) ~b; (8) EtJPtJPbj (C) Me2Ph2Pbj (0) ... 
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figure NJ. Eluental analys1s, (A) lUS spectru., (B) IR spectru. and (C) M4R. 

spectrui of Et3PhPb. 
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Elernental Analysie' 
Calculated: 38,80% C 5.43% H 
Found: 38.64" C 6, 00% H 
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figure Ag. ElelientaJ analys1s, CA) ., spectru., (8) IR SpectrUli and"" CC) tIR 

Spectru. of He:3PhPb. 
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Elemental Analy.i'I· ~ " 
Calculated: n. 8Z~ C 4. ZS'o H 
Found: '3Z. 8Z% C 3. 76~ H 
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FIguré A10. Elftental a~al)'Sfs 

spectrUli ,of Me~2Pb: 
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(A) IIlSS spectru., (B):IR spectrua and (C) tIR 
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Eltlmental Ana.lyala 
C.lculated: 42.95% C 4. 12'0 H 
Found: 42. 594fa C 3. 86Gfo H .; 

A' 

c 

\. 
'/ - , 

/" 

'~ 

• • • , • 
.f. 

.. ... 

~ \ 

l' 

\-
--..... \. 4 

" \ 
\ 
. \\ ' 

~--

""(cS) 
4 1 , 
~ 



• • u 

158 

\ 
, 

" 
" 4' 

~ 

. l' 

.. 
fT 

( 

;. 

"-

/ 
~ 

.i ,'1 

'.Î'" \ 
~ . .>,. 

~ 
._.l. 

figure All. Eletental analys1s, (A) U$9 spectru., (8) IR spectrÙlt and (C) ffR 

,.J" spectrUli of Et~h2Pb. J 
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Elemental Analysis 
Calculated: 45.81'0 C 4.80% H 
Found: 45.87% C 4. 58% H 
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:: " 
clean extract:s (Forsyth and Marshall 1983), however, .. 1t was fouRd that the 

phe~nyl Grignard reagent used ~as atyp1cal1y clean, as later lots of Grignard ' 

reagent fro. the sa.e and other sources produced extracts contain1ng 

1 nterfer1 n9 peaks when ana 1 yZed by Ge-ECO or OC-AAS. Al though an ex~ract 

cleanup procéiJure could have been used, further steps in the analytical 
f\ 

procedure were cons1der~ undesirable. Butylation, therefore, was selected a~d 

found to produce clean extracts su1table for us~ with the Ge-AAS syste •. 
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Appendh C. CO"P1el<ation of organoleads w1th a..anlua pyl"ol1d1ne 
dl thi ôCarba~te (APOC) 

• < 

16ji:; . 

Alkyllead and 1norgan1c lead hal1deS were d1sso1ved in d1st111ed water (1 
, , 

~). Several dra,s of 2' (w/v) 81111On1u. pyrol1d1ne d1thfocarbaute (APOC) were 
'. 

added and the result1ng lead-POC co..,lexes extracted w1th llethyl lsobutyl 

ketone. 
/' 

/' 
The cOlplexes we.e analyzed by Or": 0.8. Maclean, Cheatstry DepIt, Mdtaster 

Universfty uSfng, a VG 7070 aass spectroleter under the following conditions: 

accelerat1Q9 voltage, 4 kV; fonfzat10n voltage, 70 eV; ea1ss10n current, 200 

~; ion source teaperature, 1800C. 

'The MSS spectra (f1gs. Al2A and 8, Al3A and B, A14) 1nd1cated that R3Pb+" 

forlled al: i 1 éad: POe COIip l ex, vhereas R2P~+ and p~+ foraed, 1: 2 1 ead: poe;, 

COIIP 1 e,xeS. 
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Figure A12. Mass spectra of: A, EtJPbPDC cOlplexj 8, Et2Pb(POC)2 co~lex. 
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Append1x O. Calcu1at10ns of a.1no nttrosen 

Three repl1cates of each sallP'e were analyzed usfng the n1nhyd1'1n 

reaCt10n. E very SIIIP 1 e vas read aga 1 nst a reagent b lank run concurrent 1 y vi th 

the sallf)les. L-alan1ne (Calb1oçhe1) standards were run 

'naples . The 8,,1no n1trogen .content of the sallples vas 

1 
vith eadh group of 

deter.1ned by l1near 

regression equat19ns produced fro. the l-alan~ne standards. The enzYIe or acfd 

hydrolysate a.1oo nftrogen conten~ was corrected for background a.1no n1trogen 

by subtraction of the lean hydrolys1s (no tissue) blank or ac1d blank a.1oo 
1 

n1trogen value respect1vely. 

SallPle Calculation;- liver at 24 hours of enzyRt1c hydrolys1~ vith 40 119 

each of protease and li~~~~ ~~Jed. 

The lean (N=3) absorbance of the ~ree repl1cate's ,ver~O.409, 0.442 and 

0.403. 

r 
The ca 1 cu 1 ated 1.1 near regress 1-on equat10n vas: 

<, 

Absorbance=O. 0261+0. 220x r=O.9989 Na12 
x=a.1no nftrogen (~g) 

The obtained a.1no nitrogen values (~g) were 1.74, 1.89 and 1.71. 

To deter.ine a.1no n1trogen (ag), the total hydrolysate v~lu.e (22 Il) 

dtvfded by the sa.pling volu.e (5 ~) vas aultfpled by the a.1oo n1trogen value 

expressed 1 n .1111 gr a Ils • 

/ 
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total 

/ 
, / 

! - ;-
allno nitrogen (119) a 1.7411000'. (22000/5) = 7.66/ 

8.32/1000 * (22000/5) JI 8. a2 
" 1. 7111000 • (22000/5) la 1.52 
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However, each of these stIPles had been. dlluted _ 1:4 prior to absorbanc:e 

!,!Idlng, therefore thesè values were IUltlpl1~' by S, result1ng 11\ 38L3, 41.6 

Ind 37.6 19 respect1 ve 1 y. The !leln 8.1 no ni trogen value of ,the hydro 1 ysate (no 

,tissue) blank at 24 h was s1.Harly detera1,ned to be 1. 5 !tg: The 'backgrc'Jnd' 
1 (.., 

,Y 

" / 

corrected hydrol ysate a.ho nitrogen values/were therefore: . / 

Background c~rrected = 38.3 - 1.,5 ~' 36.8 
A.ho n1trogen (1Ig) = 41.6 - 1. 5/= 40.1 

= 37.6 - 1.5 = 36.1 
/ 

/ 

The leln corrected a.1 no n1 trogen value "!. 50 was ,37. 7t2.1 ~~ 
" 
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ApPendh E. Calculatfons for organolead recover.ies ~rol b101ogical tissue 

A. C.lculatfon for background correction 

It was.' found that unspiked t1,ssue hydrolysates contained organolead' 
, ... 

cOllPOUnds. Correction for these background levels of ana,lyte. was neœssary to , 
• " & 

prevent he1ghtened recover1es fn trace level recovery exper1.ents (Exp'ts 0 and 
~. 

E, Table' 5). Three r~p11cates of unsp1ked tissue hydrolysate were analyzed by 

Ge-AAS. The organolead analyte peak areas were integrated hy ~ recordfng 

integfator (~lett Packar~ 3390A). To corr~ for sl1gh:t chan~ fn, the 

sensftfvity of the GC-~I systel, the llean '-peak area of thè background 

organolead was converted to the téan background organolead quantfty by 

interpolatfon fro. lethyl and ethylbutyllead ~tandards run dur1ng the .unsp'ked 

t1~sue an~~S1s. This 1e8n baCkground organolead quant1~y was .then converted 

bad: to the ~ufvalen\ background peak area' by fnter~latfon frol .ethyl and 
""' , .. Il 1 

ethylbutyllead standards run durfng the analysfs of the recovery exper1lent. 

Exalple Calculation: Me3Pb+ recovery fr?1 l1ver (Exp't E, Table 5). ' 

-s 

Recovery Sa.ple Uncorrected Mean Background Corrected, 
Recovery \ Peak Area - = Recovery 
Peak Area :- Peak Area 

. - 1 

L1ver Il '28087 8616 = 19471 
Li ver 12 33023 8616 = 24407 
L1ver 13 255~ 8616 = 16976 
Liver 14 32725 8616 = 24109 

Mean corrected recovery peak area '!:,SO = 21241'!:,3632 (N=4). ~ 

B. Calculat10n for percent age recovery 

. ~ 

The" 'percentage recovery of each anal y te was det.erlfl)ed by d1.v1d1ng the 

llean peak area of the recovered butylate by the .ean peak area of the butylate 
j 

'~ 
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in t~ recovery ·standards-. four tepl1cate ·standards· ,~re _de by butylat1ng 

an a~ropr1 ate allOunt of organo lead spi ki ng sol uti ~n, wh1 dl lias d1l uted to the 
, .. 

expected (assu.ing lOO~ recovery) ~aaple eoncentrat1on. 

1 t$ 
SallP1e Calculation: MeaPb+ f1-o. lher (Exp't Er Tablè 5). 

The lean peak area +50 of ,MeaBuPb, in the rec~ry ·standards· was , 

213932t1399 'N=4). 

. Mean. recovery =.21241t3632/ 21392t1399 
R 

The quotient error vas calculated by the ~uat1on=t1 
SDquot1ent s A/s/(SOA/A)2+(SDs/B)2 . 

where A= llean recovered peak area . 
1 B= lean recovery ·standard· peak area 

• SDA= standard dev1 at1 on of A 
SOs= standard dev1atfon of B 

Mean recovery tSD= 21241/~1392t 21241/21392Jt3~32/21241)2 + (1399/21392)2 
~, :: O.993t ~.182 

Mean Irecovery tSO = O.99a*I0Gt 0.182*100 
= 99t 18~ 

. . 

" 

• 

, 
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• 1 
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• Appendix . f'. Hi gh pressure li qui d chro88tography-atoI1 c 
absorption spectroscopy. 
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A h19h pressure 11 qui d Chrollélt.ography (HPlC) SystH 'consi sti ng of a HPlC 

PUIP (Al tex Model 110, Altex Scientitf1c Inc.), syringe loading 1njector 

(Rheodyne Model 7125, Rheodyne Inc.) and HPlC coluln was interfaced wfth a 

Zeiss AMD-3 atolic absorption spectrophotoJeter (AAS) (Carl Zeiss, FRG) (fig. 

AIS). The solvent f10w frol the fnjector was connected to an AAS quartz T-tube ' 

furnace (Fig. A16) by a HPLC~AAS Interface (fig. Al7). 

Nor~l HPlC-AAS systeM operatfng conditfons were: 

Ja> HPLC:- solvent Flow rate, 1 III 11n-1 

~ , 

" (b) AAS furnace- upper and lower tube t~rature, 950-1OOOoC; afr f10w 

rate, 400 Il .1n-1; H2 Flow rate, 320 IIIlllfn-1 . 

. 
(c).AAS-hollow cathode lalp current 7 liai wavelength, 283.3 nli 511t -width, ~.3 n; band width 0:75 .. ; photoaultfpler tube alPl1fier, step 1 . . ' 

(lowest settf ng); deuter1 UI 1 alp. current, 200 lia. 

Quartz T -tube furnace . ). 

The furnace design (F1g. A16) was IOdff1ed fro. ~hau et al. (1975). The 

• * a_ 

quartz T -tube was heated by two f ndependent coiled ni ckel-chro.f UI res1 stance tI 

alloy vire e1elents (Chro~l A, Hosk1ns Manufactur1ng Co.). Power to the 

he,!lt1ng elellents "as supplfed by two Variac variable transForreers' and the 

current MOn1t9red by a.pere lleters. Two type K (ChroDel~Alu.el) theraocouples 

vere pos1t1oned near the lower elelent for teçerature MOnitoring, 'with a third 
, \ 

1nserted' in the upper quartz tube dur1ng furnace warlup. The quartz T-tube vas 
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figure AIS. HPlC-AAS ,~systel: .-A, Variac variable voltage transforllers; 8, 

eledron1c tellJ)erature IIOn1tor; C, Altex IIOdel ~\.O, HPlC PUIp; D, HPLC . , 
col u.n (used as a pulse da.pener 1 n th1s configuration); E, Rheodyne IOdel 

• 
7125 syringe loading sa.ple injector; F, IIOnochro.atorj 6, aipere leters; 
.. 
H, quartz furnace asse.bl y; I, type K thenocouplej J, furnace position 

~ 

adjusterj K, gas rotalleterj l, la." turretj H, 81p11fier, AAS 

electronics. 
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Figure A16. Expl~ vf~ of quartz T-tube furnace: A, alu~1nu. cas1n9, upper 

section, 105 CIl X 6.9 ca X 5. 2 CIl; B, refractory br1 ckj C, heatf n9 

elellents, upper eletent cofled Pro. 152 c. of Chrollel A electrf cal 

resistance wtre, gauge 24, lower elellent coi 100 fro. 122 ca, of salle 

I18terfal; D, quartz T-tube~ upper -tube 6 c. X 9 •• 1. d., 11 .. o. d. 1 lower'­

tube 10 c. X 4 Il f."d., 6. 15 • o. d. i E, type K (Chrolte) -AJu-.el') 

therMocouples; F, alu.inu. casing, lower sedion, 10 c. X 6.6, C. X 5.0 

ca. 
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.covered w1th fiberfrax ceral1e cloth (The CarborunduM Co.) and two shàped 

sections of refractory bri ck (A. P. Green ff re 8r1 de Co.) he 1 d together by ~n 

ahl1l1nui enclosure. 

1 

tR.C-MS ,1 nterface' 
, , 

The nebuHzer design (F1g. AI7) lIt111zed read1ly aval1able parts, wh1ch ,. , 

required 11ttle IIOdHicat1on. the Swagelok 1/4 in (0.64 CI) to 118 in ().32 

~) redueing . union was drille<! out to 1/8 1n (0'.32 CI) to allow a 1/8 in (0.32 

qa) stainless steel (S.S.) tube to pass through to the 5wagelok 1/8 in (0.32 . , 

{ 
c.) tee union. Air was introduced through inlet K (fig. A17) (1/16 in (0.16 

ca) S.S. tubing sil ver soldered into the reduclng union), whereas, hydrogen 
, 

entered through tnlet L (fig. A17) and was entraine(Fbetween parts ,A (fig. A17) 
" 

.and E (fig. A17). The HPLC solvent passed through a 0.01 in (0.025 •• ) i.d., 

1/16 1n (0.16 CI) o.d. S.S. tube into the furnace. A flale 19nited d1rectly , 

in front of the nebulfzer tip, where the entra1ned H2 and air caille in contact. 
, 

fla.eless operation allowed the formation of solvent droplets, excessive s1gnal 

noise and poor detector response to the organ?lead corapounds. 

Variou~ co~centrat10ns of Et3PbCl were fnjected (~O~L volUMe) into the 

quartz T-tube furnace to exaline AAS systel sens1t1vity and l1nearity. The 

HPlC separation of alkyllead halides was exalined using a 4.6 X 250 •• Altex .... 

Ul trasphere (5 UI) 51 col uln (A 1 tex Sei ent1 fi cIne. ) with 'varlous 

tetrahydrofuran:hexane:organfc ac1d (propion1c and acetic) IOb11e phases. 

!{he MS systea responded l1nearly t~ the allOunt of organic lead injected 

',(Fig. A18). The detectfon l1raft was estill8ted to be approxh,tely 1-5 n,9 Pb. 
1 

Tetrahydrofuran was subst1tuted for ·acetone (us~ in thin-layer 

/' 

• aqss &-
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Ffgure A17. Exploded v1ew of HPLC-AAS 1nt~rface: A, sta1n~ess steel tub1ng, 13 • 

C. X 1/16 1n (0.16 c.) o.d.~ 0.01 in (' 0.Q25 ca) f.d.; B, Swagelok 1/8 fn 

(0.32 ca) ~ee union; C, 

reduc1ng ferrules; 0, 

118 1n (0.32 C.) to 1/16 in (0.16 'Ca) tef,lon', 
,\ 

1/8 in (0.32 ca) Swagelok nuts; E, sta1nless steel 

tubing, 7.9 c. X 1/8 in (0.32 C.) o.d' t 3/32 in (0.24 CI) t.d.; f, 1/8 in . 
(0.32 ca) Vespel ferrules; ,6, Swagelok 1/4 in (0.64 (;.) to 1/8 (0.32 a) 

redudng union; H, 1/4 ln (0.64 ca) graphite, ferrule; l, 1/4 in (0.64 CI) 
\ 

Swagelok nut; J, lower tube of quartz furnace, 6.15 •• o.d.; K, H21nlet; 

l, air 1 nlet . 
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figure Ale. Response of HPLC-AAS, to 17.2-172 n9 Pb as Et3PbCl. Error bars 

represent '!. one standard devi at1 on' of three rep 11 cate. deter •• nat10ns. 
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, 
chro_tography) be<:ause of c1eaner btirning in ,the quartz T:-tube furnaœ. ~ 

organ1c ac1ds ~e added to the IObl1e phase to reduce solute tail1ngby , 

bloddng hydrogen bond1ng sites on the 511fca surface (Lawrenœ and ledu~ 

1978). Prop1on1c and forl1e acfd, (101 (v/v)) in the IObile phase reduced 

.tan1ng of Et3PbCl but ~bCl tal1ed extensivel)'. Acetic acid (lOI (v/v», 

was not as effecti ve on the peak shape of EtJPbCl but di d f !lprove the peak 

shape of ~PbCl. Although basel1 ne separation of Et3PbC1 and MeJPbCl was 

possible (with 1:7:3 prop1~nic:THf:hexane) the d1alkyllead d1chlor1des 

chroutographed very poorl)' under all tested conditions. It was considered 

that HPLC separat10n was li kel y possi b 1 e wf th ion pai ri n9 ·or reverse 

chroll8tography of cOlplexed alkyllead5 (Appendh C) but the dO utton factoi" 

lIposed by conventional analytical colu.ns would exclude trace analysis. The 

reœnt introduction of .icroboTe HPlC colu.ns, 'lay perla t~ dHeèt trace 

analysis of under1vat1zed lontc alkyllead cOlpounds. 
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Append1)( 6. Effects of para.ers on Ge-AAS syst_ 
sensft1vity and anal y te peak shape 

1. H2 furnace l8keup gas Flow rate 

. , 

. ~, 

Anal y te H2 -----------Analyte Concentration (g/ll.)---------:-----.. -

flow. rate 10-9 10-8 10':'7 10~6 
(Ill lai n) 

'175 

-----,;.-----Mean Peak Hef ght ResponsetSD--:----------... ----

Me3 0 

Me2 

Et3 

Et2 

Me3 15 

Mel 

Et3 

Et2 

------... ---- (Mean Area/He1 ght Rat i o-±,SD) ------------------

, -

-' 

3164+1935 
( • 0100t0. 006) 
25221+666 

(O. 151fo. 002) 
18599+642 

(O. 174fo. 007) 
14711+2200 

(O. 161fo. 015) 

984&!:,1651 65997~1667 671333~13 3746167't2926? 
(O.26~.019) (0.1~.OO5) (0.174±9.002) (O.27~.~02) 

6736+266 61788+1193 617947+4863 3219500+22990 
(O.200!P.OO2) (O.18~.OO3) (0.17a±9.001) (0.24O±P.OOl) 

5585+558 43138+2350 421910+2144 2942500+10nO . 
(O.247~.016) (0.21~.012) (0.2~.OO3) (.023st9.001) 

6104+974 32289t-673 313080+1809 2546300+12836 
(0.2~.OO2) (O.195tO.OO6) (o.1a0f9.001) (0.206±P.OOl) 

Me3 

Me2 

Et3 

Et2 

25 8902~339 a 76957~1128 779823~838 3583500+~7487 
(0.178!9.002) (0.1~.OO3) (0.163!9) (O. 26Ot0. 002) 

Mel 50 

Me2 

Et3 

Et2 

8999+554 71182+686 7035n+3306 3194333+36094 
(0.193~.008) (O.l~.OOI) (O.163to.OOl) (.0234!p.002) 

. 5580+472 44481+1936 445090+4422 2789800+45230 
(O. 200f0. 005) (O. 174!O. 004) (O. 173fo. 002) (O. 217fo. 003) 

4764+1061 36160+1028 363453+3960 2516067+23974 
(fi.197fo,03~) (O.166!O.002) (O. 166fo.oOl) (O.197to.OOl) 

7941+910 65792+746 659667+5863 3187467+28719 
(O.l8sta.017) (0.164!O. 001) (O. 158fo. 001) (O. 230f0. 003) 

6654"!:,765 60648t662 590833!4258 2975700-!:,14052 
(O.183~.012) (O.167~.002) (0.156!P.001) (0.21~.OOl) 

4254+870 36913+1342 363670+3192 2500733+10762 u 
(O.18~.037) (0.173fo.o05) (O.1~.002) (0.19~.001) 

3811+753 32191+759 300233+1802 2272033+13670 
(O. 187fo. 038) (O. 17sto. 002) (O. 162fo. 002) (~.182fo) 

-. 
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Append1 x G cont 1 d 

Analyte ~H2 .. ----... --.. --Analyte Concentration (9/1l)------------7--
Flow rate 10-9 10-8 . 10-7 10-6 

( .... /~1n), , -, 

• -----------Mean Peak tte1 ght Response+SD-------------:..---
-----------(Mean Area/He1 ght Rat1 o-.tSO) --.. --------------... " . 

-Me3 75 6508+992 57294+619 563120+2967 300900+22653 
_ (O. 173fQ.016) (0.lssto.OO2) (O.l5f@.OOl) (O. 21gto. 001) 

, Me2 

Et3 . 

6068±2131 51065+951 500890+ 1434 2798133+5928 
(o.laafo.044) (-O. l6SfO.o03) (O.tssto~ . (0,20$) 

3888+1160 30959+352 306046+593, 2266433+5530 

Et2 

Me3 100 

Me2 

Et3 

Et2 

Me3 150 

Me2 

, Et3 

Et2 

Mel- MeJ8uPb 
Me2- Me~u2Pb 
Et3-' EtjluPb 
Et2- Et~zPb 

(0.222fo.052) (O. 170f0. 002) (0.163fo) (O. 184to. 001) 
3959+669 26305+670 253360+ 1662 2047100+5981 

(O. 21gfo. 039) (O. 169tO. 004) (O. 161fo. 002) (O~ 174fo. 001) 

5133+315 ' 39302+466 390293+4316 2565867+4234 
(0.20sf0.021) (O. 16gfo.001) (O.l54fo.oOl) (O.l92to) 

4339+627 35800+ 1047 248040+2296 2394967+2627 
(0.181fo.022) (O. 172fO.004) (o.155fo.00l) (O.l83to) 

2901,!:584 20709'!:1683 208437!,997 1767522±;4508 
(O. 204'!:0. 043) fO.173-!,O. 011) (0.1_62!,<) (-O.166tO. 001) 

3238+1290 18422+1142 1m43+1148 1561900+624 
(O.24sfo.083) (O. 176fo. 007) (O. 161fo. 001) (O.161~) 

3107+573 23697+544 217907+1163 InS900+2390 
(0.19E8l.032) (0.156fO.002) (0.14@) (O.161~()'001) 
i 2944+973 20761+1193' 194287+1075 '1627033+2001 ' 
(O.1~.049) (0.lss±o.OO9) (0.147fo) (0.16Ofo.oOl) 

-2451+539 11278+534 113497+290 1044833+4130 
(O.21~.055) (o.148fo.o03) (O. 14gfo.OOl) (Ô.154to.OOl) 

112G-t19 10566+329 98454+979 919490+1690 
(o.IS6fo.004) (O.lSB!o. ~5) (0.lsofo.002) (O. 153fo. 001) 

. " 

.. 

. , 

-.. 

-.-
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1 -

2. furnace tellJ)erature 
~ 

f"urnace 

,r 

600 

700 

BOO 

900 

1000 

p 

-::------:--~---_:-Ana 1 y te (10-1 g/L) -----------.. ---0 
!'e3BuPb ~u~b Et 38uPb Et28ufb 

------... -----Mean Peak Area Response+50-------------------
--'---------- (Mean Area/Hef ght Ratf 0!.50 )---------:..-:--------

284620+8647 280790+4166 271247+1795 182733+3260 
(O. 222fo. 004) , (O. 212fo. 004)' ,( O. 2~. 003) (O. 2:l.6fo. 002) 
582483+16130 5524n+674 348243+1050 285437+1532 
(0.16:@.004) (O. 164fo. 001) (0.17:@.001) (0.lsotO.001)" 

·670940+20152 616227+7297 375627+3018 318910+1991 
(0.153!o.006) (O. 154fo. 001) (o.lsafo.oOl) (O.156!o.001) 
697~21 622370+571 < 373347+708 320247+55 
(O.l~.OOI) (O.l53fo.OOl) (O.lssto) (O.lssto) 
688653t,1498 61~27ot.I278} 365440t643 31~nt280 
(0.151:tO.001) (O. 151t,Or' (o. 152:tO) {o. 152t,<). 001) 

3,. Furnace aakeup gas y 

Mak~up 
.. • Gas 

He 

Air 

--------.::.-----------------Ana 1 y te (10-7 9' .... ) ----------------- , 
MeJBuPb ' _ Me2Bu2Pb Et3BuPb - Etzau2Pb - . 

---------~-_Mean Peak Area, Response+SD-------------------
----,::--.:.---(Mean Area/Hef ght Ratf o±So) _:-__ oIil ______ : ______ _ 

659667+5863 . 
(O.lS8fo·oOl) 
366993+8248 
(0.151to.00l) 
390886+9371 
'(0: 149!o.OOl) 

- 216817+19223 
(0.304fo·o05) 
t97060+5957 
(0.164!O.OO3) 

9176+984 
, (O. 183fo.020) 

2 7+266-
,(0.19. : .005) 

'" 

, 

59083'3+4256 363670+3191 -' i00233+1802 
,(O.lS8fo,oo1), (O.166fO:~02) (O.162fo.o02) 
328419+9353 197429+6462 169068+4012 
(O.ls3!:Ô.OOl) (9. 156±<J. 002) (o.I5E@.oOl) 
347578+10095 206828+5679~ - 179747+5601 
(O.151!O~OOl) (O,153fo.oOl) (O. 154!:0. 004) 
154937+7406 173427+24627 93912+13089 
(O.236!o.010) (O.34~.037) (0.303!:0.023Yi\ 
187693+2982 !14207+4529 89090+1nl.. 
(O. 16S!o.OOI ) (0 .. 176!o. O~) (o. 162'tO. 002) 

8426+849' 5648+14n 6On+2962 
(0.19~.014., (0.189to.041) (o.254fo.071) 

1870+306 ",.,' 
(~"I~.0231 - 0. b .:.) ~ 

, , 

, \ 

1?? 

.. 

" ' 

, - , 

-c 

. ~\' , ' 
, , 



L 5. OC colu.n flow rate 

Flow Rate 
(III../.in) • 

20 

35 

55 ' 

n 

, . 7 ' " 
------------------Ana 1 y te (10· girL) - ... ----------------
Me3BuPb Me2Bu2Pb .Et3BuPb Et2Bu2Pb -. , 

-----:.------Hean Peak Area Response-tSD-,..--;---------------
---------,--( Mean Area/Hef ght Rati otSO) -------------------

726797+20385 635137+19230 406943+15574 317863+14950' 
(O. 17sfo. 006) (O. 172fo. 010) (o.178fo. 001) (O. 17QÎO. 004) 
753850+...5981 652357t21349 413153j:,16375 351140!.1629 
(O. 156tO.002) (0.161!,O.006) (O. 161!<). 002) (O. 154!.O. 001) 
705580+23033 633170+8401 375870+5086 326627+2034 
(O. 154fo. 001) (0.1S@. 002) (0.156to.003) (O. 155fO.005) 
539020+3036 480927+2291 286780+239 243637+1074 
(0.159~(l.OOl) (O.lssto) il (o.l00fa.OO!) (O.161to.OOl) 

... 
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Ge Col uln Tr 1 Tr 2 ""/21 wt.122 "t>l wt,2 
Gas Flow (Ii n) (lin) (lin) (~1n) (Ii n) c (.i n) 
Rate 
(-IL li n-1) 

. ~ 

-20 14.91 15.34 0.162' . 0.167 0.275 0.284 

35 14.21 14.63 0.151 0.151 0.2'S1 0.257 

55. 13.62 14.02 0.145 0.146 0.246 0.248 

n 12.48 12.88 0.148 0.150 0.251· 0.255 

" 
Trl- retenti on tille of Me28u2Pb 
Tr2- retenti on tille of EtJ8uPb 
"tl/21- half height peak w1dth of Me28u2Pb, 

calcul ated by O. 93getAR/HT ' 

"tl/22-, ha 1 f hei ght peak wi dth of Et3811Pb, 
calculated by O.93getAR/HT 

...,1- basel1 ne pe~ width of Me2Bu2Pb, 
calculated bY.~/21*(4/~.354) (frol SilPSon 1916), 

'wt,2- baseli ne peak wi dth o~ Et3BuPb, 
calculated by Wh/22*(4/2.354) 

R= 2( (Tr 1-T r2)/ <.,.,1 +Wi)2)] < frol SlIIpson 1976) .. . 

\ 

/ 
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R 

1.54 

1.63 

1.62 

1.58 

• 
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Appefl/:lix 1. Analysis of variance and t-tests"of linear 
regress ion equat10ns 

» & 

180 

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

Me3BuPb Y=1624. 3 + 266. 3X N=9 

Source SS df MS f Prob>f r2 SOreg 
Regression 1.202e+12 ' 1 1. 202e+12 213698 0.0001 0.9999 2371.4 
Residual ' 39364106.7 7 5623443.8 

Para.eter Vaiue 50 t Prob>t 
Intercept 1624.3 1026.1 1.58 0.157 
51 ope 266.3 0.576 462.3 0.0001 ~ 

-----------------------------------------------------------------------------
MeZBu2Pb Y=2019.6 + 268.3X N=9 

, 
~2 Source SS df MS f Prob> F SOreg 

Regression 9. 43Be+12 1 9. 436e+12 35276 '0.0001 0:9999 5172.4 
Res1dual - 1. 873e+08 7 26754221.9 

Parameter Value 50 t Prob>t 
Intercept 2019.6 2238.2 0.902 0.3968 
51 ope 266.3 1.43 167.8 0.0001 
----------------~-------------------------------------------------------------
Et3BuPb Y=363.2 + 295.4X N=9 

Source 55 df MS f Prob>f r2 SOreg 
Resression 3.464e+ll 1 3.484e+ll 115367 0.001 0.9999 1737.6 
Resfdual 21134932.3 - 7 3019276.0 

t<>< 

Paralleter 'la 1 ue 50 t Prob>t } 
- Iotercept , 363.2 751.9 0.483 0.644 

51 ope 295.4 0.869 339.7 0.0001 
, 

----~-------------------------------------------------------------------------~< 

Et2Bu2Pb V=332.1 + 278.9X N=9 

Source 55 df MS f Prob>f r 2 -SOreg 
Regression 2. 511e+ll 1 2. 511e+ll 247382 0.00.01 0.9999 1007.4 
Residual 7104571.4 7 1014938.8 

Paralleter Value 50 t Prob>t 
Intercept 332.1 435.9 0.762 0.471 
Slope 278.9 0.561 497.4 0.0001 

/ 
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~ Appendfx J. Analys1s of varfancei 

Î 
" 

-------------~------------------------.---_._--------------------
Me3BuPb " '"' .... 

Source SS df MS f Pr)f 
Total 587.15 82 
Model 482.75 . 6' 80.46 58.60 0.0001 
Error 104.40 76 1.37 • 
------------------------------------~---------~-------------------
Me2Bu2Pb 

Source, . SS df MS f Pr>F 
Total. 2291. 90 82 
Model - 2185.96 6 364.33 261.40 O.OO()l 
Error 105.94 76 1. 39 ',' 

---------------------------------~--------------------------------. . 

) 
Source SS df 
Total 5450.62 82 
Mode 1 5341.19 6 890.20 618.30 O. (001 

• [rror 109.42' 7! 1. 4:4 
---------------~----~----------~---------------------------------

MS f Pr>f \ 
Et2Bu21?b 

Source SS df MS f Pr)f 
Total 3608.25 82 

. /'Ifodel 3323.99 6 553.99 148.12 0.0001 
. Error 284.26 76 3.74 
------------------~------------------------------~--------------

L N=83 (one observat10n ., S5 1 "9) 
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Append1x K. Analys1s of variance 

Y10 le E99 HoltOgenate 

Source 
Total 
Model 
Errol' 

E99 Al bUlf n 

Sourt;e 
Total 
Model 
Errol' 

ss 
1170.23 
1012.48 
157.75 

SS 
160.55 
79.97 
80.59 

df 
47 
,3 

44 

df 
47 

3 
44 

MS 

337.49 
3.59 

MS 

26.66 
1.83 

'f 

94.10 

f 

14.60 

Pr>f 

0.0001 

Pr>f' 

O.O~Ql 

------------------------------------------------------------------- ( 
E99 Yolk 

Source SS df MS J Pr>f' 
Total 1350.92 47 
Model 1305.92 3 435.31 425.60 0.0001 
Errol' 45.08 4A 1.02 

-----------------------------------~----------------------~--------
Ovotransferrf n 

Source 
Total 
Model 
Error 

Fe3++E99 HOllOgenate 

Source 
Total 
Mo(lel 
Error 

ss 
29.43 
4.07 

25.36 

SS 
984.10 
885.67 
98.43 

df 
47 

3 
44 

df 
47' 
3. 

44 

MS 

1.36 
0.58 

'MS 

295.22 
2.24 

F Pr>f' 

2.36 0.0848 

fi , Pr>f' 

132.00 0.0001 

---------------------~--------------------------------------~----~ 
. fe3+ +<)votrans ferri n -, 

Source SS df MS' F Pr>f' 
Total 120.58 43 
Model 1~5.81 3 1.59 0 •. 55 0.6516 
Errol' 4.n '40 2.90 ----------------.. -------------------------~-----.. ------------------,-
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Append1 x l. Envi ronllenta 1 S811p le co 11 ect1 on data. 

Herr1ng 9u11 and I18Hard duck tissue sallPl~ vere collected by the 

Canadian Wl1dHfe Service. Sa!iples were received coded and no 0urther 

identification was provtded unti 1 all analyses vere co.pleted to prevent any \ 

, experhenta 1 bf as. 

G 
~. Herri n9 gull 

All herr1ng gu11 liver and kidney sa.pl~ were fro. tfssue pools of 10 

.hed sex .ture or fnature birds frol each colony Wfftt the exception of 

Middle Island, Lake Erie Jlature bfrd li ver, whfch consisted of 7 pooled 

livers. Sa.ples were collected durfng the suuer of 1983. 

Herring gull whole egg ho.ogenate sa.ples were frol: 

(1) Agawa Rock, Lake Superfor--13 eggs pooled, ~ollected in May, 1983. 
(2) Cha~pel Shelter Island, Lake Huron--10 eggs pooled, collected 

in April, 1982 . 
. (3) Double Island, Lake Huron--13 eggs pooled, collected in May, 1983. 

(4) fighting Island, Detroit River--l1 eggs pooled, collected in 
Apri l, 1982. 

(5) Ha.ilton Harbour--13 eggs pooled, collected 1n May, 1982. 
(6) Middle Island, Lake Er1e--13 eggs poo1ed, collected fn April, 1983. 
(7) Muggs Island, Lake Ontar1o--9 eggs pooled, collected 10 

April, 1982. 
(8) N1ag~ra River--12 eggs pooled, col1ected in May, 1962. 
(9) Scotch Bonnet Island, Lake Onhr1o--13 eggs pooled, 

collected in May, 1982. 
(10) Snake Island, Lake Ontario--13 eggs pooled, tol1ected,fn 

Apr! l, 1982. 

B. Ma 11 ard duel< 

, All collected 181 lards were 11.ature birds. Kid~, llver, brain and 

breast .usc1e sallples were taken fro. tissue pools of 5 feules or 5 lales. 

K1dney and liver sa.ples fro. individua1 b1rds were exal1ned as well. The 

q s_ 
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\ 
SaIP 1 es were co 11 ected frol a w11 dl1 fe sanctuary east' of Harrisburg, Ontario 1 n 

1 1 ~ • • 

Septelber, 1983. 

c. DolleStic chicken 
, , 

, . ' 

J 
\ ' 

Brain, kidney and li ver ' tissue salples" were' collected frol 11xed sex 

_ture birds donated by the Poultry Unit at Macdonald C011ege in Mal', 1984. 

Tissue pools, cons1sting of '15 bra1~, 3 k1dneys and Z 1 fvers were llSed for 

analyses. 
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Append1x M. Transalkylatton reaetton 

The continuaI use of lixtures of Methylethylleads in gasol1ne aar~eted in 

the United States ude the ability to detect and fdent1fy the possible 10n1e 

alkylleads resulttng frol these Iethylethyl1eads des1rable. Oealkyla~ion of 

HeEt3Pb, Me2Et2Pb and ~EtPb would produce the J1xed lon1c Iethylethyl1eads 

MeEt2Pb+, Me2EtPb+ and MeEtPb2+~ Although the retentton t1mes for these .ixed 

ltethylethylbutylleaq, COMpounds were predfcted usfng Kovat's (Kovats 1965) 

retentfon index, the synthes1s of .ixed Iethylethylbutyl1ead cOMpounds al10wed 

direct measure.ent of retentfon tiaes. Tetraorganolead compounds wfll exchange 

organfc groups vith other organolead cOlpounds, produc1ng unsy • .atrfcal 

tetraalkyl1eads.' . 

added to a 5° JIll Reacth1al, wh1ch was sealed and heated to 150°C for 21 h. A 

GC-AAS chro.atogra. o~ the react10n .ixture (Fig. A19) 1nd1cated that extensive 

exchange of,organ1c groups occurred, result1ng ln various unsYM.atrfcal 

tetraalkyl1eads, fncludfng MeEt2BuPb, Me2EtBuPb and MeEtBu2Pb, vith retenti on 

tiles between the retention t1.es of known standards. 
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figure A19. Ge-AAS chroutograllS of: (A) reaction aixture and (A) 

. alkylbutyl~ead standafH aixture conta1n1ng li Me3BuPb; 2, Me2EtBuPb; 3, 

~Et2BuPb;' 4, Me2Bu2Pbj 5, Et3BuPb; 6, EtMeBu2Pb; 7, Et2Bu2Pb; 8, BU4Pb: 
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'Appendix ,N. Calculation of alkylbutyl1ead levels in env1ronaental sa.ples 

\ 

. EX&lPle A. Calculat10n for MejPb+ (as He3BuPb) in gul1 k1dney 

The MeJBuPb peak area respons~ Fro. three rep11cate injections were 

29936, 26422 and 27284. Interpolation between two bracketlng concentrations of 

Me3BuPb stan~ards (fro. ser1es of alkylbutyllead standards run periodical1y 

dur1ng sa.pte analys1s) by l1near regression gave 0.201, 0.,175 and 0.181 ng 

MeJBuPb. 

To <teter. he total Hea8uPb (ng), the total butylate voluae (1000 ilL) 

dfvided py the injection voluae (22.5 1Jl) was aultfpl1ed b~ the Me3BuPb values: 

total MeJBuPb (ng) = 0.201*(1000/22.5) =8.93, 
~ 0.175*(1000/22.5) =7.78 

0.181*(1000/22.5) =6.04' 

Division by the sample weignt (2.5 g) ylelded ng/g ~ wt. 
-

He3BuPb(ng/g wet wt) = 8.93/2.50 =3.57 
= 7.78/2.50 =3.11 
= 8.04/2.50 =3.22 

The leln Me3BuPb (ng/g wet wt) ~SD= 3.3~0.24 

Me38uPb recovery frai k1dney was 831, therefore to correct for recovery, 

the llèan an'd standard devl,atfon were lult1pl1ed by, the Inverse of analyte 

,recovery. 

Me3BuPb ('Og/9 wet wt) =(3. 30-0. 83-1)+{O'. 24*0. 83-1) 
(corrected for recovety) = 3.97+0.29 -

= 4.0t0.3 

- a 
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12505, 13241 a~ 14543. Interpolation between- bio bracketing concentrations of 

ÈtzBU2~b standards (fro. series, of alkylbutyllead standards run ~r1od1cally 

dur1ng saaple analys1s) by l1near regress10n gave 0.097, 0.104 and 0.116 ng 

Total Et28u2Pb (1l9) ... 0.,09'73*(1000/22.5) ;;a 4.33 
, 0.104*( 1000/22. 5) ;: 4.62 
0.116*( 1000/22. 5) :: 5.16 

However, a lean value of 0.26 ng Et28u2~b vas deten1ned in blank 

. hydro 1 ysate cO'ltro 1 s. Thi s value ~as therefore subtracted' fro. the total 

Et28u2Pb. 

Corrected total Et28u2Pb (ng) = 4.33-0.26 ~ 4.07 
4.62-0.26 :: 4.36 
5.16-0.26 :: 4.90 

Divisfon by saaple we1ght (2.50 g) y1elded "g/g ~t wt 

ftzBu2Pb (ng/9 wet wt) = 4.07/2~50 ; 1.63 
4.36/2.50 = 1.74 
4.90/2.50 ,. 1. 96 

The lean Et2BuzPb (ng/g wet wt) -:50= 1. 78:0.17 

EtzBuzPb recovery fro. kidney was 59~, therefore: 

Et2Bu2Pb (ng/g wet wt) 
(corrected for recovery) 

- , 

= (1.78*O.se-1)+(0.17*O.59-1) 
= 2.97+0.29 
~ 3.0!0.3 
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The MeZEtBuPb peak area responses frol three repli eate f njectf ons were 

,12739, 12599 and 13406. Interpolation between two bracketing concentrations of 

Me3BuPb (expressed as Pb) standards by l1near regressfon gave 0.0494, O~04B7 

and 0.0527 ng Pb. 

T 0 deterllf ne total Pb (ng): 

,Total Pb (ng) = 0.0494*(1000/22.5) = 2.20 
0.0487*(1000/22.5) = 2.16 
0.0527*{1000/22.5) =.2.34 

" 

To convert fr~. Pb to Me2EtBuPb the total Pb was 
/ 

1IU1tiplte<f by t~ 

, 1I01ecular weight of Me2EtBuPb di vided by the atollic weight of Pb: 

'(1~ 

-M!2EtBuPb (ng)= 2.20*(323.446/207.2) = 3.43 
2.16-(323.446/207.2) = 3.37 
2.34*(323.446/207.2) = 3.65 

Oivis'fon by the sa.ple wefght (2.50 9) gave ng/g wet wt Me2EtBuPb. 
1 

Me2EtBuPb (ng/g wet wt) = 3.43/2.50 = 1.37 
3.37/2.50'= 1.35 
3.65/2.50 = 1.46 

The .ean Me2EtBuPb (ng/9 wet wt) -:50= 1.3~.-06 

The MeJPb+ recovery FroM kfdney (83l) was USed'to ~Q~rect Me2EtBuPb: 
(, 

Me2EtBuPb '(ng/g wet wt) 
(corrected for recovery) 

= (1.39*0.83-1)+(0.06*0.83-1) - ' 

= 1. 67+ 0.07 
= 1. 7!,O.1 

St.l1arly,' for MeEtZ8uPb, Et3BuPb, ca~ tbration and, Et3Pb+ recovery va hleS_ 

were used and for MeEtBuZP~, -Et2Bu2Pb calibration and Et2Pb2+ recovery' values 

were used. 
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Append1x 0.- Analys1s of variance 
" , 

Anal y te Source 'SS df MS f. Prob>f 
/ ' ' 

Me#b+ Total 357.9670 15 
Model 341.5793 7 48.7970 23.82 0.0001 \ Error 16.38n 8 2.0485 

" 
, .. . 

~~+ Total 30.5631 15 
" Mode) 26.8803 '7 3.8400 8.34 0.0038 

Error 3.6828 8 
0 

/0.4603 

- EtJPb+, Total 100.9391 15 
~ Model 80. 272Q 7 11.4675 4.44 0.0264' .... 

Error , 20.6663 '8 2.5833 , , 

" " 
Et#l)2+ Total 5.9427 15 . 

Model , 4.0408 '7 0.5773 2.43 0.1186 
Error 1.9019 8 0.23n 

\. 
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~ndfx P.- Pa1red-observation t-test between fonic alkyllead' 
(as al~butYllead) concentrations of 1..ature and " 

aature 11 tf ssues ' 

COIIP8r1son Mean Standard t Pr>ltl -, 
Error of ' , .. 

Mean 

A • Li ver (N=4) 

.. , 
, ir MATMe3-ntle3 0.9125 0.4167 2.19 0.1163 

F 
MATMe2-11tle2 !', -0.3900 . 0.6099 "'0.64 0.5680 . 

.... , 

MATEt3-IMEt3 1. 8675" 1.1741 1. 59 ' 0.2099 
<--

MATEt2-IMEt2 0.6675 0.2834 2.36, 0.0998 
, . 
;\ 

""~ ·-B. Kidney (N=4) 

~lMe3-Irtte3 -1.0875 1.3733 -0.79 0.4863 ) 
v 

HAlMe2-11tle2 -0.5175 0.3190 -1.62 0.2032 

HATEt3-lMEt3 0.8850 0.8014 1.10 0.3501 

MATEt2-IMEt2 O.455Ô 0.1984 .3.29 ' 0.0461* 

" .... O. 05 si g'n1 fi canee 
MAT- uture gul1 " 

, ' 
lM- 1 Rature gul1 
Me3- ~BuPb 
Me2- MezBu2Pb 
Et3- Et3BuPb 

-, 

Et2- Et2Bu2Pb 

\ 
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Appendfx Q. Analys1s of canadian gasol1nes for 'alkyllead content. 

/ 

As it becalle evident that there vas an apprectable source of lethyl1eads 
" -

• 1 nto the envi ron.nt, 1 t vas necessary to check 1 f Canad1 an gao 11 IleS contai Red 

Gasol1ne saaples were col1ected frol tvo suppl1ers, Esso and Shell 1n the 
- , 

Montreal area. The salJ)les were d11uted- approx1utely 1000 fold w1th hexane 

and analyzed vith OC-MS operating under noraal opera~ing condftions (Section 

> ... 5.2. 1) vith the except10n that the a 1 r purge cycle vas on 1 y 20 5 long, a 11 owl ng 

• -
,-

• analysis of f1e4Pb. 

IJ . 
The OC-AAS chroll8tograllS (fig. A20) i nd1cated that the leaded 915011nes 

contatned oRly Et4Pb, vith no Me.fb or ixed IIethylethylleadS present • 
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Figure A20. GC-MS chroll8tograllS'of gasol1nes and sta)'ldards contain1~ 1- Et4Pb 

or 2- Me4Pb. (A) Esso regular leadedj (B) Shel1 1'egu;ar leaded; (C) Esso 

regular unleaded; (0) Esso super unleaded; (E)' Me4Pb and (F) Et4Pb. • 
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Appendix R. ~11red-observ.t10n ,t-test between 10n1c alkyl1ead 
(as alkylbutyl1ead) concentrations of .. le and • 

. fna 1 e .. 11 ard dUdcs . 
, 

Co."arison Mean Standard t Pr>ltl 
Errol' of 

Mean 

, 
N-4 

1 ftte3-fMe3 1. 2950 0.4956 2.61 0.0795 

ftte2-fMe2 1.1350 0.3844 2.95 0.0599 
1 
f. .. 
~ 

~. MEt3-fEt3 . 1.5600 0.3833 4.07 0.0268* 
) 

1 
• MEEt2-fEt2 O.~5 0.3476 1.89 0.1550 '-
if 

l. 
e 
~ 

... 0.05 s19n1ficance 
M- .le IaHard 
F":' feule .al lard 
Me3- MeJBuPb 

b 

Me2-. Me2Bu#b 
Et3- EtJ&j>,b 
Et2- , ft~#b 

/ , , 
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