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In roccnt years 1L hau beun olalmcd 1~;y gOVLrnncnt health authorlules,‘
and some othcr inves tletOfu that mercury dlscharﬂed as an: 1ndusur1al waste
flnto erG”S ultlmdteLy transLorm»‘lnto a form whlch 1s metabollzea by
organlsmc ln the rlver ultlnately endlng up as detectable quqntltles 1n ¢1°h

-Thi dlsclosure appndred very surprlslng in view of the supposed 1neruness
;Of mprcury 1n water anu 1ts extremalj low solublllty._ The exnlaqatlop
'ifwas furnlshed recantly by Lood, et all, who showed that mercury can be ?
'fconvnrted to rethyl mercury and’ ¢1m°thjl mercury as a result of enzymatlc
'reaCulons of the follow1ng type whlﬂh are ¢avored in the env1ronment of

’rlver sludggs-

N e e + ATP~ : e ol
LS vEe o Ftkor TIT Co =~ +He(CHs)z
Methylcooa*amlne - Enzyme "/ Big-r )

(rea) ; ' : ‘ (brown) ;

In,view7offfhe‘reactiono which mefcury'underboes, it.is logical to ask whether

indlSurlal 1ead Wastes aunhec into rlvers cen undergo 31m11ar reactions.
 Lead is mobt commonly dlscnargpd into rivers as “the plumbic: (+21’;on.‘.

If:it remalned 1nvthls form_lt would be readily available for metabolﬂ-n By

organzsmo at all levnlg.v However, it has been shown (Allen et al®) that

ferric hydrOXWde and high molebular véight-organﬁc.species'COﬂnley with

and scavenge.the lead from solﬁtion.r They believe thc lead is then lost

quickly to ihebriver‘or‘lake~boftoms; It is therefore relevant to. ask wheth

if can beéome-availa,le once more for ingestion by_varzous-organlsms through &

methyiati6ﬁ>reantioﬁ of the type which has been observed with méicury.‘,lf 7

w

this metkjlatlon rea0u10n dld occur, it could have 1mportant lmnllcaflons‘

to the lead conten* of all rlver spec1es including edible fish. t is

therelore of imporiance to deturmlne whether such reactions can occur vith lead.

RN I Uédd,‘J;'H., Kénﬁedy,‘F.S.; and:Roseﬁ, G.G. "°ynthegls of 4cthy1-xcrgury
".Compounds by Lytracts of Muthanogcnnc %acterlu:" Ia turo 270 173-3% (1965).

2. ,A-J.lo‘n, H.};“, 2 -M&tsén,a‘f{.R‘.,'=. and z.-mncy; K. I, J_Af Mater Poll.. Cont. Fed.
573-581 (1970). R o o - :
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It is propoucd to study the possible metnyLdtlon of 1cad uelng rlvcr
: slucgcs octalned from the Mlus-u31up1 R1vgr.1n thc vrcrnlty oP the Tthyl
Corporatlon plant au Baton Roube.‘ VWhen thls sludbe is. recovercd it w1ll

" be carefully examlned.to determlne whether: any organlc lead 1s prescnu._v'r
Such materldl could conceﬂvably be pre ent as a leoult of lead belng
’emltted Trom uhe plant 1n that form.v If there is any detectable orvunlc‘
~ lead 1t wrll be extracted bcforc any furtner studles are mdde us1ng thc S
'sludne.vf\" ‘ ’ ‘ Co R

We Wlll thon follow the procedure of Wood to see ‘whether methyratlon |

" of lead can occur under condltlons vwhere the’ methylatlon of mercury..is

.known to occur. bor convincing proof of this point in the case lead »
~does: not methjlate, we Wlll repcat the WorP of Wood1 to show that mercucy
:does m hjldte uAder these conditions. :

. I may be poqs1ble that the sludge as such Wlll be dlfflcult to work
 Wluh due to factors not known to. us at present., If thls is the case,
we Would extract the rethgnogenlc bacteria fron tl sludge. The nethanogealc
orgenicm'was 1501ated receﬁtly by Bryant Thle organlsm can be groqn
routinely on hydro~cn and ccrbon dloxld- Cell extracbo can be. prepared
and the actlthy of the mixture asgayed by methanc release (Wood et alﬁ)
Neuhjlcobalamlne 1s an excellent substrate for the formation of Fethane
.‘ln thc preuence of the: meuhanogenlc bacterla. . _
Thus +0 condict the experiment in the ‘absence of sludge We would
' follow the procedure of- Wood?t 5 using a sultablc concenuratron of soluble
lead ATP (adenoolne trlphquhate) the methano"enlc bactorla and
.methylcobalamlne in. thc reactlon ‘mixture. »b

Follow1ng the exposure of dlead to the methanobcnlc env1ronment

) the mixture would be deprotelnated it organo;ead-cempounasvare pregcnt;
they could then be extracted using ‘an organic sblvént : Identificeticnl
of the comuounds could thcﬂ be made using thrn laycr chromutography This -
'method of 1dent1f1catwon hms been used for o;ganomercury comnounds, ani e

we ant1c1pate no problemq w1th lead.

3. Bryant, M.P., Wolin, F.A., Wolin, 1T.u. , and Uolre, R.S., Avch, fur
Ihrnrcuwo?or]c 59 20 (106{) , :

b, Wood, u.n., ,M.i«am-, AL, Brill, W. J., and ¥olfe, R.S., I, Bigl. Men.
240 hsGh (1965). o e 7
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) 10 complotﬁ LH Lud"’ we wou]o %100 exomine thc p0351blc forhttion
‘of a*hy] 1oad compuuud 1n the aguonco of bactozla. Ii is known Lhdb in a
reduc1nb CHVLronm'nb mercurj cun be methylated in tho preucnpo of ‘
kmotbylcobalamlnc. A pazal1cl SUUdy WLll bn made hlth lead to aeterﬁinc ‘;
‘vwhether thls reactlon procecds. _ ' :
To round oub Lhe plcture, it is proposed to examine thé-lead'coptont
~ of several spec1es of flSh Flsh from uhe upper MLSSlSSlppl would be .
:compared W1th those 1p the are9 neav Baton Rougc.v Thesc“data Wou*d be;p”

- examlned for trendo relat ng to locaulons 1n the rlver, and also’ 1n relation ’

to the 1ead contentsiofﬁother foods avallable in the Amerlcan diet, base
q‘on mucn 1nfornatlon already accumulnued from Ethjl Corporatlon and othe

SOU.I'CSS .

IIT. Exprm_,.xc g

Ethvl Corporatlon s Res earch Laboratorles in Det“01t h: a'beénv

[t

ntoen iVely studylng ‘the problem of lead in the environment for‘maﬁy
ryears. ' Detalled studleS'have Dbeen made of the processeé ﬂOVernfng $He
JAincorpore ibn of an1roqm3ntal lEdd into many food crops, and These resal
have been very effectlve in shovlng thau lead n&Luvally preseﬁt in 50115
is a meor contrlbutor to lead in cropo, while only in very few cases is
.there any measurable cont rlbutlon of atmospheric lead to the edible portion
of crops. ‘

As part of its study of- lead in foods,. Fthyl ‘has set up a number of.
:greennousos, some of whlch are eQQWpDed with very efficient filters S0
£rops can be grovn in comparatlve tes»s in the normal aumosphere end
‘1n the- presence of carefully flltered air.

In order to support these studleo, Ethyl has bullt up a major canab 1ity
in ana1y31s, spec1allzlng in the’ examlnaulon of lead and lead compounds in
a varleLy of subSurates. “In addltlon to thc very extens1ve studLes on c-';o'no
-and other vegetatlor, we have dealt 1n dcpth with lead in uuch dlverse nateria 1s
as_water,‘m;lk,, sh, and uedTOod - Our ana]jtlcal utUdlCS on ﬂllh havc sao”n
”»thatﬁthe'oomhoﬁiy acocbted'values for lead in milk are far higher than those
actudlly occur i1 in Uractlce duerto ﬁidooproad anaiytical crrors oocurriﬁg
11 many- ldbO]&LorJos worklnx in this areo. e k ' '

Our thlpm mib- for pe rlorn11" these analyses covers a wide varlevy,

*ron wot YLQLLCWT'WOLHOQS tulouou the most advanced inslrimental techniguos,
Ve "1.u_ﬂ f”uvu leble, on & eontract buasin, wccens to elealren microvrolw)
equzpnont IOT'LhO‘JdUnLILlLL Lion of ¢xtroenely snall auanit.itics of T contrn e,
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‘ The propooed woru mould bc under thc 1mmod1dtc tcchn1ca7 suncxvnslon _
‘jOL Dr. Gary Ter Hdar Research As >oclmte at Lthyl Corporatlon £ Ferndale ‘
B LaboraL011ea,u For the past 31x years Dr. Ter Haar has’ been 1n charga
T\of nthyl's SuudleS of lead 1n the env1ronment as deucrlbed above. He 

}wouid be ava:lable for the propo ed work to. the extenu o; tlmc Peeded to

'“}dlractly superv1se the experlmental wor deocvlbed above.f It is - eypected

’fkthat thla would reoulrn one man. month of hlS tlme. Dr._Ter Haar s bloﬂv"phy
*'1s presenu 1n the Appcudlx to this’ proposal \ » _' '
The maJor portlon OL the expevlnental worb would be the ruspon 1b111tv
: fof a fully tralned technlplan repoztlng to Dr. Ter Haar. ‘ Selection of .
"1thls technlclan vould be mhau from among several 1ﬂd1v1duals wlth‘substéﬁti:*
Aexperlence in.the careful handllng and study of materials cqntaiqﬁhg.trace-
qu“ntltlea o¢ Jewd ‘
Analytlc“l work would be the re°Dou51b111tv of Ethyl's Analy ¢cal
Scation under the dlrECulon of Dr. James B. Hlnhamp. ,Experts on
Dr. Hinkemp's. staff would undertake responsibiliﬁiés &s appropriaté”to 
‘their own specla*lzbd experLence in wet chemlcal inStrumentél, and

‘ﬂ'mlcroanalthCdl technlques.

V.. FACILITIES

.:Eﬁbyl orporutlon s L&Cllltles at Ferndale rt’vell knovn to +he
ILZRO group, and no detailed descrlptlon is requlved for this pronosa¢.k\
v Suffice it to say, that we already have on hand the facil 1t1es and
"1~equ1pment needcd to 3o this work .and that no additional equnment of any
.'substantwal magnltude would be requ1red to carry out the work as descrlbg,

'above.

S
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‘"OVERHEAﬁ~(compﬁted.ét'152% of labor)

- Total labdr +‘6vérh§dd

TIQUPPLIESIw TRAVEL

¥EE  (computed at 7% of labor + overhead)

- Crand Total

VI. cosr
Basod on the precedlng progecu OUuler, we. env151on that thls Wor} -i
S an bn dCﬂompllshed w1th1n a six monLh perlod for" a totwl cost ‘of 925 791
' Cost bred}down 1s as follows-' '
IABOR: ' | . |
x{Proaect Dersonnel ( 6 man months)‘
C ‘Supervision (l man month) : IR,
o %Analyt;caleupgort (2 man months) $ 919k

- 23169
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_ APPENDIX

‘ AAR Rcscarch A soc1aie, ¢arncd his B S (cum laude) il
a;chemlstry from HOPL CoJ]egc 1n 1958 and hlS Ph, D in 1norgan1c chnm1stry )
fﬂfrom the Un1v;r31ty of Mlchlgun in 196? HlS doctoral dleerLat;on was
'con a $tUd“‘OJ tetrdbordnCC¢rbonyl and son of 1ts derlvatlves. “In addjtion,

'he tau"ht laboratory classes_ln hlgh—vacuum technlques and radloactlve e
'“-tracer stuc ié% and spent one ummpr d01ng researcn work using rddloaCblVQ
techniques. ' ' T

‘ After Jonnzng Fthy] in 196? Dr. Ter Haar conducbed rese@rch in the
_field of mcLaJorganlc chomvstry, pr;paV1ng volat1le comnounds OL uranlum
“and thoriun updcr partlal sponsorshln of the Atomic Fnergy Commission.
fHe synth951zcd a numbcr of these comuonads which are hlgh_y reactwve'
and uns tqble, and demonstraued a hlgn dmgrec of tecnnlcal 2bility in thelr‘
'h.—.mdljnb and prgparaulon. R ‘ : : ,; A

.Dr. Ter Haar subsequoatly devoted 1- l/? years Lo research on hlgh~

enerby fuel ‘ He then 9pent another l l/? years au Fthyl’s rnuresentatwvc
at the Argonae National Laboratory in a. coopcrdtlve progran on thc deaermwnablon
of traceu of lead and Jcad—?lo in air, water, s011 " and variodus blologlcal
specxmens. Slnce-returnlng‘to “*hj]'s Detroit laboratorles, Dr. Ter Haar

v'has been concer rned v1th the to»al area of env1ronm“ntal lead and its
relatlonshlp to man, 7 :

In conauctvng tﬁls vork Dr;4Ter Haar has been reqpon51b1e for Lhe 6031gn

and exuer:nants for Lhn accumulatlon of data and fbr 1t° ana]ysLQ. He h

worked c]o=e1y w1th the pnlsonnel of Analjtlcal Rescarch and Serv1ces gr oup
in devo3opln" the tcc}mlouer used to determlnc thc trace levnl of lead © S

fipre enu Jnunany of the samplcs. v ‘ B ‘ ; . |

The TLSUILQ of soric of Dr. Ter Haar's wvork aﬁ*thc'ﬂrgonnc Hational

Laboratox:es and a% rth 1's DLLTOIL Roscarch Ihboratorzec vcr“ rﬂantly
Yy

. . . ne
presqntediln.twq p;lgrs.at thc American Chcmichl SQClQbJ Symposiun
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'~¢n~Air‘éOﬁéé’vc i§h held at the Aprll 1969 sprlng mnetlng in Mlnneanollu;

BWbllogranhy of Ur G, ler Hamr

"Dlmethylam160d1fluoronho Dhlne TeLraborano—S FzPI(CH3)2B4H8 —_— A Staole .
. Adduct of BaHg," vlth M. A Flenming and R. W. Parry, J. Am, Chen. Soc.
8k, 176( (196L) : : S o S

"A Study of 1etraboranccarbonyl and Somo of Tts D“TlVTtWVe " pissertation
Mostracts 23, 3627-28(1963). | e ~

_"Amjnc Addition Compounds of H3BCO and BgHgCO," with R. U P¢rnf,.‘
C. E. Mordman, and J. C. Carter, Adv. Chem. Series. k2, 302-11 (196h)

"Phé Synthesis and Characterization of Cyclopentadienyl‘DeriVatives,ofw
Uranjun and Thoriwa," with M. Dubeck, Inorg. Chem. 3, 1648-50 (1964).

"Lead and Lead-210 in Rainvater,” with R.vB;\Holtzmén'and H. F, Lucas, Jr.,
Nature 216, 353-55. (196{) ' : \ |

B

"Tho Sources of Lead in Perenhlal Rye Grass and Radishes" with R. Dodolph, _
" R. B. Holtzman  and H. Lucas, Jr. Presented at the American Chemical Society
Spring Mecting, Minneapolis, Minn. Anrll 1969. :

"Air as a Sourcé_of Lead in Edible Crops presented to the American Chem:cal
Soeciety in Spring Meeting, -1nneano]1s, Minn. April 1969
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