FEDERAL SECURITY AGENCY
U. 5. PUBLIC HEALTH SERVICE
.V;IA_SHINGTON 25, D. C. ‘
n RERLYING (B\eth‘esda Station)

ADDRESS THE SURGEON GENERAL

U, 8. PUBLIC HEALTH SBERVICE

Industrial Hygiene Division | _ September 16, 1946

Dr, Robert A. Kehoe

Kettering Laboratory of Applied Physiology
Univereity of Cincinnati

Cincinnati 19, Ohio

Dear Dr, Kehoe!

Ag you are acting as summarizer and principal discusser
of the pepers presented at the Conference on Lead Poisoning
in Boston on September 30, 1946, Dr. Carl Peterson has re-
quested that coples of the papers to be presented be forwarded
to you. , :

I am, accordingly eending you a copy of the short dis-
cussion of analytical methods which I am presenting,

- Sincerely yours,

r———

Lawrence T. I‘al.irhall
. : Senior Scientist (R)
LTPinrk Chief, Chemical Section
. Enel.
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It 18 2ot By purpoes at this mesting o pressnt any mev method ef
lead analysis or axy nw procadars for the determination and utqotiéa
of xq;a tn b;bm:cal substances, ‘b_ut’r#thar‘go m#‘ omm phiases
of the muuux probles idh are pn@m tmzmu b7 he Grpe
'o:uunnmmm;m | |

in thtcmn of the last quarter of a cantury, s almost cudhu
_ varlefy of methods for lsad determization with yeference to the gemerml
" problem of lead poisoning has besm developed and this Yery bealtty state
of affairs has dm mch to alarify many of the ebacure preblems of lead
polsonings 1% ia perhups Yather unfortunate th“ in gmeral the tendency
hag besn to esphasise ease of axecubiocn rether thu somrasy sf exscution,
with zeference %o these methods and, to q‘aud, this hu M & datrineny
rather m s wlp. The main Afficulty, of course, ta the snalysis of
lead in body fiulde and $iesuss has Dean the grest dimarity betwesa the
Talk of matertal snalysed snd the mimte amount of mmm sought.
¥hen 13 s realised that the dateratustica mu;‘fm»q;’m aread &
motter of millicnths of " grom 131,000 o7 2,000 grams q& fludd o sudstance,
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and &i the tom Mt of othay MrMc mﬁmw monpwlu

- leod 1n m'mmax aay e to R or 20 smu. 14 to obvicus thed
the upanucnm qmmaun wuluauan ot Mo:tnnly % limk
aaounts of M h MW dwmu. Em, tha proviem h w
cmpitontd by i gk b 2 st 40 e ek f siccmpuing
mbotans a1 s oo T e s f o2 e
ke e prbsbtaly Erie b seerte e Lot T S0 aked
fartanate thad m.w;m&, &MW seazbascas, comanly Enewa as
d14atscan, van brought to 14gkt severnl years ago sad thut the sngular
pmﬂiu of this mmama wlsh mnt fo nuv uﬁt m u W
iavestigated by Flebaz, Vith tia ald of this substiace, 3% s pessible te
separate lead quaatidativaly, evea Whough u s yreseat s axirensly small
aiGuBSS, TYOR & YEIY JATge amount of material, T4 is tmv'm’t 5 muber
of otbi u:m- m M upmhtl. lmt the mﬁm ot thau
from 1sad 13 558 §00 aﬁmt a prodien. 1% 4¢ wmm hovever,
tbat » m attam.aa has bm.dmm to the mr or tunl @uuu_

of 1osd by weans of this mﬁn@h‘ar thon to the effectivensss vith
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widh laad 1e separetod from otder metuls as mm abovs. ls ta

| 'rﬁndarswia hem‘m m}y mz. st of ma &ives & pro-
W&d and vw dﬂap 001&1’." undkr mx‘laﬁ.a Mﬁm w}.th t.hu namt

snd the faal At vma‘. diich oéumme determinstions sre sarried cut in

cwmoral mekes Wudh & provedure extrenely inviting. ht:hatond.. lcw. i

slabarete procadurcs heve been mm‘i‘n erder %o mininise the offests

L% Ltarfaring wistesons mém toe gToetly affacting the yr;ain

svaluation of 1ssd Ltsalf,

Tals Wrings wp & pelnd which T should now like to dlsmuss wore in
detolle e anclytical Gwadst is coafrosted in hs ladoratery vork With
& vaTies afmomxwa requiring tho greatest care end delicaqy of mealpu~
letione Frequently Wds rsquire: & greot denl of e end an waeal,
exssting attention 49 dotall which L clmout wnighes In tids sonss, each
saalyala represcila & toohnicel acilevsmant of Ngh exdar and the tutellis
§Rat smalyst wsaally sesks neans to charten the aniucse labor Lavolved ia
‘i verious wheps of analysds by shorteclroiting sash stepa La such & wy

that ngadless lxboxy $z avolded, It is this foat latpely thnt &3 vespousible



Tor the developmunt of "now" mathods of unslyeise As She wodrar by
pauu.g noedless vork has grown, ;mrtiwlnr!;y in ‘tho Wtrﬂlnl f;oli.
temzq;zm'a&_rmh heve w pace vith the cheatat and Q{;tmﬁ |
Lave ‘bem dwelopnd whioh srutly sluplify his vork and perhaps prﬂhco
s greeld incrocas in mmt.

At the ‘un‘aa tize, wmmy of these imtam-ntu hmjnv reruitted hin to
svaluate quantities of substences no small zs 0 be wndreamsd of at an
soxlier day, Ve, far instaie, have the qm-s;uwm. the cpoctrg-
grsphaadth« Wrmm’vhlahnmmtompnmwmmu

snounts of naterial indesd, Sush insSruments are of tbo crentost wuw
and have tandad not caly to extend the ﬂmu aotivity of \he amalyss
at, uwm to extend acouragy of cbserveation, I$ &5 wn-
fortunate, hovever, that wWith the .m:m £acl11ty of operation and

| the widening dorison of epplication, as well as tha extrens senadltivity
of mach lnstrusents, Mtumwonmms of nany $o aharte

. c’irquu operntlions without $oo clgu m,uﬂm %o find ub;thnv ‘mah '.

shart-cuts are validj $o substitute, 1a other words, for the




known delicagy of the lustrument working usier Ww best of conditions,
the aypliceticn of the instrument to proocedurss o? unsertala aocurney.
R n's.mz‘:lcv,.ta do thds and to sbdify wé‘mpmmuw from the @yss
| to thiiasfmnt,‘, but w knowa :zrwedm. cent ba carried vory far withog

the analyst's azeusing responsibility, The fact that em inatrumens of

great dalicacy and under yroper circunutences of agourscy is used, dees

Rot iz {3self effect the trus solulicn of an analytieal pmbln; The

snalyst muat stLl acoert resanstbility snd the decros 4o wbich tis
m;,msmw Ls tuportsnd rests, of m. vpon the neture ot n{.

vproblam. &s an instanon of thiw, I can cite the aypplication of the wtro-.
cragh and. the polargragh to the aateruination of lead in Molegienl substanass,

&mﬁ‘mmmm:mhwumm pectro=

graph whidh grontly fasilitatod 1%s uoe nnd extended its Twage in the
fisld of snalytical M:m. and quontitstive applications of the
sectrogreph were yapldly doveloped. This has besn !aeamss.s# b7 several
mesns, parbeps the stmu;t of wilch 1u the cmnm of tha densities

of & given 1ino at vorious conosntraticns with referance 1o the density
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of a comparieon subatanos in knowa concentration, Very meay modifications
Gf mion yrocadive hare been Latrodused, dapendiag em e mature of f2e
material for snadysle. . Wudle at first approach this sowte so}b_. a method
of solution of mary sanlytical problens and 1ndeed is of the greatest fnw
portance to meny muyuéu mbl% thers sre phases of this procedurs
wtdch have natural limdtationse The arc spsctrum, for mm«. is i
goneral mosd suitsble snd most sensitive for many spplications of the
qpapw but there sre foctors, which, wien clossly Luvestigated,
tndioate .um froquently thers are w:&.mm; in securing trus sae-
1ytical values, The eo 4eedf 19 ot the siple thing Lt 18 fired
appoars to Yo, There are gradatlions of teperature varying 'fral the
positive to the negative sleoctrode and &8 B ;mta.l bolle aff, thare ore
verlatioas with tine in the mmount of metal at varicas poixte batvess fhe
olsatr«jlu.‘ A% the tespersture of the arc, which Le arowmd 6700°C, 211 the
substances &n the arg are partly 1mm‘ma, dws o the elevtrical field,
thoos ions wendsr in thn a8 oolunn. The netal Loms utgiat'o to the |

suthods and aye neutrulised thers, diffusing swey as vepor. The result

e e



13 & concentratlon of nautinl metel atone wad iene ecncentruted fu &
m:; layer Juaj: above the c&ﬁwdé. Lis cathddu lwer aﬁ'cx& ia noed
nata:blc '..%zax'z;f.mll ciammis of mbgiancos are vnparizoé i 1&13 &'Ce

| i types of lines nitted nod thelr intcasities sre also A:taot&d‘:
Yy tle proseuse of such ceally iontzable substencos &g Godlun chlaride,
It la myperont, thurafope, il the direct mwrent are is far mors conplex
thanyit iy custaserily telieved fo Lo and thul exacting guatitotive work
requires cmi_d.nrnuou of thoee fmctorn.l

- lowever, in spite of the inown diffiadtics of appncatiun of tha
spestrepraph to tho determinuilon of ;ou.d eud pesheps In tot@l Qoregerd
o @i, T s Neard of detoruiastious uede of wrinsry leed with &
sligle drop oi" uz‘ino. Vulle this my Le £npr§us£7¢| $o QM it‘ ic to
aayons faniliar with tha f1ald, morely aacﬂm; In wite of the meay
d.ifﬁml?tﬁ atmd to the #ppucutlm. of tla epoctrograph to @tarw
winctions of Wla hurncter, it 1s Ln e hads of the ccnsoieatious
Mgt. wn instruoemt of the very groectest uﬁviutw.

Az intervating mwthod Tor the Aatersinstlon of lead 1o tlot of the




| drcppmg BeFouTy eloctrode wvhich wis ftuy pmu&d for this purpose vy
Saikeata, afapw#w u‘mﬂmt of Hmomv's. about 1927, Tue :mlarocrwh-
-utz'_xm.n.g the émyptnammv electrode has besa olied to the detare
 tmetied of maall sRounts of a variety of substcncos in sdiition to lead
for & mmber of years. Its epplication dapends wpon the uhrproﬁtim
of surrent-valluge Gurves cbiaiasd Sxring slectrolysis and 1% seplays a
dropping nercusy electrods in order to provide s fresh cathedic suxface
oontimoualy. Bymmamllmdauwwmwmm a
polnt is reached corx‘a‘@awx’zgv to the doposition petential of the ien
Mﬁ. Mmapnmtmﬁammtmamtom
ds.m of the tmj at the cathode m@dﬁun&uﬁm of mercury at the
encde, %he voltage at the cace ef tho cwrrent eurge ryepresents a
dsposition potential chaructoristic of the iome This current suree
 reathes 2 limiting valus depending vpon the fom mmatsim?md the
preporticonlity betvesn the total rice mnd the aneentration of the
depositing ion is determined by Grlibration ngainet kaoa umu.

The applicaden of the polayogreph 4o lead snalysis of body flulds is

g oA



tnvitingly sixple snd 42 ons $a content to ao;apt instaupente) realings

vitboud further checks, the amdytlosl throngheput nf.\tﬁn tnstronemt
is‘ lare;ec With sxtrono ouro one Cen, hovever, d:hdin mlﬂlcal vnluu, |
gy toi“icad 1a wrine, owp&mhlc with those obtaized bty other mecna,

In order %o attain the desired acourscy, however, grest care sust

Ve naed n tue purification of merairy snd resgents, the calibration of
the tnstrument, snd the interpretaticn of rosults, ux vell sa to the
constoncy of sals ocantan$ and zcidity of the solutlons analysed, Organie
aatarial Mt be ausant, }«tm:dm:y precantion must botM to re-
wove exygen from the ndtrogen gao uveed as & Lubbler o sweep cxyren
fros the cell preceding elestrolysis. I mentien this latter since the
Lpresalon aipears 40 be scmesbat prevaleat that comercial sitreces is
safficlently pure fer this pusposss In fa0b fhe socurate deterstraticn
wm:mathﬁm instramezt 1s mare or less of a ressarch Job
aad 43 w0 timemconetaiog thet 14 pmtagmmm to the routine
malynt wone Wnﬁ i&n beyond a quick velus of any sovt,

e ena.oummc‘ dotermination of lasd by neans of Althisone bas

Ke 038P0
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perhaps romind more attention 12 revent yoars }tban almost any. othery
nathod. 1% 450 hau the sivantege of Fapidity wad shere the mamts of
mm uve mﬁmnmm; and in tm abnm ot Lntirirérin; ﬂbctnncu,.
»u tukﬁnv useful for iizis Moao. ﬁu prlnd.pis mmmg mt ons
cnmntart for the dotemination of nimute smounts of lead ave first of
all the pregensa of certaln other u.m-‘m the tendengy of a1 tht sone

to m.riuzuv and give a alighur colored solution with osydain Muvn
wibstonces, This becanes particularly pertinent in the deternination of
blood lead shers sn ntinatim is Qsmu recorded in twﬁa'of Jork
miorograsa of lesd 4n a )0 gram snaple of ’qlud. ¥iile leoad is wriques~
Houadly present in the Ylood stvess in extyesely mimute amcunts, 1t 1
doubtfal 41 a{ 1e presant to ihe oxtent that a mmder of individuals have
pestulated as & result of measuremants of this trpe, Sofarass I mm
sware, mubalde of our Morsﬁm. B aos has taken the Srauble 40 compare
the snalyttesl valuos for e wreal 10 mlu of blood vith a suffictently
saras qamatity of the meke Blood o fix insoetestibly the value for -

: ‘a'ulvload. Instead, repested "detwrminations” of lead meds wpan 10 grem

e VG TN T
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saplos of blood liave Dash used as the basls for fizing valusa for hlood
loads It uay be sadd that wu'm have bees substuntisted by syectro-
| ampuq. ﬁohmrwc m,aw“ »m and thad thay a1l are
consisteat, It is cnly vlen ons attempts to meke a serioua atwdy of lead
u these conomntrations of 3 o k micrugroas per umpu. of blood wnd 1s
oomogtad. not Wth the techoiquss of musﬁaum. wich are sufficiently
siupls, But with ibe vagaries of tho mtqrt;l soucht, and readings stiri=
bubable to otbes facters, tist be is 1kely to veviss his opinica, I
- reparted Viood ;.oga. veluss vith aamsldersble Teserve and
suggost that mare investigotion be made of Llood vith reference to its
tateinato ead contente Cortadnly, 1% should noh be ALffioult to et

| thia Uy separating lead Mthﬁ;uly from ohe lmndred tives the usual
sacukt used for analysis, if analyses can be made oflOexa? saxples with
tue grest accuraqy elalued for this smounte Gush analysss osn be mede
 vAth posled iots of Xnm buod. u %o have done, or animal tlood .m

bo used, cmmbmmbgtmmwmi or 2 kilogran anounts

K4 03852
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T bring wp this point becsiss there has been @ certaln fendency
to Lave é ‘blcodli_aad dotermination mads in w.nyccud @ua; \c.;f load
poit_#nina and %0 reat the t_ua.g’nosl‘a mi Ithe mlytzcal rcpm"t,‘as‘ rqoai’ved.r
In ceses of thds type, a child At m npperent high ym.oao. lead is in the
imrortmh poa!.tioﬁ of posaelble tfqamnt Tor lead pot.uouinc when disgnosis
of dimease of an tnfoctloﬁn né.tura iz AAfficult or cdacure. If blood lesd
velues sre to be iupordont in tho dlegnosis of Lead poiscalng, further in~
vastigation should bs made of this subject in ‘thg lmomst ot sclentific
mq&

I have referved to the quastica of blood leed swmevhat ot lengts
beocsuse the disparity Qotod vith reference to the actusl anount preseut
under erdinery conditions introducvs an wnoomfortable slament in regard
to dats representing the amounts presant in actual oﬁut e? lead polsoning.

Ons Surthsr potut I lhm refor to in'mﬂmn with chemical dats.
To the non-sclentific =ind, posliive results mg\untlr caXTy more welght
than lov or nagative rosults, s34 the groater ths valuas ‘morfod. tbe

"pore dramatic tha’otfoat. Parhape 14 night be as well {f we look belind

| We 63853
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m-mﬁim:mdym mud'mcd.mm. I% would de
uwnfortunate 11 1n the f1eld of biodialstry ve heve & umu@ snalogous
%o that refarred tc‘nyé. Be éuuh 1n sertain phoses of -m:feé 12 shto |
h'vpx"(.aroasionai;naln.ts m Mea as "hight amlnh axd ‘1&" ;@y-ta,
the mimravmm Mamwwmuacthu.

A vory gread dqal of respanaibillity ;‘.n uﬁﬁaahnd, 1 _tht u@u@
of leed &8 a diagnostic nid In lead polsoning, Instyanental readings of
the graatest cocwsnay are obtalnadle from the modern mum avatlable
fo the presont Gsy chemist. Bub the {ustrument $8self ceomet wply the
intallizence necsssasy for socurate snalysise Tha condust of an th
operation should m&sﬁ,u onTe tho asouraQy »of the rnuncz 1o whioh the in~
nM to‘n;uwuby. In mr wu-dn, the chemist las & great vomponsi~
vuuwzqmaimmmuwsgm. muWQ@M@@m
macm of his anolysise I8 S0 nod deﬁ to touﬁ a routine pro-
'lmmmwm ﬁmt. hmumr&mmwmm
by vord, thet Wa wnm rosslte met ba carrect. Apm’r»mn nay

ohtaln poor reslts with & good pm", & oospetent chexisy can obtain



- 11* QA v

falzrly woourats écmu with an indifferent mathod,

Thise uhsefmttons m offered, not fn a ’orl't‘tea.l gp!rit,..bng i
order %o focus attention on certain points that tﬁqnnntli arlu vﬂh |
}rcfama to enalyticul ‘mthoda u:;ad 2y Muﬂtic A;idn in cases of
suspected lead puisoning. A lerge number nf Luvegtigutors have besn
end are wxploring mch ér this field, and from thoir porserverance and
Tescurcefulnsss 1% 18 to e hoved }that'my of the chscurs cheplers in

leed polaoning will Decone more comletely clarified.



