FEDERAL SECURITY AGENCY
U. S. PUBLIC HEALTH SERVICE
.V;I;'J\_SHINGTON 25, D, C. '
w RePLrING (Bethesda Station)

ADDRESS THE SURGEON GENERAL

U, 6. PUBLIC HEALTH SERVICE

Industrial Hygiene Division | _ ' September 16, 1546

Dr, Robert A. Kehoe

Kettering Laboratory of Applied Physiology
University of Cincinnati

Cincinnati 19, Ohio

.Dear Dr, Kehoe:

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

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

Sincerely yours,

——

Lawrence T, Fairhall
) Senior Sclentist (R)
LIPinrk Chief, Chemical Section
.Encl.
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1% is not my purpoes gt this mesting $o present any nev method of
)..ud.‘ atalysis o any nw Procedare for the detemmination and dptqctioﬁ
of .1@1 tn u&:.oamx m-w-, bag r;um{go d:.mu oorta.‘m phases
of the analytical pro’bldu wilch are pn@t&d mmmy vy thnmn
of material belng analysed for lead, | o

Iatbn_- courss of the last quarter of a century, mmnwﬁou

variety of methods for lead dsterminaticn with refersnce to the gemeral

| probles of losd palsntig has besn dsveloped and this very bealtly state
of affalrs has dm mah to clarlfy meny of the ebscure probloms of lead
polsonings 1% ia perhups yather unfortunats ﬁt in gmeral the tendengy
has Deen t0 exphasise sase of executicn rather Whan soguraqy of executicn,
fdth reference %o thene methods and, to n‘nud, this hu M & detrinent
rather m » help. The wein M fficulty, of oourss, 10 e ssalysis of
Lead in body flulds and $ssuss has been the grest Almarity batwesa the
Wk of matertal asalysed sud the wimite amcxad f sbetance souEHS.
then 1% 1s W;'m_t» the datersization mu;f@m arecad a
notter of millionths of » grea 1 1,000 ez 2,000 grame gé fiuid or substancs,

Seventh Anzual Confersnce sn Indusirial Health
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and ﬁmt the tota; mt of other mwc mﬁtmtm monpa.wug
- mumutmawmtﬁﬁoormm 1&:‘.»»:«. thed
the mmticcm cuuntitative rratusttan of thcuoxtnulr —
macunts of Lesd 1o exceedingly GAffiodt, Heveres, the prebien ie further
Semplicated ty the 206 taat 12 asditiem Yo mere bulk of scoomparytag
eubetazoes, Tead 8 also Waw el ancuats of otier metala
Wilch sre potestially diffialt 4 separste from Laads T4 ta indasd
fortunste Wb s mbstancs, phanyiblocerbasces, axmeRly Kamn a8
d1Antxons, vas brought to Lght several years ags sal that the sisgulas
pmﬂiu of this subm uth mn‘.’ to m uﬁ; m u thm@v
fuvestizated by Fieher, ¥ith tia ald of this substazce, 14 1s posatble to
soparate lead quantitativaly, eves Shough u i yrosant ta oxtrenely small
anounts, fyom s very large smount of material T4 is troe tiat & mmber
of other wbstances are slsilszly separated, but the eparadica of these
fron 1004 1s st 00 ALFTLGN 4 prodles. It s ufarkunats, hovever,
tbat u lnuh attnm.m has bon‘ dmm io m Wr oi nw. @uﬁu,
of dend iy mucsa o W resgt Tother S o the effechivasess with
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wildh lasd 1 soparetod fron other metils a8 mioa above, Tls ta

.’ wnwi" becanse en atmly mwll mmt ot laad ;m: & pro~
Wod and vw dsep eo.‘.ax:" undkr oartni.a oonﬂtim vith Nu xtamt
ad the Taciity ,““";' \hich solerimesrie deterwlastions are carried wat in
cworal mekes WGk & procedure extrenely inviting. 'htfbat end, 1@3 and
slabarote procedures have besh adspled ;a erder to mininiss the offeats

o? interferiag subgtances wvithaut $oe Erostly affecting the pa;du B
evaluntion of h&d 1tsalf,

Tl Wrings vp & point which T ahould now like to disouss wore in
detolls e anclytieal chasdst is ccufroated 1n bis ladaratery vork vith
'Y Mu‘ar. epevationg Tequiring m Sreatsst onre add dslicaqy of manipu-
letione Frequently Wids rsqunu & grect deel of $lve and an Wl
exasting attention Vo dotall which La clmout uniques In tide ronss, each
saalyals Frpreschts & Voohnlasl mchlevenant of Rgh exder and the intellie
gﬂntwyﬂwnyuckam to MWMWWmclm‘u
the verious sheps of analysls by ehort-clroulting sush steps in sach & wy

hat nsadlssy liber is avolded, It is this fnot largely St Ls responsible



for the developmant of "now' ﬁthodﬂ of maalycls, 4s She Ioodfat Yy~
pém mosdless vork hes grown, mtxmuiy in the mmmu if;om.
temzq;zm'a&ymh have xgwét pace vith he chemtet and Q{nmnti |
Lave ‘bem dwelopnd whioh grutly sluplify kis work and perhaps ptﬂhco
s greatd inorocas in mh

At the ‘un‘aa tine, may of these ins tTunents have permitted hin to
evaluate quantities of substences no small zs o Yo wndroamed of at an
saxlier day, Ve, fay lustawe, have the qnamuww. the cpoctrg-
grsphaadth« Wrmm’m&nmmtompnmwmw
saounts of material indesd, Oush instruments are of tbo grentest usility
and have tanded nob cnly to extond the f101d of aohivity of \he amalyst
at, uwm to sxtend acouracy of chservetion, I$ {9 wo-
fortunate, however, thad with the .mtm fasllity of operation and
| the wvidering dorizon of spplication, a8 well as tha extrens sensltivity
of sach Instrunents, Misumwnmwt of nany $o shorse
- sirault operutions without soo close an attespt to find uh;thnv ‘mah |

Ws are vnnda %o mhit:tnto, iz other vom.'fw the




inown delicagy of the lustrument working vader thw best of conditions,

the appliceticn of 3he instrument to procedures of unoertaln aocuTney.
RORTY .’mﬁ:x- v,»cu do this end to shify tb-o a-upmmuw frow the @yst
}} to thi'insfrmeuﬁ,‘, but ne knowa ;zmedm. cen ba carried very faz vithouy
the analyst's arasing respoosibilitys The fact that em lnstramend of
gxeat dalicacy and under preper clrcumstonces of aoowrscy is used, does

not {a 1%self effugt ths trus soluticn of an analytical prodlem, The
sualyst must still accept respansidility and the degroe to which iy |
roapomﬁiuw is tmparm ‘mt.l. of m. vpen th. sature ct his
vproblan. &n an instnroe of this, I can cite the syplioation of the wtro-k
cragh and. the polsrosrh o the determization of lead 13 Wioleglonl substances,

Abaut 20 years mrwnbomtommumm Bpectro=

greph whidh greatly fooilitated its uoe and extended its Jwige in the

field of snalydioad Mzt:v. and quontitadive applications of the
gectrograph were yapidly dovelopeds This has heen !ae'.zzas&e# by saveral
| mesna, pasiepe the azmu;t of wilch $u the ccuurtm of tha densities

of & given 1ins at various concantraticus with veference $o the demsity
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of & comparisch sulistanos {n known soncantrations Very mawy modifications
of ik procedure mm umma.‘ deptnd.tue o tha nature of ibe
matertal for amdysts. . Widle ab fiest ‘spprossh this sosas tobb‘o a method
of solutica of maxy aaslytical preblems sd tadsed 1s of the greatest tne
portance %o nany w&& preblms; there are phasea of this proocedure
wiich have notural liadtutionse %The arc speatyum, for tuhmu, is u
goneral most sultudle and most sensitive for nany spplications of the
qpactrograph but there are factors, which, wien clossly Lavestigated,
indicate ﬁm froquently there ars wﬁmu& in securing trve ane~
1yticel values, Ths ero $4self La nob toe sigle tiing tuab 4% fires
appoars to be. There are gréda\‘.tona of taperature vorying 'fra the
positive to the negative slectrode and & B watal bolls off, there are
vartations vith tiue in the macunt of metal at various points betwees the
clcatroi‘ul.‘ AS the tecparzture of the arc, which Le arewmd 6100%C, 211 the
subgtances tn the arg are partly tcu‘ud‘ ana. anl $o tha slectrical field,
thoos lons wendsr in thn 1] oolum. The petal Loms -I#:.ﬁ to the |

cuthods aud are neutrulixed thore, diffusing swsy as vpor. The reslt
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is o cmmtra_&og of nautinl metel mm snd Lone oansentrutod 4n &
Mn Layer Jua§ above tha cathods, Tl cuthods lnxvar atfn'cﬁ ia nost
notalzlr. mg‘;mm cammis of mubatercos arc mpcriz@ u: 1.ha AXCe

o types of linos aeltted and thelr tntrasities are also .:mm‘:
by the proseuce of such cesily Lonizable substanoos ad GOdiun chlaride.
1% ia pypexrcnt, thersfoze, Hat the ddrect m....'*:unt arq ia8 far nors conmplex
thamyit is cquataerily telleoved to Le and thaut exmcting gueatitotive work
requires qomi_d.nrnuon of thoge fu:torl;\

Dowever, 1o spite of the known diffiwlf;iéa of appucaﬁsiun of tha
speatregruph to the détor:sin&tim of ;cu.ﬁ sud perhpe a tot@l dicregord
of thais, I hove lead of dstonstastions sede of wrinsry leed with &
sligle drop of uz‘iw Wills this my bve imﬁus&va| $o I}M itk is ’to
anyops faulliar gith the fisld, morely ridicuious, In spite of the many
d&fﬁml?iﬁ attad@d to the éppumm. of t!a wpoctregreph to &Qtexv
uinctlons of Wils chiarecter, 16 i in the baudu of the consoteatious
awv.lyxsvt. e instruent of ﬂu,vaw'@oaﬁaat ubtlitys

Aa inberusting nwthod for the datersinstion of lead v tlat of the




dnppang nerouwry electrods which wis flnﬁ _ptv_posed Tor this purpose by
Shikata, a’«?mmén smm of Heyrovely's, sbout 1927 The polarograph
‘ubilizing the d:owtnamanv eloctroée has been @pmd ‘o the dstox-

. minatten of maall siaounts of a variety of substences in sdittion to lead
for a mmber of years. Its &pplication dapends upon ths hta:pnﬁttm
of W&M ourves obialnad dnr!.ng Mx’olrd.uvaad {8 oxplays a
dropping parcuy eleotrods in order to provide » fresh cathodic wurface
contimaly. Py applying a wmall and stoadlly inorsasing veltage, a
point is readhed aam'mngv %o the deposition petentisl of the iwn
Mﬁ. Mmupnmsm#ammtmmmnm
um of the fone &t the anthode u@d&uo&ntzau of mercury at the
enode, The voltage ab the cnset of the currsnt surgoe yepresents a
dsposition potensial chaructoristio of the lon, This current sares

~ Teadhes & niuug valus dependtng wpon the lon ooscontrailon,snd the
ps‘epaﬁimv betvean the tqba.!. ries snd the ooncentrotion of the
depositing fon is deternined by onlibration ngainst lnowa mm

The epplicadion of the polaracraph 40 lesd analysis ef dody flulds i
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tnvitingly sizple snd 4F one 4o content $o a«;m ingtaupantad realinzs
vithoud further aascks, the amalytical throngh-pad gﬁ& tnstrunent
ig' Larges ‘With sxtrone aare ono can, however, dtain @ﬁical vuv.u.
sy foi-‘iux‘ad ta urine, mpamu with those obtained iy other mecns,
In order to ettain the desired acqurscy, however, great care must
o used 4n the purification of merauy end resgents, the calibratian of
the fnstrument, wad the interpretotion of rosalte, w vell ss ta tha
conshongy of sels coutant and acidity of the solutions analysed, Orgunie
aatericl sy be abssnt, utmm rrecaution must 'bo‘.t.aktc to re~
wove oxygen from tha nitrogen g vesd an a ubbler t0 swesp cxyEen
froe the cell preceding elestrolysis, I maotion this latter since the
imsx;udm apoars to be smerbat prevalent that commercisl nttnm is
sufficlently pure fer this puposss In faob the socwrate dstersimaiion
nmmnmt&m mmt is more or less of & research Job
and 48 30 tnemoonsmming that 14 pmtaénmmm to the outine
anslyst wose interest i&u teyond a quick valus of axy sorte

e ommé datermination of load by neans ef Slthizone bas
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perhaps ro«ind. ware sttention 1 recent yoars }thna almost axy other
mma. 1% 4180 has the sivantege of rapidity uad where the ummtz o
‘jloagt ure surﬁqiéntly hrm. axd in t!m abnne. of t.ntcrih‘riu; mam.,'
»u il>ﬁl¥ ussful for ﬁxis m«« ‘lﬁu principle A4rfigultion ﬁ:at ons
enmtart for the determination of minute smounts of lead are first of
all the prwgence of cortaln other m.talclm tha» tmw of di‘thit.m

to Qu“' and give a alighur calored solution with certain Mﬂvn
wibstonces, This beccuss pertimlarly pertinent in the Getermination of
Blood lead whiare sn estimaticn is Qum.w recorded in terns of 3 or b
miocrograss of lesd 4n a 10 gram saaple of ’qloo&. Yiile 10ed s unquse~
tiouadly th in the blood stream in sxtremely mimute 4ms-; 1% ¢s
SoubAnal 1£ 1% 10 prosent to 3ho oxtent that a mmbder of individuals have
pestuleted a3 & Tesult of measrenents of this type, Bo farss I ma
svaxe, mitside of our hhorntew. %o ane haa.hhu tha froudle %o oaRpare
the a-.aazﬁ.‘.;a values far 'ﬁw‘ wyaal 10 mls of tlood vith & sufficleatly
arge qntity of the nse Blood to fix {ncontestibly Abe value for nere

mal 1sad. Inwtead, repeated "doterminations® of lead made upod 10 grem

xgemel
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saxplos of Wl0od ave besh woad as tha basis for fizing valuss for blood
lsed, It w bs ““v that an Lave bees m;mnaua bxvapcaltro-
' zmphin. pohrographtc am\slsctlrolvtu methoda end thad M 811 are
consisteat, It is only vien one atteapts to meke a serious study of lsad
15 these Mtrauom of 3 or 4 miorogrous per saxple of blood and is
aamox;tad. not With the techoiques of m»»%ﬂm wilch are sufficiently
siipls, dut with the vagerion of the mtgri;l soughé, and readings stiri=
butable %o uther mtm; thet Ls is Mkely ta rovise his opinmicn. !
vegard most Feparted blood ;.M veluss With asldardble Teserve ond
suggest that mare dunvastigation be made of YWloed Wish referencs to its
um;im sontent, Certainly, 1% should not be dlﬂs’ml.t to tast

| this Ly separating lead quantitatively frem obe Inndred times the uaual
wacunt used for anslysis, if spalyses can be made ofmg:a# saaples with
the great accaraqy olatued for this smounte Sush snalyses oan be mode

| Mtn posled lote of human Ulaod, as ve huwe &cne, or aninal blood cea

 bo used, emimbdnam&bftmmcra;wal or 2 Kilogran anounts
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T briag wp this point becsuse there has been m certaln tendsncy
| to Lave é blood‘ lsad dotermination made in w.apoctod @uo; ét lsad.
pd;@ng and o root the t,!iu.g’nouln oxi .tha miythal' _rspcﬁ ‘as‘rqoeiyed;
In ceses of this type, & child At an nppereat high ’blood lead 15 in the
jmzd'ortmmato pou!.tio# of pocsible treatsent for lead pal;o:unc when dlagnosis
of disease of an infsctious né.tura iz AAfficult ar chasocure. If blood lead
velues are to be fmportont in the dlagnosis of lead pofsoning, further in-
vostigation should Ve made of this mubject in ‘thg: tntou,st of sclentific
sscuracy,

I have yeferved to the quastica of blood leed somevhat at lengts
beceuse the disparity Q‘ml vith reference to the actun) smount present
under erdinery conditions introduces an unsomforsable slament ia regurd
0 data ropresenting the amountis present in actuzsl oasaz of lead poisoning,

Ons furtbey _potnt ¢ sbould refor to zn‘c-cnuccuan with chemiczl data.
fo the nan-sclentific mind, podltive resulés thlr carsy more weight
than »19« or negativs rosulta, and the groater the valuss :nporfod. the

‘mors dranatio the sffeat, Parhispe 14 night Le as well {f we look belind

- Ueg 53853



-1 .

m-wﬁom:&:@t&w»#%@ﬂm. itm:.d.bo
wumt- 12 3n the fleld of bxmgm_w have a umh@ anulogml
% that Teforred t.‘wve. B, énm 1n certain phoaes of -mge@ in shto |
h‘vpa"ﬂ.oz'oasxonai';naln.ts m Mﬂod as "high* amlntt m ‘1&" :@ntn,
the n&mtmw&mmc&uw&ﬁh&n%oﬁb&.

A very greed deal of respondbility !“,s sttashed 4o the uwug
of lead as a dlagnostic oid in lead polsoning. Instymentad readings of
the graatest coouwracy are obtalnable from the modern apparstus avpilable
fo the present dsy chenist. Mt the {nstrusent $8self cemmot oLy the
intalligence necesnasy Lo mwato snalysis, The conduch of on ﬁulﬂiul
operation should mtéx,in oare thn acqurnay 'nf the :uuw ta wioh the in-
nt_'m tivﬂumﬂb&. In mr mda, the chemist has a great vosponsi~
vuuwumﬁzmmamsm mnm@mwﬁam
mcm of his mnalysise I3 o0 nod miﬂdnt té tm a routine pro-

_'mmmhmsim. bmumr@mmwmm
by vord, that Xa mﬂ.ytzca!. roﬁlto mugt do correat. Am}Mst way

ohtaln poor roslte with & good prooedure; a cospetent chaxied can obtain
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falrly woourate éumlta with an indifferent mathod,

Those uhuefmttm m offered, not {n & Mttca.l ;piﬂt.-bni in
ardar 4o Zocus sttertion cn certeln potnta t@.i fraquently arive vuh
brcfame to an;mtcal ‘mntlwda usod ag Mmtié x;idn in cases of
suspecied lead poisoning. A lorge number of fuvestizutors have been
und ere wxplering smach ér this f4e1d, and from tholr parserverance and
Tescurcefulnack 1% 18 %o be hoped that many of the cbsours chapters in

lead polasoning will Ybecone nare completely clarifieds



