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FED ER A L SECURITY AGENCY

WASHINGTON 2 5 ,  D. C.

(Bethesda Station)
A D D R E S S  T H E  S U R G E O N  G E N E R A L  

U . S . P U B L IC  H E A L T H  S E R V IC E

In d u str ia l Hygiene D ivision September l6 , 19^6

Dr* Robert A, Kehoe
K ettering Laboratory of Applied Physiology 
U niversity  of Cincinnati 
C incinnati 19, Ohio

Dear Dr* KehoeJ

As you are acting  as summarizer and p rinc ipa l d iscusser 
of the papers presented a t the Conference on Lead Poisoning 
in  Boston on September 30, 1 9 ^ . Dr* Carl Peterson has re­
quested th a t copies of the papers to be presented be forwarded 
to  you*

I  am, accordingly sending you a copy of the short dis­
cussion of ana ly tica l methods viiich I am presenting*

Sincerely yours,

LZPimrk
Enel*

Lawrence S* P a irh a ll 
Senior S c ien tis t (B) 
Chief, Chemical Section
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I t  I * net a? pwpooa a t fchia aao tlag to  praoaat any nev aetbod a f 

lead am iral«  or «ay aev prooa&ura fo r tba dataxala&tl«  «al d a ta s ti« 

o f load la  b io lo gica l »ufeataaoeg, feat rather to diamo» oartaia phase« 

o f the soalytteaX prefelona Which are praaaatad Inevitably fey the torpe 

o f aatarlaJ. be la* aaalyaad fo r la&d*

..  Xa tbs cour»« o f tba lo o t qaartar o f « omturjr, «a alao s t «all«««

variety of aethods fe r load determination v lth  ra f orarne te  the «moral 

p ro b i«  of leed peiaoatag baa fe«« davelopod aa l tb l«  bealtbgr «tat« 

of a ffa irs  bao loa» mob to  c la rify  may of tbs ofeaeure probi««« of lead 

polecats*, Xt 1« parfaape ratbar unfortunate tha t la  ¿m oral tbft tendency 

bao fea« to  «■ gphaolftt «aso «f execution rathor tbaa «oourway o f m n t lc n , 

«Ith roforoaoft to  tbees aatbeda and, to  ay alad, th la  bas boon a dstrlam t 

ralbar Iba» a  help, She asín  d iff icu lty , a f  «eroe, la  Ib» «nalyat» a f 

load la  body flu ida aod Uwwee baa fea« Iba groat d isparity  fe a t« «  the 

bulk of « sto ria i aaalysad aad tba «inuta aaonat ef «ubatsaoo sought« 

febea i t  la  realised  tbat tba dataralaatlea frequently rrrc lrea  armad a 

«atto r of a il l le a th s  of a  exea la  1,000 e r 2,000 grane af f in id  er «batanea

Saranth Inanal Ooafersaoe «  Indus tr ia l  goalth 
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«ad th a t tl»  to ta l saais&t of other laerB&aie constituent eccosewiaigr 

looà  ta  such auâterlal a« / sc a n t to ¡50 or 100 gross, l i  is  o tr i eue the.} 

the se p a ra ti«  aa l «osatttatiTs tra in a t i«  of these «xtroasljr Bisóle 

«ttunat« «f load 1» eaoesaiiqfl? d ifficu lt«  Boueror, ths parotis* ls  fu rther 

oeeplleated h? the fac t that la  a d d it i«  to  sor* hoik of «cocasNHiyta« 

otthstascos, load is  also »«»»»Man.nyi4m¿ Vv saettata o f ether «etnìe

%kich aro p o ten tie ll/ d if f icu lt to separate frota I s s i. I t  ls  la&ood 

fnrtnnnta that the nb itaou»  B<nh«wri tii< «<mm *Ain»w«n» ksoMt as

dithlsa&s. vas tien d st to  llzh t a iv u s l n a n  a n  sad that tho i la n la fs a o s a ^ n o ^ o  ^^b b i^s i ^p ^p  e  s b o o o^p  Oj  so  tp^aso^^pB sa^aoa

properties of th is sohstcAM with rw ptot to aas? rotei* «as to thorough!/ 

iarosttgated h? fisher» Kith ths eld of th is safest««, I t  1« possiti« to 

separate load qpa&Utattrsl?' « m  tfeoagt i t  Is pressai la  ostro»«!? »«all 

*aouat»t froa a t os? large mam% e t notovlal* I t  1» i n i  that a wsbor 

of other «festaroes aro slatta**? separated, hat ths separation of tboso 

free load is  sot too d ifficu lt a proti«*» 1% 1« unfortunate,, however, 

that so roch a tte n ti«  has ho« davo tod to ths further or final endue«.« 

of load hr Ma&o of this rorooat rather th&& to the effeetlve&ess v lth
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vbiak 1**4. 1« «cp&r&tod fresi otbor m in i*  a» to*4Xib«& «few«* 5&i* 1« 

uotorstsatollft beooaae «a extrouely «a&il «aouat of land givo» a pr»~ 

iwuttao4 ani vtoy toc? color uator corto la oaA&LttoM vtfcb th i»  reagent 

an i ito» fu c ili V  vitto vfrlcb oolariwotrU  to tom laotlto*  or# «orrito  cut la  

cw em l «sic»« (ruoto « procedure «etwooly laviti»© . Co ttoat «si, long rutti 

elaborato procedure» bave baca otoptod la  orto r to  a ls la is»  tt»  effoots 

of la to rfe riae  «ab»t«M»» wlthcwt toc © reati/ affoetla© ‘thè proci»»

«vsXaatia» of laed ltoalf»

Cb1« torlo©* v*> a p«l»t vhicto I  »beali aev 1U» t© dlaouss »oro la  

to ta li»  fbo a&&2yttcal cheaiet la  coafroatod la  b is loboratoqr w *k  vitto

« navifii of im u Lt Im  tbd ¿ iM tl i t  fiort a&ì  4ill<uuff of r soI jNp

latto»* fre^usattjr ib is  rt«iuiros & ©ma% tool of ti» e  «ad «a w m w Jì «

« ragli, ng a ttra tte »  lo  to ta l i  vbieb Is  olaoat uaiqoo, Sa itole ecas», o*ab 

saaljrtts rtprosoata & toctoaiasl otolfrsnwxt of toi*ft erto? mA ito* ta tu ili*  

goni «MtS/oi to n a li/ ceto» »«sa« to sbtcrUa tbo ortoooo la t o / lavolred la  

tbo vario»» stop« of aaal/ai» V  «b iai^drou itta ir snob stop» ia  goto a ve/ 

th&t aooltoss Sebo? is  avoitod* St Is  th i*  foci Xttrgsly ttaot 1» r*»p«ultolo
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fo r thè aevelopsunt of "mv" nathoàtt ©f naelyeia, da Ih» neod fa r by- 

p m e d i a t i  voxk he» grevo, particul& rly in  thè incen tric i f iel i ,  

teofcaologiotd advaAce» beve kept pe.ee vdth thè oheolet «ad inatruaenta 

beve heen dovei ©ped uhieb «rostly  alHplify h it vaste end pariuipa predace 

» greci Inorane in  output«

At thè tene U se, auaiy of theoe instrunenit bave pend tted  hi» to 

avalliate qusntitlee of mbetencea co n u d i se to  he uadraened e f e t co 

e e r lta r  day« u«, fa r ine tem e, beve thè quarta sdcqre~talaaaa, thè epeotro» 

graph and tbe Geiger ceenter vbloh reepend to thè preeenee of w j r  anali 

eocunta of n a te ria l indaed* inatrum nta are of thè greateat u t i l i ty  

and bave tended not oaly to  extend Un f ia l i  ef cotiv i ty  of thè analyat 

bui* In  naay caaee, te  esterni aowsracy of abeervation, Xt lit tur* 

fortunata, hovevar, tbat v ith  tbe acquired fa e tllty e f operatloa aad 

thè wideaing beriaan o f app lica tine a« v e li aa tbe extra»* len a ltlv ity  

e f aoch inatrufiwnt», thera la  a teadency oa thè part e f naoy te  abort» 

d ro u it operetta*« v itheut tee alee# an attaaqtt ta  f in i  vhethey «neh 

ehort-outa are vali&t to  aUbstttute, in  other vorda, f« r tbe
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known dolloaqr of the lnstrusioat voridae under t í » beat of conditi oca» 

the application at  the Instruoeat te  prooedxar®» of incerte.!* aocaraígr.

I t  le  staple to do tid e  and to sh if t the responsib ility  fro* the analyst 

to the iastruoeuti hut no kaova preceduto ce* he carried very fa r without 

the ana lyst's aa«s»lny responsibility» She fee t th a t an Instmwent of 

erect deltc&cy and undor proper circonstances of aoooracy i t  used, does 

act la  I ts e lf  effect the true solution of an analy tical probi«*» the 

analyst suet e t i l i  acospt responsib ility  and tha degree to  ehi oh tide 

responsib ility  le  tsportant roete» of oeuree, upon tin  nature a t lde 

profeloa* do aa iaetoaoe at tide» X oan c ite  tin  applicati«* of the sgpeotro» 

graph «ad the polarograph to the detersdnation of lead I*  M ologlool nhsU aoee.

¿bout 2D yaara age reflneaernta Ingo* to  eppaar la  the toarte  epeetre» 

graph uhi oh greatly  fa c ilita ted  i te  uoe and extended I te  rene# la  the 

f ie ld  of analy tical ohesdstiy, and quantitative esplica ti one; of the 

epectroeraph were rapidly developed« fide hoe been fa c ilita te d  by aerarsi 

mans» perhaps tie  simplest of ahi oh is  the caperle«*  at  the densities 

of a gira* lino a t various concantrations with reference to the daeelty

t ô .  D 3 g 4 to
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of & eanparlftoa subst&iu» lu  taiova ccaoaatratlaa* Tarjr naiijr nodlficatloa* 

of smsd prooaduro bars baca i&troduood, dspandlog oa tb* natura of tha 

sa&ta r la i fo r analysis* Ubila a t f l r s t  approoah tb is »otas ta  b« & nothod 

of so lu ti or  of n»«y analytloal problemi and ladaad la  «f th» groatast in» 

portance to n&ny lam ljrtloal prêtions, tb«r« ara plma*« of ib is  proooduro 

uhlob bava natural lin ttattons#  S »  «re spactran, for laatanoo, 1» la  

general aost eu!table and Boit stasi t ira  fo r nargr applications of tha 

Spootrcgrnpb but ta  oro are factors, which, «ban oloooly iarastlgatad , 

indio&to tbat froquentljr ibera or« d if f ic u lté s  la  asaorlng tru* an*» 

ly tie a l values* îSbs oro its o lf  ls  not tas sisólo tb iag thaï l t  f i r s t  

app oar* to  bo* ïb»r# a r t erodati ont of t  «staratura vararla* freo tho 

positivo ta  tbo negativo alaotroâa and «s a «atol bo lli o ff, te tro  ora 

v a ria ti oa s u tth  tía s  la  tha aoovat of natal a t rarlous pointu batvosa tao 

a leatrodas* M  tbo tasparstu rt of tea are, *¿idb la  «round (>7Q0°C, a l l  tha 

substaaoos la  tha aro ara p a r ti/ lonìsod sa i, duo to  tea ole o tr i o d  fio ld , 

thooo loas «andar la  tee gas colono# %a natal loas adirato to  tea 

euteodo and ars asu trslisod  teera, diffusine aun/ as vapor# Iba xa su it
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i s  ù  concentratim  o f nautr&l m%&X fltaru» tmd iena oontìeutrkfcod iu  e> 

th ìa  ì ry e r  Juat afcove thè cnthode« 5his cuthoó» Xeyvr e ffe« t 1# uaai 

no ta l  le \iien sa a l l  euaunta of «uhstanco* are v a lo ri s e i  tu  lihe uro*

V  ti-e proumae e i  auch « sa lly  ie n ia s l le  sufestanso* aa codina chlorlde*

Xt la  Giipexcnfc, therufor», ti*.t thè d irect current w q  is  fa r uo;s coppie* 

thau l i  ia  cuutoiaerlly lelioved to te  and thut exectlag qjMintitfttivo varie 

re qui reo CQualdtiratleu of tiuta* fcctora*

Houover, lu  Si>ite of thè leuown d if f ic o lt i« #  of eppllGntiun o f thè 

»tpotjtr<t,iw4'li to  tiio dotom inutiou o f Xend m& perhcp* lu  to ta l  d i orescrd 

vi' thc»q X ìw y o  W ord of datoruiuntious «ode of vrliu&ry 1««4 v i t t i a  

c iu r la  drop of tirine« VUilo tu ia  m y  Ve ing ressive to  sene, i t  le  to  

«uay ons fa t t i l la r  viti* thè f le ld , «orely  r id ic a !  (me* In  sp i tu  o f t i»  aswy 

d i f f lc u l t ie s  attfeched to  thè epp licn tioa o f t i»  epoctregraph to  deter*» 

salanti one of t i i is  cliaraoteri i t  l a  in  thè bande of thè oooseientlous 

nualyat, a& iaa tru aea t o f thè vejy gre& test u t i l i ty «

to  intero«tlAC nethod f a r  thè daterainnfcion o f lead  i s  tim i of thè

Sho tyyeo of l in ee  waittud end tb e i r  In trusiti© » oro « Iso  a ffec ted
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drappia« m xw xy electrodo \fcioh w a f l ra t  pwpoaed fa r th ia  purpee* by 

Shifeeto, a ¿apene«a otodeat of Bayroraky*g, about l^EJ, ®*o polar««r*»ph 

u t i l i  *tftg thè tìropplng aeroury electrodo has b#ea eppllsd to  thè dete?» 

s&natioa of m tù l m aunta «f a. vurlety  of «ubatane«« in  «Aditic« to lead 

fa r  a  natóbsi* o f yaara« Xta «pplio&tlca ¿«pende «pon thè In terpretati«*  

of ourreaW oit*«# curres ofetalaed darla« «lectrcilystii and i t  aqplepa a 

drappi«« aarouxy eleotrede in  ordsr to  próvida a freeh oathodle «urfaca 

oontimoualy» %  epplyin« a  anali and ateadlly imaroanl^g Tolta««, a  

poiat i»  reaohed ocrrespon¡atn« to tba depcsltioa peten tlo l of thè lon 

sou^ht» M th ie  polnt thera i»  a euddea ourrant «or«« ovili« to  thè 

dlaohange of thè lon« a t thè o&thod* and d isso lu ti <« of Mereury a t thè 

anodo, Sfce Toltele a t thè eoeet of thè eorreat cargo representa a 

depositi on potontlal chornctorlstio of thè ion, 2hls aarrent sansa 

n s c h u  a H a i tinse Taino dvaattn e  ts>aa tba loa oonnentr&tloa. end thè
' ' I

proporti anali ty  betveaa thè to ta l irisa and thè concentrati sa of thè 

depositi«« loa 1« datewdned by osllbr& tlon ogainst k&ota stendardo»

2hs oppi!catión of thè poLaroeraph to  load enalyala e f body fin ida la



l&Tltlsj&r sisólo end í f  ow» la  contrai to  aeaapi ìnetruBaatol roedlos* 

vltoout fxurtbor etocks, tha radiarti col toree^£**put osf toa tnatroaant 

la  larga« with axtreaa aura <sm era, bevavi?, to to lo  analjrtlcal vtluaa, 

se / fo r l«aà la  urine, cxxsportol# v ito  too«« obtoisad ìgr o thsr Maona« 

la  o rla r le  atonia toa deal rad ocottracy, howarar, grani cera Huat 

to  u«od la  toa purlfloetloa ef »er©«y end resgrat«, toa oalibratton ©f 

toa IratWBrat* rad toa In terp re ta ti on of rcao lta, «a v a li m  to  toa 

eonstoocy of «alt cantoni rad ec id ity  of toa so lstlana axud/aad« Oceania 

¡antoría! must to  ¿barai« jóctrra rdlaosy praecation wuit to  takan to re­

nava oxygan froa toa a l tro ica m » uaed aa n tobblar to  ewaep cateto 

freM ito  e»U precedi*« aleotrolyaia« 1 «antica to ta  la t ta r  slaoa toa 

lapnealoo eipaara to  to  acnatfeat pravaleot ton i eoanarada! s i  tragan la

«uff 1 e ira tly  pur» fa r  to la xanoM* Zn f ra t toa oooorstt datoraLoatlon
' •

ef u rlaa rr load v ito  toda laatxtwa&t ia  mora or la ta  of » raaaaroh ¿oto 

and ia  aa tlaa-eraisaslng tool l i  praaasta no ndrastagoa te  toa reatina 

asalyat tooaa in to raat U aa fccyxmA a qulck W itti o f aagr aert*

Sto co lorili« trio  datam tsntion of I t wH toy ruroTt« of ditolsooa to t
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porteps r»o*lved »or* a ttsa tlo a  la  rsoeai cecini teaa alaoat aiqr o(9wr 

BotiwkU Xt ala* tea I te  advaataeo of rap id ità  «a& Whara tea saettata of 

Xead tu« aufficlontly  l* rs«, awl la  tte  absaneo ©f lo torferin« «tibetana«», 

l t  1« T iiy  n»«ful fa r te la  purpos«» Sfc» principi» d iffiou lti«»  tea t «a» 

«mooaater» fo r tee detoralaattoa of claat» saettata of l —d. aro f i r s t  of 

«11 te» preconi» of cortola o tter —ta l»  ead i te  tmimna)' of di th l tono 

to oodtdis» and ¿ivo a » ligh tly  ©oXor*d so latian v ite  «ertala oxld&tiv» 

eobsteao»»* te la  teoeao»» partioalarXy p*rti»*nt la  te» d* to rv i natica of 

hlood l«&d teoro «a «stìaotioa la  uauallgr r*oord«d la  torna of 3 or V 

aiarograaa of la&d la  a 10 gran oaa^l» ot  hlood» te li*  IoaA 1» n&qttaa«’ 

UoaohXjr prvaoat la  Ite  blood atroaa la  ex tra—ly  a lsato  oaouats, l t  la  

dcubtful I f  l t  la  proaaat to tea extoat te s t a auater of tediv i duale ter#  

peatalatod «a a rcau lt of — « re«  a l a of te la  t/po . So fa r  u  I  m  

suor», «aitaldo of w  lahoxateaar, a« oca haa tafcaa te» trombi» to compara 

ite  «aoly tloal vate»» tm  Ite  — 1 10 grtuss of felood « Ite a sa ffi d e a  tly  

larga opaatitjr of teo se— hlood to  f in  inooateatlhiy i te  '«alt» fo r aor» 

»al load* Xaataad, repaatod "dot«rateati oa»* of laad —da «gtoa 10 erma
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«ampie» of blood have been uaed as (ha basic fo r fix lag  valu«« fo r blood 

load* H  esy b« «Aid (hai (ha«« valilo« har« been «ub*taaUet«A by »¿»«otro- 

grnphia, polerugraphlo and eleo tro ly tie  nathod« and (hat they a l l  are 

coatie teat* Xi i«  only *hea one attm pt«  io  neke « serions study of laud 

tu  thftw oonoonirationo of (  ee h (dâm cnat m v  «cassie of blood txr*ì 1« 

confronted, noi with (ho techalquee «f iorottilgailon« which ar« su ffle lon ily  

s ita la , bui « Ith  ih« rugarlo« of the n e te rla l sought and readings » ( tr i -  

buiabie io  other foo ters, that he i» libelar to  r e t i  so hl« opinion, I 

regard aost reported blood load vaine« with considerable reserve and 

«uggeet th a t nor« lnr«>«Ug&tian be node of blood idth  referons» to I ts  

i& trinsio lead oontentp Certainly, i t  should not be d if f ic u lt to te s t 

tbl« by ««paratine lead «guantitntlvoly fron one hundred tls*«  the usual 

mount used fo r analysis, i f  analyses oan be nade o f 10 gran «osóles with 

tba jQMii anonraor nln 1 iwd fo r th is  «— h  Studi «nalvse« <»*«* bo sude 

«äth pooled lo t«  of huaan blood, sa we hero dam , or «ninni blood oaa 

be used, caap*ri*on being nade between 10 gran and 1 or 2 ktlograx «munta 

of the sen« blood.



I  bring up th is  point because there ho» beta a certain tendency 

to turro a blood lead deterelafttloa Rade In suspected oases of load 

poisoning and to rest the diagnosis on the w adytlcal report &» received« 

la  oases of th is  typo» a child with an apparent high Hood lead Is la  the 

vafortaneto position of pooaible treatment fo r load poisoning when diagnosi« 

of disease of an Infection« nature is  d if f icu lt or Ob sauro« , I f  blood load 

velues are to ho important in  th& dicgnoais of lend poisoning» further 1»» 

vestigation should he nade of th is subject in  the in te rest of sc ien tific  

accuracy* ,

1 ham referred  to the question of blood lead scMwAat a t length 

because the d isparity  noted v ith  reference to the actual snouat present 

under ordinary condition* introduces on uncofifortnblo elenent in  regard 

to data representing the anaunte present in  actas! cosas of lead poisoning* 

On* fu rther point I should re fe r to  in  conn«etica  vi.th chantonl data« 

fo the aen»sclentifid  sind* positive resu lte frequently cany sore vetght 

than lev  or negative results» and the greater the values reported» tho 

sore dranatic the effect* Perhaps I t  sight he as veil i f  vs look behind

* 12 *
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thè i m m i  so rt oad atody the eource of teobaical «m ro» 1% vcnld b# 

uafortaoate i f t a t h e f l e l d of 1»lo«fceal story w» baro * sltoation  aaalogoas 

to th&t r«forroii te  by 2* S« Salth 1» certa in  phases of eoansree ta  tdtieh 

profosidca«! analyste fera giunti f led  m  ’•higb* aaolyota ata& ■ lot* analyste, 

the »«Hors favarine «os claaa and the Vuyere tfce «tfe«r*

A vu y  eroat deal of respanelb illty  la  attaebed ta  tha détermination 

of 1««4 ae o diagnostic old In  Isad polaoniag» Xastruneatiil rendine« of 

tha graateat aocnragy a r t Obt&l&able froa tha modem «pparntus « ro ilab lt 

te  the presa&t dar «baelat, Sut Mm in» trônent l ta e l f  carnaot scpply tha 

in telligence atoess&ry for aoourate analysis* fh* ooadact o f en «nalytioal 

Operation ib m li natahi ia  care tha aooumor of tha nad ias  to  tiMeh tho le» 

strument le  misoepUbl*. Za otber verde, thè d w i l i t  feae a ¿m at reapensl- 

b i l i ty  ia  «uaelytiool vork of thi» type* twe eo t « 7  snob d«pende upoa tbe 

oui cono of b is «aalysla* Xt 1« aot «afftoU at lo  follo«  a  routine pro* 

co duro a&d to  «»■ «*»»* that. beosase ba haa folleued tha d irections m l  

by vord, tfcat U a «aalyUeal résu lta oaat tn  oorroot. A p«or flhenUt nay 

ebtal* poer ro m ita  r i t t i  a good precederei a oonpetant obsédât oaa efetala



fa ir ly  «asúrate resu lts  with en ladi r feraat nathod,

2hase ohserrntiona *rs offered, not la  a orí t i  cal sp ir it, but la  

order to focue atten tion  on certain  points that frequently a rise  with 

reference to analy tical aathoda used as diagnostic aids in  cases o f 

suspected lead poisoning, A large washer of Inrestigutors have been 

end ere exploring such of th is  f ie ld , end froa th e ir  porserrerence and 

reeourcefulness I t  is  to he hoped that »ary of the obscure chapters in  

lead poisoning w ill hecoae so rt completely clarified«


