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Wy 25, 1967

To: All Members of the lesd Bealth and Safety Committee .

Re: AIRA Blood leed Compariscm Study

Attached you vill £ind & copy of & paper, presented at the 1967
Acerican Industrial Eyglene Conference, vhich descrides the blood-leed
compariscn study condusted bty the Asalytical Chemistry Section of the
Ascrican Industrisl Eygiene Associatica,

You vill note that the results of this stuldy (ndicets seriocus disagrees
pants both between laboretories and vithin the saze latoratory. Accordingly,
it has teen declded that & secind survey {8 tecessary 0 resclve these 4iffere
ences and to eliminate any question of wniformity vhich =ight bave Deen
introduced by mixing oumders of snmll sangles tO make up the composites used
in the firs? reference specimens,

Tor your information, our organitatioa is jolaning i{n providing financial
suppart for the repeat study. 1o edditicn, ve plan 10 give our mesder compae
nles sufficient sdvance notice, s0 that any who vish to may participate ia -
the second survey. /‘» '
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Introduction

The bnc'm\;xo anslytical test for determining a worker's exposure
to 1ead i3 a blood lesd mnalysis. This test has proven effective im the
prevention of clinical lcad polsoning, Xormally s worker can be removed
fron further industrisl exposure to lead before clinical symptcas of
poisoning becomo evident, Nnh;mn, in many plants particularly the
ooes eaploying ély s saall nz-bcl: of eaployees, a physiclan §s drought

into the industrial medicine prograa for the first tine since it is <y
pecessary for hia to drav the blood for 1ead snslysis.

Accuracy i3 a prizs requisite §f dlood lu;i levels of h;dunrhl
workers are to be used as 92 Index of exposure and workers are to de
transferred to noa-lead exposure jobs as a Tesult of this aralytical test,
If 1ead levels uolomnoo\uly reported lov, workers are given 2 false
sease of security and excessive lead exposures will continue with eventual
cases of clinical lead polsoning. If lead levels sre errodecusly reported -
high, workers are givea a false scare of potential polscaing. They are
uanecessarily transferred to non-lead exposure jobs sost often with the
loss of earnings. The potential production snd fadustrisl relation prodlems
WBich Industry thes focos should pot be ainlalied. The blood lead test a
be of tremendous valve te doth Industry and lador, but such tests MST 8
ACCURATE,
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In order that this study be as realistic as possidle, blood.
from workers with {ndustrial exposure to lesd was accusulsted and
furnished for analysis to participsting hbontérln without artificially
spiking these saaples with an inorganic lead compound. The purpose of
tals study vas actuslly two-foldr it afforded each participatiag Jabors-
tory sa opportunity to coopare its results with those of other laborstories
analyzing sisilar blood sazples; and, It gsve a broad prospective to the
efficacy of dlood-lesd analysis.
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R Preparation of Sanples

Bince only a 3mall portion of a dlood specinmen a3 received 1
required for lesd snalysis as perforned in the Indiana Industrisl Hyplene
Laboratory, that dlood which remained wvas poured from its Vecutsiner and
bottied sccording to the Jevel of lead found in the sample and the anti-
cosgulant present, be ft potassiua oxalate or EDTA. The dlood {n these
bottles was kopt refrigersted and varled ia sge from 0oe veek to more
than one year,

~

Lead szalyses were made on the blood In each storsge contalner |
and aa estinate wes male of the volume of blood stored {m sach container,
Prom lhh’htomuu, Cour pooled lots were mads up with approaismste
coacentrations (by calculstions) of 0.03; 0.05; 0.07 snd 0.09 ng lesd
7T 100 al. of wdole dluods Al) pooled 1ots wers placed In 8 dottle
large uﬁugh to sccomodate the eatire lot. Lach pool was filtered through
s plece of clean hid-{:u cheese cloth placed fn 2 5.5 . Buchner
fusnel ia order te resove any cosgulated material which say have Deen
iatroduced {a the original dlood, in Yacutalners, or which say have
forned sfter pooling of the blood. Very 1ittle cosgulnted saterial was
observed 18 any of the pools. ' J -

’ H

-
Porticas of the pool were transferred to a 123 wl, flask (filling

flasd) from wiiceh the Dlood was dravn Into Bdechton and Dichensen L3200

Yacutalners {lesd-free, 10 al, copacity) through s 200 X1° dlsposadle
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needle, M the ﬁnt becans mpty, 1t vas vefilled by pouring the
pooled blood from the dottls coatalaing the pool. EFach Yacutsiner was
givea s mmber 50 that {ts contents and place in the sequence of filling
would be knowa. Where the nl\fo of dlood ia the pool permitted the
reshval of the required mmbder of Vacutalners of dlood as controls, the
controls were selected as followst
) s. the first, aniddle snd last VYacutainer drava froa the first
filling flask of the pool. )
¥. the siddle vacutainer of the Jt_i. Sth, 7th, 9th, ete, filling
flask of the pool.
6. the {ast Vacutainer of Dlood drawn froa the eatire pool.

A}’l Yazutaiser control sa=ples were azalyzed by spactrozraphie
asslysis and also by the spectrophotomstric dlthizons aathod. The aatimm
veristioa found in aay ons pool was ¢ 0.005 mg. lead. Thess acalyses
indlcated lh;t the pools were unifore 18 lead cootent and that the Yacutalners
of dlood supplied the participeting ladoratories were also uaifors in their
lesd content. Sisce there vas no evidence that the lesd coateat increased
or decreased 33 the Vecutelners were filled from the pocls, five Vecutaliners
of dlood vere sant by £irst class nall to each participeting lasdorstory
tnedistely folloving complotion of controls snslyses. Two of the Vacutsiners
pont to sach ladoratory contalned blood fros ene pool whlle the rmhh;é‘

thres Yacutainers contained dlood froa each of the other thres pools,
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Inforsation Supplied to Participating Ladoratories .. . - .4 -

A nemo was gent to each participating laboratory on Septesber 30,
1968 sdvising them that flve blood specisens vere belng shipped to thes
oa this date. It was suzgested that these sazples Do snalyted oa
October 10, 1966, or if this vas not possible that they de snslyied at
esrlfest date after Octoder 10. The memo 2lso stated that the dlood sasples
belng shipped were from workers with industrial lsad exposures. Oxalated
blood had deen accuaulated sad pooled without *spiking® for this study.
Since many industrially exposed worlers had been trested from tine to ~ 1.‘ s
tine with Yersenats (EOTA) it was expacted that the blood specimens would A
contain n-o S0TA. The dlood in the Vacutalners should de thoroughly aixed
prior to resoval foramslysis. .
Although ;!u participating ladoratories were advised that they
could use sny method of analysis vhlch they desired, 1t wvas suggested that
they use the nethod of analysis normally perforsed Ia thelr ladoratory.
Each Iadoratory was assignsd aa {dentification mmbder known only te
the particlpating laboratory sad the Project Quirsaa. The speclsem au-bcr
oa #4ch Yacutalner was a coded mader (each maader was vastly different),
sading 1t ispossidle for the participeting ladoratory o Ascertais the pecific
Noqd pool represented I each saaple, The fact that each ladorstory gulvd

two Yacutalnsrs of dlood fros an ldentlcal pood wad a closely guarded secret
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vhich was not knowm by any participsting laborstory, Because of the coded- o

mabering systen used, it was sot possidle for laloratories to effectively - - -

coapare their results with other laborstories prior to subnitting these to

Project Chalman, '
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. o Results of Studies

o ‘ o

The complete blood-lesd Tesults of all the participsting laborse
tories are shown in Tadle I. The results from laboratories which were

Teportad as allligrans of lead per 100 cc. of whole dlood were converted

to nlvlllguu of 1ead par 100 graxs of wvhole blood i order to compars

the analytical results. Table II, 13 & cospilation of a1l results reported

i 3lood A In mmerically sscending order. Ths final results of 29.2 was

deleted for statistical analysis., The mean value reported was 0,039 with ‘

a standard deviatioa of 0.0373. ' -
The Tesults reported oa pool dlood B are givea Ia Tadle 1I1. The

vslue of 5.6 1isted Ia tho tadble has been delsted for statistical snalysis.

The mean valus reported for blood B was 0.05] with a standard deviation of

0.0261,

Table IV shovs the ladoratory results reported for pool blood 8.
l}:h 8 value of $.6 deleted, the mean values Teported vas 0,084 with o
standard deviation of 0.0148, ’

All the values reported for Blood C § D which are from the sase ]
blood pool are 1isted {n Tadle V. The sess value reported was 0.073, '- } ;
Tadle VII {9 & sumsary of results reported oa dlood C § D according tof,,
the devistion between the results of the tvo samples reported. Although

23 lasborstories reported the sans result oa sach of their two sasples,

L
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it 1s iateresting to note that ths blood 1esd concentrations reported
varied between 0.000 and 5.6 nilligrans of 1esd per 100 grass of dlood.
By excluding the two ladoratories rtpohing the grestest variation {a
the results of thelr two sanples, the difference reported was 0.013 with
8 standard deviatioa of 0,020,

Tables YII, VIII and IX indicate the blood lsad results reported
according to method of preparation, separstion snd estisation. Tadle X
shows the rangs of blood lead values reported sccording to methods of

- )
estisation. The average (mean) dlood lead results reported according te -

Bethods of estimation ars givea {a table XI,
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Conclusions

The vide variation far blood-l1ead levels reported on esch pool
Although each chemist
and sach laborstory participating in this study belleves their results

sawple is much grester than can be tolerated.

50 be sccurata, it i3 cdvicus that manmy results reported are unquestionadly
focorrect. Im fact, on the basis of this study, it vould eppear that some
taboratories have no business attespting to perfors trace snalyses. Of

particular interest are the results reported on blood € § D which are ‘

sasples from one blood pool, Tsdle VI indicates that 23 ladorstorfes™
found {dentical lead concentrations in each of their two sasples from this
1380 Blood pool. Although thase laborstories were sdle to reproduce thelr
vesults, the lead concentraticas reported varied froa 0.00 to 5.6 ng. lead
por 100 ges, of whole blocd. 1Rvea Lf these two sxtresss end slso ridiculous

figures ‘in dropped, we still find & 1ead variation from 0.03 to 0.12.

Tais study may polat up one or more of the folloviag deficlencles:

a) Same ladorstories may not be staffed with psrscsnel properly’
- trained and erperienced {a trace saslysis. It was appareat

that some lsdoratory personnsl {a this study vere confused

over the terws silligrans snd aicrograns, i -

>

. -
b) Some ladorateries may not Dave of sre sot utilising the y'gycr
L1 equipment te mate blood Sesd amalyses,

-

’




c) Scu 1sboratories, slthough properly equipped and staffed,
msy mot have suitable snalytical procedures for these types
of snalyses.

Most individual ladoratories asy find it necessary and sdvantsgeous
to tsXo a good loag and hard look st their methods, techalques and standards,

It i3 a recognized fact that referee or special type of analysis
porsally get special trestaent ia most laboratorles. It may be iaterestisg .

. -
to summlise the results of a study of this type woere the saaples analyied In -

sach participsting ladoratory ss a routine type sasple,
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Recomnendations ‘

The blood-lesd comparison study should bs repeated, The dlood for
snother study should be purchased in quantity fros donors with fndustrial

. exposure to lead rather than maling up pools by mizing & large mmbder of

individual blood specimens. Oaly fresh dlood should de used on future
studies. All laboratories who plan to participate should first sty

their nethods and techniques.

It say Lo advisadie to preacte another type of trace saalysis - v

reforee study fa order to sscertaia over-all relisbility of ladorstory

conpetency,

Should future studies Indicate that a sfsesdle mmbder of ladoratories

do 1sck competency In trace smalyils, It may be pecessary that provisicas de

sade by AIMA to furalsh referee sanples to laborstories routinely so they

asy periodically check the accuracy of certaia types of snalyses which they

sre making, It may also De necessary to give consideration to licensing:

or graatiag spproval to ladorstories for saking certain types of saslyses.
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PICLRE I,
AIHA BLOOD LEAD STUDY
Ladoratory ldentification

(This {s your muber)

Lasd Content (Use sppropriate coluan)

Spocines Mo, ng Pb/100 cc blood ug Pb/100 gns bdlood

Date specimens received

A. Preparation { check one item)
1. Digostioa (Xot talea to & Tesidue) 18
2. Asring
s, Dry 11
b, Wet I
3. Protels Pracipitation 4 .
4. Blood wikd vhho«.z slteration 3

3. Isolation or Separation of Lead ( dnd appropriste {tems)

1. Precipitation 1
3. Bxtraction

8. Raygent
1. Oithizcce §7
2. NC ..
3. Other | .
b. Solveat :

1. Onloroforn 36
2, Cardon Tet ~ ¥
3. ML ) 58
4, Other J

3. Mo Separation 12

C, Bstimation { choch one ften)
1. ¥y Color
a, Yisual 3
». Coloriaster or Spectrophotosster YT
2. Titratiea 1}
3. Polarograph™ 4
4, Atemle Abrorpilon 8
5. lp«:urgnyl
s, Mis 4 . .
%, DirecT Xosder 3

¥
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TAME I.

. .WLBT! BLOOD LEAD RESULTS OF PARTICIPATING M’ORATOR'IBS
: ng. Lead per 100 gas, ¥hole Blood

Lsd, No. . Blood A Blood B Blood C 4 D 3lood B
1 0.023 0.019 0.028 0.037 0.070
2 ‘ .032 L4 056 <069
3 068 .076 L0568 .062 ,078
4 .038 L0851 .067 070 .06
s +065 ,070 L120 .10 .09%
? .042 060 L0867 L0387 102
'l .038 .051 ,058 .0%9 .074
] .022 .033 L0868 074 .100
10 070 058 084 103 . 122
11 .018 .037 L033 056 094
12 .022 ,082 ,050 L0813 .077
14 .027 048 062 062 .077
13 .036 L0468 058 061 L0717 s _
16 .021 024 .08 047 079 3 .
13 ,050 043 L0711 LO34
19 .028 .053 050 .068 087
20 083 . .074 L037 092 .162 3
n 130 J18 120 030 3
@ 22 017 ,028 L033 043 .037 4
3 .032 L0468 L0L0 049 000 I \
24 L0351 L0427 080 L0t6 .078 pi
23 .01 .026 048 083 T
2¢ .032 060 087 071 083 i
b ¢4 .010 : .012 .08 .03} .034
1) .028 : L0000 074 L0568
b 066 L0%6 L0784 L0786 094
30 .017 047 L0386 048 L0790
3 2.2 5.6 $.6 5.6 5.6
32 .0%4 .083 068 077 .087
33 .000 .023 .00 .034 039
M 026 .031 L069 070 090
3¢ .03 .0%0 .07 .07%
3 .030 ,052 L042  ,054 079
40 130 L0438 300,120 100
4 . 000 L0090 000 000 000
'3} .023 .081 003 L 064 L08%
“ 040 .07¢ 108
48 014 .04 018 N +233
4“ .032 048 L0683 ,072 , 048
a8 ,043 059 L0838 049 082
4 034 087 076 079 .39
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3lood luulubyubc} stories - ' L
3 Page 2 _ L :
LahNo.  Blood A Blood B Blood € ¢ D Blood 8 :
1 s 0.026 0.051 0.059 0.061 0.078
: s1 040 .083 . .056 .062 .074 .
4 52 L0358 . .088 067,087 ,088
3 s3 082 .089 097 (116 - 129
3 $4 .032 041 L0285 ,072 .078
; 8 .048 068 ,050 .C60 .102
1 6 .034 ,059 068,087 )
3 57 .010 .020 081 081 083
4 8 .036 046 059,040 ,069
9 .04 087 050 .08 - .08
60 028 040 052 .08 .058
ol .040 ,052 081,067 074 .
i It .260 164 134 1.08 an .
o .037 .059 085,064 093 - -
P .010 028 053 L0488 070
."1 _
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0.000
0.000

0.010
0.010
0.010
0.01}
0.014
0.017
0.017 -
0.018

-——wen

0.021
0.022
0.022
0.023
0.023
0.023
0.0
0.026
0.02¢
0.027
0.028

TARLE 11,

Ladoratory Results lcpérto‘
»g Lead per 100 gn Whole Blood

Blood A

0.030
0.032
0.032
0.032
0.032
0.033
0.04
0.0
0.034
0.038
0.038
0.036
0.03¢
0.0:8
0.037

P s

-0 BWVNOOO

.

000 O ?OOOOO
2222 22R2R®

0.068
0.0¢6

0.070
0.082

0.1%0
0.2¢0

2.2

‘7"0. ..
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1 : TALE 1. : s
i _ Ladoratory Results Reported ) ' . s
] ' _ " mg. Lead per 100zas. Whole Blood o

3lood B ' .
' 0.000 0.032 0.050 0.060 0.070
: 0.033 . 0,081 0.060 0.074
3 0.012 0.037 0.051 0.082 0.074 -
3 0.014 ; 0.051 9.063 -y
‘ 0.019 0.040 0.051 0.063 0.089
E 0.041 0.051 0.064
: 0.020 . 0.04) 0.052 0.087 0.130
0.024 0.046 0.052 0.067. 0.164
0.028 0.046 0.032
6 0.02¢ 0.04¢ 0.653 5.6
, 0.028 0.0¢6 9.033 :
3 0.023 0.047 0.038 ot
, 0.048 0.0%% :
L 0.058

0.059
; 0,059
; 0.059 _ .

.
>
] '
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0.000
0.000
0.000

0.013

0.028
0.028
0.028
0.023
0.028

0.03
0.013
0.033
0.034
0.036
0.037
0.037

2288
DAkl ad
¢ o

OO0.000-Q_O

288
wo®w

v
laboratory Results Reported
Bg. Lead per 100gas, Whole Blood .

Blood C§ O
0.060 0.0¢3 0.070
0.060 0.065 0.070
0.080 0.068 0.011
0.080 0.06$ 0.071
0.061 0.066 0.071
0,061 0.066 0.072
0.061 0.066 0.072
0.061 0,066 0.074
0.061 0,066 - 0.07¢
0.061 0.067 0.074
0.081 0.067 0.07¢
0.062 0.047 0.07%
0.062 0.06? 0.07¢
0.082 0.087 0.026
0.062 0.067 0.077
0.0¢3 0.08? 0.07y

0.064 0.068
0.043 0.084
0.0¢9 0.087

0.0¢9
0.069 0.092
0.09?

- e .

- — ——— 4 4 — et Ao

0.100
0.103

0.11$
0.116

0.120
0.120
0.120
.12
0.14
0.130
1.03

5.6
5.6

‘m '

-
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TARLE VI,

STATISTICAL ANALYSIS
: Laborstory Results on Blood C 4 D

23 Ladoratories Reported Same Results on Esch of Their Two Samples,
¥ith The Following Coacentrstions Reported:

Munbder of : '
Ladoratoriss Lead Concentration
)} ) 0.00
2 0.03
)} 0.0%
[ ] 0.06 .
. | 0.07
) 0.08
2 0.12
1 5.8

18 Ladoratories Reported Results On Each Of Thelr Two Saxples Whlch
Yaried By Only 0.01 »g., ¥ith The Following Concentraticas Reported:

Wunder of

fadboretories tead Concentration
2 0.03.0.04
3 0.04-0.0% .
4 0.05-0.08
$ 0.06-0.07
3 0.07-0.08

8 Laboratories Reported Results on Fach of Thelr Tvo Samples vhich
varied by only 0.02 ng., ¥ith The Following Coscentratioas Reported:

Munder of .
tadorstories Lasd Concontration
1 0.03-0.03
3 0.03-0.07
| 9.07.0.09
] 0.05.0.10
2 0.10-0.12
7 Ladoratories Reported Results on Pach of Thelr Twe Sasples which
varisd Dy 0.03 ng. or Hore, ¥ith T™he Folloving Concentretions Report
Mhabdsr of
hadoxatoriss Lead Concentratiza
B | 0.00-0,07
) 0,02-0.43
) 0.03-0.00
3 0.03-9,07
] 0.04.0.00 .
1} 0.12:-0.18
] 0.33-1.08

e
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TASLS VII, o o
BLOOD LEAD RESULTS REPORTED .o
ACCORDING YO METHOD OF PREPARATION !

b a
3 Digestion; Extraction with dithizone; Solvent - chloroform. i
A Estination by Yisual Color : i S
2.2 5.6 5.6 - 8.6 s,
T B e
' Digestion; Bxtraction with dithitons; Solvent « chloreform. E,:ki:.
) Zstination by Color - Spectrophotometer . I
.033 .051 .067-,070 .
038 046 . 056-,0681 077
s 2130 .118.,120 .030
.030 4082 2 062-,064 079
.40 oo ese 074 .108
. .034 087 .076-,079 139 -
: 040 .082 2 081-,067 .074 )
1 Range L030-.040 ,0456..130  ,056-,120  .030-.139 o
Average 036 068 R/ .082 - Y7

Digestion; Extraction with dithizone; Solveat - chlorofors.
.i Estination dy Titratd
: - 000 000 » 000-,000 » 000

Digestlion; Extractics with APDC; Solvear - NIBK,
. Estinaticn by Atcaic Absorptlon
.01 038 -en 048 .083

Digestion; Xo Separstion of Lead,
© Estimatlion by Spectrocheslical - File
N 076 ,056-.062 .078
054 D83 - L 088.,077 087

Digestion; Mo Separation of Lead.
Zatimation by Spectrochesical - Direct Reader
b | 036 081 .058-.059 .074
- 3
9

Dry Ashing; Ritraction with dithisone; Solvent - chlorefom,
Estimation by Color - Spectrophotometer

‘M ’- .

! ove 032 045,058 ,069
1 .01 040 L0A2.,062 .077
1 081 062 L060+,004 078
017 L047 L038.,048 .070
040 033 ,038.,062 074

034 087 050,058 086

Range JO174.051  L032-.087  ,034-.068  ,080-.084 3

Average 834 052 036 078 ’




Dry Ashing;

Dry Ashing;

R

Ory Ashing;

1 Wet Ashing;

¥ot Ashing:

AN ”§
E
Range
T Avetrage
Wet _Anhhz;;

Bot Ashing;

aahl

P B L e e i PPV N

ey : e ouse

B T T T L R

Extraction with dithizone; No Solveat Listed. =~ g B
Estimation by Polarograph R o ;
032 041 .028-.072 N2¢ B

No Scparation of Lesd,

Estiastion by Polarograph <
+050 041 e =, 07} 034

Ko Scparatioa of Lead.
Estination by Spoctrochealcsl - Pilam
063 .070 »120-.150 098
13 068 +300-,120 100

Extraction vith Dithizone; $olveat - Qhlorofors,
Estination by Yi{sual Color, _ .
.037 .059 .045-,066 093 A

Extraction vith Dithizone; Solveat - Chlorofors.

Estination by Color - Spectrophotoseler

.021 .024 028,047 .079
028 .053 ,05%0-,066 037
+083 074 .037-,0%2 .162
017 .028 L033..043 057
.032 048 .060-,069 040
032 .060 047+,07) 083
010 012 .028-,031 034
.0 —ee .000-,074 .066
068 .056 .074-,076 0%
026 .051 .069-,070 090
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Zatraction with Dithirons; Bolvent - Qhlerofom,
Estisatlion by Polarograph
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3 Yot Ashing; Patraction with APDC; Solvent - Chlorofors . .
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i ‘Wet Ashing; Extractfon with APDC Solveat « KIBK
1 E Estination by Atoalc Absorption .
4 _ 036 046 .050-, 060 +069
o et Ashing; Ko Extraction Reagent Listed; Solveat - Other
3 Lstination by Atomlc Adsorptioa
N 070 .058 +084-,103 22
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2 Wet Ashing; Xo Separation of lead
) 3 Estination by Atoaic Adsorptios
3 A J042 080 087,087 102
E 1 Yot Ashing; No Separatica of Lead
L Estination by Polarcgraph )
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4 t- Y
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Estinstion by Atosic Absorption
023 019 .028-,037 070
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3
Protein Precipitaticn; Mo Sepsration of Lead. .
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% ‘ BLOOD LEAD XESULTS REPORTED . o
. . ACCORDING TO METHOO OF SEPARATION oot
i ' Precipitation; Blood Used Without Alteration; Solvent - Other
: . e ~Estimation by Atomic Absorption
b _ o 018 .037 .033-,086 © .04
;‘i .{1 - -
: -Extraction with Dithizone; Solvent . Chlorofora; Preparstion-Digestioa
£ Zstimatios by Yisual Color
3 ¥ 9.2 5.6 $.6-3.6 s.4
3 L . '
' Extractioa with Dithitone; Solvent - Ohloroform; Preparstion-Digestion
- Bstimation by Celor - Spectrophotomater - ;
.033 .051 J067-.070 . g
036 L6 +036-.061 077 ™
:‘ "‘ wew .‘” .Ns-.ln om
: g - +030 052 . 062-.084 079
040 ave .- =,074 .108
' E .034 .047 ,074.,079 .13
13 @ .08 040 2052.,0488 L0538
& : Range 015,040 ,040..130 J082-.120 .030-,139
= ' 3 Average .033 064 074 . 080
3‘;" E Zxtracticn with Dithisone; Solveat-Qiloroforn; Preparstios - Digestios
o : +000 000 +000-,000 .000
E- ; Bxtraction with Dithlsone; Solvent-Odlorofors; Preparation - Dry Ashing
£ Estiastion by Color - Spectrophotoaster
: - .. 032 J043.,0%% 089
£ 4 on 048 L062.,062 - 077
E 1 .031 062 . 040., 064 078
3 ' 017 047 .036-.048 .070
3 A .040 033 ,658+,062 ON ,
E 3 034 . 087 .030.,038 .08 l
P Range «017-.051 ,031..067 .036-.064 +043-.088 . : 1
i Average 034 082 058 074 i, ; |
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Extraction with Pithizone; Solvent-Chlorofora; Preparstioa - Wet Ashing
Estimation by Color - Spectrophotometer

N O L024 «028-,047 N )
.028 .03 .050-,068 .087
E L0583 074 +037+,092 .62
1 .017 ,028 .033,043 087
.032 046 .060-,069 .080 ,
L .032 .060 .067..071 083 ‘ .
) .010 .012 .028.,031 .034
i - .023 .. .000-.074 066
. +066 .05¢ .074-.078 096 .
.026 .051 .069-,070 - 090
; .036 .050 .071-.078 ..
] .023 .051 .063-,088 .088
4 <048 059 +045-.069 <082
T .026 .081 . .059..061 .078
: .048 066 .080+.060 102
; .034 059 . 066,067 099 .
.040 .082 L061-.067 .074 -~
; Range .010-.066 ,012-.074  .000-.092  .034-.162 L
3 Average 033 050 058 .078 *
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Estisation by Polarogrsph
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Extraction with Dithizone: Solvent - Carbon Tetrachloride; Preparation - Yet Asking
Estiaatioa by Color - Spectrophotomster
.C82 .03 087-.118 A2
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fxtraction with Dithizone; Xo Solvent Listed; Preparation - Dry Ashiag
Bstimation by Polarograph
¥ 032 .041 «028-,072 078

Rxtesction vith APDC; Solvent - Qilorofors; Preparation - ¥et Ashing
Bstization by Atomic Absorption

.038 L0838 L0867 ,047 .08 . /
Batrsction with APDC; Solvent o MIBK; Preparation « Wet Ashing - J
Retination by Atosle Adsorption
1 » 034 044 +030..060 N 14 .

Eatraction with APIC; Salvent - MIBL; Proparation « Proteln Precipitstion ;
Bstlsation by Atosle Absorption
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Xo Separation;

¥o Separation :

v

Ko Separation;
%o Separation;

% Separation;
%o Separstioa;

KXo separstios;

%o Separation;

%> Separation;

Preparation - Vet Ashing
Estiastfon by Atomic Absorption 122 ‘

070 +058 ,084..103
Preparation - Digestion

Estinatioa Dy Spectrochenical - Mia

+ 066 076 056,062 078
+054 .063 .068-.077 .087

Preparstion - Digestion
Estinstion Dy Spectrocheaics] = Direct Resdor
.034 .08 .058-.059 074

Preparation - Dry Ashing
Estimation by Polarograph
050 041 ee =071 034

Preparation-Dry Ashing

Bstimation by Spectrochesical - Fila

068 .070 .120-.150 098
130 088 2100-,120 «100

Preparation - Yet Ashing

EBstination by Atomie Absorptics
042 060 067,087 Jdo2
.070 L058 .C34-.103 A22

Preparation - ¥et Asding
Estisation by Spectrochealcal « Plla
022 082 »030-.081 N2

Preparation - Protals Precipitatice
Astisation by Spectrochmical - Direct Resder
010 020 081,081 . 083
010 «02% J053-.063 070

Preparation - Blood Used Without Alterstion
Bstination by Spectrochemical - Pils
032 048 O41.,072 068
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TALS IX.

BLOOD LEAD RESULTS REPORTED
ACCORDING TO METHCO OF ESTIMATION

¥isusl Color; Preparation - Digestion
By Dithizone - Chloroform Extraction

19,2 5.6 $.6-5.6 s.¢
Yisual Color; Preparstion - Wet Ashing )
By DitAizons - Qilorofors Extractioa
032 .089 +065-,066 093
Color - Spectrophotomster; Preparsticn » Digestios
By Dithlione - Qiloroforn Extractioa
+033 . 081 .087.,070 0863
- 038 048 +056-,081 N2
.. 130 .118.,120 .030
. 030 .052 WS02.,003 22
040 .- .- ,074 .108
. 034 047 ,076-.078 139
.62 040 £32-,068 058
Range 025,040 .040-,130 +082-.120 .038-.133
Average 033 . .02¢ 080
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Color-Spectrophotomster; Preparation - Dry Ashing
By Dithisone - Chlorofom Extraction

B e L T

.o .032 .048-,056 069
027 043 .062-,062 077 R
.051 062 +060-.066 .078
.017 047 .036-.048 .070
.040 .053 .056-,062 074
034 .067 .,050-,058 .088
Range .017-.08) ,032-,067 .036-.066 +069-.086
.034 ,052 056 076 '
Color-Spectrophotcmeter; Preparstion - Wet AshMing
: 3y Dithitone - (hloroform Extraction .
.02 024 ,028-,047 079
.028 .053 .050-,066 .087 -
053 .074 ,037-.092 162
017 .028 .033-.043 057
.032 046 .060-, 069 .0480 ~
.032 .060 067-.071 L0483
010 .012 .028-.031 034
.023 .- .000-,074 006
066 .056 .074..078 096
.026 081 ,06%-.070 090
036 .00 .071-.07% oo
- 023 .08} .063-,068 .088
043 089 .065-,.049 .082
«026 031 .£5%..041 018
Ty .05 ,0%0..060 .102
.034 059 +046-.067 099
2040 .082 .061-,067 074
260 .164 .134-1.08 A72
Range .010-260 ,012-.164 .000-1. 0% ,034-.172
Aversge 08 086 .088 090
By deloting 1ast row of results adove
Range .010-.064 ,012-,074 »000..092 ,034-.162
Aversge 033 «050 058 2084
Color-Spectrophotemeter; Preparstion - Vet Ashing .
8y Dithizone - Cardon Tetrachioride Rxtractioca -
082 089 L097-.116 129 N %
Titration; Preparstion - Digestion
Py Dithisone - Chlorofors Latraction
«000 000 2 000-,000 O
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Polarograph; Prcparntlon - Dry Ashing
By Dithitone Extractios - Mo Solveat Lhud

.Nz

Polarograph; Preparstion - Ory Ashing
%o Lead Separaticn,
050 ,

L041

041

«025.,072 078

- =071 034

Polarograph; Preparation - Wet Ashing
By Dithiizone « Chlorofora Extractica
: .028-,034 059

.

028

Polarograph; Preparation - ¥et Ashing
.015-,127 281

. Bo Lesd Separation

014

Atouie Adsorptioa;

Prepsration - Digestion

014

By APDC - MIBK Extractioa
<011

Atoalc Adsorptios;

Preparation « Wet Asking

026

v o, (48 - .083

By APDC = Chlorofora fxtraction
038

Atonie Abdsorption;

Preparation - Yet Ashing

038

By APOC - MIBK Extrsctioa
036

Atonlc Absorption;

Preparationa - Yot Ashing
By Other Solvent Litraction

070

Atomic Adsorption; Preparation - Wet Ashing
Bo Lead Separation

042

Atomic Absorpties;

0

O

.05

000

«067-,067 086
+050-.080 L9

L084-.103 122

047..047 102

Preparstion « Protein Precipitation
By APDC - MIBL Extractios

4

022

Atomic Absorption;

Precipliation of Lead
037
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.078-,037 SO0
,063.,074 00
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Spactrochenical - Flle (Plate); 'ropantlol - Digestion
Mo Separation of Le
.068 074 .OS6-.062 078 .
034 083 JO68¢.077 .0‘7 :

Spectrocheaical - Pilm (Plate); Preparatioa - Ory Ashing
Mo Scparation of Lesd
#0065 .070 .120-.150 098
.130 . 068 .100-.120 100

Spectrochamical - Pile (Plate); Preparation - Wet Ashing
Xo Separstion of Lssd
.022 .052 +050-,051 on

Spectrockenical - Fila (Piste); Blood Used ¥ithout Alterstion
Bo Separation of Lead
.032 046 ,061-,072 068

Spectrochemical - Divector Reader; Preparatioa - Olgnuu
. Ko Separatica of Lead
036 .08} . 058-,058 ON

Spectrocdmical - Dirsct Realer; Preparation - Protein Precipitation
Ko Separstion of Lesd

010 ,020 L061-,081 083
.010 .03 #033.063 070
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Method
Spectrophotonster

#  (Celete coe Lad)
Polarograph
Atoajc Absorptiom

Spectrochealcal « Fila
® . Direct Reader

S

TAME X

RANCE OF BLOOO LEAD RESULTS REPORTED
ACCORDING TO METHOUS OF BSTIMATION

Blood A Blood 8 $lc0d C L D Blood B
010-260 012.364 000-1.0% 034-172
010-082 012-049 €00-116 034-129
0600-050 014-04) 0315-127 T 034-281
011-070 019-00 028-103 069-122
022-130 046-074 050-150 063-100
010-036 020.081 053.048 070-043 -
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Spectrophotonster

Polarogrsph

Atoals Adsorptiom

Spectrochenical - Fila
ol » Direct Reader

TAMLE XI.

AVIRACE (MEAN) BLOOD LEAD RESULTS REPORTED
ACCORDING TO WETHODS OF ESTIMATION

Blood A Blood 3 Blood C 4D Dlood B
0ss 054 063 o012
o o3t 053 106
032 042 061 o9l
069 062 082 084
ol 032 060 076




