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Lead intoxication (PbI) in humars dates to antiguity. Tﬁis is beczuse lead

vas readz!y available, had a 10--ne1t1ng point, and was easily cast. Lead

being relatively soft as we]l, could be fabricated by swrple means. Early

history shows that humans worked with and used lead, and that they were poﬁéoned./» %

by itk

In early mining, lead depoSits were often found near thg surface of the ground.
The 1eaé'octurred as oxides and carbonates. These tcmpounds viere readily
absorbed end did cause lead 1ntoxicat.on in great e bers of lead mtnars_z

@ ‘
Today, 2cute sevefe cases of lead poisoning 2re less apt to be seen altheugh
thay still occur, Instead, chronic Tow-level Tead intoxicaiion is more apt to be
encounterad. However, the population risk is much greater at the present time
than in the past due in part to the wide scale use of leaded gasolines, eaded

plastics, and the wide distribution of autorcbile batteries.”

jhe-effects_of Tead intoxication are varied: gastro-intestinal sequelae,
iperipheraTVand ceritral nervous systen effects; encepalopathy, including psychasis,
heuropathy, anemia; and intgrference with the synthesis of heme, causing an
éccumuTaticn of heme precusors in the blood. These precusors are suspected of
being toxic in their own rights. It is the interference Qith the heme biosynthetic
pathway that produces a number of Substances useful for:measurigg the degres of

lzad intoxication, as well as the guantity ¢¥ lead absorbed into the body.

The problem of measurement of lead in the human body is a critical one. Huch of

the historical data on lead intoxication is related to measurements of blood -
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levels of lead. This constitutes a- large pool of information on the subject.

. . bors . 4- . _ :
4Recent experimentation by Rabinowitz et al and Riegert and Nhitlocks show that

there are significant short-term variations of approx1mate1y plus or minus
10 parcent in a given individual's blcod-lead level, even under the best of N
laboratory conditions. These variations are thought to be,brought about by illness,

7

dehydration, acados1s or parathyroid hormone, as well as dietary variations in

calcium and phosphorous rat1056 7 8’9. Further, blood lead Tevels tend.to-repreSent

recent absorption. To add to these.hib]ogicai difficuities, the direct analysis

of blood for blood-Tead content is hampered by the high Tevel of skill required in

analytical techniques, and the great care demanded to avoid the risk of sample

contamination. Genera1]y, the profxévency record of Taboratorxes in tlood-lead
detern1nab1ons hias been poor10 11512, 32, 33, It, th°refore, appears that the
measurement of blood-lead Tevel for an indiyidual presents difficult probiems.
Fowever, most c]1n1ca1 measures of lead toxicity have been related to blood-lead
measurements, making blooﬂ-lead Tevels a commonly used measure of Tead toxicity
and absorption. Carefully done blood-lead procedures are therefore valuable on
a statistical basis and can be used tc evaluate and.calibrate nthe} meéhods.of
Tead: intoxication measurement provided chelation therapy is taken into account.

!'
Reséahdh to date has»shown that the most biologically significant, sensitive, and.
stable measuremeﬁts of Tead intoxication are the by-products of blocked heme
biosynthesis. The most convenientTy'measuréd of these by-products are:
delta-aminolevulinic acid (ALA), de]ta-aminolevu?inic acid dehydfatase (ALAD},
free erythrocyte pfotoporphyrin (FEP) and zinc chelated erythrocyte protoporphyrin
(ZPP). The heme biosyntﬁetic pathway is shown in Figure 1, This figure is taken
from Perbroth et a13. The exact mannér that Tead inhibits the synthesis.is
unkpown, but it is apparent from the effects on precusors that the iﬁtefferance.
takes place in at least 2 sites. One siie lowers the production of the eniyme ALAD

Yoy ';
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Fic. I Diagrammatic representation of the major steps in porphyrin biosynthesis. TCA cycle =
tricarboxylic acid cycle; By~ PO = pyridoxal phasphate; ALAS « J-aminolevulinic acid sya-
thetase {ALA synthetase}; $-ALA = Famioolzwulinic acid; ALA D = §-aminol=vulini¢ acid de-
bydease (ALA dehydrase); PBC = porphobilinozen: “PBGuse™ is 4 torm used o represent the
“nrymatic aciivity involved in the conversion of FBG to uroporphyrinuyen at, Two enzymes are
#tully involied in this conversion, PBG deaminae and an isomerizing enzyme [20]; UROQ'GEN
@ = uroporphyrinogza 1 (hexahydrouroporphyrin ); UROD ~ URO'CEN decatboxylnse;
COPRO'GEN 1 = coproporphytinogen 11 COPRO-OX, » COMYO'GEN oxidusz. The rece-
tuf showa probubly iavelves two cazymatiz steps 120): PROTO = protoporphyrin: HEMLSYN
~ heme syachetase {f2rrochelatase). Enzymes represented within the seetangle are located within
~mistochondsia, ' co
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leading to an increase of ALA. At the other site, Tead inteffefes'with the

o ot st o N

insertion of fron in the protoporphyrin ring, leading to an accumulation of ' i :; %
protoporphyrins iq the biood. Both ALAD and the substrate ALA have been used as ' |
parameters in dsterminations of exposure to lead. Blood levels of the enzyme and
substrate, ov ur1ne levels of the substrate (ALA-U) are Jomet1mes utilized in:
determining the amount of equsure to lead. The protcpgrphyr1ns are.gengra11y 4
sither extracted from the red blood cells {free eﬁythrocy%e pfotoporphyrin) or

ara wezsurad d1rect1y in the blood in the form of zinc protoporphyr1n. The

protosorphyrins, tharefbre, reasure»the same phenomana, the1r ratuo of magnltude

viith respect to lead is deterrxned by the method of measurenent

"'Since the correlztion of blood-lead Tevel with individual 1ead intoxication is

difficu1t:and ofizn does not reflect the true biological status of the indfvidualzz
a logiczl abprbach to Tead intoxication would be to examine the more sensitive and
stable by~products of heme biosynthesis caused by lead interference. The most
sensitive of these is'the enzyme ALAD 13’}4. Research by Hernberg et al, has.
shovmn that there s a direct relationship between ALAD and b?oodllaad. The

\ 5 ‘s
health significance of ALAD, however, remains to be proven] . In addition, the

itest for ALAD, while accurate, is difficult and time-consuming. - ' i

!

1

The next most sensitive detectable b1o]ogzca dlsturbance induced by lead in wvivo
is the 1ncreaSﬂd concentration of FEP Research has shown that a s1gn1f1cant = 3;
" increase of free circulating porphyrins is not well toieratedie'g.in the body. 5
FEP is detected by fluoresence. The concentration of FEP is affected by hematocrit

levels and iron deficiency anemia, and therefore, hematccrit and Hb readings

should be taken in conjunction with positive FEP resu]ts’Y’]B, ' oo f
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-Ektensive research ﬁas_shbwn that FEP has a 1d§arﬁythmfc.or;exponentiaT re}atﬁoﬁship
-withvbiood 1ead14* 19’29’21’22. The Jogarh}thmic or exponential re]étionship has
been shown to be true in both male'and female adults, as well as in»chi]drgﬁ,

although the slope of the response curyé is différent ?or each of these groupsls.
The largest data base is on children, with male adults, and female aduit; having

considerably less data in that order.

Recent investigations show that free erythrothe protOporphyrin in‘pa;ients with
lead intoxication is, in fact, not free but is chelated with Zinv23¢ :Research
by Lamola, Joselow, and Yaman324; and Fischbein, Eisinger, and BTﬁmberggs has

shown that the-méasuﬁemént of fluorescence a: 495 nm wave length of blood directly,
without ary extraction steps, can serve as a simple and speé?fié screening test
for ]éad intoxication. %

The outsitanding edvantaée of using zingc protoporphyrin for lead intoxication
measurements is that it can be detected with a portable field instrument called

a hematof]urometer25$ This instrument only requires that a drop of the subject's
whole blood be placed on a slide and be directly assayed for lead effects. The

read out of the instrument is not subject to dilution errors or extraction errors,

as in ?EP measurement; nor is it as subject ‘to contamination errors, laboratory
techniﬁue errors, or ﬂéy—to-day'biglogical variabf1ity, as in the base of blood :
Tead levels. The only significant450urce§ of variability are the calibration samplesé
thch can be rigidly zentrolled on a broad scale, plus individual hematocrit and :
hemeglobin levels. Lrw hematocrit and hermoglobin would manifest themsélves

as a small percentage of false positives which can be easily segregated. The
hematoflurometer was specifically designed by Bell Laboratories to give an almost

instantgnebus reading of the biological effects of lead intoxication. It has

been field-tested by Fischbein et al, and found to be convenient and accurate.
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-Thusy the methodology exists to stmply and 1nexpens1va1y monitor the b1olcglcal
effects of lead wntoxication for those workers exposed to lead hazards. The
questfcn now arises, “Do we have enough dase—response information for screening
purposes to determine the acceptabie upper 1imits of ZPP in the blood due to

lead intoxication?"

A search of the literature shows a considerable inconsistency in'the féiatiohéhip
-between FEP and blcod-lead levels between different investigators (See Tablies

I, II, and 111). The“variat)ons of these ratios between the 1nvgst1gators,:is

appareatly due to the following: . o !
é) mean age ' _
b} sex or ratio of sexes in studles of children
€) race or ratio of races
d} .extraction method
- e) tyge o? regression equation fitted to dafa ' 1 :

Obseryation of Table 111 indicates that the combination of extraction method
and regression equation is capable of producing an arday of macnitude

variation between similar age and Sex groups.

If the uniform method of ZPP analysis using the hematoflurometer is adopted, the

regrassion equation could be the last large source of variability,

The regression equations used in the major studies of lead intoxication using

protoporphyrin.thus far take three forms:

1.
’ 2'
3.

2P e A

quadratic

logarhythmic

logistic

’ DUP040013620




In the quadratic and logarhythmic protoporphyrin vs. blood-lead level
equations, the protoporphyrin tends toward infihity with increasing blood 1éad.

)

Living systems genarally do not exhibit this type of dose-response relationship; i

instead the response tends to lTevel off with intreasing dose. The logistic

—

equation exhibits this leveling off characteristic af relatively higﬁ lead doses
while exhibiting a rapid rise at medium doses similar to the quadratic and =~ E . }
logarhythic equations. In some recgnt'studies, the data ethbits the logistic :
form20522,34. . ' : ,3.
A number of the inveétigators 1isted in Tables I and II have been able to

raconmend upper Timits of FEP tnat are consistent with b]qod-1eadAlimits té

prevent lead intoxication; however, because of the variations# it is not possible

to directly translate these recommendatieons into limits for ZPP. Therefore,.
to make the FEP infbrmaticn useful, it must be correlated directly with ZPP 1
rezdings with réspect to blocd-lead levels. Fischbéﬁn et a125’26are in process |
of establishing this relationship. (See Figure 2). In addition, Lamola et a130
have made a quanitative determination of erythrocyte zinc protoporphyrin. This ‘ ' 3
work should lead to a standardized base line Tar all investigators in this field.
- 24 A

In plotting the regression equations of Lamola et al  for ZPP (See Fig. 3), an

obvious inflection point occurs on these curves at about 13.5 ug/100m1 ZPP for

both children and adul* males. This would appzar to bz the threshold biological ; i i
response (as determined by ZPP) to lead intoxication. 1In children, this weuld - A :
be abproximate?y 22 ug/100 m1 Pb.B and for adult males, it would be approximate1y'
35 ug/100m1 Pb.B. The 35 ug/100ml of blood lead coincides with Zielhuisls Tower | -3
estimate of the threshold of biological respecase for acult males (as determined ' ; H

by protoporphyrin in erythrocytes, method of Schwartz & Wikoff). ) » i
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35 ' ' .
A PHS, CDC Report  dated March 1977 in a study of five lead smelters found

" the threshold of clinically detectably pathology to be a blood-lead level of

60 ug/100 ml. The ZPP equivalent level should be established by the results

of current research,

7

There is adequate evidence that female adults show increased sensitivity to

19527’2 A

leac intoxication as compared with melg édu?ts . This is hasgd upon

respenses of the'hemepaietic system to-increased'blbbd-iéad levels. The
relztionship of ZPP and blvod lead in adult famaies is yet to bé-we]l—established

nowevar,
. ' (;’.:E
h
1

In summary, all current evidence sugrests that an advantageous way to assess

Tead 4dntoxicaticon is by analysis of the by-products of lead interference with

" the heme biasynthetic:Pathway; and ‘that the by-product of choice for analysis

is zinc protoperphyrin. In addition, the common methodology used in ZPP

ana2lysis should allow pooling of the data of different investigators for

statistical analysis.

Y12
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AVATLASLE DATA, FEP vs BLOOD LEAD

Table I

Roetls, Arch. Env, Hlth., Dec. 76
Method: modified Granick

Bess, Int, Arch. Arbaitsred 34:97-168
1974

H9;hcd Granick

Torciuni
Arch. Env. Hlth., Dee. 75
athcd: rod. Piomelld

Picm21i4, Pediatrics 51:2, Feb. 1973
Methoz: Piomelli

Landrigan, Pediatrics 89:6, Doc. 76

Method: Granick

Pediatrics 57:7.vdan.76

Reigart,
Chisolm

FHethod:

Chisoln, Pediatrics, 84:4, Apr. 76
Chicolm

Josalgw, H110SH Symp. 76
Piomelli

€BC, EP 1-76-33-2
tethod: Piomelli

_ Graph, Fig. 2, pg. 313,

Children
Log FEP = 1,3zt + 0,025 (Pb~-8)

N=31, r=.728
Female adult -
Log FEP = 1,243 + $.0259 (Pb-B)

N=26, r=.743

.Male adult

Log FEP = 1,4777 + 0.0106 (Pb~-B)
N=40, 4=.584

Children

Log FEP = 1.
K=37, 4=.592 _
Graph; fig. 2, pg. 102

454 + 0.0211 (Pb-B)

Adult males

Graph, Fig. 1, pg. 589, N=65, r=,72

Children ‘
Log FEP = 1.623 + .0177 (Pb-B)
Graph, Fig. 1, pg. 253, [i=10238, 4=.72

Children
FEP = 0.043 x (Pb-B) + O 45 {Pb-B)-2.14
Graph, Fig. 3, pg. 907, H=1055, r=.79

Children o
Tables IV, V, pg. 57

Children

Relationship Linear between. log Fep
and. Pb-B :
Graph, Fig. 1, pg. 492, =115, r=.60

Children, Male adits
Adapted from Pilomelli
Pediatrics 51:254-257, 1973
Fig. 5, pg. 33, Graph
Ln FEP= 3 0219 + ,0245 Pb-B

Adult Males
Graph, Fig. 2, pg. 7

N=78, 4=.76
Ln FEP = 3.686 + .0276 Pb-3

yiz
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1.

12.

AVAILABLE DATA, FEP vs. BLOOD LEAD (Cont.)

cDC, EP1-76-83-2
Method: Piomelli

Levine, et al, Am, J
Pub. Hith, 66:6, June 76
Method: Granick

L, Alessio, et al

Int. Arch, Occ. Environ.H1th
37:73-88, 1876

Method: Schwartz & Wikoff

Adult males
Table 2, pg.

Table 5, pg.
N=38, 4=.79

Adult Males

Adult Males
FEP =

5

‘Table 3,4, pg. 6

7

Tables 1,2,pg. 549

230

f1=201, 4=,904

T+ exp( 5.34 -.079 Pb-B)

bly
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_ 13
* ’ : . - AVATILABLE DATA, ZPP vs BLOOD LEAD
o _A ' Table II |
1. Joselow, NIOSH Symp. 76 Graphs Fig..s, pg. 34
Method: lamola . Adapted from Lamola, Joselow,
' Yemane, Clin. Chem. 21:82-97, 1973
" _ 2. Lamola, Clin. Chem. 21:93-97, 1975 Equa. Children - g
Method: Lamcla Log ZPP = 0.5Z + 0. 027 Pb-B
N=250, r=.77 - -
—— r.gua.. ften - . v '
Log ZPP = 0.54 + 0,017 Pb-B
N=35 r=,87
3. Fischbein, Mt. Sinai.J. Med. 43:3, Graph, Fig. 4, pg. 298
- May, June 76 - Corre]at:on ZPP and FEP
Methods: Lamola, Sassz, (Granick) =33, 4-,93
4. Lilis & Tischbain Che1ated cad Smelter Workers
Report to NIOSH, ES-00928,May 15,1976 Graph, Fig. 8, pg. 59
fethod: Lamola N=158
5. Fischbein, Proceadings Int. Conf. on Correlation ZPP & FEP
Heavy Metals in Envirn., Toronto,
Oct., 1975
Method: Lamola, Sdssa (Granick)
6. Kellogg Report HIOSH Equa. Voren - o
March 1977 LogZpPP = .946 + (.01 x Pb-B)
Fethod: lLamola =169, r=.59
: Equa. Men ‘ _
; Log ZPP = .820 + (.018 x Pb-B)
' N=710, r=.79
2
Yyis
S - - T
. I%.
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