J. Soc. Occup. Med. (1979) 29, 65-71 Printed in Great Britain

\

Target Organs
The Bloed*-

H.A. WALDRON

PLAINTIFF'S
EXHIBIT

/256

Scnior Lecturer in Occupational Medicine, TUC Centenary Institute of Occupational Heulth

Introduction

The bleed velume in a person of average build is
ahout 70 mi kg body weight, of which the plasma
accounts for 20 ml'kg. All the blood cells arc
derived from the haernopoietic organs which
include the bone marrow, spleen, liver and thymus
and the lymph nodes.

Inthe embryo, bload cclls arc first formed in the
area vasculosu of the yolk sac. At a later stage of
developiment they arise from the body stalk and the
placental site. then fram the liver, spleen am
thymus and finally from the bonc marrow. After
birth, the bone marrow is normally the only site at
which the red cclls and granular leucocytes arc
formed. but the liver and spleen mmay resuine their
blood-forming role following massive blood loss or
in s¢yere anzemias. especially in infants,

The cclls of the blood have a common origin
from reticulo-endothelial (RE) cells which give rise
to the primitive haemocytoblast, From this cell,
precursors of all the cell lines, red, white and
platelets arc fored. which, after varying stages of
maturation. form the cclls which circulate in the
peripherul blood.

The Red Cell

The fuomation of the mature red cell is represented
dingramanically in Fig. 1. Each stage may be
afrecrod by tonie coonts ac will be diccussed belaw.
Vivthropoiesis 15 contrelled throosh the medintion
of crvistopaciing a1 hormone with @ molscular

oot of Ghog 1000 whidh ds produced in the
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kidney in response to hypoxia. Erythronoictin
production niay be severely impaired ~.l..~lc
damage to the renal tubules, including the tyvpe
which can bc induced experimenzaiiy in wnimaziz =
mercuric chloride (Reissman ci al., i%¢3,, i
possibility that this may also follow occupativnai
exposure docs hot appear to have bcen invesu-
gated.

The red cell has a life span of ahout 120 days and.
in health, scncscent cclls arc removed by the
phagocytic action of RE cells.in the spleen and
liver. The normal ranges for haemoglobin concer-
tration, red cell numbers and red ccll indices art
shown in Table |.

Table |. Normal red ceil vaiues

Haemoglobin (g:d}) 13-5-18 O(men)
11:5-16-5 (women)
Red cells (10%1) 4:5- 65 (men)
3.9- 56 (women)
MCV (femto litres) 76-96
MCH (picograms) 27-32
MCHC (g 81) 30-35
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Fig. 1. Stages in red cell maturavion.
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Table ;7. Major functions of the white cells

Neutrophi Phagn\:,\’gmis of .small paricles of foreign
matenal: Dactetal phagoeytosis greatly
facilitatcd by the presence of specific
anubodics

Eosinophil Phagocy tocis of anticen-dntibody complexes,
rhewmatond factor compicexes and red cells
(in the presence of immune sera)

Basey. Release of histennne ¢
Monocyte Production of tissue macrophages; phago-

cytosis (inciud:ng that of large particles);
. pinocytosis of proteins and colloids
Lymphocytes \Mediation of specific immune responses

Tothis 111 Naresal whita ~udl valigee

Tl v bate eriie PRI ETR IV

Neutrophus 23V0-7300 % LU (AU-137%)
Lyriphdnyics §5U0 35w {du—33573)
BIRUSIIS) Cve— ouw I :-;C:;;
Losinophils 40— 430 (1- 6%
Basophils 0- 100 (0-1%)

The White Ccll
The white cells are fornied in the bone marrow and
the mature forms are released into the blood where
their 1ife span is generatly short. Following their
release {rom the marrow, the lymphocytes undergo
further modification in the [ymphoid tissucs, sornc
in the thymus (the T-cctls) and some (the B-cells)
elsewhere, probably in Peyer's patches in the small
bowel. The T-calls and B-cells can be distinguished
under the scanning electron microscope since the
B-cells have a ragged appearance whilst the T-cells
are smcoth. The prime function of the 13-cellsis to
divide in response to centact with antigen 1O
produce plesma cells which in turn produce
specific antibodies. The T-cells help the B-cells in
initigting pranary immung responses and are theme
selviainneinsad ity cell-mcdiated tesponses, including
[ A TR PR A B N

Fhe meo Limportzat fuactions of the white cells
are cutlined in Tuble 1. nornial values appear in

fwele ddd.

i [ I
alocis ol Veie Lo

A convenent way 1o bopin the discussion of the
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Production

Bone marrow damage is rarely sustained in industry
and the number of agents which arc known to
induce aplastic anasemia as the result ofoccupational
exposure is small. The best known arc benzene,
tri-nitro tolucne (TNT) and irradiation, but a few
cases have been rcportcd following cxposure to
organic insccticidcs (Friberg and Martensson,
1953), whilst cxposurc to cadmium has also been
associntcd with changes in the bone marrow
(Cotter and Cotter, 1951 Beriin and Friberg, 1960).

The toxic cffects Of benzene on the bone marrow
havc been known since 1897 when thcy were first
descnibed by Nantesson. and they have been
Suulcu cAlcmsdively uuliny Lile succeeding years.
ine chanans wnich may he lound an the perinheral
hlnnd nf warlkers exnnced ta henzene depend upon
which eell line, Or lines, suffer the brunt of the
injury. Anacia is generally rhc first eifect noted,
followed sequentially by leucopenia, thrombocy-
topenia and finally, if the damage to the marrow
IS scverc, by pancytopenia (Goldwater, 1940-1;
Truhaut, 1968; Aksoy et al., 1971). These changes
may follow fram either acute or chronic exposure.
and aplastic anaemia has been rcportcd in those
whose last known exposure took piace 10 years
befare the onset of symptoms (Scott et al., 1939).
All manner of abnorinalities may occur in the bone
marrow, from acellularity t0 hypercellularity, the
latter occurring cven though therce is no evidence of
cell formation in the peripheral blood (Aksoy et al..
1972). Aplastic anaemia following exposure to
TNT is rare. but when it does occur. the bone
marrow findings in living patients are similar to
those in patients poisoned with benzenz: marrow
taken at autopsy is invariably hypoceliular (Craw-
ford, 1954; Scott et al., 1959). As with the aplastic
anacmia following exposure to benzene, the onset
of the discase may be delayed several vears anter the
last known exposure (Havhoe, 1953). The mech-
anism by which benzene produces damage to the
marrow is still uncertain, although it has been
shown, to {ulubit DNA syuthews in eaperimiental
aninals, a faet which may ke refvurt to s
leubaemic potental (Maoes hitn and Speck, 1967),
It is not entrcly Jlear wincther benzene atsalf, or a
metabolite, IS the toxic agent. although rocent work
is tendine to favour the Litter vrew cAndsews et al.,
WIT Tinbaciland Machetl L1937 U okictal | 77y,

The harmiul etect of rradiauion in the marrow

Table 1}
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Table 1¥. Changes in' haem metabolism in Jlead
poisoning

» . DBlupd Urine

Ervthrocyte protoporphynin Urinary ALA concentration
concentration clesgted raned

Red ceiit ALA actvuy Urinary copreporphyrin
inhibitad concentration rassed

Serum ALA concentration
raiscd

Serum iron concentration
raiscd

-~

aioline Tuadnd Hi Japan. Scvele lcucopsnida is e
first abnormaity 10 occur foiiowed by thrombocy-
topenia and then by the production of anaemua; at
this stage the bonc marrow shows an almost
compicte loss of cells!

Haemoglobirizarian and Maruration

Only onc material likely to be encountered in the
workplace affects haemoglobinization of the red
cell to any significant degree, and that is lead.

Menzene has been shown to inhibit the carly stages

of haem synthesis in experimental animals (Freed-
man et al., 1977; Greenblatt et al., 1977) and so has
cobzit (de Matteis and Gibbs, 1977), but in neither
case is the relevance of these findings to occupa-
tional exposure known.

Inorganic lead atTects 2 number of the stages of
haem synihesis by inhihiling the activity of the
cnzymes which cantrol the progressive production
of haem fiom glycine and succinyl Co-A (Fig. 2).
Organic lead compounds in general have no effect
on haem syathesis except to lower ALAd activity
highth (Wuldron, 1975by. Muany of the ensviies
inthis pathway contain vsseniind salpbodnd (= SH)
groups tor which lead has a high afinity; by
combining with these --SH groups, lead render
the cnevnwe i" \“"\\ ( N og we and Gt'lut »l}', l)'""
A heem syathasis boccires pracressivete depiessed

"‘\ IR .1.'.-“.‘ of lead, AT A svathe o is actually

I Jris s S GO B OF Ln e be.enee
\\nh the nepatine feadbask loop shown in Fig. 2

15 7ad et w1972, The compisx imnairment of
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Fig. 2. Haem synthesis: the production of ALA by ALA
synthetase is the rawc-limiting step. Principal steps inhibiied
by icaa are inaicated by arrows on left. ALA. é-amino-

lacvulinic acid: PBG, pomhe “.!.nnccn URQ, uroparmhy-,
rinnran l" (‘gpgn rAREANACn sgen !1l: PROTO
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protoaurrb\rm IX; ALAd. ALA dehvdratase; C ox

ranrnanmmhurinnaeen avidaoe: Fr forrochelatase.

nnne wnich enanic a defaitive diaenous of lead
noisoning to he made (Table V).

I-cad also inhibits the synthesis of the globin
maicty of the haemoglobin molecule, impairing the
production of both a and B chains in viiro; the
former to a greater degree than the fatier. In a
study of lead workers, no alteration in « :8 ratio
was found. and, indccd, in some the ratio was
increased. suggesting that thcrc may be a compen-
satory increase in a chain production in thess men
(Piddington and White, 1974). In other haem
deficicney states, globin synthesis is impaired
through the inhibition of the formation of the
met- tR\JA -40S ribosomal complex and it scems
likely that this s also the mechanism in lcad
poisoning (White and Selhi, 1975).

The incorporation of iron into the protopor-
phyrin molecule is prevented by the inhibition of
ferrochelatase, but lead also interfercs with iron
metabolism in a numhcr of othcr ways which are
discussed by Mahaffey (1974). Cadmium also
scems to interact with iron, and, in experimental
animals at Jeast, the anaemia induced by cadnitum
is alleviated by the administration oiiron (isriin
and Friberg, 1960; Banis et al., 1969; Jacobs ¢t at..
[949).

7% Circudating Red Cell

Arsin2 is the most notertows of the i il
hacialysins, Teis used for doping in the marnutac.
wre of seni-conductors and it s also acardentaliy
produced when nascent hvdrogen comes  into
contact with compounds of arsenic. This mav
hospan il a variety of Qlierent processes factid 13
clectrolvas, the smeltine Of ores. the mang @ v
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of zinc sulphate and chloride, the wet treatment of
scrap mctal slags and where impure acids or metals
arc used. The intravascular haemolysis produced
by exposure to arsine is often profound for
cxample, onc of the cases described recently by
Wilkinson and his colleagues (1973) had a PCV of
zcro! The mechanism of action s not yet fully
cstahlivhed (de Palma, 1969 Hecken and Bradshaw,
1976 . -0, 1970), but amongst the possibilitics
whicit nave been discussed are the production’of
clemental arsenic, or arsenic dihydride, the inhibi-
tion of catalase with a resuitant production of
hydrogzen peroxide, and the formation of complexes
with —SH groups which impair the sodium-
potassium pump (Fowler and Weissberg, 1974).
Tlx\: multiplicity of explanations suggests that none
is entively correct. l_lkc\\wc. the h.{cmol)nc action
of TinNT, onc of the few other industrial hacmolysins,
has now been adequately explained (Stewart et al.,
1942). 1ts mteresting to note, however, that acute
hacmicivtic episodes have occurred in TNT workers
who have a deficiency of GoPD (Bjerassi and
Viiany. 1978) which suzzests that, in these men, the
Ivtic action is due to the oxidizing properties of the
wmpound

l.cad is the other haemolmc agent which needs
to be considered. It is the ciassic example of a
toxic agent whose cffects are duc to a varicty of
mechanisms; for in the production of anaemia, not
oniy does it inhibit the synthesis of haem, but it
also exerts 3 weahly huemoivtic effect on the
circulating red cell. The haemolytic effects are
thourht 10 be due to abnormalitics in membrane
structure and function. Rod cell Na- and K-
ATP-ase is strongly inhibited by Ilcad both in vive
and in virro (Hasan and Hernberg, 1967) and this
produces a great loss of pot.mlum from the ccil.
Tiiis Loss is much greater than would be expected
from the inhibition of ATP-ase alone, and the
conforational changes induced probably create a
solovtive eete throongh which potassium {hut not
sod-aind can leak (W hite and Saili, 1973). Cl 132CS
in . shape of the red cell are also in themselves
Blethe to acerterate their rate of removal fram the
circnlaton by RE eells and perhips to ancrease
[EE TR SO ‘r-.!n.;\l a1t shoald be noted,
|0 Lom b ke b "7'.‘.1""\\['\"(1\11
less g portuace m the produ..uon of anaemia than
e .",'.-:. Lens i heenr svathiosds and that frank
FTSRTAN I i.:.' e caesiaiicon ot lvad sheorpaon
(. RN
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AMalignant Chunge

The malignant potential of ionizing radiation has
been excmplified by the classic study of Court-
Brown and Doll (1957) on patients with ankylosing
spondylitis treated by X-irradiation and by the
follow-up studics of the survivors of the atomic
bomb blasts (Heyssel et al., 1960). In each of the
groups obscrved. there was an excess of deaths
from leukacmia, but there has also been an increase
in other types of tumours amongst those Japanese
who have survived the atom blasts for a sufficiently
long time to aliow for the development of malig-
nanctes with a long latent period. The peak
incidence of leukaemia occurs about four years
following irradiation and the acute non-lymphocytic
types prcdominnte.

The data from Japan indicated that there was a
lincar relationship between the radiation dose and
the incidence of lcukaemia above 100 rad. but below
this dose the shape of the curve was uncertain. At
Nagasaki no incrcnse in incidencc in leukaemia was
obscrved when the dose was fess than 100 rad but
at Hiroshima. an increase was noted for doses
down to 20 rad {(Anderson, 1971; Miller, 1971). in
reccent years, and particularly in the wake of the
debate concerning the use of plutonium as a fuel
source, there has bcen considerable discussion as to
the risks involved fram cxposurc to doses of
radiation which are currently considered acceptable.
Mancuso and his colleagues (1977) have evinced
epidemiological evidence that workers making
plutonium at the Hansford Works in Washington
State have an enhanced death rate from malignant
dicease (including leukaemia) although exposure
has seldom exceeded § rads per annum. The study
of Sajarian and Colton (1973) of deaths amongst
workcrs at the Portsmouth Naval Shipyard where
nuclear submarines are repaired appears to support
this view since the observed number of deaths from
leukaemia was 174 times that expected. No details
ol exposure were avalable, however, although it
was assumced that lifctime exposure was less ‘than
100 mSv (1 Sv =160rem). and the numhcr of
cases was small (12 ohserved deaths fram leukae-
mia), deliciencies to which the ncthors themselves
wnve  ample consideration. Moke 1193 was
critical of NMancuso’s work., in parucular the
sugaestion that the doubling dose tor bone murrow
tantours (myclond lealaemia plux myclonun s onty
O35 rads. los dose seems imposably low and
Coeurt-Broan and his vo-woiacis (Hiou) concluded
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fromthcir studiesrelating the incidence of leukacmia
with background exposure that a dose of 1lrad
would produce only | case of leukaemia per million
manzyears OF cxposurc. Bonnell and Iiarte (197%)
suggest that the risk of a person exposed continu-
ously t0 10 mSv'yr (the maxvimum dose usualiy
expericnced by workers in the British nuclear power
industry) from the age of 20 developine radiation
induced leukaemia is between 100 100 000 and | in
50 000. but Lindop (1978) considers the risk to be
much greater, 1in 1400. Clearly, this is a sensitive
area and one in which a great deal more epidemio-
logical work is needed and. as the Lancer (1978)
pointed out. there is probably enough data alrcadv
buried in the rccords of employing authorities in
this country and the United States to cnable an
adequate case-control study to bc undertaken.

~ The only other significant risk of developing

accupationally related leukaemia appears to arise
from cxposurc to benzene and therc is a consider-
able number of case reports, mostly of the acute
non-lymphocytic type. although an unusually large
number of cases of ervthrolcukaemia have also
been reported (Vigliani and Saita, 1964, Girard and
Reval, 1970: International Agency for Rcscarch on
fancer. 1974: Aksoy. Erdom and Dincol. 1974,
: 176). Numerous chromosomal obscrvations have
“.en found in patients with leukacmia who have
t.ad chronic benzenc exposure (Hartwich et al.,
19; Aksoy. Erdrm, Erdagan etal., 1976), which is
coasistent with the impairment of DNA synthesis

nimals (Moeschlinand Speck, 1967). Epidemio-
1 wal studics (Ishimaru et al., 1971; Infante et al..
.+77. Brandt et al,, 1978) have. confirmed that
Bonsene may induce lgukagmm and. although not
#'* anthors would aﬂrcc with this view (Thorpe,

“4), the case against benzene 1S generally held to
have been proven.

“entral and Sopervision

S adl that can be done has been done in the way
ol substitution, segrepation and environmental and
nersonal protection the control of harards likely to
N duordgr\ of the blood depends upon a
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more valuable anindication of metabolic effect than
the other tests. Anaemia s a lute manifestation of
lead poisoning and haemoglobin estimations; if
used 3tall in routine screening prourammes. if must
be supplemented by tests which will provide curiv
warning Of impaired hacm synthesis. On the other
hand, routine huemoglobin cstimations-and rcd coli
counts will be helpful in the supervition of workers
cvposed to bcnzene Or other haemolytic agents,
singe N their case anaemia is an carly sign of their
putentially harmful effects. With the present
radhation doses in industry, thcre is little point in
undertaking any formofhaematological monitoning
escept following accidental exposure to high doses.

The occurrence Of leukaemia will bc prevented
only by limiting exposure and nothing is to be
gained by looking for leukaemic or pre-leukhaemic
changes in the blood of those potentislly at sk,
There IS a very great need. however, for the initia-
tion of soundly planned epidemiolozical studies 1o
establish the degree of risk for men exposcd to
those agents already known (Or suspected) 10 bz
leuhaemogenic, and also t0 provide information on
the malignant potential of other materials. Fer
instance, it would be of great interest to know
whether thosc engaged in the handling ani!
manufacture of immunosuppressive druzs (in-
cluding steroid hormones) are at risk in any wwav. or
whether other sources of radiation are capzhle of
inducing malignant change. is an areu which
weuld be well worth further study.
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