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Abstract:

Background: Exposure to radiation and/or batteries containing lead/cadmium, is currently
under huge investigations as they are causing many health problems. The aim of this study
is to evaluate the effect of radiation and toxicity of lead and cadmium on hematological cells.
Methods: Forty subjects who previously exposed to lead/cadmium, twenty five radiologist and
10 healthy controls were recruited to this study. This study was conducted between January
2017 - April 2017 in Riyadh city, KSA. A questionnaire was distributed and answers were taken
by the interviewer. Ten ml of whole blood in EDTA tube were collected and immediately tested
by Abbott Cell Hematology Analyzer. Results: There was a significant difference in Hgb levels
between batteries exposed people and healthy controls. Also there was a significant increase
on WBCs count and lymphocytes count on battery exposed people compared to controls and
radiologist. Almost 43% of battery exposed people have allergic reactions compared to controls.
Conclusion: Monitoring irradiation and lead/cadmium toxicity levels is suggested in patients

with a high risk of immunocompraimised or chronic diseases patients.
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Introduction:

Exposure to radiation and/or batteries containing
lead/cadmium is currently under huge investigations
as they are causing many health problems. Exposure
to X-rays on a daily basis due to a profession,
accompanied by significantly deleterious effects,
has been shown by numerous studies. Even,
irradiation of blood and blood components is also
possible at smaller doses (0.1microgray), many have
unavoidable effects. International organizations
and WHO, therefore, would considerably increase
the safety and awareness of these professionals to
take care and advise for routine screening of their
blood. The effects of X-rays and toxic materials on

hematological and immunological parameters was
evident for many years. However, no comprehensive
study review of the effects of X-rays and toxic
materials on blood products is readily available.

One of the first reports on radiation-induced
haemolysis was in 1904 when Henri and Mayer'?
demonstrated that blood could be haemolysed by
irradiation and X-rays. Additionally, Cadmium and
Lead in batteries can cause many adverse effects
on respiratory system including: asbestosis, lung
cancer, chronic bronchitis, fibrosis, emphysema,
and decreased oxygen supply in blood. They also
have many health effects of the nervous system as
well including: inability to move, loss of feeling,
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confusion, and decreased speech, sight, memory,
muscle strength, or coordination. Blood analysis is
one of the most important clinical tests for many
medical related problems. CBC and microscopy are
widely used techniques as they are cost-effective and
with limited labor skills and timing

The objective of this study was to measure the
effect of radiation and lead/cadmium toxicity on
hematological and immunological parameters.
Materials & methods:-

Forty subjects who previously exposed to lead/cadmium,
twenty five radiologist and 10 healthy controls were
recruited to this study (as shown in Table-1).

This is a “case-control” study. This study was

Table -1: Subjects characteristic

conducted between January 2017- April 2017 in
Riyadh city, KSA. “A questionnaire was distributed
and answers were taken by the interviewer (an
example of the questionnaire is attached at the end of
this booklet). Later, 10ml whole blood in EDTA tube
were collected and immediately tested. CBC was
measured by The Abbott Cell Hematology Analyzer.
Normal reference ranges are shown in (Table-2). The
lead levels were detected by spectrometry. Written
informed consent was obtained in all cases. This
study was approved by the ethical Committee of
Prince Sattam bin Abdulaziz University (PSAU),
Graphs were plotted using Cricket graph graphics
package. Data comparisons were performed using
ANOVA test.

BATTERIES EXPOSED RADIOLOGIST CONTROLS
PERSONAL
NUMBER 40 25 10
AGE 20-42 23-50 18-45
NATIONALITY ALL NON SAUDI ALL SAUDI ALL SAUDI
EDUCATION ELEMENRATY 10 DIPLOMA 10 NA
INTERMEDIATE 8 Bsc 15
SECONDARY 18
Bsc 4
NUMBER OF THOSE WITH NON NON NON
HIGHER HGB
NUMBER OF THOSE WITH NON NON NON
HIGHER PLATELETS
NUMBER OF THOSE WITH NON NON NON
HIGHER RBCS
NUMBER OF THOSE WITH 17 NON NON
ALLERGY REACTIONS
(Eczema/Conjunctivitis)
Table -2: Reference
ranges for blood tests FIGURE-1: HGB level between different groups
PARAMETER "
Hemoglobin (HGB) concentration  g/dL | 14-18 * o e
Red blood cell count x 10"%/L | 4.2- -
6.2
L]
Platelet count (Plt) x10°/L | 150- 5.
400 .
White blood cell count (WBC) x10°%/L | 4-10 .
Neutrophils % 40-60 :
Lymphocytes % 20-40 S — Racmtoyy robersiorats Bateres expet
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Results:

There is a significant difference in Hgb levels between
batteries exposed people and healthy controls, and the less
extent with radiologist (Figl).

FIGURE-1: HGB level between different groups
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Fig 2 shows a trend on the effect of batteries exposure on
RBC:s count.

FIGURE-4: Platelets count between different groups
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Additionally, Fig6 shows, for neutrophils levels, there was
a significant increase on battery exposed people compared
to controls. Finally, there was almost 43% of battery
exposed people have allergic reactions compared to
controls.

FIGURE-2: RBC count between different groups
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FIGURE-5: Lymphocytes % between different groups

-
004
' J P —

However, Fig 3 shows a significant increase on WBCs
count after batteries exposure compared to healthy
controls. Unexpectedly, no difference was found by x-rays
on WBCs count. Platelets were resistant to battery
exposure and radiation (Fig4).

FIGURE-3: WBC counts between different groups
] .05
L]
T
ol

W

i ‘
4
a
" (e BB e Hadmrgy Fiofeaasa s [

A highly significant elevation of lymphocytes count was
found on battery e xposed people compared to controls
and radiologist (Fig5).
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FIGURE-6: Neutrophils % between different groups
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Discussion:

Although diagnostic X-rays are beneficial, they
are contributing to developing many cancers**.
Until recently, many studies have concentrated on
the involvement of irradiation and lead/cadmium
toxicity of blood cells. We assessed the impact
of those two factors on the blood cells. 10ml
whole blood has been utilized by our hematology
analyzer. We used the reference ranges published by
Alhazmi’s group®. Our current results showed that
both neutrophils and lymphocytes are significantly
increased after exposure to both irradiation and lead/
cadmium toxicity. These results are different with
many publications. Sokolov® showed that X-ray at
90Gyl, cause a significant drop in neutrophils by
30%. Another study showed that a 50Gy radiation
caused a 20% drop in the production of superoxides’.
Holley et al® demonstrated that granulocyte function
was unaffected by radiation up to 400Gy in an in
vitro experiment. However, we are in agreement with
a previous study which showed that B-lymphocytes
are more radiosensitive than T-lymphocytes, this
protection was attributed to the induction of DNA
repair enzymes in the stimulated lymphocytes®. Our
results also showed that no significant effect of both
irradiation and lead/cadmium toxicity on RBCs and
platelets. These results are in line with other studies.
Mature erythrocytes were found resistant to radiation
damage'*!!. X-irradiation of erythrocytes at 200Gy

has no significant effect on their morphology, osmotic
and mechanical fragility, or glycolytic activity'*".
Platelets aggregation, survival and release responses
of were not influenced by a 50Gy radiation dose
415 Tn an vitro study, Lessler'® showed that even
at lower dose of X-rays (1Gy) was sufficient to
cause cytological abnormalities to erythrocytes. An
early study in Sudan showed that lead/cadmium
toxicity increased basophilia and caused many CNS
indications'’. Another recent study showed that lead
increased reticulocytosis counts!®,

The difference in nationality of the groups studied
is also significant, since blood parameters even in
control may differ between Saudi and Non-Saudi
donors due to different life style. Future studies
should expand the two groups and consider other
factors such as smoking, sport and diet.

Conclusion

Both irradiation and lead/cadmium toxicity often
produce lymphocytosis and neutrophilia. The risk
of both factors may cause many health problems
even at lower doses. Monitoring irradiation and lead/
cadmium toxicity levels is suggested in patients
with a high risk of immunocompromised or chronic
diseases patients.

Conflict of interest

The authors declared no potential conflicts of interest
with respect to the research, authorship, and/ or
publication of this article.

203



Al-Rabia MW, Alshuwayman AS, Almutairi Y'S, Alasmari KS, Alasmari BM, Alanazi N, Alharbi J, Talohi A8, Alenzi FQ

References:

1.

204

Henri, V., Mayer, A., Action des radiations du radium sur
les colloides d’hémoglobin, les ferments, et les globules
rouges, Compt. Rend. 1904;521 524.

Holthusen, H., BlutverdnderungendurchRontgenstrahlen
und derenSensibilisierung, Strahlentherapie  1923;
14:561-570.

Berrington de Gonzalez A, Darby S. Risk of cancer from

diagnostic X-rays: estimates for the UK and 14 other
countries. Lancet. 2004 Jan 31;363(9406):345 51.
Wakeford R. The risk of childhood leukaemia following
exposure to ionising radiation--a review. J Radiol Prot.
2013 Mar;33(1):1-25. doi: 10.1088/0952-4746/33/1/1.
Epub 2013 Jan 7. Review.

El-Hazmi MA, Al-Faleh FZ, Al-Mofleh 1A, Warsy
AS, Al-Askah AK. Establishment
“reference” ranges for biochemical parameters for
healthy Saudi Arabs. Trop Geogr Med. 1982;34(4):323-
32.

Sokolov, A.A., The effect of ionising radiation on stored

of normal

blood, Problems of Hematology and Blood Transfusion
1961;6:186-189.

Schwarzenberg, L., et al., Study of factors determining
the usefulness and complications of
transfusions, Am. J. Med. 1967; 4:206-213
Holley, T.R., van EPPS, D.E., Harvey, R.L., Anderson,
R.E., Williams Jr.,R.C., Effect of high doses of radiation
on human neutrophil chemotaxis, phagocytosisand
morphology, Am. J. Pathol. 1974;75: 61-72.

LAVIN, M.F., KIDSON, C., Repair of ionizing radiation
induced DNA damage in human lymphocytes, Nucleic

leukocyte

10.

11.

12.

13.

14.

15.

16.

17.

18.

Acids Res. 4 (1977) 4015-4022.

BUTTON, L.N., de WOLF, W. JACOBSON,
M.S., COHEN, H., KEVY, S.V.Irradiation of blood
components, Transfusion 18 (1978) 382.

LEITMAN, S.F., HOLLAND, P.V., Irradiation of blood
products, Indications andguidelines, Transfusion 25
(1985) 293-303.

DA VIS, R'W, DOLE, N., 1ZZO, M.J., YOUNG, L.E.,
Hemolytic effect of radiation,J. Lab. Clin. Med. 35
(1950) 528-537

ATOMIC ENERGY OF CANADA LTD, Radiochemical
Department, Blood IrradiationBibliography 1984/85,
A.E.C.L., Kanata, Ontario (1984).

ZUCK, T.F., BROWN, G.L., BUCK, L.L., Effects of
in vitro irradiation on plateletfunction and lymphocyte
viability, Transfusion 13 (1973) 344-345.

COIFMAN, R.E., GOOD, R.A., MEUWISSEN, H.V,,
The function of irradiated bloodelements: 1. Limitations
on the response to phytohemagglutinin as an indicator
of immunocompetencein irradiated lymphocytes, Proc.
Soc. Exp. Biol. Med. 137 (1971)155-160.

LESSLER, M.A., Low level of X-ray damage to
amphibian erythrocytes, Science 129(1959) 1551-1553.
Awad el Karim MA, Hamed AS, Elhaimi YA, Osman
Y. Effects of exposure to lead among lead-acid battery
factory workers in Sudan.Arch Environ Health. 1986 Jul-
Aug;41(4):261-5.

|Kalahasthi R, Barman T. Effect of Lead Exposure
on the Status of Reticulocyte Count Indices among
Workers from Lead Battery Manufacturing Plant.
ToxicolRes. 2016 Oct;32(4):281-287.




