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Henna leaves are a priority material for hair dyes and body tattoos and have been used for this
purpose for decades. In Iraq, henna is used widely but it requires substantial controls. Iraq is
considered an environmentally polluted area as a result of the wars it has experienced, hence,
this study has been conducted to calculate the level of 222Rn contamination in henna leaves us-
ing a CR-39 nuclear track detector. The leaves were collected from the province of Basrah,
which is located in southern Iraq and is famous for cultivation of this plant. The radon con-
centrations were found to range from 12.140 to 16.255 Bqm-3 in Al-Faw, and from 7.613 to
11.111 Bqm-3in Abu Al Khasib. Radon activity ranged from 6.09-10- to 8.16-10~* Bq
in Al-Faw, whereas, in Abu Al Khasib it ranged from 3.82-10* to 5.58-10-* Bq. Radon spe-
cific activity ranged from 1.22-10* to 1.63-10* Bqg-! in Al-Faw, and from 7.64-10-5 to
1.12-10-4 Bqg! in Abu Al Khasib. The radon exhalation rate ranged from 4.05-10* to
5.43-10-* with an average 0f 4.69-10-* Bqm-2d-! in Al-Faw, and from 2.54-10~to 3.71-10*
with an average of 3.22-10-* Bqm-2d-! in Abu Al Khasib. After obtaining the results, one can
conclude that the henna plant collected from these areas is safe for human use and is free from
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high rates of 222Rn.
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INTRODUCTION

Studies have been conducted in the southern re-
gions of Iraq to measure the radioactive contamination in
the soil of some provinces of the Basrah governorate. An
elevated radioactive contamination in the soil has been
recorded in [1]. Al-Faw and Abu Al Khasib are districts
in Basrah that are famous for the spread of henna trees. In
Basra, there are hundreds of cancer patients, most of who
have been diagnosed late, either because of the ignorance
of the patient or their failure to have regular health
check-ups. Environmentalists have confirmed the spread
of dangerous radioactive contamination caused by de-
pleted uranium after bringing parts of armored vehicles
that participated in the wars into cities [2]. The military
vehicles and equipment were transferred to the districts
in different regions of Basrah, such as Abu Al Khasib,
Al-Faw, Qurnah, Deir, Zubayr, and Hayia, where the sale
of scrap iron and the remnants of military vehicles is
present [3]. The radionuclides that exist in the environ-
ment are transmitted onto plant parts via: uptake from
soil by roots and their absorption via aerial parts of the
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plants [4], and are then ingested as food by humans or an-
imals. In addition to the benefits of plants as food there
are other advantages as there are some types of plants that
are used as hair dyes or as tattoo work on the body, as well
as being used as a natural treatment for some diseases.
The henna (Lawsonia inermis) tree (the name henna
originates from the Arabic word hinna) is a flowering
tree, consisting of roots, bark, leaves, flowers, and fruits
[5]. The plant is extremely branched, and attains a height
of 2-7.5 m [6]. Henna trees belong to the Lythraceae
family and have been used for the coloring of the skin
and hair as well as in medicine. They are present as a
paste, and powder which is obtained from its leaves as a
sort of cosmetic [7]. Henna dye is made by collecting
henna leaves from the trees, drying them and then grind-
ing them into a powder that is mixed with a little water
which becomes a thick glue dye that is placed on the hair
or on some parts of the body as a tattoo, or as a treatment
for some skin diseases. When henna dye is placed on the
hair it needs hours to dry, and if the henna used is contam-
inated with high radiation rates, its long presence on the
body may pose risks to human health. Henna has been
used as a hair dye for thousands of years (4000 B.C.) in
Egypt [8], and it has lasted throughout the centuries in
many countries, particularly in the Middle East (such as
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Iraq), Canada, Australia, United States, and Europe, and
each country has its own production using several types
according to its tradition [9, 10]. In Iraq, henna leaves are
collected from trees, processed, placed in bags and then
sold in local markets and are often purchased by women
to be used as a hair dye or to make various body tattoos.
The collection and processing of henna in Iraq is not con-
trolled, and thus the amount of radioactive contamination
is not measured to estimate whether the herb is suitable
for human use, however the estimation of radioactivity in
hair dyes is essential [11].

Radon is deemed as the principal exposure
source (about 55 %) to human beings due to its emis-
sion of alpha particles and is considered as the main
source of cancer after smoking [12, 13]. Radon has a
half-life of 3.82 days and it is a product of the decay
of 22°Ra that is naturally emitted from soil and rocks
[14]. Radionuclides can be transferred to plants, this
transfer has been estimated by various researchers in
order to evaluate the presence of radioactivity in
plant organs [15-17] and also through the estimation
of the transfer factor that predicts the value of
radionuclides that enter the plant from the soil [18].
Placing the plant glue directly on the skin, which may
contain scratches and wounds, can cause the trans-
mission of radionuclides onto the human body, which
is prone to cancer.

The aim of this study is to estimate the radon
concentrations, activity, specific activity, and radon
exhalation rate in henna plants grown in the Abu Al
Khasib and Al-Faw districts in the Basrah governorate
in southern Iraq using a CR-39 solid state nuclear track
detector to determine the radioactive contamination in
that plant, which is widely used in Iraq by women pri-
marily as a hair dye or for tattoos, and as a skin disease
treatment.

MATERIALS AND METHODS

Eighteen henna leaf samples were collected dur-
ing the summer of 2017 from the Abu Al Khasiband
and Al-Faw districts in Basrah, southern Iraq. The lo-
cations of the sampling site were indicated on the map
as yellow and blue circles to distinguish the collection
site, fig. 1. The leaves were air dried for one week,
crushed, sieved, and weighted as 5 g for each sample.

The CR-39 nuclear track detectors are highly sen-
sitive to a-particles and are widely used for environ-
mental radon and its progeny detection, with 100 %
detection efficiency supplied so that the particles emit
sufficient energy as they interact with it [19]. The
CR-39 detectors of (500 um) thickness, and density
of 1.36 gcm™ were cut into small pieces witha 1 cm x
x 1 cm area and fixed inside a plastic container as
shown in fig. 2. Henna samples that have a volume of
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Figure 2. A schematic diagram of the sealed-cup
technique
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Figure 3. A magnified 1 mm X 1 mm image showing the
alpha tracks that appeared on the CR-39 detector after
60 days of exposure

5.02-107°m? were located in the container that was cov-
ered tightly to make sure there were no outlets for alpha
particles and were exposed for 60 days.

After 60 days, the detectors were etched for 6.30
hours in 6.25 N NaOH solutions at 60 °C in the labora-
tory. The detectors were washed with distilled water,
dried, and scanned using an optical microscope at 400x
magnification to count the number of alpha tracks per
mm? registered on the plastic detectors, fig. 3.

The density of the tracks, p, in CR-39 detectors
was obtained according to the following relation [20,
21]

track density =
_ average number of total tracks (1)

area of field view

The radon concentrations were measured using
the relation [20]

.5 @)

Px Ps

where C and C, are the radon contents for standard
and unknown samples, respectively.

The p, and p, are the track density for the stan-
dard and unknown samples, respectively.

The relation between the track density in tracks
per mm? and radon concentration for the standard
sample in Bqm™ is shown in fig. 4.

Based on the obtained data for the radon concen-
tration Cy,,, the value of radon activity 4y, and spe-
cific radon activity S4g, can be estimated using the
following expressions [22, 23],

Agy =CaV 3)
Sdy, = @)
m

where Vis the volume of the sample and m — the mass
of the sample.

The following expression gives the radon exha-
lation rate [24-26]

12000

y=0.151"x +217.1

10000 A =09918 |

8000 |

6000 |

Track density p (rack per mm?)

4000 -

2000 -

x10*

0 1 2 3 4 5 6 7 8
Radon concentrations Cs [Bqm™] per day

Figure 4. The relation between the track density
and radon concentrations in a standard sample

E. = (jRnLCL (5)
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where E, [Bqm>d'] is the radon exhalation rate,
Crn [Bqm >d] — the radon activity, ¥ [m’] — the vol-
ume of the sample, 1 [d"']— the radon decay constant,
T'[d] — the exposure time, and 4 [m’] — the area cov-
ered by the can.

RESULTS AND DISCUSSION

Radon can be transmitted onto plants by direct
deposition onto leaf surfaces [27]. As the exposure of
inhabitance to elevated concentrations of radon and its
daughters for a prolonged time leads to some effects
like respiratory functional changes that lead to lung
cancer [28], the radon concentration in henna leaves
has been measured. Values of the track density, p, ra-
don concentrations, radon activity, Ag,,, radon specific
activity, SAg,, and radon exhalation rates, E,, in henna
leaf samples collected from the Al-Faw and Abu Al
Khasib districts in the Basrah governorate in southern
Iraq are presented in tab. 1.

The radon concentrations in henna leaves were
found to range from 12.14 Bgm™ to 16.26 Bqm™
with an average of 14.04 Bqm? in Al-Faw, and
from 7.61 Bqm> to 11.11 Bqm with an average of
9.65 Bgm = in Abu Al Khasib. The results show that the
radon concentrations in Al-Faw are somewhat higher
than Abu Al Khasib and they also varied a little bit from
sample to sample but were found to satisfy the safety cri-
teria recommended by the ICRP (200-600 Bqm ) [29]
and do not pose a health hazard. This slight variation in
values may be due to the type of phosphate fertilizer used
in the cultivation of henna trees which is transferred onto
the leaves of the plant.
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Table 1. Radon track density, concentration, activity, specific activity, and radon exhalation rates in henna leaves
collected from Al-Faw and Abu Al Khasib with its minimum (min.), maximum (max.), average (ave.), standard diviation

(stdev.), and median (med.) values

Sample number ‘ p (Tracks per mm?) ‘ Cra [Bqm ] ‘ Ara [Bq] ‘ SAra [Bqg '] ‘ E, (Bqm’d ']
Al-Faw
1 127.78 14.20 7.13-10* 1.43-107 4.74-10™
2 137.04 15.23 7.65-107 1.53-107* 5.09-107*
3 112.96 12.55 6.30-107* 1.26:10° 4.19-10°
4 138.89 15.43 7.75-10°* 1.55-10* 5.15-107
5 112.96 12.55 6.30-107* 1.26-10°* 4.19-10°*
6 146.30 16.26 8.16:107* 1.63-107 543107
7 109.26 12.14 6.09-10°* 1.22:107* 4.05-107
8 125.93 13.99 7.02-107* 1.40-107 4.67-107
Ave. 14.04 7.05-107° 1.41-107* 4.69-107
Min. 12.14 6.09-107* 1.22-10°* 4.05-10°*
Max. 16.26 8.16-10* 1.63-107 5.43.107"
Stdev. 1.53 7.67-107° 1.53-107* 5.10-107
Med. 14.10 7.08-107* 1.42:107* 47110
Abu Al Khasib
9 88.89 9.88 496107 9.92:107° 3.30-107
10 74.07 8.23 4.13-10° 8.26-107 275107
11 100 11.11 5.58-107* 1.12-10°* 3.71-10*
12 88.89 9.88 496107 9.92:107° 3.30-107
13 83.33 9.26 465107 9.30-10° 3.09-107°
14 68.52 7.61 3.82:107* 7.64-107 2.54.10
15 96.30 10.70 5.37.107 1.07-10° 3.57-10°
16 94.44 10.49 5.27-107* 1.05-10°* 3.50-10°*
Ave. 9.65 48410 9.68-107° 3.22:107"
Min. 7.61 3.82:.107 7.64-10° 2.54107*
Max. 11.11 558107 1.12-107* 37110
Stdev. 1.22 6.11-10° 1.22-10° 4.06-10°
Med. 9.88 496107 9.92.10°° 3.30-10*

Asshownintab. 1, the radon activities vary from
6.09:-10* Bq to 8.16:10* Bq with an average of
7.05-10* Bq in Al-Faw, whereas, in Abu Al Khasib
they range from 3.82:10~* t0 5.58-10 Bq with an av-
erage of 4.84-10~* Bq. Radon specific activity varies
from 1.22:10°* Bqg™! to 1.63-10 Bqg™' and has an
average of 1.41-10™ Bqg™' in Al-Faw, and ranges
from 7.64-10~* Bqg™! to 1.12-10 Bqg™' and has an
average of 9.68-10° Bqg™' in Abu Al Khasib. The
small variation in the activity and specific activity be-
tween the two sites could be due to the uranium con-
tamination difference in the two sites where the henna
trees are grown, and/or water transmission. Addition-
ally, it could be the result of the difference in the proce-
dure of radionuclide transmission onto the leaves that
were used as samples in the study.

The radon exhalation rate is of prime significance
for the evaluation of the health radiation risk from henna
leaves. According to tab. 1 the radon exhalation rates var-
ies from 4.05-10* Bgm2d ™" to 5.43-104 Bqm2d~! with an
average of 4.69-10% Bqm2d™ in Al-Faw, whereas, in

Abu Al Khasib it ranges from 2.54-10* Bqm2d™ to
3.71-10% Bqmd ! with an average of 3.22-10* Bqm2d .
In the present estimations, the radon exhalation rate does
not show any significant influence on human health.

The mentioned results afore were calculated in
samples with a mass of only 5 g that could be used in
tattoos or for healing skin inflammation, on the other
hand it was customary to use approximately one kilo-
gram of crushed henna leaves after mixing them with
water to be placed on the hair for the purpose of hair
dyeing. For this reason, the radon concentrations will
be different if this large amount of henna is used and
the concentration will be approximately at an average
02809 Bqm™ in the Al-Faw henna, and with an aver-
age of 1929 Bqm in the Abu Al Khasib henna. The
accepted *??Ra level established by the World Health
Organization is 100 Bqm™ [13]. These results do not
pose a danger to the users of henna as a hair dye if it is
applied approximately every two months and the
henna leaves remain on the hair for a period not ex-
ceeding three hours, which is a short period.
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CONCLUSION

After measuring the radon concentrations, activ-
ity, specific activity, and radon exhalation rate in henna
plants grown in the Abu Al Khasib and Al-Faw districts
in the Basrah governorate in southern Iraq, the results
indicated that this plant is safe and has no significant ef-
fect on human health and can be used as cosmetic or
medical treatment material. These results also indicated
that the soil of the regions where the henna plants are
planted is safe and is not affected by the contamination
distributed in southern Iraq due to wars. The reason may
be that the area is agricultural where vegetables and
herbs are planted beside the trees, which has helped to
purify the region and rid it of pollution.
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Pama C. AXME], Pagag C. MYXAME], Axu A. PABUA

KOHIEHTPAIIMJA PANOHA Y Y30PIIUMA J/IMITKHA KAHE
(LAWSONIA INERMIS) IIPUKYIIJBEHUM Y BACPU Y UPAKY

JInmthe kaHe je rIaBHE MaTepHjall 3a U3pagy 00ja 3a KOCY U TETOBAXKY U y TY CBPXY C€ KOPUCTH
meueHujama. Y Mpaky ce KaHa MIMPOKO ynoTpebshbaBa any 3aXTeBa 3HaTHY KOHTpoiu. 3a Mpak ce cmatpa
la nMa 3arabeHy XMBOTHY CpPEJIHY Kao IIOCIIEINIy PaTOBa, T€ je COpOoBefieHa cTyanja mpuMeHoM CR-39
HyKJIEapPHUX TPar IETEKTOpa KaKo OM ce M3padyHao HUBO KOHTaMUHanuje unrha Kane pagjoHoM (*2’Rn).
JTnurhe je cakynsbeHo y npoBuHIMju Bacpa, Koja ce Hanmasu y jy>kHoM jieny Mpaka v mo3HaTa je 1o y3rajamy
kaHe. KonueHnTpauyja pajona je usmepena y oncery o 12.140 go 16.255 Bqm > y Andasy u y oncery of
7.613 10 11.111 Bqm 3 y AGy AnkacuOy. AKTHBHOCT pajjoHa 61ia je y orcery of 6.09-10 10 8.16-10 Bq y
Andasy, 10k je y AGy AnkacuOy 6una y omcery o 3.82:10 1o 5.58- 10~ Bq. Cnenuduvna ak THBHOCT
pasiona usnocuna je 1.22-10* 1o 1.63-10 Bqg™' y Andasy u 7.64-10 o 1.12:10°* Bqg™! y A6y Ankacu6y.
Jaunna excxamauuje pajoHa Ouna je y omcery o 4.05-107! go 5.43-10~* ca cpenmoM BpegHOIIhY Off
4.69-10* Bqm=2d~' y Andasy, nok je y A6y AnkacuOy msHocmwia 2.54-107* go 3.71-10 ca cpegmom
speanomhy on 3.22:10°* Bgqm2d~!. Hakon fgo6ujama pe3ynTara, MOXKE ce CMaTpaTH jia je KaHa Koja ce
no6uja u3 OBUX MOAHEGIbA CUTYPHA 3a JbY/CKY YIIOTPeOy M 1a HeMa BUCOKMX aKTUBHOCTH “2*Rn.

Kwyune peuu: kana, Upak, CR-39 Oeitiexitiop, KoHyeHIUpayuja padoHa, paouoaxitiu6HoCil




