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Henna leaves are a pri or ity ma te rial for hair dyes and body tat toos and have been used for this
pur pose for de cades. In Iraq, henna is used widely but it re quires sub stan tial con trols. Iraq is
con sid ered an en vi ron men tally pol luted area as a re sult of the wars it has ex pe ri enced, hence,
this study has been con ducted to cal cu late the level of 222Rn con tam i na tion in henna leaves us -
ing a CR-39 nu clear track de tec tor. The leaves were col lected from the prov ince of Basrah,
which is lo cated in south ern Iraq and is fa mous for cul ti va tion of this plant. The ra don con -
cen tra tions were found to range from 12.140 to 16.255 Bqm–3 in Al-Faw, and from 7.613 to
11.111 Bqm–3 in Abu  Al  Khasib.  Ra don  ac tiv ity   ranged  from  6.09×10–4  to  8.16×10–4  Bq
in Al-Faw, whereas, in Abu Al Khasib it ranged from 3.82×10–4 to 5.58×10–4 Bq. Ra don spe -
cific ac tiv ity ranged from 1.22×10–4 to 1.63×10–4 Bqg–1 in Al-Faw, and from 7.64×10–5 to
1.12×10–4 Bqg–1 in Abu Al Khasib. The ra don ex ha la tion rate ranged from 4.05×10–4 to
5.43×10–4 with an av er age of 4.69×10–4  Bqm–2d–1  in Al-Faw, and from 2.54×10–4 to 3.71×10–4

with an av er age of 3.22×10–4 Bqm–2d–1 in Abu Al Khasib. Af ter ob tain ing the re sults, one can
con clude that the henna plant col lected from these ar eas is safe for hu man use and is free from
high rates of 222Rn.
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IN TRO DUC TION

Stud ies have been con ducted in the south ern re -
gions of Iraq to mea sure the ra dio ac tive con tam i na tion in
the soil of some prov inces of the Basrah governorate. An
el e vated ra dio ac tive con tam i na tion in the soil has been
re corded in [1]. Al-Faw and Abu Al Khasib are dis tricts
in Basrah that are fa mous for the spread of henna trees. In 
Basra, there are hun dreds of can cer pa tients, most of who 
have been di ag nosed late, ei ther be cause of the ig no rance 
of the pa tient or their fail ure to have reg u lar health
check-ups. En vi ron men tal ists have con firmed the spread 
of dan ger ous ra dio ac tive con tam i na tion caused by de -
pleted ura nium af ter bring ing parts of ar mored ve hi cles
that par tic i pated in the wars into cit ies [2]. The mil i tary
ve hi cles and equip ment were trans ferred to the dis tricts
in dif fer ent re gions of Basrah, such as Abu Al Khasib,
Al-Faw, Qurnah, Deir, Zubayr, and Hayia, where the sale 
of scrap iron and the rem nants of mil i tary ve hi cles is
pres ent [3]. The radionuclides that ex ist in the en vi ron -
ment are trans mit ted onto plant parts via: up take from
soil by roots and  their ab sorp tion via ae rial parts of the

plants [4], and are then in gested as food by hu mans or an -
i mals. In ad di tion to the ben e fits of plants as food there
are other ad van tages as there are some types of plants that 
are used as hair dyes or as tat too work on the body, as well 
as be ing used as a nat u ral treat ment for some dis eases.
The henna (Lawsonia inermis) tree (the name henna
orig i nates from the Arabic word hinna) is a flow er ing
tree, con sist ing of roots, bark, leaves, flow ers, and fruits
[5]. The plant is ex tremely branched, and at tains a height
of 2-7.5 m [6]. Henna trees be long to the Lythraceae
fam ily and have been used for the col or ing of the skin
and hair as well as in med i cine. They are pres ent as a
paste, and pow der which is ob tained from its leaves as a
sort of cos metic [7]. Henna dye is made by col lect ing
henna leaves from the trees, dry ing them and then grind -
ing them into a pow der that is mixed with a lit tle wa ter
which be comes a thick glue dye that is placed on the hair
or on some parts of the body as a tat too, or as a treat ment
for some skin dis eases. When henna dye is placed on the
hair it needs hours to dry, and if the henna used is con tam -
i nated with high ra di a tion rates, its long pres ence on the
body may pose risks to hu man health. Henna has been
used as a hair dye for thou sands of years (4000 B.C.) in
Egypt [8], and it has lasted through out the cen tu ries in
many coun tries, par tic u larly in the Mid dle East (such as
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Iraq), Can ada, Aus tra lia, United States, and Eu rope, and
each coun try has its own pro duc tion us ing sev eral types
ac cord ing to its tra di tion [9, 10]. In Iraq, henna leaves are
col lected from trees, pro cessed, placed in bags and then
sold in lo cal mar kets and are of ten pur chased by women
to be used as a hair dye or to make var i ous body tat toos.
The col lec tion and pro cess ing of henna in Iraq is not con -
trolled, and thus the amount of ra dio ac tive con tam i na tion 
is not mea sured to es ti mate whether the herb is suit able
for hu man use, how ever the es ti ma tion of ra dio ac tiv ity in 
hair dyes is es sen tial [11]. 

Ra don is deemed as the prin ci pal ex po sure

source (about 55 %) to hu man be ings due to its emis -

sion of al pha par ti cles and is con sid ered as the main

source of can cer af ter smok ing [12, 13]. Ra don has a

half-life of 3.82 days and it is a prod uct of the de cay

of 226Ra that is nat u rally emit ted from soil and rocks

[14]. Radionuclides can be trans ferred to plants, this

trans fer has been es ti mated by var i ous re search ers in

or der to eval u ate the pres ence of ra dio ac tiv ity in

plant or gans [15-17] and also through the es ti ma tion

of the trans fer fac tor that pre dicts the value of

radionuclides that en ter the plant from the soil [18].

Plac ing the plant glue di rectly on the skin, which may

con tain scratches and wounds, can cause the trans -

mis sion of radionuclides onto the hu man body, which 

is prone to can cer.

The aim of this study is to es ti mate the ra don

con cen tra tions, ac tiv ity, spe cific ac tiv ity, and ra don

ex ha la tion rate in henna plants grown in the Abu Al

Khasib and Al-Faw dis tricts in the Basrah governorate 

in south ern Iraq us ing a CR-39 solid state nu clear track 

de tec tor to de ter mine the ra dio ac tive con tam i na tion in

that plant, which is widely used in Iraq by women pri -

mar ily as a hair dye or for tat toos, and as a skin dis ease

treat ment.

MA TE RI ALS AND METH ODS

Eigh teen henna leaf sam ples were col lected dur -
ing the sum mer of 2017 from the Abu Al Khasiband
and Al-Faw dis tricts in Basrah, south ern Iraq. The lo -
ca tions of the sam pling site were in di cated on the map
as yel low and blue cir cles to dis tin guish the col lec tion
site, fig. 1. The leaves were air dried for one week,
crushed, sieved, and weighted as 5 g for each sam ple.

The CR-39 nu clear track de tec tors are highly sen -
si tive to a-par ti cles and are widely used for en vi ron -
men tal  ra don  and  its  prog eny  de tec tion,  with 100 %
de tec tion ef fi ciency sup plied so that the par ti cles emit
suf fi cient en ergy as they in ter act with it [19]. The
CR-39  de tec tors  of   (500   mm)   thick ness,   and  den sity  
of  1.36 gcm–3  were  cut  into small pieces with a 1 cm ×
´.1 cm area and fixed in side a plas tic con tainer as
shown in fig. 2. Henna sam ples that have a vol ume of
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Fig ure 1. Map of Iraq
in clud ing the
sam pling sites
con ducted
us ing GeoMapApp

Fig ure 2. A sche matic di a gram of the sealed-cup
tech nique



5.02×10–6 m3 were lo cated in the con tainer that was cov -
ered tightly to make sure there were no out lets for al pha
par ti cles and were ex posed for 60 days.

Af ter 60 days, the de tec tors were etched for 6.30
hours in 6.25 N NaOH so lu tions at 60 °C in the lab o ra -
tory. The de tec tors were washed with dis tilled wa ter,
dried, and scanned us ing an op ti cal mi cro scope at 400x
mag ni fi ca tion to count the num ber of al pha tracks per
mm2 reg is tered on the plas tic de tec tors, fig. 3.

The den sity of the tracks, r, in CR-39 de tec tors
was ob tained ac cord ing to the fol low ing re la tion [20,
21]

trackdensity
average numberof total tracks

area of fiel

=

=
d view

(1)

The ra don con cen tra tions were mea sured us ing
the re la tion [20]

C Cx

x

s

sr r
= (2)

where Cs and Cx are the ra don con tents for stan dard
and un known sam ples, re spec tively.

The rs and rx are the track den sity for the stan -
dard and un known sam ples, re spec tively.

The re la tion be tween the track den sity in tracks
per mm2 and ra don con cen tra tion for the stan dard
sam ple in Bqm–3  is shown in fig. 4.

Based on the ob tained data for the ra don con cen -
tra tion CRn, the value of ra don ac tiv ity ARn  and spe -
cific ra don ac tiv ity SARn can be es ti mated us ing the
fol low ing ex pres sions [22, 23],

A C VRn Rn= (3)
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where V is the vol ume of the sam ple and m – the mass
of the sam ple.

The fol low ing ex pres sion gives the ra don ex ha -
la tion rate [24-26]
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where  Ex  [Bqm–2d–1]  is the ra don ex ha la tion rate,
CRn [Bqm–3d] – the ra don ac tiv ity, V [m3] – the vol -
ume of the sam ple, l [d–1] –  the ra don de cay con stant, 
T [d] – the ex po sure time, and A [m2] – the area cov -
ered by the can.

RE SULTS AND DIS CUS SION

Ra don can be trans mit ted onto plants by di rect
de po si tion onto leaf sur faces [27]. As the ex po sure of
inhabitance to el e vated con cen tra tions of ra don and its 
daugh ters for a pro longed time leads to some ef fects
like re spi ra tory func tional changes that lead to lung
can cer [28], the ra don con cen tra tion in henna leaves
has been mea sured. Val ues of the track den sity, r, ra -
don con cen tra tions, ra don ac tiv ity, ARn, ra don spe cific
ac tiv ity, SARn, and ra don ex ha la tion rates, Ex, in henna
leaf sam ples col lected from the Al-Faw and Abu Al
Khasib dis tricts in the Basrah governorate in south ern
Iraq are pre sented in tab. 1. 

The ra don con cen tra tions in henna leaves were
found   to   range   from  12.14  Bqm–3  to 16.26 Bqm–3

with  an  av er age  of  14.04   Bqm–3   in   Al-Faw,  and  
from  7.61  Bqm–3  to 11.11 Bqm–3 with an av er age of
9.65 Bqm–3 in Abu Al Khasib. The re sults show that the
ra don con cen tra tions in Al-Faw are some what higher
than Abu Al Khasib and they also var ied a lit tle bit  from
sam ple to sam ple but were found to sat isfy the safety cri -
te ria rec om mended by the ICRP (200-600 Bqm–3) [29]
and do not pose a health haz ard. This slight vari a tion in
val ues may be due to the type of phos phate fer til izer used
in the cul ti va tion of henna trees which is trans ferred onto
the leaves of the plant.
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Fig ure 3. A mag ni fied 1 mm × 1 mm im age show ing the
al pha tracks that ap peared on the CR-39 de tec tor af ter
60 days of ex po sure

Figure 4. The re la tion be tween the track den sity
and ra don con cen tra tions in a stan dard sam ple



As shown in tab. 1, the ra don ac tiv i ties vary from 
6.09×10–4 Bq to 8.16×10–4 Bq with an av er age of
7.05×10–4  Bq in Al-Faw, whereas, in Abu Al Khasib
they range from 3.82×10–4  to 5.58×10–4 Bq  with an av -
er age of 4.84×10–4 Bq. Ra don spe cific ac tiv ity var ies
from 1.22×10–4 Bqg–1 to 1.63×10–4 Bqg–1 and has an
av er age of 1.41×10–4 Bqg–1 in Al-Faw, and ranges
from 7.64×10–4 Bqg–1 to 1.12×10–4 Bqg–1 and has an
av er age of 9.68×10–5 Bqg–1 in Abu Al Khasib. The
small vari a tion in the ac tiv ity and spe cific ac tiv ity be -
tween the two sites could be due to the ura nium con -
tam i na tion dif fer ence in the two sites where the henna
trees are grown, and/or wa ter trans mis sion. Ad di tion -
ally, it could be the re sult of the dif fer ence in the pro ce -
dure of radionuclide trans mis sion onto the leaves that
were used as sam ples in the study.

The  ra don  ex ha la tion  rate  is of prime sig nif i cance
for the eval u a tion of the health ra di a tion risk from henna
leaves.  Ac cord ing  to  tab. 1  the ra don ex ha la tion rates var -
ies from 4.05×10–4 Bqm–2d–1 to 5.43×10–4 Bqm–2d–1 with an
av er age  of 4.69×10–4 Bqm–2d–1  in  Al-Faw,  whereas, in

Abu Al  Khasib it ranges from 2.54×10–4 Bqm–2d–1 to
3.71×10–4 Bqm–2d–1 with an av er age of 3.22×10–4 Bqm–2d–1. 
In the pres ent es ti ma tions, the ra don ex ha la tion rate does
not show any sig nif i cant in flu ence on hu man health.

The men tioned re sults afore were cal cu lated in
sam ples with a mass of only 5 g that could be used in
tat toos or for heal ing skin in flam ma tion, on the other
hand it was cus tom ary to use ap prox i mately one ki lo -
gram of crushed henna leaves af ter mix ing them with
wa ter to be placed on the hair for the pur pose of hair
dye ing. For this rea son, the ra don con cen tra tions will
be dif fer ent if this large amount of henna is used and
the con cen tra tion will be ap prox i mately at an av er age
of 2809 Bqm–3 in the Al-Faw henna, and with an av er -
age of 1929 Bqm–3 in the Abu Al Khasib henna. The
ac cepted 222Ra level es tab lished by the World Health
Or ga ni za tion is 100 Bqm–3 [13]. These re sults do not
pose a dan ger to the us ers of henna as a hair dye if it is
ap plied ap prox i mately ev ery two months and the
henna leaves re main on the hair for a pe riod not ex -
ceed ing three hours, which is a short pe riod.
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Ta ble 1. Ra don track den sity, con cen tra tion, ac tiv ity, spe cific ac tiv ity, and ra don ex ha la tion rates in henna leaves
col lected from Al-Faw and Abu Al Khasib with its min i mum (min.), max i mum (max.), av er age (ave.), stan dard diviation
(stdev.), and me dian (med.) val ues

Sam ple num ber r (Tracks per mm2) CRn [Bqm–3] ARn [Bq] SARn [Bqg–1] Ex (Bqm–2d–1]

Al-Faw

1 127.78 14.20 7.13×10–4 1.43×10–4 4.74×10–4

2 137.04 15.23 7.65×10–4 1.53×10–4 5.09×10–4

3 112.96 12.55 6.30×10–4 1.26×10–4 4.19×10–4

4 138.89 15.43 7.75×10–4 1.55×10–4 5.15×10–4

5 112.96 12.55 6.30×10–4 1.26×10–4 4.19×10–4

6 146.30 16.26 8.16×10–4 1.63×10–4 5.43×10–4

7 109.26 12.14 6.09×10–4 1.22×10–4 4.05×10–4

8 125.93 13.99 7.02×10–4 1.40×10–4 4.67×10–4

Ave. 14.04 7.05×10–4 1.41×10–4 4.69×10–4

Min. 12.14 6.09×10–4 1.22×10–4 4.05×10–4

Max. 16.26 8.16×10–4 1.63×10–4 5.43×10–4

Stdev. 1.53 7.67×10–5 1.53×10–4 5.10×10–5

Med. 14.10 7.08×10–4 1.42×10–4 4.71×10–4

Abu Al Khasib

9 88.89 9.88 4.96×10–4 9.92×10–5 3.30×10–4

10 74.07 8.23 4.13×10–4 8.26×10–5 2.75×10–4

11 100 11.11 5.58×10–4 1.12×10–4 3.71×10–4

12 88.89 9.88 4.96×10–4 9.92×10–5 3.30×10–4

13 83.33 9.26 4.65×10–4 9.30×10–5 3.09×10–4

14 68.52 7.61 3.82×10–4 7.64×10–5 2.54×10–4

15 96.30 10.70 5.37×10–4 1.07×10–4 3.57×10–4

16 94.44 10.49 5.27×10–4 1.05×10–4 3.50×10–4

Ave. 9.65 4.84×10–4 9.68×10–5 3.22×10–4

Min. 7.61 3.82×10–4 7.64×10–5 2.5410–4

Max. 11.11 5.58×10–4 1.12×10–4 3.71×10–4

Stdev. 1.22 6.11×10–5 1.22×10–5 4.06×10–5

Med. 9.88 4.96×10–4 9.92×10–5 3.30×10–4



CON CLU SION

Af ter mea sur ing the ra don con cen tra tions, ac tiv -
ity, spe cific ac tiv ity, and ra don ex ha la tion rate in henna
plants grown in the Abu Al Khasib and Al-Faw dis tricts
in the Basrah governorate in south ern Iraq, the re sults
in di cated that this plant is safe and has no sig nif i cant ef -
fect on hu man health and can be used as cos metic or
med i cal treat ment ma te rial. These re sults also in di cated
that the soil of the re gions where the henna plants are
planted is safe and is not af fected by the con tam i na tion
dis trib uted in south ern Iraq due to wars. The rea son may 
be that the area is ag ri cul tural where veg e ta bles and
herbs are planted be side the trees, which has helped to
pu rify the re gion and rid it of pol lu tion.

AU THORS' CON TRI BU TIONS

The idea for the re search of ra don con cen tra tions 
in henna (Lawsonia inermis) leaf sam ples col lected
from Basrah, Iraq was sug gested by R. S. Mo ham med.
Mea sure ments were per formed by R. S. Ahmed and R. 
S. Mo ham med. The lab o ra tory cal i bra tion of the ra don 
con cen tra tions in stan dard sam ples was con ducted by
A. A. Radhi, and the dis cus sion of the re sults and writ -
ing of the ar ti cle were per formed by R. S. Ahmed.
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Ra{a S. AHMED, Raxad S. MUHAMED, Ali A. RA\I

KONCENTRACIJA  RADONA  U  UZORCIMA  LI[]A  KANE
(LAWSONIA INERMIS)  PRIKUPQENIM  U  BASRI  U  IRAKU

Li{}e kane je glavni materijal za izradu boja za kosu i tetova`u i u tu svrhu se koristi
decenijama. U Iraku se kana {iroko upotrebqava ali zahteva znatnu kontroli. Za Irak se smatra
da ima zaga|enu `ivotnu sredinu kao posledicu ratova, te je sprovedena studija primenom CR-39
nuklearnih trag detektora kako bi se izra~unao nivo kontaminacije li{}a kane radonom (222Rn).
Li{}e je sakupqeno u provinciji Basra, koja se nalazi u ju`nom delu Iraka i poznata je po uzgajawu
kane. Koncentracija radona je izmerena u opsegu od 12.140 do 16.255 Bqm–3 u Alfavu i u opsegu od
7.613 do 11.111 Bqm–3 u Abu Alkasibu. Aktivnost radona bila je u opsegu od 6.09×10–4 do 8.16×10–4 Bq u
Alfavu, dok je u Abu Alkasibu bila u opsegu od 3.82×10–4 do 5.58× 10–4 Bq. Specifi~na aktivnost
radona iznosila je 1.22×10–4 do 1.63×10 Bqg–1 u Alfavu i 7.64×10–5 do 1.12×10–4 Bqg–1 u Abu Alkasibu.
Ja~ina  ekshalacije  radona  bila  je  u opsegu od 4.05×10–1 do 5.43×10–4 sa sredwom vredno{}u od
4.69×10–4 Bqm–2d–1 u Alfavu, dok je u Abu Alkasibu iznosila 2.54×10–4 do 3.71×10–4 sa sredwom
vredno{}u od 3.22×10–4 Bqm–2d–1. Nakon dobijawa rezultata, mo`e se smatrati da je kana koja se
dobija iz ovih podnebqa sigurna za qudsku upotrebu i da nema visokih aktivnosti 222Rn.

Kqu~ne re~i: kana, Irak, CR-39 detektor, koncentracija radona, radioaktivnost


