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and precision of the proposed

that the hair of Yemeni khat users bag si higher

than did normal controls but slightly less amount of zinc. The possible connection of these elements
with the etiology of disease is discussed. The results confirm the need for reducing the amount of khat
currently digested and the immediate improvements of “khat sessions” ventilation.
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INTRODUCTION
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action of this drug is due to the presence of the alkaloid cathinone and the results of various
experiments indicate that this sub must be i a natural ine [1]. It has been
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United Nations and be put under international control [2].
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ical and social effects of khat [3-8]. Much less attention has been paid to the concentration
of trace clements in khat and the role of cathinone in disturbing thé trace element levels in human
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cadmium, lead, copper and zinc than did leafy vegetables [9). Continuous exposure to these toxic heavy
clements results in their gradual accumulation in human body which may cause profound biochemical
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trace element abnormality and to determine whether differences in their levels might occur due to khat
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well as homogeneous,

Trace ytical 10 sampling and sample preparativn, are often carried
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b i imetry, neutron activation analysis and inductively coupled plasma atomic emission

and mass ! 1y, most of these Are very exp and do
not offer sufficient sensitivity for accurate determination of elements at the ultratrace i
din 1 samples. EX PR

grown b
stripping methods, and also to its speciation capabilities and low coast [10]. The present study was
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using anodic stripping voltammetry.
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Apparatus

Stripping voltammetric experiments were carrisd out with a Metrohm (Herisau, Switzerland) 746
VATnoeAmlymoamdmaManhvﬂﬂVAmﬁmndummdhthln@uwy
MpdmmMDE)me.AphﬁmmmdmdnwwAgCIebmdemm-
wxﬂhrymdnrmuehwodu.mpediwly[ll].pﬂwmedwhhld&hlpﬁw
JENWAY, Model 3310, Dissolved oxygen was removed from the samples by purging with purified
nm(wm)w&mmhsmhmhghmhmwm
passed over the solution to prevent oxygen interference.
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curves could be added, d and copied. F in all ing procedure were
ufnllmzprmwmimpmhlAllv.pweantimwsmcd.hmdmndw:ﬁw
Zn, scan rate 6 mV/s, pulse amplitude S0 mV and final potential 02 V.
Chemicals:
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solution was purified for heavy metals using & lled potential ek lysis ly with - 1.5 V
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nitric acid for 1 week and rinsed thoroughly with deionized water.
Sampling.

The study covered lwhwmcmﬂlmwmwmwwwm
Hakmpksmwllecmdhmmwmofmmbbymmwmyzmmm
wp.newwmmmmhpdyd\yhom.SmpIemiﬂmMO.S;
Wash procedure

mmwmdlmﬁmwwm!mwmnmmlbm—d
clunedwmmwmﬁmwnmﬁlﬂmhuhieveﬂh,hknmplumanmdwﬂmﬁx
| b, washed three times with deionized water and finally dried at 70 °C for 1 h.

Digestion procedure:

Smplaofhirwmdigmdnfnllaws:lOOngof:-wluwsmnbedemloHD%
niwicnldmd2mlnf70%pudubﬁ:sdd.mhgtnﬂmm.Whmd:esdmionbemn
eolmlcs.hwuwwwdmnﬂy&ymﬂnmi&nwnhhloﬂd'olﬂnhlcnid(pﬂ
= 2), which was directly to the ic cell for lead, cadmium and copper estimati
lincmdmmhadnﬂnndjuﬁngﬂ:pHliwiﬁmﬁmm.opmmqmmlsof
acidsmmednhnhewnoxidﬁmofﬁembwuwwlﬂa-ﬂuhmﬂmthewm
biank values for Cd, Pb, Cu and Zn were sufficiently low.

Dietary intake:
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powdered and bumed to ash at 500° C. The ash was dissolved in 0.5 mi of concentrated nitric acid,
then diluted appropristely and analyzed in duplicstes for Cu and Zn using the same analytical

technique.

Statistical analysis:
Mmofmmmimhﬁnmpmwmﬂmbyumm

method. This is the preferred method as the sensitivity of the stripping volt ic analysis may vary
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by linear least-squares ion analysis. The ion of each element in the sample is equal to
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the quotient of the intercept and the regressi fficient. The metal ions in the hair of khat
users are p with the di values by Students t-test (P < 0.05) [12).

Results and Discussion
Voltammetric measurements
An anodic stripping voltammogram of a digested hair sample is shown in Fig. 1; well defined
peaks for cadmium, lead, copper and zinc were observed, indicating that the digestion of the sample
was relatively complete.

Current (nA)

Potential (mV)

Fig. | Typical voltammogram of wet digested hair (100 mg) after dilution to 20 ml. The
peaks represent 1 pgg ™' Cd, 4 ug g ™' Pb, 16 pg g "' Cu and 180 pg g’ Zn. Deposition
potential ~1200 mV; deposition time 60 s for Cd, Pb, and Cu and 20 s for Zn; scan rate 6
mV s™'; pulse amplitude 50 mV.
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The calibration curves were lincar in the concentration range of 0-300 ug g —! with a correlation
coefficient lies between 0.9950 and 0.9957 for the four elements. Based on the calibration curve, the
limits of detection were also determined. The limit of detection is the analyte concentration giving a
signal equal to the blank signal, plus three standard deviations [12,13]. The limits of detection were
0.15 pgg—1Cd, 030 pgg—1 Pb,2.80 ugg—1 Cuand 1.20 pgg -1 Zn.

The precision of the proposed method was estimated by calculating the relative standard deviation
(RSD) for ten replicate analyses of three hair samples. For all metals, the relative precision was better
than 8%.

The accuracy of the proposed method was checked with “Human Hair" standard No 397-064 EC
Bureau of Reference, Brussels, after digestion to provide aqueous solutions whose final concentrations
were within the range of the metal contents expected in hair samples. Our mean results agree to 94%
with the centified valucs. Recoveries were done by five replicate voltammetric determinations of the
metals under consideration in five hair samples. The average recoveries were 99% (range 90 — 108%).
The concentrations of examined metals in tested Yemeni hair samples

The concentrations of Cd, Pb, Cu and Zn in the studied samples are given in Table 1. Values for these
elements in fresh khat [9,14] are rez in Table 2. The esti daily intakes of th four elements

during Yemeni khat chewing are collected in Table 3.
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Table I:Canp'uonoru‘hniw\.leld,mppwu\dzincmﬂm-' in Yemeni hair of khat users

and non-users.

Py Cu

2110 126+3.1

0.380.12 (08-7.3) (3.7-216)

0.16 - 1.18) 32412 1594.1

0.51=0.18 (1.1-93) (1.7-285)

(0.25 - 1.80;

‘Elchvd\nis:hemun:slethlheerinpumM
**Number of specimens analyzed = 100 for each group.

Table 2 : Concentrations of cadmium, lead, copper and zinc elements of khat and selected Yemeni

vegetables (fresh weight basis) (9, 14)

Cd/pgkg " Pb/ugkg”' | Culpgke’ Zn/pgkg'

203103 33.6+141.5 | 5308 + 1888 | 6622+ 1822
3614 84.8 + 58.6 521+ 182 1023 = 280
98242 12.0£70.1 3218 + 1634 | 3741 + 1596
8.543. 169.5+£994 1968 + 1233 | 1559+ 658
14093 2693 + 175.7 | 1406 + 1092 | 2903 £ 1120
96+7.6 2028+ 1233 | 39482044 | 4852+ 1460
118270 1753274.1 3207 + 1188 | 4546 + 2067
99+114 222.3 = 1483 793 £859 | 2116+ 1126
0412 +22.3 73 + 504 1215 + 541
.9 209 311 4346 277 £ 360
.0 +21. 504 + 554 57 + 768
.9 & 34.5 928+218 1969 + 546
9+ 48, 1057420 | 1276783
.6 +24.2 2145+ 770 | 3791 + 1636
+15. 1410+ 704 | 559 + 305
1262 12794365 [ 1350718

554 =296 859 + 363
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Table 3: Manadmimn,kad,mppﬂmdzincmonﬂnmikthmhmdtﬂy intake of
these elements during regular khat chewing (100-500 gm fresh khat).

Mean' £ SD Estimated Daily Intake
g kg ' Fresh Khat g day ™!

Cd 203£103 20-102

Pb 3336= 1415 334-1668

Cu 5308 + 1888 530.8 - 2654

Zn 6622 + 1822 6622 -3311

* Number of samples analyzed = 100

Table 1 indicates that khat has the highest ions of cadmium and lead d with
othervegeublcsThuvuuequnilyufkhnduwedbyotdin-yvmnhismmmmowsoo
gram daily. These quantities contribute 2.0 to 10.2 g of cadmium and 33.4 0 166.8 pg of lead daily.
The FAO/WHO Joint Expert Committee on Food Additives ded & provisional i
mknbledlilyimkeofcdlndl’bﬁ'omallmumu([ood,lirmdww)ofw—72-2‘]2!04240;43
(assumingunlmg:Yemmiwoigmofﬁok‘)[lsl.mmbmdinuimﬁ\edlﬂyinnhof
CdnndPbbchmcnir,o:ma:ﬁwnk)maloneisb:kmtheFAOlWHOhwiaim-lTo!«nbbDlﬂy
Intakes. However, if other Pb and Cd sources are included and if khat is digested without washing (as
most Yemenis do), the daily intake may exceed the recommended levels. The analysis of hair is a
mmhnﬁrsxmpwmﬁmwd\w4mmm(tSD)nfcldmimmdludkvehhmehlh'
of normal controls were 0.38 = 0,12 and 2.1+ 1.0 pg g ', respectively (Table 1). These values matched
well those recently reported by other workers [16,17] and with the recommended levels quoted by
Chatt and Katz [18] (Table 4).
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able4 ions for zine, cadmium, lead and copper

in adult hair [18].

— Element Reference i Upper limit
roge

value
(g™ 3 ("1}

Zinc

180-190 140-160 210220

180-155 140-115 190-210

>45 yr 155-130 115-130 190-195
Cadmium 0.23-027 0.1-0.15 045-0.55
Lead 34 1725 56
Copper 8.5-10 73 11-12

Tbeeonmhnodemdeinmhirofkhlmm()jlto.llmdntllug".
respectively. Both values are significantly higher than that of the normal controls (p<0.02) but still
remain at the highest range of the reference levels. In a similar work Wasiak et al. [16] observed high
lead and cadmium concentrations in the hair of emp in factories lead-acid
batteries and nickel-cadmium batteries. These observations suggest that the intake of cadmium and lead
wvmmcmemmmMmawmmmmm
inhalation (during smoky khat sessions), may result in their gradual accumulation in human vital
m,whidmnuyumcpmfmmdbiochanialnﬂmmbﬂalchmhlhbody.

In addition to Cd and Pb, Table 1 demonstrates that khat has the highest concentrations of copper and
mcwmwmwmmummmmmvm.nh
important to assess the total daily Cu and Zn intakes by khat consumers.

The mean estimated dietary Cu intake of the Yemeni subjects included in this study was 1.4+ 0.3
mg/d_‘rhiskvdisbelowmecmmnedmndnfelndadeqmdlilyhnkz(ESADDI)nngeMZm
med[w].mmseqmnlityofldmchewedbmeﬁmnm contributes 0.530 to 2.654
mgofcopperdnily(lele}).TheovulllCuinnkcbyhﬂvyHnldwwmhmm 1.93 10 4.05
mg/d.Tbueﬁpmueltlhhl‘hwndoflheEsADDlIevellndmuhhiﬂwdmlheunulhmke
of copper in the United States population (<2 mg/d).

ﬂninﬂmeaflﬂ@copp«innkeiscmmmmdwmmﬁmofCuinsulphir
of khat users. Indeed, the mean value of hair copper levels in normal controls was 126+ 3.0pg g
(Table 1). This figure is slightly higher than the reference level (18] and those recently published by
Nliduelll.[l7].}owerm:nth-qudl1thldermdAml?ﬂmdmmhlowa(hnlhlmpmed
by Raie [21]. The hair copper level of Yemeni khat users 15.9 = 4.1 pg g was significantly higher (P
<0.0l)|hnthuoﬁhummleomuSinwnmofthvolmmMWikon’sdm.hmui-.
nmhmhﬂ:mhmmmhmhimmmﬂmmk
responsible for the high copper level. Negative consequences of excess of copper are extensively
documented [20]. Liver cirthosis typically develops from toxic intakes, and abnormalities in red blood
cell formation also occur.

mmmmmewwmm potentially useful in experimental
medicine but its use in clinical medicine for diagnosis, prognosis, and therapy will remain limited until
validation by the standard methods of clinical investigation is achieved 22,23}
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9.8 + 4.1 mg/d. None of the vol the R d Daily All (RDA) [19] of
ISmM&y.MWMBnWthMM-MhYM
smmehmdmmm-emmormawml.mm
wmbwiwuflnﬁmmwhledialsO.“Zw!Jllm(l‘lble3).Tbelouldncimaheby
heavy khat chewers is thus, about 10.46 to 13.11 mg/d which is still below the RDA levels.

The concentration of zinc in the hair of khat non-users was 129 +25 g g™'. Although, this vaive
isntheIowlhnitm\yoﬂhcnmmmmﬂlbbﬂhhhighcmmupomdfm
other populations (for Indians ~ 91.21 tZO.J?ms")(lT].Mmu!umnyamﬁmlhnhle
Mhhmm(ohmlym.Mmamﬁngbhhﬂmen
chewing supplied the body with an extra daily intake of 0.662 — 3311 mg zinc daily, the hair zinc
lcvelot‘chmikhxuuu'(lllzlsugg")msligmylowdm!hnofmemlmlmlsﬁlbb

1). These observations suggest the ofa between the absorption of Cu and Zn by
humans, which provide strong support to the general attitude that the interaction between zinc and
copper is mutually ic. The exact of the recipre lationship between zinc and

copper in the above conditions is not known.

Conclusions

The results showed that:
1-The levels of cadmium, lead and copper in the hair of khat users were all significantly higher than
those in the normel controls.
ll-mmmnbnorkaekmtslnmhlkonmlkMdumismlynamd«ed
critical, aithough the continuous exposure to these heavy metals do require attention.
Ill-nispom‘blcmcbmibednﬂymkhnksbywﬂhgkhmpdymmmm
of khat currently digested.
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