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tTrd aim of this study was to assess the
possibl6 effects c'f 'Cust, ash and cl:rem:ica1 pol-
lutant. dmlssiens, fron tlre industriah wetstes, on
vegeterbJe cropa production' Sample'5 rrere coi-
lectect in tvJs sr-,.:cegsive seasons, niime.iy'*rnIer
and +prfing *f 1.9$0 and 1991 from t.he Agricr-rl--
tura] E.*periit+::tEl Fal-:r: of Alexandrrcr Linlveri; j Llr
{&biss;} , ':Ili ,:1i t.he cpposing direci;ro:: di':; (rss

AIex. *C+:ro htrqir '-ii.?'. 'ihe pclssibi e phyi;: ca i ',:f *-

fects of, dugf- ij,f,; ;r*h ggif -sf;lsns ol': 1r{}ger**}i i
#rops Ptf oducL i I i: i,,i'--i s.:i,inarir:eri Tl:e r;lcsi j-,':p{;'i''-

iar:t of lhe*; ,;*1,::d;.: '{ij ii'lc":ij'*';::t:ri t'csr ".-
{)rll&il;*t1{jir ,:n :.;..3'.'8:j li-lj fd(;e:' , ..;; i'.:'":j 

'1 
i::ilt"j1'-r'

!:eavy m@l*1s iCl:, \t,: Z*, $i" i*T, ]];* *nii rigi
contb:"rl$ cf i e,:r.':, l; i t ) :-*c1'-:n*s ] ':oi:tvt:,5 33'sa$
i4ireriupeci t,;l:e: :.; *;:* ;' ' ": Lr$ iize, 'i5 ) h I nd#i *d
poi i ir':af ion ar:i { f ' r*i.,-ii*cl irui Ls s lEes *n'd
seeds nirmber/ f r'u: ts.

ISTI|0DUCTr.sH.

l{,etbis can inpacl .eojls and biottr b'y deposi-
tion fFom pollut,ed air. Hany studir,rs have been
conr:luctpd orr Stalk. emissions of Zn' fld, Cu, Irb,
ili". -'gtp, (Lager-"erff and Spechl' ' 1$7A; Adriano
et ai.. 197t; Bttchauer, !973; BeavinrJt'on, lg7ii ;

I{hite, L976 and }ltengel and Kirkby, 1978). Plants
may becpme heavi ly contaminated by surface Pi!r-
titulatPs. General ly, most metals a,re 'doposit,ed
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within a few Ki lometers c,f the stack. Automorrr lePb efiissions afe general ly restricted to 3il
meters (Pol son and Adams , tgTA) . lleta I s*:e I ters ,foundrfes steel mills, coal-fired power plantsand lncinerators are demonsLrated, air emisslionsourceb for Cd,Pb,Zn and Cu.

ft," trace elements; Copper , Zinc, l{anganese
. . .etcJ are essential for plants, for growth ancireproduction, at low concentrations in the grogr-ing mesium. A p'lant must secure enough of eraclrelement for its requirements; but as concencra__tions in the growing nedium approach toxic rerver,, th9 plant must have a mechinisrn to avoid theuptake or transiocation of toxic amounts tcrvegeta{ive and reproductive parts of the plant,if it .is to survive (pratt, fbOO; Wainwriglt anAl{oolhor.ise, t97S and Satyanarayand et al., 19gg).

zinc toxicity results in a reductions rnrroot grtorth and leaf expansion,which is fol lowedby chlqrosis (Zarrowska and Gworek, lggg). HiqhIevels of zrt in the nutrient medium depress theuptake of pand Fe (Ashton, Lgzz). The inhibitionof root growt.h is one of the most rapidresponges to toxic Cu level (Das, 19gg).

Uqnganese toxicity symptoms are
charactlerized by brown spots in older
gans.

genera I ly
plant or-

Plants suffering from severe Cr toxicity
have sl4al I roots and narrow brownrish red lea,vei
,coverqd with small necrotic spots (Bryce_SmiLh,
1975t .

Lead is a major chemical pol lutant of Lheenvirorfrent and is highly toxic to people. Itinhibits the act.ivity of some importint enzynes(GingelI et aI.,1976).The najor source of pb
pol lution aries from Petrol combustion (polrson
and Adahs,tgTO).

The objective of this study is to inves_tigate the chemical distribution of Cu, Zn, l{n,
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l;i, Cr-, llg anci pb in leaves
f ood crcpF under lotn - -rrlra l
and ur-lbarr iunprgtected place)

of di f f e,rent ni ne(Frot.ected place)
envtrgrurrets.

Experi$,ental,tocation:Two lacations grere chc,senror tnls study in the seasons of 1grg0 and 1rlg1.The f [rst ]ocation vras at the northern sid,e ofAlexanprla-Cairc, high lray. This location isprotecped by Ciasuarina trees and it was 3150 rnfar frpm the high way,at Alexandria Univ.Stal!.ion
Farm of Agriculture. The second lor:ation was atthe sputhern side of the Alexandr:ia_Cairo highway anfl very close to a station of puoing rnix_ture pyeparation. The later locati,:ln , also, wasnot pr0tected by an.f trees from the du:si of thenlgn y11 and the smokes of the pa,,rin,y nrixturematerisis industry,and it gras at 2otio ii rrom thefirst, location.

T[e twc sc, i l rj af these I ocat:i ons i,rereanalyz$d acr:ording rio the standard methoss ot:Chapma4 and prat,f ( ig61) and the data frr{rpresented in Table (1).

ri aie: Three dlrferent.groups of veg*tal"le crops were used in thie;study; ( 1 ) Leaf vegetabl es : Roquette , Ce i ery , pars l eyand Cajlbage. .{2}ltuher veq.etabjes:triad:,in,furnii,
and Poliato . { 3} F::u j t vegetlbl es : Tomerto and peas 

.uaEes or sowtng or transp i ant i rrg and dustrecordin_q times for var jous crotrs are i i _iustrated in Table l;,2\.

Experinlental desliqn: rn both experi.menrtal loca-tions and in each season, vegetiOte c'ops weregrovrn as usual in cornercial pr,oduction.Roquette, Celery and parse.ly seed" ,"ir" sowingin squaped area 4 mz, usingl 3 replications. Cab_bage spedlings was transplanted- in 10 ridges (5
rn long and 1 n widttr), sitfr spacing about 50 cn
Td using 3 replications. foi the second grr>up(Tuber vegetables) : Radish and rurnip seeas 

'r(?re
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Ta;rl e 1 : The
of

,ols I Sorl-.

physiochemical properties of
the two locations.

soi lls

l,ocrtior - Iertrn
[rchnger]lc crttom

(ry/l00sl
Catt g*t Ii lt.pn CrCb E.C.I 0.1

llcrt
l't nnl

{Unpollutad} Clry-lur 8.21 t.90 Z.0Z 1.40

2.o rrhr
{Pollrtcdl Clry-lou 7.90 t. ?0 2.40 0.98

9. r0 t4.2 2.50 7.4

10.8 12. I 2.A2 9. 3

Table 2: Dates of sowing
recording tines
vegeiable crops.

(Plantation) and dust:
in the different

legetrbie crpps 5o;.,'r'J {Plutatrol} trm Oust masurerents

Roquette

Ce I ery

Prnley

Cabhge

ladrsb
Tnnrp

Potrto

Ionto

Pcrs

last *eel of llecerber

198! ord !990

Innrplutirg or { reel
of i)ctobor lS9 lrd 1990

bs" crcl ol hcarlcr
1989 lrd lrst rrrl ol
lorerbcr 1990

Ilt !a rctl oI Jorrry
1990 ul l99l

Inuglrrtirg or { ncl
sl 0ctolrr 1989 nd 1990

Ih sccord ntl of
harber 1990

Ile Zoa reel ol felruary
1990 rnd l99l

Jle 3d reel of hlrurry
1990 rd l99l

last rrd lrrst regl ol
felrrlry 1990 nd 1991,

rcspectrvely

Tle hst nel of lpril
1990 nd l99l

Ilc lint recl ol lrrcl
1990 ril l99l

fclrmr;, l0[ of l99l
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i i i I g$ tot;3 lto:i {tggl}

siililtlg rii i,-':rdgesiS ia JonE, i,).7,$ -r.:,i{lr.hj, 1,.,jtLr
3 

. crn spair ng bet-.*€en pldnts, usinrg' j repl ico-.tions - Fot-atoes tubers-seeds welve $oliri irr €riciqes (5 in loncl, 0.7 m wid,th ) us ing. 4 repl ica_iions, an,i tLs giants were spdcing about ZA cm
wi thif-r ridEes. Fcr fruiting-vegetantes group;
Tomatb seedlings were tranipianted in S iiAgis{5 m long 1 n sidthi in 5 ieplications, with
spacing of aboul 20 cm within rows. peas seeds
!,rgre pown in ridges (5 n long, A.Z m width) with
15 cm spacing, using 3 repircations.

Fhe data of dust accumulation, mineral ele-
ments concentrations and quality c,haracterir:tics
vrere fecorded and statisticaliy an,alyzed, usingthe sfandard methods of, steel and 'rorrie (tgzo).
Dust col iectron and estimatiorr: lfwe)nty leavesfrom each ireatment were coliected, .,raihed witha con$tant volume of dist i I I ecl wate:r and thewater carrying dust was then coi lectrad in glass
contalr:ers and dried. The weiqht of dust lrascaiculated to rng,/L00 cm2 ieaf al-ed,

Leaf analysis: Leaf sampies vrere oven drie:d i:oconst,lnt weight at 60-froC and dr:ied mater-ialsgrere ground tc 20 mesh s i ze . Eeich samp l e was
ana lyged f or, Copper, !{anganese , ilj nc , Ni cke.t ,CadmiUn, Lead and lllercury, usingl perkin-Ilimer
Atomid Absorption Spectrophotometei-, Mode 1 3Ct5-8.
The' prtocedures des'cribed by oren ernd Gjerdigen
1L977 i and in paper of Baghd.acly and Sip,p6la
(1984) . r.rere fol lowed.

RESULTS IHD DI SCUSS I IoH

MOrphological and physioloqicalt d:i ffererrces
between the vegretable crops, associated withr tlre
dif fertences in the mineral elements contents urt-der rqral and urban conditions wer€r merasured

Th i s pre I iminary study showed. t,hat urban
and rural environments differed sig'nif,icantly indust qccnmulation ; nql/100 cm2 of ]eaf area. The
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i..j-iq ieaves wds stgni f lcarrf jy ,ter,/
:i : gn f br the 

,.pi erinrt-q- growi ng near the f actorll{Tab} g .5.) . _The . h jgh96t accumul at jon of dust wascn Radli.sh "BaladLy,'- (515) , then o"-Fi,tui" ,,Gratd,,
{ 1o5 ) aFd. Tomato ( 309 ) , respect ive ty , unO-in" } owestn:cumu[atjon was on Roguitte (372',1g/io0 cmz LA),

. Af rural en,vironment, the leaves of al liplants of the st,udied species tended to contai'3orer Concentrat,lons of t.otal heavy-meiais (Mn,7*, Cu, Ni, Cr,.Fb and llg) than Oii those gr.owr)under {.[rban enviy.orunents- (Tables 3,4 ;;; Fiq.1).This :rfesult agreerd r+ith czarrowska and Gwc,re]*(19E8). The total rco.C€rtrations of heavy metal
?:^_ieqve:s _,,rere very high in parsley,,Balady,,
(697.94) , and ver.y' low in Radish,,Balady;, {LS7.g?} .lilone *f the s.tud:led crops accumulate,l excesstveHg in plant jeaves.

C<lrcnon vegretal:le species tenderl to contairlhigh concentirati*n of pb and cr under poliutedeon'Jit:icns tiai: ':-:r.,detr nornnar conditicns" The::.fferf:ntti:r ;{.1;.e fri$nd significant at the 5ful,'-vei. iiiigh pi;,c:-. jutn and Ni ievets ,*,lre detecLed: n Reqr-rerre .lriiv€=i. Fur thermore, the pb and. crconcent.rat 1c,n5 in the leaves lrer.e found to beabove t.he per'mitteci leveis. The ioriest pb con*tent wag detecrecr irr potato reaves wrlcir ugrruo*ith thB l^Bprrrt of Eiillanpaa et ai. (1gEg).

The highest amcrunt of cu was observed inTmato leaves, whereas, the lowest was in Cab_bage lepves. Tonatc, leaves accunulated on unac_ceptably high Cu levels in the two seasons.

The reflected effect of the contaminateddust acfumuiationr, which contains por luted ere-oents,ofr plants l;as clear reduction on leafareas ln all studied for vegetable crops (Table5)' Thp reductlon percentage on reaf ire." grere
16-82t fn Roquette, gL.eZ% in Radish, 10.81% inPotato ilnd 21.99* jn Tomato.

11 vegetable * tuber root (Radish) thereductign in root si:ze due to the air and soil
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Table 3: concentratlors of ili'erar erernent.s in t},: Ieavesof soe vg_gtabfe crops grolrn on mra.t (1) (R)
ard urban (2) (U) environnent-.r (season 1990 ) .

-1. 

.-
troP rgflg 0ry ratter

Ii Cr pb llg I'otr I7^It

larf-geqetrblcs:
hque tte {U} 33.3 ZlS0l u.7 rr5
&leryl'hhdy'(Ul 30.9 il?

ffit t2.3 e0
hrslef'hl. ' {Ul Jl.J Ug(nl 9,2 t25
h$rgi'lal.'(Ul lB ? ?i

{n 6,I 29

Trbr foot Ueqetab. :

hdtsbilai. ' (U) lO.4

{n} 7 "2
Iunipllal ' {U} 24.3

{fi} i5. 1

Potaio'6rata' (Ui 22 4

{a} r0.;

t72 t9.6 33. I 35.9
52.t 5,8 9.7 3.9r72 9.8 15.? il5.t
61.0 5.1 7.5 2,6
n.2 50.9 51.3 35, ?
10. t 6.3 t7 .2 5.7
5l.t t6.6 t0.? 15.tn,0 6.2 8.0 3.6

0.04 488.9

0,02 t98.02
0, 07 355,87
0.02 lBl,52
0.04 697 ,94

0.03 ?03.53

0.0? \t6.22
4,07, it9.92

42 39.3 16.7
25 26.2 8.2
90 85.3 19. ?

26 25.J 5.2
t05 35.4 t7.6
z7 ?50 5"3

huit'&lg!_{-U!,
Torato [c97-3'(u] 40.3 r;l i5.6 r4.T rB.5 il!.3 0 0B 260,48

______ r-_ ._ 1ll -1_r 
,i3 26 3 {.3 2.s ,,t 2 0.03 8t.53

'loru[ Xaoga ppr

lorer I lI ?S

Upper t5 t30 150

"ftytototoric
Iuge )?0 )300 X00 )80 )100 )20

F Accordinq to
Unpol lutedl

Cottenie et al., In6.(2) Pol luted.

00tl
I 0,5 l4r

15.7 23.4 0 i? 117,92

7 .t 2.9 0.0i ?6 63

16,6 l?.0 0,05 21i 45

3 9 2.4 0 a2 7i.82
t3.7 2.6 0.9? 196;i
{"1 c.9 72.5

05R
0. 15 43?,6t

1120,0

t, *
(1)
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Table .l: Ooncentrations of
of some vegetable
ard r"irban <z) (U)

0ogs [ Sortll'

Hineral eleoents in tle leaves
c13op6 g[rCI/n On :UrAl (1) (R)
envrronnents (season 1991 ) .

Cu Is
rg/[g dry rtter
;r Cr Pb

Crop

7.a flg Iota I

hrf-Uese tlbles:
lEuette {Ul ?8.6

{nl n.2
Celery'EalEdy|'{U} 3?.6

{t} li.3
Parslay'hl. r (Ul 40. I

(Rl lt.6
Cabhge'Bal, | {U! 9. I

{Bt ?,.7

Tuber root llosetab.:
lrdrsb'hl.' (tJl 16.Z

{x} e. 3

Trrnip'$al ' {tll 15.6

{R} 10 3

Potrto'6rata' (Ul 18.3
' (Rj 9.:

Potrto 'llpbr'(Ul 22.6

ul l{. ?

-Irrit 
lecetible,

Tooto'ucg7.f(tlt ?g.i
ul 13.1

Pers 'Little. {U} ?8.6

hnelt'{l} 12.3

30!i

9{i

ldff
at4
IJLI

JIU

t7a
60

?8

i30

35.6

l6l
,ft

lrtl
96

60. ?

12.2

30. 9

ii8. ?

32.4

17.6

20. l 30.0

9.7 8.9
il 12.8

7.3 1.7

60.? 50 6

?0.2 t0. ?

3,6 8.2

{.6 l0

t.3 t6.I
4.8 l{
il,3 18.6

8.0 i7 ,1

8.2 16.3

5. 3 9.2

4.7 il.9
5.9 9.2

15.3 t7 .7,

7 .3 9.3
t4.2 ll.2
6. I 5.6

32.2 0 04 142.74

15 0. 02 t?l. 5?

17.6 0 06 51{,86

4.7 0, 0? 2t9,92
38.1 0 07 85A.27

12.2 32A.4
16. I 0.05 157.75

t0 0.02 68.02

71,,2 0.08 l?i.58
t0.3 0.03 74.63

t7 .2 0.06 253. 96

lr.3 0.0? 125.42

t3. I $.0i 334. 14

l. ? 0.02 73,42

lt. t 0.0? 160.3?

,.2 87.4

5.9 0.03 ?18. 93

?.3 0.0? 88. 12

5.8 0.05 ?82.25

3.1 0.01 u5.42

49 18.7

2t] 8.2
l0r 90.2

38 40.6

l2r! :i?.I
3:j ii5.6
9lil jl9,9

4:t 8. 9

I ?r0

38

li0
65

'lonrl hlge pp

Iarer 6

Upper 15

"Plytototoric

hngt )20 )80 )100 )?0

15 t5

E0 150

)500 )400

0t
0.5 tl

58

t3?. 65

1t20.0

0

I
0

0. t5

t, tr According
(1) Unp0lluted.

to Cottenie et al., L976.

Qt Pol luted.
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jsble 5: The reiationsh:p htween lrre prcduction anl the
th+ dust acclnui-n-**ion ry/i00 mF LA c,n rr:aves of
$c61e v*gelebre {:r.ops u-rJei- .rui'al (Ii) errLi r.utaniui
{)r_,rxiii i.a"s ciur :i-g vtnter lltgg; uO igg": .

{fol iriilsrull ;ir.''i*rili ga,jisb ;'ntiti, --*--'"-i*t'io
ii;l tii iijj 1ti! ir;'j {!t {|jj {fi]

;-; --' -:-:-
Lllsa J C'drig,,:,1 nt i0[
r,i/1fi6 rat i.i

I4rf ina ct?/piott
1990 ,i6$ 553D 4i0
t99t :,lI 422b 451

lvprege *oot rrre{gi
1 390

i99i

lvfrage lulcr srze{,Jl

t 990

I 99t

lvdrige frutt srre{gi
! 9$0

i 99J

$u{hr seed*lf r*rt iql
i!90
t99i

616. ?9t0 301{," ;i3l J994"

5!5' 3180 ir,)?D 34?0 49011

lgtl] 37?. 5t
Itit ?95b 72

E: {r } ic,

JIt' ti!

3;.1 3$.i?"
4\) t 63,il-

40Iu 13 3.?$o gli

36?a gi 7.47^ A0

52.4 i$. Ib
48, 9 71,5'

39 {, 59.35"

4; : {2.;i,.

l8 2 58,4.
48. i 97,,31'

ct urltnt ! rcat"r{)e at 0.05
O 

it, grni f i cailce at s . 01

after an analysr:i of.

level.

level
variance.
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Concentratron of total heavy metals in the leaves of
vegetable crops grogrn rn ;-ural and urban envtrorunents
durrng l9i0 and 199L seasc,ns.

Totsl horvy ne'*ls frnglkg O.R)

Totrl hrevy mct8lt (rng/kg D.l,t)

7a 7b

Ueqletab I e cro9s

l- Roquet-te :i-' ,lelery 3- Parslev
o- l'iurnrp -'. i',r- PoLago Grat,l
8- Tomato 9- Pea.s

3b

{- irbbaqe 5- Rad

-b- i:cero Aipha

rsh

." 
ll

600 ll
ii

600 {

a00.,

300:

200 :;

100.
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froll,Ution reaciiect 42,82r- ; 'yshereas, the reduc-
tion cf Luber^ iii Poiato s*as 35.03t" The reduc-
tion in root si.ze> seemed to be mainiy due to the
toxiF effect of Cu as illustrated by Galati et
aI. (1989i.

In vegetabie fruits i"iornato),the reduction
in frurt sizer rlas arrounC 33.28:K. The maxlmurn
redup",-:;in was f'ounci cn the number of s€edsr/frurl
(51.171ti , wi:icfr y'ef iected th; t.o;";.ic and q'reate..;i
hanrrf u i ef f ec: i of' po i I uted iiust on the hr nier
poi i pnet,ion {i,ic:Crea. 1996} .

The rnajor e*f ecL of, Cust anei ash emissior;:
poi lUtior] wss the toxic ef fee i: i+hicil le,i tc
burnping and nrer:'r-otic symplarns and !"esultir:g
in [osses j,n ihe vi tai itir of poi len - gra rn ns
naeas{red by lori' rrumber of seeds,/frr-lii, (Table 5).

The reduct jons in bhe morphologici:l a;r,l
physf olagical character^istice of al l plant pal^t:s
growfi under rura I cond i t.:ions , are appnrent I y du,e
t-a tlhe effects of ils contan:inateC ci'"isr par-
ticl€s, whereas at 5 mg/cmz, the i:giri Lrditsmtbr-
sion is reduced by 75% ( Da:, lgEB anil
Saty{narayana et a1.., 1988} . The nerr sssimi.[atic.,:r
and $hlorophyli contents are &lso affect,*d c(){n--
pared with those gro?rn under urbarr condj: ]ons.

The resuits of this study clearly il.-lusttrate the harmful and toxic effects o:i dr:s:L
and $sh emission fronr factories on vectetable
crop$ production.

Adriapo,

RF:r.g{FHEEs.

D.C.; G.M.Paulsen and L.S.l.{urphy, L}ZI.
Phosphorus-iron and phosphorus-zinc
relationship in Corn (Zea mays L, )
seedl ings as- af f ected by mineral,
nutrition. Agron. J. 63: 36-39.

W.l,l. , 1972. Nickel Pollution Nature.
237: 46-47 .

Ashtgn,
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