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EFFECT OF IRRIGATION WATER SOURCES ON HEAVY
METALS AND PESTICIDES CONTAMINATION IN PLANTS
CULTIVATED IN DIFFERENT SOIL TYPES

[47]

Zidan Z.H. '; A.K. Sobiha'; M.M. Mowafyz; M.M. A)rmlhJ
and A.S. Marzouk®

ABSTRACT

Field experiment was conducted during 1999-2000 and 2000-2001 growing sea-
sons on maize (Zea mays L.) and wheat (Triticum aestivum) in two-soil types, heavy
and light soil, El-Gabal Al-Asfar and Tahanoub, Qalubia governorate, respectively.
The results indicated that heavy metal availability was affected by irrigation water
source, soil type, chemical properties of heavy metal or concentration and plant cul-
tivate. In heavy soil, data obtained showed that sewage water (SW) significantly in-
duced the availability of Cd, Pb, Ni and Co to maize or wheat plant, while, agricul-
tural drainage water (ADW) reduced Cd, Pb, Ni and Co availability to the lowest
value. In light soil, the availability of heavy metal to maize or wheat decreased ac-
cording to irrigation water sources as follows: - sewage water (SW) > Nile water
(NW) > ground water (GW). On the other hand, data showed no detectable amount
of pesticide residues in maize or wheat grains during the two studied seasons re-
sulted from all monitored pesticides except HCH, p,p -DDE and heptachlor which
were detected in maize grains, while p,p ~-DDE and heptachlor were found in wheat
grains. In maize grains, all detected pesticide residues in plants grown in heavy soil
were decreased according to irrigation water sources as follows:- ADW > GW >
NW > SW. Grains of wheat grown in heavy soil, were contaminated with p,p -DDE
and showed different trend than maize grains which followed the order GW > ADW
> SW > NW. In light soil, maize or wheat grains were contaminated with p,p -DDE
and heptachioi. The conceniration of detected pesticides varied according to irriga-
tion water which followed this order GW > SW > NW.
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INTRODUCTION

A total of 59 industrial out falls as
well as a total of 79 agricultural drains
located along the entire course of the
River are discharging into the Nile (FAO
1996). it creates big complicated pollu-
tion problems. The release of metal
wastes into environment occurs in many
forms including direct discharge of indus-
trial waste water, and urban and agricul-
tural run off and sewage into ground wa-
ter from waste disposal sites.

Pesticides not only exist in target or-
ganism and soil system for considerable
period of time but also enter into natural
waters by percolation and run off from
agricultural land and canals, affecting the
quality of various water sources (Dog-
heim ¢t gl., 1996, and Sayed and Essam
1996},

Heavy metal and pesticides can then
be taken up and concentrated to ex-
tremely high level by plant tissues during
the growing season which consequently
accumulate in fruits (Alloway, 1995).
Furthermore, the impact of the heavy
metal on plant physiological processes,
photosynthesis, respiration, carbon allo-
cation and stomatal function are affected
{Darrall, 19589). Growth, chlorophyll
content, transpiration rate and relative
water content are affected by heavy met-
als, (Gadallh, 1996). The present study
aimed to investigate the accumulation of
heavy metals and pesticides residues in
certain plants grown in different soil
types, which were irrigated with different
water sources.

MATERIAL AND METHODS

Different soil types were pre-irrigated
for many years with differsnt water

sources, Nile (I and V), sewage (I and
V1), ground (I1I and VII), and agricultural
drainage water (IV). Soil classification,
chemical, physical properties and organic
matter content (OM) are presented in
Tables (1 and 2).

Maize and Wheat grains were col-
lected at the harvest stage. Grains were
separated, air-dried and ground in a
wooden mortar into fine powder and kept
at ~-20°C until analysis.

Contamination analysis

Heavy metal analysis and their deter-
mination were carried out according to
Shaole er al (1997), and Allen er al
(1997). Also, pesticide residue analysis
was done according to Pesticide Analyti-
cal Manual, (1978), for pesticide resi-
dues analysis. The residue was dissolved
with Iml of n-hexane for GLC analysis
and the calibration curve was established.

RESULTS AND DISCUSSION
I-Heavy metal contamination
I-1- Cadmium

Data in Tables (3) and (4), indicated

_ that Cd was detected in maize grain dur-

ing the two growing seasons when plants
were irrigated with all irrigation waters in
both heavy and light soils. In wheat grain
and light soil Cd concentrations {Tables 5
and 6) differed significantly according to
soil type and irrigation water source as
follows: sewage water {SW) > ground
water (GW) > agricultural drainage water
{ADW) > Nile water (NW) in heavy soil,
and SW > GW > NW in light soil.

Annals Agric. Sci., 50(2), 2005
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Table 1. Chemical characteristics of soils

pi ~ EC Soluble cations (meq/I) Soluble anions (meq/l) 5 e gpes
Collected soil* (125 &M o )
swpen %2 Ca"  Mg"™ K' Na' HCOy I SO~ % %

Heavy soil :
| 740b 200e 13.51¢ 6954 200a 7611 320h SNf 2l.l6¢ 2,88 50.67
H 7.50 2,104 243h 4431 0401 21200 7.75b 14.79b 592g 3.27 60.60
|11 720c 690a 37.84b 2030a 1.60b 21.74a 425f 2656a 50672 1.96 5333
v 740b 320c 946¢ 1031b 0é68g 16.30 ¢ 395g 1445¢ 1834 4d 203 62.00

Light soil :

v 7.50a 085h 6.761 138h 048h 351h 71M0c¢ 2021 2411 1.58 1833
vl 7.50a 131g 703¢ 227g 0781 39g 575d li6g 488 h 1.97 19.33
Vi 720¢ 200e 432g 1.77¢ D88¢ 1522d 385a 672¢ 126l e 0.54 33.33

1& V = 30il pre-irrigated with Nile water
11 & Vil = sqil pre-irvigated with ground water

** Sawration percentage

11 & VI = soil pre-irrigated with sewage water
I1V=seil pre-irrigated with agricultural drainage water
The figures followed by the same letters are ingignificant
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Table 2. Particle size distribution of soil samples

Particle size distribution of the studied soil.
Collected soil* Clay Silt Sand Textural class
(<0.002)  (0.002-002  (>0.02)
Heavy soil :
I 4220 46.60 11.20 Silty Clay
I 23.10 65.70 11.20 Silty Loam
m 39.00 61.00 0.00 $i-Cl-Loam
v 58.00 34.00 7.40 clay
Light soil :
v 10.00 5.98 83.60 Loamy Sand
Vi 10.42 5.98 83.60 Loamy Sand
Vil 10.42 5.98 $3.60 Loamy Sand

1 & V = soil pre-irrigated with Nile water

Il &V1 = soil pre-irrigated with sewage water

1II & VII = soil pre-irrigated with ground water
V= s0il pre-irrigated with agricultural drainage water

I-2- Lead

Lead levels were detected in both
maize and wheat grains. In maize plants
and heavy soils, the highest concentra-
tions of Pb were detected when irrigated
with SW followed by NW, GW and
ADW. Irigation with SW caused the
highest concentration of Pb, followed by
NW and GW in light soil. Lead concen-
tration in wheat grain showed a similar
order.

I-3- Nickel

Concentration of Ni in grains showed
different order from that of Cd and Pb
contaminants. In heavy soils, the highest
content of Ni in both maize and wheat
grains was detected when plants were
irrigated with SW followed by NW, GW
and ADW in maize and wheat grains. In
light soil, grains of maize and wheat
plants when irrigated with SW showed
the highest content of Ni followed by GW
and NW.

Annals Agric. S¢i., 50(2), 2005
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Table 3. The effect of irrigation water sources on heavy metal accummulation in maize grains compared to soil content
(1999-2000 growing season)

Soil sources® Mean heavy metal concentration (ug/g dw) Maize giains CF' Mean
type  of bvigation Mean of

water cd Pb Ni Co cd Pb Ni Co cd P Ni co WCF

NW 0468 e 31.774d 41.450d 139154 0.188¢ 0524 F 10121 ¢ 049 ¢ 2.345 0.402 0018 0.244 0.036 0,175

zi GwW 0879¢ 34.755¢ 52.180a 15.033 ¢ 0274c¢ 0718d 10615b 0366d 2993 0312 0.021 0.203 0.024 0.140

g ADW 0.926b 26989¢ 47891b 16446b 0268d 0441 8950 ¢ 036le 2508 0.2% 0.016 0.187 0.022 0.129

W 1.1iga 1497232 42,106 ¢ 24,093 04842 47062 145362 1.079a 5201 0433 0.031 0.345 0.043 0.214

Mean 0.848 60.834 45.907 17.710 0.303 L610 11.056 0,575 3385 0,359 0.022 0.246 0.032 0,164

‘,§ Nw 0292 22.161g 13.641 ¢ s239f 0.137f 0569¢ 4,167F 025817 1.283 0.469 0.026 0.305 0.049 0212

§ oW 0368 f 220191 202211 3.684p 0.128g 0884c 4614g 0128g 1439 0.346 0.038 0.228 0.035 0.162

SW 05854 78865 b 3ri98e 13.807¢ 0206b 3870 16.150d 0.600b 5229 0.506 0.049 0.434 0.043 0,258

Mean 0415 41.382 23.689 1.577 0.187 1.774 8310 0.329 2.650 0.440 0.038 0.323 0.042 0.211

Toxic limits** 5.00 100.00 100.00 50.00 >100 >60 >80 >115 CF 1.0:10.0  00k01 oo 00101

*= NW= Nile water, GW= Ground watcy, ADW= Agricultural drainage water and SW= sewage water
Ni= Nicked
**Toxic limits : toxic imits 1o the cultivated plant, sccording 1o Anderson ef of (1973), Tictjen, {1975) aud Cottenie of ol (1976),

Cd~ Cadmium

CFI : Concentration factor= metal concentration in plant/ Lotal metal concentration in soil (Kleke ef af §994)

Pt Lead

CF2 = reference valuo of CF (according to Kioke o af 1994),

Co=Cobait

The Figuers followed by the same letters are insignificant.
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Table 4. The effect of irrigation water sources on heavy metal accummulation in maize grains compared to soil content
(2000-2001 growing season) -

Mean beavy metal concentrasion (ug/g dw]
Sal ,ﬂmof N vy ug/g dw) P Meas
type Irviaati i Maize grains Mean of
ster Soil total CF
Cd Pb Ni Co Ccd Pb Ni Co Cd Pb Ni cO

NW 0471e  32.118d  4),780d  14004d 0.19%4e 06l4f 10455c 05ldc  2.9M 0.411 0.019 0.250 0.037 6179

E GW 0884¢  3508lc 526438  15107c¢  0283c 07434 10966L 03794 3093 0.321 G021 0.208 0.025 0,144
.g ADW 0932b  27.33%¢  48342b 165786 0277h 0457 G345e 03T5e 21589 0.297 0.017 0.191 0.023 0.132
Sw L130a 152953a 42812¢ 244043 04992 4871a 15016 L1192 %376 0.442 0.032 0.351 0.046 0.218
Mcan 0.854 61,878 46394 17.526 0313 1.671 1,420 0.597  3.500 0.368 0.022 0250 0.033 0,168
,§ NW 0292g 22262 13683g 52521  O014if 0589e 43051  0268f 1326 0484 0026 0315 0.051 0.219
;’i GW 0368f 231991 20279f 3.690g 0.032g 0915¢ 4766g 0.133g 1487 0.358 0.039l 0235 0.036 0.167
SW 05884 79.573b  37448¢  1).886¢ 0306b 4006b 16683d 0.622b 5S40 0.520 0.050 0445 D048 0.265
Mean 0416 41,678 23,803 1.609 4.193 1836 §.584 0344 2.739 0.454 0.038 0332 0.044 0217
Toxic limiis** 5.00 100.00 160.00 50.00 >100 >60 >80 =115 CF Lo100 0Ll 040 06l
*= NWe Nilke water, G Ground water, ADW= Agriculiusal drainsge water and SW= sewage water
Cd= Cadimiun Po~ Lemd Ni= Nickel Co=Cobuls The Figuers followed by the same letiens are insigniticant.

**Tokic limits : toxic limits 1o the cultivated plant, sccording 1o Anderson et af (1973), Tictjen, (1975) and Cotenic of af (1976).
CFl : Coacentration factor= metat conceniration in plant/ 1043l metal cocentrusion i soil (Kioke ef of 1994)
CF2 = relt value of CF ding (o Kioke cf of 1934).
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Table 5. The effect of irrigation water sources on heavy metal accummulation in wheat grains compared to soil content

(1999-2000 growing season).

Sl sources® Mean beavy metal concentration (ug/g dw) cF Mean
% oiguion Sail Wheat grai Mean ot CF
graing
el Cd b Ni Co Cd Fb Ni Co Cd P Ni co

NW 0467 ¢ 316044 41.284 d 13.871d  0.150e¢ 0.675¢1 $801¢ 0583c 2552 0.321 0.021 0.213 0.042 0.14%

E_ (¢1 08%¢ 34.593 ¢ 519542 14991c  0219¢ 08454 9231b 04304 268} 0.250 0.024 0.267 0.029 0.143
.ﬂ ADW 0923 b 26808 ¢ 47.672b 16382b 0.215d 0.5)9g 7783 ¢ 0425¢ 2236 0.232 0.019 0.163 0,026 0.110
SW §.112a  148,132s  41.753c¢ 23944 0387a 5537a 126408 12692 4958 0.343 0.037 0.303 0.053 0.185

Mean 0.845 60.284 45.666 12.297 0.243 LB 9.614 0.677 3.107 0.288 0.025 0.024 0.038 0.147

3 NW 0292 g 22.109g 13.621¢g 32311 0.110f 0.66%9¢ l624g O304F  LITY 0.378 0,030 0,266 0.058 0.182
i GwW 0368f 23.081f 20203g 368lg 0.102g 1.040c  4012f 0.151g 132 02717 0.045 o199 0.041 0.141
5w 05342 TESM4b  37068c¢  13.769¢ 0.237b  4.553b 140434 0923b 4939 0.406 0.038 019 0.067 0.228

Mean 0413 41,231 23.631 1.561 0.150 2.087 7.226 0.459 2.481 0.353 0.044 0281 0.055 0.183

Toxic limits** 5.00 100.00 100,00 50.00 >100 >60 >80 =115 CcF 1.0,100 001:00 0.51:110  0.01-0.0

*= NW= Nile water, GW= Ground water, ADW= Agricultural drainage water and SW= sewage water
Ph= Lead

Cd= Cadmium

Ni= Nickel

CF2 = reference value of CF { according to Kloke #i of., 1994),

Co=Cobalt

The Figuers followed by the same letters are insignificant.

**Toxic limits ; soxic limits to the cultivated plant, sccording to Anderson ef al., (1973), Tictien, (1975) and Cotienic et al., (1976).
CF| : Concentration factor= metal concentration in plant/ total metal concentration in soil (Kloke ¢/ of., 1994)
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Table 6. The effect of irrigation water sources on heavy metal accummulation in wheat grains compared to soil content
(2000-2001 growing season). - :

Seil m:‘c" - . on (gl ) - CF' Mean
wpe  Imigation Soit Whaeat grains Mean mt:IICF
water cd Pb Ni Co cd b Ni Co cd Pb Ni co
NW  04%0e  31947d  41613d  1350d  0465¢  0.716f 9268c  0616c 2691  035] 0022 023 004 0160
% GW  O8Blc 34919c  52410b  15075c 0241c 0891d 9.720b 0455d 2827 0273 0026  O.85 0030 0129
§ ADW  0529b 27.073¢  481lac  165M1b 02364 0535g 8.195c 0449¢ 2354 0254 0020 0170 0027 Ok
SW 11248 1513d1a 424592  24245s 0430w  S842a  13310a 13412 5231 0382 0039 0313 0055 0197
Mean 0851 40345 46049 17448 0268 1996 023 0715 3216 0315 0027 0223 0039 0151
? NW 0.292¢g 22212g 13.662 % 52451 0.120f 0.706¢ 38l6g 03211 1.241 0413 0,032 0.2719 0.06) 0.196
E, GW  0368f  23.058f 20253f 3.687g 0112g 1097c  4224f 0160y 1398 0305  O0M7 0209 004 015K
SW  05B6d  79220b  37325¢  13846c  0263b 4803b 14.788d 097%b 5208 0449 0061 039 000 0244
Mean 0413 41.530 23.747 7.593 0,165 2202 7.609 0,486 2.616 0,389 0.047 0.295 0.058 G197
Toxic limits* * 5.00 10000 10000 5000 100 >60 >80 15 CF 10100 00100 0EL0 00101

*= NW= Nile water, GW= Ground water, ADW= Agriculiural drainage water and SW= scwage water

Cd= Cadmium

Pb= Lead

Ni= Nickel

CF2 = reference value of CF { according to Kloke er al., 1994),

Co=Cobalt

The Figuers foilowed by the same letters are insignificant.
**Toxic Jirmils : toxic Limits 1o the cultivated plant, according 1o Andecson es al,, (1973}, Tictjen, (1975) and Cottenic ef al,, (1976).
CF1 : Concentration factor= metal concentration in plant/ wotal metal concentration in soil (Kloke ef al, 1994)
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Contamination of pesticides and heavy metals in plant

I-4- Cobalt

Cobalt showed different pattern com-
pared with Cd, Pb and Ni metals. In
heavy soil, SW revealed the highest sig-
nificant concentration in both maize and
wheat grains followed by NW, GW and
ADW. In light soils, Co content in maize
or wheat grains followed the following
otder, SW > NW > GW.

The mean of total concentration of
each metal in maize or wheat grains
showed the following descending order in
both heavy and light soils, Ni > Pb > Co
> Cd. This order is positively correlated
with the heavy metal concentration in soil
corresponded with what stated by Said,
(1980) and Alloway, (1993).

Furthermore, transfer coefficient val-
ues (CF) revealed that metal availability
was affected by urigation water source,
soil type, heavy metal chemistry or con-
centration and the cultivate. In heavy
soils, data in Tables (3-6) showed that
SW significantly alleviates the availabil-
ity of Cd, Pb, Ni and Co to maize and
wheat plants, while, ADW decreased the
availability to the lowest value. In light
soil, the availability of heavy metal to
maize or wheat was decreased according
to irrigation water sources as follows:
SW > NW > GW, Irrigation with SW
highly induced CF value of Cd, Pb, Ni,
and Co to maize plant. In the case of GW
irrigation, CF value of Cd, Pb, Ni and Co
decreased to the lowest value.

From these results, it can be con-
cluded that, there were relative differ-
ences in heavy metals uptake between
maize and wheat. This may be due to
plant cultivate and various factors includ-
ing surface area of the roots, root cation
exchange, root exudates and rate of
evapotranspiration. These factors affect

697

the mass flow of the soil solution in the
vicinity of the root and thus the move-
ment of ions to the root absorbing surface
(Alloway, 1995). Also, CF values
showed that Cd was readily translocated
to plant grains more than other pollutants,
followed by Ni, Co or Pb. Also, Lehoe-
zky et al (2000), indicated that lettuce
leaves Cd concentration was 1.4 — 16
times as much as the total Cd content of
soil. That could be attributed to the in-
¢reased apoplastic Cd binding, (Hart et
al 1998). The previous Cd data, showed
that Cd highly accumulated in maize and
wheat grains which were planted in heavy
soil or light soil irrigated with SW fol-
lowed by GW > ADW > NW. This may

" be related to the high CI' and low Ca™ of

SW (Table 1), which increased Cd uptake
{Wenzel et al 1996). Increasing Ni con-
centration in maize or wheat grains more
than Pb or Co, may be affected by its
higher concentration in soil (Wild, 1988),
or because Ni is one of the most soluble
and mobile among heavy metals in the
soil solution (EPA, 1995). While, Pb is
more strongly adsorbed by soils and
forms insoluble crystalline compounds
(Santillian and Jurinak, 1975). In addi-
tion, the levels of pollutants accumulation
in maize or wheat grains were affected by
irrigation water sources as follows: SW >
NW > GW > ADW. This may be due to
low pH values (Marzouk, 2003) of SW,
which induce the availability and move-
ment of heavy metal cations from the
bulk soil to the root surface (Alloway,
1995), or to its high pollutants content
(Marzouk, 2003). In addition, the high
organic wastes of SW, mobilizes heavy
metals, and related to the different origins
of organic materials which differ in their
content of functional groups and in their
ability for mobilizing different elements

Annais Agric. Sci., 50(2), 2005
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{Badran, 1999). Also, the high content of
organic wastes give rise to intense micro-
biological and biochemical activity in the
rhizosphere, which enable roots to mobi-
lize some of the metals (Alloway, 1995).
This is in agreement with Kiranjit er a/
(1998), who reported that crops irrigated
with SW had higher concentration of Co,
Pb, Ni, and Cd than those irrigated with
GW.

Data of CF values (Tables 3-6) re-
vealed that although heavy soil pollution
was higher than light soil, Cd, Pb and Co
uptake of maize or wheat, grown in the
light soil was higher than in heavy soil at
both seasons. This may be attributed to
that the decrease of soil particle size of
heavy soil would increase total soil ad-
sorbed surface areas compared with light
soil, consequently adsorption, (Yujun ef
al 1996). Pollutants were therefore more
available to plant grown in light soil
Also, this is in agreement with Wild,
(1988), who reported that the amount of
metal absorbed by a plant is affected by
concentration and speciation of the metal
in the soil solution, and the movement of
the metal from the bulk soil to the root
surface. Vassilev ef al (1999), indicated
that uptake of Cd by winter barley was
higher in plants grown in sandy loam soil
than in clay lecam soil. In contrast, Ni
availability in light soil was lower than in
heavy soil that may be due to that Ni is
one of the most soluble and mobile of
heavy metals in the soil. From these re-
sults it could be concluded that heavy
metals availability and accumulation in
the grown plant is affected by soil heavy
metal or organic matter (OM) contents,
soil chemical and physical properties (es-
pecially clay %), leachability of element
(depending on chemical and physical
properties of the element), and microbial

Zidan; Sobiha; Mowaft; Ayoub and Marzouk

activities. In addition, heavy metal con-
tent of irrigation waters, pH, salinity and
organic wastes content changed with time
were also affected.

However, detected pollutant levels in
maize or wheat grain were below the phy-
totoxicity limits as mentioned by Ander-
son ef al (1973), and Cottenie et al
(1976).

II- Pesticide residues contamination

Accumulation of pesticide residues in
maize and wheat grains are presented in
Tables (7) and (8) showed no detectable
amounts of pesticide residues found in
maize or wheat grains during the two
seasons for all monitored pesticides ex-
cept HCB, pp’-DDE and heptachlor.
These three compounds were detected in
maize grains, while p,p"-DDE and hepta-
chlor were found in both maize and wheat
grain.

In maize grains, all pesticides residues
in plants grown in heavy soil, decreased
according to the irrigation water sources
as follows:- ADW > GW > NW > SW,
At the first season, the residues of
HCB, pp"DDE and heptachlor were
0.85,8.5 and 1.85 ppb; 0.75, 7.3 and 1.45
ppb; 0.68, 7.05 and 1.4 ppb or 0.6, 5335
and 0.9 ppb in grains of maize planted in
heavy soil, respectively. HCH and hepta-
chlor were detected in the second season
similar to the above mentioned order,
p.p-DDE was not detected when all irri-
gation water sources were used except
ADW. Data of total pesticide levels
in maize grains were detected when irmi-
gated with ADW, followed by GW, NW
and SW at the two seasons. In light soil,
the detected HCB, p,p"-DDE and hepta-
chlor concentrations showed different
patterns, and followed the order of

Annals Agric. Sci., 50(2), 2005
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Table 7. Concentration of pesticides in maize grains during 1999/2000 and 2000/2001 growing seasons.

Pesticide concentration (ppb}
sources®
Soil of Irigation 1599-2000 2000-2001
type water
HCB P, P-DDE heptachlor Total HCB PP-DDE heptachlor  Total
= NW 0.680 7.050 1.400 9.130 0.600 ND 1.000 1.600
g GwW 0.750 7.300 1.450 9.500 0.640 ND 1.450 2.090
ﬁ ADW 0.850 8.500 1.850 - 11200 0.700 0.285 1.800 2.785
SW 0.600 5.335 0.900 6.835 6.550 ND 0.840 1.390
Mean 0.720 7.046 1.400 9.166 0.623 0.071 1.273 1.966
3 Nw 0.650 ND ND 0.650 0.650 ND 1.040 1.690
@
= GW 0.700 4275 1.750 6.725 0.700 0.200 1.050 1.950
)
= SwW 1.250 6.000 1.900 2.150 0.850 ND 1.150 2.000
Mean 0.867 3.425 1217 5.508 0.733 0.067 1.080 1.880
MRIL** -- 100.00 20.00 - -- 100.00 20.00 -~
* NW= Nile water, GW= Ground water, ADW= Agricultural drainage water and SW= sewage water
*¢ Maximum residues limit (according to Codex, 2000). () = not listed ND = Nat detected
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Table 8. Concentration of pesticides in wheat grains during 1999/2000 and 2000/2001 growing seasons.

Pesticide concentration (ppb)

Soil Sources*
type  of Irrigation 1999 — 2000 2000 - 2001
waer HCB P,P-DDE heptachlor  Total HCB PP-DDE  heptachlor Total
= NW ND 1.364 2235 3.599 ND 1415 1.100 2.515
2 Gw ND 1.815 2.550 4.365 ND 1.945 1.400 3.345
§ ADW ND 1.505 2.750 4.255 ND 1.730 1.530 3.260
= SwW ND 1.490 2.400 3.890 ND 1.660 1.300 2.960
Mean ND 1.544 2.484 4.027 ND 1.688 1.333 3.020
= NW ND 1.335 1.650 2.985 ND 1.300 0.950 2.250
% GwW ND 1.570 2.050 3.620 ND 1.840 1.650 3.490
= Sw ND 1.455 1.850 3.305 ND 1.545 1.100 2.645
Mean ND 1.453 1.850 3.303 ND 1.562 1.233 2.795
MRL** - 100.00 20.00 -- - 100.00 20.00 -

* NW= Nile water, GW= Ground water, ADW= Agricultural drainage water and SW= sewage water

** Maximum residues limit (according to Codex, 2000) {--) = not listed

ND = Not detected
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Contamination of pesticides and heavy metals in plant 701

SW > GW > NW in the 1* and the 2™
seasons. Irrigation with SW caused high
contamination of maize grains, with total
concentration of 9.15 and 2.0 ppb, while
NW was the lowest (0.65 and 1.69 ppb at
1* and 2™ seasons), respectively. This is
because of the organic waste contents of
SW which enhanced the activity of mi-
croorganisms, (Buyanovsky er al 1995),
and consequently the degradation of lin-
dane and DDT to their metabolites i.c.
HCB and p,p-DDE, respectively, (Abu-
Arab, 2002).

Grains of wheat grown in heavy soil,
were contaminated with p,p-DDE and
showed different trend than maize grains
and followed the order of GW > ADW >
SW > NW. Heptachlor contamination
showed different order as follows:- ADW
> GW > §W > NW. lllustrated data of
total detected pesticides in GW irrigation
showed the highest contamination fol-
lowed by ADW, SW and NW. Values
were 4.365 and 3.345 ppb, 4.255 and 3.26
ppb, 3.89 and 2.96 ppb and 3.599 and
2.515 ppb at the first and second seasons,
respectively.

In light soils, wheat grains were con-
taminated with p,p"-DDE and heptachlor.
The concentration of detected pesticides
varied according to irrigation water with
the order of GW > SW > NW. HCB was
not detected in wheat grains grown in
heavy or light soil under the conditions of
all irrigation water sources. Data of total
detected pesticides indicated that GW
irrigation contaminated wheat grain,
whereas, NW was the lowest,

From the above mentioned data, it is
. clear that, although heptachlor was not
- detected in each of the irrigation water
sources or soil, it was detected in maize
and wheat grains. This may be due to the
short haif life of heptachlor in water (< 1

day) and soil (120 ~ 240 days), (EPA,
1999). Heptachlor is probably taken up
rapidly and accumulated in the edibie
aerial tissue as mentioned by Mattina ef
al (2000). HCB was detected in maize
grain in spite of its absence in the differ-
ent irrigation water sources or soils, that
may be due to that heptachlor is metabo-
lized in plant mainly to HCB (Abou-
Arab, 2002). In addition, HCB is trans-
ported by the atmosphere in lower con-
centrations, in sufficient amounts to pro-
duce significant contributions to the
global distribution of HCB (Bro — Ras-
mussen, 1986). Moreover, detection of
pp-DDE in maize and wheat grains is
probably related to its existence in irriga-
tion water and grown soil, (Marzouk,
2003).

The total detected pesticides in grains
of maize planted in heavy soil and irri-
gated with ADW were high, while SW
was the lowest. Besides, the high OM in
SW induce the microbial activities and
pesticide biodegradation more than in
ADW irrigated soil as discussed before
(Huang e al 2001). Although in light
soil, irrigation with SW caused the high-
est contamination in maize grain because
of the high organic contents of SW and
soil. Organic compounds increased soil
retention of pesticides, and give rise to
intense microbiclogical and biochemical
activities in the rhizosphere, which en-
ables roots to mobilize some of the
chemical compound (Alloway, 1995).
Furthermore, wheat grown in heavy or
light soii, and irrigated with GW caused
the highest pesticide contamination to
grains, while NW was the lowest. This
may be attributed to the high organochlo-
rine pesticide contamination of GW or

irrigated soil.

Annals Agric. Sci., 50(2), 2005
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However, all detected pesticides in
maize or wheat grains were below the
maximum residue limits (MRL;) reported
by Codex, (2000).
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