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S urface and subsurface soil samples were collected from ten
soil profiles in Bahr EL-Bakar area, out of which two
locations were selected to represent soils irrigated with drainage
water and the rest was irrigated with Nile water. Samples of
different species. Plant were randomly collected from the
studied locations to represent natural vegetation and agronomic
crops. Data revealed that the studied soils are clay loam to clay-
textured, mostly saline-alkali.

The total content of Cr in soils ranges from 11.20 ppm to
43.48 ppm. The statistical analysis reveals that total Cr in soils
surface is highly significant positively correlated with total Fe,
positive significant with total Co while being significantly
negative with total Cu and SO4". In the subsurface layer, total
Cr is highly significant positively correlated with total Fe, Co,
and Ni and significantly positive with total Zn.

DTPA-extractable Cr content is quite low and varies
widely from 0.01 to 0.30 ppm, being in the ranges of 0.02 -
0.30 and 0.01-0.14 ppm in soils irrigated with Nile water and
those irrigated with drainage water, respectively. Statistically,
DTPA- extractable Cr is highly significant positively correlated
with extractable Zn, Co and Ni in both soil surface and
subsurface layers and with extractable Fe in the subsurface
layer while being significant in the top layer. In addition,
DTPA-extractable Cr is significant positively correlated with
fine sand in both soil layers. Moreover, DTPA- extractable Cr
is highly significant positively correlated with EC, Ca™ |
extractable Cu and Cd and significant positively correlated with
CI in the subsurface layer alone.

Availability index ( Av. 1) showed that chemically
extractable Cr constitutes 0.1 to 2.7 % in soils irrigated with
Nile water while being less pronounced, 0.1 to 0.7 % in soils.
irrigated with combined drainage water.
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The chemical evaluation of water quality showed that
most of the studied water samples are marginal for irrigation of
some crops. The highest total concentrations are uvsually in
combined drainage water except for Cr, which displayed their
highest concentrations in some Nile water samples.

The Cr content of some field crops, vegetables and
fodder crops as well as one aquatic plant (Barnyard grass)
grown in the studied soils varies considerably from one crop to
another and even in the same crop.

Keywords: Chromium, soil, water, vegetation, Bahr El-Bakar, Egypt.

Chromium is the 7™ most abundant element in the earth, but 21* in
abundance in the crystal rocks. The medical and veterinary factual
information indicated that Cr is an essential element for human being and
animals (Iyengar,1989 and Anderson, 1989) but there is no doubt that Cr®
compounds are both acutely and chronically téxic. From the health point of
view, Cr plays a role in the so- called glucose - tolerance factor and prevent
diabetes as its activity is related to that of insulin, in addition no damages
induced by excessive Cr levels have been reported (Pendias and Pendias,
1992).

The soil Cr is mainly inherited from the parent rocks and therefore its
higher content is found in soils derived from volcanic rocks (Pendias and
Pendias, 1992). Soils contain from as little as 5 ppm to as much as several
percent of Cr and supply it in trace to toxic amounts to plants (Pratt, 1960;
Baker and Chesnin,1975;Shewry and Peterson,1976). The Cr content of
surface soil increases due to pollution from various sources, of which the
main ones are industrial wastes, municipal sewage sludge and other
anthropogenic sources which are responsible for the elevated Cr content in
plants, (Czarnowska,1974 ;Gough et «l.,1988 and Kitagishi and Yamane,
1981). The behaviour of soil Cr has been extensively studied by Bloomfield
and Pruden (1980) who showed that most soil Cr occurs as Cr'* and being
within the mineral structures or forms of mixed Cr’* and Fe™ oxides which
are relatively unavailable and insoluble while Cr* is considerably more
soluble than Cr'.

The Cr content of plants has received much attention since the
discovery of Schroeder et al. (1962) that Cr participates in glucose and
cholesterol metabolism, and therefore, it is essential to man and animals.
Plant species differ significantly in Cr uptake capacity and distribution
within the plant {(Grubinger er al, 1994) and dicots might be reasonable
target species for Cr hyperaccumulation. )

Due to the lack of information about Cr in soil, water, food and feed
crops in Egypt, it is realized that this trace metal should be thoroughly
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investigated. Therefore, the current work is devoted to study Cr in soils,
water and plants in Bahr El- Bakar area.

MATERIALS AND METHODS

Surface and subsurface soil samples (0-20 and 20-40 cm,
respectively) were collected from ten soil profiles at Bahr EL-Bakar area
(Fig.1). Ten water samples were collected to represent drainage and
irrigation waters used for irrigating soils in the studied area. In addition, 15
plant samples were randomly collected to represent natural vegetations and
agronomic crops in the area. These concluded watermelon (Citullus
vulgaris), rice seedlings (Oryza sativa), napier grass (Pinnestum purpurium),
corn (Zea mays), barnyard grass (Panicum cms galli), vegetable marrow
(Cucurbita pepo) and eggplant (Solanum melongena).

Soil analysis .

Determination of some physical and chemical properties of the
collected soils were performed as follows:

Mechanical analysis using the pipette method with sodium
hexametaphosphate as a dispersing agent (Black,1965). Organic matter
content was determined according to the method outlined by Jackson (1973).
Soil reaction (pH) was determined with a glass electrode pH-meter in 1 : 2.5
soil water suspension.Total soluble salts were estimated conductimetrically
as EC in the water-saturated soil paste extract according to Jackson (1973).
Cationic and anionic compositions of the soil saturation extract were
determined as described by Richards (1954). Cation exchange capacity and
exchangeable sodium were determined according to Jackson (1973).Total
heavy metals; Fe, Mn, Cu, Zn, Cd, Pb, Cr, Ni and Co in soil were
determined by the Ionic Coupled Plasma (POEMS III Thermo Jarrell Ash)
after digestion of the samples with a ternary acids mixture of HNO3, H,SO,
and HC10,. Chemically - extractable heavy metals; Fe, Mn, Cu, Zn, Cd, Pb,
Cr, Ni and Co were extracted from soils by DTPA reagent (Lindsay and
Norvell,1978) and determined by Ionic Coupled Plasma (POEMS III
Thermo Jarrell Ash).

Water analysis

EC, pH, soluble cations (Na*, K*, Ca™, Mg"™), soluble anions (CO3",
HCO;, CI', SO47) in water samples were determined as already mentioned
for the soil extract. Heavy metals content of water were examined as
outlined by APHA (1992) and determined by Ionic Coupled Plasma
(POEMS III Thermo Jarrell Ash) .

Plant analysis -

The plant samples (aerial parts and roots) were thoroughly washed
with tap water followed by distilled water and oven- dried at 70 'C for 48
hrs., fresh and dry weights were recorded. These samples were wet -digested
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by H,0, and H,SO, (Nicholson,1984) and the heavy metals; Fe, Mn, Cu, Zn,
Cd, Pb, Cr, Ni and Co were determined by Ionic Coupled Plasma (POEMS
III Thermo Jarrell Ash).

The obtained data were subjected to the statistical analysis according
to Snedecor and Cochran (1982). Using "Costat program” simple correlation
and regression analysis were also computed.
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Fig. (1).Location map of the studied area

RESULTS AND DISCUSSION
Soil Characteristics

Analytical data (Tables, la and Ib) showed that most of the soil
samples are clay-textured, except the subsurface layers of profiles 2, 4, and
5 and the surface layer of profile 6, as well as profiles 8 and 9 which are
clay loam. Saturation percentage (SP) ranged from 70 to 110 % and cation
exchange capacity (CEC) varied from 26.63 to 47.82 me / 100 g soil. The
high values of SP and CEC reflect the medium to heavy texture of the
studied soils.

Organic matter contents are generally low (0.6 to 2.5 %). Salinity of
the saturation extract, as evidenced by the EC values, is commonly highly
saline (CE ~ 5 to 32.6 dS/m) except for layers of profile 1 that are slightly
saline (EC = 2.79 - 3.00 dS/m). Values of soil pH ranged from 7.8 to 8.8,
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indicating that the soils are slightly alkaline to alkaline. ESP values varied
widely from as low as 18.88 up to 67.14 %. When ESP is combined with the
other soil parameters (pH and EC), it indicates that these soils are mostly
saline - alkaline. The cationic composition of soluble salts is mostly
dominated by Na * followed by Ca ** and/or Mg ** , then K * is the least
cation. Soluble anions are mostly dominated by CI" followed by SO,/
HCO'; and CO,*. The total contents of Co, Pb and Cd ranged from 16.35 to
4573 ppm, from 36.00 to 138.20 ppm and from 3.11 to 5.05 ppm,
respectively. Their DTPA-extractable contents varied from 0.07 to 0.55
ppm, 1.50 to 4.20 ppm and from 0.001 to 0.04 ppm, respectively.

Micronutrients (Fe, Mn, Zn, Cu and Ni) contents in soils varied
widely either with regard to their total or DTP A- extractable contents, but it
seems that the soils are well-supplied with these essential elements.
1-Total chromium

Data presented in table (2) showed that the total content of Cr in the
studied soils varies from 11.2 to 43.48 ppm, being in the ranges of 11.2 -
25.52 and 14.32 - 43.48 ppm in soils irrigated with Nile water and those
irrigated with combined drainage water, respectively. The lowest and highest
Cr contents are found in the subsurface layers (20 - 40 cm) of clay loam
texture. The weighted mean of total Cr ranges from 14.11 to 24.61 ppm in
soils irrigated with Nile water while being relatively higher (16.80 - 29.05
ppm) in soils irrigated with combined drainage water (profiles 7 and 9). This
is expected since the combined drainage water is usually enriched with
numerous heavy metals. It is also clear that Cr is either accumulated in the
top soil surface layer or in the subsoil layer depending on soil characteristics.
Several studies showed that Cr may accumulate in the top soil layer or in
subsoil layer depending on soil origin, soil management practices, cultivated
crops and irrigation water type, (Groove and Ellis, 1980; Pier et al., 1992 and
Pendias and Pendias, 1992).

Accordingly, the Nile alluvial soils of the studied locations are
inherited from non - serpentine parent material impoverished in Cr and this
is reflected on its content in soils. Moreover, additional sources of Cr (i.e.,
electroplating sludge, Cr pigment, tannery wastes, leather manufacturing
wastes) are negligible; therefore most Cr determined in soils is mainly
rendered to soil parent material rather than pollution source (Palmer and
Wittbrodt, 1991; Schwarz et al., 1999). Nevertheless, a very minor part of
the total Cr is soluble, thus strongly restricting plant availability of Cr and its
uptake.

To figure out the relationship between total Cr and soil variables
(Tables 1 and 2) the data are evaluated statistically according to Snedecor
and Cochran (1982) using "Costat program" where simple correlation and
regression analysis are computed.
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TABLE (1a). The percentages of particle size distribution of the studied

soils.
Particle size distribution (%)
Depth (cm) CS FS Si C Texture Class

0-20 0.32 6.88 20.63 72.17 Clay
20-40 0.62 17.14 31.25 50.99 Clay
0- 20 0.63 11.30 24.08 64.00 Clay
20-40 1.27 27.79 35.04 35.90 Clay Loam
0-20 0.60 11.32 20.99 67.09 Clay
20-40 1.36 21.12 32.12 45.40 Clay
0-20 5.56 31.03 18.29 4512 Clay
20-40 0.95 38.05 21.58 39.42 Clay Loam
0- 20 1.40 19.35 25.08 54.17 Clay
20-40 2.51 32.55 34.90 30.04 Clay Loam
0-20 2.11 39.47 23.50 3492 Clay loam
20-40 2.80 29.26 25.45 42.49 Clay
0-20 14.55 24.56 48.04 Clay
20-40 1.22 10.56 12852243 65.79 Clay

J 0-20 2.26 31.76 28.24 3774 Clay loam ‘
20-40 421 37.62 24.16 34.01 Clay loam

‘ 0- 20 2.03 41.61 2452 31.84 Clay loam ‘
20-40 2.09 42.43 17.34 38.14 Clay loam

’ 0-20 175 11.60 22.80 63.85 Clay
20-40 104 | 5.25 61.66 32.05 Silty clay loam J

CS= coarse sand (2 - 0.2 mm) FS= finc sand (0.2 - 0.02 mm)

Si=silt (0 02 - 0.002 mm) C=clay (< 0.002 mm)

The statistical analysis reveals that total Cr in both soil surface (0-20
cm) and subsurface (20-40 cm) layers are significant to highly significant
positively correlated with total Co (r=0.643 and 0.886 respectively,
significant positively correlated with total Fe (r= 0.794 and 0.769
respectively), while being significant negatively correlated with total Cu (r =
-0.629) and SO, (r = -0.691) in the top layer and significant positively
correlated with total Zn (r = 0.671) and total Ni (r = 0.704) in the subsurface
layer. Other relations of total Cr with soil variables are non significant. The
obtained regression equations for the significant relations are presented on
figs. (2-9).

From the regression equations, one can conclude that each increase of
1 ppm of total Fe and Co is associated with (0.003 and 0.006 ppm), (0.6727
and 0.9753 ppm) increase in total Cr of the soil surface and subsurface
layers, respectively. Moreover, each increase of 1 ppm total Cu and soluble
SO4 corresponds to a decrease of total Cr in the surface layer by 0.0967
ppm and 0.1093 ppm. In contrast, the increase of 1 ppm total Zn and Ni in
the subsurface soil is met with 0.4574 and 0.3888 ppm of total Cr. These
associations are expected to be mainly rendered to soil parent material with
slight modifications due to soil formation processes since the studied soils
are young from the pedological view point. It is also evident that total Cr
either in the surface or subsurface is strongly associated with total Co
followed by Zn and Ni in the subsurface layer while the association of total
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Cr and total Fe whether in the top soil surface or in the layer beneath is of
less pronounced magnitude.
TABLE (1b). Chemical composition of the saturation extract of the
studied soils.

Soluble cations and anions (me/I)

Profile| Depth |, | ¢ | B | EC mceflfl(l ESP
No. | (em) paste| ™| Na* | K* | ca |Mg™|cO™|HCO,| O |s0s | & soil
0-20 | 2.5 [110.0] 83 3.0 [166|14|130| 45| 04 | 19 |17.5]157] 473 |189
' 2040 | 2.4 [ 850 | 84 | 2.8 [100|09|120|35 | 06 | 16 | 175 67 | 478 |207
020 | 13 |87.0| 84 | 11.9]67.9 28 |505| 95 | 02 | 05 |56.0|740 | 467 |47.4
: 2040| 1.7 | 895 | 85 | 9.1 | 626 |23 /300 140| 02 | 1.1 |660|41.6| 380 607
3 |020]06|915|88|52](239|08[310]20| 02| 12 |280|283] 380 594
2040 1.1 000 | 88 | 6.1 | 272 1.1 [315] 35| 06 | 12 |445|163] 413 |572
020 | 22 | 774 | 79 | 159|700 1.6 | 670 | 140| 08 | 2.1 850 170 39.1 |52.1
! 2040| 18 | 75.0 | 83 |32.1 |150.0] 2.1 [1525]350| 06 | 1.1 |2000]137.9| 36.4 470
020 | 1.8 [725] 85 | 108 |435] 17| 640| 85 | 05 | 17 |67.0|485| 364 [567
5
2040| 15 |70.0 | 87 | 59 |30.0|20|21.0] 35 | 06 | 22 |300]237| 321 |606
020 | 19 [700] 83 |11.2|813]1.7]260|100| 02 | 18 |80.0]37.0] 359 |s4.1
6
2040| 19 | 850 | 85 | 63 |383|17]225] 45| 10 | 19 |315]325| 326 310
020 | 12 (750 87 | 52 | 287 |16|250| 70 | 04 | 07 |200|322 359 |370
7
2040| 1.6 (850 | 85 | 115]73.5[3.0|61.5]155| 02 | 09 |59.0|933| 266 |67.1
020 | 15 850 84 | 55 (322 00210| 60| 06 | 1.1 [410]|165] 3907 |250
8
2040| 22 | 750 | 80 | 60 |27.0(3.3] 230 60 | 06 | 20 |430]137] 364 [31.1
020 | 1.6 [ 780 8.0 [32.6(2050|11.3(1225/235| 02 | 12 [2670|93.9 | 342 [352
9
2040 1.6 | 70.0| 82 | 26.0 {1587 6.0 {870 | 280| 08 | 16 |2140|579| 326 [389
020 | 17 [750| 7.8 | 75 | 404 | 19| 265 | 135] 06 | 22 |595|200] 321 |342
10
2040| 13 | 725 | 85 | 182 [107.0| 04 | 550 |225| 02 | 06 |99.0|851| 310 |s18

O.M = Organic matter

SP = Saturation %

CES = Cation-exchange-capacity
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TABLE (2). Total heavy metals content (ppm) in the soils of the studied

area.
pl
Profile | Depth |\ g vy | ozn | cu | co Ni Pb cd | cr
No. (cm)
1 0-20 | 31690 | 12641 | 9570 | 22.52 | 2495 | 31.94 | 40.08 | 402 | 2495
20-40 | 51700 | 12528 | 90.77 | 2482 | 2851 | 4856 | 3600 | so0s | 21.04
, [ 020 [ 15440 [ 27250 | 7144 | 3898 [ 2035 | 3369 | 3922 | 442 | 1375
20-40 | 29860 | 16026 | 91.84 | 2560 | 3074 | 48.04 | 3892 | 481 | 23.65
s | 020 | 22650 | 22034 [ 7aa2 | 23k2 [ rows [ 172 (a3 [ 477 [ rso
20-40 | 31140 | 12172 | 69.58 | 2582 | 2176 | 2083 | 3642 | 465 | 2771
o | 020 | 28470 [ 11626 [ 6950 [ 2088 [ 2257 | 1amn [ 308 [ 442 | 2202
20-40 | 15090 | 251.00 | 49.97 | 57.94 | 1635 | 936 | 3937 | 469 | 11.20
S 0-20 | 21720 | 12852 | 83.80 | 61.08 | 2178 | 2572 | 3992 | 431 | 1544
20-40 | 24320 | 130.11 | 7457 | 2414 | 2322 | 2728 | 4527 | 400 | 18.22
] 020 | 29780 | 219.08 | 7139 | 20.18 | 26.02 | 2095 | 40.18 | 485 | 23.38
| 2040 | 25970 | 13081 | 6886 | 2093 | 2221 | 2669 | 3807 | 501 | 18.67
[ o | 020 [ 26230 [ 28456 | 8249 | 7230 | 2370 | 3388 | 3602 | 409 | 1028
20-40 | 16760 | 230.62 | 7328 | 96.25 | 2117 | 3458 | 10749 | 382 | 1432
o [ 020 | 51200 [ 12662 8aas | 5083 | 3308 | 5375 [ 3617 | 385 [ 2370
20-40 | 32570 | 256.47 | 85.84 | 32.60 | 3408 | s51.12 | 51.81 | 378 | 25.52
o | 020 | 20460 | 25647 | 8550 | 76.94 | 2215 | 27.67 | 5704 | 371 | 1463
20-40 | 49540 | 26188 | 95.58 | 28.22 | 4573 | 67.22 | 5902 | 311 | 43.48
o | 020 | 17700 [ 26876 | 8649 | 10147 | 2376 | 3800 [ 7106 [ 375 | 1539
20440 | 15630 | 240.67 | 7432 | 12931 | 21.66 | 3594 | 8412 | 4.05 | 12.82

2- DTPA - extractable chromium

The amount of DTPA - extractable amounts of Cr from the studied
soils are shown in table (3). These data reveal that the DTPA- extractable Cr
varies widely from 0.01 to 0.30 ppm, being in the ranges of 0.01 - 0.30 and
0.01 - 0.12 ppm in soils irrigated with Nile water and those irrigated with
drainage water, respectively.

The highest content is associated with soils of the subsurface layer (20
- 40cm) of profile 4, while the lowest content is that of the subsurface layer
of profile 7. The weighted mean of extractable Cr ranges from 0.025 to
0.145 and 0.015 to 0.110 ppm in soils irrigated with Nile water and those
irrigated with combined drainage water, respectively. This means that
DTPA - extractable Cr is seemingly higher in soils irrigated with Nile water,
or soils under Nile water irrigation provides more available Cr to the grown
plants. Thus, Nile water coincided with soil properties stimulate more
available Cr than combined drainage water does. It is also apparent that the
amount of DTPA- extractable Cr from the top soil surface (0 - 20 cm depth)
exceeds that of the subsurface layer, at least in 70 % of the studied soils.
This is expected on light of the soil variables controlling Cr availability in
the top layer, particularly oxidation of Cr** to Cr® which is known by its
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higher solubility and the possible occurrence of organically -bound form of
Cr which is expected to be superior in the top soil layer. On the contrary, the
heavy texture of the subsurface layer decreases aeration and consequently
minimizes oxidation of Cr’* to Cr*. Also, organic matter content is
considerably low, thus organically - bound Cr form is of lower magnitude.
This finding stands in agreement with Mohamed (1998) who found that the
vertical distribution of extractable Cr in El- Gabal EL- Asfar farm showed a
relative increase of Cr in the top surface layers and indicated statistically
that extractable Cr displayed a significant negative correlation with soil
depth.

To substantiate the relationship between DTPA- extractable Cr and
some soil variables, correlation coefficients and regression analysis were
computed. The obtained coefficients indicate that DTPA- extractable Cr
from both surface and subsurface soil layers is significant positively
correlated with fine sand (r =0.601 and 0.648, respectively) and highly
significant positively correlated with extractable Zn (r = 0.719 and 0.757,
respectively), Co (r = 0.756 and 0.868, respectively) and Ni (i = 0.805 and
0.924, respectively) from the soil surface and subsurface layers, respectively.
Extractable Cr is also significant positively correlated with extractable Fe (r
= 0.6906) of the soil top layers while being highly significant positively
correlated with extractable Fe (r = 0.951) of the subsurface layers. Moreover,
extractable Cr of the subsurface layers is significant positively correlated
with EC ( r = 0.679), soluble CI" (r = 0.661), extractable Cd (r = 0.702) and
highly significant positively correlated with soluble Ca (r = 0.767 ) and
extractable Cu (r = 0.734). In other words, the extractable Cr from the top
layers displayed only 5 significant correlations ( with fine sand, Fe, Zn, Co
and Ni) that are unique in both soil layers while Cr in the subsurface layers
displayed further correlations with soil salinity and some of its major
components (Ca*™ and CI') beside extractable Cu and Cd. Other relations of
extractable Cr with soil variables are statistically insignificant. For
convenience, the obtained regression equations for the significant relations
are recorded on figs.(10 — 24).

Based on the abovementioned statistical evaluation, one can conclude
that fine sand is highly significant positively correlated with extractable Cr
from both soil layers and each increase in fine sand will increase extractable
Cr by 0.003 - 0.005 ppm. This confirms that Cr oxidation enhanced by fine
sand stimulates the transfer of Cr’** having minor solubility to Cr® which is
readily soluble. Align with this, Fe which is positive highly significant or
significant with extractable Cr, plays a pronounced role in Cr’* oxidation
and 1 ppm of Fe will increase extractable Cr from the surface and subsurface
layers by 0.002 and 0.006 ppm, respectively. Moreover, the role of soil
salinity, soluble Ca™ and CI' in increasing extractable Cr through increasing
its solubility could not be ignored. Furthermore, the contribution of other
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extractable heavy metals to the increase of DTPA - extractable Cr could be
arranged in the descending order: Cd, Co, Ni, Cu, Zn. Noteworthy to
mention that the prominent role of the associations (Co and Ni) and (Cu and
Zn) in stimulating Cr extractability clarifies that those associations in soils
have, to a certain extent, unique behaviour. The very low content of soil
organic matter and the narrow range of pH did not clarify their significance
in increasing Cr extractability in case of organic matter and hindering its
extractability in case of pH. Nevertheless, their role in controlling Cr
availability and extractability could not entirely precluded. Likewise, the
exchange of Cr’* and Cr®* as cation or anion on the negative and positive
charges of clay surface, though of very small magnitude, yet it can not be
excluded completely as a factor contributing to extractable Cr.

TABLE (3). The amounts of DTPA- extractable heavy metals from the

soils of the studied area (ppm).

Profile | Depth | g | iy | zn | cu | co | Ni | Pb | ca | cr
No. (cm)

L | 020 | 3380 | 1846 | 803 | 215 | 020 | 062 | 380 | 002 | 005
2040 | 2894 | 1492 | 631 | 177 | 012 | 042 | 310 | 002 | o004

5 | 020 | 1974 [ 1876 | 463 | 127 | 010 | 026 | 230 | 001 | 002
20.40 | 2116 | 1746 | 547 | 135 | 012 | 027 | 230 | 002 | 003

L, | 020 | 2242 | 1592 | 525 | 089 | 020 | 039 | 220 | 001 | 006
3 | 2040 | 2556 | 13.80 | 440 | 086 | 011 | 032 | 200 | 001 | 0.06
. | 020 | 7022 | 2992 | 960 | 253 | 055 | 128 | 360 | 002 | 020
12040 | 6978 | 2180 | 796 | 252 | os1 | 134 | 270 | 004 | 030

. | 020 | 2576 | 1840 | 578 | 269 | 025 | 044 | 420 | 001 | 006
20-40 | 2630 | 1624 | 594 | 145 | 024 | 039 | 310 | 001 | 003

. | 020 | 4024 | 1384 | 507 | 120 | 015 | 053 | 220 | 002 | 009
2040 | 3390 | 1172 | 531 | 080 | 000 | 033 | 220 | oo1 | 007

| 020 [ 2534 | 894 | 360 | 063 | 008 | 017 | 160 | 001 | 002
20.40 | 2036 | 834 | 347 | 057 | 007 | 017 | 150 | 001 | oo

s | 020 | 5864 | 1982 | 819 | 119 | 022 | 058 | 240 | 000 | 0.5
20.40 | 47.62 | 2064 | 693 | 125 | 020 | 051 | 270 | 000 | 0.4

o | 020 | 3356 | 1438 | 523 | 150 | 012 | 033 | 250 | 002 | 010
2040 | 3000 | 630 | s10 | 147 | o013 | 032 | 240 | 002 | o2

10 | 020 | 6522 [ 2292 | 700 | 102 | 025 | 054 | 290 | 0ol | 004
20-40 | 2872 | 1926 | 398 | 076 | 009 | 025 | 180 | 002 | 002

The relationship between DTPA-extractable Cr / total Cr (availability
index) is worked out (table 4), and it was found that DTPA- extractable Cr
constitutes 0.1 to 2.7 % of total Cr in soils irrigated with Nile water while
being less pronounced (0.1 to 0.7 % of total Cr) in soils irrigated with
combined drainage water. The highest percent (2.7 %) among the studied
soils is strictly confined to the subsurface layer of profile 4 whereas- the
lowest one (0.1 %) is associated with the subsurface layer of profile 2 and
the surface and subsurface layers of profile 7.
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TABLE (4). Availability index of Cr (extractable as peréent of total in

the studied Soils).
Profile Depth Chemical Total Cr Av, T
No. (cm) Extr.*Cr (ppm) (ppm) :

) 0-20 0.05 2495 0.2
20-40 0.04 21.04 0.2
2 0-20 0.02 13.75 0.1
20-40 0.03 23.65 0.1
3 0-20 0.00 17.80 03
20-40 0.00 27.71 0.2
4 0-20 0.20 22.02 0.9
20-40 0.30 11.20 2.7
5 0-20 0.06 15.44 04
20-40 0.03 18.22 0.2
6 0-20 0.09 23.38 0.4
: 20-40 0.07 * 18.67 04
| ; 0-20 0.02 19.28 0.1
R 20-40 0.01 14.32 0.1
g 0-20 0.15 23.70 0.6
20-40 0.14 25.52 05
9 0-20 0.10 14.63 0.7
20-40 0.12 43.48 0.3
10 0-20 0.04 15.39 0.3
20-40 0.02 12.82 0.2

*Chemically extractable by DTPA
*#* Availability index

Water Quality and Suitability for Irrigation
From table (5), the following hydrochemical characteristics could be
outlined:

1- The salinity varies widely from 1.28 dSm™ in water sample No. (1) to
11.73 dSm™ in water sample No. (10) with a mean value of 2.9 dSm'.
Generally, water salinity increases from west to east. This may be
attributed to the subsequent addition of sewage water to the Nile water.
The pH values ranged between 8.1 and 8.6, indicating that the water
samples are slightly alkaline to alkaline.

2- Concerning the major dominante ions and the chemical water type, they
are generally defined on basis of cation and anion proportions. Referring
to the hydrochemical formula shown in table (5), the investigated water
samples are dominated by three different sequences as follows:
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/Na* > Mg*? > Ca*? (about 30 %)
/Na* > Ca*? > Mg** (about 20 %) .

>HCO; >Na* > Mg* > Ca*? (about 40 %)

Cl1>HCO5 > SO,
Cl'> HCO]‘ > SO4

C1'> S04
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These sequences clearly demonstrate that C1° dominates the anions while

Na® dominates the cations except in one case (water sample No. 9) where

Mg™ is considerably higher than Na®. Consequently, the dominant

chemical water types are HCO; - Ca, HCO; - Mg, Cl -Na and SOy -Na.

Locally, the latter type may be related to the leaching of sediments rich in

sulphate minerals or drainage water from industrial or agricultural activities.

The relationships between cations and anions percentages result in
four main groups of hypothetical salt assemblages (Collin, 1923) as follows:

- NaCl, Na,SO,, Na HCO;, Mg (HCO;),, Ca (HCOs), (30 %)
- NaCl, NZIZSO4, MgSO4, Mg (HCO})Q_, Ca (HCO3)2 (50 %)

- NaCl, Na,S0O4, Mg (HCO3), , Ca (HCO3), (10 %)

- NaCl, MgCl,, Mg SOy, Ca SO, Ca (HCOs), (10 %)

Considering the quality of water and its suitability for irrigation
purpose, a number of classifications have been proposed. In this regard,
FAO (1985) developed a set of guidelines for the interpretation of water
quality. Applying this classification to the investigated water samples, it
reveals that;

1- 70 % of the studied water samples, Nos. 1,2,4,6,7.8 and 10, have severe
restrictions on use due to SAR and CI'.

2- 50 % of the studied water samples, Nos. 1, 2, 6, 8 and 10, have slight to
moderate restrictions on use due to salinity and HCO;'.

3- 10 % of the studied water samples, No. 5, have slight to moderate
restrictions due to salinity, SAR, and HCOj5'.

4- 10 % of the water samples, represented by the water sample No. 3, are
considered suitable for irrigation as they have slight to moderate
restrictions due to salinity, SAR, pH, Cl and HCOy5".

5- 20 % of the water samples, Nos. 4 and 9, have none to slight restrictions
due to salinity, SAR and HCO;'.

6- 30% of the water samples, Nos. 5, 7 and 9, have none to moderate
restrictions due to salinity, SAR, CI" and HCO;'.

Richards (1954) provided a classification of water quality for
irrigation based on sodium adsorption ratio (SAR) and the specific
conductance (micromhos/cm). Applying this classification, to the studied
water samples, reveals that two major water classes could be distinguished:
C3-S2: most of the studied water samples, about 90 %, belong to this class.
While only one water samples (No. 9) belongs to C3-S1. Both water classes
can't be used on soils even with adequate drainage due to high salinity.
Special management for salinity control may be required and plants with
good salt tolerance should be selected. The water samples may cause an
appreciable sodium hazard in fine-textured soils (such as the soils under

study) having high cation exchange capacity, especially under low leaching
conditions.
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Eaton (1950) introduced the residual sodium carbonate (RSC) in water

evaluation for irrigation purpose. It is defined as follows:
RSC = (CO5* + HCO5) - (Ca** + Mg®) in me/1

Considering the investigated water samples, the calculated RSC
values are mostly negative, where the concentration of (CO;~ + HCOy) is
very low and never exceeds the concentration of (Ca™ + Mg"™). So such
type of water belongs to the safe class for irrigation (RSC < 1.5 me/1).

In conclusion, the evaluation of water samples shows that most of the
studied water samples are marginal for irrigation of some crops in the soils
under investigation. However, it must be taken into account that a further
irrigation with waste water, especially with increased utilization of
contaminated sludge, could lead to a greater accumulation of pollutants,
salinity and alkalinity in the soil and create health hazards.

Chromium Content in Irrigation Water

Table (6) presents the concentrations of Crin irrigation water from
Nile canals and combined drainage source. These data reveal that Cr
concentration ranged from 0.002 to 0.018 ppm. The highest concentration is
in some Nile water samples (i. e., samples No. 3, 1 and 6 respectively). The
variations encountered in Cr concentrations in the irrigation canals are
mainly rendered to the contamination sources, which vary from one locality
to another.

Comparing the total load of Cr added to soil from one liter irrigation
water with the maximum permissible level of Cr in irrigation water (National
Academy of Science and National Academy of Engineering, U. S. A., 1972),
it is clear that all water samples has no restriction to be used for irrigation.
However, the possible accumulation of Cr effect due to length of irrigation
period may lead to hazardous effect unless availability of this trace metal in
soils is controlled.

Chromium Content in Grown Plants

According to Page (1981), only a part of the total amount of heavy
metals in soils is available to plants. In this regard, numerous investigations
have showed that crop species differ significantly in heavy metals uptake,
distribution within plants and transport to edible parts, and this is nearly
dependent on several soil and plant factors. Nevertheless, in most cases and
under optimum soil and plant conditions, available contents and, to some
extent, total content of elements are expectedly reflected on their respective
contents in grown plants but this is again disturbed depending on whether
the element is essential to plant or not. Moreover, this rule is less valid in
case of restricted plant growth (enrichment factor) or in case of vigorous
growth (dilution factor).
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TABLE (6). Total chromium content (mg/1) of water samples of the
studied area.

Sample No. Water type Cr
1 Nile water 0.003
2 Nile water 0.006
3 Nile water 0.006
4 Nile water 0.008
5 Nile water 0.006
6 Nile water 0.018
7 Combined drainage 0.002
8 Nile water 0.009
9 Combined draina{ire 0.017
10 Nile water 0.004
Ma{c. pgmissible Conc. in 0.100
irrigation water (mg/1)*

* National Academy of Science and National Academy of Engineering water quality criteria,
Washington, D. C., US A (1972).

Since food crops represent an important pathway for the movement of
heavy metals from soils to humans (Harmsen, 1977), it is of interest to throw
light on Cr content in plants grown in the studied soils in order to evaluate
the potential risk, if any, from food crops.

Data set out in table (7) present the contents of Cr in some field crops,
vegetables and fodder crops as well as one aquatic plant (Barnyard grass)
grown in the studied soils. These data show that Cr content varies
considerably from one crop to another and even in the same crop depending
on the soil and plant factors as well as irrigation water type, fertilization
scheme and management practices. In field crops, the highest Cr content
(25.98 mg kg') is that of rice seedlings grown in location 9 which is
irrigated with combined drainage water while rice seedlings grown in
locations 1 and 4 have comparatively of low Cr content ( 11.16 and 7.94 mg
kg, respectively). This indicates that rice grown in soils irrigated with
combined drainage water (location 9) accumulated about 2-3 folds of Cr
compared to those grown in the other two locations (1 and 4). Chromium
content of corn plants varies widely even in soils irrigated with Nile water,
being 6.95 and 2.71 mg kg' in plants grown in locations 3 and 8,
respectively. This may be rendered to plant growth stage and soil
characteristics enhancing Cr accumulation in the former location rather than
the latter one.

Regarding vegetables, data show that Cr content in watermelon is
quite low (1.46 and 1.82 mg kg'') in plants grown in both locations 1 and 5
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irrigated with Nile water while being considerably high (7.70 and 6.27 mg
kg™") in plants grown in location 3 irrigated with Nile water and in location 9
irrigated with combined drainage water. The increase of Cr content in
watermelon grown in the latter locations may be explained on basis of the
relative increase of DTPA- extractable or available Cr in soils of those
locations as shown before. Other vegetables, i.e., vegetable marrow and
eggplants grown in locations 5 and 8, respectively (irrigated with Nile
water) accumulate Cr within the same range of magnitude where Cr content
in vegetable marrow reached 5.88 mg kg’ while being 4.52 and 6.56 mg kg’
'in eggplants.

As to grown fodder crops (Napier grass) they are grown in locations 2
and 6 irrigated with Nile water, however the accumulated Cr content varies
considerably, being 5.94 and 9.12 mg kg' in plants grown in those
locations, respectively. Again, this is rendered to soil extractable or
available Cr, which is seemingly, lower in the former location (2) relative to
the latter one (6). .

With regard to the aquatic plant (Barnyard grass), which is grown
jointly with rice in location 4, it also accumulates 5.53 mg kg of Cr.

Based on the foregoing presentation, and in light of the data presented
in table (7) it can be concluded that the grown plants which are irrigated by
Nile water can be arranged according to their average Cr contents in the
following order:

Rice > fodder (Napier grass) > vegetable marrow > eggplant (plant and
eggapple) =Barnyard grass (aquatic plant) > Corn > watermelon.

TABLE (7). Chromium content in plants grown in the studied area.

Location Irrigation Grown plant T Cr
Source (ppm)
1 Nile water Waterme!on Rice (Citullus vulgaris) (Oryza 1.46
seedlings sativa) 11.16
: Fodder . ,
2 Nile water (Napier grass)_ (Pinnestum purpurium) 5.94
3 Nile water Watermelon Corn (Citullus vulgaris) (Zea 0.77
mays) 6.95
Rice seedlings ) .
4 Nile water Aquatic plant (Pa(rfi)clyfrzll s:;va) 1ti) ;/(5);1'
( Barnyard grass) umems ga ’
5 Nile water Vegetable marrow (Cucurbita pep(_)) (Citullus 5.88
Watermelon vulgaris) 1.82
6 Nile water (Nall:)igrdgassl (Pinnestum purpurium) 9.12 —
2.71
3 Nile water Corn Eggplant (Zea mays) (Solanum 6.56
Eggapple melongena)
ce 452
0 Combined Rice seedlings (Oryza sativa) (Citullus 25.98
drainage Watermelon vulgaris) 6.27
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Therefore, rice tends to accumulate Cr more than all grown plants
encountered in the studied soils while watermelon and corn are the least
accumulators of Cr.

The Cr in rice plants is mainly rendered to aquatic media of its roots
which stimulates Cr availability together with growth stage, soil and plant
factors which stimulates Cr availability, uptake, distribution, transport and
accumulation in rice plants. This result disagrees with Grubinger et al.
(1994) who mentioned that dicots are Cr hyperaccumulator.

Regarding the range of Cr in plants, Pendias and Pendias (1992)
reported a range from 0.03 to 5 ppm while the range 5-30 ppm is considered
as contaminated plants. Also, the toxic levels of Cr previously reported by
Macnicol and Beckett (1985) are in the range of 1-10 ppm (D.W.).
Accordingly, one can conclude that almost all the grown plants lie in the
contaminated or toxic range according to Macnicol and Beckett (1985) and
Pendias and Pendias (1992) and of poor quality because of the high contents
of Cr (Mikula, 1996), except for corn and watermelon. Nevertheless, most of
these grown plants have no phytotoxic concentration according to Davies et
al. (1978), Gough et al. (1979) and Kitagishi and Yamane (1981).
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