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UE ‘to the shortage of irrigation water in south Port-Said

Govemnorate, people are using mixed water resources {canals)
with agricultural, industrial and domestic waste water. Six fresh water
sources in this area were evaluated for their microbial and chemical
quality. Several microbial groups were determined, including total
viable bacteria, totat coliform, fecal coliform (FC), fecal streptococci
(FS), Salmonella and Shigella. For chemical evaluation, salinity,
cations, anions, macronutrients, and micronutrients were determined.
In general, there was a high level of microbjal contamination, Bahr El-
Bakar at Shader Azzam being the most contaminated, followed by
Bahr El-Bakar at El-Sharkia, Sahl El-Hossinia mixed with Bahr El-
Bakar, Sahl El-Hossinia drain, El-Salam canal, and then Sarhan canal.
The high levels of bacterial count of coliform, fecal coliform, and
fecal streptococci showed that the water resources are contaminated.

This conclusion was confirmed by detected Salmonella and
Shigella, The ratio of FC/FS showed that the contamination was of
tecal origin in all water resources except that for Sarhan and El-Salam
canals. Chemical analysis showed that most of the water sources had
high levels of salinity, excepi that for Sarhan and El-Salam Canals.
The data showed that salinity was at highest level at Bahr El-Bakar
drain 1I, followed by Bahr El-Bakar drain I, Bahr El-Bakar mixed with
Sahl El-Hossinja drains, Sahl El-Hossinia drain, El-Salam canal, then,
Sarhan canal. Concentrations of micronutricnts, ammonia and nitrale
were at safe limits in all water sources. Despite the high levels of
phospbate and potassivm (in Sahl Ef-Hossinia drain) and nitrogen (in
Bahe Eb Bakar drain 1 and 11}, they remained within the safe limits,
Efficient methods for dilution of ceop run-off, treatment of municipal
and industrial water, and stringent surveillance on the untreated waste
water discharge are needed. Such processes are important to ensurce a
sustainable development for the Egyptian agricultural resources.

Keyword: Irrigation water sources, Microbial and chemical
contaminations.
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Due to the scarcity of fresh water sources that is limited to 55billion m’ annually
from Nile water, the Ministry of Public Works and Water Resources in Egypt
implemented strategies for the re-use of agricultural drainage water, in
conjunction with the Nile Water that is spilled into the Mediterranean Sea (about
7.5 billion m’ annually). The Ministry launched important steps to execute these
strategies by expanding new agricultural activities downstream in the northern
part of Egypt. In addition, all drainage water between Aswan and Cairo are
recycled back to the Nile River and reused in Delta soil irrigation where several
main drains discharge into the Rosetta and Damietta Branches {(Amer ef af,
1996).

The recycling of drain water increased the chemical and microbial loads of
the mixed water, and caused negative effects on human health, land fertility, and
the balance of water ecosystem. Examples of the diseases caused by microbial
water contamination are: typhoid, dysentery, diarrhea, hepatitis, cholera and
salmonellosis (WHQ, 1992),

From a microbiologicai standpoint, monitoring of water guality is usvally
regulated by measuring concentrations of indicating microbes. The microbes
utilized are those typically found in human feces in high concentrations, such as
total coliform, fecal coliform, and fecal streptococci. An  increasing
concentration of these indicating microbes in water would indicate that the water
has been contaminated by human waste and is unsafe for irrigation. Reports of
the Centers for Disease Control in the United States showed that in the past
decade, there was an increasing water-borne disease outbreaks caused by enteric
pathogens (Santamaria and Toranzos, 2003). Gastrointestinal infections are
commonly caused by enteric bacteria, some of which (£. coli O157:H7) can have
infectious dose as low as ten cells (Teunis et @/, 2004). Even though some
investigations used fecal coliform as the only indicator for fecal contamination
(Giannoulis et al, 2005), using other indicator bacteria such as fecal
streptococci, salmonella and shigella would give better insight into the origin and
the degree of the water contamination (Doran er af., 1981 and Millaku ef al.,
2008). Sabae and Rabeh (2007) have studied the microbial quality of the
Damietta Branch of the Nile River in seven different locations covering the area
from Cairo to the City of Damietta. The results of that study showed that the
densities of fecal indicators increased from up- to down stream of the river, as
the fecal coliform reached up to 7500 {MPN)/100m] during the summer season.
Such changes in microbial population were related to several factors including
dissolved organic carbon concentration, discharge, and temperature as reported
in another study by Leff er af. (1998).

Chemical characteristics are also important for evaluating the quality of
reused water (such as agricultural water mixed with drain water). The quality of
such water is highly affected as the percentage of discharge or drain water is
increased. El-Eweddy (2000) found that the EC values of Ei-Salam cana! water
increased as going farther in the Damietta branch and the highest values of water
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salinity were obtained after blending with Bahr- Hadoos water drain. Water
samples taken from El-Serw and Bahr-Hadoos drain had EC ranging from 1.47
to 3.25 d8/m (deciSiemens per metre) and considered as slight to medium saline.
Hafiz (2001) studied the pH values of different water types (sewage water,
secondary treated sewage water, canal polluted water, and fresh water), and
found that the sewage water had slightly decreased pH than the others. Mostafa
{2001) noticed that the concentration of nitrogen in Nile water, drainage water
and sewage water were 3.78, 7.41, and 13.8 mg/l respectively. Shaban, (1998)
showed that the phosphorus contents were 4.10, 6,31, and 6.54 mg/1 for drainage
water, Nile water mixed with sewage water and sewage water, respectively.
Zein et af. (2002) studied heavy metal concentrations of Pb, Mn, Zn, Cd, Ni and
Cu in the Nile water, and found that their values were 0.03, 0.011, 0.10, 0.004,
0.021 and 0.022 mg/l, respectively. However, the average concentrations of
heavy metals in drain water were 0.615, 0.23, 0.185, 0.025, 4.21 and 0.07 mg/]
for the same metals, respects.

The purpose of this study was to evaluate the quality of fresh water sources
available in the area of south Port-Said Governorate, based on their chemical and
microbial characterization. It also aims at providing a mode! study for other
regions in Egypt with similar situation of using mixmre of agriculture drain,
municipal discharge with fresh water, ‘

Material and Methods

Studied area and sampling

Six irrigation water sources at the area of south Port-Said Governorate,
bordering the north of El-Sharkia Governorate were included in the study. The
study was conducted over a two-year period between October, 2006 and
September, 2008 with four sampling times related to the agricultural activities,
being: the average of October, 2006 and 2007, April, 2007 and 2008; June, 2007
and 2008 and September, 2007 and 2008. Samples were collected from
subsurface in sterile bottles and kept cold in an insulation box until microbial
analysis was made within 24 hr. For chemical analysis, the samples were kept at
4°C until analyzed. At the sampling periods stated before, a total of 48 samples
were collected from the following water sources: I- Sarhan Canal (Nile water).
II- El- Salam canal {(agriculture drainage water mixed with fresh Nile water in
the ratio of 1:1), 111- Sahl El- Hossinia drain (agriculture drainage water), IV-
Sahl El-Hossina drain mixed with Bahr El- Bakar drain (agriculture drainage
mixed with sewage water), V- Bahr El-Bakr drain at El-Sharkia Governorate
(Bahr El-Bakar drain I) and VI- Bahr El- Bakar drain at south Port Said
Governorate {Bahr El-Bakar drain 1T). Table | to 3 show the average microbial

and chemical analyses per sampling time over the two-year.
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TABLE I. Mean values of Count of differeni microbial groups in the examined
water sources in tow seasons 2006 — 2007 and 2007 — 2008,

Lo T8’ TC FC ps | SS/100
ocation Sample* | 10 10 coliforin/ 100m1 m} FC/FS
cfu/ml | cfu/ml 100m]l
1 1.3 0.5 983 1080 | 03 0.9
b 12.0 19 1064 | 2025 0 0.5
Sarhan Canal —
3 18.6 3.5 1547 | 2260 13 0.7
gt 10.8 0.9 880 1040 0.3 0.8
Ik 18.1 5.6 7068 | 8896 1.7 0.8
FLSalam 2™ 26.3 16.7 6739 | 9289 | 1.0 0.7
Canal 37 430 | 315 14588 | 10567 | 2.7 1.4
4" 18.7 6.9 3058 3452 13 0.9
¥ 44.6 7.7 36254 | 10151 | 23 36
Sabl El — ol 46.2 414 29061 | 10893 | 2.7 2.7
Hossinia drain 3 52.2 67.9 37454 | 11501 | 23 3.3
4" 63.4 19.0 31361 | 7363 1.7 43
SahLEL " 26.3 14.6 45540 | 7496 | 2.7 6.1
a e el
Hossinia mixed 2 114 72.8 66511 115974 1 3.0 4.2
with Babr El- 3 i71 104 | 93972 | 15312 | 37 6.1
Bakar drain p -
4 77 235 39283 | 6604 | 2.3 5.9
& 120 221 54901 | 6144 | 3.7 29
Bahr Ei Bakar b 216 58.7 91708 {17886 | 4.3 5.1
drain 1 37 226 122 | 106578 | 19431 | 5.3 5.5
4" 161 637 55746 | 8672 3.0 6.4 .
15 172 39.2 82045 | 9169 | 43 .| . 89
Bahr Bl Bak 2 194 119 96248 | 14205 5.3 6.8
anr AKAr
drain I 3 255 136 | 139239 | 17232 [ 5.7 8.1
4 212 384 70090 | 7210 | 37 9.7

*17 sample is an average of October 2006 and 2007, 2" is average of April 2007 and April
2008, 3 is an average of June 2007 and 2008 and 4" is average of September 2007 and 2008.
** Microbial groups: TB, total bacterial count x 107 cfu/mk; TC, total coliform x 10* cfu /mf;
FC, fecal coliform /100ml; FS, fecal streptococci /100m! and SS, salmonella & shigella /
100ml.
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TABLE 2. Mean values of chemical properties of the different water sourcesas averages of the two seasons 2006- 2007 and 2007 -2608.

Location Sample * pH EC | Cations (meq™) Anions (meg™) SAR
(dSm?) T [ Mg™ | Na K CO~ | HCO; | Cr | so,
& 507 T 166 | 295 | 446 | 849 | 063 [ il 324 | 667 | 665 | 442
2 .00 1.25 2.25 3.07 6.49 0.66 il 2.87 458 573 3.36
Sarhan Canal 7 U305 | 204 [ 376 | 55 1 1042 | 071 | wmil | 518 | 923 | 700 | 531
g 794 (25 | 245 | 353 | 58 | 062 | il 277 | 4838 | 481 | 339
I T 800 | 234 | 335 | 417 | 1513 | 076 1 il 483 | 1276 | 582 | 3.03
7 3.0 148 | 213 | 323 | 88l | 065 | nil 354 | 735 | 392 | 539
Ei-Salam Canal 37 811 | 260 | 415 | 520 | 1591 | 070 | i 508 | 1337 | 661 | 736 |
L 807 | 151 | 287 | 387 | 767 | €70 | mil 436 | 646 | 429 [ 419
17 815 | 432 | 668 | 901 1 2671 | 077 | il 768 | 2389 | 1150 | 9.54
Sahl El -Hossinia > g13 | 281 500 | 699 | 1542 | 064 | i 582 | 1270 | 953 | 629
drain 37 820 | 428 | 687 | 893 | 2625 | 075 | il 851 | 2326 | 11.03 | 9.44
4 815 | 230 | 3797 | 592 | 1463 | 064 | mil 480 | 1222 1 195 | 665 1
I — T 822 | 4l 674 | 918 | 2434 | 080 | mi 838 | 2134 | 1134 | 8.63
Sahl-El-Hossinia 77 816 | 287 | 447 | 644 | (7.09 | 066 | ail 575 | 1463 | 828 | 733 |
mixed with Bahr 37 827 | 436 | 653 | 922 | 2709 [ 072 | mil 845 [ 2357 | 1154 | 9.6
El-Bakar drain 47 824 | 2.63 476 | 594 | 1500 | 072 | nil 550 {1226 ] 855 | 656
= 820 | 339 | 500 | 736 | 2088 | 067 | ml 535 | 1699 | 1117 | 8.42
Bahr El Bakar 2 816 | 221 350 | 503 | 1266 | 068 | ni 420 | 1034 | 751 | 603
drain § 37 830 | 363 | 500 | 799 | 2249 | 077 | il 752 | 1823 | 1058 | 8.8
q 835 | 223 | 3.03 | 486 | 1367 1 074 | nil 486 | 986 | 750 | 687
& 828 | 3.76 | 520 | 826 | 2335 ] 075 | il 762 | 2057 § 937 | 9.0l
Bate E1 Bakar 22 820 | 254 | 38 | 605 | 1469 | 075 | nil 581 | 1341 ] 614 | 659
e 3" 822 | 393 | 55 | 787 | 2511 | 081 [ il 738 | 2136 | 1056 | 4.85
47 823 | 291 405 | 628 | 1797 | 075 | il 628 | 1426 | 852 | 791

*

1¥ samiple is an average of October 2006 and 2007, 2 is average of April 2007 and April 2008, 3™ is an average of Junc 2007 and 2008 and 4" is
average od September 2007 and 2008.
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TABLE 3. Mean values of macro- and micro-nutrient contents of the water sources as averages of the two seasons 2006 -2007 and 2007 - 2008

N P ] K Micronutrients Heavy metals
Location Sample * (mgl) " " (mgl’) (mel")
(mgl") | (mgl") : £
NO3 | NH4 Fe Mn Zn Cu R Ph Co Ni

¥ 10.63 767 225 1907 | 170 | 171 | 093 1 022 | 0045 | 204 | 0010 | 0.005

- . ]
Sarhan Caqal 2 944 6.19 279 | 25.61 199 § 152 | 103 1 019 | 0038 | 194 | 0.000 | 0002

rd g :
3 1214 | 975 284 | 2757 | 189 | 191 | 085 | 017 | 0051 | 208 | 0010 | 0007
4" 1217 | 623 268 1399 | 176 | 163 | 077 | 016 | 0046 | 194 | 0012 | 0003
& 1494 | 1170 | 329 | 2072 | 263 | 211 | 127 { 027 | 0081 | 226 | 6.036 | 0.008

il y ;
E1 Salam Camal Pl 1293 | 999 311 | 2533 | 243 | 180 | 109 | 024 | 0077 | 211 | 0030 | 0.005
3 1751 | 1330 | 334 | 2717 | 261 | 235 | t30 | 031 | 0082 ] 267 } 0033 | 0009
4% 1364 | 1020 | 302 | 2717 | 2624 | 204 | 102 | 024 | 0077 | 256 | 0024 | 0008

I~ 1856 | 1834 | 449 | 2092 1 339 | 290 | 138 | 039 [ 0111 | 304 | 0047 | 0016 |

rra ; -
Sahl Et —H ossinia drain 2 1423 | 1430 | 402 | 2503 | 314 | 261 | 124 | 031 1012} 282 | 0047 | 0019
3 19.04 | 1949 | 453 2933 | 381 | 302 | 149 | 039 | 0165 | 327 | 0053 | 0.024

4* 18.57 | 1571 448 2503 | 282 | 287 | 134 | 030 [ 0220 316 | 0.047 | 0.016 |

¥ 244 . 4. '
SahL-EL Hossinia mixed ;,,1 19.73 i .;» 2:; : :) z: ; ; .32 358 [ 362 | 174 | 044 | 0400 | 354 | 0060 | 0030
ey Bk - . . . 81 [ 301 ] 318 [ 162 [ 035|035 | 315 170051 | 025
iy ¥ 2519 | 1734 | 428 | 2718 | 355 | 361 | 185 | 052 ] 0430 | 353 | 0066 | 0.033
4" 2120 | 14.51 396 | 2600 | 296 | 310 § 184 | 036 ! 0439 345 | 0055 | 0.025
1-'; 2746 | 1966 | 396 | 2835 | 380 | 3.56 | 185 | 043 | 0.505 | 387 | 0.060 | 0.041
Babr Ef Bakar drain | 2! 2457 | 1565 | 383 | 2718 | 340 | 341 | 200 | 045 | 0440 | 364 | 0.054 | 0037
i 2786 | 1967 | 3.76 | 268t | 397 | 380 | 1.84 | 045 | 0.550 ] 379 | 0.064 | v.04l
4 2476 | 1589 | 3.65 3032 | 334 | 336 | 198 | 044 | 0455 | 3.80 | 0064 ] 0036
1 2580 | 1960 | 478 | 3050 | 436 | 360 | 194 | 049 105651 391 | 0067 | 0.046
2 2184 | 1635 | 453 | 31090 | 38 | 338 | 183 | 037 | 0402 | 369 | 0059 | 0043
Bahr El Bakar drain 11 34 2794 | 2113 | 481 2948 | 441 | 360 | 181 | 0356 |0355| 393 | 0074 | 0036
4" 2242 | 1768 | 468 | 2855 | 392 | 339 | 170 | 047 | 0530 | 3.84 | 0.068 | 0045

1* sample is an average of October 2006 and 2007, 2" is average of April 2007 and April 2008, 3™ is an average of June 2007 and 2008 and 4” i5
average od September 2007 and 2008.
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Water analysis

Salinity of the water expressed as EC (dS/m), soluble Boron, soluble cations
(Ca™, Mg™, Na®, and K") and anions (CI, CO3, HCO™; and SO7,) were
determined according to Black ef ol. (1965). Sodium adsorption ratios (SAR)
were collated for each sample. Nitrogen in the form of ammonium nitrate was
determined following the method described by Markus ef al. (1982). Phosphorus,
potassium and trace elements were determined as described by Soltanpour and
Schwab (1977) using Inductively Coupled Spectrometry (1CP) model 400.

Microbiological analysis

Total viable bacteria were counted using the spread-plate method on medium,
and incubated at 30°C for 48 hr Salmonella and Shigella were counted using SS
agar (Safmonella and Shigefinagar medium) and incubated at 35°C for 24 hr,
pink to red colonies and colonies that have biack centre were counted (APHA,
1992). Total coliform counts were performed by the Most Probable Number
technique (APHA, 1992) using McConkey broth medium. The tubes containing
the media were inoculated with water samples and incubated for 24 — 48 hr at
37°C.

Fecal coliform count was performed by the membrane filtration technique
(Santiago and Hazen, 1987). Several volumes of the water samples (to produce
appropriately countable number) were passed through (.45 m membrane
filterates. Filterates were then removed and aseptically placed onto a petri dish
containing M-7Th FC agar medium, which is composed of (gm/liter) 5.0g
proteose peptone No.3, 3.0g yeast extract, 10.0g Lactose, 5.0g d-mannitol, 7.5g
NaCl, 0.2g sodium lauryl sulfate, 0.1g sodium desoxycholate, 0.35g bromocreso}
purple, 0.3g phenol red, 15g agar. Plates were incubated at 41.5°C for 7 hr and
yellow colonies were counted as fecal coliform.

Fecal streptococci were counted using Membrane Filter technique and KF
(Kenner Fecal Streptococcus Agar) streptococcus agar medium according to
APHA (1992). The medium was composed of (gm/liter) 10.0g protease peptone
No.3, 10.0g vyeast extract, 5.0g NaCl, 10.0g sodium glycerophosphat, 20.0g
maltose, 1.0gm lactose, 0.4g sodium azide (N;Na), 0.015g bromocresol purple
and 15g agar, After mixing the ingredients, the medium was cooled to 50°C and
10 mli sterile aqueous 1% solution of 2.3.5 triphenyl tetrazoliom chloride (TTC)
was added. Plates were incubated at 37°C for 48hr and red or pink colonies were
counted as fecal streptococci.

Results and Discussion

The water sources chosen in this study impose a considerable effect on the
residents of south Port-Said area due to their direct exposure to those water
sources for either irrigation or fishing purposes. Due to the water scarcity in
Port-Said Governorate, people have to compromise using water sources mixed
with agriculture drainage or some levels of industrial or municipal discharge.
Such water is expected to carry a high load of chemical and microbial
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contaminations that would affect the soil, the ecosystem, and human health in-

both short and long term. Table I showed that the numbers of microbial groups
were highly variable based on the location and the sampling period. For instance,
the average numbers of fecal coliform were 118, 7.863 and 96.905 cfu/100m! in
locations 1, II and VI, respectively. Such a substantial difference applies to the
other microbial groups, which can be explained by the difference in nature
between the different water sources. For example, Sarhan canal (location .I) has
irrigation water that does not receive drain water, while El-Salam canal
(location. I1) is a mixture of pure water with drain water from Bahr Hadoos. Bahr
El-Bakarll (location .VI), on the other hand, is a mixture of drains containing
agricultural, municipal and industrial discharges. The data show a close positive
relationship between the total numbers of bacteria and indicator bacteria in
different water sources. Similarly, the counts of total coliforms and other
indicator bacteria were positively related, which agrees with the results found by
Chao er al. (2003) and Overcash & Davidson (1980). The levels of indicator
bacteria shown in Table 1 (total coliform, fecal coliform and fecal streptococci)
suggest that the water sources are heavily contaminated and from a
microbiological standpeint is of poor quality.

That is based on the WHO (1992} guideline limits for microbial indicators in
fresh water which is 500/100 ml for total coliforms and 100/100m! for both fecal
coliforms and fecal streptococci.

Beside the indicator bacteria, counting of salmonella and shigella as
pathogens was performed to confirm whatever the water sources have fecal
contamination. The results in our study showed a positive relationship between
the indicator organisms and salmonella and shigella counts. While these results
disagrees with the findings of El-Fadaly et af, (2002), it concurs with the data of
Sabae and Rabeh (2007) and is highly expected, in view of the high numbers of
the indicator bacteria, which no doubt existential of fecal contamination in the
examined water sources. Also, Townsend (1992) reported a significant
correlation between the indicator organisms and salmonella in pools located in
tropical northern Australia,

The results in Table 1 show a seasonal pattern in the microbial populations,
where the highest numbers were always recorded in the summer (June). This is
most likely due to the warm temperature of the summer season which allows
faster bacteria growth, Similar seasonal. trend was observed by Isobe et al.
(2004) while studying the indicator bacteria in some Japanese rivers and also
Sabae and Rabeh (2007} during their study of the Nile River. Giannoulis et al.
{2005) showed a reverse seasonal trend of fecal coliform counts, being greater
during the winter, decreased during spring and autumn and lower during
summer. Besides, higher bacterial densities were observed in October as
compared to September, very. likely due to the higher bacterial inputs from soil
particles with runoff that usually occurs in this period. This assumption is also
supported by the higher levels of chemical nutrients such as N, P and K as shown
in Table 3. The ratio of fecal coliform to fecal sireptococci is used as an indicator
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of the origin of fecal pollution, with the value of four or indicates that the source
is human, while a value of less than one indicates nonhuman origin (Novotny
and Olem, 1994). In our study, this ratio generally ranged between 0.5 and 9.7,
in locations Il to VI showing a ratio of more than I, which indicate human or
mixed source of contamination. Only two locaticns (I and 11} showed a FC/FS
ratio of less than 1, indicating nonhuman origin of contamination,

Chemical analysis :

Total soluble salts of the water sources, as expressed by electric conductivity
(EC; dSm™ presented in Table 2 show that the highest EC;,, values were found
in the samples 3" (an average of June 2007 and June 2008) in the following
ascending order; Sarhan canal > El-Salam canal > Bahr El-Bakar drain IT > Sahl
El-Hossinia drain > Bahr El-Bakar drain [ > Sahl El-Hossinia mixed Bahr El-
Bakar drains. The results show that the EC values are higher in June followed
with them in October than these in September and April. Such variation may be
attributed to the dilution effect of the lateral seepage of agricultural drainage
water, especially with using large amounts of water in summer for rice irrigation.
These results are in agreement with those obtained by El- Sherbieny er of.
(1998), Shaban {2005) and Sallam et af. (2008).

The average EC for locations [ and I indicate that they fell in the category of
moderate salinity, while the other sources were in the severe salinity level. These
data along with the microbiological data for the same locations show that they
have the best water quality characteristics compared to all other water sources,
Ayers and Westcot (1985} discussed the salinity level classification, stating that
the none salinity level was expected when the EC value is lower than 0.7 dS/m,
and the moderate salinity level is expected when the EC value is between 0.7 and
3.0 dS/m, and the severe salinity level is expected when the EC value exceeds
3.0 dS/m,

The data (Table 2) show that all water sources had pH values within the
range of 7.94 to 8.3, which is a moderate pH level for fresh water sources
according to the limits of Ayers and Westcot (1985). The variations in pH values
were only 0.36 units, which eliminates the hazard factor of the wide pH changes
on plants (Shaban, 2005). Calcium concentration showed the lowest value (2.13
meq/l) in April at El-Salam canal and showed the highest value (6.87 meg/l) in
June at Sah! El —-Hossinia drain. The highest value of Mg (9.22 meqg/1) was in
Sah! El-Hossinia mixed with Bahr Ei-Bakar drain in June, while the lowest value
{3.07 meqg/l) was in Sarhan canal in April. Sodium concentration showed the
highest value {29.09 meg/l) in June in Sahl- El- Hossina Mixed with Bahr El-
Bakar drain, while the lowest value (5.87 meq/l) in September at Sarhan canal.
With regard to bicarbonates concentrations, data presented in the same table
show that almost all values fall in the slight to moderate levels (1.5 —8.4 meaq/l)
according to the guidelines of the water quality for imrigation (FAQ, 1983).
Generally, one can notice clear fluctuations in soluble ion contents (cations and
anions) which could be due to the repeated soil washing to decrease salt
contents, or the summer evaporation that is increased in summer much more than
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winter. These results are in agreement with El- Sherbieny er afl. (1998) and
Shaban (2005). The chloride ranged between 4.58 in April at Sarhan canal, to
23.89 in October at Sahl El-Hossina drain, which fall in the shght to: moderate
levels (Ayers and Westcot 1985). . .

Sodium adsorption ratio (SAR) in water sources presented in Table 2 show
great variations among the different sampling periods. The SAR values ranged
between 3.03 and 9.64 for all the taken water samples through the two seasons.
Respecting to the effect of water sources on SAR values, obtained data reveal
that water- of Sahl El-Heossinia mixed with Bahr El-Bakar drains have the highest
SAR values followed by Sahl El-Hossinia drain water, while the lowest ones are
recorded in the case of El-Salam canal water, According to the water sodicity
classes undertaken by Ayers and Westcot (1985) all the used water resources are
slight-moderate. Therefore these waters can be safety used as a source of
irrigation in the studied soils, especially for those mixed of the drainage water
and the fresh Nile water in the situation of El-Salam canal. These obtained
results were in agreement by Shaban (2005).

The concentrations of NO;-N and NH,—N in the water sources are presented in
Table 3. The data show that the NO;—N content ranged between 9.44 mg/l in April
at Sarhan canal, and 27.94 mg/1 in June at Bahr Ei-Bakar drain II. Those levels are
in the slight-moderate category according to Ayers and Westcot (1985} who
assigned this category for chioride levels between 5.0-30 mg/L. Also, NH,N
ranged between 6.19 and 2!.13 in the same corresponding locations as the nitrate
levels. The reason for the differences in HN,-N content might due primarily to the
different rates of nitrification. These findings are in agreement with those found by
El-Sherbiny et ol (1998) and El-Sayed (2001). The data also show that the
phosphorus content in all water sources ranged between 2.25 and 4.81 mg/L.
Excess phospherus in irrigation water has not been a problem and it has no
guidelines for its hazardous effects, however, determination of its level can be
valuable for fertilization planning. These resufts are in agreement with those
obtained by Mostafa (2001) and Shaban (2008). Similarly, potassium level in
water is not known for causing adverse effects on plants and is also essential
macronuirient for plants. Potassium in irrigation water can be taken into
consideration in formulating the fertilization programs according to Shaban (1998).
Data presented in Table 3 indicate that the potassium content in all water sources
ranged between 19.17 mg/l in October at Sarhan canal and 31.32 mg/l in October
at Sahl El-Hossinia mixed with Bahr El-Bakar drain. These results are in
agreement with those reported by Sallam et al. (2008).

Results of micronutrient analysis (Table 3) showed that Fe, Mn, Zn, Cu, Pb,
B, Co, and Ni concentrations were generally at safe level. Appendix | shows the
maximum safe limits set by the National Academy of Engineering (1972) for
trace elements in reclaimed water used for irrigation. It suggests the trace
element limits for long term use, under which the water can be used permanently
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and also the short term use, within which the water should not be used for more
than 10 years.

Appendix 1. Maximum safe limits of micronutrients set by the National Academy of
Engineering.

Treatment Fe Mn |(Zn (Cu [(Pb [|B Co Ni

Long term use (mg/i) 5.0 0.2 20 102 (50 {075 005 0.2

Short- term use{mg/h) 20.0 10.0 J10.0 }5.0 [i0 2.0 5.0 2.0

The data show that most of the micronutrient concentrations are within the
limits of long term use, except for Mn, Cu and Co, which showed values up to 3.8
mg/l Mn in Bahr El-Bakar drain 1, 0.52 mg/l Cu in Sah!- El-Hossinia mixed with
Bahr El-Bakar drain and 0.068 mg/! Co in Bahr El-Bakar drain [I. In accordance
with the previously noticed trend of chemical analysis data, the concentrations of
micro nutrients are gradually increasing as we go from location | to location V1.
This can also explain the close corresponding trend of increasing bacterial counts
in the same order for the water sources. The changes in concentrations of
micronutrients in different irrigation water reflect the leaching process of the soil,
different types of crop production, water drained from fish ponds and the types of
fertilizers used over the time, These results are in agreement with those reported by
FAQ (1992), Shaban (2005) and Sallam et of. (2008).

Conclusion

In conclusion, the high level of water salinity in most of the water sources in
the studied area presents a possible threat to the land fertility and chemical
characteristics. That makes it necessary to adopt more efficient methods for
water dilution by introducing larger amounts of fresh water. The microbiological
results presented in this paper are shedding the light on the human risk factor for
those who are exposed to such contaminated water sources, as well as the
possible contact of the agricultural crops with the microbial pathogens. Further
epidemiological studies are needed to assess the impact relationship between
agriculture workers exposure to of human exposure to these contaminated water
sources and those worker health status.
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