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ABSTRACT

This investigation was designed to study the effect of industrial waste water on water quality by
measuring water chemistry, nutrients, heavy metals and phytoplankton. Fluctuation in these parameters
occurred. positive and negative interaction had been recorded between air temperature, dissolved oxygen,
oxygen percentage of saturation, nitrate, particulate chromium, dissolved copper, dissolved cadmium and
phytoplankton total count with r value (0.648%, -0.662*, -0.662*, 0.605*, 0 .609*, -0.686*, 0.715%%*,
0.621%*) respectively. We concluded that Industrial waste water have a considerable effects on water
quality and on the interactions between different parameters.
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INTRODUCTION

Heavy metals are considered one of the most harmful industrial pollutants
discharged into the environment because they cannot be degraded by chemical or biological
processes. In addition, even if added to the environment in low concentrations, heavy metals
can accumulate in plant and animal tissue. Although many of these elements are required by
living organisms for their normal function at high concentrations, they become toxic; for
example, copper is essential for plants and algae, but an excess of copper can cause the
inhibition of photosynthesis and pigment synthesis as well as damage to plasma membranes.
In the aquatic environment, heavy metals can be present as either dissolved elements or as
suspended elements of biotic origin. Industrial discharge can have a variety of impacts on
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phytoplankton in aquatic systems: first, heavy metals can inhibit biochemical and
physiological process; and second, they can alter the structure and function of the algal
community by promoting some species and inhibiting others'. For this reason the presence
of pollution-tolerant species is often used as an indicator of pollution resulting from
industrial discharge in aquatic systems®!. The effluents also have considerable negative
effects on the water quality of the receiving water bodies and as such, they are rendered not
good for human use.

The aim of our study was to assess seasonal variation in water quality, elemental
composition and phytoplankton taxonomic structure along a gradient of exposure to
industrial wastewater disposal in the Euphrates River.

EXPERIMENTAL

Monthly water samples were collected at three selected sites in the “MN-00 streams
that drain into the Euphrates River in southern Baghdad, Iraq, from November 2000 to
October 2001 (Figure 1). Site 1 was located about 2 Km upstream of the drainage point of
the industrial company; this site represents our control. Sites 2 and 3 are located downstream
of the drainage point, 100 meter and 850 meter, respectively.

Fig. 1: Geographical location of study sites
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In the laboratory, we quantified dissolved oxygen and percent oxygen saturation
following the Azide method and according to American Public Health Association”.

The concentrations of Cr, Pb, Cu, Fe, and Cd were determined in all samples using a
Shimadzu Crop. Model 680 Flame Atomic Absorption Spectrophotometer”.

Also calculated: total alkalinity (mg/L) by titration®; total hardness (mg CaCOs) by
titration with Na,EDTA solution®; magnesium (mg/L) and calcium (mg/L)’; Nitrate and
nitrite concentrations (ug/L) using a spectrophotometer’; reactive phosphate (pg/L) using
methods described earlier’; and reactive silicate (ug/L) based on color formation from silico-
molybdate’. Finally, we determined total available carbon dioxide using methods described?®.

To examine the relationship between water quality and the phytoplankton
community, we used a phytoplankton net to collect samples each month and preserved them
using Lugol’s solution’. We identified the samples to the lowest taxonomic level possible

10,11

using taxonomic references . We also used a haemocytometer to calculate the total

number of phytoplankton cells after sedimentation from 1 L to 10 mL'?.

Statistical analyses

Analysis of variance (ANOVA) and revised least significant differences (RLSD)
tests were used for statistical analysis with correlation coefficient between factors with
significance level P < 0.05.

RESULTS AND DISCUSSION

Water chemistry

The annual mean of limnological characters in MN-00 drainage canal showed some
significant differences between studied sites. The range of water temperatures (Figs. 2 and 3),
conductivity, salinity and pH were 11.50-30.00°C, 3328.50-8100.50 ps/cm, 2.00-5.11 ppt
and 7.01-8.50, respectively. The water was very hard 1170.00-4130.50 mg/L with
magnesium values (184.50-989.10 mg/L) exceeding those of calcium values (135.00-380.40
mg/L), As expected, low dissolved oxygen (0.55-8.00 mg/L) (Fig. 4) was recorded due to
high consumption of oxygen by aquatic organisms, and high concentrations of carbon
dioxide were recorded (105.55 to 831.80 mg/L). Finally, alkalinity ranged between (100.00
to 370.50 mg/L).
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Nutrients

Nitrate and phosphate concentrations increased 2-3 fold in sites 2 and 3 compared to
Site 1; while concentrations of both nitrite and silicate were noticed a significant differences
among all study sites (LSD = 2.5 at P < 0.05 and LSD = 0.86 at P < (.05, respectively). Low
water level in stream leads to mineralization of organic compound and as consequence of
rainfall effect, this produced a high amount of Ammonia and that's cause increasing in
nitrate and nitrate concentration'® (Table 1).

Table 1: Range, mean, standard deviation (Std.) and correlation coffcient value (R) of
water quality parameters of study sites. *mean significance interaction

Parameters Site 1 Site 2 Site 3
Air temp. (C°) Range 16.50-34.10 17.50-37.05 19.10-37.50
Mean 26.0500 27.6917 27.6292
Std. 6.74422 7.31135 7.51315
R 0.648" 0.127 -4.273
Wat. temp (C°) Range 11.50-30.00 12.50-28.50 15.50-28.50
Mean 22.1875 21.8292 22.3958
Std. 6.37392 6.03755 4.98190
R 0.525 0.136 -5.057
E.C (us/cm) Range  3720.50-7000.00 3328.50-8100.50 4200.50-8000.00
Mean 5471.8750 5409.2917 5576.1667
Std. 971.05234 1496.68293 1263.84679
R 0.129 -7.222 -1.613
Sal. ppt Range 2.30-5.00 2.10-5.10 2.00-5.11
Mean 3.5075 3.5254 3.4388
Std. 0.81282 1.00712 0.94785
R -5.072 0.009 -1.569
pH Range 7.11-8.50 7.01-8.25 7.04-8.20
Mean 7.7800 7.6042 7.4804
Std. 0.47576 0.37890 0.40073
R -3.694 -1.485 0 .070

Cont...
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Parameters Site 1 Site 2 Site 3
D.O. (mg/L) Range 0.55-7.71 0.91-6.00 0.92-8.00
Mean 3.7342 3.5804 4.0129
Std. 2.21833 1.69814 2.06113
R -0.662" -3.613 0.218
D.O sat. (%) Range 6.70-73.90 11.60-60.70 11.20-76.90
Mean 41.7626 39.8883 42.9125
Std. 21.30705 16.83082 20.86347
R -0.662° -2.691 0.160
CO, (mg/L)  Range 105.55-831.80 266.70-426.90 288.50-633.80
Mean 429.6792 332.9250 381.9583
Std. 174.29352 47.05830 95.13457
R -2.855 -2.454 0.386
Alk. (mg/L)  Range 100.60-370.50 100.00-310.50 100.50-345.10
Mean 246.5958 212.1417 231.5333
Std. 76.86955 64.53241 71.62171
R 0.315 -5.375 -5.014
Total hard. Range 1180.50-1975.50 1170.00-3801.50 1191.50-4130.50
(mg/L) Mean 1592.0833 1741.1250 1841.5000
Std. 274.57809 702.45304 774.39228
R -8.798 -1.081 0.047
Calcium. Range 140.04-340.30 140.04-380.40 135.00-324.30
(mg/L) Mean 211.2783 229.3317 228.3667
Std. 55.69919 63.40517 60.16457
R 0.198 -6.218 -5.972
Magnesium  Range 201.90-798.50 184.50-909.40 205.50-989.10
(mg/L) Mean 389.5942 387.9083 413.6250
Std. 151.25294 182.83373 203.96621
R 0.515 -1.166 -5.498
Nitrate. (ug/L) Range 18.50-153.24 45.50-331.73 42.82-832.10
Mean 71.1708 153.7521 287.6392
Std. 41.82717 74.35911 237.18956
R -5.378 0.106 0.605"

Cont...
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Parameters Site 1 Site 2 Site 3
Nitrite. (ug/L) Range 1.85-22.95 6.95-132.85 2.40-64.60
Mean 7.3558 31.5315 15.7852
Std. 5.41723 34.92338 17.55795
R -2.994 -1.563 0.37
Phosphate. Range 2.50-45.40 9.65-72.45 10.75-74.08
(ug/L) Mean 23.0542 35.8337 40.9617
Std. 13.72518 19.65097 17.52673
R -8.318 0.360 0.340
Silicate (ug/L) Range  2853.50-7542.90  2796.90-7481.50  3850.50-7934.50
Mean 5957.8242 4863.5875 6301.2500
Std. 1235.37274 1404.08870 1240.52161
R -3.380 -5.335 -5.335
Total count of Range 4455.00-21287.00 34805.00-66142.00 18547.00-36764.00
phytoplankton  Mean 10178.9167 44269.3333 28355.3333
Cell x 103/L  gtd. 5316.51695 9243.38368 5924.87815

* Significance differences at P < 0.05

Heavy metals

All highest values of dissolved chromium were recorded in site 2 due to this site
considered the point of industrial discharge. Dissolved Cr, Pb, Fe, Cu and Cd ranged
between (0.01-0.57 mg/L) and particulate Cr, Pb, Fe, Cu and Cd ranged between
(0.01-20.21 mg/g). Fluctuations in concentration of these metals depends on metals
speciation, transportation rate, electronegativity, and metal partitioning. Additionally, the
differences between dissolved and particulate forms relates to adsorption processes, which
effect the partitioning between these forms'®. Finally, colloids play an important role in
controlling elements behavior'>. The study area is surrounded by many agricultural areas, so
fertilizers may play an important role in increasing metals concentration in addition to
industrial drainage. Moreover, each metal has additional specificity in sources, pathways and
storage modes'®.

Phytoplankton

Temperature and dissolved oxygen have direct relationship with Phytoplankton
community fluctuation and availability in this study (Fig. 3 and 4) and the water quality
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parameters relates with absence of many phytoplankton species'’ and some parameters have
a vital role in shifting phytoplankton distribution'®"’.
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Fig. 2: Monthly variations for air temperature
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Fig. 3: Monthly variations for water temperature

The increas in nitrate concentration leads to acidify the ecosystem and that causes
shifting in phytoplankton community composition and Nutrient-depletion in stationary
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growth phase reduced the cellular content of Chl a and carotenoids and effect on
phytoplankton as consequences of Industrial waste water impact®® (Figure 5).
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Fig. 4: Monthly variations for dissolved oxygen
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Fig. 5: Monthly variations for Nitrate

Heavy metals have a great relationship with phytoplankton such particulate
chromium and dissolved cadmium (Fig. 6 and 7). Heavy metals, depending on their oxidation
states, can be highly reactive and, as a consequence, toxic to most organisms’'. Increasing
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eutrophication due to human activities such industrial waste leads to great effect on
phytoplankton population dynamics, composition and abundance®.

Lastly, the decreasing in total numbers of phytoplankton associated with
environmental factors, which lead to fluctuation in phytoplankton class numbers (Table 3).
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Fig. 6: Monthly variations for particulate chromium
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Table 2: Range, mean, standard deviation (std.) and correlation coffcient value (R) of
dissolved and particulate heavy metals parameters of study sites. *mean

significance interaction

Parameters Site 1 Site 2 Site 3
Diss. Cr (mg/L) Range 0.01-0.04 0.01-0.57 0.01-0.15
Mean 0.0228 0.1870 0.0431
Std. 0.01218 0.20430 0.03767
R -4.347 0.365 -4.690
Part. Cr (mg/g) Range 0.14-3.29 0.48-10.42 0.36-4.37
Mean 0.9576 3.4398 1.5630
Std. 0.85145 3.11033 1.11903
R -1.686 -1.931 -0.686"
Diss. Pb (mg/L) Range 0.01-0.23 0.02-0.11 0.02-0.25
Mean 0.0461 0.0415 0.0577
Std. 0.05775 0.02722 0.06295
R -2.375 -8.676 0.062
Part. Pb (mg/g) Range 0.11-5.21 0.19-4.70 0.11-0.377
Mean 1.4076 1.4038 0.325
Std. 1.51372 1.46227 0.108
R 0.191 -2.255 0.206
Diss. Cu (mg/L) Range 0.01-0.05 0.01-0.38 0.01-0.05
Mean 0.0223 0.0494 0.0175
Std. 0.01201 0.10320 0.01160
R 0.500 0.715" -4.719
Part. Cu (mg/g) Range 0.08-1.65 0.06-0.88 0.01-1.40
Mean 0.4511 0.3994 0.4463
Std. 0.46410 0.25821 0.44084
R 0.273 -3.232 -1.029

Cont...
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Parameters Site 1 Site 2 Site 3
Diss. Fe (mg/L) Range 0.01-0.09 0.01-0.07 0.06-0.07
Mean 0.0328 0.0399 0.0399
Std. 0.02370 0.02532 0.02278
R -1.468 0.213 -5.212
Part. Fe (mg/g) Range 1.14-8.63 2.98-15.98 4.06 -20.21
Mean 4.4092 10.2542 10.7968 .
Std. 2.38116 491190 5.17055
R 0.031 0.235 -2.070
Diss Cd (mg/L) Range 0.01-0.04 0.01-0.07 0.001-0.02
Mean 0.0108 0.0142 0.0049
Std. 0.01280 0.01795 0.00552
R 0.621" 0.397 -1.876
Part. Cd (mg/g) Range 0.01-0.40 0.01-0.48 0.001-0.68
Mean 0.0786 0.0860 0.1024
Std. 0.11376 0.12769 0.18684
R 0.059 -1.449 -4.985

Significance differences at P < 0.05

Table (3): Percentage for recorded algae classes in sites (1, 2, 3) during study period

Classes

Sites

Cyanophyceae
Euglenophyceae
Dinophyceae
Rhodophyceae
Xanthophyceae
Bacillariophyceae
Chlorophyceae
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CONCLUSION

We conclude that industrial waste water has a greatly effects on properties on water
quality of on major drainage in the region of middle Iraq. The dramtic fluctuation of water
quality parameters in this drainage due to high effluent of industrial wate water, which in
turn has a vital effect on relationship between phytoplankton and water quality
characteristics.
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