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Trace Metals in Wastewater Ponds in Qatar
ABSTRACT

A one-year monitoring program was conducted to determine the extent of metal contamination in two
wastewater ponds in Qatar. Abu-Hamour pond receives untreated domestic and industrial waste while
Abu-Nakhla pond receives treated wastewater from two nearby wastewater treatment plants. The con-
centration of available metals in wastewater samples (ug/L) and in sediment samples (pg/kg) follows
the order Mn>Cu>Cr>Pb>Ni. The order of available metal concentration in un-impacted control soil
samples taken from locations 1.5 to 3 km from the ponds is Mn>Cu>Cr=Pb>Ni. Levels of available mer-
cury and cadmium are close to or below the limits of detection (LOD) for the employed graphite furnace
atomic absorption spectroscopic method. Available metals in wastewater of both ponds are significant-
ly less than the recognized permissible upper limits for agricultural reuse.

The available Mn, Cu and Ni in sediments are statistically equal to those obtained for unimpacted
“control” soil samples. This indicates no environmental impact of wastewater discharge in the area on
available Mn, Cu and Ni. Available Pb in pond sediments is statistically higher than that of control soil
samples; Abu-Hamour pond sediments contain an average of 60 ug lead /kg compared with 32 ug/kg for
the control samples. The average available Cr in the sediments of both ponds are statistically higher than
the corresponding values for the control soil samples, indicating appreciable environmental impact.
Introduction

Because of the ever-increasing interest in a cleaner and healthier living environment, the determina-
tion of the concentration of toxic metals in water and sediment is becoming detrimental. The impact of
toxic metals on the environment is more pronounced than that of organic pollutants because these met-
als are not biodegradable as is the case with most organic pollutants [1]. Metals tend to accumulate on
sediments by adsorption, sorption or complexation, and may be released and re-mobilized by various
physical and chemical processes [2,3].

Current analytical methods for trace metal determination are well established and straightforward.
However, the determination whether such concentration levels lead to significant pollution is still con-
troversial [4]. Because pollution is only observed by it’s ill effect on the ecosystem. Biological avail-
ability of metals is a function of several complex variables associated with the nature of the metal
species, the physico-chemical nature of the underlying sediment and the nature of exposed animals or
plants [5].

In Qatar, the largest wastewater bodies close to urban areas are Abu-Hamour and Abu-Nakhla ponds.
Literature search showed a severe lack of attention to those ponds and their impact on the quality of the
environment in the area. Abu-Hamour pond receives untreated domestic and industrial wastewater while
Abu-Nakhla pond receives treated wastewater from two sewage treatment plants in the area.

This project is aimed at characterizing the two ponds for trace metal contamination with the view of
shedding some light on their status, compare them with similar ponds in the area, and recommend some

reuse options. We have chosen to determine the “acid-soluble” metals in the wastewater and sediments
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because this corresponds with the fraction of total metal that may be used to estimate the potential impact
of such metals on aquatic life and water quality [6]. The elements selected were lead (Pb), cadmium (Cd),

copper (Cu), nickel (Ni), chromium (Cr), manganese (Mn) and mercury (Hg).

Experimental Method
Study Site

Abu-Hamour pond is located at the southern outskirts of Doha neighboring the industrial city. It
receives both domestic and industrial wastewater. Abu-Nakhla pond is located about 7-km southwest of
the industrial city on Salwa Road and receives treated wastewater only from two wastewater treatment
plants in the area. Figure 1 shows the schematic shape of the two ponds and the sampling points.
Sampling

For each pond, samples of water and sediments were taken monthly between November 2000 and
October 2001 at four locations indicated in Figure 1. Grab samples of water were taken in 1-L size acid-
washed polypropylene bottles about 1.5 m from the shore at a depth of 10 to 25 cm. Using surgical gloves
wet sediment samples were collected and transferred into seal-able polypropylene bags. All samples were
shipped to the laboratory in ice- boxes and stored at 4°C. Six control soil samples were collected some
1.5 to 3 km away from each wastewater pond. Each sample was processed similar to pond sediments and
analyzed for the targeted elements in duplicate.

Sample treatment

For the determination of acid soluble metals [7], 100 ml of each water sample (equilibrated at room tem-
perature) was dispensed into a polypropylene beaker and acidified by addition of nitric acid (1:1, v/v) to
pH 1.75 £ 0.1 and left standing for 16 hours. Next, pH was rechecked and adjusted if necessary by addi-
tion of the above nitric acid or ammonia solution (1:10, v/v) and a portion of this sample was filtered using
0.45-pum pore size cellulose filter (Millipore). The filtrate (about 35 ml) was then acidified with two drops
of nitric acid and submitted for atomic absorption analysis in disposable plastic centrifuge tube. Turbid
water samples were allowed to settle and the 100-ml aliquot was taken from the clear supernatant portion.

For sediments, the sample was dried at 90 °C, pulverized and homogenized. Then, 4.000 g of the pow-
der was mixed with 100 ml of distilled de-ionized water and acidified with drops of nitric acid to pH 1.75
+ 0.1 and agitated for 30 minutes. After standing at room temperature for 16 hours, the pH was re-adjust-
ed, filtered using 0.45 um filter and the filtrate was treated as described above for water samples.

For the determination of mercury [8] 100 ml of the water sample was transferred to a biological oxygen
demand (BOD) bottle and digested for 2 minutes with 5 ml of freshly prepared Aqua-Regia; mixture of
hydrochloric and nitric acid (3:1, v/v) at 95 °C on a water bath. After cooling, 15 ml of 5% (w/v) potas-
sium permanganate was added and the content was mixed thoroughly and digested on the water bath for
30 min. The solution was cooled and 6 ml of an aqueous solution of sodium chloride-hydroxylamine sul-

fate (12% each component, w/v) was added to reduce the excess permanganate. This solution (115ml) was
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submitted for cold vapor atomic absorption determination using sodium borohydride reduction.

For sediments, 0.2000 g of the dried powdered sample was digested for 2 min. in a BOD bottle using 5
ml of Aqua-Regia and 5 ml of water at 95°C. After cooling, 50 ml of water and 15 ml of potassium per-
manganate solution were added and the treatment was concluded as described above for water samples.

For accuracy and precision check laboratory blanks and spiked blanks as well as duplicates for water
and sediment samples were carried out through the whole procedure for all parameters.

Instrumental analysis

The determination of all metals was performed using Perkin-Elmer model AAnalyzer 700 atomic
absorption spectrometer. The instrument is equipped with a deuterium lamp background corrector. Metals
were determined using a Perkin-Elmer model HGA graphite furnace unit and an AS 800 auto-sampler.
Mercury was determined by cold vapor technique using the flow injection accessory in a quartz tube atom
cell. Mercury reduction was achieved by a solution was 0.2% (w/v) sodium borohydride in 0.05% (w/v)
sodium hydroxide. Instrumental parameters for the each element are those recommended by the manu-
facturer. The atomic absorption instrument is controlled by a micro-computer based data acquisition sys-
tem comprised of a Perkin-Elmer A Analyzer software, a Dell GXI micro computer and a Hewlett-Packard
model 895CXI printer.

Results and Discussion

Initial data indicated very little variability in available metal content between sampling point in both
wastewater and sediment samples. An exception is the second sampling point of Abu-Hamour pond,
which is characterized by high oil content in both water and sediment. Therefore, a composite sample was
made from sampling points H1, H3 and H4 only, while the second sampling point, H2 was treated as a
separate sample. Figure 2 depicts month-to-month concentration of available trace metals in wastewater
and sediment samples in both ponds.

The available concentrations of Cd and Hg in the study sites are below or close to the limits of detec-
tion (LOD). These limits of detection were calculated as the average laboratory blanks plus three times it’s
standard deviation (n = 8 to 12). The limit of quantification (LOQ) is taken as the average blank value plus
10 times it’s standard deviation [9]. The analytical precision for each element was calculated from the
analysis of the field duplicate samples (n = 8 to 12) [10]. Table 1 summarizes the data obtained for LOD,
LOQ and analytical precision (expressed as the relative standard deviation, RSD) for available metal
determination in wastewater and sediment samples.

The average available Pb concentration in wastewater of Abu-Hamour pond (1.92 pg/L) and Abu-
Nakhla pond (1.65 ng/L) are statistically insignificantly different. However, month-to-month variability
in Abu-Hamour pond is higher as indicated by the larger confidence interval of the mean value at 95%
probability. For sediment samples, lead levels seem to have increased steadily during the study period
(Figure 2). 7
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For both ponds the average available Mn, Cu and Ni in ponds sediments are statistically similar
(at 95 % confidence level) to the corresponding average available trace metals of the control soil samples.
However, average available lead concentration in pond sediments is statistically higher than that of the
control soil samples. For both locations the average available chromium concentration is higher than that
of the corresponding control samples, which indicates a certain level of environmental impact. A sum-
mary of t-testing data is given in Table 2.

The “total” metal concentration in water is usually performed after strong acid addition and digestion.
The “available “ metal concentration in wastewater performed in this work is similar to the total metal
obtained by strong acid digestion because sediment-free water samples were used, and because GFAAS
gives the total metal content of such samples. Therefore it is legitimate to compare the wastewater data
with the international guidelines of the permissible metal content for water reuse. The concentration of
available target metals in Abu-Hamour and Abu-Nakhla ponds are less than the upper limits of the Saudi
Arabian guidelines for wastewater re-use [11] and even less than those of the World Health Organization’s

guidelines for drinking-water quality [12].

Conclusions and Recommendations

This work is the first systematic attempt to study the metal contamination of Abu-Hamour and Abu-
Nakhla wastewater ponds and underlying sediments. The choice of “available” metal (leaching at
pH = 1.75) rather than the total metal should yield the same values for water samples, but may give lower
values for sediment samples. Available metal concentration is a better indicator of environmental vulner-
ability of the ecosystem to man-made pollution such as acid rain. Also, it could serve as an indicator for
potential transfer of such pollutants to vegetation and aquatic life.

Overall, available metal contamination is low and if other aspects of water quality are favorable, the
wastewater can be used for agricultural irrigation. A future study might correlate metal concentration in
sediments and water to those in plants, birds and fish species inhabiting the area. Core sediment samples
from several locations in the water body may shed some light on the history of waste discharge.

During the twelve sampling trips conducted in the two areas, we witnessed a thriving community of
plants, fish species and different birds such as ducks, flamingos, kites, hawks, making the area a paradise
for hunters and naturalists. Discharge in Abu-Nakhla pond was stopped for few months in spring 2001
that resulted in killing thousands of fish in dried out areas.

On the other hand, the untreated wastewater pond of Abu-Hamour is an environmental liability; the
shores and sediments are soaked with oil and an offensive odor is strong especially at the discharge point

H1. Extensive effort is needed to improve or eliminate this health hazard.
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Table 1
Analytical performance parameters for trace elements in

wastewater (g/L) and sediments (Lg/kg)

Parameter Element
Pb Cd Cu Ni Cr Mn Hg

LOD 0.52 | 0.081 | 092 | 0.10 | 0.39 2.7 0.15
(ng/L)
LOD 4.6 2.0 23.0 2.5 6.75 | 67.5 100
(ng/kg)
LOQ 1.34 0.21 239 | 029 | 095 6.9 0.48
(ng/L)
LOQ 13.2 5.25 59.8 | 7.25 16.8 172 310
(ng/kg)
RSD% 5.8 8.2 3.1 2.2 2.7 4.6 10.1
(water)
RSD% 6.4 13.7 5.2 3.9 4.0 4.2 14.5

(solids)

LOD: limit of detection; LOQ: limit of quantification; RSD: relative standard deviation.
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Table 2
Test of significance for average available metal concentration (ug/kg) in

pond sediments and control soil samples from Abu-Hamour (H) and Abu-

Nakhla (K) areas.
Metal Area Sediments Control Soil texp. ¥
Mean S.D. Mean S.D.
Lead H 60.5 3.75 32.6 2.02 20.5
K 25.8 1.65 23.8 1.47 2.61
Copper H | 1095 5.69 104.3 5.42 1.88
K 123 6.66 118.0 6.13 1.58
Nickel H 21.4 1.05 20.5 1.00 1.76
K 252 1.24 24.8 1.22 0.65
Chromium | H 62.2 2.49 40.7 1.63 22.0
K 49.7 1.99 19.2 0.77 46.6
Manganesel H | 5955 250 6105 256 1.18
K 6061 255 6016 253 0.59

* tap is for 16 degrees 6f freedom at 95% confidence level. Theoretical t-value is 2.12
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Figure 2. Available trace metal concentration in wastewater ponds (ug/L) and sediments (ug/kg).
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