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Wastewater of Riyadh City, Saudi Arabia
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Abstract: This study evaluated the potential of Rhazya stricta L. growing on a surrounding area of the second
industrial zone (24°39.8' N; 46°57' E), east of Riyadh, Saudi Arabia. Plant and the associated soil samples were
collected and analyzed for total Cr, Fe, Ni, Cu, Zn, Cd and Pb concentration. The degree of contamination by
those heavy metals in soil and transfer to Rhazya stricta has been estimated. The results showed a medium
contamination of soil heavy metal content with respect to Cd and Pb. The total concentration of Fe, Cr, Ni, Zn
and Cu in shoots of Rhazya stricta was 275, 5.30,10.5, 27.5 and 830 mg kg™, respectively. On the other hand,
the total concentration of heavy metals in the roots was as follows (mg kg™): Fe: 0.1; Cr: 0.5; Ni: 3.0; Zn: 0.8 and
Cu: 1.6. Heavy metals (Cr, N1, Cu and Zn) tended to be accumulated m the roots Rhazya stricta rather than the
stems and leaves expect for Zn. The calculated accumulation coefficient of heavy metals in the roots was higher
than that in stems or leaves. The Rhazya stricta plant exhibiting Translocation Factor (TF) values less than one
except for total Zn (1.10-1.60). The results indicated that, Rhazya siricta plant could not suitable for heavy
metals extraction from the contaminated studied soil but can be used as an indicator for soil contamination with
some heavy metals (Cd, Cu, Pb and Zn) and also to minimize heavy metals mobility in contaminated soils.
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INTRODUCTION

Environmental pollution 1s currently one of the most
important issues facing humanity. Tt was increased
exponentially in the past few years and reached alarming
levels in terms of its effects on living creatures. Toxic
heavy metals are considered one of the pollutants that
have direct effect on man and animals. Industrial
wastewater containing Pb, Cu, Cd and Cr for example can
contaminate water resources and thus lead to a serious
pollution problem Ageena (2010). Plant uptake of heavy
metals from soil occurs either passively with the mass
flow of water into the roots, or through active transport
crosses the plasma membrane of root epidermal cells.
Under normal growing conditions, plants can potentially
accumulate certain metal ions an order of magnitude
greater than the surrounding medium (Kim et al., 2003).
The release of heavy metals into the environment by
industrial activities presents a serious envirommental
threat. Heavy metals can be removed from industrial
wastewater by a range of physico-chemical remediation
precipitation, ion exchange,

technologies such as

adsorption, electrochemical processes and membrane
processes (Mulligan et al, 2001; Cao et af, 2002;
Kurmiawan et al., 2006, Alhawas ef al., 2013). However,
these technologies are expensive and energy-intensive,
dniving towards a search of cheaper altematives or tertiary
treatment steps in both developing and developed
countries Kivaisi (2001).

One of the strategies of phytoremediation of heavy
metal-contaminated soil is phytoextraction, i.e., through
plant uptake and accumulation mto plant shoots which
harvested and then removed from the
Another
phytoremediation is phytostablization where plants are

can be
contaminated  site. application of
used to mimmize heavy metals mobility in contammated
soils. More than 450 plants are known as hyper
accumulation of heavy metals into their above ground
biomass mcluding weeds, trees, grasses and vegetable
crops. There has been a continuing interest in searching
for native plants that are accumulated heavy metals;
however few studies evaluated the phytoremediation
potential of native plants under field conditions. Tt is
local plants for

important to  use native and
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these
growth and reproduction

phytoremediation  because plants are often

better in terms of survival,
under envirommental stress the plants mtroduced from
objectives of this
current work were: (1) to determine the concentration
of some heavy metals in Rhazya stricta biomass
which located
water, Riyadh city,
to compare heavy  metals

other environment. The overall

growing on a contaminated soil
the second industrial  waste
Saudi Arabia and (2)
concentration 1n the aboveground biomass to those in

To0ts.
MATERIALS AND METHODS

Site description and soil analysis: The experimental site
has open drain canal of the surface industrial effluent
second industrial zone (24°39.8" N; 46°57" E), east of
Riyadh, Saudi Arabia. Composite soil samples (5 samples)
were collected from the surface layer (0-5 and 5-30 cm
depth) by 30x30 m. Soil samples were air-dried at room
temperature for two weeks and then sieved by 2 mm
stamnless steel sieve. The pH and EC of samples were
measured (using 1:5 ratio of w/v with demonized distilled
water) by pH-meter and the electrical conductivity meter,
respectively. Complex metric EDTA titration was
employed for determining Ca™ and Mg™ simultaneously
and mdividually Sparks (1996). Sodium and potassium
was determined using flame photometer (Corning 400).
Carbonate and bicarbonate were determined by titration
with H,S0, while silver nitrate was used to determine
chloride (Sparks, 1996). Sulphate was determined by
turbidity method as described by Tabatabai (1996).
Particle size distribution was analyzed according to Gee
and Bauder (1996). Calcium Carbonate content was
determined using a calcimeter Loeppert and Suarez (1996).
Some selected soil properties are shown in Table 1. The
total content of heavy metals (Cr, Fe, Ni, Cu, Zn, Cd and
Pb) in the soil samples were determined after digestion
with HNO,-HCIO,-HF (Hossner, 1996), then total heavy
metals content were determined using ICP (Perkin Elmer,
Model 4300DWV).

Plant sample preparation and analysis: Rhazya stricta
native plant based on their coverage at the site, were

Table 1: Selected properties of studied soil

collected, separated into roots, stems and leaves, washed
gently with demonized water for approximately 3 min
to remove soil particles adhered to the plant, then,
air-dried at 60° and finally ground to powder using a
Wiley mill. The plant samples were acid digested with
HNO,-HCIO, mixture according to Chapman and Pratt
(1996). Fmally, the total content of heavy metals
(Cr, Fe, N1, Cu, Zn and Cd) content in plant samples was
analyzed using ICP (Perkin Elmer, Model 4300DV).
Reagent blanks and mternal standards were used where
appropriate to ensure accuracy and precision in heavy
metals analysis.

Determination of accumulation coefficient and
translocation factor: Two parameters were used for
evaluation of heavy metals status in the plant,
Accumulation Coefficient (AC), which 1is defined
according to (USEPA, 2000):

C root, stem, leaves

C soil

Ac=

where, C Concentration of heavy

root, stem or  leaves
metal in Rhazya stricta aerial or root part (mg kg ™) and
C.; = Concentration of heavy metal in soil sample
(mg kg ™).

Translocation Factor (TF) was calculated to estimate
the transfer of heavy metals from roots to stems or leaves

of Rhazya siricta as follows:

_ C stem, leawes

Cruots

TF

Such parameter was evaluated for each plant part,
root, stem and leaves separately.

RESULTS AND DISCUSSION

Wastewater analysis: Wastewater samples were collected
from two locations in the experimental site to assess the
wastewater characteristics. The results (data not shown)
indicated that the wastewater of industrial zone is
characterized by gray color, bad smell, high temperatures

Cations (meq L")

Anions (meq L™

Particles size (%0)

pH ECSm™) Ca®* Mg¥ Na' K Cl-

HCOs;—

CO#~ 80, Sand Silt Clay Texture class CaCOs (%)

7.60 0.63 1.26  0.63 3.76 0.64 3.70 217

0 0.50 85 6 g Loamy sand 15.2
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Table 2: Total heavy metals concentration (mg kg™!) in the studied soil
compared with common range in soils

Table 4: Calculated translocation factor of studied heavy metals in
Rheazya stricta

Soil  Metal Common range in soils*
Metal depth content

Translocation factor (TF)

type  (cm)  (mg kg™ Max Min Average Enrichment factor (EF) Elements Sterns/roots Leaves/stermns
Cr 0-5 40 1000 1 100 1 Cr 0.30 Q.70
0-30 30 1000 1 100 1 Fe 0.40 1.10
Fe 0-5 TO00 55000 7000 38000 1 Ni 0.40 0.20
0-30 7000 55000 7000 38000 1 Cu 0.70 Q.50
Ni 0-5 10 500 5 40 1 Zn 1.10 1.60
0-30 10 500 5 40 1 Cd nd* nd
Cu 0-5 8 100 2 30 1 #nd: Not detected
0-30 9 100 2 30 1
zn 0-5 30 300 10 50 3
030 20 300 10 50 2 much greater than those of the stems and leaves content,
cd 05 01 0.7 0.01  0.06 4 indicating low mobility of those heavy metals from root to
- 8'20 (1101 3'070 3'01 ?‘006 ;‘ the shots and mnmobilization of heavy metals mn roots
030 & 200 2 10 3 which agreed with Stoltz and Greger (2002). The calculated
*Lindsay (1979) Accumulation Coefficient (AC) values presented in

Table 3: Heavy metals concentration of different parts of Rhazya stricta and
calculated accumulation coefficient

Metal concentration (mg kg™) Accumnulation coefficient (AC)

Metal

type Roots Stems Leaves Roots/soil  Stems/soil Leaves/soil
Cr 20.0 5.30 30 0.5 0.10 0.09
Fe 725 275 275 0.1 0.04 0.04

Ni 27.5 10.5 2.0 3.0 1.00 0.20
Cu 12.5 8.30 4.30 1.6 0.90 0.50
Zn 25.0 27.5 42.5 0.8 1.00 1.40
Ccd nd* nd nd nd nd nd

*nd, not detected

and high pH at point source. Also, it contains high
concentrations of soluble cations and anions. Heavy
metals (Fe, Mn, Zn, Cd, Ni, Pb and Mo) on wastewater
effluent samples were above permissible limits, as
reported by Al-Farraj et al. (2013).

Contamination of soil samples: Table 2 shows the total
concentration of heavy metals in soil compared with the
common range of soils. The results indicated that, heavy
metals concentration m soil varies with soil depth and the
type of heavy metals. The total heavy metals
concentration was less than that the average of common
soils expect for Cd and Pb concentration according to
(Lindsay, 1979). Though the soil site was predominantly
contaminated with Cd, it alse contained elevated
concentration of Ph. The obtained results agreed well with
Al-Farraj and Al-Wabel (2009). The calculated Enrichment
Factor (EF) values indicated that soil has medium polluted
(5>EF=>1) with Cd (4) and Pb ranged from (3-5).

Heavy metal concentration in plant: Total heavy metals
concentrations in Rhazya stricta plant vary with plant
part (Table 3). Total concentration of heavy metals in
plant parts ranged from non-detectable to as high as
725 mg kg™, with the maximum being in the roots of
Rhazya stricta. The root Cr, Fe and N1 concentration were

Table 3 ranged from (0.04-3.0) with the highest AC was
obtained for Ni followed by Cuelement. The AC values in
roots were higher than that in stems and leaves. Based on
the average of AC values of all Rhazya stricta plant parts
samples 1t could be concluded that roots were most
efficient in taking up Ni (AC = 3.0), followed by Cu
(AC=1.60) and Zn (AC = 0.80). These results agreed well
with finding of (L ef al., 2005, Khan et al., 2008).

Translocation of heavy metals in plant: Rhazya stricta
ability to translocate heavy metals from roots to the stems
and leaves 1s estimated using Translocation Factor (TF),
which 1s defined as ratio of metals concentration m the
stems, leaves to the roots. Enrichment occurs when a
contaminated element taken up by plant is not degraded
rapidly, resulting i an accumulation in the plant. Table 4
shows translocation factor values in the studied heavy
metals partition in plant. The Rhazya stricta exhibiting TF
values less than one except for Zn (1.10-1.60). Similar
results were reported by Al-Farraj and Al-Wabel (2009).
By comparing TF values, it could be compare the ability
of different plant species in taking up heavy metals from
the contaminated soil and translocations them in the plant
canopy. Plant exhibiting TF values less than one are
unsuitable for  photextraction of heavy metals
(Fitz and Wenzel, 2002).

CONCLUSION

This study was carried out to assess the extent of
some heavy metals accumulation by Rhazya stricta
growing in the second industrial wastewater, Riyadh city,
Saudi Arabia. Tt can be concluded that Rhazya stricta
native plant 1s not swtable for the heavy metal removal for
the contaminated industrial wastewater site, but should be
used as an mdicator for soil contamination especially with
Cd and Pb heavy metals.
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