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ABSTRACT: Flocculation processes during estuarine mixing can reduce the elemental concentrations
of river water. In the present investigation, natural flocculation processes concept is used to reduce
the elemental contents of industrial wastewater.  For this purpose, various amounts of saline water
were added to an artificial industrial wastewater with known concentrations of heavy metals. The
results of investigation show that in the salinity of 0.9‰, percentage of elemental flocculation
occurs in the order of: Ni (95.4%) > Pb (87.6%) > Zn (85%) > Mn (56.25%) > Cu (14.4%). Flocculation
of Cu is insignificant at lower salinities. Though higher removal of heavy metals is obtained at
greater salinities but due to the environmental limitations, we propose salinity of 0.9‰. Use of
seawater to flocculate heavy metals can greatly reduce the costs associated with the purification of
wastewater treatment.
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INTRODUCTION
Dissolved and particulate matters find their

ways into lakes and seas through rivers (Meybeck,
1988). Due to flocculation processes, considerable
amount of dissolved metals come into particulate
phase (Boyle et al., 1977; Eckert and Sholkovitz,
1976). Therefore, flocculation of dissolved metals
during estuarine mixing can significantly influence
the chemical mass balance between rivers and
Seas or lakes. Many investigations have been
carried out on flocculation of dissolved substances
to know about the controlling mechanisms. In
wetlands, flocculation is enhanced by increased
pH, turbulence, concentration of suspended
matters, ionic strength and high algal concentration
(Matagi et al., 1998). Flocculation mechanisms
and mainly due to colloidal stability, Surface
properties, humic acids, salinity and pH (Hunter,
1983; Zhiging et al., 1987; Feather stone and O’
Grady, 1997; Karbassi et al., 2007; Karbassi et

al., 2008a,b; Karbassi and Nadjapour, 1996). Some
investigations showed DOC as the main governing
Factor in flocculation of trace elements
(Sholkovits, 1978; Mantoura and Wood word,
1993; Meyer, 1983; Karbassi et al., 2008a, b).
Adverse effects of heavy metals and their
compounds (such as toxicity and
biomagnifications) on human and aquatic
ecosystems have been a growing concern for
researchers of the world, in recent years.
(Viesman and Hammer, 1993; Gardea-Torresday
et al.,  1996; Karvelas et al.,  2003).
Environmental impact by heavy metals was earlier
noticed to be mostly connected to industrial
sources (Karvelas et al., 2003). A significant part
of anthropogenic emissions of heavy metals
resulting from the production of chemical
pharmaceutical, steel, cardboard, paper and glass
industries and etc ends up in wastewaters
(Osibanjo, 1989; Foess and Ericson, 1980). Major
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industrial sources include surface treatment
processes with elements such as Cu, Zn, Pb, Ni
and etc. that at the and of their life, and discharged
in wastes (Sun and Shi, 1998; Osibanjo, 1989; Foes
and Ericson, 1980). Flocculation-coagulation
process has been employed by several researchers
(Sletten et al., 1995; Rossini et al., 1999; Tatsi et
al., 2003; Amuda et al., 2006) in the treatment of
wastewater for removal of organic matter and
trace metals.

In the present study, effective parameters in
natural flocculation process are used in heavy
metals clean up of a synthetic wastewater. In
others words removal of Cu, Zn, Mn, Ni and Pb
during mixing of wastewater with saline water in
relation to parameters such as EC, pH, Eh, Salinity,
DO, DOC, COD, Cl  and Temperature due to
flocculation process is investigated.

MATERIALS & METHODS
A Synthetic wastewater was prepared by

dissolving nitrates of Zn, Ni, Pb, Cu and Sulfate
of Mn in distilled water. About one liter of filtered
wastewater was acidified with concentrated
HNO3  to a pH of approximately 1.8 and stored in
polyethylene bottles in a refrigerator prior to the
analysis of dissolved metals. The rest of filtered
waters were also kept in refrigerator. Saline water
sample was collected from Persian Gulf
approximately 16 km away from coast (on 6th
Jul. 2009) to ensure that the sample was not diluted
by river water (salinity 37.5‰). In Order to
prevent the contamination of samples, all
equipment was acid washed with a mixture of
HNO3 and HCl. Rinsing was done with running
Mili-Q water. The samples were filtered through
0.45 µm Millipore AP and HA filter. Filtered
wastewater and sea water were mixed at room

temperature in various proportions yielding
salinities 0.9‰ to 3.46‰. They were kept for 24
hours with occasional stirring. The resulting
flocculants were collected on 0.45 µm diameter
Millipore membrane filters (type HA). Millipore
filters were digested by 5 mL concentrated HNO3
overnight. The concentrations of Cu, Zn, Ni, Pb
and Mn were determined by ICP (JOBINYVON
model JY138 ULTRCE). Procedural blanks and
duplicates were run with the samples in a similar
way. Calibration of ICP was done by dilution of
single concentrated standards purchased from
SPEXCerPrep Company.

The accuracy of the analysis was about 5%
for all elements in the dissolved and flocculent
phases. Table 1 shows summary of methods used
in the present Study. Of the existing clustering
techniques (Lance and William, 1966; Anderson
1971; Davis, 1973) the Weighted Pair Group
(WPG) method (Davis, 1973) was used in this study.

Table 1. Methods and apparatus used for measurement of various parameters

Parameter  Method/apparatus of measurement 
Mn, Cu, Pb, Zn, Ni ICP (JOBINYVON model JY138 ULTRCE 
pH/Eh pH meter (Metrohm 744) 
EC Conductimeter (CRISON GLP32) 
DO DO meter  (Inolab WTW) 
DOC Photo Catha litica l Oxida tion method (ANATOCTM SERIES I I) 
Chlor ide  Argentometric method (4500-C l̄ )                (APHA, 2005) 
COD Open Reflux method (5220 B)                      (APHA, 2005)  
Salinity1 Titra tion method                                            (APHA, 2005) 
Temperature  of water  Thermometer (accuracy of 1Cº) 

 1Salinity in sampling locations was measured by portable apparatus (ATAGO S/Mill-E)

RESULTS & DISCUSSION
The base metal (Cu, Mn, Pb, Zn and Ni)

concentrations at various salinities, as well as other
physical-chemical characteristics of the synthetic
wastewater are presented in Table 2. Flocculation
of elements and the percentage of removal in
different salinity regimes are presented in Table
3. The values given in Table 3 are actually derived
from Table 2 by subtracting concentration of
elements at  each salinity from the initial
concentration of element in wastewater. It should
be noted that the term “salinity” does not
necessarily imply salty water. There are many
other constituents in saline water that can lead to
the flocculation of heavy metals. It is reported that
NaClO is an effective flocculants as well
(Robinson and Ronek, 1986).
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The Flocculation of Pb, Ni, and Cu raises in
salinities of 0.9 ‰ (and 2.7‰ as well) and
decreases in higher salinities. In contrast, more
than 55% of total Mn contents and more than
77% of total Zn contents flocculate in salinity of
2.9 ‰ to 3.46‰.According to the data shown in
Table 3 the maximal removal of studied metals
in different salinity regimes are as follows: Zn
and Mn in salinity of 3.46 ‰, Pb in salinity of 2
to 2.2 ‰. Ni in salinity of 2 to 2.7 ‰ and Cu in
salinity of 2.2 ‰. Many researchers have reported
rapid flocculation in the lower salinities (about 2‰)
(Bewers et al., 1974; Burton, 1976; Duinker and
Nolting, 1976). The general pattern of flocculation
of the studied metals in mentioned salinities is Ni
(83%) >Zn (78%) >Pb (76.4%) > Mn (56%) >Cu
(16.7%). The highest flocculation of Zn (383 and
386 mg/L) is found at salinities of 2.9 ‰ and 3.46
‰. The other salinities have lesser role in
flocculation of Zn (328 and 352mg/L). Amongst
studied metals the highest flocculation belongs to
Ni (83%). The initial concentration of Cu in
wastewater is 126 mg/L and only 3 to 17 mg/L of
Cu flocculates in different salinity regimes (about
2.4% to 13. 6% of total Cu contents).

Contrary to data showing almost rapid
flocculation in the lowest salinity (0.9 ‰) for Zn,
Pb and Ni, the flocculation rates in the higher
salinities are more considerable for  Mn.
Flocculation of Cu in comparison with other
studied elements are not significant in various
salinity regimes. Although it seems that flocculation
of heavy metals increases in higher salinities, heavy
metals clean up from wastewaters must be carried

out by environmentally justifiable methods that
dose not result in more undesirable consequences.
Therefore, amongst studied salinities, salinity of
0.9 ‰ is preferable for removal of heavy metals
from wastewater. The percentage of flocculation
taking into consideration the initial metal contents
in the wastewater in salinity of 0.9 ‰ is Ni
(79.2%)>Pb (72.7%)>Zn (66.3%)>Mn
(31.5%)>Cu (2.4%). Karbassi et al., (2008a) have
reported that flocculation of elements increases
with an increase in the initial contents of elements.
Though such trend holds good in the present study
but the metals in dissolved form follow a nonlinear
behavior in terms of physical-chemical parameters
variations during mixing of the wastewater with
the saline water. It can be concluded from
dendogram (Fig.1) that flocculation of Zn and Mn
is controlled by EC, pH, salinity and Cl as they
join each other at a high similarity coefficient.
Copper is clustered with temperature. Nickel and
Pb join Eh and DOC under high similarity
coefficient. These clusters join dissolved oxygen
at a lower similarity coefficient. Chemical Oxygen
Demand (COD) does not show any relation with
the studied metals and parameters.

Fig. 1. Dendogram of cluster analysis showing flocculation of metals and their governing factors

CONCLUSION
The flocculation process of Cu, Ni, Pb, Mn

and Zn during mixing of a synthetic wastewater
with saline water was investigated. Metals in
dissolved form seem to follow nonlinear behavior.
The removal of dissolved metals is not influenced
by COD and this statement is supported by the
results of cluster analysis. Electrical conductivity,
pH, salinity and Cl show significant role in
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flocculation process. Although temperature is
directly joined Cu, it plays less important role in
flocculation. Dissolved Oxygen (DO), DOC and
Eh control flocculation of Ni and Pb. Despite the
fact that flocculation rates is more dominant at
higher ranges of salinities but we propose salinity
of 0.9 ‰ to prevent environmental adverse effects
of saline water discharge. In general percentage
of elemental flocculation is in the following order:
Ni (95.4%) > Pb (87.6%) > Zn (85%) > Mn
(56.25%) > Cu (14.4%). It can also be inferred
that flocculation of Cu is insignificant at lower
salinities.
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