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Abstract:

The purpose of this study was to investigate the relationship between psychological
needs and styles of socialization among of secondary school for girl’s students, at Khartoum
state. Also the study aimed to find out the differences between adolescent’s girls of the study
sample, according to some variable, the age (older / younger) adolescents girls students,
and housing environment (rural / urban), To reach these goals the researchers used the
descriptive correlation method. The researchers choose a sample of (200) adolescents
students, females, used (the Proportional Stratified adolescents random sample) and the
sample consisted of (120) female adolescent’s students whose ages range between (14-
15) years, and (80) female adolescent’s students whose ages range between (1618-) years.
The releasers also used tow scales to collect data: psychological needs scale (1985) by
Mohammed Khaleel Issmaeil, a scale of styles of socialization (1976) by Hennery Murray.
The researchers adapted these scales to the Sudanese environment and has calculated
the psychometric properties of each scale, he also used the SPSS program for the
statistical analysis of the data, and the following treatments are used; the (T) test, Pearson
correlation co efficient. Spearman correlation co efficient . The study obtained the following
results:There is a correlation between psychological needs and styles of socialization for
adolescents.There are no statistically significant differences between older and younger
adolescents in psychological needs. There are no statistically significant differences in the
degree ofpsychological needs due to the home environment variable (urban areas, rural
areas), and these differences were in favor of the adolescent’s girl’s students of the rural
areas. The researchers concluded the study procedural recommendations based on the
results of the study and suggestions for future studies are complementary aspects of the
current study.
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Abstract:

The study aimed to analyze the causal relationship between
the general level of prices and the actual real exchange rate in the
period (1989-2018) in Sudan, using the autoregressive distributed
lag model (ARDL) to test the long and short-term causal relation-
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ship. Results of Run Form and Bounds test) indicate the existence of
a long-term balanced relationship between the variables of the study
(general level of prices, exchange rate, and consumer price index)
during the period (1989-2018). The results also showed that there is
a causal relationship in one direction from the actual real exchange
rate towards the general level of prices, and the model of self-regres-
sion of the distributor ARDL proved that the general level of prices
depended on the previous value and the previous values of the actual
real exchange rate of the Sudanese pound against the Us dollar.
Key Words : analyze the causal relationship ,the general level of
prices , and the actual real exchange rate .
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Variable Levels 1(0) 1(1) 1(2)
REER Intercept 0.0357 0.0000 0.0963
Tread and intercept 0.1042 0.0038 0.1198
None 0.1742 0.0000 0.0036
Inf Intercept 0.3733 0.0000 0.0000
Tread and intercept 0.7182 0.0000 0.0000
None 01656 0.0000 0.0000
CPI Intercept 0.9917 1.0000 1.0000
Tread and intercept 1.0000 1.0000 1.0000
None 0.7448 0.9512 1.0000
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System: UNTITLED

Estimation Method: Three-Stage Least Squares
Date: 01/02/21 Time: 21:43

Sample: 1989 2018

Included observations: 30

Total system (balanced) observations 90

Linear estimation after one-step weighting matrix

Prob.

t-Statistic

Std. Error

Coefficient

0.0082

-2.707195

4871.776

-13188.85

C(1)
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System: UNTITLED
Estimation Method: Three-Stage Least Squares
Date: 01/02/21 Time: 21:43
Sample: 1989 2018
Included observations: 30
Total system (balanced) observations 90
0.0000 6.538571 2056.018 13443.42 C(2)
0.0158 -2.464560 6.13E-06 -1.51E-05 C(3)
0.0000 7.192354 0.068475 0.492495 C(4)
0.0001 4.121689 9.64E-06 3.97E-05 C(5)
0.0000 5.401080 0.254166 1.372773 C(6)
P Determinant residual covari-
ance
Equation: CPI=C(1)*INF+C(2)*REER
Instruments: INF REER C
Observations: 30
887585.1 Mean dependent var -0.007113 R-squared
1246383. S.D. dependent var -0.043082 Adjusted
R-squared
4.54E+13 Sum squared resid 1272948. | S.E. of regression
Durbin-Watson
0.660205
stat
Equation: INF=C(3)*CPI+C(4)*REER
Instruments: CPI REER C
Observations: 30
40.29200 Mean dependent var -0.181423 R-squared
40.50958 S.D. dependent var -0.223616 AdeSsd
R-squared
56223.63 Sum squared resid 44.81057 | S.E. of regression
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System: UNTITLED

Estimation Method: Three-Stage Least Squares
Date: 01/02/21 Time: 21:43

Sample: 1989 2018

Included observations: 30

Total system (balanced) observations 90

Durbin-Watson

0.769759
stat
Equation: REER=C(5)*CPI+C(6)*INF
Instruments: CPI INF C
Observations: 30
112.8850 Mean dependent var -0.469456 R-squared
Adjusted
64.49418 S.D. dependent var -0.521937
R-squared
177253.8 Sum squared resid 79.56440 | S.E. of regression
Durbin-Watson
0.822208
stat
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Pairwise Granger Causality Tests

Prob. F-Statistic | Obs Null Hypothesis:
0.0260 4.46377 23 INF does not Granger Cause CPI
0.4232 1.14338 CPI does not Granger Cause INF

REER does not Granger Cause
0.1357 2.27800 23 CPI

CPI does not Granger Cause

0.0022 9.85890 REER
REER does not Granger Cause
0.0001 21.6755 23 INF
INF does not Granger Cause
0.1813 1.96908 REER
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Dependent Variable: INF

Method: ML - ARCH (Marquardt) - Normal distribution
Date: 01/05/21 Time: 13:46

Sample: 1989 2018

Included observations: 30

Convergence achieved after 86 iterations

Presample variance: backcast (parameter = 0.7)
LOG(GARCH) = C(3) + C(4)*ABS(RESID(-1)/@SQRT(GARCH(-1))) + C(5)
*RESID(V-)/@SQRT(GARCH(Y-)) + C(W)*LOG(GARCH(V-))

Std. Er-|Coefh-
Prob. z-Statistic | ror cient Variable
0.0000 5.284485 0.009885 | 0.052237 | REER
0.0000 7.057968 1.15E-06 | 8.08E-06 | CPI
Variance Equation
0.2338 -1.190534 | 0.608018 | -0.723866 | C(3)
0.0358 2.099480 0.871084 | 1.828824 | C(4)
0.5628 0.578684 0.608340 | 0.352037 | C(5)
0.0000 8.094968 0.102037 | 0.825985 | C(6)
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Dependent Variable: INF
Method: ARDL

Date: 01/28/21 Time: 08:40
Sample (adjusted): 1994 2018

Included observations: 25 after adjustments

Maximum dependent lags: 4 (Automatic selection)

Model selection method: Akaike info criterion (AIC)

Dynamic regressors (5 lags, automatic): CPI REER

Fixed regressors: C
Number of models evaluated: 144

Selected Model: ARDL(4, 5, 5)

Coeffi-
Prob.* t-Statistic Std. Error Variable
cient
0.0000 13.73891 0.027254 0.374434 INF(-1)
0.1464 1.608390 0.027422 0.044106 INF(-2)
0.2292 -1.301955 0.032522 -0.042343 INF(-3)
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Dependent Variable: INF
Method: ARDL
Date: 01/28/21 Time: 08:40
Sample (adjusted): 1994 2018
Included observations: 25 after adjustments
0.0549 -2.246633 0.035045 -0.078732 INF(-4)
0.0001 7.261208 7.08E-06 5.14E-05 CPI
0.0000 -7.974796 1.31E-05 -0.000104 | CPI(-1)
0.0050 3.830482 1.62E-05 6.21E-05 | CPI(-2)
0.3849 -0.919097 1.76E-05 -1.62E-05 | CPI(-3)
0.4760 0.747810 2.57E-05 1.93E-05 | CPI(-4)
0.0688 -2.101416 2.71E-05 -5.70E-05 | CPI(-5)
0.2462 1.251185 0.080418 0.100618 | REER
0.0057 -3.745352 0.075402 -0.282408 | REER(-1)
0.0015 4.706177 0.087558 0.412063 | REER(-2)
0.0000 11.51988 0.010054 0.115819 | REER(-3)
0.0000 -10.34109 0.010245 -0.105944 | REER(-4)
0.0000 32.77551 0.010449 0.342470 | REER(-5)
0.0023 -4.409409 4.821960 -21.26200 | C
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Akaike Information Criteria (top 20 models)

45
4.4 !
T
rolo

1 |
SRR
T
Y o I N
A I T O A
4.2 | S T O S SO A A O A
P Lo Loy 1
O O B
S T O O S (O B
4.1 T T T O A S B
I Pl Lo Loy b
}||I|I|IIIIII|I||I|
Lol
4.0,TI}}I}I}}III}}}I||||
. | | | [
ol | [ T A T R [ N
| T I [

3'9!\I\I\I\I\I\I\l\I\I\!\!\I\I\I\!\l\l\l\l
O O A O O O
66 a6 F GG S FANS AT F 6 F 6
Foossuowocsfoddddssscdasc s
= dJd Jd J J Jd J J J JdJ JdJ J J JdJ J J 9 J J Jd
O 0000000000000 o000Q0aQ0aQ
¥ ¥ ¥ ¥ ¥ ¥ ¢ £ ¥ ¥ ¥ ¢ ¥ ¥ ¢ ¥ ¢ x x o
< < € € € € € € € € € € € € € <« <<

Eviews10 gweliy Ol yse §giWl:yoal)

(45) 9o JzYl UnY 53] (ARDL (4,5,5 dis (4) 9o Akaike Ologlzbl jlmb dogd j20l il L

diad) JelSa) Hlas]
k) JolSal) 395 HLisI(7) 63y Jsder

ARDL Long Run Form and Bounds Test

Dependent Variable: D(INF)

Selected Model: ARDL(4, 5, 5)

Null Hypothesis: No levels relationship F-Bounds Test

I(1) 1(0) Sign in. Value Test Statistic
Asymptotic:
n=1000

3.35 2.63 10% 372.7061 F-statistic

3.87 3.1 5% 2 K

4.38 3.55 2.5%

5 4.13 1%
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Abstract:

The study aimed the concept of restricting the Sunnah of the
prophet the Holly Quran with and mention some models and ap-
plications Moreover the importance of the study is with two sourc-
es of Islamic sharia the Holly Quran and the Sunnah. The problem
of study is the answer to the question is the sunnah of the prophet
restricted the Holly Quran? It is hoped that this study proves the
authenticity and status of the Sunnah of the prophet and its place
in the law of Islam and its restriction to the Holly Quran to be
compelling response to all who deny authenticity the Sunnah of
the prophet. The method followed by the researcher in this study
it is the inductive method analytical by mentioning verses from
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the Holly Quran and extracting hadith from their sources original.
Among the most important results that is reached we cannot be
satisfied with the Holly Quran alone in determining the legal rul-
ings and the Sunnah Of the prophet came to clarify every ruling in
Holly Quran whether by restriction, copying, personalization, or
otherwise as described in books of interpretation and principles of

jurisprudence.
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Abstract:

This research deals with the impact of claims paid on
estimating the size of technical Allowances in the financial
statements of insurance companies and represented a problem
in that insurance companies are Discount all amounts of claims
paid during one fiscal period which violates principleaccounting
(Matching Principle ) who spends loads of each fiscal period,
including its own expenses statement as a result of the business
each year through the end of the interview period revenues
expense and that based on the period of validity of the insurance
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certificates , and represented the importance of research in Find
a new accounting proposal by scheduling the claims on different
financial periods, according to the period of validity of insurance
policies the researcher depend on analytical method to analyze
the field study and test hypotheses, and research found a range of
results in accordance with the assumptions and the results of the
field study of the most important: affects the size of the claims
paid in assessing the technical Allowances increase or decrease,
as well as claims paid to insurance policies and other financial
extended periods affect the size of the surplus and insurance
claims processing payments for insurance policies in force during
the current financial period is considered a barometer is accurate
to the size of the claims paid during the year.The study recommend
ed the application of scheduling paid claims according to the
period of putting insurance documents in action and reduction of
the volume of technical previelges.
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Abstract:

The study dealt with Sudan’s position on International agree-
ments to protect the environment. The scope of the study includ-
ed environmental agreements signed by Sudan. The problem of
the study was in determining the nature of environmental crime in
international agreements and proving it, and that it was not incor-
porated into the Sudanese legislation to protect the environment.
The importance of the study is based on several considerations.
Despite the large number of environmental agreements signed by
Sudan, they have not achieved their goals, and the environment is
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still polluted.The study aimed to highlight the international agreen
ments to protect the environment from pollution and Sudan’s po-
sition on these agreements, the study reached a number of results:
Some developed countries export polluted materials to develop-
ing countries either through expired goods or polluted materials or
on the basis of experiments. One international organization con-
cerned with following up on environmental pollution crimes, it
expected deterrent penalties. The lack of interest of regional orga-
nizations in environmental pollution issues. Of the recommenda-
tionsThe most important of them are: expressly stipulating in all
international agreements for environmental protection to stop the
export of pollutants while establishing strict international control
controls on exported goods Creating a new international organiza-
tion that deals with environmental affairs in general, with specific
competencies and responsibilities that have the ability to impose
deterrent penalties on each party that violates its duties. To include
environmental pollution crimes in the Rome System as crimes
against humanity.
Key words: environmental agreements - global pollution
- a environmental crime
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Abstract:

This study examined the effect of building on meaninglt
aimed to clarify the structure of auxiliary verbs and theirDeriva-
tive, and the effect of this addition on the meaning, the opinion of
scholars on this saying were explained, in this study the research-
er followed the descriptive approach due to its relevance to its
nature the research concluded several results.In eluding that this
statement is based on the relationship between the word and the
meaning.And the three plus verbs are the most frequently used
form and its is Cleon through the practical side that the holy Quran
has used the more forms of the verbs more Than the more forms of
the verbs more than the crutch tow burns and the wills two letters
there the more with there.
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Abstract:

This paper aims to at investigating the impact of market-
ing relationship on customer satisfaction and loyalty towards the
Sheikan Insurance Company - Branches in Khartoum State., the
design of this research is descriptive and quantitative in nature.
The target population for the study is the customer of Company
were used as the sampling frame. A total of 450questionnaires were
distributed. 441questionnaires were returned. Statistical analysis
revealed that there is significant relationship between Relationship
marketing and altitudinal loyalty. Future research can investigate
relationships identified in this work, as well as test out mediating
relationships. This study will provide better information as input
to government policy makers, who responsible for services devel-
opment, to encourage the insurancecompanies’ use of relationship
marketing to benefit key stakeholder interests.

Keywords: Relationship marketing, altitudinal loyalty, satisfaction
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Paper type: research paper
2 Introduction:

Relationship marketing, with its ability to build loyal cus-
tomers (through better understanding and serving of customers’
needs), can lead to cost reduction. Since the cost of serving one
loyal customer is less than the cost of attracting and serving one
new customer a firm can reduce marketing, distribution and logis-
tics costs and thereby gain low-cost competitive advantage and
low cost service differentiation. Although there is a long list of
benefits associated with relationship marketing, little is understood
about the actual direct and indirect influences of the underpinnings
of relationship marketing on customer loyalty from empirical evi-
dence especially in Sudan.

Therefore, the objectives of this research include: to under-
stand the impact of the underpinnings of relationship marketing on
customer trust and relationship quality; to evaluate the relationship
between trust, relationship quality and customer loyalty; and to
examine the indirect influence of the underpinnings of relation-
al marketing on customer loyalty through trust and relationship
quality. (Ndubisi, Wah, & Ndubisi, Supplier-customer relationship
management and custome rloyalty The banking industry perspec-
tive, 2007).

3 Literature Reviewand theoretical backgroundRelationship
marketing

The concept of relational marketing has emerged within the
field of service marketing and industrial marketing. The phenom-
enon described by this concept is strongly supported by on-going
trends in modern business (Webster, 1992). Berry (1983) viewed
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relationship marketing as a strategy to attract, maintain and en-
hance customer relationships.(Ndubisi, Wah, & Ndubisi, Suppli-
er-customer relationship management and customerloyaltyThe
banking industry perspective, 2007).

Relationship marketing involves creating, maintaining, and
enhancing strong relationships with customers and other stake-
holders. Relationship marketing is orientated to the long term. The
goal is to deliver long-term value to customers, and the measure of
success 1s long-term customer satisfaction. Thereby relationship
marketing is about retaining customers by improving communica-
tions, customer data collection. In other words, a key objective is
to foster customer loyalty, which Oliver (1999) defined as a deep-
ly held commitment to re-buy or re-patronize a preferred product
or service in the future despite there are situational influence and
marketing efforts having the potential to cause switching behavior.
(Caceres & G. Paparoidamis , 2007)

Trust: Moorman et al. (1992) define trust as a firm’s willing-
ness to rely on an exchange partner in whom one has confidence.
Trust in the business relationship involves belief that partners will
fulfill their promises and also they will perform positive outcomes.
Trust represent perception of credibility and kindness of an orga-
nization or person.(Ndubisi, Wah, & . Ndubisi, Supplier-customer
relationship management and customer loyalty The banking indus-
try perspective, 2007)

Commitment:

Relationship commitment is also an important component of
relational exchanges. It is defined as an enduring desire to main-
tain a valued relationship, Research suggests that relationship

commitment is at the core of all successful working relationships
and that it is an essential ingredient in successful long-term rela-
tionships, including supplier—buyer relationships (Anderson and
Narus, 1998). In the relationship marketing literature, the concept
of commitment plays a central role, as it is a major characteristic
of relationship marketing models. Commitment refers to an im-
plicit or explicit pledge of the continuity of a relationship between
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exchange partners (Dwyer et al. 1987). As Scanzoni (1979) stated
commitment is the most advanced phase of partners’ interdepen-
dence.(Alrubaiee & Al-Nazer, 2010).

Communication:

Communication is also considered an important aspect of
successful relationships (Morgan and Hunt, 1994). Anderson and
Narus (1990) describe communication as formal as well as infor-
mal sharing of meaningful and timely information between firms”.
Empirical evidence suggests that communication increases the
level of trust between partners. In general, communication helps
build trust by providing partners with a mechanism that can be
used to resolve disputes. In addition, it improves partners’ ability
to align their expectations and perceptions. Communication is an
indispensable attribute in successful alliances and has thus been
described as a core competence in alliance building noted that
communication among boundary-spanning personnel produces
a shared interpretation of expectations and goals, and a common
understanding of the processes and responsibilities necessary to
achieve those goals.(Alrubaiee & Al-Nazer, 2010).

Conflict handling:

refers to the supplier’s ability to minimize the negativecon-
sequences of manifest and potential conflicts, Conflict handling
includes the supplier’s ability to avoid potential conflicts, solve
manifest conflicts before they create problems and the ability to
discuss openly, solutions when problems arise. How conflicts are
handled will ensure loyalty, exit or voice..(Ndubisi & Wah, Facto-
rial and discriminant analyses of the underpinnings of relationship
marketing and customer satisfaction, 2005).
Customer loyalty

The first concept of loyalty appeared in 1940s. In its first
day’s loyalty was proposed as a uni-dimensional construct, which
was connected to the measurement perspective taken by the re-
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searcher two split loyalty concepts evolved. That is to say, “brand
preference” (Guest, 1944, 1955) which was later referred to as atti-
tudinal loyalty and ““share of market” (Cunningham, 1956), which
was afterward referred to as behavioral loyalty. In the 1960s and
1970s, customer loyalty was approached mainly from a behavioral
standpoint. In (1978) Jacoby and Chestnut focus on interpreting
patterns of repeat purchasing in mainly board data as a demonstra-
tion of loyalty. (Seni’c & Marinkovi'c, 2014). Loyalty is usually
defined as a customer’s intention to provide exclusive benefaction
to a particular product or service above a continued period of time.
Initially, more attention was given to the behavioral component,(
Miguel Moliner 2009). Moreover, Loyalty is usually puzzled with
repeat purchase behaviour. Nevertheless, from the conceptual
point of view, repurchase is no more than a demonstration of loy-
alty, jointly with word-of-mouth communication (Oliver, 1999).
(Ehigie & Taylor, 2009)

The attitudinal constituent of loyalty can be viewed as the
level of unremitting favorable temperament to some value con-
nected with the brand or the company (Dick &Basu, 1994; Han &
Back, 2008). While the behavioral constituent exists when custom-
ers repeatedly purchase the same brand or from the same company
(Sonmez&Graefe, 1998) sited in (Seni’c & Marinkovi'c, 2014).
(Bowen & McCain, 2014)

Customer satisfaction

Satisfaction is “a person’s feelings of pleasure or disappoint-
ment resulting from comparing perceived products’ performance
(or outcome) in relation to his or her expectations”. Authors elab-
orate that customer is dissatisfied if expectations are not fulfilled
by the performance; satisfied in case the performance matches
customer’s expectations; and delighted or highly satisfied if his
expectations are exceeded by the performance (Kotler and Keller,
2012).(Keller, 2012)
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Satisfaction leads to attitudinal loyalty. Defined as the intention
to make future purchases, it is assumed that attitudinal loyalty is
a necessary implication of satisfaction. Satisfaction is defined as
an emotional post-consumption response that may occur as the re-
sult of comparing expected and actual performance or it can be
an outcome that occurs without comparing expectations (Oliver
1996). Therefore, satisfaction as a result of the disconfirmation of
expectations can be labelled evaluative satisfaction whereas satis-
faction as an outcome of nonra,mtional processes can be labelled
emotion-laden (Cronin, Brady and Hult 2000).(Bennett & Thiele,
2004).

Frame work of study:
Figure 4.1 Conceptual Framework

Relationship Marketing Customer Customer loyalty
Trust H2 Satisfaction H3 o
Commitment | Attitudinal loyalty
Communication
handling conflict H4 s
H1 l
Source: prepared by resear )
4 Hypotheses of study

Developed sub hypotheses from first hypotheses as follows:

4-1 Relationship between relationship marketing (trust, com-

mitment, communication, handling conflict) and attitudinal

loyalty

- HI1.1 There is a positive relationship between trust and attitu-
dinalloyalty.

- H1.2 There is a positive relationship between commitment and
Attitudinalloyalty.

- H1.3 There is a positive relationship between communication-
andAttitudinalloyalty.

- H1.4 There is a positive relationship between handling con-
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flictand Attitudinalloyalty.

4-2 relationship between relationship marketing (trust, com-

mitment, communication, handling conflict) and Satisfaction

Hypothesis 2: There is a positive relationship between relationship

marketing (trust, commitment, communication handling conflict)

and Satisfaction.

- H2.1 There is a positive relationship between trust and Satis-
faction

- H2.2 There is a positive relationship between commitment and
Satisfaction.

- H2.3 There is a positive relationship between communication
and Satisfaction.

- H2.4 There is a positive relationship between handling conflict
and Satisfaction.

4-3 relationship between Satisfaction and attitudinal loyalty

Hypothesis 3: relationshipbetweenSatisfaction and attitudinal

Loyalty

- H3.1 There is a positive relationship between Satisfaction an-
dattitudinal loyalty.

4-4 Satisfaction Mediating the Relation between Relationship-

Marketing and Loyalty
Hypothesis 4 Satisfaction mediating relationship between Rela-
tionship marketing and attitudinal Loyalty

- H 4.1 Satisfaction mediating the relationship between trust and
attitudinalloyalty

- H4.2 Satisfaction mediating the relationship between commit-
ment and attitudinal loyalty.

- H4.3 Satisfaction mediating the relationship between commu-
nication and attitudinal loyalty

- H4.4 Satisfaction mediating the relationship between handling
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conflict and attitudinal loyalty.

5- Research Methodology
5-1 Sample and data collection

This study collect data for testing the hypotheses via ques-
tionnaire survey of the unit of analysis in this study wasinsurance
clients, where quota sampling and self-administrated survey was
used to distribute 450 questionnaires. A professionaltranslation
to questionnaire was firstly conducted from English into Arabic
and back to English. Subsequently, a number of researchers in the
same field assessed the correctness and the clearance of questions
and measurement items. Several alterations to question wording,
modification of items, as well as the format and esthetics of the
questionnaire were made for clarity. (Sekaran, 1992).
5-2 Descriptive Statistics
Table (6-1)Descriptive Statistics

N Mean Std. Deviation

Trust 303 4.2401 58001.
Communication 303 4.2079 54712.
Commitment 303 4.2860 55820.
Handling Conflict 303 4.2360 60044.
Attitudinal Loyalty 303  4.0198 78454,
Customer satisfaction 303 4.2099 60530.

Note: All variables used a 5-point likert scale (1= strongly dis-
agree, 5= strongly agree)

Determinants of Descriptive Statistics The table reveals that the
Commitment is greater than 4.0 (mean=4.2860, standard devia-
tion=.55820), followed by Trustequal (mean=4.2401, standard de-
viation=.58001).
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Table (5-2)Psychometric Properties of Relationship Marketing

. Han-
CR | avE | msv | Ma | g | Commu- | Commit- | g
(R(H nication ment .
Conflic
Trust 0.860 | 0.606 | 0519 | 0.866 | 0.779
C"mt'i‘:)';“‘ca' 0813 | 0521 | 0467 | 0816 |***0683| 0.722
Commit- 1 020 | 0636 | 0519 | 0844 | *#+0.720 | ***0.614 | 0797
ment
Handling |, -5, | 0603 | 0374 | 0767 | ***0.503 | ***0.612 | **+0.570 | 0.777
Conflic
Attitudinal
Loyalty | 0836 | 0751 | 0930 | 0357
Customer

0.866 | 0.567 0.882

satisfaction

Significance of Correlations: 7 p < 0.100 *p < 0.050 **p < 0.010
o p <0.001

The convergent validity of the construct of relationship market-
ing has been assessed through standardized factor loadings, AVE
and CR. Table 4.6 reveals that standardized factor loadings for all
items were above the suggested cut-off of 0.50 (Hatcher, 1994),
with a minimum of 0.51, and were all significant at 1% level of
significance. The AVE meets the criterion of .50. High score of CR
(1.e.0.7) confirms the internal consistency of the scale items.
Mediation of customer satisfaction on the Relationship be-
tween Marketing relationship (Multi-dimensional) and Cus-
tomer Loyalty

To assess the mediate of customer satisfaction in relationship be-
tween Marketing relationship (Multi-dimensional) and Cus-
tomer Loyalty, structural equation modeling has been employed
and a measurement model of these constructs has been assessed.
Figure .... Reveals that reflective indicators have been used for the
measurement of latent constructs and non-causal relationship has
been studied among different constructs, by drawing path.
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Table (5-3)Model Fit Indices and Path Coefficients of Market-
ing relationship (Multi-dimensional) and Customer satisfac-

tion
Measure ol Threshold Interpretation
mate
CMIN 318.204 - -
DF 125 - -
CMIN/DF 2546 | Betweenl lgsealen
and 3
CFI 0.931 0.95< Acceptable
SRMR 0.053 0.08> Excellent
RMSEA 0.072 0.06> Acceptable
PClose 0.000 0.05< Terrible
Esti- - op CR P
mate
Customer satisfaction -—> Trust 273. 088. 3.093 002.
Customer satisfaction | --—> C"Cr:tri‘:;m' 266. 101. 2.623|  009.
Customer satisfaction | --—> Commit- 018. | 083. 22| 8%
- ment NS
Cuftomer satisfaction | —> | ~2ndimg_ [ 5o | g9, 2.626( 009
- Conflic

5-3 Mediation of customer satisfaction on the Relationship
between Marketing relationship (Multi-dimensional) and Cus-
tomer Loyalty

To assess the mediate of customer satisfactionin relationship
between Marketing relationship (Multi-dimensional) and Cus-
tomer Loyalty, structural equation modeling has been employed
and a measurement model of these constructs has been assessed.
Figure .... Reveals that reflective indicators have been used for the
measurement of latent constructs and non-causal relationship has
been studied among different constructs, by drawing path.
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Figure 5-1: The Standardized Path Coefficientfor mediations

The structural model reveals the same value of model fit shown in
Table .... , all the model fit indices for the structural model were
not only significant but remain same as in the measurement mod-
el. The low index of R square in model one just equal (.49) and
middle in model two equal (i.e. 0.22) justifies the underlying the-
oretical model.

Table (5-4): The model fit estimates for structural model with
the mediator

Measure Estimate Threshold Interpretation
CMIN 379.650 -- --
DF 155 -- --
CMIN/DF 2.449 Between 1 and 3 Excellent
CFI 0.928 0.95< Acceptable
SRMR 0.052 0.08> Excellent
RMSEA 0.069 0.06> Acceptable
PClose 0.000 0.05< Terrible
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5-4 The results for direct effects without mediator

Table (6-5) shows the estimates to be extracted to check for
direct effects without mediator after establishing model fit. The
process is done by observing standardized regression weights
and regressions weights in Table. The significant relationships
(i.e. based on p-values and the estimates) are extracted to explain-
the direct effects without mediator as shown in Table: These are
compared with direct effect results when the mediator is added on.
Table (5-5) the standardized regression weights for path model

without mediator
Bs- s | cr | P
Cust tisfac- mate
. > | T 272. | 088. | 3.085 | 002.
Cu§tom§r_sat1sfac- - Comrpunl- 264, 101. | 2.602 | 009,
tion cation
Cuétomqr_satlsfac- - Commit- 017. | 0%3. | 204 | 333
tion ment
Cuétomgr_satlsfac- e Handhgg_ 210. | 078 | 2.687 | 007,
tion Conflic
Attitudinal Loyalty | ---> Trust 146. | 158. | 925. |355.
Attitudinal_Loyalty | > | COmmMum= |94 | 10, | 1.078 | 281.
— cation
Attitudinal Loyalty | > | CO™™it 1 15 | 148, | 799~ | 424,
- ment
o Handling_
Attitudinal Loyalty | ---> Conflic 151. 140. | 1.075 | 282.
Attitudinal Loyalty | —> | SU°M¢_ | 415 | 147. | 2.809 | 00s.
- satisfaction
**% Significant at .05 level ** Significant at .01 level NS Not
Significant
The mediation tests: indirect effects using the bootstrap ap-
proach

The indirect effects using the bootstrap approach (Bollen and
Stine, 1990, Preacher and Hayes, 2004, Shrout and Bolger, 2002)
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it’s different from Baron-Kenny (1986) approach. The evidence is
shows in the next Table.
Table (5-6): The standardized indirect effects-two tailed signif-

icance
Han- Com- Communi-
dling . . Trust
- mitment cation
Conflic
Customer
satisfaction
Attiudigal e 814, 027. 020.
Loyalty
Result of | No medi- Nq Partially Part@lly
= : media- — Media-
mediation ation ) Mediation )
tion tion

6- Recommendations andDiscussion

There are some implications for practitioners in relation to cus-
tomer relationship marketing. First, insurance companies which
desire to have a good quality relationship with customers should
insist that their managers and staff act trustworthily, show strong
commitment to service, show signs of competence, communicate
efficiently and reliably, and handle conflicts satisfactorily. These
qualities must be measured in the customers’ eyes, not with insur-
ance companies’ yardstick. Second, management should establish
effective commitment, communication, trust, competence, and
conflict handling strategies based on the list of items that consti-
tute these variables. By applying these dimensions, which have
been rated highly and lowly by customers with high and low per-
ceptions of quality relationship respectively, an effective interven-
tion can be designed to maintain the perceptions of the former
group of customers and to enhance the perceptions of the latter.
The results of the second stepwise discriminant analysis for cus-
tomer satisfaction show that six dimensions discriminate between
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high and low levels of customer satisfaction. The four dimensions
include the three underpinnings of relationship marketing. The
results show that all the dimensions have high structure correla-
tions with significant results and trust discriminating most. The
mean values for all predictor variables are significantly higher for
satisfied customers compared to those who are not. Consequently,
the variables, communication, commitment, conflict handlingand
trust, all show significant results indicating that these variables are
strong discriminants. This leads to the conclusion that insurance
companies have high trust with customers will end up with more
satisfied customers. Insurance companiesthat are committed, and
trustworthy, insurance companiesthat communicate timely and ac-
curately and those that are skilled in conflict handling will create
greater satisfaction among customers.
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Reviewing Remediation methods for effi-
cient removal of Hexavalent Ghromium
(Gr6+) from Industrial Effluent
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Abstract:

Heavy metal is one of the major environmental and ecological
problems in this world. The presence of heavy metals in water and
wastewater causes toxic effects to the living beings and the environ-
ment. Compared to other heavy metals (such as Cr6+, Pb2+, Zn2+
etc.,) the presence of (CrVI) in industrial effluents has become a
huge problem worldwide as (CrVI) is highly toxic to animals due
to its ability to generate reactive oxygen species in cells. The excess
amount of (CrVI) affects the lungs and lead to respiratory disorders
in the human beings. It also contaminates the soil and groundwater.
Due to a large number of industries that generate (CrVI) in its efflu-
ents such as tanneries and electroplating industries, the (CrVI) con-
tamination in the wastewater and aqueous solutions exceeds the tol-
erance limits. Many remediation processes for removal of (CrVI)
have been researched and reviewed extensively. Many methods are
used to remove the (CrVI) from the aqueous solutions and indus-
trial effluents. This paper reviewed different remediation methods
namely: the using of natural absorbent; the conventional chemical
reduction method; the bioabsorbant method, nano-technology ap-
plication; and other remediation methods. For each method, infor-
mation about major parameters affecting the efficiency of removal
of (CrVI) from industrial effluent are stated. Brief discussion is
included relating the different methods, in addition to some future
aspects for the remediation process.

Keywords: (CrVI) Removal; adsorption; bio-treatment; na-
no-treatme
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Introduction
Chromium most commonly occurs in trivalent/Cr(III) and /
Cr(VI) states. While the trivalent state of (CrVI) is an important
trace element, its state is non-essential and toxic to animals and
may cause dermatitis, lung cancer, kidney and gastric damage, ir-
ritation to respiratory tract and eyes. Hexavalent chromium, also
called (CrVI), is hemotoxic, genotoxic, and carcinogenic. When
(CrVI) enters the bloodstream, it damages blood cells by causing
oxidation reactions. This oxidative damage can lead to hemolysis
and, ultimately, kidney and liver failure. Patients might be treated
with dialysis. [1-2].
At the low or neutral pH values, the CrOtcompounds are the
powerful oxidants. The mechanism of oxidation by Cro¥ is
presented in Equation 1.
2[CrO,]?- + 2 H=[Cr,07]2-+H,0 (1)
The toxicity level of the (CrVI) ranges between 50-150 ug/kg [3].
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(CrVI) compounds, such as (CrVI), are widely used in elec-
troplating, stainless steel production, leather tanning, textile ma-
nufacturing, and wood preservation. The U.S. is one of the world’s
leading producers of (CrVI) compounds. There is no reliable data
on local chrome production in Sudan, although it had targeted for
2011 a production of more than 50,000 tones but has released no
final data yet. As waste (CrVI) uses and production the leath-
er tanning industry plays the greatest role, there is round 23
mechanized tanneries and tenth of traditional ones. Round 150
employees per tannery are exposed to (CrVI). [4]
Objectives:
Removal of toxic level of the (CrVI) content from the water
and wastewater is a complicated process and the cost of this
process is very high and considered as a challenging problem.
Due to rise in rigorous environmental policies, scientists all around
the world are desired to develop precise techniques to control the
amount of heavy metal in waste water and drinking water. Due to
the dramatic evolution of the treatment methods, this article,
based on survey of previous used methods aims to:
1. set a comparison between the different removal methods,
2. recommend for the appropriate methods,
3. set a comprehensive article as reference in the field.
4. Remediation Methods for removal of (Cr6T) from industrial
effluent:

A wide range of treatment methods is (Adsorption, lon
exchange, chemical precipitation etc.,) available to reduce the
heavy metal toxicity levels from the water and wastewater.
Adsorption and Precipitation are the most efficient methods
used to remove the heavy metals from the wastewater. Some
other methods of Cr (VI) removal include membrane filtration,
solvent extraction, leaching and electrokinetic procedures. These
methods, though commonly used, have certain limitations. The
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major disadvantage of such conventional treatment methods is the
high cost, which dissuades many industries from adopting any re-
mediation methods. [4-7]

Different remediation methods are summarized in this review ar-
ticle: general conventional methods, selected various natural ad-
sorbents; bio-remediation, nano-remediation and other named
methods, comparing different operational parameters with remedy
percentage. [8-11]

1.Conventional Reduction Methods:

The conventional chemical reduction method comprises of
two steps—the reduction of Cr(VI) to Cr(IIl) by a reducing agent,
at an acidic pH, and the precipitation of Cr(IIl) as an insoluble
hydroxide at an alkaline pH. The chemical reductant can be any
sulphur-based or iron-based salt. These two steps can be combined
into a single step by the electrochemical addition of ferrous ion,
rather than the addition of a ferrous salt (FeSO, or FeCl,) which
necessitates the use of an acidic and an alkaline pH, making it a
two-step process. The major limitation of this method is the for-
mation of toxic solid sludge during the precipitation of Cr(III).
Moreover, in the treatment of soil contaminated by Cr(VI) from
industrial effluents, the chemical reduction method is disadvanta-
geous as the contaminated soil needs to be physically mixed with
the reducing agent, making the entire process labour-intensive. An
alternative method which can be used in this situation is electroki-
netic remediation, which involves passing of low-voltage direct
current through the soil, thus providing in situ remediation [12-
13]. A summary of some conventional methods are listed below:
- Physical Processes: this includes
o Liquid-liquid extraction: like amine-based ex-
tractants and long-chain quaternary ammonium or
tertiary amine-based compounds. [14-19].

o Adsorption: the most commonly used. Absor-
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bent can be modified oxides, zeolites, waste slurry

[20-25]. Also biopolymers are used [26-27]. Adsorp-

tion by hybrid clay material is reviewed as well like

Organo modified clays such as natural red [28-35].

o Solid-phase extraction such as Solid adsor-

bents may be inorganic (silica, alumina, activated

carbon, clay, ceramics) or organic (cellulose, graph-

eme oxide) [36].

- Chemical Processes: processes such as reduction of (CrVI)
(IX) to (CrVI) (IIT) are thoroughly studied. Additional processes
are added such as physical or/and biological in order to increase
the efficiency of the removal [37-44].

2.Usage of Various Natural Adsorbents

Adsorption_is one of the cost effective methods being widely
used for the removal of heavy metals from industrial and com-
mercial wastewaters. It has been established as an important and
economically feasible treatment technology for removing heavy
metals, particularly (CrVI). Herewith, a review of eight differ-
ent kinds of natural adsorbents to reduce the toxicity level
of the (CrVI) (Cr61). Here, adsorbents (a substance which
adsorbs another) [45-46] have been used to receive the met-
al ions from the water and wastewater. The Adsorption iso-
therms and kinetic studies were not considered. The papers
reviewed have dealt only with adsorption at room tempera-
ture. Hence, the factors affecting the adsorption efficiency:
(effects of pH, absorbent dose, contact time, concentration of
chrome) have been tabulated in Table (2).
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Table (2): Various natural absorbents versus absorption efficiency:

Factor
Absorbent Initial Time ) . Recovery
pH ) . Particle Size Reference
. Dose (gm/L) Concentration (min) %
Material
Efficiency
Saw dust 1-6.9 4-24 100 — 400 (mg/L) 250-1050 decreases as 99.9 - 81 [46-48]
size increases
Cocount Shell
2-9 1.5-25.5 525 (mg/L) 30-180 0.42-1.7 mm 60-87 [49-58]
Charcoal
Agricultur
2-8 2-9 1.5 — 5(mg/L) 100 100-200pm 97-45 [59-78]
waste
Neem Leaves 4.1-6 2-10 mg/mL 30mg/ 100mL 80 ND 98-67.7 [79-83]
Banana Peels 3-8 1-5 0.5-3.5gm/10gm 60-120 ND 96-60 [84-86]
Grape Leaves 1.5-9 0.2-3 25-200 10-120 Powder [87-88]
Groundnut
T 1-8 5-40 83-25 30-80 200-300 pm 82-96 89
u

3.Bio-treatment

While reviewing there are some reports on the removal of
heavy metals in effluent by complexation of dry biomass [90-91].
Unfortunately, these methods were not employed on large scale.
Many researchers have reported the methods of biosorption on
chemical modified solid surface [92], it takes some time for the ad-
sorption of heavy metals in water bodies, especially, at ppm level.
Among the most promising types of biosorbents studied is the al-
gal biomass [40-44], [93-94]. This is due to the presence of various
functional groups such as carboxyl, amino, sulphate and hydroxyl
groups, which can act as binding sites for metals [95]. Anabae-
na Bory ex Bornet & Flahault (Cyanobacteria), a blue green alga,
1s among a number of cyanobacteria that present gas vacuoles
(aerotope) and form dense populations on the surface of lakes and
reservoirs, the so-called blooms. Anabaena being structurally simi-
lar might also possesses the capabilities of heavy metal removal
from effluents as this alga contain lipopolysaccaride envelop, that
is proven to be helpful in ionic exchange properties/intracellular
accumulation/adsorption onto cell surface. Adsorption of Cr(VI)
by activated Vetivera roots and Blue green algae Anabaena sup-
ports that it is an effective low cost adsorbent for the removal of
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Cr(VI) from plating effluent. Langmuir and Freundlich adsorption
isotherm correlate the equilibrium adsorption data. In batch exper-
iments both Vetiveria and Anabaena species were found to be cost
effective biosorbent for the efficient removal of Cr(VI) from the
effluent and comparatively Anabaena species was found to adsorb
maximum Cr(VI) (88.86%) at a low contact time of 60 min [96].
Vetiveria zizanioides, due to its unique morphological and physio-
logical characteristics, and tolerance to high levels of heavy metal
and adverse conditions, has also been successfully used in the field
of environmental protection [97-98]. It is excellent for the removal
of heavy metals from contaminated soil [99-100] and rehabilitat-
ing landfills [101]. Even though it is not an aquatic plant, vetiver
can be established and survive under hydroponic conditions [102].
It can purify eutrophic water [103], gar- bage leachates [104] and
wastewater from pig farms [105]. Therefore, vetiver has high po-
tential to be used for industrial wastewater treatment.

4Nano-treatment
Using nanoparticles as adsorbents for the removal of (CrVI)
from industrial effluents is recently investigated. Nanomaterials
possess certain properties which make them an ideal adsorbent.
These include a suitable particle size, large surface area, accessible
pores and high stability [106]. Moreover, due to their extremely
small size, they can be easily transported through a water body
simply by Brownian motion, without the aid of any external force.
As aresult, the nanoparticles remain suspended longer to establish
an in situ remediation zone [107]. These nanoparticles can be syn-
thesised by various physical, chemical and biological processes,
and the adsorptive capacity of the particle varies according to the
method of production. Below are some of nano-treatment process-
es:
- According to [108], to overcome the problem of mass transfer
resistance in the case of bulk adsorbents, nanoparticles can be
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embedded in the bulk materials, thus facilitating the contact
of contaminants to large surface area and encouraging internal
mass transfer. This was achieved by the synthesis of a magnet-
ic zeolite/polypyrrole composite, which consisted of magnetic
zeolite (embedded with magnetic Fe,O, nanoparticles) mixed
with the organic polymer polypyr- role. This adsorbent showed
a removal efficiency of 99.99% when the pH was 2 and the ini-
tial Cr(VI) concentration was 300 mg/1 .

- Zero-valent iron nanoparticles (nZVI) have become one of the
most used metal nanoparticles for environmental remediation
of Cr(VI). Since the redox potential of (CrVI) is much more
positive than that of Fe’, it reduces the form of (CrVI) to its
trivalent form (itself getting oxidised to Fe™), which then pre-
cipitates along with Fe” on the surface of the nanoparticles
[109—111].

- Jon-exchange resins can be used as supporting material for the
nZVI particles. While conventional ion-exchange resins can
remove either a cation or an anion, resin-supported nZVI can
eliminate both forms. Such resin-supported nZVI have been re-
ported to remove Cr(VI) with an efficiency of 84.4% at optimal
conditions [112].

- Using carboxymethyl cellulose (CMC) as a stabiliser for nZVI,
100% of Cr(VI) was reduced to Cr(III) from a solution contain-
ing 10 mg of Cr(VI)/ [113]. A major problem of using nZVI
particles is the formation of a Fe(IIl)-Cr(III) (oxy)hydroxide
film on the surface of the nanoparticles, rendering the surface
passive, as it does not allow the Fe® particles at the core to react
with the Cr(VI) particles on the surface. This problem is usually
overcome by cementing a second metal (preferably inert, such as
Ag, Cu, Ni, Pd, Co) on to the surface of the transition metal, thus
preventing the formation of the self-inhibiting film [114-115].
Such bimetallic combinations, for example nZVI/Cu, demon-
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strate pseudo-first-order kinetics or Langmuir—Hinshel- wood
first-order kinetics [114, 116]. The second metal acts as an elec-
tron shuttle between the two metal systems, thus forming a cat-
alyst. It also protects the surface of nZVIs from corrosion [115].
Another drawback of using nZVI particles is that their removal
from treated water is tedious. This can be overcome by using
magnetised nZVI nanoparticles, i.e. nZVI nanoparticles coat-
ed with magnetic Fe,O, nanoparticle which could be removed
easily with the help of an external magnetic field [117]. Such
ZVI-Fe O, nanocomposites form a heterogeneous Fenton-like
system, which showed an increase in Cr(VI) removal efficiency
from 48.8% (using bare nFe,0,) to 96.4% (using nZVI-Fe,O,
nanocomposites) in 2 h [18-119]. nZ VI has also been assembled
on magnetic Fe O /graphene nanocom- posites to tackle both the
drawbacks mentioned above, and it shows a Cr(VI) removal effi-
ciency of 83.8%, following pseudo-second-order kinetics [120].
Use of ultrasound technology contributes to an increase in the
available surface area and induces new reactive sites for the re-
duction reaction of Cr(VI) [121].

- Metallic heterogeneous nano-supported catalyst is applied
when using formic acid is an organic and non-toxic reducing
agent that reduces Cr(VI) to Cr(III), while itself getting con-
verted to CO, and H,, which can be recycled for industrial pur-
poses. Different nano-supported metallic heterogeneous cata-
lysts were investigated, namely graphene oxide-supported Ni
nanoparticles [122], TiO,-supported Pd nanoparticles [123], Pd
nanoparticles supported on amine-functionalised SiO, [124],
among others.

- More recently, 3D urchin- shaped monometallic palladium
was used as a nanocatalyst for the detoxification process of
Cr(VI)-contaminated industrial effluents using formic acid. It
was found that the rate of detoxification process could be en-
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hanced by exposure to light of appropriate intensity. Further,
this nanocatalyst exhibited stable catalytic activity even after
six cycles of reaction [125].

- Magnetite (Fe,O,) nanoparticles can also be used individual-
ly for removal of Cr(VI) from wastewater [125].
Maghemite (c-Fe,O,) coated with polydopamine (a cate- chol-
amine) showed a Cr(VI) removal efficiency of 97% at pH of 3
[126-127].

- In the presence of solar radiation ZnO nanoparticles were used
as photocatalysts for the reduction of Cr(VI) to Cr(III) [128-
129]. Such photocatalytic reduction experiments have also been
carried out on TiO, [130-131] and WO, [132]. The mechanism
of photocatalysis is based on the principle of semiconductor
solid catalysis, wherein electrons move from valence band to
conduction band on being stimulated by light of appropriate
wavelength. The charge carriers on the surface of the catalysts
(such as O,) take up the electron promoted to the conduction
band, and the O, thus formed engages in redox reactions
with the adsorbed pollutants. H,O is used to fill the lack va-
lence band [133].

- Cerium oxide nanoparticles stabilised with hexamethylenete-
tramine were able to remove Cr(VI) with 96.5% efficiency, and
after the treatment process, the nanoparticles could be centri-
fuged out of the water, while (CrVI) could be desorbed using
NaOH [134]. The ability of hydrous cerium oxide nanoparticles
to adsorb Cr(VI) was also investigated, which yielded positive
results [135]. The potential of CoFe O, nanoparticles (synthe-
sised in a cost- effective manner) for remediation of Cr(VI)
from wastewater released from a printing press was quantified
to be 67%, with no major loss of adsorption capacity up to three
reaction cycles [134].

- Manganese dioxide/iron oxide/acid oxidised multi-walled
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carbon nanotube magnetic nanocomposites (MnO,/Fe O, /o-
MWCNTs) were used for Cr(VI) removal from wastewater.
Apart from being highly efficient in this purpose, Cr(VI) can
be desorbed and the adsorbent may be regenerated by using an
alkali. However, the efficiency of Cr(VI) adsorption efficiency
reduces to 85% after five cycles of reuse of these nanotubes
[136].

- lonically modified nanoparticles have also been studied for
applications in the field of nanoremediation. Magnetic Fe,O,
nanoparticles were modified by phosphonium silane, which
enhanced their adsorption capacity of Cr(VI) at optimum pH.
However, desorption of (CrVI) from these modified nanoparti-
cles using NaOH was poor [137].

- Aminosilicate-functionalised titanium dioxide nanotubes mod-
ified with gold nanoparticles supported on EDAS (EDAS/(TiO,
NTs-Au),,,) photocatalytically reduce Cr(VI) to Cr(III) (using
oxalic acid as electron donor) with 77% efficiency. Light induc-
es interfacial charge transfer from the (TiO, NTs) .. to Cr(VI)
through the gold nanoparticles, which act as sinks for the pho-
togenerated electrons [138].

- A similar study was conducted by using chitosan as the poly-
mer instead of polypyrrole, and a removal efficiency of 98%
was reported at pH 2 and initial Cr(VI) concentration of 200
mg/l. A cross-linked silica gel/chitosan-g-poly(butyl acrylate)
nanocomposite showed a maximum Cr(VI) adsorption capacity
of 55.71 mg/g [139]. While bulk iron sulphide (FeS) has been
used as a chemical reductant in the remediation of Cr(VI), FeS
nanoparticles show higher reactivity due to larger surface area.
These nanoparticles can be stabilised using CMC, and biochar
can be used as a mechanical support to disperse the nanoparti-
cles. Such a composite adsorbent showed a Cr(VI) adsorption
capacity of 130.5 mg/g at a pH of 5.5 [140].

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao




Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

- Nanoparticles can also be applied on membranes used to en-
hance removal of (CrVI) ions from an aqueous solution. For
example, the polysulphone (Psf) membrane is widely used for
this purpose. To increase the hydrophilicity of the membrane, it
was doped with SiO, nanoparticles (PS1/Si0,), thus enhancing
the (CrVI) flux through the membrane [141].

5.0ther methods:

1.Coagulation:

a. Electro coagulation: Electrocoagulation experiments were con-
ducted using an electrochemical cell with iron electrodes im-
mersed in a specific volume of tannery wastewater. Operating
parameters, such as the initial (CrVI) concentration, pH and
current density as well as power consumption were evaluated
to determine optimum (CrVI) removal. The optimization was
performed using Response Surface Methodology combined
with central composite design. Analysis of variance (ANOVA)
was used to determine the response, residual, probability, 3D
surface and contour plots. The maximum (CrVI) removal was
100% at the optimum values of 13 mA/cm?, 7 and 750 ppm for
current density, pH and concentration, respectively [142].

b. Chemical Coagulation: Ferric chloride produced better results
than aluminium sulphate. The COD and (CrVI) were removed
mainly through coagulation: 38-46% removal of suspended
solids, 30-37% removal of total COD from settled tannery
wastewaters and 74-99% removal of (CrVI) at an initial con-
centration of 12 mg/l can be achieved by using the optimum
coagulant dosage (800 mg/1) in the optimum pH range (around
7.5). Coagulation combined with centrifugation improved the
removal efficiency of suspended solids (70%). A high degree
of clarification is attained as indicated by an excess of 85-86%
colour removal [145].

2.Solvent Extraction : The results demonstrated that 99.67% (CrVI)
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could be extracted after six-stage countercurrent extraction, almost

all impurity ions such as Na, V, Al and Mg could be removed from

the loaded organic phase after three-stage cross-current scrubbing
and 95.72% (CrVI) could be stripped after six-stage countercur-
rent stripping respectively under the optimum conditions. The

Cr,O, product with 99.01% purity was obtained and total (CrVI)

recovery from the (CrVI) (VI) waste solution was 95.40% [8].

3.Makeup and direct recycling:

a. Chemical makeup: The spent chrome tanning liquors were re-
used 5 times after they had been recharged with the reduced
amounts of salt, acids and chrome. Savings in water, salt and
chrome were 85%, 33% and 28% respectively. No significant
changes were observed in the leather produced using the recy-
cled liquors compared to the leathers produced using the fresh
liquor [144-145].

b. Evaporation: Spent (CrVI) liquor was concentrated by evapo-
ration in a triple-effect evaporator. The concentrated liquor was
blended with fresh make-up (CrVI) and re-used in tannage. Al-
though the energy cost of the evaporator, the leather produced
by this make-up (CrVI) has a normal properties and this is due
to the strict control of pH, basicity and salt. [146].

DISCUSSION :

Among the conventional remediation methods, adsorption
1s the most effective and economical solution to remediation of
Cr(VI), especially if it is coupled with proper regeneration of the
adsorbent. Activated carbon (AC) is one such highly effective ad-
sorbent, which resembles granular or powder charcoal and pos-
sesses high porosity, internal surface area and mechanical strength.
AC is especially useful in remediation of low concentrations of ef-
fluent stream. However, commercially available ACs are not eco-
nomically feasible, and hence, any material with a high organic
content and low inorganic content can be used for manufacturing
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of AC. The major limitation of chemical adsorption method is the
formation of toxic solid sludge during the precipitation of Cr(III).
Moreover, in the treatment of soil contaminated by Cr(VI) from
industrial effluents, it is disadvantageous as the contaminated soil
needs to be physically mixed with the reducing agent, making the
entire process labour-intensive [71].

The feasibility and efficiency depends on the physical proper-

ties of the effluent, the size of the industry producing the effluents
and the availability and friendly-environmental of the agents.
Natural Adsorbent, according to this review, it is concluded that
sawdust is the best adsorbent to remove the (CrVI) (Cro™) with
an efficiency of 99.9%. Here, the saw dust plays a major role in
adsorption and accumulation of heavy metal contents from the
wastewater, due to its organic nature and high amount of carbon
content. Also, the Banana Peels (98%), Bamboo waste (98%)
and Agricultural waste (98%) had given their best adsorption
rate of (CrVI) (Cr61). However, these efficiencies are obtained
from the aqueous solutions, not industrial effluents (Because of
high concentration). Combination of these adsorbents in equal
or different ratios will give the maximum efficiency (100%) of
removal of (CrVI) (Cr®1) from the industrial effluent such as
tanneries, electroplating industries etc.
The key factors for preparation for bioadsorbent depend on its
morphological properties such as particle size and shape, binding
surface area, and overall effluent removal capacity. For bio-reme-
diation there are five operating parameters that govern the adsorp-
tion efficiency; pH; agitation time; adsorbent dose; elution agent
and adsorption isotherm.

The pH of the metal solution is the most influential factor as
it affects surface properties of the adsorbent and metal speciation.
The uptake of the metallic cations by adsorbent is reduced at pH
below 3 and above 8.
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Variation in adsorbent dosage increased the removal of Cr(VI.
This is to be expected because for a fixed effluent concentration in-
creasing total adsorbent doses, provides a greater surface area or
adsorption site.

The low elution efficiency of HNO, solution can be attributed
to the greater affinities of divalent cations for the negative charged
sites on the bioadsorbent than monovalent cations. HCl and EDTA
showed the maxi- mum efficiency for the desorption process. This
result obtained with EDTA can be attributed to the strong complex-
ing ability to Cr(VI). HCI was selected as an effective desorbing
agent due to the similar result with EDTA, and low cost of HCI .

The mathematical calculations with reference to Langmuir
and Freundlich adsorption isotherm, are the most widely used for
adsorption efficiency.

To overcome the problem of mass transfer resistance in the
case of bulk adsorbents, nanoparticles can be embedded in the bulk
materials, thus facilitating the contact of contaminants to large
surface area and encouraging internal mass transfer. Nanoparti-
cles can also be applied on membranes used to enhance removal
of (CrVI) ions from an aqueous solution. Nanoparticles tend to
get accumulated in the liver, kidney and lungs, where they exert
their toxic effects. In the liver, these nanoparticles induce oxidative
stress and may also trigger the inflammatory cytokines cascade,
resulting in inflammatory cell.

FUTURE ASPECTS:

Natural absorbents reveal to be the most efficient in removing
the (CrVI), but still more researches are needed for the regenera-
tion of the absorbents and reuse of the (CrVI).

Nano-technology: In today’s society of unstable economy,
industries are reluctant to spend adequate money on remediation
processes. Industrialists should be made aware of such remedia-
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tion processes and their benefits in the long run. The capital cost
of cleaning industrial effluents may be high, but with the use of
cost-effective techniques, such an investment may be profitable for
the industry.

Using greener and eco-friendly techniques, such as use of
biogenic nanoparticles, may reduces the cost even more with a
simultaneous increase in efficiency. Future research should focus
on developing less toxic, more efficient, cost-effective and increas-
ingly reusable nanoadsorbents.

Thermal and electro remediation can be of promising pro-
cess, if the energy cost can be minimized.

©2021 prouua--a1443 pilill guy- piie (saball aaell-digiow g1y Gosao drode dlao




Nagwa E. Bashir

References:

(1) ShekhawatA,KahuS, Saravanan D, JugadeR (2015); Synergistic
behaviour of ionic liquid impregnated sulphate-cross- linked
chitosan towards adsorption of Cr(VI), International Journal
of Biol Macromol 80:615-626.

(2) Tagliari KC, Cecchini R, Rocha JAV, Vargas VMF (2004),
Mutagenicity of sediment and biomarkers of oxidative stress in
fish from aquatic environments under the influence of tanneries,
Mutat Res Genet Toxicol Environ Mutagen 561:101-117

(3)Barakat MA (2010), New trends in removing heavy metals
from industrial wastewater, Arabian Journal of Chemistry 4:
361-377.

(4) International Trade Centre (2010), Supply survey on
The Leather industry in Sudan Trade Support Institutions
Strengthening (TS), Switzerland, Sept 2010

(5) Xiao-bin L, Wen-bin X, Qiu-sheng Z, Zhi-hong P, Gui-hua L
(2011), Leaching kinetics of acid-soluble Cr(VI) from chromite
ore processing residue with hydrofluoric acid, J Cent South
Univ Technol 18:399-405

(6)Fu R, Wen D, Xia X, Zhang W, Gu Y (2017) Electrokinetic
remediation of (CrVI) (Cr)-contaminated soil with citric acid
(CA) and polyaspartic acid (PASP) as electrolytes, Chem Eng
J 316:601-608.

(7)Jessica S.George, AnaRamosHeather, J.Shipley (2015),
Tanning facility wastewater treatment: Analysis of physical—-
chemical and reverse osmosis methods, Elsevier, Journal of
Environmental Chemical Engineering, Volume 3, Issue 2.

(8)ZiwenYing, Xiulian Ren, JieLi, GuixuanWu, QifengWei
(2020), Recovery of (CrVI)(VI) in wastewater using solvent
extraction with amide, Elsevier, Hydrometallurgy, Volume 196,
September 2020, 105440 .

(9)Sayak Mitra, Avipsha Sarkar Shampa Sen (2017); Removal

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao



https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.1016/j.arabjc.2010.07.019
https://doi.org/10.1016/j.arabjc.2010.07.019
https://www.sciencedirect.com/science/article/abs/pii/S2213343715000585
https://www.sciencedirect.com/science/journal/22133437
https://www.sciencedirect.com/science/journal/22133437
https://www.sciencedirect.com/science/journal/22133437/3/2
https://www.sciencedirect.com/science/journal/0304386X
https://www.sciencedirect.com/science/journal/0304386X/196/supp/C

Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

of (CrVI) from industrial effluents using nanotechnology:
a review; Nanotechnol. Environ. Eng. (2017) 2:11 Springer
International Publishing

(10) Yogeshwaran V and Priya AK, (2017), Removal of
(CrVI) (Cr6+) Using Different Natural Adsorbents-A Review;
J Chromatogr Sep Tech 2017, 8:6DOI: 10.4172/2157-
7064.1000392

(11) Engy Ahmed, Hesham M. Abdulla, Amr H. Mohamed,
Ahmed D.El-Bassuony (2016), Remediation andrecycling
of (CrVI]) from tannery wastewater using combined
chemical-biological treatment system, PROCESS SAFETY
AND ENVIRONMENTAL PrROTECTION 104 (2016) 1-10, www.
elsevier.com/locate/ps ep

(12)Cundy A, Pollock R, Hopkinson L (2009), Electrokinetic
ferric iron remediation and stabilisation (FIRS) of chro- mium
contaminated soils: an ex situ demonstration field scale, Contam
L Appl Real Environ 9:6

(13)Kalidhasan S, Santhana Krishna Kumar A, Rajesh V, Rajesh
N (2016), The journey traversed in the remediation of (CrVI)
and the road ahead toward greener alternatives-A perspective,
Coord Chem Rev 317:157-166.

(14)Suresh A, Brahmmananda Rao CVS, Srinivasulu B,
Sreenivasan NL, Subramaniam S, Sabharwal KN, Sivaraman
N, Srinivasan TG, Natarajan R, Vasudeva Rao PR (2013),
Development of alternate extractants for separation of actinide,.
Energy Proceed 39:120-126.

(15)Someda HH, El-Shazly EA, Sheha RR (2005), The role of some
compounds on extraction of (CrVI)(VI) by amine extractants, J
HazardMaterial 117:213-219.

(16)Senol A (2004), Amine extraction of (CrVI)(VI) from aqueous
acidic solutions, Sep Purif Technol 36:63—75

(17)KalidhasanS, Sricharan S, Ganesh M, Rajesh N (2010), Liquid—

02021 iy 01443 (nilill guy- e salall a3ell-dsgim g1y 0da0 drolc dlao m



http://www.elsevier.com/locate/psep
http://www.elsevier.com/locate/psep

Nagwa E. Bashir

liquid extraction of (CrVI) (VI) with tricaprylmethylammo-
nium chloride using isoamylalcohol as the diluent and its
application to industrial effluents, ] Chem Eng Data 55:5627—
5633

(18) Venkateswaran P, Palanivelu K (2004), Solvent extraction
of (CrVI) with tetrabutyl ammonium bromide from aqueous
solution, Sep Purif Technol 40:279-284

(19)Kalidhasan S, Ganesh M, Sricharan S, Rajesh N (2009),
Extractive separation and determination of (CrVI) in tannery
effluents and electroplating waste water using tribenzylamine
as the extractant, J] Hazard Mater 165:886—892

(20)2Boast D (1988), Large scale chrome recovery from chrome
wash liquors. J Am Leather Chem Assoc 83:17-33

(21)2Vasileva E, Hadjiivanov K, Mandjukov P (1994), Adsorption
of Cr 6 anions on pure and peroxide-modified TiO, (ana tase).
Colloids Surf A Physicochem Eng Asp 90:15

(22)Mesuere K, Fish W (1992), Chromate and oxalate adsorption
on goethite. 1. Calibration of surface complexation models.
Envi- ron Sci Technol 26:2357-2364

(23)Babel S (2003), Low-cost adsorbents for heavy metals uptake
from contaminated water: a review. J Hazard Mater 97:219—
243

(24)Oliver SRJ (2009), Cationic inorganic materials for anionic
pollutant trapping and catalysis. Chem Soc Rev 38:1868

(25)Zhang J, Shang T, Jin X, Gao J, Zhao Q (2015), Study of (CrVI)
(VI) removal from aqueous solution using nitrogen- enriched
activated carbon based bamboo processing residues. RSC Adv
5:784-790

(26)Song Z, Li W, Liu W, Yang Y, Wang N, Wang H, Gao H
(2015), Novel magnetic lignin composite sorbent for (CrVI)
(VD) adsorption. RSC Adv 5:13028-13035

(27)Camel V (2003), Solid phase extraction of trace elements.

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao




Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

Spectrochim Acta Part B 58:1177-1233

(28)Rengaraj S, Joo CK, Kim Y, YiJ (2003), Kinetics of removal
of (CrVI) from water and electronic process wastewater by ion
exchange resins: 1200H, 1500H and IRN97H. J Hazard Mater
B 102:257-275

(29)Qian L, Zhang H (2010), Green synthesis of chitosan-based
nanofibers and their applications. Green Chem 12:1207-1214

(30) Deans JR, Dixon BRNG, Cod C, St POBM, Bay B
(1992), Uptake of Pb and Cu by novel biopolymers. Water
Res 26:3-6

(31)Gtadysz-Ptaska A, Majdan M, Pikus S, Sternik D (2012),
Simultaneous adsorption of (CrVI)(VI) and phenol on natu- ral
red clay modified by HDTMA. Chem Eng J 179:140-150

(32)Bhattacharyya KG, Sen GS (2006), Adsorption of (CrVI)(VI)
from water by clays. Ind Eng Chem Res 45:7232-7240

(33)WuP, LiS,JuL,ZhuN, WuJ, Li P, Dang Z (2012),Mechanism
ofthereduction of (CrVI)by organo-montmorillonite supported
ironnanoparticles.JHazard Mater219-220:283-288

(34)Brum MC, Capitaneo JL, Oliveira JF (2010), Removal of
(CrVI) from water by adsorption onto surfactant modified
montmorillonite. Miner Eng 23:270-272

(35)Santhana Krishna Kumar A, Ramachandran R, Kalidhasan S,
Rajesh V, Rajesh N (2012), Potential application of dodecy-
lamine modified sodium montmorillonite as an effective adsor
bent for (CrVI). Chem Eng J 211-212:396-405

(36) LiuX,PanL,LvT,ZhuG,LuT, SunZ, SunC(2011), Microwave-
assisted synthesis of TiO,-reduced graphene oxide composites for
the photocatalytic reduction of Cr(vi). RSC Adv 1:1245

(37)Ma H-L, Zhang Y, Hu Q-H, Yan D, Yu Z-Z, Zhai M (2012),
Chemical reduction and removal of Cr(vi) from acidic aqueous
solution by ethylenediamine-reduced graphene oxide. J Mater
Chem 22:5914

©2021 prosuga- 1443 pilill guy- piiec (salall 3a2ll-8ygiwm g1y 20500 dxalc dlao m




Nagwa E. Bashir

(38)Dubey R, Bajpai J, Bajpai AK (2015), Green synthesis of gra-
phene sand composite (GSC) as novel adsorbent for efficient
removal of Cr(VI) ions from aqueous solution. J Water Process
Eng 5:83-94

(39) Troiano JM, Jordan DS, Hull CJ, Geiger FM (2013), Interaction
of Cr(III) and Cr(VI) with hematite studied by second harmonic
generation. J Phys Chem C117:5164-5171

(40)Kumar R, Bishnoi NR, Garima BK (2008), Biosorption of
(CrVI)(VI]) fromaqueous solution and electroplating wastewater
using fungal biomass. Chem Eng J 135:202-208

(41)Han X, Wong YS, Wong MH, Tam NFY (2007), Biosorption
and bioreduction of Cr(VI) by a microalgal isolate, Chlorella
miniata. J] Hazard Mater 146:65-72

(42) Anjana K, Kaushik A, Kiran B, Nisha R (2007), Biosorption
of Cr(VI) by immobilized biomass of two indigenous strains of
cyanobacteria isolated from metal contaminated soil. J Hazard
Mater 148:383-386

(43)Pattanapipitpaisal P, BrownNL,Macaskie LE(2001),Chromate
reduction by microbacterium liquefaciens immobilised in poly-
vinyl alcohol. Biotechnol Lett 23:61-65

(44)Hsu LC, Wang SL, Lin YC, Wang MK, Chiang PN, Liu JC,
Kuan WH, Chen CC, Tzou YM (2010), Cr(VI) removal on
fungal biomass of Neurospora crassa: the importance of dis-
solved organic carbons derived from the biomass to Cr(VI)
reduction. Environ Sci Technol 44:6202-6208

(45) Omar EAS, Neama AR, Maha ME (2011), A study of the
removal Characteristics of heavy metals from wastewater
by low cost adsorbents. Journal of Advanced Research 2:
297-303.

(46) Dimple L (2014), Adsorption of Heavy Metals: A
Review. International Journal of Environmental Research
and Development 4: 41-48.

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao



https://doi.org/10.1016/j.jare.2011.01.008
https://doi.org/10.1016/j.jare.2011.01.008
https://doi.org/10.1016/j.jare.2011.01.008
https://doi.org/10.1016/j.jare.2011.01.008
https://doi.org/10.1016/j.jare.2011.01.008
https://doi.org/10.1016/j.jare.2011.01.008

Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

(47) Babu BV, Suresh G (2009), Removal of Toxic metal Cr
(VI) from industrial waste water using saw dust as adsorbent:
Equilibrium, kinetics and regeneration studies. Chemical
Engineering Journal 150: 352-365.

(48) Srinath S, Venkat RG (2011), Combustion characteristics
of saw dust in a bubbling fluidized bed. International
Conference on chemistry and chemical process.

(49) Ayub S, Changani FK (2014), Adsorption process of
Wastewater Treatment by using Coconut shell. Research
Journal of Chemical Sciences 4: 21-34.

(50) Sandhya B, Tonni AK (2004), Cr (VI) removal from
synthetic wastewater using coconut shell charcoal and
commercial activated carbon modified with oxidizing
agents and/or chitosan. Chemosphere 54: 951- 967.

(51) Parlayici-karatas S, PehlivanE (2012), Removal of (CrVI)
using modified pistachio shell. Advances in Environmental
Research 1: 167-179.

(52) Mabher J, Fathi A, Safa S, Awni K (2009), The treatment
of (CrVI) tanning waste water using natural marl. Chemical
Speciation and Bioavailability 21:185-191.

(53) Ademiluyi FT, Nze JC (2016), Multiple Adsorption of
Heavy Metal Ions in Aqueous solution using activated carbon
from Nigerian Bamboo. International Journal of Research in
Engineering and Technology 5: 164-169.

(54) Saiffudin MN, Kumaran P (2005), Removal of Heavy
metal from industrial wastewater using chitosan coated oil
palm shell char coal. Electronic Journal of Biotechnology 8:
43-53.

(55) Samir T, Sophie R, Ibrahim C (2011), Kinetic study and
modelling of heavy metals removal by adsorption onto

peanut husks incinerated residues. Energy Procedia 6: 143-
152.

©2021 prosuga- 1443 pilill guy- piiec (salall 3a2ll-8ygiwm g1y 20500 dxalc dlao m



https://doi.org/10.1016/j.cej.2009.01.013
https://doi.org/10.1016/j.cej.2009.01.013
https://doi.org/10.1016/j.cej.2009.01.013
https://doi.org/10.1016/j.cej.2009.01.013
https://doi.org/10.1016/j.cej.2009.01.013
https://doi.org/10.1016/j.cej.2009.01.013
http://cpfd.cnki.com.cn/Article/CPFDTOTAL-CDYA201105007033.htm
http://cpfd.cnki.com.cn/Article/CPFDTOTAL-CDYA201105007033.htm
http://cpfd.cnki.com.cn/Article/CPFDTOTAL-CDYA201105007033.htm
http://cpfd.cnki.com.cn/Article/CPFDTOTAL-CDYA201105007033.htm
http://cpfd.cnki.com.cn/Article/CPFDTOTAL-CDYA201105007033.htm
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=TPTPMR_2012_v1n2_167
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=TPTPMR_2012_v1n2_167
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=TPTPMR_2012_v1n2_167
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=TPTPMR_2012_v1n2_167
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=TPTPMR_2012_v1n2_167
https://doi.org/10.3184/095422909X12473263943097
https://doi.org/10.3184/095422909X12473263943097
https://doi.org/10.3184/095422909X12473263943097
https://doi.org/10.3184/095422909X12473263943097
https://doi.org/10.3184/095422909X12473263943097
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v8n1-7/430
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v8n1-7/430
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v8n1-7/430
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v8n1-7/430
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v8n1-7/430
http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v8n1-7/430
https://doi.org/10.1016/j.egypro.2011.05.017
https://doi.org/10.1016/j.egypro.2011.05.017
https://doi.org/10.1016/j.egypro.2011.05.017
https://doi.org/10.1016/j.egypro.2011.05.017
https://doi.org/10.1016/j.egypro.2011.05.017
https://doi.org/10.1016/j.egypro.2011.05.017

Nagwa E. Bashir

(56) Mona K, Ahmad K, Hanafy H, Zakia O (2014), Heavy
Metals removal using Activated Carbon, Silica and Silica
Activated Carbon Composite. Energy Procedia 50: 113-120.

(57) 57. Pehlivan E, Altun T (2008), Bioadsorption of
(CrVI) (VD) ion from aqueous solutions using walnut,
hazelnut and almond shell. Journal of Hazardous Matter
155: 378-384.

(58) 58. Schneider RM, Cavalin CF, Barros MASD, Tavares
CRG (2008), Adsorption of (CrVI) ions in Activated Carbon.
Chemical Engineering Journal 132: 355-362.

(59) 59. ElShafey EI1(2007), Sorption of Cd (II) and Se (IV)
from aqueous solution using modified rice husk. Journal of
Hazardous Materials 147: 546-555.

(60) Ravi K, Dinesh KA, Nouratan S, Hirdayesh K (2017),
Removal of Cr (VI) Using low cost activated carbon
developed by agricultural waste. IOSR Journal of Applied
Chemistry 10: 76-79.

(61) HalaAH (2013), Removal of Heavy metals from waste
water using agricultural and industrial wastes as adsorbents.
Housing and Building National Journal 9:276-282.

(62) Christine J, Astha G (2015), Green Tea leaves as a
Natural adsorbent for the removal of Cr6+ from aqueous
solution. Air, Soil and Water Research published by Libertas
Academica pp: 13-19.

(63) Sunil H, Karthik CV, Pradeep HN, Mahesh KS (2014)
Removal of (CrVI) (VI) metal ions from wastewater using
alternative adsorbents- a case study. International Journal of
Scientific and Research Publication 4.

(64) Tamirat D, Khalid S, Kitte SA (2014), Adsorption of
(CrVI) from aqueous solution using chemically activated
carbon prepared from locally available waste of bamboo.
Hindwai Publishing Corporation ISRN Environmental
Chemistry 2014.

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao



https://www.sciencedirect.com/science/article/pii/S1876610214007504
https://www.sciencedirect.com/science/article/pii/S1876610214007504
https://www.sciencedirect.com/science/article/pii/S1876610214007504
https://www.sciencedirect.com/science/article/pii/S1876610214007504
https://www.sciencedirect.com/science/article/pii/S1876610214007504
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
https://doi.org/10.1016/j.cej.2007.01.031
https://doi.org/10.1016/j.cej.2007.01.031
https://doi.org/10.1016/j.cej.2007.01.031
https://doi.org/10.1016/j.cej.2007.01.031
https://doi.org/10.1016/j.cej.2007.01.031
http://www.sciencedirect.com/science/article/pii/S0304389407001112
http://www.sciencedirect.com/science/article/pii/S0304389407001112
http://www.sciencedirect.com/science/article/pii/S0304389407001112
http://www.sciencedirect.com/science/article/pii/S0304389407001112
https://issuu.com/iosrjac/docs/j1001017679
https://issuu.com/iosrjac/docs/j1001017679
https://issuu.com/iosrjac/docs/j1001017679
https://issuu.com/iosrjac/docs/j1001017679
https://issuu.com/iosrjac/docs/j1001017679
https://issuu.com/iosrjac/docs/j1001017679
https://doi.org/10.1016/j.hbrcj.2013.08.004
https://doi.org/10.1016/j.hbrcj.2013.08.004
https://doi.org/10.1016/j.hbrcj.2013.08.004
https://doi.org/10.1016/j.hbrcj.2013.08.004
https://doi.org/10.1016/j.hbrcj.2013.08.004
https://www.hindawi.com/journals/isrn/2014/438245/abs/
https://www.hindawi.com/journals/isrn/2014/438245/abs/
https://www.hindawi.com/journals/isrn/2014/438245/abs/
https://www.hindawi.com/journals/isrn/2014/438245/abs/
https://www.hindawi.com/journals/isrn/2014/438245/abs/
https://www.hindawi.com/journals/isrn/2014/438245/abs/
https://www.hindawi.com/journals/isrn/2014/438245/abs/

Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

(65) Rane NM, Sapkal RS, Sapkal VS, Patil MB, Shewale SP
(2010), Use of Naturally Available Low-Cost Adsorbents for
Removal of Cr (VI) from wastewater. International Journal
of Chemical Sciences and Applications 1: 65-69.

(66) Biswajit S, Tarun KN, Battacharya AK, Sudip KD
(2011), Cr (VI) Ions removal from aqueous solutions using
Natural Adsorbents — FTIR Studies. Journal of Environment
Protection 2: 729-735.

(67) Davoud B, Ahmed RY, Ferdos KM, Yousef M, Ali J
(2016), Agricultural Waste as Adsorbent for Removal of
(CrVI) (VI) from aqueous solution. Archives of Hygiene
Sciences pp: 310-318.

(68) Mane VB, Suryawanshi MA, Kumbhar GB, Prashant LS,
Pratiksha SG (2016), Adsorption for the removal of (CrVI)
using natural adsorbents. International Research Journal of
Engineering and Technology 3: 1951-1955.

(69) Rai MK, Shahi G, Meena V, Chakraborty S, Singh RS,
et al. (2016), Removal of (CrVI) Cr (VI) using activated
carbon prepared from mango kernel activated with H3PO4.
Resource Efficient Technologies 2: S63-S70.

(70) Vikrant S, Pant KK (2005), Removal of (CrVI) from
industrial waste by using Eucalyptus Bark. Bio- resource
Technology 97: 15-20.

(71) Dessalew B (2017), Removal of (CrVI) from Industrial
wastewater by adsorption using Coffee Husk. Journal of
Material Sciences and Engineering 6: 1-6.

(72) Sucharita T, Nandhini N (2009), Adsorption efficiency
of carbon from treated sugarcane bagasse in removing
(CrVI) (VI) from aqueous solutions by optimization of
adsorption parameters. Journal of Applied and Natural
Science 1: 155-158.

(73) Zahir HA, Mohamed Sherifft KM (2014), Removal of

©2021 prosuga- 1443 pilill guy- piiec (salall 3a2ll-8ygiwm g1y 20500 dxalc dlao m



http://dx.doi.org/10.4236/jep.2011.26084
http://dx.doi.org/10.4236/jep.2011.26084
http://dx.doi.org/10.4236/jep.2011.26084
http://dx.doi.org/10.4236/jep.2011.26084
http://dx.doi.org/10.4236/jep.2011.26084
http://dx.doi.org/10.4236/jep.2011.26084
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://www.scribd.com/document/367726209/Adsorption-for-the-Removal-of-Chromium-using-Natural-Adsorbents
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.reffit.2016.11.011
https://doi.org/10.1016/j.biortech.2005.02.010
https://doi.org/10.1016/j.biortech.2005.02.010
https://doi.org/10.1016/j.biortech.2005.02.010
https://doi.org/10.1016/j.biortech.2005.02.010
https://doi.org/10.4172/2169-0022.1000331
https://doi.org/10.4172/2169-0022.1000331
https://doi.org/10.4172/2169-0022.1000331
https://doi.org/10.4172/2169-0022.1000331
https://doi.org/10.4172/2169-0022.1000331

Nagwa E. Bashir

Heavy metals from wastewater using sugarcane leaf as
adsorbent. Pelagia Research Library 5: 56-58.

(74) Pragathiswaran C, Sibi S, Sivanesan P (2013),
Adsorption of (CrVI) from aqueous solutions by Aloe
Vera Leaf. International Journal of Research in Pharmacy
and Chemistry 3: 876-880.

(75) Demirbas A (2008), Heavy Metal Adsorption onto
agro —based waste materials: A review. Journal of Hazardous
Materials 157: 220-229.

(76) Chand S, Agarwal VK, Kumar P (1994), Removal of
(CrVI) from wastewater by adsorption. Indian Journal of
Environment and Health 36: 151-158.

(77) 77. Dubey SP, Gopal K (2010), Adsorption of (CrVI)
(VD) on low cost adsorbents derived from agricultural
waste material: A comparative study. Journal of Hazardous
Material 145: 465- 470.

(78) Yogeshwaran V, Priya AK (2017), Removal of (CrVI)
by adsorption using natural wastes — a review. Journal of
Advances in Recycling and Waste Management.

(79) Parineeta P, Subhangi N (2013), Adsorption of (CrVI)
from Indusirial wastewater by using neem leaves as a
low cost adsorbent. International Journal of Chemical and
Physical Sciences.

(80) Rahul NJ, Patil SB, Lal DS (2014), Adsorption of
CR- (VI) from aqueous environment using Neem Leaves
powder. International Journal of Research in Engineering
and Technology 3: 25-28.

(81) Prashant KS, Gupta SK (2015), Removal of (CrVI) from
wastewater by adsorption method using agricultural waste
materials. International Journal of Chemical Sciences and
Applications 6: 1-5.

(82) Reena M, Suman L, Sushila S (2012), Neam Leaf

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao



http://www.sciencedirect.com/science/article/pii/S0304389406014051
http://www.sciencedirect.com/science/article/pii/S0304389406014051
http://www.sciencedirect.com/science/article/pii/S0304389406014051
http://www.sciencedirect.com/science/article/pii/S0304389406014051
http://www.sciencedirect.com/science/article/pii/S0304389406014051
http://www.sciencedirect.com/science/article/pii/S0304389406014051
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.680.8793
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.680.8793
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.680.8793
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.680.8793
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.680.8793
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.680.8793

Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

Utilization for Copper and Zinc Ions Removal from
Aqueous Solution. International Journal of Science and
Research 3: 695-705.

(83) Gopalakrishnan S, Kannadasan T, Velmurugan S, Muthu
S, Vinothkumar P (2013), Bioadsorption of (CrVI) (VI) from
industrial effluent using Neem Leaf Adsorbent. Research
Journal of Chemical Sciences 3: 48-53.

(84) Ashraf A, Khalid S, Fazal M (2016), Removal of (CrVI)
(VI) from aqueous medium using chemically modified
banana peels as efficient low-cost adsorbent. Alexandria
Engineering Journal 2933-2942.

(85) SubhasishMajee, GopinathHalder, Dalia DasguptaMandal,
O.N.Tiwari, TamalMandal (2021), Transforming wet blue
leather and potato peel into an eco-friendly bio-organic NPK
fertilizer for intensifying crop productivity and retrieving value-
added recyclable (CrVI) salts, Elsevier, Journal of Hazardous
Materials, Volume 411, 5 June 2021, 125046.

(86) Nidhi J (2015), Removal of Heavy Metal by using
different fruit peels, vegetable peels and organic waste.
International Journal of Advanced Research 3: 916-920.

(87) Aakanksha D, Mane SJ (2013), Treatment of Industrial
Wastewater by using Banana Peels and Fish Scales.
International Journal of Science and Research 4: 600-604.

(88) Parisian T (2015), Removal Performance Assessment
of (CrVI) (VI) in solution using Grape Leaves powder and
carbon as an adsorbent. International Journal of Research
studies in Agricultural Studies 1: 21-28.

(89) Owalude SO, Adedibu CT (2016), Removal of
(CrVI) from aqueous solutions by adsorption on modified
groundnut hull. Beni- Suef University Journal of Basic and
Applied Sciences 4: 377-378.

(90) Schiewer, S. and Volesky, B. (1997), Ionic strength and

©2021 prosuga- 1443 pilill guy- piiec (salall 3a2ll-8ygiwm g1y 20500 dxalc dlao m



http://www.isca.in/rjcs/Archives/v3/i4/7.ISCA-RJCS-2013-031.pdf
http://www.isca.in/rjcs/Archives/v3/i4/7.ISCA-RJCS-2013-031.pdf
http://www.isca.in/rjcs/Archives/v3/i4/7.ISCA-RJCS-2013-031.pdf
http://www.isca.in/rjcs/Archives/v3/i4/7.ISCA-RJCS-2013-031.pdf
http://www.isca.in/rjcs/Archives/v3/i4/7.ISCA-RJCS-2013-031.pdf
http://www.isca.in/rjcs/Archives/v3/i4/7.ISCA-RJCS-2013-031.pdf
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894
http://www.journalijar.com/article/6897/removal-of-heavy-metal-by-using-different-fruit-peels%2C-vegetable-peels-and-organic-waste---a-review/
http://www.journalijar.com/article/6897/removal-of-heavy-metal-by-using-different-fruit-peels%2C-vegetable-peels-and-organic-waste---a-review/
http://www.journalijar.com/article/6897/removal-of-heavy-metal-by-using-different-fruit-peels%2C-vegetable-peels-and-organic-waste---a-review/
http://www.journalijar.com/article/6897/removal-of-heavy-metal-by-using-different-fruit-peels%2C-vegetable-peels-and-organic-waste---a-review/
http://www.journalijar.com/article/6897/removal-of-heavy-metal-by-using-different-fruit-peels%2C-vegetable-peels-and-organic-waste---a-review/
http://www.journalijar.com/article/6897/removal-of-heavy-metal-by-using-different-fruit-peels%2C-vegetable-peels-and-organic-waste---a-review/
https://doi.org/10.1016/j.bjbas.2016.11.005
https://doi.org/10.1016/j.bjbas.2016.11.005
https://doi.org/10.1016/j.bjbas.2016.11.005
https://doi.org/10.1016/j.bjbas.2016.11.005
https://doi.org/10.1016/j.bjbas.2016.11.005
https://doi.org/10.1016/j.bjbas.2016.11.005

Nagwa E. Bashir

electrostatic effects in biosorption of protons. Environ-
mental Science and Technology, 31, 1863-1871._doi1:10.1021/
€s960434n.

(91) Fourest, E. and Volesky, B. (1996), Contribution of sulphonate
groups and alginate to heavy metal biosorption by the dry
biomass of Sargassum fluitans. Environmental Science and
Technology, 30, 277-282._doi:10.1021/es950315s.

(92) Barba, D., Beolchini, F. and Veglio, F. (2001), A simulation
study on biosorption of heavy metals by confined biomass
in UF/MF membrane reactors. Environmental Science and
Technology, 35, 3048.

(93) Figueira, M.M., Volesky, B., Ciminelli, V.S.T. and Rod-
dick, F.A. (2000), Biosorption of metals in brown seaweed
biomass. Water Research, 34, 196-204. doi:10.1016/S0043-
1354(99)00120-7.

(94) Kumar, J.ILN., Oommen, C. and Kumar, R.N. (2009),
Biosorption of heavy metals from aqueous solution by green
marine macroalgae from Okha Port, Gulf of Kutch, India.
American-Eurasian Journal of Agricultural & En- vironmental
Sciences, 6, 317-323.

(95) Khorramabadi, G.S. and Soltani, R.D.C. (2008), Evaluation
of the marine algae Gracilaria salicornia and Sargassum
sp. for the biosorption of Cr(VI) from aqueous solutions.
Journal of Applied Sciences, 8, 2163-2167._doi:10.3923/
1as.2008.2163.2167.

(96) Manoj Kumar, Abhradip Pal, Joginder Singh, Shashank
Garg, Madhu Bala, Ashish Vyas, Yogender Pal Khasa, Umesh
C. Pachouri, (2013), Removal of (CrVI) from water effluent
by adsorption onto Vetiveria zizanioides and Anabaena species,
Natural Science Vol.5, No.3, 341-348 (2013), do1:10.4236/
ns.2013.53047.

(97) Truong, P. and Hart, B. (2001), Vetiver system for waste-

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao



http://dx.doi.org/10.1021/es960434n
http://dx.doi.org/10.1021/es960434n
http://dx.doi.org/10.1021/es950315s
http://dx.doi.org/10.3923/jas.2008.2163.2167
http://dx.doi.org/10.3923/jas.2008.2163.2167

Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

water treatment. Technical Bulletin No. 2001/21, Pacific Rim
Vetiver Network, Office of the Royal Development Projects
Board, Bangkok.

(98) Ash, R. and Truong, P. (2004), The use of vetiver grass for
sewerage treatment. Proceedings of Sewage Management
Queensland EPA Conference: Risk Assessment and Triple
Bottom Line, Cairns, 5-7 April 2004.

(99) Roongtanakiat, N. and Chairoj, P. (2001a), Uptake poten-
tial of some heavy metals by vetiver grass. Kasetsart Journal
(Natural Science), 35, 46-50.

(100) Roongtanakiat, N. and Chairoj, P. (2001b), Vetiver grass
for the remediation of soil contaminated with heavy metals.
Kasetsart Journal (Natural Science), 35, 433-440.

(101) Roongtanakiat, N. (2009), Vetiver phytoremediation for
heavy metal decontamination. PRVN Technical Bulletins No.
2009/1. ORDPB, Pacific Rim Vetiver Network, Of- fice of the
Royal Development Projects Board, Bangkok.

(102) Hart, B., Cody, R. and Truong, P. (2003), Efficacy of vetiver
grass in the hydroponic treatment of post septic tank effluent.
Proceedings of the 3rd International Con- ference on Vetiver
and Exhibition, Guangzhou, 6-9 Octo- ber 2003.

(103) Roongtanakiat, N., Tangruangkiat, S. and Meesat, R. (2007),
Utilization of vetiver grass (Vetiveria zizanioides) for removal
of heavy metals from industrial wastewaters. Science Asia, 33,
397-403.

(104) doi:10.2306/scienceasial 513-1874.2007.33.397.

(105) Percy, 1. and Truong, P. (2005), Landfill leachate disposal
with irrigated vetiver grass. Proceedings of 2005 National
Conference on Landfill, Brisbane.

(106) Kong, X.H., Lin, W.W. and Wang, B.Q. (2003), Study on
vetiver’s purification for wastewater from pig farm. Proceedings
of the 3rd International Conference on Vetiver and Exhibition,

©2021 prosuga- 1443 pilill guy- piiec (salall 3a2ll-8ygiwm g1y 20500 dxalc dlao m



http://dx.doi.org/10.2306/scienceasia1513-1874.2007.33.397

Nagwa E. Bashir

Guangzhou, 6-9 October 2003.

(107) Lv X, Xu J, Jiang G, Tang J, Xu X (2012), Highly active
nanoscale zero-valent iron (nZVI)-Fe,O, nanocomposites for
the removal of (CrVI)(VI) from aqueous solutions. J Colloid
Interface Sci 369:460—469.

(108) Zhang W, Cao J, Elliot D (2005), Iron nanoparticles for
site remediation. In: Karn B, Masciangioli T, Zhang W, Colvin
V, Alivisatos P (eds) Nanotechnology and the environment:
applications and implications. Oxford University Press, Wash-
ington, pp 248-261.

(109) Mthombeni NH, Onyango MS, Aoyi O (2015), Adsorption
of (CrVI) onto magnetic natural zeolite-polymer composite. J
Taiwan Inst Chem Eng 50:242-251.

(110) Quu X, Fang Z, Yan X, Cheng W, Lin K (2013), Chemical
sta- bility and toxicity of nanoscale zero-valent iron in the
remediation of (CrVI)-contaminated watershed. Chem Eng J
220:61-66.

(111) Manning BA, Kiser JR, Kwon H, Kanel SR (2007), Spectro-
scopic investigation of Cr(Ill)- and Cr(VI)-treated nanoscale
zerovalent iron. Environ Sci Technol 41:586—592.

(112) L1 X, Elliott DW, Zhang W (2006), Zero-valent iron
nanoparticles for abatement of environmental pollutants:
materials and engineering aspects. Crit Rev Solid State Mater
Sci 31:111-122.

(113) Fu F, Ma J, Xie L, Tang B, Han W, Lin S (2013), (CrVI)
removal using resin supported nanoscale zero-valent iron. J En-
viron Manag 128:822-827.

(114) Wang Q, Qian H, Yang Y, Zhang Z, Naman C, Xu X (2010),
Reduction of (CrVI) by carboxymethyl cellulose- stabilized
zero-valent iron nanoparticles. J Contam Hydrol 114:35-42.

(115) Rivero-Huguet M, Marshall WD (2009), Reduction of
(CrVI) mediated by micro- and nano-sized mixed metallic

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao




Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

particles. J Hazard Mater 169:1081-1087.

(116) Qin YM, Wang DQ, Liang MN (2016), Preparation of
mulberry stem activated carbon/Fe-Mn oxide composite
sorbent and its effects on the adsorption of Cr(VI). Environ
Chem 35:783-792.

(117) Zhu F, Li L, Ma S, Shang Z (2016), Effect factors, kinetics

and thermodynamics of remediation in the (CrVI) contaminated

soils by nanoscale zero valent Fe/Cu bimetallic particles. Chem
EngJ.doi:10.1016/j.cej.2016.05.072.

(118) Shen YF, Tang J, Nie ZH, Wang YD, Ren Y, Zuo L (2009),
Preparation and application of magnetic Fe O, nanoparticles
for wastewater purification. Sep Purif Technol 68:312-319.

(119) Costa RCC, Moura FCC, Ardisson JD, Fabris JD, Lago RM
(2008), Highly active heterogeneous Fenton-like systems based
on Fe0/Fe O, composites prepared by controlled reduction of
iron oxides. Appl Catal B Environ 83:131-139.

(120) Moura FCC, Araujo MH, Costa RCC, Fabris JD, Ardisson
JD, Macedo WAA, Lago RM (2005), Efficient use of Fe metal
as an electron transfer agent in a heterogeneous Fenton system
based on Fe0/Fe,O, composites. Chemosphere 60:1118-1123.

(121) Lv X, Xue X, Jiang G, Wu D, Sheng T, Zhou H, Xu X (2014),
Nanoscale zero-valent iron (nZVI) assembled on magnetic
Fe O, /graphene for (CrVI) (VI) removal from aqueous solution.
J Colloid Interface Sci 417:51-59.

(122) Zhou X, Lv B, Zhou Z, L1 W, Jing G (2015), Evaluation
of highly active nanoscale zero-valent iron coupled with
ultrasound for (CrVI)(VI) removal. Chem Eng J 281:155-163.

(123) Bhowmik K, Mukherjee A, Mishra MK, De G (2014), Stable
Ni nanoparticles—reduced graphene oxide composites for the

02021 iy 01443 (nilill guy- e salall a3ell-dsgim g1y 0da0 drolc dlao m



http://dx.doi.org/10.1016/j.cej.2016.05.072

Nagwa E. Bashir

reduction of highly toxic aqueous Cr(VI) at room temperature.
Langmuir 30:3209-3216.

(124) ChenH,ShaoY, XuZ,WanH, WanY, Zheng S, ZhuD (2011),
Effective catalytic reduction of Cr(VI) over TiO, nanotube
supported Pd catalysts. Appl Catal B Environ 105:255-262.

(125) 124. Celebi M, Yurderi M, Bulut A, Kaya M, Zahmakiran
M (2016), Palladium nanoparticles supported on amine-
functionalized SiO, for the catalytic (CrVI) reduction. Appl
Catal B Environ 180:53—-64.

(126) Markad US, Kalekar AM, Naik DB, Sharma KKK,
Kshirasagar KJ, Sharma GK (2017), Photo enhanced
detoxification of chro- mium (VI) by formic acid using 3D
palladium nanocatalyst.  J Photochem Photobiol A Chem
338:115-122.

(127) Rajput S, Pittman CU, Mohan D (2016), Magnetic magnetite
(Fe,O,) nanoparticle synthesis and applications for lead (Pb?)
and (CrVI) (Cr6) removal from water. J Colloid Interface Sci
468:334-346.

(128) Nematollahzadeh A, Seraj S, Mirzayi B (2015),
Catecholamine coated maghemite nanoparticles for the
environmental remediation: (CrVI) ions removal. Chem Eng
I 277:21-29.

(129) Banerjee P, Chakrabarti S, Maitra S, Dutta BK (2012), Zinc
oxidenano-particles—nanochemical synthesis, characterization
and application for photo-remediation of heavy metal. Ultrason
Sonochem 19:85-93.

(130) Chakrabarti S, Chaudhuri B, Bhattacharjee S, Ray AK, Dutta
BK (2009), Photo-reduction of (CrVI) in aqueous solution in
the presence of zinc oxide as semiconductor catalyst. Chem

n 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao




Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

Eng J 153:86-93.

(131) Ku Y, Jung IL (2001), Photocatalytic reduction of Cr(VI)
in aqueous solutions by UV irradiation with the presence of
titanium dioxide. Water Res 35:135-142.

(132) Schrank SG, Jose” HJ, Moreira RFPM (2002), Simultaneous

(133) photocatalytic Cr(VI) reduction and dye oxidation in a TiO,
slurry reactor. J Photochem Photobiol A Chem 147:71-76.

(134) Khalil LB, Mourad WE, Rophael MW (1998), Photocatalytic
reduction of environmental pollutant Cr(VI) over some semi-
conductors under UV/visible light illumination. Appl Catal B
Environ 17:267-273.

(135) Ahmad R, Ahmad Z, Khan AU, Mastoi NR, Aslam M, Kim
J(2016), Photocatalytic systems as an advanced environmental

remediation: recent developments, limitations and new avenues
for applications. J Environ Chem Eng 4:4143-4164.

(136) Recillas S, Colon J, Casals E, Gonzdlez E, Puntes V,
Sdnchez A, Font X (2010), (CrVI) VI adsorption on cerium
oxide nanoparticles and morphology changes during the
process. J Hazard Mater 184:425-431.

(137) Albadarin AB, Yang Z, Mangwandi C, Glocheux Y, Walker
G, Ahmad MNM (2014), Experimental design and batch
experiments for optimization of Cr(VI) removal from aqueous
solutions by hydrous cerium oxide nanoparticles. Chem Eng
Res Des 92:1354-1362.

(138) 136. Luo C, Tian Z, Yang B, Zhang L, Yan S (2013),
Manganese dioxide/iron oxide/acid oxidized multi-walled
carbon nanotube magnetic nanocomposite for enhanced (CrVI)
removal. Chem Eng J 234:266-275.

(139) 137. Badruddoza AZM, Shawon ZBZ, Rahman MT, Hao

02021 iy 01443 (nilill guy- e salall a3ell-dsgim g1y 0da0 drolc dlao m




KW, Hidajat K, Uddin MS (2013), lonically modified magnetic
nanomaterials for arsenic and (CrVI) removal from water.
Chem Eng J 225:607-615.

(140) Pandikumar A, Ramaraj R (2013), Photocatalytic reduction
of (CrVI) at gold nanoparticles modified titania nanotubes.
Mater Chem Phys 141:629-635.

(141) Nithya R, Gomathi T, Sudha PN, Venkatesan J, Anil S, Kim
SK (2016), Removal of Cr(VI) from aqueous solution using
chi- tosan-g-poly(butyl acrylate)/silica gel nanocomposite. Int
J Biol Macromol 87:545-554.

(142) Lyu H, Tang J, Huang Y, Gai L, Zeng EY, Liber K, Gong
Y (2017), Removal of (CrVI) from aqueous solu- tions by
a novel biochar supported nanoscale iron sulfide composite.
Chem Eng J 322:516-524.

(143) Habibi S, Nematollahzadeh A, Mousavi SA (2015), Nano-
scale modification of polysulfone membrane matrix and the
surface for the separation of (CrVI) ions from water. Chem Eng
J267:306-316.

(144) Nahid M. Genawi, Mohamed H. Ibrahim, Muftah H. El-
Naas, Awad E. Alshaik (2020), (CrVI) Removal from Tannery
Wastewater by Electrocoagulation: Optimization and Sludge
Characterization,  Water 2020, 12(5), 1374; https://doi.
org/10.3390/w12051374

(145) ZSong, C.JWilliams, R.G.JEdyvean (2004), Treatment of
tannery wastewater by chemical coagulation, Desalination,
Elsevier, Vol. 164, Issue 3, https://doi.org/10.1016/S0011-
9164(04)00193-6 .

(146) Faki E Faki, Ali Elnaeim Musa, G A Gasmelseed, I H

m 02021 jrosuya--01443 (pilil guj- jise sabll 2s2ll-d1giw g1y G080 drode dlao



https://sciprofiles.com/profile/1089656
https://sciprofiles.com/profile/627486
https://sciprofiles.com/profile/515624
https://sciprofiles.com/profile/515624
https://sciprofiles.com/profile/author/bExLZ3JkVEdIaHcvbGtSZ0liOFVvWVhRc0RjRHl6elowMVFVeHlLUndNQT0=
https://doi.org/10.3390/w12051374
https://doi.org/10.3390/w12051374
https://www.sciencedirect.com/science/article/abs/pii/S0011916404001936
https://doi.org/10.1016/S0011-9164(04)00193-6
https://doi.org/10.1016/S0011-9164(04)00193-6
https://www.researchgate.net/scientific-contributions/Faki-E-Faki-2160369661?_sg%5B0%5D=c6BJXEUqChXlsW6NK9H2Tk4I2-0Y2EfY4WXgNLD_DTamCIp9PkUEXJSuM3WZGkuG1WDVrnY.gPaB1iS8kqGdVgAacP2ykF6UR8j_x99ApzgnWBQWQ4-oax7Oo99ATfcwkT1MLEh1IQBtZ_MgBiPNfKx6YnINlw&_sg%5B1%5D=6C7OR8P1zTrR26oiuRDSB0RvzA5qZaG2bC4RYP8DPOX5G1e3NfokNU3AjSTbB_-SxIaVC1c.IP3k2jH42QvILDX8HGAgIfwjiRZ--saYB40a07eWW4ecECQAmqDKNfsChY5JdxRpsff9IwK4r4Hcsp7ETplWNQ
https://www.researchgate.net/profile/Ali-Musa-2?_sg%5B0%5D=c6BJXEUqChXlsW6NK9H2Tk4I2-0Y2EfY4WXgNLD_DTamCIp9PkUEXJSuM3WZGkuG1WDVrnY.gPaB1iS8kqGdVgAacP2ykF6UR8j_x99ApzgnWBQWQ4-oax7Oo99ATfcwkT1MLEh1IQBtZ_MgBiPNfKx6YnINlw&_sg%5B1%5D=6C7OR8P1zTrR26oiuRDSB0RvzA5qZaG2bC4RYP8DPOX5G1e3NfokNU3AjSTbB_-SxIaVC1c.IP3k2jH42QvILDX8HGAgIfwjiRZ--saYB40a07eWW4ecECQAmqDKNfsChY5JdxRpsff9IwK4r4Hcsp7ETplWNQ
https://www.researchgate.net/scientific-contributions/G-A-Gasmelseed-2043503374?_sg%5B0%5D=c6BJXEUqChXlsW6NK9H2Tk4I2-0Y2EfY4WXgNLD_DTamCIp9PkUEXJSuM3WZGkuG1WDVrnY.gPaB1iS8kqGdVgAacP2ykF6UR8j_x99ApzgnWBQWQ4-oax7Oo99ATfcwkT1MLEh1IQBtZ_MgBiPNfKx6YnINlw&_sg%5B1%5D=6C7OR8P1zTrR26oiuRDSB0RvzA5qZaG2bC4RYP8DPOX5G1e3NfokNU3AjSTbB_-SxIaVC1c.IP3k2jH42QvILDX8HGAgIfwjiRZ--saYB40a07eWW4ecECQAmqDKNfsChY5JdxRpsff9IwK4r4Hcsp7ETplWNQ
https://www.researchgate.net/scientific-contributions/Ibrahim-H-Elamin-2098461641?_sg%5B0%5D=c6BJXEUqChXlsW6NK9H2Tk4I2-0Y2EfY4WXgNLD_DTamCIp9PkUEXJSuM3WZGkuG1WDVrnY.gPaB1iS8kqGdVgAacP2ykF6UR8j_x99ApzgnWBQWQ4-oax7Oo99ATfcwkT1MLEh1IQBtZ_MgBiPNfKx6YnINlw&_sg%5B1%5D=6C7OR8P1zTrR26oiuRDSB0RvzA5qZaG2bC4RYP8DPOX5G1e3NfokNU3AjSTbB_-SxIaVC1c.IP3k2jH42QvILDX8HGAgIfwjiRZ--saYB40a07eWW4ecECQAmqDKNfsChY5JdxRpsff9IwK4r4Hcsp7ETplWNQ

Reviewing Remediation methods for efficient removal of Hexavalent Chromium (Cr6+) from Industrial Effluent

Elamin (2019), Recycling of Spent Chrome Tanning Liquor,
International Journal of Engineering, Applied and Management
Sciences Paradigms Volume 52,.

(147) Tambal, E. and G.A. Gasmelseed (2012), Recycling of
Spent Solutions of Tannery Liquid Waste, Journal of Science
and Technology, 2012. 13.

(148) G. A Gasmelseed (2001), (CrVI) Sulphate recovery in
a tripl-effect evaporator, Journal of the Society of Leather
Technologists and Chemists, Vol. 86, p.26

©2021 prouua--a1443 pilill guy- piie (saball aaell-digiow g1y Gosao drode dlao



https://www.researchgate.net/scientific-contributions/Ibrahim-H-Elamin-2098461641?_sg%5B0%5D=c6BJXEUqChXlsW6NK9H2Tk4I2-0Y2EfY4WXgNLD_DTamCIp9PkUEXJSuM3WZGkuG1WDVrnY.gPaB1iS8kqGdVgAacP2ykF6UR8j_x99ApzgnWBQWQ4-oax7Oo99ATfcwkT1MLEh1IQBtZ_MgBiPNfKx6YnINlw&_sg%5B1%5D=6C7OR8P1zTrR26oiuRDSB0RvzA5qZaG2bC4RYP8DPOX5G1e3NfokNU3AjSTbB_-SxIaVC1c.IP3k2jH42QvILDX8HGAgIfwjiRZ--saYB40a07eWW4ecECQAmqDKNfsChY5JdxRpsff9IwK4r4Hcsp7ETplWNQ

Vehicles Sound Recognition Using Wavelet
Transform, Fast Fourier Transform and
Neural networks

Karary university,Collge of
Dr. Yassir Mohammed HajHamad Computer science&Information
Technology, Sudan

Dr. Iman Abdrahman A.Mally Khartoum.univ?rsity , College of
Engineering ,Sudan

Abstract:

Vehicles may be recognized from the sound they make when
engine moving from their acoustic signature. In this paper, inves-
tigated two feature extraction methods for acoustic signals, Fast
Fourier Transform(FFT) and Wavelet Packet Transform(WPT) and
used for recognition. To reduce the amount of features extracted
used Principal Component Analysis algorithm. And used Artificial
neural networks as a classifier for Vehicles types.

Keywords: Feature Extraction, FFT, WPT, PCA, ANN.
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1.Introduction:

Pattern Recognition theory can be a good approach to the
sound classification problem. In pattern recognition, objects are
identified on the bases of some attributes or features(1). The selec-
tion of a set of features that is capable of distinguishing between
classes are the most critical step in audio classification system
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design (2). All vehicles emit characteristic sounds when engine
moving. These sounds may come from various sources including
rotational parts, vibration in the engine, wind effect, gears, friction
between the tires and fans. Similar vehicles working in compara-
ble conditions would have a similar acoustic signature that could
be used for recognition. Acoustic signature plays a crucial role in
the military operations and several systems have been proposed
for vehicle recognition. Classification of vehicles based on acous-
tic signals can be employed effectively in battlefield surveillance,
traffic control, and many other applications. The classification per-
formance depends on the selection of signal features that deter-
mine the separation of different signal classes. Rest of the paper
is organized as follows: section 2 describes recent methods to ex-
tract features from the vehicle acoustic signals. Section3presents
efficient and useful technique for classification phase. ection4con-
cludes the paper with a summary and comparison among the dif-
ferent methods of feature extraction and classification.
2. Feature Extraction Techniques

Extraction of characteristic features( acoustic signature) is the
most significant and crucial task in vehicle recognition. For clas-
sification of a vehicle, a set of characteristic features from sound
generated by vehicle is extracted to label that vehicle to one of the
predefined classes. Acoustic signals have very few representations
and we must find the most important coefficients or characteristic,
which contain information that will be used to discriminate among
input classes. This set of characteristic features is known as a fea-
ture vector(3). Feature extraction followed by feature reduction
technique, this technique used to extract the acoustic features of
the vehicles and to uncover the most important acoustic features
of an unknown signal that differentiate it from others. A popular
statistical tool for dimensionality reduction technique is Principal
Component Analysis(PCA). The objective of PCA is to find prin-
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cipal eigenvectors of the covariance matrix of the set of signals.
These eigenvectors can be considered as characteristic feature vec-
tor which is used to characterize the variation between signals(4).
Three main domains in which features can be generated are time
domain, frequency domain and time- frequency domain. The fea-
ture extraction in time domain is simplest method for feature ex-
traction because no transformation is required so computationally
it become less complex(energy envelop, zero crossings).
2.1 Feature Extraction in Frequency Domain

The feature extraction in frequency domain, acoustic signal
waveforms generated by vehicle appears as narrow band harmonic
components. The information provided by these components, is
used to construct the characteristic features for a particular vehi-
cle. Characteristic features are generated by using low frequen-
cy components present in the acoustic signal because most of the
sound produced by the vehicles is due to their engine rotating parts
which rotate and reciprocate in a low frequency and they are stron-
gest and suffer least attenuation(5). Feature generation methods
based on frequency domain such as Fast Fourier Transform(FFT)
and Power spectral density(PSD) are commonly used in vehicle
recognition and classification(6).

2.2Preprocessing Operations

Let Y be the sound recorded to construct feature vector. Y is
divided into multiple sound frames Y1, where Y1 is a basic unit of
analysis. Preprocessing is the basic step in which DC bias which
may be caused by the device during sampling, is removed by ap-
plying zero mean to the Yi.

N
Yi(m = yitn) =5+ D yitn) e
n=1
Then we get:
yij = yij(old) — (1/n)” Z yik (2
k=0
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Where K=1,2,........ .

Now this zero mean sound is converted into frequency domain by
applying FFT. the environmental noise removed by using Finite
Impulse Response(FIR) filter:

yln] = > hIkl.y[n - K. 16)

Where h[k] is an Impulse Response, where k=1,2,...,n.

y[n]: the input frame of Yi, Y[n]: the filter signal of frame Yi

in the recording process, we recorded acoustic signals or the qua-
si-periodic signals for each class in 120 (seconds), to increase
the dataset of sound waves, we divided each length of signal into
12frames with 10 (seconds), for each one. Figure (1) illustrates the
car sound waves in the first case (in time domain and frequency
domain), before divided into frames.

Amplitude

a

-0 I P T T ,Ji‘;..m MJL\M I LL\ 9;{5: MJ

=gl 975 980 990

285 1000
frequency (H=)

Fig (1): The car sound wave in Time Domain and Frequency
Domain

The signal length divided into 12 Frames, the length of each
one was 10 (seconds), so the dataset training becomes 120 samples
for class1 (car), and so the others classes. Fig (2) illustrates Frames
after framing process. According to the sampling rate, the size L
of a proper window should be selected firstly, such as 256, 512,
1024, 2048, and 4096 sampling points. In this research we used
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512 sampling points, in order to obtain N short-time series {x1,
. . ., xXN}.

Fig (2): The Helicopter sound wave before (FIR).The Helicop-
ter sound wave After (FIR).

2.3 Feature extraction using FFT

Magnitude of frequency spectrum used to generate feature vector
by FFT for a window size 512, without overlapping can be writ-
ten as:

Each vehicle has a unique = FFT(¥1) ... vov ces cer ve ve v v e eeen (4)

3.Feature Extraction in Time-Frequency Domain

The techniques used to extract features in time-frequency
domain are Short Time Fourier Transform(STFT) and Wavelet
Transform(WT)(7). Wavelet Transform provides multi-resolution
time-frequency analysis. It is the projection of a signal onto the
wavelet. Wavelet is a series of functions Wab(t)derived from a
base function y(t) by translation and
dilation[8].

30 T T T T T

0 100 200 300 400 500 600

Fig (3): car with spectrums using FFT.
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4.Wavelet Packet Transform:

This transform is computationally efficient. The main con-
cept used in this technique is to extract the set of features from the
class of signals emitted by a certain vehicle. The set of features
is obtained by calculating the inherent energies in the blocks of
the wavelet packet coefficients of the signal, each of which is re-
lated to a certain frequency band. Wavelet packet transform of a
signal yields different partitions of the frequency domain. Due to
the presence of time variance property in the multi scale wavelet
packet decomposition, whole blocks of wavelet packet coefficients
are used instead of individual coefficients and waveforms(11). To
generate feature vector, a set of signals are sliced into fragments of
length L=10s and each fragment is subjected to the wavelet packet
transform. Wavelet packets transform works as a bridge between
the time domain and frequency domain representation of a sig-
nals[12].Wavelet packet transform can be viewed as a tree struc-
ture. The root of the tree is the time series of the vehicle sound.
The next level is the result of one step of wavelet transform. Sub-
sequent levels(3 levels) in the tree are obtained by applying the
wavelet transform to the low and high pass filter results of the
previous step’s wavelet transform. The Branches of the tree are the
blocks of coefficients. Each block represents a band of frequency.
Feature extraction of acoustic signals is based on the energy dis-
tribution of the block coefficients of wavelet packet transform.
The wavelet packet transform is applied for acoustic signals then
the energy of each block coefficients of the three levels of db4 is
calculated
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wavlet with dbd
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Fig (4): Spectral Analysis Using Wavelet for Helicopter.
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Fig (5): Top: Fourier spectrum of the car signal .Bottom: En-
ergies in the blocks of Wavelet packet coefficients of the fourth
order in three level of the wavelet packet transform.

5.Feature Reduction (Selection).

Principal component analysis is a quantitatively rigorous
method for achieving this simplification. The method generates a
new set of variables, called principal components. Each principal
component is a linear combination of the original variables. All the
principal components are orthogonal to each other, so there is no
redundant information. The principal components as a whole form
an orthogonal basis for the space of the data.
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6.Artificial Neural Network:

Neural Networks or artificial neural networks to be more
precise represent a technology that is rooted in many disciplines,
neurosciences, mathematics, statistics, physics, computer science
and engineering. Neural networks find applications in such diverse
fields as modeling, time series analysis, pattern recognition, signal
processing and control by virtue of an important property: the abil-
ity to learn from input data(16). In general, we may identify two
fundamentally different classes of network architectures (17). The
neurons are organized in the form of layers. In the simplest form
of a layered network, we have an input layer of source nodes that
projects onto an output layer of neurons (computation nodes), but
not vice versa. This network is strictly a feed forward or acyclic
type. (see figurel), for the case of four nodes in both the input
and output layers. Such a networks called a single-layer network.
In this network, each element of the input vector p is connected
to each neuron input through the weight matrix W. The neuron
has a summer that gathers its weighted inputs and bias to form
its own scalar output n(i). The various n (i) taken together form
an S-element net input vector n. Finally, the neuron layer outputs
form a column vector a. The second class of a feed forward neural
network distinguishes itself by the presence of one or more hidden
layers, whose computation nodes are correspondingly called hid-
den neurons or hidden units. The source in the input layer of the
network supply respective elements of the activation pattern (in-
put vector), which constitute the input signals applied to the neu-
rons (computation nodes) in the second layer (i.e., the first hidden
layer). A prescribed set of well-defined rules for the solution of a
learning problem is called a learning algorithm. As one would ex-
pect, there is no unique learning algorithm for the design of neural
networks. Basically, learning algorithms differ from each other in
the way in which the adjustment to a synaptic weight of a neuron
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is formulated. Learning paradigm is a model of the environment
in which the neural network operates. There are three major learn-
ing paradigms, each corresponding to a particular abstract learning
task. These are [18]:
eSupervised learning: the weights and biases are modified in
response to network targets.
eUnsupervised learning: the weights and biases are modified in
response to network inputs only.
eReinforcement learning: Data is usually not given, but generated
by an agent’s interaction with the environment

The Back-propagation network is an algorithm that can prop-
agate and back propagate the network from one layer to other lay-
ers. The network consists of an input layer of source neurons, at
least one middle or hidden layer of computational neurons, and
an output layer of computational neurons. The input signals are
propagated in a forward direction on a layer by layer basis and
backward direction on a layer-by layer basis.

Mean Error

1.5

1.45

Error Rate

125 | 1 | 1 | 1 | |
10 20 30 40 50 60 70 80 80 100

Number Of Feature

Fig (6) : The PCA Error Rates with Two Hidden Layers.
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Fig (7): the PCA input20 features with one hidden layer.

Table (1): Confusion matrix with one hidden layer,PCA of 10

and FFT
Class 1 | Class 2 | Class 3 | Class 4 | Class 5 | Not classified
6 2 0 0
Class 2 0 1 1
Class 3 0 3 1
Class 4 0 3 1
Class 5 1 0
Table (2): Recognition Rate With One Hidden Layer,PCA of
10 and FFT.
15.00 12 10
10.00
=00 i
000
Class 1 Class 2 Class 3 Clace s Class 1
mClass1 ®mClass2 mClass3 ®Class4 mClass 5
Conclusion

Classification of vehicles based on acoustic signals is being
employed effectively in battlefield surveillance, traffic control,
and many other applications, but research in this area still requires
more investigation to improve the classification accuracy. Sound
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recognition that identifies vehicles according to their acoustic sig-
natures was successfully designed and implemented. Sounds of
five vehicles were used for training and testing the system. The
data set contained 20 sound recordings for each vehicle sampled
at 4960 Hz, with 8 bit resolution. An FIR noise reduction filter
was used to improve the quality of input signal. For features ex-
traction Radix -2 Fast Fourier Transform (FFT) with N=512 and
Wavelet Packet Transform (WPT) with 31-sub-bands were tested.
The Principal Components Analysis (PCA) was utilized as a fea-
tures dimensionality reduction method. Artificial Neural Network
(ANN) was employed as a classifier. Feed-forward Multi-Layers
Perceptron (MLP) trained by Back-Propagation Algorithm (BPA)
was used to train and classify the feature vectors of vehicle sound.
Cross validation was implemented to prevent the over fitting prob-
lem and to increase the training data samples. performance was
tested with different feature extraction methods, and different fea-
ture lengths of the PCA, along with different number of hidden
layers of the ANN. The results showed that the highest classifi-
cation accuracy gained is 94% when WPT is used as a feature
extraction method with number of features reduced to 90 using the
PCA and with two hidden layer ANN as illustrated in tables 5,6.
This is compared to 88% classification accuracy gained when the
Fast Fourier transform is used as a feature extraction method with
number of features reduced to 20 and with one hidden layer Neu-
ral Network. Compared to previous studies in the field of vehicle
sound recognition, the highest calcification accuracy achieved in
previous studies was 90%. as illustrated in tables 3,4

Table (3): Confusion matrix with one hidden layer,PCA 20 and
FFT.

Class 2 | Class 3 | Class 4 | Class 5| Not classified
0 1 0 0

Class 1

Class 2 0 0
Class 3 0 1
Class 4 0 0
Class 5 1 0
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Table (4): Recognition Rate With
One Hidden Layer,PCA20 and FFT.

20
17 15
20.00 \
10.00 ‘ -
[ Class 5
| - Class 4
" Class 3
0.00 Class 2
Class 1 Class 2 Class 1

Class 5

BClass1 MClass?2 mClass3 MWClass4 mClass 5

Table (5): Recognition Rate with Two hidden layer,PCA90
and WPT.

Class 1 | Class 2 | Class 3 | Class 4 | Class 5 | Not classified
0 0
Class 2 0 0
Class 3 1 1
Class 4 0 0
Class 5 0 0

Table (6): Recognition Rate With Two
Hidden Layers, PCA90 and WPT.

20.00
15.00
10.00

5.00
0.00

/ Class 5
/ Class 4
Class 3
Class 2

/J_
Class 1 Class 5 -_  lass 1

Class 3 Class 4

B(Class1 M(Class2 mClass3 MW(Class4 m(Class 5
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Abstract:

The purpose of this study is to analyze drinking water in
Khartoum state different location. The Importance of the study is
to determine the impact of pollution in the environment at Khar-
toum state . The samples of water were collected classified for
three groups ,according location; residential, Agriculture and in-
dustrial area in Khartoum,Bahri and Omdurman and were treat-
ed, and analysed using atomic absorption spectroscopy (AAS) and
other analytical tools with standard methods for determination
of heavy metals ;cadmium and lead. The results of cadmium con-
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centration are in Omdurman; residential, agriculture and industrial
areas are ,( 0. 022 to 0.036 mg 1", 0.032 to 0.038 mg I"! 0.026 to
0.030 mg I'"). Respectively. In Bahri ;residential, agriculture and
industrial areas are ( 0.027to 0.031 mg 1" ;, 0.034to0 0.492 mg 1!,
0.018to 0.035mgl'in industrial areas ) Respectively. In Khartoum;
residential, agriculture and industrial areas are (0. 024 to 0.031
mg 1", 0.030 to 0.037 mg I'' , 0.030 to 0.034 mg I)Respectively.
The lead were not indicated in all the samples. The research has
revealed that levels of cadmium in Khartoum state are higher than
maximum limit levels of World Health organization. In addition,
cadmium levels in water at agriculture areas were highest from
residential and industrial areas; This is due to the use of phosphate
fertilizers in these areas.

Key ward: Agriculture area, residential ,pollution, Who ,phosphate .
Introduction:

Pollution may be defined as addition of undesirable materi-
al into the environment as a result of human activities. A pollutants
may be defined as a physical, chemical or biological substance
unintentionally released into the environment which is directly
or indirectly harmful to humans and other living organisms. cad-
mium and lead are very toxic to humans and other organisms ,and
their effects can be long-lasting.

Sources of cadmium and lead:

Concentrations of cadmium and lead in rocks are approxi-
mately 1.0, 5.0 and 0.5 mg/kg (parts per million). These chemicals
are not very soluble and natural concentrations in ground water
will be less than 0.5 pg/L (parts per billion). Cadmium and lead
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have many anthropogenic sources. It is found in industrial wastes,
sewage sludge, mining wastes, and fossil fuel combustion prod-
ucts. Lead found in sewage wastes and in fossil fuel combustion
products.

Safe levels of cadmium and lead:

The Minnesota Department of Health (MDH) established a
health risk limit (HRL) of 4 pg/L (parts per billion) for cadmium.
A HRL is the concentration of a contaminant in water that is safe
to ingest daily over a lifetime. The HRL was based on kidney ef-
fects in animal studies. Health-based drinking water criteria have
not been established for lead. The maximum Contam-
inant Level of cadmium in water (MCL) of 0.005 milligrams per
liter (mg/L) for cadmium in drinking water. No level of lead is
considered safe in drinking water, although an action level of 15
ng/L at the tap can be used to identify highly impacted water.
Health effects of cadmium and lead: -

Exposure to cadmium can lead to a variety of adverse health
effects including cancer. Acute inhalation exposure (high levels over
a short period of time) to cadmium can result in flu-like symptoms
(chills, fever, and muscle pain) and can damage the lungs. Chronic
exposure (low level over an extended period of time) can result in
kidney, bone and lung disease. Lead affects all organs and functions of
the body to varying degrees. The frequency and severity of symptoms
among exposed individuals depends upon the amount of exposure.
- Materials and Methods:

-Apparatus :

The concentrations of cadmium and lead were determined in
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an air-acetylene flame. Instrumental parameters were optimized in
accordance with manufacturer’s recommendations. AAS working
conditions are givenin Table 1.

-Materials and Methods:

All chemicals used were of analytical-reagent grade. Deion-
1zed water was used throughout. Standard (various concentrations)
and model solution were prepared by dilution of single element
1000 mg 1-1stock
solutions of Lead and Cadmium (Merck).

-Sampling:

Cadmium and lead concentrations were determined from a
total of 45 water samples selected from different areas For each
area there were taken 15 samples from different locations .
-Sample analysis:
all samples were analyzed for Cd and Pb using atomic absorption
spectroscopy (AAS).

-Preparation of stock solution:
-Preparation standard solution of cadmium:

The standard solution of cadmium has concentration 100ppm
prepared by dissolved 0.21032 gram of cadmium (II) nitrate tetra
hydrate Cd(NO,) .4H20 in deionizer water and added 5 cm* con-
centrated nitric acid and completed the volume to 100cm’.
-Preparation standard solution of lead:

The standard solution of lead has concentration 100ppm
prepared by dissolved 0.1598 gram of lead(II) nitrate pb(NO3) in
deionizer water and added 5 cm® concentrated nitric acid and com-
pleted the volume to 100cm’.

-RESULTS AND DISCUSSION
-Results:
Tablel:Operating conditions of flame atomic absorption spec-
trometry

Analised metal Cd Pb

Wavelength (nm) 228.8018 217.0005

Flame Length Burner(mm)  Flame 100 100

Gas mixture flow (L/h) Air-Acetylene Air-Acetylene

50 65
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Table2: concentration of cadmium and lead in Omdurman

Concentra- ;
: Sample . Concentration of
location tion of cad- &
Number . g lead(mg 1)
mium(mg 1)
Al 0.036 N.D
residential A4 0.030 N.D
area A7 0.028 N.D
A8 0.022 N.D
Aorical A3 0.037 N.D
griculture 0 0.032 N.D
area
A31 0.038 N.D
Industrial Al10 0.028 N.D
fAustia A2 0.030 N.D
area
A9 0.026 N.D
Table3: concentration of cadmium and lead in Bahri
: Sample Concentra‘gon Concentration of
location Number of cadmi- lead(mg 1)
um(mg 1) g
Brl 0.027 N.D
Residential Br2 0.029 N.D
area Br3 0.033 N.D
Br4 0.031 N.D
Aoricult Bal 0.034 N.D
gricuiture gan 0.037 N.D
area
Ba3 0.492 N.D
; Bf1 0.018 N.D
In‘;‘f;al Bf2 0.033 N.D
Bf3 0.035 N.D
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Table4: concentration of cadmium and lead in Khartoum

. Sample Concenfcratwn Concentration of lead(mg

location of cadmium(mg »

Number ) I

Krl 0.025 N.D

Residential Kr2 0.029 N.D

area Kr3 0.024 N.D

Kr4 0.031 N.D

Sersier Kal 0.030 N.D

grieutture ™00 0.037 N.D

area

Ka3 0.034 N.D

Kfl 0.032 N.D

Industrial area Kf2 0.034 N.D

Kf3 0.030 N.D

Fig 1: concentration

for Khartoum state:
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Fig 2: concentration of cadmium in water at Agriculture area
for Khartoum state :
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Fig 3: concentration of cadmium in water at Industrial area
for Khartoum state :
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-DISCUSSION:

Table 2 shows the lead and Cadmium concentrations in Om-
durman, cadmium ranged( 0. 022 to 0.036 in residential areas ,
0.028 to 0.032 in agricultural areas and 0.037 to 0.038 in industrial
areas).lead not found

Table 3 shows the lead and Cadmium concentrations in bahri
values ranged from( 0.018 to 0.492 ; in residential areas , 0.018to
0.027 ,in agricultural areas 0.029to 0.492 and from 0.031t00.034in
industrial areas). And lead not found.

Table 4 shows the lead and Cadmium concentrations In
Khartoum ,cadmium ranged from 0. 025 to 0.037 in residential ar-
eas , 0.025 to 0.032 ,in agricultural areas 0.030 to 0.037 and 0.029
to 0.030 in industrial areas. And lead not found.

From the results in Tables 2 —4, the mean concentrations of
lead within World Health Organization (WHO) permissible limits
for portable and drinking water.

But cadmium is higher than World Health Organization
(WHO) permissible limits for portable and drinking water. And the
values in agriculture areas are highest than residential and industri-
al areas. This is due to use phosphate fertilizers in these areas.
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