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ABSTRACT 

Contamination of groundwater with arsenic (As) poses a serious risk to public health, 

demanding the development of effective remediation technology. This study investigated the 

use of sand filters coupled with of zero-valent iron (ZVI) for removal of arsenic from 

synthetic solutions as the function of ZVI dosage and contact time. ZVI materials, including 

iron wool, iron fillings, and iron nails, were investigated and compared for their efficacy in 

removing As from synthetic solutions. The experiment employed synthetic solutions spiked 

with As compounds (set to be 1000 µg/L) to simulate contaminated groundwater scenarios. 

The concentrations of As in the influent and effluent samples were used to calculate the 

efficiency. The findings indicate that all three forms of ZVI tested exhibited significant As 

removal capabilities. Iron wool, iron fillings, and iron nails demonstrated varying 

efficiencies, likely influenced by their surface area, reactivity, and specific surface chemistry. 

According to the findings, iron wool-containing sand filter was more effective at removing 

As than iron filings and iron nails. As removal efficiency increased with increase in ZVI 

dose. The results show that As can effectively be removed from water in the first 48h. The 

highest removal efficiency was 99.6% and the lowest removal efficiency was 82.7%. These 

results suggest that ZVI materials could be promising candidates for practical applications in 

As-contaminated groundwater treatment systems. This study contributes valuable insights 

into the use of inexpensive and widely available ZVI materials for As remediation, 

highlighting their potential as sustainable solutions for addressing water quality challenges. 
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treatment technologies for the removal of As at the household or small community level is 

therefore necessary.  

As can be removed from aqueous solutions using a wide range of physicochemical 

techniques (Morgada et al., 2009) includeing coagulation and flocculation, membrane 

techniques, ion-exchange or chelation, chemical precipitation, and activated carbon 

adsorption (Fu & Wang, 2011; Qasem et al., 2021). However, these methods require a lot of 

energy and/or chemicals, which makes the treatment procedures expensive. They are also 

difficult to operate and maintain, necessitating regular part replacement, expensive 

aftermarket services, and specialized people who may not be available locally 

(Annaduzzaman et al., 2021). This makes them unsustainable over time in societies with 

limited resources.  

Filtration is the most reliable and effective method for removing As ions at the household 

level due to its simplicity in designing, convenience of use, and cheap operating costs (Kim et 

al., 2022). Different materials have been investigated regarding adsorption of As including 

rice polish, zeolite, red mud, activated alumina, surface-modified carbon black, iron 

hydroxides and oxides, open-celled cellulose sponge (Keerio et al., 2021). Systems using 

sand filters are frequently utilized to treat wastewater on-site and in small communities all 

over the world. Compared to other natural technologies, it requires less land and doesn't need 

energy or chemicals (Yettefti et al., 2013). As removal from aqueous solutions using iron, 

ferric oxide, and iron-based compounds as effective adsorbents has been well-documented 

(Kim et al., 2022; Smith et al., 2017). The process involves the corrosion of both Fe0 and Fe2+ 

to produce Fe3+(aq), H2, some precipitates, and green rusts (Deewan et al., 2022). These 

corrosion reactions and products are what cause exposed chemical species to undergo 

reductive transformation and/or be physically removed (Crane & Scott, 2012; Yang et al., 

2015).  

Over the past decade, zero-valent iron (ZVI) has drawn a lot of interest due to its several 

positive attributes, including non-toxicity, abundance, affordability, ease of production, and 

less maintenance on reduction process  (Plessl et al., 2022; Simon et al., 2016). ZVI is 

normally placed between the sand layers in a filter (Bretzler et al., 2020). It may take many 

different forms, such as composite iron matrix, iron fillings, iron nails, steel wool, sponge 

iron or cleaned scrap iron (Wenk et al., 2014). Despite the fact that various studies have 

explored the effectiveness of various forms of ZVI in removing As, there is insufficient 

information comparing the efficiency of iron wool, iron fillings, and iron nails in removing 

As under the same physical conditions. Thus, the aim of this research was to compare the 
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1.3 Justification of the study  

As-related water contamination has been addressed through various kinds of established and 

recommended interventions which may be classified broadly into two categories. The first 

approach is to remove As from groundwater in order to make water with little or no As 

available. The second approach is to provide access to a sustainable and easily available 

alternative clean water source. The majority of As removal techniques are expensive to 

execute complicated, and impractical particularly in developing countries like Tanzania. Over 

the past 20 years, zero valent iron has been used for groundwater As removal because of its 

affordability, ease of availability, and strong affinity for As. It is worthwhile to do this 

research comparing the performance of iron fillings, iron nails, and iron wool as zero valent 

iron for removal of As from synthetic solution. These materials were chosen as a Fe-source 

because they are affordable, accessible worldwide, including in Tanzania, and do not require 

extensive cleaning. 

1.4 Research Objectives 

1.4.1 General Objective 

The general objective of this research is to compare the effectiveness of iron filings, iron 

nails, and iron wool as ZVI for the removal of As from synthetic solution. 

1.4.2 Specific Objectives 

i) To characterize the composition of different forms of ZVI such as iron fillings, iron nails, 

and iron wool for removal of As from synthetic solution. 

ii) To assess the influence of iron fillings, iron nails, and iron wool as forms of ZVI 

incorporated in sand filter in the removal of As from synthetic solution. 

1.5 Research Questions 

i) What are the characteristics of different forms of ZVI such as iron fillings, iron nails, 

and iron wool? 

ii) How does different forms of ZVI incorporated in sand filter influence the removal of As 

from synthetic solution? 

1.6 Significance of the Study 

This study aims to improve the understanding and application of sustainable methods for 

removing arsenic from contaminated groundwater, which poses a severe risk to human 

health. The findings are particularly relevant to Tanzanian communities in the Lake Victoria 
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basin, where over 30% of water sources have arsenic levels exceeding the WHO guideline of 

10 µg/L. The contamination is particularly prevalent in regions surrounding the North Mara 

gold mine and Geita mining areas. The study identifies the most effective form of ZVI for 

arsenic removal, providing insights into cost-effective and sustainable remediation strategies. 

This knowledge can inform policy-making, guide community-level interventions, and support 

efforts to provide safe and clean water to vulnerable populations in Tanzania and beyond.
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Chemistry and occurrence of arsenic 

Arsenic is an interesting element because of its complex behavior and potential negative 

health effects (Bagherifam et al., 2019). Its mobility and bioavailability in diverse 

environments are greatly influenced by its existence in a variety of chemical forms as well as 

its interactions with environmental variables (Kumari et al., 2017). This variation further 

emphasizes how crucial it is to investigate As from the viewpoints of the ecosystem and 

human health. As can enter the environment through both natural and anthropogenic sources 

as summarised in Figure 1.  

 

Figure 1: Natural and anthropogenic sources of arsenic (Hare et al., 2018) 

2.1.1 Physical and Chemical Properties 

As is a distinctive silver-grey crystalline solid with an atomic number of 33 and an atomic 

weight of 74.9 (Mahamallik & Swain, 2023). It is particularly dense, with a specific gravity 

of 5.73. Its boiling point is 613 °C, and it has a vapor pressure of 1 mmHg at 372 °C (Fatoki 

et al., 2013; Fu et al., 2014; Quino-Favero et al., 2021). Under extreme pressure (28 atm), As 

melts at 817 °C, yet it typically sublimes at 616 °C under normal atmospheric pressure, 

bypassing the liquid state (Fowler et al., 2015; Zheng et al., 2017). In the absence of oxygen, 
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Rodríguez-Martín et al., 2022). To determine environmental impacts of As and establish 

effective mitigation strategies, it is essential to understand its speciation and dispersion in 

aquatic environments. 

2.1.3 Arsenic-Microorganisms Interactions  

Microorganisms play a crucial role in the biogeochemical cycling of As (Izaditame et al., 

2024; Xie et al., 2024). They have developed various mechanisms to cope with high 

concentrations of As, including sorption, mobilization, precipitation, redox reactions, and 

methylation (Sevak & Pushkar, 2024; Soares et al., 2024). The microbial resistance to As 

involves a detoxification system where arsenate (As(V)) is reduced to arsenite (As(III)) by 

cytoplasmic arsenate reductase and subsequently extruded from the cell via a membrane-

bound As(III) efflux pump (ars system) (Crognale et al., 2017; Kumari & Jagadevan, 2016). 

This microbial activity significantly influences the speciation, mobility, and toxicity of As in 

natural environments (Ding et al., 2024; Izaditame et al., 2024; Luo et al., 2024). The 

mechanisms of microbial transformations of As in the environment are shown in Figure 2. 

 

Figure 2: Mechanisms of microbial transformations of As in the environment (Lloyd & 

Oremland, 2006). 
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Inorganic As can enter the food chain from sources like groundwater contamination, 

industrial effluent, and drainage problems, causing wide spread distribution throughout plant 

and animals (Upadhyay et al., 2019; Zhang et al., 2021). The bioavailability and health 

impact of As in food depend on several factors including Chemical Form of As,  food Source, 

cooking and processing methods, individual characteristics (age, nutritional status, and 

overall health), geographical and environmental factors (Khan et al., 2022; S. Singh et al., 

2023). It has been projected that 94 million to 220 million individuals globally may be 

exposed to unacceptable higher levels of groundwater arsenic (Irshad et al., 2021; Podgorski 

& Berg, 2020). Figure 3 shows human exposure to As from food chain  

 
Figure 3: Human exposure to As from food chain (Source: Author) 

The toxicity of arsenic is determined by its chemical speciation, with inorganic arsenic being 

more toxic than organo-arsenicals (Thakur et al., 2021). The toxicity of As compounds causes 

the production of free radicals, which can induce DNA single-strand breaking. A considerable 

decrease in antioxidants caused by As exposure causes oxidative stress in various organs 

(Banu et al., 2018; Ghosh & Sil, 2015). As toxicity, both acute and chronic, can have 

detrimental consequences in organs and tissues, such as peripheral neuropathy, cardiovascular 

disorders, pulmonary illnesses, hyperkeratosis, and changes in skin color. It can also affect 

cognitive and developmental processes (Sanyal et al., 2020; Singh et al., 2021).  
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Second, assessin g  the po tential of An. arabiensis to autodi sse mi nate nova luron to the breedin g 

habit ats and pr event adul t emer gen ce und er semi - field sett ings , wh er eb y t he ex pected outcomes 

were hi gh la rval mortali ty at the tr eated aquati c h abit ats ,  confirmi ng th e te chnique.  

3.4. Assessing the susceptibility status of An. arabiensis  to novaluron- chitin synthetic 

inhibitor 

3.4.1. Novaluron and preparation of test concentrations  

The technic al grade nov a luron was in  a powder fo rmulati on with 98% acti ve ingr edient (AI) from 

technical  materials; ( J iaoz uo Huisell Chem, Ltd, China) . The  t est concent rati ons were pr epar ed 

using stand ardiz ed proc e dures  (WHOP ES , 2005) . Ma ss of nov aluron  o f ; 0.01  mg, 0.05  m g, 0.1  

mg and 2.0  m g were me asured usin g el ectronic b eam balan ce and diss olved in 1000 ml s of tap 

water to prep are the con centrati ons; 0.01  mg/ L, 0.05  mg/ L, 0.1  m g/ L an d 2  mg/ L respecti vel y. 

Aliquot s of 200 mls  of each prepar ed conc entrati o n was placed in plastic cup (four repli cates ) for 

bioassa ys plus fou r contr ol plasti c cups containing tap water alone.  

3.4.2. Laboratory Susceptibility test 

The bioassa ys had contro l and treatm ent cups cont aini ng test con centr ati on a nd mosq uit o larvae. 

The ex pected outcome was larv al mortali t y in  the treatm ent cups compa red to the control cups to 

confirm lethal con centra ti ons that were  required to kil l 50%, 90% and 99% of ex posed larva e . 

Twent y - five ( 25) first in star larva e per repli c ate were ex posed to novaluron concentr ati ons; 0.01  

mg/ L, 0.05  mg/ L, 0.1  mg/ L and 2.0  mg/ L. The se t - up was repe ated thre e times on different da ys 

to counter confounders in the assa y. Larv ae wer e fed at 1 - da y int erval wit h Tetrami n® fish food 

throughout the cours e of the assa y. The la rval mor talit y was moni tored on 24 hours int erv al s  unti l 

all larvae wer e dead o r pupated. De ad larva e were counted and removed fr om the plasti c cups.  

3.4.3. Effect of novaluron on pupation rate 

The ef fect o f novaluron o n larval mortali t y was rec orded to dete rmine the pe rcenta ge inhi bit ion of 

pupati on (P I%). Mo ribund and de ad larv ae and pu pae that did not compl ete l y sep arat ed from the 

larvae case, wer e consi de red as affe cted b y novalu ron. The data from all rep li cates wer e combi ned 
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to calc ulate the me an o f affe cted la rva e. The P I% of Anopheline larv ae ca used b y novaluro n was 

calculated usin g the form ula.  

   �����¨ L �s�r�rF �@
�Í ��H�5�4�4

�¼
�A Whereb y;  

�6L �2�A�N�?�A�J�P�=�C�A���L�Q�L�=�P�E�K�J���E�J���P�N�A�=�P�A�@���?�Q�L�O 

�%L �2�A�N�?�A�J�P�=�C�A���L�Q�L�=�P�E�K�J���E�J���?�K�J�P�N�K�H���?�Q�L�O�� 

3.5. Assessing the potential of An. arabiensis to autodisseminate novaluron to the breeding 

habitats and prevent adult emergence under semi- field settings 

Two ex perimental phase s  of  three repli c ates  eac h  wer e per formed to ass ess the abil it y of An. 

arabiensis to autodi sseminate novaluron to the pr ovided artificial b reedin g containers following 

ex posure. Each repli cat e had a tot al o f 5000 femal e blood - fed mosq uit oes  equall y divi ded b et we en 

control and treatm ent ch ambers. In the first  ex periment al phase cla y pot s of 10 L cap acit y for 

mosq uit o ex posure were prepar ed b y lining its ins ide with the black clot h t hat has been d ampen 

with water and tre ated  wit h 0. 3  g of novaluron po wder usin g a paint brush .  The control cla y pot 

was left untreated.   Foll o wing tre atm ent, cla y  pot was left for 24 hours to dr y  insi de the chambe r . 

To max im iz e the mosq uit o contamination, the blood - fed mosq uit oes  were held in a tre ated cla y 

pot by cov erin g a pot wi th a net  for 24  hours , an d then releas ed in chamb ers in which  artificial 

breedin g habit at  made of 1.5 L plastic basin, filled 1.5  L of water , and kept 3  m from the cla y pot s 

were p rovided ( Fig.  2 ).  The set up was the same for the control ch amber ex cept that cl a y pot wa s 

not treated. On a dail y b asis , breedin g habit ats were  visuall y ex ami ned to assess the ovipos it ion 

event via pres ence of eggs o r larv ae. The ex periment was repe ated thr ee times over a period of 1 

mont h. The succ essful autodi ssemination and co ntam ination events were  assessed b y comparin g 

the larva e mortali t y resul ts  in the  tre ated and untr e ated ch amber s . To  avoid contamination durin g 

the ex periment, treated and control  chambers  wer e spaced  10  meters and were not rotated but fix ed 

for ex periment.  

In the se cond ex periment al  phase , procedu res for ex periment one we adopted, ex cept that the insi de 

of the cl a y pot w as  trea ted b y spra yin g with  novaluron solut ion, made b y diss olvi ng 0.3  g of 

novaluron powder in 1  L of tape water . This assa y was run from 2 n d  - 17 th  September 2021  a tot al 

of sixt een (16) da ys . Spr a ye d cla y pot was left to dr y  for 24 hours  insi de the chamber , then 2500 
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aspirated from  the cla y p ot and maintained on 10 % glucose ad libitum in t he nett ed ca ge both for 

control  and tr eatm ent ( F i g. 4 ). In ea ch ca ge, a sm all ( 20 0  mls ) plastic cont ainer was provid ed fo r 

egg la yin g, and number of laid eggs both from th e control and tre ated cha mber were counted and 

record ed.  

 

Figure 4: Introducing 100 adult mosquitoes inside the cage A); adult mosquitoes inside the       

cage B); Small plastic containers for laying eggs C); Laid eggs by adult mosquitoes 

D) 

3.6. Statistical analysis   

Data wer e an al yz ed using R softwa re (Rv - 4.1.1)  (R Core Team, 2021 )  an d ex cel . Gen er ali z ed 

linear mix ed models wer e used to assess the pro portion of  dead la rvae for ea ch con centr ati on  

(Bat es et al., 2015) . The proportion of dead lar vae wer e modeled a s a response variabl e and 

concentr ati on were consi dered as fix ed effe ct while repli cat es and da ys wer e included as a random 

term to account for the pseudo repli cates and une x plained variati on between da ys. We also tested 

for lethal concentr ati on to determi ne LC 5 0  LC 9 0  and LC 9 9  using log - dose response anal ysis from 
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Table 1: Susceptibility status of 1st instars of malaria vector species to novaluron 

Species LC50 (mg/L) 95%CI LC90 

(mg/L) 

95%CI LC99 

(mg/L) 

95%CI Diagnostic 

Conc. (mg/L) 

An. gambiae 0.018  0.016,0.020  0.332  0.168,0.496  2.001  1.986,3.206  4.002  

An. arabiensis 0.026  0.027,0.038  0.546  0.374,0.719  2.013  1.997,4.491  4.026  

An. funestus 0.032  0.021,0.03  1.000  0.467,1.535  5.580  4.687,8.496  11.160  

 

 

 



  

22  

 

Table 2: Larvae mortality of An. gambiae , An. arabiensis  and An. funestus  at different    

concentrations of novaluron 

Species  Conc.  

(mg/L) 

Predicted Mean 

(95%CI) 

RR (95% CI) P- value 

 

 

An. gambiae 

0.00  0.318 (0.149,0.675)  1   

0.01  0.595 (0.280,1.265)  0.518 (0.384,1.349)   0.177  

0.05  1.293 (0.609,2.745)  0.257 (0.384,0.668)   0.504  

0.10  2.957 (1.391,6.284)  1.084 (0.385,2.819)   0.004  

2.00  7.786 (3.656,16.582)  2.052 (0.386,5.321)  < 0.001  

 

 

An. arabiensis 

0.00  0.144 (0.116,0.178)  1   

0.01  0.369 (0.299,0.454)  2.567 (2.300,2.865)  < 0.001  

0.05  0.600 (0.488,0.737)  4.174 (3.751,4.644)  < 0.001  

0.10  1.471 (1.197,1.808)  10.237 (9.204,11.357)  < 0.001  

2.00  6.121 (4.939,7.588)  42.604 (37.718,48.122)  < 0.001  

 

 

An. funestus  

0.00  0.096 (0.044,0.211)  1   

0.01  0.319 (0.145,0.699)  3.325 (2.947,3.752)  0.004  

0.05  0.622 (0.284,1.362)  6.487 (5.767,7.298)  < 0.001  

0.10  1.094 (0.500,2.396)  11.41 (10.145,12.839)  < 0.001  

2.00  2.067 (0.944,4.528)  21.56 (19.119,24.306)  0.070  

C I = confiden ce int erval, RR = risk rati o. Control used as refer enc e RR = 1, the predicted means 

were de rived from gen erali z ed linear model which is the avera ge o f larvae de ad in each 

concentr ati on.  
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Figure 6: Results of pair- wise post hoc comparison using Tukey honestly significance tests 

(Tukey HSD). Similarities and differences between Larvae mortality at different 

concentrations; (A) An. gambiae, (B) An. arabiensis  and (C) An. funestus  
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Figure 9: Mean larvae mortality of An. arabiensis  15 days post- exposure 

4.1.5. Effect of novaluron exposure on mosquito fecundity    

The m ean n umb er of eggs coll ected withi n 6 days of ex perimental moni toring wer e 104 and 44 

from the control and tr eat ment cham bers respe cti vel y ( Fi g .  10 ).  

 

Figure 10: Mean number of eggs laid by mosquitoes exposed to novaluron in a treatment, 

and control chambers  
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4.2. Discussion 

This stud y demons tr ated up to 80% and 90 % lar va l mortali t y and pupae inhi bit ion of the ex posed 

larvae o f Anopheles gambiae, Anopheles arabiensis and Anopheles funestus to novaluron under 

controll ed sett ings. These findings corrobor ate othe r previous reports that  demons trated the control 

of Anopheline, Adenine and Culicine mosquit oes using novaluron under laborator y and field 

sett ings (Ar redondo - J im énez & Valdez - D elgado, 2006; Mull a et al., 1974; Swale et al., 20 18) .  

Leth al concentr ati ons sufficient to kil ls 50% and 90% of the ex posed mosq uit o larvae were 

different ac ross three tes ted species; all achiev ed withi n 15 da ys post - ex posure. This hi ghli ghts 

dela yed d evelopm ental d urati on of ex posed larva e as an impa ct  o f novaluro n (Arr edondo - J im énez 

& Vald ez - Del gado, 200 6; Clement s, 2011; Far nesi et al., 2012) . Over  50% mortali t y of all  

Anopheles larva e were observed in betw een 2 n d  and 3 rd  day post - ex posure at max im um test 

concentr ati on of novaluron (2  mg/ L).  Despit e of the developm ent of the ex posed larvae to 3 rd  

inst ar, none was abl e to reach 4 t h  inst ar or pupa e stage. Previous studi es assessing the effe ct of 

novaluron to mosq uit o larvae have also repo rted slow and ex tended larv al growth and dela yed 

mortali t y post - ex posure time (Ar redondo - J im énez & Vald ez - Del gado, 200 6; Mull a et al., 2003; 

Swale et al., 2018) . This dela ye d mortali t y is ex pected to reduce press ures on mosq uit oes to 

develop resis tance to the novaluron, and offer a more sust ainable in secti cide for vector control 

(Fa rnesi et al., 2012; Mull a et al., 2003) .  

In comparison, An. gambiae was more sus cepti b le to novaluron followed b y An. arabiensis and 

lastl y An. funestus. Letha l concentrati ons of novaluron required to kil l 50%, 90% and 99% of An. 

funestus larvae was one t o two and half times higher than that for An. gambiae and An. arabiensis. 

In addit ion, the dia gnost i c con centrati on for An. funestus (11.160 m g/ L) was thre e times hi ghe r 

than that of An. gambiae (4.002 mg/ L) and An. arabiensis (4.026 mg/ L).   Although not investi gated 

under thi s stud y, the prob able cause for red uced su scepti bil it y mi ght be a hi gh level of p yr ethroids 

resis tance in An. funestus documented in other studies in the same stud y lo cati on (Kaindoa et al., 

2017; Lw etoi jera et al., 2 013) . Another  stud y, has also highli ghted possi bil it y of cross - resis tan ce 

between p yr ethroids and insect - growth re gulators withi n Anopheles population, which might be 

appli cable in thi s case (Yunta et al., 2016) . The differen ce of lethal and diagnostics concentrati ons 
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record ed under dif fer ent studi es might be ex plained b y ph ysiol o gical diff e rence with test species 

(Arr edondo - J im énez & Valdez - Del gado, 2006; S wale et al., 2018) .   

There is in cre asing evide nce that the use of IGRs of diffe rent mode s  o f acti on against mosq uit oes 

can count era ct and/or del a y th e developm en t of insecti cide resis tance to th eir use (Tusti ng et al., 

2013; WHO, 2014) . Thes e findin gs point out the potential of nov aluron in reducin g the densit y of 

adult mosq uit o population that would emer ged fr om the breedin g h abit ats. Novaluron the refo re 

present , an addit ional insecti cide that ma y be appli ed in rot ati on with other IGRs, such as 

pyriprox yf en to mana ge i nsecti cide resis tan ce and reduce adult mosq uit o population at their larva l 

habit ats.  In addit ion , WHO approval on the use of novaluron in drinking wa ter sign als its safet y to 

human and anim als, and warrant its testing using conventi onal larviciding or autodi ssemination 

techniques in diffe rent se tt ings (WHO , 2007) .  

On the other hand , th is  stud y indi c ated that ex posed malaria ve ctors cannot autodi sseminate 

novaluron from the conta mi nati on station cla y pots to the provided artificial breedin g habit ats. The 

fail ure for ex posed mosq uit oes to all ow autodi s semi nat ion of  novaluron might b e due to  lar ge 

particle siz e  of  novaluron that is thought to be groo med off when wer e  ca rr ie d b y  mosq uit oes from 

the contaminated cla y po t to the artificial breeding  habit at . It is suggested th at the smaller the IGR 

pa rticle siz e the easier the mosq uit o loading and retention  for autodi ssemination  to occur (Gau gle r 

et al., 2012) .  The secon d reason might b e the  ef fect of novalu ron on adu lt fitness especiall y in 

fecundit y and fertili t y.  S tudi es have shown th at  n ovaluron ex posure time t o mosq uit oes reduc es 

fecundit y and fertili t y  (Bouaz iz et al., 2017; Djeghader et al., 2014; Ha rris et al., 2013) .  

Moreover, the findi n gs d emons trated th e ef fect on ex pos ed  female adult m osqui toes to novaluron  

that  affe cted An. arabiensis fecundit y b y redu ce d the  number of laid eggs and its viabili t y. This  

result s  corroborat es with a  previous stud y that demons trated th e effe c t of novaluron on the 

producti on of female mo squi toes such as Culex pipiens (Dje ghade r et al., 2014) .  The redu cti on in 

number of laid eggs is ex pected to reduc e mosq uit o adult population  and hence reducti on of 

malaria transmi ssi on.  

This stud y h ad a numbe r of limi tations ; under labo rator y s ett ings no att emp t was mad e to t est for 

persist ence of novaluron in the test cups b e yond s ingle l arval ex posure. W hil e low susc epti bil it y 
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of An. funestus to novaluron was att ributed to its high inse cti cide resis tance status, no actual 

ex periments that were car ried to ascert ain thi s asser ti on, and thi s represent an other stud y limi tation. 

Therefo re, th ese limi tations add on the list of futur e studi es towards develo pment of novaluron as 

the potenti al la rvicide fo r malaria ve ctor control.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

Overall , thi s  stud y concl ude that major mala ria mosq uit oes found sout hern - easte rn Tanz ania ar e 

suscepti ble to novaluron at low conc entrati on. The findings pr esent a promisi ng candidate IGR for 

rotati on to counteract th e insecti cide resis tan ce developm ent. Moreove r, these result s warr ant 

further evaluation of nov aluron for autodi ssemination b y ve ctor speci es for i ts inclusi on in rotati on 

to preve nt evoluti on of resis tance in bot h chemi stries.  

5.2. Recommendations 

This stud y recomm ends assessment of novaluron  effe ct to non - tar geted sp e cies  found in the same 

breedin g h abit at with malaria tr ansmi tt ing m osqui toes . It also su ggests furthe r test s  o f 

aut odiss emi nati on technique using opti mi z ed formul ati on of novaluron in terms of particle siz es 

against An. gambiae , A n. arabi ensis  and An. fu nestus  for its inclusi on in rotati on to prev ent 

evolut ion of insecti cide resis tance.  

 

 

  

 

 

 

 

  

 












































