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Abstract 

This letter challenges the concept that the metallic iron (Fe0) surface contributes directly to 

the process of micro-organism inactivation in aqueous solutions. It is shown that any 

antimicrobial properties of Fe0 is related to the cycle of expansion/contraction accompanying 

aqueous iron corrosion. This demonstration corroborates the concept that aqueous 

contaminant removal in the presence of Fe0 mostly occurs at the Fe-oxide/water interface or 

within the oxide-film on Fe0. 

Keywords: Adsorption, Antimicrobial agent, Co-precipitation, Zerovalent iron. 

1 Introduction 

Following the successful use of micro-scale metallic iron (Fe0) for groundwater remediation 

[1-4], micro- and nano-Fe0 have shown promise as strong antimicrobial agents against a broad 

spectrum of bacteria and viruses [5-8]. While the efficiency of Fe0 for micro-organism 

inactivation is certain, the reported inactivation mechanisms are not convincing. The 

antimicrobial effect of Fe0 has been reported to involve the generation of intracellular 

oxidants (e.g. OH° and FeIV) produced by the reaction with hydrogen peroxide or other 

species, as well as a direct interaction of Fe0 with cell membrane components [8]. However, it 

is clear that this elucidation has not properly considered three important facts: (i) at pH > 5.0 

the surface of Fe0 is permanently covered by an oxide-film and is therefore not directly 

accessible to microbes [9], (ii) oxide-film components (Fe-oxides) are antimicrobial agents 

and might independently inactivate microbes [10,11], and more importantly (iii) Fe0 oxidation 
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coupled to Fe-oxide precipitation and oxide-film formation is a dynamic process [9]. 

Accordingly, Fe-oxides are continually produced for micro-organism inactivation, ideally 

until Fe
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0 is totally depleted. Addition of Fe0 as a remediation strategy is therefore appealing 

due to the progressive slow release of highly reactive Fe-oxides. In contrast, in systems using 

less sustainable synthetic Fe-oxides (also as coatings on granular surfaces) the initial 

inactivation capacity may be high but the retention capacity is limited and microbe 

inactivation is due to pure adsorption and/or mechanical trapping. 

The inactivation of pathogens in filtration systems is known to occur through adsorption, 

mechanical trapping (size-exclusion or straining), natural death, and predation [12,13]. 

Pathogen predation is not addressed in this work. Natural death mostly results from transport 

retardation through straining or adsorption and died microbes may be transported across the 

filter. Adsorption results from electrostatic interactions between pathogens and involved solid 

phases. For example, in comparison to bacteria inactivation, slow sand filters have shown 

limited inactivation efficiency for viruses in natural waters (6.0 ≤ pH ≤ 9.0) [12]. This 

observation was attributed to the fact that, under these pH conditions, sand and most viruses 

are negatively charged, leading a net repulsion and thus relative less virus removal by sand 

filtration [12,14]. Fe-oxide amended sand filters have shown improved pathogen inactivation 

[5,12,15] because the positively charged surface of oxide layer may electrostatically adsorb 

viruses [16]. Fe-oxides are either immobilized on granular media (e.g. [15]) or added as 

granular Fe0 (e.g. [12]) or supported nano-Fe0 [17]. 

Investigations regarding the addition of Fe0 to slow sand filter for safe drinking water 

provision at household level have boomed in recent years [5,8,12].  The next section give an 

overview of efforts to elucidate the mechanism of microbe inactivation. 

1.1 Apparent quest for the mechanism of microbe inactivation 

The presentation above has shown that the scientific community is still looking for plausible 

explication of the efficiency of Fe0 for the inactivation of microbes [8,18-20]. For example, 
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Kim et al. [8] reported on the elucidation of the removal mechanism of MS2 coliphage (a 

virus) by Fe
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II and nano-Fe0 and suggested the need of more research to characterize the 

impact of nano-Fe0 on other microbes (e.g. bacterial species, viruses, protozoan cysts, and 

complex matrices). Clearly, the mechanism of micro-organism inactivation is considered 

species-dependant. This approach is the one that has been used for chemical contamination 

but has been proven superfluous because contaminant removal in Fe0/H2O systems is not 

primarily a characteristic of any contaminant, but a characteristic of aqueous iron oxidation at 

pH > 5.0 [9,21,22]. Before recalling, the mechanism of contaminant removal by Fe0, the 

following conclusion of Kim et al. [8] should be given: “The applications of nano-Fe0 to 

inactivate viruses could be broader than for bacteria because nano-Fe0 maintains virucidal 

activity in both the presence and absence of oxygen, whereas aerobic conditions may limit the 

bactericidal activity of nano-Fe0.” 

2 Mechanism of aqueous contaminant removal by Fe0

The suitability of Fe0 as a universal material for safe drinking water production has been 

theoretically discussed during the past three years [23-28]. The basic idea is that iron 

(hydr)oxides are good adsorbents of chemical and microbial contaminants. This idea has 

already led to the development of metal hydroxide-coated granular materials (e.g. gravel, 

sand) as an efficient adsorption medium in water treatment [11,29]. The approach of using Fe0 

as in-situ iron oxide generator for contaminant removal was also known but was tested on a 

case-by-case basis for selected contaminants: e.g. arsenic [30,31] and viruses [5,8]. However, 

filters designed for As removal [30] were able to remove more that 27 other species including 

heavy metals, organics compounds and pathogens [32-34]. This latter observation clearly 

exceeded design expectations and demand for accurate explanations. 

The observed efficiency of Fe0-based filters was explained by considering the dynamic nature 

of Fe0 corrosion within the porous media (filters) [23,24,28]. In fact, iron corrosion is 

volumetric expansive in nature [35,36]. Depending on the oxygen availability, the volume of 
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formed iron oxides may be up to 6.40 times larger that the volume of Fe0 in the metal lattice 

[35]. However, formed oxides go through intermediate stages of more voluminous hydroxides 

which are colloidal in nature and very adsorptive for any dissolved species. Accordingly, the 

process of Fe
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0 corrosion is a cycle of expansion and contraction events. Expansion 

corresponds to the transformation “Fe0 ⇒ voluminous hydroxides”. Contraction corresponds 

to the transformation “voluminous hydroxides ⇒ final oxides”. During these events, 

contaminants are basically enmeshed in the mass of precipitating oxides (within the oxide-

film). Additionally, contaminant adsorption onto the surface of resulted precipitates is also 

efficient (at the interface Fe-oxide/H2O). The overall process in packed beds was termed as 

“reactive filtration” and convincingly explained the reported efficiency of Fe0-based filters 

[24,28]. 

It should be explicitly stated that the extent and “apparent mechanism” of contaminant 

removal in laboratory experiments (including microbe inactivation) depend on the used 

experimental designs. This issue will not be further discussed here. However, it should be 

stated that to be relevant for practical situations, Fe0 materials should be tested under 

conditions in which the formation of oxide-films at their surface is not disturbed. The 

initiation and growth of oxide-films are highly dependent on the Fe0 intrinsic reactivity and 

availability of reactants [37,38]. It is well-documented that after the formation of the oxide-

film on the Fe0 surface, the Fe0 oxidation progressed at a significantly reduced speed. This 

phase of reduced oxidation kinetics corresponds to real-world situations for Fe0-based filters. 

Accordingly, long-term laboratory experiments are suitable for a better understanding of the 

operating mode of Fe0 filters. 

The use of Fe0 for microbe inactivation was first tested on a pragmatic basis based on the 

success of Fe0 in permeable reactive barriers [5]. A science-based introduction of elemental 

metal for microbe inactivation was reported earlier [39] as discussed in the next section. 
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2.1 Elemental metals for microbe inactivation 104 
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Irrespective from the author’s previous works on the Fe0/H2O system summarized in refs. 

[24,28], the mechanism of microbe removal by Fe0 can be derived by analogy to the process 

of electrocoagulation (EC) using Al and Fe as sacrificial anodes. The effects of Al0/Fe0 are 

based on spontaneous dissolution in contact with water, with generation of AlIII/FeIII-species 

and OH- ions, and finally voluminous insoluble Al(OH)3/Fe(OH)3. If O2 is absent or limited, 

less voluminous Fe(OH)2 will be formed. That is the sole difference between oxic and anoxic 

conditions. Bearing in mind the great efficiency of Al0 EC and Fe0 EC for the aqueous 

removal of many chemical pollutants, efficient inactivation of microbiological water pollutant 

is expected too. This principle was used by Bojic et al. [39] to develop a very efficient micro-

alloyed Al0-based composite for water treatment. It should be recalled that conventional Al0 is 

very low reactive as it is instantaneously covered by an impervious film Al2O3 film on Al0 

[40]. The same trend is observed for elemental zinc. From a pure thermodynamic perspective, 

however, Al and Zn are stronger reducing agents than Fe0 [40]. The standard electrode 

potentials for the redox couples of the three elements are: -1.66 V for AlIII/Al0, -0.763 V for 

ZnII/Zn0, -0.44 V for FeII/Fe0 and 0.77 V for FeIII/FeII [40, 41]. 

Considering the thermodynamics of oxide-film formation on the three metals (Al, Fe and Zn), 

it appears that Fe0 is the sole multivalent element (FeII, FeIII) [41]. Because of differences in 

size and chemical properties of  Fe0, FeII and FeIII species, the formation of an impervious 

oxide-film on Fe0 is not likely, this is the rational for the better suitability of Fe0 for 

environmental remediation.  In other words, to render Al and Zn (and other aqueous reactive 

metals) suitable for environmental remediation, tools have to be found to avoid the formation 

of an impervious oxide-film on their surface. Despite this evidence, researchers are continuing 

to discuss the suitability of conventional Zn0 for aqueous contaminant removal [42-48]. For 

Al0, Bojic et al. [39,49-51] have presented an efficient micro-alloyed composite. The 

composite consists of micro-alloyed aluminium coated over a thin iron net. 
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This microalloyed Al0-based composite has been successfully used for the aqueous removal 

of trihalomethanes, textile dyes, natural organic mater, pesticides, heavy metals and 

Escherichia coli [49-51]. The removal mechanisms had been reported in terms of flocks of 

aluminium hydroxide acting “as adsorbents and/or traps for ions, molecules or suspended 

particles thus removing them from the solution by sorption, co-precipitation or electrostatic 

attraction followed by coagulation” [51]. This description corresponds to adsorption and co-

precipitation as a fundamental mechanism of chemical contaminant removal and micro-

organism inactivation [9,52]. It should be recalled that generated iron species will not 

segregate bacteria, chemical contaminants and viruses. All begin or pathogenic species are 

removed from the aqueous phase, provided that enough time is left for sufficient production 

of removing agents. Accordingly, all reports on the demonstration of microbe-specific 

interactions leading to other removal mechanisms (e.g. cytotoxic) were somehow faulty. 
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3 Concluding remarks 

In a recent review on biological research, Brenner [53] stated that the conversion of data into 

knowledge constitutes a great challenge for future research. It is intuitive to conclude that 

this conversion will be very difficult when the data are produced on a pragmatic basis. This 

has been the case for the use of Fe0 for water treatment [8,18,19]. Ideally concepts (e.g. 

theories of the system) should exist which are to be approved or disproved by experimental 

data. In the absence of any concept, there is no guide to constrain the choice of model. In 

addition, most of the observations (e.g. nature of corrosion products, percent removal) made 

by individual researchers are static snap-shots and their measurements could be 

experimentally impacted [53]. Therefore, it will be impossible to use available data to 

understand the dynamic processes of contaminant removal by aqueous iron corrosion. The 

situation is exacerbated by the huge difference of time scales between laboratory experiments 

(hours to days) and field application (years). 
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For a more effective development of the iron reactive wall technology, the state-of-the-art 

knowledge on the mechanism of contaminant removal should be considered by all 

investigators regardless the size of used materials (nm, μm and mm) and the nature of the 

contaminant (biological, chemical or physical). The sole impact of the particle size is on the 

kinetic aspects [2,54]. Factors introducing biases in the experimental protocols have been 

intensively discussed [55]. These factors included [55]: the available reactive sites (Fe
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particle size, Fe0 loading), the intrinsic reactivity of used Fe0 [56], the volume of the solution, 

the contaminant concentration, the mixing type (shaking, stirring, vortex), the mixing 

intensity, and the Fe0 pre-treatment for batch experiments. For column experiments, factors 

influencing the treatment efficiency include: the reactivity of used Fe0, the proportion of Fe0 

in the mixture, the nature of the admixing agent (e.g. gravel, perlite, pumice, sand), the water 

characteristics (dissolved O2 level, pH value, nature of contaminants), and the hydraulic loads. 

In conclusion, the long-lasting debate on the toxixity or the mode of toxixity of Fe0 [3,57,58] 

should be re-oriented. Whether Fe0, (nano-Fe0), released FeII, generated HO° and FeIV are 

cytotoxic or not, quantitative microbe removal is likely. Nano-Fe0 reacts and depletes rapidly 

[2,54], producing more Fe-oxides per time unit. Moreover, it is difficult to understand the 

relevance of Fe0, FeIV and HO° as virucidal and bactericidal agents [8] when microbes are 

readily and irreversibly removed from the aqueous phase by the dynamic process of iron 

corrosion. 

Acknowledgments 

Thoughtful comments provided by Angelika Schöner (FSU Jena - Germany) on the revised 

manuscript are gratefully acknowledged. The manuscript was improved by the insightful 

comments of anonymous reviewers from the Journal of Hazardous Materials. 

References 

[1] A.D. Henderson, A.H. Demond, Long-term performance of zero-valent iron permeable 

reactive barriers: a critical review, Environ. Eng. Sci. 24 (2007) 401–423. 

 7



181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

[2] R.W. Gillham, Development of the granular iron permeable reactive barrier technology 

(good science or good fortune). In "Advances in environmental geotechnics : 

proceedings of the International Symposium on Geoenvironmental Engineering in 

Hangzhou, China, September 8-10, 2009"; Y. Chen, X. Tang, L. Zhan (Eds);  Springer 

Berlin/London (2010) 5–15. 

[3] S. Comba, A. Di Molfetta, R. Sethi, A Comparison between field applications of nano-, 

micro-, and millimetric zero-valent iron for the remediation of contaminated aquifers, 

Water Air Soil Pollut. 215 (2011) 595–607. 

[4] M. Gheju, Hexavalent chromium reduction with zero-valent iron (ZVI) in aquatic systems, 

Water Air Soil Pollut. (2011) doi : 10.1007/s11270-011-0812-y. 

[5] Y. You, J. Han, P.C. Chio, Y. Jin, Removal and inactivation of waterborne viruses using 

zerovalent iron, Environ. Sci. Technol. 39 (2005) 9263–9269. 

[6] M. Auffan, W. Achouak, J.  Rose, M. Roncato, C. Chanéac, D.T. Waite, A. Masion, J.C. 

Woicik, M.R. Wiesner, J. Bottero, Relation between the redox state of iron-based 

nanoparticles and their cytotoxicity toward Escherichia coli, Environ. Sci. Technol. 42 

(2008) 6730–6735. 

[7] M. Diao, M. Yao, Use of zero-valent iron nanoparticles in inactivating microbes. Water 

Res. 43 (2009) 5243–5251. 

[8] J.Y. Kim, C. Lee, D.C. Love, D.L. Sedlak, J. Yoon, K.L. Nelson, Inactivation of MS2 

coliphage by ferrous ion and zero-valent iron nanoparticles, Environ. Sci. Technol. 

(2011) 6978–6984. 

[9] C. Noubactep, The fundamental mechanism of aqueous contaminant removal by metallic 

iron, Water SA 36  (2010) 663–670. 

[10] B. Zhu, D.A. Clifford, S. Chellam, Virus removal by iron coagulation microfiltration. 

Water Res. 39 (2005) 5153–5161. 

 8



206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

[11] M.M. Ahammed, K. Davra, Performance evaluation of biosand filter modified with iron 

oxide-coated sand for household treatment of drinking water, Desalination 276 (2011) 

287–293. 

[12] I. Bradley, A. Straub, P. Maraccini, S. Markazi, T.H. Nguyen, Iron oxide amended 

biosand filters for virus removal., Water Res. 45 (2011) 4501–4510. 

[13] Lewis S.R., Datta S., Gui M., Coker E.L., Huggins F.E., Daunert S., Bachas L., 

Bhattacharyya D. (2011): Reactive nanostructured membranes for water purification, 

PNAS 108 (21), 8577 –8582. 

[14] Y. Jin, Y. Chu, Y. Li, Virus removal and transport in saturated and unsaturated sand 

columns, J. Contam. Hydrol. 43 (2000), 111–128. 

[15] J.-A. Park, C.-G. Lee, S.-J. Park, J.-H. Kim, S.-B. Kim, Microbial removal using layered 

double hydroxides and iron (hydr)oxides immobilized on granular media, Environ. Eng. 

Res. 15 (2010) 149–156.  

[16] J.N. Ryan, M. Elimelech, R.A. Ard, R.W. Harvey, P.R. Johnson, Bacteriophage PRD1 

and silica colloid transport and recovery in an iron oxide-coated sand aquifer, Environ. 

Sci. Technol. 33 (1999) 63–73. 

[17] L.G. Cullen, E.L. Tilston, G.R. Mitchell, C.D. Collins, L.J. Shaw, Assessing the impact 

of nano- and micro-scale zerovalent iron particles on soil microbial activities: Particle 

reactivity interferes with assay conditions and interpretation of genuine microbial 

effects, Chemosphere 82 (2011) 1675–1682. 

[18] C. Lee, J.Y. Kim, W.I. Lee, K.L. Nelson, J. Yoon, D.L. Sedlak, Bactericidal effect of 

zero valent iron nanoparticles on Escherichia coli, Environ. Sci. Technol. 42 (2008) 

4927–4933. 

[19] J.Y. Kim, H. Park, C. Lee, K.L. Nelson, D.L. Sedlak, J. Yoon, Inactivation of 

Escherichia coli by nanoparticulate zerovalent iron and ferrous ion, Appl. Environ. 

Microbiol. 76 (2010) 7668–7670. 

 9



232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

[20] C. Shi, J. Wei, Y. Jin, K.E. Kniel, P.C. Chiu, Removal of viruses and bacteriophages 

from drinking water using zero-valent iron, Sep. Purif. Technol. (2011) doi: 

10.1016/j.seppur.2011.06.036. 

[21] C. Noubactep, An analysis of the evolution of reactive species in Fe0/H2O systems, J. 

Hazard. Mater. 168 (2009) 1626–1631. 

[22] C. Noubactep, Comment on “Reductive dechlorination of γ-hexachloro-cyclohexane 

using Fe–Pd bimetallic nanoparticles” by Nagpal et al. [J. Hazard. Mater. 175 (2010) 

680–687]. J. Hazard. Mater. (2011) doi: 10.1016/j.jhazmat.2011.03.081. 

[23] C. Noubactep, A. Schöner, P. Woafo, Metallic iron filters for universal access to safe 

drinking water, Clean: Soil, Air, Water 37 (2009) 930–937. 

[24] C. Noubactep, Metallic iron for safe drinking water worldwide, Chem. Eng. J. 165 

(2010) 740–749. 

[25] C. Noubactep, A. Schöner, Metallic iron: dawn of a new era of drinking water treatment 

research? Fresen. Environ. Bull. 19 (2010)  1661–1668. 

[26] C. Noubactep, S. Caré, Enhancing sustainability of household water filters by mixing 

metallic iron with porous materials, Chem. Eng. J. 162 (2010) 635–642. 

[27] C. Noubactep, S. Caré, F. Togue-Kamga, A. Schöner, P. Woafo, Extending service life 

of household water filters by mixing metallic iron with sand, Clean – Soil, Air, Water 38 

(2010) 951–959. 

[28] C. Noubactep, Metallic iron for safe drinking water production, Freiberg Online 

Geology, vol. 27 (2011) 38 pp. ISSN 1434-7512. (www.geo.tu-freiberg.de/fog). 252 

253 

254 

255 

[29] J. Lukasik, Y. Cheng, F. Lu, M. Tamplin, S.R. Farrah, Removal of microorganisms from 

water by columns containing sand coated with ferric and aluminum hydroxides, Water 

Res. 33 (1999) 769–777. 

 10

http://www.geo.tu-freiberg.de/fog


256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

[30] A. Hussam, A.K.M. Munir, A simple and effective arsenic filter based on composite iron 

matrix: Development and deployment studies for groundwater of Bangladesh, J. 

Environ. Sci. Health A 42 (2007), 1869–1878. 

[31] T.K.K. Ngai, R.R. Shrestha, B. Dangol, M. Maharjan, S.E. Murcott, Design for 

sustainable development – Household drinking water filter for arsenic and pathogen 

treatment in Nepal, J. Environ. Sci. Health A42 (2007), 1879–1888. 

[32] M. Shafiquzzaman, M.S. Azam, I. Mishima, J. Nakajima, Technical and social 

evaluation of arsenic mitigation in rural Bangladesh, J. Health Popul. Nutr. 27 (2009), 

674–683. 

[33] S. Tuladhar, L.S. Smith, SONO filter: An excellent technology for save water in Nepal. 

SOPHEN 7 (2009), 18–24. 

[34] S. Tuladhar, Er.B. Man Shakya, A study on the performance of SONO filter in reducing 

different drinking water quality parameters of ground water: A case study in Ramgram 

municipality of Nawalparasi District, Nepal. Paper presented at the Regional 

Conference on Appropriate Water Supply, Sanitation and Hygiene (WASH) Solution for 

Informal Settelments and Marginalized Communities, Kathmandu, Nepal, May 19-21, 

(2010), 297–310. 

[35] S. Caré, Q.T. Nguyen, V. L'Hostis, Y. Berthaud, Mechanical properties of the rust layer 

induced by impressed current method in reinforced mortar, Cement Concrete Res. 38 

(2008) 1079–1091. 

[36] Y. Zhao, H. Ren, H. Dai, W. Jin, Composition and expansion coefficient of rust based on 

X-ray diffraction and thermal analysis, Corros. Sci. 53 (2011) 1646–1658. 

[37] T. Pan, Quantum chemistry-based study of iron oxidation at the iron–water interface: An 

X-ray analysis aided study, Chem. Phys. Lett. 511 (2011) 315–321. 

[38] T. Pan, A.C.T. van Duin, Passivation of steel surface: An atomistic modeling approach 

aided with X-ray analyses, Mater. Lett. 65 (2011) 3223–3226. 

 11



282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

[39]  A. Bojic, M. Purenovic, B. Kocic, J. Perovic, J. Ursic-Jankovic, D. Bojic, The 

inactivation of Escherichia coli by microalloyed aluminium based composite, Facta 

Universitatis 2 (2001) 115–124. 

[40] R.E. Dickerson, H.B. Gray, G.P. Haight Jr., Chemical Principles, 3. Edition, 

Benjamin/Cummings Inc. London, Amsterdam (1979) 944 pp. 

[41] C. Noubactep, The suitability of metallic iron for environmental remediation, Environ. 

Progr. Sust. En. 29 (2010) 286–291. 

[42] Z. Wang, W. Huang, D.E. Fennell, P. Peng, Kinetics of reductive dechlorination of 

1,2,3,4-TCDD in the presence of zero-valent zinc, Chemosphere 71 (2008) 360–368. 

[43] J.-H. Choi, Y.-H. Kim, Reduction of 2,4,6-trichlorophenol with zero-valent zinc and 

catalyzed zinc, J. Hazard. Mater. 166 (2009) 984–991. 

[44] Z.W. Min, T.-H. Kim, J.-H. Shin, S.-M. Lee, J.-E. Kim, Accelerated effect of ferric salts 

on degradation of thiophosphate fungicide, tolclofos-methyl by zerovalent iron, J. 

Korean Soc. Appl. Biol. Chem. 52 (2009) 681–687. 

[45] V. Sarathy, P.G. Tratnyek, A.J.  Salter, J.T. Nurmi, R.L.  Johnson, G.O.B.  Johnson, 

Degradation of 1,2,3-trichloropropane (TCP): Hydrolysis, elimination, and reduction by 

iron and zinc, Environ. Sci. Technol. 44 (2010) 787–793. 

[46] A.J. Salter-Blanc, P.G.  Tratnyek, Effects of solution chemistry on the dechlorination of 

1,2,3-trichloropropane by zero-valent zinc, Environ. Sci. Technol. 45 (2011) 4073–

4079. 

[47] X. Gao, F. Yang, Y. Lan, J.-D. Mao, X. Duan, Rapid degradation of carbon tetrachloride 

by commercial micro-scale zinc powder assisted by citric acid, Environ. Chem. Lett. 

(2011) doi: 10.1007/s10311-010-0298-7. 

[48] J. Guo, D. Jiang, Y. Wu, P. Zhou, Y. Lan, Degradation of methyl orange by Zn(0) 

assisted with silica gel, J. Hazard. Mater. (2011) doi:10.1016/j.jhazmat.2011.07.099. 

 12



307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

[49]  A. Bojic, M. Purenovic, D. Bojic, Removal of chromium(VI) from water by micro-

alloyed aluminium based composite in flow conditions, Water SA 30 (2004) 353–359. 

[50] A.Lj. Bojic, M. Purenovic, D. Bojic, T. Andjelkovic, Dehalogenation of trihalomethanes 

by a micro-alloyed aluminium composite under flow conditions, Water SA 33 (2007) 

297–304. 

[51] A.Lj. Bojic, D. Bojic, T. Andjelkovic, Removal of Cu2+ and Zn2+ from model 

wastewaters by spontaneous reduction–coagulation process in flow conditions, J. 

Hazard. Mater. 168 (2009) 813–819. 

[52] C. Noubactep, Aqueous contaminant removal by metallic iron: Is the paradigm shifting? 

Water SA 37 (2011) 419–426. 

[53] S. Brenner, Sequences and consequences, Phil. Trans. R. Soc. B 365 (2010) 207–212. 

[54] C. Noubactep, S. Caré, R.A. Crane, Nanoscale metallic iron for environmental 

remediation: prospects and limitations. Water Air Soil Pollut. (2011) (accepted). 

[55] C. Noubactep, T. Licha, T.B. Scott, M. Fall, M. Sauter, Exploring the influence of 

operational parameters on the reactivity of elemental iron materials, J. Hazard. Mater. 

172 (2009) 943–951. 

[56] A. Ghauch, H. Abou Assi, H. Baydoun, A.M. Tuqan, A. Bejjani, Fe0-based trimetallic 

systems for the removal of aqueous diclofenac: Mechanism and kinetics, Chem. Eng. J. 

172 (2011) 1033–1044. 

[57] B. Karn, T. Kuiken, M. Otto, Nanotechnology and in situ remediation: A review of the 

benefits and potential risks, Environ. Health Perspectives, 117 (2009) 1823–1831. 

 [58] R.J. Barnes, C.J. van der Gast, O. Riba, L.E. Lehtovirta, J.I. Prosser, P.J. Dobson, I.P. 

Thompson, The impact of zero-valent iron nanoparticles on a river water bacterial 

community, J. Hazard. Mater. 184 (2010) 73–80. 

 13


	 
	Abstract 
	1 Introduction 
	The suitability of Fe0 as a universal material for safe drinking water production has been theoretically discussed during the past three years [23-28]. The basic idea is that iron (hydr)oxides are good adsorbents of chemical and microbial contaminants. This idea has already led to the development of metal hydroxide-coated granular materials (e.g. gravel, sand) as an efficient adsorption medium in water treatment [11,29]. The approach of using Fe0 as in-situ iron oxide generator for contaminant removal was also known but was tested on a case-by-case basis for selected contaminants: e.g. arsenic [30,31] and viruses [5,8]. However, filters designed for As removal [30] were able to remove more that 27 other species including heavy metals, organics compounds and pathogens [32-34]. This latter observation clearly exceeded design expectations and demand for accurate explanations. 
	2.1 Elemental metals for microbe inactivation 
	Irrespective from the author’s previous works on the Fe0/H2O system summarized in refs. [24,28], the mechanism of microbe removal by Fe0 can be derived by analogy to the process of electrocoagulation (EC) using Al and Fe as sacrificial anodes. The effects of Al0/Fe0 are based on spontaneous dissolution in contact with water, with generation of AlIII/FeIII-species and OH- ions, and finally voluminous insoluble Al(OH)3/Fe(OH)3. If O2 is absent or limited, less voluminous Fe(OH)2 will be formed. That is the sole difference between oxic and anoxic conditions. Bearing in mind the great efficiency of Al0 EC and Fe0 EC for the aqueous removal of many chemical pollutants, efficient inactivation of microbiological water pollutant is expected too. This principle was used by Bojic et al. [39] to develop a very efficient micro-alloyed Al0-based composite for water treatment. It should be recalled that conventional Al0 is very low reactive as it is instantaneously covered by an impervious film Al2O3 film on Al0 [40]. The same trend is observed for elemental zinc. From a pure thermodynamic perspective, however, Al and Zn are stronger reducing agents than Fe0 [40]. The standard electrode potentials for the redox couples of the three elements are: -1.66 V for AlIII/Al0, -0.763 V for ZnII/Zn0, -0.44 V for FeII/Fe0 and 0.77 V for FeIII/FeII [40, 41]. 
	Considering the thermodynamics of oxide-film formation on the three metals (Al, Fe and Zn), it appears that Fe0 is the sole multivalent element (FeII, FeIII) [41]. Because of differences in size and chemical properties of  Fe0, FeII and FeIII species, the formation of an impervious oxide-film on Fe0 is not likely, this is the rational for the better suitability of Fe0 for environmental remediation.  In other words, to render Al and Zn (and other aqueous reactive metals) suitable for environmental remediation, tools have to be found to avoid the formation of an impervious oxide-film on their surface. Despite this evidence, researchers are continuing to discuss the suitability of conventional Zn0 for aqueous contaminant removal [42-48]. For Al0, Bojic et al. [39,49-51] have presented an efficient micro-alloyed composite. The composite consists of micro-alloyed aluminium coated over a thin iron net. 
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