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Abstract  
In order to ensure drinking water meets the standards, utilization of novel treatment technology 
with low cost and minimum effects on environment is inevitable. Zero-valent-iron in micro and 
nano scale is extensively used to remove wide range of contaminants from water. Besides the 
ZVI, granular activated carbon is used in household water purification systems as a low-price, 
porous medium that adsorbs different contaminants (e.g. organic species and chlorine) and 
modifies the odor and turbidity of water. The aim of this study is investigation of the efficiency 
of ZVI and GAC in the treatment of tap water. In this study, the efficiency of zero-valent-iron in 
scales of nano (NZVI, d50=50 nm) and micro (MZVI, d50=50 µm) and granular activated 
carbon (GAC, d50=1 mm) in purification of tap water is evaluated. For this purpose, five 
experimental columns (length=50 cm and inner diameter=2 cm) filled by nano and micro ZVI, 
and GAC in different mass percentages are prepared, whereas continuous tap water flow of 
Tehran at the rate of 4.4 ml/min during 28 days (totally 177 liters) is injected through each 
reactive column. Temporal variations of calcium, magnesium, sodium, potassium, nitrate, and 
total iron, as well electrical conductivity, pH in the influent waters to and effluent waters from 
the five reactive columns are sampled and analyzed three times over experimental time at the 
end of 1st, 7th, and 28th day (totally 18 samples). Simultaneously with the water sampling, the 
variations of pore water pressure along the columns are measured through pressure gauges. The 
results indicated that the reactive column containing NZVI (individually or combined with 
GAC) are proficient in reduction of ions concentration from the influent water in comparison to 
those containing MZVI and GAC. Decreasing the permeability of reactive materials, reduction 
of reactivity over time, release of iron into effluent water, and increase of water alkalinity are 
challenges accompanied by the columns containing NZVI. Results of this study reveal that 
combinational use of GAC and MZVI in household purification system provides a potentially 
promising reactive medium with acceptable pollutant removal efficacy and life-time, as well 
less side effects. 
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Fig. 1. Laboratory experimental setup used in this study 
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Table 1. Weights of reactive materials used in the five experimental columns in gram (the numbers in brackets 

indicate the mass percentage of each of the reactive materials in corresponding column) 
Total 

weight (g)GAC (%) NZVI (%) MZVI (%) Sand (%)Column 
number

370xx90 (24%)280 (76%)1

22545 (20%)x60 (27%)120 (53%)2

17535 (20%)45 (26%)x95 (54%)3

240x60 (25%)x180 (75%)4

8080 (100%)xxx5

Fig. 2. TEM (a) and XRD (b) Images of Nanofer STAR particles manufactured by Czech 
(www.nanoiron.cz/en/nanofer-star) 
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Table 2. Variation of water quality parameters in inlet and outlet flow of experimental columns  

during three sampling times steps (1st, 7th, and 28th day after experimental time) 
Water quality parameter (Unit)

Water sample Ca2+

(mg/L)
Mg2+

(mg/L) 
Na+

(mg/L) 
Total Fe 
(mg/L) 

K+

(mg/L) 
pH 
(-) 

EC 
(µs/cm) 

NO3
-

(mg/L) 
∆P*

(kPa) 
First Sampling (end of 1st day)
73.2 11.34 34.5 0.10 35.8 8.01 403.00 3.76 - Inflow
51.60 9.70 33.50 0.11 18.40 8.13 330.00 3.61 5.56 Outflow of C1 
39.30 10.70 31.60 0.13 24.30 8.05 367.00 3.70 5.49 Outflow of C2 
1.51 0.48 30.80 0.13 18.90 8.82 310.00 3.55 5.64 Outflow of C3 
38.70 7.50 29.70 0.22 8.85 9.23 268.00 3.10 6.03 Outflow of C4 
70.90 10.80 31.50 0.11 13.04 8.08 385.00 3.67 5.40 Outflow of C5 
Second Sampling (end of 7th day)
75.60 12.80 30.70 0.11 1.50 7.95 402.00 4.34 - Inflow
57.37 11.31 30.01 0.11 0.93 8.05 337.18 4.20 5.82 Outflow of C1 
46.30 12.20 28.69 0.13 1.11 7.86 371.47 4.28 5.66 Outflow of C2 
12.15 2.78 28.13 0.13 0.93 8.91 324.06 4.13 6.19 Outflow of C3 
43.64 9.36 27.37 0.21 0.61 9.13 291.55 3.66 6.11 Outflow of C4 
73.53 12.32 28.62 0.12 0.74 8.00 387.45 4.25 5.45 Outflow of C5 
Third Sampling (end of 28th day)
80.20 13.40 31.70 0.11 1.80 8.10 381.00 3.67 - Inflow
62.63 11.98 31.05 0.12 1.18 8.19 325.23 3.56 6.13 Outflow of C1 
51.95 12.83 29.81 0.13 1.37 8.01 354.73 3.63 5.91 Outflow of C2 
19.03 3.87 29.29 0.14 1.17 8.99 313.94 3.51 6.66 Outflow of C3 
49.39 10.13 28.58 0.21 0.83 9.19 285.97 3.15 6.72 Outflow of C4 
78.21 12.95 29.75 0.12 0.97 8.15 368.48 3.60 5.56 Outflow of C5 
* ∆P represents the difference of pore water pressure between two sides of each column. 
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Fig. 3. Percentage of variation (%PV) of water quality parameters effluent of five experimental columns 
(C1 to C5) during three sampling steps (1st, 7th, and 28th day after experiment commenced) 
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Fig. 4. Maximum variation of pore water pressure along 
the five experimental columns 
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