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Abstract

Road runoff, one of non-point source pollutants, contains various heavy metals, most of which flow into
discharge waters without being treated. The mechanism of removing the heavy metals in water is similar to
that of removing micro-particles. Therefore, it is considered that it is possible to remove a lot of the heavy
metals contained in the road runoff by filtering or absorbing them. In this paper, performed has been a basic
study on the characteristics of UNFS (Up Flow Non-Point Source Filtering System) using carbide pellet and
zeolite pellet as double-layer filtering mediums to treat the road runoff. The removal rate with filtering and
absorption time has been shown as follows: 29.0% for Cr; 27.8% for Cd; 25.7% for Fe; 25.4% for Co; 21.2%

for Pb; 19.6% for Zn; 18.2% for Al; 17.0% for Mn; 11.3% for Ni;

7.5% for Cu. The overall removal rate

according to influx change has been shown to be approximately 30%, and the load of heavy metals flowing
out in initial precipitation could be reduced by using carbide as a recycling filtering medium. When the removal
as coarse particles settle is added up, it is expected that UNFS will result in a higher removal rate.
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Fig. 1. Picture of filtering mediums.
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Table 1. Physical properties of filtering mediums
Filtering Size Specific | Specific gravity . Percentage .
mediums Shape (mm) gravity (kgflert) Material of void (%) K(m/min)
- - S
@ Carbide | Imegularity |\ 5 g 200~250 100% 54.0 0.592
lump spherical shape carbide
@ Carbide 1.10 60%PE +
~ . 0.648
pellet Oval About 4 120 200~250 40%carbide 35.8
@ Zeolite . 60%PE +
4 .675
pellet Spherical shape | About 5 250 40%zeolite 42 0.6
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Table 2. Particle distribution of deposited road particles

Particle size(um) Weight (g) Rate (%)
@ > 2,000 3158.6 209
@ 850~2,000 4216.3 28.0
@ 425850 3726.2 24.7
@ 250~425 2086.4 13.8
® 150250 1133.4 75
® 74~150 492.7 33
@ < 74 263.4 1.7

Total 15077.0 100.0
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Fig. 1. Upflow filtration experiment equipment.
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Table 3. Heavy metal removal characteristics with filter and adsorption time
Treated water
Raw . . . . . .
Water 5 min 10 min 15 min 20 min 25 min 30 min
Flux (mé/min}) 1070 530 340 150 130 106
SS(mg/L) 42.5 38.0 33.0 315 31.0 29.5 26.5
Turbidity(NTU) 45.6 40.5 372 32.1 295 30.1 278
Cd 0.75 0.50 0.75 0.50 0.50 0.25 0.50
Co 2.88 225 2.00 1.75 1.50 1.50 1.50
Ni 9.75 9.00 8.25 6.75 8.00 6.50 7.00
Cr 14.00 10.50 9.00 7.75 7.75 6.50 7.75
i Mn 187.25 165.75 144.00 97.00 153.75 87.50 90.50
}rﬁg Zn 417.88 353.00 | 299.00 | 282.25 295.75 247.25 279.00
(ug/L) Cu 104.38 104.00 80.00 73.25 75.25 63.75 86.50
Pb 58.00 48.50 38.50 41.50 33.50 31.25 3325
Al 4016.25 3312.50 3775.00 2192.50 2632.50 1977.00 2650.00
Fe 5316.25 4150.00 3662.50 3107.50 3132.50 2625.00 3112.50
As N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Hg ND. N.D. N.D. N.D. N.D. N.D. N.D.
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Table 4-(a). Density of effluent heavy metals with filtering mediums and flux - Carbide

Raw Flux (mé/min)
water 112 600 710 960 1,000 | 1,110 | 1,500 | 1,810 | 2,000
Cd 0.75 0.50 0.50 0.50 0.50 0.50 0.50 0.75 0.75 0.75
Co 2.88 2.00 2.00 225 2.50 2.50 2.50 2.50 250 3.00
Ni 9.75 6.00 6.75 7.00 8.25 7.75 7.15 7.75 11.00| 9.25
Cr 14.00 7.75 925 1025 1125 1125, 11.50| 1125 12.50| 14.00
Mn 187.25 | 236.75| 143.75| 129.75| 142.50| 143.25| 137.50| 136.50| 160.75| 170.25
Eﬁ’;‘g Zn 417.88 | 281.25| 297.00| 320.25| 342.25| 350.00| 353.50| 350.75| 375.75| 407.50
(ug/L) Cu 104.38 59.75| 76.50| 79.00| 92.75| 88.75| 84.25| 88.50| 107.50|110.75
Pb 58.00 3150 | 39.75| 57.00| 4925} 46.75| 4550| 65.50| 51.50|208.00
Al 4016.30 | 2677.5| 2950.0| 3667.5| 3362.5| 3627.5| 3767.5| 4022.5| 3437.5| 4905.0
Fe 5316.30 | 3060.0 | 3847.5| 4235.0| 4567.5| 4535.0| 4520.0] 4592.5| 4837.5|5755.0
As 0.25 2.25 1.25 4.75 0.25 1.50 0.50 3.25 N.D. 3.25
Hg N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.| N.D.
Table 4-(b). Density of effluent heavy metals with filtering mediums and flux - Carbide pellet
Raw Flux (mé/min)
water 147 3375 425 740 800 1,180 | 1,200 | 1,320 | 1,400 | 2,340
Cd 0.75 0.50 0.50 0.50| N.D. 0.50 0.75 0.50 075, 0.75| 0.50
Co 2.88 2.25 1.75 2.25| N.D. 1.50 1.75 2.25 2.00 2.00 2.00
Ni 9.75 7.75 8.25 8.50| N.D. 8.00 7.50 8.75 850, 8.00| 7.75
Cr 14.00 950 10.00| 10.00] N.D. 7.75 8.00 9.75| 1000 9.00| 850
Mn 187.25| 125.50 | 101.00| 134.25| N.D.| 135.25| 100.75| 138.00 | 115.00 | 112.50|119.00
I;fea‘tg 7n 417.88 | 311.25| 313.50 | 339.25 | 11.30| 270.75 | 263.25| 313.50 | 333.75|285.25 | 276.50
(ug/L) Cu 10438 | 83.75] 83.50| 99.50| N.D.| 80.00| 75.00| 92.50| 93.25| 83.25| 81.75
Pb 58.00| 44.501 40.50| 62.25| N.D.| 36.00| 4550| 57.00| 124.75| 54.25!| 36.50
Al 4016.30 | 2782.5| 2722.5| 2925.0| 1.80| 2370.0 | 2757.5| 2932.5| 3365.0|3095.0 | 2620.0
Fe 5316.30 | 3765.0| 3647.5| 3877.5| 1.30| 3010.0| 3235.0| 3812.5 | 3862.5|3620.0 | 3400.0
As 0.25 N.D. 0.25 275 N.D. 2.75 3.25 0.25 425 N.D. 0.25
Hg N.D. N.D. N.D. N.D.| N.D. N.D. N.D. N.D. N.D.; ND.| N.D.
Table 4-(c). Density of effluent heavy metals with filtering mediums and flux - zeolite pellet
Raw Flux (mé/min)
water 175 410 680 740 760 | 1,000 | 1,320 | 1,620 | 1,710 | 1,970
Cd 0.75 0.50 0.75 0.75 0.50 0.75 0.50 0.75 050 050 0.50
Co 2.88 2.50 325 2.75 2.75 3.00 2.00 3.25 250 200( 2.00
Ni 9.75| 1025| 11.00 9.75 9.75 9.25 7.00| 10.50 8.50| 7.75| 8.00
Cr 14.00] 10.50| 18.00| 12.75] 12.50| 13.50 9.25| 1550 1125 9.50| 825
Mn 187.25| 154.75 | 189.50| 169.75| 175.75| 182.00| 117.00| 191.00 | 148.50| 117.00 | 125.50
Iifeat‘g 7n 417.88| 345.25| 471.25| 397.00 | 403.50 | 419.50| 300.00 | 466.75 | 350.00 | 320.75 | 275.25
(ug/L) Cu 10438 | 91.00| 122.25| 107.75] 101.75| 115.75| 82.00| 122.50| 94.25| 82.00| 83.50
Pb 58.00| 4450 7550 61.25| 54.00f 69.25| 9575| 67.75| 59.00| 40.75| 36.00
Al 4016.30 | 3360.0 | 5860.0 | 4180.0 | 3825.0 | 3870.0 | 3067.5| 5502.5| 3600.0 | 2902.5 | 2366.8
Fe 5316.30 | 4190.0 | 6392.5 | 5220.0| 5050.0 | 5495.0 | 3582.5| 6335.0| 4555.0| 3792.5|3332.5
As 0.25 N.D. 5.75 4.00 0.50 1.50 1.00 0.25 2.50 1.00 0.75
Hg N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.| N.D.| N.D.
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Table 5. Heavy metal removal rate with filtering mediums
according to the equation of correlation between
influx load and efflux load (%)

Filtering mediums
CL. CP. Z.P.
cd 33.3 33.3 333
Co 142 312 26.0
Ni 11.6 17.9 17.7
Heavy metal Cr 17.3 36.7 30.5
removal rate | MD 15.7 36.7 315
according to | Zn 8.9 30.8 26.0
correlation Cu 16.8 19.6 17.9
eq?;g"“ Pb 159 | 285 | 323

; Al 12.8 29.4 27.9
Fe 15.3 33.9 28.6
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