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Utilization of Waste Tires as Soil Reinforcement;
(2) Environmental Effects
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Abstract

Environmental impact of waste tires as ground-reinforcing material is studied. Analysis for chemical compounds and
toxic effect were performed on effluents from twelve lysimeters in which waste tires were mixed with sand and three
initially different environmental solutions of acidic, neutral, and basic circulated through the mixture. The test results
of effluents collected from the lysimeters provided that the contaminant concentrations were lower than those of Korean
drinking water standards for all the selected and tested metal elements. While iron concentration increased slightly with
the exposure period, other metal concentrations decreased with the number of circulation times. From the comparison
with previous investigations, the contaminant concentration decreased with the increase of tire size, i.e. increases with
the increase of the exposed surface of tire metals. From the toxicity tests, no deteriorative effect was observed and

it could be concluded that waste tires are not biologically hostile materials.
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Fig. 1. Tire structure

Table 1. Typical composition of tire material

Tire rubber Tire

(Williams et al. 1990) (Hankook tire, 2000)

Compound W(e(,f)ht Compound W(eof)ht
?;g;;éf povmer 62.1 ,s\l;r:?rzzltlf rubber 49
Carbon black 31.0 | Rubber compound 37
Extender oil 1.9 Other compound 13
Zinc oxide 1.9 Bead wire 4
Stearic acid 1.2 Cord fabric 10
Sulphur 1.1
Accelerator 0.7
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Fig. 2. Type of tire segments

Table 2. Lysimeter test program
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Fig. 3. Schematic diagram of effluent circulation

Number Composition of lysimeter Tire shreds(kg) Initial leaching medium
1 Sand + 2 Whole Sidewalls 3.0 Acidic, pH = 3.5
2 Sand + 2 Whole Treads 6.6 Acidic, pH = 3.5
3 Sand + Tread 8 pieces 6.6 Acidic, pH = 3.5
4 Sand + Sidewall 16 pieces 3.0 Acidic, pH = 3.5
5 Sand + Tread 28pieces 6.6 Acidic, pH = 3.5
6 Sand + Sidewall 8 + Tread 14pieces 5.0 Acidic, pH = 3.5
7 Sand + Sidewall 16pieces 3.0 Neutral, pH = 6.5
8 Sand + Tread 28pieces 6.6 Neutral, pH = 6.6
9 Sand + Sidewall 8+Tread14pieces 5.0 Neutral, pH = 6.7
10 Sand + Sidewall 16pieces 3.0 Basic, pH = 9.5
1 Sand + Tread 28pieces 6.6 Basic, pH = 9.5
12 Sand + Sidewall 8+Tread 14pieces 5.0 Basic, pH = 9.5
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Table 4. Percent rank method by the Bulich(1982)

Test Result EC50 Class Rank
< 25% Very Toxic 1
25~59% Moderately Toxic 2
51~75% Toxic 3
>75% Slightly Toxic 4
No Toxic Effect Non Toxic 5
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Table 3. List of drinking water regulations for the selected chemical compounds

No. | Inorganic element Unit Korea WHO U.S.A. Japan British Canada | German France
1 Lead(Pb) mg/ £ 0.05 0.01 0.015 0.05 0.05 0.01 0.04 0.05
2 Selenium(Se) mg/ £ 0.01 0.01 0.05 0.01 0.01 0.01 0.01 0.01
3 Chromium(Cr) mg/ £ 0.05 0.05 0.1 0.05 0.05 0.05 0.05 0.05
4 Cadmium(Cd) mg/ £ 0.01 0.003 0.005 0.01 0.005 0.005 0.005 0.005
5 Copper(Cu) ng/ £ 1 2(1) 1.3 1 3 1 3 1

6 Zinc(zZn) mg/ £ 1 3 5 1 5 5 5 5

7 lron(Fe) wg/ 4 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.2
8 Manganese{Mn) mg/ & 0.3 0.5(0.1) 0.05 0.05 0.05 0.05 0.05 0.05
9 Aluminum(Al) mg/ £ 0.2 0.2 0.05 0.2 0.2 0.2 0.2 0.2
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Table 5. Water quality results under the acidic condition (pH=3.5) {unit :

pel 2)

Tire Type & Sampling term(days)

Inorganic the—tirencigon Wh1oslepi8£2\;vall [ thsolsigcrgzd Sidewall 8+Tread 14 Pieces
element
(ug/ 2) 30 90 150 30 90 150 30 90 150
Copper(Cu) 1000 26.95 11.00 1.52 7.80 29.13 1.23 10.99 27.31 1.28
Lead(Pb) 50 9.59 0.73 0.24 14.82 0.78 0.31 12.31 1.25 1.39
Aluminum(Al) 200 45.23 18.91 15.66 26.08 13.11 7.86 18.81 11.92 10.67
Chromium(Cr) 50 2.49 2.54 2.74 2.49 3.41 1.83 1.93 3.64 1.95
Manganese(Mn) 300 20.63 10.06 7.39 50.18 15.53 4.24 30.48 4.92 3.32
Iron(Fe) 300 47.59 31.21 54 .46 26.86 27.21 48.10 22.34 26.47 52.93
Zinc(Zn) 1000 12.78 0.92 - 4.08 10.72 - 4.77 19.23 -
Selenium{Se) 10 1.79 1.85 3.27 0.86 2.20 4.97 1.13 2.92 4.38
Cadmium(Cd) 10 0.70 0.03 0.00 1.32 0.04 0.01 1.09 0.04 0.01

* 1 Drinking water quality standard of the Ministry of Environment, Korea(2001)
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Fig. 4. The variation of iron(Fe) concentration with time, environment conditions and shreds tire types(DWQS, drinking water quality

standard of Korea)
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Fig. 5. The variation of aluminum(Al) concentration with time, environment conditions and shreds tire types
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Fig. 7. The variation of zinc(Zn) concentration with time, environment conditions and shreds tire types
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Fig. 8. The variation of iron(Fe) concentration with time and
shreds tire types under acidic condition(* : Data from
O'Shaughnessy and Garga's laboratory test(2000) on
tire chips embedded in sand, each leaching cycles is 90,
130 and 180 days)
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Table 6. Initial condition of O'Shaughnessy and Garga's(2000) tests
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1. Lysimeter size Diameter: 150mm, Length: 400mm

2. Tire chip size 50mmx=50mm

3. Tire chip content 25~30% of volume of lysimeter

4. Initial environmental conditions Basic, Acidic and Neutral

5. The frequency of circulation Continually circulated by chemical feed pump
6. The expose time (leaching cycle) 90~180 days

7. Analysis equipment ICP—AES
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Table 7. Comparison of various testing conditions(unit: xg/ ¢}

_ O'Shaughnessy & Garga's study This study
Inorganic Ditiifi?son Field Test Lab. Test Lab. Test
elements () 2) (whole tires) (tire chips: 50mmx=50mm) (siderwall8+tread 14pieces)
1% year 2™ year 90days 400days 30days 150days
Copper(Cu) 1000 7 3 N.A. N.A. 10.99 1.28
Lead(Pb) 10 <4 <4 N.A. N.A. 12.31 1.39
Aluminum{Al) 200 21 63 ~400 50~180 18.81 10.67
Chromium(Cr) 50 <4 <4 N.A. N.A. 1.93 1.95
Manganese(Mg) 100 18 <4 50~150 20~180 30.48 3.32
Iron(Fe) 300 <3 44 300~600 0~120 22.34 52.93
Zinc(Zn) 3000 13 140 50~550 50~200 4.77 -
Selenium(Se) 10 <1 10 N.A. N.A. 1.13 4.38
Cadmium(Cd) 3 <0.5 <0.5 N.A. N.A. 1.09 0.01
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