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1. Introduction 

Automobiles and electric appliances, a symbol of preseni sociely, have been mass produced and their 

shredder residues have been landfilled day by day. These wastes contain hazardous trace melals and 

organic substances such as PCBs, therefore a regulation on land disposal of shredder residues was 

stfengthened in Japan from April, 19%. ll is needless lo say that concepts of settling diis problem 

are lo make producis clean after confirming a source of hazardous substances in shredder residues 

and to make prior separation tiioroughly when dismaiiding automobiles. On the otiier hand, il is 

necessary to understand leaching behaviors of trace organic substances from a site and to control 

tiiem properiy. Altiiough many studies on fomiation and conlrol of PCDDs/PCDFs and Co-PCBs in 

MSW have been done, there are not so many studies on leaching behaviors of hazardous organic 

substances. 

Therefore die influences of humic acid and LAS on leaching behavior of PCDDs/PCDFs and PCBs 

from automobile shredder residues have been studied. 

2. Experiment 

2.1 Shredder Residues 

In this study, two automobile shredder residues (K and Y) were used. One kilogram ofeach residue 

was separated to know their composition. In both of these shredder residues, wasle fiber and 

minerals are contained over 50% as mass fraction, and waste plastics are approximately 20%. 
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Residues of shredder K contains "hard plastics" approximately 80%, and shredder Y contain "soft 

plastics" of 54%. "Sofl plastics" were separated from "hard plaitic", because oily chemicals, which 

may contain dioxin-like substances, were absorbed on"sofiplasli:s". Here "hard plastics" mean hard 

quality plastics such as polyvinyl chloride and high density polyetiiylene, polypropylene and soon. 

"Soft plastics" mean soft quality plastics such as polyurethane 

2.2 Leachant 

The leachanls and dieir concentrations used for leaching test are shown in Table 1. Humic acid and 

Linear Alkylbenzen Sulfonate (LAS) as a surfactant and a leach.ite from industrial wasle landfill sile 

were used. Humic acid is produced by biodegradation of organic substances in a landfill site. LAS is 

one of die main ingredients of synthetic detergent for 

household use. The leachate from industrial wasle 

conlains humic acid 8.4 mg/l and LAS and 0.33 nig/1, 

respectively. Furthermore, distilled waler is used as a 

leachant for a comparison. Concentrations of humic 

acid and LAS solution are decided on tiie detectable 

level in a real environmeni for lower one and a special 

environment such as landfill site for higher one. The 

latter one was considered dial the concenuation was 

above producing micelle, which is a lyophilic colloid 

formed of an association of many molecules. 

Table 1 

Experiment Series 

Distilled Water 

Humic Acid 

LAS (Dodecyl 
Benzen Sulfonate) 

1-eacfiate from 
Industrial Waste 

Lechant 

ConcenU'auonjnig/lj 

-

10 

200 

10 

1000 

Humic acid 

LAS 

8.44 

033 

2.3 Melhod 

Afler having been cut under 10 mm, 50 g of shredder residues were mixed the same as an original 

composition with 5(X3 ml of a leachant , shaking 24 hours widi horizontal shaking. There after, 

attained leachales were filtered witii glasswool, the filtrates were separated inlo supernatants and 

residues cenuifugally under a condition of 700 G, 10 mia altiiough il will be necessary for 

comparing centrifugation with filtration. In order to prevent a w ;de range of concentration caused by 

their heterogeneity, the series of this experiment were repeated three times, then the supematants 

were mixed. 

2.4 Analysis 

PCDDs/PCDFs and PCBs are all analyzed witfi HRGC/HRMS. Cleanup procedure was carried out 

in accordance with 'Analytical manual on PCDDs/PCDFs in wasle managemenl" ". PCDDs/PCDFs 

from tetra to hexa were analyzed witii a column SPELCO SP-2:i3l and hepta and octa CDDs/CDEs 

and PCBs with a column J&S Science DB-5. 
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3. Resulls and Discussion 

3.1 Contents 

PCBs contents of shredder K and Y, lested 

twice, were both in ppm levels as shown in 

Table 2, altiiough they were preseni one order 

difference in concentration of shredder K. 

Therefore, automobile shredder residues could 

have potential of some impacts to 

environment. And PCDDs and PCDFs were 

nol delected, although the detection limit was 

little higher, O.l ng/g, because of used oil in 

the shredder residues. 

3.2 Leaching Behavior 

Influences of humic acid and LAS on leaching 

behavior of PCDDs and PCDFs, PCBs are 

considered almost similar for shredder K and 

Y, therefore only die results of shredder Y are 

shown in this paper. 

3.2.1 PCDD&'PCDFs 

Only one result of LAS lOOOppm on 

PCDDs/PCDFs is shown in Table 3, because the 

otiiers were all below a lower limil of deieclion 

0.05ng/l. However, LAS lOOOppm showed tiie 

increases of PCDDs/PCDFs concentrations in the 

leachate compared witii otiier serieses, that is, 

leaching concenU'ations of PCDDs/PCDFs are 

greatiy promoted by LAS. Schramm et al.-' 

reported that leaching concentrations of 

PCDDs/PCDFs in MSW incineration residues 

increase under LAS existence. A reason why 

almosi leaching concentration was below the 

detection liniil would be lower PCDDs/PCDFs 

conieni in the shredder residues. 

Table 2 

^ - - . . ^ 

^ ^ 

Homologs 

M.CBs 

nCBs 

TJCBS 

IXBs 

PCBs 

R G B S 

H-CBS 

aCBs 

NCBs 

DoCB 

Total CBs 

Resulls of conieni analysis on PCBs 

Samples 

Shredder K 
[ng/gl 

first 

2.1 

200 

720 

4.S0 

280 

140 

21 

2.1 

0.2 

0.3 

1800 

second 

9.6 

800 

4200 

3100 

1600 

770 

120 

11 

1.1 

N.D.<0.1 

11000 

Shredder Y 
Ing/gl 

firet 

19 

1300 

4600 

3700 

3400 

1600 

280 

28 

3.1 

N.D. < 0.1 

15000 

second 

27 

1600 

6800 

.S300 

6400 

3200 

600 

70 

6.0 

N.D. < 0.1 

24000 

Table 3 Results of Leaching on 
PCDDs/PCDFs (Shredder Y) 

^ ^ - ^ 

Homologs 

TXTDDs 

BCDDs 

HiCDDs 

HCDD.S 

CM:DDS 

Tolal CDDs 

'VJCDFs 

ftCDFs 

H.CDI-S 

HCDFs 

O^DFs 

I'otal CDFs 

Leachant 

LAS lOmgyl 
Ing/ll 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D.<0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

N.D. < 0.05 

I-AS lOOOmg/l 
lng/l| 

0.77 

0.48 

N.D.<0.05 

0.17 

0.68 

2.1 

2.3 

0.85 

0.21 

0.14 

0.20 

5.8 
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3.2.2 PCBs 

Table 4 shows PCBs concentrations in the leachates of shredder Y. Comparing witii PCBs of using 

distilled water as a leachant, leachate from industrial waste landfill site and humic acid lOppm 

showed almost lhe same PCBs concentration, however, hu:.Tiic acid 2(X)ppm and LAS lOppm 

leached out approximately twice as much especially on higher chlorinated PCBs from tetra to octa. 

Furthermore, PCBs concentration of using LAS lOOOppm increased a two order higher on lotal 

PCBs compared with distilled water. 

This result means existence of surface active substances such as LAS or humic acid would cause the 

increasing of PCBs leaching. It was demonstrated a two onler higher leaching concend'ation of 

PCBs than distilled waler, altiiough the influences of surfactant lo dioxin-like substances might lie 

weaken, because of shredder residues containing organics such :is engine oil and gasoline ", it should 

not be ignored the influence of surfactants to leaching behavior of dioxin-like substances. 

Shinozuka •'• reported that hydrophobic organic substances are tiken into tfie micelle, if formed with 

increasing surfactant concentration, and as a result leaching concentrations of tfiese substances 

increase remarkably. Furthermore, as a salt concentration increase, micelle produced concentration 

decrease. Especially, in the landfill sile, incineration residues exist with high salt content. It is 

required to understand a leaching behavior of hazardous organic substances as soon as possible. The 

influences of salts and surfactant to leaching behavior of dioxin-like substances from shredder 

residues, slag and fly ash which are obtained in shredder residues melting process, are now under 

discussion 

Table 4 Results of Leaching Test on PCBs (Shredder Y, ng/l) 

^ ^ - - . ^ ^ 

Homologs 

MCBs 

D £ B s 

T J C B S 

T^CBs 

P^CBs 

H<CBs 

HCBs 

O ^ B s 

NsCBs 

D K C B 

Tolal CBs 

Lecahant | 

Distilled 
Water 

0.70 

40 

95 

56 

26 

14 

3.3 

0.48 

N.D.<0.1 

N.D. < 0.1 

240 

Industrilal 
Waste 

leachate 

0.09 

21 

61 

41 

6.8 

5.2 

1.1 

0.14 

N.D. < 0.04 

N.D. < 0.04 

140 

Humic Acid 
lOm^l 

0.69 

21 

50 

40 

II 

8.0 

1.7 

0.40 

N.D. < 0.1 

N.D. < O.l 

130 

Humii;Aid 
200ni^l 

0.-i7 

31) 

1(0 

9:) 

4 ) 

30 

6 0 

i.:i2 

o.:.6 

N.I). < o.l 

3.0 

LAS 
lOmg'l 

2.4 

66 

150 

110 

65 

38 

8.8 

1.4 

0.17 

N.D. < 0.05 

440 

I A S 
lOOOm^l 

28 

1500 

3400 

2900 

3300 

1600 

350 

91 

8.4 

0.51 

13000 
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4. Conclusion 

The following conclusions were derived from this study. 

• PCBs contents of shredder residues used in tiiis study ranged range from 1.8 pig/g to 24 pig/g, and it 

is indicated tiiat a difference of PCBs concentration is large between shredder residues and in the 

same shredder wilh an origin of PCBs. 

• Leaching of PCDDs/PCDFs and PCBs from a shredder residue is sirongly affected by LAS. In tfie 

resull of PCBs, il was indicated dial PCBs concentration of using LAS lOOOppm series was two 

order higher than one of distilled waler And il was indicated tiiat humic acid 200ppm leached out 

approximately twice PCBs especially on higher chlorinated PCBs. 
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