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Tatrodaction
About 30 to 40 percent of municipal wastes comsists of vegetsble and other plant matertal Buf up to
now, iess than 10 percent of zil municipal wastes is coliected separately and then composted in
special plants. Degradation processes take place on waste disposals and are responsible for their
bicgas emissions (see part H: Waste disposals amd disposal gas incineration).
The authors have analyzed several composts from different smaterials (green wastes, plahi waste,
mixed waste, bark) in regard 10 their contents of PCDD/PCDF. The resulis are presented in this

paper.

Experimeatal
Screening analyses were prepared from the following stuff:
Mixed waste composts: A, B
Plant waste composts: C, D, E
Bark compost, F
Vegetable waste compost G, Hl {p = 7), H 2, 11, 12 - 14 (dewilled analyses),
compost not specified: K1 -~ K3 (detailled analyses).

Sample preparation and GC/MS-analysis followed VDI 3999, Detection himit was 0,01 ng/kg dry substan-
ce for each single isomer in the scresning analyses and 0,05 resp. 0,001 in the detaiMled ones.

Results
The following table shows the resulis of composlt analyses of different scurces. The results are
averages of double-samples,

Our analyses dc not show great differences in gither PCDD/PCDF Qurden or in the jsomer patterss in
composis. PCDD sums range from 4,276 w (9,1 ng/fg, while the PCDF burden is always smaller (mainly <
I np/g). The toxicity equivalents range from 0,8 10 357 sg/kg (TE). Only four samples lie under the
rzcommendend limit (5 ng/kg. TE) for soil for uaresuricted sgricultural use. As expecied, octa- and
bepta-CDD are chief constituents in the PCDD-pattern. Hexa-CDD were mainly detected in composts,
which are suspected to be contaminated much higher becawss of their resources, especially mixed
Waste Composts.
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Tab. 1: PCDD/PCDF contents in different compost samples.

| A | B8 |} ¢ | o } € } f | & |
| tug/kgl | [uaskel | Tug/kgl |lusskel | [ug/kgl | [ug/kal | [ug/kgl |

| | ! | | i 1 1
2378- Tetralhb | 0,00 ] <0,00 ] <0,01 <001 | <001 ] <0,01] <0,01]
12378 -Pentalhd | <8,00 | <001 | <0,01|<0,01] <0,00 | <0,00 [ «<0,01]
123789- HexatDD | <001} <001 { <0,01}<0,81| <001 ] <0061} <0,01]
123678- HexatD | <0001 ] <001} <0,001 | <0,01 ] <0,08 | <0,03 [ <0,01]
123478- Hexat0D | <0,00 ] <0,001} <0,61 | <0,01 | <0,001 ] <0,01 | <0,01]
1234678- ReptaChd | o3| 18| o0| o010] 00j 05] 03]

I I | | | I i i

| | | 1 1 I | |
2378- TetralDF | <001 ] <0,00 | <0,01]<0,00} <0,01] <0,01 | <0,01]
12578+12348-PentaCOF | < 0,01 | <0,01 | <0,00 | <0,01 ] <00t} <0,01] <0,01]
23478 - PentalDF } <000} <90,00) <0,01}<0,01] <001 <0,01{ <0,01|
1234,78+123479-HexalDF | < 0,01 | < 0,01 | <0,01 { <0,01 | <001 ] <001} <0,01}
123678- HexalDF { <001 | <001 ] <000 }<0,01] <001] <001} <0,01|
123789 exalDF ] <001} <001} <0,00]<0,01] «0,01[ <0,01] <0,01]
234678~ HexaCDF | <001 ] <0,01 | <0,00 | <001 <001} <001} <08,01}
1234678 ReptaldF I 001} 001f <00t} 0,0] <001} <001} 0,00
1234789 -HeptalhFf ] <000 ] <000 <0,00] 0,01] <0,01] <0,01{ <0,01]

I | I | | t | |

! I |
Sun Tetrattd <0,001} <000 ] <001
Sum PentalDd «0,01] <0,01] <0,00]
Sum Hexalho <0,00 ] <0,01] <0,01}
SUn HeptacDD 007 021 05|
neenrnn |

1.81 [ 1.8 [ 15,37

{ 1 [ I | 1 ! [
Sum TetrsCOF | €0,00 ) <0,01] <001 {<0.01] <001) <0011 «poe!
Sus PentalDF [ <000 <081 | <001 <001} <881 ] <001} «<0,01 ]
Sum NexaCDF [ <000 | <001 | <0,001) <001 [ «0,01] <00t} <0,01]
Sum HeptaCDF ! o0 002] <0,00] 012] «0,00] <0,01] 0,03]
OctacDF [ 003| 002| <000 0,0 | <000} <900 | 0,02]
Sun PODF | o004] 00| <001| 06| <001 005] 0,05]
Sum PCOD+PCDF | 12,57 w6 162) 301 1,88] 2,15 159 [

tox.Equi. (BGA) (nasked | 22,6 | 32,1 | 8 ) 52 ) 22 ) 36| 194 |

In two additional samples (L resp. M) we found 136 ng (TE)/kg in green and 186 ng (TE)/kg in mixed
waste compost (unpublished), PCDD/PCDF contamination in different compost samples have not been
published yet. We expect further analyses to lie in the same range 2s given here.
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Tab. 1 cont.: PCDD/PCDF contents in different compost samples.

| Hite= 7 | W2 |11 | 12 | 13 | I4 | K1 | x2 | K3 |

1 lug/kgl } lus/kgl (ivaskgl | [ug/ked | fug/kgd | fugrkgl | [ug/kgd | [us/kel | fug/kgl |

I | | I ! | I I | I

2378-TetraldD [ <0,01 ] <8,01]<0,01 |<0,005[<0,005]<0,005]<0,000} 0,001} 8,00 |
12378-Pentathd [ <0,01 | <0,01]<0061 | <0,005]|<0,005]<0,005] 0,02} 0,003] 0002}
123789 - HexalDD 1 <0,01 | <001[<0,01 |<0,005]| 0,006]<0,005] 0018] 0,00/ 0,0]
123678 HexaldD l<p® - o0 | <0,01]<001 | <0005] D,008]<D005] D,0I®] DOUE| 0,006 ]
123478- Aexatdd | <0,01 0,00 | <0,01]<0,061 [<0,005] 0,006]<0005] 0,005] 0,006} 0,018]|
1234678 Hoptatdd I 0,09 - 03 | 022] 034 [ 0,05 0,05] 0,03 0861} 0400] 0,408 |

l i f 1 | I | t I |

t { | t { l l | | |

2378-TetraCDF ]<0,01 - 002 | <0,0'| <001 <0005]| 0,02 [<0005]{ 0008 0,006]{ 0,009 ]|
12378+12348-PentaldF | < 0,01 - 0,00 | <001 ] <001 ]| 0005]| 0,0&]<0,005] 0,005} 0,006} 0,010]
23478-PentalDF ] <0,01 0,02 | <001] <0,01]<0,005| 0,012]<0,005]| 90,00] 0,006]| 0,010]}
123478+123479- HexalDF | < 0,01 o, | <001 <g01] 0,016} 0,006][<0,005]) 0,019} 0,00] 0,00]
123678-HexaCDF | <0,01 0,00 | <001 ] <001| 0,021} 0,0201]<0,005]| 0,008 0,007| 9,009]
123789- HexatDF 1 < 0,01 | <0,01] <0,001<0,00 [ <0,005]<0,005| 0,001]<0,00 |<0,001]|
234678 hexalDF <001 - 00 | <001] <00t] 0,010 0,010 <0005} 000%]| €016]| 0,00 ]
1234478 HeptalDF 1 0,02 0,28 | 0,001 | ©002] 0,041 0019} 0,008]| 0,09/ 004 ] 0047]
1234789 HeptatDF | <0,0 0,00 | <001 | <001 | 0,005} «0,005]|<0,005]| 0003] 0,004] 0,00]

{ { ! i I I 1 1 I I

| { ! | 1 [ | l I |

Sum TetralDD | < 0,01 [ < 0,00 [ < 0,01 l < 0,005 | < 0,005 l < 0,005 ‘ D,010 | 0,053 | 0,022 |
Sum PentaCoD | <0,01 0,05 | <001 | <0,01[<0,005]<0,005]<0,005| 0,05] 0,08 0038]
Sum HexaCDD }<0,00 - 012 | <D01] <001| 08,015} o061 ] 0005| 02| 0,115 0,188 ]
Sum Heptatod | 0.3 - oM | 04| 0,59] 0048 0,320] 0,0 | 122 0,73} 0,711 |
Octacho | 4,7 20,63 | 10,60 | 17,33] 0,213 0,543 { 0,288] 7,097 3,89 4,4% |
Sum PCDD | 468 - 21,28 | 11,06 17,9 0,27} 07% | 0338 | B853| 47| 53%|
I | | I | [ | l ! |

Sum TetraCDF [ <001 0,5 | <001 | <001} 0,0%2)] 0,73] 0,006] 0,107] 0,08 | 0,130 |
Sus PentaCDF | <0,01 0,4 | <001] <0,01| 6,05 ] 0,12 [<0,005]| 0,103| 07| 0,116 |
Sum HexaCDF | <0,01 0,32 | <001] 0] 0,04 0,08 | <0805 0,177] 0,093 | 0,080 |
Sum HeptaCDF 1 08 - 03 | 0,02 0,03] 0,060} 0,0%2] 0019 0,206 0,412 0,08 |
OctalDF | 0,02 0,% | 002| 006} o005 0030} 003 ] 0352] 0,7 0,127]
Sum PCDF I 8% - 4,7 | 0,061 0,1 | o088 90,523 05%]
Sum POOD+PLOF | 5,39 21,67 | 13,10 | 18,03 | | 9427 | 5305 5928
tox-Equi. (BGA) [ngskgl | 7,1 - 35,7 | Be | a8 7,7 | 154 | o8 | 308 | 97 | %2 |

Discussion

What consequences wilt these results have for the agricultural use of compost? Compost is often used
for melijoration and as fertilizer for acriculiural soils. PCDD/PCDF - contaminated compost could
increase their toxic burden. For consumer's protection, the Federal Bureau of Health (Bundesgesund-

heitsamt) has proposed two limits for soils:

> 40 ng/kg PCDD/PCDF (TE): no agricultural use
> 5 ng/kg PCDD/PCDF (TE): restricted agricultural use.

Organohalogen Compounds 4

1990



Maximum soil burden by PCDD/PCDF in compost can be calculated as follows (1, varied):

Cmax= Ccomp X ----cmmmmmmoo 1 - e hl
' Msod + Mcomp

with
Cmax = maximum PCDD/PCDF - concentration in soil (in ug/t)
Ccomp = PCDD/PCDF concentration in compost {in ug/t) (see table 2)
Mcomp = mass of compost added to soil (here: 5, 10t or 100 1) (2)
dt = time between two spreading events (in years; here: 1 year)
hl = half-life of compounds of interest (in years; here: 12 years)
Msoil = mass of soil 0 which the compost is added, here:
Soil depth for dilution: 5 cm
Soif volume: 500 m> per hectar
Soil density: 1.5 t/m>
Soil mass: 750 t

Tab. 2: PCDD/PCDF burden of uncontaminated soil due to compost spreading

Compost Kt Compost L Compost M
PCDD/PCDF (TE) 17,6 ng/kg 136 ng/kg 18% ng/kg
Cmax with an annusl input of
5 t/hs 2,7 np/kg 16,1 ng/kg 21,6 ng/kp
10 t/ha 4,1 ng/kg 31.9 ne/ky 42,9 ng/kg
20 t/ha 8,2 naskg 63,0 ng/kg 84,7 ng/kp
100 t/ha 36,9 ng/kyg 285,2 ng/kg 333,8 ng/kg

Under ihe assumpiion of a haif-iife of PCDD/PCDF of 12 years, even low contaminated compost (Hl1)
leads to PCDD/PCDF contents in soil, that further agricultural use has to be restricted (5 - 40
ng/kg) after several years of intensive practice (see table 2). In addition, a pre-burden of about |
ng (TE)/kg (3) has to be taken into account, reducing the maximum allowable amounts of compost in
order to prevent reaching or exceeding the limits for agricultural use. As the mechanisms of degra-
dation of PCDD/PCDF in compost-amended soils are not clear, we plead for establishing limits for
agricultural use of compost depending on the PCDD/PCDF-content of compost and soil. Table 2 does not
intend to doubt the usefulness of ing within icipal waste programs. In conse-
quence, it di rates the ity of rapid and efficient countermeasures against the SOURCES of
the problem.
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