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=™ Introduction & Objective

Recycling material

- Low contaminated materials
- Used for road construction

— Distribution in sensitive soil depth
— Stays permanently in soil
Hazards:

1) Contamination of deeper soil layers
2) Groundwater contamination

—» |Leachate prognosis

Location of prognosis:
upper edge of the saturated zone
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=% SiWaP - BMBF - Leachate prognosis project

Emission rate

o Elution of inorganic pollutants

o Mobilization of particle bounded pollutants

o Microbiological processes of release and fixation

o Column experiments to study the desorption of inorganic compounds
o Determination of emission rates with triaxial cell

o Simulation with TENSIC

Reference experiments

Transport prognosis Standard reference materials
central lysimeter experiments

o Microbial degradation (FZT, GSF, LUA)

o Column experiments

o Batch experiments/elution tests

o Macro pore flow

o Simulation with RICHY, SMART
(Science), SEEPER (practice)

o Central data base (DaSiWa)
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i Application - reference materials in lysimeters

PAH contaminated soil - lysimeter 302 ("Soil")
BO/IV.31-630/6B2

<2 mm, 1510.0 kg

Layer thickness: 0.47 m

Ash of domestic waste - lysimeter 306 ("Ash")
MV/IV.31.-631/6B 15

<4 mm, 1660.0 kg

Layer thickness : 0.46 m

Material of road and house demolition - lysimeter 307
("Demolition™)

BS/4.31-632/B109B110

<4 mm, 1544.2 kg

Layer thickness : 0.45 m
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| Application - reference materials in lysimeters

Parameter LSoil” .Demolition" +Ash"
Filled amount [kg] 1510.0 1660.0 15442
Layer thickness [m] 047 0.46 0.45

Grain size [mm] <2 <4 <4
Acenaphthene [mg kg!] 10-50 1-5 -
Anthracene [mg kg] 1-5 1-5 -
Fluorene [mg kg] 10-50 1-5 -
Phenanthrene [mg kg'] 10-50 -10 -

As [mg kg!] nd. 1-5 5-10

Pb [mg kg!] 5-10 10-50 500-1000
Cu [mg kg!] 10-50 10-50 1000-2000
Zn [mg kg!] 10-50 50-100 2000-3000
Ca [g kg'!] 10-50 10-50 50-100
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| Application - indicator substance/water tracer

1. Isoproturon: 2. 2,6-difluorobenzoic acid:

IUPAC: 3-(4-isopropylphenyl)-
1,1-dimethylurea
Solubility in water: 0.065 g L-!
n-octanol/water-coeffizient: 2.5 COOH
/ HiC F. F
/Hc ﬂ—(l“T—N(CHa)z
H,C o]
- Transport process - transport process
- applied 0.80 m below top ground - applied 0.80 m below top ground
surface (TGS) surface
- application rate: 0.263 mL/lysimeter - application rate : 12.6 g/lysimeter

=~ 3. D,0 (deuterium oxide) 4. Potassium bromide
, - conservative water tracer - conservative water tracer
- applied on surface - applied 0.80 m below top ground
- application rate: 2 L/lysimeter surface
- application rate: 31.3 g/lysimeter
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Experimental design - cross section of complete installed lysimeter

gravel (2-3 mm)

ow contaminated material
TDR-probe

temperatire sensor

Filled with a soil monolith
of an orthic luvisol

[10$ paqmysipum

180 cm

200 cm

, sealing
L -I/" l L Ll
- — 160 cm \“
leachate box smtered metal plate
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Experimental design
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Experimental design
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Leachate: rainfall, irrigation and leachate amount

Main application 862 mm
. Apl"ll 02 552 mm 1111 mm
E 2" bromide
E 200¢ & Irrigation application
5 O Rainfall Jdlich February '05
'ﬁ 1501 ® Rainfall Munich
=]
=
=1 o
8
£
o
‘z I

500+

B Lysimeter 301
1000+ B Lysimeter 302
[ Lysimeter 306

Leachate [L]

14.02 1.8.02 1.12.02 1.4.03 1.8.03 1.12.03 1.4.04 1.8.04 1.12.04 14.05 1.8.05 1.12.05 1.4.06 1.8.06

*l""l"“‘l"‘l"‘""l“"‘l"

M Lysimeter 307

1500+
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Soil solution & leachate: amounts from 6.05.02 to 14.12.06

'ysimeter/ | 301 302 306 307
epth
0,85 m 161.3 302.3 282.2 3225
1,15m 54.0 126.1 937 126.6
1,80 m 346.7 390.2 575.0 633.8
Leachate | 5778.8 ! 9631.2 9740.8 9435.1
Sum 6340.8 10449.8 10691.7 10518.0
% of rain | 79.5/83.4 | 815/85.7 | 82.4/88.6 | 79.8/86.0
! experiment ended April 2005 ‘
i h tlich
o Forhugmentun i J2
i Water tracer: bromide
160+ control (lysimeter 301) 160+ PAH 1ated soil (ly 302)
1404+ ==+ soil solution (0.85 m depth) 1404+
+=+ goil solution {1.15 m depth)
—'."120 ==+ soll solution (1.80 m depth) —l20t
;100 +=+ leachate (240 m depth) :‘100 1
5 5w
g 2" bromide application E * } 2" promide application
404 1=
lf& 20 \ !A

1702 1103 1.703 1104 1704 1105 1.705 1.1.06 1.7.06

ash of domestic waste (lysimeter 306)

1.7.02 1103 1.7.03 1104 1.704 1105 1.7.05 1.1.06 1.7.06

material of road & house demolition (lysimeter 307)

160 - 160
140 140

—120 —120

- -

E g™

g g

= 2 bromide application 5 @ \ 2" bromide application
lA 20 ,\_,-\"'.‘_--._ IA
Wi o obtrat ipatismpdite aepunrnsy =N

R + + +
1.7.02 1103 1703 1104 1.7.04 1105 1.7.05 1.1.06 1.7.06
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Water tracer: bromide breakthrough curves - variation

Soll solution (depth: 0,85 m )

Bromide [mg]

0 10000 20000 30000 40000 50000
Cumulative outflow [mL]
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Indicator substances: 2,6-di-fluorobenzoic acid

control (lysimeter 301)

120
+=+ goil solution {0.85 m depth)
100 +—+ soil solution {1.16 m depth)
+=+ goll solutien {1.80 m depth}
a0t +—+ leachate (2.40 m depth)
60

&
- ~
—

2,6-di-flucrobenzoic acid [mg L]

PAH d soil {ly 302)

8

g

]

5

]

2,6-di-flucrobenzoic acid [mg L")

PO 2 TR T VP TP FUUT AT ST WP T T SO T

1502 1902 1.1.03 1503 1903 1.1.04 1504 1904 1.1.05 1505

ash of domestic waste (lysimeter 306)

g

2,6-di-fluorobenzoic acid [mg L]

D A e e B
1502 1902 1103 1503 1903 1.1.04 1504 1904 1105 1506

1502 1902 1.1.03 1503 1903 1.1.04 1504 1504 1.1.05 1505

material of road & house demolition (lysimeter 307)

2,6-di-flucrobenzoic acid [mg L]

L T et e e e
15602 1902 1.1.03 15,03 19.03 1.1.04 15,04 19,04 1.1.05 15.05
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Reference materials - general parameters: nitrate

140+ control (lysimeter 301) 180+ PAH soil (ly 302)
1204 +=+ goil solution {085 m depth) 1204
+=+ goil solution {1.156 m depth)
100 +—+ soll solution (1.80 m depth) 100k
- s=+ |machate (Z2.40 m depth) = \
- -
= o 801
& E
g g @
= =
40
Pteem ® T aH
Leid Tetrpate e, Hrame e L
AN THLL205 - S 0 T
1702 1103 1.703 1104 ‘I.T.Ud 1105 1705 1108 1706 1702 1103 1.703 1.104 1.7.04 1105 1.705 1106 1706

ash of domestic waste (lysimeter 306) material of road & house demolition (lysimeter 307)

140 140
120+ 120
100
b d
o 80
E
o-'| &0
=
40
20
0

1702 1103 1.7.03 1.1.04 1704 1,105 1.7.05 1106 1.706
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Reference materials - general parameters: conductivity

18000 + control (lysimeter 301) 18000+ PAH s0il (ly 302)
+=+ goll solution (0.86 m depth)
~1s000 T +=+ soll solution (1.15 m depth) 15000
E +=+ soll solution (1.80 m depth) £
& 12000 +—+ leachate (2.40 m depth) & 120004
= =
£ so004 £ 000+
= =
g k<]
3 soo0f 2 6000t
1= =
o e
o “
3000 + 3000 +
o ‘Hrﬂul-u 0 "‘iﬂ'ﬂnu.,-uu,-.u-'....__,_
1702 1.1.03 17.03 1.1.04 1.7.04 1106 17.05 1.1.06 17.06 17.02 1403 17.03 1104 17.04 1105 1.7.06 1.1.06 1.7.06
18000 ash of domestic waste (lysimeter 306) 18000 material of road & house demolition (lysimeter 307)
o 15000 + — 15000 +
g g
o 120004 o 120004
= =
£ 9000 £ so004
> >
= =
=3 =
2 so00 2 soo0t
c c
= =]
o o
R .‘.m "
":x‘t.: abasbe, i oadssttis . }‘ “‘”i Hh-'m..s | Y
17,02 1.1.03 1.7.03 1.1.04 1.7.04 1.1.05 1.7.05 1.1.06 1.7.06 1702 1103 1703 1.1.04 1.7.04 1.1.05 1.7.05 1.1.06 1.7.06
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Reference materials - heavy metals: copper

140+ control (lysimeter 301) 180+ PAH soil (ly 302)

+=+ goil solution (0.85 m depth)

120 4+ 120 4+
+=+ goil solution (1.15 m depth)
T i +—+ soll solution (1.80 m depth) — 100l
= +=+ |machate (2,40 m depth) "
El g =
] b
a Wt o 80+
o -3
-] -]
© w0t © wi
204 - 20

X‘X“-n‘f‘}n
1702 1103 1.703 1.1.04 1.7.04 1105 1705 1.1.08 l?DB 1702 1103 1.703 1.104 1704 1105 1705 1.1.06 1.7.06

--J- .

a

a

ash of domestic waste (lysimeter 306) material of road & house demolition (lysimeter 307)

280 140
240 + 120+
—2004 —iood
4 O
= - = "
5100 3 B0
5 5
= 120 =2 60
o -5
=] =]
© g © a0
40 S¥a '\ \ 20
atdly 3 == 3

a

/
ad
06

17.02 |ID@ 1.7.03 1.1.04 1T04 1 1.05 1705 1106 1.7/ 1.7.02 1103 1.703 1.1.04 1.704 1105 1.7.05 1106 1.7.06

Agrosphere Institute Forschungszentrum Jilich “

of Institute of Chemistry and Dynamics of the Geosphere (ICG) in der Helmholtz-Gemeinschaft

Reference materials - heavy metals: chromium

800+ control (lysimeter 301) €00+ PAH itaminated soil (lysimeter 302)
+=+ goll solution (0,85 m depth)
+=+ goil selution (1.15 m depth)
B00T +=+ soil solution (1.80 m depth) 00T
= +=+ |machate (2.40 m depth) =
-gﬂma L + éam - b
E 300+ /! E 3004 \f -
2 i / 3 L
g g ' ;‘\
£ 200t - x\,-’ V ; £ 200t - A
] ['r \! < \’ N
1004 f 4 d wod : \ Wl %
/ / J\_J'J{ {\ .
0 Loty 3 15 [} TR z" e
1?02 11.031'-"00 1104 1704 11.05 1705 11.06 17.06 17.02 110@ 1703 1104 1.7.04 110‘5 1.7.05 HDG 1.7.06
800+ ash of domestic waste (lysimeter 306) 500 material of road & house demolition (lysimeter 307)
500 + 500 4+
@ =
o 400t o 400t
2 = it
E 3 E L - +
5% £ 00 I i!
E B '
E 2004 E 200§ a
[=] =]
1004 .. et W 1004 . et
v 4 -
0 Lews ‘;" J""-uv-u-“‘ 7 0 -l]}x bl -.‘u s -""r"“'l
1702 1.1.03 1.7.03 1.1.04 1.7.04 1.1.05 1.7.05 1.1.06 1.7.06 1702 1103 17.03 1.1.04 1.7.04 1105 1.7.05 1.1.06 1.7.06
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Reference materials - PAH: phenanthrene

&0 — control (lysimeter 301) - PAH d soil (ly 302)
«=—- goil solution (0.85 m depth) 500
= a0t ~—- soll solution (1.15 m depth) — 400
= = soil solution (1.80 m depth) = 300
£ leachate (2.40 m depth) £ 200
v 0T r
= =
£ E 50
§ 201 £
g 2 3
2 2
2 104+ a 20
$ . s . 10 - 1
04— - + - + - ' t + + + T f ¥
1702 1403 1703 1104 1704 1.1.06 1705 1.1.06 1.7.06 1.7.02 1103 1.7.03 1.1.04 1.7.04 1105 1.7.05 1.1.06 1.7.06
& ash of domestic waste (lysimeter 306) 5 material of road & house demolition (lysimeter 307)
= 40+ — 40t
-} .|
= =
& &
v 0T o 30t
= =
e g
£ ol 55 2l
o
= =
o @
£ =
B 104 -9 .
, o R
\ . e Y
1702 1.1.03 1.7.03 1.1.04 1.7.04 1.1.05 1.7.05 1.1.06 1.7.06 1.7.02 1103 1.7.03 1.1.04 1.7.04 1105 1.7.05 1.1.06 1.7.06
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Reference materials - PAH: anthracene
10 control (lysimeter 301) PAH taminated soil (lysimeter 302)

8T +=+ goll solution (0,86 m depth) J

al +=+ soll solution (1.15 m depth)

+=+ soll solution (1.80 m depth)
+ leachate (2.40 m depth)

8

g

anthracene [ng L]
anthracene [ng L]

o 23

0l . . . . . . 0 - 3
17.02 1103 1.7.03 1.1.04 1.7.04 1.1.06 1.7.05 1.1.06 1.7.06 1702 1103 1.7.03 1.1.04 1.7.04 1.1.06 1.7.06 1.1.06 1.7.06

ash of domestic waste (lysimeter 306)

10 material of road & house demolition (lysimeter 307)

anthracene [ng L]
o
t
anthracene [ng L]

o Atyigt i -
1 - ——— A 1;
— s 2t gl F A B
04ts ] T e B2 TR e ‘-“x"‘-“"
1702 1103 1.703 1.1.04 1.704 1.105 1.705 1.1.06 1.7.06

1.702 1103 1703 1104 1.7.04 1105 1.705 1.1.06 1.7.06
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Reference materials - ions: sulfate

1400+ control (lysimeter 301) 1400+ PAH itaminated soil (lysimeter 302)
14 +=+ soll solution (0.86 m depth) r
1200 +=+ goll solution (1.15 m depth) 1200
10004 +=+ soll solution (1.80 m depth) — 1000 4
—_' v=+ leachate (2.40 m depth) :I
o o
800+ 800+
E £
o @
§ 800+ B S0t
3 3
@ 4001 a0t
A
0 n:l"-;i‘r::"u_-::.-,,,_h_ R ; . : . 0 ++ ' ; "'F:i““"":‘i:- “—...-;'tlt
1702 14103 1.7.03 1104 1.7.04 1.1.06 1.7.06 1.1.06 1.7.06 1702 1103 1703 11.04 1.7.04 11.06 1.7.05 1.1.06 1.7.06
1400+ ash of domestic waste (lysimeter 306) 1400 material of road & house demolition (lysimeter 307)
.
1200+
—10004
]
o
800+
E .
£ 600t
g j
=
" 4004
200+ .
+ B —
d + +

1.702 1103 1.703 1.1.04 1.704 1.1.05 1.705 1.1.06 1.7.06
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Reference materials - ions: sodium

350+ control (lysimeter 301) 280+ PAH itaminated soil (lysimeter 302)
+ goil solution (0.85 m depth)
300 + soil solution {1.15 m depth) 300+
—_ +—- goll solution (1.80 m depth) —
= o0t + leachate (2.40 m depth) % %0t
£ 200 £ 200
5 150+ 5 1804
k- =
o ]
® 1004 @ 1004
50+ 50+

Bisal . N

i dan s

1702 1103 1703 1104 1704 1106 1706 1.1.06 1.7.06

ash of domestic waste (lysimeter 306)

o

1702 1103 1703 1104 1704 1406 17056 1106 1706

material of road & house demolition (lysimeter 307)

-

]
3

3

sodium [mg L")
g

g

o

o

o N . + + " N "
1702 1103 1.703 1.1.04 1.704 1.1.05 1.705 1.1.08 1.7.06
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=% Conclusions

Only interim result is possible I
Following trends are cognizable:

'| General parameters: very high leachate amounts, at the beginning in part

high values, stabilization on low level

i il | Water tracer: complete breakthrough curves

Indicator substances:  complete breakthrough curves or single detections
(preferential flow)

§| Heavy metals: in essence no critical concentrations, but nickel and
chromium exceeded significantly the threshold
values

[ | Ions: breakthrough in part on a very high level, all ions

exceeded significantly the threshold values
(exception: potassium)

PAH: in part continuous low level detections
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