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Waste	  
wood	  ash	  	  

Generated	  with	  
increasing	  
frequency	  

Good	  liming	  and	  
soil	  fer=liser	  (Ca,	  

Mg	  etc)	  

Concentrated	  
heavy	  metals	  
(CCA	  wood)	  	  

Experimental	  context:	  

Material	   Cr	  mg	  kg-‐1	   Cu	  mg	  kg-‐1	   Zn	  mg	  kg-‐1	   As	  mg	  kg-‐1	   Pb	  mg	  kg-‐1	  

Soil	   23.9	  ±	  2.1	   8.8	  ±	  0.6	   23.2	  ±	  1.4	   4.5	  ±	  0.2	   15.5	  ±	  1.1	  
Ash	  

ICRCL	  trigger	  values	  
9914.1	  ±	  714.9	  

<	  1000	  
8793.4	  ±	  632.0	  

<	  130	  
4666.7	  ±	  373.5	  

<	  300	  
9259.4	  ±	  649.3	  

<	  40	  
1988.4	  ±	  92.0	  

<	  2000	  



Assess	  risk	  of	  heavy	  metals	  in	  the	  environment	  using	  plant	  
uptake	  and	  modelling	  

Heavy	  metals;	  poten=ally	  toxic	  if	  mobile	  and	  bioavailable	  within	  the	  
environment	  

Determine	  toxic	  response	  to	  increasing	  doses	  of	  ash	  using	  
bioassays	  

Examine	  mobility	  [leaching]	  of	  heavy	  metals	  from	  ash,	  when	  
applied	  to	  soil	  with	  and	  without	  manure	  

Study	  aims:	  



Leaching	  of	  
heavy	  metals	  
from	  ash	  can	  be	  
reduced	  by	  co-‐
applying	  manure	  

Arsenic	  will	  be	  
very	  soluble	  and	  
bioavailable	  due	  
to	  high	  pH	  

Co-‐applying	  
manure	  can	  
reduce	  phyto-‐
toxicity	  and	  plant	  
uptake	  of	  metals	  

Organic	  amendment;	  manure	  co-‐
applied	  to	  bind	  metals	  and	  prevent	  
plant	  uptake/toxicity	  

Hypotheses:	  



Soil

Soil	  +	  M

Soil	  +	  M	  +	  0.1%	  A

Soil	  +	  M	  +	  0.3%	  A

Soil	  +	  M	  +	  1%	  A

Soil	  +	  M	  +	  3%	  A

Soil	  +	  3%	  A X	  5	  rep.

Experimental	  set-‐up:	  

Dura:on;	  60	  days	  



1.  Pore	  water	  collected	  by	  rhizon	  sampler	  
(picture),	   measured	   by	   ICP-‐MS	   for	  
metals	  

2.  Ryegrass	   germinated	   and	   harvested	  
a^er	  9	  weeks,	  mass,	  digested	  and	   ICP-‐
MS	  for	  metals	  

3.  Toxicity	   bio-‐assays	   performed	   on	   pore	  
water	   as	   ‘bioavailable’	   frac=on	   of	  
metals	  (E.coli	  HB101	  pUCD607)	  	  

Materials	  and	  methods:	  



Results-‐pore	  water:	  
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Comparable	  with	  values	  from	  
contaminated	  	  industrial	  and	  mine	  areas	  in	  
Europe;	  from	  Moreno-‐Jimenez	  et	  al,	  2011	  
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Results-‐plant	  metals:	  



Results-‐plant	  mass:	  
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Results-‐toxicity	  assays:	  
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Conclusions:	  
High	  ash	  doses	  completely	  phyto-‐toxic,	  moderate	  doses	  improve	  plant	  
biomass	  

Organic	  amendment	  (manure)	  applica=on	  limits	  Cu	  and	  Cr	  mobility	  and	  
uptake	  

Arsenic	  bioavailability	  appears	  to	  be	  affected	  by	  high	  pH	  

Ash	  has	  no	  effects	  on	  Zn	  in	  pore	  water	  or	  ryegrass	  

“Moderate	  doses	  of	  ash,	  co-‐applied	  with	  manure	  would	  have	  minimal	  effect	  on	  

heavy	  metal	  leaching	  and	  would	  improve	  plant	  biomass	  [short	  term]	  but	  conHnued	  

applicaHon	  may	  lead	  to	  accumulaHon	  of	  toxic	  concentraHons	  in	  soil.”	  	  


