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pes$cides,	
  herbicides…	
  

1962	
  Union	
  Carbide	
  Ad	
  in	
  Scien7fic	
  American	
  

•  EsRmates	
  ranging	
  from	
  2.4	
  –	
  5	
  million	
  tonnes	
  of	
  
pesRcide	
  acRve	
  ingredients	
  used	
  annually,	
  which	
  
“cons%tute	
  a	
  major	
  impairment	
  to	
  water	
  quality	
  on	
  
a	
  global	
  scale.”	
  	
  
–  Weiss	
  et	
  al.,	
  2016,	
  Eawag.	
  
–  Schwarzenbach	
  et	
  al.,	
  2006,	
  Science	
  313,	
  1072.	
  
–  Stehle	
  and	
  Schulz,	
  PNAS,	
  2015.	
  
	
  

•  “PesRcide	
  polluRon”	
  appears	
  twice	
  in	
  the	
  Top	
  Ten	
  in	
  
The	
  World’s	
  Worst	
  Toxic	
  Pollu%on	
  Problems	
  Report. 	
  	
  
–  Blacksmith	
  InsRtute/Green	
  Cross	
  Switzerland,	
  2011	
  
	
  

•  “In	
  developing	
  countries,	
  exceedances	
  of	
  regulatory	
  
levels	
  for	
  pesRcides	
  in	
  surface	
  waters	
  significantly	
  
more	
  frequent	
  than	
  in	
  affluent	
  countries.	
  In	
  contrast	
  
to	
  trends	
  in	
  affluent	
  countries,	
  exposure	
  risks	
  are	
  
increasing	
  in	
  developing	
  countries	
  due	
  to	
  increased	
  
use	
  and	
  simultaneously	
  weak	
  or	
  nonexistent	
  
regulaRon	
  schemes.”	
  
–  Stehle	
  and	
  Schulz,	
  PNAS,	
  2015.	
  

	
  
•  Around	
  75%	
  of	
  the	
  pesRcides	
  used	
  in	
  S/SE	
  Asia	
  are	
  

banned	
  or	
  heavily	
  restricted	
  in	
  the	
  West	
  due	
  to	
  
ecological	
  and	
  human	
  health	
  effects	
  
–  PesRcide	
  AcRon	
  Network,	
  1997	
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500	
  μm	
  

char	
  made	
  from	
  longan	
  wood	
  

500	
  μm	
  ac7vated	
  carbon	
  

General	
  Hypothesis:	
  
	
  

Locally	
  produced	
  chars	
  could	
  be	
  effecRve	
  adsorbents	
  because	
  they	
  possess	
  
structure	
  and	
  properRes	
  similar	
  to	
  acRvated	
  carbon.	
  



brick	
  beehive	
  kiln	
   steel	
  drum/adobe	
  kiln	
  

4	
  

Fired	
  for	
  several	
  days	
  up	
  to	
  1	
  week	
  
Peak	
  temperature	
  350-­‐600	
  oC	
  

Zonal	
  differences	
  up	
  to	
  ~	
  300	
  oC	
  during	
  heaRng	
  
phase,	
  ~	
  150	
  oC	
  peak	
  

Fired	
  for	
  ~	
  8	
  hrs	
  
Peak	
  temperature	
  550-­‐750	
  oC	
  

Zonal	
  differences	
  up	
  to	
  ~	
  200	
  oC	
  during	
  heaRng	
  
phase,	
  ~	
  100	
  oC	
  peak	
  

ancient	
  /	
  tradi%onal	
  methods	
  of	
  char	
  produc%on…	
  

Kearns,	
  Knappe,	
  Summers,	
  2015.	
  Feasibility	
  of	
  Using	
  TradiRonal	
  Kiln	
  Charcoals	
  in	
  Low-­‐Cost	
  Water	
  Treatment:	
  The	
  Role	
  of	
  Pyrolysis	
  CondiRons	
  on	
  2,4-­‐D	
  
Herbicide	
  AdsorpRon.	
  Environmental	
  Engineering	
  Science,	
  Vol.	
  11.	
  

Based	
  on	
  tradi7onal	
  kiln	
  charcoals	
  produced	
  from	
  eucalyptus,	
  pine,	
  and	
  longan	
  woods,	
  and	
  bamboo:	
  
We	
  developed	
  a	
  protocol	
  for	
  genera7ng	
  lab	
  furnace	
  chars	
  from	
  these	
  feedstocks	
  as	
  effec7ve	
  proxies	
  for	
  

tradi7onal	
  kiln/retort	
  chars	
  from	
  a	
  sorp7on	
  perspec7ve	
  	
  	
  



5	
  5	
  

gasifier	
  cookstove	
  

5	
  

gasifier	
  drum	
  oven	
  

natural	
  draq	
  (ND)	
  
	
  625	
  ±	
  25	
  oC	
  

	
  

pine	
  pellets	
  
bamboo	
  pieces	
  
cherry	
  pits	
  
pecan	
  shells	
  (~750	
  oC)	
  
bagasse	
  pellets	
  
jatropha	
  pellets	
  

forced	
  draq	
  (FD)	
  
	
  875	
  ±	
  75	
  oC	
  

	
  

pine	
  pellets	
  
bamboo	
  pieces	
  
cherry	
  pits	
  
pecan	
  shells	
  
	
  

rice	
  husk	
  (?	
  oC)	
  

natural	
  draq	
  (ND)	
  
	
  750-­‐800	
  oC	
  

	
  

chopped	
  bamboo	
  
corncobs	
  
	
  
	
  
	
  

natural	
  draq	
  (ND)	
  
	
  850-­‐900	
  oC	
  

	
  

chopped	
  eucalyptus	
  	
  

forced	
  draq	
  (FD)	
  
	
  850-­‐900	
  oC	
  

	
  

hardwood	
  pellets	
  (HWP)	
  	
  

household	
  and	
  village-­‐scale	
  adsorbent	
  biochar	
  genera%on…	
  

Constructed	
  using	
  surplus	
  drums,	
  
scrap	
  metal,	
  and	
  common	
  hand	
  
tools	
  –	
  no	
  electricity	
  needed!	
  



(as	
  of	
  Oct-­‐10-­‐16)	
  



SorpRon	
  of	
  select	
  organic	
  water	
  contaminants	
  by	
  biochars...	
  	
  
	
  

Probe	
  compound	
  selecRon	
  criteria	
  
from	
  a	
  water	
  treatment	
  perspecRve:	
  

	
  

	
  
•  environmental	
  relevance	
  

–  heavily	
  used,	
  widely	
  occurring,	
  recalcitrant	
  

•  negaRve	
  human	
  health	
  impact	
  
•  impair	
  water	
  aestheRcs	
  
•  difficult	
  to	
  remove	
  

2,4-­‐D	
  
herbicide	
  
possible	
  carcinogen,	
  
suspected	
  endocrine	
  
disruptor	
  
USEPA	
  MCL	
  70	
  μg/L	
  	
  
WHO	
  Guideline	
  30	
  μg/L	
  
pKa	
  2.7	
  

sulfamethoxazole	
  (SMX)	
  
anRbioRc	
  (humans	
  and	
  livestock)	
  
pKa	
  5.6	
  

2-­‐methyl	
  isoborneol	
  (MIB)	
  
cyanobacteria	
  metabolite	
  
not	
  a	
  health	
  concern	
  
musty	
  taste	
  &	
  odor	
  at	
  >10	
  ng/L	
  

Cl	
  

Cl	
   Cl	
  

Br	
  

chloroform	
  
probable	
  carcinogen	
  

BDCM	
  
probable	
  carcinogen	
  

CDBM	
  
possible	
  carcinogen	
  

bromoform	
  
probable	
  carcinogen	
  

trihalomethanes	
  (THMs)	
  
disinfecRon	
  by-­‐products	
  (DBPs)	
  
USEPA	
  MCL	
  80	
  μg/L	
  total	
  THMs	
  (TTHMs)	
  

7	
  

simazine	
  (SZN)	
  
herbicide,	
  (neutral)	
  
USEPA	
  MCL	
  4	
  μg/L	
  
WHO	
  Guideline	
  2	
  μg/L	
  

warfarin	
  (WFN)	
  
anRcoagulant,	
  rodenRcide	
  
pKa	
  5.1	
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KEY	
  POINTS:	
  
	
  
Did	
  not	
  observe	
  a	
  strong	
  effect	
  of	
  
feedstock	
  for	
  the	
  materials	
  studied	
  
(eucalyptus,	
  longan,	
  pine	
  woods;	
  bamboo)	
  
	
  
2,4-­‐D	
  adsorpRon	
  é	
  as	
  pyrolysis	
  
temperature	
  or	
  duraRon	
  é 
 
Furnace	
  good	
  approximaRon	
  for	
  kiln	
  
	
  
Low	
  to	
  modest	
  adsorpRon	
  capacity	
  
compared	
  with	
  commercial	
  AC	
  

BATCH	
  TESTS	
  
	
  
2,4-­‐D	
  	
  herbicide 	
   	
  100	
  μg/L	
  
surface	
  water 	
   	
  pH	
  7,	
  4	
  mg/L	
  TOC	
  

q e
	
  (m

g/
g)
	
  

Ce	
  (mg/L)	
  

q e
	
  (m

g/
g)
	
  

Ce	
  (mg/L)	
  

kiln	
  
charcoals	
  

furnace	
  
chars	
  

Kearns,	
  Knappe,	
  Summers,	
  2015.	
  Feasibility	
  of	
  Using	
  TradiRonal	
  Kiln	
  
Charcoals	
  in	
  Low-­‐Cost	
  Water	
  Treatment:	
  The	
  Role	
  of	
  Pyrolysis	
  CondiRons	
  on	
  
2,4-­‐D	
  Herbicide	
  AdsorpRon.	
  Environmental	
  Engineering	
  Science,	
  Vol.	
  11.	
  

increasing	
  
temperature	
  	
  

increasing	
  
temperature	
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BATCH	
  TESTS	
  
	
  

2,4-­‐D	
  	
  herbicide 	
   	
  	
  
	
  	
  	
  	
  	
  100	
  μg/L	
  
	
  

surface	
  water 	
   	
  	
  
	
  	
  	
  	
  	
  pH	
  7,	
  4	
  mg/L	
  TOC	
  

KEY	
  POINTS	
  
	
  

Did	
  not	
  observe	
  a	
  strong	
  effect	
  
of	
  feedstock	
  for	
  the	
  materials	
  studied	
  	
  

	
  

2,4-­‐D	
  adsorpRon	
  é	
  as	
  pyrolysis	
  temperature	
  é 
 

Scalable:	
  cookstove	
  à	
  drum	
  oven	
  à	
  beyond?	
  
 

High	
  temperature	
  +	
  high	
  draq	
  chars	
  performed	
  
nearly	
  as	
  well	
  as	
  commercial	
  ACs	
  

[	
  manuscript	
  in	
  preparaRon…	
  ]	
  0.1$

1$

10$

0.001$ 0.01$ 0.1$

q e
$(m

g/
g B

A)
$

Ce$(mg/L)$

GAC$

PAC$

furnace(retort+biochars+
and+trad.+kiln+charcoals+

Ce+=+30+μg/L+

0.1$

1$

10$

0.001$ 0.01$ 0.1$

q e
$(m

g/
g B

A)
$

Ce$(mg/L)$

GAC$
PAC$
C2FD2PINE2875$
C2FD2PEC2900$
C2FD2CHER2875$
FD2RH$
C2ND2PEC2750$
C2ND2PINE26252W2B$
C2ND2PINE26252W2T$
C2ND2PINE26252W$
C2ND2PINE2625$
C2ND2CHER2650$furnace(retort+biochars+

and+trad.+kiln+charcoals+
Ce+=+30+μg/L+

0.1$

1$

10$

0.001$ 0.01$ 0.1$

q e
$(m

g/
g B

A)
$

Ce$(mg/L)$

D1FD1HWP1900$

D1ND1EUC1850$

C1FD1BAM1825$

D1ND1BAM1800$

D1ND1CC1750$

C1ND1BAG1600$

C1ND1JAT1600$

C1ND1BAM1650$furnace(retort+biochars+
and+trad.+kiln+charcoals+

Ce+=+30+μg/L+

625-­‐650	
  C	
  

750	
  C	
  

875-­‐900	
  C	
   850-­‐900	
  C	
  

750-­‐825	
  C	
  

600-­‐650	
  C	
  

REDACTED	
  UNTIL	
  PUBLICATION	
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total	
  trihalomethanes	
  
(disinfec7on	
  by-­‐products)	
  

Kearns,	
  Shimabuku,	
  Mahoney,	
  Knappe,	
  Summers,	
  2015.	
  MeeRng	
  mulRple	
  water	
  quality	
  objecRves	
  through	
  treatment	
  using	
  locally	
  generated	
  char:	
  
improving	
  organolepRc	
  properRes	
  and	
  removing	
  syntheRc	
  organic	
  contaminants	
  and	
  disinfecRon	
  by-­‐products.	
  J	
  WASH	
  DEV.	
  Vol.	
  5	
  Is.	
  3.	
  pp.	
  359	
  -­‐372.	
  

warfarin	
   2-­‐methylisoborneol	
  	
  
(MIB)	
  

increa
sing	
  te

mperatu
re	
  +	
  dr

aY	
  

sulfamethoxazole	
  (surface	
  water,	
  storm	
  water,	
  wastewater)	
  

Shimabuku,	
  Kearns,	
  MarRnez,	
  Mahoney,	
  Moreno-­‐Vasquez,	
  Summers.	
  2016.	
  Biochar	
  sorbents	
  
for	
  sulfamethoxazole	
  removal	
  from	
  surface	
  water,	
  stormwater,	
  and	
  wastewater	
  effluent.	
  

Water	
  Research,	
  Vol.	
  96,	
  pp.	
  236-­‐245.	
  
Thompson,	
  Shimabuku,	
  Kearns,	
  Knappe,	
  Summers,	
  Cook.	
  2016.	
  Environmental	
  Comparison	
  of	
  

Biochar	
  and	
  AcRvated	
  Carbon	
  for	
  TerRary	
  Wastewater	
  Treatment.	
  ES&T,	
  Oct.	
  2016.	
  	
  

increasing	
  
temperature	
  +

	
  draY	
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R&D	
  with	
  villagers	
  in	
  SE	
  Asia	
  à	
  designs	
  for	
  biochar	
  water	
  treatment	
  systems	
  
	
   	
   	
   	
  portable	
  treatment	
  system 	
   	
   	
   	
   	
  concrete	
  tank	
  system	
  

throughput 	
   	
   	
   	
  300	
  L/day 	
   	
   	
   	
   	
   	
   	
   	
  2,000	
  L/day	
  
biochar	
  bed	
  life 	
   	
   	
  1	
  year 	
   	
   	
   	
   	
   	
   	
   	
   	
  2	
  years	
  
approx.	
  cost	
  for	
  10	
  years’	
  service 	
  $750 	
   	
   	
   	
   	
   	
   	
   	
   	
  $1500	
  

	
   	
   	
   	
   	
  	
  	
  	
  $250	
  capital(materials	
  +	
  labor)	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  $500	
  capital(materials	
  +	
  labor)	
   	
  	
  
	
   	
   	
   	
   	
  	
  	
  	
  $500	
  O/M(materials	
  +	
  labor)	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  $1000	
  O/M(materials	
  +	
  labor)	
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1" 2" 3" 4"

large	
  column	
  (LC)	
  
QLC	
  =	
  300	
  L/day	
  
EBCTLC	
  =	
  8.2	
  hrs	
  
Vbed	
  LC	
  =	
  103	
  L	
  

dp	
  LC	
  =	
  2.49	
  mm	
  (5x1	
  mm)	
  

small	
  column	
  (SC)	
  
QSC	
  =	
  1.428	
  mL/min	
  
dp	
  LC	
  =	
  0.108	
  mm	
  
Vbed	
  SC	
  =	
  0.126	
  mL	
  

	
  

1	
  yearLC	
  ≈	
  1.5	
  hoursSC	
  

4	
  mm	
  

10	
  m
m
	
  pump	
  

column	
  

fixed-­‐bed	
  flow-­‐through	
  column	
  tests	
  	
  

SF	
  =	
  scaling	
  factor	
  
X	
  =	
  diffusivity	
  factor	
  	
  

	
  [	
  X	
  =	
  0	
  for	
  CD	
  ]	
  

RSSCT	
  design	
  equaRon	
  



(as	
  of	
  Oct-­‐10-­‐16)	
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1" 2" 3" 4"

Aq	
  portable	
  system	
  
500	
  L/day	
  
$200	
  iniRal	
  capital	
  and	
  labor	
  costs	
  
$450	
  maintenance	
  materials	
  and	
  labor	
  for	
  10	
  years	
  
$100	
  capital	
  &	
  maintenance	
  drum	
  oven	
  
	
  

Total	
  $750	
  

Aq	
  concrete	
  tank	
  system	
  
2,000	
  L/day	
  
$500	
  iniRal	
  capital	
  and	
  labor	
  costs	
  
$900	
  maintenance	
  materials	
  and	
  labor	
  for	
  10	
  years	
  
$100	
  capital	
  &	
  maintenance	
  drum	
  oven	
  
	
  

Total	
  $1,500	
  

ROUGH	
  COST	
  
ESTIMATES	
  BASED	
  ON	
  
PRICES	
  IN	
  THAILAND	
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$20	
  retail,	
  wholesale	
  ???	
  
replacement	
  aqer	
  700	
  L	
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$75	
  retail,	
  $30	
  “insider”	
  wholesale	
  
replacement	
  aqer	
  18,000	
  L	
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P&G	
   sachets	
   are	
   now	
   centrally	
  
produced	
   in	
   Pakistan	
   and	
   sold	
   to	
  
NGOs	
   worldwide	
   for	
   3.5	
   US	
   cents	
  
per	
  sachet.	
  
	
  

Each	
  sachet	
  treats	
  10	
  L	
  of	
  water.	
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ceramic	
  pot	
  filter	
  
$5	
  -­‐	
  $25	
  
20	
  L/day	
  
replacement	
  1-­‐2	
  years	
  
	
  
Source:	
  UNICEF/UN	
  Water	
  &	
  SanitaRon	
  Program,	
  2007	
  
Use	
  of	
  Ceramic	
  Water	
  Filters	
  in	
  Cambodia	
  
unicef.org/eapro/WSP_UNICEF_FN_CWP_Final.pdf	
  

“biosand”	
  filters	
  
$15	
  -­‐	
  $100	
  

(average	
  ~	
  $70)	
  
20	
  L/day	
  

replacement	
  ≥	
  10	
  years	
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0"

2"

4"

6"

8"

10"

12"

Lifestraw" PUR"packets" Lifestaw"

Family"

ceramic"pot"

filter"

City"of"Raleigh"

NC"

biosand"filter" Aq"portable"

system"

Aq"concrete"

system"

ce
n
ts
"p
e
r"
g
a
ll
o
n
"(
U
S
H$
)"

approximate"cost"comparison"of"treatment"technologies""

1.32%

1.10%

0.73%

0.40% 0.37%

0.16%
0.08%

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

PUR%packets% Lifestaw%
Family%

ceramic%pot%
filter%

City%of%
Raleigh%NC%

biosand%
filter%

Aq%portable%
system%

Aq%concrete%
system%

ce
nt
s%p

er
%g
al
lo
n%
(U
SK
$)
%

locally	
  constructed	
  and	
  maintained	
  
	
  

compara7vely	
  very	
  cost	
  effec7ve	
  
	
  

controls	
  biological	
  and	
  chemical	
  
contaminants	
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Thank	
  you!	
  
	
  

Ques7ons?	
  

Josh	
  Kearns,	
  ABD	
  	
  	
  [	
  PhD	
  expected	
  Dec.	
  2016	
  ]	
  
Environmental	
  Engineering,	
  CU-­‐Boulder	
  
VisiRng	
  Researcher,	
  North	
  Carolina	
  State	
  University	
  
Director	
  of	
  Science,	
  Aqueous	
  SoluRons	
  
joshua.kearns@colorado.edu	
  
josh@aqsoluRons.org	
  
(+1)	
  720.989.3959	
  	
  	
  	
  |	
  	
  	
  	
  josh-­‐kearns.info	
  

Find	
  us	
  on	
  Facebook:	
  
facebook.com/AqueousSoluRons	
  


