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COLETA E TRATAMENTO DE ESGOTO NO BRASIL

Santarém (PA) = 0%

57,6

48,6% (urbano + rural)

servigos participantes do SMIS entre 2004 = 2074

Evolucdo dos indices de atendimento da populacde total com coleta de esgotos
{IN;ss) = de traiomento dos esgotos gerados (IN,,,} poro os prestadares de

71,4
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82,1 70,6

50,3

= [ v Mais de 100 milhoes de brasileiros nao tém
y acesso a coleta de esgoto
v' Mais da metade das escolas brasileiras nao
tém acesso a coleta de esgoto
> F% 1,2 bilhao de m?3 de esgoto lancados na

natureza (2013).




Fan’y SANITATION,
99 WASTEWATER MANAGEMENT

AND SUSTAINABILITY

Reuse of sewage sludge in agriculture,
Parana State, Brazil

Background
Sanitation Company of Paran (Sanepar) runs 234
wastewater treatment plants serving over 7 million peaple
in the state of Parana, Brazil. Since 2002, agricultural use
has been the final disposal method for the sewage sludge
generated in the Metropolitan Area of Curitiba (RMC)

and in the region of Foz do Iguacu. After 2007, steps to
implement the process in other regions began, and after
2011 this practice was implemented throughout the state.
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‘ DEFINICAO:
Carbono pirogénico produzido por decomposigdo térmica de biomassa na
d auséncia (ou limitada disponibilidade) de oxigénio e usado como um
Fo-
-

/

condicionador do solo para aumentar a fertilidade e/ou sequestrar CO, o
: 3 atmosférico. '
' . *"
‘ Carbono pirogénico para uso agricola.
e ah. R IES LA T I W
IMPORTANCIA:

v Condicionador do solo (porosidade; retencdo de dgua; adsorcdo de
metais; nutrientes; efeito alcalinizante; biota do solo;
Produtividade das culturas.

Ambientais (retencao e acimulo de C no solo; reducao das

| emissdes de N,O do solo, etc)

f<1 [\

[ "
Novotny et al. (2015).




Latossolos Terra Preta de
amazonicos indio

Terra Preta de indio (TPI) - Corg (g kg™) 16,4 38,9
Pdisponivel (mg kg-l)

sl I

Propriedades

Pl = COMO UM EXEMPLO HISTORICO DA CREDIBILIDADE CIENTIFICA DA APLICACAO DE BIOCHAR.

PN Mot

TPl — COMO REFERENCIA PARA OS EXPERIMENTOS COM BIOCHAR.

(PROF. THOMAS KUYPER)




PRODUTOS COMERCIAIS

; . BioChar
! 7 SOIL CONDITIONER
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'! MATERIAS PRIMAS PARA PRODUQAO DE BIOCHAR

ugarcane
litter
frait ~—
acao
heat

re51dues gobe
cropmanure -§

shell
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RELEVANCIA DO ASSUNTO ‘BIOCHAR DE LODO DE ESGOTO’ \
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Total = "black carbon/black C or pyrogenic carbon/pyrogenic C or charcoal® Termo utilizado “Biochar” and “Sewage Sludge”
Biochar = “biochar” Fonte: Science Direct, set/2016
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PRODUCAO E CARACTERIZACAO DO BIOCHAR
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PROCESSO DE PIROLISE
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Forno de pirdlise | o
Matéria-prima ‘ P Produtos da pirdlise
(reator)
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AS PROPRIEDADES DO BIOCHAR VARIAM COM A TEMPERATURA \
-
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DE PIROLISE
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v REDUCAO DA
EMISSAO DE N,O
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Blochars for
\C sequestratlgr{

v' SORCAO DE
HERBICIDAS E METAIS

~

Biochars for
productivity
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Adaptado de CSIRO (2015)
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EFEITO DA TEMPERATURA DE PIROLISE NAS CARACTERISTICAS
QUIMICAS DE BIOCHAR DE LODO DE ESGOTO

Total carbon (%)

Hydrogen (%)

4 .4

Total nitrogen (%)

Carbon/Nitrogen ratio

SS  BC 300 BC400 BC 500

3.5 4

3.0 H

2.5

2.0 H

1.5 4

1.0 4

0.5

0.0

" SS

BC 300 BC 400 BC 500

Hydrogen/Carbon ratio

.-
. .

S5 BC300 BC400 BC500

Fonte: Figueiredo et al. (dados nio publicados)

Sample

Yield (%)

C(%)

H (%)

N (%)

5(%)

pH

Ash (%)

55

55B400
55B4sn
55Bsu0
55Bztn
55B&00

]
GO.57
58.55
59.01
S8.76
53.09

26.52 + 0.02¢"
21,90+ 0.12d
21.53+031c
2124 +0.24hc
20,66+ 0.22b
19.88+0.16a

6.24 1 1.50b
1.85 4+ 0.02a
1.56+0.02a
120+ 0.00a
1.01 £0.02a
0,71 £0.00a

408 +0.03e
3.10£0.03d
292+001c
283 +£0.15h
2.544£0.11b
204+0.15a

090+ 0.19a
L85 4 40,004
0.B9+0.02a
08440032
D364001a
0BT +0.02a

7.10 1+ 0.06a
8.46 4 0.16b
974+0.10c
075 +0.08c
10.47 4 0.02d

413+ 0.0a
644+ 0.7b
6E+0.1c
69+ 0.2d
T 402e
FA+ 011

55, raw sewage sludge; 55Bx, biochar derived from sewage sludge pyrolysis at X (°C) temperature,

5Ap, . the specific surface area determined using N; sorption isotherms.
* Lowercase letters after the numerical values show significant differences within each column of datalp < 0,05, n = 5).

Fonte: Junwei et al. (2016)
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EFEITO DA TEMPERATURA DE PIROLISE NAS CARACTERISTICAS
OUIMICAS DE BIOCHAR DE LODO DE ESGOTO
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S5/BC Yield pH Ash C [¥] H [¥] N [%] O [%] O/ HiC (D=N)C

COnent

%[
55KN 708 5583 216 412 1.452 14,83 0.52 234 0.68
BCKNSOO 5429 % 5135 713 7156 1882 072 2.72 408 (R - 046 029
BUKNEDD 5127 & 301 1104 v 1843 038 224 1.18 DO5 025 Q.13

48556 = 4.14 08

L 51 IH ] L} 1 L

BCKZS00 5037 + 456 708 Ga.0a 23.16 037 157 442 0.4 0.4 02%
BCKZS00 4640 £ 524 1145 27 23,72 044 329 229 007 022 0.19
4359 + 3.74 74238

5808 . ' L
BULMS00 45 & 376 17 (=1 K=1) 2241 ag7 E 494 Qa7 036 028
BCCMS00 5110+ 489 1133 To22 2247 053 257 402 013 034 024
4946 = 3 88 mag

738 58.48 26213 31 574 442 0.13 233 032

BCSI500 4507 = 4568 725 64.1 26,59 108 345 429 012 042 025
BCSE00 4318 = 330 803 23.86 2758 0.s82 3.76 1.49 011 03g 022
4020+ 431 134 erai 27 .84 048 292 Q.79 oo 021 0.1

!

, ! ‘ " Fonte: Zielinska et al. (2015)
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EFEITO DA TEMPERATURA DE PIROLISE NAS CARACTERISTICAS
QUIMICAS DE BIOCHAR DE LODO DE ESGOTO
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Dry matter

000'1

-

E

1.22 1.35
4.11 5.37
1.15 1.50 1.72
0.106 0.108
1.32 1.35
0.67 0.71
1.01 1.07
. |Magnesium g 100g* 0.17 0.18 0.17 0.17
1.06 1.00
1.51 0.96
2.25 1.43

Phosphorus 3.57

pY)
m

Potassium 0.08

pY)
m

Calcium 0.66

A
m

Sulfur 0.67

2y
m

Py S |02
m I'I'III'I'IE
+

SSA m2 gt 18.19 20.17 29.85 52.47
RE 111 1.64 2.88
PV mL g 0.022 0.027 0.046 0.053
RE 1.23 2.09 241
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/V\lNERALlZAg_AO DO CARBONO DE BIOCHAR DE

LODO DE ESGOTO
[ § >

CINETICA DE MINERALIZACAO DO BIOCHAR DE LE (MODELO
PRIMEIRA ORDEM - MURWIRA ET AL., 1990)
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CINETICA DE MINERALIZACAO DO BIOCHAR DE LE
(MODELO E-PRIMEIRA ORDEM — JONES,1984)

LE
Solo + BC300
Solo + BC400

100 - é LE
- E Solo + BC300

Solo + BC400

e

Solo
Solo + BC500

§ g i Solo

Solo + BC500

s C,,, = 51,28 (1-exp™*"), R?, = 0,46; p<0,001
S+LE: C,, = 8484 (1-exp™™) R° = 0,63; p<0,001
S+BC300: C,, = 86,48 (1 - exp™'"), R = 0,69; p<0,001
S+BC400: G, = 82,99 (1 - exp™™) R, = 0,64; p<0,001
S+BC500: C,, = 48,16 (1 - exp™’™) R° ; = 0,47; p<0,001

O s: Crn=2824(1- x ) +30,45; R =0,50; RMSE = 6,4; p=0,001

e

® S+LE C..=5613(1- )+ 39,55; R2 =0,69; RMSE = 11,9; p=0,001

/ S*+BCI00: C,,,=56,19(1- “”)ws 55; R®,,; = 0,74; RMSE = 10,8; p=0,001
[ s+BC400: C,, = 50,68 (1-exp™™%) + 41,77: R®,, = 0,68: RMSE = 10,3; p=0,001
A

S+BC500: C,, = 22.45 (1 - exp™™*) + 32.14; Rm‘ 0,50; RMSE = 4,8; p=0,001

20

Carbono mineralizado (mg kg"I solo)
Carbono mineralizado (mg kg™ solo)

40 60 80 100 120 140

Tempo (dia)
»

T

60

80

100

T

120

Tempo (dia)

Melo et al. (2015)
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EFEITOS GERAIS DA APLICAQAO DE BIOCHAR AO SOLO
]

- e

Poultry litter

(450°C)
Poultry litter 24 6 Radish 142
(550°C and activated)
Acacia bark Cowpea 2
Paper pulp and Soybean 64
wood chips
Wactawat Tomato 24
Peanut 6
————— Maize 184
—‘-—l Peanut hull 60 15 = Wheat 116
_i-_, Pine chip ==+ Rice 125
‘Bi i o hl 9 36
73 S 60 30 0 k] 60
Change in crop productivity (%) Change in crop productivity (%)

r v Yaw

I C Acidic D518 67
|

I

I

: Neutral 468 50
|

|

|

I Grand mean 1564 177
|

|

|

: Very acidic 578 60
|

|

I

i . . . .

-5 0 5 10 15 20
Change in crop productivity {%)
W . R TS B o B

Review

- A quantitative review of the effects of biochar application to soils on crop
productivity using meta-analysis

S. Jeffery®*, F.G.A. Verheijen®9, M. van der Velde P, A.C. Bastos®
-

LAY B T
1 ‘ Jeffery et al. (2011) l




EFEITO DO BIOCHAR DE LODO DE ESGOTO NA
PRODung DE RABAN ETE
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10 20 30

Dose of biochar (g kg'1)

Biological Agriculture & Horticulture
An International Journal for Sustainable Production Systems

[ 0144-8765 (Print) 2165-0616 (Online) Journal homepage: http://www.tandfonline.com/loi/tbah20

Sewage sludge biochar: effects on soil fertility and
growth of radish

A.A.T. C. Sousa & C. C. Figueiredo
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EFEITO DO BIOCHAR DE LODO DE ESGOTO NA
PRODUCAO DE RABANETE

IR aEar "™ < 1 )

Plant height (cm)

Number of leaves plant”

Y = 11.28 + 1.242x - 0.018x2
p <0.05
RZ =005

Aboveground dry weight (g)

20 30

Dose of Biochar (g kg'1)

Y =392+ 0.177x - 0.0032x2

p<005
RZ2=0.95

SPAD index

20 30

Dose of Biochar (g kg'1)

-~ 2

%

Y = 0.146 + 0.124x - 0.002x2
RZ =083

20 30

Dose of Biochar (g kg'1)

Y =20.82 + 1.846x - 0.032x2
p<0.05
R?=0.94

20 30
Dose of Biochar (g kg'1)

FONTE: SOUSA & FIGUEIREDO (201 5)



ESGOTO NAS PROPRIEDADES DO SOLO E NA PRODUTIVIDADE DO MILHO

' EXPERIMENTO DE CAMPO PARA AVALIAR OS EFEITOS DO BIOCHAR DE LODO DE
’

Safra 2014/2015

Com biochar

e
#

Sem biochar
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EFEITO DO BIOCHAR DE LODO DE ESGOTO NA PRODUTIVIDADE DE
cRAos DE MILHO

F-
l

l Safra 2014/2015

BIOCHAR

Bl s:fra 201412015
I safra 2015/2016 | | |

Controle [BC300 BCS500+NPK_BCS500 BC300+NPK

Produtividade de graos (kg ha™)

= - e

Faria 2016 (dados nio publicados)
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RESPOSTA DO MILHO AO BIOCHAR DE LODO DE

N T sN

SEM BIOCHAR COM BIOCHAR
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EFEITOS BIOCHAR DE LODO DE ESGOTO NA
ABSORCAO DE NUTRIENTES PELO MILHO M

.

65 +

N (kg/ha)

job)

BC300 BC300+NPK BC500 BC500+NPK

55 +

==

45 |

25 L Controle NPK

&ﬁ#*,

Ca (kg/ha)
o

Controle NPK BC300 BC300+NPK BC500 BC500+NPK

P (kg/ha)

Mg (kg/ha)

e
~
I
T

—_
o
I
T

e
w

1M

ok

BC300+NPK BC500 BC500+NPK

Controle

NPK

;qﬁgﬁ

NPK

-

.

BC300

BC300 BC300+NPK BC500 BC500+NPK

K (kg/ha)
W (9]
o (4]

[}
(5]
'

S (kgrha)

FARIA (201 6), DADOS NAO PUBLICADOS
N -

LT

Lk

Controle NPK BC300 BC300+NPK BC500 BC500+NPK

Controle NPK BC300 BC300+NPK BC500 BC500+NPK
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EFEITOS BIOCHAR DE LODO DE ESGOTO NOS

INDICADORES DE FERTILIDADE DO SOLO -
Y /2 "

Controle NPK BC300 BC300+NPK BC500 BCS500+NPK Controle NPK BC300 BC300+NPK BC500 BCS500+NPK Controle BC300 BC300+NPK BCS500 BCS500+NPK

Mg (cmol_dm™)

Controle NPK BC300 BC300+NPK BCS00 BCS500+NPK Controle NPK BC300 BC300+NPK BCS500 BCS500+NPK Controle BC300 BC300+NPK BCS500 BCS00+NPK

. FARIA (2016), DADOS NAO PUBLICADOS
. =
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EFEITO DO BIOCHAR DE LODO DE ESGOTO NA

Biochar 500
b
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Tratamentos
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MICROBIOTA DO SOLO
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Fonte: Farias, 2016 (dados n&o publicados)

Fonte: Zhang et al. (2014)
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MICROBIOTA DO SOLO — COLONIZACAO
MICORRIZICA

A mycorrhizal fungus grows on biochar and captures phosphorus
from its surfaces

Edith C. Hammer “™ %", Zsuzsanna Balogh-Brunstad %, lver Jakobsen *,
Pl Axel Olsson ", Susan LS. Stipp ", Matthias €. Rillig ©




EFEITO DO BIOCHAR DE LODO DE ESGOTO NA MICROBIOTA
DO SOLO — COLONIZACAO MICORRIZICA

Colonizagao Micorrizica (%)

S
e

0 i O
E; ; 0+NPKBCS00+NP ﬂ
i ) ‘ Tratamento
\ y

i
«— <«

e

‘\\‘

3 o o) P . |
B p B\
. v LN Y ' ,"' ' B
BC500 N A g  BC300
BC300 + NPK : BC500 + NPK AN
e R

»
SETAS— HIFAS DE FMAS
Fonte: Faria (2016) — dados n&o publicados ’ CHAVES — PRESENGCA DE ARBUSCULOS
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EFEITO DO BIOCHAR DE LODO DE ESGOTO NA GLOMALINA

'v-

Glomalina facilmente oxidavel

Controle BC500 BC300+NPKBC500+NPK BC300
Tratamento

T

| Fonte: Faria (2016) — dados néo publicados
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EFEITO DO BIOCHAR D’E LODO DE ESGOTO NA QUALIDADE
DE MUDAS ARBOREAS (Eryz‘/yrina velutina Willd.)

-

=

BIOCHAR
oy

CONTROLE -

.S
-

e ‘(;.‘ ;

¥=0336x+1238 g

T =8,033x+0,996
¢LE R?=0,807

Ri=0,904%
Y=142x-1,033 | Y=4124
Ri=0918% B300 . 1300
¥ =0762x +22,99

TR o Ri=0875  ABS0O0

*

g

986x +73.71
RI=077*

&
8

¥=120,80 *LE

¥=3280x+16,11 *

R?=0,966* WB300

K (mg/dm?)
Ca (cmol /dm®)
g
Altura {cm)

¥ =2467x+5729
Ri=0,791%

™
g

B500

10% 20% 30% 40% 50% 1 20% 30% 20% 30% 10% 20% 30% 40%
Biochar Biochar Biochar Biochar

¥=0139x + 2048
2 g

DOSES: 10%; 20%; 30%; 40%; 50% DE BIOCHAR (V/V) e
CONTROLE: 100% TERRA $o300c 0.

30%

Biochar ARAUJO (201 6)
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BIOCHAR DE LODO DE ESGOTO E SORCAO DE HERBICIDA
(OXYFLUORFEN)

| =—e=BC300
BC400
=e—BC500

Massa seca da parte aérea

DOSES (M/M): 1: 1% BIOCHAR; 2: 5% BIOCHAR; 3: 10% BIOCHAR
PLANTA: PEPINO (Cucumis sativum)

Fonte: Farias et al. (2015)
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BIOCHAR E REDUCAO DA EMISSAO DE N,O

- Fi . v
.
' - =
TRATAMENTOS
50 g de solo Solo sem aplicagcdo de biochar e de nitrogénio (controle).
Solo com aplicagdo de nitrogénio, sem biochar.
Solo com aplicagédo de nitrogénio e biochar 300 C.

Solo com aplicagdo de nitrogénio e biochar 400 2C.

Solo com aplicagdo de nitrogénio e biochar 500 2C.

T
-

H:Corg < 0.3 (n=178)

0.3< H:Corg <0.5 (n=241)
H:Corg > 0.5 (n=198)
H:Corg not reported (n=758)

Mean (n=1375)
o

T T T T T T
-80 -60 -40 -20 o 20 40
Effect size (% change N0 emissions)

FONTE: ARAUJO (2015)

e B Fonte: Cayuela et al (2015)

Concentragdo de N,O (ppm)

N,O acumulado (ppm)

——

Controle

N

N + BC300
N+ BC400
N+ BC500

20 30

Periodo de incubacéo (dias)

Controle

N

N+ BC300
N + BC400
N + BC500

40

Tempo de incubacao (dias)
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BIOCHAR E REDUCAO DA EMISSAO DE N,O

!". o J/

~

Biplot (eixos F1 e F2: 99,09 %)

R Ll ]

F2(10,76 %)

CT (%)  NT (%)

L]
F1(88,33 %)

Fonte: Araudjo (2015)




BIOCHAR DE LODO DE ESGOTO E BIOACUMULACAO DE
METAIS PESADOS -

L B .

100 + CONCENTRACAO MAXIMA
500 PERMITIDA DE SUBSTANCIAS |
90 - 450 1 INORGANICAS EM LODO DE |

400 ESGOTO ou PRODUTOS

350
80 - . $ Sx0. @ DERIVADOS (CONAMA, 375)
5250 T . e
D70 - + & 200 .
ém I 150 Substancias | Concentragao
£60 + - inorganicas | (meke?, base seca)
9 ] Lo | 41
g %0 T Bario 1300
= + T
S 40 Cadmio 39
E Chumbo 300
830 + Cobre 1500
Cromo 1000
0 B ;
Molibdénio 50
10 + % $ 420
0+ - —— 100
Arsénio  Bario  Chumbo  Cobre 2800

Cromo  Cadmio Mercdrio Molibdénio Miguel — Selénio

-

o - I )

g - - Atencao !!!
E O caso do aluminio: 2 cmol Jdm?

2 %0000 1 Teor de Al = 24.450 mg/kg ¢

i

< 25000

g

'

Fonte: Adaptado de CAESB
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‘ BIOCHAR DE LODO DE ESGOTO E BlOACUMULAQAO DE
METAIS PESADOS

.
-

: h " .:" a Tl
' 4 1‘07 | b"' | '

Fonte: Zhang et al. (2016)
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5 HERIRAARERRERARRAARKS

Treatments

Fonte: Wagas et al. (2014)

Treatments

—_—————
T RERHERIRARERIRHHAIRHA

Treatments

Contol 532 335 5510 55BCE 53BCS538C10

.10'0'o1010'0'0'0'0'04'010'0'1
O R ]

855 5310 SSBCZ S5aCs5saC
Treatments

’
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Control
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REMOQAO DE FARMACOS EM LpDO DE ESC:OTO PELO
PROCESSO DE CARBONIZACAO HIDROTERMICA

L L= F

.

-

——

s

wysico-chemical characteristics of the 12 investigated pharmaceuticals. Decomposition temperature and log K, are collected from literature, pk, is collected from the online database

drughank.

M

fmol

Sum formula

Decomposition temperatune
C

log Ky

Diclofenac
Ihuprofen
Phenazone
Carbamazepine
Sulfamethoxazole

Bezafibrate
Fenofibric acid
Metoprolol
Propranaolol
Clarithromycin
Roxithromycin

Cy4H 1 ClNOz
c]]"]B{}Z
CraHizNz0
CisHizNz0
CioHy 1 N3045
CraHzaCING,
CapHz C10y,
CisHasNO3
c]l'.'i"!'l Nﬂl
CagHeaNy3
CarHysNz045
CazHgzNOy3

280 (Tudja et al., 2001)

190 (Zayed et al, 2012)

300 (Fulias et al, 2013)

198 (Pinto et al., 2014)

190 (Fernandes et al, 1999)
250 (Berber et al., 2010)

na.

na

252 (Macedo et al, 2002)

245 (Adrjanowicz et al., 2012)
230 (Adrjanowicz et al. 2012)
190 (Allen et al. 1978)

1.82 (Carballa et al., 2008)
1.58 (Carballa et al, 2008)
..

1.55 (Carballa et al. 2008)
1.36 (Carballa et al., 2008)
1.5 (Marumiya et al., 2013)
M.

1.9 (Marumiya et al. 2013)
252 (Martin et al,, 2012)
2.7 [Narumiya et al., 2013)
2.6 (Marumiya et al, 2013)
2.1 (Marumiya et al, 2013)

Measured concentration in
spiked sewage sludge

after HTC

Concentration

HE kB

M ko

Ibuprofen
Phenazone
Carbamazepine
Bezafibrate
Fenofibric acid

Metoprolol
PFropranolol
Clarithromycin
Roxithromycin
Erythromycin

350 + 33
210+ 33
560 &+ 23
180 + &
340+ 23
650 & 96
360 & 120
220+ 55
190 + 63
180 & 24

130 + 15
230+ 6
=30

]

=20
400 + 23
70+ 14
=20

<10

=10

Fonte: Eyser et al. (2015)
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‘ ' v INFORMACOES DE EXPERIMENTOS DE LONGO PRAZO

N v APROFUNDAR E AMPLIAR A CARACTERIZACAO DE
SUBSTANCIAS TOXICAS/ METAIS

v' CO-PRODUCAO DE BIOCHAR COM OUTRAS MATERIAS
PRIMAS (REMINERALIZADORES E ORGANOMINERAIS)

v IDENTIFICAR OUTROS BENEFICIOS DO BIOCHAR (CONTROLE
DE PRAGAS E DOENCAS)

v' AMPLIAR ESTUDOS SOBRE OS DEMAIS PRODUTOS GERADOS
(GAS E OLEO) NA PIROLISE

‘ ~ ’
L M v ESTUDAR A EFICIENCIA ENERGETICA DO PROCESSO
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