QFL4520 — Quimica Ambiental Il

Parte Ill — Reducdo, Tratamento e Disposi¢cdo de Residuos

Prof. Dr. Reinaldo C. Bazito

bazito@ig.usp.br

Ultima Atualizagdo: 13/09/2017



Parte Ill — Residuos

e Emissoes, Efluentes e Residuos Solidos;
e Tratamento de Emissoes;
e Tratamento de Efluentes;

 Tratamento e Disposi¢céo de Residuos Solidos;
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* Reducdo de Residuos.
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Parte Ill — Recursos Naturais: Energia e Agua
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Poluicdo das Aguas

Efeitos na qualidade da dgua com seu tipo de uso

Uso da Agua Efeitos na qualidade da agua

Doméstico/Comercial (esgoto)  Reduz oxigénio dissolvido

Industrial/Mineracao Reduz oxigénio dissolvido / poluicdo com
poluentes organicos ou metais /

Irrigacao/Agricultura Salinizacdo / Diminui oxigénio dissolvido /
Eutrofizacao

Termoelétricas e similares Poluicao térmica
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Fontes podem ser pontuais (localizadas) ou ndo pontuais (dispersas).

5 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Poluicdo das Aguas

TABLE 14.2A TOP TEN INDUSTRIES FOR SURFACE WATER DISCHARGE (1999)

Industry* Pounds Metric tons Percent of total

Chemicals 77,097,472 35,002 20.8
_ Primary metals 62,513,740 28,381 242
s Food 50,225,853 22,803 19.4
g Paper 19,118,393 8,680 7.4
g Petroleum 15,655,884 7,108 6.1
8 Electric utilities 4,510,038 2,048 1.7
E Electrical equipment 4,393,066 1,995 1.7
Clj Fabricated metals 2,429,536 1,103 0.9
= Measurement/photo 1,320,125 599 0.5
% Metal mining 447,029 203 0.2
S Total 237,711,136 107,921 91.8

*Note: List does not include industries with multiple codes that discharge 8,680 metric tons.

6 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Poluicdo das Aguas

TABLE 14.2B TOP TEN CHEMICALS IN SURFACE WATER DISCHARGE (1999)

Chemical Pounds Metric tons Percent of total

- Nitrate compounds 231,367,165 105,041 80.4
s Ammonia 7,917,711 3,595 3.1
é Manganese compounds 5,398,239 2,451 2.1
= Methanol 3,873,380 1,759 1.5
S Barium compounds 2,182,327 991 0.8
E Sodium nitrite 1,593,212 723 0.6
C,’ Zinc compounds 1,373,162 623 0.5
§ Ethylene glycol 544,047 247 0.2
= Chlorine 301,583 178 0.2
g Copper compounds 361,467 164 0.1

Total 254,640,826 115,607 98.4

7 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Figure 14.1 Trends in industrial discharges of all Toxic Release Inventory (TRI)
chemicals with potential impact on water quality. Source: U.S. Environmental Protection
Agency, Office of Environmental Information (1999). 1999 Toxic Release Inventory,
Public Data Release (Washington, DC: U.S. EPA).

Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Poluicdo das Aguas

Agricultural
land and

Urban area
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Urban storm
runoff

Heavy metals,
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Figure 14.4 Nonpoint-source pollution from agricultural and urban areas.

Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Tratamento de Efluentes

Tratamento
Removal of undissol ved and settled Removal of dissol ved,
solids, grease, and scum finely suspended organics
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* Typically 50% of the sludge can be digested anaerobically to produce methane gas.
¥ Dried sludge can be burned as low-quality fuel with a heat value of about 13.5 kl/g.

Figure 14.6 Primary and secondary treatmentof municipal wastewater.

10 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Tratamento de Efluentes

Tratamento
Secondary effluent Ammonia stiipping
NHY + OH™ = NH;+ H,0
PO;,+= 25 mg/l » NH,
NH," =20 mg/1 v
> Phosphate removal
©
-+ . . ‘ -
= | Lime+ POy — Cas(P(.).;.);;(OH) Bxcess OH- Recarbonation
= precipitate » . £ ta_at . pHa?
-g from lime lime precipitation, neutralization |
< pH=11 H,CO; +Ca®* + 20H ™= CaC0; + H,0
.g "
£ Lime = Ca(OH), \
8, addition Lime sludge c [
| T 0, CaCO4 Organic
- Arr sludge removal
S Recycled lime
i
= Ca0 + H,0 - Ca(OH), Furnace )
g Casludge + heat — Ca0 - Activated
I charcoal
Final effluent
BOD <1 mg/l P Chlorine
POY =02-1 mg/l B
NH," =0.3-1.5mg/las N
Figure 14.7 Tertiary treatment of municipal wastewater.
12 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Poluicdo das Aguas

Desinfeccdo

Cloro livre aquoso (HOCI, acido hipocloroso)

Death Rate for Typhoid Fever
United States, 1900-1960

Chlorination Begun
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Source: U.S. Centers for Disease Contral and Prevention, Summary of
MNotifiable Diseases, 1997,

13 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Reacdes com desinfetantes

Cloro livre aquoso (HOCI, acido hipocloroso)

propriedades

Cl, + H,0 HCl + HOCI

| |

S)
pK,=7,5 HOCI + H,0 OCl + HyO"

e e e S

oCl + 2H,0 + 26 —— Cl + 2HO E°4=+0,9V
S

HOCI + H® + 2¢ » eC| + H,0 E° =+1,49V

Utilizando [Cl,] 103 mol.L! a transformagdo em HCl e HOCI ocorre quantitativamente em
questdo de segundos. Acima de pH 4,4, praticamente nao ha Cl, em solugao.
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e A solucdo de NaOCIl comercial (dgua sanitaria) contém 0,7 mol.L't de -OCl.

e Nos EUA os niveis de cloro residual na dgua da torneira é de 20 umol.L't ou menos. Para
tal, deve ser adicionada uma quantia 10 vezes maior na estag¢ao de tratamento.

e Na presenca de luz o NaOCl pode reagir com etanol, n-butanol, nitrobenzeno, acidos
acético, benzdico e propiodnico.

e Luz solar UV-B (290-320 nm) converte HOCl em HO*, um potente oxidante.

14
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Reacdes com desinfetantes

Cloro livre aquoso (HOCI, acido hipocloroso)

algumas rea¢bes com grupos funcionais

RCHO + HOCI ——» RCO,H + CF+ H®

- aldeidos
g 0] OH H2N\ HoN
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= e cH HC” O COH 7 oo
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S
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tlofeno tiofeno clorado

O

sulfona sulfoxido
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Reacdes com desinfetantes

Cloro livre aquoso (HOCI, acido hipocloroso)

cloragdo exaustiva de fendis

OH

0] 0]
D <—> + H50

I 0© o)
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£
£ ) N H,0
41 Areacdo de compostos fendlicos com
2 . . OH
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Reacdes com desinfetantes

Cloro livre aquoso (HOCI, acido hipocloroso)

reacdo haloformio

Entre as moléculas encontradas na
agua tratada que podem reagir
desta forma encontram-se: fendis,
a-dicetona, m-diidroxibenzeno,
resorcinol, a-ceto Aacidos, acido
citrico, NOM, etc.

Reacao Haloférmio
0 o) 0®
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Reacdes com desinfetantes
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Maior acao
desinfetante ocorre
em pH 6 -7, porém...

Problemas de
COorrosao
abaixo de pH 7,5

e Melhor condicdao para a acao desinfetante no tratamento de agua é: pH 7-8 (80-20% de
HOCI e 20-80% de "OCl, corrosao minimizada e formag¢ao de mono e dicloraminas.

18
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Reacdes com desinfetantes

Cloraminas
propriedades
HOCI + NHj NH.Cl+ H,O pH>7,5
monocloramina
NH,CI + HOCI NHCl, + H,O pH<5
dicloramina
NHCI, + HOCI NCIl; + H,O pH < 3,5
tricloramina

e Em altas concentracdes relativas de HOCI as espécies cloradas desaparecem devido um
processo complexo denominado reacdo no ponto limite (breakpoint), caracterizado pela
diminui¢ao das cloraminas e concomitante formagao de NH,OH, NO, NO,, NO; e N,.
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e Arelagdo da [HOCI]/[NH;] (em mol) no breakpoint é de, aproximadamente, 2.

e Como a monocloroamina nao participa na reacao haloférmio, ela é utilizada como agente
desinfetante em estacdes de tratamento de agua.

19
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Reacdes com desinfetantes

Cloraminas
reagées
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Cloraminas

reagoes

Reacdes com desinfetantes

aminoacidos
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Reacdes com desinfetantes

Ozb6nio

© (S}
propriedades O; + HO -5 HOO ™ + O,
2

HOO®+ 0; — > HOO' + OF

HOO =—= H® + 0, (K.=48)
Oé_+ 03 —_— 02 + Oé_
0y + H,0 —= HO + HO®+ O,

HO + O3 —> HOO + O,

e O oz6nio € um dos mais potentes oxidantes conhecidos, ideal para desinfec¢ao, com E°, =
2,1 V. Entretanto, seu uso é caro.
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e EstacOes de tratamento de dgua utilizam ozonio em doses de 20-100 uM, o qual deve ser
gerado in situ.

e Na presenca de carbonato, em concentragdes suficientes, a reacao de decomposicao do
ozbnio diminui de velocidade, aumentando seu tempo de vida: HO® + CO;> = HO  +
CO;*. Por sua vez, o radical carbonato, mais estavel, reage mais seletivamente com
moleculas mais ricas em elétrons, como derivados de anilina.

22
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Reacdes com desinfetantes

Ozonio
olefinas em fase organica
reagoes
R R R R R 0 R
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R\| -H,0

R

e Com derivados aromaticos substituidos a reacao com ozbnio é tanto mais rapida quanto
melhor doador elétrons for o substituinte.

e Além dos compostos mencionados, o ozbnio reage com poliaromaticos, acidos graxos,
fendis, aminas, amidas, azo compostos e material huimico, produzindo compostos
carbonilicos (aldeidos e cetonas) e acidos carboxilicos.
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Poluicdo das Aguas

Reuso de dgua:

- Segregacdo de efluentes conforme os poluentes
- Uso de processos alternativos (POA, etc)
- Resfriamento a ar
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24 Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Saneamento Basico

ECONOMIA Qs

Saneamento melhora, mas metade dos brasileiros
segue sem esgoto no pais

Lei do Saneamento Basico completa 10 anos em 2017. Acesso a coleta de esgoto passou de 42% para 50,3%;
ja o de abastecimento de agua passou de 80,9% para 83,3%. Saneamento

Evolugdo da cobertura de agua e esgoto no pais
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Fonte: Instituto Trata Brasil e SNIS
Gl Infografico atualizado em: 08/02/2017

https://g1.globo.com/economia/noticia/saneamento-melhora-mas-metade-dos-brasileiros-segue-sem-esgoto-no-pais.ghtm|
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https://www.metropoles.com/distrito-federal/catadores-marcam-passeata-contra-fechamento-do-lixao-da-estrutural
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Aterro Sanitario

http://geofoco.com.br/wp-content/uploads/2014/08/aterro-sanitariol.jpg
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Aterro Sanitario

http://www.engepol.com/wp-content/uploads/aterro-sanitario.jpg
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Aterro Sanitario

Vadose zone
Monitoring well

ompacted clay cap
Monitoring

well - -

! SOiid _\;va's't.e . ...' . ... -‘ch.n.pa‘cigc‘l o
- :-Sand layer. .- .clay liner

-

Idealized diagram of a solid waste facility (sanitary landfill) illustrating multiple barrier design,
monitoring system, and leachate collection system.

https://www.colorado.edu/GeolSci/courses/GEOL1070/chap28/Imagel.gif
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Aterro Sanitario

&‘ e Gas recovery

Leachote treatment

'Gréuna water
_—"monitoring well
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https://whyfiles.org/wp-content/uploads/2http://www.oocities.org/green_juris/Image2.gif011/03/ecomaine_processdiagram.gif
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Incineracao

http://www.waste360.com/sites/waste360.com/files/uploads/2015/01/waste-incineration.jpg
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Incineracao
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https://img.washingtonpost.com/rf/image_1484w/2010-2019/WashingtonPost/2011/04/26/Local/Images/greengarbage3_1303851783.jpg?t=20170517
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Incineracao
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Waste-to-Energy

* 90% reduction of trash volume
¢ Power generation
¢ Pollution control

POLLUTION CONTROL SYSTEM
o (2] © 4 L5/

NITROGEN —=sp MERCURY —=gp ACID GAS —=p PARTICULATE —=sp POLLUTION

OXIDE & DIOXIN REMOVAL REMOVAL CONTROL
REMOVAL REMOVAL SYSTEM SYSTEM TESTS
SYSTEM SYSTEM

ecomaine

the future of regional waste systems

www.ecomaine.org

https://whyfiles.org/wp-content/uploads/2011/03/ecomaine_processdiagram.gif
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