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Sewage Treatment

Clapter &

\fgfrjﬁ%sand filters or activated sludge reactors: reduce BOD by &nyy
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problem of whether sewage 1s treated at all — including in
Canada — and mixed municipal storm/domestic sewers
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primary settling (“advanced primary treatment” by the

addition of coagulants — same as jn DW treatmen :
WALCTE 6 M A AlS pA ivkelow orqanc
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secondary freatment: biological treatmentusing trickling “waltes
Sod

c—%\,} means of microbial oxidation C%g, a A0k reabudr;fMB e k-

byproduct of secondary treatment 1s sewage sludge — quf""feol)
(“biosolids™!), an excellent source of fertilizer elements  fri¢cy, o
N, P, K and of organic matter to amend soil but also
contains toxic metals, including Cu, Cd, Pb, Hg, Zn, Cr,
Ni, mostly because of deposition of industrial liquids into
the municipal sewers Gf sowe O xida eeSistuk orqamcs | €4 .
—  Ontario produces 400,000 t of sludge annually omaauo-
— alternative to land treatment 1s incineration or CCJO* orind J
landfilling —> leachates Ly “ pouss
g ‘ oM e g as
— amount of sludge that can be applied safely depends  fer
on soil type: clays bind metal cations. Ontario MOE
has guidelines for land application, but few analyses
are done
— sludge 1s digested in order to dewater 1t —> solid
material or 1s spread directly as “liquid biosolids”
—> concern about microbial contamination
— possibility of entry of toxicants into human food
supply through pathways such as soil —> plant —>
human or soil —> plant —> animal —> human
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W to remove specific contaminants ~ xs iws rQang

Focus - phosphorus eutrophication problem since P 1s lows -
bwr@cw/? ( “p -sz()i qu? N \“'\/""/
tally the limiting nutrient: ratios o1 C: N: P for — ¢%a

Cadok e optimal growth 100: 15: ])’:\see text pp. 238-240  later
2 w»A —  major source of P in sewage 1s detergents, levels of
x

e X
ok \% gw,«e\@ which are now limited Calso er‘c“*u”@ [’fgﬂ*fég
QOL%‘.C/W.\@—W#P content of detergents 1s sodium tripolyphosphate cce ndos
o (QOl;Oi (STP) which is used to sequester Ca*" (ivx hard waker) u ple3
W)
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T ?'/bw‘ complex chemistry of Ca~PO, systems: ﬁoplé i
& @C\OD &QN\?S\%(W%S)\Q? Sq?m\'\o\\e@ P@m\r\ég . H-,,P\Csur_

g\‘%o\ %° Cay(PO,), 15 highly insoluble (rock phosphate) and has t(i o e
be solubilized to be used as a fertilizer (superphosphate)
« polyphosphates have the structure —-O—(P0O,—-0O),—PO,-O-
and are analogous to ATP. Both linear and cyclic s onb o 5 POCIES
polyphosphates exist S_c_uo\.emos:v\e Tiphesphate. < qéwla(,@é@ge; _—
« unlike monophosphate, polyphosphates form soluble
complexes with Ca*
«  like ATP, polyphosphates hydrolyze to monophosphate;
monophosphate 1s discharged to the environment from sewage

plants if untreated Yere cowmplex Faan
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Cownrro\ ()H

— usual tertiary treatment for POZ 1s precipitation with
either AI’" or Fe** —> AIPO, or FePO, (insoluble)

— other tertiary treatments include micro-straining and
disinfection with chlorine (now out of favour): see
also ammonia removal, later
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osphates in the context of soaps and detergents (56&\0(/\ .\ Lk\
. \surfactants: long chain hydrocarbon with polar head
group — form micelles 1n water above the critical micelle
concentration L wydroghilic Surface of Tont
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« soaps are long chain carboxylates: e.g.
C]7H35CO2 -~ CH + 3NaOH —~ — 3C17H35C05 Na+ + CHOH

calcium salts of carboxylic acids are insoluble in water
—> scum

» detergents are long chain sulfonates or, less frequently,
sulfate monoesters

o) o
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o Ne CHy  CHy O 2
1
) wJQ raO{Q
Dreft, an alkyl sulfate alkylbenzenesulfonate OGLQ»/\
ﬁ/—// u,rulue, reql"mQJ\
. thls sulfonate 1s a branched chain alk lbenzenesulfonate Hem, Gro\’\»
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« linear alkylbenzenesulfonates are degraded more readily
than branched analogs during sewage treatment

CHg~CH,)—~CH,

\CHO— 505
/ Nat

2

» alkylbenzenesulfonates are made by Friedel-Crafts acacl-cqb@l\,safi
alkylation of benzene, followed by sulfonation
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1. H,804
CHg(CHp)x CHICHy)y CHy  ——=—=+ CHg(CH,), CHICH,), CHy

SO4 Na®
« Detergent 1 (previous page) made from propene

«  builders (source of OH™) are added to detergents to

improve grease-cutting g.e.f,o[le\wsfh%\fe {ons
—  RCO,” actW
“\‘E% phosphates®have a dual role: builder and Ca

% sequestration (I-e- SCatvevnQ Me\ra\ towng Fo allows tle Surgad'qnl's
e U —  sodt bonate i hosphate builder, but e
sodrum carponate 1s a non-pnhosphate builder, bu QG@\‘eiean

d’%w \wu\’&g p?ecipitgtes Ca ‘
pwosP™ _ “industrial” detergents often contain NaOH (pH > 12)
OKK;}QV%@W\'@‘ Tn ph@s@««f@;@rw Cl@b)j@u&@ HQ Pl&ﬁ@lfwol'@

ol rQ/pLCLC@a{ by eitles —aluminosilicates

= ox\k’ervtot\'i\)@ Lailolers Like zeoliteC or :
Wl I , anok ine. Concy o@@r@mbw\? o
<L)u,{’l some. o Ylose. mx"exﬂa\g wro Le {‘oyc ... deal within 55{:%)
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« emerging concern: pharmaceuticals in treated sewage

(4%

(Environ. Sci. Technol., 36, 1202, 2002)

—  bigger issue in Europe than North America

(population density)

— compounds detected include antibiotics, prescription

and non-prescription drugs, steroids (see later:

endocrine disrupters), as well as “wastewater-related”
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— datarefer to 139 US rivers and streams

70

EXPLANATION

Number of ohse pations
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758 perventie
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Industrial aqueous wastes — Gectiomn €.2. 1.

&9

biological treatment the best option for organic wastes

“biox” reactors = aerobic, analogous to activated sludge
g

reactor for sewage s a0 ml’? e o
/‘ "Orgowx‘.c/ was
major industries: food; pulp and paper; BOD makes these
wastes damaging to the environment if untreated. Major
goal 1s BOD reduction _reduces
cAée rqlﬁc,, procgss: O\u‘d\‘;f Mfcroor'ga,wfﬁws . Fas", rﬁc"d@‘_&g
organic érnatﬁer converte topCaf)2 + microbial biomass r,'”“ "
Tle reackrr/Xagooa 7S agrate
. /%% ~reduckive treabwmedt Chence Sé?ltf >
anaerobic reactors less common: slower (hence less LR

| R .
throughput), “off gases” ar“%igdorous amines and sulfides

volume of reactor depends on freatment time and volume
of waste to treat per unit time

V(reactor) = Flow rate (m’ h™') x Residence time (h)

/f-e,' resistant bo o xiclakiou -

problems of recalcitrant and toxic compounds
{ recalcitrant = discharged untreated

. toxic = shuts down the reactor ( Comn possen Wa
Q M\‘Croorﬁqmt\S‘MS _

OKAQ,CL roac/{./\“DH»—QSQ-Su_.S 'S &'D
Cowob{—ruig/t(x@w Tw an arb‘«:&qg@k Ce-i .
Smwo&a}ac{ achvated carbou CG B - \*Lrgh ¢ o
e ol and shill weed o die pose. of tho seorbeut



o Gection 8.2.7 @
“Advanced Oxidation Processes” for recalcitrant and toxic
wastes: generally involve aqueous hydroxyl radicals
«  UV-ozone or UV-hydrogen peroxide: source of OH,,
which initiate oxidation by H-abstraction or addition to

double bonds (c¢f Chapter 3) % ho+ R

H,O, + hv —> 200 R *Oq

. wore
—> RO — Col

«  “Fenton” chemistry: H,0,/Fe**

H,0, + Fe** —> OH + OH + Fe"
(,.us \oeus?m ot

TiQ, in waker

. . : - Aati !
semiconductor assisted oxidation (much hyped!) prd.oces OH
e

adtcky
~ L OO Pl vy 1
Godutionled TiO, + hy —> h* + ¢ [h' =holeleftin Uuder

\AU)M{ ¥ | valence band] WL nedi o
Wewebad 1+ 4 go-> W+ OH

=t

The 1dea 1s that sunlight could be used because TiO,
absorbs in the UV-A region

*  electrochemical oxidation: a “green” approach as only
clectrons are involved. Problems include the need for a
supporting electrolyte; electrodes made of inexpensive
materials free from fouling

OH Wk&CaLS

uwerg @l
[Ag" 2 Ag” +H,0 —> Ag"+H + OH’ iﬂj‘;“ ‘
T s

’K v : tnc. PCBs
T ini’rtd oxidant” PPYH,S ow\d{ )

- da\oroq\ka nwes
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Inorganic aqueouys wastes Volatile contam nanky trass er,aq,— 435

s ar stripping/(Henry’s Law) for ammonia (and also for
low molar mass organics): undesirable because it releases
material to the atmOSphere\>\o,.3 VOCs ey \Devt%‘be bk
ouukom 9«‘M10L“X

\’rcwg(:erre«i o
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« neutralization (waste acids and bases)
,%Csee (ﬁH'mMB '\"OYI'C \‘D O\CLL,{Q,\'\C

H,e ™ breakpoint chlorination of -
N5 WWEP“P@

CL,[A02HOCR + Ny = NR,C8 tH0 oub” and LO(
) SNHU, +H,0 @
Nit; (8 4100 > 2UES) vadkve kaa[j&; o,
NH CQ - GQ,Qb Ce Cw
s A A
NHCe, E & NH,Cl and
@ & some NHCI
Cs N, +3RAE & e * / andoc
?\,\ = Break -
X | = "combi_ned" point "freg"
N l’&\(i@rgkﬁé) © chlorine A chlonn% ................ }\er& Qu M
cevive Chlorine dose, mg / L T ori imt MHB
owA LLVT—CL§ Schematic of the progress of a breakpoint chiorination “uS
eadring o x diced o
overall chemistry: 2NH, .ty 3HOC], 5> N, g 3HC&+) 3H,0(¢)

CN
« oxidation/hydrolysis of cyanide jon @seol el ro@\ahmszr
\ wmeked wd )

Ct\)— ‘ WS \(%3 _
AN
CN™ cjr Cl,/H,0 (= HOCl) —> OCN + (2)HCl! aw
hydroylsis: OCN™ + H,0" —> NH, + CO, werals

C\/Otna"'vﬁ- + N
) o . otten
CN" can also be oxidized electrolytically Couund

i ) X ) ng\%
CN™ + HO —> OCN™ + 2H" + e
W b Cioaton o
NibriBcatton alw -
\Microbu‘c& ofidakion of ammonia = N0y



at induslrial sikes eLL '

Remediation of contaminated soil” Seckweuw T & ‘{4—8
«  Organics can be remediated; metals cannot.
Bioremediation 1s the preferred option.

«  Most contaminated areas are former industrial sites or
dumps; gas stations; wood treatment. Unremediated
“brownfields” sites cannot be redeveloped. | bl

2 \n%ﬁl&aﬁﬁ & j

« In situremediation by stimulating microbial growt%: OTAdMOWS
limitation of “bugs in a bag” oy o) \ Ko

[ Landh sek aside ko spread wate gity skt Eveduella(ygers

« Land farming: 1ssues of VOC release and accumulation of

high molar mass compounds including PAHs

+  “Natural bioremediation” = do nothing %*{’“Iﬁfifgﬁk
<= Use & vegetabion for in-situ decoutawinetion 2 e
«  Phytoremediation: both inorganics and-efganics: for te aeraq@

metals need “hyperaccumulators”. “Also applicable to

aqueous streams: engineered wetlands wky@r&‘ HQY';
/L\B\A press i}e‘rs of H20 / wmoto;}oy,mé\oanceu\'ml’eoq

«  Soil washing followed by treatment of the fines in a
bioreactor: expensive and destroys soil structure;

horseradish peroxidase as an enzymatic approach
(96(.60\7'0&@9 Q\aceo\ n seil jmellrs NZOCO%,>>

. ! .o ) vittities. Qroguics
e Incineration and vitrification: “last resort” methods, but 2re

guaranteed as permanent soluttons tncinertal -

«  Costs per site usually tens of million $$: US Superfund
legislation for “orphaned” sites

[\ t )
* Gucl ‘SUQQ‘T ongvsms &,‘ov&\\' advoa&g wollke cos Yo
\‘woLr Luvous Mrcrobes.) kvtowmg Heasr \'er_rl\‘o'-i s ou}-cou{@e
Yhe Cove @Qrg
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Solidification — cement and ime-based technolog1es see tert PZ%

Cement manufacture: CaCO;(s) —> CaO(s) + CO, Typically
contains 60-65% CaO, 20-25% Si10, (see text, p. 272)

Making concrete: CaO + H,O —> Ca(OH),

Setting concrete: Ca(OH), + CO, —> CaCO, + H,O
\ % \V\ou'o\OnWS ( )2 <+ w\‘verlacQa\sl\\ch'-e GBMS)
Examples: e COLSO;/CQSOQ
«  setting the finely divided solids from ﬂue gas coal Lurnin Q B
desulfurization (w\\.ere/ 901 esea ee) VOWQJ’ ouS
'S WMIATUAIGe

« radioactive wastes: combination of vitrification and
concrete encapsulation: Yucca Mountain, Nevada

For a story on Yucca Mountain in Chem Eng News see:
http://pubs.acs.org/isubscribe/journals/cen/81/101/html/8101gov1.html

Pa, @ wo’c’ QOWA,A
% Website re-des 3\«2(1 and veskrudiged
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ok as_pure’ CoeL\s ekc} LR S
Remediation of ground watell;\(vxo seckion 4 ok Cor iy ) @

« flows often slow: m yr '; slowest in cla a
%@covwwﬁ J»ep \"64 SusCeg (g & k’v CQ(A}Q,\MAM%[TIOM
« commonest contaminants trichloroethylene (TCE) and
tetra/per chJoroethylene (PCE). f%p wnitedle 1ous MOz}
:_9 Cf}g&ii (mﬁ wotes ¢ l%‘iJ
. pump nd-treat methods usually unsuccesstul, due to
ok o5 DNAPL sources continuing the contamination [DNAPL =

reseniews dense non aqueous phase liquid] = mLA lols of golzg\it;.mbﬁ

ok %s — treatment usually involves oxidation: peroxide; % creossto
Wos Fenton’s reaction; KMnO, > coal tav .
H‘ZOQ,[ Fe?
« 1n situ permeable reactive barriers (PRBs) involving
granulated iron (Gillham, U of Waterloo): useful for
chlorinated ahphancs Uy berved
wal wa \‘iﬁ
’ﬁ,‘g OG k-{Q/ LA)Q:tQT .
flow of water granulated Fe remedlated water
/\I‘\ f\ ﬁ;&l&h)"
""""""""" = Aﬁl(\ﬂ’\&” e
AL

Fe(0) acts as reductant
Fe + CLC=CHCI + H" —> CIHC=CHC| + Fe* + CI°
thew > further reduction of dichloroethylene @CZHL» +300

»  Read descripti terial in the text pp. 258-280
cad descriptive material in the text pp. oo relese
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