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Introduction:

Water quality andmpollutlon
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= \Water is a solvent and has a capacity to transport partlcles = Lsw ¥ o) P ot
= Water qualityis a result ofWand the acts of human beings. LY
= Water quallty is a function of/lgg\d/\ufgg in the W due to the following SuaiTHy

factors \5'4»)“-1-' d—ul&-ﬁ&—’ s ools € = A !"
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) O Natural conditions: 7=~ ¥} ;> AU oo Solwt Wl o ldatn
v surface water quality is affected by run off and infiltration resulting from
rainfall. The impact of these is dependent on the contact of the water with
particles, substances and impurities in the soil.

@ U Interference of human beings:

v the interference of man manifests itself either in a concentrated form, such
as in the discharge of domestic or industrial wastewater, or in a diffused
form, such as in the application of fertilizers or pesticides onto the soil.

v" the form in which human beings use and occupy the land has a direct
implication in the water quality.
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The desired quality for a water is a function of its intended use. s }x :?u sl

| ._' In summary: / s
;. > Existing water guality: function of the land use in the catchment area. '
: » Desired water quallty' functlon of the intended uses for the water.
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The study of water quality is essential, not only to characterize the consequences of a
| certzin polluting activity, but also to allow the selection of processes and methods
- that will allow compliance with the desired water uses.
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The main water uses are: \.3(3*"3\ &\aadl
Mye v 53\,

g : N '.
v .domest.lcl supplly R \Ole. 14 | In general terms, only the first two uses (domestic
:: mduzt.rla s;.lpp y‘t’“ _ supply and industrial supply) are frequently

* breeding o afqt:a G e associated with a prior water treatment, in view of
¥ generation of electricity their more demanding quality requirements.

W irrigation ~> s )
¥ animal supply
¥ preservation of aquatic life
 dilution and transport of wastes
¥ recreation and leisure
¥ others

» There is a direct relation between water use and its required quality.

» In the above list, the most demanding use can be considered domestic water supply, which
requires the satisfaction of various quality criteria. Conversely, the less demanding uses are
simple dilution and transportation of wastes, which do not have any specific requirements

in terms of quality.
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;ﬁ Mw&mtpl'he water, after being used, undergoes new transformations in its

%

* responsible for the new modification in the guality of the liquid. wlle >
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:‘ Stormwater: Rain water flows on the ground, mcorporates some pollutants, and is v U

collected at stormwater systems before being discharged into the receiving body. 0 L;"T%o mB
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Raw water: |mtlally, m‘{;r is abstracted from tI{e river, lake or w/a\tMe and hasa -
mqu a5 \\F-.u)\.b,x-‘”‘u— S s e
(wf)lchd—-e\auu-‘ £ o) e Gr LT s
ﬁ Treated water: After abstractlon water undergoes transformations during its treatment
to be able to comply with its intended uses (e.g. public or industrial water supply).
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guality and becomes a liquid waste. trealed wast i
Spul L > oo ST v(‘kSJ -5 reclaing Waess watel
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- Treated wastewater: Aiming at removing its main pollutants, wastewater undergoes .\, G

treatment before being discharged into the receiving body. Wastewater treatment is 3l <2 .

'O Receiving bodvz Sw and the effluent from the wastewater treatment plant reach -~ 4=

the receiving body where water quality undergoes new modlfcatlons as a result of
dilution and self-purification mechanisms. — rc’(cw-)ﬁw 1O, %1Us
oo vcc\j
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k Free from chemical su
A Free from qul to health—
; """ ~ Lou sggressEn S g hardaess "’& L "‘-’

3 r\,\,{cﬁl\'}"\‘i&‘é (low turbidity, color, taste and odor; absenc%’
+ 1L &I of macro-arganisms) :

u _'3‘_“‘ ~ ngsmal substances harmful to health

E W@% harmful to health

— Aesthetically pleasant (low turbidity, color, taste and odor; absence
of macro-organisms)

— Variable with the pl'OdUCt - w J"" u; m

Sy c" 5
— Low hardness o | R
enter into contact ' 2 Lo S e Ly , deionizatiopdsw s
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: | { G — Free from chemical substances harmful to health * s cﬂ’? l‘,n <a |
— Free from organisms harmful to health T' #:?l‘mol -t Ls) Sy d-;u
n. — Non-excessive salinity & ;i‘; ] E( %ﬁ'- u}u

— Free from chemical substances harmful to the soil and plantat»ons
— Non-excessive salinity
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] Water pollution is theW op-energy forms that di rlindirect| f“" dpue
~ alter the nature of the water body in such a mé;r’mer that nega}ivelly affects its egitimate’ sk R
 uses. 3ap 5T e (359 thermal el L G Eue T plidel £ 50 s Lo
T AR MR Byl ol T 2540 oL
J This definition associates pollution with negative alterations and with water body uses, and '
~ is attributed by human beings. S S 9 Al Qs Y LU, ©

: Ads Meae sl Gy sl YU o (S (3, S
J There are two ways in which the pollutant could reach the receiving body: b g
. IUrc OHNUtIon: ¥ o -5 B 0% : m xe

14 oHution. (ﬂbﬂa\:m)\;\;rgy wl. e ws}euk,';ﬂ“'. : ‘c
the pollutants reach the water body in points Wn the space. iy . - {d"". e
Usually the discharge of domestic and industrial wastewater generates powr.source poLumon |, ) ’;’.“ Z
point-source pollution, since the discharges are through outfalls. W) , \3)“’3\ - LP .
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ffuse pollution: : e i oL
the pollutants enter the water body distributed at various locations along its length. 3

This is the typical case of storm water drainage, either in rural areas (no pipelines)

~ orin grban areas (storm water collection system, ¢ 31 (! DIFFUSE POLLUTION !
] with multiple discharges into the water body). » d«h‘;"" Gv oyl
. Qnsy ’ OSTRBUTED
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Main
a e representative ) i
.%". >0  parametcrs Domestic  Industrial Urban and pasture Possible effect of the pollutant
solids Total suspended XXX .- XX X ® Aesthetic problems
1on
- '\'.%‘: "" * Protection of pathogens
oxygen demand * Death of fish
o i ® Septic conditions
Nitrogen = rdl.."\ XXX —— XX X ®  Excessive algac growth
o ‘/zw oL * Toxicity to fish (ammonia)
PG ®  [linesses in new-born infants (nitrate)
Olsaie L ®  Pollution of groundwater
Coliforms XXX — XX X *  Wiater-borne discases
" Pesticides X — X XX *  Toxicity (vanous)
‘organic matter Some detergents *  Foam (; )
i Others *  Reduction mgﬂhﬂéd(m)
\,\i mclals » 0 o Non-biodegradability
- * Bad odours (¢.g: phenols)
o, Specific clements X .- X *  Toxicity
(As, C4, Cr, Cu, * Inhibition of biological
“‘, Ni, Pb, In, ) sewage freatment
j *  Problems in agriculture use of sludge
4 * (ontamination of groundwater
2 dissolved  Total dissolved solids XX —_ X *  Excessive salinity - harm to
# v* Conductivity plantations (imgation)

¢ Toxicity to plants (some 1ons)
¢ Problems with soil permeability (sodiumi




1)r Vliotasormr

\_.,J.,p\.uu 43\.99\_;\.&.-:3 14>LI- 0\44"’%‘.-.4

\JJ\.,JAN\ ) waler body NKVRPNTEN] r..,\)-r_,,“ ot r 1 1‘\‘,\"‘.,; (:‘ 4

. - ~
LA SO ge s WML o

Aty pes Qoslall 0 LS (as 432

15_,3" » h’"‘ \}P u_)'-? ‘L_L_Luu WS ©
Wastewater sewerage systems: > Z-)L‘ 5‘*“ sbes
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0 Off- with a waterborne sewerage collection and transportation network:

W rp ru» « » Separate sewerage system: which separates storm water from sewage, both
s o “* being transported by independent pipeline systems. B Gl oo

\)“d [ \J>)§‘ \5

Lo yel el '« Combined sewerage system: which directs sewage and storm water together
olall into the same system. Storm water does contribute to the wastewater
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SEPARATE SEWERAGE SYSTEM
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q-.mnltrm : Ly~ COMBINED SEWERAGE SYSTEM
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L. {a) Sewefage systems: on-site and off-site (b) Off-site sewerage systems: separate and
combined
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= Domestic flow isa function of the water consumption.

= Typical values of per capita water - consumption for populatlons provided with household

water connections are: ., ol (s o 16 R R Lo

f; \ 51 o \:‘U \_J\A_q,_;.\

. Per capita water consumption _\3 Wlao
Community size  Population range (inhabitants) (L/inhab.d) 4osle sl
Rural settlement - - <5.000 e 90-140
Village ~ 5,000-10,000 o R e At
Small town 10,000-50,000 o 110-180  <°7 S
Average town 50,000-250,000 120-220 L
Large city >250,000 150-300 25 :f "20

-1

\'nrc in places with severe water <h0rmgm. these value» may be \malkr '

1198’) Hosang & Blschof( I984|

Typical ranges of per capita water consumption




it e it o i e e

yﬁ\.; lsLo
S Wl (P b

S I lovations of water shorage

a\\, u.lu‘.. consiimpion femds o he ke
» Climate o~ }‘ % WAt clmates indiee a proater watker
e WA consinpion
. t\MM ML) & Larger clties generally present a larger 1
NN Py w)\\“‘n M%W PR CAPA water constmpion (o ol ';"....\
‘\\.;;ewam\.u.y\ R N R mm&nm&mmmum o e e
MNG n\mwmw\ A higher covnomic fevel is assoviatad
«\....mt..,» With a higher water conswmption
\‘*“';u:m Level of industrialisation Mmmm;wmnhum S d
\\\"“ \’N. | .v \ m wm . L
QWS Metering of houselw - ,\.ﬂ 8 " Aetering iInhibits groater consumption \
Uled * Wateroost o .\3 A higher cost radiees consumpiion %
Aolis & Water pressuie | \\i‘“ & High pressure in the distriibution <\\lvm =
W 38 \D\huh . w\u\r\ aas induces groater use and Wastages '
T System losses 'GNuM \““W & Losses in the water distribution nemw\
% ,.&\ Q d}\-‘.} “N“'\\lﬁ :\“mg:‘e“:m«siwmumm\\m :

TACAE
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e

" Typical water consumption in some commercial establishments

s B Lk g

Flow rnge  ~ o \
I stablishiment Uit (L Wit d) Ve 13- ":’"‘
S le A0 e Airport Passenger %18 WSS Sy s

Accommaodation (lodging house) Reswdent S0 1% “ oLl
Public totlet User 1028 v -
Rar Customer s
Cinema theatre Soat 210
Oflice Employee KU
Hotel Guest 0020

Emploves KU
Industry (sanitary sewage only) Employvee NUSNL
Suack bar customer 4 20
Laundry - commercial Machine 2,000 4,000
Laundry  automatic Machine 1,500 2,500
Shop Toilet 1,000 2,000

Employee 3080
Department store Toilet 1L o00 2400

Employee 0S8

m® of area S-12
Petral station Vehicle attonded %50
Restanrant AMeal 18 20
Shopping ventre L mployee 2050

m’ nl'm\\n 4 m

Sowrce: EPA (1977), Hosang and Bischof (1984), ‘l\h\mwk\m and m




Typical water consumption in some institutional establishments
! 3 \f ~L g

Flow range
Establishment Unit (L/unit.d)
Rest home Resident 200-450
Employee 20-60
School Student 50-100 & K
with cafetenia, gymnasium, showers Student 4080
with cafeteria only Student 20-60
without cafeteria and gymnasium
Hospital Bed 300-1000
Employee 20-60
Prison Inmate 200-500
Employee 20-60

Source: EPA (1977), Hosang and Bischof(1984), Tchobanoglous and Schroeder (1985),
Qasim (1985), Metcalf & Eddy (1991)
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e flow calculation
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The average domestic sewage ﬂow calculation is given by: \3\91:}/ ¢l el bn.\Lé-*—
L= $as (_3'-‘\— ,,w (L) J\,‘AS(JA»-J! 'L (fresh water ) oul
\J\S-nu.“ prcd Lol WQI L_:L _L;Lg_nm(

¢ D o CO&‘ O ng.“.gu Jﬂr ta \}o St 4 usu
Pop.Lya.R e /. “5‘4’”"’}‘” N2 \-al-_s-—gu

where:
Qdav= average domestic sewage flow (m3/d or L/s) § G
Lpcd = per capita water consumption (L/inhab.d) = '
R = sewage flow/water flow return coefficient - / N

It is important to notice that the water flow to be considered is the flow actually consumed, and not

the flow produced by the water treatment works. The water flow produced is higher than that

consumed due to unaccounted water losses in the distribution system, which can vary typically

from 20 to 50%. Thus in a locality where the loss is 30%, for each 100 m3 of water produced, 30 m3

‘ unaccounted for and only 70 m3 are consumed. Of this 70 m3, around 80% (56 m3/d) return in
of sewage to the sewerage system. Ly ‘

i et 70 0 8
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. Water consumption and wastewater generation in a locality vary throughout the day
(hourly variations), during the week (daily variations) and throughout the year (seasonal

variations).
b FLOW |
»Sail \_-‘3"\)_9\.-3\\»&_5 Q
: " max
Q P Oa\ kl kl - ‘ 8% \\‘ i \
, | " B
Qe Q. . Ky =05Q,, . ey :
ma X “um\w fl | \
J"‘ \.n,sl \_suut‘
\3 Pipes )‘t-f diameter L - ; - 5
s*F—'\-ck;J Sl Wy p 3K !
max 1OVl 31> ds Cos 24 S gt Uﬁum}SL,. hours of the day

* K, = 1.5(peak coefficient for the hour with the highest water consumption) O yppl obe <

* K;= 0.5 (reduction coefficient for the hour with the lowest water 434G = L1 =all

consumption) Domestic

Prof. M. Saidamis SER S C o S | 5

K = 1.2 (peak coefficient for the day with the highest water consumption) Liarg) \._vL—ﬁ‘ I MK

‘e ; Tkt o>
s il \.o_opuu.u,

: L S O V1Y
n ‘U\.uds >|.L$u )jﬁ'u uml‘ dS ds 5
Water consumption: LMMYI a8 t“"(l \_‘béu-g Nt t«.nﬁl Jols AD 4 woshe wat
/;.r 1&—-!"3_’_0%-9 mon balan Y ‘g,utu_Q ZJ‘J’.) ‘\..L:.n ru
« Total volume consumed (per day or month) ~ energy 3 o Dl ki
» Volume consumed in the various stages of the process ».%u balon @ oy 6\;
LY - - ~
s Internal recirculations~ A~ ASANNADS clesed 1 _ds&r:af» >i% =
« Water origin (public supply, wells, etc.) % loo P G| Procen
f water treatment s bl
. Inte{nal_systems 0 ¥ OIS gL J
3 & oy e e '

>\.l.\| o\.‘.ﬂq_f-_h_,d )L«TQ" 'VJ-LU'OKSLI@
» Wastewater production: T R P
a))l))ﬂ\)f@\%' \ o Rpt S < o.»)d_.CJ LO)-AS \"_flw
» Total flow/’E”'wa"UU» J Al deosls }'M e L E

\

-

» Number of discharge points (with the corresponding industrial process associated with each point)

» Discharge pattern (Wt duration and frequency) in each discharge point

e Discharge destination (sewerage system, watercourse) g \k—i} t“*“" "~
» Occasional mixing of wastewater with domestic sewage and storm water sl 2y C.\u“" Olel
\w,s\pu—v t,‘u, _“4\ Adlal L) LWL i) conti e i Loy Uale

‘ Yo \4 ' fres B sl dede) o Ghale) Siien

\) D Effluent flow measurements must be carrled out throughout the working day, to record

gaet™s the discharge pattern and variations.
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per unil
Activity Unit (m”* i) (*) )
Canned fruit and vegetables | tonne product 450 ool o1 e
Sweets | tonne product $.25 - -
canc | lonne sugar 05 - 100
houses | cow or 1.5 pig 0530 g -
Uiry fimilk ) 1000 1. milk 110 - e
Dairy (cheese or butier) 1000 | milk 2.10 - 3
*s olie  Magarine I tonne margarine 20 \.;\:_E )
T reweny 1000 | beer 520
Rakery I tome hec ad 24
. Consumption in m3 per unit — (‘ :(::"tm"‘ ';’ :'-u
yroduced or L/d per employee - [._w ] | tonne product SO0 600 o M
m | lnmtl‘mtu‘l 1560 > T °
(< 20 Nylon 1 tonne product 100-150 CLE G
Aaas o  Polyester | tonne product 60130
Wool washing 1 tonne wool 20-70
Dycing 1 tonne product 20 60 ttipes i |®
Leather / Tannery 1 tonne hide 20-40
tanneries Shoe 1000 pairs of shoes 5
Pupand  Pulp fabrication I tonne product 15200 Terkary
paper Pulp bleaching 1 tonne product 80-200 v
Paper fabrication 1 tonne product 30250 Caadl 1 gs
Pulp and paper integraled | tonne product 200-250 -t "
Chemical Paint 1 employee 110 Ld
imdustries Glass 1 onne glass 330 %condo_fj
Soap 1 tonne soap 25200 $
Acid, base, salt 1 tonne chlorine 50 L
source: CETESB (1976), Downing rarnd } S posdact WS &y
1578), Arceivala (1981), Hosang and| Petroleum refinery I barrel (117 L) 02-04 frimary
dischof (1984), Imhoff & Detergent 1 tonne product 13 d S0 Ao
mhoff (1985), Metcalf & Eddy Ammonia Loyl e | WA louid
1991), Der’isio (1992) Petroleum 1 tonne product 7-30 b s 23
| e, L

w’-_',‘?sr 2 . el o L&)y

rQuahtyparameteré L R W N fesh "We
= M'},ﬂ%bu"\‘

= Domestic sewage contains approximately 99.9% water. The remaining part includes

organic and inorganic, suspended and dissolved solids, together with mi_gg@/r%a/ni\sr/né It is

because of thlS 0.1% that water pollution takes place and the wastewater needs to be

~L7 U e :
treated. . ! “JL-DLO - g OMM PR oL.(\ O)_,-Dj w_j-’. o fanjc
‘MM "’ ' §L\.N) \:u.» \,u

= The composition of the wastewater is a function of the uses to which the water was - V.
submitted. These uses, and the form with which they were exercised, vary with climate,
NN\t

social and economic situation and population habits. &
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O U‘ Parameter Description / L s %1 o,\.uuio.sh)‘
' Zemperatures  * Slightly higher than in drinking water " N 6l

* Variations according 1o the seasons of the years (more stable than - <> 5£1 o4
Z),,:L»Uu\_.l_. the air temperature)

Ny &o\.nu'\ Influences microbial activity UL ALy Gadh US S)A G,
et i G e
* « Influences viscosity of the liquid \dsi Gichon 5, cda
o Fresh sewage: slight grey— Sl &
R w\ Bles Septic sewage: %’E{t"'eyryorbhck‘“‘*‘\-"urﬂ g
Lt “‘“‘-\’ * Fresh sewage: oily odour, relatively unpleasant ~~~~~—~~> \,,:,ju,’u
& O e tas\s ¢ Seplic sewage: MIM(mhmlLdW > Pl
\a\b>\;\u)\ RN gas and other decomposition by-products Loe e G\iuae
uy)euuu)))—nag\N Industrial wastewater: characteristic odours \““"Lﬂ)w\

" Caused by a great variety of suspended solids : N>es
r.u 5:{ (: Fl&erormoteeonomnmedscwage generally greater turbidity "_«,J- solpi-k.
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Parameter Desenptwon TOTAL NITROGEN Toxal irogen inchdes orsamc i
\ -mbu-w-au-
TOLAL SOLIDS Orgamc and inorgonic: sxipendod and dissobved: sewleaie | 7| 222 oo wwmﬁ'mmm?
* Sopemded * Part of organic and inogganic solids that are noa-fillerable > 4 0 Dl S smmonsa tgtber sre called Toal Kebdah] Niwen (TKN).
* Fived * Mincral compounds, nol oxidissbe by beat, incrt, which e, (0 e, * Nitrogen in the form of proteins, ammeacids and urea
mu-wm . Ammonia * Produced in the frst stage of the decomposition of arganic
o iadanie * Onganic compounds, ovidisshie by heat, which are partof U»J» af nitrogen
the suspendad solids o) N * Intermediaie stage in the ovidation of ammonia. Practicallv
» Dicsodved * Part of orpamic and inonzamc solids that are filkorable. ¢ absent in Faw sewage.
Normaily considered having 3 dimension ks than 1075 um. ) yopuze \_,& ., * Fmal product in the oxidation of ammonia. Practically
* Fived OMM:::@ﬂM \s]))“ absent in W sewage.
o lolasile * Organsc comp dessolvad solids %—M T in
o Semoole * Part of orgamic and imorgamic solids that sctte in | hour in - ‘ r:,,..,_::w":m"'”:ﬁ"_t“
an tmhoil cone. Approvimaie indication of the setling 3 |, Grgic  Combined with orzanic maticr
S () morgnic phosphors _* Orthopbosptaies and poh poospliates.
ORGANIC MATTER «  Heseron CI0e o VTN rRaic Com : - " ) nGakas - oo
compongmic proderns. carbokvdrases and fpeds. = - ;
ladiroct desormination : 2 "
* BOD: = €\ D * Brchemical Oxygen Demond Measured at § days and pib > s l-ﬁ-d&ex&-&c—h-fh-—-:
< 0Mhoney 2t Yy  20°C. Associatad with the Nodegradsbie fraction of Lesis Mﬁ:-id::’- Bilogical axidation processes |
Measme of the axygen 00 € SO O mormally sed e nabece dhe N i
wirog 15 Coasumaod afier S davs by the microarganisms in the ALEALNITY Indicator of the buffer capcin i 1he medium (resistance to
S eoachemical stabelisation of the OrEEIX malicr é,q-.m_.\i, varianions i i), Caused by the presence of bicarbonate, |

* COD U’-”\A,)l » Ohemical Oxygen Demand. Represents the quantity of | corbonate and lydraxy{ ions.
N : ks’._‘ onvpen roguired 1 chemscalhy sasbilise the carhonaceoes CHEORIDES A Orginanag from drinking worer and human and indvstrial

’\';‘% crgansc matter. Uses siong oushsing agents under acdic wastes

~ coadboas. OILS AND GREASE Fruction of orgam saticr wkich is soluble in hexane. In

» rm-u-oo q * Ulnmate Brochomacal Oxygen Demand Represents the b.n,...w the sowrces are u‘h-ud_ﬁn-sduﬁnd
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Organism

T Deseription

_ ¥ nd
~ Bacteria

* Unicellular organisms
o Present in vanows forms and sizes
« Main organisms responsible for (e stabilisation of organic maties

o Similar (o bacteria in size and basic cell components
o Different from bacteria in their el wall, cell muterial and PNA

composition
¢ Important in anacrobic processes el

* Autotrophic photosynthetic organisms, contaiming chiorophyll

* Important in the production of oxygen in waler bodies and w some
sewage treatment processes

* In lakes and reservoirs they can proliferate in excess. detenionating the
waler quality

* Predominantly acrobic, multicellular, non-photosy uthetic.

heterotrophic organisms
* Also of importance in the decomposition of organic e
* Can grow under low pll conditions

* Usually unicellular organisms without cell wall

¢ Majonity is acrobic or facultative

* Feed themselves on bacteria, algae and other microorganisms

* Essential in biological treatment 10 maintain an equilibrium betwees
the various groups

* Some are pathogenic

Micfool Archaca
Qj:_p,)\ sh.pyl)
- pigae s
uub\, \3.&»
Lare ) AR
ERis Gl yal) + gt
u-’_y}_'.\n Ulse
QJ‘A:J\  Protozoa
Viewses

* Parasitic organisms, l‘uudhyuzammafpﬂmd
(DNA or RNA) and a profein structure

® and frequently difficult 1o remove in waler Or waslewaler
treatment

Helminths » * Higher-order animals

* Helminth eggs present in sewage can cause illnesses

xduuMmmmwwuuw-twﬁ

mbd Py
The main garameters predominantly found in domestic sewage that deserve specizl

consideration are:

3 Solids

O Indicators of organic matter -
J Nitrogen

O Phosphorus

O Indicators of faecal contamination
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« All the contaminants of water, with the exception of dissolved gases, contribute to
the solids load.

= |n wastewater treatment, the solids can be classified according to:

» Classification by size and state -» "f ‘t“_&b
v Suspended solids %o akae Aubp
v Dissolved solids W% ls

» Classification by chemical characteristics
¥ Volatile solids (organic)  , 2 ¢, 5 W

¥ Fixed solids (inorganic (ol
o B 831005,,5 L» i LZ

» Classification by se_gt_l_g;bi"’lv S50 4-0sg) dad
KD Lo, plhss oo
R AR o
o, $l

v Settleable suspended solids
¥" Non-settleable suspended solids

= Particles of smaller dimensions capable of
passing through a filter paper of a specific DISTRIBUTION OF SOLIDS BY SIZE

size correspond to the dissolved solids vieble
imensions anc R

while those with larger dimensions and i
retained by the filter are considered

suspended solids. SS 530G

A
* Sometimes the term|particulatelis usedto | .G 3
indicate that the solids are present as C byl #a ;m
suspended solids. In this context, ., ¢ .&E g [
” . 2 Fije
expressions as particulate BOD, COD, - blsaivl 1o .
phosphorus, etc. are used, to indicate that ' '

8 IAL FLOCS

they are linked to suspended solids. In =
contrast, soluble BOD, COD and ‘ 10 ! s b )
phosphorus are associated witI{dlsso"l,ved
m; i\ UAS:LS

Part culate
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Solids: Classﬂ'l,catmn by chemical characteristics =~ <

>Le)

* If the solids are submitted to a high temperature (550°C), the organic fraction is oxidized
(volatilized), leaving after combustion only the inert fraction (unoxidized).

= The vglatile solids represent an/g;t\iMe/of the organic matter in the solids, while the
non-volatile solids (fixed) represent the irwmtten

. < 'J4 M)MLJ O)Ls -*
é&w”\oc) \AL“.ALQ\\ _Lb«)\_yu ~ Z,u.o%l

. ’ nrrmol Lol Corslheigs B8

R J'j w\ ) \ﬁLJ.w Lokl - | . O ’
® <Lwle 115 )\\_,L_cu \,J‘g\ thermal ¢ ?h)%.'cal
ceo disal ¥[,SS 2 A Volatile solids (organic matter) - VA
Totalsohds c)_Snu)»Lou_ Shbe alm Wl
85¢ under vaccum
Lisso o\s ;\Syﬂ N Fixed solids (inorganic matter) a2} Calde

2

Lle“_ﬂ vﬁub«..uu\ u\wm

volotilizationssms BWL )R 2h ofgank &1 &) 18507 3al 8 ol L Graas
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= Settleable solids are considered those that are able to settle in a period of 1 hour. /(”J" p
\.n:aa—u g 3.1
= The volume of solids accumulated in the bottom of a recipient called an Imhoff Cone is a3l
NN (oa
measured and expressed as mL/L.
Fluc.| o
= The fraction that does not settle represents the non-settleable solids (usually not :"J_j &.:;
k PAE N T
expressed in the results of the analysis). G1d forikc
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Sevlecble

solids sl
2 Ualhey
‘ Filircte d ' g '
l,._—— m. S o1 SS ¥ s
o0 an

1S = 1ol solids

55 = suspended solids

V55 = volatile suspended solids
FSS

TvS

Evoporotion @ 105°C Evoporation

= fized suspended solids
= 1otal volonle solids
£S5 = filvoble solids

1
VFS = volatile filtrable solids
e A " FF5 = flized filirable sofids
1FS = 1otal fized solids

MuHtle @ Ssooc Muffle

FIGURE 2.7 - iy
Inferrelationships of solids found in waler and wastewater. In much of the water quality
literature, the solids passing through the filter are called dissolved solids. 21
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* The Wr present in sewage is a characteristic of substantial importance, being the

cause of one of the main water pollution problems: consumption of dissolved oxygen by the”

Wln their metabolic processes of using and stabthtter\A; Ql
os slull eABN CLLs @

| Aoy
* The organic substances present in sewage consist mainly of: fw 4 ““‘“ i" O L&
ML)»A_—-—J\_ \?‘*‘S‘-f‘@:ahﬂ

* Protein compounds (= 40%) org 1 Lstp Lyasoil conta m.gghor

-‘ L -
s Carbohydrates (= 25 to = 50%) el , b e e

* Oils and grease (= 10%) | -
» Urea, surfactants, phenols, pesticides and others (lower guantity) L was}c water
weatment giont
* The carbonaceous organic matter (based on organic carbon) present in the influent sewage
to a WWTP can be divided into the following main fractions:

.

» classification: in terms of form and size
v Suspended (particulate) S\ ULls
v Dissolved (soluble) 5 JoU T gl
» classification: in terms of biodegradability
P A SN
\3‘.‘ ¥+ = ¥ Inert
":7( 3 v Biodegradable - Le )1
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= Direct or indirect methods can be adopted for the quantification of organic matter:

« Indirect methods: measurement of oxygen consumption

v’ Biochemical Oxygen Demand (BOD) ~——— S, Jela \s)
v Ultimate Biochemical Oxygen Demand (BOD,) b‘fb‘” g
v Chemical Oxygen Demand (COD) oy 7(_,*‘,-‘, o 3 %SWUy:—g
RoDs N\ o) & > Pl o vy 35 ) O 135409
« Direct methods: measurement of organic carbon G
v Total Organic Carbon (TOC) e oy
yufl ds s Quc

dans TOC N\,
N®d Ge chcm\col analyy
Oﬁongu»o 6C i 805 cromo+03ro@ (Gc)

ALl 2
BODu = Cultimal) »  max Ui
Uilgu L3S0 Gu Ll
] totol 31 QL3
WIKL\» 59541 ©fy carbon
. S "\—154 PPV e—(Rqu = BoO5) (o 23
Prof. M. Saldan L 1‘920 J v |U,6l:sL Juted

FcXCd
water bodj \sL &lic 0o,
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The main ecological effect of orgamc pollution in a water body is the decrease in'the level of ' $&
dissolved oxygen. e o G2 Bell 6,50 (0) & L_,»&u S50

Al o [C8 ‘\,ra_n.\ T aaaut
Similarly, in sewage treatment using %processes the a‘fquate supply of oxygen is
essential, so that the metabolic processes of the microorganisms can lead to the

02 = (¢ [H120(¢

stabilization of the organic matter. o., g C6 Hi206" s 3 (6 Cmo olhs VLS G)YL1 s Hy0 5 coy \,m

[

This quantification could be obtained through stoichiometric calculations based on the /\ o
reactions of oxidation of the organic matter. If the substrate was, for example, glucose ‘“_

(C¢H,,0¢), the quantity of oxygen required to oxidize the given quantity of glucose could be lgd 1
calculated through the basic equation of respiration. This is the principle of the so-called 02 L4,

Theoretical Oxygen Demand (TOD). -> x (s Su € <ouiu ] Fols PP Il aB) e s G
BOD N 5T supelyc mso\@.w Jalall WW uL <) Louf)\ v <l \.)‘JW_yv 3 8\2‘) 2 u_fl_,

In practice, however, a large obstacle is present: the sewage has a great heterogeneity in its <&
composition, and to try to establish all its constituents in order to calculate the oxygen f?““‘T b
demand based on the chemical oxidation reactions of each of them is totally impractical. e

hetfo Sl
SC Ve
The solution found was to measure in the laboratory the consumption of oxygen exerted by b

a standard volume of sewage or other liquid, in a predetermined time. It was thus

';L'n.r\,L,'
introduced the important concept of Biochemical Oxygen Demand (BOD). Mt el 3]
u,w,s dufK “a)ls 300 Ml Gy Su volume ), ¢ LTH O 5= +me i <& v avl G|

‘L‘-"“l— 20 b)\jhdnm” :LDJ‘JW}AMAJJM 1 iy, —
PrOf. M. aldana"“ A-PL- "L“ 5 FESIR 00 )lw)b»L Q_\.bYl fj‘:“— ) 24 i

m»&:zon‘?ﬂ \hqp;y BoDu Jiui3ie BODg Il o (Ruy Gl € PO 1 Smass LU 8
1 lﬂ




« The BOD represents the quantity of oxygen required tog re) through biochemical

processes, the carbonaceous organic matter. It is an indi indication, therefore, of the
biodegradable organic carbon. G oL O g; Rop »n e

" Ugd

= Complete stabilization takes, in practical terms, various days (around 20 days or more for
92',“5@2,“’%89)- This corresponds to the Ultimate Biochemical Oxygen Demand (BOD,).
However, to shorten the time for the laboratory test, and to allow a comparison of the
various results, some standardizations were established:

« the determination is undertaken on the 5th day. For typical domestic sewage, the
oxygen consumption on the fifth day can be correlated with the final total

consumption (BOD,);

o the test is carried out at a temperature of 20°C, since different temperatures
interfere with the bacteria’s metabolism, modifying the relation between
BOD at 5 days and BOD Ultimate.

A
BODINNIS ooty R M ae AL ) o: &-uulf 5
o) LN Origin BOD,/BOD:
BODs \"U' u-;‘ S High concentration sewage - Qo &€ 11-15
| f)‘”d“S" et 5 ! 1/Lowcom:o-:ntrntmnsc:wnge Sor. Guis 12-16
Wb (Uie L2 SR EEPL I <3 Primary effluent  § 31 pyJl aw 4asil o 12716
e _,'-SIJMLQ,‘- Secondary effluent 55, y, S iy 3 gasgly 1530
3 N WL “m"l‘"'d“'wd“ Source: Calculated using the coefficients presented by Fair etal
é almote ‘5"'-';?‘”"85 (1973) and Arceivala (1981)
] I U'Ino
0 5 10 15 B
Tire (days)

Various referencess adopt the ratio BODu/BODS equal to 1.46.
case of having a BOD5 of 300 mg/L, the BODu is assumed to be eq aI to

w Y y’ '
1.46 x 300 = 438 mg/L. 30Dy » \wszlm
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« The BOD test can be understood in this simplified way: on the day of the sample collection,
the concentration of dissolved oxygen (DO) in the sample is determined. Five days later,
with the sample maintained in a closed bottle and incubated at 20°C, the new DO
concentration is determined.

= For example:

* DO on day 0: 7 mg/L
* DO on day 5: 3 mg/L
BODs=7—-3=4mglL

BOD—Biochemical Oxygen Demand

g T
‘DO—“"D’L @DO ImglL Bog:oc=7-3=lmg!|-
DAY =0 DAY =5 |
v
Prof. M. Saidan ‘ 27

iatane RS S 6-"»5”) u—\&_:\_.\us&uu Sy
SpeClﬁlﬁ@ase: - “asssL PO wd_u S B psdl s Lo pClg

hgbb conLEn. M\‘u\ dﬂ; NN i 51 t-l-u \~ol

What if the F is =0? Al dilutfon gaws ¢%, tas Dol borle
\-QAb Do N g &)G#J
Dilution of the sample is required when F = 0. O Do L Glaawdl 1%

\olao ey mqr',,

If F = 0 we don’t know how much DO would have been used.
diluied 2 2t 2l

For sewage, some practical aspects require
some adaptations. Sewage, having a large
concentration of organic matter, consumes
quickly (well before the five days) all the | Ditssilved
dissolved oxygen in the liquid medium. oxygen
2 Ay yt | fmgfL)
Thus, it is necessary to make dilutions in order
to decrease the concentration of the organic
matter, such that the oxygen consumption at 5
days is numerically less than the oxygen
available in the sample (the sample is lost if, at
day 5, the DO concentration is zero, because it

- gy —— — B s e

‘IJJL Tas)l WD < Time {day=
‘\ld&v) 2 ) BODS:I_F {
YL 6 4 gop P Where; s 5 B

will not be.possib!e to know when the zero Ylabion  wil | = initial DO, mg/L
concentration was reached) ‘ ‘ F = final DO, mg/L
% ¢

)
-
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...l where, D = dilution

3 total volume of bottle
[total volume of bottle] —rvolume of dilution watc;]

i
Sl ofr YIS g

Total volume of bottle—s ' 'sto PP
, ;'//‘ .'"1/[

D= Volume of sample fgm/

Determine the BOD; for a 15 ml sample that is diluted with dilution
water to a total volume of 300 mlwhen the initial DO concentration is
8 mg/l and after 5 days, has been reduced to&::mg/ls

fatal ' 8 20 .'L'h'\ Ld-b_,‘ ¥ ‘J:‘Sw ‘J‘\UL Ju__.,
solume, € F 2 ﬁ 5 Gue A ﬂf “'_""__Yb P4
td p 300/15—20 RODH 3V o5 Py (uo-o‘ ) :
bau & u 120 J\mwr ;._S ZU.; " | )
le w'l 7 \ : . :
3L Wu&( <‘* I | 5

BOD, = (8-2)*20= 120 fina/ 7 :
. k.uL"a ;u{\?‘lm?;ﬂ A ?g?

e B0 LS Qo 5\ Y (e N B\ ams Sifien am fingl 0 s S -

| Remark: The assumption in the dilution method is that the re’sults from
each dilution of a single sample will yield the samaﬁOGvalu%
Scale) A RO E, beheve

Examples 9.4 95 ~ | —d
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Seeding: The addition of actlvews that take up oxygen m|croob)\u\4g TaLlels

e secdi\j dean Uds ¢

(-1-]

* May be required in samples that do not have their own, o

Ll Bty 5¢ ¢ .. mlCrOOl:j )\A-’_)J

A

* it is usually necessary to introduce a seed, containing microorganisms, to
allow a faster start of the decomposition process,

» If seeding is necessary, any BOD that is contributed by the seed must be
subtracted, dilution Lg.s U\ 5 12 Lbottle
5ccd|nj J\uu A,\gj..u ~ microof > waier

Do k‘_.“-&ud

| X Mg iadl 1yn o

BOD (’I\:VEJ : o /Y -Qﬁ\p-e.‘c:\_ln_s" &_;\ s 2

QQ )\ ““‘“ S\Qh‘m?l\C‘\u) ‘\‘-“ v, T, L C Il (v 5 Aeslsdl AN
where BOD,; = biochemical oxygen demand measured at some time, ¢, mg/L ax b 0”"3*'09 "G”ﬂk
I = initial DO of bottle with sample and seeded dilution water, mg/L. <& sl Ll e

F = final DO of boitle with sample and seeded dilution water, mg/L ga:d:rlj e 5,Ls

o [* = initial DO of bottle with only seeded dilution water, mg/L 209 Lo ¢ m?croifj IY

=== F"= final DO of bottle with only seeded dilution water, mg/L w36 f Lokl oot

X = seeded dilution water i sample bottle, mL = s 'f-'“g REYES

secdin
ey

K " = volume of BOD bottle, mL : WWI e S des T § LS
s g D dlluuonofsample seed_j 1o &« T yali Gyesl
" - bong ;,; C Wwl
LI Saldan 25““"’“"“ skl uqluwbg\iu) 2 B 4
30 Sample )\\Q»oaus-; S&'dmol L Lﬁ-\-gm‘ .':m Usl> Uda!
milcroofg > dilution WS, o ~ Rols W c‘w )%

inial 31l Qu.u ‘&uq...s_sglﬁ
volume N f\—\5 pesy ﬁ)o\)l_s
dilution 1._.)3\-0 \su.u somp\c BV} 300 . :qu)l . o s
S BUL
Examplen S (E Ustes W ype Ui water  Rinol )1 G .m::f’)s‘ampu\\amﬁ
< § 8005 )‘WM/-—” 300 U%‘-’ \/OlUmC \uup)(‘ioo/s’o) 10

Standard BOD test with a 1:30 dilution with seeded dilution water is bq \CAU\Q’:

run. Both bottles begin at saturation, 9.2 mg/L. After five days, the 3o¢
bottle with waste has a DO of 2 mg/L, while the DO of the seed = 8 !

300 - 34

mg/L. Find the BOD;. T2 6 00 ) Gal & )
Copalll UL 20a 8 Bhico n
T - i

0&;&4 16 W WL‘L dilution BY Factor

(L& Dy m) 300

BOD, _[(9 2-2)-(0:2- 8)(790 S 00lB0
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Thus the mass balance is: ' ¢548) 1uSe LM du,
C BoDs, 1) 5% 4S pO

Rate of DO Accum. = Rate of DO consumed

z = dissolved oxygen, mg/L

Assume that it is a first-order reaction

lg= b A— & =—kdt=z=2z,e™"
Z

As O, is used, the amount still to be used is z, the amount already
usedisy

L=y+2z @ t=0, y=0, L=z,

Where, L= ultimate demand

—=F — 'y
Wy ]
“lp=L—Le™ =LA —e™)

Where;

y =BOD at any time t
L = ultimate BOD - % recieve
B- deoxygenatlon constant day 1

e L RU O “‘F* b
e R s T "‘ Bilk
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Average k

TABLE 1.4
Average BOD rate constants at 20°C

Substance ko, day™?

+*Untreated wastewater [ 0.15-0. 28] - g r)j»
High-rate filters and anaerobic contact 0.12-0.22 i 7 3
High-degree biotreatment effluent 0.06-0.10 -
Rivers with low pollution 0.04-0.08

Numerical value of the rate constant £ depends on:
S 3at ¢ oty Wike Blie i slew WO s 151

WY L g e
@ » Nature of waste -7 Dot 315 3aeh contoc

@ » Ability of organisms in the system to use the waste

3

S Lrﬁd\ é’y
| ® >Temperature waste 31 glafu
Kﬁs\}sww L) ¢ 3,041 Qi) 13l ¢ % ))»:u
M.saidan C mode! J€1 S8 25 s 151 20¢ 35
U slad oK

Temperature Effect on k ) °

= The BOD rate constant is adjusted to the temperature of receiving

water using this:

e , VTR
=k, () - Lo
B w K}‘"h \d: \_)\5_);.\
= Where; o Sl DAL K i

- k, = BOD rate constant at the temperature of
interest

- k,, = BOD rate constant determined at 20°C

- T = temperature in °C

- O = Temperature coefficient (For gg/n\w/e\stlc
WWw, 1.135 agQ\l/Ok 4 for reaeration)

-‘i\_d.saidan 36



e 9.8: Find the BOD, for a waste with an ultimate BOD =
282 mg/L and a k, = 0.348 /day

Ly UU»%L
T)\:”L wo dotd ot
N il cofrelation
o=L(1—e™) °g

= 282 madlas eilE 15000)
=50 mg/LL

v Example9.8 9.9

L.u..:u.“ 8005 3 ba. ad W 3196

S pypall s LS~ th roeml.g Carbonl! Qo BN Wb e s carbon
To measure only the carbonaceous oxygen demand, an inhibitor for nitrification
(nitrogenous oxygen demand, associated with the oxidation of ammonia to nitrate) can be

added. wasl €l b (G ¢ s Col? o
L‘""’J‘ Gk i QODK:L‘\ Comaal (e i et
\Jsl‘i‘ndu 3OS 53‘1:2’-06\,& S gt
. Munic, I\ g NEARWY (K=05d") — VoL
500 dunic. > L= 457 mg/L

Wheie a sufficient number of nitrifying
| orgznisms are present, nitrification can

occur as shown by the dotted curve. 400 -

d | %
2 i \ Nitrogenous biochomical |
: g oxygen demand, NBOD g 300
1 l L e
i [ g 200
Pl N trification g usualy c&':;mc?“l"
- observed to ocour from Sto B o n;:c d 10
Uaye aker the start of the YQ%OD"W' ’ ,
BOO incubation period. GBOS' | v
% [ A &iSK "\ & recieve

m'l‘Q

Ref. Davis, Comaell, 12




Ihe maln advantages of the BOD test are related to the fact that the test allows: ;L% s > 1p

dc‘z)urduhcnmﬁéwu%»w \Qr*/’somplc N Gt

v an approximate indication of the blodegradable fraction of the wastewater; ' O
(I
Wlre plats) o be DO 0 e wode % 00 2 direch lesting
( / an lndlcatlon of the degradation rate of the wastewater,
T T e
o Wd| |
v an indication o th’“ @ Oxygen i&uumptlon rate as a function of time; > Gp 5o
T ¢-d-a
v an approximate determination of the quantity of oxygen required for the biochemical
stabilization of the organic matter present, ‘a ¢,¥ le 00 4
ophmum Ip 2 s dy

v the design criteria for many wastewater treatment processes are frequently 4
expressed in terms of BOD; G Gy G 0 Lo
foD 3 aa, ,}w\_w s’ o

v the legislation for effluent discharge in many countries, and the evaluation of the o

compliance with the discharge standards, is normally based on BOD. ols adlon clas
b 2o ar s 206 ) WS Bop Ay b wests
Z" standafds h 5\ 150

w‘ 0_,'”

' chrz 03« chcmncals S
" The COD test measures the consumption of oxygen occurring as a result of the chemical

oxidation of the organic matter. The value obtained is, therefore, an indirect indication of
the level of organic matter present.

' The main difference with the BOD test is clearly found in the nomenclature of both tests.
The BOD relates itself with the biochemical oxidation of the organic matter, undertaken
entirely by microorganisms.  « Gasl- o Gw tesk ) S s

c\
' The COD corresponds to the chemical oxidation of the organic matter, obtained through a
otassium dich id m BoDg N Canis Cop 3
;,“ﬂStL?' &OXId&‘t (p ?s \l e romate) in an acid medium.
* For riw domﬁstlc sewage tﬁ qatio COD/BOD, varies between 1.7 and
B e 17 1 t—¢
. Ilm COD/BOD, ratio (less than 2.5 or 3.0): atriation tank £ Depe

Intermediate COD/BOD,, ratio (between 2.5 and 4.0):= Mb}i‘ G
* the inert (non-biodegradable) fraction is not high /:‘M" U‘é‘»‘
* treatability studies to verify feasibility of biological weatment ) 313U
o High COD/BOD 5 ratio (greater than 3.5 or @.0y—>  max 3\
* the inert (non-biodegradable) fraction is high 4 n
1 «  possible indication for bhyliml—chemical treatment | —» Joo
R & 3 bt
; -4 I chcmvco iV Lgelal g9
Prof, M. _Smdgnf‘_'_ T ":\‘M Lovec setling N w !
AP o Ohese. =l O¥ uHOIealion| s o\

“ the biodegradable frg:;l.lmm.h.i.ghﬁ/ actfvaled sludyt
T «  good indication for biological treatment
|
|




COD: advantages and limitations

fﬂLo O \5,\55\53)§\_>33’3\)3-£L\53’§ \)Jd" Ls

The main advantages of the COD test are:
» the test takes only two to three hours;
NN

because of the quick response, the test can
5 co

be used for owl (s';O(‘mt/riJ\l:j i \D{;&:‘
the test results give an indication of the
oxygen required for the stablllzatlon of the
organic matter; < theo BUR0

‘\A}-w» .ndncdwww 0NN\ G+ valut
the test allows establishment of 2 85 e\9

The main limitations of the COD test are: 3’” 1=

# in the COD test, both the biodegradable #SL« ab
and the inert fractions of organic matter w40 »
are oxidized. Therefore, the test may s Ao

overestimate the oxygen to be consumed
in the biological t f th |
biological treatment of the |

wastewater; ™ o }‘_g dslss
.

the test does not supply information about |

the consumption rate of the organic matter |
along the time; ‘

stoichiometric relationships with oxygen; - “

\Q*b&n)m\\m 0D 3\ o \r“ Sd 0
the test is not affected by mtgﬂgatm glvmg
an indication of the oxidation of the
carbonaceous organic matter only (and not of
the nitrogenous oxygen demand). \

certain reduced inorganic constituents e
could be oxidized and interfere with the
result.  Js\sd Sse Soaye el \3‘,

-~

Lo, wenor »p

e L Gae Ll est o0 €

41

Prof. M. Saidag

'BOD /BOD; and COD/BOD;) Indication

\&sdw 1o %

' Relationship between the representative parameters of oxygen consumption: l falke € frue
Ol §5 30 s e ohfig 3 s

In samples of rg\\iv and treaM/t’gg domestic sewage, the usual ratios between the main

representative parameters of oWn (BOD,,/BOD; and COD/BOD;)

GC

mdncate the following: 2L 48
A (}...-_uuo &
a0 x ,) 8005 M o 43 G5 6000 1 § Mg
s % The ratios can never be lower than 1.0. 0,
)
30Dx,

> The ratios increase, from the condition of untreated to biclogically treated
wastewater. NGSOL feo pLOB S R0 0s JK u_,u >

unft d% bsg W d) o 2y (oo
> The higher the treatment efficiency, the higher the value of the ratio.
Va AR |
Sphic N5
Cff ) D)U

oo
.

» fu Weatmed

et M LGP
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In this test the organic carbon is Wd. in an instrumental test, and not
indirectly through the determination of the oxygen consumed, like BOD, COD, etc.

et s oBegoy JC N O eUn OIS Ly dsald
caftbon . eadirect
The TOC test measures all the carbon released in the form of CO,. 1 ga

To guarantee that the carbon being measured is really organic carbon, the inorganic forms
of carbon (like CO,, HCO ¥ etc) must be removed before the analysis or be corrected when
calculated.

. d,;u \.;'TM ‘-’*J‘_p (om’(fﬁoo ra_aU- ﬂ'lh‘?efc?"fon 2 @

33:1.'.)9}3}'0; Cllaaw ) WS wlo 0, 3 f"tru MO
G-l B OB oWl s 3\ s 3 0, ol 34 DO N s
celdin o P N WY S \:s\b >3f_9;!1 44 ) U-.b;uS&\ Utad

W N LEYIOLSO Wb,

e . bb w 5\ q).Q>
Nitrogen is a component of great importance in terms of generation and control of the
water pollution, principally fof Ehe following asPeC“s‘ ‘ Microold .+ N 4 ike (s jul
(o b dain W L0 O el 1 G od S50 ol & Ga,

5 mpmf\y‘ga;igm,& .L;u cuhofhicoﬁon»g Gl 4 ‘\ML e\ ooty {_;
"

) ¥ nitrogen is an essential nutrient for algae leading, under certain conditions, to the phenomenon of
D eutrophication of lakes and reservoirs; '

¥ nitrogen can lead to dissolved oxygen consumption in the receiving water body due to the O_ N g o)

,  Processes of the conversion of ammonia to nitrite and this nitrite to nitrate; o L&) e

\: ¥ nitrogen {n the form of free ammonia is directly toxic to fish; - “'{)u’:_’" R\

) ¥ nitrogen in the form of nitrate is associated with illnesses such as methaem

Rislogical P olQ AL frocer Gl second stage

> Sewage treatment 3yl Gyawll (s3El paad L& s acratho

g "o )srun)l s nffregen I 407 Ol

¥ nitrogen is an essential nutrient for the microorganisms responsible for sewage trea

¥ nitrogen, in the processes of the conversion of ammonia to nitrite and nitrite to nitrg
W" which can occur in a WWTP, leads to oxygen and alkali j

¥" nitrogen in the process of the conversion of nitrate to nitrogen gas (d

take place in a WWTP, leads to (a) the economy of oxygen and alkalini

controlled form) or (b) the deterioration in the settleability of the sludge

1\6):._-9:_:‘0 _)\ u%_,\g \l—t"\ d_l_; .\.):"'PJ‘.

Prof. M.Saidan U6, WF ae 1 ¥ nutbralization g alk
sm?g,c,n Gvuu;&-«fx.‘u G Ul O fank JTE Wl ws Wl O (S




| (% Fresh wuu&»u. i ' g form of nitroge
Raw wastewater 2 Lol 5 Co\had Jeols - . Orgamc mlmgen 3 2 UJ \vul Vi 9
As  Osmmenia G
Recent pollution in a water course ¢ Organic nitrogen “3"’ d“‘ Ll —\."J“
* Ammoma \,., rW _L.\__’%L
Intermediate stage in the pollution of a water course  * Z'rgnnic nitrogen EP
nitreqgl L 1monia - o= 5
S Pollubion S8 S oc?‘mi': n::? ° '« Nitrite (in lower concentrations) ?.ollfl’?or-) ,,
» S SIS b SURY e ,  #esho |
Remote pollution in a water course A mk @Nnrate Leis ‘[,t d 3,,‘_, w ,g‘ ok ey
Effluent from a treatment process Wau e Ammonia \:’J' % oirole n°l' ef3C "3
Effluent from a treatment process with pitrification ® Nitrate Sl G
Effluent from a treatment process with nitrification’  * Low concentrations of all forms sus uls g
" denitrification SN of nitrogen G 2Vt ’ |
Note: organic nitrogen + ammonia = TKN (Total Kjeldahl Nitrogen) N Ok U‘* JJ:‘&J ~\s otdrake
TKN can be subdivided in a soluble fraction (dominated by ammonia) and a pamculate nAr e n by 1
fraction (associated with the organic suspended solids - nitrogen participates in the PP \;hb_u;
constitution of practically all forms of particulate organic matter in sewage). L
- efluent
Qus
m— ammonia + organic mtrogen (prevailing form in domestic sewage it e
¢ TN =TKN + NO>™ + NO;~ (total nitrogen)
s = 2

In a watercourse or in a WWTP,
the ammonia can undergo
subsequent transformations:

In the process of nitrificatior
the ammonia is oxidized to N total
AT
nitrite and the nitrite to nitrate.
W

In the process of denitrification
the nitrates are reduced to
nitrogen gas.




Ammonia exists in solution in the form of the ion (NH,*) and in a free form, not ionized
(NH,), according to the following dynamic equilibrium:

NH 3T H+ < N H.g+
frec ammonia  1omised ammoma

/' The relative distribution has the following values, as a function of the pH values.
T pisteibutieh 3 Bn 1 =y s Gl

Distribution between the forms of ammonia @-0 —

¥ 2
oe (4 ‘5

« pH <8+ Practically all the ammonia is in the form of VHy* 8 ,VU nchien - Cclau'

o pH =957 Approximately S0% NH; and 50% NHg* y:s G Lg ) PH 3L

« pH> 11 Practically all the ammonia in the form of NH 15
NS PH n ‘)‘ o o w

—L‘CN\EJ_((%) s ll 4 ]00.090!8-&-[1’.729.92/('_f-+2',73.20)]—-g’ll }‘I % 100 )
Total ammonia : =

Fonction  E "%
where: L TLPH & oo
T = liquid temperature (°C) 2 iy
& g )
= 404
g s
20 4
JZ? 10 4

0 v

6.50 7.50 850 850 10.50 11.50
i pH
Prof. M. Saidan A ey , 47
AU S el ?

= Total phosphorus in domestic sewage is present in the form of phosphates, according to the
following distribution: n °fﬁ phes, \&,:.. el e e ela
=

S thophol€ 4o

» inorganic (polyphosphates and orthophosphates) — main source from deterge'/nts and other
household chemical products. — Luls,Lh-
» organic @W@g\/\ﬁmds) ~ physiological origin. o iy LU
e f T
% Phosphorus in detergents is present, in raw sewage, in the form of soluble polyphosphates or,
after hydrolysis, as orthophosphates. > hydfvpemie | T O Gk L
« Orthophosphates are directly available for biological metabolism without requiring conversion to
simpler forms. TR O | g
% The forms in which orthophosphates 3re present in the water are Wt, and include
PO}, HPO,2, H,PO,", H,PO,. NSuoselUbll S o
IIO 4] |‘(€ Ll
= Another way of fractionating phosphorus in wastewater is with respect to its form as solids:

O soluble phosphorus (predominantly inorganic) — mainly polyphosphates and orthophosphates
(inorganic phosphorus), together with a small fraction corresponding to the phosphorus bound to
the soluble organic matter in the wastewater

a particglate phosphorus (all organic) — bound to particulate organic matter in the wastewater

o




S pl Gl § & Fo Premming Conconton

et . (ginhabd) - V¢ (me/L, except pH) range ) sw
GGl W oy s . d
Parameter - Range  Typical Range Typical d Yoo, B
 TOTAL SOLIDS" 120220 180 200-1350 1100 S WD
Suspended 35-70 60 200450 350 - o -
o Fixed 7-14 10 40-100 80 1,001»* R
o lolatile 25-60 S0 165-350 320 ww N
Dissolved 85-150 120 500-900 700
* Fived 50-90 70 300-550 400
* Volatile 35-60 50 200-350 300
Settleable 2 : 10-20 15
s (_[ BODs 40 60 S0 250 400 —> 300
\" coDp 80120 100 450-800 —> 600
82 L BOD ultimate 6090 75 350 600 —> 450
- TOTATL NITROGEN ~ 6.0-10.0 S0 35 60 33
Organic nitrogen 2540 35 1525
Ammonia 3560 45 20-33
Nitrite =0 ~0 =0
Nitrate . 0003 =0 0-2
PHOSPHORUS =25 1.0 315
Organic phosphorus 0.7-1.0 0.3 1-6
Inorganic phosphorus 0.5-15 0.7 3-9
: - 6750
ALKALINITY. 3040 30 100250
HEAVY METALS - ~0 =0 =0
TOXIC ORGANICS - ~0 =0 =0

“recieve

Sources: Arceivala (1981), Jorddo & Pessoa (1995), Qasim (1985). Meteal f & Eddy (1991), Can
etal (2001) and the author’s experience.
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“haracteristics of Wl wastewater ..l s

g Gyt Gl e 50 asl 5o

= The generalization of typical industrial wastewater characteristics is dufﬂcult because of .

their wide varlablhty from tlme to tlme and from industry to mdustry bJ&) . ‘;’(:'

( J\_._\’h \ﬁ\w ‘L«_&LL, adus | v ol ;/Cl ot Usap,

The foHowmg concepts are |mportant in terms of the baologlcal treatment of industrial
wastewater:  Ssyeadl o ,&1 | s

Shaa *"“L NPT
- Blodegradablllty capacity of the wastewater to be stabilized through biochemical processes by

microorganisms. 2! &5 wslLie L ﬁwd’“"”"‘“‘o, weatment proce

» Treatability: SUItablh?\/ of the waste to be treated by cc?nventronal or existing biological processes.

» Biodegradable organic matter concentration: BOD of the wastewater, which can be: (a) higher than
in domestic sewage (predominantly biodegradable organic wastewater, treatable through biological
processes), or (b) lower than in domestic sewage (predominately inorganic or unbiodegradable
wastewater, in which there is less need for BOD removal, but in which the pollution load can be
expressed in terms of other quality parameters).

» Nutrient availability: biological wastewater treatment requires a balanced equilibrium between the.
nutrients C:N:P. This equilibrium is usually found in domestic sewage.

» Toxicity: certain industrial wastewaters have toxic or inhibitory constituents that can affect or
render biological treatment unfeasible.

Aty S Al T Sl T Tedhas v ¥ el S LS d
J._L_S,,\_._._cu\_,\_‘\ TER f\.g.-.;..s\.n.n)lum D);_,AJ Jljﬁ&i—
d2 WU 21 ds g Loglin Clole G SN

‘L\.L‘S‘\.:\_?/,u g1 Cllapuu ﬁ.m.c.a\_,d& o)~'w=

l

}‘_ _--
Prof. M. Sa;dagvﬁ‘ﬂw\j_ LS S5 vufiient 2 u-oa_,-_i d\-e»-n51
\:-;'_;lr\_,})‘afxu.@ﬁbg\j “d’"’“’w‘ \5-*-’\.)"-‘)'_9 L.A---»}r»)S{
QS**-’J""‘-‘UO @Iuju'—" "‘LJ\-M Le;_;d.n..m_,;—._\ <skag tC
oy e

2ollutants of importance in industrial wastewaters

= |ndustrial effluents, depending on the type of the industrial process, can contain in greater

or lesser degrees, the various pollutants: heavy mehaby;, > L toxic A<
\-'—J’J«..G é\.Li.\\ \_5 sols JJ_,:CJ L'L-‘,_u " ;___5
a) Metals: the main implications of metals are: fﬂ-b Lo yS1 3 51 °>:Ay3~s % L, mi (cof’j

» Toxicity to human beings and other forms of plant or animal life, as a result of thgut/ oaul Gl
discharge or disposal of wastewaters to receiving water bodies or land. Wt migery I R
> Inhibition to the microorganisms responsible for the biological treatment of wastewater. .» = F"

BN

| CI Heavy metals can be understood as those that, under certaln’goncentratlons and f&'o
exposure time, offer risks to human health and the environment, impairing the activity

of living organisms, including those responsible for the biological treatment of
wastewater, Y oald) gd bed*r’ﬂ s Lh {_, xﬁ_,: s U_t_u, tox ity usu!“‘-‘-‘l1
S M miceng 01 e 315 WL S e R L

|
} g . )
' O The main chemical elements that fit into this category are: Ag, As, Cd, Co, Cr, Cu, Hg, Ni,

Pb, Sb, Se and Zn. These elements may be ga\twy_fwmd\imsoils or waters in variabig ® IF e

concentrations, but lower than those ones considered toxic to different living organisms.'\1 ;_,

Among these, As, Co, Cr, Cu, Se and Zn are essential to organismsan certain small S e

quantities, while otherslhave no function in biological metabolism, being toxic.to plants

B

ww | AU

and animals. \JL Spa ala \._.\.._;_c—b AP h(‘t_uj melch)\ B cad) s m-Pn_ os"F(,*(l
] 15 15 GS miclooly 3 LLE TR @ dagun L o AR @f!

ro aidan C QoS i) : i
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Sources of contanunation

jetal

Eftects on health

W Refinad flours, cigarettes,

— \1\( al S¢ urces of contamination

rharments cuimee R—
odontological matenals, steel ;:\:::1.]:::1 :\‘\x:.'ll\unrl‘l‘::\\:nf:::;‘\“h ABSIE Y Fuctoil . stickles and

B . & herbicides. metallurgy. sea
industry, ll}dll‘ll’\ﬂ gascous docreases. Prostate growth. Bone plants and animals
eMuents, fertilisers. pesticades, weakening. Jont pains. Anaenua
fungicides, coffee and tea treated  Pulmonary emphysema. Osteoporosis ETimum  Waicr, processed checse, white
with agrotoxics, ceramics, Smell loss. Decrease in sexual = “Reheat flour. aluminium
seafood bone meal. welding, performance kitchenware, cosmetics,
casting and refiming of metals anti-acids, pesticides and
such as zinc, lead and copper antiperspirant, baker s yeast, salt
Cadmium derivanives are used in .
pigments and paintings, e Wluted water, agrotoxics,

hattenes. elactroplating
processes, accumulators, PVC
stabilisers, nuclear reactors.

pesticides and fertilisers.

Scmroes- M. Wwrossett efi.br: hips www: greenpeace (rg be

Car battenies, paints, fuels, plants
geated with agrotoxics, bovine
liver, canned foods, cigareties,

Gastromntestinal disturbances,

T Artenal hypertension, cardiovascular

Effects on health

muscular and visceral spasims. nausea,
diarrhoea, inflammation of mouth and
throat. abdominal pams
“Tntestinal constipation, loss of energy.
abdominal colics, infantile
hypeructivity, loss of memory, learning
difficulties, osteoporosis, nickets and
comvulsions. Related discases:
Alzheimer s and Parkinson's

diseases, fatigue and discouragement

Tratabality and aggressiveness,
indisposition. migraines, convulsions,
fatigue. gum blead. abdominal pains.

Nickel §  Kitchenware. nickel-cadmium
batteries, jewels. cosmetics.

hydrogenated oils, pottery works,

Carcinogenic, may cause: contact
dermatitis, gingivitis. skin rash,
stomatiis, dizziness, jont pams.
0S1COPOTosis and chronic fatigue

Tense of sweetish faste and dwn\-} n
the throat. cough, weakness paml\.n
shivening, fever, nausea, vomiting

" Dermatitis, cutaneous ulcers, nose
inflammation, lung cancer and

perforation in the nose septumn.

pesticides, hair pant, nausea. muscular weakness, loss of cold penmanent wave, welding.
kead-containmg gas. newspnnt memory: sheeplessness, nightmares. e Netallurgy (casting and )
and colour advertisements, unqu\‘fk vascular cerebral accident, refining). lead recycling
fortilisers, cOSMKTIcS, air alterations of intelligence. industries. B
pollunon. osteoporosts. kidney ilinesses, m fanning, eiectropl:llmg
anzemia. coagulation problems. It .
affocts the digestive and reproductive
system and is a teratogenic agent
{causes genchic mutation).
focary’  Thenmometers, pesticides and Depressne illness, fangue. tremors,
agrotoxics, demtal alloy, water, panic syndrome, paresthesias, lack of o 5
muning. polishers, waxes, jewels,  motor coatrol, side walking. speech e &
painis. Sugar. contaminated difficulues, loss of memory. loss of ‘ ;
tomato and Bish. explosives, sexual performance, stomatitis., loose
mercury Soorescent lamps, ttclh_p:m:\dpnnhmmﬂneedms.
cosmenc products, prodaction headache, anorexia in children,

and delivery of petroleam

hallecmation, vomitmg, mastication
difficulties, sweating. and pain sease

Tred

‘mﬂk‘:;m"\—:\'-.H -
\;y&ubu (N combine GLS s
mum'“pa, ww D\ L:h»d—b-ﬂ toxic c. (cfnP\" \;E‘b- \)@ \-'5_)'11 uﬁk—)l \3_3*)\\-_1_;
3 Toxic and dangerous organic compounds, even though they usually do not represent a concern
in domestic sewage, may be of concern in municipal wastewaters that receive industrial
effluents. y WA oo B S Gae Le g
P Lasw dlluhonﬂ.u.é» Al el
O When wastewaters containing toxic organic compounds are disposed of i in the receiving water
body without adeguate treatment, severe damage may occur, both to the aquatlc life and to Q
human beings, who use it as a source of water supply"-’“ Gt 0L Sihe oLiial Lo Lal 1S)
’ A \

=~
O Most of these compounds are very slowly blodegraded permstmg in th

hmmr: \dg ““‘i“““ |

the receiving body, they may be present in large quantities in the higher trophi
to their bioaccumulation characteristics.

organic pollutant, syne O recise

t:he su of the mdmdually exerted effects) ws L,,
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o Seueral dangerous pollutants are yglg\tﬁe\g\cause of thelr low solublllty, |ow molecular
weight and high vapor pressure. Therefore, they may be transferred to the atmosphere in
open units in the WWTP, such as aeration tanks, equalization tanks and clarifiers, and also
pumping stations. If adeguate control means are not taken, their volatilization represents a
potential health risk to the population and workers who are frequently exposed to it.

3 The structural integrity of the sewerage collection system is also affected, because many
compounds are corrosive, inflammable and explosive (methanol, methyl-ethylketone,
hexane, benzene, among others).

O Other pollutants are adsorbed and concentrated in the biological flocs in the treatment
process, and might cause inhibition to sludge digestion or generate sludge with dangerous
characteristics which, if not adequately disposed of, could contaminate groundwater.

0 Conseguently, the treatment plant effluent may still contain these pollutants and, when
discharged into the receiving body, may cause damages to the aguatic life and human

beings. L, ‘ush... slyw 4esldt oLl <dlen Slase
)m\a)h\!-\_ ),b sy LSy PPm 5 éLw wWie ol

N 3D 5 >saudl Ss dyadl (s 5,40 Ll Pr \ML&\»
foo

- » The main sources of organic » The most commonly found organic
. compounds are: pollutants in industrial effluents are:

E -__L ‘_.p = —

® Chemical and plastic industries, ~ | | Phenol, methyl chloride, 1,1,1-trichloroethane,

Ulad
® mechanical products, ... .| toluene, ethyl benzene, trichloroethylene,
¥ pharmaceutical industries, \_1‘; U tetrachloroethylene, chloroform, bis-2-ethyl-
- ® pesticide formulation, Bt hexyl phthalate, 24—d|methyl bhenol,
# czst houses and steel industries, naphthalene, butylbenzylph
oil industry, xylene, cresol, ace

# lzundries and Jumber industries. acetone, diphen
; acetate.
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ver copia bl L 2 pafam. o g Flow 0 u._ub.t_l_f:.ﬂT
e VWNWWWW b rcmrlbumnw ;}u.ﬂr A\ unamcamr_ Md
mm loatlrepresents the average contnbution of each individual (expressed in terms of
|lutant mass) per unit time.
po ue y fy)L e 4s

» A commonly used unit is grams per inhabitant per da /inhatr d). 94 3/Mh “
» For example, when the BOD contribution is /54 g/inhab.d, it is equivalent to saying that everv Y

individua) disch 54 grams of BOD on average, per day. thn_.\;
» The influentloadtoa P corresponds to the quantity of pollutant (mass) per unit time. % s L J:

I)
- - - ¢ J‘ @u w I “l‘, “ .: 64 . .
In this way, import relations are WSy m 3 ,.JL 1 &{ : u s :
_' populatron(mhab) X per capita Ioad (g/inhab.d)
P p B
IOOO(g/kg,) sals
o- b\";‘
N ‘..Lgu A - | / o
or > ld - ‘ ’
- Chemical —
s t r
peeri \load = concentration # flow

gt o
concentration (g/m”’) % flow (m’/d)

o 8/d) = 1000 (g/kg)

Note: g/m* = mg/L

J The concentration of a wastewater can be obtained through the rearrangement of the
same dimensional relations:

43 2sl o concentration = load/flow
ug‘u \J' Usladl

57

_ load (ke/d) x 1000
flow (m*/d)

concentration (g/m’)

\..\J.’.«‘-‘“ Aoaxs _‘—,‘(: ¥
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Example

Calculate the total mtrogen loadsin the influent to a WWTP. given that

e concentration = 45 mgN/L
o flow =50L/s

Solution:

Expressing flow in m“/d, :
~N

i S0 L/s x Xﬁ-l‘)f) s/d  , q320m?/d
1000 L/m”

The nitrogen load is:

45 g/m* x 4320 m’ /d
1000 g/kg

load = = 194 kgN/d

b) In the same works, calculate the total phosphorus concentration i1 the in-
fluent, given that the influent load is 40 kgPld>

. l"/ J ~
concentration = Tl lqO,O i 9.3 gP/m” = 9.3 mgP/L
P N 4320 m’/d
N % WL Pow né€
v o Plow
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A4y KR SENITe.
5’ Populatlon equwalent (PE) isan |mportant parameter for charactenzmg lndUStﬂc . G40 42
wastewaters. =l 2 o= a:s.’ i

. @reflects the equivalence between the polluting potential of an industry (commonly in
terms of biodegradable organic matter) and a certain population, which produces the same
polluting load.

® For instance, when an industry is said to have a population eguivalent of 20, 20,000 habitants, it
is the equivalent to saying that the BOD load of the industrial effluent correspondc to the

load generated by a community with a population of 20,000 inhabitants.  »& = = .=z
Pl o et o B
= The formula for the calculation of population equivalent based on BOD is:~ . a5
" . , BOD load from indliSiry (lad) s
PE ulation equivalent) =
(pop " : per capita BOD joad (kefinhab.d)

* |n the case of adopting the value frequently used in the international Fieratupe for the
per capita BOD load of 54 gBOD/inhab.d, PE may be calculated by:
NN A~

3 \‘)-‘5‘_;4 dS & )
4 l:," 3“_\\’}’? LW PE (population equivalent) = i Ig::;l\ o i #d a r
U)‘i" C""L-_{MA;\MUU— M'“E_le 1% J
54 &7\»\4 \_55,3\ (s gepat)

Prof. M. Saidan ©7¥ 282 . o
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kixample

Calculate the Population Equivalent (PE) of an industry that has the following

data:

*  flow =
*»  BOD concentration = 2000 mg/L

Solution:

The BOD load 1s:

load = flow x concentration =

The Population Equivalent is:

120 m*/¢

Ly ub-tzbu
L_wja\.,o_ng
12.0 0))\..:»0 ﬁlOUJ
Lf‘(ra‘u.«s\—mxbé)
I

Rob conc = 2000 ) t“’

20m?/d x 2000 g/m’ -
120m’/d x 2000 g/m" _ » 44 ypBOD/
1000 g/kg R
eyu L dsan
PO s g £
(Xl D T
= 4.444 inhab ePED

240 kg/d

P

per capita load

0.054 kg/hab.d

Thus. the wastewater from this industry has a polluting polentml (in terms of

BOD) equivalent to a population of 4,444 inhabitants.

Prof M. Saidan
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R -r_l.c-s;rw" R n et e O I8 s Y
s;_ofgthe;lwaste aj;g,&fr@m) ome industries 22
uni b 4&» 13w &
S
Plow )1 s v e £ A
 Lea S QLo BOD population BOD
» ks Caph UL@\ P o =<_ 2“Spc(:lﬁc wastewater¥ Specific BOD cquivalent concentration
L Activity: ©e Unit of production flow (m*/unit) load (kg/unit)  [inhab/(unit'd)} {mg/L)
S ‘2 Canning (fruit/vegetables) 1 t processed 4-50 Joa :" CEEETY 300 600-7.500
adiv J_j Pea processing 1 t processed 1318 \ e 16-20 R3-400 300-1.350
o 5\ c' Tomato processing 1 t processed 4-8 ' 14 S0-183 450-1.600
5 Carrot processing 1 t processed 1 grow M 18 160-390 800-1.900
lood N Potato processing 1 t processed 7.5-16 10-25 215-545 1.300-3.300
Citrus fruit processing 1 t processed 9 3 55 320
eNC s Chicken meat processing 1 t produced 15-60 4-30 70-1600 100-2400
Beef processing I t processed 10-16 1-24 20-600 200-6,000
SOk Fish processing I t processed 535 3-55 300-2300 2,700-3.500
Sweets / candies 1 t produced 5-25 2-8 40-150 200-1.000
Sugar cane 1 t produced 0.5-10 2.5 50 250-5.000
Dairy (without cheese) 1000 L milk 1-10 1-5 20100 300-5.000
Dairy (with cheese) 1000 L milk 2-10 310 100-x00 008,000
Margarine 1 t produced 20 30 300 1.500
Slaughter house 1 cow /2.5 pigs 0.5-3 0.5-5 10-100 1.000-5.000
Yeast production 1 t produced 150 1100 21 000 7.500
red animal Pigs live t.d 0.2 2 35-100 10,000-50,000
ng Dairy cattle (milking room) live td 0.02-0.08 0.05-0.10 1-2 370-2.300
Cattle live t.d 0.15 1.6 65150 10600 56,000
Horses live t.d 0.15 4-8 65-130 20,000--50,060
Poultry live t.d 0.38 0.9 15-20 2.000-3.000
alcohol Alcohol distillation 1 t canc processed 60 224 4.000 i 3:000
Brewery 1 m’ produced 5-20 8-20 150-350 =8 m
Soft drinks 1 m* produced 2-5 3-6 30- 100 TS NG00+ !
Wine 1 m’ produccd 5 025 k}r%g'%r % -
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Wool Pupres
1 t produced 2560 30 U JR—
Eﬁz,’,‘ I t produced 100-150 45 8OO i 35‘: 500
Polyester I t produced 60-130 185 3,700 1_}()()4;.0“0
Wool washing It l"’UdUCC'J 20-70 100-250 2.000-4,500 2.000 ;" i
Dycing | t produced 20-60 100-200 2,000-3.500 2.000- ; Y00
Textile bleaching I t produced : 16 250-350 250-300
.r and tanneries Tanning I t hide processed 20-40 20-150 1.000-3.500 1.000 V.Al,()()()
‘ Shoes 1000 pairs produced s 15 300 3.000
nes 300
1 paper Pul I t produced 15-200 30 600 :
i P:\pr;r I t produced 30-270 10 100-300
Pulp and paper integrated I t produced 200-250 60-500 1.000-10,000 3060-10.000
' ce 0
cal industry Paint 1 employcee 0.110 1 gq |
) y Soap I t produced 25-200 50 1000 250-2,000
Petroleum refinery 1 barrel (117 L) 0.2-04 0.05 1 120-250
PVC ' I t produced 12.5 10 200 800
wetallic industry  Glass and by-products 1 1 produced 50 : N -
Cement (dry process) 1 t produced 5 ;
orks Foundry 1 t pig iron produced 3-8 0.6-1.6 12-30 100-300
Lamination 1 t produced 8-50 04-2.7 8-50 30-200

ata pot filled in (-) means non-significant data or data not obtained; t = metric ton (1000 kg)
us cases the water consumption is considered equal to the wastewater flow produced _
. CETESB (1976), Braile and Cavalcanti (1977), Arceivala (1981), Hosang & Bischof (1984), Salvador (1991}, Wentzel (without date), Mattos (1998)
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laughterhouse processes 30 heads of cattle, Estimate the characteristics of the effluent.

Hpting an average value of 3.0 kgBOD/cattle slaughtered
L

. 0553 (osL roﬂﬁc )
L i | % -

~— N

) BOD load produced \;L\h;l b J dv g A W€C ooy Ja
. 2 b ave L=l oave | SRR
3 kgBOD 30 cow lable » &) s =
g ; — 90 kgDBO/d = - Ko\ ¢ 0.5+ 3)/2
cow d ave M Sal L, o e ; >t '
lod )\Lz-?_h' Lo \_-3:% "“ ) 5 \ 31( ¢ 3 0 sl max
Population Equivalent (PE) Fr d:j ! “"‘\-‘ - MWLl min (S
: Bk 0:5
pp. _ BODload 90kgDBO/d 4377 inhab —> W—{’:‘& e '30 !
"~ per capita BODload ~ 0.054kgDBO/inhab.d . ‘&5)' Lsa L5 é:“_('_l sk
ﬂ\hn W 3t (it i I'?J
v Wastewater flow 1oad] Jl o ProceX o\ G G
. \ & e
adopting an 3W3,’canlc slaughtered 2 Caldl (slay €00 s
sr for 2.5 pigs slaughtered): L S . e .o T’S‘;“ 5‘5 BN 1999 o
20m?® 30cow K . w8 e
— ——— =60m’/d . Lo Sl for 108 OleSiye
co \&b;Poper_, ?md \'(Lo M .‘b‘J &-&
) BOD concentration in the wastewater K_s\.ﬂ Js Rlow 9 \oaa %M\ ol CLQ,\M \sh‘ i
1 dad |C .
sy 14 _ 20¥eDO/ 104 o/ke = 1,500 g/m® CGSC.S ' LR A e B kg
T flow  100m?/d gk e a/m (SU" [?.““\’\ LA \Blss \"J ~ s 2
;l.SOOmg,’L S:L) PE )\_9 JDdd )N« - - - A
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Conversion processes of organic

\.'mt ¢ . .
R v _.... and inorganic matter
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_ ; WW M e L ma#
‘«7 Dr. Motasem Saidan M,J; 1 ,m; i;
;}"'\«Q“‘\J\M* flesh m\i\a e
3 Ko UJ&A.\]
O substrate . m.saidan@gmail.com vyl bJ& s we
@ solids - ulsrP—‘J‘" '"‘j"’j o
Q@ RiomaX . » Ol

) micfobial cells.
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haracterization of substrate and solids _micobie! b a2
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| The microbial action starts in the sewerage system and reaches its maximum in the sewage ppe

‘X\J.__;l k)%\_n)_g o.;_,_C\ O s \as b_u_g ﬁ chem.

- In treatment plants, the conversion of organic matter to more oxidized or reduced forms

takes p (0) 325 Pum  converslon 0 9 U—\L_s\gbLl S0 &\,u,) (0)_,» Sl &

55> Lrg“ Ao T s

] q,d\_,b \‘

Under aerobic Conditions there is the %ggggﬂ of the organic matter (carbonaceous

matter), that is, the organic carbon is converted into its most oxidized form (€O,: carbon in
the oxidation state of 4+). o MG e Cog dsvC AL d

- Under anaerobic conditions, the conversion reaction of the organic matter leads to the most
oxidized form of carbon (CO,), but also to its most r /ggg;g_d form (Marbon with an
. oxidation state of 4-). N\ P SO TR TPV L sysllah

In sewage treatment under aerobic conditions, the conversion of ammonia (nitrogénous*
. matter) into more oxidized forms of nitrogen (NO?) can take place, and, under anoxic

: conditions, the subsequent conversion of these to reduced forms (NZ) can also happen.
m fjlcal/on xn3t uua)) \“’J"S‘ ‘13;0 vllayp.,-\/u 3
: b) Jelsd Qs g Lt L L3 o uog J&gv
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racterisation of the carbonaceous ma

N T N N it N T

e carbonaceous matter (based on organic carbon) present in the wastewater to be ado C
ated can be divided in terms of biodegradability into T AT Colums

) Wle 1 AN A NN Rav T A L >
e inert organic matter (non-biodegradable) passes through the treatment system  (Ped) corb
yithout changing its form. Two fractions can be identified with respect to the physical state:
b Soluble. The non-biodegradable soluble organic matter does not undergo transformations and u'y%g
leaves the system with the same concentration that it entered.
® Particulate. The non-biodegradable particulate organic matter (suspended) is involved by the
biomass and is removed together with the sludge (excess sludge or the sludge that settles at the o
bottom of the reactors). W LW ¢ rﬂl\!l ‘LAJL; oAl g 1AL was EARIAY ol
A ST IC VNP ) LseH1Fn ) L il
the biodegradable organic matter is changed in its passage through the system. Two I o
factions can be identified, related to the biodegradability, which is also dependent on the Afma
hysical state: B \—L\?») Sta
® Rapidly biodegradable. This fraction is usually in a soluble form and consists of relatively simple ~ 33
" molecules. M v 404
» Slowly biodegradable. This fraction is usually in a particulate form, although slowly biodegradable $pep
: soluble organic matter may be present. The slowly-biodegradable matter consists of relatively b o
‘complex molecules that are not directly used by the bacteria. For this to occur, the conversion into e
- soluble matter is necessary, through the action of extracellular enzymes. This conversion mechanism, ;¢ "
called hydrolysis, does not involve the use of energy, but results in the delay in the consumption of ¢y ¢

heorganlc matter. SO‘UGE‘]( \JE 1;\ P4 A_S_)Idsm \,.QJJ[PJ__‘* ‘d'-’_)““l lfff‘f N F
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aracterisation of the nitrogenous m atter , m
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e morgamc nitrogen is represented by ammonia, either in its free form LN\ﬂa) orinits 30

nized form gNti*“) Ammonia is present in the influent sewage because the hydroIst and

amonification reactions have already started in the sewerage system., u,‘:u ak ‘U a,,}

ipe JL yups hgdrolg<is £xn <%

e organic nitrogen is divided in a similar form to the carbonaceous matter, as a function of

e biodegradability: (a) inert and (b) biodegradable.

Inert. The inert fraction is divided into two fractions, according to the physical state:

~ \Be—S’gLLLt;Le. This part is usually negligible and does not need to be considered.

lace - Particulate. This part is associated with the non-biodegradable carbonaceous organic matter,

being involved by the biomass and removed with the excess sludge.

Biodegradable. The biodegradable fraction can be subdivided into the following three

components: 1R gteajusl Cs yaal "5‘0

—Rapidly biodegradable. The rapldly-blodegradable organic nitrogenous matter s in a soluble

form and is converted by heterotrophic bacteria into ammonia, through the process of

ammonification. Qe farficutole matier L

~Slowly biodegradable. The slowly-biodegradable organic nitrogenous matter is in a particulate

form, being converted into a soluble form (rapidly biodegradable) through hydrolysis. This =

hydrolysis occurs in parallel with the hydrolysis of the carbonaceous imatter. w\-&s»

~Ammonia. Ammonia (inorganic nitrogen) results from the hydrolysis and nmcﬁ%n R \55*'5'

processes described above. Ammonia is used by heterotrophic and autotr ic bacteria. >2 L 3“
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] Spended and attached biomass growth A

s (vp
A .
Dispersed growth: the biomass growiln a dispersed form in the liquid medium, without any > >
Supporting structure Systems; o
e stabilizati ds and variant \#‘u“ ¢y (OESW i o (o (lae) 1o pregu O |
stabilization ponds and variants 5, Gy, S Sunpended oo oo ;»m SR
p activated sludge and variants £ ;o Y

® anaerobic filters \euu@ij\_u’b conversion SN Js g 5 bicBim
, ® land disposal systems wef s, sludg{ ) surfacd Low \_u> Wb 9 Riofilm 3>
o> surface $nds 5 Al 5,3 5=l Gdo B forkicl a1 ¢ k_J)'—lM\/a Lol 1 55 areg
o W As( 0f9 5 gad) WLE shus v Jiffusion ¢ WJ,,. e biofllm 3y \ia Ge g o
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esentation of the:biomass: ¥\ 0o 22% oo ‘i;lf

3 RRWEAT] 7

Not all the solids mass participates in the conversion of the organic substrate, as there is an J

norganic fraction that does not play an active role in biological treatment.
swipended AL Leﬁj..w \_L\>

sohd

'he unit of mass of t icrgbial ce lls is normally expressed in terms of suspended solids

SS), since the biomass consists of solids that are suspended in the reactor (in the case of
dispersed growth). : Bio - P& \Lhs o
Md, —‘L“l«.c)-w)u) @Lu\ﬁxlj»\smbys"m S TN

. VSS - -
he Wls frequently expressed in terms of volatile suspended solids (VSS). These
epresent the organic fraction of the biomass — the organic matter can be volatlzed that is,

converted into gas by combustion (oxidation). Brec carbon g oy wﬁw\z \a\héx Lol
yih L 2t e

.

[he volatile suspended solids can be divided into an active and an |p\a/c$|ve fraction.The
: ctlve fraction is that which has the real participation in i the conversion of the substrate L,

Sy Usgy 3 2 ackive » e
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» upflow anaerobic sludge blanket reactors (recelvmg wastewaters containing suspended - %
-sollds) RicfrIm N Qddw s plece bl Nk, >\ P b
: " Pxed ted © T NIy ' S
Attached growth: the biomass grows attached to a support medium, forming a biofilm. The
support medium can be immersed in the liquid medium or receive continuous or
intermittent liquid discharges. The support medium can be a solid natural (stones, sand, soil)
or artificial (plastic) material or consist of an agglomerate of the biomass itself (granules).
)ystems with a solid support for attachment:

e trickling filters ~sLe s8¢ yladuc O\ dg S oo 09 matter

'® rotating biological contactors ;jabmﬁ\ sutfact 51 5,1 M L) Bixed bed
Y submerged aerated biofilters _ Glodyonds \,g:\,u_p Lapls M LJ._._Q_u\ 5 (area
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yresentation of the organic matter/ W g

| ent ubstrate So (influent BOD. or LOD] Represents the total BOD, (soluble BOD + _, su (*sff:
fticulate BOD) or total COD xBlubIe COD + particulate COD) influent to the biological {r e

\\

N A (b suistal € N S\ oY, l&«\.t\ L\l]b Lt e !\:"L’“ N s dsla) (ES T

¥ Even in systems with primary sedimentation, around 1/3 of the suspended solids are not |

removed in this stage and enter the biological reactor. 007, Uste g

In the reactor, suspended solids are adsorbed by the biomass and are converted into e

soluble solids by hydrolysis mechanisms, after which they undergo the conversion ﬁg'q

| reactions. Therefore, in the influent to the reactor, the soluble substrate as well as the "y

i particulate substrate must be com& uted as the influent substrate to be removed. do Ro
001, =y P&,\‘b\:rmm " oo YW (sll) goh 215 0D “\-’_‘)“‘W e€08((ﬂbtuh I’T‘UK ba

I en}tub\trate S (effluentBOD, or COD). Represents the effluent soluble BOD, or soluble ji”

D from the reactor. L5V x"\ ¥ 9w clear waler R Top 1 G gp‘mz ©

o \,AJ SlUCQC )\ T‘A <4l SS I zem

P Even though the effluent from the reactor could contain a hlgh concentration of

- suspended solids (biological solids that compose the biomass), these solids are largely

removed in the subsequent settlmg stage when existent (e.g. secondary sedimentation

. tank or sedimentation lagoons). ‘o7 2\ eklon end ‘é*cf)r [ @'O&Vgﬁugdsd Yoo

" The quality of the final effluent from the treatment plant depends on the (a) sgluble BOD

- or COD: reactor performance; (b) particulate BOD or COD: performance of the final

. settling unit (when existent). 1 ¢ PRI L ZL“‘ Lowlsdn $0%), &
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v rsion of the carbonaceous matter J B 5
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c conversion | 232 3¢

Stabilization of the organic matter (conversion to inert products, such as carbon
M
dioxide and water).

Utilization of oxygen.
Production of carbon dioxide.

< of energy.

BIL 0, o T}'»«?Ei\wwl— IS
0,.“(,1 &5\__,_. N u-v Gatn )
A 2 p
acrotic
K CeH1204 + 60, — 6CO; +(wH O + Energy gmad
e &.,orpnu matter AN~

|
' | : y
l - i ™,
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obic conversion |

Non-exclusivity of the oxidation. The carbon of CO, is present in its highest state of
pxidation (+4). However, the opposite occurs with CH,, in which the carbon is in its most
teduced state (-4), subsequently being able to be oxidized (for example, by combustion —
methane is inflammable).

No utilization of oxygen.

Production of methane and carbon dioxide.

Release of energy (less than in aerobic respiration). , ,

e ————— S T alfobiC
€02 3 M LI e CgH 05 — 3CHg 4 3CO, + Energy
CH4 SQVyol @y, | owmmicmatier ot 4l
¥ . 4x-y-12z dx —y+ 2z Ix+y—2z
M. Saidan 9
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acid Josead e LE I d o
chem G dod Lo mmevel sl
naerobic conversion occurs in two stages: 3l chem bype 3 : by pe
=8 I JIT

cidogenic phase: conversion of the organic matter into organic acids by acidogenic

organisms (g\id/-_{Ws). In this stage, there is only the conversion of |
prganic matter, but no_removal. acfds $d g2 oyaal IS L |
: T (02 5Ulg 1 s

: ] O T o
Methanagenic phase: conversion of the organic acids into methane, carbon dioxide and

water by methanogenic organisms (methane-forming organisms). The organic matter is
converted again, but because CH, is transferred to the atmosphere, there is the

removal of the organic matter.  L>yis S bogas I CH4 f“'?"'!‘g
3 Ao 43 5T A LB Jus s wSS0S TR S

ore the acidogenesis stage, the complex organic compounds (carbohydrates proteins,
d fipids) need to be converted into simple organic compounds, throtigh the mechanism
wydrolysis.
4 A

believe
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stabolic sequences and microbial groups
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Complex organic compounds

o et » e~ carbohydrates, profeins, lipids) ae
L \ = .
B e VAU l 1 Hydrolysis
‘\.a.b\J \’“\(*\ t)y) el R S ]
‘ Slmple orgamc compounds
m«) {"L “\ ? (Wlnoccids q\_gcuds) \ \)L“J-“ d 3*
\ " 2 acehc 3
}2 Acidogenesis o1 qcids
B - O §=-» ofq acid
Volatile organic acids volalile
(long chain)
J 3 Acefogenesis
aad 2\ S v e | H, CO, ’:ﬁ 4 Acetate
Ha - Co; ~8 6 T Methanogenesis
acetatC > ~~fcHiico; \\-‘\.&u yoro
J 3\ 5:0 B ‘Lu L 53‘)
1. 2: hydrolytic fermentative organisms 302
3: hydrogen-producing acefogenic organisms CHy
4: hydrogen-consuming acefogenic organisms
5! hydrogen-utilising methanogenic organisms
é: acefoclastic methanogenic arganisms
M. Saidan 11

ersion of nitrogenous matter .

]

tion of ammonia (nitrification)

domestic sewage, the organic nitrogen is converted into ammonia, through the process of
amonification. This process does not change the quantity of nitrogen (TKN) in the
astewater, has no consumption of oxygen, and starts in the sewerage system itself,
rtinuing in the primary and biological treatment units. In the end of the treatment, the
ntity of organic nitrogen is small.

| important oxidation reaction that occurs in some wastewater treatment processes is the
rification, in which the ammonia is transformed into nitrites and these nitrites into
rates. Only some treatment processes are able to support a significant nitrification,
icause of their capacity of maintaining sufficient concentrations of the nitrifying bacteria.

INH,* + 30, 222" ONO, ™ + 4H* + 2H,0 |

Nitrobacter

2NOy + Oy————— 2NOy~

NHst +20, — NO3;~ 42 H++H20

bal reaction

M Saidan 12




bution of nitrogen in a treatment system with nitrification <
NO,=NO,+NO, NO, ——
NGNS
Ammonia NO.
i | Ammonia 1 NO,
b on 3’ Lo :
; 9 4 ammonia ‘ sl o’
+’l)OI( O j D ,_\;‘_b‘
‘ e sy
‘O J 5 U" 1 O '$
A)0x 7 Jf"’ | NO, [/(jmj
HPTKWY Jas Norg G Ammonia ' ‘ 4
> ‘ A \ [ef mmoni J
A ikotal gt _ [TxN | ) :
' Norg | g & : N org L de
RAW AFTER AFTER
SEWAGE AMMONIFICATION . NITRIFICATION

e oxidized forms of nitrogen (nitrites and nitrates) are collectively called NOx.

is seen that with nitrification there is no removal of nitrogen (total nltrogen remains the same), but
ly conversion of the nitrogen forms. MoX bala o W ¢ 4ol (1% w3 d o I3
e 2 Mg Ay A boral ey oa U N s

of. M. Saidan ammonia 3l 0% Ja & p Tk &

A0x  2o¥ \gw s',b s

J\—)«»«A-JLe,u.:u

2NO;” +2 H+———>N7+730w+H')O

Vith the denitrification reaction, the following points should be noted: (. 4

- 2 O, )l }S

> Economy of oxygen (the organic matter can be stabilized in the absence of oxygen)
‘ Consumption of H+, implying an economy of the gllga\li/qi/txand an increase in the

- buffer capacity of the medium e

to nutralicd
OH™

» '-' M Saidan ] "~*




frification

{ -NOX:NOQ+N03 — NOX = LO
(%=}
)
Ammonia
NO,
Ammonia
s LS
y L&
\ﬁ" d)j’ B SR RIISPRRE. OO
4 , : :
) NO, No, |
NO, R G 1)
Norg S Ammonia Ammonia ETKN : L—i |
; Ed N | Norg : i QE"39?.)
Norg [F S N org i ' : LS
RAW AFTER AFTER AFTER A2(q) 3 U0
SEWAGE AMMONIFICATION  NITRIFICATION NITRIFICATION AND . i 3
DENITRIFICATION | a AL

les the conversion in the forms of nitrogen, there is also the removal of nitrogen (total nitrogen is
ased). In other words, denitrification leads to an effective removal of nitrogen from the liquid,
Sponding to the nitrate that is converted to nitrogen gas, which escapes to the atmosphere.

. Saidan . e : ' 15
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The main reproductio/n’ mode for bacteria is by binary fission, in which, when the cell

reaches a certain size, it splits into two cells, which will subsequently generate four new

cells and so on.

Thus, after n divisions the number of cells formed is[ij} > 2,4, 8,16

erial-growth curve
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ag phase. The lag phase is a period for enzymatic adaptation of the bacteria to the new
ibstrate supplied. This phase can be reduced in the case of typical domestic sewage, in
- ich the bacteria have already acquired the necessary enzymatic equipment.

xponential-growth phase. In the exponential growth phase the cells divide themselves at a
dnstant rate. Plotted on a logarithmic scale, the number of cells grows linearly, justifying

e alternative designation of /ogarithmic phase. There is an excess of the substrate in the
iedium, allowing the growth rate to reach its maximum, with the only limitation by the
licroorganisms’ capacity to process the substrate. In parallel with the maximum growth

te, there is also the maximum substrate removal rate.

tionary phase. The stationary phase is when the food starts to be scarce in the medium,
nd the bacterial growth rate is equal to the death rate. Therefore, the number of cells is
intained temporally constant. ~

ecline or decay phase. In the decline or decay phase, the availability of the substrate in the
edium is reduced, In these conditions, endogenous respiration prevails, and the bacteria
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s of bacterial growth et v oL Jeath

pecific gross bacterlal growth l count , mayt

A

The bacterial growth can be expressed as a function of the bacteria concentration at a

i AN

igiven time in the reactor.

‘The net growth rate is equal to the gross growth rate minus the bacterial decay rate.

The growth rate of a bacterial poQuIation is a function of its number, mass or concentration

lat a given time. Mathematlcally,)thls relation can be expressed as:
TS 9‘ >a5 \m €

S )lo
Wy L3S e
pocticll 51 L 3= ‘ Lol - ”
. ' LdX /‘\5 Yo 3 g Permation
A e e & q == 1L L ; )L\—k‘ “Mas subshrald
we Ghw B0 | g <230 51 ickaary AN
. J.‘ Sl oo 9 yhe e oy
where: Kinetic subsStrat €
D_ concentration of the microorganisms in the reactor, SS or VSS ‘L-' m’)
R s [
\ 7 w = specific growth rate (d™') \
P s £ (o G- ol 5l &
\ > t=time (d)
® 5 J)"
\
A
y ¢
%9\),940\“«\
f. M. Saidan ‘ 19

LSl g Subshrale M &vAis 28 Sobs o G
\_Lw tate W 3e 3_5» PP W mu q.:&s\:e_u supstratC 31 5 §C
‘ (—’unchon c«g G §:\.. Vst -B
'he bacterial growth is a function of the availability of the substrate in the medium. When
the substrate is present at a low concentration, the growth rate is proportionally low.
) sewage treatment, the carbonaceous matter is usually the limiting growth factor.

e specific growth rate p must be therefore expressed as a function of the substrate
soncentration. Monod presented this relation according to the following empirical

fic
M oX 5?“ (0\'

Sfow‘\h\‘;\r‘,»
NL,
O\ 0= \Q)l‘ &t { S
i | max‘KS + S~ conc of SUbS‘HO\LC
ML s Ly._c- e

colvi } Bo0 v

,whern
K ax = Mmaximum specific growth rate (d™h
S = concentration of the limiting substrate or nutrient (2/m"’) _
E— half-saturation coefficient, which is defined as the substrate eoncentra- ,i ‘ ,':'“' -
tion for which 1t = /2 (gm*) haliev'e
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_ constants are used to
iscribe the growth rate:

»
»

umiting-substrate S (g/m?)

21

ke 4
-, ofe ]
p (mg/L) is the maximum all [""‘Gg
' growth rate constant (the %
' rate at which the substrate 0¥ "
: . 3 e ¥ max
: concentration is not limiting) 2
K, is the half-saturation
' constant (mg/L) (i.e., 0 Ks
" concentration of S when p = Frax aass ¥
\ [r g
. p‘/z B\‘-d) 2 Y wano
‘ L:L\JJ»UD curvg '
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Aoax N e ¥ g t”_)“ ks P
M. Saidan

3 rmmu’m (Metcalf & Eddy, 1991):

f

. Mmay

=12t06d " |

=23 to 100 mg BODy/l

Ki =15 to 70 mgCOD/1

1997):

P : . :
W e = 2.0 d~! (acidogenic organisms)

e = 0.4 d~! (methanogenic organisms)
‘ Mmax = 0.4 d~! (combined biomass) N
overall &

es of K. and p,, in the following ranges have been reported:

ﬁ*““J— J‘S‘U“" el

Clp s

o Ctnacrobic)treatment (van Haandel and Lettinga, 1994: Chernichavo,

adar

[ K, 2~ 200 mgCOD/1 (acidogenic organisms)

Ke 22 50 mgCOD/1 (methanogenic organisms)
|

believe
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reme conditions in the saturation reaction (Monod kinetics)

PiPn S .
F/M Relative substrate concentration: high
&
1 ;\b“b ’ / 3 ) ‘ ‘
A T | \oe * reaction approximately zero order |
4° )\jv\,s\/ 'v)'»‘)—'\'bfv >yP 5 o growth rate juindependent of S
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maxy - et hfm"'"ﬂj B ke AT Sl
: _« ' REACIION ORDER=0 -5 - K
o S. A~ - L \
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o B SN
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o g € REACTION ORDER = 1| . L
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(QM\ 0 2 (-)b }_ 3|
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ple

Express p as a function of w,, for the following conditions:

- #&  domestic sewage: S = 300 mg/L (adopt Ks = 40 mg/L)

L S
Domestic sewage (S = 300 mg/L) B :
From Equation 3.13: 26fa ofidep
) 300 G
= l’lmu.\'l_(:__l_—g = umax-m = ) 88 Lhren

Hence, 4 = 0.85 1 man

In these conditions, in which S is large in comparison with K. the
growth rate 1 is close to W, There is a great availability of the limiting
nutrient and the population presents a high growth rate. The reaction 1s ap-
proximately zero order. This situation is not very frequentinithe freatmenit
of domestic sewage and occurs at the head of a plug-flow reactory whs:m
the substrate concentration is still high.

rof. M. Saidan | T
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terlal decay .pcﬁ \yﬂJ sybstrate

L)M(‘) | 9 \J\l‘.’) \yJL: ) 1,(211-) \;;
The decay rate can be expressed as a first-order reaction: ~ “guss &

\ | Yo death fat€
m)if\5 \,(M dX

$tas ‘>AJ}.| \))\AJ — "K(I.X
WY §* (8 5 Wy dt

\\]lL'l\'.

Kg = k‘lld()gcluillﬁ respiration coeflicient, or bactenial decay coefficient (d™')

or typical domestic sewage, K, varies in the following ranges:

. {erobic treatment:

Kqg=0.041t00.10 mg\/SS~'|11gVS:S‘.7(VIW(W|5u§é: B?)Dij(X/icfc;nlt‘& Eddy, 1991
von Sperling, 1997)

or

Ky = 0.05100.12 mgVSS/mgVSS.d (base: COD) (EPA. 1993; Orhon and |
- Artan, 1994)

LIRS N = |

o Anacrobic treatment:
The values available in the literature appear to be not very reliable (Lettinga,
1995), although the value of(W (base: COD) has been
cited by Lettinga et al (1996).
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: Bacterualgrowth that is, biomass production, can be also expressed as a function of the
bsubstrate used. \‘v’ dsiole natural Procex

TR e §
\”ibib) ﬁiw\ « 2 2 43\“& Slye as%s

The greater the substrate(a55|m||at|on the greater the bacterial growth rate.

I o7 s 3 \,453 (rmovd ). (,,qumr;)(n ;
' This relation can be expressed as: 150 (oh i, Ron § i "y subsHate

I

A.)-‘\‘T;]‘b\l._ju) 2 jE‘HJ_Iﬂj Uy Porticwlate wls ( Y"AJ“ Lerm <
oV
Lot om lGrowth rate =Y (Substrate removal rate) ’ growth rate 31 (s
LU ~1:L6y 3 })',1:;..“ ™=
educlienss L Hla X _ YdS
L T t
S L dt dt subsf’ro e 4-.
Wla (OQAumPhd
bacterial

where:

X = concentration of microorganisms, SS or VSS (g/m’ Y 3 e
B:}ldd coefficient. or coefficient of biomass production; biomass (SS or
VSS) produced per unit mass of substrate removed (BOD or COD) (g/g)
S= cgnccmration of BODs or COD in the reactor (g/m?) a uim flatioq
E t =time (d) { lova it KS_{;; . | Sat (‘;’JJ““‘ "o %M SA_..Q S
. M. Saidan &e—' Leyl d—u L \,ul L.,,ul \,.._M, “uls Lu.dl 7.7

L 4 b ] UL e 5 I
cdt ) o ‘\Sl 0 ) biomaH (\’“ 7 3 \“jj yini

(02 > CHyg , \';5—_~§ 2 e s'f' 0% Sraihs u—v)l\z-. \__._):«Eb LML o0 O AN
% Cslll B W, Wiy COD 5 Rols S subshalc \Hn»:
slope. 1 lgluuse «_,S&st\_u u-n.ut- ‘c&.\.—_u

Y o s

The value of Y can be obtained in laboratgry tests with the wastewater to be treated. 7

For the biological treatment of domestic sewage, the Y value for the bacteria responsible
- for the removal of the carbonaceous matter varies between:
. P e

€SI T (d
* Aerobic treatment: o J3 ¥ gk
Y =04100.8 g VSS/g BODs removed (Metcalf & Eddy, 1991)
3 {’ or
xif;ﬁ' Y,=0.3t00.7 ¢ VSS/g COD removed (EPA, 1993; Orhon and Artangd§98)

*  Anaerobic treatment:

% Y ~ 0.15 gVSS/gCOD (acidogenic bacteria) (van Haandel and Lettinga.
1994)

Y 20.03 gVSS/eCOD (methanogenic archaea) (van Haandel and Lctfm" 1.,
| 1994)

« Y ~ (.18 gVSS/2COD (combined biomass) (Chernicharo, l‘)‘)’]) —5
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Net solids production

* When including the endogenous respiration, the net solids production becomes:

& 45 . L S\
T \g> 2
md‘ ?‘dt o ‘\.-8
: PN AR v
| Substrate removal rate WV 5:3\05%‘;3
| / 4« 8 1 ax
e substrate removal is associated with the gross biomass growth v Y dat
e R Q “=EX
g Substituting dX/dt for p.X 3 ; a Y
: ds S X
or (expressing p) dv p'"“‘"'KS +SY

p fy L - |
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Activated Sludge System Design. ‘- oo, G iu
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One of the characteristics of the ideal complete-mix reactor (Cé‘lj{) is that the effluent \
. § . : Y NN " 3 oM O
leaves with the same concentration as in the liquid in any part of the reactor. This implies solulfic

that the value of Sand X are the same in the reactor, as well as in the effluent.
AL aclive elemant 3\

\’{‘b,)\ 9o L Gnomu“

is the coWhe solids. In the reactor, these solids are mainly biological solids,
represented by the tlo\r/nem;(mwrls\r/nj) produced in the reactor at the txpc’nsp of the
available substrate. seHling Jank)) an QW X So Jfo b Jeldl %, VP

A 55 no)u,g,u.) Ao y{,y
= |n contrast, in the influent to the reactor, the solids are those present in the wastewater,

and the presence of biological solids is frequently neglected in the general mass balance.
For simplicity, it is usually considered that X, = 0 mg/L (although this assumption does not

apply in all situations). X N o § Ns Wlss (S man bolond |

71
= Two mass balances can be done, one for the subs/vg;l\t_e; and the other for the pi)oﬂrr}aéjs. These
mass balances are essential for design and operational control of the biological reactor, and

are detailed in this section. s paldl s 4 a® &
o w5855 feeycle 4l 151 k)

actPve \—_)«»&-J\ \J_%L G
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S Systems with solids recirculation

Reactor with a final sedimentation unit and with solids recirculation

VAt .2
N Bsean Xo M (Wb ;g- ‘-‘::}b
n )

L > Ja
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< INFLUENT i o — EFFLUENT
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Jc,u 2), 50 s o 8 el A
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aefution Ji g Xr Vol daay o sludge 3
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L AN L SOLIDS RECIRCULATION mlnfe’%\ 4 525,.,@; con}”’ YL

continuos ule) L5, ER o MB JLym(l_.j»LuLc ) \S.ul.o

Q, = recycle or return sludge flow (m%d) %nuu} =

Qex - excess ( surplus or waste) sludge flow (m?/d)
- concentration of suspended solids in the return sludge (mg/L or g/m?)
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AAS with solids recirculation 25 > 'ss S3FR 0 sk sudge
R N Ll seHling Jank 0 (3 LA velume Mds Py
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@ The sludge accumulated up to a certain period at the bottom of the settling unit consists” > \lJ He
mainly of bacteria that are still actiye in terms of their capacity to assimilate organic matter. =}
supstrate n FL/CQ‘) 'I’._C.AJ PSRN LU \3 voleme E

O The greater the biomass concentration, the greater the substrate utilization or, in other ~ ava:lobl{
sl Flow an M

words, the greater the BOD removal. :
L3 sludge sy -
Q Therefore, if the settle SL@W& with a concentration higher than in the reactor,

the system will be able to assimilate a much higher BOD load.
/WW

@ This recirculation has also the important role of increasing the average time in which the
microorganisms remain in the system. The recirculation of biomass is the basic principle of
systems, such as activated sludge, which is accomplished by a recirculation E‘{E@Q&-‘f@ﬂ?ﬂ-

\3Le growth - !
O The value of X, is higher than X, that is, the return sludge has a greater suspended solids ~' == ==

concentration, what allows the increase of SS concentration in the reactor. »_ “° s
oLl .o _\3‘— .>LD) i 1' \;}:v _T"\’

O there is another flow line, which corresponds to the excess sludge. This is based on the
concept that the biomass production (bacterial growth) must be compensated for by the
wastage of an equivalent quantity, for the system to be maintained in equilibrium. If there
were no such a wastage, the mass of suspended solids in the reactor would progressively
increase, and these solids would then be transferred to the settling tank, until a point when

the settler would become overloaded. @cycle  dsan 552 ¢ tardiecc M & HL
: sludje s 4os woste Sl S52
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Activated Sludge and
QEiEKes: Secondary Clarifier
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Mass balance of biomass production (CSTR)

Influent biomass + biomass production = effluent biomass + sludge
wasted
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Assume that influent and effluent biomass concentrations are
negligible and solve
/\_/—\/-\/v_\‘
.""":;&S L Qwa + j
a
VA s VX
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iM,_ass‘ balance of food substrate

Influent substrate + substrate consumed = effluent substrate + sludge
wasted substrate

QS+V— (€, — LIS, +2,8

Substitute substrate removal equation

oy LD

T, dS /dF
Assume that no biochemical action takes place in clarifier. Therefore the
substrate concentration in the aeration basin is equal to the substrate

. concentrations in the effluent and the waste activated sludge. Solve:
)w-bc s A S
UJ)\_nSL e\""mg = Qo‘(’ I:S —S)
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Iy@rauhc detention time and solids retention time -7 .-
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In a system with solids recycling, the solids are separated and co %entrated in the final
settling unit and subsequently returned to the reactor. ar A &
Aor) Coso \ﬂu——“ ’(’fj(l{ Ao N L-«
The liquid, on the other hand, in spite of the recirculation (which is internal in the system),
does not vary quantitatively, apart from the withdrawal of the excess sludge flow, Wthh is 2

negligible in the overall calculation (Qg, = 0) 1ys N by adens 4 Hme -
¥ col‘){-ﬂl.u‘ W Flow )\ sdas q_) eD k‘f"L

eyl n oS s 3o bS Y

Therefore, only the solids are retainéd in the system, owing to the separation, tjllgggnmg o“j“ j

W Thus, the solids remain longer in the system than the liquid. It is thus m,r_pn«j X
necessary to distinguish the concepts of solids retention time and hydraulic detention
UMES thickenér 31
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The hydraulic detention time t (or hydraulic retention time — HRT) given by: | L &t
L 5 bo”o}n "

Since the volume of liquid that enters is the same as the one that leaves, the - -
151 clardier

following generalization can be made: T P FaE L Bl
7 Z.“‘*‘ volu (’ L él—’:l : -
: TR volume of liquid in the system I W SARE
hydraulic detention time = — : el e : ahip s el W = [ p B U
volume of liquid removed per un;tmm \"_39{» W
,,,,, L volumetric f clarificf
Prof.M Saldan _ Flow rate 8

Slmllarly, the sollds retention time SRT (or mean cell residence time — MCRT

or sludge age - 6,) is given by:

(
° . -
S ds oyt mass of solids in the system
Q_,.u iyl sludge age =

mass of solids produced per unit time

In the steady state, the quantity of solids removed from the system is equal to
the quantity of sludge produced. Hence, the sludge age can also be expressed as:

mass of solids in the system

sludge age = = v
mass of solids removed per unit time

L

u— Ky

Depending on inclusion or not of sludge
recycle, the following two conditions .
are obtained: .




Jverall equations

= Combine the mass balance equations for food and biomass:

oY slae Lise
v o ) e
—QW Y +4, = (—f" (B = 5] = X )5S W
54 24 do oLl 4
3 . . [ A \‘Iun 3‘.’-; l wl) r: >}
he cell residence time is: e 0. s
— - oM
g = =t
0y

nd the hydraulic retention time is, 6 = V/Q,
v B )S—5)
Substitute and rearrange: Gl + k;6-)

e 1 ous 4)
A XN Ju st
Sys I
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The fact that the biomass stays longer than the liquid in the system justifies the greater

efficiency of systems with solids recirculation, compared with systems without solids —

recirculation.

It can also be said that, for the same removal efficiency, systems with solids recirculation
require much smaller reactor volumes than the systems without recirculation.

The biochemical reactions occur only in the reactor. The reactions of the conversion of
organic matter and of cellular growth in the settling unit can be neglected.

. The biomass is assumed to be present only in the reactor. In the calculation of the sludge
age, the solids present in the final settling unit and in the recirculation line have not been
considered.

| The mechanisms take place according to the steady state. In the dynamic state, the mass of

solids produced is not equal to the mass wasted, which alters the interpretation of the
sludge age concept.

! Profi.;M. Saidan 11




Example

culate the hydraulic detention time and the sludge age in the sewage treat-
it system C(without a setthing tank and solids re-
ulation). The main relevant data

ctor volume: V = 9,000 m?
i and output variables

Influent flow: Q = 3,000 m'/d
Influent substrate (BODs total): S, = 350 mg/L
Effluent substrate (BOD«< soluble): S = 9.1 myg/I

del coefficients:

Maximum specific growth rate: w,,, = 3.0d™"
Half-saturation coeflicient: K, = 60 mg/L
Endogenous respiration coefficient: Ky = 0.06 d~'
ition:
) Hydraulic detention time b) Sludge age
The value of p is
V 9.000 m*

t . 3.0d S p 9.1 ¢
= e— = ——— £ = = —_— = 3.0, —— = 0.3954""'
Q  3,000m'/d I : k P e S ] a

The sludge age is

)

~
\ { == ———— 3.0d
reci redlat QATS br & c = U—K, 0395-006 [ s
Flew (C!i(’ Jl (S
o o As expected, in the present example t = 8., since the system has no solids
\.c_.b ,-a ) , g .
recirculation. 12
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Sludge load (food-to-microorganism ratio) |7 oGy als1< 2. & sludye ad]

1 A relationship widely used by designers and operators of wastewater treatment plants is .

the sludge load orF/M (food-to-microorganism) ratio. —» v S <y yeuid) s Lo
W ange IR SO I adjustment & (2

- sys
1 Itis based on the concept that the quantity of food or substrate available per unit mass of -, i}
3

microorganisms is related to the efficiency of the system. (CUSURCH Miclofg 3y 45 .30 4 S
: QP}]m\Za'»DMm LJJ )Lﬁ W l@l L"]:.El.
1 Hence, it can be understood that, the higher the BOD load supplied per unit value of the PSINR
biomass (WIO) the lower is the substrate assimilation effucuency, but on the 2 fﬂa
\)L.s—o S \,ﬂ.nu
C%Eh&tég\gd the lower is the required reactor vo ume\;M micels 3 BEL % 5aadl - Micreet

5 volunre th o A wWe, 45;: eff G WS Temoval ‘Bep 2 SAL S 3 4¢
3 Conversely, when less BOD is supplied to the bacteria (|Q_W}IO ), the demand for food

%er which implies a greater BOD removal efficiency and a larger reactor volume v

requnrement e L598) Gu ea micfoog Ny pivi sadl Upleat dd= S
L

\’3“‘“’\"' W\ deathTai€ dwy s\Bs e 58 4 T e i law oms LRSI Ga

| In a situation in which the quantity of food supplied is very low, the of S bl i
Sl‘oHonor

endogenous respiration becomes prevalent. 4= BoD ) GLIGEIEE T 2, L i
LG 3l ol 8 5B gt 131, 41 %uuwwu e
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The microorganism ma calculated as: | M = V.X,
where:
e @_ influent flow (m*/d) Biomo
" [So\= influent BODs cuncmn.umn (g'm')
§e reactor volume (m’)
J volatile suspended solids concentration (g/m?)
. g S
Thus, the F/M ratio is expressed as: e 9
M /Xy
where: S |
F/M = sludge load (gBODjs supplied per day/g VSS) /,-
e
7

(Vs$)
F %y
:E_"__
+ Xy

Calculate the values of /M
recirculation, as described in

S, = 300 ¢BODs/m*
'S = 15 gBODs/m’
k0254 — (@/v)
Xy = 2.540 gVSS/m°

Solution:

a) Calculation of F/M

From Equation

i S, 300 gBODs/m*

M X, 0.25d.2.540gVSS/m’

A sl \‘Dj\ 3
operoimmb SL\ GBS

QB> faln gop w os
?ﬁ o? X

F/M = 0.47 kgBODs/kgVSS.d

=047d47"

in a wastewater treatment plant with sludge
Data:
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Example: 11.3
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Types of Treatments

= Mechanical treatment  — foimary (physical)
= 1as L
WS \ L ass | S r kylk‘ N e
» Influx (Influent) y U LB } g L Sy :
»\,', (\ | e : U ‘\(g,: o
) o ' . \ | o ‘j'[‘ VPR -
physical e« = Removal of large objects  Tip( = e ot b L 000
N < . wdi Ly « a i)
stt5%) * Removal of sand and grit , s U .
\3;? A N R A A s hardneén 4. PO St il e
i - 5 . . 2 ~ g )i l,,;
pS 8 Primary Sedimentation )L Guw L Qle ) ,
- & ) AW -l L
CIfosioN \\"‘“ ".P(' "y J[
. . _ N Tew I
= Biological treatment . < .cndar 4 sirfact o Wl
. . . \J\‘ ]b Ll e v k' vl
 Trickling bed filter A eff i

Wo el )k \{‘“ tech N le)

« Activated sludge Mechanical St gyaitty™ ),
lgdls G s L1 G

oo
v

= Chemical treatment - ter h“u‘rj

* Disinfection — MLy
\-'L bm \.@))|
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Disinfectant

WW elfluent
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Wastewater Treatment Processes

Ry

02

3

« grit removal > tosd

Primary treatment | | Secondary treatment Tertiary treatment
(@ scale (ds y ) ) '
screening— “= | |« Aerobic, anaerobic lagoons | |« Nitrate removal
Gb(USNC r\ \b\ NN e i e

« Trickling filter- activated

« Phosphorus removal

Si (Q . . _
b removal of oil°™ 51| Sludge-oxidation ditch  Disinfection
NN |, Ly
. segimentatlon Mostly BOD removal P o |
e - [technology S o “Al‘“’/ =
'(\,{u\)“\?‘g sLaal \osels \,».:JJ >Jbg‘uw—¢u -
0 D \S 25 5 55
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s © ¥
Prof. M. Saidan 4

‘Layout of a WWTP

Mechanical treatment

Biological treatment

*

s Lo Sllo Lels

precipitation
chemical
o " L.
rd —
Screen Grid Fat Primary Activated Secondary
chamber chamber. clarifier sludge tank clarifier
; T
River,
filtration
Sand] Fat

Return sludge slad 9 ¢ T
Thickening °)‘§ C"-&b uoﬂ.u Yeokmen
Secondary sluoge Phick ™ % was g
Excess sludge SR 44-\ _3~ L
. fnmof Y 1ieg

» Biogas ’
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Use. L&u o cleur

dewatering, (Uo :

drying,

r i incineration, \",“‘*\-
disposal, Wash, DLt sl Disposal LR
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Breliminary Treatment: -, vtz
Wl ey Gl SA
?uf"“(.t' J| \:;'I L:I A aD> O
. \—J’f.) 5cm 4 S
» removes large objects and non-degradable materials

» protects pumps and equipment from damage

» bar screen and grit chamber

“nclfned e
f)’\,é_; 5&@ ,{(l
‘31—;/4 4\»,\41&;\ v Lvrga:_ﬂo
¥ Y’)k (WL "»:.Lc
catches large objects that have gotten ' | .- = = i
into sewer system such as bricks,  “spo 2oy
bottles, pieces of wood, etc

(O Bar Screen

<«— Motor

e
‘—-3/‘ Blade inside screen (not shown)

~ Bars with one-inch spaces

Ty \ N LA
£ Wastewater -
— 7 7 with large
o - —_—

v Wastewater
s with small
solids

v, solids
T

N oS due (3o

5 bar DI S PO N s A
~ Prof. M. Saidan Paplich v &) 3¢ Bk )cro-ljnb 6

oyu Sy \3ls i€

, i : As Pow )\dln,.':u lfj <ethin
Preliminary Treatment - dophz ek 5356 tani
SO s Gl ¢ o9 340 wed 1h 5 YTy

i channel/
O3 Grit removal chamber : to removes rocks, gravel, broken glass, etc. )“'L '5\:‘-‘?“
A “ Lo (30

BN 5 A vep Dy Flow
= Grit is composed primarily of sand, cinders, and gravel Sy dou e Oou
1 . Ll e
= Grit causes excessive wear and abrasion in pipes and pumps
AN AN 7N o

= Grit accumulates in downstream tanks where flow velocities are
insufficient to keep it in suspension. As grit accumulates, it reduces the

effective tank volumes and thus treatment effectiveness 2 sl ik
: ’ . . : . ) . N Gy
=  Grit removal is done by gravity settling (the high specific gravity of grit) twjcm
valve L
| « A ~
4 o = Grit chambes
r’REUM NAF\V TREA'”JEN‘T car scraen p— - o
To remove debins and gt Falocty -:‘.ﬂfp
2 e
slows, coarsq o
Qi setles » nncJ B
Raw soxag - 2 x{* {“ o o
e g T " Gt amoval 0 £ 4 Sludge
obilg I S
’ e )4 $A.5, fhrofmg
T lanatil| —_ s povsts {* l !
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Primary ‘l'reatment

= 3 physical process
= wastewater flow is slowed down and suspended solids settle to the
bottom by gravity

= the material that settles is called sludge or biosolids

o . -~ o |
PRIMARY TREATMENT \ r )\ S .
To remave paticulate organic matenal i Files Waler enturs al canter and Nows ’?
e 3 "bz_ Oul Over weir 8t pdge  Partcuste o Ao F r
o = organic materisl secle:  Constfutes p
o —_ - v |
V. : s ls
: a ot | 5
Fat and od fioat | rullndleicc
Lopand we | )

summad off

{ (ec N Q%
J VIJ)H ¢ /3" ;../ = W
¢ 2
$ MMl  Gagi)
J J

dead zeny

Glaess 5 |

AR )\ stad |

fsw sludge l-r:'m !* ;- m' or. G 4-..'“ slu d ap |

I s o e e e removal : E endzer  Motnane |
------------------------------------- Wbl \‘L-
(€ i L_,_)JJ

Prof. M. Saidan 8  dead ecry

volume avalr ) P SoL
Loy kapk a5

:.h Us §5° slag fetention Hime
gﬁédlmentatlon tanks and clarifiers = .5 0 ..
femod/a || U
= The settling tank that follows preliminary treatment, such as
screening and grit removal, is known as the primary clarifier.
= Primary treatment, in addition to removing about 60% of the
solids, removes about 30% of the demand for oxygen and perhaps
20% of the phosphorus (both as a consequence of the removal of
raw sludge).
ge) b‘L\ad‘\_s.bt;Si
beH oM (de L, )
w‘)\y’*fl o3 LR ,')m)zz&‘ ?of'hCL( 3\ é\_yub) TR
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Swinging skimmer blade

Scum trough Bndge Drive unit
\_ ) #/ Handraling SUN‘“"" o l\ e s - Surface skimmer
{ | R ,7‘\ 0 4 Maximum water / Scum baffle
\ t S [ ! ,;ty surface ( Top of tank ; / ~—Effluent weir
- ‘. ‘ : . i~ h% " . /
‘ b.\-_._J S Pbupvn'd! lll'hul Sliutiar ,FY' H
3 ¥ Pt - - haffle " supports X
7 % 71/ Scum pipe Efflocst {32
: Scull'l < Center pier and Drive cage lounder 3
- Lo + Influent riser pipe Trumed ke am j
Pet 3 2
= = RRY e - s L T 9 5
S e :
. Adjustable

blades squecgees

890 10

G2y iy Riam Y . 3 T an))
Crefinbon N Ll Go dw by
seﬂl?n) Ao Wl B, e Hme

. To suit e 4+ <o
Slotted pipe for scum / \ L ;
23im ..\‘L T — E 259
17 Drive sprockets with shear E o e
ESEE pin hubs and cluiches g\ |= ) chqnnelnj
0.5m B\l |l-0sm | Adjustable @
s0mm T Water level } | = weis _ = W
yd 1 W <
T 7 o s
Influent — f J O\r = L —— — ia
i WE/le Recessfor Flow ’ S E&;“ “‘l
Sludge <—— _g drive chain S o
o g ! wa
W E depth
o © ::7;1:‘1‘&}": P Travel
g IR | I g i e
60 (min) . 5 50 % 150 mm Flights spaced
A VL approximately 3 m on centers Pivoting flight
Sludge
hopper .
FIGURE 21-3 4 -
beligve

Rectangular primary settling tank. (Source: Davis and Cornwell, 2008.)




Primary / secondary clarifier

" plop e Flight ]
scraper

Effluent

Effluent to
activated

sludge tank or
to receiving

water
withdraw
_ Lo (g
\)\'\g U9 )R
\.)§1/L0 kme )\
\-i‘*gb \5L( V_&
LJ—"J_) k:.k-s 13 Umweltbereich Wasser .::.
_~ Prof. M. Saidan _ e -

r*‘marySetthngTankDemgn
olest \:-tn.) \3

= Sjze:
S ‘L..»%‘u ra

primary o, Q_QLM

> rectangular: 3-24 m wide x15-100m long o, o, (Cy
4 clanficr

» circular: 3-90 m diameter fan G o Uas
?low N
H le(‘\.\Q°e r

= Detention time: 1.5-2.5 hours

= Qverflow rate: 25-60 m3/m?-day < gatramny \Zrﬁé:r‘?
k) I

= Typical removal efficiencies:

» solids: 50-60% —, Al
) )\ Lsp dbww
> BOD5 39\';15/% < o) >o|1d

_ phygicol > 51 1B
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|
 Effects of primary clarifier on wastewater

Compound Unit Inlet Outlet’ N = Cin ~ Cour
Ci

TSS gTSS/m? 360 180 0.5

BOD; 90,/ m3 300 230 0.23

CoD g O,/ m3 600 450 0.25

TKN gN/m3 60 56 0.067

NH,-N gN/m? 40 40 0

NO,-N gN/m?3 0 0 0

NO4-N gN/m?3 1 1 0

Pyt gP/m3 10 9 0.1

Alkalinity  mol HCO; /m® = f(Drinking water) + NH,-N

* Short residence time
:Prof M. Saidan : . | 14

= A Biological Process

=  The objective of secondary treatment is to remove/reduce BOD using

microbial action from soluble to suspended solids.

Organic Matter+ B?&eria +0, > New Cells (Biomass) + Hzo:‘coz' NH,

4 BIOLOGICAL NUTRIENT REMOVAL (BNRY  Excessscivaled sludoe. [ Organisms settis ard basome
| SECONDARY TREATMENT ] next biatch of activated Sksge
14 Toremove colodal sng romis

1 dasoived oanic matssial Activatid-sludge system

Otganisms feed
onoIgane
rmatengl in
axygerrrich
sOVIOnmEnt

Ins

i guast RS L

Activated sludge tetu

Y Ez SRk i
‘\,/ Dizinfection
Ieleaie
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Biological wastewater treatment

l Classification of biological Wastewater methods }

.l i T

( Suspended and attached 1 Aerobic and anaerobic
. s mliet it

Suspended growth process is a| |Aerobic: biological treatment is a
biological w.w.t in which | | process in which the pollutants in
microorganisms are maintained in| |the waste water (organic matter)

suspension while converting organic | |are stabilized by microorganisms |
matter to gases and cell tissue| |in the presence of molecular |
(Activated sludge). oxygen

Attached growth is a biological w.w.t | | Anaerobic: biological treatment is |
in which microorganisms responsible | |a process in which the pollutants |
for the conversion of organic matter | |in the waste water (organic
to gases and cell tissue are attached | | matter) are  stabilized by
to some material such as rocks,| | microorganisms in the absence of
sand, or plastic (Trickling filter). molecular oxygen

Prof. M. Saidan 16

Secondary Treatment Method

Rotatng arm
P

\
¥ o / ‘.‘\\ SN of
/// / / \ S

The Trickling filter

= |t does not “filter” the water

= |t consists of a bed of media (such as fist-sized rocks or
various plastic shapes) over which the waste is trickled

= An active biological growth forms on the media, and the
organisms obtain their food from the waste stream
dripping over the bed.

= Airis either forced through the media

= Wastewater is sprayed and runs over a plastic media and
organisms clinging to the media remove organic matter
from the wastewater.

Prof. M. Saidan ST
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Activated sludge system

» Air is bubbled into this tank (called

From ' J+—Ain

the aeration tank)

| o |

> The microorganisms use the energy e [

and carbon by decomposing this

material to CO, and H,0.

» The microorganisms are separated
from the liquid in a settling tank,
called a secondary or final clarifier || Wane scriased siude

» The separated microorganisms exist on the bottom of the final clarifier
without additional food and become hungry waiting for more dissolved

organic matter. These microorganisms are said to be activated.
Prof. M. Saidan 18

E:E-irnal Clarifier

= The activated sludge process is a
continuous operation :
= one of the end products of this
process is excess microorganisms. * .
If the microorganisms are not /«g’ﬁ
removed, their concentration g
eventually increases to the point | &
where the system is clogged WIth

solids.

-
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-~ Sludge Sources

Sources of sludge

» Primary sedimentation tank

......

R

= Aeration basin or secondary clarifief" "

= Screening and grinder

=  Filter backwash water

© Bitoks Cole. Cangage Lesmng

l. Siudge muét be iréated bercarl;;ei:’ 7

j » they are aesthetically displeasing,
' » they are potentially harmful,
' » and they contain too much water.

M. Saidan o

F’n'?f"
W |

Sludge Types

= No two wastewater sludges are alike in all respects.
= Sludge characteristics change with time.
* There is no “average sludge.”

> Primary sludge

= 3to 8% solids
= About 70% organic material

> Secondary sludge

= Consists of wasted microorganisms and inert materials

=  About 90% organic material
=  Trickling filter sludge: 2-5% solids

> Tertiary sludge

= |f secondary clarifier is used to remove phosphate, this sludge will also
contain chemical precipitates (more difficult to treat)
®  De-nitrification sludges -similar to WAS sludge

E_M _Saidan
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dimentation is the physical operation that separates sohd particles with a density

zher than that of the surrounding liquid. P Léj Y TR L S
supernatant Niq s (Iﬁor wkr»_,au, R P e
a tank in which the water flow velocity is very low, the particles tend to go to the :
itom under the IW As a result, the supernatant liquid becomes

: ed, while the particles at the bottom form a s% ayer, and are then

- subsequently removed with the sludge. by Camy Particle ik

. WP Bleds Loy SIU0Y swn joyer IEEE

- g S : _
)edimentation is a unit operatlon of high importance in various wastewater treatment

- ,The main objective in most of the applications is to produce a clarified effl that is,
‘with a low suspended solids concentration. However, at the same time it is also N

_ effluent A W carfied D L clarfication s, s:dm»ofofa:
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frequently desired to obtain a thickened sludgetto help its subsequent treatm -a 1 Y \ |
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gedimentation Applications in WWT ‘7 4 &=

% Preliminary treatment. ,\p)y frticle Ac
v Grit removal (sedimentation of inorganic particles of large dimensions) velocity prebil =
v Grit chamber - eHIT0g s yoos bottomn 31 o sl 7 53 yals 4
Pacticle \;5; s e ) -
» Primary treatment.  1mm & =) size clardicr 5y sas
v Primary sedimentation (sedimentation of suspended solids from the raw sewage) - sed . ads
¥ Conventional primary clarifiers, with frequent sludge removal _, “Phﬁ 3o o S e
v' Septic tanks udl S sl Lasbiiie W1 pdi W@k tanks i § oo 1 4
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» Secondary treatment.
v Secondary sedimentation (removal of mainly biological solids)
g9 ) v" Final sedimentation tanks in activated sludge systems o Bs )be r S
P ¥ Final sedimentation tanks in trickling filter systems ~—~~"~""> . Sy Gans Qlc, chemical proce

i
w9y~ v Sedimentation compartments in anaerobic sludge blanket reactors | Lo A focere
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are preserved.
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* Secondary
sedimentation tanks
¢ Sludge gravity

When there is a high

concentration of solids, a
sludge blanket is formed,

which settles as a single thickeners

mass (the particles tend to

stay in a fixed position fank
solid  lga

with relation to the
neighbouring particles). A
clear separation interface
can be observed between
the solid phase and the
liquid phase. The interface
éérn%ﬂs downwards as
a result of the settling of
the sludge blanket. In this
case, it is the settling

velocity of the interface
that is used in the design
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Tvpe - Scheme ~ Description - Occurrence
If the solids concentration = Bottom of secondary
is even higher, the settling sedimentation tanks
could occur only by ‘e Sludge gravity
compression of the thickeners
particles’ structure. The
compression occurs due to
the weight of the particles.

Compression constantly added because

& of the sedimentation of the
hindering . e particles situated in the
31 &y ge s v supernatant liquid. With
(5 hinderedy L GLSLG  the compression, part

late stage Ly sy AL IGIES

___c,omfrtmon» d—'Pp
o, Ly VHle sl-agc
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Lo

of the water is removed
from the floc matrix,
reducing its volume

Source: adapted from Tehobanoglous and Schroeder (1985), Metcalf and Eddy?
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= The sedimentation of discrete particles can be analyzed through the
classic laws of Newton and Stokes, According to these laws, the final
velocity of a particle under sedimentation in a liquid |§Egn\s.5{nt that "

is, the frictional force is equal to the gravitational force.  “» Ly Galls B
w \JUAM \)"L-\J bl..._j] \5

= This terminal velocity is reached in the liquid medium in fractions of ac Lud'
second. ,Ll LIS s oy q_,y ML ENEY ku\»ua s

. )»31 velochy oy (4 03..1, Vs zh.;uuy o_,und..nu_,a
L.’.;’ Guulin Vo ) =~ y
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v, = settling velocity of the particle (m/s) »ts size -
g = acceleration due to gravity (m/s?) ARV ®
v = kinematic viscosity of the liquid (m%/s)  ¥e'ecity
: : . o i
= particle density (kg/m’)  pic ST U\.M\
p; = liquid density (kg/m?) Gt q o] 20 t=1 t=2
d = particle diameter (m) ?f?mot)' 3, Discrete settling, showing constant settling velocity of the particles

* The kinematic viscosity v and the density of water p, are functions of the temperature T.

" However, the variation in the density of the water within the usual temperature ranges in
wastewater treatment can be neglected (999.8 kg/m3 and 992.2 kg/m? for temperatures
of % respectively) and a value of 1000 kg/m3 can be adopted.

* ratl

- T(C) 0 5 10 15
@m¥s) 1.79%x 10 1.52x10% 131 x10% 1.15x10°%

AT 25 30 35 40

@m¥s)  090x 107 0.80x 106 0.73x10¢  0.66 x 10

In the range of T = 10 to 30°C. von Sperling (1999) proposes the follow
equation for the viscosity as a function of the temperature (R? 10.08(‘

y=3.76 x 1078 x T-%40
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Fim
s v, is proportional to (p, — py)/ py " ' f; P );(Lr:;m
Vs is proportional to d° &5
Q - = Yolume
2

t v, is proportional to the square of the particle diameter emphasizes the
ance of the increase in the size of the particles, aiming at a faster particle
and, consequently, smaller sedimentation tanks.
g

ole, when the particle diameter doubles, the settling velocity increases

ng velocity of a sand grain using the following data: WL
eter: d = 0.7 mm 5 b W Sl
pg = 2650 Icg/m3 feal data

= 1000 kg/m’
rature: T = 25°C

: fﬁ' the temperature of 25°C, the kinematic viscosity of the

90 x 10~ m¥s. The diameter of the particle is 0.7 x 1073
4.1, assuming laminar flow:

I 1 981 2650 — 1000

1870.90 x 10-¢" 1000

=049ms F& - depth

Vs o

0.7 x IC

’ “ pl.dz =
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» The discrete settlmg of a particle can be analyzed in a settlmg column wnhout flow as well

as in a rectangular horizontal-flow tank with constant horizontal velocity (v, ).

'The theoretical considerations apply to the zone where settling effectively occurs

(sedimentation zone). mox (moe] gead set fonk 3 @ Tl
- — Ls Lo, aq /

the theoretical analysis of sedimentation, it is necessary to assume that: | o5 4

s e O, 292 > \-!-\>\1M >\n, home 3 YRR ILys @

> L opiles »umpi
'« the particles are unlf rmly distributed in et zone; | ;—o\ as Uii
' the particles that touch the sludge zone are considered ,rgr/ngxgg; Py R
" the particles that reach the outlet zone are not removed by sedimentation. feal situd
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' In an ideal sedimentation tank with constant horizantal velocity, the discrete pettling of a

particle occurs as in a sedimentation column.

* The time taken for a part|cle to reach the bottom is given by:

bettem u PP 01 - WY o hele
'y rh M
e 31 Jaws .\,r“u‘gu,, s L. Gals SETTLING COLUMN -

. sedimentation column time = dlstame,\elocnv
W
‘--4-&3 U5 29 Plow H,»dCP‘Hi

M)‘u‘ﬁ‘u&l‘\ﬂ)ﬂﬁl*tc— )‘;-SJ_HZ.
M‘“d’“ nl‘)\\y 0 wdns ) Vs 2 Fbﬂ‘]:cl
& W time = volumc/flow e
o J € " O" 'msl-
wr dasi . ecidana > ir.man Rt

Fdsi 1Pme <z e
— = A s
Q. Qe s sl
vo

y . e, 2 me .\IJ zoflL
AR Y

e H Voo Ga
&7( =2 Lot [N
> | e &)W § “vel
v L____'\_ g Jo¥ |ex— Cloc
o o ¥ A=l ﬁ.“t’
'1!\21'1}»"6-1:;»1.0 22 Plow

o R e

o(s}- dnsbmd‘ safety S kb <+, 51




Aow erub}gy S{d,w\oy ZJ‘C' ﬁ.(\%
N g L Aslad ik by sl BLIL rlics, N 4 W )L

,}Mg\ as yanlk \,p PluTd o L& ¢ sed . Zone (thu)
Coad ot hicle D &:‘u Cge |40 bar buland s _,,L U das \-,,;l‘
B, fonk M Ve sed sfaa»c S edddie (Ll e (e G
) AL fank W pe dimeidion A1 e Uil dimenaion
Zgg\ P ,\-NLI as Yonk DI an\yan Jl-ank A\l UvUAnl Yo

y«d\oj‘g;;‘._'. \-‘“"_)’“ ULL! é\“ J"““L' sed zonC 3)»—’0! AR

-\A)';

dead zod g \:'.i_-l; Sloy Ssla Lig) 4l (echong o1 &
N RS e W 7000 01 Gy Flue Ls L5 s slas
\6*-‘%“ \Nun- \.)..-Ltu. Ul oy-_) uuubu- sedm  Jols, fa rhcls

Volume J\\A\:‘J wuh Qs UL.baang-w 4“"_) -r. o)y 1_‘,» viscou)
BRI, Lo,

forticls 21 >t L e SSGEEIEREEE forlicle i v«
Resultant sias 5 veckols  (sfas Bl g,...., r@‘u“_ L,_,_a L L_.._u ‘-6‘—""““
Jrdolo dot Porfick \sL farhicle B W A ,Lf.n Porct, 1 Wi Ul 1,\4“,

SRR P E R AN S S Gl u&n S RCACTETINE

vottom 3 o7 AR d oL L S Y daab b SLOY R Gt f

\uugé»o 2XiMes \_.:\,.‘[;\_..' \:S&\ :\-b\;-')""‘\ﬁ-b\-‘-dz*\—"’m' )|

‘Pa.Niob o ¢ quwroic oL N v \JN\, sd self liny Vc'“':j b Gue 4ol

) <ide J\wgm) s on Plow o1 Lat 2 Porcts W wsls> s
petteom RV R PR e Q?orm JL}dA \5\,,)[. el w 8‘0"‘*3 ML

‘.a sed cong oL Kol o

(750) Oldo Ay




to remove particles with settling velocities equal to or greater than V_, and knowing the

wastewater flow to be treated Q, the required surface area can be obtained from:)
S i N N W

31 e desian L
{pl:-l s \.2, arca H Q d7 -
e el A: e o0 lr\f 4.
Vg R C T SO
. ) rsalf’d

¥ The settling velocity to be adopted for designg (v, or v;)}s also called gverflow rate or
surface loading rate, and is expressed in units of velocity (m/h), or flow per

hydraulic su
unit area (m?/m2.h).

» v, canbe obtained through experiments with the liquid to be treated or from
literature values (in a design, v, is a design parameter),

s tht? removal of t?iscrete particles depends only on the surface area and not on the
height (H) and time (t). ¢
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# If Aand Q are maintained constant, and if H doubles, the volume V doubles, and es
the time t. The horizontal velocity v, (v, = Q/(B.H)) is reduced to half. S
— W\/\)\/\/La\/_n\/v;-/}\\;‘ v (1)
R Tl

Vv
% Since vs is constant (function only of the particle characteristics), the new trajectory of the
particle leads to its removal in the final extremity of the tank, identically to the tank with a
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» However, ifW% for example through the duplication of the length L,

\Wﬂme trajectory of the particle is not altered, but the particle is

removed in half of the tank length.

» Hence, this new tank is able to receive particles with settling velocities lower than v..
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" In summary, for the ideal discrete settling, the surface area Ais of fundamental importance,
while H and t do not play any role.

‘% The particles to be removed in a sedimentation tank depend on the:

v Settling velocity of the particle (compared with the design settling velocity v,)

v Height at which the particle enters the sedimentation zo
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Particles removed or not removed Plec . )1
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Flocculent settling in a horizontal flow tank Flocculent settling in a settling column
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In flocculent settling, the particles agglomerate themselv s and form ﬂocs tha tend to grow
)|

in size while settling. L Gy (S farkicl
P R
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with the increase in the size of the particles (ﬂocs) there IS an increase in the settling - <.

velocity. Pl OY% el s ey - Goaks Ly
. JJy waul

Therefore, in flocculent settling thelvelocity is not constant as in discrete settling, Ms

to increase. b = et (67
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Since the flocculation occurs while the particles go to the bottom, the greater the chance of

contact they have, the greater will be the floc formation.  setlM)21 >0 model PoY
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As a result, the removal efficiency in flocculent settling is increased with an increase in the , ,m?,

depth H and in the time t (differently from discrete setling). voftdm

Similarly to discrete settling, flocculent settling in an ideal honzontal flow tank can be

compared with settling in a column without flow. Dmduaied M e o)
e QI (3 L cylindec

discrete §o
In the case of flocculent settling, the settling velocity of the individual ‘
analyzed, as in the case of discrete settling. Blocculenk »

Settling column tests are also useful here to permit the selection of t
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* ' In the flocculent settling test, the results are presented in the form of curves or grid,
showing the particle removal percentages at certain depths and times
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When there is a high solids concentra |on arb\lgriet\tg@_s/t\oﬁ){rj\ /

This blanket settles as a single mass of particles (the particles tend to remain in 2 fixed
Ly fachcl c:_‘:.J 3_,

0 hboring particles),.
position with relation to the neig gp 32 lager <& A o A

A clear separation interface can be observed between the solid phase and the Inqmd phase
and the level of the interface moves downwards as a result of the sedlmentatlon of the

sludge blanket. 'ds W= w‘)y et
) wa)o SOI.J )|) w}
For the blanket to Wﬁs the liquid situate underncdll tends By w .)},J
WS T ) jpu loger < Partick 0, G 2_\“ h% o )ém
In the zone settling, it is the settling velocity of the interface thatiis used in the .
sedimentation tanks. Zone settling is also called hindered settling. 1
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= |n a settling column completely homogenized with a high concentration of suspended J
solids, under quiescent conditions and after a short time, a clear interface is formed.
Lsclulk skable c\ear |I<1,
= While the interface moves downwards, the superna;@t liquid becomes cla\ﬁgd and a
\/\
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layer with a higher concentration is formed at the bottom.

= The level of this highly concentrated layer moves upwards due to the continuous increase
of the accumulated material at the bottom, which cannot leave the column from its

bottom. |, |
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= |n a sedimentation tank with continuous withdrawal of the settled sludge from the bottom,

the more concentrated layer does not propagate upwards.

= The reason is that the underflow velocity of the sludge (downward, from the bottom)
counterbalances the expansuon velocity (upwards). —s :\5-*54;\-* b e o
51 mLZfrocx,..w -~ p»-rd_y-\ U’\&UJS Clruabﬂfﬂ"‘ d""" 3 e
= This situation occurs in tanks with continuous sludge removal from the bottom, such as
secondary sedimentation tanks in the activated sludge process.
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wuﬂ with sludge removal from the bottom):
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Schematics present the behavior of the layers created in these twodlstlnct conditions
(without and with sludge removal from the bottom):
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= Aeration is a unit operation of fundamental importance in a large number of aerobic /
wastewater treatment processes. When a liquid is deficient in a gas (oxygen, in this case),
there is a natural tendency of the gas to pass from the gas phase, where it is present in
sufficient concentrations, to the liquid phase, where it is deficient.

L P S W

wastewater tr treatment systems it is necessary to accelerate the natural process, in such

way that the oxygen supply may occur at a higher rate, compatible with the biomass s
Utlhza“on rate. }3: N ULJ,_;, Sa( .-E}‘bl \\bm @_‘_\A“ (e, F o ‘Lol“—“ Lal
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=  Among the wastewater treatment processes that use Ware aerated lag/qons,

activated sludge and its variants, aerated biofilters and other more specific processes.
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= Oxygenisagast that dISSO|VeS poorly in the liquid medium. For this reason, in various w
a
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= |n terms of sludge treatment, aerobic digesters also use artificial aeration.
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= There are two main forms of producing artificial aeration:

@ » introduce air or oxygen into the liquid (diffused air aeration)
(2) » cause a large turbulence, exposing the liquid, in the form of/diggleg, into the ©
air, and also permitting the entrance of atmospheric air into the liquid medium

(surface or mechanical aeration) tonk 8 ALl & 5 po e diofs e, J

tank JL R T diofy > o Ll G (or N diffugion bLE Joan By
= Within these two types, which are presented below: aeration by diffused air and LW L
mechanical aeration pubbling  den tanl€ O\ a5 Pune/,n;a) H
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» The main mechanisms of oxygen transfer by mechanical surface aerators are: o r !

> = Atmospheric oxygen transfer to the droplets and the fine films of liquid sprayed
in the air.
= QOxygen transfer at the alr-laqund interface, where the falling drops enter into
contact with the liquid in the reactor.
2 = Oxygen transfer by air bubbles transported from the surface to the bulk of the
liquid medium.
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» The more commonly used mechanical aerators can be grouped according to: Jo0 1
QO (lassification as a function of the rotation shaft: s> \a, )
« vertical shaft aerators o ‘
¥ low speed, radial flow ~— low speed - radiql °¢

¥ high speed, axial flow
e horizontal shaft aerators > 3s3% <l

¥ low speed low > suffald
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« Inmechanical aerators, the submergence of the impellers in relation to the water level is a

very |mportant aspect in terms of oxygen transfer and energy consumption.
Arual) S\ERIL JWs (v ol Vs s Ly Vel L oLl s gunn &t G S

« The following situations can occur: ) Viaso TO/BUIONL Jaw o \SLsL aeratold
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\ll v Adequate submergence. The performance |sw There is good turbulence and s Lo

drively F
absorption of air with relation to the oxygen consumption. drifusion sl r'?:;‘jm
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12| ¥ Submergence above the optimal. The unit tends to function more as a mixer than as

an aerator. The energy consumption increases without being accompamed by a ()
substantial increase in the oxygen transfer rate. \gldl o7 rEI Gan A1 g1

rurbulonoy 45, % N U.u,u acroter 5 mixer ° &““‘-’ ,Le aefaglor 1 LRI Lle

I/ v Submergence below the optimal. Only a surface spray is formed in the vicinity of the T~

aerator, without creating an effective turbulence. The energy consumption and the ¢ '

oxygen transfer rate decrease. N2 o Tk RN I
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Typeof : efficiency
terator Charactenstics Application Compaonents Advantages Disadvantages (kpO>/kWh)
Low speed, Similar 10 a high flow and low Activated sludge and Motor, md{xccg High oxygen transfer.  High mitial costs. 5 14-20
radial flow head pump. The flow of the variants. Aerobic impeller. Fixation Good mixing Careful maintenance M S\
liquid in the tank is radial in digesters. Large units (bridges or capacity. Flc.}nhlluy in  of the reducers 1s ) ¢ 4
relation to the axis of the motor.  aeration units with platforms) for the lhf; design u_t the tank.  necessary. (@) ) Vol
Maost of the oxygen absorption  depths up to 5 m, fixed acrators (more }‘hgh Pmnpl?g‘ i KW 1 g s% N o L
results from an induced common). capacity. Easy access . ¥ X o =
hydraulic jump. Rotation speed for maintenance. r_( )d iy e ¢ R
o~ 20-60 rpm. bz = = B
High speed, Similar to a high flow and low Activated sludge and Motor, impeller, float Lower ml}ml costs. Difficult access for 10-14 O
avial flow head pump. The flow of the variants. Acrobic (@ reducer is not Engllx ad,\'mmhlc (1Y m;'m.tlcnancc. 'Loswr d—=ty
liquid pumped is upwards and digesters. Acrated needed). variations in the water  mixing capacity Kw JEL)
follows the axis of the motor, lagoons. leyel. flcxlblc Oxygqn transfer not \" a s =
passing through the volute operation. very high S U‘:_‘“"
before reaching a diffuser, vl % mater 1 <la
where it 1s dispersed p— -~
perpendicularly to the axis of i 2l >lo
the motor in the form of a = E I ’;' G ==\ \
spray. Most of the oxygen y 0 <5l Sy ) aeratenr
absorption oceurs due to spray F QAT TN S T ) s Y
and turbulence. Rotation speed: € S@' “( L
900 - 1400 rpm. s
Horizonga] Tho rolstion 1§ aroond the Activated sludge Motor, reducer, totor. Moderate mnmﬁm‘ Limited shape of the 1220
shaft horizomtal shaft. When rotoris  oxidation ditches "—"f‘)‘ to ""‘“"“"“A'. jF tank Low depth .
rotating, a large number of fins  (depth less than 2.5m) locally. f‘f\-‘ dft\\ﬁ .: q:; “nmm‘ g
perpendicular to the shaft cause pInmaieaance '\.'1‘1"} ‘r:“(;-mm lon .
acration by spray and ~”J‘I\\lcr Mi‘“ X
incorporation of air, besides i dhigh

providing the horizontal e
movement of the liguid in the ik a ‘ a r
reactor. Rotation speed: he

— 20 - 60 rpm
. j, Malina (1992), WEF & ASCE (1992)

S. ree \uu\.nlul%lj Qusim (1985), Metcalf & Fddy (2002
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The diffused air aeration system is composed of diffusers submerged in the liquid, air yhe g Sasfl

s
distribution | piping, air transport piping, blowers, and other units through which the air { L i
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The air is introduced close to the bottom of the tank and the oxygen is transferred to the Y1

||qund medium ﬂhﬂg;@ b\bbLnses to the surface. tonk 5 Z:?TE Vo' > aad) ads o e
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The main diffused air systems can be classified accorging to the porosity of the diffuser and ~ o >
the size of the bukble produced: >l
» porous diffuser (fine and medium bubbles): qube (CQMSJUC ‘-Pupw;
fLe\be@__rgg_rr/\_blrane) ety L \plia Rpp ks <l
» non-porous diffuser (coarse bubbles): W miclo A

» other systemS' jet aerator, aspirating aerator, U-tube aerator. -
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Avacemi s suck.nﬁ FutL
Q Aspirating devices have an impeller at the lower end (immersed in the liquid), which, when
rotating, create a negative pressure, sucking in atmospheric air through a slot situated at
the upper end (outside the liquid). 3= ox&mqhon STERCNES e
Fank 31 ITg. park
Q Airis diffused into the liquid medium in the form of small bubbles, which are responsible
for the oxygenation and mixing of the liquid mass.

Q The aspirating aerators are presented in some texts as mechanical aerators, since they have
motors that rotate outside the liquid, and in other texts as diffused air aerators, because
they generate air bubbles in the liquid medium.
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| The diameters of the bubbles considered in the classification of the aeration type are:

5ur£(w A i A= fartcl 3 size N dg
v fine bubble: diameter less than}{/rgm o WS Pory Talels bubbll b » g
v medium bubble: diameter between 3 and 6 mm 2L %5 contach it
P i -

high speed at the bottom
of a tube, which sucks in
atmospheric air through
the orifice at the upper
end of the tube

activated sludge

Conceptual simplicity.
Maintenance relatively
simple.

mechanical acration or
fine bubble systems

e Qasim (1985), Metcalfl & Eddy (1991), Malina (1992), WEF & ASCE (1992)

'y N v' coarse bubble: diameter greater than 6 mm diffudion (oL U fio bob"-fj
{ P~ . A p '
k‘ " Jes¥l 50 P'I’W buMJ|CLQ\ u_”
b, ' In general, the smaller the size of the air bubbles, the greater the surface area available i J: g
A ratipn
‘ % for gas transfer, that is, the greater the oxygenation efficiency. For this reason, aeration ’
NS k. B o fan |
~y systems with fine bubbles are the most efficient in the transfer of oxygen. .
Il 4{4
4L " The oxygen transfer efficiency of the porous diffusers decreases with the use due to the
“. internal or external clogging. The internal clogging is due to impurities in the air that are
not removed by the filter. The external clogging is due to bacteria growth on the surface,
or the precipitation of inorganic compounds.
The oxygen transfer rate can be changed to adjust itself to the oxygen consumption
through the control of the blowers and the air distribution system, thus allowing energy
savings. 5 tonk e u\,.uw be oS0 209
asplfohon 2N signa) Teb \glny o L 0o 3 taud
4 \yad = 51 pybbling D1 ila¥ien )i »'p Lol L-
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\aracteristics of the main diffu -
Average Standard
standard oxygen  Oxvgenation
ion transfer efficiency
Characteristics Application Advantages Disadvantages efficiency (%) (kg0 /kWh)
The bubbles are Activated sludge  High oxygen transfer. High initial and 10-30 12-20
les oduced in plates. discs, Good mixing capacity.  maintenance costs. ~ e
E)l:bL‘:(\l’ d]ompcs. made of High operational Possibility of clogging G% E’f; )‘:‘ > _g
a ceramic, glass or resin flexibility through the  of the diffusers. Air a)\Ls s oka
medium variation of the airflow.  filters are necessary. = <O Us Slauw
wum The bubbles are Activated sludge  Good mixing capacity.  High initial costs. Air 6-15 1.0-16 ;'_;' L as
les produced in perforated Reduced maintenance  filters could be {cs
membranes or perforated COSts. necessary. 3=
tubes (coated stainless
steel or plastic)
se The bubbles are Activated sludge  No clogging. Low Low oxygen transfeg 4-8 0.6-1.2
les produced in orifices, maintenance COsts, High-energy
nozzles. or injectors. Competitive initial requirements.
costs. Air filters are not
o ) IIL(L\\IF\ e
rating  The bubbles are pmdm;d Aerated No xlu"Llll' Airfilters  Lower oxygenation - 0.6-1.2
tors by a propeller rotating at ~ lagoons, are not necessary, efficiency compared to N
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@actors influencing the oxygen transfer e e e
OLe e A i s, AT S S v e )xg..su ol e

as func of I(’mflu»)—u equf Fabl@ s des L‘a o,fL g T LoI0) Gl

' a) Temperature
a \AS‘ LSLD‘P\N'JJ' No J) J._£| 0/'_/" Q‘W)\us )3;:._3&] DO J) \):0443

3 5
The influence of temperature occurs according to two apparently opposite directions: & ot
» Influence on the saturation concentration (C,). The increase of the temperature
causes a reduction in the saturation concentration C,, which implies a reduction in

klﬂf’"lu | ¢
the transferrrate dC/& ‘WDO it 3 L)_ 51 Cs T4
v A d OHNOG) med\ \_& ¢ 3 S ¢ "J, { -
yo 2 \Lo \__L.Q) \:,J.Lf G - ! siag }-"’ [ Vo

» Influence on the mass transfer coefficient K,a. The increase in the temperature
causes an increase in the coefficient K, a, which implies an increase in the transfer

rate dC/dt.
: / » C Kl -79)

where: |
Kracr = coefficient Ky a at any temperature T (s~ ') r

Kia0y = coefficient Ky a at a temperature of 20°C (s=!) |

0 = temperature coefficient. Usually adopted as 1.024. |

Prof. M. Saidan T 12
" el o U Jaenn B LS e b L) s
b) Atmospheric pressure (altitude) lpawisl dles stadiial iShal (O) A 4adies L

A0 AEGa s Top 2l 0 TS T Ao, du

» The influence of the altitude is manifested in the oxygen saturation concentration (the
greater the altitude, the lower the atmospheric pressure and, therefore, the lower the
saturation concentration).

P wf’ﬂ corvection factor C H
) adB conc. Nop o weew Stp o oo (1o
- = ¥~ ¢ 9450

elwl >9p 5w \.»y:y“‘)y s
where:

oo | fit|= correction factor for the DO saturation concentration by the altitude ()
“ | C! k= saturation concentration at the altitude H (mg/L)
H (= altitude (m) actual DO)I(S C ),CG . \-t‘ \JJ’: S Voo
5.y ‘08 Gl J= 15, L& o, FFasion A G

c) Dissolved oxygen concentration - o ‘ TGl W\ e drfving Rorcg )}u_- J&
» Under steady-state conditions, the greater the dissolved oxygen concentration (C) g‘%
maintained in the reactor, the lower the value of C, - C, that is, the lower s the oxygen \.’L" ﬁo:‘;

transfer rate. eg U’ actual Y Al N Iy
> For example, in activated sludge systems, the DO concentration maintained in the reactor #2:€ - |2
is usually in the range QAf/l\C/)ic/)\Z/O\rpgj\L, & of OXd t
) 5l 2 G 51‘\\*&.».: B
s Prof M. Saidan anearboic (o Sy A O G ‘ﬁ:
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» The Mg@s of the wastewater being treated and the Whe <4 s
reactor, which are different from the test conditions in which the oxygen transfer is Lol e T_Ji
measured also exert an influence on the actual transfer rate in the field, under operating

sabd conc . of 00 )1 Gis Guis
» This influence occurs in two ways: R g
o’s) ‘}lﬁ-ﬂ.

/
The presence of salts, particulate matter and detergents

dsan « affect the saturation concentration of the liquid in the reactor. This influence
4s -3 L can be quantified through the following correction factor:

Gw N
D_ Cw(wastewater)
"~ Cslclean water)
The values of B vary from 0.70 to 0.98, but the value of 0.95 is frequently
adopted (Metcalf & Eddy, 1991). =

Q Influence on K,a. The oxygen transfer caefficient is influenced by the
characteristics of the wastewater as well as the geometry of the reactor

and mixing level.

The correction factor is:

Ky a (wastewater)
K| a (clean water)

—
Typical values of « vary from Qé/tQ/l\Z’ for mechanical@eration
to O 8 for diffused air aeration (Metcalf & Eddy, 1991). "\~

b 4
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% recieve




1o Pec hour
Fonk i

where:
OTRundard = Standard Oxygen Transfer Rate - SOTR (kgO,/h)
OTRgeig = Oxygen Transfer Rate in the field, under operating conditions
(kg0O,/h)
Cs = oxygen saturation concentration in clean water, at the operating
temperature in the field (g/m’)
C = average concentration of oxygen maintained in the reactor (g/m")
C,(20 “C) = saturation concentration of oxygen in clean water, under standard
conditions (g/m?)
fi; = correction factor C; for the altitude (= 1— altitude/9450)

= see comments
@ = see comments
8 = see comments
T = liquid temperature (°C)

In a wastewater treatment plant the supply of 100 kgO,/h is necessary un-
der operating conditions, using a mechanical acration system. Determine the
Standard Oxygen Transfer Rate knowing that: b 3 i) e

— \u-.u e s\:m"%\
= Liquid temperature: T = 23°C M e o
® Alitade — 800 m Jiffut 3 Quo aeiation syg
* DO concentration to be maintained in the liquid: C;, = 1.5 mg/L

Solution:

g Adopt the following values for the parameters of Equation !
S g

o #223€, (20°C) = 9.2 mg/L. column 0 m altitude, for T = 20°C
' 07 ¢ C, = 8.7 mg/L, column 0 m altitude, for T =23°C

&= 0.90 (see comments for Equation 5.24)
B |= 0.95 (see comments for Equation 5.23)
0 k= 1.024 (see comments for Equation 5.21)
According to Equation 5.8 the value of fi is: .
= recleve

b altitude 800
s e T =1 - —=0.92
'; C) =1 - 5450 9450

N




G~ C;

T-20
C,(20°C) %
o 100 100
= 095x092x 871, -
15 0.9 x 1.0248-0 062
9.2
» s U\S (€14 i't:‘“ ':.3’3)' i<
The final results are: 15 t’dl.iniu o
OTRgetd = 100 kgO, /h (given in the problem) 50/, 1ds1 Ratic .
OTRstandard = 161 kgO» /h A Hou netd re lola,

Ratio OTRsea/OTRyaniwrs = 100/161 = 0.62 = 629 2 [mIglt orefher oraies

>¢Therefore, it can be seen that in the field the aeration system is capable of e
supplying only 62% of the capacity under standard conditions. For this reason, >
to obtain the value of 100 kgO, /h in the field, a system that supplies 161 kgO, /h

under standard conditions must be specified.
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3

sludge has been used to designate the solid by-products from wastewater
treatment. LoS g, sec 31im Pl

= In the biological treatment processes, part of the organic matter is abso 7"
into microbial biomass, generically called biological or secondary sludge. This is mainly - K
composed of biological salids, and for this reason it is also called M ychet o

The utilization of this term still requires that the chemlcal and biological characteristics of

the sludge are compatible W|th productive use, for le, in agriculture.
Hao ) ole) sludy

_\\\w-\)u )\»\Arwr q._.)

‘= The term ‘biosoli s’,as a way of emphasizing its beneficial aspects, giving
productive uses, in comparison wnth the mere non-productive final di

landfills or incineratjo 'iu 3 ;s&gtu
at o' ¢

. Although the sludge represents onlyw of the treated wastewater vol
management is highly complex and has a cost usually ranging from 20% to 6(

operating costs of the wastewater treatment pla nt. b vl
Gl GLe 8OV 91 Gaxs \EE (kg

\

LS
& B ides its economic importance, the final sludge destination is & o

because itis frequently undertaken outside the boundaries of the
2y o0 s z.:\-o iy jL*‘ i) 5

(, o sAB 5 %s\a\' o L A
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» The amount of sludge produced in wastewater treatment plants, and that should be

dlrected to the sludge processing units, can be expressed ln terms of mass (g of total solids
A , 2D k ‘

wel slodge 51 dry sludge  apdo L sludge )
3)\«\&»_, :LJ.:;J«L osle g,sy‘-"-z_w Jr:j 15l
(e wov Lo Las wet (,sll&atbl, bon 5\ g P
Condf"ow )l s Uu.... ssins 3B ¢ P

PPRARY ol ﬁh-. q,._g-g_’ o‘l‘j I\.K »

T -

For a 100,000-inhabitant cc;-r'wentional
amounT of sludge in each stage of the
sluage treatment.

Solution:

Sludge removed from the activated
sludge system, to be directed to the
sludge treatment stage:

P

The activated sludge system produces primary and secondary sludge
Sludge mass production:

* Primary sludge: 35 to 45 gSS/inhabitant-d
* Secondary sludge: 25 t gSS/inhabitant-d

* Mixed sludge (total production):MgSS/inhabitant-d




gludge mass production: ,;Jt‘ooﬁ'\.’;-é'“‘,
”~
¢ Primary sludge: 100,000 inhabitants x40  gSS/inhabitant-d
4,000,000 gSS/d = 4,000 kgSS/d artt®
« Secondary sludge: 100,000 inhabitants % 30 gSS/inhabitant.d

3,000,000 gSS/d = 3,000 kgSS/d
» Mixed sludge (production total): 4 000 + 3,000 = 7 000 kgSS/.d

Sludge volume production: > = 7y Ll L

o Primary sludge: 100,000 inhabitants x 1.5 L/inhabitant-d = 150,000 [./d =
150 m/d AP ——

« Secondary sludge: 100,000 inhabitants x 4.5 L/inhabitantd =
450,000 L/d = 450 m/d s Sglne. Mg

*  Mixed sludge (production total): 150 + 450 = 600 m’/d

ey A
sldclg( N LW OLs </°n
D dgeoe Guo  webk 15

%) fd—ﬂ“«ﬁtt’}' wé\s?ﬂ '

Density, specific gravity, VS/TS ratio and percentage of dry solids for various sludge types

T~ sludge Ji valohilC Specific ~ Specific - Density ~  sais
Proc®  _"eas §v . VS/TS  %dry gravityof gravityof  ofsludge  “Lwoal
ypes of sludge Ratio solids solids sludge (kg/m?) L
Primary studge 7075080 26 LI4-118 1.003-1.01 1003-1010 1ui‘§2
Secondary anaerobtc 0.55-0.60 3-6 1.32-1.37 1.01-1.02 1010-1020

sludge )«
Secondary aerobic 075080 0.6-1.0 1.14-1.18 1.001 1001

sludge (conv. AS) =
Secondary aerobic 0 0.65-0.70 0.8-1.2 1.22-1.27 1.002 1002

sludge (ext. aer,)
Stabilisation pond sludge ~ 0.35-0.55 5-20  1.37-1.64
Primary thickened sludge  0.75-0.80 4-8 1.14-1.18
Second thickened sludge  0.75-0.80 2-17 114118
(conv. AS)
Second thickened sludge — 0.65-0.70  2-6 1.22-1.27
(ext. aer.)
Thickened mixed sludge — 0.75-0.80 3-8 1.14-1.18
Digested mixed sludge 0.60-0.65 36 1.27-1.32
> Dewatered sludge 0.60 0.65 2040 1.27-1.32

- K
)
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Anaerobic digestion R e P
| p T ockve
= The word digestionin wastewater treatment is applied to the stabilization of the organic
matter through the action of bacteria in contacm/im/thé;sludge, in conditions that are :

favorable for their growth and reproduction. s e “akss LG Ly o
st digestion JL aevobic  \olS sec 3 sec Il Primary O actRe!

N ) o od N Vs li Adlee |5 S 151 acerobic 5 Biegas I \Fab 151 anerobic 0Nnearo b

=« The anderobic digestion process, characterized by the stabilization of organic matter in an ~*’

oxygen-free environment, has been known by sanitary engineers since the late 19th v
P D <
century. = ¥ Qs Free
min

Comparison between raw sludge and anaerobically digested sludge

Raw sludge — frimary ige ol Digested sludge , +-vi--

S5 SEC i, anaéfobic
di 3’('

Unstable organic matte acHie ouas Stabilised organic matter
High biodegradable fraction in organic Low fraction of biodegradable organic
matter Wb § O\ W C T atter

High potential for generation of odours J= Low potential for generation of odours
High concentration of pathogens Concentration of pathogens lower than in
raw sludge

Prof. M. Saidan 7
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A S NGE qenckor e s 136 (A-0)7 L Taitd 0 Tl 05 @ockor

nom o s e w1 UGe ) ks s dwan LGy (See Sl g

st o '0;3:79\:&3%.;1-\_9 &)'-.5.- C_slb\a—o \__'31‘;‘:‘ W hondli’n:g ) 5 MmIXing

= |t is desirable to have solids concentrations in the raw sludge fed to digestion in the oral)er of
M\%. Higher solids concentrations can be used, as long as the feeding and mixing units

are able to handle the solids increase. Solids concentrations lower than 2.5% are not —, e

s
e — Ww,, Lads

recommended, as excess water has a negative effect on the digestion process. 1)) But, sq J} :
/-\/\M ~— T — S L _'C; f
oyt Lyl EXtn oF 0 G dfluted T &

= Anaerobic bacteria are sensitive to several substances that, depending upon their a1
concentrations, are capable to completely stop the digestion process. The main inhibiting < 34~

. Operany 3\

? - . ’ '\:>4 r;:f‘.‘!NPi
detergent, oxidizing agents and inorganic cations. Bbovpiled (C1g-35) P9)ss o s
Foamile,:p dekg,,w ¢ )9S &}:S‘,“ ANB 5l ) sludge S sl Sl G S, e

agents are hydrocarbons, organochlorinated compounds, non-biodegradable anionic

o6 o

= |n a conventional activated sludge WWTP, mixed primary sludge and excess activated sludge “%¢

are biologically stabilized under anaerobic conditions and converted into methane (CH,) and i
bon diexide (CO & Biogas > C(Hy k (0, , athorgo: s vl
carbon dioxi e(f\/{)/. 2 4 L '(:"3-1-; -

= The process is accomplished in closed biological reactors known as an\:{e,rgbic\sl/udige
digesters. Digester tanks are fed with sludge either CQQEir]quSly Qrin batéhes, and the
sludge is kept inside the tank for a certain period of time previously determined during the ;
design phase. s 18-25 V¢ _ batch T ol Lk
R B ask N 8 orecie
®= The sludge and the solids have the same detention time in the digester. 1 Tha
{5“ :_’u\— b mix ¥ e
Prof. M. Saidan 3N g LIS s Co g\ (us (@1
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Typical design parameters for anaerobic sludge digesters

Parameters Typical values
Detention time (0,) (d) 6 s10dgC J) e 18-25 - &= Bl dol
Volumetric organic load (kgVS/m*d) s ﬁi’( 0.8-1,6 35 6w SS
Total solids volumetric load (kgSS/m*d) Y& 9;; 1.0-20 pm o pol
Influent raw sludge solids concentration (%) u:;» 3-8 feed) S0 Jas
Volatile solids fraction in raw sludge (%) S0,y €« 70-80 SIS, o

Efficiency in total solids reduction (% TS)  solid L1y 30-35
Efficiency in volatile solids reduction (% VS) 31v9y115.  40-55

Gas production (m*/kgVS destroyed) o'« ’:’;f Ji"‘_ﬁf 0.8-1.1

E;TA) ¢ v (1€~ 25)
Bresh \Sals 5 15 1L,

E_JIQ-@ Row S Iud?(

Calorific value of gas (MJ/m’) 4 56 volaitle 23.3 “ i
Digested sludge production (gTS/inhabitant-day) “\rl‘w 38-50 G LE el
'Gas production (L/inhabitant-day) 0% 20-30 ry & L bogas

Raw sludge heating power (MJ/kgTS) )’—\.k‘”t""",* 15-25 d%es}ef Utas (3 5
Digested sludge heating power (MJ/kgTS) %29 ;:of? b I R

bealc Flow raie

Source: Adapted from CIWEM (1996)

" T reduckion I gfoga: 352y
B AP bioaat LA Bl
Prof. M. Saidan - 80? production 9
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Typical formats of anaerobic digesters (adapted from WEF, 1996)

CYLINDER-SHAPED ANAEROBIC DIGESTER - }3 pe EGG-SHAPED ANAEROBIC DIGESTER - Mype
pressure “U-u—:a foam Jf_:k_>
valve % breaker .
s Cogf::r:ilng pressure
fixed . vatve supernatant
cover Fouﬂ;{ ?
supernatant
outlet
v
Jinesled sludge
digested sludge g o dlsch;vge
discharge

Prof. M. Saidan - 3
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Design of anaerobic digesters “5“3'“’ Ao, SIS ¢ hepgnt

]| L-_&s slope S bottom 3L
> Most cylinder-shaped sludge digesters have less than 25 m diameter. 7> fonk 1 gu bottom
AN A

3> SIOFC w O

> Traditional design has a height-to-diameter ratlo ranging from/l\z/@_/lé,and up to 33° 33% “:

Flow

LAY w ) N u-a.ul,, \0 u.c.'u... dl ester Gle oV
> Nowadays anaerobic digesters are also being designed with a Mw( ratio
and a small or even zero floor slope. “3S31< 3 3 35 $UlS” ST 5 pe s gandl b

~—

SeEmi- bakmu\ﬁ p‘OU-d -MAK’LA Pf'CO,'nj Jo vy -Ls Q& rou
» Until the 1970s, the anaerobic digesters were designed for 25-30 day detention time to ™ «

n-

counterbalance possible volume losses due to sand accumulation, high water content of \_)'7 Yoo
i

the raw sludge and deficiency of the mixing system. 2B-30 »» daw fed!

.

very smofh

91

""":"f“:ﬁ

> Nowadays, there is a trend to reduce the detention time to 18-25 daysin warm-climate  Yol#
S~— /\/\/ —~

A O
re\gu;)\ns. (c(ﬂcte %w m.,n slasy \59939.1‘:\/ sl ,,\» St ign -
‘ _ Cus Aot st s A 4
» The required volume for the sludge digesters is given by: S home  yoaa (a.dcu o
CJ‘“ L@w\,w\j,n g%( ) e w\S\,\uQn > 55 59 \JyJC_m .\S AR L\b\‘\.-‘q B e
ya = e —— & Loy ¥ 1_.\4, LLru
\f"‘D L)“J‘(“ N lnﬁucnt VS load (kgVS d) - JLN wlofill D\ ge Tl ¢ o
by Gy N B |V = OV Suone $ sesh
= \olu'ndnc organic loading (kgV.S/m:= d) 2 olg so 't
(\"J\o")\‘ mj\bt o y w e N G 3!6305
(LIOUOS I\ gley o \}>> m? fk_'h K@VS ) _,_,\_.H : e

Jl \3 ‘ Y 7“\- Bt :
B e
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Mixing 1n anaerobic sludge digesters

A

\ o

N

fada"w HM_” \.'J_,,', ol
Vo (G L
cff ?"*«)_7‘ sS4 (U0

O The maintenance of a homogeneous sludge medium within the di

geis’%%r isLa fundamen?tal
i ' 2 mixe - hme :
requirement for its good performance. \g‘)\}\ xer oL ; ) mixing o)

o Lo \s® homo S drase 20l volume L
O Keeping homogeneity is assured through sludge mixing devices, aiming to: Yo Wi 8L

v' assure the internal medium uniformity from the physical, chemical and biological £' L34

points of view,

S UL A, G\

G LI LE Y, slu

¥v" quickly disperse the raw sludge when it enters the tank, : . ye
¥v" minimize thermal stratification, avoiding temperature gradients, $A47 AR ﬂ;‘w Jo 1
¥" minimize foam formation and inert material (mainly sand) accumulation, . > ag
¥v" maximize the useful volume of the digester, minimizing hydraulic short circuits and the
occurrence of dead zones,
¥ dilute the concentration of occasional inhibiting agents throughout the digester volume
Bioqas )i
‘ 'j\‘n &'mU; S 1Udgor _u, :
\ s bottomJi v mpeller
| T2 Tep = . A ¢
| Wss, shieam (\’3‘:' e TIPSy J3%
| boHo M1 v ’?‘r' ‘; : £ l’ Frace s
\ o ] = -
E s é M W ' OCC’ ’ J—Tf J‘/(_’f _,L-i J
= 5o bubb|] B e 2 PARE ¥
“eo 1 ! < &..QAJI' 209 O«:\J.D ZOM ¢ Uacg
A T = o “ l r&h_\ m' o - > L&)
— = = . X AT 2 s
(@) Mixing through recirculation of J.‘i (b)Mixing through pumped @Mnxmg through mechanical o
pressurised biogas -, 1< recirculation of sludge mixer X 7 oy Ui
3 e Sl e e Y ec
Prof. M. Sgidan 13 9% o & 2:U8 81 45 b Lot 13 NLY e
< sabh o8 4 Suﬁqf I Gla Feenre c o |

] o
315 <51 Gins SUL (08 10 o0 2 I e e s

L Q_O 4 + [
= = - = VT X1 1 i =
2 baf pLd e miviy (2 i s I I S T

Two-stage anaerobic sludge-.digesgﬁog;,system

v

biogas

_/JT-\_
|
|

digested sludge Supernatan -
Thickened g ey
sludge
o O e, N
mj hfl/j L o ; 4
}Tr,“,“‘“-"_dfg"?‘“ f/rmi'lnj Secondary digester (5 fosy F\’Mj’i"’ “_‘L‘m' ?D’.ghndsludge
(complete mix) , - i * : ce N LUs e L : "
L g oge SCPCJ we Presh (o1 Gl 9ab = Budus Reod
UGl wive® oG- NG
———= e - : T r——— o D 4
| » The primary digesteris a complete-mix reactor responsible for fast stabilization of the "% 1 4

organic matter,

» |n the secondary digesterthe separation of solid/liquid phases‘prevails. Secandary
digesters usually do not have mixing or heating systems, except when designed to
replace the primary digester during maintenance periods.
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« Anaerobic digestion processes produce biogas, which is basically a mlxtEre lof me hane CH,), |

carbon dioxide (CO,), small concentrations of nitrogen, oxygen, hydrogen sulphide (H,S) an

traces of volatile hydrocarbons. )
= Biogas production in anaerobic digesters is directly associated with the raw sludge feeding. -~

Maximum biogas production in anaerobic digesters fed at regular intervals along the day

. )
normally occurs 2 hours after each feeding. 29° - w*= 1kg \/Se &=
0a0 S

= The production rate of biogas may be estimated as 0.8 m3 kg volatile solids destroyed, which
is equivalent to apprommately/z\sfl_&w

= Biogas density and thermal capacity vary with the composition. The higher the methane
concentration in the biogas, the higher its heating value and the lower its density.

= A 70%-methane biogas has a heati wer of approximately 23,380 kl/m? (6.5 kW/m?).
* As asimple comparison, natural gas, which is a mixture of We, has

a heating power of 37,300 kJ/m3 (10.4 kW/m3). 4l W osys < M\ S
Cf570305) L.s;—él )Ln-)l u_wu}w ‘_\_n_,_._u| SH‘ '\ g
[ Poor mixture for combustion | Inflammable mixture [ Mixture too rich for combustion |
LEL = 5% UEL = 15%
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The main characteristics of themblogas*components _ |
oo \ o) fana¢ 11 e ;
E) = tﬁ‘ nﬂon‘ﬂabl)g ” "
O Methane (CH,) — odorless, colorless and inflammabl (explosive limit) between 5% LEL
and 15% UEL. The relative density (0. 55) is lower than air, being easily dispersed. I is not
toxic, although at very high concentrations may re he air oxygen concentrations to
/\/\4
asphyxiating levels. W2 ¢ sC01 T OS50 VU USule ungull U pl-Gue CHe D1 &
/\/V\GQS-C“H )\WW b"wb‘ L.Ld OLJ‘ds‘J's COy r.(l).ll Caasyl 13
O carbon dioxide gas (CO,) — odorless, colorless and non-inflammable. The relative density
(;\Sixm/\ﬁﬁgh\er/th\ag@r being asphyxiating at concentrations above 2%. oyl ~jp L
s\ \_J\J.;:EJ-AU Gads 27, o=
O Hydrogen sulphide (H,S) — colorless, infla ble and with a ch —
smell. It has a relative ensity (1.19) nearly equal to air and Mi&% Itis

-
CJ

|rr|tant and asphyxnatmg Concentrations higher than 1% leads to unconscmusness N
!,9 ; Le_uu) S = h
\‘ﬁ’“\*%‘ ) L Gas % (volume/volume) » k»l—\.u]\ S\ S
g 1ip\eley Methane v €V ds asumy ¢~ 62-70 e b, b ehqc.t’rer

L6 caats Carbon dioxide ~ “S\» s * 30-38 .
' )_,g v Hydrogen sulphide  s9¢>  50-3,000 ppm e \@L«u anoerob- 8

S Law Nitrogen Mo ULLE 0.05-1.0
~>Oxygen 0.022 o PR g | ﬂbg
j«l—bu(:“ 4w ¢ Hydrogen <0.01 ekl F o 4,_5‘, Ul Lo \,b_,snh
}E!crl\‘apoiur?) Saturation ‘“_5’\~P S \)\J)M‘u e
GX O\ P ' w;y\ RNV

QW gus N - B
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Typical mass and heat balance of anaerobic sludge digestion

224 m’ biogas

TS 5 vs B s
V¥

5,219 MJ of calorific power

AV

;_l._f' L’—)":‘-“"".h

ﬁiOﬁOSDS \‘_)M Z:Ll'pj _“\A,)\_s OL.A
ma x 5
i LUCt' : dl/ D s C
# 1,000 kg TS raw ) éL &5 'Ud(j(’,c
primary sludge wel- | 51 dfj s
i [280 kg VS dcslruycdj 290 ki T8 digested dind slu d,‘j( 21
C Cas )\l - 700 kg VS (40%) 3 GG SROge solid < conten
. \ éJ\S\F 23.(“5) MJ of BC : 9,360 MJ of calorific power ' € "’
B50 calorific power Fo0 ky 2 gv G0/, I Gw farhid
LLJ}.L lmﬁg A< Hp— L D Vs ove Jisw (6-15)7.
: ‘ o S rn ’
\ XLLJ e e s (5‘0 e . & g8 T ek . wek i1 (e ':(55 L ur-‘U
8 &y Jig- o VS N odh o 0ad VL TS N awles - ¢ -
Y3 |« rawsludge heating power: 23 MJ/kgTS x 1,000 kgTS = 23,000 MJ [0 ruy
amount of volatile solids destroyed: 700 kgTS x 0.4 = 280 kg VS y a0 solid contenkt
D) arpount of digested sludge: 1000 - 280 = 720 kgTS 2 “r 2 e ¢
091 |®  digested sludge heating power: 13 MJkGTS x 720 kgTS = 9,360 MJ. =, U3¢ | 919 s lbse o
e  biogas production: 0.8 m3/kg VS destroyed | 28" koiid o (5-6) 7
eff 4  biogas volume produced: 280 kgVS x 0.8 = 224 m? U2 fewel 31 g L & 7 -
»  biogas heating power: 23.3 MJ/m? x 224 m? = 5,219 MJ Row 3y &ty g | 97 95 7 5 conieni
Wann L, B:'ogo: JFETECH SIUdgth-sk' €07/, N\ Oogr Sl Le GALL Ga
Qiomon 4 o L. i i

> subshae 5\ gp 31 Y% mas

C e e e 3 A

s \on L giomux ) Sle, | yo (A fLQJ’n-‘CUy S3v (S
Prof. M. Saidan 9,‘,’“,09 st suypuGar s, 17
phugical o Jo't Rio conlet 3\ Prfmary b sec 5 e T <¥ Jo.
T < =4 P le“‘-n.) |\ yeo

~ high otV < OS b e €C Ji¢ solid port. Sl Content
Quiis” Lel> clordir 31 Gy Sl sludge 31 el ee of Bio carbon
WSSy \f‘s volume gv Ja=) Kg AV s sludge o1 slg ’c‘;snfc;‘)'}&
The raw sludge heating power ranges from 11 to 23 MJ/kgTS on a dry weight basis,

depending upon the type of sludge and the concentration of volatile solids.

The digested sludge has a lower heating power, which ranges from 6 to 13 MJ/kgTS due to
H H : Y
the smaller concentration of volatile solids.

Heating is necessary in cold weather climates to compensate for heat losses through the
digesters outer surface and to raise the temperature of the raw sludge fed daily.

_Q{“*) kzd)\_)’)\i'b&;&:d.) d.«irmr ))
Biogas can be used as a heat source for digester heating. o ... e ey
S Bogat Ol G (2 Jelin LG8 o uame 204 Gl B8 ) (o

® Biogas is used to feed the furnace afnd heat the boiler, with thg sludge heating ""‘.j"eth_u, B
accomplished by heat exchange units. Sl G SBIE00 ¢ AIKHESS Siced te)
W J - ;

SS{J \_3,' ‘;/if” ;’/lj’gﬁjj iwqa’oa' ‘
In most cases, the system is self-sufficient and no further complementary external heating
source is required, except during winter in very cold regions.

An external heating source (e.g., fuel oil) is necessary only for the unit start-=up.
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Needed heat T i
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= The heat needed to keep anaerobic digesters near 35 C - @g@_ﬂc digestion - is
the heat needed to heat the incoming raw sludge plus the heat needed to

et S N NN
compensate for heat losses through the digesters walls, cover and bottom.

-

K % YO \ . |
= Thus: L\\CU\ \\\%, :;3'((\\ o h\ﬁh(‘)} |

N { ~0
L \_»-5’ > cff -9

Q_—_BlfxCPXA"Jl'[«}-H m,

: 'é_lxu <oy n_.;g v'rcmrm aalidoaddedd 0.2+
Sl @ Row N

™a it ML Sludgkmp 0.1+
d(ﬁmer Temp

where:
Q = sludge digester daily energy demand (kJ/d) S 1015 035
M; = raw sludge mass fed to the digester (kg/d) Digester detention time (days) -
Cp = specific heat of water (kl/’kg-"C)
AT, = difference between the raw sludge temperature and the digester temper-

ature (°C) _
H = heat loss through the digester walls (kl/d) » 9 30}" )|
u v d.njs"—o O :;-1_» \J-ELﬂa
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= The daily heat loss through all the digester surface can be determined by:

|H:EXAXAT3X86.4 suffan
A Bs 5 d P ds Lo i
where: Uaterial of oMiuckion ajm{)ia bothom
U = heat transfer coefficient (J/s-m*-°C) 7 Sludge L&:‘ RNV ‘
A = digester outer surface area (m*}—" FEo] T hp Nle
AT, = difference between the digester inner temperature and the outer temper-
ature (“C). ¢

Sl
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Mf: thermody Mamica ity

yof 1 kg/L and

Raw sludge mass fed to digester —
content may be considered water

U/’lkg“‘c

=

.
th 3

gensit

Temperature difference — AT: vanies w
temperature must remain between .

-

k 3&"*‘15‘

-
-

Heat transfer coefficient — U: depends on the materia

PP L ko e

DT -

Inner dgesiar

=K

oung tThe opgesEer

Literature gives U values of 2;3 .,'s-rn‘ =C for well-insulatad digesters, whersas poory

Jsm® =

~

insulated digesters may have U val ue< of 3—*

Digester surface area — A: includes side wal

Prof. M. Saidan

s, cover and bottom area of digester tank

2

HW

Design a primary anaerobic digester using data.

Input data:

e Population: 67,000 inhabitants

e Average influent flow: Q = 9,820 m*/d

e Influent SS load: 3,720 kg/d

e Influent SS concentration: SS =378 mg/L

.« SS removal efficiency in the primary clarifier: 50% (assumad
e Mixed sludge load to digester: 3,307 kgTS/d

Influent sludge flow: Q= 64.2 m*/d :

ic detention time
dlgester effluent sludge (influent s
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