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Lectuve 16, 17— E:\ologt‘ca,\ Reachow Kinetics
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Progress in Waker Technology, Vo! 1, Mol Pp. iEn1-112

Chemical u\‘umkl‘oh for blalcglcol. exidathon of wastes:

_ bacterio
Casem T Hew _ '
(0 dairy waske) cells

Alrernative rm‘yw_sm+a+lom of cells S ¢£QHE?OZ%NizP

Mote, Redfeld mho e Co N, P

A}gﬂvﬁ > Cos HM@_&L@L_______
‘ Above veachon requires backvia io Coc{’a!\l/sc the reaction

Type of backeria _in +Hhs reochion are aerobic heterotrophg

I—»‘6+cro+ro!>l—‘ltc microbes vse organic carbon

a& _gnekay and carbon saprce for rew %rowjr’ox

Avtotrophic microbes wse O, as corbon source
(&;g- a‘gae,)

Aevobic microbes use oxygen as an
elechron acceplor

Anaevoblc micrabes ose som@*h‘nﬁ ether
than oxyaen as electron occeptor

Moxic microbes pae nitrate or nitrite
‘ reduochHion +o N, (dem-lvnﬁmﬁbn)

Microbes may be obligate aevobes - able to use 0,

only - or faculiahive - able to use O, or NO;/NO,

T

i
- |
R O



companents R

5}/1{\4—?\29[’9 (of _new 06”3)

5 Co Hp Ny Oy + "2 H,O — c.H. 0, N + 3zNH,

Energy gencration

i

CgH,N, 05 + 200, —> 2CO, + %MH§+—H%0

and oxacephrs e

Synthes s

= ¢

Donor 5 CaHaN, 0 + S W0 —»  5C0, v ZNHy 4 20W* + 20e”

Acceplor  5C0; + N, + 20UY #2087 = C U0, N 4+ BHO

Enevray
Jl

Donor % Cp, H,,,_Hzoa + ?j,s H'LO —> %CQZ + %H”g + |2H+ + 126«-

Aeceptor 20, + 12HY + 126 > &H,0

I ,;,;_JMWMLMQMMMﬂ,W‘,

e L n o ~fhand s of eoch o
S i - T

S, —_ Cells :-ol__g Ce, H‘l O.,N ¥ ‘%; H,O = L:_Coﬂ " 7o HH34’ H"—ke

_ Danor 35 CaHpMN 03+ 2 HO = 300, # o NHy+ HY s e

=
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o
+
X
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_ : _[__L&QYMS {lustrates -

S EH&FC@LJ__CQ:‘JI;Q_iQ create new cells

Energy 5 created w He elechron dovor
. do electvon acceptor transfer .

CQI—( NgOs achs _as au eleckron donor - .
I8 +hcre ore many others as wzil) _- L

0, ack as an elechron acceptor S

. Other . MMMOM I

- ND2, (derutvificahion)
Fe l . e
504 Y decveaswg enevgy

&9 __Dibkvences in energy. produchow_ mm&kiM* S
- ,*Mm_t_d 1&1@_@&2&%&4 (u o

on page 4, __Aerobic oxidahon 12 mest Gavorable | -
denhificahdn dose, and others very wmfvloy m terms
of free sunergy produced S

Source for slhide : Bruce £, RBiHwman aud ?errv L. Machh/ Zootl
Ewsivonmental 5[0-,66‘4“0[00(\[ Prmc«oa(s and Apoll:x('lovxs
MeGraw ~Hdl , New Yovic.

Reachons shown above ave for cosemn [Qal-l.,.t\l 0y) and
glucose (C Hy o,)

Greneric rcp\reswi‘d‘tom of muwiclpq( wastewader B

B ,,,_ﬁ__mw_ﬁ;_cﬁe_&\%ﬁ%i\‘__ - N

No ac)rua‘ wmocumd cmrre,spamcia o Hais E)rmulos o

_ _ﬁ‘;  hewce no evalahon of energy _%I__gaisthL




FREE ENERGY
kJ/mol GLUCOSE

Aerobic Oxidation

CeHyy06 + 6 00 —> 6 COy +6 Hy0 -2,880

Denitrification

5 CgH1,06 + 24 NO3 + 24 HY —> 30 CO, + 42 H,0 + 12N, -2,720

Sulfate Reduction

2 CeH120¢ + 6 SO2 + 9 H* —> 12CO, + 12H,0 + 3H,S +3HS™  -492

Methanogenesis

CeH,205 —> 3 CO,+3 CH, -428

Ethanol Fermentation

CgH;,0g —> 2 CO, + 2 CH3CH,OH -244

Figure by MIT OCW.

Adapted from: Rittman, Bruce E., and Perry L. McCarty. Environmental Biotechnology: Principals and
Applications. New York, NY: McGraw-Hill, 2001.



qu o-F bio‘oqtc.a.‘ omdw('low qoes 40 bactevial aqr Qy:l'H’l

Bacterial qrow% requIves:

{, Carbon sovrce to form cellulav mod-er'(au(

2. _Energy source to fucl cell synthesis o
Phototvophs %e+ energy. from hqlnf'

Chcvnaivophs Jd’ enevgy from o(ngmtcad reachons

Chemoaoto %rophs Ecom n orgamc chemccal reac;ﬁcms

(e.g. m-h’ufqu bﬂ\ckrla\ vse ammonia,

mAd m-"n’rﬁ

MUY 4 20, —2 INO, +4H*+ZH20\

ZNO%‘ + - ZNOz, .

mohetero h o daton of orqom\cs

IC chemotrophs vse an external electvron aw{?br ]

they have a respiratory mechantiem .

¢.6. 0,  NOJ “oans

If _ chemotrophs 0se_on inkymnal gov%an{c) elechron
acceptor they have o &rmentive mechaniems

3. HNolrient source fo form cell materal

Maocronvhnenfs — N .and P ]

Other mojer nutrients - 8§ K M%Ca Fe Na £

Muor notrients = Zn Mn MaSe Cu Ny

B&c)ccncx arowjamc“y —

“Poclericn re,produoe n_ <20 min {0 several doys

Q&ne rohon +1m€)

One _bocteriom with 20 min _ggnewd'ton e -

i —> 204% = 168 milllon  [n A2 hours
P« Moss = Lx|po? g —> & x0° g _= &ﬁﬁ
Large numbers not nacessarily mass
@9 Mass calevlahon assvigs 1 um sphore with o= 4 glcm®




Bocteria qrowing at hlgh rodes soconer or lader cu#grow
available yesourcees

In batch coltyres  (fixed quanhty of biodegrodable

orgen(cs and no'l'rle\-Fs wl-H/\ g W\\Cfow) amWH’l

Iaolcs like *

Cone _isUsstrate

\

P

|
é e
I \ ‘
' ] }(r\l\\ _Biomass
|

&

i A |

A\

ey e
et phi’gwg\f ¢ -
. Lag Exponental Death
. p‘quev sww{—h PhQS&
phase

Biologlcal wastewater freatment depeuds on balance
between substrate and povs dea o al

reactor will opevale wn stahonary growth phase

eretand -

. _How much substrate yvields how much biomass

2. How a‘ucdéle subshrate 13 used

4, _Bomass vield

- — mass blomass produced

N =
‘ , mass SUbSrode niomed

N T O R VS Y 0 Lol oozl o mhe i S g et e whel G i o o Lt s
= Zamc, _ ek s o e sl SR oo p s S e




A, Con determine y_t;,(d Eom meosurevnents

Or_gramc malter i waste 1; muxsure,d as BOD or CoOp

(discussed & rther b&{owl

__ BPiomass is taken o be VES - volatile suspended

jo|ld$

55 = total svspended solids

= mass of solids cap+ur¢cl on ’Li‘&lﬂm

. ﬂlus;ﬁbg fAlkey

VSS = volahle suspevided solids

: mass of solde burned off at 500°C

ESS = Axed suspemdcd sohczs

= residual after @m-hoh

= 73§ - VSS ]
T8 = total ‘SOIL&S J
= mass  of recidue after e.vogcwah on -

and Ary{ng at _t04°C

s +otal dlSSO(;ed eoilds

mass of solids Lhoa‘ pass threugh

Elier and rcmam mckv dem at 104- C

% = T%% + TP

B, Con dekermne yield &om stwichiometry

EQ. glucose —» cells

2C,H, G0 + 80, -+ 2MH, —> 2CgH,NO, + 8C0, + 14 H,0

MW -

2 (1g0) 8(22)  2(11) 2 (H%-)




S —

‘(ue,ld W ferms ol: q(uco&a'

Z wiotes %‘M’—_W
\( = ” - n - 004'2
% moles (180 Simat) g gluease

Yield 1 feems of cop -

cop _is_Chemcal Oxygen Demand = ameunt of oxygen
needed +v fully oxidize the substvate

- For glucose:  C,H,0 + 60, —» 6O, ¥ GHO
B o —EOD: - AQz _ 6 mol» 32 glmo)
AC.H,0, { mel - 180 g/mol
L = o1 27
@ 3 giucese
Yeld for COD

2 eoles 113 gfmol

Y = 3MOWWW%L@L——

W‘ ‘5

= 0.9 3
5COD

A chat yL_id% are lg,s% ajrice celle use come su(as{-rod-e
for enerqy {0 maintain cell

| C. Can detevmint vteld__me btoene,rau\'nci

_ Comoulc énbbs_ L_rg;t énc g;mezS(é (cell pc chon)

amA energy Qemrﬁuhon components of reachon

——— . 5

- Thes  yeelds cquaho_rl for mole of substrate gzmro/l-ccl pex
mole of subshrode used.

__See Metealf 2 Eddy Fr«'v ch-mlS

AL e TS e mefesn T e n omz % o e o 5 el e e oentens «:J P ey




Method | 15 best, but requives field, plot or lab msl—allahén

Methods 2 and % provide Hhooveteal context  predictive ab.h"k[/

For desgn, also neccf to kview Oy requrevy{em-F ’ _

0, I8 vsed to_convert glucose to enevay and to ereate biomass

From ~6'bD(cH(om-€J+r'}/ 7 -

) BCC J-—[ 2 Oé + 802 + Q—MM?, -z 2C5H1 HOZ "‘8002‘ +|4M7,0

3 (180) &(32)
0O, used B mol - 329G (mal  _ } B
ﬁlumge. ] - % mel » 180 q 5lucos¢ [ maol
' _
R O - ‘
= 0.4714 3 |
g ¢lucese
8y used ed 0 g cop
= O fvol <
Cop g alue. g 3IUQ -
)
- o0.44 3

Why 5 thms not (.o 8 2 7

5COD

Difkvence 15 in (OD reprecented by cells

oD of cells 5= -

CQ'H-] M 09 + 5 Og —> 6 CO?_ + HHZ 4+ ?.HQO

L 5 (32)
g CoD 5 (32) . a9
g cell T s T g el




- g cells

Cell yield ohowed Y = 0.42
g glue
B = cells  x 1,472 ﬂ_fi: |
A% 3 g-eets—

o ale PN

J3I7 ol 377

ﬁ%vcw
B - 0.5 g COD cells
QACOD 3‘UC

Of | g COD epteving os glucose, 0,56 goes wto
Prcﬂuclhg cOD as cells  and 044 15 oxidized by Oy

| Waste 1> _often expressed as BOD - biochemical oxygen dewand

BPOD capiures three processes -

Oxidathon to produce energy :

Bact +Hoer ;
Waste + 0, —> CO, + H,0 +NHs ¢ “end t evevgy
-k products
Cell synthasis: .
: bact. T
Weosle +0, + enegy —> C, HoNO, )
-~ o7 ] T =
_ Endoa { ' ' own_blomass

+0_get evergy for cell mo.m+ena.noe)

CoM NO, + 50, —> 56C0O, v NH, + 2H,0

-
1 Z-




BOD s measured wn o otandard bottle test :

%% e alrcund 5‘&%3 9“‘°PP€A’ 4o create
aar- '\"lﬂ‘ﬂ"" seal

|72 glass BOD bolile

L J ‘ see pq 12 7 :

 Wostewoder + ba.cjg,riq "geed” Putm bottle
Disselved OX¥%gﬂ (Do) conc,cm#ro\’hon neasured
Pottle 1o sealed and incubated for t dau/g

. DO 1s_wwosured at _end of + dow_s
ADO = B0D

i t 15 ﬁacichanal(;g 5 days = BODS

t s ggmgﬂmgs 20 da: = 20
vsed when ZoR5 & 400 low o
measvre or- Ffor slowly deavaqu

was te
t ;\sﬁgr{‘qstonaL‘y Very Inng — 1004 d@\/%
- 7 used far pgpgtmlu wastewoader, other
wastewaters  with &low ng.
wasks - inown as fom—-Jerm BOD
et =  2OpuU 'uH_@Qi-e 2op"
or _ LIBOD —
_ BoD develops over hime: A BOD (malL) J
, ' ‘ BODy [~ |

. Bobs|




Dilution water at 20°C
containing dissolved oxygen. Measured amount of
Prepared by adding KH,POy,, (dechlorinated) wastewater
KyHPO4, NayHPO,4, NH4CI, depending on strength
MgSQy4, CaCl,, and FeCls to
distilled water

Seed microorganisms

to oxidize the waste organics
if microbes are not present in
wastewater, for instance, as

a result of effluent chlorination

300-ml BOD bottle with
trapped stopper and flared
mouth for water seal

Aerated dilution water 102 Polluted water sample adjusted
at 20°C, if necessary to a temperature of 20°C and
aerated to increase the
dissolved oxygen to near
— saturation

/,(\/\

Preparation of biochemical oxygen demand (BOD) tests on (A) Wastewater sample,
(B) Polluted surface water.

Figure by MIT OCW.

Adpated from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed.
Upper Saddle River, NJ: Pearson Education, Inc., 2005, p. 318.



_— S —

- BOD curve ve. t. {follows Bret-order relahon 7 -

& E
BoDt = sopu (l-€ ')

J;H;daax#gmﬁnﬂfﬁcwﬁ+

(pnote V4 H defipus His In -&cvms
_of base 10, but base e 1S
mave comvcwhonal) , .

M_ww_éi;@&mm_m;@_&xgé%@ai) in botfle, DO
& also consumed . Eor _long ksd—s botfle .
J
heede, 4o ,!a_z cegem@ ( mmsgrwm DO beﬁare_

nd

91"’ &wﬁo s !

Actual BOD st s no+ as_simple as showm i}

, Real BOD teste ook (ke : (secm 14—\ R
- el - }
- : /ﬁBoD
oD | | s o
’:ﬁ B /‘/ ‘/’f — ]
S |
— CRrOD

! Y = ]
- ) 5 doys -
NBOD represents oxygen demand by nifniéing
_ bactert vev na 4o altrade

nitrpsomonas

LNH  x 30, —> 2NO, +4H* + 20,0

2NO, ™ + 05 —=  2NOy




A _—

Nitrification Oxygen
_ Demand
Ultimate Carbonaceous BOD

AN

Start of Nitrification Varies with the Number of
Nitrifying Bacteria Present in the Sample

BOD (mg/1)

— Carbonaceous Oxygen Demand

l l l l l l l l l l l l l l l
0 1 2 3 4 s 6 7 & 9 10 11 12 13 14 15

Y

| | TIME (DAYS)
Standard 5-Day

BOD Value

Hypothetical biochemical oxygen demand reaction curve showing the cabornaceous & nitrification reactions.

Figure by MIT OCW.

Adpated from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed.
Upper Saddle River, NJ: Pearson Education, Inc., 2005, p. 319.




NBOD can be delermined %Jrotowomei—nca
Ao net nikrificahon reackon =

NH, + 20, — No, + 2dH" ¢ H,O0

lgm NHq4 consumes  4.51 gm_oxygen

o ressed by ndvificohon
wmhibitors added 40 oD  bottle ot stard of #st

How do BOD a\nd COr relote

coD _ie measyured by chemical test — dichromade Craoq
(a. %'h(ona ms\dauwiﬂ (s a.c{clcd rescted with
oraamc,e, and leﬂ-oxrer dkchvomak_ uasUved
bv -\—Hhra\hon

Ezv %Ub‘h'a.r/’(\on¥ Aichromale osed +o oxidize s

#,#_mpgjgd—mdwii@;qg\y_@m+ O, o
|

LoD _and BOD  ave ﬁJV\AaWMQ((?{ hffevrent =

cop s defved chamicod auaM'H\r A_;

BoD IS mboassaw

_,M*__*__Mﬁﬂwmly_@m_b@‘_&*__‘wg ———

 Bor_ uvntceaded r‘f\umctga( wastewader

BOD Z N 1 e o] ]
i TS O T AU
CoD >

___ Fer wmore inkrmaohon gee s Rodaer B. E:aard aund Roy 'Kza-H»\
6m1+|&[ 2002 . Thrd Cew('ury of B|OCh.LMtcaf OKVGICM PCW\QM.C(-

wWoter Environmendt che,romhon, Alexandma, \/lrghm& 3

S e v o e T o et e cmus won o Gorvabon o e e mo e < s i daren e, ASE o L oedwE seeex ot oo 2 e N N o




Typieal _BOD values com  CBODS _ NBOP BOD5

P

(mafl)  (mglL) ( mﬁ&) cob

Municipal wasfewaker .
ontreated 450 200 2%  6.2-0.8
prumary treatmendt 250 {20 0.4~ O.jlé B
_ secondavy treatment 50 30 40 O.1-0.%
Combined sewsev overflow %10 170 2490
_ Source: USEPA, 1997 Technical Guidance Manval foy Developing .
_Tetnl Maximum Datly Loads, Beok 7: Steeams and Rwvers,
[ : o d [Pissalv o
Nurrients /Euﬂcphmm-hmv\, Repoart No, EPA-87%-8-97-002.
[
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