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g ' ~.'_  SUMMARY
’ |y

Module Mo:- - Module‘f\ﬁle g LT o ;' CC ' N
-7} Advanced hemistry. for “Gperators . -t
,’ Submodule Title: . T ' Ty
> . - Reactions irn Water Solutions, Organics and Inorgagics,
Approx. Time:. q Coagulat1on Pest1c1des, Heavy Meta]s, and Rad1at10n .
) . Topic:- - . )
. ) . . { ‘ L
38.5 hours (;, . . _ \ .
ObJectives ) s, .o oo .o

Upon complet1on of this module the partgc1pant shou]d be abl to examine ‘reactions
in water solutions, 1dent1fy-organ1£ and inorganic compound " explain- coagulation,
1dent1fy the various attc1§utes of pesticides, exam1ne heavi metals, and relate

the var1ous aspects ‘of radioactivity.

C oy e

Ingtructional Aids:

H@Mmmsl- 0 -~ ' ; -~ .
Instruc%ioné]lApproach: * \ ¥
e . . - A 1
| Discussion ' I vy S
- Interpretation of Handouts: a : . - o
“Lecture L ® -
References. R NE

Ehem1stry Made Simple by Fred C. Hess. °

Applied: Chemistry of Wastewater Treatment, Ann Arbor Ser1es Ma cy, McClei]and, -
Pohland, 1974. ° g

~ Chemistry for Sanitary Eng1neers Sa%yer and McCarty e L '

Chemistry foy Laboratory Technicians, Stanley Cherim, 1971, .. v

Modern Chemjcal Technology, Vol. 3, -Chemical Technician Curriculum Project, 1971.

Manual of Instruction for Sewage Treatment P]ant Operators, Healfh Educat1on o
Service. e .

Water Supply and Pollution Control, Clark and Viessman, 1965 ’ ’ )

-Chlorinated Hydrocarbon Pest1c1des JnaBottom Sediménts, Don L K 1ens, Un1v of

-, Iowa L1brahy, 1972. ' . . .
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Module HNo: Module Title: . | .
: Advanced Chemistry |, ’ - . .
‘ Submodule Title: . . .
Approx. ‘Time: -Reactions in Water Solutions o f‘ .: ) . \7 gt."
Topic: \ . \
N . )
2 nour Pb]ar1ty - Nature of Wate(\ 4 ' \
Objectives: _. o Lo I
Upon complet1on of th1s module, the part1c1pant shou]d be able to: . ' . *j
1. _State that the smallest part of water is the water molecule.. - : . \\4
2. Indicate that hydrogen has I prdton, 1_etectron, oxygen, 8 protén . ,\

8 electrons, and describe the hydrogen oxygen® bond.
3. Illustrate polarityin a water molecule and describe the mechan1sm of
olarity - indicate its electyical neutrality.
4. Describe that ‘water molecules are held together by hydrogen bonds and” the .
mo]ecules move cont1nuous]y as groups ip solution.

3 ——

Instruct1onal Aids: s

Handout No 1 - Polarity of‘Water '. . N\

£ N N K
v
‘ 1 . - i .

{Instructional Approach:

[ 4

Discussion’ . : (
Interpretation of Handout No. 1 . ; ’ AR

° . =

< M ’ -
. .

References: . | B . ' - i S

Chemistry Made , Fred C. Hess, Doubleday and Co', 1955 '
" ‘Applied Chennstny of Hastewater Treatment, Water and-It's Impur1t1es, Mancy,A
McC]e]]and Poh]and 1974, Ann’ Arbor Sc1ence Series.

o .

. . *
-~ . . h -

Class AssignaentS'

Read Handout No. 1

* .

-

Read P. 114 115 ChemLstry Made S1mp1e

5 o

. -
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Handout’No. 1
Water .

Hapdoqt,No.
JHater Ve

4 .

P. 114, 115 Chemistry Made -
Simple - Water . .

BN}

-

14

- Polarity of

-

L 4
PP, 55 - 74, Unit II, Water
and It's Impurities, Ann
Arbo¥ Series - The Polarity-
of Water ' .

P

(.

1 - Polarity of

44

: ;W
. Objgctivgﬁl

-+ separjated so that. one end is positive and

! ' ¥4 ’
J ¥ Page 3 of 111.
Hodule oz Topie: v T
- : ‘Polarity - Nature of Water /f o
InstruFtor Notes: s Instructor quA{ne: _ o "
: ' SN S 2 —

3

/
~ Water MolecuTes ————+—2

F“ hl .’ .
The individual unit of water is Hy0.but each.
have the forula in sequence one should noty ~
necessarily think of -a single ‘molecule. Water is
essentially inmall life processes,-is natures—,
most important chefiical compound: Qther notable
properties of water include its great solvent =~
action and it's. temperature of maximum density .
at 49 C. The relationship between temperature -
apd density of.water could be used to explain
the fact that freezing takes place only on the

surface ‘of water and is-responsible for spring -

and fall "turnovers" in natural water systems. -

Water is an important electrolyte “and reacts

with many compounds and elements. T

Objective 2 & 3 - Electrical Nature of Water and
~~ Polarity - = . ‘

" Briefﬁy describe the electrica] nature of water °

in terms of elgctrons in oxygen and hydroden. -
Introduce polarity and nonpolarity of compounds
and emphasize that Tike 'dissolves like. .
Moleculés_ are neutral, and positive c arges in
them are canceled out byjthe.negative Sparges;’
however, the charges in some molecules axe

he

4
A -

other\gegative, yielding poTay compounds.
magnetic polarity as a ‘comparison, N

Objective 4 - Water Méieggjes as Groups

Interpretation of tfe Handout No. 1 should be
-discussed in detail but not to theextent that
it is.that extremely important. Emphasize water

~

dissolve in nonpolar ones.

. as & good sglvent and polar compounds wi]l,not,

o~

~ LIPS T

t
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N
< Module No: Module Title:. " ' o
o0t , - Advanced Chemistry. i ' .
JCTR I Submodule Title: - ' - :
- ' Reactions in-Water Solutions : -
: Approx. Time: ¢ i S e _ _ C _ .
ST N | I Topic: ) . ‘ 4
s gi > |. % hour* -S' U P - . : e,
e 5 olvation of ions ' _ R
r ﬁ%tf Lo . ObJectives. ' .. : ‘ - . ) g “ ; .
. 5 s ' oL
, ) . Upon. complet1on of th1s module the particj ant shou]d be able to: \\72 .-
"'{.*t,"( v 5 N v
. 1. Descr1be how water mo]ecu]es in terms o \po]ar1 \ d1sso]ve solids'into ions
. - "~ in*solution. )
; 2. . Examine how ions are separated in solution by the water oﬁ hydrat1on.
= T 3. Ind1cate that as the ionic content is intreased the water of hydration is .
= '§ * "spread" thinner and thinner, eventually. yae]d1ng saturation resu]t1ng in |
TR - » o a cond1t1on of equ111br1um for. the—particuTar jonic solid.. . j
- & . , N . A L ;
6 ; \ N ' - " - {‘ I 3 \
A Inétructiomal Alds. L ) ’ SR
- . * ,::_ ’ - . ., \
~PP. 177 - 225 Un1t I7, Ann Arbor Series . . , ( ¢
¥ k v ' . e - ' h ' ;
y ) T ' . .
,Ab e . K it . . . -~ . . 3 L.
. ‘{Instructional Approach; - Lo
v . RO .
. Discussion . 2 .
t— K » - - . ‘
(. - - e ~— ' .
¥ ' « — . “ 4 5
5 . References:
7 . : .. ] |
" App]1ed Chem1stry at wastewater Treatment Un1t II, Ann Arbor: Ser}es .
Chem1stry Made. Simple, Fred C. Hess ; ‘ N
: . - ‘ ’ «, . o -0 ot ",
) - . A t ’ - . oA
o . . ‘ L4 N , . ~ |l° .
¥ - . ' N 4 ) ,
i . " —— ‘ 3 —r—
s C]ass Assignments: e Fooooo e o ) » "\\;
K e N, : : . . . . o
: . . | Read'Pp. 177 - 525 Unit. T, Ann Arbor Series’ ! T

Answer quéstions  .v: . . , " ,
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Module No: " o “Topic: ) = )
) e ’ . et . . .
) So]vat10n~of iens, T = °
- . < T - - 2, v
~.[Instructor Notes: * < - ° {1 Instructor Out tne: '
~ . . - ) ; e 1 .—-:
- - — ~ X ) _ L4
;”” - £ df\\\-a Objective 1 and 27 = D%ésolving ionic solids and

water of hydration

“PP..177 ° 285 Unit 11, yater
¢| and Tt's Impurities, Ann -
Arbar Series - How Water "

Dissolves Impurities = "

Polarity of Water,Causing

P."78 Chemistry- Made Simple -

In consideration of jonic so
it is the-polarity of water
ioni¢ solutes to dissociate.
molecules surround an ion.and
the intensiﬁy of the“attracti
the tons; and float the indiy
into solution.By using NaCl a

lids or ionic solutes,

which causes- the .

The polar water

partially: reduce

ve force bptween |, -
idual jons off - l
s an example-one

’Idnic Solutes to Dissociate
R ) bl ’
1
« N . '
Y .
TN
M f ; .
3
'.' . [} - ~ ’: ES
. - s
)
- <
{
, —“T;"*

molecules which. effecti

could illustrate this showing the polar Ho0
molecule dissolving the solid into ions in

solution. Describe water of hydration as wet’
vely-separate the idns
in solution. Emphasize'that we are speaking
of ionic solids and true ienic soTutions, °

-

Objective 3 - Saturation. of ions
-

Describe ‘that as you increase. the ionst dissolved
there is Tless H20 molecules to separate- the 10Rs
and eventually a pbint is reached where the
water solution is-saturated and any further
addition.of jons will!cause the jons to
precipitate "out" of solution.. Rejterate that -
there may be several different types of “ions.-

“»in solution and some have a greater "solubility"

than others and precipitation of sglids may occur
in-varying.degrees. Refer back to solubility -
products. ‘- Co L

- . l
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' Module Ho:- Module Title: , . . )
' - Adva ced Chem1stry, RN . )
. . - < A 2 -
4 Submodule Tit'le o NS K )
"|Approx. Time: Reactions 1in Water Solutions o 3 S
- / : Topic: \ oo ’ . s

1 hour | Wastewater Sohd$ - D1sso]v1ng Process. = . . -

e 4 . \ . L

. — : e
.|9bjectives: ' : - - /0 » .
A - N ~ -0 '

Upon completion of this-modu]e, the participant should be able to:- P

1. Explain that water d1sso]ves molecules oﬂsohds when the attraction between
_ oppositely charged solute and solvent mo]ecules Js great enough to. pull the
solid/solute molecules apart. ’
2. Predict that a s1gn1f1cant port1on of orgamcs in wastewater may dissolve
to.a lesser-extent than' inorganics due to, their honpolar nature. e
3. Illustrate that C02 is more polar than 02 and explam why C02 is mov:e
" soluble than 07 1ne~:ater

3

Instructional Aids: - - T R
Handout No. 2 - €0, and 0p S_dlu71‘h‘t1‘es in Water v
N ¢ ¢ 3 -
Instnu&tiona] Approach: - - ° C e - ce e C L
D1scuss‘$ .
Review graphically Handout No 2 . - - .
» "\ - s
References: S A \ o
. / o . ' \
| Applied Chemistry of Wastewater Treatmént, Unit ‘II, Ann Arbor Series ‘
e r‘ :
- " {Class Assignments: C ' .

" Read ‘Handous No. 2 ) ! ) -
Read P. 221,"Unit II,; Ann Arbor. Series” =+ .

LA ]
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M68u)e No: Topfc;'L_

3 wastewater Solids -'Disso]viﬁg-Process

.Pag

<

©

Instructor Notes:

-

d

. 1
Instructor Outiine: ’
! .

1

-

. ' ~

PP. 223 © 228 Unit Ii, Water
and'It's Impurities, Ann
Arbor Series

. \ !
* -

>

~

of wastewater are "less" dissg

r o ! -t
Handout No. 2 - C0p and 0p
-relative polarities /
‘Impurities, Ann Arbor Series
02 -and €Oy polarities -,

-

~

. . g
P. 221 Unit 11, Water and It's |

P
N

'Objective - Water disséiving 1

Expldin the 3 type% of -attragt
‘the dissolving process. -
o AT

\

ar nature

Objective 2 - Nonpol

Give examples of organic compp
and water in general and indi
nonpolar nature of most of th
nonpolar compounds will not d
an eMgnt in polar splvents o

Objective 3 = Relative Polarit

In oxygen gas the bond connect
alike 0o. 0
bonds in C0; gas are polar; th
soluble in water than 0, is.
substances such as many organi
water to some-extént. The wat

a cushion between-the individug
. .keeping them apart.

4
F

rat
b 0
S

g

Oxygen .isr nonpolar.}-

lecules of solids

ioh involved in

-

~

ofilorgariics
unds in wastewater
thé general
anics. -Since - }
ve to as great
anilc compounds

ved. '

|
|

|

|
|

.

s

] -

ies| pf €02 and 0

5 2| atoms that are
carbon-oxygen

re €02 is more

that nonpolar

dissolve in

n still form

olecules, N~




Module NHo:

- Advanced Chemistry

ModuTe Title:

Submodule Title: .

Reactions in Water SolUinn‘s

Topic: ¥
Carbonate Equi ],;bm um

4
v

»-
) Approx. Time:
{
1 haurs
-~ j0Objectives: P

L ’

‘Upon comp]et1on of th1s module, the part1c1pant should' be able to
1. Examine by equat1on how .C02 rgacfs in water to form carbonic acid and show
"~ ionization -equations for carbOnic acid.
2. Define the salts calciym carbonate and magnesium carbonate as sourdes of
. ‘buffering capac1ty, descr1be by equation how CO, is: neutra11zed by these
salts.

. * 3. Define bﬂﬁrbonate as a main Souree of alkalinity in wastewater and 1nd1cate
its formation by degradation ‘of organic carbon to €07 and subsequent,
- cénversion to bicarbonates by ithe ionization of carbonic acid,: —
'~ 4.” "Explain how CO; increases the dissolving power of waterand how the rernoVa’l
of COz increases the pH during aeratwn and algae b]ooms y

) ]
{

Instructwn al Aids:

-

Handout No. '3 - PP. 10 - 16, Unit 8, Ann 'Arbor~Ser1'es, Carbon_étq Equﬂ'ibrium’

-

7t linstructional Approach: . N . o
~ .| Discusgion - L 'S .
¢ | " Review Handout No. 3. o L -
. ’ d ) ) ' X N
. |References: ot " | '
s o ‘ Y o
. Apphed Chem1stry of WBstewater Treatment Unit 8, Ann Arbor Semes .
N Chemistry for Samtary Engmeers, Sawyer and McCarty, 1967.
‘\ “ | : : Q‘“‘ > ' - -
‘. N . = - L ‘Q — . -
- .C]as:s;.,Assignments: ‘. /_71‘ . -,‘,'.gi. =
| Read Handout No. 3 - S T . .
. " | Do Prgblem Set No. 1 “ “.+ .- - /
- . . a . 1_‘ '1'1 " N - »
‘ " ‘k v * =
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. S e
Module Ho:_ . : Topic: . A , :
. . ’ . e . : o - ) N o
Carbaqnate qu1]1br1um ) o . .
. . D .= S -"—:;} . T N -
Instructor.Notes: /7“ ° Instructor Outifne: « ' < . ;K\»»x\¥///

T \ | .
. PP.-10 - 36, URit 8,- Inorgarric
‘PoTlutants, Ann Arbor Series -
C02 and Carbonate Equijjbriuw

-

— " .

Hando@t No. 3 -Qparbonate

EquiTibrium T
. ‘ . . '
@ 0
. LN
p
L]
l
3 S~
! . %
, . - ’
£ \ '\;"
v u‘ -
- N - .
Jo» T e oy

riqpn carbonic acid,

Also note that HpC03. is a weak acid-and will _
djsxgifate according to equations - ' -
\H2003@ Ht +HCO3 . . . o
N + ° A - s ¢ [}
Ho3 =2 H" ¥ oy Goos
:,ObjEetéve 2 - Calcium caxbonate, Magnesium / .
- carbonate A !

"' | chang¢ the €03 ions of Ca-COﬁ
e

'l Objective -3 - Bicarbonate as ATkalinity -
"‘T ” -

‘ In water céritaining €0, carbonate ions are changed -
{to bicarbonate jons. %

T~ —

Objective 1 ~ Formation of Carbonic Acid ° o
Describe sources of C02_in natuﬁa] water sysfémg ‘
.such. as absorption, from air, microbia]l

degradation and rGcks containing C03 jons.

Show by equation” how {05 reacts with Hp0'to

! 007 + Hp0 —> HoC3.

Note that Ca C03 and'Mg 0 are common s#1ts .in
"natural watfrs and W§stewagefs.gnd HoC03 can
and Mg~ 3 by .

an gﬁid,basa reattion. In the reactian between
HaCO3and CB3 iorfs, the CO3 ions act as a base 3
and in_effect neutralizerthe acid HyC03 + C03-2

2 HCO3™! Therefore these salts act os natura
buffers neutralizing the acid-HpC03. + - . .«

'%on'ﬁhd ﬁescribe’i£5
Define one method

Definé bicarbonate, "HCO3~1
as an alkalinity source.
indirectly of bicarbonate formation in natural
waters .as ‘degradation of organic ‘carbons to
CO2 -by ‘biologi i1 decomposition and production
of ‘H2C03 by COCQand Ho0 and subsequent ipnization
of HyoCO03 to H053 .t . Ce s

Objective 4 = 0y Increasés dis

solving power of .
.water - .0 ﬂ )

_AS more- CO3 ions are changed
to"bitarbonates “the equil{brium effectively causes
more solid Ca CO3 to, dissolve, ° .U y ..
dpplies mostly to CaC03 sqlididepositsand wit *
vary -with other soljds. . e " .

Pt

’ s
12 e
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Module Ho: Topic:

a

.= 1

Carbonate~EquiJiprium

L)

Ly

Instructor Notes:..

-

{ Instructor Outiine:

_L AN
¥

\.
id <

—
~

P. 338, 339 Chemistry for -

,changes in the presence of
a]gae’b]oqms “

Sanitary Engineers .- pH, e °F
" concentrations below its equilibrium -

Note: A}so pHichanges in algae blooms are
caused by a veduction in""free" carbon dioxide

v

concentration with air and causes an increase
in pH. Show how algae growths may extract C0»
frombicarbonates and carbonates. Use the

, folTowing equilibrium conditions:

2 HC03™ =3 €032 + Hy0 + Coy
C0372+ H0 g2 2 OH + €O, .

A review of general equilibrium situations and-
solubi]ity\gquilibrium may be necessary at this.
point. .. W - . .
. c-' ;-' 2 “‘,;'\(} ; - - e
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Class Asszgnments - : o ‘ ' .
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. R 0N . 3 Page - 11 .r'of' 111
.| Module Ho: Module Title: - th&,: a® ¢
’ d\}‘aﬁce'd_'Chemistry . ‘,"x
% 2T5G ; . . : » 4 Y -
-Submodule Title: co - -
) i _= | Reactions in Nater SoTutw‘ns - J
Approx. :hme: < - . Y -2
| .~§;__ Topic o : . i '
4 -hour e Ionization of Water . R ' - \ BN
ObJectives . © . ‘ L .

Upon comp]etmn of this modu]e, the part1c1pant shqgld be ab]e to N .

e exchange of a p-mton between -

1. Define profon and descrbe by equa ion how-
' f hydronium and hydroxide -

"bumpmg" water mo]ecul s’ causes tHe producti

.. ions. . . a; . .
2. Define the 1on1‘zat1on constant of watep and examin the equ111br1um fo
condition between water molecules an -
L3 Descmbe P as a "funct1on" of hydromum 0 concentra jon.
‘ \A‘ o
B e’
Ingtructional Aids: ’ - .
o
_yf_ L ) - . ., . N ! :
: - ! ’ 7 L] ) b3 "
T — ~
‘
i - \
. "t~k .

D1 SGussi on - ' \
~2 ' K 7 b . "~ 7 % .
0‘“ . -y,
r . . .
Referehces - \ :

{ Chemistry for Laboratory Technicians, Stanley Chemm, w B. Saunders Co., 1971
Chemistry Made Simple, Fred .C. Hess..
Modern €hemi ca] Techno]ogy, Volume 3, Chem1ca1 Techm c¥an Curncu]um Project, 1971

*
3 , . .

’

Read P. &4, 85 Chem1stry Made S1mp1e ST .o
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“[Module Ho:

t

Topic:

_ i ° ’ -
{

Ionization of Water

4

Simple - pH

s

~

“¢
/’/;f?

"P., 84, 85 Chemist

ry Made

ANe

| o0 2 W+ on | '

.| _Objective 3 - pH )

»Mmay be present.

‘Describe protons simply as H* and also go .
through the production of H' and OH- by normal
bumping of water.molecules .in pure water. The -
simple equation HoQ € H*'+ OH- is ihtroduced.
Again indicafe the production- of H* and OH™ ions-

‘as an jonization process.

Instpuctor Notes: Instructor Outiine:
- g . ) .
ol ' T
o Objective 1 -.Protonsy .
- .

Objective 2 - Ionizatign~constant ;-

~

2 P : .
-| Define the ignization constant of water Ky, as a

.mathematical expression for the degree of the
onization of water molecules into H* and OH-
ions: “ N ‘ ,

/(H
20

Ky = OH) =1 x10-4 - <

! .~ 4
¢ .

Show the mathemaiica]

PH = = 10g. (H30"). However, )
“the math ‘treatment but merely state that.pH is

a function of the hydrogen ion concentration.

Also note that it is, a measure of the total Wt |
" ion content and not only from the ionization of
water; may also include ion from'acids which

do. not emphasize

3
o

Ny v

—— -

—

7o i fmmgg:-~
expression for piz. aad

<
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s

. Y. . . . ‘ iv, & ? / \'3 . i
: x o ¥ 4 :
1 . \ J N .
iTre ‘nc,;:; . _ y&.' .. ) . s .
i E ¢ " i, ;-‘., 111
; . g - Page =13 of
ModuTe Ho: Module Title: - ' o . . -
.. %, | Advanced Chemistry . .
— =+ ] Submodule Title:' e .
- ” Reactions in Water-Solutions - 3 . . Lt L
Approx. Time: : : . el
0 Topic: - ' ' o
Thour . * Acids - Tonization .
ObJectives . A . f - < '
Upori comp]etrom of th1s module, the\ part1~c1 pant shou]d be able to: . . -
1.‘ Deﬁne strong. ac1ds and bases. N ; > '

. 'Given a weak acid describe by equat‘lo the equilibrium condition resulti ng
from incomplete ionization. * R

2
3.. Indicate that addition of an. 1d<1 ncpeases the pumber of hydronium 1ons,
4

?

t decreases. hydiroxide.ioris, andicayses the pH to decrease.
. Explain how a concentrated solution of a weak ac1d may still have a,pH

near 7. . - £ oo . . , '
° - ¢ r
. ,.': 4t o B ;& . ' .
Instructional Aids;: . L TR e e
: . e : } N
- S - ot . ~
" . / . L s .
i Tk . - .
« . - Lo
. - :5.. \,_) \ : . * . \ p
,‘ i(i . 74 k , 5 vg -
. [ ! ~ “h I4
Insfructiona¥ Approach:. ., _ * ' )
ok ° . . e ’
. * . . A oy
Discussion - b . v
4 . . “t
“ A - s v / :
References: % - S - ‘
- . o 'x.
“Chemistry- Made Simple, Fred C. Hess. v -
‘Manual of Instructwn for Sewage Treafment Plant Operators, Health Educatwn
“Service, ; .
. . . -
¢ [ s - b -
- ) . -
o - & . R . . . . - .
N - S - - ~
Class\Asmgnments. )

Read P. 78, 79 €hemistry Made S1mple )
Read P, :227 Manudl-of Instruction for Sewage Treatment Plant Operators

) . . .

27
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Module No: - ™ “’Topic:'~j:

)

>

. Acids -- Ioni‘i'ati on

A * )

- i }td - = LS ) ks ! * .
Instructor Nptes:- C .Insﬁractd}wﬂiné:
P R M ST
_—_ o ©- *.| Gbjective’l - Strong Acids ard Baseg

N

. [ 3 ' . - . . \ ’ 1 .‘ . %

, P. 78, 79 Chemistry Made .{ Redefine acids and basesand percent ionizatign.
Simple - Strong and.weak . IR ) ! - !
electrolytes / - T S : S
Objective 2.~ ‘Incomplete Ionization " ' ?v'
‘Show by equétion and word form how -a ‘weak étiq "
such. as HyC03 and HF, -ionizes into an equilibrium
conditi on. ‘ . ’

HF &= HF -+ F-

A )

HaC03 & HCog™ + Ht
HCO3™ 2 H+ + 0 ‘ - S

®
-

Objective 3 = Addition of acid increases hydroni un
x»,:’ ) ions s “ ) ‘ .

iy

- ¥

Define hydronium ions and equate with H'. Indjcat
that acids will ionize, some greater. then others, -
and introduce additional H* jons. upset the Hp0 3
+ OH™ equilibrium OH" ions will decrease ins,
order to maintain the Ky equilibrium content.
Thus _increased H* ions will cause a shift and -
result in a ldwering of the PH.  Show, using the
mathematica)/expression, how this occurs . C .
T Objective'4 -. R : oo

| P. 227 Manual of Instruction - Show that a pH near 7 ‘may stilT occur in sqlution
for Sewagg Treatment Plant: - even though large amounts of acid' (weak) have
perators - Acids : been added. Describe this as due to the poor
i L ionization of the weak acid into its component
.o ons. And since pH is a measure of the H* ion
conténpratioq this isthe ‘result. For example
using the weak acid HF 22 H* + F-

Ky = 6.76-x 10-4. - Compare this with HCl; 100%
ionized. . . .




Module Ho: Module Title:-

¢

Advanced Ghemistry

Submodule Title;

: N actions in W Solutions
Approx. Time: Reactions in ater. olution

¥ - n. » ‘ ’ ‘ TOP!C:

3/4 hour . Bases - Ioniéation

Objectives: . -
Upon complet1on of this module, the part1c1pant shou]d be able to:

: 1. .Define bases. :
2. G1ven a base aescr1be how it produces hydrox1de ions in, water through
ionization. .
3. Explaih that adding‘a base to watbr increases OH ion concentration,
.. decreases hydronium ion concentration," and increases the pH. :
E'Z.Q«D1agram‘;he pH seale, .1ist basic and acidic areas. - :

B

M R

~ linstructional Aidsy

Handout No. 4.~ pH scale - .
Y } P

Instructjonal Approach:

-

;Discqssi6ﬂ .
~*Review Handout No. 4

e

e

References: . X
. .

Modern Chemical Techno]ogx; Volume 3, Chemical Technician Curriculum Project, 1971.

+ 3

IC1ass Assignments:

Study pH scale
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0 . Page 16 of 111
* " "IModule Ho: _ Topic: — '
Bases - Ionization -
Instructor ﬁptesE§ "{ Instructor Outiine:
Py ! \ —
) _ Objective 1 and 2 ~ Bases and Ionization
L PP. 437 - 441 - Modérn. N Redefine bases as proton acceptors and, show
Chemical Technology - * The . “how bases ionize by jonization equation, ‘Strong
measfirement of pH ¥ base Na OH, '100% fonized ' - ‘
= ‘ ~ . sy, v " ' ' - ‘
Na OH'@ Na* + OH- ions N
. Weak base, Ky NH* + OH
. ‘ . Oh= ionsvare thus introduced.
£, . Objeéiive\B - Incréhsing;OH‘ Concentr

Show how addition of a base such as Na OH, .
, introduces ‘additional OH- ions in water solutions -
.| and causes a shift in the

-H* jons decrease and OH-

equilibrium situation. '
increase causing. the

ek - PH to increase since pH is a negative log function
. . of the hydrogen Son concentration. pH = -, Tlog (H).
o h . [ e e - A ¢ I N
"y P . L . . .
Objective 4 -~ pH-Scale . »
4 oo I - PN L,y (
Handout No. 4 ~ pH-Scale = « pH scaleidiagram. - _ -
> 1 R , . , .
. . M '\‘
. r . . -
~ ‘ ’ ~
“« 3 k) v
— A3 .
-
1 “ \ . e T - 2
» Y .
v X 4
ﬂ - - 4 P
a 4 ‘ [
N PR 4
. Al » !t“{?@' \\
- , SN
- &‘ . * 3 ~ N
i N T )
. ':v 7 @
R T U - ‘\
* ® . N
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“Module Title: - .’
‘Advanced Chemistry.

. \\ "\.'Submodule’rme- . .

Fﬁactwns 1n Water Solut1ons \

P A |

Y 1
~ 3/84 hour ‘

Acid Base -~ React1on

Objecti ves:

[N

T

(L)

—

Upon comp]etian of- this'mddule, the partici;iant’sl'iould be able to:

-

51.

.
‘L
N

- r

Given an ac1d and base describe the neutrahzatwn reaction by equat1on,
indicate proton transfer. ' ., : =

2. Define titration and explain, using the equat1on N1 X V1 N2 X V2, How
acidity can be determined by titration. - -

.3.. Explain why acidi ty or alkalinity is expressed in terms of calci um h

"~ carbonate in wastewater analysis. .~ .

e

"; . . - » »
. s .

Instructional Alds ‘ : S
) . o NN A .
Handout;Ne. 5 - Titration'examp,]j/\, . D - ‘ x

% H .o -

~

1ins tr;’:ction\a'l Approach:

- o
D1scuss1on . “ , Sy
Rev1ew Hapdout No. 5. . - Co

LIS . ‘ . ! ' \' . . h ) \-:

“or v g &0 J

.’-u
’ . i,‘;’.?g s -
e .‘ )
- w‘

Chemistry for Samtary Engineers, Sawyer and McCarty
Mantial of Instruction for Sewage Treatment Plant OperatOrs, Heath Educatwn
‘. S@Y‘VTCE- ( . PR A &

r . LR

References: i

N 4
- . . &, : .

¢ . N ) IS
. 4

» -

b]
— 4 ~ s -

(ﬁass’Assjgrfrmnts:" o e L S e .

Review Handout No. 5 | ) L o
Work 2 problems in hamdout - :

3 "2'0.;“




PP. 323 - 325 Chemistry for
Sanitary Engineers - Method
- of Measurement .

v “ ’ .
g ) e
. P. 226 Manual for Sewage-
- - Treatment Plant Operators -
Determination of Alkalinity *
) Co . Ty
4 P. 69’; 70 Chemistry for
1 Sanitary Engineers - <
: Calculations,
- L . o v
A Handout No: 5 ~fTﬁ$ration ,
Example Y
p ) R . /‘{'
!/ DV
§{
) VK1 s /_ . ‘
4 j l

:;\ A v..‘." . .Q-:'" ‘
. N o |
. | - v A «‘
, ‘ » T 1
Vi ~ N }., ;
) . ' ' |
= ' i
Module Ho: . Topic: -, ‘ :
' Acid - Base Reaction - LEDE T : T
. . N H - o, ‘ 1[ 2
: " NS - a R .
) Instructor‘Notes: {-Instructor Qutiine: . o 3
. A Y - (‘ S Y . ,° v B
T R . - - ; . —
- .Objective 1.- Acid Base Reaction = .
. , Py O R —— <- a3 .
& ~ ¢ . E R b
RS . 4 § ‘Show a typical acid base reaction and indicate |
- - o, the transfer of protons.” = S
7 ? i 1, N . . . y \ 'v ‘ ‘ . ‘c - . .Q‘.y
'HClek Na OH & NaCl + H,0 - =
‘ . Wy e <t .0
RE P . Objective 2 - T1tr§t1ons ’ Coe

)
) Y
-

‘Describe simple titrations, such‘as titration”

for alkalinity using a specified normality of -, -
of acid. Use the equation Nj x Vi = No x Vo ..
to des§ribe the mathematicalftrea%ment. S '

0z . L. . . 4w
Objective 3 {;Eupre§sing in terms of Calcium
~ ' Carbonate o . Lt

Indfhate,why aTké{inity or acidity fs'expreésed
as‘mg/1 CaCOj3 - thus calling alkalinity, for »
alkalinity determinations, gaCO3 the equation

could be HySO4 + C4C03 — CaS04 + H5C03.
_RevieW’equ1va?ents and equiva]en§ weights. Show
‘ow'. the folldwing equation 1§ ‘arrived at:
mg/1-active materfal in sample = o .‘.
‘ml_titrant %N x EW x-1000
sample voTume in mi - - "

\

" Results of aTkalinity or acidity are‘exnressed

as CaC03 so they can be easily compared to each
other and to other measuremente which may be a
resutt of other typesaof acids dr bases.

~

P
L 3 o P
o
. .
. N
. K E s
( b
— * .‘
. > . 4
- -
. «
. — ,
2 v
. . A
-~ .
L4 .



" Hodule Title:
Advanced %hem stry

Submodule nhe-

%gact1ons in Water Salutions .

"%opic:h o Je
)

-

3/4 hour . | 0xidation - -Reduction

> o2

ObJectives. .3 o

-

Upon complet1on ‘of this module},ihe part1c1pant shoﬂ]d be able tpg‘

<«
<

Define ‘oxidation statek valence, ox1dat1on, reductfon.

Given a reaction describe the oxidation: reduction ptrocess, Shéw-half
reactions and e]ettrons transferred, define oxidé#zing and reducing adents.
State that oxygen "is the oxidizing agent used in agrobic degradat1on of
organic matter, a complicated process 1nvolv1ng.intErmed1ate compounds
ultnmate]y producing carbon dioxide and water.. RS .

- -
AN
-

,lnsfru;tibnﬁl ﬁﬁds:- .

Instructional Approach:

Discussion _

-

Re4erences.

Chem1sthy Made~S1mp1e, F}ed C. Hess .
Chem1stry for San1tary Eng1neers Sawyer’ pnd McGarty

Clags ASS1gnnnnts. oo
Read Chapter 10 Chem1stry Made S1mp]e
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{Module Ho: \ topic: o T
- ' "} Qridation - Rediction N
* ) ° ‘. ‘“;’. - ' ] ' e — -
Instructor Notes: Instructor Outiipe: .
- . ) e o - . - 3 . X }
< _ 5 YAk — \ . — ;
2 - Objective 1 - Oxidation * reduction _
’ R ,-ﬁ
Chapter 10 Chemistry Made Define ‘oxidation -and réduction and review™ .}
Simple - Oxidation - reduction | valences and valence No. Oxidation ~ reduction
. ‘ o should be, in my ‘opinion, a brief section.
. . R ) - S il
‘ e T N Objective 2 » Oxidation - Reduction Reactions
F . 3 ] . L ’ . .
o RP. 15 -,18 Chemistry for Using an example,. show how, &lectrons are
Sanitary Engineers - Oxidation transferred according, to eacb half reaction.
Reduction Equations Emphasize that not'all reactions are oxidation
: . reduction but that they represent only one type
PP. 156 - 215, Unit 3, Ann of general.reactions. Show how reactions are -]
Arbor Series - Electron balanced stoichiometrically in_respect to ,
+ Transfer, Oxidation and electron transfer. P R
( _Reduction ) -0 32 S =
) - 4Fe0 +:390.,— 2 Fep!’ 03 S Ty .
B - 2 Fet® + €120 — 2 Fe*3 4+ 2701~ - IR
. T . 2 1"+ C1p0° 31,0+ 2 €1 LT
. A Lo . ) .. © . - e -.‘ : . ..i~ . i
; ;‘~\§ Ll | Objective 3 - Oxygen in’ Aerobic Oxidation - - i
S ~ - Briefly describe aerobic-biological decomposition
R . * o - in which bacteria and’ other’microbes utilize,
s, S 3 - oxygen to decompose organic mattey as food and |
s ‘ . i ultimately pwoduce CO2 and Hp0. Organics + PR
B B , » ;- oxygen “aerobic}” €0, and Hz0 eventually. ‘
- ., / e 7 .| 'Note that there aremany intermediate: compounds -
. ;‘ : . < . . 1n$o}ved. ',. : .. -, L LA e
f 4 1. PR . ) _ {' . P 1 ) ) “‘ < ) . "= '
) W R = S
’\4_ - .‘ o x: {, “
” ' - - - DR B g 'S >
4 LY s * ’ A ‘1& ) Y ”"‘“ . ¢ - - Y
. " | - r;‘ i » ;', -, / :4 .
. - & . , -~ i ) . .'_‘_ " - . (‘f'
M h A d ° ’ .’ ’. - - - :F ' . *‘ ¢ i . )
T - S R ‘ N § *
~ -2 ’ ) N * i M '.
. v ‘ s P b 1 “ ‘ .
. M » . . . , , T Y] .
% b . - 2-3 oy . @ AR
[} ;’;, < ¢ - ! ~ ' - -




:*, N forming - O% and Ho0.
i a

) . % ' ] ' ) . L -7 -
* { . > ) & t R .
- ~ Y. . by ~“
R ‘ ‘. | 2
' ‘ ‘ Y - . . f | 2 ‘Q
v, . L X . o 1
‘ - ;“, Pige - %1 of 111
‘ -IModule No: | Hodule Title: - -° D
- S Advanced Chemistry ' . i }\_~ ' :
‘ - N e E . -
R _ ' | Submodule Title: . - : v
S ) ~—} Organics - Inorganics . L ’ .
‘|Approx. Time: ¢ ° - M — <y -
N oL Topic: e SR o
- 1% hgufs ) Introduction to Organics R S '\ o'é o .
Objbctfves:" : o ) A - ‘ C ]

Upon compﬂetlon of th1s modu]e, the part1c1pant should be able t&'

1. Define organ1c compounds and 1dentffy the ‘major and minor elements in -
- organic compounds .- -
2. “Differentiate between general features of organics and 1norgan1CS° ’

v . Combustibility, solubility in water, nn1ecu1ar or ionic reactions, molecular
.. wefght, bacterial -food sources. -

-3/ txplain the aerobic b1o]og1ca] degradat1on process. whereby aerobic bacter1a
use organjics as a food sburce and oxidize organ1cs into inorganics,- u1t1mate1y
< ~

4., Indicate that under anaerobic conditions, anaerob1c bacterla may .use

’ ‘oxidants other than oxygen to degrade organic c0mpounds into C02, Ho0, CHyp,

HZS NH3’ etCN . :. . N . 3

ey
S

i

Instructional Aids? e ‘ , .
A *

e
.
- Fe .

Instructional” Approach:

. i N
[ENSN) ) % . . . v
J < N ) . <
~ # 4 \7\\,
bl . ~ -
. : e .

D1scuss1on N . ;
. - % * " 24
» . . . v 2
- ' . ) . . -] . .
. . N ’ ] \
. e ~ - D) A}
* {References: ) T
* ’ % - cal . ! .

. v

Chemistry for Sanitary Engineers, Saiyer. and McCarty.

N r 2 R S 3 2
- ’ > é‘\f
-~ d N ° ’
- - ] £ s — ry
A R .
Class Assignments:
. . ? . * 2 /
AN ~N N
Ce B FT e
X i .
# . ;
- -y 2 - K 24 \ )
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Module o: - : Topic: | ¢ o o T

Introduction ‘to Organics

3

‘Sanjtary Engineers - ¥

N LY
Introduction
- S p
M 88 Chemistry for
Sanitary Engineers -
Properties v
1 . Lo T .
% ¢ h .)
—
- N
/ +
\
\ -
A -
R‘\:‘\‘ L]
: W .
. . ..
*v,,’- °
&

phosphorusy.and sulfur. Organics may cantain’
a variety of other elements. .

Objective( 2 l/Differentiation betwéen,organic'
Y . anqﬁinorganic o
.Di%ferentfate between organic and inorganic %n’.
terms of combustibility,.sSlubility in water,

and as bacterial food sources. . ' .
" Objective 3 and 4 - Rerobic and Anaerohic -
N . Decomposition ¢

" Describe aerobic deco

mposition and’differentiate.

between anagrobic decomposition. Show_the, .
various- products which may result from €ach type.

- o <
. . . .
o o 2 h ’

Instruétor Notes: : : utifne: ST Y
nstruétor Notes o Instructor Qutiine; NG :
g A "/;’ . ) v;‘ ' ' . .
2 _ .. Objectivg 1 - Organic Compounds s
S - L e iy MooL T,
P.7 86, 87 Chemistry for Define -orrgani¢ compounds, indicate-the major :

elements usually present, such as'carbon,'hydrogen;‘

oxygen and the mindr-élements such as pitrogen,.. ::

..

-molecular or ionic reactions , molecular weigh®fs, |

NS
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. Module Title!
et Advanced Chenﬁstry

- N .,“Topic. 7 , : ~

APPr‘Ox. Time: %

Z

4
- . <, . v

"4 lhmw - J-CNWNM$:—AhmﬁUC &_,ﬂ.- L e e
u-k. v ,s: s w — PTE S _ s
Obaectives” AN ! ~, T . '
Upon compﬁet1on of th1s “module, the part]q1pant shou]d be able_ to .
1 Ind1cate that_ carbon will genera]ly have 4 bonds attached to 1t va]ence
of- 4. ) .
2. Define hydrocarbons and 1dent1fy meﬁhane as the stmplest hydrocarbon.
3. Illustrate how methane and other hydrocarbons. can be shown by graph1c
formula and condensed to one line. .
4. Define altohols and identify. .+ o .
5. - Define organic acids-and indicate that organic ac1ds are. the 1ast st
_before. conversion to carbon dioxide and water in biological ox1dat
‘ Iﬁ%truct1onal Aids: - "" y ) IR .. o
e o SRR
_:% . W ) - % o _‘ : ~ o - [ R ...l)

Instructional Approach: et .
1 -

e

\ %

S

Discussion . g . .
Pract1ce making grqph1c formulas ) SN y ’
~ .~, V:w ;‘3 ) ‘E’ ° Y < - 4}._ & . : . ° .
t T . - - ) . L

References. s T . & LA .
Chem;stry Made S1mp]e, Ffed C. Hess” N vt . ’ oo
Chemstry for Sémtary Engineérs, éaw_yer and McCartya ) . . -

Class Ass1gnments. >
'Read Chapter 22,

>R 3
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. * C o pae . oflll .,
dlodule No:i . Top]c. R ’ . v 5
o'+ .| Compounds - Atiphatic . ' g
Instructor Notes: i - ' Instructor Out‘r{nei
] o, N R . I

Chapter 22, Chemistry Made
Simple - Organic»chemistr:y_ -

°o

’
et o e

‘[_ | (" -/‘5.' .'n’ﬁ
i U

1 P. 90 - 98-~ Chemistry for- ‘
Sanitary Engineers -. Aliphatic’
Compounds - Hydrocarbons

e

PP. 98 - 104 Chemistry for
" Sanitary Engineer§ -vAlcohols

2 . .

PP. 108 - 112 Chemistry for,
Sanitary Engineers -"Acids -

s .

-

. Objective 1 and 2 = Carbon valence”and
X ¢+ Hydrocarbons 4
Describe the valence of carbon and indi cate -
that it generally:will have 4 bonds attached
to it ‘in a complete-molecule. Define aliphatic
thydrocarbons and graphically describe methane

and others. .

. Objective 3 '-'Gr@ﬁzn’c Descriptions ; RS
IMustrate aliphatic hydrocarbons by graphic
representations. Depigt CHg, CH3CH3, CH3CHaCH3,
CqH1o graphically.as examples. X .
Objective 4 - Alcohols .. gl L

"} "-Define orga'r{ic alcohols and iderf:cify several

common ones, show graphically.
Objective 5 - Acids. y T

Define organic acids and identify the common ones,
~ show-graphieally ‘formic, acetic, propionic acids

o N P
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Module-o: ~~ - | Module Title:. ' ‘
, { Advanced Chemistry -

~- | Submodule Title:

-

0rgan1cs - Inorganjcs K

Approx. Time: ‘ .
: Topic: ' '
Compounds - Aromatic ' T Lo

.
N (4

3/4 hour (

Objectives: - ' . o -
Upon completion of this modu]eg'the participant should be able to:

1. ,D1ffereﬁt1ate between aliphatic and aromatic compounds , 1]1ustrate the ’
benzene ring. - s

2. "Lllustrate how groups may be attached to the benzene ring to form various
aromatic compounds -

3. Illustrate pheho]l (carbo]1c ac1d) by graphic formula. -

v

. Handout -No. 6 - Aromatic hydrocarbons - !

N B _ L -

Instructional Aids:: - Vo o 4 Coe s

Hinstructional Approacﬁ:’”’?zf .

Discussion ' . ' - .
. Review handout §o. 6 ., - - h '

P . s
A\ s o - |

hﬁ%‘k ' . %

References

*Chemistry for. Sanitary Engineers, Sawyer and McCarty
Chemistry Made Simple, Fred C. Hess - : .

AN ’ &

Class Assignments: : e,
Review Handout No. 6 ", .
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Modulé No: . Topic: < - : o : it .*
o 7 JO

s “Compoynds - Aromatic

s.j

\
Instructor Notes: r 7% | Instructor Outiine:
. . L F . By .
. : " H ES . : ’

- !

°
. 7

P
ool

PP 118 - 122 - Chemistry for
Sanitary Engineers - Aromatic
Hydrocarbons . P2

-

*

Handout No. 6 - Aromatic. .
| Hydrocarbons- Lo
Handout No. 6 - Aromatic :

_Hydrocarbons
. 4\ ,
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Objective 1 - Aromatic compounds  ~

ITlustrate the benzene\r‘iﬁng and differentiate .
between aliphatic¢ and aromati C organic compounds.

L]

Objective 2 - -Groups , attached .

I1lustrate how groups are attached to the )
benzene ring, Show several types of functional
groups.’ - \ .

Objective 3 - Phenols . ' ’ ,

I1lustrate phenols and describe why they are
among the most impgrtan‘t aromatic compounds.
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Module Title:-
| Advanced Chemistry

Submodule Title: ,
drganics'-hlnorganics

Approx. Time:
- L ) Topic:
1 hour

Effects on Treatment Process

Objectives: . .' e ..
Uﬁen completion of this qggule, the‘participani shauld be able to:

1. Explain that increased loads of orgqn1cs requ1re 1ncreased dissolved oxygen
demands.
2. Indicate that organic acids may cause meta] pipes .and other structures to
X corrode. .
3. Explain that increased organic loads make chlorination 1ess effect1ve more
B chlorine is required to kill off microbialt.organisms.
4. \Explain that certain organics may be toxic and’ kill off or «inhibit the
éfﬂjreproduct1on of, treatment - microorganisms. . »
Explain that many organics, notably plastics, do not d1sso]ve at a]l in

-

& water and are d1ff1cu]t to b1odegraQe, . v ‘

¢

kY

Instruct1ona] A1ds

.

Instructional Approach:

. A -
Discussion
“w

*
1. ‘
¥

References o

Ap911ed Chem1stry of Wastewater Treatment, Un1t 6 Ann Arbor Ser1es'

]

‘ Mﬂ* [ |
1o Bente TR -
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Topic:

’

Effects in Treatment Processes

g

Instchtor Notes: |

3 -

v

Instructor Outiine: _ T -

[

PP. 7°- 10 - Unit 6, Organic

Effects of Organic Pollutants
o - ?/

Pollutants, Ann Arbor Serjes -

- Explain that certain.organics may be toxic to |

'"dbjécfﬁve 5 - Plastics’

2
¥ 4 -

6bjective 4N0rganic and Oxyg#n Demands -

Point out that organics cause.-increased usage
of oxygen by mieroorganism. Organics dct as- -
reducing agents.

Objective 2 - Organic Acid Effects
Note that organic acids may cause pipes and
other metals to corrode.. For example acetic .-
acid, formic.acid. Note that these organic
acids are the result of anaerobic decomposition.

Opgective 5 - Chlorination - Organics.

Explain the relationship between chlorination
and organic quantities and that increased
organic loads will make chlorination less
effective and will increase the chlorine demand.

Objective 4 - Tokic Organics .

e

treatment microorganisms. : An example may be
phenols. Note that other organics are toxic
to other types” of aquatic Tife, various pesticides,
RCB's etc’ A ' -

“

Introdice plastics as organic compounds and %pte
that they are very poorly biodegradable and will
accumulate in hatural systems. “Also other o

organics,- such as chlorinated hy&;ocarbon R
pesticides and PCB's are also poon

rly biodegradable
and will accurulate in nature.if.iﬁtroddcedd
ot : . ' N MM )

»
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Upon comp]etion of this modu]e, the participant shou]d be able to:

1. Exp1a1n that greases and oils, though usua]]y non-toxic, are slowly .
biodegradable, poorly settleable, cause foam1ng and may decrease the
efficiency of the treatmeht of other’ organics by inhtbiting d1spers1on of
dissolved oxygen to microorganisms.

L

-
L { .
: ' , "N . page __29 of 111 _
Module o: Module Title: .
' ' Advanced Chemistry . -~
1 Submodule Titley . ' ‘
Aﬁprox. Time: Organics - Inorgan1cs
o “Topic: _
+ 3/4 hour ‘ ‘Greases, -0ils, surfactants f
10bjectives: - : * . T,

Il

2. Define_surfactants and indicate their sources.

3. Describe the prob]ems surfactants may cause in wastewater treatment.

.’ > . ; L, 4 - ‘,
Instructional Aids: ‘ . . ;
.4? .
N B
* ' ' N | '
\_(
. : . N
» . t

Instructional Approach: T

. A . - « » R < -

Discussion T DN : . .

N\ -7 .
] N . . S
Al » ’ i
PR Cv
. . —
‘\‘ ~ .

References: ’

[~ Applied Chem1stry of Wastewater Treatment Unit 6, Ann Arbor’ Ser1es
Chemistry for Sanitary Eng1neers Sawyer and McCarty )

-
~

° " . A

. \,

-

-1 Read Ch. 32 Chennstry for San1tary Eng1neers '

Class A351gnnnnts. i D R g

—
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Module: Ho: Topic: ‘) . %
\ ﬂ . ":, Greases, 01s, Surfactants
Instfuctor Notes: ' Instructor Outiine: '
o . . { ’ Y —
- = ‘ ‘ X .
T 1/ | Objective 1 - Greases and 0ils
 Ch. 32«Chemistny for Sanitary Definé.greasés'and oﬁls and examine the %rob]ems
Engineers - Grease P. .10, involved with these substances in’'wastewater
Unit 6, Ann ‘Arbor Series - treatment. Point out that they also decrease
Grease and 0ils. ' the efficiency of treatment of organics by
N X microorganisms by inhibiting the dispersion of
- . | P- 230 - 264, Unit 6, Ann . dissolved oxygen..Grease may coat the -
Arbor Sgries - Grease and Qils ‘microorganisms. .
1
- | Objective 2 and 3 - Surfactants
.- ¥ N ..
P. 11, Unit 6, Ann Arbor Define surfactants and detergents as organic
Series - Detergents compounds and descrribe the problems associated -
. \ ‘- With detergents in treatment. Define ABS,
PP. 147 - 150 Chemistry for alkyl benzene sulfonate. .And emphasize the
Sanitary. Engineers - ‘Detergents | §Tow biodegradation.of these compotinds.
- PP. 264 - 280, Unit 6, Amn | oo
Arbor Series - Surfectants : - il P
AN : .
” "”.‘ [ .t
i . aliaas
. ’ i *‘ l )
™~ Coae ! ,
‘ \ .‘ L . g‘~
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Module Ho: | odule Title: A 2wy o o
' Py o " - Advanced({hemistry - N | ;. ‘ )
‘ : fubmodule Title:

Organics - Inorganics

. Approx.—\h’me: . - . . .

Topit: X O, .

% hour 1 Pherols ) ' .

Objectives . - . LT ' N /

Upon comp]etwn of th1s module, the part1c1pant shou]d be able to:

1. Define phenol and 1nd1cate that phenols cause taste and odor problems and
may be toxic to tredtment m1croorgamsms +at high concentrations. .

2. Describe extraction of organic compounds in terms of po]amty, "Tike
dissolves like". -

" 3. Indicate that pheno} may shghtlﬁ'wmze, in basic solutions, into an.

form.
4, Explain that comp]ete ext@ch on of pheno] by;nonpolar sol vent wiH occur

\ only in &c solutions.

Instructwna]‘iﬁd\ : = P

) RS - ﬁe
- ‘e ., . 3
. - )

ionized po]ar form more soluble in water than the unionized mo]ecu] ar nonpolar

] -
Instructional Approach:
_D]scus(s1 on - . . , L w .

- s

References

-~

App'hed\Chem stry of Wastewater Treatment Unit 6, Ann Arbor Ser%s . -

- " . .
. -~ »
| . .
.

L'

Class Assignments: e ' oo
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Module Ho: " Topic:

1 Phenols

Page 32 = of
. L

- _—

2

Instructor Notes:

L
- ~

Instructor Outiine:
; 24

-
¥

PP, 280 - 302; Unit 6, Ann

"'I
Wrbor.$eries - Phenols N

t

¢ »

PP, 232 - 238, Ann Arbor
yeries, Unit 6 - Grease.and
ils

»

P. 279 - 282, Unit 6, Ann
Arbor Series - Phenols

1
o

from Qisso}ving'in,nonpolar solvents:

N . N > . '
Objective 2 - Extractions il . N
Define extractions and indveate~that organic:

- compgunds, mostly nonpolar, will b extracted
by nonpolar solvents. Thus in_order Yo extract
an_organic compoynd_such as DDT, an o ganic %

.Procedure would b

Objective 1 _ ;% j /
: ; ; . ST X
Rede'fine phggng.graphica]]y;and indicate that
phendls, caus€ltaste and odor problems and may
be toﬂé%ﬁft hggqs]eve]s to microorganisms.

Note that\pheno}s are a group of waste products
which contain the polar OH group attracted to .
rionpolar ®rganig groups.  The OH group of a .
phenol acts as*a ‘very weak acid, but is no ,
potar enough to keep the un-ionized phenol part - . _

-

-,

“or others will - -
Since DBT will be much .
onpolar solvents it is - .
ater, a polar, solvent. .

Likewise, jonfc solids

solvent such as benzene, hexane,
be used-to extract DDT.

more soluble in organic n
easily extractable from w
"Like dissolves 1ike".
polar compounds will be only very slightly , ,
soluble’ in ordanic solvents. Greases and oils .,

are nonpolar compounds and are extracted from -
water solutions by nonpolar solvent such. as heﬁ

. . e

* ",
ATT -
~

Objective 3 - Phenols

p of phenols is jonizabTe,
most readily in basic waters.
e phenols from water-an initial
e-to make ¥fe water acidic $o |,
be 'in the un-ionized
rm is Tess soluble- .
the ionized (polar) form. A .
nt would, be used to extract phenols- |
ly if the watér is acidic. :

XA

Since the OH grou
phenols dissolve.
In order tq remov

the phengl molecule (OH) will
form. Thus the un-ionized fo
in water than

nonpolar solve
from water on
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Instructor Notes: ' Instructor Outiine:* ‘ '
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. ' Objective 4 - Phenols- - —
Lo Phenols-.are therefore only completely extractable
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Module No? .« "Module Title: - . '
7~ . |- Advanced Chemistry

L Submodule Title:

\ ’ ﬂ
Organics - Inorganics

4Approx: Timef,
[ (' Topic: .,
- 1 hour . '} Testing for Organics

o

{Objectives: - ' ~
Upon comp]et1on of this modu]e, the\part1c1pant shou]d be abﬂe to:

Descr1be b1ochem1ca1 oxygen demand as a method for determ1n1ng relative
organic quantities in wastewater.

Define volatile solids testing and state how the Joss ‘of weight in the test
gives. an indication of the organic, content of the sample‘

Explain_how total organ1c carbon is a measure of the degree of organ1c
quantity by- measuring the amount of CO or CO forg d when the organ1c
material is. ox1d1zed . . . ve

Y

lnstructionfal Aids: _ , /

¢

H%ng?ut No. 7 - BOD overview

Instroctional Approach:

Discussion ¢

Read Handout No. 7

Set up BOD's, run.other tests if poss1b]e3 volat11e solids, TOC

“ . S . . ¢ - *

1 - - . S—-

-

, : -5 ;
Refereq$e5° P T “-K'-' Ky ' \\ ¢ - ﬂ~

App11ed Chem1stry to Wastewq}er Treatnent Un]t 6, Ann Arbor Ser1es

-

te -

. Cla§§ Ass;gnments:

~|. Read"Handout No. 7
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Arbor Series - Volatile Solids
Test.

*“

-
-

PP. 66 - 92’ Unit 6’ Anh
- Arbor Series, Total Organic
Carbon- : 7

organic content. Review methodology of the-
test. T -

Objective 3 - Tofal .Organic Carison .

Review total organit carbon as a
measuring organic content.
methodology of.the test.

- \ R > . L]

method of
Describe the’

-

38

» s‘

g

35
o Page of 111 |
Module No: _ " Topic:” !
YA - Testing for Orgariics . .
- - ’ l. \ . . -
Instructor HNotes: ' Instructor Outiine:
- - e ) )
i —
‘o g M ) o
, - Objective 1 - Biochemical Oxygen Demand )
PPJ‘\BD - 185, Unit 6, Ann Re&few'BOD as a methad f6; the determination Df
Arbor Series --Measurement by relative organic quantities and discuss why
Oxygen "Consumption BOD is an accurate measure of oxygen demand-
) . under actual conditions. Review the methodology
*Handout No. 7 -"BOD - an of the test. ' .
Overview Ca ° ' . ~ '
. ; Objective 2 - Volatile Solids
_;PP. 33 - 68, Unit 6, Ann * Review vola%ile solids as a method of measuring--
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ModuleyHo: , Tt&odu{e Title: . ~
. . ° - | Advanced® Chemistry - .
Submodule Titler ' .
fcs - 1 . ‘ L
Apprﬁx.‘Time: 4 | Orgap1c§ nnorgan1cs . - L
' _ Topic: .
‘%:hour ‘Inorganics in- Wastewater N ) 4 K A
Objectives: a i X by

Upon comp1et1on Qf this module, the paft1c1pant should be able t0' -

1. Def1ne sa11n1ty as the presence of dissolved inorganic material in water.
2. _Indicate ‘that’ practically a11 1norgan1cs whlch dissolve are present 1n

the form of ions.
3. List 6 cations and 6 an1ons which'may be present in water to cause sa11n1ty

-

. J - ~
'1 R . .
Instructional Aids: ~ TR :
- . “ ~ '
¢ ° 1\\ - d
rA v c-vki-. - »
. \b ”
. . e .
{Instructional Approach:} . - . .
.' v “ M
P Y . < . N “ ¢
* ‘e W : -
- Discussion L ) ~

R .
. - . . 4
. . ’\ . x
. . .
. .
B

References: -

S

Applied Cﬁémistny to Wastéwater Treatment, Unit 3, Ann Arbor Series

)
Y T

Class Assignments: 4 . ‘ )
4( ~§. ‘ . ’
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- L Topic:

Nogﬁé o

- ® P »

¢

Inorganics in Wastewater

. g

-~
»

14

Instructor Notes: > . -

13

Instructor Outiine: R s

Yoo, . PN

v M

] - -~

PP. 17 - 25, Unit 7, Ann
Arbor Series - Salinity
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Qpjective 2'- Tops

. domestic, industrial, ‘and ri#tural.

Objective 1 = Sa]inify N

Define salinity as the presence’df dissolved
inorganics in water, L
P

Exp]ain-that;élmost a]1‘§norgahics that-dissolve
do so as ions in solution: . - :

A .

>

>

Objective 3 - Cationsfqnd anions: . o .
. ) y - 4

List several types of cations~and anions which

may be-in solution.. Practically.all jonmic .

solids. Indicate’sources of <inqrganic wastes,

>
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[Module Ho:- % | Module Title: |
e . | Advanced Chemistry - - - -
o Submodule Title: _ . N
Apnnbx. Time: ‘ifr 0rgan1cs - Inorgan1cs : . E
' . T Topic: . e . 'S
" 1heur | Inorganic Problems ' L

. ObJectfves. L o

Upon complet1on ‘of this modu]e, the part1c1pant should be able to:

) .
1. Expiain that dissolved ions decrease the solubility of gases in water and
high salinity may decrease the concentration of dissolvid oxygen needed.
_ for biodegradation _reactions in wastewater. T~
2. -Indicate that\high sa11n1ty may inhibit or kill the m1croorgan1sms 1n
wastewater treatment.
3. Explain that high sa]1n1ty may injure .or kill fresh water fish.
4.. Identify ammonia, ammonium.ions; nitrates, and phosphates and explain ‘how
. they may act as fertilizers and promote the undesirable growth of a]gae in
" TStreams.
5_ Indicate: that cat1ons produced from. metals such as mercury and lead, and
anions such.as cyan1de, can be toxic to animals and people. -

T 6l Ident1fy hardness causing cations and cations of metals such as iron and

" . manganese and the problems théy cause. - , N

L4 ”

Instruct;ona] Aids:” | °

| Handout No. 8 - Salinity =~ - . N _
. - : . . . 7oy - ‘ . ¢ hl
Instructiona] Approach' ] oyl
s e T . O L .
Distusstom——— : L . :
Rev1ew Handout 'No. 8 ,g; ¥ o ST o
v . . r ’ ‘ o
‘,References P : R = g R ‘o' ,

Y “4

App]1ed Chennstny of Wastewater Treatment, Unit 7, Ann Arbor Ser1es.
Chem1stny for San1tany Eng1neers, Sawyer and McCarty

“1Class A551gnnnnts o . . o ) ‘ . K .,i
Read Handout No. 8, - do se]f—test 1 T .

¢ . . - -
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Module NQ:\_

>
r

Topic:

Inorganic Problems . o : =

in%trqctor Notes:

+
-,

Instructor Outiine:

©

L ©

o

-

-

~

-

e

N
4

]

PP. 17 - 25, Unit 7, Amn
Arbor Series - Salinity
rJ

£

Handout'No. 8 - Salinity

"

PP. 347 - 355, Chemistry for
) ‘itary\Engineers - Hardness

.

J oxygen levels,

Ion§

e
ExpTain - the relationship between solubility of
gases in water-and dissolved ionic .content.
+High salinity may cause a reduction in dissolved
for example, in a lagoon. During
dry seasons this may become moxe of a problem.

Objective 2 and 3 - High Salinity

Note that high salinity may also inhibit
microbial action or ki1l the microorganisms.
Also highly saline waters will ki1l or injure
fresh water fish. .Note the intrusion. of -salt
water of estuaries into fresh water aquatic
systems.

Objective 4 - Nutriénts

Define NH3, NHg , NO3
growth which may, at times, promote undesirable
-growth of algalblooms, eventually resulting
«iN an increased organic load on the system
jnvo]ved. . .

1 Objective'5 - Toxic Ions o

-

Identify metallic cations such as Hg, Pb, As,
Cd etc., as potential_toxic substances (ions).

toxic to microorganisms.

Objective 6 - Hardness Cations L

Identify hardness . causing cations and other jons
of metals like iron ‘and,manganese and discuss -
the problems these ions cause. ’ '

. R .., ¥

‘Objective 1 - Sotubility of Gases vs. Dissolved .

4

Also note th&t»some[aniqns, such. as CN- are also

» POg.as nutrients for a]ga]w{



_ Module No: Module Title:
Advan'ced Chenﬁstry:

Submodule Title;
"Coagulation

r

Approx. Time:
Topic:

3

2 hours ‘ Colloids - Definitions - -

~

Objectives: : »
Upon completion .of this modu]e, the*part1c1pant should’be able to:

Define colloidal dispersions and the normal range of size. for co]1o1da]
part1c1es. :

Indicate that much of wastewater suspended ‘matter is col]o1da], especially
color and turbidity~-causing substances. .

D1st1ngu1sh between true solutions sand colloidal dispersions and indicate
that both inorganic and ofgan1c matef1a]s may . form colloidal suspensibns.
Explain that surface area in relation to mass in colloids™is great and that
all colloids_ are e&thr1cal]y charged, the majority negatively._ .
Indicate that Tike charges repel, un11ke charges attract.

f
Jnstructional A1ds. ) ;

. C

-

) Ihstgugtional Approach:

Discussion

References.A

Chemistry . for'San1tary Eﬁg1neers, Sawyer and McCarty.

Class Asswgnnnnts. .

L 4

Read Chapter 7, Chem1stny for San1tary Englneers - Co]]o1d Ghem1stry .o
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Module Ho: v

A

Topic:

‘Colloids -

r

w”
<

Defin{tions P

Instructor Notes:

\

o

“q

Instruqtor Outlinei

o

. -

P. 214, 215 Chemistry for

P

-

Sanitary Engineers - Classes
and graph for sizes

L)

P. 290, 291 Chemistry for

Sanitary Engineers - Turbidity’

4
'

A
-

P. 216, 217fEH§§%s

pEa

try for .

Sanitarqungineers - Qenefaj .

. Properties
. Al

S
, d
o .‘ ~
!& :

PR

’

gabjective 1.~ €GoTloidal Particles’ .

- - 5 * o .
Define colloidal dispersions and relate their
size to particles. Colloids are.considered
larger than individual atoms or molecules

but small enough to possess -properties- very
different from coarse dispersions. Colloids
range from 1 to 100 .mii1limicrons in size. Note,
that colloids are insoluble.

Objective 2 - _C-aloNand Taste and'Odor

.{ Note that colloids

Emphasize that much pf the color and taste and-
odor causing substanes are g61loidal. The .
water systems will vary according to conditions
and thus according to degree of colloidal

dispersions.

¢
° -

" Objective 3 - True. and Colloidal Dispersions

) L]
.although almost molecular in
size, are not true solutions. Also certain
organic substarces, such as soaps, that are-
usually considered soluble in water are'not and
actually form collojdal dispersions. Also"
"inorganics such.as ‘bentorite clay, will not form

a true solution.; . ) -

‘Objective 4 and 5 - Geneial Properties of Colloids

Discuss,the general propertizs o colloids,
especially the hjgh surface ared to mass ratio,
Colloids thus have' great adsorptive powers., .
Note that like charges repel, unliké attract.

-

- L
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Modulg No: Hodule Title:
x Advanced Chemistry

H

- Submodule Title:

e p—

| Approx. Time: " | Coagulation
' .1 Topic:
2% hou¥5' , Nature of Co]101ds

Objectives; . coo R N

“{° Upon comp]et1on of this nndu]e the part1c1pant shou]d be able to:
A
1. Exp1a1n the fundamental baS1s for the stability of colloids as the
., repulsion of similarly charged co]lo1da] particles with abnorma]]y lony
settling times. '
Define hydrophobic colloids and zeta potential.,
Define Vander Waals force and indicate that as 1ong as the zeta potentna]
is great enough to produce repulsive forces in excess of Vander Waals force,
the particles cammot coalesce. .
Explain that the destabilization of col]oids is brought about by counter—1oh <
absorption by addition of ions of oppos1te charge unti1 the Vander Waals
attraction forces are stronger than the repulsive forces of the zeta
_potential and coagulation occurs.
5., Define the Schulze-Hardy ru]e ’

*Instrutttonal Ajds:

N = -

, lnst(uctional-ABbroach:j

~ Discussion

Referénce5°‘ R : o

Chem1stry for Sanitary Engineers, Sawyer and McCarty.
Water Supp]y and Po]]0t1on Contro], Clark and V1essman, 1965

-~
[

Class A551gnnnnts. :
Ch. 7. Chem1stny for San1tary,Eng1neers, do problems 7-1, 7 2
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Module No:
' “ Nature

Page 43  of A1,
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of Colloids, - o ' Ty

Instructor Notes:

v

Instructor Outiine:

. - - ‘ . SR—

—
/

P. 218, 219, Chemistry for -
Sanitary Engineers -

"Hydrophobi ¢ Colloids

PP. 341-343.
Pollution Control - Zeta
Poteptial

P. 220. Chemistry for .’
Sanitary Engineers - .
Destruction of Co]?oids

-

.

Water Supply aﬁd'

‘ -objectives of chemical -coagulation.

Objective 1,- Stability of Colloids

=;Exami%e%%he/§tabi]ity of colloids as a resylt
| of their inability to coagulate due to charge -
repulsion and’ therefore, their long settling
times in sedimentation basins.

Objectives 2" & 3 - Hyd}ophobic Colloids

a L ]

—

N
.Define hydrophobit colloids and éxamine zeta
poténtial. Limit mathematical treatment.
Describe Vander Waal's force and discuss

* these opposing forces. Vander Waal's and . -
zeta petential. - o e
Objective 4 - Destabilization of Colloids

sDiscyss the theory of destabilization and the
Briefly
discuss the common four methods of destruction
of hydrophobic colloids: (a) boiling,. (b) .
* | freezing, (c) addition of electrolyles, and
(d) mutual precipitation by addition of a -
collaid of opposite charge. Note that zeta A
potential may be reduced by adjus ment of the/pH. -

& 4

« < N ~N . . r‘:n
Objective § - Sthulze-Hardy Rufe— - :

Define the SchuIZé-Hardy.ru]e with respect to
addition of electrolytes as a method for
stabilization of colloids. '

-
» 4
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{Module Ho:

Module Titfé:

= 1

| Advanced Chemistry -

Submodule Title:
ﬁ-Coagulation

b

Upon completion of th1s modu1e, the part1c1pant’§hou1d be ab]e to

1. List three areas of removal achieved by chemi cal coagu1at1on

2. Ident1fy the two trivalents salts used in coagu]at1on and illustrate the
jonic valence states of the metal ions.

3. Illustrate how aluminum sulfate disspciates to y1e]d su]fate, aluminum
+ 3 and'various aluminum hydrolys1s complexes.

4. Indicate that for a given coaqu]ant, such as "aluminum qufate, Tower pH

values favor hydrolysis species of a more positive charge arid that

5'“'Descr1be flash mixing and flocculation.:

~“—complexes with h1ghest positive charge are most effect1ve“1n coagulat1on. -

Approx: Time: o -
2-hours Topic:-w
~ Coagu]ati_on . &
Objectives’ ) N

s &

4

Instructional Aids: = .;

. e’ - ) ’ \ .

- ) -
R - ~ 0 ‘ -, } 5, . °
. ‘ J

>, - o

Handeut No. 9 - Coagu]étion

Discussion C

Instructional Approach:

References:

‘.~Chem1stny for Sanitary Eng1neers ,f:‘ &
: Water Supply and P011ut1on Control - ‘

N v -
‘e * .

b, o - ‘ “'sh‘

¢ .
e

""'14 | ‘

' Class Asswgnnnnts. e .
|Read Handout No, 9

Read Chapter 18, Chem1stny for. San1tary Englneers ' | W

¥

B .. g . 4
. . 7
- ¢
A N
't .
. .
* x
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Module Ho: 1. Topic: v -
; Coagulation
_{Instructor Notes: * '{ Instructor Outifne: = R

; .. — I'3
| PP.- 3437346, _Water Supply and .

P. 341, 342. Chemistry for ’
Sanitary Engineers - Purposes
of Chepical Loagulation '

-
<

Ea s >

Handout No. 9 - _ ‘ ‘
Chapter 18, Chemistry for
Sanitary Engineers - Chemical
Coagulation of Water

LI

e

]

Pollution Control.- Coagulation |

—~——

o

X

‘Redefihe the objective of chemi cal coagulation -

" Objective 2 &3 - Coaguiani’Sa]ts

~ their positively charges ions.

o7l e,

Objective 1 - Obje.c"c of Coagulation

removal of colloidal dispersions and increase
sedimentation rates. Note again that' coldbids
impart color, tastes, and odors. Name areas
of removal by coagulation and discuss (a)
turbidity, inorganic and organic, (b) coloyr,’
(c) bacteria, (d) algae, (e? taste and odor
substances, and: (f) phosphates. Note that
coagulation previous to filtration is
preferred.

Define thewfwo primary coagulant sa]ts)u§ea
in: coagulation as alumimum sulfate and ferric
sulfate. ‘Note that they both possess.,posikive

" potentials and coagulate by mutual coagyulation.

Show how the salts dissociate in solution into

dbgective - pﬁ‘Depeﬁdence S
v I

Discuss pH and its effect on éoagu]atipn and.
charged species. ) _

Objective 5 2 Flash Mixing. -

Describe the gederal hechanica] features of
coagulation. o

’ - * « .
4’8 ' ’ ) ) te
. . - .
, PR
- R B _ . -~
K o . . N - c . S ae



* Upon comp]etwn of .this module,

. “Define polymers and polyele
- polyelectrolytes.

| 2. Explain how polyelectrolyte
S colloidal systems by neutra
~ as coagulants.
_3. Define hydrophilic colloids
mainly hydrophilic colloids.
4. Indicate that counter ions
. -, colloids.

colloids by both charge neu

. , ‘ ) . @
o j o ..
., . T e ) - ’ [§ - . ‘%
' - ‘ Page 46, of 111
Module Ho: Yodule Title: : L -
y Advanced Chemistry
- | submodule Title: 0 ° N
Approx. Time; - Coagulatien — . ,.
2 hours  Topic: - A
Po]yelectro]ytes in Coagulai:mn .-
.JObjectives: . —_ I

the pa\rt1 c1pant should be able to

-

ctro‘lytes, 1nd1 cate the orlg1n of cbarges in

-

s, cationic type, destabilize hydrophob1c
lization of colloidal charges and thus serve

and state that most domestic sewage ccmta1 ns

Tone are& 1nsuff1c1ent to destab1hze hydropi‘nhc ‘

'y

a

Explain how polymers may act to«destabﬂue and agg‘lomerate hydroph1hc

trahzatwn and bm dg1ng pr1nc1p1es

R T T

Instructmnal A1 ds

. -

Chemistry for Sanitary Engineers

Tnstructional Approach: \ A
Discussion . : - -
_ . .
g Ve . \\ )
‘{References: %
- . ‘*{\ _¥ o .

H

Class Assignments:

..‘?A
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[Modute rio: ., Topic: . ~ — ‘ N
Po]ye]ectro]xtes in Coagulation ; S )
Instructor ﬂotes: ’ o Instructor Oytiige:
: : ——

Aids

P. 222.
.Sanitary

P. 345, 36, ChemiStry for
.Sgnitany Engineers - Coagu]gnt

Chemistry for.
Engineers -

\,

Objective 1 & 2 - Polymers and-Polyelectrolytes

_Generally discuss the -features of polymers
and polyelectrolytes and explain how

§.l_/pz1ye1ectro]ytgs act to stabjlize hydrophobic"
.\-/‘

cqlloids by charge neutralization. - -

- Objectiveé 3 & 4 ~ Hydrophilic colloids

o

| Hydrophilic Colloids .

' Define -hydrophilic colloids and discusﬁ

the .

reasons for their difficult

removal by normal, -

7~

electrolytes.

. N
f= :

- solvent rather than the slight negative charge. o
. ) | they carry. . T L |
Rk r - Coee = . . . R
Y, e Fz ~ { dhiective - Polymer ‘Destabilization - - ;
N o, . IS -
LY . ’ . « 8 .u o . a .
. - L Relate how pelymers dégtabilize by ;harg’e &
o NI tralization and alse, very significantly e
% £, By bridging pincipl, .Polymers and po]ye]ectro]ytes}
Q nra . o . - . . . .. . i
. . should be examined as gn introduction to this .
. -5§3§g3 of ‘treatment, " R s |
P e o AR Y'Y P . '
e, . . o v e et v . !
; i 0 * A0 v ot ) '
- * 5 . ,- q‘ [ d,
K N ': ¢ 2 - ©
. ' & :o)‘ LI "% :
. . .. ‘0
1 :° ~ ’ . &
ER .
’ PP T
. o \*f'x w e
e ‘
N : . .
-y o
L] i(' ~.
* 3
IS
P : 13
L ¢ - i ;
. o
v - 1 .
. b
A, e
< _ s J/'Y - ,
e - 55() . . - .l -
s . . P 3 ‘\;'f

‘Indicate that much of domestic
sewage will contrain hydrophilic colloids.

" Counter ions alone are insuffieient to -
destabilize hydrophilic colloids because thejr
stability is dependent upon "love". for the,»
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| Module No: - -] Hodule Title: e j
’ Advanced Chemistry "
’ r— - > -
Submodule Title: . v e - %
[N , Pesticides ) ) i
Approx. Time: »- = N .
Topic: ) B ‘
2 hours pls . N
R Mtroduction A
Objectives: ' . < J
Upon completion of this module, the.participant should be able to:
1. Define pest1c1des according to b1olog1ca1 uséfulness arid describe two .
“instances where pest1c1des are .used. »
2. ,List the three major types of synthetic organ1c pesticides and name .- ,
" three organoch]or1ne cqmpounds. . .
. 3. Describe one way in wh1ch pest1t1des may be introduced 1nto streams
o nd water supplies.
4.. "Bifferentiate between the suscept1b1]1ty to b1o]og1ca] degradat1on of
“the- three-groups~of pest1c1des — - - o
. L ' T
Instruct1onal A1ds N ' . ) ]
. /! .
i ] \l '- . /w

- . » ‘

Instructional. Approach:
Discussion

s .
s . v /
N . ¢

“References: }

’ Applied Cheh3§try of, Wastewater Treatment; Un1t 6, Ann Arbor Serles
Chem1stry for- San1tary Eng1neers

(13

- 'J:. 4 r .

P

Class Assignments:
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Module No: fbp;;?-’

P

Pesticides - Introductidn

Instructor Nofgs: e
’ -

Instructor Outiine:

”

PP. 301-318. Unit 6, Amn
Arbor. Series - Pesticides

[\ﬁ"i&

P. 150-154. Chemistry for -
Saniitary Engineers - Pesticides

‘of pesticides.

~E.xamine’the three hajor synthetic pestizide

| the aquatic environments -- runoff, wind,

4

Objective 1- Biological Usefulness

Discuss and define pesticides and the history
behind“them. "Also describe various instances
where pesticides are used for insect control,
crop eontrol, -rodent control,’ fungicides, weed
controls“etc. Examine the economic relevance

/
»

OBQective -~ Types

~

types -~ organophosphates, organochlori nes,
carbamates. W graph representations of
each. List several types of organochTori nes,
DDT, dieldrin, aldrin, DDE, heptachlor, etc.
Note the similarities between organgchlori nes,
and PCB compounds. R ' :
Objectives 3% 4 ~ Introduction to Environment”
“gﬁ, ©© v and Toxic Effects

A - é
Discuss ways that pesticides are introduced into

le chates.. Indicate the relative importance.
of each. Differentiate betwéen toxic effects
of pesticides on aquatic Tife in terms of the
three synthetic classes of pesticides. Also -

differentiate between the susceptibility to -
biological degradation of the three clagses “and
the significancd. of these differences. = -

t o




Module Ho: Madule Title:
: Advanced Chemistry

N » ) * | Submodule Title: . | ] ] | * n
< APPV“Oﬁ. Time: Pesticides | "a. ‘ // 4
o 2 hours’ : TOpic: | -
. : . Pesticide Systems o , )
Objectives: v .

Upon_ completion of this-module, the participant should be eB}e-to:
A 1. -EXp1a1n that organ1c pesticides are relatively insoluble in water.and a
) significant portion are adsorbed on suspended solids or deposited in
) sediment of streams.
.1 2. Indicate that during periods of agr1§u1tural runoff,¢pesticides fixed on
' soil particles may be transported into aquat1c-systems a
1}« 3. Describe how pesticides, especially organoch]or1des, may sbe concentrated or
accumul ated through food chains. .

4. Indicate a method fbr—degradat1on -of pest1c1des

\ .

Instructional Rids:

8Lk hat
. { . -
- . .
‘ Instruct1ona1 Approach:’ . _ ' © ST
i ’ . .
D1SCUSS10n - ;o -, .
- ‘ ] ~ ) - \ -
- . )
> . . ’ -

- *Feferences . - . ,

o Applied Chem1stry of Wastewater Treatment, Un1t 6, Ann Arbor- Ser1es ;

Ch]or1nated Hydrocarbon Pesticides in Bottom Sediments, thesis by Don L. Kr1ens,
1972, Unavers1ty of Towa L1brary o

- 4
. lg,r:. . . LI - , - r
- B ‘ ) -

Class Assignmientsi—ea =~ . : R )
o, - - : . . . - - 4

. . . q
R » K . -

, 53
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\fopisq

Module Ho:

k'

- Pésticide Systems

>
.
. [}
.
-

Instructor Nates:

Y
Instructor Oytiine:

! - .

z
hd

“Chlorinated Hydrocarbon
Introduction‘anq.Summary l

%

PP. 301-318. Unit 6, Ann
.Arbor Series - Pesticides

Pesticides in Bottdm Sediments

: Obje§tivé - Degrédationégf%PesticiQes -2

Objective 1 - Solubility in Water - - °

NOte that organic pesticides are relatively
nonpolar compounds and ‘are relatively insoluble
-1n water. " Indicate’ that sighificant portions

of pesticides may be adsorbed on suspended-
‘solids in streams or also attached to .other-
organic solids or colloids. There is a )
variability-of solubility of organi¢ pestjcides

in water in respect to types of pesticides . ..
and individual compounds. o

.

t)Ob,;je!'t:fii’\?é 2 - ‘Runoff .
Explain that agricultural Tand runoff

contributes a-major portion of pesticides
~into the ‘aquatic environment. - e
.

- v ﬁ . ~ ’ ’ 4
Qbjective 3 - Food Chains _— - .

Discuss how pesticides, eSpecféily‘prganochIorines,'
may accumulate.-through food chaihs due to-their
nonbiodegradable natur® Indicate that %p1s
‘biemagnification or cghcentration of pes icides
may reach a point where it could be toxic to

the organism in quedtion. This is especially
Prevalent in regard to organochlorine pesticides. ~
Chart out a food chaih as an example. )

-

-

N\

Discuss how pesticides may be ¥ troyed o?.gﬁangéa :
through biodebradation;-chenﬁtpl decomposition,
photo decohpo;jtioy etc, - -

-
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| HoduTe Ho: —[ todute Title:
2 : : Advance Chemistry- ° o

. . = . -, . _
T _° - | Submodule Title: )

| Approx. Time: T | Heavy Metals R — S
-2% hours’ . .- Topic: L

* Introduction
Dbjectives: _ ~ - 1

i
i .

B

.

{

i

¥

|

i

i

y

j

|

-

§

" ~Upon comp]et1on ‘of_this.s modu]i.ﬁthe part1c1pant shou]d be able to:

.,;;L. List four heavy meta]s by symbols. )
"2. Indicate that the most significant concentrat1ons of*heavy metals occur

. in industrial wastewaters.
3. Explain that heavy metals, which may d1sso]ve in water to produce heavy
metal cations, may be toxic or 1nh1b1tpry to growth Pt microorganisms
in waste ‘treatment at significant concentrat1ons.

Indicate that heavy metals may be in inorganic compopnd forms and

. 4.
.. .-this*is.a-factor in deternining toxicity.to humans. } * . ——— 2 =
"1 5. Discuss how heavy metals may accumu]ate through_ food cha1ns and induce.
' tox1c1ty in man. . IR .
» ! B - ° N,
. - |Instructional Rids: _ y .
_Handout, No—10~—Heavy Metals ?, T
. W . * ¢ . o
- . ) ry jJ
Instructional Approach: N\ ; ) .
. 1o R
ﬁ Discussion . . Q‘ﬁ, -
: Interpret Handout No. 10 | - . i f '
; : ‘ D
b by '
' References. Ty, n ; ;*
. i Applied | Chem1stry to wastéwater Treatment Un1t 7, Ann ‘Anbor Series |
-7 3:\" ‘.
' 1 ST a . Lo §” ) -
B N - .
RIS e [
4‘:. ) - o ,/ ' k) ! -
4* : . v/’\’ T g' 4 M . }- ~
-C1ass Assignments:  * . ! - - k )/ S
;- Read Handout No. 10 -, - ' T v
AT L . - N ! N




Module fin: -1 Topic:’

x

Heavy Metals Introduction

Instructor Notes: . 7{ Instructor Outi{ne:

.

: e ot

~PP. 279-304, Unit 7, Ann ' Objectives't &°2°~ Heavy Metals and Contributors
Arbor Series - Toxic Cations. 2 ‘ .

List several heavy metals and indicate the
major source’of heavy metals in wastewater
industry. R =

¥
DO S

Pl

siToxic cations: ‘
e ' jew, & ﬁfﬁéic effect that heavy metal cations
' T ¢an have og&%reatment microorganisms . :

Handqut - No. 'Objeétive'ﬁﬁé’Form of Metals
A

Explain that metals may take an organic or
inorganic-form in the environment. Generally
state that its form, organic or inorganic,

may determine its relative toxicity to humans.
For example Hg mercury is usually more toxic

as an alkyl mercury, usually methyl mercury,

than its inorganic form, such as ‘Hg vapor.

Jhis is an important factor when determining
toxicity to humans and other organisms., List

-a few effects of metal poisonings on humans. -

For example, methyl mercury -- teratogenic .
- or causes; deformed children, Pb -- nervous system -
disorders;lAs - brain-disorders and so én.

L)

Objective 5 = Food Chains -
I '

° k]

Discuss ?Y;umu]ation of heavy metals through ]

~

»
-

R a3 s,
bl
.
.

i
LR R TS VPR NPT SURVRUPINE O Ll
- *

*food chains and~how toxicity may .result, -
. ©

~ 7 Fe e

BBt i e
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' Module Ho: * | Module Title: Lo S o
. Advanced Chemistry T
) g ' T . | Swbmodule Title: - . 7 _ o, .
) ] Radioactivity -
» Approx. Time: - g :
‘ 2% hours - 'M.Npic: s -
% ege” 777 Introduction . - S ,
> " - - . < . .
‘v Objectives: o ’ ' .
Upon completion of this module, the participant should be able to: Co
. : 1. Describe the classical atom picture,conﬁist{ng of a central nucleus made
_up of relatively massive protons and neutrons about which rotate a number,
. |, of electrons in orbit. - '
% | 2. State that certain atoms are radioactive, have .nuclei that are unstable
- and emit energetic particles, a pulse of energy, or both. i
3. Idenfify radiations emitted by the radioactive decay process as alpha- -
*£° and beta particles gnd gamma .rays; indicate their relative penetrating .
T | . powers. R YL L2t oy
'4." Define curie and indicate its use in defining quantities of radioactive
N materials. - = . i S ;
Instructional Aids: » ’ N b o
' L § i § .
S - o } . ‘ Y ‘ ; "l § o
- 1} . 5 . . n
] . ‘{Instructional Approach: ] T 1
. Di%cussion r ; j :
KR . o \ ) ' « ‘\i . - g '; ‘.

. e ) ] .—7 i

~ ~
.
3
-
»
o
Q
.
al——-\
1
] 1

N E 5y M
. - |References: . . . 3. MK
< N . 3 - } N \v . }j 1
. o . " { . * .
Chemistry for Sanitary Engineers % g R ;
Water Supply and Pollution, Control R
= P - g i " - { !
" - : i , - .‘. 3 - 3 ] 3
- { ‘ ' 3 3
I A S S .
o . .
R Class Assignments: « T { ’ = {
PR S ] S . T .
Read CQgpter 9, Chemistry for Sanitary @ngineers ) 3'
. ’ ‘. 4:«, (R 3 . " O .- R
. o 0‘ ) ’. . .. ) , 3 . . $ .
:;. EMC . ) ‘ ; . . '- 'J . *: ) 5 ’7 . b!l ¢ e “ ./‘ "
| ' ' : T s N

L - L .
e ., w s, - - . o - - 3{ . -
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- . Page _55 of 111.
Module Ho: Topic: ,
' . . Intrjoductiori - Radjation . ‘ .
N ) fInstructor Notes: Instructor Outiine: . *‘ )
o "._. { Chapter 9, Chemistry for " Objective 1 - “Atomic Pi cturel
o Rt Sanitary Engineers - Radio- ) )
L chemistry : ' | Evaluate the Bohr theory of the atom, shgi
o -] How protons, neutrons,- electrons relate to
4 N { ‘each other and the nucleus of the atom,
T . o . Objectivé 2 - Radioactive Atoms
- : ’ - Examine naturally oceurring radioactive o
elements, atoms which have nuclei that are
e unstable.and emit energetic particles or
‘ ' - 4 a pulse of{energy, or both. ’ . .
P. 367. '.Water Supply and Objéctive 3 - Emissions ’
Pollution Control - Radio~ , . L
activity - " Discuss the various' emissions and thejr o
- ! ' relative penetrating powers, and thus, their, .
- . - . . energy levels. ) . i ;
|‘_" B - ' . N ' : ' {
‘< P. 247, 248. , Chemistry for " Objective 4 - Curie L P :
- | Sanitary Engineers - Natpre. of . , e e J! i
. Radiations’ : Define*nature of radiatidng. and the unit of :
’ - radioactivity, curie. “Relate the use of curie’ -
. . in defining quantities, of radioactiye emissions. )
' ' o ' . 3
; . : . L . 1oy B 4 % s
- - ,‘ i ,;
Y 5 E,A)é M 3 EJ .
. ! . . (/ - -2 3 ¢ ? )
3 . N . {%j . |
: o : | j)
. SN ! T}i :
' ' ’ 4 . s i vy { 3
2 . ! ! ! ¢ ) 7) ’ - | } 1 :
. : - N ' I Ny (
-~ (4 . I ~
s ?_L . } 1y
RN SN 2 4
i o % “ 1 > ’ 3 3 .’W




Module No: ™ -

Module Title:
Advanced \Shemis try

“|Approx. Time:

- | Submodule Title:..
Radidactivity

“Topic:
R Sources of Radiation

\
N

~10bjectives:
Upon completion of this modu]e, the part1c1pant should be able to.

F ol
.

4

J

State that there are over 40 kinds of atoms’ d1sp]ay1ng natural rad1oact1v1ty, .

. most with. atomic weights over 200. |
Describe two sources of radioactive materials.

Y

2.
3. Indicate that uranium-is the mother of a chain of naturally occuring 3
radioisotopes and u1t1mate1y d1$1ntegrates into.a stable form-of lead. ,;
4., Explain how nuclear reactors in power plants represent a potent1a]
source of radioactive waste in streams. - )
5. Indicaté how rad1oact1v1ty can be removed from water supp.1es. Give .
,'one exampte. oo X ]
: o - y 3
Instructiona] Aids:
; g oo it ) : : o %
L R . ) , oy
Pl 14 - - g -
. ,
Instyuct1onal Approach i i Aé
. . i } _ -
DnscuSS1on ¥ - ; o g
s - . . R ) ) s 7,
I § ; C ) .3 Fu
- )
R 0 2 I 3 3o 23 PSR B
5 T =7 7 7 :
. {References: " ‘ ' : v
Water Supﬁ]y and Npllution Control AR Yoo E IR I
v ) % N )’ e ’ f ;
i . N .1 L H ;,\ ¢ < z J . n _;
¥ : 3 " ‘
- ; 1 w7 ) :
{Class Assignments:: | ' ' !
;‘u 4n
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Module Ho: ‘& ...

-h
A ..

YA -
Tgmit ) .
- Sourdes of Radiation -

Y

Pollutants
z-”z

P. 368, Water Supply and
Pollution Control - Radioactive pollutants.

TR P ™

P. 369, Wapg} Supply and S
Pollution Contral --Remova
of Radioactivity from Watelr

————

LY

RS NN U
3

k)

;oceur in nature.
i :

gﬂbjective 2 - Sources

1

1Objective 3174ﬁranium‘

)

degrees. %

7

IeCtive 4

}Obiéctfvels - Removal |
iIndicate that lime-soda ash s
jeffective ynethod of removing
wastes from'water supplies: -
" {removes onlly wastes associate

. method of Yémoval, but is mos

radiation-&xposure.
.i .
i

{

i
g T,
!§, \..%‘: .

H

. 3 . S
Objective 4 - Nuclear 'Reactors™\

&~
Instructor Notes: ' _Instfﬁcgbr Outiine:
\ 2
Objective 1 - Types, of Radioactivity

Indicate the types of radioactivity which

Briefly explain various sources of radioactive

P

1

jExp]ain uranihm as a natural rédioactive oré
which will ultimately decay into a stable form:
of lead. Radium is a significant waste prodqct'

jof uraniumi Indicate the relative long
halfliv.es of‘radioactive~sourges, varying. .
%. .

’
N

'Exp]ain how nuclear reactors répresent a source

of introduétion-of radioactive waste into the
ater and air environments. Major contaminants

{ ould be r?dioactive Krypton, xenon, and tritium.

'
{

oftening is an
most radigattive
Filtration usually
d with suspended

“solids. Distillation is the most effective .,

t expensive.

{Discuss hedlth problems assqciated with ,. "~ *

o

!

7
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‘ Po]ar1ty of Water, -
¢ " _ Handout No. 1 ‘ o -

) . .
Molecules are neutra], and the positive charges in them are

-

exactly canceled out by the negative charges. But charges in some mo]ecu]es

-

- may_be spaced so thatﬁthey do not cancel eaeh other.out exact]yxuso that one
end is positive and theaother negative but the molecule as a whole is -

neutra]ly charged. Remember that like charges'repei each other -and unlike

» 4

charges attract E ‘ ' . : ;
: .
Water molecu]es are polar and account for much of the‘?ather odd

behav1or of water
f: ¢ 5
- A molecule of’water Ho0 conta1ns 2 atoms of H and 1 aﬁbm of 0.

LY e

L K T Oxygen conta1ns 8 electrons and 8 protons. 3
% . ) Hydrogen conta1ns 1 electron and 1 proton. '.3 »
[ . Oxygen conta1ns net negat1ve charge of --2. - |
s ) I % : '? \
? . Hydrogen contains a.netgpos1t1ve charge of +1, ; ‘ .
L : b . j
- | A neutral water molecule contains 10 electrons. :;' - ﬁ
L. N . The Hy0 mJecule may be illustrated as - L
: : L yoLt o Cod . < .
ST R S B X L ) |
w o0 v . ' v - ' . ’
L. ‘} . . «1:‘ . ﬂ - QH / \ . ' 3 _I - 3 ’ : .
T A |
AEEDU B "é\,’ T 3
h ; _ The bond bet%een H and O may be represented as H 0 whére the .
b aa electrons in the bond are shown as’ 2 dots. The nucTeus of an 1 oxygen atom ’
) '»;’ . - i =~
i - ~ . pu]ls on dts bond1ng e]ectrons more- strongly than a’ hydrogen nuc]eus does,
* - thusihhe electron pair: trapped between an 0 atom and an H atom Will tend-to be ;
R gﬂbser to the 0 atom;’.Because.of the off-center pos1t1on of this e]eftron
2o : .- ’ 177 ’ 3 .

. N v .
ol & - . . P
N « . .




-~ B ] Page 59 of 111

L proy

pa1r the 0 end of the bond 4ds more negat1ve thah thé H.end. Therefore, the
0-H bond w1]] have e]ectr1ca] po]ar1ty, the hydrogen parts of the mo]ecule
A hav1ng more pos1t1ve charge and the oxygen end having more negat1ve charge.
:The positive charges on the 2 hydrogens, hydrogen as a +1 charge, exactly o~

ba]ance out the negat1ve charge on the oxygen, -2. The molecule is electyica]ly

A

neutra], but still remains po]ar Nhy? ;;Z;ES ’

s - -

The water molecule, though neutna! eﬂectrically,is a polar ho]ecple P

because of the manner of orientation in spaée between thé oxygen and hydrogen _

atoms. Examine again graphically: !
.- . - '

,) . . . . ¢ \
- .- . H ‘/\:os"/._H

%

epr B B,

1
}
{
]

e A VST

i
3
i

JUITPN
]
L

+ The ang]e between the moTecule fs5105° This means that the H
’} -

nucﬁel are not pu]l1ng in exactly the oprs1te d1rect1ons The moledule
¥ '

S's

*has pos1t1ve and negative ends, H poS1t1vé and 0 negat1ve This'spatia]

or1entat1on, caused by the off-center posi zon of the electrons in the H-0'

bond accoun/’7for the polar nature of wat 3 and is respons1b]e for. manx,of S

{ :
water's unique. character1st1cs ‘ i. - “a’

~

A ey e o e S =

Note“that the pos1t1ve charges ?m the H nuc1e1 tend to keep the
l

hydrogen atoms apart ]1ke charges ?epe] each'other Again in terms of

’ ; Mgharges the mo]ecule HZO is shown as:

. b
-
. “ O
— 4
- B N - *
. N ‘.
’ -

' i ! .
. The\charges balance eaoh other'h@t*are spat1a1]y or1ented so that

. . ., 4
: : e R
. the charges cause the molecule to be polap.. \ L ' ;
S B2 e

-
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-

Polar molecules, L}ke HZO have att}actions for each other. In

water ‘the oxygen end ot the compound attracts the positive or hydrogen endh

of ‘other water nn]ecu]es Remeniber that Water solutions are combinations

-

of many H20 mo]ecu]es. The proton in the hydrogen end of a water molecule

can form a."weak" bond with an unused pair of exettrons on the oxygen of a

second water molecule. One mannerhof i]ﬁustration may be: A
.é) . - | P
H « H ‘ o .

1‘

Note that the bond within a water molecole is a bond of shared
2

e]ectfons, the bond between 2 water_no]ecules hs the single proton from a .-

-

: hydrogen nucleus, a hydrogen bond. ‘This hydrd?en bond is Qeaker than the

H-0 bond in the molecule 1tse1f

w

LSRR Y

} There are many other types “of mo]ecgles that ane nonpo]ar. . //

_\?or exam;j‘._ o - F4 \ % ‘ g
HQ:H 3 \ ‘ N
, H 7 SRR
s i %

PR qi . . i i LEEN
The C and H nuc1e1 have\nearly the same equa] aétraction for the

eTectrons S1nce the C H bond shares the e]eétrons equa]ly -the bond 1s

. l i 3
nonpolar. More so, the equal. d1str1but1on of} ﬁydrogens arount the carbon

' Y 1 . ’: .,
. . * , > 13

.tend to make it a nonpo]ar molecule. . )

K _The maJor s1gh1f1cance of nonpolar and polar mo]ecules is 1in the

3

realm of solutions. Rememberrng*the Tike dissolves 11ke,we understand then

that a po]ar solvent Tike water w1l] not be m1sc1b1e in a nonpo]ar solvent '

i T 3 ;4

63 . - .,

o

v

. . .
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*

“Tike carbon tetrachlom de or other %onpo]ar orgamc so]vents. Also s1nce .

_water is a po] ar solvent it has great dissolving powers vﬁen &7 comes to ’

d1sso]v1ng 1omc so’hds which carry charges.’ ) ; \ —]
g Another example of a nonpolar compound is carbon tetrachloride (C C]4)
c1-.-c ey L
T . h'on,oolar‘ : , )
- s . cf i - . . . 3
r - - ) - ) . Y ’ 3
Most all orgamc so]vents are nonpolar. Orgimc comp,punds are ;
those which contain the element carbon within them. )
b 3 v ' ‘v
- ‘ . .3
. ‘ ‘ v . 0 . LY
> - - . B hd :
x ° 7'? .
H 3’3 . -
. <
2 ) E
,." . P
4
1 . . -
. A . T e ’ P
: :... s, :
Ji R q\—w/}/ R . - . 3 <
; . 4
§
I é ) )
i : K ) : ,
’ ) b M ." "
3. s i' ’ < ‘g ’ §
] v » T 0
; ] \- 3 [ y o«
H ’ ' i 1y . g vy
s
§ ? . .
! 3‘ ) &
o = }\ ?
. T R . i
' ‘¢ T 7.
) .ol ' ) - ‘.; T ) ;7 J P
1 ﬁ T o , 'y R Bl :
. -'} i . ] ,1 .
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€0, and 0y Solub1l1t1es 1n Water - '4_. s gé'-'
“ﬂﬁandout No. 2. L “w,,.

i -

A

L}

is nonpolar, so is Cl2 or any bther

fﬁat are alike.

e

" in water.

gas made’up of 2 atoms

his is not necessar1]y to say that 0o does not dissolve

0bv1 us]y it 'does, but it does so to a 1esser degree due to its

' } "‘06
v ; JOXIOH
(X} ‘e €
COziis more polar than 0Oy but does not act like a highly polar '

molecule.

%
Pl
4 '
2

is” not highly po]ar

L4

o

The C is the po§iti ves part,;O the negative pay

O-—~C~—O

lBO

S’?sh‘Hy ~P°,°V‘

3
{
Due fé the oppos1ng pulls of the 2 polar C-0 bonds the 002 molecu1§
]

It 1s not h1gh1y po]ar Tike Ho0 because the oppos1ng

po]ar bonds are exactly orientéd spat1a]1y 1809 ;rom each other. /
. i - - 3-

Howev rs 002 1s mre po]ar ;ﬁan 0, and thus™is more soluble ;T |

; -
- . S | |
. 3 .- v N
‘ i \)v
P i o j
. oo - 3
i ) 3 : * . ) Iy H
L. ]
' . !
" y
i - # 4 b ) ‘
‘}, l 4 ~‘ -
; 1
7 s d ° 4



"
IR

‘s

¢
3

3 "Carbonate Equili

brium™, PAGES

3

b3-L7? REMOVED. PRIOR TO BEING SHIPPED TO EDRS

HANDOUT NQ.

RESTRICTIONS.

.*

3
3
§

DUE TO COPYRIGHT

}

3

* )

©

L

-

-
\
2
L N . L .
¢
.
L4
! ~ » ’ '
o -
« o A
v ’
1
.
.
[ »
i
Y / o
. - |/ .
¥
. . ‘
- - - , B )
. — - PR v.nza - :(:. w-:\“‘){ T s o~ - —~
.
v s * T
o N
~. g . 1
- - e w m b e - -
A . -
1
. 9
.y 0 .
L S e o - L3
Pilaec | @ ontamagy L e ew, L G S grne menn rewpe e e, oy P
=~ \ B
’ -
P . N
E:3
» -
e “ e e en . \? .
. r QO
© . QO
A M 1
’
TN A T U Y e e s e i AT YTt e 4 4 4t v
- T o o
N e e s ¥ s
-
- v .
- -

[ 4
‘e

- wxfé. R Y

4R A S A e o S e e
*
. "




# - % hd
“ . i V
- Y . ]
. : - [ - Page 68 of- 111 ‘»&
e { pH Scald < = . ’
- . ) A "\
.. .} Handout No. 4 o J )
— 3 A\ ’ | % ) % _
- T, ot (H*) _PH (OH)~™ Examples
*-@ﬁ - 9
. L 1,x 10° 0 I x 10714 ‘
7 7| Increasing ) 10-1 1 1x 10713 1 M HCT
n o chidity T 1.x 1072 2. 1% 10-17% 2 M HC
- ¥
- 1 x 10-3 '3 1x 10711
"1 x 1074 4 1 X 10v10 —
» ( * X N %e °
. o 1:x 1073 5 1% 10-9 :
. M
: s, 1x106 6 1x 1p-8
™ . , , « . ) -~
| Neutral 1 x 1077 LT 1 x 1077 Distilled Hp0
. i,
' . o " 1x10°8 8 1 ?x' 10-6 5 ,
) 1x1028 -9 x 1075 e f ‘
) 1, Inereasing 1x10°10- 10 §xs 104 .o
2 | Basicity - 1x10°1 11 1}x 10-3 .3 M}‘NaOH )
R S IV B (i 12 11>e 10-2 %
- e ’ i . 13 1 i ;'
- . \ L s 1x10°13 . 13 Lix '10-1 . 3.
LY ! ' ' 1 g ) .
. ; ) 2 Moo axw08 1 1j% 160 ; :
e } j . SN e . a3
i ! iy . e ! s
5 . (H) and (OH) are in terms of mo]ar concgntrations. - Y
] . BN :-, ﬁg s . 1 ?; , . >
° * T} . o H \
: P8 ("o - ° ’ e
) ' . ? . . ‘ii - e i ! S ° i -
S B ._' ) . ’ {4, T } .
. , [ -4 .
- ; . < - ¢ 'r.' ? »
§ - { goA
. <R - ]
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Titration Exanmle
Handou% No 5. X

(as CaCO3) is usually

1/50 N/50 or .02 N

% -

~ And a]ka]1n1ty is thus detenn1ned

Thus in a tatrat1on to determ1ne a]kal1n1ty a specified vo]ume of samp]e is
used and t1trated with a specified normal1ty of acid.

- used. to titrate is geterm1neq at the.end point.

The norma]1ty of acid solutions used to measure a]ka]1n1ty

*

>
s ¢ ° -
N

A\

The .volume of acid

By usfng-the equation:

. mg/1 a]Eé]inj’éy as CaC03 = ml titrant x N x EW x 1000

Sample volume in ml

} " . As an examp]e 100 ml of sewage, samp]e (eff]uent) is titrated w1th

find the aﬂka11n1ty.

.02 N'H,S04 and the

volume.of titrant used is 12- ml,

12 x .02 x 50 x 1000°

ol

{. mg/] alk.

P
b

;
%
b.

.02 N H2504 t1trant is used

. “100 ml ot L
"‘ ’ ° . * . . ' Lt i )
: = 120 P ' :
5 is used as E W. (equ1va1ent we1ght).mn5order to, exprcss a]kalln1ty as
. iy
CaCO3 K'Y - - : X -
: e 5 3 i’ ’ { v ! %
7 Ty b
Egb] 3 - }j !
L %‘, <
a.” Find the alka]1n1 y of a sewage samp]e (100 ml) in which 20 ml of a -

P

Express;as mg/l CaC03. B b

- . -

Find the a]kal1n1ty of a sewage samp]é (50 m]) in’ ‘which %9 m] of a
iy 3
& .
.025 N HyS0q titrant is used.. Express.as mg/1 CaC03. . . o P
;- ’ ' to- T - . g o ‘
- ‘; ‘ ' i | ,—’. - d . ‘ .'_ ;
. 3 , L . N - * -
(363 pa ' -
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Aromatic Compoynds ; , ; ! '
Handout No: 6 - ) . 1 . :
. - . ,
ATl aromat1c compounds have groups of aromatlc nature in the1r ~
:st}ucture. The basic uny; of aromatic compounds is the benzene r1ng
. - 4 H \ ‘ \
. . /C\\ ~ Do v b T . : A !
L HCe CH | ‘ : - : :
. " ’ . L - /' ) /
H Cc ' CH o ¥ 5pmc‘n\v\¢’5
=~ C ',V r‘crusm-ﬁcd
H Benzenc Szm’o); ved ""o . as
-Thé formula-shows .double bonds befween alterna;e,cérbon atoms in
. .
the ring \-' ' ; ‘ .
- Functional groups added on to the begfene ring may <include: ‘)/
As examples but not 1nc1us1ve ' ‘A '
N - CH3 methyt - C - Ketone !
) ¢ . s i
N _
. * CZBS ethyl 0 -
- C1 chloro’ - C = N nitrile
"03 - F fluoro /. \-NHZ amino (N ‘
- Br Bromo | — -\NOZ nitro '
- ¥ / b >
-1 Iodq ’ . 0
N - - cf acid
S : OH a]coho (hydroxy),‘ SoH
s l , \"/ ]
'\C::j aldehyde | - . -
CH3 CoHg =~ Cl
. < 102
® ° 69 N .
., Tolvene Ethylbenzene . M-Chloronitobenzene .

4

b
i«
,




~e

T

B

: = R =
Y - ! . ¢ g ¢ »
v, Page 71 of 111
> 2 - ¢ N .
Je :g o .. . M
$ ' ':‘3&;1 -

4

B

A

Phenols: *Phenql§3@re’beﬁ}ene rings with OH g

L, . :
basic compound phenol is -shown as:
. L4

[

r

:

\

" Phenol

Others include added functional® groups.

ol

0-Cresol

e

OH.
Resorcinol

LY

(YR

S

.
"

.OH

- Hydrogquinane

S
/]
2
.
.
.
-
.
)
.
.
B
-

raups attaéhed.. The
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7 A  Coagulation. o S L .
7 Handout No. 9 L : ‘ ' |
' : ‘ . v
. Coagu]ant.Salts , . ' i
’ . "1 ' When‘a'lumin;xm sulfate Al, (S04)3 so]ut.ions are added to water the
| .mo'lec'ulﬁes dissociate to their various iohs-.and. a}§ojonic complexes. '
T URIp(S0); + B0 ORI + 3 S0 '
In addition to ATHHE vatrious_h_ydrol_y_sis complexes are fo}*fned Wwith the OH" of
the water. .. . q 1 Q '
\ A AT (OH)** ' V_ ‘ . o/
moon . o
A1 (OH)3 L e o {,‘
A'Iuminur;l sulfate is usually ca'l.'led'fi'lter;'éa'l um in enéi;eéring pracﬁce and
may also be Shown ‘as (Al (S04)3 - 14 HZ(D S, N
‘ ‘ - The various positively charged. “spec1es" formed may combme with j
the n'eg_atwe]_y charged colloi ds to neutr?;11_ze part of the charge° 'on the colloid j
. ana ‘éffect'i’velly reduic? the zeta potengi al to a point at which the cotloids will
N S A1++++ - co'l]o1d°- -.——)A]«co'l'lo‘id. ne LT e L
. kY : ; | Ferric sulfate Fe2 (504) hkemse dnssoc1ates t’o’ y1e1d Feo (’504)3'-‘.-'—>
T hrettr s S04 and various pydrolysw con:;;ltexes,. . ‘ ;
R ~
A . @Fe.(OH)'2+'.-‘~_':’& - S e . ]
p RN e T aET
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' b1carbonates present act as. buffers by this reaction.

Jaddition of,rather significant ouantfties_of dissolved $01ids to thesfinal

éhemistry Involved ‘ - - Ty

It is notabTe that the species with the most ﬁositfve charge is

5"

preferred. pH at Tower values tend to favor -those with a Rositive ohargen

pH values of 5 - 7.5 are.consédered the proﬁer;pHnrangés. ThisjiS'logfcal

since Tower pH values yield more HY ionsg less OH™ ions, and therefore greater

AR | .

quant1t1es of AT jons the more bos1t1ve spec1és
— v

f?%reme pH depress1on however, 1s,undes1rab1e and natural

.
b

HCO3 + H ~> HyC04 —-—,.-icoz + H20
The zone of pH 5 - 7.5 is. the zone of least solub111ty of f]oc and

e S

. therefore the zone of greateSt prec1p1tat1on -of f]oc or greatesi c0agu1at1on.

Res1dua] alkalinity buffers the system at pH levels’ above 5 and guarantees.
total prec1patat1on Qf coagu]at1ng iofis. A

1nvo]ved is sonewhat complex. It shou]d a]so be noted that aluminum. and iron
sa]ts (coagu]ants) have great adVantages in that they remove, in add1t1on to

colloids, suspendedtmatter and phospnates. However, a d1sadyantage21s the

a- t -

i
-
~N
¢

. Chem1ca1 coagu]at1on is not fu]]y understood and the chem1stry o
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Sources - Yead and zinc Smelting, s11ver solder1ng, e]ectrop]at1ng battery

-

mgnufacture, pa1nt p1gments, cataTyst in p]ast1cs manufacture. .

*TdXiCO]OQy -‘énemia, loss of calcium-and phosphaﬁ%(in kidneys, damage o

% B & N ¢

osteogenic tis sue of bones.” ' . : .

LY

Heavnyetalsg A
» \
Handout No. 10 .-
Aﬂéévj Metals ‘. ' - .
) « & :
As - Arsenic Se_- Selenium ' -
Cd -, Cadmium Ni - Nickel . T :
~ . i
Be -+ Beryllium Pb - Lead - - - ¢
Cr - Chromium _ Hg -, Mercury j
s ‘ _ . Coy . ) s
V - Vanadium ' ‘
*Mn - Manganese '!!ﬂ. R L ’
o, AT : ’ f . N . A
Metals have varying effects.according to source and form' in the
environment.’s. A few,are given here: - ’
B S " Arsenic - As
Sources - non feqypus-hetal smelting, s¢afood. coal combustion, some' natural
wate}s.' o - ‘ L ' l o
- ." . ’, . . '
" Uses - 1nsect1c1des, herb1c1des (organ1c), med1c1nals - potaSS1um arsen1te
(Fow]er s soln), anthe1m1nt1c. :
Tox1cology (effeggeon humans) - k1dney malfunczégi'and failures, centra] .
. o) ‘{
nervous system tox1c1ty, dermat1t1s¢ cancer of kin b]edder,.esophaguss R
. ' , . . 'g .
Tiver. . = « 4T o © T N "
2 - S ' _ o AP [' ’;
' . ) Cadmjum - Cd , . e s
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'protectant fungicides, in amalgam filling - dent1stry, in 1aboratony and : f

_med1ca] apparatus, as cata]ysts in p]ast1cs manufacture, as. medicihals

.1 Penetration of human food chain:

¢w1th Hg fung1c1de or of an1mals fed Hg treated grain.

J

" Intake of Pb by U. S..résident =- , 7
Avg. daily iadeét{on (food,OWater) =,,3§§L@Zday~ ' ) i
Avg. daijyvexposu;e (a;r) ‘ - = ,15.mg/day ‘ f?) -
Totad exposure. - i P ~ . .50 mg/day #

) Highest absorption rate is:in’edjjes.a Pb is stored mbst]y in bbhe tissue
and is‘exereted brimari]y‘fenal (tidnéy). Add1t1ona1 sources of lead for
hymanléonsamptioP: S IR ) ﬁ, ) .

é&‘;‘ - R
. .
|
»~ 1
. .
* ? . 3’ * i
Page 94 of 111 - |
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Mercury - -Hg :
¢ - ~ T I .
Sources - Mining of cinnabar, Hg'is a minor component of many ores,
"distributed to enV1ronment in course of $melting. ~ ~  ° . o . .
Uses - E]ectr1ca] and e]ectronac dev1ces, as sl1nnc1des, in pa1nts, as seed - |

(HgClz d1s1nfectant HgC] - caTomg] 1axat1ve, ammon1ated Hg as a d1s1nfectant )
(a) Some uptake from soil into p1ant life -
minimal. (b) Major source ot pedetratioh‘?f human food chadn_is through
marine sources of fddd Mercury %]E}]ated by bacterial metabolism - moved

(c) Consumpt1on of“g?a1n treated
B

up through plankton to- f1sh eaten by humans

Tox1c actions - HgCl, extremely toxic, k1dney damage, organic mercurys.:

nerve tissue damage, severe bra1n'damage. ' -
A - . 1‘ . ~ v

-

e, Lead = Pb

-

Sources - Ores, storage batter1es, non ferrous metal smelters - zinc, copper.
Uses- - storage batter1es, gasol1ne %ddit1ve (tetraethy] lead) s pa1nt p1gment, :
ammun1t1ons, solder, sﬁ1e]d1ng, cau1k1ng, several btheragégim'
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) a. * kead paifit ﬂgps . ’
—= . g Sa g -
b. Smelter air sheds §
. . , ) -:; - i
_ c. Food grown.near freeways 3 .
< - - » ’ ’ 5
3 . i :
d. Lead chromate paint- i
2 -
£
e. Food eaten from lead-glazed pottery
s
4 B
t Toxi colo“’@ - nervous system disorders, anemia caused from impaired heme
synthesis, kidney damage. ' . - )
Manganese > Mn -
- [} . o ' L . o
Human exposure - mining, alloy. manufacture, medicinals
. 4 S ’ 1
Toxicology - Mn** toxic to central nervous system... )
* ‘ ‘N -
Nigkel #3Ni = e -
' ‘ 3 \ - L ..
¢ . Human exposure - nickel carbonyl used in metallurgy is extremely toxic.
. ) . 1 P, .
- Toxicology - dermatitis, nickel .carboﬁy] is very highly carcinogénic
. v -’ N a
. v{cancer causing). .
?ﬁ " * )‘) -, ’2- )
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Fil1 in the following blanks: » - -

1. B0+ =2 Hy0, A

2. Wp032> ' % HCOy”  Show changes _
3. CaC03 (solid) &= catt,” Show changesl i - ‘
3, CO, increases the dissolving power of water by %of@ing - aci_d.!m“”i

. 8. Which iskmore soluﬁil?at the samé\Efmperature and pressure "

. ”‘; - _' - -
Problem Set No. 1 - Carbonate Equilibria . oo

* - e . . - =

5. The solid CaC03 dissolves in water into ions Ca** and CO?. When a

solution of CaCO3 is said to be saturated it has the

-

. ) - - -° ‘.' .t
(maximum, minimum) amount of Ca'® and €O3 ions allowed in solution.

6. 1In No. 5 above if Ca™ ions were introducéd from an outside source would

k.3

some Cacéé (solid) precipitate outsof sqlution. (yes, no).

-

7. -True or false - Some.COp *{s picked up by our natural waters because

+ Y

of their contact with air above.

o

0, or 0y, “Is CO,fmore or Tess) polar than 0.7 . =

L]
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Module .No: . |- Module Title: I
& E ‘ Advanced Chemistry for Operators . N
., - Sibmadule Titie: . - - TTn
"Approx. Time: 1- ' T, s . ' LN
EVALUATION - Part A - Reactions in WaterSolutions "'\ =

“Objectives:” w ‘ ' . : o . Ceti

. » . »

- [1 .. The water molecule is.‘electri_cal_]y,

.Evaluation Questions

» \ c . . (Y X -
-

- . -
- - Water molecutes”are (polar, nonpolar). N
3. Water molecules ‘are held together by bonds. Wate molecules move
continuously as groups in solution. e . . L >
. 4: The sﬂaﬂe%} entity of water is the water . . (%on, molecule)

’ .
(PN . ~ >

5. Ions are separated in water s01ut1ons by the

6. Increasmg jonic content caus1ng the water of hydration to be spread thinner and
thinner will eventually result in - (saturation, 1nsaturat1on) for the
particular ionic soJatwn '

7 / Nonpolar substances wﬂ] general 'ly dissolve 1:0 a (1esser, greater)
extent in_water, a po]ar substance.

.
°

8. Since carbon dioxide is more polar than oxygen, carbon d10x1de wﬂ] d1ssolve 1n

? water to a (greater, lesser) extent. than’ oxygen. o se " ’
. & 3
Answer' the followi ng o
9. 4ow by equation form how CO2. reacts in water to form carbomc ac1d : ‘.

10. Carbonic acid will ionize in water so] uttons. Show the 1on\12at1on equat1ons for

- cdrponic acid., ~
S . . .
11. Bmeﬂy descmbe how C0, increases the dissolving power Hf water {causes more,
" Tag03 to dissolve). '

| o

.12. Briefly exp] ain how the removal of- C02 during aerat1on énd a]ga] blooms wﬂ] '

cause ah increase in pH. . .

Ny

a

o

-True or Fa]se

13. : Ca] cium carbonatey and magneswm carbonate ar"e_syces of buffers.

14. . Bicarbonate is’a main source of a]kahmty ip wastewater.

¥
\..

L

~ ) - ~
. . . .
A .
’;’E g . N -
. - - ‘o 3
. %
. . * ’
] | N " . ’ 4
~
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15.

16.

17..

18.
19.
20.

21.

22.
73. .
24.‘

27.

28.

Aol
H

30.

. Answer the,fo]]owing:‘

, pH is not\a\function of the hydrogen ion (hydronium\jon) )

’ bH 0. - 7 is cons1dered tne baS1c range of pH valyes.,
”W29,;

PP ST S

- 3}'

Hydroxide ions iah be produced by the ionization of water.

B1carbonates can be formed by bacter1a1 degradat1on of organic :, )
carbon to €0, and CO, reacts in water to produce carbonic acidy -
carbonic gc15 then 1on1zes to orqduce bicarbonates. OO

‘Hydronium 7ions (H+) can be produced by the ionization of water.

Hydronium ions (H") can be produced by the’ ionization of acids.

-concentration. i v
Increas1ng amounts: of hydrogen jons in.water solutaons will cause
ah increase in oH. ) .
Hydrox1de ions may not react with hydrogen jons to, produce water
molecules. °

‘e

@‘

Strong ac1ds and weak ac1ds 1on1i& to the same degree (% 1on1zat1on)

__-_Strong bases and strong ac1ds will 1on1ze (genera]]y) 100%
_Addition of a base to a water so]ut1on will cause an increase in
hydrogen ions, a decrease in: hydrodee jons, and 'Cadse the pH to” -

decreasde.
" A ueaﬁ acid will ioniiecdess than v s
e
A weak base w11 jonize 100%. . . T

Add1ng an acid to a water sp]ut1on will decrease in hydroxide 1ons, :
and a decrease in pH.- | ' . -

’

o

. A base is a substance that w1]1 accept protons

____Acidity*and alka11n»ty are expressed

4, wastewater‘analysis> .. .- fh

52 N

Show, by eouation

-

o

Fed I
i LT Wy

ur,
4 ‘,

.

S

An terms of CaCQe in

» how HC] acid d1ssoc1ates into 1ts component ions.

LY

Show, by equat1on‘form, how NaOH base d1ssoc1at¢s into 1ts component 1ons.

32.
1' Q' .
* . I3
‘ L ‘ . )
. 79 : .
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. . . 33. Draw a diagram’ of the pH sg:a]e, Tist ba,sic and acidic areas..
. 34. Given the ac1d HET and-the base NaOH, show by equation the -
. . neutrahzatmr} reaction between these substances, show products.
q/‘. M £
35\. Given 10'mis of . N. HC how many mls of 02N NaOH are*required to
: neutrahze“mr react with the HCT. Use Ny x V; = Ny x V, equation.
- _ )
\ N ,ﬁ . - '
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Evaluation - Part A - Answers - - < )
) - ’ !
’1. Neutral . ' . UL - | . ’
42 Po]ar " ‘ : o e I p
"3, Hydrogen L ’ I
3 * . . v"‘ ot
4. Molecule - . . T/ .y
5. Water of hydration- ' o ’ ’ -t .
,}‘,6:_ Saturation . . / ' , ' i }"
7. Lessér - ) : a - ST ¢ P -
L 8. “Greater - el C
Ly ' - - - : o
9.. - €0y + H.20 ' H,CO3 - ' ) . SR . _
10.. HpCO03 HF + HC|3 : .
HCO™ ﬁ +C0, - - - ‘
‘o 3. 3 . e ) A
A1, In water, conta1mng COp more HpCO3 is produced, thus according to the , :
jonization eguations, carbonate iOns are changed to bicarbenate. As A
4 = Mmore carbonate jons are changed to hicarbonates the. equilibrium effectively
shji fts causmg more-salid CaC0.3 to d1sso]ve in grder to replenish
carbonate 1ons ' S
12.‘ Reration wﬂl cause CO, to be remdved from soiut‘ron 1n "order to maintain
the ai r-water L0, so]ug1hty equjlibrium. Algae uptake also results in
a decrease in c02 in water since CO, causes "acidity" through free COp-
contentrations and production of HZEO3 loss of COp, wﬂ] cause an 1ncrease
~ in pH (1ess .acidie). 1‘ )
P, N [ v
13. T .
. ] \ A . . ‘ P T -~ . E
50 \T ‘ % C' [
16. T X T . ] ”
‘17, T P .
18. F. - £
9 19. F L - ’ °l
* ) ¢ s N
’ ’ o+ 81 & ! v :
J ’.‘i‘;- M < N
-‘, ! ) ‘j "
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35.

32.

33.

14
13
124
- 11
10 )
9
8
7
6
5
4

34.

cl W #cC1
Na* + OH"

I3

~

Basic . "
- . o

Neutral

S

Acidic .
3. - oL

HC1 + NaOH

iB#x .1=X% .02

50 mbs. .required

v

NaCl + H

20

3

[T

e

N
e .
N
’
4
¢

%
i
H
+
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Module No:. | Module Title: ’ G T
cod . . ‘ o
’ . Advanced Chemistry for Operators " ° o S R
?eé ¢ i . Submodule Title; - T
4 Approx. Time: - . Y
% - . - - ; J1

~ } o EVALUATION - Part B - Organics, Inorganics o
Y Objectives:r — - R ;," '-J . ;

v }‘; Evaluatwn Questwns - 70% ) L ) . ' - 3
24 ) , .

. g
‘.?c .
)81 2. Or;gamc compounds generaﬂy have (h1gher, 1ower) ~ mo]e\:u] areweight '
\‘f - than 1norgan1c ‘compounds; organics are (combust1b]e, non- combust1b1e) .

. %E , organics are (ess, more) jources of food for bacter1a X .

j. - Y 3 \» 2

% ‘3. - Carbon will a]most a]ways have (2, 3, 4) . bonds a‘ttached to'it. .
W ,
i% 4, 2 is the s1mp]est hydrocarbon and is a gafs produced frong anaerob1c -

1 =% digestion. 3 ; -
V;§1 5. Aliphatic.and aromatic compounds are differentiated by }the . ' ring. f
7™ . . * * - . N o * 2 4 i
'l True or False Lo - ' : c
;ﬂ Ml E -« - ;'gj
Ty -Aerobic, bacter1a may ut1hze organics ds food sources and oxi d1ze organics ¢ |
’ . into inorganics, u]timate]y fornn-ng COz and H20 L . - ¢
[ X . ) . . .. o

7. _~ €Hg CHZ OH, -CH30H are. known as alcohe]s - oo

e;,» 8, _._ Methane's formula is CHy.  ~ AT -

. e, Increased 1gads of organics in tre{t'ment (secondary) s¥stems w1‘11 cause '

N O 1ncreased d1sso]ved oxygen demands . -
gl : S . . S
# 10. 0rgamc acids will not cause corroswn, " -
1 -_— s ot
11 Ch]or1nat1on [ﬂ] become more effective,in d1s1nfect16n when higher organid
quant1t1es are” present - L 4 . -
Fi2. "o P'tastms are orgamc corrﬁnds *w}nch‘\are very drfﬁc:ﬂtrto tﬁolog‘rcal 1y
degrade« - o
; b, ,, e * :r . e ’ &‘ = - <

"@ 13. ___ Certain orgamcs, such’ as henols, may be toxic to treatment m1croorgafsms ’

», ! ‘ 14 i Grease% and oﬂs are qu1 ck]y hnodegradab?e. _‘ ~ “ _") h

43 ) .- * g ', A , F
z 5., Greases and 0ils '1nh1b1t d1spers‘10n of oXygen‘to m1§croorgan1smsa . ' K
. ‘.:' ’.(' . ;.': " . & -\ . - . R 83t ‘ l :‘ ',‘ ,. . . % ’ . , - .‘ - . ?w’? ",: .

B ? ) j ‘e ' L 4 * , : 1 'f ‘ I . ) . . R .
R e -
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16.

170

18. -

. e -
,

ABS is known as_alkylbenzene shlfonatel
e

Detergents are not organic compounds.

-

water suppliés. . .

.
Y

Answer the following:

19 Illustrate the benzene ring graph1ca11y ‘
-
20. I]lustrate phenol graphically
F{11 in" the fo]10w1ng b]ﬁnks_x ' .
. '

‘d

.

Phenols are substances wh1ch w111 cguse taste and.odor problems: in

-

gl? “Loss of weight in the volatile solids test gives an indication of the

- .

(organ1c, 1norgan1c) ‘ coftent of the sample.

w

~

22% B1ochem1ca|loxygen demand is a methoﬁ for determining ‘the relat1ve
} organ1c, 1norgan1c) quant1t1es in wastewater -

23§ (a]ka11nity, a11n1ty) is known as the presence of
Podi ssolved 1norgan1c substances in water. .

X ’ / ‘.. *

24. Inorganicavdissolve into . . (nnlezhles, ions).

Trile or False N L

_25% Dissolved ions may decrease the solubility of-gases -in water.

26. iﬁﬂitrdtes.and phosphates act as nutrients fo;,algae.

‘ a
27..° LOW'sa11n1ty may 1nh1b1t or k11} m1croorgan1sms ‘
28. _____Sulfate and PhOSphate ions tause hardness. SN s
29 | Cat1ons of mercuny and ﬂead may be toxic to animals. v i
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) Evaluation-—Part B~ Answers ~ .

A 1. Carbon’ ' o, - A
) . .7 .. : ’,

. 2. Higher, combustible, less, are = .
" 3. 4 . - 0 \ Y
. . , . LY L4 * e
Q
. . 4.” Methane = .
> « - 1
A - 5. Benzene ) _
4 . - "y
. ‘s
. 6. 'T I3 A
7. T % . .
' | 8.. F® ¢ '
' ‘@ . “ ~% N :
9. T ‘ ‘ ;
LY - L ; » »‘
: . 10. F . ' ) 2
] . . . .9 ' 5 «
us oo : - . ' " X
d 3 . . ° :
% : - 12. T < A T e . ’ ] * s ’
' ) - ?
. A . ® . 3 . ‘« . ° ‘ !
. 13 T . .
-+ A . . ;
- 4. F . L
- ¢ M . ) n. . A . 5. f
) : 5. T, - , '
. .'5? R » -
' r‘(ls. T L : o
¢ . 2 N ‘., ‘ ! M '.“‘ . '3
<, ‘o 17. F- -
4 . s " ' P

‘. .4, . < 2

N 18. T L o .t ‘
* . ] 12. ‘, . ’ ' v. ‘ - ’
.. . i R \ 'y ' . s _.AL___L. ) R

' ¢ . . ' . / L I (
. ) , 2 N > v , 13 ., i
A : . L . . C e . Joo
. ‘ ‘20.' OH ! . vO& S W
X . . ~ - % + ;~ R . - - . . K
! S TR : . ~ T .
. . ' AL I ' .. . - . > ‘ o~ .f;'
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_ 21.- Organit - -~ . .
0 . . 4“' . . ’ L
] . . ) . . ° s o
. - - 22. Organic . . : : 3
. 7 ‘
. . - . |
o }
. ,23. ‘Salinity .- °e : £
. A ‘. :Q' . ° B !
’ ~ B N e hd >
24, “Ions : - . & o+ 0 1
. . ’ . co 0 . Q- |
- . . 2 ~ _t, ‘,
e 25. T .. .. S T ;
¢ ' ' . |
' 26. T . T ! :
] « | .. L, ™ , . ,
L 27, F . o ‘
a ) ) , i . N -.,\“ <
R 28. F . o O O *
. ®r . . - Y
: - ¢ a— ) 2
B , 29. T _ . . )
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Module No: Module Title: ° - N . N N
* " ~{ Advanced Chemistry for Operators . ' . \—.';
. $ > i
. Submodule Title .Y
Approx. Time: - - ' r . /
-+ | EVALUATION- - }'»’art'q - Coagulation
Objectives: . . . . ? _
: Eva']uat1:o'n Questions - 70% v ) ' , . . . R ,
& | True or False ' . ’ . ‘ . “ \? :
. 'S
I S The baS1s for colloidal stab1hty is the repu]sfon"bf slmﬂar]y charged
: colloidal part1c]es with™abnormally long rgtent1on time ol
2. Destab1hzat1on of co]]o1ds is brought ’mt by counter-1on absorpt1on ‘ ’
s If the Vander Waals" forces are stro,nger th'an the repu]swe forCes of. the zeta
..+ .. potential coagulation will occur. C e PR ..
1 - ; Co‘llmdsjre the size of ions.. T S y
5. " Ferric suifate and a] umwnum sul fate are the two main tr1va]ent sa]ts used
; s N coagu’latwn Lo . L o A i ™
. o q . = i e . )
16.7___ Particles (coT]o1ds) wﬂ] not coa1esce (coagu]ate) 1f t‘he,. zeta potent1al /
, © . prbduces’ repulsi ve ‘forcés 1rgl excess .of Vander Waals force )
7".3 ____The obJectwe of . gula,tmn is theﬁremova] of co]]o1daT d1spers1ons caUSJng
an 1nc’rease in sed ntat1on P L
Answer the fo]]_wng s + o -
.81.,} Name 3 th1ngs that are 'removed by coagu]ation' 7 .. S “\ N
9. I]]ustra,te, by equat1on how a]u?mnum syl fate d1§soc1ates to yield its Var1 ous..
) component jons. .7 ‘ . R I S
. Ly - 9 . . . B »\:Q . ” . «:'-‘ i : .‘_ ’ ', , \:.“'~,°“
True or. False T T L ST o I :
0. - Polye]ectrtf{yt s serve as coagu]ant awds by neutrahz t' on of coﬂouf’a]
L L charges' N .
11. ,Pol‘ymers act to. d%stabfhze ‘ydropmhc co]'lmds b both charge neutrahzatwn
L br1dg1ng pmnmp]es , S L ._.
12"22’ : Domestu: sewage contains mostly hydpophﬂw co]]o‘i ds _“'f‘“’::
-b”u 3 . . = . ‘ : .j."i‘ s
] ! 4 v RS
\ - 1 - x ' = - '."
'3 - q‘ ‘ . d S -
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g R K 3 . B ] ' Q.‘t,
.. Algae, tastes and odor, color, phosphates, organic and inorganic colloids

pacteria, turbidity, Phﬁﬁphates,‘som’e heavy metals

) i@tq.

g. JA1p(S04)3 + H20
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Pesticides, Heavy Metals, Radioactivity
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y
Answer the follow1ng,pr1ef1y 3? 2 .
Y '
1. L1st :the 3 major types ‘of synthetﬁddorgan1c pesticides.
2. Name 3 ways pest1c1des can be introduced into streams. e
T ‘i
_ True or False . - i 3
. . L §
3.. Organoet 1or1nes are Jess suscept1b]e to biological degradat1on than
organophosphates. % 5 -
4 - 7. , "
4, Organochlorines will accumulase to a’]esser degree in animal tissue than
. organophosphates i ' /- g ' ’
¢ A
5. Runoff (agr1cu]tura1) Jds respdns1ble for a s1gn1f1cant port1on of
pesticides dépos1ted.1n strea?s v , :
1 -
6 0rganoch]or1nes are re13t1ve]y*#ﬁso}uble in water and a 1arge port1on
- can be adsorbed on suspénded so]1ds at- various t1nes )
- 7. Pest1c1des cannot be b1oconted}rate% through food chains.
8 s Pest1t1des gan. be degraded thrdugh bacterial decompos1tTon
Answer Qhe following: - . \,‘Eﬁ - ‘y"‘ h ' : *
’ < .’g ¢ .. ., . i
9. ‘T’Tst 4_healy meta]s ‘By -symbo]. . % : % S .
§
10. Heavy metals will occur most]y in (1ndUstr1a] domestic) L .
' wastewater . - C :
11. Heavy metals can (1nhﬁb1t, promite) growth of treatment mvcroorgan1sms
0l2. Heavy metals (may, fhay not) accumu]ate through food chalns‘and pos51b]y,1nduce
g BN toxrcxty in man. ot ' ' . '
True or. Fa]se Ve £ (’ o
. vy S f*,
13. The form, organ1c or 1norgan1c, “of heavy metals is an 1mportan€ factor imr -
determ1n1ng toxitcity- to humans ’
e’

Heavy metals can produce heavy metal :/}fons in water.
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N . . 15. __ Most heavy metals are non- tox1c to treatment m1croorgan1 sms at’ Aﬁ
= . . extreme]y large concentratwns. ' ) o
g 16. ATl atoms are radioactive. c ‘ ' TS
7. The atomic nucleus is made up of’ e]ectrons.
‘ ' . ‘18 Gamma rays have much less penetrat1 ng power than a1pha rays.
' 19v. ___ The c]éss1 cal atom cdnsists of -a\cemtral nuc1eus composed of
T protons and neutrons abouf which rotate e]ectrons ng distinct- :
. orbits. .
« . ‘ ' ) 4 - - »
‘ ) | 20. The um’t of radieactivity is defined as the -curie.
, 2t. . Atomic“iweigh’cs of ragd'ioactive atoms (elements) are larde.
22. " Nucleas reactors in power p]ar?‘ts are a potent1 al source of ° 5
L /(adma tive waste 1"3 streqms.-: v .
’ & ———— ) H 9{ * PR
) 23. Xenoni tmtwm. ‘krypton are rad1oact1 ve envi ronmenta] wastes from
k N “nuclea power;;‘p]ants? o :
L Lo 24. Rad1oact1ve dranium will u]t1mate}y disintegrate into a stab]e
< : + form of lead. .- . . .- .
¢ . ;\ { . > T v
. — . . . . :
- N R . ) . —; a - . . ) hd ' v
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wr T Evaluation - Part D - Answers ° . i
T 1. 0rg’énoch]or1’nes_ (chlorinated hydrocarbon pestici des)
. Organophosphates ° . ) ) ’
. = . L. 7: . ¢ 3 N :”0 . i
o Carbamates . . ‘
3 ’ . ’ T,
2. Runoff - agricultural .- - . |
o - _ |
a}?unoff - ingustria]. . - : . }
: Wind -/spré\ying . ) . 1
o 3. T : | - : S -
i ’ \ ] oL - - ; . ' i
» ~ ' 4. F * i T ] ’ |
. . R ’ i’ . ' . ‘{
R 6. T o - B '4
[y ‘ - , . - . - - ‘
T * it . - e <
© (- F . ¥
. st n : - _: N l “ ‘
o 3.1 8 T ’ ’ e " B e ’ i
) . 9-' .AS, Cd) Be, CY’, k). Mn s Se : VNi ’ Pb’ Hg -\:)3 *
. . ) ‘ o ’
T 1710. Industrial . ° T . .o .
v T e T
1. Inhibit - . — ‘ .
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