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Module No:

.SUMMARY

A

Page 1 of 111_

Module tle:
Advanced hemistry_forlOperators

Approx. Time:.

38.5 hours

SUbmoduh Title:
Reactions in Water Solutions, Organics and Inorganics,
Coa4ulation, Pesticides, Heavy MetalS, .and Radiation

Topic:

Objectives:"

Upon. completion of this. module the participant should be abl to examine 'reactions
in water solutions, identify organtc and inorganic compound rexplaincoagulation,
identify the various'attc.il?utes of pesticides, examine heavy metals, and relate
the various aspects:of radioactiVity.

,

Instructional Aids:

Handouts 1 - 10

Instructional Approach:

DiscusSion
interpretation of Handouts.

'Lecture

References; .

Chemistry Made Simple by Fred C. Hess. .. -.

Applied.,Chemistry of Wastewater.Treatment, Ann Arbor Series, Ma cy, McClei.land,
Pohland, 1974. -,

J
Chemistry for Sanitary Engineers, Sa yer and McCairty.
Chemistry fo Laboratory Technicians, Stanley Cherim,1971, ..,

Modern Chem'cal Technology, Vol. 3, Chemical Technician Curricul Project, 1971.
Manual of struc 'tion for Sewage Treatment Plant Operators, Heal, h, Education ..

Servi c: a ,

Water &lolly and Pollution Control, Clark and Viessman, 1965,
-Chlorin ed Hydrocarbon Pesticides inillottom Sedimdntti Don L. K iens, Univ. of
', Iowa Library, 1972. . ..

I ,.

a

Class signments:'
Revi w handouts and reading assignments as shown- in mddu,le.

4
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Module No:

.

.
.

t

Module Title:
.

. .

Advanced Chemistry , ..
_

.

.,
Submodule Title:

-
. .

-.Reactions in Water Solutions .,,:.5

s
Approx."Tice: .

.

2 our
Topic: .

k

.

Pblarity - Nature of Wate
v

.

Objectives:
-

.,
.

6
.

Upon completion of this' module, the participant should be able to: ,..

'1State that the smallest part ofmater fs the water moleculeo do"
2. Indicate that hydrogen has P prbton, l_electron, oxygen, 8 prOtrhs,. . :

8 electrons, and describe the hydrogen oxygerOoond. . .

3. Illustrate polarityin a water molecule and describe the mechanism of
polarity - indicate i -ts elect4ical neutrality.

4. Describe that*Water molecules are held together by hydrogen bonds and'the
molecules move continuously as groups ip solution.

.

.
.Instructional Aids: - .

%

Handout No:*1 - Polarity of' Water
, . l

. , .

.
.

.

.
.

.

.
. .

Instructional Appro4chz.
,

Discussion
Interpretation of Handout

'

.

No. 1 4.
0 A

.

. '.. ,

.,
References: '.

Chemistry Made
'Applied Chemistry of

McClelland, Pohl
.

.

.

.

a. . . ,

,

. .o°
., .

.

.

.

, Fred C. Hets, Doubleday and co.-, 1955. ,

Wastewater Treatment, Water'alicIt's Impurities, MancY6
and, 1974, Ann" Arbor Science Series. . .

.
..

. .

, .

, . .

.

.

,

.
.

Class Assignments: .

A ,
.

.

Read Handout No. 1 - .

-, .

Read P. 114, 115 Chemistry Made Simple in '
. .

q k ,
. .

.i .. ..



Page 3 of. 111-

P. 114, 115 Chemistry Made
Simple - Water

Hand9utlio. - Polarity of
.Water -

PP. 55 - 74, Unit II, Water
and It's Impurities, Ann
Arbof Series -, The Polarity
of Water

Handout ,No. 1 - Polari ty_of
.Water .

i -

Objecti Water Molecules
'

The individual unit of water' is H2O.but each

have the fornula in sequence one,should not\
necessarily: think of -a sing1R 'molecule. Water is
essentially -in all life proceses,-is natures,
most important chOiCal compound. Dither notable
properties of water include, its great solvent
action and it's, temper'ature of maximum density .

at 4° C. The relationship between temperature
and density ofwater could be used to explain,
the fact that freezing takes,place only on the
surface'Of water and isresponsible for spring
and fall "turnovers" in natural water systems-
Water is an important electrolyte 'and reacts
with many compounds and elements.

Objective 2 & Electrical Nature of Water and
Pol ari ty

Briefly describe the electric nature of water-
in terms of elOctrons in oxygen and hydrogen.'

Int'roduce polarity attd-nonpolarity of compounds
and emphasize that like dissolves like.
Mole,cules.ane neutral, and positive c arges, in,
then) are canceled out by-i the . negati ve arges ;
however, the charges in some molecules a ei

separted so ttiat- one end is positive and he
other\qegative, yielding polar CApounds.
magnetic polarity as a 'comparison..

. .

Objective 4 - Water Molectes as GroupS

Interpretation,of t}1 Handout No. 1 should be
discussed in detail but not to the.extent that
it is .that ,extremely important. Emphasize water
as a good solvent and polar compounds will snot
dissolve in nOnpolar ones.

of
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Page 4° of 111

(\
Module No:

...
. -.

.

.

Module Title:. . ..
. . .

Advdnced Chemi.stry.
.

Submodule Title: '' .
.

,Reattias fnWater Solutions
a . ., -,Approx. Time:

, 4
1/2

6.-
.

Topic: . ,
-,

.

Sol vati on- of ions
- it

. .

. . ..
Objectives: : . . .

, .

Upon. compl etion of thi's Module, the partic' ant should be able to:
,-

1. Describe how water molecules in terms o .polari , dissolve solids' into ions
in' solution. -

2.. Examine how ions are separated in solution by t e water of hydration.'
3. Indicate that as the ionic content is intreased he water of hydration is

"spread" thinner and thinner, eventually:yielding saturation resulting in
. a condition of equil i bri um for. the- par:ticutar ionic soli d..

.. .
a-, ..

r4
4

,InStructional Aids: . ..

. \
'PP., 177 - 225 Unit II, Ann Arbor Series " $

.
,

.

-. . .

r . ,
.,.

.. i .
, ,

.Instructional Approach: _

Di s cuss ion , . ,
i- .

. . ..
R " . . a t

. . .

t .
, .

.

J. .References:
.. .. . -

.

Applied Chemistry-.at Wastewater Treatment, Unit II, Ann Arbor-Series
Chemistry Made, Spple, Fred C. Hess ,

.

-' .
x

1,. .
.

.. .

a
. V ' . I 4

... it .

r. - -
Class Assignments: .. .

.

ReacIPP: 177 - 225 Unit, 1, Ann Arbor Serti-es
7

,

Ahswer qudstions .
...

,
.

, .
.

. .,-. .



a

R.

lb

Page , 5 - of 11.1

Module No:-

Instructor Notes:,

4

Sol %iation- of ions,

PP..177 - 2'6 Unit II, Water
and It's Impurties, Ann
Arbor Series How Water 1.

DiSsol ves Impurities
.*

P:78 Chemistry Made Simple
Polarity of WatersCausing
Ionic Solutes to° Dissociate

1

a

I-
Instructor Oueitne:

Objective 1 aid Dfs.solving ionic solids and
water of hydration

In consideratiOn of ionic solids or. ionic solutes,
it is the of water-which causes- the
ionic solutes to dissociate. The polar water

,-

molecules surround an ion.and partially-reduce
the intenqty of the'attractive force Wweeq
the ions; and float the indiyidual ions off
into solution.. By using NaC1 a$ an example-one
could illustrate this showing the polar' H20 ,

molecule dissolving the solid into ions in
solution. Describe water of hydration as wet'
molecules which effectively-separate the ions
in solution. Emphasizethat we are speaking
of ionic. solids and true ionic solutions.

Objective 3 - Saturation. of ions

Describe that as you increase-the ions+ dissolved
there is less H2O molecules to separate-the ions
and eventually a pbint is reached where the
water solution is saturated and any further
addition .of ions will 'cause the -ions to
precipitate "out" of solution. Reiterate that-
there may be several different types of ions:

solution and some have a greater "solubility"
than others and precipitation of solids may occur
in- varying ddgrees . Refer back to sol ubi 1 i ty
products. .
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Module No.:
I ,

,
.

Module Title:
. e ,

Advared Chemistry, . . .

_
Submodule Title:. =-1..

..

Reactions in Water Solutions .
Approx. Time:

1jour
I

-Topic: -1
..

. . -

Wastewater Solids- Dissolving Process.
.

..

4, . , 4,
Objectives: .

- . .( .

_m..

Upon completion of this-module, the participant should be able to:-
-. . .

1. Explain that water dissolves molecules oftsplids when the attraction between
.

., oppositely charged solute end solvent molecules iiti great _enough to. pull the

solid/solute molecules apart.
2. Predict that a significant portion of organics in wastewater may dissolve

to_.a lesser -extent than' inorganics due to their 'non-polar nature..
3. Illustrate that .0O2 is more polar than 02 and explain why CO2 is More .

soluble than 02 in ater.

. . , .

Instructional Aids: 2,.

_

Handout No. 2 - CO2 and, 02 Solubilities in Water
,

- ,
. , .

. .
.

, , ,-

-
,

lnstruCtional Approach: , . .
_

.
, ,

--.-...-
. -

.

Discuss-in 1 . .
Review gtaphically Handout No. 2 - - ', .

-. /-\
. .

. . -

References: . *
.-

/
. , ,-

Applied Chemistry of Wastewater Treatmept, Unit II, Ann Arbor Series,
.. . , ___-7

. . .,
. .

,
,

- r , .
.

. . .
'-. . ,.

. .
,,,.

. , .

Class Aisignments: . .
. .

Read'Handotit No. 2 , .

Read P. 221,' Unit II, Ann Arbor, Series
. ..

. . . . .. . - .
,-.

.
,



Module No:

Instructor Notes:

9

Topic:

Wastewater Soli ds - *Di ssolving Proces

I Instructor Outline:

PP. 223 228 Unit Ito Water
andt's Impurities, Ann
Arbor Series _

1

liacdout No. 2 - CO2 and 02
relative polarities

of 111

Objective 1 - Water dissolv Ong lecuTes.trf solids

Explain the 3 types of -attra
'the dissolving process.

%

Objective 2 Nonpolar natu

Give examples of organiccOmp,un
and water in general and indi) at
nonpolar nature of most of th' o
nonpolar compounds will not d ss
an eAgnt in polar solvents o ea
of wastewater are "less" dissoily

tie involved in

orgard cS

Objective 3 L Relative Polarities

In oxygen gas the bond connect 2
/' alike 02. Oxygen Is, nonpolar. j

bonds in CO2 gas are polAr; th re
soluble in water than 02,is. of
substances such as many organi s
water to some-extent. The water
a cushion between-the individual

..keeping them apart.

,
13.. 221 Unit It, Wate1- and It's
'Impurities, Ann Arbor Series
02 and CO2 polarities )..

1

0

A

.

r

.10 .

0'

in wastewater
the general
anics. -Since
ye to as great

is compounds

).

f CO2 and 02

toms that are
carbon-oxygen

re CO2 is more
that nonpolar
dissolve in

n still form
ecules,
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Module No: Modul-eTitle:
'Advanced chemistry

Approx. Time:

Submodule Ti tle:

3

114

of 111

Reactions in Water SolatiOnt

. Topic:
11/2 hqurs Carbonate Equi,Vbri urn

Objectives:

Upon completion of this modui-e, the participant should' be-able to:
.

, ..
,

1. Examine by equation how,.0O2 rgacft in water to form carbonic acid and show
ionization ,equatiohs for carbbnic acid.

2. Define the salts calcipm carbonate and magnesium carbonate as sourdes kof
buffering capacity; -describe by equation hOw CO2 is neutralized by these
sal ts. - .

3. Define bstrb-onate as a main iource of alkalihity in wastewater and indicate
its formation by degradation 'of organic carbon to CO2 and subsequent.
conversion to brcarbonatek...by the ionization _of carbonic aci d. : _

4.- -Explain how CO2-increases the dissolving power of wate14-and how the removal.
of CO2 increases the pH during aeration and algae blooms. k 4-%

..

Instructional Aids: --
.

Handout No. '3 PP. 10 - 16,' Unit 8,, Ann 'Arbor Series, Carbonate Equil'ibrium'n

instructional Approach:

Discusgion
Review Handout No. 3 ,

References: k.

Applied.Chemistry of 'Wastewater Treatment,. Unit,,8, Ann Arbor Series
Chemistry for`Sanitary Engineers, Sawyer and McCarty; 1967.

ClasS..Assignments:

'Read Handout No. 3
Do Prqblem Set No.

$k .
3
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Module No:_

Instructor-Notes:

it

Topic:

Carboate' Equ'ilibri unl.

4.
PP.10 36 Unit 8, Inorganic
Pollutants, Ann Arbor Seri es -
CO2 and Carbonate Eq,utlibrium

Handout No. 3 - Carbonate
,Equilibrium

I'

t

Instructor. Outline: i
. -

. . -
Objective 1 - Formation Of Carbonic Acid

-Describe sources of CO2. in natural Weer systems.such as absor*ionzfrom air; Microbial .-
degradation and-rocks containing CO3 ions.Show by equ,ation how c02 reacts with H20'tocarbonic add. CO2 4-- H20 H2CO3.Ali note that R2CO3. is a peak acid and willdissc<ate according to equations

s'N't

.H2003 Z.:-.;?.. H+ 1-11.033

HCO3 ---,.ti+ i-° C43 ,--/'
- . ,Objective 2 - Calcium carbonate, MagneFium /

-. ,, carbonate . . t ,... i..
Note that Ca ,CO3 and Mg CO3 are common .-s-ditS .in ,'natural watgrs'and wastewatets and H2CO3 can

-charge the CO3' ions of Ca-0O3 i.-KI.Mgc,d3, byan pid.base reattion. In the reartfon between
H2CO3.and Cd3 ions, the CO3 ions .Act es a baseand In effect neutralize:the aci.d H2CO3 + C0-`.2 HC037t .Therefore these salts act as naturalbuffers neutralizing the aci.d.H2CO3. ' '.

' -
Objedti ire -3 r Bicarbonate as -Al tai ty.r .-Define bicarbonate* lica3-1 ion ,and .describe' itas an alkalinity, souce': Define one methodindirectly of bicarbonate formation in natural -waters .as 'Ite.gr:ad.ation of organic carbons toCO2 by biologi c41'decpmpositi on and `pmduction -of H2C0.3 by CO2 \and H2O and subsequent.ipnizationof H2CO3 td HCO3.

.

, e I
Objective 4 - CO2 Increases dissolving power of

water. .
- .

In water cOrtaining CO2; carbonate ions are changedi.to bicarbonate ions. .As more CO3 ions are changedto'birarbonates'the equiltbrium effectively causesmore solid Ca CO3 ..to. dfssolve. ThisLusu lyapplies mostly to CaCO3 sdlikgeposit nd wirlvary with other solids.
F

12
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Module, Ho:

Page 10 of '113;

Topic:

Carbonate Equilibrium

-In'structor Notes: -. Instructor Outline:

P. 338, 339 Chemistry for
.Sanitary Engineers .- pH .

changes in the presente of
algae' blooms

4 1

l

Note: Also pH- changes in al gae booms are .4
caused by a reduction i n'"free" carbon dioxide
concentrations below its equilibrium
concentration with air and causes an increase
in pH. Show how al gae growths may extract CO2
from'bi carbonates and carbonatgs. Ilse the
following equi 1 j bri um .conditions:

2 HCO3 CO3-2 + H2O + CO2

CO3-2 -1.,H20 2 OH- + 602

.
A 'review of general-equil ibri um situations
solubil i ty\ equil ibri um may be necessary at
point. s. . .

a

i 1',

13

'

4

4,

ti
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Module No:

. ':-

filoitile Title: t, I .

.-

thiaticedChemistry .

.1:tibmodule Title: -
.

Approx. Time:

-t ..

1/2 hour __

ReactiOns in Water S,olutiohs I
., .

Topic:T r .
. . .

Ionization of Water . \ .'
-. .

Objectives: . . . .

Upon completion of thiS module, the participant shgAild be able to: .

,

.

1. Define proton and descr/be by equa on ho e exchange of a proton between
"bumping" water moleculs/ causes t e productio of hydroni.urg and hydroxide ,

., ions. . . 7. I ,

2. Define the ionization constant of wate and examin- the equilibrium
condition between water molecules an s. ,

3. Describe pH, as a "functiOn" of hydronium o concentra on. .

\
.

Instructional Aids; .- -
.

.

0. , , .

. . i 4
.. ,.,..

.

X
.

, , .

.41),S hi a i On a 1 Approach: . , - .--- , .

Discussion ,
.

*3 , 1
) ' I

'* -..
-

- .
.

. . ..
..,. . ,.,

- ... .

--
References: .

Chemistry for Laboratory Technicians,. Stanley Che rim, W. B. Saunders Co., 1971;
Chemistry Made SiMple, Fred..C. 1-less.. ' ,..-

,

Modern Chemical Technology, Volume 3, Chemical Technici=an Curriculum Project, 19
q

/ . .. ,
p

<
o . .,

-
. , .

Class Assignments: . 7
.,, .

Read P. 84, 85 Chemistry Made Simple

*l.

/
a -

..
.

/.. _ ' .

i A
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11odule No: Topic:
-

Ionization of Water

Page 12 of 111

Instructor Notes:
Inst-rUctOr Outline:

4

P., 84, 85' Chemistry Made
Simple - pH

ti

9'

a.

Objective 1 -.Proton's

DeScribe protons simply as H4 and also go
"through the production, of H+ and OF by normal
bumping of water .moleCules ,in pure water. The
simple equation H2Q :(74',H+--+ OH- is introduced.
Again indicate the production, of H-F and OH- ions
`as an ionkation process. k

Objective 2 Ionization- constant

Define the ioniz ation constant of water Kw, as a,

Mathematical expression for the degree 'of the
ionization, of waterL molecules into H4. and OH-
ions: /

K20 W,;-..4 + OH-
,

Kw =. (H). 1 x 10-14
0120)

,Objeapve 3 pH

ShoW the mathematical expression for
pH = log.. (H30 ). However, do. not emphasize
the math treatment but merely state thatpH is
a function of the hydrogen ion concentration.
Also note that it is, a measure of the total 1.1+
ion content and not only froth the ionization of
water; may also include H+ ion fromacids which

may be present.

C

f.

t

4
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Mcidule No:'

Approx. Time:

I' hour

Modulg Title:

Advanced Chemistry .

.

, Page of 111

Submodule Title:

Reactions in WaterSoltitions

Topic:

Acids - Ionization

Objectives:
.

Upop "completion. of this module, -the participant should be able to:

1. Define strong< acids and bases. : , .

2. 'Given a weak acid describe by equatiqn, the equilibrium conditi-. on resulting
.

..from incomplete ionization. ' r, ..
';_,,i

3.. Indicate that addition of an, acieincreases the pumber of hydronium tons,
t decreases. hydillxi de. ithis- andaqrSes the pH to decrease.

.

. Explain how a concentratedsolutIon of a weak acid may still have aipH
near 7. .

r
/ 1

Instructional Aids tik
01.

insfructiOna Apprpach:,

Discussion

References:

,..
Chemistry-Made Simple, Fred C.. Hess. /

Manual of Instt'uction for Sewage Treatment Plant Operators, Health Educ'atiOn
Service. .,.

Klass- Assignments:

Read P. 78, 79 Ehemistry Made. Simple
'Read P.-227 Manual -of Instruction for Sewage Treatment Plant Operators

10.
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Page 14' 111

Instructor u,tiine:

P. 78, 79 Chemistry Made
Simple - Strong andweak
electrolytes

4

P. 227'Manual of Instruction
for Seirage Treatment Plant,
Operators - Acids

:.

4

4N-

,Tective 1 - Strong Acids arid Based

Redefine acids and bases 'and percent ionizatign,
a

Objective 2 Incomplete Ionization
.

A

Show by .equation and word form how-a weak atid,
such, as H2CO3 and HF, -ionizes into an equilibrium
condition.

HF }11--+ F-

H4CO3 HCO3- + 14+

HCO3: +
CO3

Objective 3 = Addition of acid increases
ions .

.

Define hydronium ions and equate with Hi-. Indicate
that acids-will ionize, some greater, then others,
and introduce additional H+ ipns- upset the

+ OH- equilibrium OH' ions will decrease in
order to maintain the Kw equilibrium content.
Thus increased e ions will cause a shift and
result in a ),OWering of the Show, using the
mathematicalexpression, how this occurs,

;

hydronium

Objective 4 7
.

Show that a pH near 7 -may still' occur in solution
even though large amounts of acids (weak) have
been added. Describe this as due to the poor
ionization of the weak acid into its component
ions. And since pH is a measure of the 14+ ion
concentration thii i s-.the 'result. For exampl e
using the weak acid HF H+ +

Kw = 6.76-x 10-4.. Compare this with HC1, 100%ionized.
.

.

17 .

v
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Page
15 of Hi

Module No: Module Title:.

Advanced Chemistry

'Approx. Time:-

3/4 hour

Objectives:,

K

Submodule Title:

Reactions in.Water Sorutions
,

Topic:

Bases - Ionization

Upon completion of this module, the participant should be, able to:

1. ,Define bases.
2. Given a. base des-cribe how it produces hydroxide ions in.water through

ionization. ,

3. Explain that adding'a base to water increases OH ion concentratiO, .

decreases hydronium ion concentration,and increases the pH.
'4. cD4agram the pH Scale,.list basic and acidic areas.

..

Instructiorial

Handout No-. 4.. pH scale

e".

Instruct011al Approach:

Discussiot a?'

'Review Handout No..4

ReferenCes: °

Modern Chemical Technology, Volume 3, ChemitM Technician Curriculum Project, 1971.

Class Assignments:

Stildy pH scale.'
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Page 16 of 111

Module No: _ Topic: s

Bases - Ionization

Instructor Notes:.\
Instructor Outline:

PP. 437 441 - Modern. 1
Chemical Technology - Tbe
measOrement of pH

i

Hatidout No. 4 - pH ,Scale

Objective 1 and 2 Bases and Ionizatfon

Redefine bases as proton acceptors and, show
how bases ionize by ionization equation. strong
base Na OH, '100% ionized

Na OH' E'er- Na+ + OH- ions

Weak base, Kb + OH-

. Oh- ions are thus introduced.

Objec(tive 3 IncreasingOH- Concentra

Show how addition of a base such as Na OH,
introduces additional OH" ions in water Ssolutions,
and causes a shift in the equilibrium situation.
H+ ions decrease and OH- increase causing, the
pH to increase since pH is a negative log function
of the hydrogen ion concentration. pH = log (H).g,

Objective 4 -,pH Scale

pH scaleAiagram. ,

19_
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'Module' No:

dw

Module Title:

-Advanced ChemistrY,

\\,1,StibmOdule.'yitle:

actions in Water Solutions
Approx.-jime:I

Topic:

- 3/4 hour Acid BaSe , Reaction

Objectives: ."
%.

Upon completion of,thismodule, the participant should be able to:

Given .an acid and base describe the neutralization reaction by equation,
indicate proton transfer. .

\
. N

2. Define titration and explain,, using the equation Ni.x Ill..= N2 x V2; how

acidity can be determined by,titration. -

3. Explain why acidity or alkalinity is expressed in terms of calcium
hi,,

A carbohate in Wastewater anaTysiS.
.

-

Instructional 4

HandoutAa. 5- Titration' example

InstrUctional Approach:

piscussion
Review Handout No. 5

. 4

Chethistry for Sanitary Engineers, Sawyer and McCarty ,

Maniial of Instruction for Sewage Treatment Plant Operators, Health Education'
Service. ( ,

r

Class'AssignMents:

Review Handout No. 5
Work 2 problems in handout

20
e.
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Module No: Topic: . o,
Acid = Base Reaction

Instructor Notes: Int.tructor
.!

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

p. 226 Manual for Sewage-
Treatment Plant Operators - ,

Determination of Alkalinity

P. 69: 70 Chemitry for
Sanitary Engineers -
Cal cul ati (Nis , I

Handout No. '5 -.Titration ,
Example

A

,Objective 1,- Acid Base Reaction
) .. (

AO-Show a typical acid base ,reaction and indicate
the transfer of protons. ,,i . ,i -.

HC1,,,,÷`Na OH NaCl + H2O-.,... .< .
..,

Objective 2 - Ti.trafiOni. .

Describe simple titrations, sucVas titration'.
for alkalinity using a specified normality of ,of acid. Use the equation Ni x Vi = N2 x V2
to des,cribe the mathematical treatment.

1

Objective 3
J

%pre,ssi ng in terms of Calcium
Ca'rbonate

Indicate-why alkalinity or acidity is expressed
ascmg/1 CaCO3 thus calling alkalibity, for s2

alkalinity determinationsSi paCO3 the equation
could be ftSO4+ Q/CO3.-4..Ca504 H2CO3. -
,Review equivalents and equivalent weights. Show-
`how*.the following equation j'arrived at:
-mg/1 -active matertal in sample= k

ml titrant x EW x.-1000
sample volume,in ml :

'Results of alkalirrity or acidity areexnressed
as CaCO3_ so they can be easily compared to each
other and to other measurement<14hich may be a
'result of other types of acids. dr bases.

s

t- 21.4
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Modul No: . '.Module Title:

Advanctthemistry

1, Submodule Title:, c..elr

-r.

-....
Reactions in Water Solutions !

Approx. TiOt:- '4L.

Tc
opic: .

4

4),,
C

3/4 hour Oxidation -.Reduction '' a

.,

Objectifies:, . .

. 0 4.

Upon completion'of this module,._the participant shoOla be'able %0:

1. Define'oxidation state,cvalence, oxidation reductton.,

2. Given' a reaction describe the oxidation.reduction pfrocess,lhOwbalf
reactions and electrons transferred, define oxi-d4!ing and reducing agents.

3. State that oxygenis the oxidizing agent used In aerobic degradation of
,

organic matter, a complicated procPss'involvipg4ntermediate compounds
ultimately,producing,carbon dioxide and water.. *

- a. . ' .(4' , .4
'-

s

I nst ructional

Instructional Approach:

Discussion

Sy

$ .-

4*

0 -

p.:14

References:

_Chemistry, Made-Simple, Fred C. Hess .

,
Chemistry for Sanitary.Engineers, Sawyer` and McCarty.

I .

k--

Class AsSignments:-

Read Chppter'10,Chemistry Made Simple

22



t.

-Module Ho- fop;c:
gAidation Reduction

.1 0

Pole. 20 of 111y

It 1

Instructoi Notes:

Chapter 10 Chemistry Made
e - Oxi dat4 on - reducti on

PP. 15 -,18 Chemistry for
Sanitary Engineers - Oxidation
Reduction Equations

PP. 156 215, Unit 3, Ann
Arbor Series - Electron

. 0
Transfer, Oxidation and
Reduction

40.

ar,

t

Instructor Outl

Objective 1 - .Oxidation reduction

Define 'oxidatiob and 4duction and review
valences and valence No. Oxidation reduction
should be, in my opinion, a brief section.

Objective 2 , Oxidation - Reduction Reactions

Using an example', show howtelectrons are
transferred according, to each half reaction.
EmOhasize that not 'all reactions are. oxidation
reduction but that they represent only ,one type
of general, reactions. Show how reactions are
balanced stoichiometrically in respe2t to
electron transfer. 0

4Feo +:3190,,--* 2 Fp2+3. 03-2

2 Fe++' + C12° 2 Fe+3 + 2 C1-*

2 17 C12- 3.12°. + c C17
. .

Objective 3 - Oxygen in' Aerobic Oxidation

Briefly des dri be aerobi c bi o 1 ogical decomposition
i n whi eh bacteri a and' other' microbes, uti(1 i-ze

oxygen to decompose organic matter. as food-gi-d
ultimately pftNuce CO2 and H2O. Organics t
oxygen ''aerobic" ina H2O eventual ly.

,microbes'.

;.*

'Note that there are!many intermediate:compounds
in'o1ved.

23
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Module No;
.

. .

.

.

Module Title:
.,

Advanced Chemistry .

TitSubmodule le:
., .

.

-Organics - Inorganics . .
,

.

Approx. Time:

.

I1/2 hours

,Topfc:
. .

1

Introduction to Organics
.

Objectives: '. ' 4. .

, .

w
.

.

.

Upon completion of this module, the participant should be able too':.

. . .

.

1. Define organic compounds and identif, y the 'majo'r ansfthinor elements i-n
.'organic compounds.. .

2. 'Differentiate be,tween general features bf organics and inorganics: -''-''

Combustibilty4 solubility in water, molecular or ionic reactions, molecular
weight, baiterial-food sources. - ,

3./, 'Explain the aerobic biological degradatiOn process .whereby aerobic bacteria

use organdies as a food sburce and-oxidize organics into inorganics,- ultimate'
forming. 02 and H20. Q.

. s_ .... -

4.' Iridicate that under anaerobic conditions, anaerobic bacteria may,use
'oxidants other than oxygen to degrade organic compounds into CO2, H20, CH4,

H2S, NH3, etc: . -

, ),

nstructional Aids. _

- ,

. .

.

. .

4

InStructionalApkoacn:
,

%.
_

. .

. ,

Discussion ..:

.
,

, .

,..

,.., .
1

. . . * .
. , ..

References:
,..

_
.

.

Chemistry for. Sanitary Engineers, SAyer and McCarty.'

_
. , .

,,

.

-

.

`A ,
.

.

. .

.
.

.
.

.

Class Assignments:
. V

. 4--..-
i

.

... -: , 247-7>, , k ..

VI 2



t

Topjc:

A
e

N Page 22 of 111'

IntroductiOn Organics..
Instructor tiOteS: Instructor Qutiine;

s

P. 86, 87 Chemistry for
'Santary Engineers -
Introduction

I'4 88 Chemistry for
Sanitary Engineers -
Properties

a

a

'Objective 1 - Organic Compounds

Defi .organi compbunds , indicate- the 'major
elements usually present tssuch astcarbon, hydrogen,
oxygen and the mindreletnents such as nitrogen,:` .

phosphorus'and sulfur. Organics may contain
a variety of other elements.

1111
.

Object' Vet.,: Di fferenti ati on between, organic
and inorganic

Differentiate between organic and inorganic i nterms of combustibility,..s8lubility in water,
molecular or ionic reactions , molecular Weighrs-,
and as bacterial food sources;

Objective 3 and 4 - Aerobic and itnaerokic
Decomposition

Describe aerobic decomposition an d di fferenti ate.
between anaerobic- decomposition. Show.4the,
various. products Which may result from each type.

25
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.; .
. , .

-
fAodule Ho:

r

.., .,

Module Title: . -
. -

.

Advanced Chenffstry .

.. . . .-
Sulimoduleli e:

4 -,
.: . -Organi cs - norgaqics .- , , .

,..

f

.'Appivi. Time 4 .

74,.. .1 Our'., t ''
Topic: . . .

,--
.

-.:.
CompourKis Aliphatic .

..,,

I ..Obj'ectives::. ., v . .
.. .

..Upon completion of this module, the participant shoulct be able to:, .
1.' .

1. Indicate that carhOn will generally have 4 bonds attached-to it z. valence
.,-

of
..,

of- 4. , . , .

2. Define, hydrocarbons and identify methane as the simplest hydrocarbon.
3. Illustrate how methane and other hydrocarbons. can be shown by graphic

formula and condensed to one line.
&

. .

4. Define eltohols and identify, .... 4 , . so
.

5. Define organic acids -and indtciite that organic acids are the last s "48

before ;conversion to carbon dioxide arid water in bioloical .. 1 ,
, $:--:

histructiOnal Aids: .1 .
. .

. ..
.

.
..4 4 ' ,......ft , .

.... 1 .
. I

it C. .
.., . b

'.t'. '6. . ' S,
.. Er

; 0
.7)

.
>

Instructional Approach: ,..
.

.

1..-
, .

Discussion . ,
-

, 4 .

.

Practice making grvhic, formulas v: i ,
,

.

...I; ..... .
- , 4:k% 4 t .

-
.

.

.

References: . -r_ .
.

.,
1

- .

- .
-,...

.

Chemistry Made Simple: Et-ed C. Ness' 1,, -
. ,

. ,

,Chemistry for 4SaWyer and McCarty.
.., .

. -
.,.-:... ) ..

I- ...
NV

. , .

.
. .

17. .
.

. . t
,

.
Class *As's i gnments:

.

.

.

.

.11ead Chapter 22, Chemistry -M a Simple .
.

,

. . . .

. , .
.

.

... ,.., .L. 26 .
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. [module Ito:

Page 24 > of 111

Topi c:

Compounds - Aliphati c

Chapter Chemistry Made
Simple - Organi c chemistry

Objective 1 and 2 Carbon valence' and
Hydrocarbons 1

P. 90 - Chemistry fOr
Sanitary Engineers -. iphatic
Compounds - Hydrocarbons

1

PP. 98 - 104 Chemistry for
Sanitary Engineers -.Al mho.' s

PP. 108 - 112 Chemistry
Sanitary Enoineers 'Acids

Describe the valence of carbon, and indicate
that it generally will have 4 bonds attached
to it 'la, a complete molecule. Define' al iphati c
*ydrocarbons and graphi cal ly describe methane
and others.

Objective 3 - 'GraShi c Descriptions i
° a

Illustrate al i phati c hydrocarbons, by graphic
representations. Depict CH4, CH3CH3 , CH3CH2CH3 ,Cello graphi cally. as examples.

Objectiv-e-'4- - Alcohols t

organic al cohols and identify several
common ones, show graphically.

Objective 5 - Acids .

Define organic acids and identify the common ones,
show -graph.' cal ly forfni c, acetic, propioni c acids ,.

27
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Page 25 of 111.

,

Module4lo:

""'

Module Title:,
.

I

Advanced chemistr'y
.

.

Submodule Title:
,

Organi cs - Indrgani cs .
.

A

Approx. Time:

3/4 hOur (

Topic:

Compounds - Aromati'd,
.

Objectives: , ..

Upon _completion of this module, the participant shoUld be able to:.

1. Differei4tiate between aliphatic and aromatic compounds, illustrate the
benzene ring. ., #

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

3. Illustrate phenol (carbolic acid) by graphic formul a. ,

. .
. ----- . .

Instructional Aids: v . ot -

. Handout-No. 6 - Aromatic hydrocarbons ,
.._

. .

. . ,
P 0

. e
f

Instructional Approacti:''

Discussion
. Review handoutlo..

"r*.*,-. . t

. -

. ._ .
..,.. . . - ...-

- ..

6 , ° . *,
.

- (\
..,

References:
. . .

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

.
.

.

, .
a

Class Assignments: e

. . -
Review Handout No. 6 I . i

.

-2! .

. .

..
.

. 2R- .

.
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Module No:

Instructor Notes:
A

/

Topic;'

CompoOnds - Aromatic

.9

. Page 26' of 111

0.

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

'Handout No. 6 - Aromatic.. ,

Hydrocarbons-

Handout No. 6 - Aromatic ,
Hydrocarbons

Instructor Outline:
43.

Objective 1 - Aromatic compoends

Illustrate the benzene ring and differentiate
between aliphatic and aromatic organic compourids.

Objective2 -Groups,attached

Illustrate how groups are attached to the
benzene ring. Show several types of functional
groups.'

Objective 3 Phenols

Illustrate phenol's and describe why they are
among the most impprtarit-arsmatiC compounds.

.

F

el.

. o 0 0
I,9
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Page 27 of :111

Mbdu leAti:
. .

- i

Module. Title: . . .

Advanced Chemistry ,

Submodule Title: . .

Organics - Inorganics
, .

,

r

Approx. Time:
. ,

4-
1 hour

Topic:

Effects on Treatment Process:

Obj e cti ves : , .

. , ,. ..
. ,

Upon completion of this neule, the'participant should be able to:

1. Explain' that increased loads of orggnics require increased dissolved oxygen
demands.

2. Indicate that, organi c acids may cause metal pipes and other structures to
corrode. . .

3. Explain that increased organic loads make chlorination less effective, more
chlorine is required to kill off microbia*Toorganism§.

4. 'Explain that certain organics may be toxic and:kill off, or inhibit the
reprodUction of, treatment - microorganisms.' .
Explain that many organics, notably plastics, do not dissolve at all in
water, and are difficult to biodegrade, i

Instructional Aids: .
.

.
.-

. .

1-. . . .

.

Instructional Approach:.
. . .

, I, / ,
.

Discussion 1
,

., .
'411,.. .

.

% ,. ,
, I A 1 1-t

..
A , 1 .

References:
.. - , ,-..

Apipied,Chemistry of Wastewater Treatment, Unit.6, Ann Arbor Series '' .

. ,.
.

. - ,

, , /. .

...
. ,,, . .

, . . .
.

,
,

.Class Assignments: .

- ,..,
%

. . . .
.

. -

.

. .
. , ...

. . I .
---,,

. . .
). 30
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Module No?

Instructor Notes:
.

Topic:

Effects in Treatment Processes

PP. 7_- 10 - Unit 6, Organic
Pollutants, Ann Arbor Series--
Effects of:Organic Pollutants

t' .

Page 28 of 111

Instructor Outline:

Objective 1 - Organic and Oxygen, Demands

Point out that organics cause--increased usage
of oxygen by mieroorganism. Organics act 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 resdlt of anaerobic decomposition.

Objective 3 - Chlorinatibn -.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 - ToiticOrganics

Explain that certain orginics may be toxic to
treatment microorganisms. An example may be
phenols. Note that other organics are toxic
to other typer of aquatic life, various pesticides
PCB's etc:

3.1

1 I ,.
I

Objective 5 - Plastics-

IntrodOce plastics as organic compounds and dote

,'

that they are very poorly biodegradable and will
accumulate in natural systems. AlsO other
organics; such as chlorinated hydrocarbon

-

pesticides and PCB's are also poorly biodegradable
an,d will accuthul ate in nature .if .ihtrodLiced.,

o 1

-v

N.
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Page 29 of 441_
.

Module No:
... .

.

Module Title: .

.

Advanced Chemistry
. _ .

Submodule Title:, ,

Organics - Inorganics . .

Approx. Time: .

,

. 3/4 hour

Topic:

Greases,-oils, surfactants

Objectives: . ..
,

Upon completion of.this module,:the participant should be able to:
,

I. Explain that greases and oils, though usually non-toxic, are slowly .

biodegradable, poorly settleable, cause foaming and may decrease the
efficiency of the treatment of other' organics by inhibiting dispersion of
dissolved oxygen to microorganisms. /

2. Define surfactants and indicate their sources. '

3. Describe the problems surfactants may cause in wastewater treatment.
.-.

,,
. . e .

. - r .,.. , ' .

Instructio6I Aids:
.

. - 1

.

. .

..
. .

. , . .
,

.
. . .

. .

.

-

.
.

-N.

.

Instructional Approach: .,.
- . .

..
, ,.

Discussion
. .

,.
.

.
t ,

.
. ,

.

, v. .

. ,

References:
.

.

\-
.

t Unit 6 A A SUs tMeApplied Chemitry of WasteWteerean, n, Ann rbor'eries
.

a 'T

Chemistry for Sanitary Engineers, Sawyer and McCarty , .

\
.

. . , .

.

''.

.

. .

.
.

, . .
.

Class Assignments: , ....
.

Read Ch. 32 Chemistry for Sanitary Engineers .

. .

, . .

.

.

-7-- 3
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MoOule.No:
/.

Greases, Oils, SUrfactants
ti

Instructor 14otes:

111,

Instructor Outl ne :

Ch. 32 Chemistry for Sanitary
Engineers - Grease P. 10,
Unit 6, Ann 'Arbor Series -
Grease and Oils.

P. 230 - 264, Unit 6, Ann
Arbor Seri es Grease and Oils

P. 11, Unit 6, Ann Arbor
Series - Detergents

PP. 147 - 150 Chemistry for
Sanitary, Engineers Detergents

PP. 264 -280. Unit 6, Ann
Arbor Series- SurfectantS

Objective 1 - creases and Oils

Define greases. and oils and examine the problems
involved with these, substances in'wastewater
treatment: Point out that they also decrease
the efficiency of treatment of organics by ,
microorganisms by inhibiting the dispersion of
dissolved oxygenGrease may coat the -
microorganisms.

Objective 2 and 3 - Surfactants

Define surfactants and detergents as organic
compounds and descfibe the problems associated
with detergents in treatment. Define ABS,
alkyl benzene sulfonate. .And emphasize the
Slow biodegradation.of these compounds.

O

4

to

or
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Page 31 'of 111

Module No:

.
.

e

Module Title: .d,t,40., ', .

.

,Advanced Chemistry ,
_

)

Submodule Title:
.

Organics - Inorganics
.,Approx:Time:

1/2 hour _1

. .

Topi :

.

1 '

keriols .

Objectives.:
-

/

--
.

Upon completion of this module, the -participant should be able to:
...

1. Define phenol and indicate that phenols cause taste and odor problems and
may be toxic to treaMent microorganismS-at high goncentyations.

2. Describe extraction of organic compounds in terms of polarity, "like
dfssolvet like".

3. Indicate that phenol may slightlftionize, in basic solutions, into an_
ionized polar form more soluble in water than the unionized molecular nonpoli
form.

4. Explain that complete extlhotion of phenol by nonpolar solvent will occur
only in a idic solutions.

. .

Instructional f .

, .

, . 4
.. .

)
..

.- '.
:

,

Instructional Approach:

Discussion ----,..
.,,

,

.

.

,

.

, -,
. _ .

.

,
.

.

...,

References:
. 0

, . . .. . -.
,

NIC..

'AppliedCbemistry of Wastewater Treatment, Unit 6, Ann Arbor Serfrs
.

. .

, .
.

.
.

,. ,

.

.
.

.

c
..

,

Class Assignments: .

.
.,

.,
.

. ,.
.

, .

, .

, .

.

,

. , .
.- , .. . 34
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Module NO:

Instructor Notes:

F 'a

Topi c:

- PhenolsIMI
Instructor Outline:

Objective 1

,,PP. 28 - 302; Unit 6, Ann Redefine ph s. graphically and indicate that\Arbor. eries - Phenols -,K.

> phenol caus Jaste and "odor problems and' may-,
be to at hi levels to microorganisms.
Note that phen6 are a group of waste products
which contain the polar OH gi'oup attracted to

,.. nonpolar 'organic groUps. The OH group of a ,

,

PP. 232 - 238, Ann Arbor
eries, Uriit 6 - Grease and
i ls

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

< ,

phenol acts aS,a very weak acid, but is no
.

polar enough to keep the un-ionized phenol`Nrt -

from dissolving in nonpolar solvents:,

fObjective 2 Extractions

Define extractions _and in a at organic,
compgunds, mostly nonpolar, will ,b extracted

order
by nonpolar solvents. Thus in_der '''extract
an organic coMpoynd_such as DDT, an o ganic
solvent such as benzene, hexane,' or others Will -.-.

be used -to extract DDT. Since DDT will be much
moreSoluble in organic nonpolar solvents it is
easily extractable from .water, a polar solvent..
"Like dissolves like". Likewise, ionic solids,
polar compounds will be only ,very sltghtly,
soluble' in organic solvents, Greases and oils
are nonpolar compounds and are extracted from
water solutions by nonpolar solvent such, as hexa

Objective 3 - Phenols

Since ttte OH group of phenols is ionizabIe,
'

phenols dissolve most readily in basic waters.
In order to remove phenols from water an, initial

,,procedure would be to make le water acidic" go
the phenc}.1 molecule (OH) will be 'in the un-ionizedform. Thus the un-ionized form is Tess soluble.
in water than the ionized (polar) form. A
nonpolar solvent would, be used to- extract ph.enols-from water only if the water is acidic.

0

3.5
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Module Ho; Toptd:

Phenols
vt

Instructor Notes:
Instructir Outline:'

7

t

Objective 4 -. Phenols:

Phenols..are therefore only completely _extractable
by a nonpolar solvent if it sis.acidifted previous--
to extraction.

a

4'

-

ot. 4
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Module No' t
;pt.,

7(-- .

'. \.
.

.

Module Title: -

Advanced Chemistry .

Submodule Title: ..

r

.

Orgnics - Inorganics . -/Approx. Time.
s .-

.

1 hour

., .

-Topic: .
, . .

Testing for Organics

..

Objectives:
.

.

. .

. .

Upon completion of this module, the participant should be able to:

1. Describe biochemical oxygen demand as a method for determining relative
organic quanti ti es 'i n wastewater.

2. Define volatile solids testing and state how the lossof weight, in the test
gives, an indication of the orgarricsontent of the -sample,

3. Explain .,how total organic carbon is a`measure of the "degree of organic .

quantity by measuring the amount of CO2 or CO ford when the organic
material is..-oxidized.. .

.. *.- .

VP. .. .

Instructional Aids:_
. / . '

,.
. . . ... _

.
. .. .. :-

Handout No. '7 - BOD overview -
) . :

'`N
4. ..

.. )

*. , . .

j 4t. tz.,..
. t /

4 ' !
.

1 ri.. thcionai Approach: . ,.-. -
..,

...,. .

Discussugl t
t%

_

Read Handout No. 7- . .. .

Set up BOD's, run other tests if possibl, volatile solids, TOC
*, , ,

1 , .

References: --/ c i \ . a '
0

"e A.. ''0 a

Applied Chemistry to Wastewater Treatment, Unit 6, Ann ArborSeries
. .

4%, - .

,
,,---,..,,-./

. . :#'
' n..

- .
. .

---!,
Clats Assignments: ,.. :4 e

_
. .

. -

Read' Handout No. 7 -
. .. A:0

. 37
..

.. .

.
..

.-

.
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Instructor Notes:

4

Topic:.

Testing for Orgadics

Instructor Outline:

PP: 10 - 189, Unit 6, Ann
Arbor Series -.Measurement by
Oxygen Consumption

'Handout No.. .7 - an
Overview

Als

P. 33 -- 66, Unit 6, Ann
Arbor Series - Volatile Solids
Test.

44

PP. 66 - 92, Unit 6, Ann
- Arbor Series, Total Organic
Carbon.

f

,
-R

Objective 1 - Biochemical Oxygen Demand

Review BOD .as- a method for the determination ;of
relative organic quantities and discuss why
BOD is an accurate measure of oxygen demand,
under actual conditions. Review the methodology
of the test.

Objective 2 - Volatile Solids

'Review volatile solids as a metho of measuring'
organic content. Reyiew methodol gy of the'
test.

Objective 3.- Total .Organic

Review tqtal organi'carbon as a Method of
measuring organic content. Describe the
Methodology of. the test.

4
J

38
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Modulo,- No: ,

.

.

Module Title:

AdvariCed: Chemistry ,

Submoduleitle , .

Organics - Inorganics . .,
Approx. Time:

,hour
1

Topic:
."Inorganics VI- Wastewatqr , ,

,

Objectives: - , , CY

.

/
d

t ,..

Upon completion of this module, the participant should be .able to:- -
. Nt

1. Define salinity. as the presence of dissolved inorganic material in water.
2. Indicate that practiCally 'all" inorganics which dissolve are present in

the form of ions. I

3. List 6 cations and 6 anions which may be present in water.to cause salinity.

J .
-

.
.

., .

.

Instructional Aids:
°.

.

..., 0.

.

-:.--

, .

a

:'

..

instructional Approach:-;%, ,
.

f kt

-

m

Discussion , -,

.). . .. .

.r
. .

. .

.

References:
. .

Applied Chemistry to Wastewater Treatment, Unit 7, Ann Arbor Series,
- .

. , e ..
. .

I.. .., ,

.
. .. .

Class Assignhicnts: 4 .
.

. . .

-.

4 .'
t

Y

,.
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Topic:*

Inorganics' in Wastewater

..,Page J7 of 111

Instructor Notes:
, I - Instructor Outline:

PP. "i/ - 25, Unit 7, Ann
Arbor Series - Salinity

Objective 1 Salinity

Define salinity as the presence of aissoffid
inorganics in water.

Cibjecti ve,2.- Ions

Explain-that almost all inorganics that-dissolvedo so as ions in' solution

Objective 3 - Cations. and anions

List several types of cationt-sand anions whichmay be in solution.. Practically .all ionicsolids. Indicag' sources of inorganic wastes
domestic, industrial , 'and rititural.

via\) \ - :
.

, ft

-A

4

.4

r
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[

Module Title:
.

.

Advanced Chemistry

Submodule Title:
_ ,

.

.

,

.

Organics - Inorganics
.

.
.

, .

,

.

A

App X. Time:
-

.

-.4 -

1 hour

,
Topic: y---

.

Inorganic Problems 0
,

Objectives: .
.

Upoh completion of thiig' module, the participant should be able to:
.

)

1. Explain that dissolved ions decrease the solubility of gases in water and
high salinity may dqcrease the concentration of dissolved,oxygen needed.
forbiodegradation_reactions ill wastewater. --

2. °Indicate thathigh salinity may inhibit or kill the microorganisms'in
wastewater treatment. '

3. Explain that high salinity may injure, or kill fresh water fish.
4.. Identify. ammonia, ammonium.ion5; nitrates, and phosphates and explain-how

.-they may act as fertilizers and promote the undesirable growth of algae'in
'---§treams. . - -

5. Indicate. that cations produced from. metals such as mercury and lead, and
aniont sucLas cyanide, can be toxic to animals and people. '

6: Idengly hardness causing cations and cations of metals such as iron and
.

manganese,*d the problems they cause. .

,. . , , r .

Instructional Aids:.': ,
.

. . .

. .
.

Handout No. 8 - Salinity .:
" .

.

Instructional Approach:
. A.

.
i - ,

,

,

:

8 ,,J
,

,

.r.Discu;s'rup

Review Handout 'No.

References: .

. , .

. , .

Applied of Wastewater_Treatment,_Dnit 7, Ann Arbor Series.
Chemistry for Sanitary Engineers, Sawyer and.McCarty. ._

.

.
:..

.
. -

.

A. .
r

,
..

%

.

Class 'Aisignments:
... .

ReM.HalidOut No. 8,-do'self-test

. ,
.

. 4.

I

:

- p

1
.

i

c
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Topic: .

Inorganic Problems

Module No:

Instructor Notes:
Instructor Outfine:

PP. 17 - 25, Unit 7, Ann
-Arbor Series - Salinity4

Handout' Ito. 8 - Sal i nAy

PP. 347.- .355, 'Chemistry for
Stnitary Engineers - Hardness

'Objective 1 - Solubility of Gases vs. Dissolved
Ions

Explain 'the relationship between ssol ubil ity of
gases in water' and ditsolved ionic .content.
High salinity may cause a reduction in dissolved
oxygen levels, for example, in a lagoon. During
dry seasons this may become more of a problem.

Objective 2 and 3 - High Salinity

Note that high salinity may also inhibit -

microbial action or kill, the microorganisms.
Also highly saline waters will kill or injure

.

fres-h water fish. Note the intrusion-of,salt
water of estuaries into' fresh water aquatic
systems.

Objective 4 - Nutrients

Define NH3, NH4 NO3, PO4. as nutrients for algal,
growth which may, at times, promote undesirable
growth of algal blooms, eventually resulting

min an increased organic load 'on the system
involved.

Objective*5 - Toxic Ions

Identify metallic cations such as Hg, Pb; As,
Cd _etc. , as potenti al toxic substances (ions).
Also note that-spine anions., such. as CN:" are also
toxic to microorganisms.

Objective 6 - Hardness Cations

Identify hardness.causing cations and other ions
of metals like iron 'and.manganese and disCuss
the problems these ions cause.

1
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Module No:

t',

Module Title: . ,

.
,

Advanced Chemistry:' -,..........
. -....,

Submodule Ti.tle:,

Coagulation
Approx. Time:

_

2 hours

Topic: : - ..

0, ..'

Colloids - Definitions

Objectives: . ,.. ..
Upon completiOn .0-(V/is module, the participant shoulebe able to: .

. . .

1. Define colloidal dispersions and the normal range of sile for col i oi dal -

parti cl es. . ...,.. .

2. Indicate that much of wastewater suspended matter is colloidal,. especially
color and turbidity, causing substances.

3. Distinguish between true solutions sand colloidal dispersions and indicate

' that both inorganic and organic matefials mv form colloidal suspensions.
4. Explain that surfac area in relation to mass in collaids4is great and that

all colloids are eActrically charged, the majority negatively.
.

. -
5. Indicate that like charges repel, unlike charges attract:

Instructional Aids:
.

C /
. PS

. .

. , . .
. . . ,

. 4
Instrogtional Approach: i

. . ..

Discussion ° ,

°
.

.. ..
. .. / .

References: . , .
. .

Ccemistry,for!Sanitary Edgineers, Sawyer And McCarty.

. .

. . .
.

. .

.
. , -

. -
. ,

. . . .

Class As'signments: . . .

Read ;.Chapter' 7, Cheinistry for Sanitary Engineers - Colloid Chemistry .

. . .. _ ..

..
41, s

V
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Module No: Topic:

'Colloids - Definit-Lons

'Instructor Notes:
Instructor Outline:

0,

P. 214, 215 Chemistry for
Sanitary Engineers - Classes
and graph for sizes

'

P. 290, 291 Chemistry for
Sanitary Engineers Turbidity

P. 216, 217.0.Chemistry for
Sanitary.Engineers General
Properties

0-

4

a

ljective 1.- Colloidal Particles'

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 millimicrons in size. Note,
that colloids are insoluble.

Objective 2 - Colo rand Taste and Odor

Emphasize that -much pf the color and taste and
odor causing substances are 011oidal. The
water systems will vary actoi-ding to conditions
and thuS according to degree of colloidal
dispersions. .

Objective 3 - True. and Colloidal Disperiions.

Note that collOidso.althOdgh
almost molecular in

size, are not true solutions. Also certain
organic substances, such as "soaps, that are:
usually considep!ed soluble.in water arenot and
actually form colloidal dispersiens,. Also'
inorganics such_as 'bentonite clay, will not form
a true solution.t

h'
Objective 4 and :5 - General Properties of Colloids

Discuss ,the general properties "c25 colloids), ,

especially the high surface are to mass ratio,
Colloidsthus have' great adsorptive powers..
Note that like charges repel, unlike attract.

4 4



-".

Page 42 , of 111

Module No: Module Title; ,
. 'N.

Advanced Chemistry , -

-SubmoduleTitle-: .. .
.

Coagulation
. ,

Approx. Time:

.
21/2 hours

. -

.
.

Topic: .

Nature, of Colloids' - .

.

Objectives; . . -

'

-.

_,
r ,

.
,_ :,,-

Upon completion of this module, the -parti'cipant should be able to:

. , :,

1. Explain the fundamental basis for the stability of colloids as the
. , repulsion of similarly charged colloidal particles with abnormally long

settling tithes.

2. Define hydrophobic colloids. and zeta potential. .

3. Define Vander. Waals force and indicate that as 'long ,as the zeta potential
is great enough to produce repulsive forces in excess of Vander Waals force,
the particles cannot coalesce'. . . , .

'..
.. Explain that the destabilization of colloids is brought about try counter-ion

absorption by addition of ions of oppo'site charge until the Vander Waals
attraction forces are stronger than the repulsive forces of the zeta
potential and coagulation occurs. .

5.. Define the Schulze-Hardy rule. . .

Instrutttonal AidS: .

.

.. ,
.

instructional Approach: , . . 0?_
.

. . _
Discussion

-
.

. .-
,.

.

. ' 04 '

References:.
- ,

..

Chemistry for Sanitary Engineers, Sawyer and McCarty.
Water:Supply and PollOtion Control, Clark and Viessman, 1965.

..

,, .
. . . .

.. .
.

. ..,
. I.

- ,
, .

Class Assignments: ,
. ,, .

Ch. 7,. Chemistry for Sanitary _Engineers, do problems 7-1, 7-2 .

.. . ... .

- 45 . .
,....
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Instructor Notes:

P. 218, 219. Chemistry for
Sanitary Engineers -

-Hydrophobi c Colloids

PP. 341-343. Water Supply and
Pollution Control 1- Zeta
Potential

C

P. 220. Chemistry for, .

Sanitary Engineers -

Destruction of Colloids

Instructor Outline:
e

Objective 1- Stability of Colloids

Exarrdne-ztaejitability of colloids as a. result
of their inability to coagulate due to charge
repulsion and therefore, their long settling
times in sedimentation basins -.

Objectives '2 & 3 - Hydrophobic Colloids

,Define hydrophobi colloids and examine zeta
potential. limit mathematical treatment.
Describe Vander Waal's force and discuss
these opposing forces. Vander Waal's and,
zeta petential..

Objective 4 - Destabilization ,of -Colloids

*Biscuss the theory of destabilization and the
objectives- of chemical .coagulation. 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
colloid of opposite charge. No that zeta .s
potential may be reduced by adju ofthelpH..

;a;

Objective 5 - Sthulze-Hardy RU

Define the Schulze-Hard9.rule with respect to
addition of electrolytes as" a method for
stabilization of colloids.

e

C

I
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Page 44 of 111

Module Title:

Advanced Chemistry
V

Approx. Time:

2-hours

Objectiyesi

Submodule Title:

'Coagulation

Topic:'.

Coagulation

Upon completion of this module, the participant should be able to:

1.
,2.

3.

4-.,

..
list three areas of removal achieved by chemical coaigulation.-
Identify the two trivalents salts used in'coaguiation and illustrate the
ionic valence states of the metal ions. ,

,Illustrate how aluminum sulfate dissociatei to yield sulfate, aluminum
+ 3 anci-varibus aluminum hydrolysfs`complexes.
Indicate that for a given coagulant, such as-aluminum sulfate, lower pH

"*..

e,

values favor hydrolysis species of a more positive charge and that
----complexes with highest' positive charge are most effective--incoagulation:

6-.,-.- DeAcribe flash mixing and flocculation.''
_ .

Instructional Aids:

Handout No. 9 - Coagulation

J

Instructional Approach:

Discussion
o

References:

,Chemistry for Sanitary Engineers.'
Water Supp]y and Pollution Contrdl

Cfass Assignments: .

head Handout No;.-9
Read Chapter 18, Chethistry for Sanitary Engineers
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Module Ho: Topic:

Coagulation

Instructor Notes:
Instructor Outline:

4,

Page 45 of 111 :t

.5.

P. 341, 342. Chemistry for
Sanitary Engineers - Purposes
of Chticaljtoagulation

6/ g.,M10,44..

Handout No. 9 -

Chapter 18, Chemistry for
Sanitary Engineers - Chemical
Coagulation of Water

4

PP. 345=346. ,..Water Supply and.
Pollution Coritrol,- Coagulation

c

.71

Objective 1 -. Object of Coagulation

Redefine the objective of chemical coagulation -
removal of colloidal dispersions and inctgase
sedimentation rates. Note again that.coBbids
impart color, tastes, and odors. Name areas
of removal by coagulation and discuss (a)
tUrbidity, inorganic and organic, (b')
(c) bacteria, (d) algae, (e) tasteind odor
substances, and (f) phosphates. Not that
coagulatioi previous-td filtration is
preferred.

Objective 2 & 3 Coagulant*Salts

Define the two primary coagulant salts used
in-coagulation as alumitluM sulfate and ferric
sulfate. Note that they both posses4ositive
potentials and coagulate by mutual coapjation.
Show how the salts dissociate in, solution into
their positively charges ions.

Objective 4 - pH Dependence
o

Discuss pH and its effect on coagulation and.
charged species.

Objective 5 4: Flash Mixing

Describe the general mechanical features of
coagulation.

48
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Module No:

r

Approx. Time:

2 hours

Page 46. of ilr

t4odule .Title:
L .

Advanced Chemistry

Submodule Title:.

Coagulation

Topic:

Polyelectrolytes in Coagulation'

Objectives:

Upon completion of _this module, the participant should be able to. :'

1. -Define polymers and -polyelectrolytes, indicate the origin of charges in
4,--

polyelectrolytes.
2. Explainhow polyelectiolytes, cationic type, destabilize hydrophobic

colloidal systems by neutralization of collciidal charges and thus serve

as coagulants.
_3. Define hydrophilic colloids and state that most domestic sewage contains

mainly hydrophilic colloids.
.nz

4., Indicate that counter ions alone ,
are-insufficient to destabilize hydrophilic

,
,

:. colloids. s
.- . _, ,

5: Explain how polymers may act toodestabilize and ,aggldmerate hydrophilic

colloids by both charge neutralization and bridging principles. '

Mr

Instructional Aids:

'Instructional Approach:

Discussion

References:

Chemistry for Sanitary Engineers

- ":""4"-

1

Class Assignments:

-49
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Topic:).

Polyelectrolytes in 'Coagulation 4

A.

Instructor Notes:
Instructor Oytline:

P. 345, 34-57 ChentiTtry for
.Sanitary Engineers - Coagulant
Aids

P. ?22. Chemistry fo
Sanitary Engineers
Hydrophilic Colloids

V

ti

Objective 1 & 2 - Polymers and Polyelectrolytes

Generally discuss the features of, polymers
and polyelectrolytes and explain ,how

yelectrolytes act to stabilize hydrophobic'
colloids by charge neutralization.

- .

\L,
Objective 3 & 4 , Hydrophilic colloids

Define.hydrophiliC colloids and discuss the
reasons for their diffiCult removal by normal,
electrolytes. 'Indicate that much of domestic
sewage, will contrain hydrophilic colloids.,

'Counter ions alone are ihsuffieient to
destabilize hydrophilic colloids because their
stability is dependent upon "love...for thee,
solvent rather than the Flight negative charge
they carry..

. ., .

,: ,

ective 5 - Polymer'Destabilization .
, ti- .

.P 15elate how',cilyniers dgtabilize .by char 4e
tralization and also, very significantly,

b ApriOgingpinciple0olymer4 and 'Oolyelectrolytes
should,be examined as an introduction to' this

..0 of 'treatment.
, * .. ,4,,-.,9

,.-
. 0 4 A

*0 s-* , . 0 . v
. ,

. -
1 0 .'

I fl,
Z

1'

I

,
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Module No: . Module, Title:

Advanced Chemistry

Approx. Time:

Submodule Title:

Pesticides

2 hours
Topic'`

Phtroduction

Objectives:

Upon completion of this module, the participant Should be able to:

1. Define pesticides according to biological usefulness and describe two

'instances where - pesticides are used.

2, 4List the three major types of synthetic organic pesticides and name

three orgariochloHne cqmpounds.
.

3. escribe one w.ay in which pesti-cides may be introduced into streams
;

nd water supplies. ,.

4.: Ifferentiate between the susceptibility to ,biological degradation of
- .10*

'the- three -groups-f-of pesticides..-

Instructional Aids:

Instructional Approach:

Discussion

References:
. .

Applied Ch'etrAFtry oftWastewater Treatment" Unit 6, Ann Arbor Series-.

Chemistry-.for-Sanitary Erigineers

Class Assignments:

51

41A

a..
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Nodule No:

Instructor Notes:

; '

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

40'

Pesticides - Introduction

41,
P. 150-154. Chemistry for
Sanitary Engineers - Pesticides

Instructor' Outline:

Objective 1- Bi ological Usefulness

Dis.cuss and define pesticides and -the history
behind`them. Also describe various instance's
where pesticides are used for* insect control,
crop control , rodent control ; fungicides, weed
control., etc. Examine the economic relevance
of pesticides. .

Objective 2 - Types

Examine 'the three major synthetic pestic ide
types -- organophosphates, organochlori nes,
carbamates. %46w graph representations of
each. List several types of organochlori nes,
DDT, dieldrin, aldrin, DDE; heptachlor, etc.
Note the similarities between organochlori nes,
and PCB compounds.

Objettives '3. & 4 IntroductiOn to Eniiironment-
and Toxic Effects

Discuss ways that pesticirdes are introduced into
the aquatic environments -- runoff, wind,
lechates. . Indicate the relative i-mportance
of each. Differentiateate between toxic effects
of -pesticides on aquatic life in terms of the
three synthetic classes of pesticides. Also
differentiate between the susceptibility tb
biological degradation, of -the three cl a;ses 'and
the si gni fi canct, of these di ffenences
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Module Title:

Advanced Chemistry
O

SubmOdule Title:

Pesticides

.e

Module No:

Appro5. Time:

2 hours`
Topic:

Pesticide Systems

Objectives:

Upon completion of this -module, the participant should. We able .to:

1. Explain that organic pesticides are relatively insoluble in water. and a
significant portion are adsorbed on suspended solids or deposited in
sediment of streams.

2. Indicate .that during periods of agricultural runoff pesticides fixed On
soil particles may be transported into aquatic systems. e

3. Describe how pesticides, especially organothlorides, may aloe concentrated ,or

accumulated through food chains.
4. Indicate a method for - degradation of pesticides:

Instructional ids:

Instructional Approach:

Discussion

References:

-1%

Applied Chemistry of Wastewater Treatment: *Unit 6, Ann Arbor.Series
Chlorinated Hydrocarbon Pesticides in Bottom Sediments, thesis by Don L. Kriens,
1972, University of Iowa Library

Class Assignmen-ti:--0.

53
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Topic;

- Pesticide Systems

Instructor Notes
Instructor Outline:

a

,ar

.

-Chlofinated.Hydrocarbon
Petticides in'Bottdm Sediments
Introduction'and.Summary

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

I

7

Objective 1 - Solubility in Water

Nbte that organic pesticides are relatively
ponpolar compounds and'are relatively insoluble

-in water. Indicatethaesigpificant portions
of pesticides may be adsorbed on suspended'

"solids in streams or also attached to other"
organic solids or Colloids. Thereis a
variabilitof solubility of organic pestic.jdes
in water in respect to types of pesticides

.

and individual compounds.

Objective 2 -"Runoff

Explain that agricultural land runoff
contrAutes amajor portion of pesticides
into the aquatic environment.

9bjective 3 - Food Chains

Discuss how pesticides, especiaIly-organochlorines
may accumulate.hrough food chait due to- their
nonbiodegradable net/ Indicate that Afris

laiomagnification or 0 centration of pesticides
may reach a point where -it could be toxic to
the organism in quettion. This it especially
preValent in regaH to organochlorine pesticides.-
Chart out a food chaih as an example.

Objective 4 - Deg'radation:,oftPesticides -

Discuss how pesticides may be Atroyed or. changed
through biodegradation; chemital decomposition,
photo decoMpotition etc.

54 ,

1
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tioctute- No: Module-Title:
.

.

Advance- Chemistry. -,

..

- ,. Submodule

Heavy Metals

Title:
___ _

Approx. Time: .-- - .

hours'-'21/2 ;

.

-
Topic:

r
. ,

Introduction
,

pwecti yes:
1-/

'.-Upon completion of_

___1:. List four heavy
'2. Indicate that the

. in industrial wastewaters.
3. Explain that _hea.vy_metals-,

metal cations,
in waste 'treatment

. Indicate that heavy
.-this'is.a-factor

. 5. Discuss how heavy
toxicity in man:

,_

,..
this modul he participant should

.

r
be able to: .

heavy metals occur
'

produce heavy
lot microorganisms
1

and
' - - - 2-
chains and induce.

, 1

.

:

metals by symbols. ,' .
most significant concentrations of

..

which may dissolve in water-to
may be toxic or inhibitpry to growth

at significant concentrations:
metals may be in ihor'ganiz' compoOd.fcirms

in determining toxicity.. to humaq.
metals may accumulate through, food

.
1

. .
..

Instructional Aids:
.

.

e '
. v,

.
,

.
. .

Metals

:
-Handout. No. 1-0° - lleavy-

...4

Instructional Approach: ,-

b Discussion
.Interpret'Hanclout No: 10 __t__

. .

.

i ,

,.

.
.

\
i i

r

I i . .

-Raferences':! , ,

1 Applied "Chemistry to 14s.tewater Treatment, Unit 7, Ann

...
A

1.
. .

..
. , .

- 4

1

:Anb_or series
LI -)

:.
.,

;.

^
1Class Assignments: ' .

Read Handout No. 10

.

- "---. c.
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Module No.: Topic:

Heavy Metals Introduction

Instructor Notes:
Instructor Outline:

PP. 279-304, Unit 7, Ann
Arbor Series -*Toxic Cations

HandqutNo. 10 - Heavy Metals

r't

Af

Objectives-1 tt"2.-: Heavy Metals and contributor;

List several heavy metals and indicate the
major source'of heavy metals in wastewater
induitry..

.;.

-Objective, 4-',;Toxi.c cations?

Reviev,f,, is effect that heavy metal cations
can have otAreatment microorganisms.

ObjeCti ve .44, Form of Metals

Explain that metals may take an organic or
inorganic-form in the environment. Generally
state that its form, organic or inorganic,
may deterjnine 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..
This is an important factor when determining,
toxicity to humans and other orgariisms. List

°a few effects of metal poisonings on humans.
For example, methyl mercury --. teratogenic
or causes4 deformed children, Pb nervous system
disorders4lAs - brain - disorders and so dn.

Objective 5 Food Chains'
31

Discuss accumulation of heavy metals through
!food chai and-how toxicity may_result:

*

5e
,
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4

Module RD:

.

,Module Title: . ,

. .

Advanced Chemistry .

Title:
. .

.Submodule
1

e

Radioactivity _

.
.

.

...Approx. Time: ,

21/2 hours

t!*,'

.T1Opic:

Introduction .

, .

Objectives:
,

Upon completion of this module, the participant should be able to:
.

t

1. Describe the claSsical atom picture .consisting of a central nucleus made

up of relatively massiN protons and neutrons about which rotate a number

of electrons in orbit.
2. State that certain atoms are radioactiie,,have.nutlei that are unstable

and emit energetic particles, a pulse Of energy,q)r both. t

3. Identify radiations emitted by the radioactive decay process as alpha.

and beta particles and gamma.rays; indicate theft' relative 'penetrating .

. powers. ....,. ..._ i - . i 1

14,' Define curie and indicate its use in defining quantities of radioactiVe

materials. , .

i
. .

)

.

Instructional Aids: -, ,
, 1

1 . .

.
..

r

,

1

tnstrdctional Approach: .

: i

,

DiStus Sion
.

)

.

-I. . i
.

.

00
;,4,:-

.
.

1

.
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Module No: Topic:

Introduction - Radiation .

InstructOr Notei:
Instructor Outline:

a

Chapter 9, Chemistry for
S4nitary Engineers - Radio-
chemistry

P. 367. %Water Supply and
Pollution' Control - Radio-
activity

. r

P. 247, 248. ,Chemistry for
Sanitary Engineers Natpre.of
Radiations

Objective 1 - 'Atomic Pi cturet

Evaluate the BOhr them of the atom, shci'w
how protons, neutrons,- electrons relate to
each other and the nucleus of the atom.

Objective 2 - Radioactive Atoms

.Examine naturally occurring radioactive
N.

elements, atoms which have nuclei that are
unstable.and emit energetic particles or
a pulse ofenergyl or both.

-

Objective 3 - Emissions

'Discuss the various emissions and their
relative penetrating, powers, and thus, their
energy levels.

Objective 4 - Curie

Define-nature of radiatiOnS ind the-unit of
radioactivity, curie. Relate the use of curie?
in defining quantities, of, radioactive emissions.

J
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Module No:

.. .

-

Module'Title: ,

.

Adyancedhemistry .

Submodule Title:.,
.',

,

R a di nctivity --
.

.

Approx. TiMe:

.
.

Topic: .

.

,

.

,f RSources of .

Objectives: 4 )

Upon-completion of this module, the participant- should be able to:"
1. State that,there are over 40 kinds of atoms displaying natural radioactivity,

most with. atomic weights over 200: .

2. Describe two sources of radioactive materials.
3., Indicate thaturaniumAs the mother of a chain of naturally occuring 1

radioisotopes and ultimately disintegrates into.a stable form-of lead.

4. Explaifi how nuclear reactors in power plants represent a potential

source of radioactive waste in streams.' )

51 Indicate how radioactivit' can be .removed from water supplies. Give
.,

one-example. 'A: 3/

.'ti-
. i

-- 1

Instructional Aids:
..-

/
-,

f
) )

.
.-.../

.
. I l'

.
), a . .

. . .

Instructional Approach: , )

Dfiscussion .

1 1

,

. .

or
.

.

.
.

. )

.) )
. )

,
. . .

. 1
.

.References:
,

.

*ger
,

Supply and Npllution COAtrol
), 1 ,)

. -,.
.

-

, , J i
.

.

1. ..
.

,

. .
.

C ass
.

Assignments:
,,..

.

. .00.
.

" ,,,.f , i :- /. 11 /1 1/ .f, ,y1 + 1 ./ i 4
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P.' 368, Water Supply and
Pollution Control - Radioactive
Pollutants

Objective I- Types. of Radioactivity

Indicate the types of radioactivity which
occur in nature.

Objective 2 - Sources

!Briefly explain various sources of radioactive
'poll utants .

Objective 3 rlirani um
.

Explain Uranium as a nata.al radioactive ore_
which will ultimately decay into a stable form'
of lead. Radium is a significant waste product'
of uraniumi Indicate the relative long
half 1 iv,es of , radi o acti ye -sources, varying

.

degrees.

P. 369, Water Supply and
Pollution Control - Remova,
of .Radioacti vi ty from Wat0-

k

bjective 4 - Nuclear'ReactorS-\

xplain how nuclear reactors represent a source
f introdutionof radioactive waste into the
ater and 4ir environments. Major contaminants
ould be radioactive krypton, xenon, and tritium.

,

Objecti ve '5 - Removal

Indicate 'hat lime-soda ash softening is an
)effective method of removing mos-- FadiPattive
swastes fronv water suppli es; Fi 1 trati on usually
Iremoves onily wastes associated with suspended
',solids. Distillation is the most effective
imethod- of i-emoval, but is most expensive.
iDiscuss 4Alth problems associated with-
radi Won- exposure.

-

0

3

0
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Polarity of Water,
Handout No. 1

61ecules are neutral, and the positive charges in them are

exactly canceled out by the negative charges. But charges in some moleculei

may be spaced so that they do not cancel eaeh other.out exactly, .so that one

end is positive and thelother negative but the molecule'as a whole is ,

neutrally charged. Remember that like chargesrepel each other ,and unlike

charges attract.

Water molecules are polar and account .for much of, the father odd

behavior of water.
,

A molecule Of'water H2O contains 2 atoms of H and 1 atbmof O.
N, 4.

Oxygen contains 8 eleCtfons and 8 pr6tons.

Hydrogen -contains 1 electron and 1 proton.

Oxygen contains net negative charge of--2.

Hydrogen contains a net positive Charge of +1.

A neutral water molecule contains 10,electrons.

. The H2O moleUie may be illustrated as
- .

0

)141

1 e I

.

The bOnd betWeh J.1.: and 0 may be 'represented as H:0 where the .

electrons in the bond are shown as'2 dots. The nucleus of an ofygen atom

pulls 'on its bonding electrons more: strongly than a'hydrogennucleu$ does,

thusjhe electron pairltrapped between an 0 atom and an. H atom t4.1.31 tehd-to be

clb'ser to the 0 atom./.Because,of the off-center position of this eleCtron
1 , ;4IP

.. ,,
61 ,

. .
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. .

pair the 0 end of the bond -is more negative than the H end. -Therefore,. the
,c.

) . . . - _

0-H bond will have electrical polarity, the hydrogen parts of the, molecule

having more positive charge a'rid the oxygen end having more negative charge..

......1111Ma

The positive diarges on the 2 hydrogens; hydrogen as a +1 charge, exactly

balance out the negative charge on the oxygen, -2. The molecule is electrically
"to

neutral, but still remains polar. Why?.

,

The water molecule, though neutral 'electrically,is a polar molecule

because of the manner of orientation in spaCe between the oxygen and hydrogen

atoms. Examine again graphically: ,

,.-

..
.

,,

,

f

i

.H os -0__
)

'le .
The angle between the moieule -isi105°. This means that the H

nuclei are not pulling in exactly the oppOssite direCtions. The molecule

has positi've and negative ends, H pOsitive and 0 negative. This spatial `.

. - 4 f 3

orientation; caused by' the.off-center posittion of the electronsin the H-0
,

bond accounfs7for the polar nature of wate and is responsible for many, of
,

water's unique, characteristics.

.
Notejhat the positive ,charges 01 the H nuclei end to keep the

.. , 4 ;. 1 .
, , -

hydYogen atom i apart, like Charges repel each other. .Again VI terms of
4 , . 1 1

.
, 0

charges the molecule H2O is shown as.: i

,

V

+14

The charges balance each other bilthare 'spatially oriented

41")
the charges cause the molecule to be po ar..

62 -4

so that
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Polar molecules, l,lse H2O have attractions for each other. In

water-the oxygen end.of the compound attracts the positive or hydrogen end

of -other water molecules,. Remernher.that water solutions are combinations

of many H2O molecules. The proton in the hydrogen- end of.:a water molecule

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

second water molecule. One manner of illustration may be:
, H

0 /OOH
H

Note that the'bond within a water molecule is a bond of shared

electrons, the bond between L water molecules' is the single proton from .a
_

hydrogen nucleus, a hydrbgen bond. this hygrogen bond fs ,eaker thn the

H-0 bond in the Molecule itself.. .

1
,

There are many other types of molecTes that aike nonpolar.

For example:

electrons.

0

C : H

1-1

1

the C and H nuclei havg'hearlythe same equal attraction for the

Since the C-H bond shares the elettrons equally -the bond' is.

nonpolar., More so, the equal.distribution ofiRydrogeos amount the'carbon

.tend to make it a nonpolar molecule.
.., ,..

.

The major sigbificance of nonpolar hnd polar molecules is in the '

realm of solutions. .Remembering the like dispblves like, We ,understand then

, .

that a polar solvent like water will not be miscible in a nonpolar,solvent
. . . 1 i . .

4

613 , 7" -
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0

4.- like carbon tetrachloride or other i;onpolar oiganic ,sol vents. Also since

4

i.

1 lc a

.4)

water is a polar solvent it has great dissolving powers Aen4 comes to

.

dissolving ionic so.lids which carry charges.

Another example of a nonpolar compound is carbon tetrachloride (C c14)

t
.,-

t
I

. hory'dhar
Cf ,

,

Most all organic solvents are nonpolar. Orgipic compounds .are
5

those which contain the element carbon within them.

4

0

S

V
-

)

%`.

1

/

5

Aar

4

O

64
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02 and.02 Solubilities ,in Water

Handout No. 2
Its 11

Page 62 -of 111_

. -
02 is nonpolar, so is C12 or any other gas made up of 2 atoms

,

that Artie alike. This is not necessarily to say that 02-does not dissolve
4

o .

in water. Obr usly it 'does, but it does. so to a lesser degree due to its

strictly nonp lar nature.

a

J J r

x
041

460 0
t

j
CO2°Is more polar than 02 66t does not act like a 'highly polar

molecule. The C is the positiver part, 0 the negative part.

°,1

C SPish-fly polar'
1 80'

1,,

Due,td the opposing-pulls of the 2 polar C-0 bonds-the CO2 molecull

is.not, highly !liar.' It is not highly polar like H2O because the opposing

polar bonds are) exactly oriented spatially 180° from each other.

yn H20.

Howev

It e

CO2 is more polar :than 02 and thuSii. more soluble
,

4

s.

65
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HANDOUT N. 3 "Carbonate Equilibrium ", RAGES
63-67 REMOVED- PRIOR' TO BEING SHIPPED' TO EDRS

DUE TO COPYRIGHT RESTRICTIONS.
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a
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pH Scald

Handout No.

?,

44

Q

t

Increasing

A5i di ty

Neutral

Increasing'

Basicity

i .

v
(H+) pH

t,

(OH)- ,
I el, v

1,x 100 0 r x 10'14,'

1 x 10-1 1 -1'x 10-13

1-x 10-2' 2. 1!.; 10 -1n'

1 x 10-3 '3 1 'x 10-11

1 x 10-4. 4 1 ?( 10.40

1:x 10-5 5
I ,

1 '2)(1 10-9

. 1' x 10-6 6 1 bc 4-8'._

1 x 10-7, 7 1 xL 10-7
, .1 x 10-8 8 . 1 Ix

,,

10-0

1 x 109 ,41'9 1 )x- 10-5
Q

1 x 10-10 10 1 xJ 10-4
... 1 x'1,0-11 11 1. x 10-3 .

'1 x 10712 12 li) 10-?.
- , i

-, 1 x 10-13 13 lix 10-i .
i 1 1 ,i-x 10-14 14. 1ix 10°

t
Examples-

.1 fir HC1

.2 MHCl:

DiStilled H2O
i
4

I
5

I-

--. ) 1 6 0
- 1 '' . . 4 1

(H) and (OH) ,:are in terms of molar concgnt ations. 1

i4, ,- i
e I

) ; % le 1

. .
-,0

I
,

1 1'- 3
.

)

67 .
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fiti-ation Example

Handout No. 5,
.

The normality of acid solutions used to measure alkalinity
41,

(as CaCO3) is usually:

1/50 = N/50 or; .02 N

0

Thus in a titration to determine alkalinity a specified volume of sample is

used and titrated with a specified normality of acid. The Afolume of acid

usdd, to Citrate is determined at the.end point. By using the equation:

mg/1 alkalinity as CaCO3 ml titrant x N x EW x 1000
Sample volume in ml

.

And alkalinity is thus determined.

As an eiample,100 ml of sewage,sample (effluent) is titrated with

.02 N' H2SO4 and the. vol urrte. of titrant used is 12- ml-, find the alkalinity.

mg/1 alk. = 12 x .02 x 50 X 1090'
'100 ml .

.

....,

used
.

-.. . .

.

..

,

- .

= *
5 is used ,as.E.W. (equivalent weight) 'An) order to express alkalinity as*"

455,

CaCO3. v . .

, )

.15robl ess,-.
1

i

a.' Find the alkalin.t?of a sewage sample t100'ml) in which 20-101 of a

.---1---
i

.02 N H2SO4' titrant is used. Expressi as mg/1 CaCO3.

b. Find the alkalinity of a sewage sample (50 ml) in-which 3 ml of a

.025 N H2SO4 titrant is used., Expres:s ,as mg/1 CaCO3.

68
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Aromatic Compounds

Handout No: 6

6

?".

t

c
All aromatic compounds have groups of aromatic nature in their

t

;structure. The basic unlit of aromatic compound's is the benzene ring.

I

....0 i....

It I . /

H c t C 14 4 -, .

59 ene Myles
....:e rc ritsa..4.ed

I.( BewieAc 5;. pfsed 4o
f '

45

The formul a shows . double 'Ands between al tern &le ,carbon atoms in

the ring.
. ----

.
Functional groups added on ,to the bevene ring may include:

. .4.

As examples but not inclusive. -

.

,

CH3 methyl

C2H5 ethyl 0

chloro C N nitrile

C - Ketone

III

..

.
,i

, ; - F fluoro , , - NH2 amino
.......

i Br Bromo
__ ANOi nitro

- I Iodq

'a OH alcoho (hydroxyl.'

aldehyde

Examples

Tolvene 69 Ethylbenzene

,0
- C acid

1

2

M-Chi oroni tobenzene
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:,41

Phenols: Phenoliare 'benzene rings with OH groups attached.. The

basic
1

compound phenol is shown as:

Phenol

Others incl ude added functional/ groups.

OH

OH-
O-Cresol Reso cinol

/

'a,

70

.OH

'Hydroqui none

4

0

,t
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HANDOUT NO.
4

7 "Biochemical' Oxygen Demand Overview"
'1AGES, .72 -81 .and HANDOUT NO. 8. "Salinity" PAGES 82-96

REMOVED PRIOR TO .BEING SHIPPED TO EDRS FOR FILMING,

DUE TO COPYRIGHT RESTRICTIONS.
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Coagulation.

Handout No. 9

Coagulant Sal ts

....4...

When aluminum sulfate Alt (SO4)3 solutions are added to water the

molecules dissociate to their various ions.and also ionic complexes.

'Al2(SO4).3 + + 3 SO4

In addition to Al +++ various .hydrolysis complexes are formed with the OH- of

4

the,water.

4A1 (OH)++

Al (04)2+
o

Al (OH)3 °

P

AluminuM sulfate is usually calledtilterSalum: in engineering practice and

may also be 'Shown 'as all2 (SO4)3 . 14 H2cD.
.

I

4

The various positively charged,"speciek" formed may combine with

the negatively charged colloids tO neutral ize part of the chgrge 'on the col)pid

and effectively reduce the zeta potential to a point at which the colloids will

coagulate together
. 1

Cire

V

Al +++ + - col l of do -74.-Alvcollo1 d

:Ferric sulfate Fe2 (SOA)3 likewise. dissociates' t6 yield: Fe2 (SO4.,

2Fe+++ + 3 SO4 and various bydrolysis complexes..

Fe,(OH)tf

Fe (OH)2
+-

Fe-pH

k;S

*.

e e

ce"7.'t.:

72
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Chemistry Involved

It is notable that the species with the most positive charge is

preferred. pH at lower values tend to favor -those with a Rositi ve charge.,

pH values of 5 - 7.5 are.considered the prorier:pH ranges. This is logical

since lower pH values yield more Hi- imp, less OH' ions, and therefore greater

quantities of Al+++ ions, the more ;positive species. .

fareme pH depression, however, is iuridesirable and natural'
1.4r

4. *
bicarbonates present act as. buffers by this reaction.

HCO3- + H2CO3---0O2 +H20,

The zone of pH 5 - 7.5 is. the zone of least solubility of floc and
a

therefore the zone of greatest precipitation -of floc or greatest coagulation....

Residual alkalinity buffers the system at pH levels 'above 5 and guarantees,.

total, precipitation of coagulatirig

-'Chemical coagulation is not fully understood and thechemistry

involved is somewhat complex. It should also be noted that aluminum. and iron

salts (coagulants)'have great adVantages in that they remove, in addition to .

colloids, suspended matter and phosphates. However, a disadyantage is the

addition of rather significaiit quantities of dissolved olids to the final

effluent.
e

9,,

73



Heavy Metals',

Handout No. 10

avY Metals

As - ,Arseni c

Cd Cadmium

Be Beryl 1 i um

Cr Chromium

V - Vanadium

Mn - Manganese
r-

Metals

environment.:.. A

r

Page 93 of u

Se. - Selenium

Ni - Nickel

Pb - Lead

Hg - Mercury

4 -
source and form in tilehave varying effects, according to

few.are given. here:

Arsenic - As

Sources - non ferfpusmetal smelting,,--.s0food.coal combustion,

waters.

-.

some natural

Uses - insecticides, herbicides (organic)s, niedicinals - i5ota:ssium arsenite

(Fowler's soln), anthelmintic.

Toxi col ogy (effe4:',.on humans) kidney mal functi and fai 1 ures ; central
. 4.

nervous system toxicity, dermatitis., Cancer of skin,. bledder,.esophagus,
. .

,-- '.... .> .

liver.

Source's

O

Cadmium - Cd

6

-` lead and zinc smelting, silver soldering, electroplating batte.ry-
.

manufacture, paint pigments, catalyst in plastics manilfacture.
a

Tdxicology -'anemia, loss of calciusi-'and phosphat( n kidneys, damage to

osteogeni e tissue of bones.

74
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.a
Mercury - -Hg 4

Sources - Mining of cinnabar, Hg AS a. minor component of many ores,

distributed to entironment in-course of smelting.
4.7`

, )

Uses - Electrical and electronic devices, as slimicides, in paints, as seed..

prdtectant fungicides, in amalgam, filling - dentistry, in laboratory and

medical apparatus, as catalysts in plastics manufacture, as mediclhals

(HgC12 disinfectant, HgC1 - calom91 laxative, ammoniated Hg as a disinfectant.)

Penetration of human food chain: (a) Some uptake from soil into plant life -

minimal. (b) Major source of penetration'of human food chain is through

marine sources of _food. Mercury Alkylated by bacterial metabolism - moved

up through,planktoh to_fish, eaten by humans. (c) Consumption of-gYain treated

awith Hg fungicide or of animals fed Hg treated grain.
.

Toxic actions - HgC12 ektremely toxic, kidney damage, organic mercurys

nerve tissue damage, severe brain'damage.
4 A

0

. Lead Pb
_

. .

Sources ,- ores, storage batteries,.nonferrous metal .smelters - zinc, copper.

tt.

. -
Uses- - storage batteries, gasoline 'Additive (tetraethyl lead)p paint pigment,

ammunitions,-solder, hieldiiiy, caulking; several Other ses.'

Intake of Pb by U. S. resident ='
-

Avg. daily ingestion (food, water) =

Avg. daily exposure (air) = 4.5-mg/day

Total exposure 4 = .50 mg/day
-

Highest absorption rate is'in cities. Pb is stored Mostly in bone tissue

and is excreted Primarily'renal (kidney). Additional sources of lead for
-.

human Consumptiop: .

, 75' 4
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tread pailt ps

b. Smelter air sheds

c. Food grown..neair freeways

d. Lead chromate paint'

e. Food eaten from lead-glazed)) ottery

Toxicolee - nervous system disorders, anemia caused from impaired heme

synthesis;, kidney damage.

Manganese Mn

Human exposure - mining, alloy manufacture, medicinals

Toxicology - M +± toxic to central nervous system...

- Ni

. )
Human exposure - nickel carbonyl used in metalThrgy is extremely toxic.

Toxicology - dermatitis, nickel .carbopyl is' very highly carcinogenic

,{canceP causing).

S

ti
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tstl.

Problem. Set No. 1 - Carbonate Equ.i.libria

Fill in the following blanks:

1. H2O A.
--> rn

t2

2. H2CO3 HCO3- Show changes

3. CaCO3 (solid) ± Ca+++. Show changes

---

4. CO2, increases the dissolving power of water by, forming acid.

5. The solid CaCO3 dissolves in water into ions Ca++ and CO3. When a

solution of CaCO3 is said to be saturated it has the

(maximum, minimum) amount of Ca++ and CO3 ions allowed in solution.

.6. In No. 5 above if Ca++. i.oni were intryduced from an outside source would

some CaCO3 (solid) precipitate ouof sqlutibn. (yes, no).

7. ..True or false - Some,CO2 Is picked up'.by our natural waters because

a
of their econtact with air above.

8. Which is more solubFrat the sa

02 or CO2. 'Is CO2 more or less)

3

_ .

temperature and pressure

polar than 02.)
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Module .No:

.

Module Title:

Advanced Chemi's'try for Operators

'Approx. Time:

SiibmVule Title:

. .. .

EVALUATION - Part A - Reactions in -Water Solution's

. .

Objectives:- tx

Evaluation Questions
,

1. The water molecule is electrically.
-,..

(T:, Water molecules are (polar, tionpolar).
. it,

, .

3. Water molecules 'are held together by bonds. Water,. molecules move

continuously as groups in solution.

.

4. The Salle l.t- entity of water, is the water . (ion, molecule)
.-.

5. Ions are separated in
.

water sOlutiOns by the .

Increasing ionic content causing the water of hydration to be spread thinne'r and
thinner will eventual ly result in - (saturation, insaturation) for the

particular ionic sQ]Jtion.

. .
7./ Nonpolar substances will general ly dissolve to a (lesser, greater)

,

extent in.water, a polar substance. I
..

. Since carbon dioxide is more polar than oxygen, carbon dioxide will "dissolve in4
' water to a (greater, lesser) extent. than' oxygen. . , 4'..:

. ,I. ...,
,

Answer the following:

9. 4 Atow,by equation form. how CO2. reacts in water to form carbonic acid.
I

Cr

10. Carbonic acid will ionize -rn water solutions. Shbw the ionization equations for

carbonic acid., , .

iL_ .-
. .

11. Briefly de scribe how CO2 increases the' dissolving power tf water (causes more.

-C403 to dissolve)., .. .
. .-

.12. Briefly explain how the removal ofCO2 during aeration and algal blooms will
ca_use,ah increase in pH.

y.
tit

-True or False
?'

.

13. Calcium carbonatqr and magnesium carbonate are sou es of buffers.
. .

14.. .

.

Bicarbonate is a main source of alkalinity '.p wastewater.

ie

78
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Bicarbonates can be formed by bacterial degradation of organic
carbon to CO2 and CO2 reacts in water to produce carbonix acid;
carbonic via then ionizes to prctduce bicarbonateS.

16. 'Hydronignrions (Hi) can be produced by the ionization of water.

17. Hydrotribm ions (Hi) can be Produced by the ionization of acids.

18. pH is not a of the hydrogen ion (hydroniumiion)
-cOncentratidn. °.

-
19. Increasing amounts- of tydrogen ions in-water solutions will cause:

ah increase in oH.

20. Hydroxide ions may not react with hydrogen ions to, pr oduce water:
molecules'. .

21. Hyd'roxide ions an be produced by the ionization of water.

22. Strong acids and weak adds ioniv to the same degree (% ionizatin

23.. Strong bases and strong, acids will ionize {generally) 100%.

24. Addition of a base to' a water solution will, cause an increase is
hydrogen ions, a decrease inilydroxide ions, and '?aOse the pH to
decrease.

25. A weak acid_will ionize less than

A weak base will ionize 100%.

27. Adding an acid to, a water solution will decrease in hydroxide i:ons,
.'and a decrease }n pH.

28. 1pH. 0. - -7 is considered the batic range of pH values..

29. A baSe is a substance that will accept protons.
,I

30. Acidtteind alkalinti-ty are expressed n terms of .CaC003. in.
wastewater'analysis:'

Answer the following:

31. Show, by equation , how HC1 acid dissociates into its 'component ions.

32. Show, by equation JOrm, how NaOH base dissociates into its component. ions.

..;,

79.
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4

33.. Draw a diagram of the pH scale, list basic and acidic areas..
)

34. Given the acid HC1 and-the base NaOH, show by equation the
neutralization' reaction between, these substances, show products.

35. Given 10' mls 9f..1 ry. HC1 hOw many mls of .02N NaOH arerequired to
neutralize-orkreact with the HC1. Use .N1 x V1 = N2 x V2 equation.

4

.4.4

r. -

. ...a
r

4

'

k

4
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IvaluatiOn - Part A - Answers

)1. Neutral

42.' Polar

'3. Hydrogen

4. Molecule

5. Water of hydration

67 Saturation

7.- Less&

8. ''Greater

9. CO2 + H2O '. H2CO3

10.. H2CO3 + HCO3-

HCO3-, CO3-2
.

r

Sa

.
,11. In water,cantaining CO2 , more H2CO3 is produced., thus according to the

ionization eqUations, carbonate ions are changed tObicarbonate. As s'
,1 ,` more Carbonate Ions are changed to hicarbonates the,equi libri um effectively

shifts causing more-solid CaCO3 to dissolve in irder to replenish
. .

I, ..._carbonate ions. - .
...

12. Aeration will cause CO2 to be remzivedfrom solution in order to maintain

the air -water ,CO2 solubility equilibrium. Algae,APtake also results in

a decrease in CO2 in water since CO2 causes "acidity" through free CO2-

coocentrations and production of H2CO3 loss of CO2,will cause an Increase
in pH (less acidic). '

13.

14.

T'

1

15. ,T

16. T

17. T

18. F. ,

19. r
81

-

'11



F,20.
)

21. ..

23. T

24.- F

25: T

26. F

V. ,T

28. F

30. T t
31: tic, e C15

32. NaOH ga+4 OH"

33.5 14
13
12*
11
10 ' Basic .

9
8
7 Neutral
6
5

r

4 Aci di c

34. HC1 + NaOH NaC1 + H2O
2-

35. 10 x .1 = X )c .02

50 mls..required

' 146

lot
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Module No:. Module Title:

Advanced Chemistry for Operators

Approx.

Obj,ctives:;)

- Evaluation Questions - 70%

Fill-in the' following bl

Submodule Title;

EVALUATION Part 13°- Organics' Inorganics

1

''
.

.,, - 1.yrganic compounds a compounds that always contain -the element .

2. Organic'compounds generally have (higher, lower) moleul at-iv/eight
.. ...

than inorganic*compounds; organics are -(combustible, non-combustible)
obf o organics are (less, more) yurces of food for bacteria.

k '
Y

, \.
'3. Carbon will almost always 'have (2, 3, 4) . , . bonds attached to ;it.

' .

4. is the simplest hydrocarbon and is a gas produced frorl anaerobic
:'t-) .3'digestion. ,;

.)

a

5. Aliphatic. and aromatic compounds are di fferentiated bi the .. ring. '.-.

. 1

True or False
.

6. Aerobic, bacteria may utiltze organics as fOod sou)ces and oxidize oroahics
4

. into inorganics, ultimately forming CO2 and H20-.'
4

7. CH3 CH2_ OH, -CH3OH are . known as al cohel s .

8. . Methane's formula is CH3..
. ,

9. Increasa 'ofof organics in tregment (secondary) sIstems will cause
increased dissofved oxygen demands.

1,2
,, . , :

10. Organic acids will not cause corroion, -
11. , ChlOrination (ill become more effective in disinfection when higher organid

. .

quantities are- present. et.
Plasti cs are organic c co °dads 'Whichlerp diffi-cult-Hto-b-iolog-i-cal
de2radel - ,

: ,....-

ni.
. , . -,

Certain organics, such astenol?5; may be toxic to treatment microorgarisMs.
, - . -.

I .---
. :

14.,, . 'Grease and oils are qui.ck13Alodegradable. ...
,.;

f .,-
.

4 - !''.. Y

-reaset and oils -inhibit dispersion 8.f.'cl>vvil,tri.miftroorgarlism§.G15. . ,
A

. ..=

. V

r

t,
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4

.

.

ABS is known as alkylbenzene sulfonate.

17 Detergents are not organic compounds.

18. Phenols are substances' which will cause taste and, odor problems. in

water supplies.
- .

Answer the following;

19 Illustrate the 'enzene ring graphically.
.

e 4
20. Illustrate phenol graphically

F411 in' the following blanks-% 4.

21 Loss of weight in the volatile solids test gives an indication of the

'(organic, inorganic)
4 content of the sample.

. ..
0 . .

..

22t Biochemicalloxygen demand is a methoid for determining the relative

'(organic, inorganic) quantities in wastewater.

33

.

(alkalinity, salinity) is.known as the presence of

dissolved inorganic substances in water.

InorganicNAissolve into . (molecules, ions).

Triie or False

25 Dissolved ions may decrease the solubility ofgases in water.

:26. ;Ajtrates.and phosphates act as nutrients for algae.
4

27 Loyi salinity may inhibit or kill Microorganisms.

28. Sulfate and phosphate-ions eauschardneSs.

294 . Cations of mercury and lead. may be toxic to animals,
4. c.
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Answers

. Carbon'

2. Higher, combustible, less,

3. 4

4: Methane

5. Benzene

6. T

7. T

,...

8.. FmT

9. T

10. F

11: F

12. T -

13. T

14. ire

15: T

T

-17. F

18. T

19.'

t I

e

are

.20.. OH

fi

7

1.

S

. r

1"-

_

. F 8

$

.44.
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9

A

oR.

et

,

21. Organic

22. Orgknic

23. 'Salinity

24. *Ions.

25. T

26. T'.

27% F

28. F

2§. T

r.

.

4

+a

O

I
1041,11'''

S
.

V'

0

oft

io

4/4

A.

P

I



V

Page 106 o'f 111 ,

Module No: Module Title:

-6. Advanced Chemistry for Operators,.

Approx. Time:

Submodule,Title

EVALUATION- tart' - Coagulation

Objectivev

Evaluation Questions - 70% ,

.True or False

4

The bais for colloidal stability is the repustoo"Of slmilarly charged
colloidal particles with'abnormally long retention titre .

. Destabilization of colloids' is brought --ati?)ut by counter -i.on abSorption:
1.

i i

. 4 If the Vander Waals 'forces are stronger:Wan the repulsive forces of the zeta
, 2 ,potential coagulation will occur. . . ...

- ,

..

46-7.. Cglloid -are the_size of ions..
,. ; :-,-',

. .

5, Ferric, sulfate and aluminum siil fate are the two main trivalent salts used
_

, in coagulation.' - -7.

willParticles (colloids) w not coalesce (coagulate) i f -tile, zeta potential

repulsive forces ill excess .of Vander Waals forde. %. ''
A

The objecyve of, agulation is thejemoval colloidal dispersions causing
an f nereas.e in sedimentation. ,

Answer *the 41 1 oi rig i , *

'
!). Name 3 things that are removed by coagulation:

. .
. ' . <'',

9. IllUstra,;te, by equation, how alaintim sulfate diSsoc5atei to yield .its -Various..
,

component ions. .

.
, . , .-v*,!...- .:,".-...

-.- :-. , , ,. .

.
ti .

'True o. False .

10. Polyelect s serve -as coagulant -a'f-ds by neutralf,zatlon of colloidal,

k
t

'

charged. I',
. NJN . . .

, ,, '

act
\ .

(Pollymers act to . dq&tabilize I'vdrophilic colloids b both charger neutralization11.

and; brtdging principles. -., Mt - a

- . i -.-

1Z,
,.%

Doltestic sewage contains muff; flyotpophille jolloids:,..

'..---

1

0

.
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Evaluation Part C - Answers.
1. T

.1
2.

3. T

F

5. T

7. T

16

4-

r

8.% Algae,tistes and odor-, color, phosphates, organic and inorganic colloids)
fiacteria, turbidity, pIT.qphates,-some -heavy metals, some radioactiVity, 1

,',4:Ac. 'D *,:ts . , .1

t. .

'.,t.,.:.v.\ . let

9. JA12 (Sa4 )3 t *1-10 Al+"4 3 3(04:
c .- ,1

,,

., 4 ' . 1 ,
Al +++ -OH- Al (OH)+- 40t

O

a.

Tr

(OH) e

Al (OH)3'

4

%Various hydrolysis 'complexes

GL

g 41"

.
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Module No:

Approxf.. Time:

Module Title:

Advanced Chemistry r Operators

Submodure- Title:

. 1 i .
'..4

EVALUATION -- Part D:- Pesticides, Heavy Metals ,,,, Radioacti vi ty
i'
iObject4ves:

,

Evaluation Questions - 70%

Answer the following4riefly:
,,.. , -ht -3

1. List the 3 major types lot synthetie_organic pesti cider.
...

2. Nam 3 ways pesticides can be introduced into streams. ..o

.. .j
True or False 3

li i .
3., Organo 1 ori nes _are less susceptible to biological degradation than.

organop osphates.
41 s? q

. Organochlorines well accumulate to i 'lesser degree in animal tissue than

organophosphates.=
) 1

-
. Runoff (agricultO:ral) .is 'resp4psible for a significant portion o

pesticides ddpos i ted. in stream. , - .. ,
,,

,

. Organochlorines are rel tive13kAsolubld irCwater and a large portion
can be adsorbed on susp nded ** Oli ds. at- various times.

.)
irate`

. A..

Pesti cides cannot be bloconeen through food chains..
.

1$ 4. . ,

8. PeStiti des (can_ be
)
degraded thrcOugh bacterial decomposi ti-on..,.. , .

Answer the following: : - . . ..1' : 4
..ii le i :.

9. fist 4. hea-,Cry metil sli531 symbol . . e . 1
4

.
.

10. Heavy metals will I occur mostly in (industrial,al , domestic)
. .9 .

`4astewater. , . .

, . .

11. -Heavy metals can (inhibit, promite) griowth of treatmerit microorganisms.
A .

012. Heavy metals (may, (nay not) accumulate" through food chains and filOssibly.. induce

.
. ,

.. toxi-city in man.
U .

. / `'

True or False .. e . r .
1 /

. .
1

,..,
. - A.-

. .

13. 'The form, organi c4 or inorganic, of heavy metals is an important factor in.
determining toxiti ty- to humans: . ). . .

)

14. Heavy 'metals can pro-duce heavy metal ca ions in water.
.

89 ,rio
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15. Most heavy metals are non-toxic to treatment microorganisms at'
extremely large concentrations.

16. All atoms are -radioactive.

17. The atomic nucleus is made up of-electrons..

18: Gamma rays have much less penetrating power than alpha' rays.

The c*sical atom consists of -a \Gpotral nucleus composed of
protons and neutrons-about which rotate electrons 6in distinct

orbits.

20. The unit of radioactivity is defined as the 'curie.

2/.. Atom' elwei ghts of radioactive atoms (elements) ) are 1 arge

adioa
22. Nuclea reactors in power ,plans are a potential 'source of

tive waste in'

"1
'23. F Xenon tritium. krypton are radioactive environmental wastes from

nuclea poweeplants).

24. Radioactive -uranium will ultimately disintegrate into a stable*

form of lead.'

f

)
4

9v

)

Mr

4

p.
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Evaluation`- Part D - Answers

1. Organochlorines_ (chlorinated hydrocarbon pesti.cides)

Organophosphates

Carbamates

Runoff.- agricultural

- Runoff - industrial.

Wind - sprkying
N

3. '.T

4. F

. T

6.

F

8. T. -

9: *As, Cd, Be, Cr, Mn, Se, Ni, Pb, Ng.

10. Industri-al

11. Inhibit

12. May

13. 1:

14. T

15. F'

16. F

F

18. F

19. T

20. 1.4

91
e .

,

4,

I-

0

lcO
a




