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‘ Fundamental Concepts in

Environmental Engineering Outline

* [mportant DHmensions and Units
= density
= concentration
* flow rate
= mesidence time
» Mass balance wione material

Concentration

» (Gravimetric definition: mass of material A in a unit
volume of material consisting of material A and other
materials B.

cﬁ:}dﬁ! l-"Ir“"-vn}
C,, = concentration of A { kgfm®, mg/L. usad in EE)
M, = mass of material A
W, = volume of material A
Vg = volume of material B
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= Mass divided by unit volume
p =MWV

p=demsity (kg/m’, Ib,/f)
M = mass
V = volume

* Poue=1 % 107 kg/m® = 1 giem® = 62.4 Thy /A

Pladic beadk with 2 voleme of 008 m" and 2 mesx of 048 ky are placed ina
container and 100 1. of waler ax powred inlo the conlaiser

Whal is the conceniration of plasiic bemds in mg1.7
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Pilastic beads with a volume of (.04 m" and 2 masx of 048 kg are placed ina
IO 1. oomtainer inin whick waier is powsed filling, the oonisiser i the: brim_

Whal is e conceniration of plastic beads i mg1.1

Ca Ml Wy + Vg
0.4 kg / 100L
DLO0SE ke 1.
DLODME ke 1. (10° mpikg)
A0 mpl.

‘ Concentration: percentage

« Some material concentrations are expressed
as percentages, by mass:
D, =100 *M, (M, + My)

= The percentage can also be expressed by
volume:

@, =100*V, /(V,+Vp)

Pollution Concentrations in Air

* In air pollotion, concenirations are usually
expressed in pg/m? of air

* 1 microgram (pg) = 10 g

« Sometimes, concenirations are expressed in
terms of ppm, by volume

« Conversion of pg/m?® to ppm
(Volume/Volume) requires knowledge of
the gram molecular weight of the gas

Concentration: ppm

« Another measure of concentration is ppm or
parts per million
« If the fluid is water (p = 1 glem™) :
1mg. = (0.001 g¥1000 mL
= (D.001 g¥'1000 cm®
= (0.001 g/1000 g
= 1g/10%g =1ppm

A wasirwaler shdpe b 2 sniids concentraion of 11,000 ppm.
Hrpress this concrsiralion in percend solids (mass hasic), asauming thal
the density of e solids is 1 piom’”.

10,000 ppm = HF g/ 105 g = 1/100= 1 %

Moles and GMW of Gases

+ 1 mole is made up of 6.02 x 10" molecules
« 1 mole is the amount of a gas in grams
numerically equivalent to jts molecular weight
« 1 mole of CO., weighs:
= 12+ 16 + 16 =44 g OO,
« A ks gram molecular weight (GMW)
« At standard condition (0°C and 1 atm of
pressure), 1 mole of any gas occopies 22.4 L




Hwerﬁng pg/m? to ppm

P (V)= {1 =" of pollsisd / 10¢ m" of aic)

Xppm® = (X pg of pollotant /7 1 m" of sin)
= [X pgol pollsiant = (1 g/ " pg) * (1 mole ! GMW g)
(ELA Limadiel] & 0 m' of w0y

= X pgof pollsiant * (1 g/ WP pg) = 10%= {1 mole 7 GMW g *

(224 1 10" m'moiel] /' [10¢ m" of air]
= 3 * 224 & 10"/ GMOW) m” of pollmtant) /|10 m" of =i |
= | X ® Z14 x 10" / GMW] ppm

= | X% 224 [ {GMW * 1000)] ppm

‘ Flow Rate

* Flow Rate can either be:
= gravimetric (mass) flow mte (kg/s or Thy/s); or
s yolumetric (volume) flow rate (m/s or fP/fs)
= dependent quantibies becansa:

[mazs] = [density] x [volume]

* Mass flow raie, Qy,, is the amount of mass
passing a point during a unit of time

* Volume flow rate, Q. would be the volume
of that zame mass of material passing

Example

A wasirwaler reatmen] planl dischorpes 2 low off 1.5 m' (waler pls

solids) all a snlids conceniralion of 20 mpA - (20 mg of solids per liler of
Tare, sobfds plus wairr). How much sbid maieral is e plani dscharging

e day?

O o = T ™ Dvowcnm « 5wy

= [0 mgfL. * (0% kyymg) | * W15 ) * (10" 17 mi") * (R, 800 sy} |

= 1502 kpiday

Example: Gaseous Pollution

« If a concentration of 600 pg/m” of sulfer
dioxide is in air at standard conditions, what
is the ppm of thiz pollutant?

Salifer dioxide {504} has one sulier slom and bwn o ypen aloms:

GMW = (32 4 16 + 15) pmoie = &4 pimoie

Ppm = [(G00 * 324 )0 (645 10N | = ' imel)
-ﬂ_'ﬂn-

‘ Flow rate, con’t

* Qu=Q

« Suppose that we have a volumetric flow of
materials A and B, Qvigaumye and we know
the concentration of A, C,.

+ The mass flow rate of A is:
Quin=Cp * Qﬂr{m
+ This is different from first equation, which
is only applicable for one material.

A drinking wairy bratmesi pland adds iworiae ol 2 conceniration of 1 mgl.
and the avempe demand & 13 milion palions. How poumds off
h:t:-i.:r—ym s

Uy woumsm
= Crummne * Cwomm
= (1 mgfL)™ (379 Ligal) = {22 x 0% ihmg) * {18 x 10F gatlay)
= 150 thadey




