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CEE 370

!'- Environmental Engineering

Lecture #4
Environmental Chemistry II.:
Units of Concentration 1I,
Stoichiometry & Chemistry I

Reading: M&Z: Chapter 2
Other: Davis & Masten, Chapter 2; Mihelcic, Chapt 2
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iMass Based Concentration Units

= Solid samples

17.5mg Pb| 17.5x10" gPb 17.5g Pb
10° g soil

lkg soil 1x10° g soil

=17.5ppm_ Pbin soil

Img/ kg =1ppm,
lug kg =1ppb,

CEE 370 L#3



+

= Liquid samples Density of
Water at 5°C

0.35mg Fe . 1L water

1L water | |LO° g water

_035mgFe 0.35x10" gFe 0.35¢ F7
10° g water 10’ g water 10° g water

=0.35ppm_, Fein water
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iOrders of magnitude

= Lower as toxicity increases

Mass/Volume Units | Mass/Mass Units Typical Applications
g/L. (grams/liter) (parts per thousand) Stock solutions
mg/L. (milligrams/liter) ppm (parts per million) Conventional pollutants
10-3g/L (DO, nitrate, chloride)
ng/L (micrograms/liter) ppb (parts per billion) Trihalomethanes, Phenols.
10-6g/L
ng/L. (nanograms/liter) ppt (parts per trillion) PCBs, Dioxins
109/L PFAS
pg/L (picograms/liter) Pheromones
10-12g/L

David Reckhow
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i Molarity

= One mole of any substance contains 6.02 x 1023
(Avogadro’s number) elementary chemical units (e.q.,
molecules).

= It is very convenient to measure concentrations in moles,
since reactions conform to the law of definite proportions
where integer ratios of reactants are consumed (e.g., 1:1,
1:2, etc.) on both a molecular and molar basis.

= Jtis calculated by: MASS

L
GFW

Molarity =

= Often use M, mM, uM (molar, millimolar, micromolar)

= To represent: moles/L, 103 moles/L, 10°® moles/L 7y examples 2.8 &
2.9, on pg. 48 of
Mihelcic &
David Reckhow CEE 370 L#3 Zimmerman 5



Normality

= Like molarity, but takes into account the
stoichiometric ratios of reactants and products

= Measured in equivalents per liter

mass
L

GEW

Normality =

= And Z is an integer related to the number of
exchangeable hydrogen ions, or electrons the
chemical has, or its overall charge

GEW =GF V% Try examples 2.10-
2.11, on pg. 49-50
of Mihelcic &
David Reckhow CEE 370 L#3 Zimmerman 6



i“CompIete” water analysis

Species mag/L meq/L
Bicarbonate 153 2.5
Chloride 53 1.5
Sulfate 19.2 0.4
Calcium 44 2.2
Magnesium 10.9 0.9
Sodium 25.3 1.1
Potassium /.8 0.2
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Periodic Table of the Elements

1 18
1A VIIIA
1 Atomic Number —» 1 2
H H <— Symbol H e
Hydrogen Hel
ireg 2 13 14 15 16 17 i
i A Name —» Hydrogen 1A IVA VA VIA VIIA 2
1.008 «— Atomic Weight
Ii' Electrons per shell — 1 é é ﬁ 6 # Nm
Beryllium State of matter (color of name) Subcategory in the metal-metalloid-nonmetal trend (color of background) Boron Carbon Nitrogen Oxygen Fluorine Neon
654 s 4 , 1081 201 14007 15999 18.998 20180
21 GAS LIQUID SOLID UNKNOWN M Alkali metals M Lanthanides Metalloids Unknown chemical properties 23 24 25 26 27 28
n Alkaling earthmetals = Actinides Reactive nonmetals 3 1% 15 16 " 18
N a Transition metals Post-transition metals Noble gases l l S i P s c l a r
Ma i Alumini Sili Phospht Sulfu Chlori Al
2298976928 308 3 b 5 6 7 8 9 10 1 12 aTmum zlu.lggsn ?‘rw:rus 3uzmr un:lsne w948
2.8 B IVB VB VIB VilB VilIB viiiB viliB 1B 1B 283 2.8-4 285 2.8-6 287 268
19 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.0983 44.955908 41.867 50.9415 51.9961 54.938044 55845 58.933 58.693 63546 65.38 69.723 72630 74922 78.97 79.904 83798
2.8-81 2892 2802 2812 2811 2882 2842 2852 2862 2881 28182 28783 28186 2885 28186 2887 28188
37 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Strontium Yttrium Zirconium i Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
854478 8 91224 92.90637 95.95 (98) 10107 102.91 106.42 107.87 n2.41 14,82 7 12176 127.60 126.90 131.29
2-68-8-1 2-8-18-10-2 288121 288131 288-8-2 2:8-8-15-1 288161 2888 289881 281862 28883 2:818-18-4 2.8-18-8-5 2818186 28887 2-8-18-18-8
72 73 T4 75 76 77 78 79 80 81 82 83 84 85 86
Hf Ta W Re Os | Pt Au Hg Tl Pb Bi Po At R
Lanthanides a e s r u g I o n
Barium Hafnium Tantal Tung: Rhenil Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.9054519 178.49 18094788 183.84 18621 190.23 192.22 195.08 196.97 20059 20438 2072 208.98 (209) (210) (222)
2-8-18-8-8-1 2.88-202 28-8-3211-2 288002 2818-22-0-2 2898212 2.8-8-32-15-2 288221111 288-22-181 2818-32-18-2 2818-2-8-3 2.818-22-8-k 2.818-32-8-5 2878-22-18-6 2.8-18-3218-7 2.878-22-8-8
104 105 106 107 108 109 1o m n2 n3 n4 ns 16 n7 ns
«» Rf Db Sg Bh Hs Mt Ds Rg Ch Nh Fl Mc Lv Ts O
Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Dar jum R i Nihoni Flerovium Moscovium Livermorium Tennessine QOganesson
(223) 6 277] 78) (281) (282) (285) (286) 0 293 9) (294)
2-6-18-22-18-8-1 2.8-8:32-32-0-2 2:8-18-32-32-112 28832202 288323282 288202 2882352 2:818-22-32-11-1 2-8-8-22-32-11-2 28832382 2-6-8-32-32-83 28828284 2-88-32.32-B5 2:6-18-32-32-18-6 2-8-18-32-32-18-1 2.8-18-32-32-6-8

69

I-ivo Tm Lu

59
Pr
14012

14091
2-8-18-18-9-2 2-8-18-9-9-2 2-6-8-21-8-2

158.93

157.25 164.93
2-8-18-25-9-2 2-8-18-71-8-2

2-8-18-9-8-2

168.93

174.97
2-8-18-1-8-2 2-8-18-32-8-2 2-818-32-9-2

16250
2-818-28-82

91 92 96 97 99 101 102
Actinium Thorium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium

(227 232,04 23104 238.03 (231 (244) (243) (247) (24 (257) (259)
2-8-18-32-18-9-2 2-8-18-30-18-10-2 2-8-18-32-209-2 2-8-18-32-21-9-2 2-8-18-32-22-9-2 2-8-18-32-26-8-2 2:8-18-32-25-8-2 2-8-18-32-25-9-2 2-8-18-32-21-8-2 2-8-18-30-28-8-2 2-8-18-32-29-8-2 2-8-18-32-30-8-2 2-8-18-32-31-8-2 2-8-18-32-32-8-2 2:8-18-32-32-8-3

David Reckhow CEE 5/VU L#F4 (O]



Anion-Cation Balance

Total Hardness _ Non-carbonate
< >
Carbonate Hardness. 4+ Hardness
le ‘ ‘ - : S0,
: v
Anions
1 -
4
Cations Na*
See example 2.12, on ¢ 1 2 3 4 5

pg. 50 of Mihelcic &

' Conc. (mequiv./L
Zimmerman,. (mequiv-/L)
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0

= Definition

» pH = -log{H*} ~ -log[H*]
= Significance

= treatment systems

= coagulation, softening, ppt of metals,
disinfection, biological processes

= Natural systems
= mineral formation, sorption

= research

David Reckhow CEE 370 L#3
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i_P H* Concentration pH Example

=14
BASIC 10
1 13 +—— Sodium Hydroxide
| Wh e re IS CO ke? i 1. 10 = Household Bleach
10-11
10" 1«1 — glnrr;rprrmnia Solution
10 10 | «— Detergent
10° g | «—— Milk of Magnesia
| 10° 8 | «— Elggsd
+—— Bloo
NEUTRAL 107 7 | +—— Pure Water
- g Milk
10° 6
10-5 5 A — nffEE )
. 4 Tomato Juice
10
4= QOrange Juice
107 +—— Soda Pop
@ Vinegar
10?2 = Lemon Juice
A 4 107 4= Hydrochloric Acid
ACIDIC 10°

https://courses.lumenlearning.com/cheminter/chapter/the-ph-scale/ 11



https://courses.lumenlearning.com/cheminter/chapter/the-ph-scale/

Example 2: two
raw waters

Quabbin Reservoir,
MA

= What happens when
you add 0.001 moles
of HCI to each?

R ] LI o
- pr T s Bk
L Far
—im e . e
e T

s LT
s M
Lo ra

[ = Lt Ll
(S Er = Lo TE L
i o e Ry

e
[
A LA HLL B

e
i e ]

Tampa Bay, FL
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i Both waters start at pH 7

Tampa Bay, FL Quabbin Reservoir, MA
= Alkalinity = 200 mg/L = Alkalinity = 5 mg/L
= pH drops to 6.8 = pH drops to 3.1

Add 0.001
moles/L of
Hydrochloric
Acid (HCI) to
each

David Reckhow CEE 680 #1
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i Example 3: differing water quality

= Many, perhaps

most, drinking P
water utilities oy N e
have multiple s %
sources E

= Often those
sources have B 2
contrasting e

water quality
- EDa\§FQhoewCIa||y CEE 680 #1 = 14



~®-
Cross Bar Ranch WF

Cypress Creek WF

oundwater = ...
water

4 Lake Bridgewrp  MILLSBOROU 'r; _;‘
‘ -
4
|
Collme Wrp ¥ Morris Bridge WF __J'll'h L_L-I
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p — 1 ' l Project
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F s ‘ A4, | |
& &y ‘I ¥, o Hlll!‘.tmrml::‘r: Tampa By-Pass I
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= Groundwater a1 N
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desal R :

bl ke
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o e .
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i Keller 2

= Groundwater source: Eldridge Wilde Well
field | '

40 MGD

WQ Challenge
1-1.5 ppm H2S, VOCs
Water Treatment
Air Stripping with CO2
Chlorination
Ammoniation
Polyphosphate
Alr treatment b o TR

Water scrubbing with © LR A IR P
caustic & chlorine

(@ POST GST AMMONILM HYDROKIDE IIECTION YALLT

i i pr-
©) POST WIP 1 AMONER! HITRONE ETRON
(@) POST WTP 2 AWMGNIUN FYDROADE SUEETION YALT

[ /cevur PYET RESTORATON, SEE TYP OEDIL

David Reckhow
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[y trvafey _ ] —_— PART 1 —

—+ = : = PINELLAS GOUNTY UTILITIES WATER QUALTY IVESTIGATON YARD PIPING e
e L T |EGe- | MWl PINELLAS COUNTY, FLORIDA INTERIN TREATMENT FACIITIES KELLER WTP T o s
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Majors — mostly inorganics

= Keller Plant 2 Sample Station: Aug 9, 2010

|

Calcium 77.7 mg/L I Sulfate 4 mg/L
Iron 0.018 mg/L I Phosphorus, Total (as P) 0.23 mg/L
Magnesium 508 mg/L I Alkalinity as CaCO3 209 mg/L
Arsenic 0.0002 mg/L I Total Hardness 215 mg/L
Copper 0.0013 mg/L I Total Dissolved Solids 316 mg/L
Lead 0.0001 mg/L I Ammonia as N 0.84 mg/L
Bromide 0.05 mg/L I Free Ammonia as N 0.16 mg/L
Chloride 22 mg/L I Total Organic Carbon 3.7 mg/L
Nitrate as N 0.04 mg/L I UV 254 0.117 cm -1
Nitrite as N 002 Mol | ggher:ftmphic FEIS 3 CFUmI
Orthophosphate as P 0.12 mg/L I E. coli 1 MPN/100ml
Orthophosphate as PO4 0.37 mg/L I Total Coliforms 1 MPN/100ml

David Reckhow CEE 680 #1 17



‘L Trace Organics above MDL
= Keller Plant 2 Sample Station: Aug 9, 2010

Units _ Parameter | Value | Units _

Bromodichloromethane ug/L Dibromoacetonitrile 077 ug/L
Chloroform 45 ug/L Dichloroacetonitrile 10.7 ug/L
Dibromochloromethane 0.9 ug/L Total Haloacetonitriles 13.3 ug/L
Total Trihalomethanes 54 2 ug/L Trichloroacetonitrile 0.12 ug/L
1,1,1-Trichloro-2-propanone 3.47 ug/L Chloral hydrate 545 ug/L
1,1-Dichloro-2-propanone 1.36 ug/L Dichloroacetic acid 12.6 ug/L
Bromochloroacetonitrile 1.73 ug/L Total Haloacetic Acids (HAA5) 31.8 ug/L
Chloropicrin 0.21 ug/L Trichloroacetic acid 19 ug/L

David Reckhow CEE 680 #1 18



iTampa Bay Questions

= What does the detailed analysis tell
you?

= Does it make sense?

= EXpressions of concentration?

= Principle of electroneutrality?

= 1DS, TH, Alk, TOC, UV — what do these
mean

CEE 680 #1 19



iTampa Bay water analysis

Substance Conc. units
Calcium 77.7mg/L
Iron 0.018mg/L
Magnesium 5.08mg/L
Arsenic 0.0002mg/L
Copper 0.0013mg/L
Lead 0.0001mg/L
Bromide 0.05mg/L
Chloride 22mg/L
. Nitrate as N 0.04mg/L
The ma.]or Nitrite as N 0.02mg/L
1 Orthophosphate as P 0.12mg/L
constituents Ortopheshat s 704 -
calculate .
a nd Some Sulfate 4mg/L
. . Phosphorus, Total (as P) 0.23mg/L
m ICI’ObIa IS Alkalinity as CaCO3 209mg/L
Total Hardness 215mg/L
Total Dissolved Solids 316mg/L
Ammonia as N 0.84mg/L
Free Ammonia as N 0.16mg/L
Total Organic Carbon 3.7mg/L
uv 254 0.117cm -1
Heterotrophic Plate Count 3CFU/ml
E. coli 1MPN/100ml
Total Coliforms 1MPN/100ml

David Reckhow CEE 370 L#4



iTampa Bay Calculations

Conc.

Substance (mg/L) GFW mM charge/M meg/L pos neg
Calcium 77.7 40.078 1.9387 2 3.87744 3.87744
Iron 0.018 55.845 0.0003 3 0.00097 0.00097
Magnesium 5.08 24.305 0.2090 2 0.41802 0.41802
Arsenic 0.0002 74.922 0.0000 -1 0.00000 0.00000
Copper 0.0013 63.546 0.0000 2 0.00004 0.00004
Lead 0.0001 207.2 0.0000 2 0.00000 0.00000
Bromide 0.05 79.904 0.0006 -1 -0.00063 -0.00063
Chloride 22 35.453 0.6205 -1 -0.62054 -0.62054
Nitrate as N 0.04 14.007 0.0029 -1 -0.00286 -0.00286
Nitrite as N 0.02 14.007 0.0014 -1 -0.00143 -0.00143
Orthophosphate as P 0.12 30.974  0.0039 -3 -0.01162 -0.01162
Orthophosphate as PO4,
calculated 0.37 94.97 0.0039 -3 -0.01169 !
Sulfate 4 96.061 0.0416 -2 -0.08328 -0.08328
Phosphorus, Total (as P) 0.23 30.974 0.0074 0.00000
Alkalinity as CaCO3 209 50.037 4.1769 -1 -4.17691 -4,.17691
Total Hardness 215 100.074 2.1484 2 4.29682.
Total Dissolved Solids 316
Ammonia as N 0.84 14.007 0.0600. !
Free Ammonia as N 0.16 14.007 0.0114 1 0.01142 0.01142
Total Organic Carbon 3.7 12.011 0.3081 0.00000 0.00000 0.00000
Total = 854.33 sum 4.30789 -4.89726

323.33exclude TDS, TH diff -0.58937

% 12.0%

David Reckhow CEE 370 L#4



iTampa Bay Discussion

= Missing Na, K
= 13.5 mg/L Na would close the balance

CEE 680 #1
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iCaIcium carbonate units

= Used for major ion concentrations in drinking
waters
= Alkalinity
= Hardness

s Since CaCO; is divalent (Z=2) and its GFW is
100 g, its GEW is 50 g
= 50 g/equivalent or 50 mg/meq
= 50,000 mg/equivalent

See also example
2.14, on pg. 52 of
Mihelcic &

Zimmerman
David Reckhow CEE 370 L#4



iSoIids: significance

= TDS: used as a measure of inorganic
salt content in drinking waters and
natural waters

s 1SS: used to assess clarifier
performance

= VSS: used to estimate bacterial
populations in wastewater treatment
systems

CEE 572 #5 24



i Solids Analysis

Total Solids

/(Filtration )\

filtite

retained matter

TDS

Total Dissolved Solids

TSS

FSS
VSS

David Reckhow

Total Suspended Solids

ignition >

Fixed S.S.

Volatile S.S.
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iFiItration for Solids Analysis

2. Pour —

1. Weigh new =@M
/‘
- filter and insert /Pi(
5. Measure \

Change in <
Weight / = 3. Start
- ( suction pump
N

4. Remove filter

and re-weigh
6. Divide this by the

Volume filtered and you get TSSyction Flask & Filter Hol6der

David Reckhow CEE 572 #5 2
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+

s 10 next lecture

David Reckhow
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