University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations

1984

Variation and fate of heavy metals in municipal
wastewater treatment plants.

Richard Gustav. Zytner
University of Windsor

Follow this and additional works at: http://scholaruwindsor.ca/etd

Recommended Citation

Zytner, Richard Gustav., "Variation and fate of heavy metals in municipal wastewater treatment plants." (1984). Electronic Theses and
Dissertations. Paper 4506.

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor students from 1954 forward. These
documents are made available for personal study and research purposes only, in accordance with the Canadian Copyright Act and the Creative
Commons license—CC BY-NC-ND (Attribution, Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the
copyright holder (original author), cannot be used for any commercial purposes, and may not be altered. Any other use would require the permission of
the copyright holder. Students may inquire about withdrawing their dissertation and/or thesis from this database. For additional inquiries, please

contact the repository administrator via email (scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.


http://scholar.uwindsor.ca?utm_source=scholar.uwindsor.ca%2Fetd%2F4506&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F4506&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F4506&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholar.uwindsor.ca/etd/4506?utm_source=scholar.uwindsor.ca%2Fetd%2F4506&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca

- -
9

Bibliothéque nationale
du Canada

National Library
of Canada

' Canadian Theses Sérvice

4

Ottawa, Canada.
K1A ON4 - ! ?

CANADIAN THESES

NOTICE 0

The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possible.

If pages are missing, contact the university which granted the
degree. o

Some pages may have indistinct print especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles, published i

tests, etc.) are not filmed. ;

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.8.C. 1970, c. C-30. Please read
the authorization forms whith accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL 339 (r. 86/D1)
»

Services des théses canadiennes

THESES CANADIENNES

|-

\

K AVIS

La qualité de cette microfiche dépend grandement de ta qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction.

S'il manque des pages, veuillez communiquer avec Puniver-
sité qui a @féré le grade.
TN\

La qualité d'impression de certaines pages peut laisser a
désirer, surtout si les pages originales ont été dactylographiées
a 'aide d'un ruban usé ou si 'université nous a fait parvenir
une photocopie de quelité inférieure.

Les documents qui font déja I'objet d'un droit d'auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmés.

La reproduction, mérme partielle, de ce microfilm est soumise
4 la Loi canadienne sur le droit d'auteur, SRC 1970, c. C-30.
Veuillez prendre connalssance des formules d'autorisation qui
accompagnent tetle thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE

,‘ Canad4

AP

- b e



‘ ©g
A
A 4
. : ;
- : —:\ “a ' 1}
. . . : _ o i
. Variation and Pate of Heavy Metals 3
in Nunicipal Wastewater Treatment Plants M
y .
by é
_ .
i
‘ 3
¥ . . i
Bichard Gustav Zytmer - . . é
Y A thesis - ~ - ;
presented to the University of Windsor . N !
in partial fulfillment of the . . g
require for the degree of ' o
-A.5C. - ° :
in ;
Department Civil Engineering . . H
. Loy !
‘Windsor , Ontario, 1984 . i
. i
(c) Richard Gustav Zytner, 1984 ;
“ . . *



. . o o/
. : N
v ‘ .
) ) -’ ' ’ -’
L . .

To my par

- . . . -




Y
s

ABSTRACT s

_ N
. . o ' A\

rhe City of +Windsor has‘la%y metal plating industries

L]

and Windsor aunicipal wvastewater is expected to cantain var-

-~

ious heavy-metals. Thus, both the diurnal and daily varia-

) k{g}; in Cu;dCr, cd,

died. The analyses .fwere performed using a direct current
- . O ‘.“ H— ' -
plasma emission spectrometer and these values were compared

1?; zn and Pb concentrations were stu-
/ :
v

-

‘} vith results obtaine&\éfom'an% Atogic Absorption unit at re-
. gular intervals. Bbth fesults'uere found to be within rea-
sonabie‘aqreemgnt- B
| gfésently, the City Qflvindsor trigts the wvastevater at
two treatment plants. .., One has a conventional activated
sludge system and the other has a mnodified primqry system.
- Both plants add waste chedicalsuto enove phosphorous. Grab
and composite samples.uere collgéted oﬁér a four month per-

iod at various points of the tEeatmépt svstgm to provide
both total and phase metal concentrations. .These data Uefe
then used to calculate the removal efficiencies and apply
mass balance for all metals in both the tqgatment plants.(
Both treatmenﬁ facilities showed significant diurnal
variations. As the dry weather flow increased, so did the

heavy metal concentrations. However, after extended periods

of -rainfall, the metals in the wastewater were diluted.

1

- iv -~



Basé.ba;ancelfg;culationS'indicéted-'thht a significant*

- amount of metals vere heipq'added through the wvaste cheni%
cals used forlphosphq;ons removal. This 'cpntrihu;ion vas
esb-eciaily' _s_igniﬁtcant at the activated sludge _plant vhere

‘the pr;nary.effluent netal 'conceﬁtrations vere often higher

. ~ \ .
than the rav wastevater levels. On occassions, the effluent

o metal congentratiops:'dt both 'planés exceeded. the influent
levels. -It ¥as also 6bserved tﬂat during devatering, the
pass ratio of metals iﬁ centrate to influent was greater
“than one perdénﬁ; ‘J

Both plants shbieﬂ siqnificasf removgl of suspended nme-
tals with the efficiency ;ppfaachinq 15%. Howvever, .the re-
moval of dissolveq metals was“relatively low. ‘éven iith
conpa:étiyeli low overall removal efficiencies, the effiuent
c0gc§ntrations at both'plantsfuefe well within the ranges
reported in ;hé literature. With respect to the sluﬁqe,
cake, the cadmium and zimc conceatrations exceeded the On—

tario Ministry of Agriculture gquidelines for 1land applica-

tion. Cadmiunm exceeded the limits five to seven times.

\



o . . . - ‘q. ? . :
. N - B s
r\ ' . AN . f
- . o v . S
4 .
- ¢ —
. \ . .
[ T
o K -
L . .
r L]
7 . _ .
-’ c .

'ACKBORLEDGENENTS

The author ‘'vishes to express his sincerg, qratitudé to

his advisors, Dr. N. Biswas and Dr. J. K. Bewtra, for their

encouraqgement and valuable advice in the development of “this

'thesis.

,Theféuthor wvould also like to thank the City of Windsor

Wastewater Laboratory personnel for their suqqestions during

A
o,

the analysis staqe; " Special ihanks are extended to Mr. M.

Maki and Mr. J. Faust, at Little BRiver Treatment Plant and

. West Windsor Treatment'Plant, respécﬁively;, for theit”inva-

luable aid in collection ?f samples and necessary treétment
plant déta. . | —

This research project was ;inacially supported by the
Natural Sciences and Engineering " Research Council of Canada
through postgraduate scholarship, equipament and operating

A

grants.

- vi -



ABSTRACT . .

ACKNOWLEDGEMBETS <« v o « 4 « « & & = = = « = « « =

‘Definition of Heavy Metals - .
u Sources of Heavy Metals <« « -« o o @ o « & .

Toxicity of Heavy MetalS . « « o o = « = « =
Methods of Heavy Netal Bemoval .

Activated Sludge . « ¢ o «'a o
. General . - - - - - L J - - - - - - - - -

CONTENTS

-

- = = - - - - = - - - - - - - - = = - - o

' . -
~ Chapter - A

I. INTRODUCTION « « « « o o « « o . ;k, eea e

" Statement of the Problenm -.r‘- e = % 2 @ = =

Objective and SCODE o« v« o = 2 = o =« =« « = o =

IXI. HISTOBICAL BEVIEN . - « - « - . .-. “ s s o = e

A |

Industrial DischaCLge « « « « « « = « «
Surface BUDOff o« « o o o0 o o . 2 o o = =
Domestic Water Supplies . . o o o « o o
Domestic Additions to Municipal Wastewater
Sevwer Infiltration « « 2 o 4 « o o o« = = =«

[ I T T N

Genheral . « « « - «- o« = = =
Physical and Chemlcal Methods
Physkcal Methods <« . . . .
Chemical Methods . . ... .

s 2 8 0
4882
s & 0 o8 3
T B

Physical Entrapmenrt of Insoluble Metals
Binding of Metal Ions to Bxtracellular
POLYHEL = o« ¢ o o a o « @ o = = « =

" Bio—accumulation of Soluble Metals by

Bacteria Cells « « = =« = =« © = o o =
Kinetic Model for Heavy Metal Bio-

AccunUlation o = o 2 o o = = @ = « =
Completing the Activated Sludge Treatment
Effect of Heavy Metals on Actlvated Sludge

fletals in Treatment Plant Sludge +« .« v o« « -
Removal Efficiencies of Heavy Hetals ... . .

- vii -

&=

35

36
38
39
43
45



Iv.

V.

¥I.

: \ . . ‘ o
. IIl.

STUDIED . 2 o 2 o = o = a = .)- - & =
General “ &= = = » = a = ® o = -
Little szer Pollutlon Contro Plant

General « = o« « ¢ ¢ ¢ ¢ =« = « o =

Inlet HOLKS <« o = = « = «

Grit Refoval ® ®» ®» & & o o @&

Chemical Addition . . « . .

Primary Settling Tanks . . « - « = =

Aeration Tank .« « « o« o o o = = = « =

BICKGRDUID OB THE HIIDSOR TRBI!!EI! ?ICILI!IBS

Final Settling Tanks - Activated Sludge

. Chlorination « o <« ¢ o & o & + &
Sludge Dewatering;and Disposal . . .
¥est Windsor Pollution Control Plant . .
Inlet WOITKS « « o « o = a o = «.% o
Grit Bemoval = « = o « = o = « = « =
Chemical Additions « o « o ¢« o = «
Clarification . a'e =« « = = o « o =

Sludge Dewatering and Disposal . . . . <

PROCEDURES ON SANPLE COLLECTIOE AND ANALYSIS

Location of Sampling PointsS . « « «
Little River Treatment Facility
Nest Windsor Treatment Fac11t17

Sample Collectiol « o o o o o o o«

Separation of Metal Phases . « « =

Concentration of Samples .« « = o « o«

Preparation of Sludge Sample for Analysis

Instrumentation Used to Analyze Samples .

VERIFICATION OF RESULTS . v« « & = = = = « =

* General » a » ¢ * @ e =W & = = = a & & = =

Validation of Standards « « « = « « « «
Detection LimItS .« ¢« o o« o v o o = o = =
Verification of Evaporation .« « o o o o .
Verification of Wastewater Analysis . -
Comparison of DCP with Atomic Absorptlon

RESULTS AND DISCUSSIOE . . . . . . . & o . .

General . . . « « - o « =
Little River . . . . . .
Diurnal Variations . .
Lead . . . - . - .

ZiDC  « 4 4 e - . -
Cadmium .« <« o« o =+ = =«
Chromium . . . .« . .
Nickel . &« o« « o « «
Copper <« =« o =« o« = o

Daily Variations . . . «
Lead . & « « = « o o

v b b e
[ ]
[ ]
[ ]
]

T e s

[ ] t'.al LI B | l\ L I I |

B
s 8 s 3B

[ 2% T T TR T |

LI B L

48

48
50
50
52
52

.52

53

53
54
54

' 56

56
56
57

57"

58

58
58
59
59
61
62
64
65
70
70
74
77
80
84
87

87

..88

88
‘g2
94
94
96
98
101
101



";.- ‘ ~ M

Zin,c e e ® @ w e ® w e =meom o ow w e --‘l-, ‘.
Cadmium o« « e .0 ¢ 2 « v « = 2 2 o o o a
ChroRBiul .o o o 2 @ « ¢ @« o« = &« s’ a = =
HiCkel ¢ v o o o« e « ¢« @« ¢« = s« = = =«
COPPEL v o o = o 2 o2 = a 2 = = = @« = =
. Phase Distributions of Hetals « <.o « « =
* Copper ‘@ ® ® 4 ® s @ w e s e ® ® o ®
"ZINC 4 o o @« @ 2 o =2 2 6.2 a o = ° = =
. CREORAUA & v o v v = i o = o « aca 4 »
’ C?adliUI‘.'.--.-..---.'....:
LEAA « « o o v @ % © o @ 2 ® = o = -«
Blctel . = ..---\--h'..-..
) Bemoval Eff161enc1es - ® 4. 2 = % m e
Mass Balance <« ¢« « o 2 3 2 o o 0% = = = =
General ¢« « - . . e * 4 ®» ® % = = = =
netals Added Throuqh Al1Cly v « = = = «

.Bffect of Becycled Centrate on Raw
Fastewater . o ¢ « « o = a « « =
Hetal Concentrations.in the Sludge Cake
West Windsor Treatment Facility « « = =« « - .
Diurnal Variations « « o o« « ¢« o o e o = o
.Lea.d - - = .c.-L--.- - . = = . - -
- ZIDC @ o o o o o o @« « = o a = =« @ « =
CAARMIUB v o = o & ¢« @ « = o = = « = = =
) 'ChLOBIiUE « o @ o 2 o « 2 = o = = = = «
Hickel . o ¢« o o o ¢« o o @« = «a =« = = =
CDppe.l'.‘ - = = - = - ‘- o. s & s & = a-m =
Daily Variations . . o« o =2 4 2 o o = « « =
Lead . « o o @ o o « o w ® =« %= = = « =
ZINC 2 2 o o o = 5 & % o = « a =« a « =
Cadmiumd o o o o o o @ 2 ¢ o e v a0 == -
ChTOoBiUM .« o 4 4 v = 4 @ o @ =« o o« = =
Nicke€l . o o @ o o o 2 o o @ « « = = =
COPPEL v v % = = = o = @a = a = = % = a
Phase Distributions of HetalsS <« o« v« o« =« «
COPPEY @ o a2 = o o = 2 2 =« a'a » = = =
ZINC "4 & o o o o o © @« = © & = = = =« =
CREODIUM « o v o o = = o o o = = « = =
CAadmiUM o 4 o o 2 o o = @ = » 6. = =« = =
LRAA « o v o 2 ® * = @ = @ @« = = @ « =
NIiCkEl =+ o a2 o e = @« @« @« « =« = =« = « =
Bemoval Efficiencies . « « o« v o o o o o a
Mass BalancCe - v &« + o o = « 2 = 2 = + o «
GeNeral v« o o« o« 2 & o 4 = @ @ @ o o o =
Metal Addition Through FeCly .+ o « o «
. Metals Added Through Centrate Recycle .
4 Metals in Sludqe Cake . . . - e e e.s
ViIl. CONCLUSIONS . . ¢ 2 o 2 2o 4« = 2 2 @ w = o o = =
VIII. RECONBMENDATIONS .{- - - . . <« . . <« « . . v e .

- ix. -

101

. 103
103

106
108

1

111
114
119
121
121
124
126 .
130
130
131

132

134
136
136 _
136

136
140 .
142
142
145.
147
147
149
149
151

154

154
158
158
158
161
161
164
164
168
171
171
171
172
173

175
178



Appendix | Sy . page
180

A.

' T | -~
MASS Bnniucx.cancuznrxonSj S T

Little Biver o o o o o = « o =« \ o« o =
Calculation of Specgfic G:avzty of Sludqe
Metals Added Prom AlCly 2 v v v e o « = «
Effect of Centrate Recycle on Bav

Wastewater . . . . . . . .
~ Metal Concentratlon in Sludge Cake « v
West Hlndsor e« ® @« 2 32 ® % @ s @ % =@ w ®w

NOMENCLATURE . & = & = & 4 ¢ « o o 4 a o o o = = « = =

BEPBRBICBS : - = = * ® & * & @ W e @ ® a = 7 - . & = e =

VITA AUCTORIS . . . .

Table

2.1.
2.2,

2.8.
2.9.

. 2-10.

LIST OF TABLES

Metal Concentratidns in Besidential Wastewater . .

Metal Concentrations In stcharqes From Selected
~ INdUSELIeS o a2 ¢ 2o 4 4 o o 2 e = o o = o o =

Comparison of Metal Concentrations on Street
Rulloff and DoEesStic Sevaqe e v « o« o « o « « o

Metals in Surface Runoif-Average Concentrations .
brioking Water Objectives for Heavy Metals . . . .

Summpary of Effects of Metals on Man and Aquatic
OCJaniSMlS =« « = = 2 « = o = % = @« = o = - - - .

Heavy Metal Content in Commercially Available -
Phosphorous Hemoval Chemicals . o o o o o . o =

Solubility Products of Metal Hydroxides . . . . .
Phase Distribution of Heavy Metals in Raw Sewaqe .

Threshold Concentrations for Various Metals in the
Air Activated Sludge Process . « o o w o = - .

v

180

180

182
186
189
198

201
209

10

1
16

25
26

38

41




e

2.11.

hela

5. 1.
6. 1.
6.2.
6.3.

6.4.

6.5.

6.11.

6.12.

6. 13.

6. 14.

6. 154

6.17.

overall netals ‘Removal. Bffxczenczes of leferent ,
Plal'.ltS ,. - - - - - - - - - - - - - .- -, - - @ - 36

Heavy Netal Detection Limits for the Speétraépaﬁlv-69_
Comparisons Betuéep DEP and AR =« ¢ o = o « « @ ,’:_85
Centrate Concentrations at Little River ._.‘:x; 91
Hetal Limits set for AlCls; by the City of Windsor ‘92

General Pattern of Dlssolved to Total. Hetal
Ratlos - - - - - - - - - - - - - - - - - - -» 115’

Dissolved to Total Metal Ratios for Little River 116
Comparison of Hetal Batios for thtle River ... 117
Benoval Eff1c1enc1es for L1ttle Rlver - v = = e 1?7
Comparison of Little River Removal Efficiencies 129
Metals Added Through A1Cly Solution - 3 - « - . 132

Centrate Becycle Ratios .« -« = o2 & 2 o o o .. 133

netal Concentragions in Sludge Cake Plus Recycle

Ratlos c e e e e e e s ce e aae e 135
Metal Limits Set fér FeCl, By ;he City of Windsor 140
Dissolved to Total Metal Ratios for ¥est Windsor 160
Removal Efficiencies for ﬁeét Windsor . . . - . 169

Comparison of Reﬁoval Efficiencies at Hest

ﬂetal Addition ThIOUQh FeC13 - - - - - - - - - - 172

. Centrate to Influent Ratios For West Windsor . - 173

Meétal Concentrations in Sludqge Cake Plus BRecycle
RatiQS - - - £ ) - - - - - - - - - L - - - - 17“

Summary of Metals Added Through alCly . . . . - 185

Calculation of Centrate to Influenf Mass BRatio per
Hour at Little River Treatment Plant . . . . 188

Summary of Metals in Little River Sludge Cake . 191

Summary of Metals Added Throuqh FeCly . - - « « 194

_xi_



-5

A.5. Calcnlatlon of Centrate to Influent H8ass Ratio per

Hour at West Windsor Treatment Plant . . . . 195

A.6. Summary of Metal Concentrations in Heét Windsor

Sllldqe Cake * - = .« @ = & ¢ = e o = = a % @ = ' 196

LIST OF FIGURES

Pigure o ' ot ' page
2.1. The Periodic Table, uwith Heavy .Metals Shaded . ... 5
2.2. - Movement of Toxic Elements In Natufe “ s » = « s« 15
2.3. Liquid and Solid Phase PathWwaysS . o« o « = = « = = iB

2-ba Solubilities of Metal Sulfldes at Various Hydrogen
Sulfide ConcentratioRS o« o v o« o « = = = = « < 21

2.5. How Heavy Metal Repmoval is Affected by NTA . . . . 23

2.6. The Solubility of Pure Metal Hydroxides as
Function Oof PH .« . ¢ o o o o 2 o o o« o =

- = « 26
2.7. Relationship Between Metals and Suspended Solids . 28
2. 8. Cadmium Absorption For Different Sludge Ages {(0c) 34

2.9. General Effect of Heavy Metals on Biological
Reactions = 'a & 8 8 & B & & & ® W e & & =

3.1. Treatment Areas Served =« & «v o ¢ 2 o o = «
3. 2. Little River Polluticn Control Plant - « -« « =
3.3. West Windsor Polluticn Control Plant . . . . . .
4.1. - Representation of Three Electrode Qlasma Jet . . . 67
4. 2. Background Interference for DCP . - &« o o« + =
5.1. Standard Verification Curve . . « v o » = « - - - 73

5.2. Recovery of Spiked Distilled Deionized Water
100 ug/L BADGE < 4 4 v 4 o o @ = = = = =

o
I

b4 ~ xii -



6.1.
6.2.
6.3..
6.4.
6.5.

6.6.

6-13.
6- 14.
6.15.
6-16.
6.17.
6.18.

6.19.

Recovery of Splked DlStllled e10n1ze6 Hater 0 -
1000 ng/L Range - - - - - - - - - - - - - - - - -

Recoveries of Concentration Technzque - 0 to 100
ug/L Banqe e e ® e s 2 ® ® & @ e w8 e . w-m .

Recoveries of Concentratlon Technlque - 0 to 1000

uq/L Ranqe “ e e e e s e e e e e e e e .=e-

Recoveries of Little River Raw Wastewater Spiked
With Composite MetalsS v o « « ¢ = © @ « = « = =

76

78

79

82

Recoveries of Little Rlver Primary Effluent Spiked

Nith Composite Metals v« = o « = « © @ ® = o « =

piurnal Variations for Lead gt Little River . . =

‘Diurnal Variations for Zinc at Little Bi:ﬁs -‘e e

- Diurnal Variations for Cadmium at Little Hiver . .

Diurnal Variations for Chromium at Little River .
Diurnal Variations for Nickel at Little River . .
Diurnal Variations for Copper at Little River .
Dallv Yariations for Lead at.Little Riier o e o

. r
Daily Variations for Zinc at Little Biver . . .

Daily Vafiations for Céduium at Little BRiver . .
Daily Variations for Chromium at Little River .
Daily Variations for Nickel at Little River . .
Daily Variations for Copper at Little River . .
Copper Phase Fractions at Little River « -« - « .
Zinc Phaée Fractions at Little River . . .
Chromium Pﬁase Fractions at Little River . . . .
Cadmium Phase Practions at Little Biver . . . .
Lead Phase Fractions at Little River . ¢« o« o« - .
Rickel Phase Practions at Little River . . . .

Diurnal Vvariations for Lead At West Windsor . .

- xiii -

83

90

93
95
97

99 .

100
102
104
105
107
109

110

112
118
120
122
123
125
137

et e ————



6.20.

6.21.

. §.22.

6.23.

6. 24.

 6.25.

6.26.

T 6.21.

6.28.

6-29.

6.31."

6.32.
6.33.
6.34.
6. 35.

Diurnal Variatiqns far Chromium At West Windsor

-Diu;nal Variations for Zinc At West Windsor . .

: Diurnal Variat;ons for Cadmium At Sest Windsor .

Diurpal variations for Nickel At ¥est ¥Windsor

Diurnal Variations for Copber At West Windsor

Daily Variations for Lead At Nest Windsor

Daily Variations for Zinc At Nest WHindsor

Daily Variations for Cadmium At West Windsor .

Daily Variations for Nickel At West Windsor

Daily Variations for Copper At West Windsor .

Copper Phase Fractions At West Windsor . -

Zinc Phase Fractions At West Windsor . . .
~Chromium Phase Fractions At West Windsor .

Cadmium Phase Fractions At West Windsor .

Lead Phase Fractions At West Windsor « . .
Nickel Phase Fractions At West Windsor . .

Mass Movement of Netals at Little River ..

Mass Balance for Little Biver Dewatering Room

uassqﬂovement of Metals at West Windsor .

- Xiv -

‘Daily Variations for Chromium At West Windsor

N

-

139

141

143
144
146
148
150
152
153
155
157
159
162
163
165
166 -

167

. 184

190

193



L.

Chapter I

INTRODUCTIOK

1.1 STATEBENT QF THEB

-

Over the past decades, civilized mankind has been ex-
. o o
posed more and more to heavy metals that are present in the

environment [Schroeder aand Darrow, 1973]. The earth is

. quickly becominqg a planet, where rarely a man can find a

Place containing just . the background metal levels. The
heavy me}al additions are andirect result of human activi-
fies which are located mainly in urban areas. Hahy of these
activities, uhethef the§ be industrial or residgntial. pro-
duce wastevaters that are discharged into the municipal sew-
erage system for treétment. Once in the sewerage system, it
becomes necessary to ;educe metal concentrations to levels
which will be - accéptable for dischargqe to the environment.
Thése metals appear both in the final wvastewater effluent

and the sludqge which accumulates various heavy metals during

»
treatment.

‘The difficulty in treating vastewater, for réduction in
heavy metals, stems directly from the fact that in the
field, fluctuations in nature and concentration occur for

each metal species [Sommers et al., 1976 aand Beckett; 198013.

These fluctuations are further ccmplicated by the dilution
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thaﬁ occufs in the sewver systea due to infiltratioh, storo—-

~water when sewers are combined, and the'phase fractions at

which the metal exis#/ The effects of these variables on

the heavy metal ntration'aisonchanﬁe from  one munici-‘
pality tohfhe other [Sommers, 1977].

' With these types of' probleas, .if becomes iaportant to
analyze and understand how the various treatmeat operations
are functioning. ?or» if the treatment operations are not.
perforaning satisfactdrily, with respect to heaJv ﬁetal remo-
val} changes can be ;ade to the tfeatmegt process, to reduce
the environmental impact. Schroeder and‘Darrow [1373] feel .
that vater‘ié 'alregdy one of the ;most té;ié”“substances

. . , -
around and any further metal additioﬁs would énly make th;
situation worse.

1.2  OBJRCIIVE AND SCQPE

With more studies béinq done on pilot plants than actu—
al treatmeat plants [kalinske, 1981], it becomes necessary
to evaluate the performance of existing plants, since often,
some of the treatment steps  perfora differently in practise
than predicted by theory. Keeplng this in mind, both waste-
water treatment plants in the City of Windsor were studied,
from October 1983 to January 1984. One of these_treatment
plants is a modified pfimarv treatment plant, and the other

is an activated sludgqe treatment plant. The primary obijec- -

tives of this study wvere:
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1. to‘analyze and evaluate the variations in alurnal and
daily sanples, for both total and phase-fractlon-me-
tal conCentrations at both treatment plants; |
i. to calculate . the netai_ removal efficiencies in the
treatasent plants, both overall and'foraspecific unit
6perations; and | |
3. to'carry out a naas balanée for all the metals to
deternzne if all the metals could. he accounted for.
The restlting data were then compared to similar plants re-
ported in the literature, to‘determlne the effectlvehess of
the treatment plants in the Civy of‘Hindsarf
In‘performing the metal analysis, a relatively new tjpe‘
lof analytical machipe was used in this study {Zander, 1983].
This machine, a Plasma Emission Spectrom_etel:,1 was developad-
in 1978 to determine heavy metal concentrations. The re-
sults obtained by this machine were compared to thé standard
Atomic Absorption technique, to determine if Plasma Spec—
trometer was reliable in analyzinq wastewater for heavy me-

tals.

1
Spectraspan V, Beckman Industries, Andover, Mass.



Chapter II
HISTORICAL REVIEW - L
. 2.1 DEFINLTION OF HEAVY METALS
Heavy @etals have become a huge concern in ﬁoday's so-

ciety due to their potential to contaminate the environment

[Lester et él., 1979 ). However, before the.reasons of con-

-cern can bé descfibed; *heavy .hetals' should be ﬁefined.
According to Stokes and Davey r1951],lheavy»met$ls are those
vith a specific qravitf qfeater than 4 or 5. Another view
is that df. Burrell, who feels thaf heayy _metals are those
elemeﬁts uéich are bounded by titanium, h;fnium, selenium
and bismuth, as _shoun in the periodic .table [ Figqure 2.11.
. In spite of these differing views on the definition, an im-
‘portant fact which should be realized, is that heavy metals
are present in the environment. They are in general toxic
and must be considered when discusﬁinq environment;l pollu-
tion.

With heavy metals being present in small émouuts around
the world, they are frequently referred to aéf trace ele-
ments. The concentration of these trace elements is usually
less than 10—-% n, Metals like copper, Cu, cadmium, Cd,
nickel, Ni, zinc, zZn, chromium, Ccr, and lead, Pb, are of

L]
- qreatest concern because.of their sensitive aquatic form and
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foxiciﬁy tb huJ&ns and plants [Bdrrell, 1976 ]« These metals
Aaré sensitive in a&u;fic‘éorms, since thevrare highly reac-~
tive vhile dissolvéd.in water.  The name commonly used fbr

this is tfahsition_elenents._

2.2 §Qﬂ§§§§‘g£ HEAVY HETALS

The ‘trace ‘metals, uhich‘ewentually‘find fheir way into
a ;nnicipal wastewater facilit#, orqgqinate from a variety of
'sourceé. These'sources include; 1ndustr1al dlSChaneS, sur-

face runoff domestic water supplles, sanltary uastes and

sewver lnflltratlon [Iost et al., 1981)]. Houever, it should

be noted that the amount from each cateqorv varies from city
to city and individual studies should be nade [Davis III et
al., 1975]. . -

"2.2.1 Industpial Discharge

Until studies were cospleted on large cites 1like New

N

York, it was felt by nany orqanlzatlons anod public offxc;als
that if electroplatlnq lndustcles were properly requlated,

metals could be ulthheld from the sewer system [Klein et -

al., i97u].. However, the study done on New York indicated
that.even if all electroplating contributions were eliminat-
ed, larqe amounts of metals would still be present. It was
estimated that without the electroplating discharges, 84%
cadmium,HBO%‘chromium, 91% copper, 38% nickei, and 94% of

Zinc, wouYd remain in the wastewater [ Nielsen and Hrudey,
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1983].  With the metal levels being so high, Klein ég éi;-
[1974] undertook the téskfdf deierlininq tﬁg nain.éontribu- ’
tors of these non-electroplating heavy metals in the'uunici—
'pal uagteuater §ystel.

In cbnpleting'studies oﬁ-lafgé residegtial aréas;' they«
observed that doaestic sevage does contribute significant
" heavy metals [Table 2.1]. However, these levelé-stillﬂdid
not fully explain the total metals finmally treated.' Further
investigations by Klein et al. [1974], shéneqithat ihQus—
tries other than metal plating were diécharging heavv me-
tals. Table 2.2 shows metal conceﬁt;ations from various se-
lected industries. rh;s'list is different from the typical

sources likeﬂthe primary metal induétries, fabricated metal

-
-

parts, machinery, transportation éqhipmenﬁ and cheaicals. -

TABLE 2.1

Metal Concentrations in Residential Wastewater

Pumping bays of ' Average Metal Conceatration Flowrate

Station Saampling - ugq/L MLD
| . Cu Cc N1 Zn Cd

67th Bd. 18 110 70 10 240 2 .50

Aqueduct 12 150 3 10 150 s .96

2uth Ave. 21 190 9 10 130 1 2.00

75th Ave. 8 200 35 10 130 2 13.20

Ave. M 7 230 8 15 30 1 13.51

Ref: [Klein et al., 1974].




TABLE 2.2

Metal Concentrations z? Discharges From Selected Industries

Industry .

Average uegél Concentration ug/L

Cu

Ry cr - B Zn cad
Meat Proceésiné 150 150 70 460 11
Pat Bendering 220- 210 280 3890 6
Fish Processing 240 230 140 1590 ° 0.
Bakery 150 330 430 280 2
Misc. Foods 350 150 1100 1110 .6
Brewery | 410 60 40 47 5
Soft Drinks and 2040 180 220 2990 3
Flavouring Syrup
Ice Cream 2700 50 110 780 31
Textile Drying 370 82 25 50 30
Fur Dressing- 7040 20140 740 1730 115
and Dyeing c
Misc. Chenmicals 160 280 - 160 80 - ‘ 27
Laundry 1700 1220 100 1750 134
.Car Wash 180 140 190 920 18
Ref: [Klein et al., 1974].
In Ontario, Oliver and Cosqrove [ 1974] obsef?éd a

pattern similar to that of New Yoék.
ice ‘that the
wastewaters vere hiqher when compared
hiqher levels vere attributed to

dustrial wastes added

the

B

metal concentrations in t

to the sewage,

ovever,

he Onta

as the

they did not-

rio municipal

to world values. The

high proportion of in-

result of ex-
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tending sewer services fo.-the industrial cdhmudiiyf[nroun
and Hensley, 1?73]. ' , : | )

q_

2.2.2 Surface ggggﬁf_"

The beavy metals are washed into the sewer systeam via

the rain . qutters and mankole covers vhere the sources in-

-

clude all open areas and streets. The concentrations of ne-

.

tals in street runoff are high as seen in Table 2.3, and can
r .

L

rave a 'siqnificant effect on the domestic sewage when the

seéwers are combined. It has been observed that coﬁpined

sewage can have a concentration 10 to 100 times that of

I

/
donestic sewage [Williams et al., 1976]. Thus a significant

addition in heavy metals is made by the surface rupoff to

the domestic wastewater. : \\—’

TABLE 2.3

Comparison of Metal Conmcefitrations om Street Runoff and
Domestic Sewaqe

Hetal Street Runoff Domestic Sewage Ratio
kg/h kq/h ‘SRG/DCH

cr ‘ 36.0 5.5 6.6

Ni . 4.5 0.02 236.0

Pe  3583.0 | 24.5 146.0

Cu 16.3 0.08 | 211.0

Zn | 63.5 0.38 167.0

Ref: [Williams et al., 1976].

."/(

S
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‘The metal comncentrations in the surface runoff, depends
on various fac@ors [HélseL gg'g;:gr19f9]; These factors in-
clude pavehént type, veﬁicies, v€getation,  anti-skid coa- .
pquﬁds-liké salt and land usei@esignation. ‘Even though "the
aboyé sourcgs seen to proiidewa larqe proportion of the.me—
thls, they acéount for only 30% of the metals in runoff whi—
' le thg-reqainder -of the metals comes froa atmosphericIEOn-
tributions [Barkdo;; et al., 1977];' They bbseried that the
dust accumulation on the streets is rapid &urinq the first 2
days éf no precipiﬁation, before ceachinq an asymptéte va—
laie. Then durinq‘a'storn, the actual concentration bf me=-
tals in ihe runoff depends on the volume of water dufinq the
‘<;céinfall. ';f a large storm event occurs, a larqe volunelof
vater is produced gdving a small concentration, compareﬁ to
~a small stdrm, which produces a lérqer concentration of pol-
lutants [Table 2.4].
’ o SRR
TAELE 2.4 ' \

Metals in Surface Runoff-Average Concentrations

Hetal C Concentration (ug/L)
[Klein et al., 1974] [ Yost et al., 1981)]
cd 25 -
Cu | 460 , 150
Cr 160. : 30
Ri 150 | 80
Zn 1600 - 620

Pb - 300



2.2.3  pomestic- Hater Supplies

| Hatér that is used for domestic purposes cqngains cer—
fain amounts of heavy net;lé, whether it bé from aquifers or
surface sources. - Aquifers usdally have the higher neial
concentration [Wood et al., 1975]. "Hhatéver may be the:
source for water, Ggqovernment regulations linit" the metal
concentrations that areﬂpllo;ed in the treated vater. 'These

limits can then be taker as the maximun levels th}t could be
added by the domestic ™ water to the municipal wastewvater.
Table 2.5 shows the present pernmissible levels of metal in

. . h—,
the drinking water in Canada.

TABLE 2.5

. Drinking Water Objectives for Heavy uétals

-

petal T _Concentration in ug/L
4n 5000 v
Ni ~ - 250%
cd 5
cu ~ 1000.
Cc : 5\ 50
Pb ) 50

Ref: [Ministry of the Environment, 4983 1.
¥ Bnvironment Canada, 1979].
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2.2.8  Domestic Additions to Nunicipal Sastewater

| " The metals that are aéded td tpe lasteu5£er from domes-~
tic sources are usually saaller in anbunt; and different
froa ipdnstriql ‘sourceé, 'Bnt vet quite siqnificant.r The
domestic sou}ces can be cateqorized.as 16H volume -yet hiéhly
" chemically complex effluents, as compared to specific large
volume industrial discharqes [Atkins and Bauley,_1978]. In
their -study, it was obéetved thgt the domestic effluents
were more difficult to treat than the industrial discharges,
, due to the above chemical ccnpleiities.

Furthe;nore, it has been observed that every netal of
chemical substance ever kno¥wn to humans at AOne time or
another, does eventually $ppear in the domestic effluent.
This fact qah be attributed to the large quantitiés of chen-
ical products available to tﬂe ¢on§umer for home use. A
complete 1;st of metals contained in évery day CODSUMEr pro-
ducts was combiled bv Atkins and Hawley [1978]. .

A point that should be stressed is that a single indi-
vidual using various consumef products does not gonstitute a
. significant source of heavy metals. However, when a city
contains a large number of residents, the quantities are
significantly magaified. Further complicating the problém
"are thejgflows from sources other thanm individual residential
units or industrial complexes. These sources include apart-—
gent buildings, restaurants, hotels, institutions such as

hospitals, laboratories and shopping centres. All these lo-

L]



.,.

‘ 13
_ | o . _ : S
cations can add significant amount of heavy metals to the
vastevater [Maruyama et al., 19751.

L

2.2.5 sever Infiltration
| The last source of heavy metals for the sewer system is
infiltration. The'amoun;fﬁf infiltration depends mainly on
?’;;éaﬁg;dition of the sewer syséen. ‘A ueil cbnsfructed sys-
te; has low quantitie; of infiltgation as coppared to: a-
poorly constructed one which allows  larqe quantities 6f in-
filtration.

The metals enter with the ground water, after being
dissolved by the groandwater coﬁtained inothé soil [ﬁood-et
al., 19751. Hiqgher the‘metal concentration in . the soii,
higher will be the dissolved nmetal éonpentratibns ent;finq
the sewers during infiltration.

,‘ o
2.3 TOXICITYI QF HEAVY METALS ' , v
’

With the numerous sources of heavy metals now identi-
fied, it is important to examine why these metals should be
removed before the vastewater is released into the enviroa-

ment. O0f all the metals ccntained in the wastewvater, sone

are highly toxic to living organisms while the others are

g o
.essential micronutrients [XEqaman and Weddle 1973]. Howev-
er, excess‘ﬁ% any element can be eventuallv toxic. For ex-

anple a person can drink three litres of potable water per

day with no side effects, but when bhe consumes 9-10 litres
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_ his livér' m;éht féil;.' indicatinq tdxicitv [séhrﬁeder'and
Darrow, 1§73]. -Eﬁen with the extensive research already
completed, the complex Telationship between heavy metals and
the livihg organisas is not fully understood. What is uﬁ-
defétoqd-thoﬁdh is that every person nov contains metal lev-
els in him at higher concentrations than his forebearers
[Schroedef and Darrow; 1973 1. For lead aioﬁe; today's re-
'-ferenCQ person has a lead concentration of 121 uq; which is

100 times higher than the concentration found in a primitive

——

man.

The.heavyi metals vhich exist in the municipal sewage
sysfgz-;an-effect: {i) the process beinqg used at the treat- _
ment Elant whether it be aerobic or anaerobic, _since both
‘respond ;:milarilv tO-heavV metals, {ii) the environment
quality as a'resﬁlt of metals released in the effluent, and
(ii1) the environment quality due to heavy metéls being
leached from the sludge [ Yost et al., 1981].

‘The nmetals enter the enviranment through either the
effluent or sludge. Por the effluent the limits on concen-
tration are the same as for potable water after dilution,
whereas no limits presently exist far sludge. The only lim-
its currently used fﬁr sludgqe are land application rates to
ensure that the leachate concentration is a minimum, along
with minimum plant uptake. However, even though the present
effluent concentrations seem low, researchers Hannah et al.
[ 19771 -feel that they should be lower to protect the sens—

tive life which exists:
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"The,pcoblem with thz metals is that'they'can neither be

created nor destroyed, | leaiinq, them mobile and ‘reactive.

" Being so mobile and reactive, they are thought of as tran-~-

sients in the environment [Stokes and Davey, 19817. ' Purth-

ermoce, with the bio-accumulation and persitence of these

“metals in the environment, they remain available for oxida-

tive and reductive eniyene.reactions. When gﬂese metabolic
reactiops oczsur, metals can be taken-up by organiswms and
concentrated fUndecvood, 1979]; Then as this procedure
Works iﬁs way up the fboi chaip,_ the heavy metals éan sven—
tually £ind theres ua# inta‘ the human systen. The movement
of the toxic elements ;p the' food chair is illustrated in

Fiqure 2;2; while Table 2.6, gives the toxic effects of var-

ious metals on aquatic lLfe and human beings.

GEOCYCLE - AVAILABILITY TO
MOVEMENT ' MICROORGANISMS
o | fish
soil by water

+ air

Cexatnpl?
volcano
|

deep

r
bacter|a_

flsh

Figure 2.2 MOVEMENT OF TOXIC
ELEMENTS IN NATURE [Woods, 1974]
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TABLE -2.6.

Summary of Effects of Metals on Man and Aquatic Organisss

Metal Effects on Man - Effects on Pish and
. : Aquatic Organisas
cd Highly toxic, Cumula- Toxic - '
tive, nonessential
Cr Unkuoun.-nonessential Toxic to lowver
: orqanisas
Cu Essential beneficial .- -.Hithy'toxic,svarvinq
elenent ‘with species and
chemical factors -
Ni Very low toxicity Low chronic toxicity"
Pb Cumulative poison,. Hith} toxic
nonessential ' oot
Zn Essential benefical Toxic, varying with

Bef: [Arqaman and Weddle, 19731.

element

species and chemical
factors ‘ '
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2.4  HBTHODS OF HEAVY METAL RBNOVAL
2,4-1 gGeneral |

Hetals_pfesent in the wastewater can be dividéd into
three phhsés; éoluble, settleable sqlids,_and.non—éettleahle
solids [Patterson-gg al., 1975). ) The settleable solids.Ean
be defined as those solids which settle within the 30 miﬁnte

,tiue limit defined by the confentional Standard Methods test
_.ifAPHA—AHHA—HPCF. 1980]). Soluble metals are those uhich'pass
‘thronéh a 0.45 um filter. The non-settleable metals are the
ohes vhich cannot bass fhrouqy the filter, but require lon- .
ger than 30 minutes to settle.

Thé relative concentrationfof these three phases de-
pends on the chemical matrix of the sewage [Lester et al.,
19%9]. Especially iwmportant is the presence of synthetic
éhelates,like.nitrilotr}acetic acid, NTA, which can increase
the solubility of metals over that of the natural effects
[Chen, 1974]. The solubility phases are important in remov-
ing metals, since the type of treatment method for removing
metals depends on these fractions. These phases vary at
different pla&ks. but theic-qeneral Pattern can be seen in
Figure 2.3 It should be néted that the soluble metals are
most difficult to renave, and\as a result are desired to be
'in.lou concentrations.

\
Various treatment procedures exist for the removal of

metals. However, the final treatment scheme chosen must be.
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-such that‘it can handle the varzablllty, 'complexity, and
iphysxochemxcal propertxes of the metals [Sterrltt and Les-
'-ter,--19831. ' The Vatl&blllt? in the uetals that exists is

unpredictable since 1t arlses from the varying contributions

of the dlfferent sewage sources over a périod of tinme. The
t1me base can be dlurnal,f'qeekly,- or Yyearly, and_tpis.re—

sultslln,dlfﬁlcultleS‘1n_removinq the heavy netals [Hbodlgg

al., 1975]. . The cbuventional méthods most often used for

7
treatﬁent include; plain sedlmentatlon, chenmical prec;plta—

tlon, and biological tredtment [Yost et al., 19811. Other

available treatment _optlons are: ion exchange, activated
carbon, electrodialysis, reverse osmosis, sand filtration

I

and microstraining. Genecally these lethods are nat common,

since they often are not economlcally feasxble for municipal

treatment.  Keeping this in mind, the ©@more conventional

met hods are described.

2.8.2 - Physical aad Chesmical Hethods
2.4.2.1 Physical Bethods

lIn the initial stage of metal reﬁoval, vhether it is a
cohventional activated sludqe or a phvéiéﬁl-chenical treat-
ment plant, clarification is the first step.. Por removal by

clarification,-the.important factor is the presence of inso-

- luble metals. These 'suspended metals can be either natural-

ly insoluble, or be precipitated 'out by chemical action.

'Host'metais‘form insoluble ions very easily, with the most
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comnon formlbéinq the bydroxide [Benefield et al., 1982].

Less coamon formé are carbonates, sulfates, and phosphates,
vith pH being the nmost influencing factor [Stoveland et al.,

1979).

" The majority of soluble metals discharged into the seu-
er‘system becoée insolqple by the time they reach the treat-:
hent plant [ Black, 1976]. This initial phase change occurs
when the metals éome in contact vwith the domestic wvastewa-
ter, and precipitate:oﬁk due to the presence of hydrogen

sulfide [ Wood et al., 1975]. The hydrogen sulfide -is pro-

1

duced at the e#pensé;of_sﬁlfaté; by the anaerobic bacteria
uhich. exist in an acti;e slime 1layer on the sewer wall
[Thiétlethuﬁite,.1972]; _ Thé maijority of the slime fcrms on -
the'undéf@atér surfaée, where the slime thickness depends on
the water velocity.: The actual process begins by the growti
of thé-hacteria‘“Desulphvibrio desulphuricaans", which reduce
the organic sulfidés'inwthe waste to hydrogen sulfide. The
amount of Aydroqen sulfide qenerateﬁ 1s quite siqnificant;
it vag'obsegved that one mg9/L of hydrogqen sulfide was pro-
duced in a 3.2 km long sewer, with a diameter ot Q.6 m, whi-
le running one—-third Ffullil. Figure 2.4 shows how the metal
sclubilities are affected py increase in hydrogen sulfide
concentration. Ins;lubility of metals increases with the
increase in H,S5 concentration.

The rate at which the trace elements are precipitated

as insoluble metallic sulfides, occurs alumost instantaneous-

f
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Figure 2.4: SOLUBILITIES OF -

METALLIC SULFIDES AT VARIQUS |

HYDROGEN SULFIDE CONCENTRATIONS
: [Wood et al, 1975]

1y during the the {irst 30 sa2c. of contact [ Jenkins et al., !

During the next 6-8 hours a slow increase in preci-

pitation is obsarved. dowever, the actual rate depenis on

the amount of <chelates noresent in the sewage as previously

If excessive natural chelates Jlike fulvic or anumic
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Q;ids,- asmonia, of syqthetic che15£es like NTA or EDTA are
presené, the natural precipitation can be reduced [Nomur§
and Ioﬁnq, 19#4] because the metals are hel@ in solutiom by
the chelates. Fiqure 2.5 shows the effect of the chelate

1

NTA on removal efficiency for various metals. i

. As previously stated, the nafﬁral occurinqlprécipiia-
tion due to hydrogen sulfide is véry important. This fact
was cdnfirmed by- olivéf‘%nd Cosqrove, ‘[197ﬂi who observed
that of all the dissolved npetals enterihg the seiaqe tréat-
ment plant, less than 1% are removed by plain sediméntatidn.

This low removal percentage indicates that chemical addition

may be requiréd.if a hiqgher wmetal removal is needed.

'2.8.2.2 Chemical Aethods

The type of chemicals used to precipitate mepals in a
treatment facilitv, varies according to its availability and
cost. Whenever possible, the @most economical chemical is
used. Some of the chemicals presently used include; lime,
alum, ferric chloride and ferric sulfate. The effectiveness
of each depends on the metal concentration in the wastewa-
ter. For higher the metal concentration, higher the removal
efficiency. This is true for any precipitation process. In
addition, chemicals like alum gnd lime are also used for
phOSprrus removal, thus serving two purposes [Aulenbach,
1983]. In a field study in Grand Rapids, Michigan, it was

observed that metq&s also had an affinity for chemicals used
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in phosphorous removal [Yost gg.gig; 1981}.  These chemicals
include ‘iron oxides, ferric chlotide and hydroxide precipi-

tate. - Howvever,”difficulty does exist im making theoretical

predictions due to the présence of substances like ligands,

carbonates, sulfates, and chlorides. ihitever chemicals are
added, a caution sﬁould be exercised since the chgmicais
thenselvesr may be gontaminated with heavy netals. [Table
2.7]. — T

Thé actual precipitation of metals yhen chemicals are
added iS Pot oaly pH dependent, but also.dgpends an concen-
tration of metal ions in sclution [Olver et al., 1975 anﬁ
Argro and Culp,  1972]. dsblubéli£y préduct approachlis used
to undgrstand how tHe metal hydroxides are formed. The so-
lubility product, Ksp, is deéinéd.bvz

Ksp = [Mx ¥ (087) 21/ nx(on), 1 2.1

Wwhere, '

. Hx- = metal concegtratioﬂ,
OB = hydroxyl concentration and
Hx(OH)2= metal hydroxide concentration.

This equation indicates that when pH increases, the
concentration of hydroxyl ions increases, requiring a cor-
responding increase in [Hx(OH)2] to keep the solubility pro-
duct const;nt. -Various solubilitv products can be seen in

Table 2.8, while Fiqure 2.6 shows the qeneral pattern of me-

tal solubility as a function of pH.
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Heavy netalhsdhtent in Coamercially Avail&hle Phosphorous

Renoval Chemicals

Chemical and _ Concentration in mg/L
Supplier Cd Cr Cu = Ni Pb Zn
FeCl-_; . : . .
. A 80 84 15 40 275 400
B 20 - 180 160 50 2100 14500
C 1.4 661 12 42 113 260
Fecl? i LR . .
A 0.1 36 5.6 7 0.1 1.7
B . 1 20 5.0 19 1.5 2.3
Fesog
A 0.1 3.3 0.5 6.5 0.1 5.6
B 0.2 .. 51 .240 - 29 4.6 860
Alunm .
A 0 1 1.0 1.0 0.5 1-
B 0.7 47 0.8 1.2 0.8 2.2
C 0.2 0.2 1.0 0.1 1 2.5
Lime - )
A 0.2 0.6 3.0 3.0 1.0\\- 25

A, B, and C were not identified

Ref: {Black, 1976].
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" PABLE 2.8 ‘

Solubility Products of Metal Hydroxides E

Compouni xsp * [Oliver et-al., 1975}
Cr(0R)” 1.0 x 10-30"

| Cu {(OH)™ (’“’" . 3.0 X 10-19
Pb 0 (OH)" ‘ 1.6 X 10-15

CNLEBT 2.1 x 10-17

Zn:{'DH)', . 1.8 X 10-1¢

* RKsp = solubilytv product

pH

02 4 6 8 10 12 1
2
S
= ™ \\Cr(11])
6" Zn(II)
g | ' NC'C(l 1(11)I .
- N |
& Cu(1)
101 Pb(11)

Mtot] =M -3 [MoH]
Figure 2.6: SOLUBILITY OF PURE

METAL HYDROXIDES vs. pH
[Nilsson, 1971] ‘

/
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The actual soluhzlltles and—optlnun pH condltlons shoun

in- Table 2.8 and quure 2.6 do not hold true in: practzse.
The problem with. theoret1cal calculations is that they do

not account for the conplexlty-of the wastewvater. Generally

-uthew.solupélities are  gréa£ér than the calculated values.

o

This is- due .to ndmergus"causes*such as: lncomplete reac-

-

tions, poor separatlon of cololdal preclpltates, the forna—

tion of complex metal ions {or ion Spec1at10n) and electrol-

ite effects. 'Puﬁﬁhermore ‘the age of the precibitated
hydroxide 'is also a factor, because, the dlder'the precipi-

tate the harder it -is for the ion to resolubilize [Benefield

et el., 1981].

, Once the metals are precipitated, whether naturally or

- aided by chenmicals, they can readily be removed by settling

out of the particles. Stone [1955,1956], observed that the
metal ions becéme enmeshed in settling flocs and are settled
out. This was coanfirmed by the use of sterile wastewater
to prove that no biological uptake occurred. Another study
by Brown and Heansley [ 1973] shows the .direct relationship
between amouﬁﬁﬁof metél removed and the amoun§ of suspended
solids removed.’ mﬁi; is shawh in PFiqure 2.7 . This plot
which is loqarithmfé in ﬂ;ture, indicates that as suspended
solid removal increases so doeé the heavy metal removal at
. .

an exponential rate, i.e. asymptotically approaches comple-

tion of heavy  metal removal.
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Metals Removed
(o))
<

204

)

20 L0 60 80 100
/s Suspended Solids
Removed

Figure 2.7: RELATIONSHIP BETWEEN _
METALS AND SUSPENDED SOLIBDS
[Brown and Hensley, 1973]

It has been suggested that the uasteuatgr retention
time in the clarifier be increased, to obtain the maximum
removal of getals by plain sedimentation [Stoveland et al.,
1979). When chemical rpreciritation is used, tae addition of

polymers should be investigated. The polymers would intro-

duce chemical bonding and settling would not have to rely
e

‘only on physical bonding to remove suspended particles [ Huck

et al., 1977 ].
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2.5.1 geperal |
The activated sludge operétion improves the quality of
the priﬁarv effluent througb biological action. This biolo-
‘gqical process can be either aerobic or anaerobic. Houeveﬁ;
studies have shown that of the two processes, aerobic is su-
perior to anaerobic in heavy ietal removal. This surperiori-
tf is a direct result of the long term capability for metal
removal exhibited by aerobic bacteria { Neufeld and Hérman.
- 1975]. )
In an activated siudqe process, . the majority‘of metal
removal occurs by three mechaﬁisms:
1. physical trappinq qf precipitated metals in the
sludge flow matrix, ) '
2. binding of the soluble metal to exftracellular polym—
ers, _ | i
3. accumulation of soluble metals by the biclogical -
cells [Brown and Lester, 1979 ‘and Nelson et al.,

19817.

However, even thouqa researchers bhave aqreed that all these
..-:"”..".:‘E.u.-
mechanisms occur, it is still not clear which ‘mechanism is
the dominant one, since differing vieus exist. Neufeld and
Hermann [ 19757, noted that the biological uptake of the me-
tals in the activated sludge prqceés is insignificant, vwhen

compared to entrapment and binding. On the other hand, Jen-

kins et al. [1964], state that physical entrapment of sus-

é
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pended netals is 1ns;qn1£1cant to b1010q1ca1 uptake.‘- fhese'
dlfferences in opxnlon are 1ust1f1ed. 51nce the behavlour of
‘heavy netals 1n the actlvated sludqe process depends on sev-
; eral chhnq1nq factors [Sterrltt and Lester, 1981]. These
varlahles lnclude both plant operatlon parameters aud phvsx—
'ecal—chenlcal factors-‘ 'The\gyént operatlon paraneters in-
:clude sludqge aqe,_sdspended'sblide removal and dissolved‘ex—
quen concentratlon;' whiie theﬁ phyéicel—chem%cal ,factors”

'1nclude tenperature, pH, metal ion cdhcentration;‘ metal so-

lublllty, netal valencv and partlcle size.

'--é.s.z MMM%MM&M -

In thlS process, the netal ions ln suspended form arej"
removed._ These metal 10ns had elther escaped primary t:eat—
meat oe 'were precsztated dn the aeratlon tank due to the
changing chemiceif envxronment. ihe enwirenment changes.
through the bacterla uhlch are thouqht of as "bags of en-
Zymes", capable of performinq_hydiol?sis and dxidation‘geac-
tions [Kiang and Hetry, 1982]. The ofher important factor
is the pH.

The precipitation occurs as a :eéult'of verious metal
ions present which have strong tendency to interact with the
cations and anions in solution. The positively charqed ions
ney-qﬁ-throuqh an anionmexchadqe process, whlle the negative
ions are subjected to the catlion exchange phenomeacn. How-

ever, one difficulty that does exist is that theoretical
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.

.f.'fquent settllnq in the secondary clarxfler Leaoves the net&ls_j*

'Qas the flocs are settled out.

S : - 31
pfédictiohs aré'hara td-nake"dng to changing environment. in-
the aeratlon tank. . -

"-; After the precxpltatlon has occurredl the aétu;l!;gpoQ

- -~
- -

-|.

2-53 mgxmmmmuuuw

Por the renoval of metals hy thls nechanlsm, : lt has

'_fhggh shown that the floc forming bacteria produce extracél—

' ‘lular ‘polymers, which provide binding sites for the metai\

ions [Chen et al., - 1974 and Sterritt and Lester, 1983].

Amonq all the bacterla present in the aeratlon tank, lt has{g.}

been seen that the "zooqloea ramlqera" is most eff1c1&nt 1n_"*1"

metal removal [Neufeld, 1976}

‘The polymers thét' are produced by the bécteria.are'in
the form of either loose slime or capsule [Brovn and Lester,\
19791.\\E?he polysacharide slxme increases the v;scosltv of

the activated sludge, while the capsule forms a tranSparedt

cover around the cell wall. Also, the slime polymer remains

"in solution and is released in the effluent in colloidal

form, while the capsular polymer r&mains attached to theJ

flocs and settles out with the sludge. This difference me-

ans that any metals adsorbed to the capsular polymer, "uil%ﬁ”"

be removed in the secondary clarifier. ‘ ;" "'_,Q’

- val takes place when the' susp9nded ions 6econé physically »

L“;entrapped or entanqledfin the hioloqical fioé:' Then subSe—-.f"
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Observatlons have shoun that, 1n the conventlonal ac-'

tlvted sludge process. the concentratlon of .the capsular po-v

lymers 1s hlqher than the sllue polvners [Bronn and Lester..‘

--r.
i)

r19791. ThlS fact is’ of 1npcrtance due to the netal removlnq

‘-

capabllltles. . In fact, any metal adsorbed by the sllme po-

lymer Hlll renaln 1n-the effluent srnce the sllme does not T

»

-settle out. A fev studies have heen.perforned to- determlne
ways of ° 1ncreasanq the capsular nolyners -concentratlons to
lmprove etfluent qualzty [Takll,, 1977lanﬁ,Duqanj . 1975].-
ﬂThey have demonstrated that certaln‘ strains of' bacteria,
qrown Ln the presence of exXcess carbohydrate substrates, in-
crease- the capsular concentratlons. Furthermore, Matson- and T.;f

-

. Charachlis [1976], have shoun that the extracellular polymer
capsule growth may . be-lncreased,by 1ncreasan these ratios ??;f
of carbon ‘to nltroqen, carbcn tojphosnhcrous and carbcn.to
sulphur in the qrouth nedlum. | | |

lAs previously suqqested, the polyuers7have' a certaln
affinity tor metalsk The netals are adsorbea in-=the lon'
,form since the high 'molecular weight extracellular capsular

polymers provide many functlonal groupings that act as bind-

'inqg sites [Cheng’ et al., 1975]. These high molecular weight

_polvmers include polysacharide, proteins, ENA and DNAi .
Also, iithln the matrix exist qroups of phosphoryl, carbox-
yl, sulphydryl and hydroxyl which act as ligands [ Hunter et

al., 1983].
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nan#'of‘the capsular bolyners'are negative: éﬁ'charqe,
q171nq the surfaces an overall neqatlve charqe. It has been>
observed that’ anonq the metals, iron has the hlqhest affini-
ty while nlckel has the louest afflnlty [Baqbv and Sherrard,
1981]. " The deqree of afflnlty in decreas;nq order is:
a : Fe)Pb?Cu)Cd)Bq)Cr)Zn)HL. )
Chen [197&],.noticedfthat cadnign, chromium, cbpper and zinc
.are associated primacily uifﬂ activated sludée partiéles
_1§rqer_than 8 um in diameter as compared to nickel, lead and
manqanesé vhich are associated with smaller pafticles.
The‘initial adsorption of thé metal ioas is very rapid,
:usually betveen 3 and 10 minutes due to the chemlcal struc-.

ture of the capsular polymer [Chenq t al., 1975]J. ° It is

beleive q that the adsorption fcllows the Freudlich and Lanq-;
muirc gﬁdtherms, as the iﬁitial uptake‘is quite fast, foL-
- lowed by a-sloﬁ long term constant rate.

) The humbeé of bindinq‘sites'can be increased by modify-
ing the bactecia.used, adjusting the pH and controllin& the
sludge age. Even though pH adjustment is considered one of
the most important factors in increasing the number of bind-
ing sites [Nelson et al., 1981], sludqe aqe modification is
used most often. 'Sludge age is easier to change and is pre-
ferred ‘over pH adjustment [ Neufeld and Hermann, 1975 and
Brown and Lester, 1982 ]. As Fiqure 2.8 shows, an increase

in sludge age,. 8¢ » <considerably improves the adsorgtion of

cadmipm.' It'has.evén been proposed that a further increase
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in sluige age to between 9 and 15 days, -would give optimum

removal [Sterrit and Lester, 1981).

o
Q.

A §c=5days, pH=7

D
=)

= Oc =1days, pH=7

=~
<

ADSORPTION — ug Cd/mg 1SS
neee
o

5 1 15 20 25 30 35
EQUILIBRIUM Cd CONC. — mg/L

- Fiqure 28: CADMIUM ADSORPTION
" FOR DIFFERENT SLUDGE AGES (&c)
[Neufeld and Herman, 1975]
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2.5.4  pio-accymulation of Soluble Hetals by Bacteris Cells

b
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A.property of all living orgqanisims is the ability to

concentrate ions within the organisa [ Neufeld and Herman,

1975]). In activated sludge.systems, this ability to accumu-

late metal ions in. the cells is dependert on the soluhilitﬁ

of the metal in the aeration tank [Kodukula et al.,  1983}.
Studies havc shown that éreater .the solutbility, higher the
deqree‘of metal;accumulation, uﬁére the ions ate initial;#
adsorbed on the floc sﬁrfaces befocc- being taking up by the
cells [Levandovski et al., 19807].

‘The metal uptake due to metabolism is a slow process

: and depends on the v1ab111ty of the actLVated sludge. Brown

and Lester [1979],'have.reported'four ways by which bacteria
accumulate and concentrate the metal ions beyond those ne-
cessary as enzyeme ccfactors.- These cethods include cheiate
formation by the binding of metals to orqanic ligands,
shifts in metal valcncies, cuhstitution of one metal for

another and biomethylatioa. The accumulation coatinues un-

til equilibrium is reached between metals in'solution.and in

cell. Heufeld an% Hermann [1975] had determlned that by the

time equ11bt1uu vas reached the metals were concentrated 10

\E‘..

to 20 % by weight of . biological cells without any toxic ef-

fects.

'//.b.



2.5.5 Kinetic Bodel for Heavy Metal Bio-Accumglation

In studying the metal accuwmulation by sludge cells,

36

Hegfeld and Nowak, [1?77] used the following analytical ap-
‘pProach. In 'qeﬁetal the speqific rate of ‘accuamulation on
biological sludge -is a function bcth of the phvsicql and
chemical environment for thé sludge and is expfessed as:
r=f£(C, Qs PH, Y+ Do - - ) N S 2.2
where: = - ~
:;dverall rate df metal accumulation oa bionmass,
ug metal/q biomass,
Céliquid phase metal concentration in intimate contact
vith biomass, mg/L,
Q=quantity of metal already associated with biomass,
~ ng metal/q biomass,
pH=negative loq of the hydrogqgemn ion concentration,
Y =a measure of physical resistancg to mass transfer,
Tétenperature.
Equation 2.2 can be simplified by making an assumption
that ¢ and v are the variables of concern along with Q,
which is a dependent variable. Thus the new equation be-
comes:
r=f(C, Y, Q) 2.3
Sincé there is an upper limit +to the quantity of metal
that can be accunuiated by the biomass, as 1s seenl throuéh
experiments, BEquation 2.3 can be Hritgen deterministically.

Therefore,
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= ac® - /e iEmy 2.4

' uhe?e:
K1=forward raté constaat, . o *
K2=reverse rate_éoﬁstant,
a,bzexponenfé,_and ‘
A=maximum léwel of‘g beavy metal that can be gsSociated
‘with the biological solids,'nq metal/qg biomass.
In order to determine realistic values for K}, K2, a,
b, and A, Eguation 2.4 must be evaluated at isothera condi-
-tiqns at a conétant hH, and .at flow rates greater than the
minimum required: to negate tﬂe Ikinetic resistance -of film
diffusion. Taking the above conditions into consi&eration,'
Equation 2.4 can be simplified to: _
r=K1C? - K200/ (A-Q) 1P | 2.5
However, when equilib;ium is reached, the two 'rates are

equal, causing.r to become zero. Therefore, - an equilbrium

equation can be derived for the sludge metal interactions

as:
K1Ce® = K2[ ge/ (a-Qe) 1P 2.6
which caﬁ be simplified to: .
e = ace "/t (k2/k1 % ce®? 4 2.7
where Qe = level of nmetal associated with the .floc

phase when the equilbrium concentration of metals in the 1i-

gquid phase is Ce.



2.5.6 Completing the Activafed Sludse Treatsent
Afterllegginq the aeration tamnk, the wastewater lusi.be
clarified to obtain a proper efflueﬁt. ‘BY settling ou; the
biolbqicél floc, the metals are also removed. Whatever the
- mechanism, it is expécted that greater the seftlinq effi%
ciency larger wwill herthe the renoial of.neﬁalé.' ‘Houever;
studies have shown %hat—the'proportibn of dissolved metal té
total metal increases as ihe'treafnént' process bto;¥e§ses.
Tﬁus, la greater efficiency in clarification does not siqai-
ficantly feduce the quantity of dissolved metals. Luckily,
" the soluble mqyal concentratior is fairly lou_in.the'munici-

' pal vastewater [Table 2.9].

TABLE 2.9

Phase Distribution of Heavy Metals in Raw Sewage

Metal Total Range Averaqe Peécant Dist;ihution
ug/L Soluble Insoluble

cd ‘ | 6-40 17 | 83

Cr 60~1400 7 93

Cu ‘ 60—1206 38 62

Pb <50~1100 5 - 95

Ni - <30-1800 67 33

Zn 110-2400 24 76

Ref: [Black, 1976].



- _Por , the removal of the remaining dissolved metals;

which are low in concentration, tertiary treatneptﬁnhst“bé‘

used [ Neufeld, 1975, Vuceta, . 1979,  and-Maruyama et al.’

19?5]._ TheAtreathéhf methods mast commonly used include am-

monia stripping, recarbonation, nultimedia filtration, car-

bon adsorption, ion exchange and reverse osmosis.

2.5.7 Effect of Heavy etals on Activated Sludge

Many studies have heen done on the effect of metals on

the efficiency of activated siudqe treataent. However, it -

is difficult to compare all the results, since some of the

tests were coapleted on acclimated sludge, while others on;h

nonfacclinatéh siudge, Generall?, a common belief is that
acciiuqted sludge iS'IESS. affected_hy metals than the non-
acclimated éne [Bérth‘g; al., 1964]. |

Acclimation can be defined as the fine reqﬁired for.
various species of bacteria in the aeration tank to becone
tolerant to the metals. .Varma [1976] theorized that the to-
leration occurs_aé the resulg of some mutation of the exisf-
ing species or the*ﬁgggnéiidn of enzymes which can detoxify
the metals. dAnother view is that the acclimation‘occurs
when additional enzvmes are p:o&uced to- take the  place of
the damaged eﬁzymes [Bagby and sherrard,‘ 1981 ]. If the

transformation does not occur, then the metabolism rate will

be affected reducing the efficiency of treatment. In sone -

cases, the efficiency of treatment improves when new enzymes

39
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are produced. Hovever, even when the bacteria become accli-

mated, uhsets can occur when heaij shockloads are imposed on

the aeration tank{
| TﬂeAeventual ‘metal toxiéitv depends on"g variéty of
: factors.iéﬁluding ue;alhconcen£rdtion, type of metal,' form
;':of_uéfal, gpecies of baééer;ﬁ present, suspended solids con-
centration and sludge age. Ghosh [1972] observed that of
all these parameters, the most'criiicél is the form of thg
metal.-i The toxicity‘incréased vhea the soluble_ion concen-
tration was high, since the ioﬁé were readily bio-accumulat-
ed by the‘bacte;ia. ::>
Barth et al. '[1564] carried out a number of studies to

determine the toxic level for the bacteria. They observed

that the metals are non-synergistic, with no effect on-

treatment efficiency when the total comb;ned metal concen-
tration does not exceed 10mq/L. Table 2.10 gives the igdi-
vidual thresholds of various héfals. |

A study by Bagby and Sherrard [1981) indicated that in-
itially some stimulation occurs in the bacterial qrowth be-
fore some torxic goncentcation is reaéhed and the biclogical
metabolism is stopped. This observed'stimulation'by the me-
tals can be seen in Figqure 2.9 . After the optimum metal
concentration is reached, the initial effect is the damaging
or inactivation of some of the critical enzymnes. | This ini-
tial effect then causes a chain. reaction by reducing the me-

tabolism rate, followed by a reduction in new grouth. If

.

s
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TABLE 2.10
Threshold Concentrations for Various Metals in the Air
' . Activated Sludge Process
Metal " Conce. in uq/L . - Type oflkctivated Sludge
~Zn ' . 2.0 > ' | Carbonaceous
5.0-10.0 _ Carbonaceous
1.0 Nitrification
i . 1.0-2.5 - Carbonaceous
, 1.0 Nitrification
2.0 Nitrification
Ccr 10.0 Carbonaceous
1.0 Nitrification
10.0 NitTification
1.0 X Nitrification
Pb , 10.0 » Carbonaceous
Cu 1.0-10.0 i Carbonaceous
1.0 Nitrification
2.0 Nitrification
cd 1.0 Carbonaceous
5.0 Nitrification
Cc - 10.0 Carbopnaceous

Ref: [Kiang and Hetry, 19821].

-
o

the increase in metal concentration continueé, the'cfossover
concentration will be reached, at which time toxicity oc-
CUCS. Once in the toxici;y zZzone, any further increasé in
metal concentration will result in complete failure if
énouqh enzymes are damaged and insufficient enerqgy available

to increase the metahbholisa rate.
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Figure 2.9: GENERAL EFFECT OF
HEAVY METALS ON BIOLOGICAL
REACTIONS [Bagby and Sherrard, 1981]

The metal with the most effect on the biological pro-

cess 'is mercury, while tae one with the least effect is zinc
[ Mowat, 1976 7. The remaining metals fall into the pattern
) . .

shown below;

Hg>Ag>Cro (III)>A1>Fe>Cu>Ni>Cd>Co>C r{VI)>Sn>Zn.
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Hiith the tdxicity-reducing the efficiency of BOD reduc-
‘tidn, it is important to_cohfrol.the’effects of metals. In
| studyiﬁg various'control p&ramétens; it was séenAthat chang-
es to sludge age, Qrgghic loading rate and MLSS reduce the
metal-impact. The studies showed an increase in any oné of
these three, wvould decrease the propoftion of active cells'

o

tied up as coamplexes with the hgtals: resulting in better
biological activity and thus improving 'efflnent"quality
[Nilsson, 1971, and Oliver and Cosgrove, 1974]. |

As notéd previously, a combined metal concentratiop 6f
10mg/L results in only a 5% reduction in the conventional
activated sludge treatment-éfficiency. Houever,.even though
the anaerobic systems respond to the non—tbxic levels liie
the aerobic bacteria, théy fail suddenly and comﬁletely when
the threshold toxic level is exceeded. This sensitiv;ﬁv is

especially critical for sludge digestion which has been ob-

served to fail quite suddenly [McDermott et al., 1965 ].

Also sensitive to small amounts of metals is the aerohic ni-

trification stage [Barth et al., 1964 ].

2.6  METALS IN TREATNENT PEANT SLUDGE

No matter what treatment techn;que is‘used; the removal
of heavy metals ffoﬁ the wastewater can occur without great
difficulty. Howevef, in treating wastewater for heavy me-
tals, the metals are only separated fr6m~ the uastgva;\r.
These separated metals then end up in the sludge, yiEE‘ngir

exact concentration depending on the removal technique used.
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The "problem with the sludge is that the wgmetals -

concentrate?ih‘the it, sometimes 10,000 times 'ghat of the

influent [Black, 1976). He further noted that even when in-

significant metal. concéntations exist in the influent. the
netai'éontent'in the sludqe can he hlgh._'. The f1na1 metal
concentratlon deterulnes the method of dlsposal chosen.

The sludqe disposal _method chosen should be ‘such that
there is no env1ronlenta1 contamlnatlon, nowv or in the fu-
ture. Presentlv the methods used xnclude 1nc1nerat10n, dlS-
posal on the fa;m fields, lagooning, sanitary landflll, de-
iaterinq and compostinq for-qarden use and ocean dumping.

B}

The averaqge break doun is‘about_BOi for incineration,..TS!

:-for ocean disbosal "and 55% tor all tvpes of 1and disposal,

vhich includes. routhv 25% for croplands [Cornuell and West-
erhoff, 19731].

However, recent concerans reqaédinq‘the high cost of in-
cineration, ocean pollution, ground water contamination from

landfill leachates, and crop uptake of metals, - all the pre-

sent methods are under some suspicion [ Wozniak and Huang,

1982, Garrigan, 1977 and Epstein and Chaney, 1978]. What is
now required are- cost eifective methods of sludge disposal

vhich reduce the possibilty of environmental contamination.
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2.7  BEMOVAL EFFICIEECIES OF HEAVY ETALS-

Many studies - have bgen,done on thé removal of léfals
.from doiestic-uasteiater, as'éeen in fahie 2.11°. However,
due to the varlatxons that exist with the sevage characte:-
istics and types of renoval technlques used, the reuoval ef-
f1c1enc1es are alua{g different at the various treatnent
plants, ranging fron 10 to 100% [Patterson, 1976]# it has
even been observed through studles on the sane plants that
the efficiencies change due to factors which are not fully
understood. l .

What is knowmn is that, wvhen evaluating removal rages,‘
it is important to'consider the phase distribution s0f the
pmetals in tﬁ; raw vastewater. This information. is 1mpor—
tant, 51nce soluble metals are the most difficult to remove
and bhigh concentrations weculd result in reduced renov;l ef-
ficiencies when conwentidngl treatment is used. Uﬁfortu—
nately, the mdjority of stadies do not report the phase
fractions, which would allow for proper cbnparisons. -ihatl
is repbrteq are the qdﬁgkal trends. When thé proportion of
soluble metals is high as for nickel, the removal is low.
On the other hand when the scluoble fraction is‘lou, the re-
moval 1is. high. This general pattern was also observed in
the Ontario plants. Fucrthermore, even though the Ontario
studies report lower removal efficiencies, they indicate im-

proved removal during primary settling. This is probably a

direct result of using chemicals to remove phosphorous.



Ref: [ Yost et al., 1981].
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v _ CVTABLE 2.1 . .
Ovetéllfﬁgﬁalq'Remaval.3££iciencies~of Diffébent*PIQnts_
city® - Treatmeﬁt' - . Efficiency (%) o .
' Received cCd cr - Cu- - Ni 2o "~ ~Pb
. -7, Anderson,: '-Séc. _59 88 . 86 'R | 75 75
~~  Imdianma EEET L ' : - ‘
Buffalo,  Sec. © 38 62 - 61 . 11 41, 7%
‘NY.. o .o -
Grand Bpds., Sec. . -—  19-66. 13-57_ 1841 '35<51 —=
- Michigan - K o - Lo
Nuncie, Sec. —-- 18 68 o . 70 82
Indiana ' S
Pittsburqgh, Sec. 67 .67 - S6° .10 65 81
Pa.o N . o T )
Wahiawa, Step 59 32 . - 74 42 . 71 73
Hawaii ' ; o . ‘ : .
Winnipegq, Pure —— 68 77 0 80 - -u49
Manitoba .
Avg. of 6 —_—— 16 37 49 = - '47 49
Cities near - c
Kansas City
4 oOatario Lag. 0 13 13 40 42 0
Cities : '
5 Ontario Prim. 13 69 30 21 42 48 .
Cities
1t Ontario Act. 28 76 80. 53 67 70
Cities :
Sec. = Secondary Treatment Act.=&ptvated‘51udqe
Trk. Flt.=Trickling Filter Prim.=Primary Treatment
Step=Step Aeration Pure=Pure Oxygen
Lag.=Laqoon Systems Con.=Convential Activated Sludge
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All the studies referred to here have statediihaéhuhen
the raw uas£eiatet had a £otal.nétal'concenttaﬁibn less than
10Amq/p,‘.no inhibition of  the bigloqicalﬁprocess oqcurred.
Futhermore, it .is reported‘~thd£'t£e reiationship-tetueen:
suspénded solids and metal rénoval holds true. . As more sol-
ids aré_removed. S0 are mote_metalsz A problem that was re-
ported by'many plants concerned the sludqg-diqestéra | h,feu‘
activated sludge plant‘s? have répc;rted that when the ‘supérr_xa-
tant from the digester is recycled, a problea with toxifica-
giop occurs [Brown and Hensley, 1973]. The toxic effects -
occur siﬁce the supernatant is highly concentrated in petals
and thus increases the metal concentration entering the aer-
,atidﬁ tank. : ..

Another observation made iﬁ the various reports is con-
cerning the treatment réliabilty of biological treatament.
"Researchets like Netzer and Erauford i 1383) befieve thét if
a more consistent effluent is‘desiced, physical-chenmical
treatment should be used. By usiné physical-chemical, they

feel tﬁat a removal efficiency better than 90% could be at~-

tained, without upsetting the treataent facility.



Chapter III

BACKGROUND ON THE WINDSOR TREATAENT FPACILITIES
STODIED :

3 cammaa

Pregtntly,, the wWater fallupion Contral Systea fb:‘the
City of Hindsor.includes‘ tﬁo’treétqent plants. The two
treatment facilities are the West windsor Pollﬁtion Control
'Plant,f and the Little River Pollution Coptrol Plant. Nest
Windsor receives the wastewater fronm Ithe:River Front inter-
ceptor sewer, which serves the old part of the city [Hardinq
and Romano, 1981j. There is also a second trunk seser for
West Windsor, called the Hbstérn-Grapd Marais Sanitary
Trunk, servicing the new developwments in the“;outhern part
of the city. This trunk is continually expanding uestiard,
to pfovide uasteuaten] treatment for the municipality of
Sandwich West [Fiqure 3.1]. The majority of industries in
Windsor are located in the West Windsor Treatment area.
The Little River plant services the east side ot the city
and receives mostly domestic wastewater. The nmunicipalities
of Tecumseh, St. Clair Beach and Sandwich South are iﬁcluded

in this area [Figure 3.1].
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3.2.1 General

The Little River Poilution Control Plént-is located on

, 3.2 LITTLE RIVER POLLUTION GONTROL PLAET

the east side of Little River, at the iﬁtersectionloflaerome
Street_and‘nckinlev Street.  The plant has room for am ulti-
maie éapacity of 72 million litres .per day (16 MGD). Pre~
sently fhe‘plant provides secondary treatment for 36 BLD”iB
'MGD),  with phosphorous  :emova1 facilities incorporated
i[Hardinq'and Romano, 1981]. The various Little River treat-

ment process c¢an be seen in Fiqure 3.2.
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3e2.2 Inlet Horks
| The rav sewage enters the inlet chamber through two
large collector sever trunks. Larqé-screens,and barminuters

remove and ‘masserate' all large particles,

3.2.3 erit Resoval
+ The sewage then flows into the raw .well where it-is

iifted some 20 m by puﬁps to £low by gravity through the re-
maining pfocesses. . | |

At the first grit removal chamber, the welocitf'of th
sewage is reduced, ailouinq ihe heavier material to drop. A
circular submerged plough rakes ihe.grit to a side pit for
removal by a conveyor.

The second system is a larger, more efficient, aerated
" grit removal system. By aerating the sewvaqe to remove qrit,
oxygen is also added to the wvastewater. With the flat to-
pography in Windsor, seuers;h3ve miniﬁum grades and this can
cause the sewage to become septic. By adding the oxyqen the

vastevater is freshend, which enhances further treatment.

3.2.4 Chemical Addition

After leaving the gqrit chamber the phsophorous preéipi-
tating chemical is added. During this‘study'Alclz was the
chemical added. .The mixing occurs throuqh turbualence in the

channel on the way to the rrimary setling tanks.
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O

The—flpu is dlstrlbuted equally to the prlnary tanks.-

These taﬁks-haie_‘a qnlque.structure, thch ellnlnates the-.'
necessity of constructing'special slﬁdge thlckenlng tanks,,

since the entire centre d;op-section'performs this function.,

3.2.6 leration Tank |

The flow from the prinai;'y tanks is taken by ‘open cb:{-
crete channel to the gctivated sludqge tanks. Diffused air
is 1njected Lnto the the tamk to pIOVLde the necessary oxy-
;en for the bacterla.' The wastewater spends aéproxlnately

three hours in the tank before being released to the final

settling tanks;

3.2.7° Pipal Settling Tabks - Activated Sludge =
Chlorjination

. The wastewater now. enters-the final settling tanks whe-

re the actlvated sludqe is settled out and pumnped to the ac-
tivated sludqe sludqe well. Prom_the vell, actlvated sludge
Ls-xeturned to the aeration tank to main;ain the_baeterial
population. Periodically a pdrtion of it is wasted to the

héad of the-primary clarifier. The clear effluent overflows

the weirs to the chlorine contact chamber from where it is

dischargqed into the Little River.
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3.2.8 mwmmm e |
- . The sludge separated from the uasteuater and stored. .in
the primary tang drop sect19q, is pumped underground to a
sludge holding tank in the deiatériﬁq hﬁildinq. When the
holdirg tank is full; approxlnately every three davs, the .

sludqé/is devatered via centrlfuqes. . The cake is transfer-

Ll

red to trucks for hauling to 'the sanitary landf£ill site, -
‘ while-the centrate is recycled to the‘héad of the plant for
mixing with the incominq-uastewater.
3.3 'lg_s_;- WINDSOR ‘POLLUFION CONTROL PLANT
West Windsor Pollutién‘Contfbl Plant is located on
a‘36'aéhe“_site oﬁ the south-east corner of djihuay qukway
and Sandwich Street; having aﬁ ultimate capa?itv of 265 mil-
" lion litres péF day (60 HMGD). The eiistinq pla?t #r?vidés
physiciizchemical treatment for‘1$§ million litres per day
(34 ééﬁ)- it alsa provides qrit removal - and chlorination
for additional 265 MLD (65 MNGD) of'storm'ﬂater comiﬁq from
thé combined severs { Harding and -Rorano, 19811]. 'Fiqure 3;3
Shows the. layout of the various treatment schemes at West

Windsor.
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3.3.1" Inlet ¥orks

' The raw sewage enters the inlet chamber. through two
large severs. The inlet pipes into the ﬁlant éontain me-
ch;niqailv cleaned'bar screens ihich‘prevent particles lar-
qer”than 7-5 man qun ente;inq the pumping station. The
wasteuaﬁer isllifted a tqtal 6: 15 m to the grit removal fa-

cility;‘ Frou there the flow proceeds by gravity.

3.3.2 Grit Removal
Before entering the‘qritfchanber; autoﬁatically cleaned
bar screens spaced 2.5 mm apart remove the remaining debfis

that could damage the treatment eguipment. An aerated sys—

tem is used which induces a helical flov pattern to enhance
the grit separation. ‘ After seﬁaration, the grit is washed -
to remove the adhering organic matter before being hauled

auéy to sanitary landfill site.

3.3.3 chemical Additions

After the vastewater passes through the gqrit chamber,

phosphorous precipitation chemicals are added to the waste-

water., During this study PeCl, was the chemical added.
Turbulance in the channels grovides the mixing.

Before entering the élarifiers, polyelectrolyte is'gd—
ded to the wastewater to enhance flocculation and sedimenta-
tion of the phosphorous precipitate and any other suspended

matter. During this study, Alkapam 3000 was used.
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3.3.4 Clarificatieos - = B

-

. The flow is equally iproporiioned to each of the six

clarifiers. The wastewater enters the clarifier from the -

hottoﬁ,:'throuqh a’ vertical centre ‘pipé.'_ﬂﬂere the flow is .
directed from the centre ring in a dounuard'ndtidn to the‘
‘dﬁtsidg of the clarifier. A peripheral baf¥fle retains the
floating scum, while the settled sbiids are colléctéd in a
sluaqe'hopper at the bottom of the cléfifie;-

-Tﬁerclear éffluent overflows the weirs and is ﬁirected

' to the chlorfﬁatidn_ghamber. After disinfection the treated

wastewater is discharqe& into fhe Detroit Rivér.

'3.3.5  Sludge Devaterimg and Disposal

The accumulated gludgé in the‘.clarifiers is pumped un-
dérqrﬁund to the sludge holding _tanks' in the deuatetinq_
building. When the tanks are full, roughly every three
days, thé sludge is transferred to centrifuges for dewater-
ing. The dewatered sludqge is conveyed to sludgé cake hop—
pers uﬁere it is mixed with wood chips_to allow for campost-
ing, for wuse as landfill in the city. The centrate is
recycled to the head of the plant and mixed with the incom-

ing wastewater.



Chapter, IV

PROCEDURES OB éiﬂPLB COLLECTION lHD'lHALISIS

4.1 LOCATION QOF SANPLING POXNTS . -
%.1.1 Little Biver Treatment FPacility

e Tora&ai;zgethé?uELnismat"%méhbihtgéﬁﬂﬁkér blant. the majori- -
: —in . -:—'MH\_’” oo - —= . . -

-

ty of samples were takén from the raw séwéqe, primary effl-
uént, final effluent, and sludge [Fiqure 3.21; ‘Houever.
since the vaste secohdarv sludge is féd back to ﬁhe head of
the ‘primahy clarifier tao be ‘deuateréd ﬁith the primary
siudqe, oﬁly one sludge s;ﬁble uas avai}aﬁle for analysis.
xhese samples were further aquented by_t&kinq Some addi—
tiopal samples from ;he the grit chamber and centrate recy-
cle line.

Both\ composite and grab samples vére collected from
Little River Treatment Plant. Grab samples were manually
collected; Enough grab samples uwere gathered in volpme and
number to provide a composite sample at the end of the day.
Hovwever, for the 'sludge sanmples, sampling was not as easy,
since Litt;e River dewaters only-uhen'the sludqe tanks are
full. 'Hith this being the case, sludgqe samples could only

be collected on dewatering days.

- 58 -
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" . To analyze the netals in the Hest HlndSOt facxllty, the npa-
'jorltv of sanples were taken fron ‘the’ lnfluent, effluent and
sludqe points durlng treatlent [quure 3.31. These samples
were also supplenented uith sanples from_the;-aerateﬂ5gri;
geibial chanber, and centrate Lteturn l1ne.

': The type of samples taken ' were qrah and daxly conpo-.‘
" sites. Portuhately_fof this studv. Nest Windsor ‘had in-
Stalled con;inuous;sanplers which fed the influent and effl-
uent difectly to the laboratory. For sludqe' samples the
same procedure used at Little River was used. The cnly ex-
ception is that. the sludge sanple was Tjust prinary'sludge;'

not cambined primary and secondary sludge.

4.2  JSABPLE COLLECIIQN

The steps outlined herein apply to all the samples col-

-

lected from both the ;ittle Bivér Pollution Centrol Plant
and the West Windsor Polutign Control Plant.

The type of samples taken were either a grab sample or
composite sample as previously stated. The grab samples
vere taken at an interval of every four hours at Little Riv-
eﬁ and every two houre at Besf Hindso;Q The quality cantrol
groups at both treathent plants take composite sample; for a
24 hour period to‘monitor .the daily operating performance

based on the coaventional parameters of the plants. For

this study the control groups just increased the volume of



60

sanples_iaken'aﬁd- thus provided the author"with‘sauples of

suffiCent quahtityrto perform the analysis. Some of these

- K ' . . : \ *
. composite samples were used to determine the phase fraction

of the netﬁls‘betueen suSpgndéd and dissolved.

Once the samples were collected, the following steps

were folloued'far sanple preparation and storaqe.

~1-'

;1'L linear polyethelene bottles were used since they

absorb insiqmificant amounts of metals.

Bottles were vashed and scrubbed with a hot detergent
solution, then rinsed with tap water. Following the
water rinéinq, bottles were washed with 6N HCl acid.

After alloving the acid film to soak for. 30 minutes,

- the bottles wvere again rinsed with tap water, fol-

‘lowed by .distilled water. This final rinsing was

followed by draining and drying the bottles in a dust -

free location [O'Haver, 1376 and Patterson and Koduk~-

la, 1982].

For samples to be analyzed for total metals, 5 ml of
concentrated HNO3 were added to the container before

collection. The acid would lower the pH to less than

2, ensuring that pno metals would be absorbed by the

bottles. This steﬁ was not required if the sanmples
were used to determine dissolved metal concentra-
tions.

After the samples were in the containers, the bottles

were brouqht to the laboratory. = At this point pH
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measurements vere nade.ib chéck whether the pH ;ndeed '

vas less than 2.

' When pH measureaents were conplefe, the Samples were

placed in_a_teuperature‘confrplled iefriqerétor, with

a ténperature of\u°c. ?fﬁﬁehsauples were stored here

until they-uere'anélyzed.

SEPARATION OF METAL PHASES

To separate the dissolved and suspended metal pbases,

. the collected samples had to be filtered._ The filtration

was performed on samples not acidified,. according to the

following procedure.

1.

Filtration was performed sacn as possible when sam—A;A

ples vere brought back to_thé laboratory, ensurinq‘
accurate analysis. .

All uténsils used for filtration were acid qgghedf
with 6N HC1 ‘to avdid dny coﬁtamin;tion. They were
then rinsed with distilled water. - |

To avoid cloqqiné of the Type HA o.us ﬁm glass fibré '
filter, the 'initihl filtration was performed by a
934aH glass fibre filter. |

Final filtration was performed by USing. a Type HA
0.45 um glass fibre filter.

«
The final filtrate volume was acidified by adding 5

nl. of concentrated HNO,
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6. PFiltrate was .then poured into a linear polyethelene

'botfle; and stored in. the refr@ﬁératbr,

8.4 __QE!;T._AII__OI ...!é.!.!.ELB.é

- To carry out accurate analysis ' df samples, which have
low netal concentratlons,f,hrqalan and Heddle [1§53] and O'-
'Hérer, r1976], suqqest that concentratlon thru evaporatlon
should be carrled out before anavlsls. Furthermore, th1s is
aiso done by the personnei at the Windsor Hastewaier lab.
The concentration factor the city of Windsor usés is 10
(Paust, 1983}, and their resulté have be;n found to be quite
satisfaétoryuuhenAcompa;ed vith the HiniStrv of Enviroaowment
results on the same shmples;‘ ‘With thisrin mind, a concen-
tration factor of 10 was chosen for this study.' However,
vith the plasma unit beinq relatively new, a further check
was made with Beckman Industries [Seeiy, 1983 j. This con-
versation confirmed the progosed procedufe.

The procedure used to concentrate the saaples was the
same for all the\samples. The only difference concerned the
initial volume tagen for evaéoration. ¥hen the éanple Mas a
composite one the intial volume was 400 mL, while for the
qrab sénples only 200 =L ueré taken. The ﬁifference vas to
allow for calibrétinq the plasma intrument for sample vari-
ances. It should be noted that the same volume of‘acid ad-.
ded to.;he standards was added to the samples to.maintain a

consistent matrix. The remalning steps listed below were

the same for all samples.
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Clean acid washed beakers and qfaduated cylinders are

used. . L o .
The beakers'-and the measured = amount of sample were
then placed on a hot plate with nagmetic stirrérs;

and placed under a fume hood.

The amount of acid added was 5% of initial sample vo-

lupe. However, if the total Sample volume was close'

to the.iniyial sample-voluhe, the;qcid added for aci-

difiéation vas taken into consideration.

‘The bé#ket vas‘ihen co%ered ¥ith a wvatch -glass to
prevent any contamination and splattering loss of the
sample, ’ .

When saﬁple valume bhecame 10% oflinitiai volume, eva-
\poration was halted. Just before heat was turned off
the watch glass 'waé-rinsed off with deionized watef
to return to the solﬁtion any nefals thaﬁ had coa-
densed on the watch glass. To bring the sample to
proper volume,~ the remaing solution and beaker rins-
ings ‘were poured into a clean graduated cvlindér.
Volume u#s_ brought up to 10% of initial by adding
distilled-deionized watecr. - | '

Finallv the sample was transferred to a 100 mlL polye-

. thylene container and stored in the refriqerafor un—‘

til analyzed.
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9.5 PHEPARATION OF SLUDGE SANPLE FOR ABALYSIS

Since complete mass balances were required tc complete

this study, it was imperative that the metal comcentrations

in the sludge be detérmined. A study bj Delfino and Ende;-

son [ 19781, described many uavs.to analyze 'the sludqe, and

the one eventually chosen was the nitric _digesticn rroce-

dure. The selection.of this method was based on the ease of

application éndr the'proven 95% confidénce limit in gefal
determination. |
The ﬁollouinq points indicate the ‘procédure used to
- prepare the sludqge for metal analfsis._l
1. A vet sludge sample uaélueiqhed and then.dried at'iOS

&%
to 110°C.

2. Pollowing the inital'dryinq, the sample was grouad up

into smal}er.pieCes be?ore bein& placed in a muffle
furnace at SSOOC-
3. The dried sludge was then weighed on an analytical
balance. Sludqe vas then placed in a covered Leaker.
4. Distiiled—deionized vater was then added to the dried

sludqge sample, followed by 10 mL of concentrated HNQOa

Stirring was performed during this step. S H‘

5. .The beaker was placed on a hot plate, and the solu-
tion brought to ;ear drynesg. All diqestion proce-
dures vere performed under a fume hood.

6. Nitric acid was continually added in small increments

until the solution Lecame clear.
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*7. The remalnlnq solutlon vas flltered throuqh a 0.“5 nn‘
fllter to remove any mineral reSLdue. -
'8. The filterate was then diluted -to %0 ﬁi}'- £q-i1low
easyapeteruination; |
9. The metal concentrations vere reported as ng)gq,.on a

dry weight basis.

4.6 ~ INSTRUMESTATION USED IO ANALYZE SAMPLES

In analy21nq the conplex uasteuater samples, a.hulti-A
felenent Spectraspan V vas nsed; This instrument uses a
three electrodewdlrect current argon plasma .source for_qpti*
cal emiséion spect:ometrv and hence is called the .Direct
 current Plasma (DCP). Since the development of the 3 elec-
trode DCP in 1978 bf Cari Hildebrand and T. J. Karlinski,
it has received little coveraqge in the_;cientific literature
[Zander, 1982]. This lack of coverage can be attribufed to
the great popularity of.the Atomic Absorption Umit has in
fesearch-' Fortunately, some result oriented résearchers
vere using the DCP in data generation, leading to its pre-
sent emergence.

The DCP jet illustrated in - Fiqure 4.1 uses three elec-
trodes. Two of the electrodes are anodes, vhile the third
is a cathode, all in the inverted Y confiquration. This un-
familiar shape provides an excellent viewing zone. . By hav-
ing the present configuration, the aerodynamlc turkbulance

caused by the rushing plasma is moved up and away from the
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vieving zoﬁe,lreducinq the background iﬁtgrferénce. "As can
be'seen by"fiqure 4.2, the relatiie hackgrouﬁd is low when
compared to ﬁherpgak intensit# of the liné, giving ndre'sta-
ble agalysis. _’ |

Io‘produce the plasma, uhich is a.fourth.sfate cf mat-
ter under" atmospheri& ﬁceégure, ‘argon gas is fed to the
electrodes. A qirecf‘cnrrent is then applied to the elec-
trodes‘resultind in the plasma jets. This.plasma &as temp-
9rature éaryinq between SOOOOand,10000°K, which is suffi-
cienf for qompiete elevent analysis. | Lo |

During the analysié," the sample ié nebulizied into a
fine spray héving 3-1d unm dianetér droplets. These droplets
are consequently deiivered to the ©plaspma through the sample
tube [Figure ﬂ.j]. On -contact with the plasma, the éanple.
becomes atomized, where aFomization oc;urs as energy is im-
parted to the nolecules. The enefqy is applied in teras of
temperature, where hiqher the temperature, qreater the re-
sulting radiation emission. This radiation is in the form
of a wavelength were each element has a specific character-
istic vavelength. Thru optics the wavelehgth is directed to
a monochrohator uhich.estéblishes‘an intensity fqr the sag-
ple'analvzed.- |

The sample concentration is determined by comparing the
'sample intensity to the standard iatensity curve. This in-
tensity curve for cbhparisonS‘ is generated by running

through the instrument a high and low standard of the same
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Figure 4.2:  3acquound Interference for DCP
[Decker,.l9BO]. N
matriz as the:samplg. The qenerateﬁ curve régains in effect
;until the electrédes are physically altered "through move-
ment, or tip ercosion from the arqos’.

Generally the precision of the- DCP is fepresenégd Dy a
coefficient of :ariation, which usually lies around 2% when
the instrument is properly optimizied [Deckér, 1980 1 How—
ever, it should be noted that the precisibn'is.dependent on
the samples'and standards baving a matrix as indentical aé
possible. Theoreported.deiéction limits for the nmetals ana?
l}zgd in this study by the Spectraspan v, are shown in Téb;é

.'“-1_0
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. . !
TABLE 4.1

.. Heavy Metal Detectiop Limits for the Spectraspan V

:-Hetal - ug/L |
‘ca 8 -
Crc .2 . | RERR
Ca -2
Ni 2
Pb 23
A Zn 2

Ref: [Spectrametrics,; 1980 ]. TN




'Chapte; v

VERIPICATION OF RESULTS

5.1  GRNERAL ,

ﬁhile ising an analitical pmethod slightlv different
from that  recoﬁnenqed in Standard NMethods [APHA-AWWA-WECF,
19807, the fesdlts obtainéé:must first be iérified. _ The
‘verification is ilportant'since  studies by Becketf {19801
Qnd Vandeoﬁ et al. {1973], reported that pany reséarcﬁers
publish data vithout first ensuring that their values are
accurate. Keeping this fact in mind, a few checks were per-

formed to gain confidence in the valués reported.

" 5.2 YALIDATION OF STANDABDS
| * The basis for any analysis hinges on the confidence ac-
quired for the standards. This was impertant since the me- -
tals analyzed by tﬁe DCP were compared to the standard solu-
tions. - * | ?
- The dilution of the standards was done in two staées to
‘reduce the erroﬁ. This was necessary since -the refereﬁce
solution was certifiedz at’HOOO mg/L Y 1% and the réquired

standa:@s vere at a ccncentration of 1 ng/L. If not done in

tvo stages to minimize the/frror, any small error introdﬁEBﬂnm\\\\*

LY

2 Fisher Atomic Absor tion Standard, Fair Lawn, New Jersey

+:30--
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vﬁile redeeing the concentratlon fron 1000 nq/L to 1 ng/L.
vould qreatly be lagnlfled.

The flrst.step 1nvolved reducinq rheicohcentratior fio--'
1000 to 10 mg/L. uslng the follournq procedure. _

1. a1 lltre acrd washed flask was partlally fllled with
distilled deionized vater.

2. 10 oL of each metal standard was transferred lnto the
flask, via. volumetrrc plpettes. uultr-elelent stan-.
dards vere used since .the wastevater contains all the
elemerts in combrnation, .and the standard matrirx
shbuld be as, clbse‘as?poésible to the sample matrix
- {breler, i983). A

.3« 50 aL of concentrated nitric acid vas added to the
flask, to €nsure metals would stay in solurion- So0—-
\1utiJL vas then diluted to 1000 mL by adding dis-
tilled deionized water.

4. Standard wae then transferred to a linear polyethy- "
lene bot;le .for storage in rhe refriqgqerator. The
standard bottles were treated.in the same fashion as
the sample bettles to ensure that if any extraneous
metels vere added during bottle preparatioa, - a rela-
tive correction vas applied ﬁhru the matrix.

With the new 10 mg/L reference standard now available,
the required 1 mq/L standard,uas ‘prepared‘hsinq the same

procedure. " The only difference was the amcunt of reference

solutioﬁ taken. For the 1 mgs/L standard, 100 mL of 10 md/ﬂ



S

12

solution was required. _ Hhen a blank was: reqnlred, the same

<

procedure was followed agaln, the only dszerence belng that
no metal solutlon vas added. : Houever, even when standards
‘are‘carefully mixed, they pust still be checked.

In order to check the quality of each standard, the
standards were cun as -saaples against each ptheg. In this
fashion the straiqht line shown in Fiqure 5.1 ¥as produced,
Qﬁndicatinq consistency with the Stapda:ds. If the 1line
| would not aavé been straight, something Hould have beea
wrong with the standards, since Dcélvorké on a straight line
calibration. Furthermore, any.timé a new standard Ha;.lade,
it was checked‘ against the-alréady existing standards, to
‘ensure that.the quality vas maintained.

Siailarily blanks iere'checked aqaingt the standards.
ThéSé‘blaqks conta;néd diStilled vater, distilled-deionizgd‘
water, and acids used to prepare samples and equipment. By
checking the blanks, it could be determined whether metals
were being added to‘the samples, and if the matrix wvas coa—

rect. Im all tests} the blanks gave zero concentrations in-

dicating that the matrix was propeily put §ogether.
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5.3 DEFECTION LIALTS

-

r ‘Aftgr_verifying'the standards; the next step involved

the determination of the detection limits. u.iarious detec—

tion limits were already evaluated bf Beckman, as reported

“earlier. However, when a new machine is purchased checks

1

must be made to-qain confidence in the'falues obtgineﬁ; Thé-
requ;ted ranges of coﬁcehiratiohs for this reséarch vas es-
tablished,'qnd the distiiled—deionizedquter vas spikéh with
known concentrations of naetals. These solutions:uete-then
analyzed in the machine to determine their récovéfies.

- riggfes 5.2 and 5.3 show that two ranqes of'condentra¥
tions were analyzed. Two diffe:ent-'sets uere'nsed kecause
the metal concentratians in _the samples were expected to
d;op one_order-of magnitude. Both:fiqures indicate that the
recoveries were almost pe:fect, giving a straidht line.
Furthernore, ‘the calculated standard deviations for 6 re-
peats were 2 uq/L for the 0 to 100 uq/L ranqe,l and 5 ug/L
foF the 0 to 1000 ug/L range. These low standard deviations

and straiqht line relationship, apparently indicate that the

DCP readings were accurate in the entire ranges.

~
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S.4 _ YERIFICATION OF EVARORATION .

After ﬁeternining-that_DQE could aCCu:ate;y.neaéﬁre the
_metal copcentration$ in the regﬁired ranqés,-_ﬁhe:conceﬁira—
tion teChniqué ﬁéd to be checked. Since each vastewater
ganﬁle was to hé'ébncent;ated ten tiiés to.inﬁrove accuracy
[Marumaya EL_QL:; 19751, ﬁhé possibility existed that some
.metaixloss' miqht~b¢c#r during the process. In 'ordér to
check this, distilled déionized water vas ‘spiked. with diffe-
 reﬂt known c0ncentratioﬁs of nmetal and th?n conbeﬁtrated-
Affer-conceniratinq theksanples,r they were amalyzed and the
" -observed vﬁlﬁes are shown iﬁ:Figures 5.4 and‘Figure 5.5 As
can be . seen, .ho apparent loss of metal occurred in both
raﬁqes, coidbidinq vith low standard deviations; _fhis iqdi—
cateﬁ khat_evaporation could'egsil§.he u;edr t0'cdncentrate
,the:sémples,' in order to determine ﬁéfals in the uanewatgr

‘uitﬁ cgﬁgi&ence.
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5.5 wgz!mumm-'

' Evén though‘the tests conpleted_dﬁ the diSfilled—deidn-
izéd'iatéb were satisfactoéy; tests on vastewater still had
to be verified. Théhreasoﬁ fdr further checks was tﬁht the
iastéuater sevage contains nén# substances'of ﬁnknaun'coh-
centrations. Wwhen these substances enter the DCP, the ana-
'lvsis can be affected due to the spectral interferences
vhich may occur;_ Tﬁeseiinterfereﬁces can either increase or ...
decrease the measured-concentrﬁtions..

- Raw wastewater and primary effluent were used to deter-
mine how the plasné woﬁked vith the developed natrii.
These samples ue;e épiked with metals and anaiyzed- After.
the iniﬁial anlysis, 1t was observed that there was some
‘specteral,interferences occurring, especially with zinc.

With the speétergl ihterferencé present, there were two
methods available td correct the matrix problems. One was
to determine what caused the interferemce, and add it to the
matrix, or else use the backqround compensator. Since the
vastewvater compospion.is quite variable, with.nany elements
present, the first method vould have been quite ttouhlesome,
with nd guarantee on®the accuracy of results. With this in
mind the second option was chosen, Thé DCP is equipped for
background compensation and is relatiielv‘easv to initiate.

In order to perform background corrections, a digqiscan

‘was first run to see how each element behaved within the ma-~



-

N : | g1
'tfixj These digiscans indicated, that of:the'sixfaetals-ad-.n
élyied, only ziné, nicke13and chroaiua, reguire_ihe”corrgcr
tiohs. _Once the ﬁroper carrectionsLuere‘enteréd, for hbthi :
nsiQes of the peak, absolute correciions vere applied to each.
saaple. - With these'corrections, the spikeﬁ —éénﬁies‘uefe
recun, qiviﬁg adegudté"énalygis as indicated by Pigure 5.$
and‘Pigure 5.? - Furthermorei satisfactbtv standaéﬁ devia—j
tions wvere obtainéd, indicating that the wastewater sampies

]

could easily be analyzed with confidence.
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5.6 __M&_L.ﬂ\,njm.usm-

-~

Even. thonqh sufficient proof nqu EXLStS that the DCP .

machine is acceptable for heavy metal analy515 in uasteuaf~f

ter, one final check had to be performed. It is.possible
- that certain errors in the technigue existed, 'uhich might
. have qone unnotlced Thxs pOSSlbllltY of errors was checked

hv comparlnq the DCP data to data done in a 1ndependent lab.

Rith excellent cooperatlon fron-the City of ilndsor_

Hasteuater Lab an lndependent.checg was possible. ‘Indenti-—

cal samples vere analyzed both with the DCP and the City of

Windsor Atomic Abéorpt;on unit. It is important to mention

that the -Wastewvater Lab prepared .the samples difrerently,

since they'adhere‘to thé 'standard AA procedures outlined in

the Standard ﬂethods [ APHA-A¥WA-WPCF, 1980].

Hlth the dlfference in sample preparatlon and analYSLS..

certaln differences in concentratlon valugs. uere-expected.

‘But as Table 5.1 indicates, these differences were in gener-
al acceptable. The samples of Dec 1, © 1983 were analyzed
" after considerable-storéqe in. the.refrigerator, showing no

metal absorption by the container. -

Finally, repeatability of the analysis vas tested by
reanalyzing the sanmples. This indicated that the'second

analysis:uas within 51 of the flrst q1v1nq acceptahle're—

pea tability.
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. S TABLE 5.1 . M. .
Comparisons Between DCP and AA

. .
-

.

T

- . 2  Metal Concentrations in ugyL
Remarks TyYpe Ni cd Zn Pb -Cu Cr
West Windsor ' DCP 82 '8 416 87 120 82

Raw © AR 80 5 367 8% 114 54
Dec 1,1983 °  diff. 2 3 49 - 3 "6 28
West Windsor  DCP 73 8 10 35 30 18
Effluent AA 70 05 114 ° 40 300 14
Dec 1, 1983 - dif 3- 3 26 5 - 4
West Windsor  DCP 1wz 6 697 86 13 215
Baw - AR 103 4. 585 56 125 134

- Feb 1, 1984  diff. - 39 2 112 30 18 81
‘Nest Windsor .. DCP ‘82 . 2 150 18 4 20
Effluent AA " 84 3 134 17 20 19
Feb 1, 1984 diff. 2 1 16 . 1 4 - 1
Little River DCP 40. 9 416 120 110 43
Baw - AA 60 - 9 420 120 90 50
Mar 1, 1984  diff. 20 - - 20 7
Little River  DCP- 14 9 - 282 32 32 13
Effluent AA 8 9 100 40 20 5
Mar 1, 1984 diff. 6 - . 182 8 12 8
. =
DCcp Direct Current Plasma

AA
diff.

Atomic Absorption
difference betveen DCP and AA
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" - Chapter VI |
RESULTS AND DISCUSSION - | .

It was noted in‘theﬂliterature that each treaneht‘plant

*_E&Pvestlgated had its own dlurnal variations in metal concen—
. trations. Identlfylnq the exact cause . of the varlatxons is
like identifying a fingerprint, Since they are directly re-

" lated to the various sourdesfcqntributinq _the wastewater.

With this in nind,‘fénphasis' ¥as placéd:on studying diurnal-

and daily variations in éoqgentrdtions for each metal.

-

*\\h Since Athe total ametal concent;atibn islan“_inportant
parameter in tceatinq‘the vastewater, emphasis was placed on

determininq‘the total heavy metals. Houé#er,- reports ‘have

-
.

‘shown that the dlssolved ions are, the nost difficult parts

-

of metals to remove. - Consequently, a- few étudies Were carc-

- -

ried out investigating the:phase fractions of the metals in

the raw wastewater, and observing them as treatment pro-

-

qressed. The patterns observed in Windsor wWere compared to
| = . -

&

those reported in other studies. &

In any study on.% treatment plant, whether it be a full
scdale or a pilot plant, removal efficiencies must be inves-

tigated. By calculating removal efficiencies, researchers

can gompare the results obtained for similar treatment

_‘
Ao

- 87 -
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plants and a1§o'ﬁetgrning how the iﬁ?idiidual plants are. .
pekforliﬁq, | _ _ J

No matter hovw a study is plangéd origigallf;"'ﬁanv_newq
_interesting observatiocns come fofth d@ring the EourSé of the(
ihvestiqétion. \This Stqdy was ho excedtiog.‘ While éonpiet-
inq the diufpal calculatidns for.:Little BRiver, fif hecayé
quickly appafentAthat fhe feed chenicals'and-centrate‘rgcv—
"cling were havinq-éq influence _on"ihegbﬁservations. Since
speculations on reasons.gte noﬁgsuffieient as proof, furthér

investigation vas warranted.

’

. ‘These investiqations involvéd the detérmination of the %
[ - :
recycle on.the con-

effectgﬂof feed \chelicaisian& ééntrate
centration of heévv metals ét_Little kiver. Even though the
early results did not warrant it, similar stﬁdies Were caf-
ried‘out_ at the West Windsor treatment plants in ‘order.to

obtain a good coamparisoan.

6.2 LIITLE BIVER ‘ '
6.2.1 Diucpal Vaciatiops "
6.2.1.1 Lead

As can be seen from Figure 6.1, the diurnal.fa;iations
for lead raw uastéuaier vary from 34 to 98 uqg/L. Generally
the concentrations are lowest in the early morning, coincid-
inq with re@uced dry weather flow. Also vafious peaks: are
observed which exceed the normal rangé of concentrationé.

These peaks are due to the recycle of the centrate from the

—



Co .89
sludqe deuaterlnq centrlfuges. In order to deternlne this
.,effect,- centrate uas collected froa the treatlent plant and
: analyzed for. netals.:' thh, the centrate “flow rate helnq
roughly 0.057 NLD, occurring once every three days, the me-
tal corcentration values kﬁsted in Table 6 A Hlll cause ian-
creases -in the“netal concentratlons in the _Lnflugnt to the
treatment plant. Sane .the sludqe .is déuatefed. when the
' sludge tanks#;re full about everv ‘three days, and ;iﬁce.the
metals collected in the sludge varies fron.day to dév, these
peaks chanqe.;cpordinqlv.

| On fucthér analyzing the diurnal variations, one inter-
esting observatioh' is made. It appears that ‘the prinafi
"effluent often hﬁé a hiqgher lead concentration than the rawv
wastewater., ThlS increase can be related to a_comblnatlon
three factors; (i) Trelatively lo; influeant COncentratiohs
(ii)‘ addition of waste AlCl;y to remove phosbhorous, and
(iii) the recycling ofAQaste sludge to the primary clarifi-
er. -

The waste AlCl; added to the raw uéstewater_comes from
Polysar ia Sarnia, where it is a catalyst in converting ben-
zene to ethyl-benzene [Faust, 198&].‘ ~This AlClsy contains
several heavy metéls. Conséquentlv when this chemical is
added to the uasteﬁater for phosphorous rencval, - the heavy
zetals are also added. The City of Windsor has set upper.

limitsifor the amount of metals allowed in this chenical

[Tahlé 6-23. With such a possible high concentration even a
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" TABLE 6.1
_Centrate Concentrations at Little River

ﬁetai " Comncentration
: of Centrate
uq/L
Ni S A
ca. 15
Zn ;o 335
" Pb - 1 )
Cu : ‘ - 178
Ccr ' | S 42

dilution of one 1litre chemical per minute to eight million
litres vastewater will give a noticeable increase in the me-

tal concentration in tne raw wastevater. In fact Bléck

[1976] has even shown ";Hat,iandféciured chemicals contiéiy,//w/

metals which can contawminate, the treatment process.

Adding to the.problem of chemical contamination is the

—— . ' . .
recycle of the waste activated sludge to the primary clari-

-

fiers. This sludge é;ready. contains metals previously en-

trapped and séttled out. By reintroducirq the sludge

. -

through recycling, some of these métals are released back

»

into the wastewater.

As can be seen frop Fiqure 6.1, the variations hetveen

_:aw and primafy effluent metal concentrations. are quite pro-

nounced in tvo 1instances. These large variations are the



.-‘4 9.2

TABLE 6.2 - -

. ﬁétél Linits_sét_fon llc;;'by'the City‘of‘iindsot

. ‘;J . : Hefal”_ f'mg/L _ o o
- T 5
cr . 100
Cu ; . ' 50 *
| Ni 30
Pb 50
Zn . 500

Ref: [Paust, 1983].

direct result of changes in metal concentrations in both'the
chemical and the recycled sludge. It-is felt that if the
influedt metal concentrations were bigher, tge resulting in-
fluence of; contamination would be minimized.

The mgtal concentrations in ;hé ‘final .effluent at Lit-
tle River were generally less th&ﬂ in the raw vastewater
even gfter the contamination. On the averaqge, the effluent
Leéd concentration hovers around a lead removal threshold of
33 uq/L. The threshold value is defined as the mininuﬁ me-

tal concentration consistently attained by the treatment

process in question. This value varies for each metal.

-

6. 26 ‘-2 Zinc
In Figure 6.2 simiYlar é;tterns are observed for zinc as
for lead. The major difference is the higher range of coa-

centrations; 45 to 377 uqg/L, in the raw wastewater.
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With the prilor} effiuert'raoging 'fronf4Q~t03277“oo/L;’”
these metal concentrationsfuere in certain Lnstances hlqherl

than in the raw wastewarer. ~There also appears to be suffl-_ﬂ

c1ent renoval efflclency in the treatlent process, sxnce the

\

f1na1 effluent has metal concentratlons conSLStentlr less

.than in the raw uasteuater.

Hovever, one major differemce exists with zinc. = No re—

moval threshold occurred- .This fact is consistent with the

Jov removals for zinc reported by Nielsen and Hrudey [1981].

6.2-1.3 Cadmium

Prom the cadmium diurnal variations shown in Pigure

6.3, it is observed that the coancentrations for all types of
4 , ,

vastevater samples varied fron 4 to 11 ug/L. AS noted,pree
viouslv for lead, the primary effluent metal concentration

exceeded the ‘'raw wastewater concentration oan- occa551on.

However, with the.averaqe cadmlun contamination not as pro-
nounced as gith the'orher metals, the effluent concentration
was qenerally less than influent concentratioa. Further-
more, with the effluent varying from 4 to 10 ug/L, ir can be

stated that a removal threshold exists.

6.2-.1.14 Chromiunm

As can be seen in Fiqure 6.4, the diarnal variations
L . . .
for chromium were not as pronounced as with the other me-

talﬁ. The entire range of variations for the raw wastewater

H

—— . e L ket
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‘was quite spall, 5 to 25;ﬁg/L.3:'Ali

trated ’by‘iead ~in faw, vastevater were

- chromium.

WHith regards to the primary effluent, .the occasgip%?i-'

peaks higher than the raw occurred due to the contamination.

as discussed previbnsly. However, . for chrdmium there was
one QcCccassion uhen-thé primary effluent had an extremely

high metal concentration. The reason for this sharp rise is

most 1likely an extremely high’ concentration‘~0f‘néta1 in-

either the sludqe or feed chenical.added;

In studying the chromium effluenﬂ, it becones_gppareni

that a threshold value does exist. From the data presented ]

in Fiqure 6.4, the lowest metal concentration hovers around
i , S

7 ug/L. Occassionally there are increases in the effluent,

‘but these ‘are related to the rapidly increased concentra-

tions in both the raw wastewater and primary effluent.

6.2.1.5 HNickel

From the‘diurnal variations for nickel shown in Fiqqre
6.5, it is apparent that the variations in concentrations
ragqed from 6 to 15 uqgs/L. Considerinqg the fact that the in-
fluent has low metal concentrations, ard the removal rate is
low, it becomes c¢lear vwhy there are no major centrate peaks.
If very little metal ends up in tﬁe sludge, very littlé me-
tal can be transferred from the sludge to the centrate.

There still eiists the possibility of metal contamination of

96
'er%pattetﬁs_demons---f

1so exhibited " by

- (. .
T etz
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.tﬁe primary efflnent;“hut considering the_lon‘fange of va-

ldes the problez was not severe. It can be seend thatlthe'

final effluent genefélltl-has'a concentration less ' than the
raw, and the removal thresheld hovers‘hetueeh 6 and 9 ug/L.

6.2.1.6 copper ’

With regqard to copper, it aﬁpears'froi-Fiqure_6.6.£ﬁ;£
the raw uasteuéter Eoncent;ations‘varr frég 19,fto‘91.uq/L,
'_exéludinq the high peak observed in the first sample of the
day due to centrate recycle. |

It appears that the primary efé}uent is.fairly consis-
tént ranqging f;on 20 to 60 ug/L, even with.the metal coata-
mination. The final etfluent exceeds the raw wastewater
only once, indicating consisfent removal during the treat-

ment process. The results shou‘a removal threshold of 18

ug/L for copper.
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6.2.2 Daily ¥ariatioms |
‘6.2-2%'1 Lead . : - TR |

u\?igure 6.7. shows,. that lead was preSent in a fainiv
suall ranqe of concentrations varying froa 33 to 55 uq/Le.
lee the d1urnal variations, rapld increases occurred on the
days of deuaterlnq.. Furthermore, the dallv‘varlatlons show
a pat;ern related to the flourate; It appears- that uheﬁ the
flowr%te increases due to &eévy pregipitation: as -on Tués-
day,‘ghe raw wasteiater-coﬁcentration§ decreasé'due té dilu-
tiﬁn. Hhilq uhen:the.d:yﬁeather fiourate increases, as on
sunday, the ﬁetaL concentrations incréaée.‘

.Hith regard pb'the-prinarv ef fluent, it again hecomes
evidént fhat_qhénical usaqe and sludqge wastage are contami-—
natinq‘the.priméry_effluent. This is particulaély noticed
b; the significant rise in concentration on Tuesday. Hovev-
er, even after the additian of metails, the final effluent is
con51stent1y lower than the raw, with concentratlons varying
from 24 to 46 ugaL.’ Therefore;. it can be stated that an
overall lead removal efficiency exists. However, it should
'be noted that when the raw and primary effluent concentra-
tions are high, the final effluent also tends to increase.

B -
6.2.2.2 Zinc
When comparing the daily variations in.zinc concentra-

tions, Fiqure 6.8, to lead, it can be seen that the same
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‘overall pattera exiSts;._$he onl}"pajor—Qifferéhcg'is:in the

range of‘congénttations. _Ihe'zinc vqiues.ranqe'frbn 68 to
ﬁﬁb‘ug)L; uﬁ@ch is quite” large. | | |

v Hith'reépect to the final effluent; the dgili varia-
tions confirm that no removal threshold eiis£s as the con-
‘<¢en£tations varf.ffon‘ﬁg to_156 ug/L. QOyéiér, it éhould be
noted that- initally a thresholdl appeared, ‘which was 'at-a
concentration of 1id.uq/L; 'The change in final éffluén£ ;dn
be attributed to'the flictuating removal efficiéncies noted

-

elseihgre.
6.2.2.3 . Cadmium
'F;om Piqure 6.9, It'appgars that the daily variatioams
in cadmium concentrations are irreghlaf! and ranqe'fron 2 to
12 uqg/L. - All other patterns exhibited byQLittle Biv;rlcoﬁQ
'positeslpreviously mentioned are rgPeated for cadmium.
With the final effluent vafyinq from 2 to 9 ug/L, it~
can be stated that a ;emovallpfreshold exists as dbserved in
the diurnal variatioas. Furthermope,‘on‘the average the fi-

nal effluent was less than the raw and primary effluent, in-

dicating that certain removal does occur.

6.2.2.14 Chromiunm
The daily concentrations tor chromium, .shown in FPigure
6-.10, demonstrate the samé patterns as lead with respect to

flowrates, centrate recyéle and contamination “from chemi-
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cals. Ihe rav concentratlons lalntaln a snall ranqe. vary-f—“

ing from 7 to_JB ug/L. Houever snall, the qraph st111 -exhi- =

"“bits tﬁe'decraased.concenttatlon on tuesday due to dilution
and the increased concentration on Sunday from the increased
-dry uéatﬁer flow. - _ /f""ﬂ

Also, one large contaaination bf the priméry effluent

appears on Tuesday. Most likeiy the metal concentration in

the feed chemical reached the high end of the set limit, ea-
sily increasing the chﬁpniun concentr;tion even after diiut-
ed: Less 1ikelv-is the situati&n whére an abnormally high
amount of . waste sludge is added to the primary clarifier,
containinq‘hiqh-anounts of chromiun.
As the daily variatioﬂs indicate, the final ef{luent
was almost always less than the rau.t\ﬁﬂf
curred when the primary effluent was exceedingly high in
chromium on Tuesday. Still the concentration in the final
effluent approached the nor%al level exhibited for the re-
mainder of ;he week, indicating a removal threshold. This
remnoval threshold appears to be 6 ug/L, which is quite low.

-~

622e249 Nickel

-

Figqure 6.11 shows that the npickel variations ranged
from 5 to 23 uq/L. These variations show that on Friday

either the centrate recycle concentrations for nickel was

hiqher than the other metals, or an abnormally high iqdus-u

trial discharqe of nickel wvas released. *Also, the pattern

i
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in fluoctuations im npickel concentration due to flowrate is

different from the other metals. The cdncentrationé still

decreased due to dilution on Tuesday but the comcentration

rise due to an increase in dry weather flow was not as large
as for the 6thér metals.
It can be seen that. the impact of contamination froa

chemicals and sludqge recycle still occurs. In fact the con-
P .

tamination occurs all week except for Pfiday and éaturdav.)

since the raw concentrations were high, it makes the conta-
mination impact negligible.

On thé average, the final effluent had a removal thres-

hold of 8 ug/L with the effluent generally less than the

rav. When the effluent level does exceed the raw, it vas.

due to the highly contaminated primary effluent.
! ‘ =

6.2.2.6THHCopper N ) e

As Figure 6.12 indicates, the pattern demonstrated by

the majority of-metals at Little River was also repeated by
copper. There was an increase in concentrations due to con-

tamination fronm chgnicals' and recycled siudgqe and also due

to an increase in dry weather flow. The raw vastewater ex-—
hibiteq a large range of concentra}ions,' varying from 24 to
83 ugq/L. .
°
However, even with the large fluctuations in the raw
vastewater concentrations, the final effluent was consistent

and shows a removal threshold of 18 uq/L, consistent with

the diurnal variations.

-~
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6.2.3 : R o

6.2.3.] Copper

Figure'6:13- indicates that the-dis;:ibution of ‘diffe—

‘rent phases, suspended and dissqlved; for copper vere quite

variable. fhis large variation coincides with a siailar be-
haviour observed bv'Pattefson‘tISTB},'hho also reporéed that
each metal-acted randomly and independently accqrdinq to the
nature of -the wastewater.

Prom analyzing the data, it can be seen ﬁhat naiurai

precipitation in the sewers due to hydrogen sulfide did not

have a significant effect on the metals. This contradicts

‘the trend observed by Black [1976], vhere by the time waste-—

water reaches the plant, the majocity of the metals are in-
soluble. The..lou ;nsolubility is especi;lly apparent on
Wednesday and Friday. Et should be mentioned that Maruvama
et al. [1975] obsecrved that when the concentrations are low,
natural precipitation vas not great. This fact can then be
takenlaé the contributing factor at Little River where the

metal concentrations were low. However, there appears to be

»

'some contradiction to this statement when observing the Sun-

gday:vdlues. On Sunday there appears to be a greater percen-

tage of suspended metals. The reason for the change can be
aﬁﬁributéd to the increased dry weather flowrate, where the
increaée-cdnsisted of a higher proportion of suspended me-

tals. Most likely an induystrial discharge occurred.
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Another observation, Vdiffefihdrfton .thase reported in
. the lifepature, congerné the increase in the dissolved ts
total }afiés‘inr.the'prinarv effluent. studi;s have shown -
that as treatment proﬁresse#, the ratio of dissolved to to-
tal metal 1ncreases, since the suspended metals aée‘femoyed.
leaving only the dissolved aetals [Aﬁlenhach et al., 1983,
Chen et al., 1974, Oliver and_Cosqrove,. 1974 and Barth gg
al., 1965]. This qeneral pattern can be seen in Table 6.3
However, Table 6.4 indicates that the opposite occurred at
Little River where the ratio of dissolved to tﬁta; métal.de—
Creases after the primary trgatmént‘ and then~ increased in
the effluent. By éxamininq the phase fraction figare the
following reasons can be given.

First, when the metal contamination occurs by sludge
recycle and feed qhehicai, the najofiyv of metals must be in
suspended form, thereby decreasing the ratios as shovn by
Wednesday's data. Second, as demonstrated'hy Fridays re-
sults, some complexation of copper does occur due to- the ad-
dition of Fhe AlCl3 Similar 6bservati$ns have been shown bﬁ

[Argaman and Weddle, - 1973 and Kodukula t al., 1983 ].

Further, it becomes apparent that when the raw vastewater
has a dissolved concentration 8elou 25 uq/L, as on HWednesday
apd Sunday, no reduction in dissolved metals OcCuULS. Nhile
vhen the concentration is higher, as on Friday, some reduc-
tion is obtained. This type of pattern indicgtes that a

corplexing limit for copper exists which is dependent on ‘the
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‘pature of uastewéterf&pdﬁfhg chemicals added. This complex—

jing limit is defined as 'the concentration .where nao more

change from soluble to insoluble will occur due to chemical
réaction.uithlfhe'phosphoroqs chenical. Each type of metal

has its own limit. Eiamination.pf data for the other metals

indicates a similar behaviour. Franm thé Sunday data, it is .

observed that’ ' the notnal removal patterns exist with the
bigher percentages of suspended metals. This pattern
evolves due to the reduction of suspended petals through

settling in the prieacry clarifier.

¥ith respect to the effluent phase fractions; it is

seen that the‘ effluent fractions are consistent with those
of other plants, as shown im Table 6.5 This consistent
effluent is due to the hioloqical action in the aeration
tank, followed by successful settiinq in the secondary clar—

iﬁigr.

6-2-.3.2 Zinmc

As Figure g.1u indicates, all the patterns exhibited by
copper are‘also repeated for zinc. The only difference is
the concentration at which . complexation occurs. For zinc;
the metals complex only when the dissolved metals are in ex-
cess of 50 uq/ﬁ, as on Hquesday and Friday.-

Table 6.5 shows that the zinc levels in the Little Riv-
er effluent are still lover than those reported.elseuhere.

Purthermore, it is seen that the aeration tank can resolubi-
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- TABLE 6.3 Eh

General Pattern of'Disspfved to Total Metal Ratios

Betal - Sewage Ratio
. . Raw = 67
- Ni -~ 'p. Eff. _ 79
' : Bff. o 81
- - Raw 17
cd ' P. Eff. 33
| Eff. . 100
Raw N2
Eff. I &
Raw _ 5
Pb  P. Bff. . S £
’ Bff. . 40
Raw - © 55
Cu ) P. Eff. _ 76
Bff. 88
. . . Raw ' -7
Cr pP. EBff. - : 8 ¢
! Eff. - 17

Ref: [Oliver and Cosqrove, 1974].
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TABLE 6.4

i

' Range’ for.

he oo

S 116

} Dissolved to T@Eélxﬁétalfnatibsffor Little River

Sewage ‘ " Average
Type” §ed.,Fri.,Sun.. '
. Raw - - . 70-88 - 79
Ni P: Eff. . 54-100 71
BEf. ¢ 73-100 91.
| ' Raw, - - 40-100 70
cd P. Bff. - - 44-100 57
BEE. 44-100 76
: " Raw 8-79 55
Zn P. Bff. 16~47 32
BEf.. 16-81 73
]
Rav 50-100° T4
Pb P. Bff. 46-87 67
BEf. 46~100 .70
Raw 32-100 66
Cu P. Eff. 2445 35
BEL. 86-100 93
. Baw - 33-82 66
Eff. 63-100 82
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" TABLE 6.5
Comparison of Metal Ratios for Little River
Metal ~Sewage Little River = [Oliver and Cosgrove, 1974]
TYpe Concentration Concentration
. uq/L . , - ug/lL
TOt. N DiS. . R TOt: ’ . Dis.
Raw 43 . 20 310 . 170
. Cu’ P. EBff. 41 20 . 210 ] . 1680
. 'BEf. 19 18. 80 70 .
.. Raw 9 6 6 1
‘ Rff. 7 ) 1 1
Raw 47 - 34 230 : 12
Pb P. Eff. 47 15 90 12
* EBff. 39 _ 28 15 6
Rav BT 10 ' 330 220
Ni P. EBff. 14 8. - 280 . . 220
. Bff. 9 8 . 270 220
Raw 256 101 2400 570
Zn P. Eff. 123 ' 49 1130 : 580
: Bff. 106 70 560 400
-~ Raw 13 8 290 ' 20
Cr P. Eff. 18 R ) 130 T 10
Eff. 7 6 60 Yoog

Ref: [Oliver and Cosgrove, 1974 ].

I
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lize the suspended .neﬁéls. This pattern was also vas ob4-'

served by Kiang and ﬁetty [ 1982].

6.2.3.3 Chromium

Figure 6.15 indicates that chromium demonstrates most
of the same ﬁatterns exhibited bf'cépper. Honéver, the siq-
nifigant différence‘uas the large increase.of metals on Sun-
day,lgith‘the hajoritv of ;t in q;ssolied fora. This can bé
attributed to'tﬁé changing band of complexation. Lanoﬁetie
[1977] has shown that chﬁpmium can ﬁrecipitate over a large
range.of pH, 5 to 10,/§ependinq on the conceqttatioq. Hith
7.5 peihq the-optimum'pﬂ; at a concentration of 200 uq/L, it
- becomes evident thaé thé vastewater waé‘in a condition uherg:
précipitation andg/or so;ubilizétion could occur. These ac-
tiogs.can‘ then explain why Ssome complex;tion occuired on
Wednesday and Friday, and while solubilizétiqn oCcuﬁred on
Sunday.

For the gffluent no major differencé‘occurred. Appa-
rently éhe biological floc can adsorb>only ‘metal ions when
the concentrations are highe; than S‘uq)L. Thié ¥as seen on
Wednesday and Friday whea no redugtibn in dissolved cancen-
tration occurggd, vhile on Sunday siqgnificant reduction had
occurred, sincg the diésolved concentration had exceeded 5
;q/L. AS with the othér metals, dissolved chromium concen-
trations are less than in the other wastevater plants [Table

6-51-
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‘6.2.3.3 ~ Cadmium - | E
| ‘ Fiqﬁre 6. 16 showvs tha£~the low Suspended'conCentratiéns
in the raw’ uasteuateriiefe naintained throuﬁhout the week.
‘Eoiever,-the primary effluent showved one diﬁferénce. - There
vas no apparent increase in the'nefal }eyels which indicates
that the contamrination ués 1ﬁSt enough to maintain a cons-
tant le;el. Even s;, the data still show that when the dis—
solved concent;étibns are above a certain valué, 5 uq/L,
comﬁletdtion‘uiil occur.

| For the final éfgernt, there was reduction in suspend-
ed form fﬁr'tuo oflfhe three dafé- . Finall} one observation
that diffeer wvhen gompared to the'values‘presented in Tablé
6.5, wvas the'fihal dissoclved concentration of cadniui.ﬁ As -
. can be seen, Liiflg River has higher cadmium concentrations
in  the effluent due to  the ~differencé in source of the

-y
wastewater.

! 6.2.3.5 Lead

Fiqure 6.17 indicates that the basic patteérn exhibite&
.by_éadmium was repeated by lead. No.major removal occcurred,
with only minor changes in the phase. distributions, where
the dissolved fraction hovers arquhd 35 uq/Ll.

With regard to the eifluent, Table 6.5 shows that lead
also existed with hiqher dissolved concentrations. This
pattern indicates that the biological floc at Little River

can not handle lead as well .as other plants. A possible
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' reason could be, that Little River had’ lower concentrations

- than the éempaiisonjuasieiater.-
. - \ .
6.2.3.6  Wickel .

. .For nickeI' the cons1stent h1qh dlssclved percentages

in the raw uasteuater can be"seen in Figure 6.18 ,1§;s_pe:—_

centaqe occurs even on Sunday. - iith nickel beinq different
than the other metals, a strong case lndusﬁrlal dlscharge
c¢an be eade.' g@ it Were  not an 1ndustr1a1 dlscharqe, - the
pattern would bhe nrore consistent and similar to that shoun

hy flve of six metals.

With respect to the other atterns, the séne_ones de—-

sscribed for copper were repeated. There does exist a maxi-
mnum cokRplexation value of 8 ugq/L, combined with the effluent

dlssolved values 1ess than thOSe tabulated ln Table 6.5

o

.- K - o e e e
PRI

e

e b o T oAk b kel

7
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6-2.4 Bemoval Efficiencies
As Table 6.6 indicates, there is a uide range for the
overall reuoval efficiencies of all the netals. The values
ranqed from the high removal of 84% for z;nc, to the high
addltlon of 600X for chronlum. |
In analyzing the prlnqry resoval it_becones quite clear
- that for all‘the métalé the removal efficiencies are errat-
ic. Fof certain days high removals occur whiie on other

days high amounts-of addition occuf. These‘jumps can all be

attributed to contamination from the AlCl, apd the wasted

activated sludge. Again it can be observed that the conta-
mination occurs randomly, .¥ith no means of applying a cor-

rection.

The same randomness occﬁrrs when the biological remo-
vals are studiéd. However, the phase fiqures indicated that
. the biological treatment was successful in removing the sus-
- pended metals while only slightly removing some dissolved
metals. .

When éomparing the averagqe 7-day overall remcval rates
to those of otheT plants in Table 6.7, it quickly becoaes
clear that Little River has low removal efficiencies. How-

N

ever it should be remembered that Little River has low metal

concentrations in raw wastewvater which results in lower re- .

moval percentages. In general the removal trends for each

metal are similar to patterns noted elsewhere. Pﬁrthermore,
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-TABLE 6.6

Bemoval Efficiencies for Little River

" Day Type of ' "Metal Concentration in uq/L

Removal i cd - 2n . Pb Cu cr
Mon. P T3 . 13 62 36 60 38
Dec. 5 ° S 53 0 -37 26 ' 46 20 ¢
1983 "0 18 13 48 53" 78 50
Tues. P ~367 -50 -38 15 -33 -600
Dec. 6 s - 75 33 33 29 41 84
1983 o} -17 0o - 7 40 21 - =10
. - e .
Wed. -3 -30 0 3 -2 =57 -64 .
Deca 7 S 15 - 43 27 25 67 56
1983 0 -10 43 52 19 49 /27
Thur. P ~120 =150  -74 -6 24 =14
. Dec. 9 S 46 . 40: 43 17 (28 38
1983 .. 0 - =20 -50 3 12 45 29
Fri. P 17 0. -133 0. -5 46
Dec. 9 'S 53 0 41 8 46 0
1983 0 61 0 . -38 8 43 46
Sat. 2 47 - 17 -10 10 49 33
Dec. 10 S 0 20 18 . 0 33 25
1983 0 47 33 9 10 66 50
Sun. P -13 10 T4 0 52 -61
Dec. 11 S 22 33 40 16 . 35 79
1983 0 13 40 84 16 69 67
Averaqe 7-Day 13 1 24 23 53 37
Removal . ' _
_Standard 32 32 40 17 19 25
Deviation '

P=§rimary removal \thru settling.
S=Secondary removal thru biological action.
0=0Overall removal.

-
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it is inﬁqr@ant to'rqlenber that ‘even with the low reloiéis,__

Little River has effluenislconparable‘ to‘sililar flants re-’

-+

ported by. Nielsen and Hruﬁey [1981].

128"
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5.2; MW

6.2-5. General

The mass balance at_ii@;le Biver was used to

.three phenomena.

1. the metal contrxbutxon fron the phosphorous repovai
chenlcal, AlCl; | ‘ '
2. the effect of fecyclee centrate en the .rav wastewa-
te#.'
3. the metal concentrations ltﬁat eiist in tee sludge
.cake. |

The calculations -used to apalyze.the data have been

hl

placed in'Appendix A. Before the results of these three ih- .

vestigations are disccussed, it should’ flrst be explained

how the mass balance Was performed.

Hlth composzte samples belnq collected for one ueek, it

vas decided to do a single dav average based onmn the entire
veeks! samples. This iq faet.was'necessarv since the sludge
sanples’ were obtainahle'onlv three times in the week: How-
ever, they contain the metals removed for the entire week.
For averaqinq‘results over the veek, the metal concentra-
tions were weighted by flow to give equal representation.
As'indichted earliec,_there vere periods of overflow in
the plant due Eo the limited capaeity of the plant. Thus
certain amounts of nmetals are removed from the svéten

through overflowing. Now if the overflow would occur occa-

s St i
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‘sibnally, ﬁotﬁ‘the concentrations of the overflow anﬁ waste-_ -
‘water would fluctuate due to.dilutidh:by the surface runoff.
However, duéing this study at Little River, the overf}bu oc-
cdtred.consistéptiy for the entire week, allowing for the
concentrations in the ovérf}ou to be set equql.. fo the con-
centrations ia the influent. - |
The mass balance was conﬁleted'bv comparing all the

inass in' to all the 'mass out'. The difference was then

attributed to the AlCl; chemical.

6.2.5.2 Metals Added Through AlCl,

In Table 6.8, the metals added thro@qh AlCcl, arte list-
ed. The values vary froa the lowest of 82 q for cadmium, to
"the hiqhest_of 16396 qg for zinc. When the percentage of me—
tals by mass in Alcia_soiutién are observed; it can be'ééénul
‘that the values ranqe'fron 0.001% to 0;1u1i. Even thouqgh
these values seem lovw, one wsust not forget ' the relativly
large amounts of uasteuéter treated at the plant, -giving
sigqnificant amounts of metal'added‘to the wastewater.

From the mass of metal added, .the concentrations of me-
tals existing im the AlCly solution were calculated. As the
results indicate, the metal concentrations in the chemicals
exceed the limits set %v the City of Windsor. Thus, with
this waste chemical being so contaminated, it justifies the
explanation of <chemical contamination of the pfima;? effl-

uent.



ur

TABLE 6.8

Metals gddedTThrouqh AlCls SoluiiOn !

Metal --ﬁass % of Metal . Concentration in
' in AlCly Solution AlCl; Solution
‘ as received as received
q (by mass) ag/L
‘Ni 310 ©.003 - 31
ca - .. 82 .001 | n
Zn. 10396 [ [ S I 'S T 3
Pb 2170 .029 294
Cu 5442 O .0T74 ' - 738
cr . 898 - 012 - 122

 6.2.5.3 Bffect of Recycled Centrate on Raw Hastetdter

In order to comnpare the centrate contributions to the
influent on a weekly basis, the.concentrafions'uere broken

down into hourly rates. This breakdown was-necessary since

Little River dewatered for only 113.5 hrs in December. The

hourly comparis&is were done by assumming that the cengrate
and influent codc;htrations vere constanf for the whole
month. As Table 6.9 indicates, the ratio of ceantrate to in-
fluent varied fronm 1. 1% tokh.3$. These penceniaqes help ex-
plain the -jumps observed.;n the raw wastewater metal concen-
trations. This becomes especially true for the diuranal
variations, wvhich measured the increases in concentration as

dewatering was taking place. ~ FPurthermore, the recycle of

the centrate can affect the efficiency of the plant. AS

P P

e e e e e e

P oot Lt Pt o e = 8 mm R e
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noted'by Brown g;-ai;_t1973j; the high concentrations of me—
tals pumped back to the head of.the plant hinder the aetal

removal efficiency.

TABLE 6.9

Centrate Hecycle Ratios

Metal ‘ Mass in Mass in e Macent/Mmin
Influent " Centrate ‘
Min Mcent
per ‘month per amonth
q9/h . q/h ‘ , %
Ni 26 | 1 o 8.3
ca 16 0.3 1.
Zn 477 - 5 o SR PO
Pb 116 .2 - 1.7
Cu 105 . 3 B 2.9 - 7
cr 32 1 o 2.0

Since the madjority of dissoived metals pass through the
treatient plant, the nh1ority of metals in the sludge are
suspended metals. With the centrate being the water Ffronm
the dewatered sludge, it can be stated that of the metals
present in the centrate are also suspended. This would then
indicate that a fair amount of metals are loosely enmeshed
in the sludge floc, anq not adsbrbed chemically; then on de-

vatering pass through the centrifuge.
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One flnal conment concernlng the cent:ate 1s the toxic-
‘Lty of the centrate.' If the influent netal concentratlons

'Hould have ~been higher, the centrate netal concentration -
Rould also have heen higher, cau51ng toxlc1ty ‘for the hacte-
.rla. This tOZlCltY vould be alonq the same 11nes.as the ob-
served toxipity fronr recfcleﬂ digester supern§tag£ [ Barth g@

al., 1965 and Olver et al., 1975].. | :

6.2.5.4 Metal Concemtrations in the Slﬁdge'take

After deternininq'th effect the netalé in the centrate
had on the influent, it wuas decided_io‘calculate the ratio
of metals in sludge that ;ere recycled in ihe t:éétment‘pro-
cess through the centrate. 'Thé recycled ratio Qas calculat—-f
ed\ffbn the (mass of metal in sludge - mass of wmetal in
caker/{ﬁass of metals in sludge). As Table 6.10 indicates,
the recycle ratios were'all less tﬁan 1.3%, péinting to the
fact that the majority of métals were leaving the treatment
planﬁ. These ratios can be related to removal efficiencies,
where lower the removal efficiency, higher the ratio as.seen
for nickel and cadmiun.

Furthermore, Table 6.10 also gives the comparisqns of
the sludge cake to the guidelines set by the Ontario quern—
jent for land disposal. The values indicate that the Little
Biver sludqe cake was less than the government guidelines,
except for one metal, cadmium. This indicates that under

the present conditions, Little River sludqge cake could not



Metal Concentratxons in Sludge Cake Plus Hecycle Ratlos

" Hetal Conc.®

IABLE 6 10

Conc.**

Cconc.# Govern.+ ,Rec}¢1e
in S in- in % -
sludge sludge cake sludge cake _Llnlts Cent/Sludge
Rg/kg  mq/kg mg/L -mg/kg - mq/L L
Ni 104 19 .20 8 160 1.3
ca 28 5 s -3 1 1.2
Zn 4520 823 97 720 1650 0.1
Pb 880 160 174 . 150 450 0.2
cu 2128 387 422 190 750 0.2
c 370 67 73 153 1000 0.3
* Little River sludge Dec. 1983 (drv basis)
** Little River sludge cake Dec. 1983 (wet basis)
Little River sludge cake samples analyzed May 1983 by the
- City of Windsor Wastewater Laboratory (wet basis)
+

be disposed on land for

are pade with respect to the cadmium concentration.

tration values varied from May to Dec.,

[Ontario Xinistry of Agriculture, 1981)]

.

(wet basis)

aquculture uses until 1mprcvements

Finally Table 6.10 shows that the sludge metal concen-

" tal concentrations in wastewater vary 1in tiame.

proving that the me-
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6.3-1 piurmal nmnm e
'6 3.1.1 Lead

As’ can be seen fron Figure 619, there vere siéﬁificant,
varlatlons in the lead concentraklons, ranging frdn ‘Honto
385 uq/L. With Hest Windsor IECYCILDQ the centrate ‘as L1t-
tle Rlver, s;mllar lnfluent peaks due to centrate oCCUrL. An
early morning concentratlon decrease similar - to the one ob-
served at Little River was also 6Eservea here..  The Rain
difference betveen the two plants is the h;gher‘oﬁerallkcon+'
centrations'during the veek days -and the low comcentrations
observed on the ueekeﬁd at West Windsor. The lower concen-
tratioﬁs on the weekends can be attributed to the f;ct"fhap
netal'indus£ries hafé iireqular diécharqes as was found'by
‘Hlelsen and Rrudev [1983]. o N "“. ‘.  .

in observing the effluent concentratlons, it.hecones
appdrent tLat leéd has a :removal'threshold- This-threshpld
hovers around 35'uq/L. Houever; a signifiéant.rise'iﬁ rau‘
vastevater concentrations due to diurnal variations-éah_lead
to an increﬁsed lead concentrations. in the effiuent." This
pattern is especially noticed on Monday at 1900 hr wvhen the

effluent'rose to 125 ug/L.

6.3.1.2 Zinc -
By observing Fiqure.6.20, it hedomes apparent that the

same general pattern exists as exhibited by lead. The only
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dlfference is the concanttatlon raﬁge vhich has lncreased to-f5
93 to 210 uq[L, excludxng the centrate peak. Bven-ulth the
‘hlghe; cgpcen;rat;pns for zxpc,_ the goncentratidn drops in
_the early ‘moriing are still observed. |

| for thé:éfflueﬁt-_ it appears that a rengval threshold
exists, around 450 nq/L. ThlS Value is consxstent ulth the
reuq\fl eff1c1enc1es .sunmarlzed hy Hlelsen ‘and Hru%gy
[1981]-. Purthernore, as 1ndlcated by the plot thére‘is a

3 .
decrease in effluent quallty as the caw wasteuater concen- -

tratlons 1ncrease. -

There appearsﬁsome ;typerof contéhinatiﬁn for the sam~
pling done on Briqéy'aﬁd Saturdayf With tﬁe low zinc wmaste-
vater conéentrations rééppearing as exhibited by lead, the
lihcreasedvqetal levels must be attributed to the metals con-
tainedrin .the chemicals. The Hééte chemicaL used at West
Windsor is FeCl,, ~uit£ the corresponding metal limits shoﬁn
in Table 6.11 'This chemical originates from pickling liquor
discharged by a steel mill. ' It is first filtered to remove
large particles, and then oxidized with'chiorine to conveff
the ferrous into. ferric. With the dilutiocn factor‘heinq oné
litre FeCl, per minute to eleven million litres bf wastewa-
ter, it can be seen that a significant rise will dccﬁr in
the metal levels on addition. Another source would be the:

Alkapam 3000 polymer ad@ed to improve settling.
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TABLE 6.11 =
Metal Linmits Set for FeCl; By the City of Windsor

Metal FeCly

L Ry/L

) cd T '5

_. Cr ;100

) ca 200
Mo 30

e Pb 50
Zn 500

Ref: [Faust, 1983].

6.3.1.3 Cadmiua )

Cadmiﬁm appeafs ih a siqnificantly wide range of va-
" lues, from 7 to 87 ug/L, as shown in Fiqure 6.21 .  As with
the ‘other hetals, ‘the centrate peaks coincide properly with
dewatering periods. However, several peaks appear oan non-
dewatering days, indicating the inconsistencies in industri-
al discharqe#.' |

The quality of effluent is inconsistent. The range of
vqlues‘ vary from 5 to 41ug/L, vith 1no apparent removal
threshold. As previously observed for zinc, the effluent
cnncehtrétion exceeds the rav wastewater on Priday and Sa-
turday. It can be concluded that metal contamination froa
PeCly occurred. FParthermore, the effluept maintains the

same.qgeneral pattern during the earlier part of the week,
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even vhen raw wastewater concentrations were high. This

confirms the chemical contamination.

6.3-1.4 Chromium

;In studying the chromium variations, shoﬁﬁ. in Pigure
6;22, ‘fhe sane'patterﬁs as exhibited.by lead afe geﬁeré;ly.
obser#ed.' The fau wastevater concéntratién fluctuates from.
20 to 230 uq/L.  However, the centrate peak for 1300 hrs on
Monday is missinq.'} Most likely the metal concéntratiqns in
thé-Collected sludge were louer; reducing the chromium con-
centration recycled in the centrate;

With reépect to the effluent, observations show ;he.ex-‘

istence of a removal threshcld of approximately. 25 ug/L, in-

dicating: good removal.

6.3.1.5 Nickel

As Fiqure 6.23 shows, the diurnal variations are quite
extensive. The ialues range from 27 to 678 ug/L, indicating
that metal discharges are not_cousistent. "All other pat—
teras previousl} obse:ved have been repeatéd. In studying
the efflueat conceatrations, it becpﬁes éppargnt that no
real-removal threshold exists. -Instead there is a.general

_removal raﬁqe, varying from 40 to 200 ugq/L.

]
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6.3.1.6 Copper | | |

~Figure 6.24 shows that the raw uasteuater concentration
‘ranged fron 25 to 350 ug/L, excludlnq the tuo high. centrate
ﬁpeaks.g All other Lnflugnt patterns are similar to those.l
disscussed for'lgad. |
r With regard to the effluent, it beconmes apparent that -a
- removal tﬂreshold dées exist. This level is approxlmatelv
35 uq/L, and is maintained even uhen the raw uasteuatet con-
centration drops dutlnq the Heekend sampllnq perlod. The
_only_severe deviation from the threshold value ¥as thé in-

creasefwhich occurred during the higqh. centrate peak on Non-

day at 1900 hrs.
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6-3-2 Daily Variatioms
6.3.2.1 Lead _"

As Fiqure 6.25.shovs,- there’gne4cod§iderable fiuctua;
tiﬁns,in the nmetal concentrationszfv}ﬁfyinq ﬁfon 55 to 134
uq/L. Among thése'flnctuations fgére are t;ree relatively
larqe.increases occurring on Tuesday, ThﬁrSdav, .and Satur-

day. A The Tuesday and Thursday increases can be attribputed

to centrate recycle and increased industrial discharges.

Hovever, with no reqular work force at the plant on Satur4'

dayflnb dewatering took place, pointing ;o anotﬁé: cause for
the large concéntratibn.increases.

A study’by ﬁarkdoll [1976] has shown that iﬁ areas of
relatiéelyghiqh'air pollution, large amounts of metals can
accunulate on the ground due ib the dustfall. Then when a
storn occurs, the metals are flushed into the sewers and tﬁe
combined wastewvater can enter the treagnent plant. Since
Nest Hiﬁdsor has both high air pollution and combined sewers
in its catchment area, both conditions apply. The fact ;hat
a storm event occurred omn. Saturday confirms the source of
this increase in lead level. However, when the high flow-
rate for Sunday is taken into consideration, it can be seen
thaﬁ dilutiod rather than flushing became a fa;tor. The
reason is that vhen the metals are flushed after one storm

event, no méﬁals are left for the second stornm to flush that

follows quickiy after the first storm. Since certain time

i
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is-rEqﬁired'ior_ the dustfall accuaulation to],reach.thé‘hs-

synptote ia1ue;

"Bven though the raw wastewater concentrations are fair-

1y erratig, . the final eifluent approaches é rezoval thres-

hold bf 32 ug/L. the "~ final e:fiueht is fairly éonstant.
Any deviations are gttriphté& to the extremely high influeuti
f _ . 5

concentrations and the contaninated’chemicals.used for phos-

phorous removal. =~ Y —

6.3.2.2 2zine

As Figure 6.25 shous, gll_ the patterns-‘displayed by"
zinc are similar to those demonstrated by lead. Hoiever,
the raw coacentrations for zinc are considerabiy qréqter,

wafyinq from 124 to 952 ug/L, indicatinq that éinc'predoni4

" nates in West Windsor wastewater. Even with these. larqe rawv

conceuntrations, and relatively hiqgh removal threshold of 175
ugs/L, the effluent was comparable té‘ other industrialized

cities reported by Nielsen and Hrudey [ 1981 7.

6.3.2.3 Cadaium

| As Figqure 6.27 indicatgs, the ra# influent concentra-
tion for éadmium is fairly consistent, ranging from 5 to 10
ug/La The.patterns.fof\gentrate recycle and storm—event di-
1ution~remain the same qﬁ‘for lead. However, there is no
flushing pf cadmium on Saturday. It appears that cadnoiua is

not as predomimant in the 'dustfall as the other smetals.
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cadllun.

Bven Hlth the lou tau uastevater concentratxons,. thef

: effluent Stlll had a renOVal threshold hoverlnq around Sf

uq/L. Sllqht flnctuatlons in the effluent .are’ related to

K

the raw uasteuatet concentratlons. ) Purthermore,; equal va-

- -

lues for raw and effluent eoneentragions.en'Sunday “can ‘he

attributed to the chenical additions for phosphoroue‘neno-

val. .

[ : . -

T6.3.2.4 _Chromiuanm

For chromiua, it apnears from Figure 6.28 that the me-.

'tal ranqe varled fron 35 to 110 uq/L.i Even thouththe total

metal concentratlons occur .at higher levels than for cadmi-
um, the same patterns are repeated. - In fact the same low

. _
._contrlbutlon fron the store event on Saturday occur, indi-

cating that the air pollut;cn.contains minimal - ammounts of

chromium.

The effluent exhibits a removal threshold of 20 uq/L,

even though certain fluctuations OCCUL. The snall chanqes

can be dlrectly tled to the FeCly addltlons.-

Ihxs fact is*beneflcal consxderlng the severe tOIlCitY off_
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©6.3.2.5. HNickel |

In Pigure 6.29 it cah.be” seen thatﬁ.the rav concehtté-"

tions varied~fron'42 to 184‘uq/L.T' The rcaw wasteuater shows‘

the Sane pattern as described fot lead, u1th respect to
storn'eients and centrate reéycle._'aonever, 1t should be

noted that the dlfference which occurs with flnal effluent

is quite erratic. In fact in two instances, on Sunday and

Nonday, thé‘éffluent,exéeeds the rau”wasteuater.n The hiqh
efflueq{ values can be directly related to. the p0551b1e hiqgh
contallnatlon by the Fecl; It is felt that on these two

-

consecutive sampling days,. the contamination approached or

exceeded the maximum limit set for.pickel. " Por examnple, if .

the contamination was . 50% of the maximun limit, ' then with
the existiﬁq'dilution at Hest qindéor,' 25 ugq/L could easily

be added to the wastewater. Shch'a.contauination can be

difficult to remove in the treatment processes used at West

Windsor.

6.3.2.6 Copper

‘Bnlike nickel, Fiqure 6.30 shows that copper behaves
exactly as described for cadmium. With the raw concentra-
fions varyinq from 35 to 119 ug/L, itAcan be seen that, dur-

ing the constant dry weather comditions, fluctuatioms occur-

red due to the centrate recycle and changes in nmetal

discharges. Then on Saturday there occurred a slight de-

crease in the metal concentration due to the storm eveat.

e ol G it b
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Coiparinq thié to Suhdaj,ila siqnifi&aﬁffdiiﬁtibﬁ of the drj
we'a.t"her £low o.ccﬁ"n':ed,__s'iﬁdé ‘the n"aij_orilt} of metals vete al- -
redﬂj f}ushed avay. | | l

For the effluen;; it_can ﬁe.conélﬁdgdrfhdt the range 22
>";0f51 ﬁ&/L, is the removal threshald for-.the.dailyAv;ria—f

tions:
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i

.6-3-3 mmuuumgt mua
6.3.3. Copper S ,.._-h-q;_.

-

" As quure 6 31 1nd1cates, there existed good reuoval—of'

the suspended metals durlng the study’ perlod In fact Hest

1

ilndsor has the dlssolved to’ total metal ratlos lncreasznq'

as the treatnent progresses, as shoun 1n Table 6. 12 -

lklso. no dissolved metalsmare removed durlnq_the Heék.
In fact, on the‘averaqe thg'diSSOlved concentration in-
creased in the effluent.. This occ&rrahce can be att;ibuted
to the low coﬁcentrition of metals and the low pH. With the
pH being lower thaﬁ,thg optimun“shoun by Lanouette [1977]
for precipitatidn,“the setals caﬁleasily qo.back info'ééiu-
tion. ‘

It is'élsq. obse;véd“for‘coppér that'there exiéted aa
mininum concentration of dissolvgd copper in sblution, Simi—
lar to thatlat Little River. ‘This is seen through the in-
crease in the dissoiVEd concentration of copper in the effl-
. uent to 20 uq/L} . Even though the dissblved concentrations

increased in the effluent they approached a consistent lev-

el. This coanplexing level for copper appears to be 20 uq/L.

6.3.3.2 zinc

As Figqure 6.32‘indicates, zinc has patterns slightly

differént to those for copper. There is a major removal of

suspended metals, with minor reduction in the. dissolved
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7 TABLE 6:12
Di#solvgd- to Total Metal Ratios ‘for West iiﬁd.’sdr .
Metal Sewage - Range for ‘ Average -
' Type Non., Wed., Fri., Sun. ‘

Ni " Ravw o 71-89 S-Y

Eff. | . 89-97 ﬂ 94 )
cd  Raw 56-63  ° 61

' . BEE. 60-83 .70
zn Raw | 26-75 . . a4y

EEf. 50-93 S 77
Pb Raw - 36-51 . 43
: . Bff. - 13-100 ‘ 86
. Cu Raw _ 17-26 _ . 23
.~ Bff. - 73-95 . 86
cc Raw . 20-43 32
. Eff. . 79-83 72
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part. = The 6§erallﬁiinctcohcgnt;ation is'five'ti;es biqher
ihan qoppet,'hut'the dissolved éoncentratidn'in.the effluent
~ is still . low when compared to the final efflnent. in iab1g~
6ﬁ5. The conﬁiexinq léwe;:of 136 ug/L is élsp roughlf f%ve
times greaiér; u | | |
5.3;3.5 Chromium -

,Chromign exhibits the sanme pétte:ns aSFexplained previ-
ously for zinc, ii;b respect to suspended‘meta1 removal.and
reduction in dissolved fractions. As Fiqure 6.33 indicates,
the reduction in dissolved fractions are qreater and more
consistent, with the complexing level hovering arocund 16
ug/L. This = consistent removal is due mainly‘to' the fact
that the;existinq pH ués cioser . to the optimum pH described
_hy Lanouette [1977], regucinq tﬂe amount of resolubiliza-

tion.

6.3.3.4 Cadmius
Fiéure 6;34 showus that the cadmium removal was pot as

larqge as for the other metals mainly due to the low suspend-
ed concentrations in the: rau_uasfeuager. Furthermore, no
diésolved removal occurs due to the low pH .0f the wastewa-
fer, keeping the dissolved concentration at 4 ug/L. Howev-
er, it appears that the dissolved metal concentrations are
slightly hi&her than the final effluent in Table 6.5. This
behaviour.of cadmium is similar to that noticed for the Lit-

' .tle River treatment plant.
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6.3.3.5. Lead = . ' l

e ) Co St

: Lead_exhibitg all the patterns descrihed.brevionsly for
~ the other météls} ie;, satisfactory suspended ﬁétal renoval
along with inconsistent dissolied removal. As Figure 6.35
shons,;there‘hiiSts_a céiplexing level varying from 22 to 34
-uq/L; ”.Tﬁis is expected due to the pﬂ being oner than thg
optinmum valuéé as repptted by ianouétte [{1877]). . In compar~-
ing the'iesﬁ Windsor e#fluent to the final efflﬁén£ in Table
6.5, it can be seen tﬁat the treafnent.piént yas_inefficiént

in removing lead.

6.3.3.6 'Nickelh |

| It becomes appdrent from-Fiqurel 6.36 that niékel be-
haves differently-as éoﬁpareq fo the other.metalé. The per-'
centage of the‘ dissolved metals in the raw Qre’siﬁilar:but
the removal efficiencies differ.. bh sunday and Honday, the
effluent had hiqher dissolved concentraiioné. ‘This éan be
aftrihutted to the netals addédj'through,the chemical conta-
minétion,‘and lower pH levels. Nith the pH of the wastewa-
ter varying form 6.9 to 7.2, ‘the métals have a tendency to
go back into the solution since the optimua pH‘-for nickel

- precipitatioa is 8 to 10.
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rakzng the above 1nfornat10n 1nto con51derat10n, ;t be=

comes apparent that n1cke1 has a h1gh conplexlnq level, hov-'

er;nq hetueen 57 and 98 ug/L. However.. even vzth this be~

hav;our, the dlssolved nickel 1n the efflnent is st111 lowerd

b}

than the flnal effluent values reported 1n Table 6.5-

b L
6.3.4 -~ Removal Efficiencies

-¥hen the removal rates are analyzed in Tahle“6.13, it

becopes apparent that the contamination does effect the ef-

ficiencies. Even though the effluent exceeded the raw only

twice, it is>felt that on the other days, ‘the eff1c1encies

. are reduced because of the-chenical_conteuination. The re--

moval ﬁates are fairly comnsistent as ev;denced by the low
standard deviations., .

When comparluq the removal xefficiencies_to the-othee
plants listed in Table 6.14, it becomes obvious that the
Nest Hindeor treatment plantﬂis similar to Kansas City, bdt
lower that the other two plants. -It should be_remeubered

4
that Kansas City has the sane basic treatment as West Hind-

sor thle the other two plants have coaplete phys;cal-chenl-

cal treatment, .including linme addition and activated carhon. -

Since West Windsor uses chemical only for-phosphorous peno—
val, very little removal of diesolved metals can be expected
thru complexing, as coepared . to complete physical—chemical
treatment. However, Table 6. 1u does indicate that West
Windsor has sufficient metal removal for the type of treat—

ment provided.

- S 168 .
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TABLE 6.13

-]?Benoigl.xﬁiiciencies for West Windsor

Day

Removal Percentage for Various Metals

Ni

cd

Zn . Pb Cua ~Cc

. o Tues-
oct. 18
1983 -

Wed.
oct. 19’
1983

Thur.
Oct. 20
1983

Fri.
Oct. 21
1983

Sat.
act, 22
- 71983

Sun.
Oct. 23
1983

Mon.
Oct. 24
1983

Average
7-Day

Standard

Deviation

22

15

41

35
KR
-140%

-50
16

31

49

25

29

33

29

13
24

14

68 75 58 60

69 | 51 77 66 ~

e

75 7 57, 86
37 60 81 ° 80
81 69 ] 50
B4 48 5 4u

50 46 49 54
61 60 64 63

M7 12 - 13 16 - '

* Onitted from average calculation »
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6;3.5'_.j§§§ Balance.

!s at thtle Rlver,' thé iass-balance was cérrled out
'i‘for the Hest Hlndsor Treatnent Plant to deternlne the same.
1mportant phenouena. Calculatlons were done according—to
the procedure described previously uith_one_ mgdification.
iith Fesﬁ Windsor hgvinq nﬁ overflow, thé .only metals.re-'

-nofed from the systén are those contained in the sluondge cake

after devatering.

- 6«325.2 MNetal Addition Through PeCl,

L

Table 6.15 lists the percentage of.metals addgd thtouqﬁ
the cheamical. The same pattefus exist as at Little BiQer,
ie., cadwium the lowest percentaqe, Zinc the larqest'perceh—
taqé, and concentrations hiqher than the Set lipnits., Hovwev-
‘ér, thé'ﬁést‘ Windsor percentéqes added by mass are hiqhef
than those exhibited by Little Ri§er. These higher percen-

tages by mass translate into higher contamination through

the usage of FeCly as the phosphoréus precipitant. These
oCCULLences justify the occasional higher metal concentra-
tions in the effluent when compared to the raw wastewater

metal concentations.
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TABLE 6.15° | .
Metal Addition Through FeCls
. Metal Hass % of Metal -~ -cabcéntration in
: : . . (by mass) in . . . FeCly:
. ’ . % -FeCly ‘Solution -~ o
R . _ ‘ . as receiyeﬂ_ ~as received
Y E | o rg/L
Ni .3686 .. .03% : 341
cd 181 - .002 | 17
.2Zn ... 50577 . .468 4680
Pb . 5924 * .055 - sus
cu 11314 105 1047
Cr © 16319 - - 151 | 1510

6.3.5.3 .Metals Added !h:pugh Centrate Recycle

The hourly ratios of centrate to influent are given in

Table 6.16 These are higher than the values calculated for

Little River. fhe reason for the 1arge ratios can be attri-
buted to the fact that West Windsor has hiq%er_netal concen-
trations in the influent, plus the fact they deﬁatered only
for a total of 76.75 hours per month as compared to Little

River's 113.5 hours per amonth. o

These increased ratids can explain the large rises in
raw wastewater ametal concentrations, especially those seen

during the diurnal sampling. Furthermore, vith the high

ratios, the possibility of toxicity could become a problenm

with the present centrate if biological treatment’ were im-

plemented.
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TABLE 6.16

Centrate to Influent Ratios For West Windsor

*

Metal Mass in - .Mass in - Ratio
- Influent Centrate .
Min - . M¥cent Mcent/Min
per macnth pexr- month
g/h ‘ g/h %
¥i 323 22 6.7
cd 2 . 5.2
Zn <1824 o 53 - 2.9
Pb - 302 . R L] 6.3
Ca . 292 24 8.2
Cr 199 : 25 12.3

' 6.3.5.4 Metals in Sludge Cakée o

. .As Table 6.1751ndicates, thé recycling df'metals OCCUrs
at West - Windsor at slightly Ligher concentrations than at
Little River. Possibly when dewatering, the centriques at
West Windsor pass more metals thru, due to the difterent
' type of sludge being dewatered. '

Furthermore, as expected due to tﬁe higher influent

concentratioqs, West H;ndsor sludqe'caké has higher concen-
trations as compared to Little BRiver.  In comparing to the
Ontario Guidelines [Ontario Ministry of Agriculture, 19811,
the cake at'ﬂeﬁt Windsor exceeds the limits for two aetals,
zinc and‘cadmium“ Therefore, before the cake is used for
land application, these two metal concentrations must be re-

duced.
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‘Metal COncentratlons in. Sludqe Cake Plus Recycle Batlos'

TABLB 6-17

Hetal Conc.* Conc.** Conc.$ Govern. . Becyclé

sludge sludge cake ' sludge cake Liaits ' Cent/Sludqe '
'mg/kg  mg/kg ag/L  nmg/kqg - mg/L ¥
Ni 346 113 123 260 - 160 . 1.2
e o201 1 1y 1
‘zn 6uo4 2107 2303 1500 1650 0.2
" Pp 837 275 300 270 - 450 . 0.5
cu 1271 gli 456 640 , . 750 0.4
cr 1550 509 - 557 uéo 1000 0.3
* fiest‘iindsor'SIudqe.Oct. 1983 (dcy haszs) ’
:* West Windsor sludge cake Oct. 1983 ({wet’ baSlS)

West Windsor sludge cake analyzed by the City of Hindsor

Hastewater Laboratory Sept. 1983 (wet basis)
* [Ontario Minstry of Aqriculture, 1981) (wet basis)

o
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Chapter ViII

' CONCLUSIOHS

Based  on the field investigations at both treatment

_plants in Windsor for their efficiemcy in metal removal, the

_follouinq:con lusions are drawn:

Ta

In terns of heavy metals, the raw wastewater at Wind-

sor is significantly different in "characteristics

fron others_reported in ;he.;iteratﬁre;‘ While gener-
ally the raw 'uaste;apefs are reported to consist
painly of insoluble ametals on reachinq ﬁhe'treatment
plant, the raw wastewater at both plants in W¥indsor
had a Liqher proportion of soluble. aetals.
Both plants showed siqnificant diurnal variations in
metal concentraﬁions.' 'ObseEVations indicaie that as’
dry “weather flow rate ‘increased, so did the metai
concentrations. However, after a storm event dilu-
-

tion of nmetal conceptrations occurred. This dilution
becomes more evident after the init%al flush;nq takes
place.

Prom the studies of composite sanmnples, it can be

stated that the Hest Hindsor plant receives higher

metal concentrations than Little River. It ranges

from almost no difference in c;dmium levels, - to 1.5

- 175 -
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tizes for lead and ziné, ‘twice for copper, tﬁree ;
tines for. chromiunm ahﬁ four £iies'fqr nickel. = These"
* increases -éfg attrihﬁted 'to- th¢7highe:' ihdusfriél‘
'cont;ib&tions on the west side of Hihdsor.
'.-Bofﬁ'.iaéféﬁatér'firéatﬁenti. plants recycle metals -
through the centrituge'c;htraté._“ThiS?process reduc—-
.es:the‘plgﬁts efficiency for letal-renaval sinﬁé'éus4'
. pended metals once reioved are heinq 'feintioduced

into the plant. At Little'niveri 'tgé-netal concen- -

trations uére‘bglou the toxicity level for the'hacte-i
ria in activated sludgé systea.
The chemicals used for phosphorous removal and coagu-

lation contribute notichble amounts of metals. ‘This

- becomes particularly obvious at Little River, where

the primary effluent shoved higher aetal concentra-
tions than the rav. wastewater. °

Both treatment plants show a siqnificant' removal of

the suspended metals, where the average removal for

.West Windsor approaches 75%. Unfo;tundtely, there is
no major reduction in the dissolved metal concentra- -
,tioq;. However, the metal concentrations in the

~effluents at both plants ‘indicate satisfactory rero-

val performance, with each plant having a removal

threshold for each petal.

With respect to slﬁdqg disposal, the Zn and Cd con-

centrations in the sludge cake presently exceed the
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" ‘Were within reasonable agreement. -

T

guidelines set.by.the Ontario Minsitry of ' Agriculture

for sludde'apnliéatiohfon‘Iand. In fact cadmiua, one

" to the most toxic metals exceeds the limits five to

sevenr times. .

Even with different saaple préparation tec@hiques; 

 the aetal concentrations determined by DCP and AA

-
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' Chapter VIII

. .
i -

nxcnunxunnrxoisj
Further iniestigation Lshould he carrled ont ‘om - the

metal coantent of chellcals used for phosphorous relo-

val, eq., Fecl3 and aA1Cl, Ihe pOSSlhllltY of reduc—

_an the metal levels contazned -in these -chenxcals‘
should be investigated. other plants should also 1n—.i

-vestigate such chenmicals to ensure .that no _sevgre

contamination is takinq place. Furthernote, ‘the-

biological removal of phosphorous, an alternative'bél,=

e

.-

ing considered by the City.of'ifndsor .Should aliays_.'

be given a" serious consideration. By iamplementing

‘biological treatmeant, the metal contamination by

chémicals can be eliminated.

An investigation of metal sources 'in Windsor should

be carried out. By taking samples directly fraom the’
seWer system; the- points of 6rigin‘can hemindehti-
fied. This way the large contibutions fqr_heavy me~

tals can -be contiduously‘nonitored,-;and if~Qééessary'

imbrovements can be implemented at the sSource. It is

easier to treat metals. in. the concentrated state than

uhen dlluted Also, a study can he carried ont to

determlne why Windsor's seaage behaves dlfferently in

terms of soluh;llty metal fractions.

vt
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4.

The C{fy of iiﬁdSOrclay ulsh to lnvestlgate the pbs—

- to the head of the plant;. ; By d01n\?so, the retals

can be removed uh11e Stlll relat;vehy concentrated,
before belnq dlluted by the raw .yasteiate;._r.mhls

treatment can. 1nprove plant efflciency since the me-

‘tals uould be removed fron the systel.

More conprehensxve studles on the sludge cekeAghould‘

be perforued since the City of Windsor uses coapost-  ‘
ed sludqe cake forn sest Hlndsor as 1andf111 ﬂiih-

" t¥o metals exceedlng the government llmlts, a more

X _
detailed study concerning the 'sludge cake could pos—

sibly determine a way to reduce tﬁe qetal-concentra-

~Ne

. tlons in the sludge cake to allow this practice to

continue. -

L

'51h11ty of pretreatlnq the centrate before recycllng

-~
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L - ..+ Appendix A
: - MASS BILIHCB'CILCUilTIOHS
A.1  LITTLE BIVER _
“3.1.1 calculation of Specific Gravity of Sludge
The calculationé of sludge Specific gravity was based
on the following average values of the 7fdai iata: |
Percentage of sdlids, Ps =-4.14
Percentage of volatile solids, Pvs = SD-LT
Assnminq. | p

. Specific qravity of fixed solids, st = 2.65

Speéific gravity ¢f volatile so0lids, Svs = 1.0

The specific qravity for all the solids, Ss is given

1/Ss Mfs / S5fs + Mvs / Svs

bts / §fs + Pvs / Svs'
* u

-4953/2.65 + .5047/1.0

.6916
A

Therefore, Ss = 1.4%5.

The specific gqravity of the sludqe, Ssl is given by:

1/5s1l Ms / Ss + ¥w / Sw
= Ps / Ss + Pw / 5w
= 04141845 + .9586/1.0
= .9873

Therefore, Ssl = 1.013.
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The volnle' of Uet sludge‘ noliected per day.m :

q1ven by, o oo ) =
o T IR S S A

_ where: ‘ L ‘

¥sl = total mass, of vet sludqe punped “for Decen—~ BRPEEE S

ber, (averaged for 31 days of punplngL, bq Fﬁf“” ; o 17:f>‘f;”*‘

W = dens;tv of water, 1QOQ¢kq/m ;'5{f;LifﬁTfﬂﬂf53 Q;ﬂ;*{ )

.

Calculatlnq q1ves-

)

\EQ\ gsl [(2245/31)1000]/1000(1 013)- Lo e

71.54 @3 s4

0.072 HL/d | R

Therefore, 0.072 KL of -wet sludqe are puuped _to the de--

. . - ‘\I ) . e

waterlnq roon per -day. . ’ .

In order to determine; the.volume' of wet sludﬁe’cake

disposed of per day, 0sc the specific gravity of the_sludge

cake, Ssc must be determined. Where, it has been deter-

mined that thdé;

Eereentaqe.of solids, -Pscs = 19.6. . ‘ i

Therefore,

-

'Pscs / Ss + Pscu / Sw

1/8sc

-19§/l:u?5 +-.eou{1-0
= .9392
_ Therefore, Ssc = {.065.
By taking the mas; of vet sludge cake, Msc as the dai-

ly averaqge for the entire month, Qsc is given by{

It

Qsc MsCc /. .Sscopw

i
= [ (507/31) 10603,/1000 (1.065)

rin mmarshoah bt



15.357 @3 4d ..
0.015 ui/a.

Arﬁé'volune of centrate recycled per day, Qcent is the
dlfference in volnme of sludqe and volune of sludge cake peril L
day.. Th;s dives: - a e \

chnt = Qsl -~ Qsc  + L

]

0.072 - 0.015

0.057 MLsd. o

A.1.2  Hetals Added From AiCl, |
For calculating ihe mass ofw.ﬁétdls added' thrbuqh the
: _chenigal additibn, _the mass-flou diagram in quure A.1 vas
Hdsed. | All th;Vﬁa§s of metal is the product of the flourate“
and the concentrat;on.. .Balaqc1nq the ‘mass of metals Ln',
~ with 'maég of metal out?, qivesc‘ | ‘
MHa + Hcﬂeq = Mov + Msl +iuc
Therefore, B ; | | = - . !
Mchem = Mov + 8s1l + ‘He - Ma
The rate of chemical addition by the 'city was 1L of

chemical per minuge'for each 8 #4L/d flow. Therefore, quan-

tity of chemical, Qchem is:

Qchem = Qtreat r(1L/h)/aﬁLD]

( Qa - Qov ) {1L/m) /8MLD ]

(40.95/8) x60x24

7371 Ls4
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Hass of

‘mass balance ‘is:

.'-¢

The

"“\ All

"'Mchea =-16396 g

]00/7371)

0-1u % hy wass as recexved

% of zinc added (10395/1000) R
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, of cen,tt:ate nass per hour, )urcen /to mfluent -ass pel: hour,
uarn xas Aetemuned. L ”/ N ;"_"9 ,{ -.“_ i
- - ) . - - ',,A' -.‘:\‘.‘ ._ /‘_';; ‘
. _ :l'otafl volune of J.nfluent ln neceuberf is: L
STt ':-“"".—Af' el - ’ ol ARV /,j E e
. e _-,-,,-_‘-j'_:-; fv’z.n —,Qz.n !lL/d*ix 31 d T iy
ERTRLE R R P ;j.’;-f_, 63 213—x 31 ",-91.4 T T P TTL I S L
e R e e e 1960’nL. -;‘;o,;é L ,a;~-;:y=h-';,.'\f;m;d;v-
I - QR & I -~’-:« A '- T 4 B R DU S P
i SN » { T N
e T T Total mass“’ of z,.x«nc io- 1nf1uent per: hour: :Ls.-': R R S e
L T - - ” - ot e P
T -‘"- .u—-""—“ "'/ . -"d-..-:'v"/, :V 7 ! ' : » .1' ' ;-7 o R .‘ 5 .
e e T e e !ﬁnn = Vur x an / hours in December A T A
RETIS ;Qd_jj7ﬁhiff-r“ fﬂ B 1960 nL X 181 uq/L x (2u x 31) Cae L
. » ‘_. _.-' Lo . et . _,--- . "..‘ -’: . R ! ’ s . . e .' _-} i :',“1 )
L e e e o ,',. u77' Q/h- -2 "; e T A S ST
L s . ) ." ’ ¥ S '234 - 3':' o "_" .

R e 'J?ota]J mass of z:.nc peg hour :Ln centrate Eor 1‘!3 5 houl:s e

§ ) e . R :ﬂ , ‘. L, .~ . . Lol . . .
i oL » s ’ A H iR
£ LT T of deuatermq, duran Decenber is calCulated below- o i
‘;‘F_.‘E"" “,‘:‘_'2 ’ - : -" " _r *, ?',_' . L . ' : '. :'
P ] TR Vcen i)cen X 31 d . ro '
) 5o R "l-.’ R -.'. . —...-u 057 uL/d ‘x 31 d ' ' P . . 7 P
L TS A : e e
ST I O T P vsm D |
RS W T SR S PR T '. ’ )
T R LA AR 'I'dt‘al_‘m,ais_s of" zxnc .'I.Il (:?ntrate per hour, T
e .oF N B e . o .
s 6”@ e F o Mpcen = Vcent X Ccent / hours deuater:ed in 'd'ec.
: T S A
q s’ . i‘l:" ' - " '.‘.‘ . . '
S R - R 1 767 uLx335 uq/L/113.fSh T
» s I .o L . ’
© T -.% "'.‘“. ’ 'n...’ .' .: ! F . '
v L A Sq/h,v‘ . ¢ .

. ‘k‘-’lé :f‘.;‘ ! " /

'::fjuﬁe::q,'-the percentdqe ratio of, centrate to :Lnfluent is: .

! 4
.'- Poaet o e ' . r * . ’
¢ roe R : . ' ’ )
v - .:Bat:.o; Hmcen / Moin x 1i'{)O . . '
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\'n-m msl sgmnsnsm in ﬂms.axs

To deterllne the netals in-the eludgef cake, " the aass
‘balance in quure A. 2 vas done. Note, the concentration of

-'netals 1n the slndqe cake is based on a wet basxs, 'ie., as

the sludqe cake leaves the deuaterlng roon. , The concentra-
tion in the sludqe Cake,:§CSC has been calculated in both

gq/kq and. mg/L. The cesults have been . placed in Iable A.3‘
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2.2 HBST SINDSOR .

'Por West Windsor, the same procedure was “followed as

.ﬂ- outlined for'Little ﬁiiéﬁ, with the ekception that no gver-

flow occured. Listed below are .the values used for West

~ ®indsor calculations.
| gercgnt splidsf Ps = 7.29
Pércent éolatile solids, Pvs = 47.23
Sfs = 2.65 . | o
Svs = 1.01. b 7 _ 7
Prog calculations, S§‘= 1.49 and Ssl.;l1.025.--iithusl
= 5361.7 tonnes for October, Qsl = 0.169 HL/d;. . | |
| With, Ssc = 1.103} Psc = 23:38 and Msc ='1186.1;¥onnes
fo; October, Qsc =;0.035 ML/d. . | ‘
From the above values, the centrate flouraié, - Qcent =
0. 134 ML/d. With this information, and the mass flow dia-
gram in'Fiqure A.3, tﬁe percent metals added through FéCl;
addition, can bé ca%culated as shown in Table A.4 However,
for West Windsor a different dilution rate is used, where, 1
L of chemical per minute/ 11 ML/d of flow.
Further calculeting in Table A.S. shows the centraie‘t;
influent ratios, where the dewatering duration is 76.75

hours, while Table A.6 shows the metal levels in the sludge

cake on a wet basis. -
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Mmtent

—f—maxxwunnlevel of kedév metal that can

' —equllbrlum concentratlon of metals ln

e

- -

gbé ascoc1ated uxth the thlOQlCal §

SOlldS, nq metal/q blonass

;f,-llquxd phase netal concentratlon in

1nt1mate contact Hlth blomass, ng/I

the 11qu1d phase, nq/L

A : B

7T_f‘-concentrat10n of metal in cent:ate, uq/L

FCanentratlon of metal Ln feed chemxcal,;_ .

) —solublllty product ‘:"‘f

nq/L_ L L | | S
;Eoruard rate constant . .

=reverse rate constaut

'.—nass cf'metal at sample poiut‘n. q

—mass of metal at sample point C, g

. =mass cf métal in feed chemical, q

. =mass of fxxed solids in sludqe.'%': : T

=ccﬁth1§ averaqge of metals in centrate,
q/h l

=monthly average of metals in influent,
a/h

=pass of metals leaqinq thru overflow, gq/h

=mass 0f solids in sludge before
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'deuatefinq, %
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=§uéﬁtity of wastevater treated after
P
overflow, HMLD
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