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University of Toronto 

Assessment of Two Activated Carbon Adsorption Systems Treating Hood Pre- 
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Wastewater Technology Centre 
UniverSity of Sherbrooke2 

The Adaptation of Anaerobic Granulated Bed to Changes in Loading Rate and 
Liquid Upflow Velocity in UASB Reactors 
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The University of Western Ontario 
Lodz Technical University 

Groundwater Treatment Pilot Hork at Ville Mercier 
- R.M. Booth, L. Simovic and D. Vachon 
Wastewater Technology Centre 

Considerations in Calibration and Analysis for Volatile Organic Compounds 
in Air Emissions from Hastewater Treatment Processes 
- B.A. MacGillivray and P.J.A. Fowlie 
Nastewater Technology Centre 

The Persistence of Organic Contaminants in Soils Treated hfith Municipal 
Sludge . 

- J.D. Goodin and M.D. Hebber 
Nastewater Technology Centre 

The Benefits of Conservation Tillage Practices in Southwestern Ontario 
- E.J. Dickson and G.C. Fox 
University of Guelph 

A Cost Model for Optimizing Polymer Addition 
- B.w. Baetz and J.H. Barajas 
McMaster University 

Treatment of Firefighting Training Haste 
- P.J. Connell and R.P. Canning 
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Onsite Anaerobic Treatment of Combined Pea and Potato Processing Haste- 
waters Using a Mobile Microprocessor Controlled, Three Reactor Pilot Plant 
Facility 
- R.E. St. Jean and A.R. Stickney 
Canviro Consultants 
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Fat of Selected Volatile Organic Substances in an Aqueous Environment 
.R. Chadola, N. Biswas, J.K. Bewtra, C.C. St. Pierre and R. Zytner 

niversity of Windsor
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SESSION I - AUDITORIUM 
WATER POLLUTION CONTROL TECHNOLOGY 

PRESIDER: 

1:30 - 2:00 

2:00 - 2:30 

2:30 - 3:00 

3:00 - 3:30 

3:30 - 4:00 

4:00 - 4:30 

4:30 - 5:00 

5:00 - 7:00 

S. NUTT t 

CANVIRO CONSULTANTS 

I'TI‘IEATMENT TECHNOLOGIES' 

DEMONSTRATION PROJECTS 

Design and Operation of a Pilot Plant tor the 
Evaluation of Disinfection Reaction Products 
in Drinking Water 
- D.|. Harris, G.D. Milne, GA. Irvine, 
D. Kellendonk and RM. Huck 
University of Alberta 

Treatment Process Technology for Arsenic 
Removal from the Gold Mine Tailings Pond 
Water 
- S. Domvile1- L DesjarlaisI, R. Hiltunen2 
and H.Suan2 
Nerco Con Mine Ltd.1 
Stanley Associates Engineering Ltd.2 

A Low Cost Nitrification-Denitrification System 
for the Control of Ammonia and Hydrogen 
Sulphide in Lagoon Effluents 
- W. Lewandowski 
Ontario Ministry of the Environment 

Poster SessionlColtee Break 
Main Mall Area - CCIW 

LABORATORYSTUDIES 

Sulfides in Anaerobic Treatment; Inhibition 
& Mechanism of Process Adaptation 
- D.M. McCartney and M. Oleszkiewicz 
University of Manitoba 

improved Bacterial Leaching of Metals from 
Municipal Sludge (Reactor Studies) 
- RD. Tyagi. F.T. Tran and B. Boulanger 
lNRS-Eau 

Reactions of Hydroxyl Radicals with 
Chlorobenzenes: Comparison to T102 
Photocatalyst Reactions 
- G. Lepore and CH. Langtord 
Concordia University 

Reception 
Main Mall Area - OCIW Cafeteria 

session 1 I- SEMINAR noon 
IMPACT OF POLLUTANTS ON AQUATIC 

ECOSI/STEMS 

PRESIDER: R.J. DALEY 
NATIONAL WATER RESEARCH INSTITUTE 

'POLLUTION EFFECTS AT THE ECO- 
SYS'I'EM LEVEL' 

gnpact and Recovery of an Acid Spill on the York 
rver

. 

- R. Prairie, K. Schiefer, LJ, Moulins and 
V. Chapados 
Centre de Technologie Noranda 

1:30 - 2:00 

2:00-2:30 Planktonic Model Ecosystems for Studying 
Pollution Effects at the Ecosystem Level 
- U. Borgmann, E.S. Millard and w. Nomood 
Great Lakes Laboratory for Fisheries and 
Aquatic Sciences 

2:30 - 3:00 A Comparison of PCB Congener Distributions 
in two Contaminated Lakes in Ontario 

- CR. Macdonald and CD. Metcalfe 
Trent University 

3:00 - 3:30~ ASPECTS OFTOXlC 
"

* 

co MINATION' ~~~ ~~~ ~~~~ ~ ~ ~ ~ 
~ ~~ 
~ ~~~ 
~~ ~~ 

~~ 3:30-4: cological Partitioning of Organochlori- 
nated Contaminants in Forage Fish Species 
- CE. Hebert and GD. Haftner 
University of Vifindsor

~ 4:00 The Use of Youngof-the-Year Fish as 
Bloindicators of Toxic Chemicals in the 
St. Lawrence River 
- J. Bureau and HR, Sloterdijk 
St. Lawrence Center 

~~~ 4:30 - Evidence of Genotoxins in the Sediments 
of the Welland and Buffalo Rivers as Inferred 
from the Frequency of Chironomid Labial 
Plate Detorrnities 
- M. Dickman, Q. Lan and B. Matthews 

~~ 
5:00 - 7:00 Reception 

Main Mall Area - CCIW Cafeteria 
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' PROGRAM 
7:30 - 3:45 REGISTRATION (corw roves) 

8:45 - 9:00 OPENING REMARKS (AUDIT ORIUM) 
KL. MURPHY. PRESIDENT CAWPRC 
McMASTER UNNERSITY 

SESSION I - AUDITORIUM 
WATER POLLUTION CONTROL TECHNOLOGY 

PRESIDER: P. DOLD 
MCMASTER UNIVERSITY 

'MODELLING FOR ENVIRONMENTAL CONTROL' 

9:00- 9:30 Economic Analysis of Electroplating Discharges to 
Sewage Treatment Plants 
- N.D.H. Looker, EA. McBean and G.J. Farquhar 
University of Waterloo 

9:30 - 10:00 Dynamic Modelling of the Humber Sewer System 
and Sewage Treatment Plant 
- H.G. Fraser and G.J. Edmonds 
UMA Engineering Ltd. 

10:00 -10:30 A General Purpose Simulator for Dynamic 
Modelling of Wastewater Treatment Processes 
- G.G. Patry, l. Takacs and J. Yong 
McMaster University 

10:30 - 11:00 Poster Session/Coffee Break 
Main Mall Area - CCIW 

11:00 - 11:30 Design Methodology for n-Stage Step-Feed 
Activated Sludge/Sedimentation Systems 
- R. Leduc, O. Moreno and R. Gehr 
McGill University 

11:30 - 12:00 Development of an Expert System for the 
Assessment of Solid Waste Disposal in 
Landfills 
- D. N. Young1. A. Moriera1 and T. Constable2 
Dearborn Environmental Consulting Group1 
Wastewater Technology Centre2 

12100 '12130 An Expert System to Rank Toxic Contaminants 
ironmental Hazard~ 

12230-130 Posletseflbn/Bufletumteon 
Main Mall Area - CCIW 

SESSION] - SEMINAR ROOM 
WATER POLLUTION CONTROL TECHNOLOGY 

H. EISENHAUER ' 

ENVIRONMENT CANADA 
PRESIDER: 

'ENVIRONMENTAL MONITORING" 

ANALYTICAL PROCEDURES 

The Application of Chemically Modified Fused 
Silica Fibers in the Extraction of Organics from 
Water Matrix Samples & Their Rapid Transfer 
to Capillary Columns 
- R.P. Belardi and J.B. Pawliszyn 
University of Waterloo 

9:00 - 9:30 

9:30-10:00 Supercritical Fluid Extractions of Organics 
from Water Matrix Samples 
- C.S. Burchat and J.B. Pawliszyn 
University of Waterloo 

10:00 - 10:30 A Continuous Monitor Based on the Dynamic 

Lambton Industrial SocietyI. 
Ortech international? 
Tekmar Company3 

Poster Session/Coffee Break 
Main Mall Area - CCIW 

10:30 -11:00 

ENVIRONMENTAL IMPACTASSESSMENT 

11:00 -11:30 Determination of Chlorinated Phenolics in 
- ' ffluents 
:: . . Hong-You2 and PM. Fowlie2 

aonal Water Research Institute1 
Wastewater Technology Centre?-

~
~ 

~~ ~ 

11:30 -12:00 Degradation Pathways of Halogenated Ethanes 
:- mow Anoxic Groundwater 

. r Research Institute 

12:00 - 12:30 Analysis of Adsorbable Organic Halogens in 
Pulp & Paper Plant Streams 
- J. L. Fraser and M. Foroutan 
Wastewater Technology Centre 

12230-1230 PosterSession/Buffetcheon 
Main MaIIArea - OCIW 

GENERAL lN’FORMATION . 

The Twenty-fourth Canadian Symposium on Water 
Pollution Research will focus on Water Pollution 
Control Technology and the impact of Pollutants 
on Aquatic Ecosystems. This is a one day sym- 
posium with two simultaneous sessions. 

SUBMISSION OF PAPERS TO THE WATER 
POLLUTION RESEARCH JOURNAL OF 
CANADA 

Papers being presented at this Symposium will be 
considered for publication in a future issue of the 
Water Pollution Research Journal of Canada 
provided they have undergone two peer reviews 
and acceptance has been given by the Editor- 
in-Chief. 

POSTER SESSION 
A POSTER SESSION will be featured in the Main 
Mall area at CCIW during the morning and after- 
noon Coffee Breaks and during the Buffet Luncheon. 
There will also be ample time for discussion with the 
participants during the Wine and Cheese Reception 
beginning at 5:00 pm. 

REGISTRATION INFORMATION 
CAWPRC Members 3 40.00 
CAWPRC Student Members $ 5.00 
Non CAWPRC Members $ 90.00 
Non CAWPRC Student Members 3 20.00 

The Non CAWPRC Members fee will include a 1989 
individual CAWPRC or Student membership in the 
Canadian Association on Water Pollution Research 
and Control along with a subscription to the Water 
Pollution Research Journal of Canada. Registration 
Fees will also include the Buffet Luncheon and the 
Wine and Cheese Reception. 

SESSION CHAIRMEN 
B.E. JANK (I) J. BARICA 0|) 
Wastewater Technology National Water Research 
Centre. Institute, 
867 Lakeshore Road, 867 Lakeshore Road, 
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TWENTY-FOURTH CANADIAN SYMPOSIUM SESSION | 

ON WATER POLLUTION RESEARCH 9:00 - 9:30 

ECONOMIC ANALYSIS OF ELECTROPLATING DISCHARGES 
T0 SEWAGE TREATMENT PLANTS 

N.0.H. Looker", E.A. NcBeanI and G.J. Farquhar‘ 
University of Neferloo. NaTerloo. OnTarlol 

'Canvfro ConsulTanTs LTd., NaTerloo, OnTario' (PresenT LocaTion) 

The growing concern wiTh heavy meTals in The environmenT has given rise To 
The formulaTion of regulaTions In OnTarlo governing The disposal of sewage 
sludge To agriculTural land. Since many sewage TreaTmenT planTs (STPs) 
accepT indusTrlal discharges in Their lnfluenT, meTal concenTraTIons in 

Their sludge may exceed The limlTs imposed by The regulaTions. 
Consequenl These planTs musT dispose of Their sludge To landfill slTes. 

Since landfill disposal of sludge is much more expensive Than disposal on 
agriculTural land, The financial burden To STPs is imporTanT. in These 
concerns, major conTribuTors of meTals are elecTroplaTlng companies. 
FurTher, cadmium is The elecTroplaTlng meTal ThaT is The mosT imporTanT 
since iT is frequenl responsible for eliminaTlng STP sludges from 
possible use on agriculTural land (Webber, i974; EnvironmenT Canada, 
I984). The problem relaTed To cadmium is widespread; a survey in i984 
indicaTed ThaT There were over ThirTy (32) elecTroplaTlng planTs in 

OnTario wiTh cadmium-plaTing operaTlons (Envir. Can., 1984). 

The focus of The paper is The developmenT of a LoTus spreadsheeT analysis 
To compare The cosTs of implemenTing an advanced wasTewaTer TreaTmenT 
sysTem for a cadmium plaTing planT (l.e. preTreaTmenT aT The source), wiTh 
sludge disposal cosTs of The sewage TreaTmenT planT To which The plaTing 
planT ls discharging lTs effluenT. Specifically a meThodology is 

described To deTermlne The incremenTal cosTs of implemenTing an 
evaporaTive recovery sysTem To eliminaTe cadmium In The plaTing planT's 
effluenT and The associaTed beneflTs of The STP sludge being disposed To 
agriculTural land. 

A case sTudy applicaTion is used To demonsTraTe The principles. In The 
case sTudy, The cosTs foregone by disposing of The sludge To agriculTural 
land and noT To a landfill, far ouTweIghed The incremenTal cosTs of 
insTalling The evaporaTive recovery sysTem. The overall neT beneflTs were 
approximaTely five million dollars for a i0 year design life, for a ciTy 
of 70,000 people. SensiTlvlTy of The findings To design variables are 
demonsTraTed, including drag-ouT raTes, sludge producon raTes and 
economic variables such as inTeresT raTes.



TWENTY-FOURTH CANADIAN SYMPOSlUM SESSION i 

ON WATER POLLUTION RESEARCH 9:30 —iO:OO 

DYNAMIC MODELLING OF THE HUMBER SEWER SYSTEM 
AND SEIAGE TREATMENT PLANT 

".6. Fraser and C.J. Edmonds 
UMA Engineering LTd., Mississauga, OnTario 

This paper summarizes The resuITs of a sTudy of The Humber Trunk saniTary 
sewer sysTem and sewage TreaTmenT planT in MeTropoliTan ToronTo. Ab0uT 9% 
of The caTchmenT area is served by combined sewers. 

The influence of various flow componenTs on The sewage TreaTmenT planT was 
analyzed wiTh sewer sysTem and TreaTmenT planT models. WiTh The sewer 
sysTem modelling iT was possible To disTinguish The various flow 
componenTs of dry weaTher flow, infilTraTion/inflow and combined sewer 
flow. The dynamic sewage TreaTmenT planT (STP) model had The capabiliTy 
of simulaTing The operaTion of primary ciarificaTion and secondary 
TreaTmenT, and predicng‘Trends in The final effluenT qualiTy. 

By operaTlng The sewer sysTem and sewage TreaTmenT planT model in series 
The effecT of flow conTrol measures on The sewer sysTem and STP operaTion 
could be evaluaTed. The effecT of measures such as lnleT conTroi, infil- 
TraTion/inflow reducTion, local sTorage, and in sysTem sTorage were consi- 
dered To relieve basemenT flooding. To solve The combined sewer overflow 
problem, The impacT of Techniques such as sewer separaTion, adjusTmenT of 
flow regulaTors, and sTorage for combined sewer overflows were considered. 

This sTaTe of The arT analyTical approach was found To be exTremely useful 
in analyzing differenT sysTem configuraTions. For example The sTudy found 
ThaT resolving basemenT flooding in local sysTems, Through The use of 
sTorage or inleT conTrols had a negligible impacT on The TreaTmenT planT 
operaTlon. lT was also found ThaT abouT 40$ of The flow To The STP during 
a rain evenT exceeding 10mm, comes from inflow/infilTraTlon. SubsequenTiy 
recommendaTions were made To increase efforTs To reduce l/l. 

One opTion considered for The conTrol of combined sewer overflows was 
sewer separaTion. lT was predicTed ThaT The impacT on flows To The sewage 
TreaTmenT planT during weT weaTher periods would noT be alTered 
significanl. On The oTher hand The effecT of sToring combined sewer 
overflows and Then TreaTlng The flow was predicTed To have a significanT 
impacT on The planT operaTlon. AddiTlonal TreaTmenT planT capaciTy would 
be required in order To meeT The MlnlsTry of EnvironmenT quallTy criTeria. 

An imporTanT finding of The lnvesTlgaTion relaTed To planT raTings which 
are usually conducTed on The basis of some funcon of dry weaTher fl0w 
esTlmaTes. The sTudy found ThaT a more meaningful planT raTing should be 
based on The hydrograph shape, including The magniTude of The peak flow 
and The duraTion of The flows (wldTh of The hydrograph), especially under 
weT weaTher conllons.
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A GENERAL PURPOSE SIMULATOR FOR DYNAMIC MODELLING OF 
HASTEHATER TREATMENT PROCESS 

6.6. PaTry, I. Takacs and J. Young 
McMasTer UniversiTy, HamilTon, OnTario 

The purpose of This paper is To describe The developmenT and applicaTion 
of slmulaTion-based Technologies in The field of wasTewaTer TreaTmenT 
engineering, in general, and dynamic modelling of TreaTmenT processes, In 
parTicular. SimulaTors make use of simulaTlon models To provide an 
lnTeracTive graphics-based environmenT To allow The user To conTrol and 
inTeracT wiTh The simulaTion as iT proceeds. While simulaTors are 
parTicuIarly useful for operaTor Training purposes, Their beneflTs exTend 
To all phases of The wasTewaTer engineering, including, planning, design 
and operaTion/conTrol of wasTewaTer TreaTmenT planTs. 

Developed on a SUN3/l50 worksTaTion, The slmulaTor is being adapTed To 
oTher hardware/sofTware plaorms, including The Mac II and evenTually The 
IBM-P52. 

The wasTewaTer TreaTmenT planT simulaTor consisTs of Two-independenT 
modules: a) a screen-orienTed modelling inTerface (SOMI) used To specify 
(graphically) The characTerisTlcs of The wasTewaTer TreaTmenT planT, i.e., 
process models, connecTiviTy, iniTiai condiTions, kineTic parameTers, 
eTc.; and b) a general-purpose simulaTor (GPS) allowing The user To 
inTeracT wiTh The simulaTlon as iT proceeds. BoTh modules make exTensive 
use of objecT-based modelling conces as well as on-line graphics and 
windowing Techniques. 

A number of models have already been lncorporaTed in The simulaTor 
library, including: 

- primary seTTling: Busby, STensTrom, and Lessard/Beck; 
- acvaTed sludge process: MarslIi-lelli, Olsson, lAWPRC, and 

The VITUKl (VNP) model; 
- secondary clarifier/Thlckener: ViTasovic, STefhesT, Hill; 
- anaerobic digesTlon: Andrews, PavlosThaTis, MoleTTa, and The 

VITUKl(VANAM) model. 

The models were coded in ACSL (Advanced ConTinuous SimulaTion Language) 
_and evaluaTed using already published field and laboraTory daTa. For 
The purpose of This paper a subseT of models were used To provide a 

~descrlpTion of an acTual wasTewaTer TreaTmenT pianT under realisTic inflow 
condiTions, including sTeady-sTaTe and diurnal flow varlaTions. The paper 
illusTraTes The beneflTs of The simulaTor for model callbraTion, model 
verflcaTlon, and To simulaTe InnovaTive conTrol sTraTegies.
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Based on a comparaTive evaluaTion of dynamic models, The paper emphasizes 
The need for hierarchical model developmenT in order To address The 
various needs of The profession aT The planning, design, and operaTional 
levels. lT has become apparenT, based on our invesTigaTions, ThaT no 
single model sTrucTure is applicable To all levels. While complex 
mechanisTlc models mlghT seem To provide a more reallsTlc descrlpTion of 
The Time-varying performance of a wasTewaTer TreaTmenT faclllTy, There is 
some concern abouT The sulTablllTy (and TransferablllTy) of many of These 
models To The field condiTionS. The paper concludes wiTh ThoughTs on The 
developmenT of operaTional/prob|em-speclflc models.
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DESIGN METHODOLOGY FOR n-STAGE STEP-FEED 
ACTIVATED SLUDGE/SEDIMENTATION SYSTEMS 

R. Leduc‘, 0. Morenoz, and R. GehrI 
IcGlll UniversiTy, MonTreai, Quebecl 

Caura Ingenleros ConsulTores C.A.. Caracas, Venezuela2 

The sTep-feed (also known as sTep-aeraTion) acTivaTed sludge process is 

considered by many as having The besT operaTional flexibiIiTy among The 
modificaTions ThaT have been propoSed To The original process. OTher 
advanTages include beTTer equalizaTion of The wasTe load and a more 
‘uniform oxygen demand along The aeraTlon Tank, wiTh lower peak demands. 
Also, iT allows operaTlonal conTrol of The sludge age and hydraulic 
reTenTion Time and can be used in prevenTing gross process failure due To 
hydraulic overloading or sludge bulking. 

The design engineer faces The problem of having To consider The sizing of 
a cerTain number of sTages in The aeraTlon Tank and The effecT of 
secondary ciarifier operaTlon on The overall process. Because of a lack 
of available sofTware, The engineer is aT presenT limiTed in The design 
procedure because of The Cumbersome caICUlaTions ThaT The design 
involves. A new compuTerized meThodology is proposed here To assisT The 
engineer In comparing The effecTs of designing for various numbers of 
sTages on The overall performance of The acTivaTed sludge process, 
including secondary sedimenTaTion. The soluTIon meThodology is based on 
an algoriThm, which is furTher explained below. 

The meThod considers Two models: a biodegradaTion model for The 
biological processes occurring in The aeraTlon Tank, and a clarifier 
model. The maThemaTical model for blodegradaTion is developed from 
fundamenTal Theory. IT considers any number (n ) of sTages and is an 
exTension of an exisTlng 3-5Tage model proposed by Benefield and Randall 
(1980). For each sTage, sTeady-sTaTe subsTraTe and biomass balances are 
considered, based on The compleTe-mix assumpTion in each sTage, To yield a 

sysTem of Zn nonlinear equaTions. These, combined wlTh an equaTion for 
The ToTal volume of The Tank and one for The biological solids reTenTion 
Time, amounT To a sysTem of Zn +2 nonlinear equaTions. An algoriThm was 
developed To solve This sysTem of equaTions, which were coupled wiTh a 

model used for simulaTing The Thickening process in The final seTTIing 
Tank. The Thickening/clarificaTion equaTions, which are based on The 
IlmlTing flux Theory model, are Those proposed by Riddel g1 El. (1983). 

The resulTs obTained using This meThodology compared very favourably wlTh 
daTa found in The liTeraTure. The algoriThm was found To be adequaTe for 
design and for analysis of exIsTing sysTems, and The convergence of The 
compuTaTional meThod was saTisfacTory.
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In addiTion. The meThod was designed To be flexible. IT allows The user To 
specify The number of sTages and The flow fracTion dlrecTed To each 
sTage. IT can be used in a deéign , or in an anafigéiA mode. WasTewaTer 
and sludge TreaTmenT cosT funcons are included In order To provide The 
design engineer wlTh a cosT comparison of The various possible design 
opTlons. 

The compuTerlzed algoriThm represenTs an improved meThodology for The 
design of The sTep-feed acTivaTed sludge sysTem and should prove To be a 
valuable Tool for designers who wish To consider any number of sTages and 
Their respecTive impacT on operaTional variables as well as on cosT.
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DEVELOPMENT OF AN EXPERT SYSTEM FOR THE ASSESSMENT OF 
SOLID IASTE DISPOSAL IN LANDFILLS 

D.N. Young], A. HorieraI and T. Constable2 
Dearborn Environmental Consulting Group, Mississauga, Ontario 

Westewater Technology Centre, Burlington, Ontario2 

Landfilling is the main disposal method employed for solid wastes 
generated by Industry and municipalities. Bench—scale tests and/or 
computer models are used to assess potential adverse impacts of solid 
waste disposal. These estlmatlon procedures are, however, limited to 
relatively simple disposal conditions and well—defined waste types. More 
thorough assessments using these techniques are very costly. Environment 
Canada and Supply and Services Canada are supporting a two and one half 
year project to develop a comprehensive software package to assist first-time and expert users in developing more in-depth and long-term 
assessments of environmental impact of solid waste disposal in landfills 
at a reasonable cost. The modularized package consists of a graphlcal 
user Interface, hydrogeological model (to define leachate flow through 
landfill), solid waste characterization and leaching database (to allow 
storage and retrieval of historical results) and an expert system (to 
provide specification of leaching test(s), analyses of all results 
generated and concluslons/recommendations). 

The purpose of this paper is to present a summary of progress to date on 
50ftware development. Following a brief overview of the project scope and 
objectives, a presentation of the hydrogeological model and leaching 
database will be given. Photographs of the user interfaces for each 
program along with a brief explanation of data Input and manipulation will 
be presented. A beta-test version of the database software will be made 
available on an as-requested basis.
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AN EXPERT SYSTEM TO RANK TOXIC CONTAMINANTS ACCORDING TO 
ENVIRONMENTAL HAZARD 

E. Halfon 
NaTional WaTer Research lnsTlTuTe, BurlingTon, OnTario 

The experT sysTem analyzes any number of ToxiciTy TesTs, physlco—chemical 
properTIes, concenTraTions and oTher criTeria To rank Toxic conTaminanTs 
according To Their environmenTal hazard. The experT sysTem has been 
developed on a mainframe compuTer. Plans are now in progress To Transfer 
The sofTware To personal compuTers for disTribuTion To any governmenT 
deparTmenT inTeresTed in ranking, in prlorlTy seTTlng and in decision 
making. This experT sysTem ls noT resTricTed To Toxic conTaminanTs buT 
IT can rank any daTa seT (provided by The user) organized in maTrlx or 
spreadsheeT form. 

For ranking Toxic conTaminanTs, each spreadsheeT row represenTs a chemical 
and each column conTains The values of The criTeria, TesTs or aTTribuTes 
To be used for ranking. The ranking analysis can be done in fully 
auTomaTed form or The user can use his/her experTise To decide which 
criTeria To use and which analysis To perform. In The fuTure, Two or 
Three years depending on funding, The experT sysTem should be able To fill 
gaps in The spreadsheeT, eiTher wlTh resulTs from faTe models or from QSAR 
relaTionships. The ranking meThod is 100% compaTible wiTh The VecTor 
Scoring SysTem (VSS) proposed by The OnTario MinisTry of The EnvironmenT. 
lf VSS is implemenTed by EnvironmenT Canada and HeaITh and Welfare, This 
ranking experT sysTem can analyze all The relevanT informaTion wiThouT any 
changes In The sofTware. 

The sofTware performs several funcTions: (i) iT ranks Toxic conTaminanTs 
according To many criTeria, TesTs or aTTrlbuTes eiTher in Their original 
form, divided inTo classes or wlTh assigned welghTs (The experT sysTem can 
also aTTribuTe weighTs To The criTeria if The user so desires). The 
ranking ls displayed wlTh Hasse diagrams, a useful Tool adapTed from 
laTTice Theory. Toxic conTaminanTs are ranked in hazard groups. 

(2) IT idenTifles conTradlcons in The ranking according To each 
criTerium. For example, If only one criTerium were used, The ranking 
would be unique (for example chemical A is worse Than chemicals B and C). 
if a second, differenT, criTerium is used, The ranking of The same 
chemicals mighT be differenT (for example chemical B is worse Than 
chemicals A and C) and also unique. When boTh criTeria are used TogeTher, 
The new ranking Includes conTradicTory resulTs (boTh A and B are worse 
Than C, buT is A worse Than 8 or viceversa?). 

If we use many criTeria, The number of conTradicTions Increases. The 
ranking meThod analyzes all criTeria and iT shows graphically, wlTh Hasse 

- 3 _



TWENTY-FOURTH CANADIAN SYMPOSIUM SESSION | 

ON WATER POLLUTION RESEARCH 12:00-12:30 

dlagrams, The presence of conTradicTions (ConTamlnanTs A and B are more 
hazardous Than C and The experT sysTem idenTlfies The TesTs ThaT rank A 
and B in a conTradIcTory manner). The user can now analyze The raw daTa To 
undersTand how The ranking is obTalned and why conTradlcTIons In The 
criTeria exisT. This conTradlcTory evidence is usually IosT in large 
spreadsheeTs wiTh Thousands of numbers. This evidence is also losT if a 
single index of hazard. i.e. all criTeria are combined inTo one, is used 
To rank chemicals. 

(3) The experT sysTem ldenTlfies which criTerla are The mosT criTlcal for 
ranking purposes. This informaTlon is imporTanT when some crlTeria 
conTain redundanT lnformaTion, lnformaTlon ThaT Is expensive To collecT in 
Terms of dollars, Time and manpower.
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THE APPLICATION OF CHEMICALLY MODIFIED FUSED SILICA FIBERS IN THE 
EXTRACTION OF ORGANICS FROM HATER MATRIX SAMPLES & THEIR RAPID 

TRANSFER TO CAPILLARY COLUMNS 

R.P. Belardi and J.B. Palllszyn 
UniversiTy of laTerloo, laTerloo, OnTario 

The abiliTy To analyze waTer maTrix samples in The shorTesT period of Time 
and In The mosT cosT efflcienT manner allows The scienTisT To collecT and 
sTudy more daTa, which resulTs in a more Thorough analysis and rapid 
warning againsT dangerous polluTanTs. in This reporT a unique and more 
efficienT procedure for preparing and Transferring samples To capillary 
columns for analysis by GO or GCMS is described. 

Currenl There are several meThods ThaT are employed for sample 
preparaTion for GC or GCMS analysis of organics in waTer samples, such as 
soivenT exTracTion and solid phase exTracon. However all These 
procedures are muITi-sTep and involve The use of solvenTs and syringes, 
all possible sources of error. The Technique presenTed here involves a 

modified version of solid phase exTracTion. iT employs an immobilized 
organic layer which is chemically aTTached To fused silica fibers. similar 
To Those used as opTical guides. The unique feaTure of These fibers is, 
due To Their small size, The abiliTy To place Them direcTiy inTo The 
capillary column. Thus The need for soivenTs and syringes is eliminaTed 
as well as The various sTeps which are required for These Techniques. The 
resulT is increased Time and cosT efficiency. 

The fused silica fibers are modified by eiTher chemically bonding or 
polymerizing an organic layer To The Tip of The fiber. This causes The 
non-polar organics To be exTracTed from The polar aqueous sqTion and 
absorbed inTo The less polar layer. However, conTrary To sTandard solid 
phase exTracTion meThods This Technique does noT exTracT all of The 
organic compound. lnsTead iT ls based on The equilibrium ThaT is formed 
beTween The concenTraTion of The compound in The organic layer and The 
concenTraTion of The compound in The aqueous medium. Therefore, The 
analysis resulTs are independenT of The sample size and iT can be a 

selecve by using appropriaTe sTaTIonary phases. 

in This sTudy four differenT organic layers were used To explore The 
properTles and limiTaTions of This new and unique Technique. They were: 

‘i) Carbowax, 2) OcTadeceTrichiorosilane (ODS), 3) PolymeThylvlnylchloro- 
sllane (PMVCS), 4) Liquid CrysTailine PolyacrylaTe (LCPA). 

The Tips of The fused silica fibers (100 pm o.d.) were all eTched wiTh 
concenTraTed HF (excepT The PMVCS fiber) and Then rinsed wiTh meThylene 
chloride, aceTone and meThanol. Once The fibers were rinsed and air 
dried, They were ready To be coaTed. The coaTing condiTions varied for 

_ 10 -
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each Type of layer, however. They all followed The general procedure of 
immersing The Tips of The fibers In a diluTe soluTion of The specific 
organic layer and sTaTically coaTing Them under The flow of an inerT gas 
such as N2 or He. Once coaTed The fibers were condiTloned aT elevaTed 
TemperaTures. 

WaTer samples conTaining various concenTraTions of 2-naphThoI were 
analyzed by immersing The modified fiber in The sample for a specified 
Time. IT was Then direcTIy Transferred To The capillary column of The 00 
via The on-column InjecTor and a TemperaTure programmed analysis followed. 

IT was observed ThaT Three ouT of The four fibers performed well wiTh 
liTTIe bleeding up To TemperaTures of 200°C. These were The carbowax, 
PMVCS, and The LCPA fiber. However, Their exTracon efficiency of 
2-naphThol differed considerably. The carbowax fiber had The lowesT 
efficiency wiTh approximaTely 1/5 of ThaT of The LCPA fiber, which had The 
highesT. While, The PMVCS fiber's efficiency was 1/2 of ThaT of The LCPA 
flber's. This provides evidence ThaT The hypoThesis of The formaTlon of 
an equil ibrium of The organic concenTraTion beTween The fiber and The 
aqueous soluTion exisTs. 

A sTudy of The exTracon performance of The flbre wlTh respecT To varying 
sampling Time was conducTed in order To provide The opTimum (minimum) 
sample Time wiThouT sacrificing iTs performance. In The sTudy The 
carbowax and LCPA fiber were used. In boTh cases iT was observed ThaT The 
degree of exTracTion was IaIaIIy proporTIonaI To The sample Time. As 
The sampling Time was increased iT was observed ThaT a sTaTe of 
equilibrium had been reached. The opTimum sampling Time (The equilibrium 
poinT) for The LCPA fiber was 15 seconds, while ThaT of The carbowax 
fiber's was approximaTely 5 minuTes. 

A series of idenTlcaI waTer samples conTaInlng 100 ppm of Z-naphThol were 
analyzed using The MFSF Technique (In This case The LCPA fiber was used) 
In order To deTermlne lTs reproduciblliTy. The resulT was a sTandard 
deviaTIon of 18.1 $- 

A concenTraTion curve ranging from 20 ppb To 100 ppm of 2-naphThol was 
ploTTed, which produced a linear reIaTlonship beTween The 2-naphThol 
exTracTed and The sample concenTraTion. The deTecon IImlT In The 
deTerminaTlon of 2-naphThoI was found To be 5 ppm. 

The varlaTions observed In The reproduciblliTy TesT revealed ThaT much 
more work is needed To make This Techinique a ready To use and reliable 
meThod for The analysis of waTer samples. However, These preliminary 
findings supporT The belief ThaT This unique meThod of exTracTion and 
rapid Transfer To capillary columns can be a viable and praccal 
Technique which would drasTlcalIy Improve The efficiency in analyzing 
waTer maTrix samples for The environmenTaI chemlsT. 

- 11 _
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SUPERCRITICAL FLUID EXTRACTIONS OF ORGANICS 
FROM HATER MATRIX SAMPLES 

C. S. BurchaT anv. B. Pawliszyn 
UniversiTy of HaTerloo, Haferloo, OnTario 

EnvironmenTal conTaminanTs such as pesTIcides and hydrocarbons are 

Increasingly presenT In groundwaTer supplies and are of a growing concern 
To populaTions. IT is necessary To develop rapid and accuraTe meThods for 

moniToring waTer polIuTanTs To proTecT The environmenT and The public. 

CurrenT meThods used To ranalyze organlc conTaminanTs in waTer involve 
liquid-liquid exTracTions. These meThods generally are Iabour-inTensive 
and Time .consumlng. Also, They ofTen involve The use of hazardous 
solvenTs such as benzene and dichloromeThane. WiTh The growing concern 
wiTh occupaTlonal heaITh and safeTy, an alTernaTIve To use of such organlc 
SolvenTs ls desirable. Liquid-liquid exTracTIons usually require a 

relaTIvely large volume of sample, and for Trace analysis, 
preconcenTraTion is necessary. A furTher disadvanTage of These 
TradiTIonal meThods of exTracTion is ThaT They do noT readily lend 

Themselves To auTomaTion. 

A new approach To The problem of exTracTIng conTaminanTs from waTer is 

currenTIy being developed using supercrITIcaI carbon dioxide. The process 
involves passing a given volume of The aqueous sample Through a guard 
column conTalning an adsorbanT. The waTer is forced Through The Tubing 
and column by a back pressure of dry niTrogen gas. pH of The waTer may be 

varied To Increase adsorpTion. AfTer The sample vIaI has been empTied, 
The niTrogen flow is conTinued, passing Through and drying The adsorbanT 
before exTracTion wiTh supercriTlcal fluid. 

SupercrITical carbon dioxide is passed Through The adsorbanT To exTracT 
The conTaminanTs. SelecTiviTy may be obTained by varying pressure of The 

supercrITical fluid, or TemperaTure of The adsorbanT column. Various 
adsorbanTs such as acTIvaTed charcoal, C18, or Florisil may be used. Our 

lab Is currenTIy working on The developmenT of selecTive adsorbanTs. 
AnoTher way To selecTive exTracT organics Is To use differenT 
supercriTIcaI fluids. Also, modifiers such as meThanol or benzene may be 

added To change polarITy and Thereby selecTively exTracT The conTaminanTs 
from The adsorbanT. 

The supercrITical carbon dioxide, wiTh conTaminanTs, I5 passed Through a 

fused silica capillary. The end of The capillary may be placed in a vial 

conTalning solvenT To dissolve The organics when The supercrlTIcal fluid 

expands aT The opening. The solvenT is broughT To a given volume and The 

sample analyzed. This meThod has been shown To be useful for exTracTing 
The herbicide ATrazine, which has been found To be presenT in some welt 
river and ground waTers. 

- 12 _
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An alTernaTive meThod of analysis is To deposiT The organics exTracTed 
direcy on a gas chromaTograph (GC) capillary column. A micro-orifice 
may be used To ensure rapid expansion of The supercriTical fluid To 
deposiT The conTaminanT in a small 'plug' and reduce peak broadening. 
This is useful for Trace analysis since The enTire sample is deposiTed 
direcy on The GC column for analysis. This reduces loss and errors 
inTroduced wiTh Transfer and injecTion of The sample. This could lead To 
lower deTecon llmlTs of The organics in waTer. 

OTher advanTages of This meThod also Include a reduced amounT of waTer 
sample required To do The analysis. Also, This meThod involves limiTed 
use of hazardous and expensive organic solvenTs. The carbon dioxide used 
is relaTively inexpensive and non-Toxic. The major advanTage of This 
sysTem is ThaT The procedure could easily be auTomaTed. Several columns 
may be used in parallel. Once The waTer is run Through The adsorbanT, and 
The adsorbanT dried by niTrogen, a valve could swiTch ThaT would allow The 
SupercriTical carbon dioxide To pass Through each column, and deposlT any 
exTracTed organics inTo a solvenT vial. This meThod would simplify The 
exTracTion procedure compared To The liquid-liquid exTracTions currenl 
in use, and also reduce ToTal analysis Time.
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A CONTINUOUS MONITOR BASED ON THE DYNAMIC HEADSPACE TECHNIQUE 

R.G. Denning', G.H. Thomas2 and R.G. HesTendorf3 
LambTon IndusTrlal SocieTy, Sarnia, OnTario‘ 
ORTECH InTernaTlonal, lslssauga, OnTarl02 

Tekmar Company, Cincinnafl, Ohio3 

Sampling meThods for emergency response purposes l.e. spills inTo 
waTerways, should be essenTially conTlnuous and The analysis ImmedlaTe so 
ThaT remedial acTions can be implemenTed wiThouT delay. 

This paper will discuss The developmenT of a proToType auTomaTed waTer 
sampling and analysis sysTem which Is capable of providing frequenT, 
prompT and quanTiTaTive moniToring resulTs for selecTed TargeT volaTile 
organic compounds aT The low PPB level in river waTer. 

The developmenT Involved The adapTaTion of The dynamic headspace analysis 
Technique To auTomaTed use aT a remoTe sampling siTe e.g. river bank. 

The proToType sysTem consisTs of four main componenTs 

I. An auTomaTed process sTream sampler (Tekmar Model 6000) which is used 
To auTomaTically ialaTe river waTer sampling, as well as blank and 
callbraTion deTerminaTions aT predeTermined inTervals. 

2. An auTomaTed Purge and Trap (P&T) sample concenTraTor (Tekmar Model 
LSC-2) which conTains The adsorbenT Trap (Tenax) and elecTronlcs ThaT 
conTrols The parameTers assoclaTed wiTh The P&T funcTions i.e. purge 
Time, desorb Time and TemperaTure eTc. which deTermlne The condITions 
necessary for removal of The organics from The waTer sample and 
Transfer Them To The Gas chromaTograph (GC) for subsequenT 
chromaTographic separaTlon. 

3. Microprocessor conTrolled programmable GC wiTh parallel deTecTors 
(ECD and FID) designed for ruggedness and reliabiliTy using a packed 
column sysTem for GO separaTion of TargeT compounds wlTh a column 
effluenT spllTTer ThaT permiTs a porTion of The effiuenT To be 
direcTed To The Two deTecTors. 

4. DaTa acquisiTion module consisTing of a Megasys RTU (remoTe TelemeTry ua) which acces an oquT signal from The GC ranging from 0-1 
VoiTs in ampllTude, dlgITizes iT and TransmlTs The value via a daTa 
line To a hosT compuTer. There are Two sample and hold channels, 
each wiTh eighT window capabillTy ThaT are dedicaTed To The Two 
deTecTors. AT The hosT compuTer The daTa ls arranged inTo a form 
ThaT ls compaTible wiTh The exisTing sysTem and a reporT on The 
concenTraTlon of each TargeT compound is presenTed each hour. 

- 14 _



TWENTY-FOURTH CANADIAN SYMPOSIUM SESSION I 

ON WATER POLLUTION RESEARCH 10:00-10:30 

A deTailed descrlpTion of The inTegraTion of The sysTem componenTs and 
successful operaTlon of The proToType sysTem will be presenTed. The major 
achievemenTs accomplished include; design and fabricaTion Of a suiTabIe 
blank/calibraTion sysTem; successful inTerfaclng boTh mechanically and 
elecTronIcally of The Tekmar uniTs and The GC; lnTerfacing of GC oquT 
wlTh The exlsTlng hosT compuTer sysTem. The evenTual successful 
conTinuous unaTTended operaTion of The sysTem over a six monTh period and 
daTa relaTing To Typlcal moaorIng resuITs of The TargeT compounds will 
be discussed. 

ReflnemenTs of The sysTem sTilI under invesTigaTlon include The 
calibraTlon sysTem and meThod deTecon IimlTs for The TargeT chemical 
compounds. 

This new approach To amblenT waTer qualiTy moniToring will prove a 

valuable componenT of waTer quallTy assessmenT programs. lT will ensure a 

prompT awareness and response To any major spills ThaT may occur as well 
as complemenT The more normal inTermiTTenT sampling programs. 

-15-
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DETERMINATION OF CHLORINATED PHENOLICS IN PULP AND PAPER EFFLUENTS 

".8. Lee‘, R.L. Hong-You2 and P.J.A. Fowlle2 
NaTIonaI laTer Research InsTITute, BurllngTon, OnTarIoI 

lasTeIaTer Technology Cenfre, Burllngfon, OnTario2 

Based on The in—siTu aceTyIaTion procedure, a meThod for The deTerminaTion 
of SI chlorlnaTed phenollcs In pulp and paper effluenT samples has been 
developed. ExcepT for 4-chlorocaTechol, Thls procedure provided 
saTIsfacTory recovery for all phenols aT Three levels of forTifIcaTIon, 
namely, 400, 40, and 4 ug/L. Analysis of The aceTyl derivaTives was 
performed by gas chromaTography uslng a 30 m DB-S caplllary column 
InTerfaced To an elecTron-capTure deTecTor. Mass specTral abundance daTa 
for The characTerIsTic Ions of The aceTyl derIvaTIves was acquired and 
used for The confirmaTIon of compound idenTiTies. By operaTIng a mass 
selecTIve deTecTor In The selecTed Ion monITorIng mode, applicaTIon of 
ThIs procedure was furTher exTended To The mono chlorlnaTed phenollcs. 
Using a 50 mL effluenT sample, The meThod deTecTIon lImIT was 0.5 ug/L for 
all excepT The monochlorinaTed compounds, whlch had a deTecTIon limIT of I 

ug/L.
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DEGRADATION PATHIAYS OF HALOGENATED ETHANES AND ETHENES 
IN ANOXIC GROUND HATER 

S. Lesage and R.E. Jackson 
NaTlonal HaTer Research InsTiTuTe, BurlingTon, OnTario 

ConTaminaTion of The glacial ouTwash aquifer beneaTh The GloucesTer 
landfill by a mlure of chiorlnaTed solvenTs has creaTed an ideal 
subsurface environmenT for The sTudy of The degradaTion paThways of 
chiorinaTed alkanes and alkenes. 

The producon of The carcinogen vinyl chloride from perchloroeThyiene has 
been demonsTraTed by several groups in microcosms and by oThers in field 
siTuaTions. The paThways have been recognised as Including a series of 

reducTive dehaiogenaTion and some ellminaTion reacTions. For The iirsT 
Time, The faTe of perchloroeThyiene and TrlchloroeThane and of Their 
inTermediaTe degradaTion producTs has been followed over a period of seven 
years. More ImporTanl, The universaiiTy of applicaTion of These 
paThways Is being invesTigaTed. The formaTion of chloropropene from 
dichloropropane provided some evidence ThaT subsTraTes oTher Than 
chioroeThanes may be degraded via The same mechanism. Also, compounds 
possibly arising Through The reducTive dehalogenaTion and eliminaTion of 

The chlorofluorocarbon i, i, 2-Trichloro-i, 2, Z—TrifluoroeThane ( F-iiS) 
were observed. A proposed degradaTion sequence is shown in Figure i. 

Chlorofiuorocarbons have been generally regarded as exTremeiy voiaTile, 
non-Toxic and sTabie. This new evidence may require us To revise our 
views regarding Their sTaTus as possible groundwaTer conTaminanTs and The 
implicaTIons in Their usage as laboraTory solvenTs and indusTrial 
degreasing agenTs. 

crcu,cr,cu 
F113
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ANALYSIS OF ADSORBABLE ORGANIC HALOGENS IN 
PULP & PAPER PLANT STREAMS 

J.L. Fraser, N. ForouTan and P.J.A. Fowlie 
HasTewaTer Technology CenTre, BurlingTon. OnTario 

HalogenaTed organlc'compounds are among The mosT prevalenT as well as mosT 
Toxic anThropogenic polluTanTs known. In The krafT mill processes The 
bleaching of wood pulp by means of some degree of chlorinaTlon is a common 
and imporTanT sTep in The producTion of fine papers. This process Then, 
has The poTenTial of being a source of This family of compounds. 

AOX (adsorbable organic hologen) has been proposed as a conTrol parameTer 
boTh in assessing TreaTabiliTy and evironmenTal impacT of These species. 
A major facTor in addressing These edicTs is The requiremenT of meaningful 
analyTical Techniques ThaT are capable of quanTiTaTing These parameTers on 
a consTanT moniToring basis. 

There are well esTablished meThods using gas chromaTography and mass 
specTromeTry ThaT can idenTify and quanTify specific halogenaTed compounds 
buT These meThods are Tlme consuming and expensive and are Therefore noT 
likely candidaTes for moniToring processes aT frequenT inTervals. 

AOX ls considered a gross parameTer and is defined as The concenTraTion of 
halogens (chlorine, bromine an iodine) associaTed wiTh dissolved or 
suspended organic maTTer ThaT are capable of adsorpTion onTo granulaTed 
acvaTed carbon under specified condiTlons. 

Two meThods have been developed and assessed and are‘ now considered 
meaningful for measuring AOX as defined in The above paragraph. The firsT 
is The commonly used meThod which involves adsorpTlon under pressure on 
Two columns in series each conTaining 40mg of GAG followed by 
combusTlon-microcoulomeTry (auTomaTed-lnsTrumenTaTlon). The second meThod 
Involves conTacT adsorpTlon on GAC by way of mixing followed by 
lrradlaTion and neuTron acvaTlon. The second meThod is halogen specific 
whereas The firsT meThod is noT. 

This reporT ls meanT To describe and discuss The Two meThods in deTai 
wiTh regard To how They compare and The advanTages or dlsadvanTages 
inherenT in boTh.
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DESIGN AND OPERATION OF A PILOT PLANT FOR THE EVALUATION OF 
DISINFECTION REACTION BY-PRODUCTS IN DRINKING HATER 

D.I. Harris, G.D. Milne, G.A. Irvine, D. Kellendonk and P.N. Huck 
UniversiTy of AlberTa, EdmonTon, AlberTa 

ThroughouT The waTer TreaTmenT indusTry, a significanT amounT of research 
has recenl focused on evaluaTlng The effecTs of Trace levels of 
conTamlnanTs on drinking waTer qualiTy. To sTudy reacTion by-producTs aT 
Trace levels, and To provide a beTTer undersTanding of The mechanisms by 
which They are formed and removed in The TreaTmenT process, drinking waTer 
TreaTmenT piloT planTs should be deslgned To allow flexiblliTy In process 
configuraTion and sampling capabIIiTies. In conTrasT To baTch experimenT- 
aTlon, resulTs obTained from piloT scale experimenTs more closely simulaTe 
acTual full scale TreaTmenT processes. A piloT planT was builT aT The 
Rossdale WaTer TreaTmenT PlanT In EdmonTon, AlberTa, for a sTudy which 
evaluaTed, Through chemical and blologlcal TesTing, The poTenTiaI of The 
dislnfecTanTs chlorine, chloramlnes, chlorine dioxide, and ozone To form 
muTagenic compounds. The plloT planT has subsequenl been modified To 
sTudy The effecTs of ozonaTlon and blologlcal acvlTy In anThraciTe-sand 
and granular acTivaTed carbon (GAC) filTers on The formaTlon and removal 
of easily blodegradable or asslmllable organlc carbon (AOC). This paper 
descrlbes The design of The piloT planT, and indicaTes Typical capabll- 
lTies and performance levels of The planT. 

In order To avoid The posslblliTy of ln-planT conTaminaTion, all waTer 
conTacTing surfaces wlThln The piloT planT were consTrucTed of inerT 
maTerlals (sTalnless sTeel, glass, or fluorocarbons). Increased 
consTrucTion cosTs associaTed wlTh The use of These maTerlals were 
jusTIed, as The posslbillTy of conTaminaTIon resuITing from leaching or 
reacTions wiTh consTrucTion maTerlals was minimized. 

The piloT planT consisTs of a common iaial TreaTmenT sequence of pre- 
sedlmenTaTlon, coagulaTion, flocculaTion and seTTllng in a parallel plaTe 
seTTler (Figure I). EffluenT from The seTTIer ls discharged Through 
submerged effluenT launders inTo a seTTIed waTer sTorage Tank which serves 
as a consTanT head Tank and as a spliTTer box. To allow for The sTudy of 
varlous dlslnfecTanTs, flow from The seTTIed waTer sTorage Tank is Then 
isolaTed lnTo four independenT parallel sTreams. The waTer undergoes 
addiTion of a dislnfecTanT, and Is passed Through a dual-media 
anThraclTe-sand fllTer, a granular acTivaTed carbon conTacTor and inTo 
eiTher a posT-dlsinfecon conTacT Tank or a backwash sTorage Tank. The 
process scheme was deslgned To simulaTe Typical NorTh American waTer 
TreaTmenT pracTice. Processes noT In common use in NorTh America, such as 
ozonaTlon and GAC adsorpTion, were based upon Typical wesTen European 
pracce.
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ToTal daily flow inTo The pianT was approximaTe 45m3/day. To reduce 
consTrucTion cosTs, each successive TreaTmenT sTep was designed To handle 
a lower flow as a porTion was removed from The previous sTep for sampling, 
sludge removal, or from overflow designed To mainTaln a consTantead. AT 
The end of The process sequence, a flow of approximaTely 2L /min 
remained. This was eiTher collecTed for use as fllTer backwash waTer, or 
was run To wasTe. 

lniTially, The piloT planT was used To evaluaTe The reacon by-producTs 
formed when chlorine, chloramlnes, chlorine dioxide and ozone were used as 
disinfecTanTs. Samples were collecTed afTer selecTed TreaTmenT sTeps and 
were concenTraTed on XAD-2®I resin wiThouT pH adjusTmenT. The resin 
exTracTs were Then subjecTed To muTagenlciTy assays for biological 
screening. Gas chromaTography / mass specTomeTry analysis of The exTracTs 
was also emloyed in an aTTempT To ldenTify The producTs presenT. OTher 
waTer qualiTy parameTers such as TOC, TOX, THM's, THMFP, UV absorbence, 
Turblly, pH and co|0ur were rouTinely moniTored. Values for a Typical 
daily run during This phase of operaTlon are summarized in Table i. 

SubsequenT modificaTIons To The planT and a change in The coagulanT used 
have resuITed in improved process performance and The conslsTenT 
achievemenT of Turbily levels of 0.1-0.2 NTU following dual-media 
filTraTion. These modificaTions were conducTed To permiT examinaTlon of 

The process conlions affecTing The formaTion and removal of assimilable 
organic carbon. Ozone is The sole disinfeCTanT in use, and biologicai 
growTh on anThraclTe-sand filTer media and granular acvaTed carbon is 
being promoTed. The effecTs of ozone dose, dual-media filTer loading 
raTes and GAC bed conTacT Time on The formaTlon and removal of AOC are 
being lnvesTigaTed. 

This paper ouTlines The design approach, provides a deTalled process 
descrlpTion and discusses experimenTal meThods, cosTs, operaTing crlTeria 
and Typical process performance achieved wiTh This plloT planT. FacTors 
found To be imporTanT in The design and operaTlon, and problems associaTed 
wlTh individual TreaTmenT sTeps are also addressed.



cm 

aawuam 

oucwnouwu 

coaoaucwwduco: 

:o 

avcmuauao 

Nnn<x 

:msohcu 

Jouu 

nauOu 

uucomuumom 

ocfiuo~£u 

saucy 

auconouamz 

>~=o 

:zh 

no 

uuuun 

at 

"can 

no 

and 

Jo~¢n 

lu 

nN. 

— 
yuan 

at 

a ++im 

«afl5«~ 

Coquuaauv 

cane 

mac;

n 

ADJ 

QCONO

I 

v 

.muwxogu 

ocmh0~£u

u 

n 

.Ocmho~£U

n 

N 

.ocmlunomcu

r 

— 

.Q0u00u:wmwvlcoz

n

o

~

I

I 

92.

I 

o8. 

cm: 

2.: 

83

I

I

I

I 

3:.

I 

3.2 

ow}. 

no: 

.32.

I

I

I

I 

3..

I

I

I 

$6

I

I

I

I 

I 

Mo 

do:

I

I

I

I

I 

26

I

I

I 

3.:

I

I

I

I 

I~o~u 

<9.

I

I

I

I

I 

:6

I

I

I 

v~.o

I

I

I 

I 

~30 

A}! 

mod 

:6

I

I 

mo... 

~10

I 

I 

~88. 

a}!

I

I

I

I

I

I 

36 

mod

I

I 

36 

36

I

I 

ENE. 

{an

I

I

I

I

I 

«36 

26 

3.:

I 

«86 

Rd 

8.0

I

I 

32: 

«do 

a}... 
"muaavmua:

I

I

I

I

I

I

I

I

I

I

I

I

I

I 

733 

no 

in.

I

I

I

I

I

I

I

I 

_._

I

I

I

I

I 

fined 

no 

a}...

I

I

I

I

I

I

I

I

I 

86

I

I

I

I 

map 

A}!

I

I

I

I

I

I

I

I

I

I 

3.9 

T.

I

I 

8 
(an

I

I

I

I

I

I

I

I

I

I

I 

on...

I

I

z 

A}. 
"newsman 

w... 

n6. 

.6. 

N6. 

92 

99 

c6, 

99

I

I

I

I 

as.

I 

33-; 

~o 

32033

I

I

I

I

I

I

I

I

I

I

I

I

I

I 

32.. 

528

~

~ 

~ ~

~ 

N.m 

N.m 

N.Q 

N.@ 

6.9 

«.5 

N.h 

Nuh 

m.h 

h.o 

mow 

m.@ 

w.@ 

muo 

Auov 

Ousuahwalflh 

v.5 

v.5 

V.h 

9.5 

v.# 

nIh 

n.n 

nah 

m.h 

non 

MIfi 

m.h 

non 

0.0 

It 

mo.o 

no.0 

mo.c 

$6.0 

nn.o 

mm.° 

Nm.o 

no.0 

m.~ 

h.N 

O.n 

FIN 

pun 

m.v 

+=rrzu 

huufimnuflfi

I

I

I

I

I

I

I

I

I

I

I

I

I 

on 

AA\&£v 

vfl 

Ifldt 

m.N 

mIN 

mom 

m.N 

mIM 

m.n 

m.n 

m.m 

ouv 

—.v 

O.o 

hon 

MN 

Ov 

ncwl\4~ 

IOAL

v

m

N

p

v

m

N

p

9

m

N

F

c 

o 

Ioauum 

I 

whnuaUNHn-OU 

COwdfihUfl 

uh 

air—Mk. 

HUGH—n00 

HUHN3 

EOUU’ 

U<Ulum0m 

IHMfiD 

anon 

CouUHCwnun 

EOHUHUM 

3!: 

~~

~ 

Asmmp 

.—MIOn 

:0uml. 

mama 

acqumuomo 

:52 

acm—m 

HOHMA 

Haodmhh 

.— 

Namtfi



TWENTY-FOURTH CANADIAN SYMPOSIUM SESSION | 

ON WATER POLLUTION RESEARCH 2:00 - 2:30 

TREATMENT OF FIREFIGHTING TRAINING WASTE 

P.J. Connell and R.P. Canning 
ZENON EnvironmenTal lnc., BuriingTon, OnTario 

A four monTh firefighTing wasTe TreaTmenT piioT programme aT a major 
Canadian airporT was compieTed. The piIoT TreaTmenT equipmenT used in The 
programme resuITed in The processing of approximaTely 18,000 iiTres of 
firefighTing wasTe Through i8 baTch runs. The Three sTage TreaTmenT 
approach, enTaiiing graviTy seTTiing, ulTrafiiTraTion (UF), and reverse 
osmosis (R0), lead To The removal of impuriTies In The sTream To a degree 
suiTabie for sTorm sewer discharge along wiTh The recovery of unburnT fuel 
and aquenous film forming foam (AFFF) for reuse. The major objecTives of 
The piloT programme were To assess The capabiiiTies of The TreaTmenT 
soiuTion and To develop. caplTai and operaTing cosTs from The daTa 
coliecTed. 

Shorl afTer a firefighTing Training exercise, residues, which pooled 
around The airplane mockup, were pumped To The graviTy seTTllng Tank To 
begin The TreaTmenT process. The graviTy seTTler provided The means for 
unburnT fuel and solids in The wasTe To separaTe from The aqueous phase. 
The solids were disposed of and The unburnT fuel was recovered and sTored 
for IaTer reuse. The bulk aqueous phase of The wasTe was Transferred To 
The UF sysTem for furTher processing. 

The UF membrane separaTion sysTem was designed To rejecT suspended solids 
in The wasTe sTream and To accepT The majoriTy of all The oTher componenTs 
(9.9. AFFF in The form of ToTal organic carbon, TOC). The UF sysTem 
provided a wasTe volume reducTion of 90%, rejecTing an average of 100$ of 
ToTal suspended solids and 12% of TOC. The average membrane flux raTe for 
The sysTem was 75 L/m2/h. Each baTch of UF permeaTe was furTher processed 
Through an R0 sysTem. 

The RO membrane separaTion sysTem was designed To reduce The impuriTies of 
The wasTe sTream To a level suiTable for sTorm sewer discharge and aT The 
same Time reTain and concenTraTe The AFFF componenTs. The RO sysTem also 
provided a wasTe volume reducTion of 90$, rejecng an average of 98$ of 
The TOC in The RO feed sTream and Thus concenTraTed The acTive componenTs 
of AFFF To approximaTely 8 fold The concenTraTion of ThaT In The RO feed» 
The RO sysTem produced a permeaTe clean enough To surpass guidelines for 
-discharge To sTorm sewer (based on The mosT recenT OnTario "MOE Model 
By-iaw To ConTrol WasTe Discharge To Municipal Sewers", Aug. 1988). The 
average membrane flux raTe for The sysTem was 15 L/mZ/h. 

The reclaimed AFFF from The RO concenTraTe was approximaTely i0$ of The 
concenTraTion of virgin AFFF. The reclaimed producT could poTenTlaily be 
reused as a diluenT wiTh virgin AFFF as a 6% aqueous AFFF soiuTion is 

- 21 _
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suitable for firefighting training exercises. Firefighting tests using 
reclaimed AFFF mixed with a portion of virgin AFFF (as little as 30%) were 
conducted by an AFFF supplier, and the results demonstrated that the 
composite AFFF material had comparable firefighting characteristics to 
virgin AFFF alone. 

The economic feasibility of operating a firefighting waste treatment plant 
at various airport categories has been determined. Several cost options 
are presented comparing recycle to disposal of firefighting waste. As a 
comparison, the treatment cost of hauling firefighting training waste from 
a Category 9 airport (e.g. Pearson International) is approximately $l.25/L 
compared to a treatment cost of approximately $0.12/L if the waste is 
treated by the proposed process and the byproducts are recycled.
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A LON COST NITRIFlCATION-DENITRIFICATION SYSTEI FOR THE 
CONTROL OF AMMONIA AND HYDROGEN SULPHIDE IN LAGOON EFFLUENTS 

H. Lewandowski 
OnTario MinisTry of The Environ-enT, ToronTo, OnTario 

In OnTario, anaerobic condiTions in wasTe sTabiIizaTion ponds during 
periods of ice cover favor microbial TransformaTlons ThaT generaTe ammonia 
and hydrogen sulphide. As a resulT, The pond effluenT qualiTy may exceed 
levels accepTable for discharge To a receiving waTer, parTicularly where 
annual reTenTion cannoT be provided, or may give rise To odour problems 
during The Spring ice breakup. 

To conTroi ammonia and hydrogen sulphide ln pond effluenTs, The MinisTry 
of The EnvironmenT conducTed piloT sTudies uTiIizing a pre-TreaTmenT uniT 
which produces a highly niTrified effluenT To creaTe an opTimal 
niTrificaTion—deniTrificaTion sysTem. The sTudies indicaTed ThaT 
increased sludge age and conTrolled release of sludge from The clarifier 
To The lagoon (raTher Than The convenTional pracTice of sludge haulage To 
wasTe disposal siTes) improved sysTem performance. Following TesTing aT a 
full-scale facliiTy, The new procedures were implemenTed aT several siTes 
in OnTario where They have yielded subsTanTiaI beneflTs, namely, high 
effluenT qualiTy in Terms of 8005, suspended solids, phosphorus, ammonia, 
niTraTes, hydrogen sulphide and bacTeria, and reduced operaTlng cosTs, as 
no sludge digesTion haulage of exTernally supplied carbon source for 
deniTrlficaTion, is required. 

The pre-TreaTmenT uniT conslsTs of a compieTe-mix aeraTion cell followed 
by clarificaTion and sludge reTurn. Ammonium conversion To niTraTe in The 
aeraTion cell followed by deniTrlficaTion in The pond and The release of 
niTrogen gas from The pond surface. The conTinual presence of niTraTes in 
The pond prevenTs The conversion of sulphaTe To hydrogen sulphide, a5 
niTraTes are preferrenTially uTilized by heTeroTrophic bacTeria. High 
sludge age in The pre-TreaTmenT uniT conTribuTes To high year-round 
niTrificaTion. ConTrolled release of The wasTe acTivaTed sludge To The 
pond acTs as a carbon source for The bacTeria and, Thus, enhances 
deniTrificaTion. 

The presenTaTion will Include a descripTlon of This new process, as wel 
as planT design, operaTion and mainTenance procedures and pond effluenT 
qualiTy aT The Colborne and SuTTon WaTer PolluTion ConTrol PlanTs.
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THE ADAPTATION 0F ANAEROBIC GRANULATED BED T0 CHANGES IN LOADING RATE 
AND LIQUID UPFLOI VELOCITY IN UASB REACTORS 

N. Kosarlc‘, R. Blaszczyk2 and L. Orphanl 
The UnlverslTy of WesTern OnTario, London, OnTarlol 

Lodz Technical UniversiTy, Poland2 

Four 20L UASB reacTors. R1. R2, R3 and R4 were operaTed aT differenT upflow velociTies of 0.25, 1.0, 1.5 and 0.5 mh", respecvely. nher loading raTes were achieved by increaslng The feed raTe aT differenT Times 
and by removing The parTs of granules from The bed aT a consTanT volumeTric feed of 6.2 g. COD L'I day'l. 

IT was found ThaT The granulaTed bed may adapT To The increased organic 
loading raTe up To abouT 1.6 kg COD (kg VSS)’I day-1 and achieve a 100% conversion of The COD (composed of volaTlle faTTy acids). Increasing The loading raTe over The above value can brlng abouT a decreased COD 
conVersion. AT The organic loading raTe of 1.6 kg COD (kg VSS)"1 day", The accumulaTlon of granules ln reacTors R1 and R4 was observed (from 77 
g VSS To 143 g VSS in 40 days and from 79 g VSS To 94 g VSS in 26 days, respecvely). AT The same loadlng raTe no accumulaTlon of granules was Observed in reacTor R2 (wiThin 40 days) and in reacTor R3 (wlThln 55 
days). 

IT was also found ThaT a number of large granules was washed ouT from reacTors R1 and R4 when The loadlng raTe of abouT 0.7 kg COD (kg V55) 4 
day ’1 was malnTained for abouT 70 days.
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IMPROVED BACTERIAL LEACHING 0F METALS FROM MUNICIPAL SLUDGE 
(REACTOR STUDIES) 

R.D. Tyagl, F.T. Tran and B. Boulanger 
lNRS-Eau, Saints-Fay, Quebec 

Heavy meTals removal from municipal sludge was sfudied in differenT 
bloreacfor schemes (bafch, conflnuous sflrred Tank wifh and wifhouT cell 
recycle, airliff) In search of lower bioreacfion Time. The efficiency of 
mefal solubilizaflon was found To be higher In airlift reacTor. Required 
mefal solubilizafion was achieved in 0.75 days residence fime. 

— 25 -
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REACTIONS OF HYDROXYL RADICALS HITH CHLOROBENZENES: 
COMPARISON T0 TIOZPHOTOCATALYST REACTIONS 

G. Lepore and C.H. Langford 
Concordia UniversiTy, MonTreal, Quebec 

The presence of chlorinaTed aromaTic compounds in naTural and drinking 
waTer has become a serious problem in many parTs of The world, including 
NorTh America. The major concerns are The ToxiciTy and persisTance of The 
species in The environmenT. 

SubsTanTial inTeresT has gone inTo The developmenT of an efficienT and 
inexpensive sysTem for waTer purificaTion. PhoTocaTalysis can be an 
effecTive meThod (l,2,3,4). The concepT Involves illuminaTion of an oxide 
semiconducTor in The presence of polluTed waTer. LighT absorpTion of 
energy greaTer Than ThaT of iTs opTical band-gap leads To The generaTlon 
of elecTron-hole pairs. Under The influence of The elecTric field These 
separaTe via The conducTion and valence bands, respecvely. The 
resulTing dlsTribuTion of elecTrons and Tholes gives rise To powerful 
reducon or oxidaTion agenTs Towards adsorbed species, surface groups, or 
The semiconducTor iTseif. Evidence seems To indicaTe a significanT 
lnvolvemenT of surface produced hydroxyl radical reacTions in degrading 
chlorinaTed aromaTic compounds (5,6,7,8). 

The purpose of This sTudy is To conTrasT The behavior of surface and 
soluTion generaTed hydroxyl radical reacTions, which seem To occur in 
phoTocaTalysis. This was accomplished by acquiring informaTion on The 
reacviTy and selecviTy perTaining To boTh generaTing sysTems Towards 
model conTaminanTs. The phoTocaTalysT was a Ti02 (anaTase) dispersion. 

SoluTion generaTlon of hydroxyl radicals was achieved by 
a non-phoTochemical process employing FenTon's ReagenT (9,10,11). The 
process Involved The adlion of hydrogen peroxide To an aqueous soluTion 
conTainlng an organic subsTraTe and excess ferrous Ions aT low pH (less 
Than 3). The hydroxyl radicals generaTed aTTack on The subsTraTe. The 
subsequenT course of The reacTion depends upon The faTe of The organic 
radicals so produced. The TesT subsTraTes were The comparaTively 
refracTory chlorobenzenes; o, m, p, dichlorobenzenes (DCB) and 
1,2,4—Trichlorobenzene (TCB). 

The phoTocaTalyTic dechlorinaTion (wavelengThs 3 350 nm) of 20 ppm DCB 
isomers and TCB over Ti02 (anaTase) dispersions, followed firsT order 
klneTlcs. DechlorlnaTion increased accordingly; 
p-DCB < 1,2,4-TB < o-DCB < m-DCB.
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The use of FenTon's reagenT Towards similar waTer conTaminanTs exhibiTed 
approximaTe firsT-order klneTlcs. DechlorinaTlon Increased as follows: 
1,2,4-TCB < p-DCB ~ o-DCB “ m-DCB. FurThermore, successive addiTion of 
aceTone (hydroxyl radical Trap) To boTh sysTems, showed a decrease of 
dechlorlnaTion for each compound. However, only i,2,4-TCB exhibiTed a 

subsTanTlal decrease compared To DCB's in The non-phoTo chemical sysTem. 
in The phoTocaTalysis, sysTem effecTs were non-selecTive. 

ResulTs lndicaTe ThaT alThough soluTion generaTed hydroxyl radicals are 
highly reacTive species, They are noT as selecTive Towards The isomers 
compared To surface generaTed radicals. Therefore, iT is unlikely ThaT 
surface generaTed hydroxyl radicals desorb from The caTalysT inTo The 
soluTion To subsequenl reacT wiTh waTer conTamlnanTs. 

Evidence puT forward would suggesT dechlorlnaTion occurs via surface 
adsorpTlon of chlorinaTed aromaTlcs onTo The illumlnaTed caTalysT. This 
means The oxidanT may be beTTer described as a "surface Trapped hole". 
The selecTiviTy order is difficulT To explain on The grounds of elecTronlc 
effecTs and may indlcaTe an imporTanT role for adsorpTlon siTe and surface 
orienTaTlons of The adsorbed molecules.
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IMPACT AND RECOVERY OF AN ACID SPILL ON THE YORK RIVER 

R. Pratrle', K. Schieferz, L.J. Moulins3 and v. Chapados4 
CenTre de Technologle Noranda, Poinfe Claire, QuebecI 

Beak ConsulTanTs LTd., BrampTon. Ontario2 
Mineraux Noranda lnc., Rouyn—Noranda, Quebec3 

Mines Gaspe. Murdochville, Quebec4 

As The resulT of a sulphuric acid spill in June, 1982 aT The Mines Gaspe 
operaTlon in Murdochville, Quebec, waTer qualiTy of effluenTs being 
discharged To The headwaTers of The York River was Temporarily impaired. 
IT rapidly became apparenT ThaT The aquaTic fauna of This ImporTanT 
ATlanTic salmon river had been affecTed in some areas. This paper 
provides 'a Technical overview of The resulTs obTained in exTensive 
biological sTudies (salmon and benThos) carried ouT by Beak ConsulTanTs 
LTd. and Noranda Research CenTre annually, 1982 To 1985. 

The biological and waTer chemlsTry surveys carried ouT during This 
four-year period indicaTed a shorT duraTion evenT of high dissolved meTaIs 
levels, primarily copper, shorl afTer The spill followed by a rapid 
improvemenT in waTer qualiTy. BoTh The aquaTic macroinverTebraTe benThos 
and fish life In The river were negaTively impacTed. The naTure and 
degree of This impacT as well as The subsequenT recolonizaTion of aquaTic 
habiTaTs by boTh groups was observed and documenTed. 

The mosT affecTed aquaTic groups in 1982 were The youngesT salmon age 
classes (0+ and i+) along wiTh The inTermedlaTe and sensiTive benThic 
communiTles. This lmpacT was mainly observed in The upper and middle river 
secTion. The mainTenance of sulTable waTer qualiTy during The following 
years has permlTTed excellenT survival raTes for juvenile salmon and 
recolonizaTion of benThic hablTaTs by sensiTive species. This has 
conTrlbuTed To The gradual re-esTablishmenT of a naTuraI aquaTic fauna in 

The York River. 

More recenT surveys carried ouT since 1985 confirm ThaT The qualiTy of The 
York River ecosysTem has been mainTained and suggesT ThaT The survival 
raTes observed for juvenile salmon are higher Than The TheoreTical values 
usually used in salmon producTion models.
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PLANKTONIC MODEL ECOSYSTEHS FOR STUDYING POLLUTION EFFECTS 
AT THE ECOSYSTEH LEVEL 

U. Borgmann, E.S. Millard and I. Norwood 
Department of Fisheries and Oceans, Burlington, Ontario 

Large volume (3400 L) model ecosystems in our laboratory can contain 
stable populations of zooplankton and phytoplankton for at least several 
months. These systems are unique among both field and laboratory 
experiments because they allow us to investigate the interaction between 
nutrient loading rates, zooplankton harvesting rates (i.e. fish 
"predation") and toxic substances at the ecosystem level under controlled 
environmental conditions. Using Daphnia magna as the sole zooplankton 
species in initial experiments has demonstrated that these ecosystems are 
ecologically stable. Daphnia and phytoplankton exhibited damped 
oscillations and a return to steady-state conditions after perturbation. 
Population biomasses of both trophic levels followed relationships 
correctly predicted by mathematical models. The combination of nutrient 
loading and zooplankton harvesting rates which lead to unstable conditions 
were also correctly predicted. Addition of cadmium to the model ecosytems 
resulted in a much more dramatic ecosystem response than expected based on 
observations from benchtop toxicity tests, although the minimum cadmium 
concentration required to produce an effect was similar in both the 
ecosystems and the benchtop tests. The addition of.cadmlum resulted in a 

drop in Daphnia biomass and an increase in phytoplankton biomass. These 
effects were then enhanced by the inhibition.of Daphnia population growth 
rates caused by the higher algal concentrations. 

Current experiments using natural plankton collected from the Burlington 
Canal suggest that Daphnia; Bosmina, Caianoid copepods, Cyclopoid 
copepods, rotifers, and several algal species can coexist for at least 
several months In these experimental systems. Whether all these species 
can maintain truly stable populations is not yet certain. After 
preliminary experiments in which nutrient addition and zooplankton 
harvesting rates are varied, these ecosystems will be used to test the 
effect of toxic substances on species composition and abundance of the 
natural plankton of Lake Ontario. These data should allow us to better 
predict the effect toxicants have on fish production in the lake through 
alterations in the food chain.
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A COMPARISON OF PCB CONGENER DISTRIBUTIONS IN THO 
CONTAMINATED LAKES IN ONTARIO 

C.R. Macdonald and c.D. MeTcalfe 
TrenT UniversiTy, PeTerborough, OnTario 

High concenTraTions of polychlorinaTed blphenyls (PCBs) have led TO 
resTrlcTions on The consumpTion of sporT fish in Two lakes in easTern 
cenTral OnTario. Lake Clear was conTamlnaTed In The mid-1970's by road 
oiling along The wesTern rim of The lake and, in l98l and l982, lake 
TrouT, smallmouTh bass and norThern pike were shown To conTaln 6, 1.2 and 
0.6 ppm PCB weT weighT, respecTively. Rice Lake was subjecTed To a range 
of PCBs for several years and has been shown To have high concenTraTlons 
of PCBs in all sporT fish. SmallmouTh bass and yellow perch in Rice Lake 
have been shown To conTaln approximaTely 0.5 pg PCB g-1 weT weighT, 
considerably higher Than oTher lakes in The KawarTha region. Lake Scugog, 
a highly producTive lake also in cenTral OnTario has deTecTable buT very 
low levels of PCBs in fish and, in addiTlon, has a food web sTrucTure To 
Rice Lake. IT is The purpose of This sTudy To compare The concenTraTlons 
of 19 PCB congeners in several groups of bloTa, including 4 fish species, 
and sedimenTs in The Three lakes, To deTermlne The differences in 

disTribuTlon of The PCB congeners beTween The lakes. The daTa will be 

used To esTlmaTe The movemenT of The PBCs and To esTlmaTe The paThways of 

The congeners To The upper Trophic levels. 

Samples of clams, crayfish, zooplankTon and four species of fish were 
collecTed in 1986 and 1987 in all Three sTudy lakes and analysed by high 
resoluTlon gas chromaTography. The samples were analysed for nineTeen PCB 
congeners which ranged from Trl- To decachlorobiphenyl. 

ToTal PCB congeners In The bloTa In Lake Clear ranged from 23.6 ng g"1 

(50 = l5.5—36.0, n = 5) in clams +0 a maximum of 153 ng g-‘(so-lzs-Iee, 
n = 5) PCB (weT weighT) in smallmouTh bass. No significanT difference was 
observed in PCB concenTraTlon on a weT welghT or lipid weighT basis 
beTween groups of bioTa. The dlsTrlbuTlon of congeners was virTually 
ldenTical ThroughouT all bloTa amd sedimenTs, wlTh high proporTions of all 
penTa— and hexachloroblphenyls. This paTTern was similar To The original 
conTamlnaTlon and indicaTes ThaT The lower chlorinaTed PCB congeners are 
noT decreasing in The lake, and ThaT PCBs are being TransporTed inTo The 
sedimenTs as a group. Hence The higher Trophic levels will conTinue To 
accumulaTe PCBs unTil The levels in Their dieT and in The waTer decrease. 
ToTal congener concenTraTlons in Rice Lake ranged from 26 ng g‘Iin clam 
whole body samples To 153 ng g" In smallmouTh bass. The disTribuTlon of 

congeners in The smallmouTh bass in Rice Lake was considerably differenT 
from The lower Trophic levels, such as zooplankTon and young-of-The-year 
perch, indicaTing preferenTlal accumulaTion of penTa- and hexa-chlorobi- 
phenyls.
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The same phenomenon was observed In Lake Scugog where The concenTraTions 
of PCBs were considerably lower buT a shlfT of congeners Towards The 
hlgher chlorinaTed congeners was observed. In conTrasT To Lake Clear, 
This IndlcaTes ThaT The congeners are elTher being preferenTlally 
accumulaTed by The upper Trophlc levels or are belng meTabolized. 
CompuTer modelllng suggesTs ThaT The majorITy of The body burden in The 
flsh of The upper Trophlc levels has been TransporTed Through The dieT 
raTher Than from The waTer.
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ECOLOGICAL PARTITIONING 0F ORGANOCHLORINATED CONTAMINANTS 
IN FORAGE FISH SPECIES. 

C.E. HerberT and 6.0. Haffner 
UniversiTy of Windsor, lindsor, OnTario 

Four species of forage fish: LabldesThes sicculus (brook silverside), 
NoTropis aTherlnoides (emerald shlner), NoTroEis hudsonlus (spoTTall 
shiner), and Pimephales noTaTus (blunTnose minnow) were collecTed during 
AugusT and SepTember, l988 from a slTe In The ST. Clair River immediaTely 
souTh of Sarnia's Chemical Valley. The fish were caughT in nearshore 
waTers using a 0.6 cm mesh bagseine. They were measured (ToTal lengTh) 
and immediaTely wrapped in hexane-rinsed aluminum foil. Samples were kepT 
frozen aT -20 degrees Celsius unTil They were analyzed. 

The four species are morphologically dlsTincT and if is These physical 
differences ThaT separaTe Them ecologically (KeasT 1966). L. sicculus is 
an obligaTe surface feeder, N3 aTherinoides Is a faculTaTive surface 
feeder, fl, hudsonius is a faculTaTive benThivore, and E;_noTaTus feeds on 
benThic organisms. Therefore, There was an inTegraTlon of benThic and 
pelagic food webs by organisms of The same size and age. 

Whole fish exTracTs were prepared according To The proTocol developed by 
The Canadian Wildlife Service (1982) and were analyzed by GC-ECD 
Techniques. PenTachlorobenzene (log KOw = 5.0), hexachlorobenzene (log 
KOw 5.5), ocTachlorosTyrene (log Kow = 6.2) and various PCB congeners 
(log Kow = 5.8-7.0) were examined. E;_noTaTus had The hlghesT mean con- 
TaminanT levels followed by N, hudsonlus, fl, aTherlnoldes, and Then i. 
sicculus. These lnTerspecific differences became more apparenT wiTh 
increasing log K0w of The compounds. 

There were no significanT lnTerspecific differences In size or lipid 
conTenT among The species examined (Anova,p>0.I). Lipld normaIiZed HCB 
and 005 levels showed slgnlflcanT inTerspecific differences (one-way 
Anova, p<0.05 and p<0.01 respecTively) buT QCB did noT (one-way 
Anova,p<0.l). The PCB congeners varied similarly buT reflecTed The inpuT 
of These compounds from aTmospherlc sources. 

The lipid normalized inTerspecific differences In conTamlnanT burdens 
indicaTed ThaT bioaccumulaTlon was a major facTor regulaTlng conTaminanT 
levels in forage fish. Due To Their relaTively high Kow and low aqueous 
solubiliTy, compounds such as HCB and 005 parTiTlon more readily inTo 
sedimenTs. As a resulT, The benThic feeding species were subjecTed To 
higher levels of These conTamlnanTs. This was reflecTed in The 
bioaccumulaTion facTors calculaTed for each species for a range of 
compounds. BAF's were esTlmaTed by examining The raTio of lipid 
normalized conTamlnanT concenTraTion in The fish To organic carbon

- _
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normalized contaminant levels in the sediment. The benthivores exhibited 
higher BAF's than the surface feeding species. For all species, however, 
a significant correlation was observed between log Kow and BAF 
(Anova,p<0.05). 

Ratios of contaminants (QCB:OCS and HCB:OCS) were also examined to measure 
food web interactions (Flint, 1988). Significant interspecific differences 
confirmed (one-way Anova,p<0.05) that benthivores had greater proportions 
of the higher Kow compounds. If contaminant levels in these forage fish 
species were regulated by food, then habitat utilization and food 
selection are important factors in determining species specific 
contaminant burdens. 

Previous studies have produced conflicting results as to the prediction of 
contaminant levels in fish from sediment levels (Connor, 1985; Oliver and 
Niiml, 1988). This study illustrates the importance of sediment in 
regulating contaminant levels In forage fish species. However, exposure 
to these contaminated sediments is regulated by species specific vertical 
habitat partitioning.
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THE USE OF YOUNG-OF-THE-YEAR FISH AS BIOHNDICATORS 
0F TOXIC CHEMICALS IN THE ST. LAURENCE RIVER 

J. Bureau and H.H. SloTerdijk 
EnvironmenT Canada, CenTre Salnf-LaurenT, MonTreal, Quebec 

The analysis of waTer samples for conTamlnanTs ofTen gives unsaTisfacTory resulTs since concenTraTlons are usually close or below deTecTion IlmiTs 
and large Temporal flucTuaTions prevenT a meaningful sTaTisTical inTer- preTaTion of The daTa. 

AdulT fish have been used as blolndlcaTors wiTh llmlTaTlons. WiThin- sTaTion variaTions due To mobillTy, food chain effecTs, change in dieT, reproducve cycle and The general-life hisTory of The species including 
size, age and sex, curTail The use of The adulT in spaTial and Temporal Trend analysis. - 

In view of These problems, a plloT sTudy was laiaTed in 1984 on The use 
of young-of-The-year fish (NoTropis hudsonius, SpoTTail Shiner, as TargeT 
species, and Perca flavescens, Yellow Perch, as replacemenT species) as bioindicaTors. The‘ resulTs of This sTudy showed ThaT These young-of- 
The-year are good lndlcaTors of cerTain conTamlnanTs such as PCB's, DDE, H03 and Hg. Following The recommendaTlons of This sTudy, furTher 
exploraTory work was carried ouT To improve The use of These indicaTor- 
fish and To esTabllsh The limiTs of This biomoniToring Tool. 

In 1986, a second sTudy was carried ouT To lnvesTlgaTe lnTerspecies 
correlaTlons and lengTh-concenTraTlon relaTlonshlps. The analysis of The 
resulTs showed ThaT a slgnlficanT correlaTion exlsTs beTween species for conTamlnanTs such as PCB's, HCB, DDE and Hg. This allowed us To develop a 
predicTive model which unables The esTimaTion of conTamlnanT concen- 
TraTions In The TargeT species from concenTraTions in The replacemenT 
species. In i987, The scope of The sTudy was broadened To include less perslsTenT conTamlnanTs such as Trlazlne herbicides, organophosphaTes; and 
PAH's. The resulTs showed ThaT These compounds did noT accumulaTe To 
deTecTable levels. lT seems, Therefore, ThaT The use of young-of-The-year 
ls IlmiTed To perslsTenT lipophlllc conTamlnanTs and non-essenTlai meTals. 

AT some sTaTions, neiTher The TargeT species nor The original replacemenT 
species were presenT. Therefore, during The same sTudy, The use of a 
second replacemenT species was lnTroduced (NoTropis aTherlnoides, Emerald 
Shiner). IT was found ThaT This new species accumulaTed PCB's aT levels 
of up To 5 Times as high Than ThaT of The TargeT species. This may be 
explained by higher lipid conTenTs of Emerald Shiner as compared To 
SpoTTall Shiner.
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In addiTion To These above menTioned poinTs, The siTe-specific naTure of 
This biomoniToring Tool will be discussed in Terms of spaTial Trend along 
The ST. Lawrence River. 

Mercury levels are reiaTively uniform along The River from Cornwall To 
Quebec CiTy, harbouring concenTraTions of around 35-45 ng/g wiTh The 
excepTion of The souThern parT of Lake ST. Louis where mercury levels are 
higher, around 180 ng/g, due To The presence of a chlor-alkaii planT and 
highly conTaminaTed sedimenTs. PCB concenTraTions showed maxima of around 
200ng/g in Lake ST. Francis source: Lake OnTario and Massena and 
downsTream from MonTreal (source sewage oqail and general indusTry). 
Massena seems To be a significanT poinT source of PCB polluTlon. 
DownsTream from Lake ST. Pierre, levels sTabilize around 80 ng/g. 

We shall also Touch upon some recenT developmenTs orienTed Toward The use 
of These species as bioindicaTors of general or specific sTress. A 

parTicular emphasis will be given To ATP measuremenTs relaTed To general 
sTress. mixed funcTion oxydase sysTems in relaTion To organic aggression 
(parTicularly PAH) and meTaioThioneln deTerminaTion in relaTion wiTh meTai 
conTaminaTion.
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EVIDENCE OF GENOTOXINS IN THE SEDIMENTS OF THE 
WELLAND AND BUFFALO RIVERS AS INFERRED FROM THE 

FREQUENCY OF CHIRONOMID LABIAL PLATE DEFORMITIES 

N. Dickman, 0. Lan and B. MaTThews 
Brock UniversiTy, ST. CaTherines, OnTario 

The highesT frequency of chironomid labial plaTe deformiTies occurred 
immediaTely downsTream of The B.F. Goodrich Company's poinT source 
discharge To The Welland River. In 1986, B.F. Goodrich released 33 kg of 
vinyl chloride, (CZH3CI), lnTo The Welland River aT This slTe (MOE 1987). 
Vinyl chloride is an exTremely powerful muTagen and human carcinogen and 
Is suspecTed of inducing The high frequency (47%) of chironomid labial 
plaTe deformiTies which we observed aT This siTe. 

The nexT highesT frequency of chironomid labial plaTe deformiTies occurred 
in The heavily indusTriallzed secon of The Buffalo River in Buffalo, New 
York. ThirTy-five percenT of The chironomids which possessed labial 
plaTes aT This siTe displayed gross deformiTies such as fused TeeTh, 
crossed TeeTh, exTra TeeTh, numerous missing TeeTh and/or TeeTh of 
exTremely bizarre shape. 

STudy siTes in The Niagara River waTershed where There was no record of 
genoToxic subsTances displayed chironomid deformiTy frequencies which 
ranged beTween 6 and 9%. 

These differences (6-91 vs. 35-47%) were sTaTisTicaIly significanT 
(P<0.05) using The Mann WhiTney U TesT. A similar conclusion was reached 
when The Wilcoxon Two-sample nonparameTrlc TesT was employed. 

In conclusion, iT is believed ThaT The frequency of chironomid labial 
plaTe deformiTies is a useful Tool for deTecTing areas which are 
conTaminaTed by perslsTenT genoToxlns.
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THE EFFECT OF KRAFT PULP HILL EFFLUENT ON THE 
SEDIMENT QUALITY OF JACKFISH BAY, LAKE SUPERIOR 

R.K. Sherman 
Ontario Ministry of the Environment, Toronto, Ontario 

During 1987 and 1988 a sediment survey was conducted in Jackfish Bay to 
determine, in part, the effects of a Kraft pulpmlll effluent. Surficial 
sediment samples were collected from 37 sites located largely within the 
deposition areas of the Bay. Analyses of bulk chemistry Included trace 
metals and organic contaminants. Although sediment grain size was similar 
through all of the deposition areas within the Bay, elevated contaminant 
concentrations were noted in sediments of the area near the Kraft mil 
effluent source. Contaminant distribution Suggested that rather than a 

direct relationship between proximity to the source and sediment 
concentration, a secondary redistribution of contaminants was occurring in 

response to physical factors active in the Bay.
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HYBRID GROHTH SYSTEMS FOR BIOLOGICAL IASTEHATER TREATMENT 

PR. Senthilnathan and J.J. Ganczarczyk 
University of Toronto, Toronto, Ontario 

The microorganisms retained in biological wastewater treatment systems are 
usually either in suspended growth form as in the activated sludge 
process, or in attached growth form as in trickling filters and rotating 
biological contactors. A new class of treatment systems such as fluidized 
bed systems and activated sludge systems appended with biomass carriers 
can be classified as hybrid growth systems. The hybridization of 
suspended and attached growth systems derives the advantages of both the 
systems and overcomes some of the disadvantages associated with these 
systems. By means of biomass carriers it is possible to maintain a large 
inventory of (5000 to 30,000 mg MLVSS/L) microorganisms in the aeration 
basins. The increased concentration of biomass will lead to reduced 
volume of the reactor, increased treatment system stability and its 
improved performance. 

Currently, there are many hybrld growth systems available for commercial 
applications. These systems can be further classified as l) immersed 
media systems, 2) porous media systems, and 3) carrier activated sludge 
systems. These modifications are especially attractive for upgrading 
existing overloaded activated sludge plants and may require relatively 
minor changes to the existing process installations. 

in the immersed media systems, various stationary solid surfaces are 
immersed in the activated sludge reactor. These solid surfaces can be 
modular plastic media, or synthetic fiber media such as "RING LACE". In 
the porous media systems, the biomass carriers are small, highly porous, 
reticulated polyurethane foam pads suspended in the aeration basin. At 
present. there are two patented processes using porous foam pads: the 
"CAPTOR" process‘ and the "LlNPOR" process. in the .carrier activated 
sludge systems, large quantities of micro-carriers are added to the 
aeration basin to provide a very high surface area for passive 
immobilization. 

This paper traces the history of the application of hybrid growth systems 
in biological wastewater treatment, and systematically describes various 
hybrid growth systems which are currently. available. The advantages, 
disadvantages and operating characteristics of these systems are 
analyzsd. The characteristics of biomass in these systems are discussed.
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ASSESSMENT OF TWO ACTIVATED CARBON ADSORPTION SYSTEMS TREATING HOOD 
PRESERVATION HASTEWATERS 

S.A. ZaI‘, J.P. Jones2 c E. Ross3 
NasTelaTer Technology Confre, BurlingTon. OnTario

1
l 

UniversiTy of Sherbrooke, Sherbrooke. Quebec2 
HASTART LimiTed, Guelph OnTarl03 

Phenols. chiorophenols and some of The oTher Toxic organics (69 
polyaromaTic hydrocarbons) can be removed from aqueous sqTions by 
adsorTion on acTivaTed carbon. Therefore, The acTivaTed carbon adsorpTion 
process is recognized as one of The Technologies ThaT may be used 
cosT-effecTively for TreaTlng some of The indusTrial wasTewaTers which 
conTain phenols and/or chlorophenois. One lndusTry which produces 
wasTewaTers conTaining elevaTed levels of These chemicals is The wood 
preservaTion indusTry. However, published daTa from The applicaTlon of 
acTivaTed carbon adsorpTion To wood preservaTion wasTewaTers are limiTed. 

in Canada, There are several wood preservaTion planTs which use acTivaTed 
carbon adsorpTion for TreaTlng Their wasTewaTers. During The sTudy 
covered by This paper, The performance of Two of These planTs was 
evaluaTed To deTermlne Their effecveness wlTh respecT To The removal of 
TOC. phenolics, penTachlorophenol, TeTrachlorophenoi and some of The oTher 
specific organics. One of These planTs was locaTed In Delson, Quebec and 
The oTher was in TrenTon, OnTario. 

The Delson facillTy TreaTs process wasTewaTer, whereas aT TrenTon The 
sysTem is less Typical in ThaT iT is used To TreaT surface run-off ThaT 
conTains suspended parTiculaTes. BoTh faciliTies use Two carbon adsorbers 
in series wiTh a preTreaTmenT sTage prior To The adsorbers. The 
preTreaTmenT sTage aT Deison is more eiaboraTe Than ThaT aT TrenTon. The 
Two TreaTmenT sysTems will be discussed in deTail In The paper and a 

discussion of The modificaTions made To The sysTems since The sTudy wiH 
also be included in The paper. 

During This sTudy, samples were Taken of The feed To The acTivaTed carbon 
sysTem, The effluenT from The firsT column and The effluenT from The 
second column, and analyzed for ToTal organic carbon (TOC), phenolics, 
penTachlorophenol (PCP) and TeTrachiorophenol (TTCP). SelecTed samples 
were also analyzed for specific priorlTy polluTanTs. 

The ranges for The lnfluenT concenTraTions, The loadings on The acTivaTed 
carbon and The ranges for The effiuenT concenTraTions for phenolics, TOC, 
PCP and TTCP are shown in Table l and will be discussed in deTail in The 
paper.
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TABLE I. lnfluenT ConcenTraTions, Loadings, and EffluenT 
ConcenTraTions for Delson and TrenTon 

DELSON TRENTON 

INFLUENT 
CONCENTRATION 

phenollcs 241-474 mg/L 0.1-3.4 mg/L 
TOC 639-1029 mg/L 17-488 mg/L 
PCP 1.9-5.9 mg/L 0.4-2.1 mg/L 
TTCP 1.6—8.4 mg/L 0.l-l.8 mg/L 

LOADING 
phenolics 157.6 mg/g 0.14 mg/g 
TOC 217.0 mg/g 133.3 mg/g 
PCP 0.57 mg/g 2.39 mg/g 
TTCP 0.59 mg/g 0.58 mg/g 

EFFLUENT 
CONCENTRATION 

phenolics 0.1-3.8 mg/L 0.l—l.3 mg/L 
TOC 24-345 mg/L 0.25-402 mg/L 
PCP n/d* n/d-l9 pg/L 
TTCP n/d n/d-IO ug/L 

* n/d means noT deTecTed 

The concenTraTion of priorlTy polluTanTs, excepT polyaromaTic hydrocarbons 
(PAH's) and chlorophenols, in The final effluenT aT boTh faciliTies was 
found To be lower Than The deTecTion limiT of The meThod and lnsTrumenTs 
used in This sTudy. AT Delson, PAH's were found To be near or below The 
deTecTion llmiT (0.3-1.0 ug/L depending upon The specific PAH) In The 
effluenT from The firsT column and consisTenl below The deTecTion limiT 
In The second column effluenT. The concenTraTions in The final effluenT 
from TrenTon were sllgty higher buT were sTill only in The low ug/L 
range. 
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TREATMENT OF CONTAMINATED GROUNDIATER AT VILLE MERCIER, QUEBEC 

R.M. Booth, D.T. Vachon, L. Simovlc and J. Schmidt 
lastewater Technology Centre, Burlington Ontario 

From I968 to 1972 approximately 40,000 cubic meters of industrial liquid 
waste, predominately from the petroleum and petrochemical industry, were 
dumped into lagoons in an abandoned gravel pit near Ville Mercler causing 
widespread contamination of the ground water. By 1971 the local drinking 
water wells were Impacted. 

Based on a feasibility study undertaken by the Quebec Government a 
full-scale treatment plant was built including air stripping, alum and 
polymer addition. sedimentation, rapid sand filtration and activated 
carbon adsorption. The treated water is discharged into a stream In the 
Chateauguay river basin. Treatment objectives were set on the basis of 
drinking water quality at the time of designing the plant. 

To date, the main problems during the plant operation have been the 
plugging of unit processes by bacterial growth, incomplete removal of iron 
and l,2-dlchloroethane, loss of activated carbon by backwashing, and 
silting up of the wells. 

In July i988 the Department of Supply and Services awarded a contract to a 
consortium of Laval University, SNC and the University of Sherbrooke. The 
objectives of the contract were to monitor and report on the aquifer 
conditions, to optimize the full-scale treatment plant performance and to 
develop a successful pilot treatment train for the removal/oxidation of 
toxic organics. 

The pilot plant was designed in conjunction with the contractors and 
constructed by the Wastewater Technology Centre's staff. The plant was 
installed on site in October, and preliminary tests have been completed. 
The experimental program ls underway and will be completed by July, I989.
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CONSIDERATIONS IN CALIBRATION AND ANALYSIS FOR VOLATILE ORGANIC 
COMPOUNDS IN AIR EMISSIONS FROM NASTE TREATMENT PROCESSES 

B.A. MacGillivray and P.J.A. Foulie 
Iastelater Technology Centre, Burlington, Ontario 

Chemical analysis of air samples for volatile organic compounds requires 
validation of calibration procedures. The difficulty and cost of 
obtaining commercial gas standard mixtures for large parameter lists has 
generally precluded their use. Alternatively, vapour phase standards can 
be prepared in the laboratory. 

Factors to be considered when preparing a gas standard mixture are: i) 

efficiency of vapourization of components; 2) possible interactions 
between organics and container walls; and 3) accuracy in the transfer of 
gas aliquots to the analytical system. 

This study employed a 3.0 litre glass dilution flask to which measured 
amounts of 38 volatile organics of interest were spiked. Aliquots were 
withdrawn from a septum port by syringe and analyzed by GC/MSD to generate 
calibration data. The instrument responses of ii volatile compounds were 
measured at four flask temperatures between 26 - 164° C and compared to 
commercial standard mixtures which contained these same ii volatile 
organics in two pressurized cylinders. 

An attempt was made to determine whether the degree of voiatilization for 
individual compounds was dependent on flask temperature within the working 
temperature and concentration ranges. The flask temperature at which the 
laboratory standard showed best agreement with commercial mixtures was 26° 
C. 

The analytical procedure has been used to analyze gaseous emissions from 
municipal wastewater treatment plant aeration tanks, pulp and paper 
industry aerated lagoons, and oil refinery landfarms. 
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THE PERSISTENCE OF ORGANIC CONTAMINANTS IN 
SOILS TREATED WITH MUNICIPAL SLUDGE 

J.D. Goodin and ".0. Hebber 
HasTewaTer Techology CenTre, BurlingTon, OnTario 

STudies have been conducTed To deTermlne: (a) The persisTence and (b) 
planT upTake of IndusTrIal organic conTaminanTs in soils TreaTed wiTh 
municipal sludge. 

An aeraTed incubaTion Technique was developed To sTudy The persisTence of 
four volaTIle organic conTaminanTs (VOC) In soil sysTems. The compounds 
selecTed for sTudy were Toluene, eThylbenzene, 1,1-dichloroeThane and 
TrichloroeThylene. The incubaTion apparaTus consIsTed of a 250 mL 
Erlenmeyer flask wiTh a screw-on lid, connecTed To a compressed air 
cylinder on The air inleT side and To one or more meThanoI Traps on The 
air ouTleT side. All connecons were made wiTh ViTon Tubing. Samples 
spiked wiTh a known amounT of conTaminanT were aeraTed for a specified 
Time and The volaTilized conTaminanT recovered in meThanoI. VirTuaIly 
100% of The Toluene and eThylbenzene and approximaTely 90% of The 
chlorinaTed conTaminanTs were recovered from an empTy flask. This 
indicaTed ThaT There were no leaks in The sysTem. The recovery of 
conTaminanTs from sludge TreaTed soils was dependenT on equilibraTion Time 
and TemperaTure. Samples were spiked and equilibraTed for 0 h, 1.0 h and 
18 h. The recovery of conTaminanTs afTer 1.0 h and 18 h was similar and 
'somewhaT lower Than for 0 h. Several experimenTs IndlcaTed ThaT VOC 
recoveries Increased wlTh TemperaTure. The maximum recoveries of Toluene, 
eThylbenzene 1,1-dlchloroeThane and TrichloroeThylene were achieved in 

samples heaTed To 95°C and purged for 4 hours. Based on These resulTs, 
subsequenT experimenTs Involved a 1.0 h equilibraTion of conTaminanTs wiTh 
sludge TreaTed soils, followed by purging aT 22°C for a specified period 
of Time and Then purging aT 95°C for 4 hours. 

The persisTence of The volaTIIe organic conTaminanTs In sludge TreaTed 
loamy sand and loam soils was invesTigaTed. The resulTs of several TesTs 
IndicaTe ThaT Toluene and eThylbenzene were compleTely volaTilized aT 22°C 
over a 12 day period. However, only 60% of The l,1-dichloroeThane and 
TrichloroeThylene were volaTilized. Purging aT 95°C did noT Increase The 
conTaminanT recovery aTTer 12 days. ExperimenTs wiTh 14C-Iabelled 
conTaminanTs are In progress To deTermlne The faTe of The remaining 405 of 
The chlorinaTed conTaminanTs. 

PIanT upTake of I4C-labelled indusTrial organic conTamInanTs was invesTi— 
gaTed wiTh ryegrass grown In microcosms in a greenhouse. Mlcrocosms 
isolaTe The soil from The above ground planT maTerial. An iniTial sTudy 
wlTh 1,2,4-Tr1chlorobenzene IndlcaTed ThaT There was no upTake of This 
conTaminanT inTo The ryegrass. All of The conTaminanT volaTilized over a 
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Currenfly a sfudy +0 
invesTIgaTe The upfake of anThracene, penfachlorophenol, 2, 2', 5, 
5'-fe+rachlorobiphenyl and benz(a)pyrene is in progress.
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AN ECONOMIC ASSESSMENT OF BENEFITS ARISING FROM ADOPTION OF CONSERVATION 
TILLAGE PRACTICES IN SOUTHIESTERN ONTARIO 

E.J. Dickson and 6.0. Fox 
UniversiTy of Guelph, Guelph, OnTario 

Displaced sedimenT and chemicals carried by runoff from cropland is one of 

The mosT imporTanT sources of waTer polluTlon in OnTarIo (CooTe, 1980). 
The purpose of This sTudy is To compare The cosTs incurred by farmers in 

The adopTion of conservaTlon Tillage wlTh The downsTream beneflTs of 

improved waTer qualiTy. DaTa from Three waTersheds in OnTario; The Big 
Creek waTershed in Essex CounTy, The Newbiggen Creek waTershed in 

Middlesex CounTy, and The STraord/Avon waTershed in PerTh CounTy, is 

used in Two simulaTion models. 

Much of whaT is considered erosion on culTivaTed land is simply The 
movemenT of soil and nuTrienTs on The soil surface. Only a porTion of 

This TransporTed soil will make lTs way To sTreams and lakes. The Guelph 
model for evaluaTing The effecTs of AgriculTural ManagemenT SysTems on 

Erosion and SedlmenTaTion (GAMES) developed by Cook 31 ELL, (1985) was 
used To esTimaTe on-farm sedimenT movemenT and The proporTion of 

TransporTed sedimenT ThaT is delivered To The sTream. 

The Soil ConservaTlon Economics (SOILEC) model was used To sTudy The 
on-farm economics of alTernaTive Tillage pracTices. The SOILEC model 
uTllizes a Topsoil depTh - yield relaTlonshlp To simulaTe erosion-induced 
changes in soil producTiviTy. The model also uTilizes a Topsoil depTh - 

cosT relaTionship To simulaTe changes in The variable cosTs of producTion, 
such as increases in ferTilizer cosTs, which may increase as erosion 
occurs. The model was used To calculaTe The presenT value of neT reTurns 
for 50 years of erosion and The change in neT reTurns resulTing from The 
adopTlon of selecTed conservaTlon Tillage pracTices. 

The off-farm cosTs of soil erosion occur as sedlmenT and oTher 
erosion-relaTed conTaminanTs enTer sTreams and lakes. This disrus fish 
reproducTion and feeding, reduces The value of waTer recreaTion acTivi- 
Ties, reduces The capaciTy of waTer-sTorage facilITies and navigaTion 
channels, affecTs preservaTlon values of concerned individuals, increases 
The frequency and volume of floods, increases waTer-TreaTmenT cosTs and 
mainTenance cosTs of waTer-using machinery and appliances and clogs 
waTer-conveyance sysTems, such as drainage diTches and IrrigaTion canals. 
RecenT research in The UniTed STaTes has lndicaTed ThaT The off-farm cosTs 
of soil erosion are subsTanTial and may in facT be larger Than The on-farm 
cosTs. This resulT implies ThaT socieTy, raTher Than farmers, may be The 
major beneficiary of efforTs To reduce The raTe of soil erosion and 
sedlmenT delivery from cropland.
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A number of off-farm cosTs in The sTudy area were esTimaTed. CosTs of 
sedimenTaTion To recreaTional fishing, waTer TreaTmenT, and waTer 
conveyance were esTimaTed for The Thames River Basin in OnTario. The 
GAMES model was used To esTimaTe changes in sedlmenT delivery resulTing 
from The adopTion of alTernaTive Tillage pracTices. The sedimenT - waTer 
user relaTionshlps enabled esTimaTlon of The off-farm benefiTs (reduced 
off-farm cosTs) arislng from The adopTion of conservaTion Tillage 
pracTices on cropland in souThwesTern OnTario. Many of The off-farm 
damages associaTed wlTh erosion could noT be included so The esTimaTes can 
be considered conservaTive. 

Using The convenTlonal Tillage pracce in each waTershed, fall moldboard 
ploughlng, as a base for comparison, conservaTlon Tillage pracTices are 
found To be flnanclally unaTTracve To The average farmer. The annual 
off-farm benefiTs of adopTing conservaTion Tillage, which accrue To 
socieTy as a whole, range from $9.55 To $69.23 per hecTare and ouTweigh 
The on-farm cosTs of adopTion In all waTersheds. Thus, when The off-farm 
beneflTs are consldered The adopTion of conservaTlon Tillage becomes very 
aTTracTive from a social polnT of view. 

This is a classic example of a producTion exTernaliTy. Farmers have 
liTTle incenTlve To adopT The soclally efflcienT producTion sysTem since 
They are noT held accounTable for The cosTs They impose on oThers. 
AdopTion of an environmenTal and economy-wide percepTion of The 
consequences of soil erosion would produce a new perspecTive for soil 
conservaTion policy in Canada.
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OPTIMIZING POLYMER ADDITION: A COST MODEL FOR THE 
DEHATERING, TRANSPORT, AND INCINERATION 0F HASTEHATER SLUDGE 

B.H. Baetz and J.H. Barajas 
McMaster University, Hamilton, Ontario 

This paper deals with a wastewater process stream where sludge is 
produced, dewatered, transported, and incinerated. Polymers may be added 
to the sludge before the dewatering process to increase dewaterability. 
The enhanced dewatering will reduce the volume of sludge requiring 
transport to the incineration facility, and will also reduce the amount of 
auxiliary fuel that is required to maintain the sludge incineration 
process. These reduced transportation and fuel costs must be traded off 
against the cost of polymer addition. 

Considerable research effort has been expanded in the area of polymer 
addition to enhance sludge dewaterabliity, but the existing literature 
does not include a systems approach to the potential process elements 
after polymer addition, nor a consideration of the effect of incremental 
polymer addition on the operating costs of these downstream elements. The 
objective of the research summarized in this paper is the development of a 
comprehensive cost model which is capable of generating optimal polymer 
dosages for given operating/design conditions (polymer/sludge character— 
istics, dewatering process constraints, haul distances, incineration 
requirements). The scope of the paper is limited to wastewater treatment 
sludges, but the general methodology is also applicable to other types of 
sludges (e.g., industrial process residuals) which have similar 
dewatering/transport/incineratlon requirements. 

The paper summarizes information relating to the individual process 
components. These include: 

‘ functional relationship between polymer dosage and sludge 
dewaterabiiity for various dewatering options and polymer types; 

' unit costs for a number of polymer types; 

* transportation costs for sludge transport; 

* functional relationship between sludge moisture content and auxiliary 
fuel requirement for sludge incineration; 

* unit costs for auxiliary fuel used for sludge incineration. 

This information is developed into a general analytical cost model, with 
the decision variable established as the moisture content of the dewatered 
sludge. Through simple differentiation, and backcalculation using the 
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polymer dosage-dewafered mois’rure confenf func‘I'ion, The optimal polymer 
dosage is obfained in Terms of dewa’rering, Transporf, and incinerafion 
variables. Representative cosfs for a number of polymer/dewal'ering/ 
fransporf scenarios are used To defermlne The associafed op‘rimal polymer 
addifions, and conclusions are drawn wifh respecf To preferred polymer 
dosing sfrafegies for a varieTy of condiTIons.
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ONSITE ANAEROBIC TREATMENT OF COMBINED PEA AND POTATO PROCESSING 
HASTEHATERS USING A MOBILE MICROPROCESSOR CONTROLLED, THREE 

REACTOR PILOT PLANT FACILITY 

R.E. St. Jean and A.R. Stickney 
Canvlro Consultants, laterloo, Ontario 

The presentation describes a 9 month onsite anaerobic treatability study 
conducted using a unique, three reactor, microprocessor controlled 
anaerobic pilot plant facility treating combined pea and potato processing 
wastewaters. The presentation includes a description of the pilot plant 
facilities, a description of the reactor configurations and control 
strategies used during the study, and a summary of the wastewater 
characterization and reactor operating and performance data acquired 
'during the study. 

Three 0.9 m3 pilot scale reactors housed in a mobile facility were used to 
carry out the onsite treatability study. One reactor was configured as a 

hybrid reactor using Biopod random packed media, one reactor was 
configured as a hybrid reactor using Munters oriented media and one 
reactor was configured as an upflow anaerobic sludge blanket reactor 
(USB). All three reactors were operated in parallel. 

Treatment levels varied significantly for the three anaerobic technologies 
demonstrated. Filtered COD removals ranging from 751 - 85% were achieved 
with the hybrid ramdom media reactor at loading rates ranging between 8.5 
kg and 11 kg total COD/m3 reactor volume/day and an 8 hour hydraulic 
retention time. Treatment levels achieved with the hybrid oriented media 
and upflow anaerobic sludge blanket reactors were significantly lower.
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FATE OF SELECTED VOLATILE ORGANIC SUBSTANCES 
IN AN AQUEOUS ENVIRONMENT 

G.R. ChadoiaI N. BiswasI J.K. BewTra‘, C.C. ST. Pierrel 
5 ! 

and R.G. ZyTner2 
UniversiTy of Windsor, Windsor, OnTario 

ClayTon EnvironmenTal ConsulTanTs LTd., Hindsor, OnTario
I

2 

LaboraTory sTudies were conducTed To evaluaTe The influence of several 
processes on The behaviour and faTe of synTheTic volaTile organic 
chemicals In an aqueous environmenT. Five organic prioriTy polluTanTs: 
benzene, meThylene chloride TeTrachloroeThylene, Toluene and Trichioro- 
eThyiene, were InvesTigaTed To deTermlne Their suscepTibiiiTy To The 
TransformaTion processes of direcT phoTolysis and/or hydrolysis under 
various pH, TemperaTures and concenTraTlons. In adlion, TeTrachloro- 
eThylene, benzene, meThylene chloride and Toluene were examined for 
v0laTilizaTIon from The waTer surface as well as mass flux movemenT by 
diffusion inTo waTer. 

The experimenTal findings for direcT phoTolysis indicaTed ThaT The 
suscepTibiliTy was negligible for all The selecTed organic compounds. 
Also, all The organics were found To be hydrolyTicaIly sTable over The 
range of IniTiai concenTraTlons employed in boTh acidic and basic 
environmenTs. 

TeTrachloroeThylene, benzene. meThylene chloride and Toluene exhibiTed 
relaTively rapid raTes of volaTiiizaTion and These raTes were significanT- 
Iy influenced by The area To volume raTio, A/V. The overall liquid film 
coefficienTs, KOLW , aT The waTer-air inTerface for TeTrachloroeThylene. 
benzene, meThylene chloride and Toluene were observed To be 0.006, 0.029, 
0.003 and 0.027 m/h, respecvely, under The specified condiTions. IT was 
observed ThaT The overall liquid film coefficienTs deTermined under Quies- 
cenT condiTions are aT leasT an order of magniTude lower Than Those 
reporTed by oThers under sTIrred condiTions. 

The mass flux experimenTs indicaTed ThaT under quiescenT condiTions. The 
mass Transfer occurring aT The waTer-chemical inTerface of a submerged 
pool of TeTrachloroeThylene and meThylene chloride was low, Thus providing 
an opporTuay for clean up. For benzene and Toluene, which floaTed To 
The surface, The mass Transfer InTo The waTer column occurred in The early 
sTage of The experimenTs while These floaTlng chemicals were volaTiiizlng 
inTo The aTmosphere. The resuiTs from These experimenTs were used To 
deTermine The overall liquid film coefficienT aT The chemical-waTer InTer- 
face. Also, maThemaTlcal equaTions have been developed To predicT mass 
flux of such subsTances under given condiTions.
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AUTOMATION AND OPTIMISATION 0F CENTRIFUGE SLUDGE DEHATERING 

G. Schrank1 and C. Murren2 
Bonnier Technology Group, Lausanne, SIserlandI 

BTG Unifed Kingdom LTd., Surrey, U.K.2 

The dehydraTion of sewage TreaTmenT planT sludges has become one of The 
major problems in The TreaTmenT of wasTe waTer. Very high cosTs, 
especially Those of flocculaTion, addiTives, increasingly call for 
opTimlsaTion of This phase of The process. Taking The dewaTerlng of 
sludge by cenTrifugaTion as an example, Two differenT approaches can be 
considered: mechanical excess sludge Thickening wlThouT The use of 
addiTives and The dehydraTion of sewage sludge wiTh use of chemical 
addiTives. A prerequislTe of any auTomaTlon is The reliable acqulslTlon 
of daTa of The parameTers required for conTrol. ConTinuous measuremenT of 
The concenTraTion of suspended solids in The sludge ThaT is To be 
dewaTered, of sludge flow and of The TurbidiTy of The clear phase 
(cenTraTe) leaving The cenTrifuge, makes iT posslble To design several 
meThods of effecTive conTrol.



TWENTY-FOURTH CANADIAN SYMPOSIUM SESSION IIl 
ON WATER POLLUTION RESEARCH POSTER 

THE CLARITEK SUSPENDED SOLIDS MONITOR - TRANSDUCER — AN EXAMINATION 0F 
TAKING INSTRUMENT TECHNOLOGY FROM THE UNIVERSITY TO PRACTICE 

P.L. SilvesTon 
UniversiTy of HaTerloo, HaTerloo, OnTario 

ClariTek InsTrumenTs lnc., Mississauga, OnTario 

The insTrumenT now referred To as The ClariTek Suspended Solids MoniTor 
orlglnaTed from a need To make lnslTu measuremenTs in a IaboraTory model 
clarifier. ATTems To converT The moniTor lnTo a commercial insTrumenT 
in a universiTy environmenT produced dIsappolnTlng progress from lack of 
developmenT funds and uncerTainTy as To requiremenTs for field use. 
Success came only afTer a unique fusion of UnlversiTy, poTenTial user, 
manufacTurer and sales experTise. Design of The moniTor will be reviewed 
In brief wiTh specific reference To performance objecTives. AcTual 
performance in mining, chemical manufacTuring and wasTe TreaTmenT 
environmenTs will be examined and shorT comings of The design and The 
reasons Therefore will be analyzed. Failure of The UniversiTy sysTem in 

Canada To deliver new Technology seems To relaTe To The lack of inTerface 
wlTh The mosT likely exploiTers of The Technology -- The enTrepreneurial 
secTor of Canada's manufacTurers.
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BIOCHEMICAL AND PHYSIOLOGICAL RESPONSES OF GREAT LAKES FISH AS AN 
INDICATOR OF CHEMICAL EXPOSURE AND EFFECT 

P.V. Hodson, K. Ralph. B. Gray L. Luxon, 
H. McNheer. L. Isaac and G. Nielsen 

GLLFAS, Bayfleld lnsTiTuTe, BurlingTon. OnTario 

DespiTe abundanT evidence of chemical conTaminaTion of The GreaT lakes 
ecosysTem, and The closure of numerous fisheries To proTecT human healTh, 
There is IiTTIe evidence ThaT chemical conTaminaTion has harmed fish. 
While There appears To be reproducve failure of lake TrouT in Lakes 
Michigan and OnTario and The prevalence of Tumours in benThic species 
increases near heavy indusTries, The chemical eTiology is noT clear. 
Based on The assumpTion ThaT all Toxic effecTs musT begin wiTh an inTerac- 
Tlon beTween a Toxic chemical and some biological subsTraTe of individual 
fish, we measured biochemical and physiological responses of lake TrouT 
and whiTe sucker ThaT would reflecT chemical exposure and ToxiciTy. 

Fish were sampled offshore in each of The GreaT Lakes, and in Three 
harbours of Lake OnTario: fish from Lake SiskiwiT on Isle Royale and from 
several inland OnTario lakes were sampled as a reference. The fish were 
capTured by neTTing or elecTroshocking and sampled live; Tissues were 
immedlaTely preserved ln liquid arogen or dry ice To preserve 
biochemical acTiviTies. Chemical residues were also measured in 
whole-fish homogenaTes To compare chemical exposure and responses. 

The mosT noTable response was The inducTion of hepaTic mixed funcTion 
Oxidase (MFO) acTiviTy. The MFO sysTem oxidizes mulTi-ringed compounds 
such as The polynuclear aromaTic hydrocarbons (PAHs) To faciliTaTe 
excreTlon, and acTiviTy increased wiTh proximiTy To indusTrial and urban 
developmenT or To known sources of carcinogenic compounds. While absoluTe 
levels of acTiviTy varied from year To year, The paTTern of acTiviTy 
remained The same: levels were highesT in locaTlons such as HamilTon 
Harbour, ToronTo Harbour, Lake OnTario and Lake Michigan and much lower in 
areas wiTh less chemical conTaminaTion. ElevaTed acTiviTies were 
associaTed wiTh Tissue residues of polynuclear aromaTic hydrocarbons 
(PAHs) and wiTh reporTs of Tumours in oTher fish species. 

No maJor changes were observed in fin-ray asymmeTry (chemical sTress 
IndicaTor), and analyses of meTalloThioneln (meTal exposure), serum 
chemisTry (sTress indicaTor) and hlsTopaThology are sTlll under way. 

The resulTs collecTed To daTe suggesT ThaT chemicals Taken up by fish in 
The GreaT Lakes are biologically acTive and ThaT effecTs are widespread 
and in proporTlon To chemical exposure. The enhanced acTiviTy of The MFO 
sysTem suggesTs ThaT The flrsT sTages in carcinogenesis are occurring in 
fish and ThaT There may be a chemical basis for some Tumours. 
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