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FIRST 

ONTARIO INDUSTRIAL, WASTE CONFERENCE 

THIS IS A COPY OF THE PAPERS PRESENTED AT THE 
FIRST ONTARIO INDUSTRIAL WASTE CONFERENCE. IT WAS HELD AT THE 
ONTARIO AGRICULTURAL COLLEGE AT GUELPH ON JUNE 15TH TO 18TH, 1954. 
THE CONFERENCE WAS SPONSORED BY THE POLLUTION CONTROL BOARD OF 

ONTARIO IN AN EFFORT TO FOCUS ATTENTION ON THE INDUSTRAIL WASTE 
PROBLEM AND TO OBTAIN THE VIEWS OF THOSE WHO WERE WELL QUALIFIED 
TO DISCUSS WASTE TREATMENT METHODS. THE PAPERS ARE PRINTED IN 

THE ORDER IN WHICH THEY APPEARED ON THE PROGRAM. 

INDUSTRIAL WASTES ARE ONE PART OF THE POLLUTION 
PROBLEM WHICH FACES ALL COUNTRIES TO—DAY. MUNICIPAL SEWAGE IS 

THE OTHER. ONTARIO IS GROWING INDUSTRIALLY AT A FAST PACE. THE 
PROBLEMS INVOLVED IN WASTE DISPOSAL ARE MANY AND COMPLEX. THEY 
CHANGE RAPIDLY WITH THE DEVELOPMENT OF NEW PROCESSES ANO NEW PROD- 
UCTS. THIS FIRST CONFERENCE DEALT WITH SOME OF THE MANY INOUST— 
RIAL WASTES. PUBLICATION OF THE PAPERS IN THIS BROCHURE IS DONE 
WITH THE OBJECTIVE OF MAKING THIS 1NFORMAT'ION AVAiLABLE TO A LARGE 
NUMBER OF PERSONS AND IN THAT WAY TO AID IN THE PROGRAM OF POL- 
LUTION ABATEMENT AND CONTROL. 

THE POLLUTION CONTROL BOARD IS CONCERNED WITH 
THE EFFECTS OF ALL KINDS OF POLLUTION. THE BOARD MEMBERS COME 
FROM THOSE DEPARTMENTS OF GOVERNMENT INTERESTED IN OR HAVING OB- 
LIGATIONS IN RESPECT TO POLLUTION CONTROL. BY ACTING JOINTLY AS 

A BOARD THERE CAN BE CO—ORDINATION OF EFFORTS IRRESPECTIVE OF THE 
EFFECT POLLUTION MAY HAVE ON THE MANY USES WHICH ARE MADE OF WATER 
AND AIR IN THIS PROVINCE. 

THE POLLUTION CONTROL BOARD IS SINCERELY GRATE- 
FUL TO THE HONOURABLE MACKINNON PWILLIPS, M.D., C.M., MINISTER OF 

HEALTH, TO DOCTOR J. 0. MACLACHLAN, B.A., A.M., PH.D., PRESIDENT 
OF THE ONTARIO AGRICULTURAL COLLEGE AND TO ALL MEMBERS OF THE 
STAFF OF THE COLLEGE ANO THE LADlES WHO WERE RESPONSIBLE FOR PLAN- 
NING THE ACTIVITIES AT THE COLLEGE, AND TO THE AUTHORS OF PAPERS 
WHO SD GENEROUSLY GAVE OF THEIR KNOWLEDGE AND TIME TO ASSIST IN 

THIS MAJOR PROBLEM OF POLLUTION CONTROL. 

FOR FURTHER INFORMATION WRITE TOt 

THE POLLUTION CONTROL BOARD OF ONTARIO 
PARLIAMENT BUILDINGS, 
TORONTO, ONTARIO. 
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— SPONSORED By — 

THE POLLUTION CONTROL BOARD OF ONTARIO 

THE MEMBERS OF THE POLLUTION CONTROL BOARD 
AND THE DEPARTMENTS WHICH THEY REPRESENT ARE AS FOLLOWS: 

DEPARTMENT OF HEALTH 

A. E. BERRY .......... CHAIRMAN, POLLUTION CONTROL BOARD, 
DiRECTOR, SANITARY ENGINEERING DIV. 

A. V. DELAPORTE ...... CHEMICAL ENGINEER, OFFICER—IN— 
CHARGE OF EXPERIMENTAL STATION. 

DEPARTMENT OF LANDS AND FORESTS 

F. W. SCATTY ......... SURVEYOR GENERAL 
W. .1. K. HARKNEBS .... CHIEF, DIVISION OF FISH &WILDLIFE. 

DEPARTMENT OF AGRICULTURE 

G. H. RUHNKE ......... DIRECTOR OF RESEARCH. 

DEPARTMENT OF PLANNING AND DEVELOPMENT 

A. H. RICHARDSON .,... CONSERVATION ENGINEER, 
CONSERVATION BRANCH. 

ONTARIO RESEARCH COUNCIL 

W. J. MACKEY ......... SECRETARY1 RESEARCH COUNCIL. 

DEPARTMENT OF MINES 

0. DOUGLASS ,......... EXECUTIVE OFFICER 

DEPARTMENT OP MUNICIPAL AFFAIRS 

A. T. BUTLER ......... SUPERVISOR 

SECRETARY OF THE POLLUTION CONTROL BOARD: 

0. S. CAVERLY, OFFICER—SN—CHARGE OF SEWAGE WORKS, 
SANITARY ENGINEERING DIVISION, 
DEPARTMENT OF HEALTH, 
PARLIAMENT BUILDINGS, 
TORONTO, ONTARIO. 
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GROUP RESEARCH ON INDUSTRIAL WASTES 

4— 

— By — 

A. 0. McRAE 

IMPERIAL OIL LIMITED 

INTRODUCTION 

ALTHOUGH MANY COOPERATIVE RESEARCH PROJECTS 
HAVE BEEN CARRIED OUT BETWEEN GOVERNMENT AND INDUSTRY ON PROB— 
LENS OF FUNDAMENTAL RESEARCH AND APPLIED THERE HAS 
BEEN NO APPLICATION OF THIS VERY USEFUL PROCEDURE TO THE PROB- 
LEM OF INDUSTRIAL WASTES. IT IS THE PURPOSE OF THIS PAPER TO 
DESCRIBE A COOPERATIVE RESEARCH PROJECT CARRIED OUT UNDER THE 
AUSPICES OF THE ONTARIO RESEARCH COUNCIL AND A GROUP OF SARNIA 
INDUSTRIES IN AN EFFORT TO ASSESS THE MAGNITUDE OF AIR AND 
WATER POLLUTION IN THE AREA. 

COOPERATIVE RESEARCH IN GREAT 

IN THE LATTER PART OF THE 19TH AND THE EARLY 
YEARS OF THE PRESENT CENTURY THE LEADERS OF SC!ENCE AND INDUSTRY 
IN GREAT BRITAIN WERE INCREASINGLY CONCERNED AT THE LACK OF CON- 
TACT BETWEEN SCIENTIFIC RESEARCH AND INDUSTRIAL PRACTICE. THE 
MOST NOTABLE ACHIEVEMENT ALONG THESE LINES WAS THE ESTABLISHMENT 
OF THE NATIONAL PHYSICS LABORATORY IN 1900 AND THE FOUNDATION OF 
THE IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY IN 1907. FURTHER 
ACTION AND ADDITIONAL GOVERNMENT HELP BECAME EVEN MORE URGENT AT 
THE OUTBREAK OF THE FIRST WORLD WAR, AND IN 1915 THE ADVISORY 
COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH WAS CREATED "IN 
ORDER TO PROMOTE AND ORGANIZE SCIENTIFIC RESEARCH WITH A VIEW 
ESPECIALLY TO 1TS APPLICATION TO TRADE AND INDUSTRY". 

AFTER THE WAR, IT WAS ESSENTIAL THAT BRITAIN 
REGAIN THE LEAD IN INDUSTRIAL DEVELOPMENTS OR THE ECONOMY OF THE 
COUNTRY WOULD BE AT A VERY LOW EBB DUE TO RESTRICTED WORLD MAR— 
KETS. DURING THE PERIOD PRECEDING THE SECOND WORLD WAR THE 
RESEARCH ASSOCIATIONS FOUND DIFFICULTY IN CARRYING ON DUE TO 
LACK OF CAP1TAL, LABORATORY FACILITIES AND ADVERSE ECONOMICAL 
CONDITIONS IN THE COUNTRY. 

IHE SCALE OF OPERAT1ONS INCREASED, HOWEVER, 
DURING THE WAR TO THE DEMANDS MADE ON THEM BY THEIR INDUST- 
RIES AND BY GOVERNMENT DEPARTMENTS, AND, OF COURSE, A CORRESPOND- 
ING INCREASE IN THEIR INCOME WAS AVAILABLE. 
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THE POST WAR YEARS HAVE SEEN AN EVEN GREATER 

EXPANSION OF THE RESEARCH ASSOCIATION MOVEMENT. THERE ARE 

NOW 4-2 ASSOCIATIONS WITH A TOTAL INCOME OF 3.4 MILLION POUNDS 

STERLING OF WHICH 1.25 MILLION POUNDS STERLING ISA GOVERNMENT 
GRANT. THESE ASSOCIATIONS VARY GREATLY IN SIZE, THE LARGEST 

AN INCOME OF ABOUT 400,000 POUNDS STERLING WITH THE 

MAJORITY RANGING BETWEEN 20,000 AND 100,000 POUNDS STERLING. 

THE TOTAL STAFF IS NOW APPROACHING 4,000 PEOPLE, OF WHICH 1,000 

ARE OF GRADUATE STANDING. THE GOVERNMENT, AT THE END OF THE 

WAR1 DECIDED THAT THEIR GRANTS WOULD FORM A PERMANENT PART OF 

THE NORMAL INCOME AND SPECIAL GRANTS WOULD BE AVAILABLE FOR 

CAPITAL DEVELOPMENT. 

WITH THE ASSURANCE OF CONTINUED GOVERNMENT 

SUPPORT PLUS THE SUBSTANTIAL CONTRIBUTION BY INDUSTRY, IT CAN 

BE ANTICIPATED THAT THE RESEARCH ASSOCIATIONS WILL CONTINUE TO 

GROW IN NUMBER AND SIZE AND TO MAKE AN INCREASING CONTRIBUTION 

TO INDUSTRIAL EFFICiENCY IN GREAT BRITAIN. 

THE METHOD OF ASSESSING THE SUBSCRIPTION OF 

EACH MEMBER FIRM IS BASED ON THE SIZE AND ASSETS. THUS, THE 

SMALL IN GENERAL CONTRIBUTES MUCH LESS THAN THE LARGER 

ONES YET IT HAS THE SAME PRIVILEGES, ALTHOUGH AS A RULE IT WILL 

NOT HAVE THE SAME FACILITIES FOR EXPLOITING THE RESULTS OF RE- 

SEARCH. ON THE OTHER HAND, THE SMALL FIRM IS MORE LIKELY TO 

USE CERTAiN OF THE BENEFITS. 

THE INDUSTRIAL ORGANIZATION AND DEVELOPMENT 

ACT 1947 PROVIDED FOR THE SETTING UP OF DEVELOPMENT COUNCILS 

FOR INDUSTRY. THE ACT GIVES POWERS FOR THE IMPOSITION OF 

LEVIES TO ENABLE DEVELOPMENT COUNCILS TO MEET THEIR EXPENSES 

AND TO EXERCISE THEIR FUNCTIONS. IT FURTHER PROVIDES, IF IT 

IS CONSIDERED EXPEDIENT, LEVIES ON INDUSTRIES WHERE THERE IS NO — 

DEVELOPMENT COUNCIL. 

COOPERATIVE RESEARCH CARRIED OUT THROUGH RE- 

SEARCH ASSOCIATIONS SERVES A NUMBER OF PURPOSES ESSENTIAL TO 

THE NATIONAL WELL—BEING. THE EXTENT TO WHICH THE EXPERIENCE 

OF THE UNITED KINGOOM IS TRANSFERABLE TO OTHER COUNTRIES IS FOR 

THEM TO DETERMINE. CANADA IS THE ONLY OTHER COUNTRY AT THE 

PRESENT TIME WITH.A SIMILAR SCHEME, ALTHOUGH INDUSTRIAL RESEARCH 

DEPARTMENTS, GOVERNMEN? LABORATORIES AND INSTITUTES FOR SPONSOR- 

ING RESEARCH ARE WELL—KNOWN ABROAD. 

THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 

RESEARCH WHICH SPONSORS THE COOPERATIVE WORK ALSO MAINTAINS A 

WATER POLLUTION RESEARCH LABORATORY. THE DEPARTMENT CARRIES 

ON WORK ON INDUSTRIAL WASTES AND WATER QUALITY IMPROVEMENT, BUT 

AS FAR AS IT CAN BE LEARNED, INDUSTRY DOES NOT ENTER INTO THIS 

ACTIVITY ON A COOPERATIVE BASIS. (2) 

ANTi-POLLUTION RESEARCH ACtIVITIES IN THE UNI!ED STATES 

MANY STATE SPONSORED PROJECTS TO REDUCE AIR 

AND WATER POLLUTION HAVE SEEN INSTIGATED IN THE UNITED STATES, 

AND CITIES SUCH AS Los ANGELES, PITTSBURGH AND CLEVELAND HAVE 
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DEVELOPED THEIR OWN AIR POLLUTION REDUCTION PROGRAMS. FEDERAL 

ASSISTANCE IS AVAILABLE TO THE INDIVIDUAL STATES UNDER LAW #845 
PASSED IN 1948 IN RESPECT TO WATER POLLUTION ABATEMENT. AT 

THE PRESENT TIME, THE FEDERAL GOVERNMENT HAS ENTERED THE FIELD 

OF RESEARCH ON AIR POLLUTION. (3) AN AMENDMENT OF THE HOUSING 

ACT OF 1954 RELATING TO SMOKE ELIMINATION ANO AIR POLLUTION PRE- 

VENTION HAS BEEN PROPOSED AND THERE IS EVERY LIKELIHOOD OF THE 

AMENDMENT BEING PASSED. A SUM OF $5,000,000. IS TO BE ALLOTTED 
AND THE SECRETARY OF HEALTH, EDUCATION AND WELFARE WILL UNDER- 

TAKE AND CONDUCT A PROGRAM OF TECHNICAL RESEARCH AND STUDIES CON- 

CERNED WITH 

(A) COSTS OF AIR POLLUTION AND EXCESSIVE SMOKE 

(a) DEVICES AND METHODS FOR THE PREVENTION OR ELIMINATION 
OF EXCESSIVE SMOKE AND AIR POLLUTION, OR THE COLLECTION 
OF ATMOSPHERIC CONTAMINANTS. 

(C) GUiDANCE AND ASSISTANCE TO LOCAL COMMUNITIES IN SMOKE 
ABATEMENT AND AIR POLLUTION PREVENTION AND CONTROL. 

THE ACT WILL ALSO PROVIDE FOR LOANS TO COMPAN- 
IES OR INDIVIDUAL HOUSEHOLDERS TO PROVIDE SMOKE ABATEMENT AND 

ANTI—POLLUTION EqUIPMENT. THE INVESTMENT IN SUCH EQUIPMENT MAY 
BE AMORTIZED OVER A PERIOD OF FIVE YEARS RATHER THAN THE USUAL 
TEN YEARS SPECIFIED BY THE FEDERAL INCOME TAX DEPARTMENT. THIS 
SPECIAL GRANT WILL BE PROVIDED FOR A PERIOD OF FOUR YEARS ONLY 

WHICH IS TOO SHORT A PERiOD TO ACCOMPLISH ANY LONG RANGE PLAN OF 

POLLUTION CONTROL. HOWEVER, IT IS CERTAINLY A GENEROUS GESTURE 
ON THE PART OF THE FEDERAL GOVERNMENT IN THE UNITED STATES AND 

WILL MATERIALLY AID THE AIR POLLUTION ABATEMENT PROGRAM. 

MANY INDUSTRIAL GROUPS1 SUCH AS THE AMERICAN 
PETROLEUM INSTITUTE AND THE MANUFACTURING CHEMISTS' ASSOCIATION 
INC. ARE ACTIVELY ENGAGED IN AIR AND WATER POLLUTION ABATEMENT 
PROGRAMS AND INFORMATION FROM THESE GROUPS IS READILY AVAILABLE 
TO ANYONE WISHING TO START A PROGRAM OF HIS OWN. 

AN EXAMPLE OF A STATE SPONSORED AIR POLLUTION 
ADViSORY SERVICE IS THAT OF THE STATE OF WASHINGTON. IN 1949, 

ARTHUR t.. LANGLIE, GOVERNOR OF WASHINGTON, RECOGNIZED THE SER- 
IOUSNESS OF THE AIR POLLUTION PROBLEM AND REqUESTED THE POLLUT- 
ION CONTROL COMMISSION TO INITIATE A SURVEY TO SECURE FACTS CON— 
CERNIN( THE PROBLEMS OF AIR POLLUTION AS THEY APPLY TO THE STATE. 
IN THE REPORT OF THE SURVEY, IT WAS RECOMMENDEO THAT THE GOVER- 
NOR APPOINT A'STATE AÔVISORY.COMMITTEE ON AIR POLLUTION WHICH IN- 

CLUDED REPRESENTATIVES OF INDUSTRY1 COMMUNITY AND CIViC ORGANIZ- 
ATIONS, EDUCATIONAL AND AESEARCH INSTITUTIONS, STATE AGENCIES AND 

OTHERS CONCERNED FOR THE PURPOSE OF EVALUATING FACTS ON AIR POL- 
LUTION AND MAKING RECOMMENDATIONS AS TO LEGISLATION, POLICY OR 

FURTHER ACTION IN THE DEVELOPMENT OF A STATE—WIDE AIR POLLUTION 
PROGRAM. AT THE PRESENT TIME AFTER APPROVAL OF THIS PLAN THE 

ORGANIZATION WAS SET IN MOTION, AND IT IS EXPECTED THAT THE 

WASHINGTON AIR POLLUTION CONTROL ASSOCIATION WILL BE THE PRIME 
SOURCE OF INFORMATION, ASSISTANCE AND ADVICE. (4) 
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CANADIAN ACTIVITIES 

THE FEDERAL GOVERNMENT IS CHIEFLY CONCERNED 
WITH AIR AND WATER POLLUTION IF IT AFFECTS BOUND- 

ARY W TERS AND LAND BOUNDARIES BETWEEN CANADA AMD THE UNITED 

STATES, AND ALSO IF THE PROBLEM IS IPITERPROVJNCIAL. THE FED— 

ERAL GOVERNMENT, IN THE FIRST CASE, MAKES USE OF THE SERVICES OF 

THE INTERNATIONAL JOINT COMMISSION, A GROUP BY A 

CANADIAN CHAIRMAN WITH TWO ASSISTANTS, AND A SIMILAR GROUP FROM 

THE UNITED STATES. UNDER THE CANADIAN SECT ION A GROUP OF TECH- 

NICAL ADVIS(RS ARE APPOINTEO FROM THE DEPARTMENT OF NATIONAL 
HEALTH AND WELFARE AND FROM THE $ANITARY ENGINEERING SECTION OF 

THE DEPARTMENT or PUBLIC HEALTH OF THE PROVINCE CONCERNED WITH 
THE POLLUTION PROBLEM. AT THE PRESENT TIME THE GROUP CONCERNED 
WITH WATER POLLUTION IS OPERATING FROM SAULT STE. MARIE TO THE 

NIAGARA RIVER WHILE THE AIR POLLUTION GROUP ARE CHIEFLY CONCER- 

NED WITH POLLUTION ABATEMENT IN THE WINDSOR—DETRO1T AREA. 

IN THE PROVINCE OF ONTARIO THE RESEARCH COUN- 
CIL OF ONTARIO FUNCTIONING UNDER THE DEPARTMENT OF PLANNING AND 

DEVELOPMENT HAS AN ADVISORY COMMITTEE ON THE DISPOSAL OF INDUST- 

RIAL WASTE. THIS COMMITTEE IS COMPOSED OF REPRESENTATIVES FROM 

THE ONTARIO DEPARTMENT OF HEALTH, SANITARY ENGINEERING DIVISION, 
THE ONTARIO UNIVERSITIES, INDUSTRY AND MUNICIPALITES. THE 

GROUP HAS CONTINUED IN ITS ACTIVITY FOR A PERIOD OF SOME SIX YEARS 

IN AN ADVISORY CAPACITY AND HAS SOUGHT FOR THE SOLUTION OF THE 

PROBLEM INVOLVING THE DISPOSAL OF VARIOUS TYPES OF INDUSTRIAL 
WASTE IN THE PROVINCE. THE ASSISTANCE OF THE ONTARIO RESEARCH 
FOUNDATION (RESEARCH LABORATORIES) HAS BEEN GREATLY APPRECIATED 
BY THE COMMITTEE AS HAS THE EXPERIMENTAL STATION OF THEONTARIO 
DEPARTMENT OF HEALTH. ANOTHER GROUP CONCERNED WITH POLLUTION 

CONTROL IS THE RECENTLY APPOINTED POLLUTION CONTROL BOARD OF 

ONTARIO WHICH ALSO FUNCTIONS UNDER THE ABOVE—MENTIONED MINISTER. — 
THE CHAIRMAN OF THIS GROUP IS HEAD or THE SANITARY ENGINEERING 
DIVISION, OF THE DEPARTMENT OF PUBLIC HEALTH OF ONTARIO, AND HIS 

BOARD IS COMPOSED OF REPRESENTATIVES FROM THE DEPARTMENT OF LANDS 

AND FORESTS, DEPARTMENT OF AGRICULTURE, DEPARTMENT OF PLANNING 
AND DEVELOPHENT, DEPARTMENT OF MINES, DEPARTMENT OF MUNICIPAL 
AFFAIRS, THE ONTARIO RESEARCH COUNCIL, MUNICIPALITIES AND UNIVER— 
SIT1ES. (5) 

ST. CLAIR RIVER RES!ARCH GROUP (5) 

FORMATiON OF GROUP AND OBJECTIVES 

ON FEBRUARY 22ND, 1952, PROFESSOR A. C. PLEWES 

AND DR. R. K. STRATFORD OF THE ONTARIO RESEARCH COUNCIL INTER- 
VIEWED OFFICIALS OF THE POLYMER CORPORATION, IMPERIAL OIL LTD., 

AND DOW CHEMICAL OF CANADA, TO DISCUSS THE POSSIBILITY OF ORGAN- 

IZING A GROUP TO COMMENCE STUDIES ON AIR AND WATER POLLUTION IN 

THE ST. CLAIR RIVER BASIN ON A GROUP RESEARCH BASIS. THE ABOVE 

COMPANIES WERE FAVOURABLE TOWARDS THE PROJECT AND A MEMORANDUM 
WAS PRESENTED TO THE RESEARCH COUNC1L OF ONTARIO ON MARCH 8, 1952 
ANO THE SCHEME, AS OUTLINED, WAS ACCEPTED BY THE RESEARQH COUNCIL. 
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A SUB—COMMITTEE OF THE ADVISORY COMMITTEE ON 

INDUSTRIAL WASTES OF THE COUNCIL WAS FORMED AND IT CONSISTED OF 
MEMBERS REPRESENTING THE ABOVE THREE COMPANIES, THE ONTARIO Dc— 
PARTMENT OF HEALTH AND THE DEPARTMENT OF LANDS AND FORESTS OF 
ONTARIO. A LOCAL INDUSTRIAL COMMITTEE WAS FORMED FOR THE SAR— 
NIA AREA WITH A CHAIRMAN ELECTED FROM THE THREE GROUPS. THE 
CHAIRMANTS TERM OF OFFICE CONTINUES FOR 5 TO 12 MONTHS AFTER 
WHICH A NEW CHAIRMAN WAS CHOSEN FROM THE INDUSTRIAL REPRESENTAT- 
IVES. THE COMMITTEE WAS CHARGED WITH THE RESPONSIBILITY OF 
STUDYING BOTH WATER AND AIR POLLUTION, AND IT WAS DECIDED TO 
FOLLOW A RESEARCH PROGRAM ON AIR POLLUTION TO DETERMINE THE CON— 
OITIONS EXISTING IN THE SARNIA AREA, THE STUDIES ARE CARRIED 
OUT UNDER THE GUIDANCE OF THE INDUSTR1AL REPRESENTATIVES BY A 

qUALIFIED SCIENTIST WITH MONTHLY MEETINGS HELD TO DISCUSS RE- 
SULTS OF THE AIR SURVEY. 

MONEY APPROPRiATED FOR THE OVERALL STUDY WAS 
LEVIED ACCORDING TO THE NUMBER OF EMPLOYEES IN EACH 
AND THIS AMOUNT WAS MATCHED BY THE ONTARIO RESEARCH COUNCIL ON 
A 50/50 SASIS. 

THE FUNCTION OF THE COMMITTEE DOES NOT INVOLVE 
REGULATORY MEASURES BUT AN EFFORT TO DETERMINE EXISTING CON- 
DITIONS IN THE ATMOSPHERE AND THE DEVELOPMENT OF METHODS TO PRE- 
VENT AIR POLLUTION IF THE NEED ARISES. IT IS RECOGNIZED THAT 
THESE STUDIES WILL HAVE TO BE CONTINUED OVER A PERIOD OF AT 
LEAST TWO YEARS,AND THE ACTUAL SURVEY COMMENCED IN OCTOBER, 1952. 

THIS PROJECT DOES NOT ENCROACH ON THE RIGHTS 
OF THE INTERNATIONAL JOINT COMMISSION, RATHER IT WAS PLANNED TO 
COOPERATE WITH THE COMMISSION WHENEVER POSSIBLE AND THE ASSIST- 
ANCE OF THE TECHNICAL ADVISERS OF THE COMMISSION IN AIR POLLU- 
TION IS HEREBY GRATEFULLY ACKNOWLEDGED. THE SAME TECHNIQUE WAS 
FOLLOWED IN THE SARNIA AREA AS EMPLOYED SY THE INTERNATIONAL 
JOINT COMMISSION IN WINDSOR, TO ASSIST THE PROGRESS OF THE 
SURVEY, EQUIPMENT FROM WiNDSOR WAS LENT TO THE ST. CLAIR RIVER 
RESEARCH GROUP IN THE FORM OF HIGH VOLUME DUST SAMPLERS. THE 
ONTA4IO RESEARCH FOUNDATION HiVE EMPLOYED A RESEARCH FELLOW TO 
DIRECT RESEARCH ON AIR POLLUTION IN ONTARIO WITH A SCIENTIST 
WORKING UNDER HIS DIRECTION IN THE SARNIA AREA. 

IN 1953, THE CANADIAN OIL REFINERIES LIMITED, 
CABOT CARBON OF CANADA LIMITED, AND SUN OIL OF CANADA LIMITED, 
JOINED THE ST. CLAIR RIVER RESEARCH GROUP AND HAVE APPOINTED 
REPRESENTATIVES TO ACT ON THE LOCAL INDUSTRIAL COMMITTEE. 

EQUIPMENT AND ACTIVITIES 

A FIXED STATION FOR COLLECTING METEOROLOGICAL 
DATA WAS SET UP ALONG THE LINES OF PREVAILING WINDS IN THE RES- 
IDENTIAL AREA OF SARNIA. THIS STATION CONTAINED APPARATUS FOR. 
DETERMINING WIND VELQCITY, A THOMAS AUTOMETER FOR SO2, DUST 
COLLECTiNG EQUIPMENT, ETC. A SIMILAR STATION MOUNTED ON A 

TRAILER HAS ALSO BEEN PROVIDED BY THE RESEARCH FOUNDATION FOR A 

COMPLE.TE ANALYSIS OF THE AIR IN OTHER LOCATIONS IN THE AREA. 
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A NUMBER OF. OUST CANS I4AVE BEEN SET UP AT 

VARIOUS POINTS IN THE SARNIA AREA TO DETERMINE DUST FALL. 
ADVICE ON THE METEOROLOGICAL A6PECTS OF THE PROBLEM IS BEING 
RECEIVED FROM THE CANADIAN METEOROLOGiCAL SERVICE. 

IN ADDITION TO THE ABOVE ACTIVITIES THE P 

COUNCIL OF THE CITY OF SARNIA HAVE AUTHORIZED THE FORMATION 
OF AN ADVISORY COMMITTEE ON SMOKE ABATEMENT AND HAVE ASKED THE 
ST. CLA1R RIVER RESEARCH GROUP TO APPOINT A REPRESENTATIVE TO 

SIT ON THE COMMITTEE. THE FUNCTION OF THE COMMITTEE IS TO 

PROVIDE TECHNICAL ADVICE TO CITY MANAGER'S DEPARTMENT IN 

RESPECT TO WAYS AND MEANS OF REDUCING AIR—BORNE CONTAMINANTS. 

RESULTS OF PROJECT TO DATE 

THE RESEARCH PROJECT IS, OF NECESSITY, LONG 
RANGE. IT IS TOO EARLY TO REPORT ANY SIGNIFICANT RESULTS AT 
THE PRESENT TIME. It HAS BEEN FOUND, HOWEVER0 THAT DUST 
FALL IN THE SARNIA RESIDENTIAL AREAS IS LOW COMPARED TO OTHER 
CITIES HAVING A SIMILAR CONCENTRATION OF INDUSTRY. 

THE RESULTS'OF THE SURVEY OF AIR CONDITIONS 
WERE OF VA?LUE TO THE INTERNATIONAL JOINT COMMISSION'S TECHNICAL 
ADVISERS IN ASSESSING THE CONDTIQNS EXISTING IN THE SARNIA 
AREA. THE INDUSTRIES HAVE FOUNb THE SURVEY TO BE OF VALUE IN 

DETERMING REMEDIAL. MEASURES FOR FUTURE INSTALLATION SHOULD THE 
CONDITION OF THE AIR SECOME CRITICAL. THE GROUP ARE ALERT AT 

ALL TIMES TO PREVENT ANY EMISSION OF UNDESIRABLE CONTAMINANTS 
TO THE ATMOSPHERE' AND TO REDUCE SMOKE TO A MINIMUM. 

IHE SARNIA INDuSTRIES HAVE BEEN ACTIV.E FOR 
MANY YEARS IN REDUCING WATER POLLUTION IN THE ST. CLAIR RIVER. 
THE WAflRWAY IS ONE OF THE MOST ATTRACTIVE AND C_LEAW STREAMS 
ON THE CONTINENT AFID IT IS ESSENTIAL THAT IT BE PRESERVED AS A 

SOURCE 09 POTABLE WATER AND RECREATION. TOTMI.S ENDS THE 
LOCAL GROUP HAVE JOINEO FORCES WITH THE ONTARIO RESEARCH FOUND— 
ATION AND THE ONTARIO DEPARTMENT OF HEALTH TO MAINTAIN A CLOSE 
CONTROL ON THE QUALITY OF WASTE WATER THE RESEARCH 
GROUP FEEL THAT IT IS JUST AS ESSENTIAL TO MEET THE OBJECTIVES 
OF THE INTERNATIONAL JOINT COMMISSION AS IT IS TO PRODUCE TOP 
SPECIFICATION MANUFACTURED PRODUCTS. 

CONCLUS I ONS 

THE RESULTS OF COOPERAJIVE, RESEARCH PROJECT 
AT SARNIA FOR THE FIRST YEAR HAVE INDICATED THAT A GOVERtEMENT 
AGENCY AND INDUSTRY CAN WORK TOGETHER TO ASSESS AND SOLVE PROB- 
LEMS OF AIR AND WATER POLLUTION IN A 

A CRITICAL AREA IN RESPECT TO'HEAVY POL- 
LUTION, FUTURE EXPANSION IN THE INDUSTRIAL AREA r4AY CREATE •AN 

UNDESIRABLE CONDITION IN THE ATMOSPHERE AND THE RECEIVING 
BODIES OF WATER. THE FUNCTION OF THE PROJECT IN THE FUTURE 
WILL BE ONE OF EDUCATION OF NEWCOMERS IN THE INDUSTRIAL GROUP 
ANO A PROGRAM OF IMPROVEMENT IN TECHNIQUES FOR POLLUTION ABATE— 
ME NT. 
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ALL OF THE EXISTING INDUSTRIES ARE FULLY 

AWARE OF THEIR RESPONSIBILITY TO THE COMMUNITY. THE MEMORY 
OF THE DONORA DISASTER AND DEATHS FROM THE LONDON FOG IS 

STILL WITH US. IT IS ESSENTIAL THAT THE METEOROLOGICAL DATA 
FOR THE DISTRICT BE STUDIED CAREFULLY OVER A LONG PERIOD TO 

ASSESS THE OCCURRENCE OF ATMOSPHERIC CONDITIONS WHICH MIGHT 
CONTRIBUTE TO TEMPERATURE INVERSIONS. NORMALLY, THE TOPO- 
GRAPHY OF THE AREA DOES NOT LEND ITSELF TO A SUSTAINED SMOG 
CONDITION BECAUSE OF THE ABSENCE or VALLEYS AND HILLS. How- 
EVER, VIGILANCE IS NECESSARY AT ALL TIMES TO PREVENT ACCIDENT- 
AL EMISSIONS OF IRRITATING CONTAMINANTS. THIS CAUTION IS 

ALSO APPLIED TO THE PROBLEM OF WATER POLLUTION TO PREVENT 
ACCIDENTAL SPILLS OF CHEMICALS WHICH MAY CONTRIBUTE TO THE 
TASTE AND ODOUR PROBLEMS OF MUN1CIPALITIES DOWNSTREAM FROM 
THE INDUSTRIAL AREA. THE TECHNICAL ASSISTANCE OF THE ONTARIO 
RESEARCH FOUNDATION, THE INTERNATIONAL JOINT COMMISSION, AND 
THE ONTARIO DEPARTMENT OF HEALTH (EXPERIMENTAL STATION) HAS 
BEEN GREATLY APPRECIATED. THE INDUSTRIES HAVE ALSO PROVIDED 
MANY MAN—HOURS OF TECHNICAL ASSISTANCE AND LABORATORY FACIL- 
ITIES TO ASSIST THE FOUNDATION IN THEIR SURVEY ACTIVITIES. 

IT IS HOPED THAT THE Sr. CLAIR RIVER RE- 
SEARCH PROJECT WILL SERVE AS A MODEL FOR FUTURE STUDIES OF 

POLLUTION ABATEMENT, ESPECIALLY IN THE EXTENSIVE RIVER SYSTEMS 
AND INDUSTRIAL AREAS IN CANADA. IN A STUDY OF THIS KIND, A 

COMPLETE UNDERTAKING OF MUTUAL PROBLEMS MAY BE ACHIEVED BY 

GOVERNMENT AGENCIES AND INDUSTRY. THE COST IS NOMINAL, 
ESPECIALLY IF SEVERAL INDUSTRIES UNITE TO PAY 50% OF THE COST, 
AND THE GOVERNMENT THE OTHER 50%. WHEN THE FACTS ARE OB- 
TAINED, EACH INDUSTRY MAY PROCEED IN AN ORDERLY WAY TO SOLVE 
ITS OWN PROBLEMS WITH A FREE EXCHANGE OF INFORMATION AMONG THE 
PARTICIPANTS. THE GOVERNMENTS 1N TURN IS, AT ALL TIMES, 
FULLY INFORMED OF THE PROGRESS OF THE ACTIVITIES AND IT DOES 
NOT HAVE TO APPLY LEGISLATION TO MAINTAIN A REASONABLE CON- 
DITION OF CLEANLINESS IN THE ATMOSPHERE AND RECEIVING BODIES 
OF WATER. 

NOTE: IN A SUBSEQUENT PAPER ON THIS PROGRAM, MR. B.C.NEWBURY, 
RESEARCH FELLOW WITH THE ONTARIO RESEARCH FOUNDATION 
WILL DESCRIBE THE TECHNIQUE OF SETTING UP A COOPERATIVE 
A1R POLLUTION SURVEY. 
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UTILIZATION OF WASTE BY CANADIAN MINES 

— By — 

DONALD P. DOUGLASS 

ONTARIO DEPARTMENT OF MINES 

ROCK 

ALL MINING OPERATIONS, BOTH OPEN PIT AND 

UNDERGROUND, PRODUCE WASTE ROCK. THE DISPOSAL OF THIS MAT- 
ERIAL1 As WASTE, OR ITS UTILIZATION AS A VALUABLE BY—PRODUCT 
HAS ALWAYS BEEN ONE OF THE MAdOR PROBLEMS OF THE MINING IN— 

DUST RY, 

IN OPEN—PIT MINING, OPERATIONS MAYBE CAR- 
RIED TO A DEPTH OF 400 FEET1 AND ROCK WALL MUST BE BENCHED 
BACK TO MAKE A SAFE SLOPE. THIS RESULTS IN A GREAT DEAL OF 

WASTE ROCK THAT MUST BE DISPOSED OF. 

IN UNDERGROUND MINING, SHAFTS1 CROSSCUTS, 
HO1STRODMS, AND CRUSHING, PUMPING, AND CHARGING STATIONS ARE 

USUALLY CUT IN WASTE ROCK; THIS IS DONE SO THAT VALUABLE ORE 

PIEED NOT BE USED TO CONTAIN THESE OPENINGS. ALL THE ROCK 

FROM THIS WORK MUST BE HOISTED TO SURFACE BEFORE MINING CAN 

STA PT. 

AN IDEA OF THE AMOUNTS OF WASTE ROCK INVOL- 
VED MAY BE HAD FROM THE RETURNS MADE LAST YEAR BY THE INTER- 
NATIONAL NICKEL COMPANY AT SUDBURY TO THE ONTARIO DEPARTMENT 
OF MINES. LAST YEAR AT THEIR MINES, NEARLY A MILLION AND A 

QUARTER FEET OF DRIFTING AND CROSSCUTTING WAS DONE, AND ALMOST 
SEVEN HUMORED THOUSAND TONS OF WASTE WAS HOISTED. A STANDARD 
CROSSCUT MEASURES ABOUT EIGHT SY EIGHT FEET AND THE MAIN CROSS— 
CUTS WOULD BE ALMOST EIGHT BY TWELVE FEET. SOME OF THE LARGER 
SHAFTS ARE THIRTY BY EIGHTEEN FEET AND GD TO A DEPTH OF 4,000 
FEET. THE EXCAVATION FOR SUCH A SHAFT COULD ACCOMMODATE A 

SMALL HOME, ALTHOUGH A 4,000 FOO.T BASCMENT WOULD HARDLY BE 

ACCEPTABLE. 

UNDERGROUND SPACE TO ACCOMMODATE HOISTING 
EQUIPMENT REQUIRES LARGE THEIR DOME—5HAPED 

THEY RESEMBLE SMALL CHURCHES IN SIZE AND SHAPE. 

THE SIZE OF UNDERGROUND OPENINGS IS KEPT AT 
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A MINIMUM9 SINCE EXCAVATING SOLID ROCK IS AN EXPENSIVE OPER- 

ATION; THESE OPENINGS ARE ALSO SuBJEcTEp TO ROCK PRESSURE THAT 

INCREASES WITH DEPTH AND MUST BE SUPPORTED. HOWEVER, ALTHOUGH 
UNDERGROUND EXCAVATION IS NEVER GREATER THAN IS ABSOLUTELY 

NECES3ARY, THE VOLUME OF WASTE ROCK INVOLVED IS STILL VERY 

LARGE. 

ANOTHER EXAMPLE OF THE WORK OONE IN WASTE 

ROCK IS HAULAGEWAYS. AT THE HOLLINGER GOLD MINE AT TIMMINS 

ABOUT 400 MILES OF TRACK •HAVE BEEN LAID IN THE UNDERGROUND 

WORKINGS. 

THE EXAMPLES QUOTED GIVE SOME I DEA OF THE 

VAST AMOUNT OF WASTE ROCK PROOUCED AT SOME OF THE LARGER MINES. 

WHAT TO DO WITH THIS WASTE IS A PROBLEM THAT CONFRONTS ALL 

MINES. 

THERE IS ALSO WASTE IN THE OREBODY ITSELF. 

As MINING METHODS ARE IMPROVED, IT BECOMES POSSIBLE TO MINE 

ORES OF LOWER GRADE, AND THUS MORE AND MORE WASTE IS PRoDUcED. 

IN OREBODIES THE ACTUAL METAL CONTENT OF THE 

ORE IS ONLY A VERY SMALL PART OF THE WHOLE. THE AVERAGE GOLD 

CONTENT MINED IN ONTARiO AT THE PRESENT TIME IS ONLY ABOUT A 

QUARTER OF AN OUNCE PER TON OF ORE. AT THE KERR—ADDISON MINE 
ABOUT 4,500 TONS OF ORE ARE HOISTED DAILY AND FROM THIS LESS 

THAN 100 POUNOS OF PRECIOUS METAL IS EXTRACTED. THE REST IS 

WASTE. IN THE BASE METAL ORE000IES9 THE AVERAGE METAL CON- 

TENT MAY BE FROM ONE TO TEN PERCENT OF THE ORE. 

THE 4NTERNATIONAL NICKEL COMPANY MINES AL— 

MOST FOURTEEN MILLION TONS OF ORE A YEAR; TO 1'RANSPORT THIS ALL 

AT ONCE WOULD REQUIRE A OF 50—TON CARS TWO THOUSAND MILES 

LONG. SUCH A TRAIN WOULD STRETCH FROM TORONTO TO MEDICINE HAT 

ALBERTA. 

WASTE ROCK IS BEING PUT TO GOOD USE ANO IS 

BEING EMPLOYED MORE AND MORE IN THE INCREASED DEVELOPMENT AND 

GROWTH OF THIS COUNTRY. DURING THE EARLY YEARS OF A MINE, 

ROCK IS NEEDED FOR THE LEVELLING AND CONDITIONING OF MINE YARDS 

AND TOWNSITES. IT IS ALSO USEO AS RAILWAY BALLAST9 IN CON- 

CRETE AGGREGATE, CONVERTER FLUX, AND IN THE CONSTRUCTION OF 

ROADS. LANDING STRIPS FOR AIRCRAFT HAVE BEEN MAD.€ FROM WASTS 

ROCK AT FLIN FLON, MANITOBA, AND IN INTERNATIONAL NICKEL COMPANY 
PROPERTY AT SUDBURY.. WASTE ROCK IS USED TO FILL IN MINED—OUT 

AREAS UNDERGROUND. 

AT THE BETHLEHEM IRON MINE AT MARMORA, ABOUT 

IS MILLION TONS OF LIMESTONE OVERLYING THE ORE'BODY iS BEING RE- 

MOVED — AN AMOUNT SUFFICIENT TO COVER A 30—FOOT WIDE HIGHWAY 

WITH A FOOT OF CRUSHED ROCK FOR A DISTANCE OF 82 MILES. THIS 

MATERIAL HAS A POTENTIAL VALUE AND IS BEING STOCK—PILED FOR 

FUTURE USE. 

AT A NUMBER OF LIMESTONE QUARRIES IN SOUTHERN 

ONTARIO, WHERE HIGH—GRADE LIMESTONE IS USED IN THE PRODUCTION 

OF LIME9 THE FINES ARE SOLO FOR ROAD METAL AND AS A FILLER FO.R 

FERTILIZER PROOUCTS. 
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As MORE AND MORE USES ARE FOUND FOR IT, 

WHAT WAS FORMERLY CALLED WASTE ROCK IS NOW BECOMING VALUABLE 
MATE RI AL 

I- 
TAILINGS 

ORES ARE CRUSHED DRY TO ABOUT 3/6—INCH 
SIZE, THEN GROUND IN BALL OR ROD MILLS IN SOLUTION TO THE 
FINER SIZES REQUIRED. THEY ARE GROUND TO THE FINENESS NEC- 
ESSARY TO RELEASE THE METAL CONTENT FOR FURTHER CONCENTRATION 
AND EXTRACTION BY SOLUTION OR HEAT TREATMENT. THE NATURE OF 

THE ORE AND THE EASE QF EXTRACTION VARY CONSIDERABLY. IT MAY 
BE NECESSARY TO GRIND SO FINE AS TO ALLOW 80 PERCENT OF THE 

MATERIAL TO PASS THROUGH A 300—MESH SCREEN TO PERMIT SATIS- 
FACTORY SOLUTION OF THE GOLD IN A CYANIDE SOLUTION. AT BASE 
METAL MINES GRINDING TO 70 PERCENT THROUGH A 200—MESH SCREEN 
MIGHT BE ALL THAT IS REQUIRED. 

AT GOLD MINES THE ORE IS AGITATED IN TANKS 
OF A CYANIDE SOLUTION THAT DISSOLVES THE GOLD. THE GOLD— 
BEARING SOLUTION IS THEN FILTERED OFF FROM THE FINE WASTE 
ROCK0 OR CAKE, AND THE GOLD IS PRECIPATATED. 

THE FINE WASTE OR SLIMES CONTAIN AN AVERAGE 
CYANIDE CONTENT OF 0,12 POUNDS PER TON TO WHICH WATER IS 

ADDED TO GIVE A FINAL CYANIDE CONTENT OF 0.003 PERCENT. THE 
TAILINGS ARE USUALLY PUMPED, AS ABOUT 50 PERCENT SOLIDS1 INTO 

A NATURAL DEPRESSION1 USUALLY A MOSQUITO—BREEDING SWAMP OR 

MUSKEG AREA. 

IN ACCORDANCE WITH THE RULING OF THE JUDGE 
OF THE 0NTARIO MINING COURT, TESTS TAKEN AT ONE MINE IN NORTH- 
ERN ONTARIO SHOWED LESS THAN ONE PART CYANIDE IN 10 MILLION. 
SAMPLES OF WATER WERE TAKEN PERIODICALLY AT A POINT NOT MORE 
THAN 50 FEET FROM THE POINT OF ENTRY. 

THE DISPOSAL OF TAILINGS AT THE CONCENTRATOR 
OF THE INTERNATIONAL NICKEL COMPANY AT COPPER CLIFF PRESENTS A 

PROBLEM OF CONSIDERABLE DIFFICULTY. TAILINGS, AFTER WATER 
SEPARATION, OCCUPY 20 CUBIC FEET PER TON. THIS MEANS THAT 
175 MILLION CUBiC FEET OF SPACE IS NEEDED EACH YEAR — EQUIVALENT 
TO SIX FEET OF DEPTH OVER AN AREA A MILE SQUARE. THESE TAIL- 
INGS HAVE TO SE PUMPED A DISTANCE OF OVER THREE MILES FROM THE 
PLANT, THROUGH 12—AND—I6—INCH PIPELINES. 

A NEW METHOD TO MAKE USE OF AN IMPORTANT PART 
OF THE TAILINGS FOR UNDERGROUND FILL WAS RECENTLY FOUND. AT 
THE KERR—ADDISON MINE, 45 PERCENT OF WHAT WAS FORMERLY CALLED 
WASTE IS PUMPED BACK INTO THE MiNE AS BACK—FILL, THIS NOT 
ONLY SUPPORTS THE UNDERGROUND WORKINGS THAT HAVE BEEN MINED OUT 
BUT ALSO REDUCES THE ROCK—BURST PROBLEM AND FIRE HAZARD AS WELL; 
IT ALSO CUTS DOWN THE AMOUNT OF SAND AND GRAVEL FORMERLY NEEDED 
FOR THIS PURPOSE. 

THE FOLLOWING NEWS RELEASE BY THE INTERNATIONAL 
NICKEL COMPANY AT COPPER CLIFF ON JULY 29TH, 1953, DESCRIBES THE 
METHOD: 
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"WASTE MATERIAL FROM THE ORE HAS BEEN PUT TO GOOD USE 
TO INCREASE UNDERCOUND SECURITY IN A TMERRYGOROUNOT 
OPERATION AT THE FROODSTOBIE AND CREIGHTON MINES OF 

THE INTERNATIONAL NICKEL COMPANY OF CANADA, LIMITED. 

SAND RECOVERED FROM MILL TAILINGS, THE WASTE IN 

THE ORE CONCENTRATING PROCESS, IS MIXED WITH WATER 
AND FLUSHED THROUGH PIPELINES BACK INTO THE GROUND 
WHENCE IT CAME. THERE IT SERVES AS FILL FOR MINED 
OUT SlOPES a SECTIONS OF THE MINES FROM WHICH THE 
ORE HAS BEEN REMOVED — OR TO STABILIZE AREAS PREV 
IOUSLY FILLED WITH ROCK. 

THE SAND—FILLING SYSTEM ISA SIGNIFiCANT DEVELOP- 
MENT IN THE COMPANY'S $150,000,000 LONG—RANGE PROGRAM 
OF CONVERSION FROM OPEN—PIT AND UNDERGROUND MINING TO 

ALL—UNDERGROUND PRODUCTION AT ITS FIVE MINES IN tHE 
SUDBURY DISTRICT OF ONTARIO. 

FOR 20 YEARS WASTE ROCK HAS BEEN USED AT INtO'S 
FRDOD—STOBIE MINE TO FILL THE MINED—OUT AREAS. 
RECENTLY IT WAS FOUND THAT SAND CONSTITUTED A MORE 
SUITABLE FILL, PERMITTING FASTER AND MORE EFFICIENT 
UNDERGROUND OPERATIONS. NOW IT IS PIPED INTO THE 

MINE AT THE RATE OF MORE THAN 3000 TONS A DAY. 

THE WATER—BORNE SAND FILTERS AND PACKS INTO THE 

ROCKFILLED AREAS AND SOLIDIFIES THEM SO THAT THEY 
ARE NOT ONLJ SELF—SUPPORTING BUT ALSO STRONG ENOUGH 
TO SUSTAIN THE INCREASED WEIGHT AS REMAINING PILLARS 
OF ORE ARE REMOVED DURING THE SECONDARY STAGE OF 

MINING. 

MORE T..HAN 3,500,000 TONS OF SAND FILL WILL BE 

REQUIRED TO STABILIZE ALL THE ROCK—FILLED AREAS OF 
THE FR000—S'rosiE MINE ALONE. 

SAND I'S ALSO BEING USED AS FILL INSTEAD OF 

ROCK IN CURRENT S%UARESET STOPE MINING AT FR000— 
STOBIE AND CREIGHTON. THE SAND BEING USED FOR 

AT CREIGHTON IS PUMPED DIRECTLY UNDERGROUND TO THE 
DEEPEST LEVELS FROM THE COMPANY1S NEW 10,000—TON 
CONCENTRATOR THERE. SAND FOR FROOD—STOBIE IS 
SHIPPED FROM THE COPPER CLIFF SMELTER TO THE MINE 
IN RAILWAY CARS. 

THE DISTANCE THE SAND IS PIPED TO REACH STOPES 
ON THE LOWEST LEVEL OF THE CREIGHTON MIKE IS 9,500 

MORE THAN HALF OF IT ON THE HORIZONTAL. 

THE SAND FOR FROOD—STOSIE AFTER BEING DEWATERED 

AT THE COPPER CLNF CONCENTRATOR AND SHIPPED TO THE 

MINE IN 78—TON CARS, IS DUMPED INTO BINS AT A 

SPECIAL PLANT AND THEN MIXED WITH WATER TO A CONSIST- 
ENCY OF ABOUt &o% SOLID. THE PULP 15 DRAWN INTO A 

DISTRIBUTOR SOX WITH CONNECTIONS TO THREE 6—INCH 
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RUBBER LINED LINES THAT ENTER THE MINE THROUGH A 

SERVICE RAISE EXTENDING FROM 3,100 LEVEL TO SURFACE, 
ON EACH LEVEL OF THE MINE ARE DiSTRIBUTION LINES 
EXTENDING INTO THE STOPES. 

A SECTION TO BE SAND—FILLED IS BRATTICED OFF 
AND ENCLOSED WITH BURLAP. THE WATER DECANTS THROUGH 
SLOTS IN THE BRATTICING WHICH ARE SEALED ONE BY ONE 
TO PREVENT THE SAND ESCAPING AS THE LEVEL OF THE FILL 
RISES. THE SAND SETTLES NATURALLY AND NO HAND— 
LEVELLING IS NECESSARY TO PROVIDE A SMOOTH SURFACE ON 

WHICH TO START THE NEXT ROUND OF MINING, WRICH CAN 
PROCEED SHORTLY AFTER THE FILL IS POURED. SAND—FILL 
WATER DRAINS INTO THE LEVEL DITCHES AND IS PUMPED 
BACK TO SURFACE. 

AN INDEPENDENT TELEPHONE SYSTEM PROViDES DIRECT 
COMMUNICATION BETWEEN THE WORKING PLACES UNDERGROUND 
AND THE SAND—FILL PLANT AT SURFACE FOR CONTROL or 
aND DELIVERY.Tt 

THE NEW METHOD DESCRIBED IN THE RELEASE 
JUST QUOTED WILL RELEASE LARGE AMOUNTS OF SAND ANO GRAVEL 
FOR THE CONSTRUCTION OF HOMES AND FACTORIES. DEPOSITS OF 
SAND AND GRAVEL TO MEET BUILDING REqUiREMENTS ARE BECOMING 
EXHAUSTED NEAR THE URBAN CENTRES IN ONTARIO, AND IN THE NEAR 
FUTURE, IT COULD EASILY BE THAT THESE MATERIALS WILL HAVE TO 
BE TRANSPORTED FROM CONSIDERABLE DISTANCES. THE HOLLINGER 
MINE, FOR EXAMPLE1 HAS USED OVER 26 MILLION TONS OF SAND IN 

THEIR BACK—FILLING OPERATIONS. THE SULLIVAN MINE IN BRITISH 
COLUMBIA WILL BE USING 500,000 YARDS OF GRAVEL FOR BACK—FIL- 
LING THIS YEAR; THIS IS IN ADDITION TO THE NORMAL AMOUNT OF 
BACK—FILLING THAT GOES ON EVERY YEAR. 

IN A NUMBER OF CASES, TAILINGS HAVE BEEN 
PUT TO EXCELLENT USE ON SURFACE AND HAVE ENHANCED THE VALUE 
OF THE SURROUNDING AREA. THIS MAYBE SEEN IN THE RECREATION 
GROUNDS AND PARKS AT THE MCINTYRE, MADSEN, HOLLINGER, AND 
LAKE SHORE, TO NAME ONLY A FEW MINES IN ONTARIO. IN PARTIC- 
ULAR THE PARKS OF THE MCINTYRE AND HOLLINGER MINES AT TIMMINS 
AND OF THE INTERNATIONAL NICKEL COMPANY AT COPPER CLIFF ARE 
THE SHOW PLACES OF THEIR RESPECTiVE AREAS. 

SLAG 

SLAG IS A WASTE PRODUCT OF SMELTERS, AT THE 
INTERNATIONAL NICKEL COMPANY'S SMELTER AT COPPER CLIFF, SLAG 
IS SKIMMED INTO POTS HOLDING 16 TONS AND HAULED TO THE SLAG 
DUMP BY 60—65—ANO—I00 TON ELECTRIC LOCOMOTIVES IN TWO TRAINS 
OF 20 POTS EACH. THIS WASTE PRODUCT HAS BEEN SUCCESSFULLY 
USED AS ROAD MATERIAL AND RAILWAY BALLAST. AT THE NORANDA 
MINE, SLAG IS MIXED WITH TAILINGS FOR UNDERGROUND FILL. 
SLAG IS ALSO USED IN CONCRETE AGGREGATE AND AS INSULATING 
MATER I AL. 
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THERE IS LITTLE LIKELIHOOD THAT THE SLAG 

DUMPS AT SUDSURY WILL EVER BE WORKED FOR THE RECOVERY OF IRON. 

HOWEVER, BECAUSE OF THE DEVELOPMENT OF A NEW PROCESS, LESS 

SLAG PER UNIT OF NICKEL PRODUCED WILL BE FORMED, It IS EST- 

IMATE) THAT THESE SLAG DUMPS COVER AN AREA OF 500 ACRES AND 

TOTAL 100 MILLION TONS OF SLAG. 

SULPHUR 

NICKEL ANO COPPER ARE PRODUCED FROM SULPHIDE 
ORES. THE SULPHUR CONTENT OF THE ORE IN ONTARIO MIGHT BEAS 
H1GH AS 30 PERCENT. T& PRODUCE COPPER AND NICKEL, MUCH OF 

THE SULPHUR IS BURNED AND PRODUCES MUCH FLUE GAS CONTAINING 
SULPHUR GASES IN V(RY LOW CONCENTRATION. THE DISPOSAL OF 

THESE FUMES HAS LONG BEEN ONE OF THE MAJOR PROBLEMS OF THE 

INDUSTRY. 

THE FUMES ARE COLLECTED AND DISCHARGED AT 

UIaH TEMPERATURES FROM SOME OF THE HIGHEST STACKS IN THE WORLD. 
IHIS PROVIDES FURTHER DILUTION OF THE FUMES BEFORE THEY REACH 

LEVEL. 

OUST PARTICLES ARE REMOVED BY ELECTROSTATIC 
PRECIPITATION, CROSS—FLUES, AND SETTLING CHAMBERS. 

RECENTLY A DIRECT FLASH SMELTING PROCESS FOR 

HEATING COPPER CONCENTRATES WAS PLACED IN OPERATION AT COPPER 
CLIFF BY THE INTERNATIONAL NICKEL COMPANY. THIS NEW PROCESS 
USES OXYGEN AND MAKES THE PRESENT LARGE—SCALE OUTPUT OP LIQUiD 
SULPHUR DIOXIDE FROM FURNACE EXHAUST BY CANADIAN INDUST- 

RIES LIMITED, AT COPPER CLIFF, AN ECONOMICAL ONE. 
I 

SULPHURIC ACID IS ALSO PRODUCED BY CANADIAN 
INDUSTRIES LIMITED, AT COPPER CLIFF FROM COPPER CONVERTER GAS. 

IN 953, 37,000 TONS OF SULPHUR DIOXIDE WAS RECOVERED AS WELL 

AS A LARGE AMOUNT OF SULPHURIC ACID. 

SULPHUR HAS BEEN R&COVERED IN VARIOUS PLANTS 

AS LIQU1D SULPHUR DIOXIDE, SULPHURIC ACIDS AND ELEMENTAL 
SULPHUR. AT TRAIL, BRITISH COLUMBIA, ABOUT 1,100 TONS OF 

SULPHURIC ACID A DAY A-RE PRODUCED AND USED IN THE MANUFACTURE 
OF FERTILIZERS. L•u;c YEAR 600,000 TONS OF FERTILIZER WAS 
PRODUCED; THIS IS BEING INCREASED TO 700,000 TONS THIS YEAR. 

ABOUT 300 TONS OF IRON CONCENTRATES A DAY ARE DRAWN FROM THE 

CURRENT TAILINGS PIPED FROM THE SULLIVAN CONCENTRATOR. THIS 

AMOUNTS TO ABOUT A QUARTER OF THE CURRENT MILL SUPPLY OF IRON 

SULPHIDES, AND THERE IS ALSO THE IMPOUNDED IRON—BEARING TAIL- 
INGS FROM FORMER MILLING OPERATIONS — AN ENORMOUS BACKLOG. 

MOST OF THE SULPHUR IN THE SUDBURY AREA 

COMES FROM AN IRON SULPHIDE — PYRRHOTITE, LAST YEAR A SOLU- 
TION WAS FOUND TO ELIMINATE A GREATER PORTION OF PYRRHOTITE 
FROM THE CONCENTRATES. A PLANT IS NOW UNDER CONSTRUCTION 
THAT WILL PRODUCE AN ESTIMATED MILLION TONS OF IRON A YEAR 
FROM CONCENTRATES THAT WERE FORMERLY CONSIDERED TO BE WASTE. 
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THE 1947 REPORT OF THE ONTARIO RESEARCH FOUND- 
ATION DEALS WITH THE FEASIBILITY OF ECONOMiC RECOVERY OF ALL 

THE SULPHUR CONTAINED IN THE FUMES IN THE SUOBURY AREA. 

THE CAPITAL REQUIRED AND THE COST OF RAW MAT- 

ERIAL AND POWER FOR THE TREATMENT OF SMELTER FUMES BY PRESENT 
METHODS ARE SO GREAT THAT THE RECOVERY AND SALE OF SULPHUR CON- 

TAINING BY—PRODUCTS MUST BE PART OF SUCH TREATMENT. A PROCESS 
OF REMOVAL ONLY WITHOUT COMPENSATING BY—PRODUCTS COULD NOT BE 

CONSIDERED. 

HIGH EXPENDITURE FOR THE PURCHASES OF LARGE 
QUANTITIES OF MATERIAL SUCH AS COKE, AMMONIAS AND PHOSPHATE 
ROCK, AND OF POWER WOULD BE NECESSARY. THE AMOUNT OF SULPHUR 
OR SULPHUR—CONTAINING BY—PRODUCTS THAT RESULTED WOULD BE SO 

GREAT AS TO OWARF THE PRESENT CANADIAN MARKET. NOR ARE THE 

LOCATIONS OF THE SMELTERS SUITABLE TO COMPETE FOR THESE MARKETS. 
THAI HEAVY FINANCIAL LOSSES MIGHT BE INCURRED IN AN UNDERTAKING 
OF SUCH MAGNITUDE IS APPARENT. HOWEVER, A CONTINUOUS PROGRAM 
OF RESEARCH ON SULPHUR RECOVERY IS JUSTIFIED AND IS BEING 
CARRIED ON. 

A SPECIAL SULPHUR DIOXIDE COMMITTEE WAS 
APPOINTED SEVERAL YEARS AGO FOR THE PURPOSE OF CARRYING OUT 

RESEARCH IN CONNECTION WITH THE EFFECT OF SULPHUR FUMES ON 

FOREST GROWTH IN THE SUDSURY BASIN AREA. IHIS COMMITTEE WAS 
FORTUNATE IN OBTAINING THE SERVICES OF DR. M. KATZ OF THE 

DEFENCE RESEARCH LABORATORIES AT OTTAWA. DR. KATZ IS CONSID- 
ERED THE OUTSTANDING AUTHORITY ON THIS TYPE OF RESEARCH IN 

NORTH AMERICA. A GREAT DEAL OF VALUABLE INFORMATION HAS AL- 

READY BEEN COMPILED BY THE COMMITTEE AND THE WORK IS CONTINUING. 

IN CONCLUSION, IT IS APPARENT THAT MINING 
PRODUCES WASTE THE SAME AS ANY OTHER HEAVY INDUSTRY. MANY 
PROBLEMS STILL REMAIN TO BE SOLVED. HOWEVER, I TRUST I HAVE 

BEEN ABLE TO SHOW THAT THE MINING INDUSTRY HAS MADE REMARKABLE 
STRIDES BY CHANGING MUCH OF WHAT WAS FORMERLY WASTE INTO VALU- 

ABLE PRODUCTS, AND I AM SURE THAT IN THE FUTURE IT WILL DO 

EVEN MORE. 

* 

* ** 
* 
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TREATMENT OF OIL WASTES 

— BY — 

K. CASHMORE 

REFINERY CHEMIST 
CLARKSON REFINERY 

THE BRITISH AMERICAN OIL COMPANY LIMITED 

THE COMPANIES OPERATiNG OIL. REFINERIES HAVE 
ALWAYS HAD PROBLEMS OF WATER AND ATMOSPHERIC POLLUTION. HOW- 
EVER0 IN RECENT YEARS GREATLY INCREASED INDUSTRIAL ACTIVITY 
AND THE SPREADING OUT OF URBAN CENTERS OF POPULATION HAVE COM- 
BINED TO MAKE THE PROBLEMS MORE ACUTE. CONSEQUENTLY ALL RE- 
FINERS ARE NOW EXTREMELY CONSCIOUS OF WASTE DISPOSAL. THEY 
ARE OEVOTING MORE THOUGHT0 TIME, AND MONEY TO THE MATTER THAN 
EVER BEFORE. IN ADDITION0 PRESENT INOICATIONS ARE THAT THEIR 
ACTIVITiES IN THIS FIELD WILL CONTINUE TO INCREASE IN THE 
FUTURE. 

UP TO THE PRESENT TIME THE HANDLING OF WASTE 
WATER HAS BEEN A MORE SERIOUS PROBLEM THAN ATMOSPHERIC POLLU 
TION. HOWEVER, THE GROWTH OF RESIDENTIAL AREAS CLOSE TO RE- 
FINERY SITES INDICATES THAT IN THE NEAR FUTURE MORE ATTENTION 
WILL HAVE TO BE GIVEN TO SMOKE AND FUMES. 

IN CANADA VARIOUS POLLUTION CONTROL GROUPS 
HAVE TENDED TO ADOPT THE INTERNATIONAL JOINT 
STANDARDS FOR WASTE WATER EFFLUENTS ENTERiNG THE BOUNDARY 
WATERS BETWEEN CANADA AND THE UNITED STATES. THEREFORE, THEIR 
FIGURES ARE USED AS GUIDES FOR EFFLUENT QUALITY IN MANY STUDIES 
or POLLUTION. 

THE RECOGNIZED AUTHORITY FOR METHODS OF HAND- 
LING REFINERY WASTES IS THE AMERICAN PETROLEUM INSTITUTE'S 
COMMITTEE ON DISPOSAL OF REFINERY WASTES. THIS GROUP HAS 
PUBLISHED A MANUAL PRESENTING INFORMATION TO AID REFINERS IN 

HANDLING THE WASTES PRODUCED. THE API MANUAL IS IN FIVE 
SECTIONS, VOLUME I — WASTE WATER CONTAINING OIL, VOLUME II — 

WASTE GASES AND PARTICULATE MATTER, VOLUME III — CHEMICAL 
WASTES, VOLUME IV — SAMPLING AND ANALYSIS OF WASTE WATER, AND 
VOLUME V — SAMPLING AND ANALYSIS OF WASTE GASES (STILL IN PRE- 
PARAtION);. THIS MANUAL IS WIDELY USED IN THE SELECTION AND 
DESIGN OF WASTE DISPOSAL EQUIPMENT. 
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WASTE WATERS CONTAINING OIL 

Ii IS OF FIRST IMPORTANCE FOR REFINERS TO 

PREVENT OIL FROM ESCAPING FROM THE REFINERY IN THE EFFLUENT 

WATERS, To ACCOMPLISH THIS IT IS COMMON PRACTICE TO USE 

GRAVITATIONAL MEANS FOR SEPARATING THE OIL FROM THE WASTE r 
WATER, SEPARATION IS QEPENDENT UPON THE DiFFERENCE IN 

SPECIFIC GRAVITY BETWEEN THE OIL AND WATER. To ACCOMPLISH 

THE SEPARATION, THE MIXTURE OF OIL AND WATER IS PASSED 

THROUGH ONE OR MORE BOX—LIKE SETTLING BASINS CALLED SEPARA- 

TORS, IN THE SEPARATOR THE VELOCITY IS GREATLY LOWERED, 

THEREBY REDUCING TURBULENCE AND PROVIDING TIME AND CONDITIONS 

WHICH ENABLE THE OIL TO RISE TO THE SURFACE AND THE SEDIMENT 

TO SETTLE. Most OF THE SEPARATORS NOW IN USE HAVE BAFFLES 

AND PARTITIONS DIVIDING THEM INTO TWO COMPARTMENTS, THE 

MAJOR PORTION OF THE OIL IS RETAINED IN THE FIRST SECTION 

SkJRTLY AFTER THE WASTE ENTERS THE SEPARATOR, EACH COMPART- 
MENT IS EqUIPPED WITH A SKIMMING DEVICE FOR REMOVING OIL FROM 

THE SURFACE OF THE WATERS 

THE RECOVERED OIL IS REMOVED TO SLOP TANKS, 

THESE ARE EQUIPPED WITH STEAM COILS TO HEAT THE OIL, IHIS 

ALLOWS ENTRAINED WATER TO SEPARATE OUT AND BE RETURNED TO THE 

SEPARATOR. THE DRY OIL IS RETURNED TO THE REFINERY PROCESS 

SYSTEM, 

IN GENERAL, ND WASTE WATER SHOULD BE ALLOWED 

TO LEAVE THE REFINERY PROPERTY UNTIL IT HAS PASSED THROUGH A 

SEPARATOR. THIS DOES NOT APPLY TO SOURCES OF WATER WHICH ARE 

FULLY PROTECTED AGAINST THE ENTRANCE OF OIL. HOWEVER, DUE 

REGARD MUST BE GIVEN TO THE POSSIBILITY OF SPILLS AND ACCIDENTS 

AND IT IS SOUND POLICY TO PASS ALL WASTE WATER THROUGH A SEPAR- 

ATOR, ALSO, IN CASES WHERE OILY WATER COMES FROM SEVERAL 

SOURCES IN A PLAN I IT IS OFTEN ADVANTAGEOUS TO INSTALL SMALL 

SEPARATORS IN THE VARIOUS OEPARTMENTS TO HANDLE THE INDIVIDUAL 

WASTES RATHER THAN TO ALLOW THEM TO COMBiNE BEFORE ENTERING THE 

SEPARATOR SYSTEM. THE TWO MAJOR REASONS FOR THIS ARE: 

(I) WHEN WATER—OIL MIXTURES RESULTING FROM CRACKING, TOPPING, 

TREATING AND OTHER OPERATIONS ARE ALLOWED TO COMBINE THEY FORM, 

IN MANY CASES, EMULSIONS WHICH WILL NOT BREAK IN :THE SEPARATOR 

(2) IT IS SOMETIMES POSSIBLE TO RETURN THE OIL RECOVERED FROM 

THE SEPARATOR DIRECT TO THE FROM WHiCH IT ORIGINATED, 

THE API MANUAL GIVES COMPLETE DESIGN DETAILS 

OF THESE SEPARATORS. HOWEVER, THE GENERAL DETAILS CAN BE DE- 

SCRIBED HERE, THE MAXIMUM SIZE UNIT IS EIGHT FEET DEEP BY 

TWENTY FEET WIDE AND OF VARYING LENGTHS. Ir A SINGLE OF 

THIS SIZE IS INADEQUATE tHEN ONE OR MORE ADDITIONAL UNITS SiHOULD 

BE INSTALLED. A UNIT FOR ANY SERVICE SHOULD USUALLY CONSIST OF 

AT LEAST TWO PARALLEL SECT1ONS SO THAT THE (LOW MAY BE DIVERTED 

THROUGH ONE SIDE WHILE CLEANING AND REPAIRS ARE CARRIED OUT ON 

THE OTHER, NORMALLY, THE SEPARATOR HAS TWO COMPARTMEN.TS TERMEI. 

THE PRiMARY AND SECONDARY CHAMBERS. THE WASTE WATER ENTERS THE 

ENO OF THE PRIMARY CHAMBER THROUGH A ROW OF PARALLEL PIPES INTO 

A DISTRIBUTION BOX. FROM HERE IT FLOWS OVER A WEIR THE WIDTH 

OF THE SEPARATOR AND DOWN THROUGH A BOX FILLED WITH RASCHIG 

RINGS AND THENCE DOWN THE LENGTH OF THE PRIMARY CHAMBER. THERE 
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ARE NO PARTITIONS OR BAFFLES IN THIS CHAMBER EXCEPT AN OIL 
RETENTION BAFFLE AT THE FAR END. THE SEPARATED OIL IS RE- 
MOVED BY A SKIMMING DEVICE, 

THE WATER THEN FLOWS OVER A WEIR AND ENTERS 
THE SECONDARY CHAMBER WHICH IS REQUIRED TO BE 60% OF THE 
ENTIRE LENGTH OF THE SEPARATOR. AGAIN THERE ARE NO BAFFLES 
EXCEPT ONE FOR OIL RETENTION AT THE OUTLET END. THE WATER 
FLOWS OVER A WEIR ANO IS DISCHARGED FROM THE SEPARATOR, IHE 
ENTIRE ARRANGEMENT IS CAREFULLY DESIGNED TO AVOID THE CREATION 
OF ANY TURBULENCE WHICH MIGHT TEND TO BREAK UP AND DISPERSE 
THE PARTICLES OF OIL. 

IN ORDER TO OBTAIN A SATISFACTORY EFFLUENT 
A NUMBER OF PRECAUTIONS MUST BE TAKEN IN OPERATING THE UNIT. 
THE SEPARATOR MUST BE KEPT CLEAN AND IN GOOD REPAIR ANO SEDI- 
MENT MUST NOT BE ALLOWED TO ACCUMULATE IN THE BOTTOM, EMUL— 
SIONS SHOULD NOT BE ALLOWED TO ENTER THE SEPARATOR BECAUSE IT 
HAS LITTLE, IF CAPABILITY IN BREAKING THEM. THE CAPACITY 
OF THE UNIT SHOULD NOT BE EXCEEDED BY ALLOWING LARGE VOLUMES 
OF SURFACE WATER TO DRAIN INTO IT UNLESS THE UNIT HAS BEEN DE- 
SIGNED TO HANDLE RUN—OFF.. ALSO, ALKALINE CHEMICAL WASTES 
SHOULD BE KEPT OUT BECAUSE THEY HINDER THE SEPARATION OF THE 
OIL. 

HANDLING OF EMULSIONS 

As MENTIONED ABOVE, EMULSIONS OF OIL IN 
WATER WILL NOT SEPARATE OUT BY GRAVITY DIFFERENTIAL AT A 

PRACTICAL RATE. THIS IS BECAUSE THEY POSSESS SOME DEGREE OF 
STABILITY. IT IS ESSENTIAL THAT THEY SHOULD BE 
TREATEO PROPERLY AND SEPARATELY BEFORE THEY ARE ALLOWED TO 
ENTER THE MAIN DRAINAGE SYSTEM. ANY EMULSION OISCHARGE INTO 
THE MAIN DRAINAGE SYSTEM IS, IN MOST BEYOND CONTROL. 

THE PROBLEM OF BREAKING EMULSIONS IS PRACT- 
ICALLY AN INDIVIDUAL ONE WITH EACH PLANT BECAUSE OF THE FACT 
THAT EACH PROCESS AND EACH TYPE OF CRUDE HAS A DIFFERENT EFFECT 
ON THE CHARACTER OF THE EMULSION. IHEREFORE, NO SINGLE PRO- 
CEDURE OR METHOD CAN BE OUTLINED FOR ALL CONDITIONS. HOWEVER, 
SOME PROCESSES WHICH HAVE PROVED EFFECTIVE MAY BE DESCRIBED. 

IF THE VOLUME TO BE HANDLED IS NOT TOO LARGE 
IT MAY BE SEGREGATED AND HEATED. MANY EMULSIONS CAN BE BROKEN 
IF THEY ARE HEATED TO SOME 180°F. IT MAY ALSO BE BENEFICIAL 
TO ADJUST THE PH AT THIS STAGE AS THERE IS USUALLY AN OPTIMUM 
RANGE FOR BREAKING ANY EMULSION. THIS MAY BE DETERMINED EX- 
PERIMENTALLY IN THE LABORATORY. 

ANOTHER WAY OF RIDDING WATER OF RELATIVELY 
SMALL AMOUNTS OF EMULSIFIED OIL IS TO ADD A FLOC TO THE WATER. 
THIS FLOC PICKS UP THE OIL AND SETTLES OUT LEAVING A CLEAR 
EFFLUENT OF VERY GOOD qUALITY. AN EXAMPLE OF THIS IS THE USE 
OF FERRIC SULPHATE AND LIME TO GENERATE A FLOC OF FERRIC HYDRO- 
XIDE. EFFLUENT FROM A PROPERLY OPERATED SYSTEM OF THIS 
TYPE WILL CONTAIN ABOUT TWO PARTS PER MILLION OF OIL OR LESS. 
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r-iOWEVER, THE SETTLED FLOC IS A SLUDGE WHICH IS, IN TURN, A 

WASTE WHICH POSES ITS OWN DISPOSAL PROBLEM. 

THE API MANUAL CONTAINS SUGGESTIONS FOR A 

PROCEDURE TO BE USED IN EVALUATING VARIOUS CHEMICAL 

SOLUTIONS AS EMULSION BREAKERS. 

CHEMICAL WASTES 

CHEMICALS MAY FIND THEIR WAY INTO THE WASTE 

WATER FROM THE PETROLEUM PRODUCTS AND FROM THE CHEMICAL AGENTS 

USED iN TREATING THESE PRODUCTS. NOT MANY YEARS AGO IT WAS 

THE REFINERtS PRIME CONCERN TO MAINTAIN THE REFINERY EFFLUENT 

WATER FREE OF OIL AND SEDIMENT. TO—DAY IT Is EQUALLY IMPORT- 

ANT AND IN SOME CASES MORE IMPORTANT THAT CERTAIN CHEMICAL 

WASTES BE KEPT OUT OF THE WASTE WATER AND TREATED BEFORE LEAV— 

1NG THE REFINERY. WITHIN THE LAST TWO OR THREE YEARS MANY 

NEW REFINERY INSTALLATIONS INCLUDE RATHER EXTENSIVE FACILITIES 

FOR TREATING THE MOST TROUBLESOME OF THESE WASTES. 

THE TWO WASTES UNDER THIS CLASSIFICATION 

ARE RECEIVING THE MOST ATTENTION AT THE PRESENT TIME 

ARE SPENT CAUSTIC AND PHENOLS DISSOLVED IN THE EFFLUENT WATER. 

HANDLING OF SPENT CAUSTIC SODA SOLUTIONS 

IT IS ALMOST UNIVERSAL PRACTICE FOR REFINERS 

TO WASH THEIR GASOLINES WITH AN AQUEOUS SODIUM HYDROXIDE SOL— 

UTION. THIS SOLUTION THEN CONTAINS SULPHIDES, MERCAPTIDES, 

PHENOLATES, AND SMALLER AMOUNTS OF OTHER OBJECTIONABLE CHEMIC- 

ALS IN ADDITION TO SOME UNUSED CAUSTIC SODA. 

THE MANNER IN WHICH THE SPENT CAUSTIC IS 

DISPOSED OF DEPENDS UPON VARIOUS FACTORS SUCH AS THE NATURE OF 

THE SOLUTION, THE AMOUNT OF DILUTION AVAILABLE, THE CHARACTER- 

ISTICS OF THE STREAM QR BODY OF WATER INTO WHICH THE EFFLUENT 

WILL BE DISCHARGED, ECONOMIC CONSIDERATIONS OF DISPOSAL, ETC. 

FOR THESE REASONS, THE ELECTION or A SUITABLE TREATING METHOD 

IS LARGELY A PROBLEM WHICH MUST BE SOLVED BY THE INDIVIDUAL 

REFINERY TO SATISFY ITS PARTICULAR REQUIREMENTS. A FINAL DE- 

CISION REGARDING ANY PROCEDURE SHOULD NOT BE REACHED UNTIL THE 

EFFICIENCY OF THE METHOD HAS BEEN PROVEN BY LABORATORY TEST. 

METHODS OF DISPOSAL GENERALLY AVAILABLE WILL BE DISCUSSED BELOW. 

I. DISCARDING WITHOUT TREATMENT INTO THE REFINERY SEWERS — 

iN GENERAL, THIS IS METHOD WHICH IS NOT AVAILABLE TO MANY 

REFINERS. A CAREFUL STUDY OF DILUTION AND OF LOCAL CONDITIONS 

SHOULD BE MADE BEFORE ADOPTING THIS PROCE9URE. 

2, STORAGE IN OPEN PONDS AND SUMPS — IN SOME CASES SPENT 

CAUSTIC HAS BEEN DISCHARGED iNTO OPEN PONDS FOR DISPOSAL BY 

SEEPAGE AND EVAPORATION. HOWEVER, THE AMOUNT OF SPACE AVAIL- 

ABLE FOR PONDS IS USUALLY NOT SUFFICIENT AND THIS METHOD CAN BE 
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APPLIED ONLY OCCASIONALLY. INSTANCES HAVE BEEN REPORTED 

WHERE SEEPAGE OF CAUSTIC WASTES INTO WATER SANDS HAVE BEEN 

RESPONSIBLE FOR THE CONTAMINATION OF NEARBY WATER SUPPLIES. 

3. SALE OF SPENT CAUSTIC FOR PROCESSING OUTSIDE THE REFINERY 

iN SOME INSTANCES THIS WASTE CONTAINS SULFIDES, 
CRESOLATES, ETC. WHICH ARE OF VALUE TO CHEMICAL PROCESSING 
CONCERNS. TRANSPORTATION COSTS ARE USUALLY SUCH THAT THIS 

DEMAND IS RESTRICTED TO THE IMMEDIATE LOCALITY. HOWEVER, 

THE FEASIBILITY OF SALE SHOULD ALWAYS BE KEPT IN MIND. PROB- 

LEMS OF SEGREGATION AND HANDLING MAY WELL BE SUCH THAT THERE 

IS LITTLE IF ANY PROFIT IN THE SALE,BUT IT SERVES AS A MEANS 

OF DISPOSAL OF THE SPENT SOLUTION. 

4. PUMPING DOWN DISPOSAL WELLS — IN SOME LOCATIONS IT MAY 

GE PRACTICABLE TO DRILL A WELL INTO SALT WATER 
AND TO DISPOSE OF THE SPENT CAUSTIC BY PUMPING IT DOWN THIS 

WELL. LOCAL AND PROVINCIAL AUTHORITIES SHOULD ALWAYS BE 

CONSULTED AND THEIR CONSENT OBTAINED BEFORE THIS IS ATTEMPTED. 
ALSO, MUCH DETAILED STUDY SHOULD BE MADE TO MAKE SURE THAT 

THE WELL WILL HAVE ADEqUATE CAPACITY. 

5. NEUTRALIZATION — IN SOME CASES SPENT SULFURIC ACID MAY 

BE AVAILABLE IN THE PLANT. THIS MAY BE USED TO NEUTRALIZE 
THE SPENT CAUSTIC. THE GASES EVOLVED SHOULD BE CONDUCTED 
TO A FUME BURNER OR A FURNACE WHILE THE ACID OILS WHICH SEP- 

ARATE OUT MAY BE DIVERTED TO THE REFINERY FUEL TANKS. THE 

REMAINING LIQUID MAY USUALLY BE DISCHARGED TO THE REFINERY 
SEWER SYSTEM. 

6, NEUTRALIZATION WITH FLUE GAS — FLUE GAS MAY SE USED TO 

NEUTRALIZE SPENT CAUSTIC,AND THIS PROCESS IS FINDING MUCH 

FAVOR IN RECENT YEARS. THE SPENT CAUSTIC IS ALLOWED TO FLOW 

DOWN A PACKED TOWER WHILE THE FLUE GAS PASSES UP IT. UNOXID- 
IZED HYDROGEN SULFIDE AND SOME MERCAPTANS AND WEAK ORGANIC 
ACIDS ARE STRIPPED OUT AND THE RESULTING SOUR GAS MAY BE 

BURNED IN A FUME BURNER OR A FURNACE CHAMBER. ACID OILS ARE 

ALLOWED TO SEPARATE FROM THE CARBONATE SOLUTION, AND THEY MAY 

BE DIVERTED TO THE REFINERY FUEL SYSTEM. THE RESULTING L1QUID 
CONTAINS CARBONATES, BICARBONATES, SULFATES, SULFITES, THIO— 
SULFATES, AND IS USUALLY SUITABLE FOR DISCHARGE WITH THE EFFLU- 
ENT WATERS UNLESS ITS OXYGEN DEMAND IS SUFFICIENT TO BE OF 

SOME CONCERN. 

PHENOL IC WASTES 

IN RECENT YEARS THE PRESENCE OF PHENOLIC 
COMPOUNDS IN THE EFFLUENT WATERS OF REF'INERIES HAS ATTRACTED 
MUCH ATTENTION. THIS IS BECAUSE THE PRESENCE OF ONLY A FEW 

PARTS PER BILLION IN CHLORINATED DRINKING WATER HAS A VERY BAD 

EFFECT ON THE TASTE. 
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SEVERAL METHODS ARE AVAILABLE FOR TREATING 

THE PHENOLS. THE BEST KNOWN ARE BIOLOGICAL OXIDATION, THE 

USE OF OZONE, TREATMENT WITH CHLORINE, OR TREATMENT WITH 
CHLORINE DIOXIDE. RECENTLY PUBLISHED INFORMATION (I) SHOWS 

THAT BIOLOGICAL OXIDATION IS BY FAR THE CHEAPEST METHOD WHEN 

COSTS ARE COMPUTED ON THE BASIS OF COST PER POUND OF PHENOL 

DESTROYED. THIS TYPE OF UNIT HAS RECENTLY BEEN INSTALLED 

IN SOME CANADIAN REFINERIES. 

THE PHENOLIC WATERS ARE FED TO TRICKLING 
FILTERS. ADEQUATE CULTURES or THE REQUIRED BACTERIA ARE 

USUALLY AVAILABLE FROM RAW WATER OR CULTIVATED SOIL. TEM- 

PERATURES MUST BE CONTROLLED AND CHEMICALS ADDED IF AMMONIA, 
PHOSPHATES AND NITRATES ARE NOT PRESENT IN THE FEED WATER. 

DISPOSAL OF WASTE GASES 

TROUBLESOME WASTE GASES MAY CONTAIN HYDRO- 

GEN SULFIDE AND VARIOUS OTHER SULFUR COMPOUNDS, PARTIALLY 

OXIDIZED HYDROCARBONS, ETC. THESE GASES CAN USUALLY BE 

HANDLED BY CONFINING THEM IN A CLOSED SYSTEM AND THEN PROCE- 

EDING IN ONE OF THREE WAYS. THEY MUST SE BURNED IN THE 

FURNACE CHAMBER OF AN EXISTING FURNACE1 BURNED IN A SPECIAL- 
LY BUILT WASTE—GAS FURNACE, OR DISPOSED OF IN A STACK WITH 

THE FLUE GAS FROM ANY FURNACE. THE DETAILS OF THE SYSTEM 

WILL DEPEND UPON THE EQUIPMENT AVAILABLE IN THE REFINERY. 

RECENTLY THE CATALYTIC COMBUSTION OF WASTE 

GASES (2) HAS RECEIVED SOME ATTENTION. OXY—CATALYST, INC., 

OF WAYNE, PA., HAS A NEW COMBUSTION CATALYST AVAILABLE. IN 

BRIEF ANY PARTIALLY OXIDIZED GAS SUCH AS CARBON MONOXIDE CAN 
BE COMPLETELY OXIDIZED AND THE HEAT LIBERATED CAN BE USED TO 

PRODUCE STEAM. IT WOULD SEEM LIKELY THAT THIS TYPE or d 

EQUIPMENT WILL FIND INCREASING USE IN THE FUTURE. 

THE OUTSTANDING FEATURE OF POLLUTION ABATE- 

MENT 1N CANADA IS THE EXCELLENT SPIRIT OF CO—OPERATION WHICH 

EXISTS BETWEEN INDUSTRY AND GOVERNMENT. EACH HAS AN UNDER- 

STANDING OF THE SERIOUSNESS OF THE PROBLEMS THAT IS 

PRODUCING A MAXIMUM OF RESULTS WITH A MINIMUM OF DISPUTES 
OVER WAYS AND MEANS. THIS POINTS TO A BRIGHT FUTURE INDEED 

FOR THE PURITY OF OUR WATER SUPPLIES. 

REFERENCES: 
(I) MCRAE, A.D., "MODERN WASTE DISPOSAL AND 

RECOVERY IN PETROLEUM REFINERY", CHEMISTRY 
IN CANADA, 27, 6 No. 4 (APRIL 1954) 

(2) ARDERN, 0. B. & LASSIAT, R. C., OIL GAS J., 

PAGE 99, (JUNE 7, 

* 

* 
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MUNICIPAL BY—LAWS AND INDUSTRIAL WASTES 

— By — 

E. G. HACKBORN 

DESIGN AND SANITATION ENGINEER 

KITCHENER, ONTARIO 

INTRODUCTI ON: 

SEWAGE SOLLECTION SYSTEMS AND T'EATMENT 
PLANTS ARE PROBABLY THE MOST ABUSED1 THROUGH MISUSE, OF ALL 

PUBLIC UTILITIES. Tilt CAUSES OF THIS SITUATION ARE: 

(A) THE DISREGARD FOR THEIR LIMITATIONS AND CAPACITIES 
AND THE MISBELIEF THAT A SEWER CAN CARRY AWAY ANY 

UNWANTED SUBSTANCES OR OBJECTS, AND THAT THE SEWAGE 
TREATMENT PLANTS WILL TAKE CARE OF THEM, 

(a) A LACK OF REGULATIONS SETTING FORTH THE USES AND 

LIMITATIONS OF THE SYSTEM. 

(c) THE FAILURE OF MUNICIPAL AUTHORITIES TO ENFORCE 
WHAT REGULATIONS PREVAIL. 

No DOUBT ONE or THE PURPOSES OF THIS CON- 

FERENCE IS TO MAKE MUNICIPAL OFFICIALS AND INDUSTRIAL ORGAN- 
IZATIONS MORE CONSCIOUS OF THE IMPORTANCE or CONTROLLED 
USAGE OF PUBLIC SEWERS AND SEWAGE TREATMENT PLANTS. I HOPE 

THAT IN THIS PAPER I MAY TOUCH BRIEFLY ON SOME OF THE FUND- 

AMENTAL REQUIREMENTS OF AN ORDINANCE ESSENTIAL TO PROPER 

CONTROL. THE ADOPTION OF SUCH AN ORDINANCE IS THE FIRST 
REQUIREMENT IF THE INTENDED USAGE IS TO BE REALIZED. 

FOR YEARS THE DISCHARGE or INrUSTRIAL 
WASTES INTO SEWERS AND STORM DRAIN SYSTEMS HAS BEEN PERMITTED 

BY MUNICIPALITIES WITH VERY LITTLE REGARD FOR THE POSSIBIL- 

ITY OF MENACE TO PUBLIC HEALTH AND SAFETY, POTENTIAL DAMAGE 

TO THE SYSTEM OR INCREASED COST OF MAINTENANCE AND OPERATION. 

No DOUBT CITIES HAVE OFFEREO THEIR DISPOSAL FACILITIES TO 

INDUSTRIES IN ORDER TO INDUCE THEM TO ESTABLISH AND BUILD IN 

THEIR CITIES. PROBABLY AT THE TIME OF THIS INDUCEMENT THEY 

HAD LITTLE KNOWLEDGE OF THE VOLUME, CHARACTER OR EFFECT OF 

THE INDUSTRIAL WASTE UPON THEIR SEWERS AND DRAINS, OR THE 
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OPERATION OF THEIR SEWAGE TREATMENT PLANTS 

IN MANY CASES THE RESULTS HAVE BEEN SERIOUS, 
BOTH TO THE COMMUNITY AND THE INDUSTRY. MANY CITIES HAVE BEEN 
FORCE) TO INSTALL SEWAGE TREATMENT PLANTS TO PREVENT POLLUTION 
OF RIVERS AND STREAMS, AND, TOO FREQUENTLY, INDUSTRIAL WASTES 
HAVE CAUSED DETERIORATION OF THE STRUCTURES AND INTERFERENCE 
WITH SEWAGE TREATMENT PROCESSES. CONSEQUENTLY, THERE IS AN 

UNJUSTIFIABLE INCREASE IN MAINTENANCE AND OPERATING COSTS. 
THERE IS A SERIOUS HAZARD TO WORKMEN BECAUSE OF TOXIC GASES 
AND EXPLOSION HAZARDS IN SEWER MAINS. ON THE OTHER HANDS 

INDUSTRIES HAVE SEEN SLOW TO REALIZE THE POSSIBILITIES OF BY- 

PRODUCTS FROM THE WASTE THEY DISCHARGE. SOME.INDUSTRIES HAVE 
RECTIFIED THIS CONDITION, OTHERS ARE STILL WASTEFUL. 

THE RAPID EXPANSION WHiCH WE ARE EXPERIENC- 
ING TO—DAY 'MAKES THE ESTABLISHMENT AND ENFORCEMENT OF AN OR- 

DINANCE IMPERATIVE. IT IS UNLIKELY THAT ANY ORDINANCE OR 

WORKABLE FORMULA CAN BE DEVISED WHiCH WILL BE APPLICABLE TO 

ALL CITIES IN THE PROVINCE, AND POSSIBLY THE SAME CO—OPERATION 
THAT IS NECESSARY FOR THE PROPER ENFORCEMENT OF REGULATIONS 
WILL. BE MOST HELPFUL IN DECIDING THE POLICY TO FOLLOW. OFTEN 
PROBLEMS COMMON JO INDUSTRY WILL RESULT IN INDUSTRIES1 RE- 

SEARCH INTO SUCH PROBLEMS AND THE CONSEQUENT RECOVERY OF BY- 
PRODUCTS WHOSE VALUE PAYS FOR THE COST OF TREATMENT FACILIT- 
IES SO INSTALLED. 

BEFORE DISCUSSING FURTHER THE CLAUSES WHICH 
MUST BE INCLUDED IN ANY ORDINANCE, LET US JUST DISCUSS BRIEFLY 
THE EFFECTS OF INDUSTRIAL WASTES UPON SEWERS AND SEWAGE TREAT- 
MENT PLANTS. AS FAR AS THE PUBLIC IS CONCERNED THE MOST 
SPECTACULAR INCIDENT OF MISUSE iS EVIDENCED IN VIOLENT EXPLOS- 
IONS AND FIRES RESULTING rROM THE DISCHARGE OF EXCESSIVE FLAM- 
MABLE SUBSTANCES TO THE SYSTEM. IN 1932 A GASOLINE EXPLOS- 
ION IN MONTREAL PERSONS, TORE UP 12 BLOCKS OF SEWERS 
AN!) RESULTED IN PROPERTY DAMAGES OF OVER A MILLION DOLLARS. iN 

1914—— 6 MEN WERE KILLED WHEN A SEWAGE PUMPING STATION IN BOSTON 
EXPLODED, THERE ARE MANY EXAMPLES CLOSER TO HOME. AN EXPLOS- 
ION IN ASEWER IN KITCHENER RAISED A MANHOLE TOP TO THE HEIGHT 
OF THE POST OFFICE CLOCK. FORTUNATELY NO ONE WAS KILLED, HOW- 
EVER A PEOESTRIAN HAD A BUTTON WIPED OFF HIS SPAT AS THE MAN- 
HOLE CASTING FELL TO THE GROUND. IT HAS SEEN CONCLUDED THAT 
60% OF SEWER EXPLOSIONS IN GERMANY ARE CAUSED BY GASOLINE OR 

BENZINE, AND THE WASTES FROM CLEANING ESTABLISHMENTS AS WELL AS 

FUEL OILS HAVE BEEN RESPONSIBLE FOR MANY OTHERS. AGAIN, 
CLOSER TO HOME, KITCH,ENER LAST YEAR WAS FORCED TO CLOSE ONE 

OF THEIR SEWAGE TREATMENT PLANTS FOR A FEW DAYS WHEN THOUSANDS 
OF GALLONS OF FUEL ENTERED THE SEWER MAIN AS A RESULT OF A 

BROKEN VALVE AT ONE OF THE OIL COMPANIES. THERE WAS LUCKILY 
NO FIRES BUT AN EXTREME HAZARD EXISTED FOR SOME DAYS. 

SEWER CLOGGING IS USUALLY DUE TO THE ACCUM- 
ULATION OF' GREASE, ROOTS •AND MISCELLANEOUS DEBRIS. GREASE IS 

OFTEN THE WASTE FROM PACKING MOUSES, TANNERIES, BAKERIES., 

HOTEL KITCHENS, ETC. HEAVY GRITTY MATERIALS FROM 1BUS COMP- 
ANIES' WASH RACKS OR EVEN SERVICE STATIONS HAS ALSO BEEN 

KNOWN TO CAUSE CLOGGING. LARGE AMOUNTS OF HAIR FROM TANNERIES 
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FEATHERS FROM POULTRY ESTABLISHMENTS, WOOL FIBRES FROM TEXTILE 
PLANTS1 SPENT GRAIN FROM BREWERIES HAVE CAUSED MANY INSTANCES 
OF CLOGGING, NOT ONLY IN THE SEWERS BUT THROUGHOUT THE TREATMENT 
PLANTS AS WELL. KITCHENER HAS EXPERIENCED DIFFICULTIES WITH 
EVERY ONE OF THOSE MENTIONED1 PROBABLY TO A GREATER EXTENT AT 
ITS SEWAGE TREATMENT PLANTS THAN IN THE SEWERS THEMSELVES. 
HOWEVER A 48 INCH TRUNK SEWER, BUILT IN 1912, HAS HAD ITS EFFEC- 
TIVE DIAMETER REDUCED TO LESS THAN 3 FEET AND ITS VELOCITY TO 
ONLY A FEW FEET PER MINUTE BECAUSE OF THE ACCUMULATION OF HAIR 
ON THE WALLS OF THE SEWER. THIS HAIR HAS BEEN COATED WITH 
CHEMICAL SALT DEPOSITS WHICH GIVE IT A FABRIC—LIKE PROTECTION, 
MAKING CLEANING POSSIBLE ONLY BY MECHANICAL. MEANS. 

SERIOUS OVERLOADS HAVE BEEN CAUSED BY THE 
DISCHARGE OF GREAT QUANTITIES or PROCESS WATER ANO COOLING 
WATER INTO MUNICIPAL SEWERS. 

THE EFFECTS ON SEWAGE TREATMENT PROCESSES 
ARE MANY. ACID P1CKLING LIQUORS HAVE CAUSED VERY LOW PH 

VALUES. HAIR HAS CAUSED SEVERE CLOGGING AS WELL AS THE 
FORMATION OF THICK MATS OF SCUM IN THE TOPS OF DIGESTERS. 
GREASES FROM PACKING HOUSES AND TANNERIES HAVE CAUSED CLOGGING 
OF PIPE LINES, DIFFUSER PLATES AND OTHER ELEMENTS OF A PLANT, 
NOT TO MENTION THE EFFECTS OF EXTREMELY HIGH 8.0.0. AND SUS- 
PENDED SOLD RATINGS OF SOME INDUSTRIAL WASTES. 

THERE MAY BE BENEFITS FROM SOME OF THESE 
FACTORS. HOWEVER, THEY NEVER OUTWE1GH THE ADDITIONAL COST 
OF TREATMENT AND FACILITIES. THEREFORE, GAS PRODUCTION FROM 
K1TCHENER'S SEWAGE IS MORE THAN TWICE THAT OF NORMAL DOMESTIC 
SEWAGE BECAUSE OF THE HIGH SOLIDS CONTENT. ON THE OTHER HAND 
AN EXTREMELY HIGH LOAD OF SOLIDS REQUIRES GREATER DIGESTER 
CAPACITY FOR ITS REDUCTION TO INOFFENSIVE SLUDGE. Ii IS TRUE 
SLUDGE MAY BE BUT IT IS DIFFICULT TO REALIZE A PROFIT 
FROM SUCH AN OPERATION. 

THE MUNICIPAL SEWAGE SYSTEMS AND TREATMENT 
FACILITIES MUST BE PROTECTED FROM EXTREME OVERLOADS AND THE 
OTHER FORMS OF MISUSE JUST MENTIONED. A SOUND ORDINANCE CAN 
BE BENEFICIAL TO BOTH THE INDUSTRY AND THE MUNICIPALITY BY WAY 
OF MAKING POSSIBLE MAXIMUM USE OF THE PUBLIC FACILITIES FOR 
ALL WASTES WHICH CAN BE HANDLED EFFECTIVELY. IT 15 DOUBTFUL 
WHETHER ANY MUN$CIPAL1TIES HAVE ANY REGULATIONS AT ALL, AND, 
IF THEY DO1 WHETHER THEY ARE UP—TO—DATE AND ADEQUATE, OR 
WHETHER THEY ARE PROPERLY ENFORCED TO BRING ABOUT THEIR EFFECT— 
I VENESS. 

BEFORE COMMENCING TO WRITE A SET OF RULES, 
CERTAIN PRELIMINARY CONSIDERATIONS SHOULD BE STUDIED. MOST 
EXISTING PUBLIC HEALTH BY—LAWS PROHIBIT THE DISCHARGE INTO 
PUBLIC SEWERS OF ANY MATERIALS WHICH, IN THE OPINION OF THE 
CiTY ENGINEER, ARE NOT IN THE INTERESTS OF PUBLIC HEALTH. To- 
DAY SUCH A CLAUSE WOULD BE VERY INADEQUATE IN ALL BUT THE 
SMALLER COMMUNITIES, NEVERTHELESS, THE DELEGATION OF THE 
POWER TO DECIDE ACCEPTABLE WASTES AND PRETREATMENT REQUIREMENTS 
TO A COMPETENT MUNICIPAL OFFICIAL HAS ADVANTAGES. THE ARRANGE- 
MENT IS FLEXIBLE AND GETS AWAY FROM ARBITRARY LIMITS1 WHICH 
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MIGHT NOT BE FAIR IN ALL CASES AND ALLOWS JUDGEMENT TO PREVAIL. 
SOME SPECIFIC LIMITS AND PERMISSII3LE VAR1ATIONS OF WASTE CHARA- 
CTERISTICS ARES THEREFORE, DESIRABLE, EVEN IN ORDINANCES FOR 
SMALLER MUNICIPALITIES SINCE SUCH AN INCLUSION OFFERS GUIDANCE 
AND SJPPORT TO THE MUNICIPAL AUTHORITY RESPONSiBLE FOR ENFORCE- 
MENT. 

It IS NOT FAIR TO ELIMINATE ALL INDUSTRIAL 
DISCHARGES IN SEWERS SINCE THEY ARE NOT ALL OBJECTIONABLE. 
HOWEVER, THIS UTILITY (THE SEWAGE SYSTEM AND THE TREATMENT 
FACILITIES) SHOULD BE USED, MAINTAINED AND OPERATED IN THE 
PUBLIC INTERESTS MAKING IT UNWISE TO PERMIT USAGE OF THE WORKS 
WHICH WOULD RESULT IN EITHER PHYSICAL DAMAGE, OPERATIONAL 
DIFFICULTIES OR EXCESSIVE MAINTENANCE AS MENTIONED 
THESE LIMITATIONS ARE OFTEN OVERLOOKED COMPLETELY BECAUSE OF 

THE DESIRE TO PROTECT AN INDUSTRY FOR THE BENEFICIAL EFFECTS 
TO TAXES AND PAYROLL. 

THERE ARE THREE METHODS OF HANDLING THIS PROBLEM, NAMELY: 

I. THE CITY ACCEPTS ALL WASTE AND ASSUMES FULL RESPONSIBILITY 
FOR ITS TREATMENT, EITHER AT ITS OWN EXPENSE DR WITH 
SPECIAL CHARGES TO INDUSTRfl 

2. THE CITY REJECTS ALL INDUSTRiAL WASTE AND HOLDS INDUSTRY 
FULLY RESPONSIBLE FOR ITS TREATMENT AND DISPOSAL; 

3, A COMBINATION OF THE TWO WHEREBY INDUSTRIAL WASTES ARE 

CONTROLLED AND MODIFIED Al THE SOURCE RENDERING THEM 
ACCEPTABLE INTO THE CITY'S SEWERS. 

INDUSTRY WOULD RATHER SEE THE FIRST METHOD 
ADOPTED AND• SINCE THEY ARE INTERESTED IN MANUFACTURE AND NOT 

SEWAGE TREATMENTS WOULD RATHER PAY THE MUNICIPALITY THAN TREAT 
THEIR OWN WASTE. THIS IS UNFAIR TO THEGENERAL PUBLIC SINCE 
MUNICIPAL SEWAGE TREATMENT PLANTS ARE USUALLY DESIGNED TO 

TREAT DOMESTIC VOLUMES AND STRENGTHS OF SEWAGE AND SHOULD NOT 

BE CALLED UPON TO SERVE INDUSTRY, WHICH OFTEN CAUSES A FAILURE 
TO PERFORM THEIR PRIME FUNCTION. As JUST MENTIONED IT IS NOT 

FAIR TO ELIMINATE ALL INDUSTRIAL WASTES, SO WHY NOT ADMIT 
THOSE WHICH ARE NO MORE OBJECTIONABLE THAN DOMESTIC SEWAGE, 
WHICH, OF COURSE, POINTS TO THE NEED FOR PRELIMINARY TREATMENT 
BY THE INDUSTRY TO FULFILL METHOD No. 3, I.E. TO RENDER THE 

WASTES ACCEPTABLE. 

WASTES WHICH ARE EXTREMELY DANGEROUS BECAUSE 
OF THEIR FLAMMABLE NATURES OR FOR ANY OTHER REASON THAT WOULD 
CAUSE SERIOUS PHYSICAL DAMAGE TO COLLECTION OR TREATMENT FAC- 

ILITIES, SHOULD BE EXCLUDED ENTIRELY. IF SUCH A MOVE WERE 
ACCEPTABLE, COSTS OF TREATMENT BY MUNICIPALITIES WOULD BE IN 

LINE WITH THE COST OF TREATING NORMAL DOMESTIC SEWAGE, AND 

INDUSTRY WOULD HAVE TO BEAR THE COST OF PRETREATMENT, IF 

NECESSARY, OR OTHER MEANS OF DISPOSAL IF THE WASTE IS EXCLUDED. 

A DISCUSSION OF CHARGES FOR SUCH A SERVICE 

IS NOT WITHIN THE SCOPE OF THIS PAPER, NEVERTHELESS THE EST- 

ABLISHMENT OF PROPER REGULATIONS PROVIDES THE BASIS FOR FAIR 
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ECONOMIC CONSIDERATIONS SINCE PRACTICALLY ALL WASTES ENTER- 
ING THE SYSTEM WILL BE EQUALLY ACCEPTABLE AND FOR ECONOMIC 
PURPOSES PRACTICALLY EQUAL IN EFFECT. 

IT IS QUITE APPARENT THAT A PROPER SET OF 
REGULATIONS, SUCH AS ARE DISCUSSED FURTHER ON IN THIS PAPER1 
CAN ONLY BE HAD AFTER A COMPLETE STUDY HAS BEEN MADE OF THE 
PROBLEMS INVOLVED AT EACH INDUSTRIAL PLANT AND AT THE MUNIC- 
IPAL SEWAGE TREATMENT PLANT. THE LIMITS SHOULD BE PRACTIC- 
ABLE AND NO MORE RIGID THAN WILL BE NECESSARY TO PROTECT THE 
SYSTEM AND ITS OPERATION. INDUSTRIES, IT IS TRUE, KNOW 
THEIR OWN WASTES, BUT HAVE LITTLE KNOWLEDGE or THEIR EFFECT 
ON THE MUNICIPAL PLANT, AND IN ORDER TO SET A STANDARD FOR 
ACCEPTABLE DISCHARGES A COMPREHENSIVE STUDY OF FLOWS AND 
ANALYSIS Is NECESSARY. OFTEN THE ANALYSIS OF INDUSTRIES1 
WASTES SHOWS POOR HOUSEKEEPING TO PREVAIL IN THEIR PLANTS 
WHICH, WHEN CORRECTED BY PROPER RECOVERY METHODS1 CAN GO 
FAR IN PAYING FOR PRELIMINARY TREATMENT. 

IT WOULD SEEM, THEREFORE, THAT A MODERN 
BY—LAW WOULD HAVE TO BE GIVEN VERY SERIOUS CONSIDERATION BY 

A SPECIAL COMMITTEE APPOINTED BY THE MUNICIPAL GOVERNING 
BODY. THE MUNICIPAL ENGINEER, WITH HIS PROFESSIONAL KNOW- 
LEDGE AND PRACTICAL EXPERIENCE USUALLY HEADS SUCH A COMMIT- 
TEE AND IT WOULD SEEM DESIRABLE T'O ALSO HAVE ON IT CONSULT— 
1NG ENGINEERS OR CHEMISTS AS WELL AS SUPERVISORY OFFICIALS 
IN THE COMMUNITY WHO HAVE TECHNICAL OR CHEMICAL EXPERIENCE. 
Ir THE CITY ENGINEER OR SUPERINTENDENT OF SEWERS IS NOT EX- 
PERIENCED ON INDUSTRIAL WASTE PROBLEMS THEY WOULD CERTAINLY 
KNOW WHERE TO SECURE THE NECESSARY INFORMATION AND EVALUATE 
THE DISCUSSIONS WHICH MIGHT ENSUE. 

IT IS FELT THAT THE CHAMBER OF COMMERCE 
SHOULD BE INTERESTED IN DRAFTING A BY—LAW, SINCE IT WOULD BE 
IN THEIR INTEREST TO BE ABLE TO CHOOSE A PROPER LOCATION 
WITHIN THE GENERAL METROPOLITAN AREA OF A CITY WHERE INDUSTRY 
MAY LOCATE WITH A MINIMUM OF SEWER PROBLEMS. INDUSTRY SHOULD 
HAVE A REPRESENTATIVE ON SUCH A COMMITTEE SINCE IT IS INTER- 
ESTED IN SERVING THE COMMUNITY. INDUSTRIES OBJECT TO BEING 
BARRED FROM THE USE OF MUNICIPAL FACILITIES OUT IT IS FELTS 
HOWEVER, THAT IN MOST CASES THEY DO NOT SEEK UNFAIR ADVANT- 
AGES FOR THEMSELVES. FROM PAST EXPERIENCES IN SOME AMERICAN 
CITIES POLLUTION ABATEMENT BY STRICT GOVERNMENTAL ORDER IS 

p 

POOR PUBLIC RELATIONS. IHIS ALSO APPLIES TO THE ELIMINATION 
OF INOUSTRIAL WASTE OVERLOADINGS, AND iT IS CERTAIN THAT RE— 
REARCH, THE EXCHANGE OF 'KNOW—HOW' AND CONSIDERABLE PUBLIC 
GOODWILL, AS WELL AS AN INTELLIGENT AGGREaVE ATTITUDE ON THE 
PART OF INDUSTRY, WILL GO FAR IN THE ESTABLISHMENT OF A WORK- 
ABLE ORDINANCE. PROOF OF THIS STATEMENT WAS DEMONSTRATED AT 
THE INDUSTRIAL WASTES CONFERENCE HELD AT PURDUE UNIVERSITY IN 

1949, WHERE THE FOLLOWING REASONS WERE GIVEN FOR THE POOR COL- 
LABORATION IN EVIDENCE IN MANY CITIES REGARDING MUNICIPAL 
INDUSTRIAL WASTES ORDINANCE. 

1. THE UNREASONABLE ATTITUDE OF THE MUNICIPALITY TO 
ACCEPT NORMAL WASTES; 
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2. IMPROPER PRELIMINARY ANALYSIS OF INDUSTRIAL WASTES 

AND PLANT CONDITIONS; 

3. NON—FAMILIARITY WITH INDUSTRIAL OPERATIONS; 

4. A POOR ORDINANCE. No DELINEATION OF CHARACTERISTICS 
OF ACCEPTABLE WASTES; 

5. STUBBORNNESS IN ACCOMMODATING CERTAIN WASTES BY THE 

SEWAGE TREATMENT PLANT PERSONNEL; 

6. PooR CONTROL BY INDUSTRY OVER PRE—TREATMENT OR 

FAILURE TO GIVE PROMPT NOTICE TO THE MUNICIPALITY 
OF ACCIDENTAL LOSSES DUE TO BREAKDOWNS, ETC.; 

7. UNWILLINGNESS OF INDUSTRY TO BEAR COSTS OF PRE- 

TREATMENT; 

8. LACK OF INTEREST BY BOTH PARTIES IN EACH OTHERS 
PROBLEMS, OFTEN COMPOUNDED WITH SUSPICION AND 

MISTRUST. 

LET US SEAR THESE IN MIND IF WE ARE FACED 

WITH THE PREPARATION OR ENFORCEMENT OF MUNICIPAL ORDINANCES 

ON INDUSTRIAL WASTES. 

THE COMPOSITION OF AN INDUSTRIAL WASTE BY- 

LAW WILL VARY IN EACH MUNIC1PALITY AND THIS PARTICULAR SECTION 

WILL SE ONE OF THE MANY IN A COMPLETE SEWER ORDINANCE PROPERLY 

INTRODUCED AND PROViDING PENALTIES FOR VIOLATION. THIS DOC- 

UMENT SHOULD DEFINE ALL TERMS USED THEREIN iN ORDER TO 

ELIMINATE DIFFERENCES OF INTERPRETATION THAT MIGHT RESULT IN 

DISPUTE OR LITIGATION. 

SIX MAIN POINTS TO CONSIDER WHEN FORMULAT- 

ING AN INDUSTRIAL WASTE STANDARD ARE AS FOLLOWSI— 

I. METHOO OF COLLECTION 

2. SEGREGATION OF UNWANTED WASTES 

3. WASTES CAUSING STRUCTURAL DAMAGE 

• 4. WASTE CONTAINING OILS AND GREASES 

5. WASTES WITH HIGH 8.0.0. 

6. ToxIC WASTES. 

To FACILITATE TESTING AND CONTROL INDUSTRIAL 
WASTES SHOULD BE SEGREGATED AT LEAST TO A POINT WHERE SAMPLING 

IS POSSIBLE. IT IS SUGGESTED THAT A CONTROL MANHOLE BE PRO- 

VIDED WHERE iNDUSTRIAL WASTES ENTER THE MAIN SEWER. OFTEN 

IT IS BEST TO SEGREGATE INDUSTRIAL WASTE FROM THE SANITARY 

SEWAGE ARISING IN A PLANT. THIS WOULD PERMIT CONTROL OVER 

INDUSTRIAL WASTES DISCHARGED, BY WAY OF PERMITTING SUSPENSION 
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WITHOUT DEPRIVING THE PLANT OF ITS SANITARY FACILITIES. 

IT IS ALWAYS BEST TO SEGREGATE STORM WATERS 

OF COURSE, ALTHOUGH SPILLAGE WHICH BECOMES CONTAMINATED, IN 

THE CASE OF OPEN AIR INDUSTRIES SHOULD ENTER THE SEWERS. 
PROVISION SHOULD BE MADE TO SEGREGATE UNWANTED WASTES THAT 

IS, MATERIALS NORMALLY FOREIGN TO THE SYSTEM. THIS WOULD 

INCLUDE SANDS METAL FILINGS, HEAVY SLUDGES, ETC. DISCHARGE 
OF PROCESS OR COOLING WATERS MUST BE GUARDED AGAINST FOR 

FEAR OF IMPOSING HEAVY OVERLOADS ON EXISTING CAPACITIES. 

TEMPERATURE SHOULD BE LIMITED TO PROTECT JOINTING COMPOUNDS 

AND NOT INTERFERE WITH BIOLOGICAL ACTIVITY. DETROIT SUG- 

GESTS A MAXIMUM TEMPERATURE OF 1500F. WASTE CAUSING STRUC- 

TURAL DAMAGE WOULD INCLUDE ACID WASTE AND WASTE CONTAINING, 
OR PRODUCING, SULPHIDES. THIS IS USUALLY GUARDED AGAINST 

BY STIPULATING A MINIMUM OF 6.0. THE TEMPERATURE LIMIT- 
ATION IS ALSO A PROTECTION AGAINST STRUCTURAL DAMAGE BY WAY 

OF ELIMINATING JOINT SOFTENING. ALKALINE WASTES SELDOM 
CAUSE SERIOUS PROBLEMS. 

OILS AND GREASES ARE BECOMING MORE SERIOUS 

WITH THE INCREASED USE OF DETERGENTS AND EMULSIFIED AGENTS IN 

THE HOME AND INDUSTRY. THE SANITATION DISTRICT OF LoS 

ANGELES COUNTY CLASSIFIES OILS AND GREASES AS EITHER FLOATING 

OR DISPERSED AND LIMITS FLOATABLE OILS TO 10 P.P.M. HOWEVER, 

THE EMULSION MUST BE STABLE AND NOT BE BROKEN BY FURTHER D!L— 

UT IONS AND FURTHER CHANGES. 

SEVERAL LIMITATiONS HAVE BEEN SET ON B.0.DtS. 

0.17 LBS. PER CAPITA IS THE NORMAL CONTENT 

FOR DOMEStIC SEWAGE. THIS WOULD OF COURSE, WITH WATER 
CONSUMPTION, BUT WOULD BE EQUIVALENT TO APPROXIMATELY 200 
PARTS PER MILLION BASED ON 100 GALLONS PER CAPITA DAILY FLOW. 

IT HAS BEEN SUGGESTED THAT 300 P.P.M. WOULD BE A REASONABLE 
MAXIMUM. 3y THE SAME APPROACH 350 P.P.M. SUSPENDED SOLIDS 

IS A REPRESENTATIVE CONTENT. 

SOME OPINIONS URGE CAUTION IN ASSESSING SUCH 

OVEHLOAD FACTORS TO INDUSTRY SINCE THE VALUE OF THE PRODUCT 

AND THE 1NDUSTRY TO THE COMMUNITY IS IMPORTANT. IT IS GEN- 

ERALLY AGREED THEREFORE, THAT DECISIONS REGARDING OVERLOADS 
OF THIS NATURE BE LEFT TO THE JUDGEMENT OF THE SUPERINTENDENT 
OF SEWAGE TREATMENT. HE MAY APPROVE OR DISAPPROVE OF WASTES 

CONTAINING HIGHER CONCENTRATIONS, A SPECIAL SURCHARGE BEING 

IMPOSED WASTES CAN BE BETTER HANDLED AT THE SEWAGE TREAT- 

MENT PLANT. NEVERTHELESS, LIMITS SHOULD BE SET TO DIFFERENT- 

IATE BETWEEN INDUSTRIAL AND DOMESTIC SEWAGE. THIS FLEXIBLE 
AND FAIR ARRANGEMENT IS FELT TO BE MOST PRACTICAL. 

TOXIC WASTES, THAT IS THOSE CONTAINING GAS- 
OLINE, FLAMMABLE GASES, CLEANING COMPOUNDS AND ALL CYANIDES 
SHOULD BE CONTROLLED. CALIFORNIA HAS SET A LIMIT OF 10 P,P.M. 

DISCHARGE OF PHENOLS HAS DRAWN MUCH CONCERN FROM THE CITY OF 

BRANTFORD AND WILL INVOKE CRITICISM IN MOST WATER WORKS SUPER- 
INTENDENTS. LIMITATIONS FOR TOXIC WASTES VARY CONSIDERABLY, 
HOWEVER, DEPENDING UPON THE END TYPE OF DISPOSAL. 
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SOME SUBSTANCES ARE TOXIC TO BIOLOGICAL 
SEWAGE TREATMENT PROCESSES, OTHERS PRODUCE DEADLY POISONOUS 
HYDROCYANIC ACID GAS, THESE SUBSTANCES DICTATE RIGID CON- 
TROLLING OR LIMITING REGULATIONS. 

THE FOREGOING HAS COVERED VERY BRIEFLY THE 

LIMITATIONS WHICH SEEM NECESSARY IN EXCLUDING INDUSTRIES1 
VERY POTENT WASTES FROM MUNICIPAL SEWAGE TREATMENT PLANTS. 
THERE IS NEED FOR MUCH DETAILED STUDY, HOWEVER, BEFORE ANY 

PARTICULAR MUNICIPALITY CAN WRiTE AN ORDINANCE WHICH WILL BE 

AS PRACTICABLE AS POSSIBLE. 

BEFORE CLOSING A FEW POINTS ON ENFORCEMENT 
AND PENALTIES MIGHT BE MADE. PROPER ENFORCEMENT IS ESSENT- 
IAL IF THE ORDINANCE IS TO FULFILL ITS INTENDED PURPOSE. IN 

LARGER CITIES WHERE SEWAGE COLLECTION AND TREATMENT ARE UNDER 

ONE DEPARTMENT, THE HEAD OF SUCH DEPARTMENT IS USUALLY THE 

ONE TO ENFORCE SUCH, THE FEDERATION OF SEWAGE WORKS ASSOC- 
IATIONS SUGGESTS THAT FULL RESPONSIBILITY BE DELEGATED TO ONE 

INDIVIDUAL WHO MIGHT BE TITLED SUPERINTENDENT OF SEWAGE WORKS. 
iN SMALLER MUNICIPALITIES HE MAY HAVE TO CALL UPON THE SER- 

VICES OF A CAPABLE CONSULTING SANITARY ENGINEER OR CHEMIST. 

IT IS NECESSARY TO DECIDE UPON A MAXIMUM 
PENALTY THAT WOULD SERVE TO DETER WILFUL CONTINUED OR OCCAS- 
IONAL VIOLATION BY AN OFFENDER WHO MIGHT FIND PAYMENT OF THE 

PENALTY LESS EXPENSIVE THAN COMPLIANCE. THOSE SET FORTH IN 

VARIOUS ORDINANCES VARY FROM A MINIMUM OF $1.00 TO A MAXIMUM 
or $500.00. A MAXIMUM OF $200.00 HAS BEEN SUGGESTED. 

PROSECUTION PROCEDURE IS PROVIDED FOR AUTO- 
MATICALLY WHEN THE ORDINANCE RECEIVES ITS OFFICIAL PASSAGE IN 

THE MUNICIPALITY. HOWEVER, IT WOULD BE BEST THAT A NOTICE 

OF VIOLAT1ON FIX A DEFINITE TIME LIMIT FOR CORRECTION OF THE 

OBJECTIONABLE CONDITION. THIS WOULD BE BEST VARIED TO SUIT 
THE NATURE AND THE EXTENT OF THE NECESSARY IMPROVEMENT. 

* 

* * ** * * * 

* 
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THE INCIDENCE OF NITRATES 

IN RURAL ONTARIO WELL WATERS 

— BY — 

R. A. JOHNSTON 

DEPARTMENT OF BACTERIOLOGY 
ONTARIO AGRICULTURAL COLLEGE 

GUELPH, ONTARIO 

FOR SEVERAL YEARS THE DEPARTMENT OF 

BACTERiOLOGY OF THE ONTARIO AGRICULTURAL COLLEGE HAS BEEN 

TESTING, ON REQUEST, WATER SAMPLES SUBMITTED FROM RURAL HOME 

AND SCHOOL WELLS. THIS TESTING HAS BEEN OF A BACTERIOLOG- 

ICAL NATURE ONLY. 

IN 1950 OUR ATTENTION WAS DRAWN TO THE IN- 

CIDENCE OF METHAEMOGLOBINEMIA WHICH HAD BEEN CAUSED BY THE 

HIGH NITRATE LEVEL OF WELL WATERS USEO IN INFANT FEEDING. A 

SUBSEQUENT SEARCH OF THE LITERATURE REVEALED THAT SURVEYS OF 

NITRATE SEARiNG WATERS AND REPORTS OF CASES OF METHAEMOGLOB 

INEMIA WERE AVAILABLE FROM SEVERAL STATES or THE UNITED STATES 

(2,4,5,6,8,11,12,14,15,16,17), THREE PRGVINCES OF CANADA (I, 

9,10,13), AND ALSO FROM BELGIUM AND ENGLAND. THE CONDITION 

IS APPARENTLY WIDESPREAD IN THE UNITED STATES AND CANADA. 

THIS NEW INTEREST IN NITRATE LEVELS OF 

WATER SUPPLIES BEGAN IN 1.945 AFTER THE OBSERVATIONS OF COMLY 

(4). IT WAS HE WHO HAD FIRST ASSOCIATED THE HIGH NITRATE 

LEVEL OF THE WATER SUPPLY WITH THE METHAEMOGLOB1NEMIA OBSERVED 

IN TWO INFANTS or 18 AND 27 DAYS OLD. SINCE THIS TIME MANY 

CASES HAVE BEEN REPORTED. THE FIRST FATAL CASE IN CANADA WAS 

REPORTED IN SASKATCHEWAN IN 1948 (9). IN THIS PARTICULAR 

CASE THE NITRATE CONTENT OF THE WELL WATER WAS REPORTED TO BE 

1320 PP.M. CASES HAVE ALSO BEEN OBSERVED IN MANITOBA, ALa-' 

ERTA,AND DRYDEN, ONTARIO. 

CASES OF METHAEMOGLOBINEMIA IN LIVESTOCK, 

CAUSED BY THE CONSUMPTION OF WATER CONTAINING HIGH CONCENTRA- 
TIONS OF NITRATES, HAVE ALSO BEEN REPORTED. (3,18,19) 

BECAUSE OF THE POSSIBLE RELATIONSHIP TO B,OTH 
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HUMAN AND ANIMAL HEALTH IN RURAL AREAS, AND BECAUSE OF THE 

APPARENT PAUCITY OF INFORMATION CONCERNING NITRATE LEVELS 

IN ONTARIO WATERS, IT WAS DECIDED TO CONDUCT THIS SURVEY. 

IN 1950, 1951, AND 1952, THIS WAS CONDUCTED ON A LIMITED 

SCALt • IN 1953 ALL WATER SAMPLES SUBMITTED FOR ROUTINE 
BACTERIOLOGICAL EXAMINATION WERE SUBJECTED TO SCREENING 
TESTS FOR NITRATE AND NITRITE CONTENT. THIS SAME YEAR A 

NUMBER OF WELL WATERS WERE SELECTED FOR PERIODIC EXAMINAT- 
ION OVER A PERIOD OF AT LEAST ONE YEAR. 

METHODS 

AT THE BEGINNING OF THE SURVEY VARIOUS 
CHEMICAL AND BACTERIOLOGICAL TESTS WERE CONDUCTED ON EACH 

SAMPLE, AFTER EXAMINING MORE THAN 100 SAMPLES IN THIS 

MANNER, IT WAS THOUGHT THAT THE INFORMATION GAINED RELATIVE 

TO THE INCIDENCE OF NITRATES WAS OF LITTLE VALUE, AND THESE 
TESTS WERE ABANDONED. 

THE SPOT TEST FOR NITRATES WAS THE DIPHENY— 
LAMINESULPHURIC ACID METHOD, IT WAS ESTABLISHED THAT THIS 

TEST WOULD DETECTAS LITTLE AS 0,5 — 1,0 P,P,M, OF NITRATE 
NITROGEN, THOSE SAMPLES WHICH GAVE A POSITIVE TEST WERE 

THEN SUBJECTED TO THE QUANTITATIVE PHENOLDISULFONIC ACID 

TEST FOR NITRATES (20). READINGS WERE MADE BY MEANS OF A 

SPECTROPHOTOMETER, AND TilE AMOUNTS DETERMINED FROM A STAND- 

ARD CURVE. 

BECUASE OF THE INTERFERENCE AND POSSIBLE 
FALSE POSITIVE REACTIONS, ALL WATER SAMPLES WERE SPOT TESTED 
FOR NITRITE CONTENT BY MEANS OF TROMMSDORFtS REAGENT, THIS 

TEST WAS SENSITIVE TO 0,5—1.0 P,P,M. OF NITRITE NITROGEN. 

SAMPLES FROM THE WELLS SELECTED FOR PERIOD- 

IC EXAMINATION TO DETERMINE THE FLUCTUATION IN NITRATE NITRO- 

GEN CONTENT WERE SUBJECTED TO THE QUANTITATIVE PHENOLOISULFON— 
IC ACID TEST AND THE SPOT TEST FOR NITRITES, ALL SAMPLES 

WERE TESTED FOR BACTERIOLOGICAL EVIDENCE OF POLLUTION IN THE 

USUAL MANNER. 

OBSERVATI ONS 

I , GENERAL SURVEY 

(A) DUG WELLS — EXAMINATION OF TABLE 1 REVEAL$ THAT 
ALMOST HALF OF THE SAMPLES FROM DUG 
WELLS CONTAINED LITTLE OR NO NITRATE; 

18.8 PER CENT CONTAINED MORE THAN 10 P,P.M, OF NITRATE NIT- 

ROGEN. THE HIGHEST LEVEL DETECTED WAS 195 P.P,M. 

SEVENTEEN PER GENT OF THE 0—I P,P,M, NITRATE 

NITROGEN GROUP REGISTERED POSITIVE BACTERIOLOGICAL EVIDENCE 

OF POLLUTION; 8.4 PER CENT OF THE 1—10 P,P.M. GROUP; 38,2 

PER CENT OF THE 11—20 P0P,M, GROUP; AND 22,2 PER CENT OF THE 

21—30 P.P,M, GROUP. TWO OF THE SAMPLES CONTAINING MORE THAN 

100 P,P,M, ALSO WERE POLLUTED, TWENTY—NINE PER CENT OF THOSE 
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WATER SAMPLES CONTAINING MORE THAN ID P.P.M. WERE POLLUTED. 

(a) DRILLED ¶IJELLS — EXAMINATION OF TABLE II REVEALS 
THAT 80 PER CENT or THE SAMPLES 
FROM DRILLED WELLS CONTAINED LITTLE 

OR NO NITRATE. Or THIS GROUP 5.75 PER CENT WERE POLLUTED. 

FIVE PER CENT OF THE DRILLED WELL SAMPLES CONTAINED OVER 

10 R.P.M. NITRATE NITROGEN. Or THIS GROUP NONE WAS !0LLUTE0. 

THE FOLLOWING DATA MAY BE OF A 

DRILLED WELL 107 FEET DEEP YIELDED WATER CONTAINING 35 P.P.M. 

NITRATE NITROGEN; ONE OF 114 FEET DEPTH CONTAiNED 25 P.P.M.; 

ONE DR 120 FEET CONTAINED .5 P.P.M.; AND ONE or 180 FEET CON- 

TAINED 17 R.P.M. 

(c) DUG AND DRILLED WELLS — TABLE III IS A COMPOSITE 
TABLE or THE RESULTS OF ALL 

WELL WATER EXAMINED. THIR- 

TEEN PER CENT OF THOSE SAMPLES CONTAINED MORE THAN 10 P.P.M. 

NITRATE NITROGEN. THIRTY—SEVEN PER CENT OF THOSE SAMPLES 

CONTAINING MORE THAN 10 P.P.M. NITRATE NITROGEN WERE POLLUTED. 

II. PERIODIC EXAMINATION OF WELL WATERS 

EXAMINATIDN OF FIGURE I REVEALS THE FLUCTU- 

ATION IN NITRAtE NITROGEN LEVELS DURING A PERIOD OF ONE YEAR. 

THESE WATERS WERE TESTED AT THE POINTS INDICATED ON THE GRAPHS. 

THE RESULTS OF THE BACTERIOLOGICAL TESTS FOR POLLUTION ARE 

INDICATED BY THE POSITIVE AND NEGATIVE SIGNS ABOVE THE 

ABSC ISSA. 

THE TERM SEASONAL MAY NOT BE JUSTIFIED IN 

VIEW OF THE FACT THAT THESE WATERS HAVE DEEN TESTED FOR A 

PERIOD OF ONE YEAR ONLY. THE FIGURES MIGHT NOT BE SO IRREG- 

ULAR HAD IT BEEN POSSIBLE TO TESTAT MORE FREQUENT INTERVALS. 

AMONG THE WELL WATERS THUS EXAMINED, THE RESULTS FROM NINE ARE 

PRESENTED, AND ARE THOUGHT TO GIVE A FAIR REPRESENTATION or 

THE FLUCTUATIONS THAT APPARENTLY OCCUR. THE WELLS CHOSEN ARE 

AS FOLLOWS: 

No.1 —DRILLED WELL, 28 FEET DEEPS GUELPH VICINITY 
No. 2 — SHALLOW DUG WELLS SOUTH OF LONDON 
No. 3 — DUG WELL, 6 FEET DEEP, NEAR ST. JACOBS 
No. 4 — DUG WELL, 45 FEET DEEP, NEAR AGINCOURT 
No. 5 — DUG WELL, 15 FEET DEEP, NEAR PRESTON 
No. 6 — Duc WELL, 15 FEET DEEP, NEAR HAWKSBURY 
No. 7 — DUG WELL, 75 FEET DEEP, NEAR NEWMARKET 
No. 8 — DUG WELL, 25 FEET DEEP, NEAR NEWMARKET 
No. 9 — DRILLED WELL0 ISO FEET DEEP, NEAR ELMIRA. 

DISCUSSION 

Ir WOULD APPEAR FROM THE OBSERVATIONS MADE 
THAT THE INCIDENCE OF NITRATES IS GREATER IN DUG THAN IN 

DRILLED WELLS. A DRILLED WELL IS NOT, HOWEVER0 AN INDICATION 
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OF NITRATE FREE WATERS. 

ALTHOUGH A GREATER PERCENTAGE OF WELL 
WATEGS WHICH CONTAIN NITRATE NITROGEN ARE POLLUTED, THERE 
STILL IS A HIGH PERCENTAGE OF NITRATE CONTAINING WATERS 
WHICH SHOW NO EVIDENCE OF POLLUTION. IHIS IS IN AGREEMENT 
WITH PREVIOUS WORK DONE ELSEWHERE (8,11,13,14,16). FOR 
THIS REASON OTHER SOURCES OF NITRATES HAVE BEEN SUGGESTED 
(8,11,13,14,16). THESE SOURCES MIGHT INCLUDE SEASONAL 
LEACHING OF THE TOPSOIL, VEGETATION, FERTILIZERS, TREE 
ROOTS AND NITRATE OEPOSITS. 

IT HAS BEEN POINTED OUT THAT THE FLUCTU- 
ATION IN THE NITRATE NITROGEN LEVELS CANNOT BE INTERPRETED 
AS SEASONAL UNLESS A SIMILAR PICTURE WAS OBTAINED OVER A 

PERIOD OF AT LEAST ANOTHER YEAR. IN A SIMILAR SURVEY CON- 
DUCTED IN KANSAS (ii) IT WAS FOUND THAT SEASONAL FLUCTUA- 
TION DID OCCUR IN FOUR MUNICIPAL WELLS OVER A TWO YEAR 
PER 100. HERE IT WAS FOUND THAT A PEAK WAS REACHED IN THE 

WINTER SEASONS AND THIS PEAK FELL OFF SHARPLY DURING LATE 
SPRING AND SUMMER. IN A SIMILAR SURVEY OF WATER FROM 
WELLS IN ALBERTA THE MARKED FLUCTUATION OF NITRATE NITROGEN 
CONTENT HAS BEEN DEMONSTRATED. 

SUMMARY 

THE NITRATE NITROGEN LEVELS AND THE INCI- 
DENCE OF POLLUTION OF 484 ONTARIO WELL WATERS HAVE BEEN DE- 
TERMINED. IT IS EVIDENT THAT NITRATE NITROGEN LEVELS ABOVE 
T11E 10 P.P.M. WHICH HAS BEEN SUGGESTED AS THE MAXIMUM FOR 
SAFETY OCCUR IN SUCH WATER SUPPLIES. THIS CONDITION IS 

MOST COMMON IN DUG WELLS, BUT DRILLED WELLS ARE NOT FREE OF 

THIS POLLUTION, IT WOULD APPEAR THAT THESE NITRATE LEVELS 
ARE NOT THE RESULT OF POLLUTION FROM HUMAN AND ANIMAL SOUR- 
CES ONLY. THE NITRATE NITROGEN LEVEL MAY FLUCTUATE MARKEDLY 
AND A SINGLE TEST FOR NITRATE CONTENT IS OF DOUBTFUL VALUE. 

TABLE I 

NITRATE NITROGEN IN 308 DUG WELLS — 1950 — 1954 

P.P.M. 'No. OF PERCENT OF PERCENT 
SAM PLES TOTAL POLLUTED 

0—1.0 147 47,72 17.68 
1—10 103 33.44 18.44 

11—20 34 11.03 38,23 
21—30 9 2.92 22.22 
31—40 3 0.97 0.0 

41—50 6 1.94 0,0 
51—60 2 0,64 0.0 
61—70 1 0.32 0.0 
108 1 0.32 0,0 
114 1 0.32 100 

196 I 0.32 100 

18.8 PER CENT OF THESE WELL WATERS CONTAINED MORE 
THAN 10 P.P.M. NITRATE NITROGEN. 
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TABLE II 

• 78.97 
15.99 
3.97 
0.56 
0,56 

TABLE 111 

5 • 75 
7.14 
0.0 
0.0 
0.0 

0—l.a 
1—10 

11-20 
21—30 
3 1—40 
41—50 
5 1—60 
6 1—70 
I 08 
114 
I 96 

No. or 

SAM PLES 

286 
131 

41 
I0 
4 
6 

2 

PERCENT OF 

or TOTAL 

59.09 
27.06 
8.47 
2.06 
0.82 
I .23 
0.41 
0.20 
0.20 
0.20 
0.20 

PERCE NT 
POLLUTED 

II .88 
16.03 
31.70 
20.00 
0.0 
0.0 
0.0 
0.0 
0.0 
I 00 
1 00 

13.8 PER CENT or THESE WELL WATERS CONTAINED 
MORE THAN $0 P.P.M. NITRATE NITROGEN. — 

a- 
NITRATE NITROGEN IN 176 DRILLED WELLS — 1950 — 1954 

P.P.M. No. 
SAMPLES 

OF PERCENT or 
TOTAL 

PERCENT 
POLLUTED 

0,1.0 
1—10 

I 1 —20 
21—30 
3 1—40 

5.1 PER CENT OF THESE WELL WATERS CONTAINED 
MORE THAN 10 P.P.M. NITRATE NITROGEN 

NITRATE NITROGEN IN 484 WELLS — 1950 — 1954 

DUG AND DRILLED TYPES 

P.P.M. 
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TION OF THE TECHNICAL ASSISTANCE OF MRS. M. LEITCH. 
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DEOXYGENATING WASTES 

— BY — 

A. V. DELAPORTE 

ONTARIO DEPARTMENT OF HEALTH 

TORONTO, ONTARIO 

DEOXYGENATING WASTES CONSIST OF ALL WASTES 

WHICH REACT WITH THE OXYGEN D1SSOLVED IN THE RECEIVING BODY 

OF WATER AND DEPLETE OR TEND TO DEPLETE THE AMOUNT OF OXYGEN 

AVAILABLE FOR NORMAL AQUATIC LIFE. SUCH WASTES ORIGINATE 

lid A WIDE VARIETY OF INDUSTRIES: IN TANNERIES; IN THE MANU- 

FACTURE OF GLUE, GELATIN0 ALCHOHOL INCLUDING BREWERIES AND 

DISTILLERIES; IN WOOL SCOURING; IN TEXTILE PLANTS; IN PULP 

AND PAPER MANUFACTURE; IN FOOD PROCESSING PLANTS SUCH AS MEAT 

PACKING, OAIRY AND MILK PROCESSING, CORN PRODUCTS, BEET SUGAR, 

FISH PROCESSING, AND FOOD DEHYDRATION PLANTS. DEOXYGENATING 

WASTES INCLUDE WASTES USUALLY REGARDED AS CHEMICAL WASTES, 

E.G. PICKLING LIQUOR FROM THE STEEL INDUSTRIES, ORGANIC CHEM- 

ICAL WASTES AND, OF COURSE, SANITARY SEWAGE. IT IS TOO BROAD 

A FIELD TO COVER COMPLETELY IN SUCH A SHORT CONFERENCE. SOME 

PHASES OF THE PARTICULAR PROBLEMS OF CERTAIN OF THE 1NDUSr— 

R1ES MENTIONED HAVE BEEN OR WILL BE DEALT WITH BY OTHER 

SPEAKERS. IT WILL, THEREFORE, BE ONLY POSSIBLE TO DEAL WITH 

THE PRINCIPLES INVOLVED IN GENERALITIES. THE OPINIONS EX- 

PRESSED ARE MY OWN — NOT NECESSARILY THOSE OF THE DEPARTMENT. 

GENERALLY SPEAKING THE TREATMENT OF ORGANIC 

WASTES IS BY AEROBIC DIGESTIDN OR ANAEROBIC DIGESTION. 

MOST WASTES OF THIS TYPE CAN BE SUCCESSFULLY TREATED BY THE 

STANDARD AEROBIC TREATMENTS OF ACTIVATED SLUDGE OR OF HIGH 

RATE BIOFILTERS. THERE IS A RECORD OF FAILURE, BUT ALSO OF 

SUCCESS0 WITH AEROBIC TREATMENT. THERE ARE SEVERAL CAUSES 

FOR THE FAILURE. ONE OF THE PRINCIPAL CAUSES HAS BEEN THE 

LACK OF PROPER SCREENING AND/OR SETTLING BEFORE AEROBIC TREAT- 

MENT. ANOTHER CAUSE IS THE LACK OF ADJUSTMENT OF THE HYDROGEN— 
ION CONCENTRATION. THE THIRD AND MOST IMPORTANT CAUSE IS 

THAT ALLOWANCE HAS NOT BEEN MADE IN THE DESIGN OF TREAT- 

MENT PLANTS FOR THE HIGH B.O.D. LOADINGS OF THESE TYPES OF 

WAS I E S. 

IN THE ACTIVATED SLUDGE SYSTEM OF TREATMENT0 

IT MAY BE FOR PRETREATMENT OF THE WASTE 10 CORRECT 
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THE AND/OR TO ELUIIrIATE LARGE MATTER. THE 

LENGTH OF TIME or AERATiON — OR AS OUR FRIENDS IN THE OIL 
INDUSTRY WOULD SAY, THE TIME OF RESIDENCE — MUST BE SUFFIC- 
IENT TO TAKE CAPE OF THE MAXIMUM BOO.D. LOADING0 IT IS 

ALSO ESSENTIAL TO HAVE A TANK FOR THE REAERATION OF THE ACT- 
IVATED SLUDGE BEFORE IT IS DISCHARGED TO THE INCOMING WASTE. 
THIS SHOULD PROVIDE A BANK or WELL CONDITIONED SLUDGE AS 

INSURANCE AGAINST FAILURE OF THE PRETREATMENT OR AGAINST 
SHOCK 8.0.0. LOADINGS, 

IN THE OXIDATION OF THESE WASTES ON HIGH 
RATE BIOFILTERS, THE SAME FACTORS HOLD TRUE, SUSPENDED 
SOLIDS IN THE APPLIED WASTE MUST BE TO A MINIMUM TO 

PREVENT CLOGGING OF THE BED AND/OR THE DISTRIBUTION SYSTEM. 

THE VOLUME OF EFFLUENT RECIRCULATED TO 

DILU1E THE INCOMING SEWAGE MUST BE GREAT ENOUGH TO REDUCE 
THE 8.0.0. or THE APPLIED MIXTURE TO ABOUT 100 P.P.M, 
SOME DESIGNERS HAVE TAKEN THE 24 HOUR B.0006 LOADING AND CAL- 
CULATED THE VOLUME OF EFFLUENT RETURN FROM THAT FIGURE. IN 

MOST iNDUSTRIES OF THIS TYPE THE HEAVY 8.0.0. AND HEAVY FLOW 

IS FOR ABOUT AN EIGHT HOUR PERIOD9 FOLLOWED PERHAPS FOR AN 

HOUR OR TWO WITH A LIGHTER WASTE AND SMALLER VOLUME FROM THE 

WASH UP. WITH A CONSTANT VOLUME RECIRCULATED AS CALCULATED 
FROM THE AVERAGE FIGURE, THE MIXTURE FOR ABOUT EIGHT HOURS 
HAS TOO HIGH A 8.0.0. THIS INEVITABLY LEADS TO CLOGGING AND 

PONDING DUE TO A STIMULATED GROWTH OF NATANS. 
IT WAS STATED AT THE PURDUE CONFERENCE THAT PONDING ON BIO- 
LOGICAL FILTERS WAS CAUSED BY A HIGH CARBOHYDRATE 8.0.0. AND 

WAS NOT CAUSED BY PROTEIN 8.0.0. 

AN EXAMPLE OF FAILURE TO TAKE ALL FACTORS 
INTO CONSIDERATION 'N DZSIGN IS THAT OF A RENDERING PLANT. 
AN EXPENSIVE BIOFILtER WAS INSTALLED, BUT FAT REMOVAL FROM 
THE WASTE WAS NOT COMPLETE. THE FAT CONGEALED ON THE SUR- 
FACE or THE BED AND iN A FEW HOURS THE FILTER WAS OUT OF 

WORKING CONDITION. A TYPE OF WASTE WHICH REQUIRES A CON- 
SISTENT PRE—TREATMEN1 iS TANNERY WASTE, THE LIME WASTES 
MUST BE NEUTRALIZED AND COMPLETELY STABILIZED AND SETTLED 
BEFORE TREATMENTS OTHERWISE CALCIUM CARBONATE WILL DEPOSIT 
ON THE FiLTER MEDIA, IN THE P,PE LINES AND ON ALL THE STRUC- 
TURES WITH WHICH THE WASTE IS CONTACT. THIS WILL RUIN 
THE FILTER MEDIA AND ULTIMATELY RUIN THE PLANT ITSELF. 

ANAEROBIC DIGESTION OF ORGANIC MATTER IS 

AN OLD DEVICE0 THE SEPTIC TANKS THE DIGESTION TANK? EMSCMER 
TANK, TRAVISS TANK AND IMHOFF TANK .LL UTILIZE THE ANAEROBIC 
DIGESTION OF ORC\NIC MATTER ro PRODUCE INERT HARMLESS SOLIDS 
WHICH ARE MORE OR LESS EASILY DE—WATERED. 

THE EFFLUENT FROM THE SEPTIC TANK TYPE OF 

TREATMENT IS NEVER FULLY SATISFACTORY FOR DISCHARGE WITHOUT 
FURTHER TREATMENT, EVEN IF THE RESIDENCE PERIOD OF THE 
WASTE IS A WEEK OR DAYS THE REDUCTION OF THE 8.0.0. OF THE 
EFFLUENT IS INSUFF!C,ENT FOR DISCr4ARGE WITHOUT CAUSING A DE- 

PLETION OF THE DISSOLVED OXYGEN IN THE RECEIVING BODY OF WATER. 
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DR. R. RUPERT K0UNTZ OF PENNSYLVANIA STATE 

COLLEGE IN HIS PAPER ON "SMALL SLAUGHTER HOUSE WASTE TREAT— 

STATED THAT ANAEROBIC TREATMENT OF THAT TYPE OF WASTE 

WAS UNATTRACTIVE. THE TANK VOLUMES REQUIRED TO GIVE THE 

RESIDENCE TIME REQUIRED FOR A SATISFACTORY EFFLUENT RENDERED 

ANAEROBIC TREATMENT IMPOSSIBLE ON ECONOMIC GROUNDS. 

A PROPER DISPOSAL OF ANAEROBIC LIQUORS SUCH 

AS THE SUPERNATANT FROM DIGESTION TANKS, THE LIQUOR FROM DE— 

WATERING DIGESTED SLUDGE AND THE WATER FROM THE ELUTRIAT ION 

or DIGESTED SLUDGE HAS NOT YET SEEN ACCOMPLISHED BY THE SANIT- 

ARY ENGINEERING FRATERNITY. THEY SOLVED ONE PROBLEM AND 

CREATED TWO NEW ONES. 

CHEMICAL PRECIPITATION AND CHLORINATION ARE 

NOT TO BE RECOMMENDED ON ANY ONE or SEVERAL COUNTS — (A)COSTS; 
(B) TROUBLE IN THE MAiNTENANCE OF PROPER DOSAGE; Cc) ONLY THE 

SUSPENDED SOLIDS ARE REMOVED; SOLUBLE B.O.D. SUCH AS SUGAR IS 

NOT REMOVED; CD) REMOVAL AND DISPOSITION OF RESULTING SLUDGE. 

IN CERTAIN INSTANCES ONLY CHEMICAL PRECIPITATION MAY BE USED 

TO ALLEVIATE CONDITIONS. 

DR. KOUNTZ IN HIS PAPERS WHICH WAS MENTIONED 

BEFORE, GAVE DETAILS OF A SIMPLE SUCCESSFUL AND RELATIVELY IN- 

EXPENSIVE METHOD OF TREATING WASTES FROM SMALL SLAUGHTER 

HOUSES. HE USED 1NTERMITTENT SAND FILTRATION, WITH EMPHASIS 

ON INTERMITTENT. THERE WERE TWO SAND FILTERS IN SERIES. 

THE FRESH WASTE WAS SYPHDNED ONTO THE FIRST BED TO GIVE A 

LOADiNG OF ABOUT 200,000 U.S.GALLONS PER ACRE. THE EFFLUENT 

FROM THE FIRST BED WAS SYPHONED ONTO THE SECOND BED. THE 

SYPHONS DiSCHARGED ONTO MATS IN THE CENTRE OF THE FILTERS IN 

ORDER TO SPREAD THE DOSE. THIS VOLUME OF WASTE SHOULD, IF 

PROPERLY SPREAD, PUT A DEPTH OF ABOUT SIX INCHES OF LIQUOR 

OVER THE FILTER BED. THE DAYS WHEN KILLING WAS IN PROGRESS 

THE SYPHONS MIGHT DISCHARGE THREE OR FOUR TIMES A DAY — BUT 

AS THESE SMALL PLANTS DO NOT KILL EVERY DAY THERE WAS A SUF- 

FICIENT REST PERIOD FOR THE RESTORATION OF THE BED. IT IS 

ESSENTIAL THAT THE VOLUME OF WASTE BE KEPT TO A MINIMUM; NO 

HOSE SHOULD BE LEFT WASTING WATER ONTO THE FLOOR. ALSO 

EMPHASIZED WAS THE NECESSITY OF REMOVAL OF BLOOD AND SOLIDS 

BEFORE SEWERING — PARTICULARLY FLESHINGS AND IN THE CASE OF 

POULTRY KILLING PLANTS, FEATHERS. THE VOLUME OF WASTE SHOULD 

RUN BETWEEN 100 AND ISO U.S.GALLONS PER ANIMAL; ABOUT 100 

GALLONS PER HOG AND ISO GALLONS PER STEER. IT WAS STATED THAT 

NO ODOUR NUISANCE RESULTED FROM THESE FILTERS; THE EFFLUENT 

WAS SATISFACTORY FOR DISCHARGE; THAT FREEZING DID NOT MATER- 

IALLY AFFECT THE BEDS AS THE WASTE WAS WARM ENOUGH TO THAW THE 

FROZEN BEDS. 

IT SHOULD BE NOTED THAT THE FOREGOING WAS 

IN PENNSYLVANIA. 

SUMMARY 

t) AEROBIC TREATMENT FOR ORGANIC DEOXYGENATING WASTES 

OFFERS THE SEST AND MOST ECONOMICAL METHOD OF TREAT— 

ME NT. 
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2) ANAEROBIC TREATMENT FOR ORGANIC DEOXYGENATING WASTE IS 

ONLY APPLICABLE WHERE THE EFFLUENT CAN BE SATISFACTORILY 
DISPOSED OF IN TILE DRAINAGE BEDS OR SUBJECTED TO OTHER 
TREATMENT BEFORE DISCHARGE TO A WATER COURSE. 

3) IT WOULD BE ADVISABLE TO TRY TO REPLACE DIGESTION OF 

OBJECTIONABLE ORGANIC SLUDGES BY SOME OTHER METHOD - 

POSSIBLY THE PORTEOUS PROCESS OR SOME MODIFICATION OF 

THAT PROCESS. IT SHOULD BE POSSIBLE TO TRY THAT 
PROCESS ON A PILOT PLANT UNDER NORTH AMERICAN CONDITIONS. 

* 

*0 
* 



- 40 - 

SPRAY IRRIGATION IN THE DISPOSAL OF INDUSTRIAL WASTES 

CANNERY WASTES 

— BY — 

H. W. POWELL 

CANADIAN CANNERS LIMITED 

HAMILTON, ONTARIO 

I WISH TO STATE AT THE VERY BEGINNING THAT 

I AM NOT HERE TO SPEAK TO YOU AS AN AUTHORITY ON THE HANDLING 

AND DISPOSAL OF INDUSTRIAL WASTES. HOWEVER, I AM MUCH IN- 

TERESTED IN THE SUBJECT AND WHEN MY GOOD FRIENDS DR. BERRY, 
REQUESTED I DISCUSS THE SUBJECT OF WASTE DISPOSAL FROM THE 

VIEWPOINT OF CANNERY WASTES, I COULD NOT REFUSE — BUT I FULLY 

EXPECTED TO BE ABLE TO OBTAIN TO SPEAK TO YOU IN MY PLACE A 

MAN WELL VERSEO AND EXPERIENCED IN THE SUBJECT. UNFORTUN- 

ATELY I AM SORRY TO HAVE TO SAY I WAS UNABLE AT THE LAST 

MOMENT TO MAKE SUCH AN 4RRANGEMENT. THEREFORE, I WILL EN- 

DEAVOUR, WITH YOUR INDULGENCE, TO PRESENT TO YOU SOME ASPECTS 

OF THE PROBLEM OF THE DISPOSAL OF CANNING FACTORY WASTES. 

COMMERCIAL CANNING ON THIS CONTINENT IS 

APPROXIMATELY SEVENTY—FIVE YEARS OLD. IN THE EARLY DAYS THE 

PRODUCTION WAS RELATIVELY SMALL AND THERE WAS LITTLE OR NO 

PROBLEM IN DISPOSAL 1N A SATISFACTORY MANNERS THE RESULTANT 

WASTE PRODUCTS. THE COMMUNITIES IN WHICH THE FACTORIES WERE 

LOCATED WERE SPARSELY SETTLED AND THE SOL1OS WASTE COULD BE 

DISPOSED OF READILY,AND THE LIQUID WASTES WERE DISPOSED DF 

IN THE NATURAL STREAM OF THE AREA. 

As THE CANNING INDUSTRY GREW, OTHER INDUST- 

RIES DEVELOPED AND THE COMMUNITIES BECAME MORE THICKLY IN- 

HABITED. THIS GROWTH GRADUALLY MADE THE OLD WASTE DISPOSAL 
METHODS INADEQUATE AND SO WASTE DISPOSAL IN THE CANNING IN- 

DUSTRY, LIKE THAT OF THER INDUSTRIES BECAME A PROBLEM. 

THE COMMERCIAL CANNER RECEIVES FROM THE 

FARM TNE PRODUCTS Ill THE RAW FORM AND THE AMOUNT OF WASTE 

VARIES GREAtLY IN QUANTITY — PEAS ON VINE; CORN WITH HUSK 

AND COB APPLES, PEACHES WITH SKIN AND CORES OR PITS. 

FOR INSTANCE THE WASTE FROM CHERRIES RUNS AROUND 20% WHILE 

THAT ON CORN MAY RUN AS HIGH AS 85% WITH THE PERCENTAGE OF 

WASTE FROM OTHER PRODUCTS FALLING IN BETWEEN. RASPBERRIES 
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HAVE A VERY LOW WASTE PERCENTAGE. 

A LARGE PROPORTION OF THESE WASTES, IS IN 

THE SOLID FORM AND RELATIVELY EASY TO SEPARATE AND DISPOSE OF 

IN A SATISFACTORY MANNER, SUCH AS CORN HUSKS0 APPLE SKINS, 

ETC. IN MANY INSTANCES THEY ARE RETURNED TO THE FARM AND 

USED AS FEED OR FERTILIZER. 

THERE IS A LARGE VOLUME OF WASTES IN LIQUID 

FORM WHICH CONTAINS IN SOLUTION OR SUSPENSION A CONSIDERABLE 

PERCENTAGE OF ORGANIC VEGETABLE OR FRUIT MATTER. IT IS THIS 

TYPE OF LIQUID WASTE WHICH WE WISH TO CONSIDER AND WHICH IS 

THE IMPORTANT PART FROM POLLUTION AND NUISANCE VIEWPOINT. 

THE COMMERCIAL CANNER MUST IN SELECTING A 

FACTORY LOCATION, GIVE FIRST CONSIDERATION TO TWO ESSENTIAL 

POINTS AND THESE ARE: 

I. AN ADEQUATE. STEADY SUPPLY OF PURE WATER. 

2. A SATISFACTORY AND NUISANCE FREE METHOD OF WASTE 

DISPOSAL. 

Boiii THESE POINTS ARE OF EQUAL IMPORTANCE 

AND UNLESS THEY CAN BE SATISFACTORILY SOLVED THE LOCATION 

IS NOT A SUITABLE ONE FOR A CANNING FACTORY. HOWEVER, 

THERE IS THE PROBLEM WHERE SOME YEARS AGO A CANNING FACTORY 

WAS LOCATED IN AN AREA WHERE BOTH THESE CONDITIONS WERE SAT- 

ISFIED BUT IN LATER YEARS, DUE TO THE DEVELOPMENT OF THE COM- 

MUNITY BOTH INDUSTRIALLY AND OTHERWISE, THE WASTE DISPOSAL 

OF THIS ESTABLISHED FACTORY BECOMES A PROBLEM. THE COMMUNITY 

HAS GROWN BUT THE METHODS FOR WASTE DISPOSAL HAVE LAGGED 

BEHI ND. 

THE MOST SATISFACTORY METHOD OF THE DIS- 

POSAL OF THE LIQUID WASTES, AFTER SCREENING B THE CANNING 

FACTORY, IS INTO A MUNICIPAL DISPOSAL UNIT. BUT NOT ALL 

MUNICIPAL DISPOSAL PLANTS ARE ABLE TO HANDLE SUCH WASTE. 

FURTHER SINCE THE CANNING FACTORY IS USUALLY LOCATED IN 

RURAL AREAS, FREQUENTLY SUCH DISPOSAL UNITS ARE NOT IN EXIST 

E NCE. 

THE PROBLEM OF DISPOSAL OF THIS CANNING 

FACTORY WASTE HAS BEEN ATTACKED FROM A NUMBER OF DIFFERENT 

ANGLES WHERE MUNICIPAL DISPOSAL PLANTS WERE NOT AVAILABLE. 

THE FIRST AND OBVIOUS METHOD WAS TO SCREEN THE WASTE AND RUN 

THE LIQUID INTO EXISTING D1TCHES, STREAMS, ETC. THIS IN 

MANY INSTANCES IS NOT SATISFACTORY, DUE TO THE HIGH B.O.D. 

OF SUCH WASTES0 ITS EFFECT ON THE LIFE OF SUCH STREAMS0 AND 

ITS POSSIBLE NUiSANCE FROM THE POINT OF VIEW OF ODDUR. 

IN ORDER TO REMOVE FROM THE WASTE, THE OB— 

JECT1ONABLE PORTIONS AS IT WAS DISCHARGED IN THE STREAMS, 

CANNERS WENT THROUGH AN ERA, WNEN INSTALLATIONS OF SETTLING 

BASINS AND VARiOUS SYSTEMS OF FILTERS USUALLY OF CRUSHED 

STONE OF VARIOUS SIZES, WERE MADE. THESE INSTALLATIONS 

WHILE UNDOUBTEDLY OF SOME VALUE, WERE NEVER ABLE. TO GIVE A 

SATISFACTORY SOLUTION TD THE PROBLEM. 
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ANOTHER METHOD TRIED ON A FAIRLY EXTENSIVE 
SCALE WAS THE BIOLOGICAL FILTER IN WHICH THE ORGANIC MATTER 
IN THE WASTES WAS BROKEN DOWN BY THE ACTION OF BACTERIA. THE 
CANNING INDUSTRY IS A SEASONAL OPERATION, AND THE NATURE OF 

THE WASTES VARY GREATLY OVER THE SEASON. THE BIOLOGICAL 
FILTER FOR THIS REASON HAS NOT PROVEN TO BE A TOO SATISFACTORY 
METHOD FOR WASTE DISPOSAL IN THE CANNING INDUSTRY. IN ADDIT- 
ION THE INSTALLATION AND THE OPERATIONAL COSTS ARE VERY HIGH. 

CONSIDERABLE WORK HAS BEEN DONE ON REMOVAL 
OF THE UNDESIRABLE PORTIONS OF CANNING FACTORY WASTES BY SED- 
IMENTATION. THIS METHOD HAS SOME APPLICATION BUT AGAIN, DUE 
TO GREAT VARIATION IN THE NATURE OF CANNING FACTORY 
WASTES ANO THE COST OF THIS METHOD IT DID NOT PROVE TO BE THE 
ANSWER. 

THE NEXT STEP AND UP TO THAT TIME BY FAR 
THE MOST SATISFACTORY IS WHAT 1$ KNOWN AS THE LAGOON METHOD. 
IT IS USED AT PRESENT TIME WHEN PROPERLY INSTALLED, WITH 
COMPLETELY SATISFACTORY RESULTS. 

THE LAGOON METHOD CONSISTS OF MECHANICAL 
SCREENING OF THE LIQUID WASTES TO REMOVE THE SUSPENDED SOLIDS, 
TREATING THE EFFLUENT LIQUID WITH A SMALL QUANTITY OF NITRATE 
AND IMPOUNOING THE LIQUID IN A LARGE LAGOON OR SMALL ARTIFIC- 
IAL LAKE. 

THE LAGOON SHOULD BE LARGE ENOUGH TO HOLD 
THE PRODUCTION OF THE FACTORYTS WASTE LIqUID. IT 

MUST BE WELL BUILT TO PREVENT INROADS INTO THE BANKS BY MUSK- 
RATS. THE DEPTH OF THE LIQUID IN THE LAGOON SHOULD NEVER 
EXCEED 5 FEET, AND IT SHOULD BE ADJACENT TO A STREAM WHERE 
THE SPENT WASTE CAN BE DISCHARGED HARMLESSLY AT SUITABLE 
SEASONS OF THE YEAR. WE HAVE STATED THAT THE LAGOON SHOULD 
BE LARGE ENOUGH TO HOLD THE SEASONTS OUTPUT OF LIQUID WASTE. 
WE WOULD SAY THAT EXPERIENCE HAS SHOWN THAT THE RATE OF EVA- 
PORATION FROM SUCH LAGOON IS RELATIVELY VERY LARGE — ON A 

NORMAL SUMMER DAY THE EVAPORATION FAR EXCEEDS THE AVERAGE 
PRECiPITATION. No SURFACE ORAINAGE WATER SHOULD, HOWEVER, 
BE ALLOWED TO ENTER THE LAGOON. 

THE LOCATION OF THE LAGOON IS OF IMPORTANCE. 
IT MUST SE SOMEWHAT REMOVED rROM HUMAN HABITATION AS THERE IS 

SOME ODOUR COMiNG FROM THE WASTE AS IT UNDERGOES DECOMPOSITION. 
PREVAILING WINDS MUST SE CAREFULLY CHECKED, IF IT CAN BE 
SITUATED ON A SOIL OF A GOOD ABSORPTIVE NATURE, THE SIZE OF 

THE LAGOON MAY BE SOMEWHAT SMALLER. 

THE LAGOON FOR CANNING FACTORY WASTES IS 

OPERATING IN A VERY SATISFACTORY MANNER IN A NUMBER OF LOC- 
ATIONS AND PROMISES TO BE CONTINUED AS A METHOD FOR HANDLING 
SUCH WASTES. 

AN OUTGROWTH OF THE LAGOON IS THE SPRAY 
IRRIGATION SYSTEM OF HANDLING CANNING FACTORY WASTES, WE 
BELIEVE THIS IDEA WAS BORN FROM A LAGOON INSTALLATION WHICH 
PROVED TO BE TOO SMALL AND THE NECESSITY AROSE TO GET RID OF 
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LARGE QUANTITIES OF WASrEG GROWING CROPS WERE IR- 

RIGATED -. WHY NOT USE THIS WASTE WATER FOR SUCH PURPOSE? 

IT WAS TRIED ON A PASTURE AND IN THIS INSTANCE WORKED. FROM 

THIS SMALL AND IN A WAY ACCIDENTAL BEGINNING THE SPRAY IRRiG- 

ATIOI SYSTEM Of WASTE DISPOSAL HAS BEEN EXTENDED TO HANDLING 

OF WASTES IN LAST FIVE OR SO YEARS FROM DiFFERENT TYPES OF 

FOOD FACTORIES AND ON THE WHOLE IS WORKING VERY SATISFACTORILY, 

IT DOES APPEAR TQ NAVE CERTAIN LIMITATiONS, 

PARTICULARLY IN RESPECT TO THE CROPS ON WHICH IT CAN BE USED 

AND THE NATURE OF THE LAND. WHILE IT SEEMS TO WORK qUITE 

WELL IN WOODED AREAS, IT IS NOT KNOWN THE ULTIMATE EFFECT IT 

WILL HAVE ON THE TREES, WOODED AREAS PRESENT A FURTHER PROB- 

LEM INASMUCH AS THE TREES PRESENT OBSTACLES IN LAYING THE IR- 

RIGATION LINES AND CHANGING OF THEM TO NEW LOCATiONS, Wr 

KNOW OF NO RECOMMENDATIONS WHERE IT SHOULD BE USED ON ORCHARDS 

PARTICULARLY CULTIVATED ONES FOR REASONS THAT WE WILL REFER 

TO LATER, 

HOWEVER, FOR PASTURES AND GRASS FODDER PROD- 

UCING LANDS IT APPEARS lOBE WORKING QUITE SATISFACTORILY. 

IN BRIEF THE METHOD IS TO SCREEN 

THE LIQUID WASTES THROUGH A TEN MESH SCREEN, — A SQUIRREL 

CAGE OR VIBRATING SCREEN SHOULD BE USED. A STATIONARY SCREEN 

SOON BECOMES CLOGGED AND WILL NOT ALLOW THE WATER TO PASS 

THROUGH. THE LIQUID IS ACCUMULATED IN A SMALL COLLECTING 

BASIN AND PUMPED FROM THERE TO THE LANO TO BE IRRIGATED, THE 

BEST OPERATION APPEARS TO BE TO PUMP THE EFFLUENT THROUGH TO 

THE RRIGATED LAND WHEN IT IS STILL FRESH AND BEFORE DECOM- 

POSiTION COMMENCES. THE MECHANISM FOR THE OPERATION OF THE 

IRRIGATION IS SIMILAR TO THAT USED ON REGULAR SPRAY IRRIGATION 

OTHER THAN THE PRELIMINARY SCREENING OF THE WASTE, 

ONE PROBLEM IS IN THE PROPER SELECTION OF 

THE LAND AND THE CROP FOR THE IRRiGATION. THE AREA or THE 

LAND WILL VARY WITH ITS NATURE AND THE QUANTITY OF LIQUID ro 

BE DISPOSED, LOCAL LAND SURVEYS CAN BE CF ASSISTANCE IN LAND 

SELECTION, EVEN BORINGS OF THE SOIL IS RESORTED TO IN SOME 

INSTANCES, GENERALLY QUITE A LMRGE ACREAGE IS REQUIRED. IN 

SOME INSTANCES THE FACTORY HAS FOR 5UCH PURPOSES AS MUCH AS 

FIFTY OR MORE ACRES. 

WHILE THE SPRAY iRRIGATION SYSTEM CAN BE 

USED FOR DIFFERENT CROPS, PASTURE LAND HAS PROVEN TO SE MOST 

SATISFACTORY. GRASSES ABSOPB THE IN GREATER AMOUNTS 

AND WILL CONTINUE TO CO SO FOR LONGER PERIODS OF TIME. 

To ILLUSrRATE AN OPERATION WE WOULD TA%.E 

ONE WhERE iN EARLY MAY A MIXTURE OF GRASSES CONSISTING OF iN— 

TERMEDIATE WHEAT, ORCHARD AND ALTA FESCUE WAS 

SOWN AND ALLOWED TO GROW UNTIL JULY WHEN THE FIRST SPRAY 

RIGATION OF FACTORY WASTES WAS APPLIED. THEN SPRINKLERS 

CONNECTED WITH AN IRRIGATION SYSTEM WERE USED DURING A NORMAL 

OPERATING DAY FOR 14÷ HOURS. THE SPRI NKLER INS1ALLATION CON- 

SISTED OF ONE LATERAL LINE 1200 FEET LONQ COMPOSED OF 30 FOOT 

SECTIONS or 49 ALUMINUM PIPE WITH CAST IRON PIPE RISERS 
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SPACED 60 FEET APART. EACH SPRINKLER DELIVERED IS G.P.M. AT 

45 P.S. I. PRESSURE. 

THE FOLLOWING DAY THE LATERAL WAS MOVED A 

DISTANCE OF 60 FEET TO A NEW LOCATION. THE PEA PACK STARTED 
ON JULY 1ST, ENDING AUGUST IST, AND DURING THIS PERIOD 
ACRES OF LAND WERE USED FOR SPRAY IRRIGATION ON A PACK OF 

APPROXIMATELY 100,000 CASES OF PEAS. SUBSEQUENTLY THE 
LiQUID WASTES FROM A CORN PACK OF SOME 90,000 CASES, WERE 
DISPOSED OF SY IRRIGATION IN THE SAME AREA. THE REPORT IS 

THAT THE SYSTEM WORKED VERY SATISFACTORILY AND FREE FROM 
ANY NUISANCE VALUE. THE LAND UNDER THE SYSTEM USED ABSORBED 
THE LIqUIDS IN A SATISFACTORY MANNER, THE CROP GREW ABUND- 
ANTLY AND THERE OCCURRED NO NUISANCE FROM ODOURS, ETC. 

THE COVER CROP PLAYS A VERY IMPORTANT PART 
IN THE SYSTEM OF SPRAY IRRIGATION. IN THE INSTALLATION REF- 
ERRED TO ABOVE THE GRASSES WERE SOWN ABOUT MAY 1ST. DURING 
THE LATTER PART OF JULY THE GRASS HAY CROP ON PART OF THE 
AREA WAS CUT OVER A PERIOD OF SEVERAL DAYS. WASTES APPLIED 
AT THIS TIME TO UNCUT AREA WERE ABSORBED AT A RATE WHICH 
ALLOWED SPRINKING ON THE SAME AREA FOR THE ENTIRE DAY. HOW- 
EVER, THE CUT AREA OF THE FIELD EXPOSED CONSIDERABLE BARE 
GROUND BETWEEN THE PLANTING ROWS AND WASTE ABSORPTION WAS 
REDUCED BY 50%. ON ONE AREA CUT FOLLOWING A RAIN, PACKING 
OF THE SOIL BY CUTTING AND HAULING OPERATIONS FURTHER RE- 
DUCED THE ABSORPTION TO ABOUT 25%. 

FURTHER DEVELOPMENT OF THIS PARTICULAR OP- 
ERATION PLANNED FOR EXTENDING THE AREA BY ABOUT 75% WHICH WILL 
BE PLANTED TO ALFALFA AND CUTTING THE ALFALFA AT LEAST TEN 
DAYS BEFORE USING THE AREA FOR SPRAY IRRIGATION. THIS EX— 
TENS1ON WAS PLANNED TO OBTAIN SOME FINANCIAL RETURN ON THE 
WASTE DISPOSAL SYSTEM. CATTLE WERE TO BE GRAZED ON THE GRASS 
FIELD. IN NEW JERSEY THE STATE BOARD OF HEALTH HAS GIVEN 
APPROVAL TO PASTURING MILK COWS ON SPRAYED AREAS PROVIDING 
THERE HAS BEEN A TEN DAY LAPSE SINCE THE SPRAY WAS DISCONTIN- 
UE D. 

PRINCIPLE THE METHOD OF SPRAY IRRIG- 
ATION APPEARS REASONABLY SIMPLE, BUT THERE REMAINS SOME PRE- 
CAUTIONS TO BE TAKEN AND CERTAIN PROBLEMS AND LIMITATIONS. 

SOME OF THESE LIMITING FACTORS AND PRECAUTIONS ARE: 

I. SATISFACTORY DISPOSAL DEPENDS ON SOIL ABSORPTION AND 
THE FACTOR OF FIRST CONSIDERATION IS AVAILABILITY OF 
LAND WITHIN ECONOMICAL PUMPING DISTANCE. 

2. THE SELECTION OF PROPER COVER CROP IS OF PRIME IMPORT- 
ANCE. AN ADEQUATE COVER CROP WILL ALLOW RELATIVELY 
POOR ABSORPTION SOIL TO BE SATISFACTORY. 

3. SPRAYING ON BARE OR ESSENTIALLY BARE SOIL WILL NOT 
RESULT IN A SATISFACTORY ABSORPTION WITHOUT RUN OFF. 
THE ROOT SYSTEM OF A GROWING COVER CROP HELPS DISPOSE 
OF ABSORBED GROUND MOISTURE. 

4. CHOICE OF TYPE OF COVER CROP IS MOST IMPORTANT. SUCH 
CROPS AS PEAS, BEANS, SMALL GRAINS HAVE PROVEN TO BE 
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UNSATISFACTORY BECAUSE THEY COULD NOT TOLERATE THE 

QUANTiTY OF WATER. IT DOES SEEM, HOWEVER, THAT DENSE, 

LOW GROWING GRASSES OF GOOD PASTURES ARE THE MOST SAT- 

ISFACTORY. WITH FIELDS OF GOOD COVER CROP WASTE WATER 

CAN BE SPRAYED AT A RATE OF 0.4 TO 0.6 INCHES PER HOUR 

OVER A PERIOD OF ONE DAYtS OPERATION. A RECOMMENDED 

PRACTISE IS TO H AVE TWO LATERALS AND OPERATE EACH ON 

AN ALTERNATE BASIS OF ONE HOUR TO ALLOW FOR BEST AG— 

SORPTI ON. 

5. THE EFFECT OF LEACHING OF MINERAL CONSTITUENTS OF THE 

SOIL BY SPRAY IRRIGATION HAS NOT BEEN DETERMINED. FOOD 

PLANT WASTES, WILL SUPPLY SOME NUTRIENTS. PEA 

WASTE FOR EXAMPLE WILL AVERAGE 46 P.P.M. ORGANIC NITRO- 

GEN AND 9 R.P.M. AMMONIA NITROGEN WITH A TOTAL PHOSPH- 

ORUS CONTENT OF B P.P.M. WITH 5 P.P,M. IN SOLUBLE FORM. 

CORN WASTE HAS AN AVERAGE OF 54 P.P.M. ORGAN IC NITROGEN 

AND 2 P.P.M. AMMONIA NITROGEN. TOTAL PHOSPHATES AVER- 

AGE II P.P.M. WITH 5 R.P.M. SOLUBLE. STUDIES OF SOIL 

ANALYSIS OVER SEVERAL YEARS ARE NEEDED TO GIVE RELIABLE 
INFORMATION OF SPRAY IRRIGATION OF FACTORY 

WASTES. 

6. PRE—SCREENING OF WASTES IS A MOST IMPORTANT STEP IN 

THIS SYSTEM OF CANNING FACTORY WASTES DISPOSAL. A 10 

MESH SCREEN HAS BEEN SHOWN TO BE QUITE SATISFACTORY. 
THERE IS NO BENEFIT TO BE DERiVED FROM REMOViNG VERY 

FINE SOLID MATERIAL OR USE OF 20 OR 40 MESH SCREENS. 
PRECAUTION SHOULD BE TAKEN, TO PREVENT THE 

INCLUSION IN THE SCREENED WASTE WATER BY ACCIDENTS 
SOLIDS THAT SHOULD HAVE BEEN REMOVED, It MAY BE NEC- 

ESSARY TO INSTALL A STATIONARY SCREEN OVER THE END OF 

THE PUMP SUCTION PIPE WITH SIZE or SCREEN OPENINGS 
APPROXIMATELY THAT OF NOZZLE. TREND IS TO 1/4" NOZZLE 

OPFN I NG. 

7. THE SPRINKLERS SHOULD BE CAPABLE OF DELIVERING IS TO 

25 G.P.M. OVER AN AREA or 120 TO 140 FEET IN DIAMETER 

WHEN THE DISPOSAL IS ON A FiELD OR PASTURE. 

B, THE SYSTEM SHOULD BE OF SUCH A SIZE THAT WILL ALLOW 

DISPOSAL OF WASTES WITH A MINIMUM OF HOLDING TIME. A 

SUMP HOLDING THE WASTE COLLECTED OVER A PERIOD OF IS 

TO 30 MINUTES SHOULD BE AMPLE. IN THIS WAY THE WASTE 

IS DISPOSED OF SEFORE ODOURS ARE DEVELOPED. 

9. LATERALS SHOULD BE REMOVED FROM CLOSE PROXIMITY TO 

HIGHWAYS, ETC. TO PREVENT ANY SPRAY BEING CARRIED 

ONTO THEM. 

10. THE CONCENTRATED WASTE LIQUID FROM SEEPAGE OF PEA 

STACKS CANNOT BE USED IN SPRAY SYSTEM AS IT IS IN THE 

CONCENTRATED FORM HARMFUL TO CROPS, HAVING A BURNING 

EFFECT. 

IL THE DISPOSAL OF WASTE ON LAND INVOLVES A CALCULATED 
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RISK IN THE POLLUTION OF WELLS AND STREAMS. THE 
RECORD IN THIS RESPECTS HOWEVER, IS ENTIRELY SATIS- 
FACTORY WITH POSSIBLY ONE OR TWO INSTANCES OF UNUS- 
UAL COND ITIONS. 

12. SPRAY IRRIGATION DESIGN AND INSTALLTION SHOULD BE 

UN-DER THE DIRECT1ON OF ENGINEERS SPECIALIZING IN 

THIS FIELD. 

WE HAVE ENDEAVOURED TO PRESENT TO YOU AN 
OUTL1NE IN VERY GENERAL TERMS THE PROBLEMS OF DISPOSAL OF 

CANNING FACTORY WASTES, AND WE TRUST THAI IN SOME MANNER WE 
HAVE BROUGHT AT LEAST TO ONE MEMBER OF OUR AUDIENCE A NEW 
IDEA OR ANSWERED IN SOME WAY A qUESTION. 

WE STATED AT THE OUTSET THAT WE ARE IN NO 
WAY TO BE REGARDED AS AN AUTHORITY IN THE FIELD, FURTHER, 
WE WISH TO STATE THAT WE HAVE USED IN THIS PAPER VERY LIBER— 
ALLY THE PUBLISHED PAPERS OF WHOSE WHO HAVE STUDIED AND RE- 
PORTED ON THE SUBJECT OF CANNING FACTORY WASTES. OUR MAiN 
SOURCE OF INFORMATION ON THE SPRAY IRRiGATION METHODS IS 

THE PUBLISHED WORK OF N. H. SANBORN OF NATIONAL 
ASSOCiATION RESEARCH LABORATORY OF WASHINGTON, D.C. 

WE DO NOT CONSIDER THAT A FINAL SATISFACT- 
ORY SOLUTION FOR DISPOSAL OF CANNINC FACTORY WASTES HAS BEEN 
FOUND. WE BELIEVE THAT THE FUTURE HOLDS DISTINCT PROMISE 
OF FURTHER DEVELOPMENTS. IN THE MEANTIME WHERE MUNICIPAL 
FACILITIES ARE AVAILABLE OR LAGOONS IN USE THE PROBLEM IS 

ONE OF GOOD CO—OPERATION AND PRACTISE. IN OTHER INSTANCES, 
THE PRESENT SYSTEMS, ALTHOUGH DIFFERING RADICALLY FROM ABOVE 
DESCRIBED TYPES AND VERY SIMPLE, ARE STILL FUNCTIONING WITH- 
OUT PRESENTING A PROBLEM. FOR THOSE THAT ARE A PROBLEM, 
HOWEVER, CAREFUL STUDY AND APPRAISAL WILL HAVE TO BE GIVEN 
TO ALL POSSIBLE METHODS IN ORDER TO OBTAIN A COMPLETE AND 
LASTING SOLUTION TO A PROBLEM THAT IS IMPOSED, IN PART AT 

BY THE RAPID EXPANSION OF INDUSTRY AND GREAT GROWTH 
IN OUR POPULATION. 

* 

**w*** * 

* *** *** 
**** * 

* 
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SPRAY IRRIGATION IN THE DISPOSAL OF INDUSTRIAL WASTES 

MILK WASTES 

— — 

T. B. COOPER 

KRAFT FOODS LIMITED 

MONTREAL, QUEBEC. 

ONLY A FEW WEEKS AGO IT WAS MY PRIVILEGE 
TO ATTEND A NATIONAL RESOURCES CONFERENCE IN OTTAWA. ALTHOUGH 
THE ENTIRE FIELD OF CONSERVATION WAS COVERED AT THAT MEETING, 
A GREAT DEAL OF TIME WAS DEVOTED TO DISCUSSION OF INDUSTRIAL 
WASTES AND STREAM POLLUTiON. IT SEEMS RATHER SIGNIFICANT 
THAT THIS FOLLOW—UP CONFERENCE SHOULD BE CONVENED SO SOON 

AFTER THE NATIONAL MEETING WHEN PRIOR TO THAT THERE HAD NOT 

BEEN ONE HELD IN CANADA IN FORTY—EIGHT YEARS. I THiNK IT 

INDICATES A GENERAL AWAKENING OF PUBLIC INTEREST IN THIS 
WHOLE PROBLEM OF WASTE DISPOSAL AND WATER CONSERVATION. A 

MEETING OF THIS KIND CAN SERVE A MOST IMPORTANT AND USEFUL 
PURPOSE BY PERMITTING THESE PROBLEMS TO BE BROUGHT OUT AND 

DISCUSSED, EVERYfNE THEN HAS A CLEAR UNDERSTANDING OF EX- 

ACTLY WHAT IS INVOLVED. ONCE EVERYONE ODES SEE THE PROBLEM 
IN THE SAME LIGHT IT USUALLY FOLLOWS THAT A SOLUTION IS SOON 
FOUND. THERE IS ALSO LESS TENDENCY THEN FOR US ALL TO DE- 

MAND THAT THE OTHER FELLOW "DO SOMETHING ABOUT ITS' IN 

REALITY, NOBODY KNOWS QUITE WHAT CAN BE DONE ABOUT IT. It 

IS SOMETHING LIKE TELLING A MAN TO BRUSH THE FLY OFF HIS 

NOSE WHEN HIS HANDS ARE TIED BEHIND HIS BACK. I THINK I 

CAN SPEAK FOR THE ENTIRE DAIRY INDUSTRY IN SAYING THAT THE 
OISPOSAL OF DAIRY PLANT WASTES IS PROBABLY THE GREATEST HEAD- 
ACHE THAT EACH PLANT OPERATOR HAS TO CONTEND WITH, AND THAT 
WE ARE MORE ANXIOUS THAN ANYBODY TO SEE SOME REAL SOLUTION 
TO THE PROBLEM, WE CAN SAY THEN THAT THE DESIRE TO DO 

SOMETHING IS LOOK TO MEETINGS LIKE THIS ONE TO 

HELP US FIND OUT JUST WHAT WE CAN DO. 

WHEN YOU DISCUSS POLLUTION OF LARGE LAKES 
AND RIVERS LIKE THE NORTH SASKATCHEWAN, OR LAKE ONTARIO, 
THEN WE CAN JUST ABOUT LEAVE THE DAIRY' INDUSTRY OUT OF IT. 

WE DO NOT ENTER THE PICTURE IN A SIZEABLE WAYS WHEN 
IT COMES TO POLLUTION OF SMALL BROOKS AND DRAINAGE 
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DITCHES. I THINK WE CAN ALSO SAY THAT ANY SUCH POLLUTION 
WOULD BE LOCALIZED TO WITHIN ONE OR TWO MILES FROM THE PLANT 

INVOLVED. IT IS WHEN NUMBERS ARE CONSIDERED THAT DAIRY 

PLANT POLLUTION BECOMES SIGNIFICANT. THERE ARE OVER TWO 

THOLL.AND IN THE PROVINCE OF QUEBEC, AND ABOUT TO 600 IN 

THE PROVINCE OF ONTARIO. THEY ARE NEARLY ALL LOCATED IN 

REMOTE RURAL AREAS IN ORDER TO BE CLOSE TO THE MILK SUPPLY. 

WE CAN SAY THAT FEW, IF ANY, OF THESE PLANTS HAVE THE ADVANT- 

AGE OF MUNICIPAL SEWAGE SYSTEMS AND THEY MUST PROVIDE THEIR 

OWN SOLUTION. THE DAIRY INDUSTRY IN THIS COUNTRY AND PART1C— 

ULARLY CHEESE PRODUCTION GREW VERY RAPIDLY. THE RESULT IS 

THAT MOST OF THESE PLANTS ARE SMALL AND THEIR LOCATION FROM 

A DRAINAGE STANDPOINT IS NOT ALWAYS THE BEST. A GREAT DEAL 

OF WORK HAS BEEN DONE IN THE PAST FEW YEARS BY BOTH FEDERAL 

AND PROVINCIAL GOVERNMENTS TO TRY TO CONSOLIDATE AND REBUILD 

MANY OF THESE SMALL PLANTS. 

IT WOULD BE EASIER TO PRESENT A PAPER ON 

THE INVOLVED IN HANDLING DAIRY WASTES THAN TO RECOM- 

MEND WAYS TO CORRECT THEM. THE DAIRY INDUSTRY FEELS THAT 

THERE HAS BEEN A GREAT LACK OF KNOWLEDGE ON DAIRY WASTE DIS- 

POSAL AND HAS RECOMMENDED THAT SOME RESEARCH PROJECTS BE 

STARTED. IT IS PRETTY WELL CONCEDED, HOWEVER, THAT SEPTIC 
TANKS JUST DO NOT WORK WITH DAIRY WASTES. A DAIRY FIRM 

INSTALLED ONE A FEW YEARS AGO THAT HAD ALL THE LATEST ENG1N— 

EERING IMPROVEMENTS BUILT INTO IT AT A COST OF $25,000. IT 

WAS A COMPLETE FAILURE. THERE HAVE BEEN SEVERAL OTHER 1DEAS 

TRIED — ALSO COSTLY — BUT RESULTS HAVE BEEN PRETTY GENERALLY 
UNSATISFACTORY. LAGODNING HARDLY SEEMS TO BE THE ANSWER. 

THE VOLUME IS TOO GREAT AND THE NUISANCE PROBLEM IS SUCH 

THAT IT WOULD BE DIFFICULT TO OBTAIN SUITABLE LAND FOR THIS 

PURPOSE. 

IN FACING, THIS PROBLEM WE MUST ALSO REALIZE 

THAT THERE ARE ECONOMIC LIMITATIONS. WHEN WE CONSIDER THAT 

THE TOTAL INVESTMENT IN MOST OF THESE FACTORIES IS LESS THAN 

$25,000. IT IS HARDLY REASONABLE TO RECOMMEND INSTALLATIONS 
THAT WOULD COST SEVERAL TIMES THAT AMQU*T. 

THE GREATEST SINGLE ITEM IN DAIRY PLANT 

WASTES IS WHEY. FOR EVERY POUND OF CHEESE PRODUCED THERE ARE 

NINE POUNDS OF WHEY TO DISPOSE OF. IT IS A VALUABLE BY- 

PRODUCT AND AN EXCELLENT FEED FOR HOGS. HOWEVER, DURING THE 

HEAVY MILK FLUSH MOST PLANTS HAVE FAR MORE THAN THEY CAN DIS- 

POSE OF. A FEW LOCATED NEAR ENOUGH TO CORNWALL CAN SELL IT 

TO A FIRM WHICH HAS A LARGE WHEY PROCESSING PLANT THERE. THE 

AVERAGE PLANT WOULD HAVE FROM 10,000TD 20,000 POUNDS OF WHEY 

FOR DISPOS'AL EVERY OAY AND SOME PLANTS WOULD HAVE AS MUCH AS 

50,000 TO 60,000 POUNDS. A GREAT AMOUNT OF IT FINDS ITS WAY 

INTO THE WASTE DRAINS. 

SKIM MILK, BUTTERMILK, CHEESE PARTICLES AND 

MILK SOLIDS CARRIED IN WASH WATER ALL ADD TO THE LOAD AND 

SOME OF THESE ITEMS HAVE EXTREMELY HIGH 6.0.0. IN THE CASE 

OF CHEESE, A B.0.0. OF 60%, SKIM MILK SOLIDS A 6.0.0. OF 

AND WHEY 3.5%. 
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Ir I HAD BEEN ASKED TO PRESENT THIS PAPER 

A YEAR AGO THERE WOULD HAVE BEEN LITTLE ENCOURAGEMENT 1 

COULD OFFER. DURING THE LAST YEAR, HOWEVER, WE HAVE BEEN 

CARRYING OUT AN EXPERIMENT THAT SHOWS EVERY SIGN OF BEING A 

SUCCESS. WE INSTALLED HIGH HEADS IN 

ABOUT 3—1/2 ACRES or PASTURE LOCATED NEAR OUR PLANT AT BER— 

W1CK, ONTARIO. THROUGH THESE WE SPRAYED ON THE LAND ALL 

THE WASTES FROM THE PLANT. THERE WERE TWO SPRINKLER HEADS 

LOCATED AT OPPOSITE SIDES or THE STRIP AND THESE WERE USED 

ALTERNATELY. THE FIELD WAS OBSERVED FAIRLY CLOSELY TO SEE 

THAT SPRINKLERS WERE NOT LEFT ON TOO LONG iN ONE LOCATION. 

DURING THE SEASON THE PASTURE REMAINED GOOD AND THERE WERE 

ND VISIBLE SIGNS OF DAMAGE. THE FARMER WHO OWNED THE LAND 

FELT THAT PASTURE CONDITIONS WERE BETTER THAN USUAL. WASTES 

WERE DRAINED FROM THE PLANT Tb A 500—GALLON TANK AND THEN 

PUMPED DIRECTLY TO THE SPRAYERS. IT IS MOST IMPORTANT 

THAT IT BE DONE IN SUCH A MANNER THAT IT DOES NOT HAVE TIME 

TO BECOME SEPTIC. THERE WAS NO NOTICEABLE ODOUR NUISANCE 
ALTHOUGH THE AREA UNDER IRRIGATION WAS JUST ACROSS A SMALL 

RIVER, NOT MORE THAN ONE HUNDRED YARDS FROM THE PLANT. AS 

WE HAVE SAID BEFORE, WE DO NOT WANT TO SAY TOO MUCH ABDUT 

THE FINAL RESULTS UNTIL WE HAVE HAD AT LEAST TWO OR THREE 

SEASONS1 EXPERIENCE BEHIND US. WE ARE DEFINITELY ENCOURAGED, 
HOWEVER, TO THE POINT WHERE LAND ARRANGEMENTS ARE BEING MADE 

FOR SIMILAR INSTALLATIONS AT ONE OTHER PLANT THIS YEAR. AT 

THE ORIGINAL LOCATION AT BERWICK WE ARE PUTTING IN FOUR SPRAY 

HEADS THIS YEAR IN PLACE OF TWO LAST YEAR. EACH HEAD IS 

MOUNTED ABOUT Sfl FEET ABOVE GROUND AND WITH A 40—POUND PRES- 

SURE MAINTAINED IN THE LINE iT SPRAYS AN AREA 160 FEET IN 

DIAMETER. THEY ARE CONTROLLED AUTOMATICALLY BY A FLOAT 

SWITCH IN THE 500—GALLON TANK. IT WAS NOTICED THE FIRST 

YEAR THAT THE CATTLE HAD A STRONG PREFERENCE FOR THE GRASS 

GROWING CLOSEST TO THE SPRAYS AND WHEN THE AUTOMATIC STARTER 

CUT IN THEY WERE FREQUENTLY STARTLED AND STAMPEDED. IT WAS 

FELT THAT THEY WILL BECOME ACCUSTOMED TO THIS IN TIME. 

WE KNOW THAT AS FAR AS WE ARE CONCERNED WE 

SHALL HAVE A GREAT DEAL TO LEARN. WE BELIEVE THE OLD, WELL 

ESTABLISHED PASTURES ARE BETTER THAN LAND THAT HAS RECENTLY 
BEEN UNDER CULTIVATION. PERHAPS SOME BROAD—LEAF 
CROP WOULD BE BETTER FOR EVAPORATIDN PURPOSES THAN A CLOSE 

CROPPED PASTURES BUT WE WILL NAVE TO FIND THESE THINGS OUT 

BY EXPERIENCE. I UNDERSTAND THAT THERE ARE DIFFERENT FIRMS 

EXPERIMENTING WITH OVERHEAD SPRAY DISPOSAL SYSTEMS IN THE 

STATES. OUR OWN FIRM EXPECTS TO HAVE A NUMBER OF LARGE IN- 

STALLATIONS IN THE NEAR FUTURE. ONE LARGE INSTALLATION NOW 

OPERATING IN THE U.S.A. IS GETTING RID OF THE EQUIVALENT OF 

40 INCHES OF RAINFALL PER DAY ON ONE PIECE OF LAND AND APPAR- 

ENTLY DOES IT SUCCESSFULLY. 

IT SEEMS QUITE CLEAR THAT A VERY ENCOURAG- 
ING LEAD HAS BEEN DISCOVERED. WE MAY HAVE TO SPEND A YEAR 

OR SO YET WORKING OUT DETAILS, BUT I THINK WE CAN SAY WITH 

ASSURANCE THAT FOR DAIRY PLANT WASTE DISPOSAL THE SPRAY IR- 

RIGATION PRINCIPLE IS THE MOST HOPEFUL OUTLOOK WE HAVE YET 

SEEN. 
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TREATMENT OF BEET SUGAR WASTES 

— By - 

HAYSE H. BLACK 

INDUSTRIAL WASTES SECTION 
UNITED STATES PUBLIC WEALTH SERVICE 

CINCINNATI, OHIO 

THE BEET SUGAR INDUSTRY BECAME ESTABLISHED 
ON A PAVING BASIS EARLY lit THE 19TH CENTURY WHEN NAPOLEON'S 
BLOCKADE OF THE BRITISH ISLES CREATED A SUGAR SHORTAGE ON 
THE CONTINENT OF EUROPE. THE INDUSTRY IS COMPARATIVELY 
YOUNG IN CANADA, HAVING BEEN STARTED SOME FIFTY YEARS AGO. 
TO—DAY PRODUCTION OF SUCROSE FROM SUGAR BEETS IS A MAJOR 
CHEMICAL INDUSTRY. IN 1952, CANADA PRODUCED 298,245,300 
POUNDS OF BEET SUGAR FROM 1,028,000 SHORT TONS OF BEETS. 
THiS REPRESENTS ABOUT ONE—QUARTER OF CANADA'S ANNUAL SUGAR 
CONSUMPTION. BASED ON 5—DAY BOO, LIQUID WASTES FOR THE 
CANADIAN BEET SUGAR INDUSTRY HAVE BEEN ESTIMATED TO HAVE A 

POPULATION EqUIVALENT POTENTIAL OF 1,400,000. 

ORGANIZATION AND OPERATION 

FOUR COMPANIES OPERATE SEVEN BEET SUGAR 
REFINERIES IN THE DOMINION. REFINERIES ARE LOCATED IN THE 
PROVINCES OF ALBERTA, ONTARIO, MANITOBA, AND QUEBEC. IN 

1952, ALBERTA WITH THREE REFINERIES HARVESTED 4-6.5 PER CENT 
OF THE BEETS AND ONTARIO WITH TWO REFINERIES PROCESSED 33.1 
PER CENT OF THE TOTAL FOR THE DOMINION. A STEFFEN HOUSE IS 

LOCATED AT RAYMOND, ALBERTA. IT ALSO WORKS MOLASSES FROM 
THE OTHER TWO ALBERTA REFINERIES. THE TABER, ALBERTA, AND 
CHATHAM, ONTARIO, PLANTS HAVE CONTINUOUS DIFFUSERS. THE 
RAYMOND AND PICTURE BUTTE, ALBERTA REFINERIES USE PULP SILOS 
WHEREAS THE OTHER PLANTS DRY THE PULP. THE SEASON LASTS 
FOR SOME TEN WEEKS BEGINNING ABOUT OCTOBER 1, IN ALBERTA AND 
MAN1TOBA, AND MID—OCTOBER FOR ONTARIO. 
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DESCRIPTION OF PROCESS 

THE SUGAR BEET IS APPROXIMATELY 75 PER CENT 
WATER AND 25 PER CENT DRY SOLIDS. THE SUGAR CONTENT MAY BE 
EXPEC ED TO VARY BETWEEN IS AND 17 PER CENT DEPENDING ON THE 
SEASON AND THE REGION WHERE THE BEETS ARE GROWN. THE NON— 
SUGARS ARE COMPOSED OF CELLULOSE, NITROGENOUS COMPO4JNDS, ASH, 
AND OTHER ORGANIC MATERIALS. PROCESS WASTES MAY BE EXPECTED 
TO CONTAIN ABOUT 4.5 PER CENT OF THE WEIGHT OF THE BEET IN 
ADDITION TO SOIL AND OTHER EXTRANEOUS MATERIAL REMOVED FROM 
THE BEET PREPARATORY TO SLICING. 

FIGURE I, ISA SIMPLItIED FLOW DIAGRAM SHOW- 
ING BASIC STEPS IN BEET SUGAR MANUFACTURE AND POINTS IN PRO- 
CESS WHERE LIQUID WASTES ARE PRODUCED. FLOWING WATER IN 

FLUMES TRANSPORTS BEETS FROM STORAGE TO THE PLANT. THIS OP- 
ERATION WASHES MOST OF THE SOIL FROM THE BEETS, AND SCREENS ARE 
PROVIDED TO CATCH BEET TOPS, ROOTS, AND OTHER MATERIAL. THE 
WASHED BEETS ARE SLICED INTO LONG NARROW SECTIONS CALLED 
'COSSETTES." EXTRACTION OF SUGAR IS ACCOMPLISHED IN DIFFUS- 
ERS BY COUNTERFLOW OF HOT WATER THROUGH THE COSSETTES. THE 
EXTRACTED JUICE IS PURIFIED BY CHEMICAL TREATMENT AND FILTRA- 
TION, AND THEN EVAPORATED TO THE POINT WHERE SUGAR CRYSTALS 
FORM. SUGAR IS CENTRIFUGED FROM THE WASHED, DRIED0 
AND PACKAGED. THE SYRUP (MOLASSES) MAY BE MARKETED OR DIV- 
ERTED TO STEFFEN TREATMENT FOR MORE COMPLETE EXTRACTION OF 
SUGAR. THE SPENT COSSETTES CONSTITUTE HIGH GRAOE STOCK FOOD 
AND ARE EITHER STORED WET IN OPEN SILOS OR ARE IMMEDIATELY DE— 
WATERED AND BAGGED, A MORE DETAILED STATEMENT PERTAINING TO 
PROCESS AS RELATED TO WASTES HAS BEEN PUBLISHED (1). 

VOLUME AND CHARACTER OF WASTES 

VALUES CONSIDERED TO BE REPRESENTATIVE OF THE 
VOLUME AND CHARACTER OF BEET SUGAR MANUFACTURING WASTES ARE 
GIVEN IN TABLE I. COGNIZANCE MUST BE TAKEN OF DIFFERENCES IN 

PROCESS EQUiPMENT AND OTHER PERTINENT FACTORS IN ESTIMATING 
WASTE VOLUME AND CHARACTER FOR A GIVEN FACTORY. A BRIEF DIS- 
CUSSION OF EACH OF THE PRINCIPAL WASTES IS PRESENTED IN SUB- 
SEQUENT PARAGRAPHS. 

FLUME WATER WASTE 

FLUME WATER CHARACT.ERISTICS ARE INFLUENCED 
BY THE TYPE OF SOIL IN WHICH THE BEET IS GROWN, THE WEATHER 
DURING HARVEST, AND THE EXTENT OF SPO1LACE IN THE STOCKPILE. 
4ET WEATHER DURING HARVEST MAY BE EXPECTED TO INCREASE THE 
QUANTITY OF SOIL CARRIED ON THE BEETS. 

SUSPENDED SOLIDS ARE MOST VARIABLE, WITH 
VALUES AS HIGH AS 4,300 AND AS LOW AS 800 PPM. HAVING BEEN 
OBSERVED. FLUME WATER BOO NORMALLY VARIES BETWEEN ISO 
AND 250 PPM. BUT MAY TRIPLE IN CONCENTRATION WHEN TRANSPORTING 
FROZEN OR ROTTEN BEETS. THE VOLUME OF FLUME WATER AT DIFFER- 
ENT FACTORIES RANGES FROM 2,100 TO 3,100 GAL. PER TON OF BEETS. 
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TABLE I — REPRESENTATIVE VALUES OF CHARACTER AND VOLUME OF BEET SUGAR MANUFACTURING WASTES 

FLOW, PER 8.0.0. 5—DAY B.0.0. 
TON OF BEETS 5—DAY, 200C. SUSP.SOL. PER TON OF 

WASTE (GAL.) (PPM) (PPM) BEETS SLICED 

______________ 

(LB) 
FLUME WATER 2,600 210 800—4,300 4.5 

PULP SCREEN WATER: 
BOTTOM DUMP CELL—TYPE DIFFUSER.. 240 980 530 2.0 SIDE DUMP CELL—TYPE DIFFUSER.... 1,420 500 620 5.9 CONTINUOUS 400 910 1,020 3.0 

PULP PRESS 180 1,710 420 2.6 
Ut PULP SILO DRA1NAGE....... 210 7,000 270 $2.3 

LIME CAKE LAGOON 75 1,420 450 0.89 
BAROMETRIC CONDENSER WATER.,....•, 2,000 40 0.61 

WATER—TRANSPORTED PULP IN LIEU OF MECHANICAL CONVEYOR. 
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PULP SCREEN WATER 

PULP StREEN WATER IS DRAINED FROM THE PULP 

THROUGH A SCREEN. IT IS COMPRISED OF WATER CONTAINED IN 

EACH CELL WHEN IT IS ISOLATED FROM THE DIFFUSION CIRCUIT FOR 

PLUS WATER USED TO FLUSH OUT THE CELLS, AND IN 

CERTAIN CASES, WATER ADDED TO CREATE A PULP SUSPENSION, OR- 

GANIC MATERIAL IN COLLOIDAL SUSPENSION, AND A COMPARATIVELY 
LARGE AMOUNT OF SUGAR AND OTHER ORGANIC MATERIAL IN SOLUTION. 
THE SUCROSE CONTENT MAY BE EXPECTED TO VARY BETWEEN 300 TO 

600 A SMALL AMOUNT OF SAND FROM THE BEETS IS ALSO 
PRESENT. THIS WASTE HAS A TEMPERATURE OF ABOUT 500C. 

THE CONCENTRATION OF THE WASTE IS DEPENDENT 
TO A CONSIDERABLE EXTENT ON THE TYPE OF DIFFUSER AND THE EF- 

FICIENCY OF THE PULP SCREEN. DIFFUSERS REQUIRING LARGE 
VOLUMES OF WASH WATER GIVE A RELATIVELY DILUTt WASTE, BUT THE 

OVERALL POLLUTION LOAD IS INCREASED. THE BOO VARIES BETWEEN 
500 AND 1,000 PPM, DEPENDING ON THE TYPE OF DIFFUSER. THE 

800 OF DA1LV COMPOSITES MAY VARY AS MUCH AS 50 PER CENT FROM 
THE AVERAGE. PULP SCREEN WATER FROM ONE PLANT WITH BOTTOM 
DUMP DIFFUSER CELLS HAD AN AVERAGE 5—DAY aDD OF 980 PPM FOLLOW- 
ING SCREENING THROUGH A 30—BY 40— MESH VIBRATING SCREEN (2). 

PULP PRESS WATER 

AT FACTORIES WHERE PULP IS DRIED, THE SCRE- 
ENED PULP IS FURTHER DEWATERED IN PRESSES BEFORE DRYING. 
WATER PRESSED FROM THE PULP CONSTITUTES PULP PRESS WATER. 
THE CHARACTERISTICS OF PULP PRESS WATER VARY WITH THE PHYSICAL 
QUALITY OF THE PULP. THEY ARE SIMILAR TO PULP SCREEN WATER 
tgITH SOMEWHAT HIGHER SOLIDS AND BOD. THE SUCROSE CONTENT MAY 
AVERAGE AS MUCH AS 2,100 PPM. PULP PRESS WATER AMOUNTS TO 

SOME 180 GALLONS PER TON OF WITH A BOO AVERAGING 1,700 
PPM. 

PULP SILO DRAINAGE 

PULP SILO LIQUOR DRAINS FROM WET PULP DURING 
STORAGE IN OPEN SILOS. THE VOLUME VARIES WITH THE QUANTITY 
OF PULP STORED, EFFICIENCY OF THE PULP SCREEN, FERMENTATION, 
AND RAINFALL. THE VOLUME PER TON OF BEETS AT TWO FACTORIES 
AVERAGED 165 AND 270 GALLONS RESPECTIVELY. DAILY FLOW VARIED 
AS MUCH AS 30 PER CENT FROM THESE AVERAGE VALUES. THE BOO OF 

THESE SAME WASTES AVERAGED 8,800 AND 6,000 RESPECTIVELY, 
WITH DAILY COMPOSITES VARYING AS MUCH AS 50 PER CENT FROM THE 
AVERAGES. ORGANIC ACIDS OF DECOMPOSITION CREATE A PH OF 

ABOUT 4 IN THIS WASTE. 

PULP SILO DRAINAGE IS THE ONE WASTE WHICH 
DOES NOT CEASE AT THE END OF FACTORY OPERATION. IN FACT, IT 

MAY BECOME MORE CONCENTRATED IF PULP REMAINS IN THE SILO UNTIL 
WARM WEATHER. DATA GIVEN IN TABLE I FOR SILO DRAINAGE ARE 
FOR THE PERIQOTHE FACTORIES WERE OPERATING (2). 
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LIME CAKE SLURRY 

LIME CAKE FORMS WHEN LIME—TREATED AND CAR- 
BONATED uUICE IS FILTERED. IT IS COMMON PRACTICE TO DILUTE 
THE WITH WATER TO FORM A SLURRY WHICH CAN BE PUMPED. 
THE AMOUNT OF WATER ADDED TO THE CAKE IS DEPENDENT TO SOME 
EXTENT ON THE TYPE OF FILTER AND THE OPERATOR. THESE FACT- 
ORS MUST BE CONSIDERED IN COMPARING VOLUMES AND CONCENTRATIONS 
OF THE WASTE. LIME CAKE WASTE HAS BEEN REPORTED TO RANGE 
FROM 6,850 PPM TO 10,250 PPM BOD, AND FROM 107,000 TO 137,000 
PPM. SUSPENDED SOLIDS. THE OF THE WASTE IS ABOUT II .7. 

AVAILABLE DATA INDICATE STEFFEN HOUSE LIME 
CAKE SLURRY TO HAVE A SOMEWHAT HIGHER BOD VALUE PER TON 
BEETS THAN FOR A STRAIGHT HOUSE. THIS SUGGESTS MATERIALS 
RETURN WITH THE SACCHARATE FROM THE STEFFEN PROCESS WHICH ARE 

REMOVED IN THE LIME CAKE. ACCEPTING THIS PREMISE, IT WILL 
BE EVIDENT THAT LIME CAKE WASTE FROM A STEFFEN HOUSE WILL BE 
INFLUENCED BY THE AMOUNT OF MOLASSES WORKED. 

STEFFEN WASTE 

THE FILTRATE PRODUCED IN FILTERING SACCHARATE 
CAKE FROM LIME—TREATED DILUTED MOLASSES IN THE STEFFEN PROCESS 
IS KNOWN AS "STEFFEN WASTE". BECAUSE STEFFEN PLANTS PROCESS. 
VARYING AMOUNTS OF FOREIGN MOLASSES IN ADDITION TO THEIR OWN, 
IT IS DESIRABLE TO EXPRESS STEFFEN WASTE ON THE BASIS OF MOLAS- 
SES WORKED. STEFFEN WASTE IS REASONABLY UNIFORM IN VOLUME AND 
CONCENTRATION, AS WILL BE APPRECIATED FROM THE FOLLOWING CON— 
SI DERAT IONS. 

BEET SUGAR MOLASSES CONTAINS 60 PER CENT TO 

53 PER CENT SUCROSE (SUGAR), DRY SOLIDS BASIS. THE RELATION 
BETWEEN SUGARS AND NON—SUGARS HOLDS WHETHER THE MOLASSES IS 

PRODUCED IN A STRAIGHT HOUSE OR A STEFFEN PLANT. ON A TOTAL 
WEIGHT BASIS, MOLASSES IS ABOUT 50 PER CENT SUCROSE. IT IS 

CUSTOMARY IN THE INDUSTRY TO CONVERT MOLASSES TO A 50 PER CENT 
SUCRCSE BASIS, WHICH LIKEWISE REDUCES THE NON—SUGARS TO A COM- 
MON BASIS. 

IN STEFFEN HOUSE OPERATION1 THE CALCIUM SAC— 
CHARATE RETURNED TO PROCESS CARRIES WITH IT INSEPARABLE NON— 
SUGARS. THESE NON—SUGARS TEND TO ACCUMULATE IN THE STEFFEN 
HOUSE MOLASSES, AND1 iF NOT ELIMINATED FROM THE SYSTEM1 EVENT- 
UALLY INTERFERE WITH SUGAR CRYSTALLIZATION AND REFINING. A 

FAIR DEGREE OF UNIFORMITY IN MOLASSES WORKED BY THE STEFFEN 
PROCESS IS ACHIEVED BY CORRELATING THE AMOUNT OF FOREIGN MOL- 
ASSES INTAKE WITH STEFFEN MOLASSES MARKETED. 

APPROXIMATELY II TONS (2,640 GAL1) OF STEFFEN 
WASTE ARE PRODUCED FOR EACH TON OF MOLASSES WORKED. THE 
MAY BE AS HIGH AS 12.6. DATA IN TABLE Ii APPLY TO STEFFEN 
PLANTS EMPLOYING THE COMBINATION, COLD AND HOT1 SACCHARATE 
PROCESS. 
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TABLE II — STEFFEN WASTE CHARACTER AND VOLUME 
5—DAY 

FLOW, PER 8.0.0. 
TON OF B.0.D. PER TON OF 

MOLASSES' 5—DAY ToTAL Susp. MOLASSES 
PROCESSED 200C. SOL. SOL. WORKED 

(GAL.) (PPM) (PPM) (PPM) (LB.) 

2,640 10,500 25,000 — 40,000 100 — 700 231 

1 CONVERTED TO 50 PER CENT SUCROSE (SUGAR) BASIS. 

BAROMETRIC CONDENSER WATER 

BAROMETRIC CONDENSER WATER COMES FROM THE 
MULTIPLE—EFFECT EVAPORATORS AND VACUUM PANS. THIS WASTE iS 

COMPARABLE TO FLUME WATER IN VOLUME, BUT IS RELATIVELY LOW 
IN POLLUTIONAL MATERIAL. ENTRAINMENT FROM THE LAST EFFECT 
VARIES WITH EVAPORATOR DESIGN AND OPERATION. EVAPORATOR 
CONDENSATES NOT RE—USED iN PROCESS AND HEATED WATER FROM 
OTHER SOURCES MAY BE DISCHARGED ALONG WITH BAROMETRIC CONDEN- 
SER WATER. EVAPORATION OF STEFFEN WASTE PRODUCES ADDITIONAL 
CONDENSER WATER. 

MISCELLANEOUS WASTES 

OTHER WASTES OF A COMPARATIVELY MINOR NATURE 
ARE THOSE FROM WASHING FILTER CLOTHS, EQUIPMENT, AND FLOORS, 
AND FROM THE TESTING AND CONTROL LABORATORY. SANITARY SEWAGE 
SHOULD BE SEPARATED FROM PROCESS WASTES. 

POLLUTIONAL EFFECTS 

LIQUID WASTES FROM MANUFACTURE OF BEET SUGAR 
ARE SIMiLAR TO THOSE FROM OTHER FOOD PROCESSING INDUSTRIES. 
OXYGEN DEPLETION AND SLUDGE DESPOSITS ARE COMMON DAMAGES TO THE 
RECEIVING WATERS. DETRUCTION OF NORMAL AQUATIC LIFE AND SEV- 
ERE ODOR NUISANCES HAVE RESULTED FROM PROMISCUOUS DISCHARGE OF 

THESE WASTES. THE HIGH LIME CONTENT OF BEET SUGAR WASTES MAY 
IMPART SUFFICIENT HARDNESS TO THE RECEIVING WATER TO BE DETRI- 
MENTAL TO iTS SUBSEQUENT USE. RELATIVELY HiGH—TEMPERATURE 
WASTE, SUCH AS BAROMETRIC CONDENSER WATER, MAY RAISE THE TEMPER- 
ATURE OF THE STREAM THEREBY DECREASING ITS OXYGEN CARRYING CAP- 
ACITY AS WELL AS ENCOURAGING GROWTH OF tTSEWAGE FUNGUSIT. 

WASTE REDUCTION 

A DETAILED DISCUSSION OF REMEDIAL MEASURES 
WITHIN THE PLANT IS BEYOND THE SCOPE OF THIS PAPER. HOWEVER, 
RECENT SUCCESSFUL DEVELOPMENTS IN CANADA AND THE UNITED STATES 
ARE CONSIDERED WORTHY OF MENTION INASMUCH AS THEY HAVE DIRECT 
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BEARING ON THE WASTE CONTROL—POLLUTION ABATEMENT PROGRAM OF 

THE INDUSTRY. 

PRESS AND PULP SCREEN WATER RETURN 

HRUDKA HAS DEMONSTRATED THE FEASIBILITY OF 

RETURNING UNTREATED PRESS WATER DIRECTLY TO A CONTINUOUS DIF- 
FUSER AT CHATHAM, ONTARIO (3). ACID CONDITIONS IN THE MIDDLE 

CELLS OF THE DIFFUSER WERE CONTROLLED BY INTERMITTENT ADDITION 

or FORMALDEHYDE TO THE PRESS WATER RETURN TANK. TEMPERATURE 
IN THE DIFFUSER WATER SUPPLY. TANK AVERAGED 55OC WITH A MAXIM- 

UM OF 65°C. BENEFITS DERIVED FROM THIS PRACTICE HAVE BEEN 

SUBSTANTIATED BY OPERATION DATA. PRESS WATER REUSE IS PRACT- 

ICED BY AT LEAST TWD BEET SUGAR PLANTS IN THE STATES; ONE 

EMPLOYS ELEVATED TEMPERATURE AND THE OTHER CHLORINATION FOR 
BACTERIAL CONTROL (I). IN ADDITION, COMBINED PRESS AND PULP 

SCREEN WATER ARE REPORTED CHLORINATED AND REUSED AT THREE 

PLANTS IN THE STATES. 

STEFFEN vIASTE RECOVERY 

STEFFEN WASTE IS CONCENTRATED IN MULTIPLE 
EFFECT EVAPORATORS IN AT LEAST ONE PLANT IN THE STATES (4). 

THE SYRUP IS MIXED WITH AND DRIED ON BEET PULP THEREBY ENHANC- 

ING ITS VALUE AS STOCK FOOD. THIS RECOVERY PROCESS HAS BEEN 

REPORTED ECONOMICALLY SOUND. END LIQUOR FROM PRODUCTION OF 

MONOSODIUM GLUTAMATE CAN BE RECOVERED IN LIKE MANNER. 

INDIViDUAL WASTE TREATMENT 

IT IS FREQUENTLY DESIRABLE TO TREAT MAJOR 

PROCESS WASTES SEPARATELY. THIS PROCEpURE PERMITS STEP—WISE 
REDUCTION OF THE POLLUTION LOAD AND POSSESSES THE 1NHERENT 
ADVANTACE OF WORKING WITH A MINIMUM VOLUME. TEMPORARY STOR- 
AGE MAY INDICATED BECAUSE SEASONAL OPERATION CAUSES OVER- 
HEAD ro BE COSTLY FOR TREATMENT OF THE WASTES AS PRODUCED. 

FLUME WATER 

TREATMENT CONSISTS OF SCREENING, GRIT RE- 

MOVAL, SEDIMENTATION WITH OR WITHOUT COAGULANTS IN TANKS 

ESUIPPED FOR CONTINUOUS SLUDGE REMOVAL, AND EITHZRVACUUM FIL- 

TERS OR SLUDGE PONDS. A RETENTION OF 80 MINUTES IN THE SEO— 

IMENTATION BASiN HAS BEEN RECOMMENDED. REMOVALS BY THIS 
TREATMENT HAVE BEEN REPORTED AS HIGH AS 92 PER CENT SUSPENDED 
SOLIDS AND 42 PER CENT 5—DAY BOO (5). STEFFEN WASTE HAS 

BEEN REPORTED SATiSFACTORY AS A COAGULANT FOR FLUME WATER. 

LIME CAKE SLURRY 

THIS WASTE IS COMMONLY STORED IN PONDS PRO- 
VIDING SEVERAL DAYS DETENTION. SUCH TREATMENT REMOVES PRAC- 
TICALLY ALL OF THE SUSPENDED SOLIDS AND GIVES A SUBSTANTIAL 
REDUCTION OF BOO. THE VOLUME OF THIS WASTE IS SUCH THAT LAG— 
OONINC FOR THE ENTIRE SEASON IS FEASIBLE. 
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PULP SCREEN WATER AND PULP PRESS WATER 

EVEN THOUGH RE—USE or THIS PROCESS WASTE 
As DIFFUSION BATTERY WATER SUPPLY SHOULD BE GENERALLY ACCEPTED, 
SUCH A PROCESS MODIF1CATION WILL BE GRADUAL IN THE INDUSTRY AND 
THESE WASTES MUST BE RECKONED WITH IN THE INTERIM. FINE SCRE- 
ENING MATERIALLY REDUCES THE CONCENTRATION OF THESE WASTES AND 
YIELDS QUANTITIES OF PULP HAVING ECONOMIC SIGNIFICANCE. VI- 
BRATING SCREENS (30— BY 40— MESH) HAVE BEEN SUCCESSFULLY EMPL- 
OYED. THIS TYPE OF SCREEN HAS A CAPACITY FOR SCREENING 22 
GALLONS PER SQUARE FOOT PER MINUTE OF THESE WASTES. 

COAGULATION OF PULP SCREEN AND PULP PRESS 
WATER WITH LIME HAS BEEN PRACTICED, USING A DOSAGE OF 500 PPM. 
TO 600 PPM. CAO. LIME TREATMENT REQUIRES A CHEMICAL FEEDER, 
MIXING CHAMBER, COAGULATION TANKS SEDIMENTATION B ASIN, AND 
SLUDGE DISPOSAL FACILITIES. COAGULATION FOR 20 TO 30 MINUTES 
AND A SETTLING PERIOD OF 2 HOURS HAS BEEN RECOMMENDED. SUCH 
TREATMENT PRODUCES A WATER—CLEAR EFFLUENT AND BOD REDUCTIONS 
AS HIGH AS 47 PER CENT ARE REPORTED, OTHER STUDIES HAVE 
SHOWN AS LOW AS 30 PER CENT AVERAGE 5—DAY BOO REDUCTION FOR 
LIME TREATMENT. IN ANY EVENT, THE EFFLUENT IS STILL HIGHLY 
OBJECTIONABLE, IN THAT THE SOD REMAINING IS HIGH AND THE 
TREATED WASTE IS CAUSTIC, CONTAINING CONSIDERABLE CALCIUM, 

COMBINED PROCESS WASTES TREATMENT 

IT IS NOT UNCOMMON THAT WASTE REDUCTION RE- 
QUIREMENTS DICTATE SOME DEGREE OF TREATMENT FOR EACH OF THE 
PRINCIPAL WASTES. UNDER THESE COND1TIDNS, COMBINING THE 
WASTES FOR TREATMENT RATHER THAN SEPARATE HANDLING MAY WELL 
PROVE TO BE THE MOST ECONOMICAL PROCEDURE AND FREQUENTLY IT 

WILL BE THE MOST CONVENIENT. RECENT BEET SUGAR WASTE TREAT- 
MENT STUD1ES IN THE STATES HAVE INCLUDED LAGOONING AND BROAD 
FIELD APPLICATION, BOTH ON PLANT SCALE. BIOLOGICAL FILTERS 
HAVE PROVEN SATISFACTORY ON PiLOT PLANT SCALE IN GREAT BRITAIN. 

LAGOON DISPOSAL 

DISPOSAL OF BEET SUGAR WASTES BY THE LAGOON 
METHOD HAS BEEN PRACTICED FOR YEARS AS A POLLUTION ABATEMENT 
MEASURE. THE SYSTEM HAS BEEN RECOGNIZED AS A MEANS OF REMOV- 
ING SETTLEABLE SOLIDS AND OF PERMITTING CONTROLLED RELEASE WHEN 
THERE WAS ADEQUATE DILUTION. THIS METHOD HAS BEEN EMPLOYED 
WITH LIMITED KNOWLEDGE OF FACTORS INFLUENCING NATURAL PURIFIC- 
ATION AND THE DEGREE OF STABILIZATiON REALIZED DURING STORAGE. 

THE MINNESOTA DEPARTMENT OF HEALTH, DIVISiON 
OF WATER POLLUTION CONTROL RECENTLY COMPLETED A COMPREHENSIVE 
STUDY OF BEET SUGAR WASTE DISPOSAL BY LAGOON INC (s). THIS 
INVESTIGATIONAL RESEARCH WAS CONDUCTED IN CO—OPERATION WITH THE 
AMERICAN CRYSTAL SUGAR COMPANY AT THE MOORHEAD, MINNESOTA PLANT 
DURING AND FOLLOWING THE 1949, 1950, AND 1951 SEASONS. IHE 
MEMBER STATES OF THE MISSOURI RIVER BASIN SANITATION AGREEMENT 
AND THE PUBLIC HEALTH SERVICE WERE CO—SPONSORS OF THE PROJECT. 
THE MOST EXTENSIVE WASTE STUDIES WERE MADE DURING THE 1950 
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CAMPAIGN WITH THE 1949 WORK BEING ESSENTIALLY EXPLORATORY AND 

THE 1951 WORK LARGELY CONFIRMATORY. 

THE MOORHEAD PLANT, WITH A RATED CAPACITY 

or 28 0 TONS OF SUGAR BEETS PER DAY, WAS PLACED IN OPERATION 

IN 1943. THIS ISA STRICTLY MODERN REFINERY WITH A 21—CELL 
CONTINUOUS COUNTERFLOW DIFFUSER. THREE WASTE DISPOSAL LAG— 

DONS WERE PROVIDED. Two or THESE, DESIGNATED AND 

VINORTHIT LAGOONS, ARE O.F THE SAME SIZE. THEY HAVE A TOTAL 

AREA OF RI ACRES AND A COMBINED CAPACITY OF 335 MILLION GALLONS 
WHEN FILLED TO A DEPTH OF 12 FEET. THE THIRD IS A RESERVE, 

SHALLOW LAGOON WITH AN AREA OF 50 ACRES AND A CAPACITY OF 50 

MILLION GALLONS. DISCHARGE FROM THE LAGOONS IS THROUGH A 

COUNTY DITCH TO THE RED RIVER OF THE NORTH. 

DURING 79 DAYS OF THE 1950 SEASON, THESE 

DISPOSAL LAGOONS RECEIVED 422 MILLION GALLONS (MG) OF WASTE, 

THIS WAS COMPOSED OF 404 MC FLUME WATER AND IS MG FROM THE 

PULP PRESSES. AN ADDITIONAL 14MG PULP PRESS WATER WERE 

USED TO FLUME LIME CAKE SLURRY TO A SEPARATE LIME DISPOSAL 
POND. THFSF WASTE VOLUMES GIVE UNIT VALUES OF 1710 GALLONS 
FLUME WATER AND 134 GALLONS PULP PRESS WATER PER TON OF BEETS 

SLI CED. 

DAILY COMPOSITE SAMPLES THROUGHOUT THE 1950 

CAMPAIGN WERE ANALYZED FROM THE PULP PRESS WATER AND THE COM— 

FLUME AND PRESS WATER AS DISCHARGED TO THE LAGOONS. THE 

WASTE IN THE SOUTH LAGOON WAS SAMPLED EVERY SECOND OR THIRD 

DURING THE 1950 SEASON ANO MONTHLY THEREAFTER UNTIL THE 

ICE BREAK—UP IN APRIL 1951, IN ADDITION TO SANITARY ANALYSES 
01 THE WASTES, LABORATORY EXPERIMENTS WERE CONDUCTED WITH 
DIALYSIS1 PH ADJUSTMENT, FREEZING, AND EXTENDED STORAGE. 

THERE WAS A SIGNIFICANT PROGRESSIVE INCREASE 

IN BIOCHEMICAL OXYGEN DEMAND (3.0.0.) CONCENTRATION OF THE 

WASTE DISCHARGED TO THE LAGOONS AS THE SEASON CONTINUED. OUR— 

INC THE F1RST TWENTY DAYS OF THE CAMPAIGN, THE 5—DAY 3.0.0. OF 

THIS WASTE AVERAGED 3.97 LBS/TON OF BEETS SLICED; THIS UNIT 

VALUE INCREASED TO AN AVERAaE OF 9.37 LBS. DURING THE LAST 

TWENTY DAYS OF THE SEASON. TOTAL AND SUSPENDED SOLIDS ALSO 

INCREASED BUT TO A LESSER DEGREE. PULP PRESS WATER B.0.D. 

REMAINED RELATIVELY CONSTANT THROUGHOUT THE SEASON. TH1S 

INCREASE IN 3.0.0. IN THE FLUME WATER WAS ATTRIBUTED TO HIGHER 

LOSSES OF SOLUBLE RESULTING FROM 1TBLEEDING'T OF THE 

AFTER PROLONGED STORAGE DURING COLD WEATHER, THIS RAW 

WASTE Ej,0.D. INCREASE WAS REFLECTED IN THE LAGOONED WASTE. 

RESULTS OF LAGOON STUDIES DURING THE 1950 

CAMPAIGN INDICATED THAT 53 PER CENT OF THE 5—DAY 8.0.0., 87 

PER CENT OF THE TOTAL SOLIDS, AND 97 PER CENT OF THE SUSPENOED 

SOLIDS wERE REMOVED FROM THE WASTES BY LAGOONING. REMOVAL OF 

D.O.D. VARIED FROM 58 PER CENT DURING THE FIRST QUARTER OF THE 

SEASON TO 48 PER CENT FOR THE LAST QUARTER. THIS OECREASE IN 

EFFICIENCY TOWARD THE END OF THE SEASON WAS ASSOCIATED WITH 
INCREASE IN THE RATIO OF SOLUBLE TO NON—SOLUBLE CONSTITUENTS 

IN THE RAW WASTES AND THE INH 181 TING EFFECT OF LOWER TEMPER- 

ATURES ON ANY BIOLOGICAL OXiDATION THAT MAY HAVE BEEN OCCURRING, 
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THE DATA REVEALED THAT AT ANY TIME DURING 
THE CAMPAIGN THE AMOUNT OF 5—DAY 6.0.0. REMAINING IN THE LAG- 
OONS WAS APPROXIMATELY HALF THE AMOUNT THAT HAD BEEN ADDED. 
DURING THE WINTER STORAGE PERIOD, NO MATERIAL CHANGE WAS DE- 
TECTED IN THE TOTAL qUANTITIES OF 5—DAY 8.0.0., TOTAL SOLIDS, 
AND ChEMICAL OXYGEN DEMAND (C.o.o.) IN THE LAGOON. APPARENT 
INCREASES IN THE MEASURED CONCENTRATIONS OF THESE CONSTiTUENTS 
WERE OFFSET WHEN CORRECTIONS WERE MADE FOR ICE COVER. THERE 
APPEARED TO BE LITTLE OR NO BIOLOGICAL ACTIVITY EFFECTIVE IN 

REDUCING THE CONCENTRATION OF THE WASTE AT THE NEAR OR BELOW 
FREEZING TEMPERATURES IN THESE LAGOONS. IT WAS CONCLUDED 
FROM THIS WORK THAT LAGOON TREATMENT OF BEET SUGAR WASTES, AT 
THIS LATITUDE0 COULD BE EXPECTED TO GIVE VERY EFFICIENT RE- 
MOVAL OF SUSPENDED SOLIDS AND APPROXIMATELY 50 PER CENT RE- 
DUCTION IN 5—DAY B.0.D. 

BOTTLE STUDIES WERE CONDUCTED ON LAGOONED 
WASTE COLLECTED BENEATH THE ICE. SAMPLES INCUBATED FOR 90 
DAYS AT 200. SHOWED NO REDUCTION IN 5—DAY B.0.D. WHICH CON- 
FIRMED FIELD OBSERVATIONS. PORTIONS OF THE SAME WASTE SAMPLES 
INCUBATED FOR 90 DAYS AT 2000. WERE REDUCED 56 PER CENT IN 

5—DAY B.O.D.. WHICH CONFIRMED FIELD OBSERVATIONS. PORTIONS 
OF THE SAME WASTE SAMPLES INCUBATED FOR 90 DAYS AT 200C. WERE 
REDUCED 56 PER CENT IN 5—DAY B.0.D. THESE RESULTS DEMONSTRA- 
TED THE INFLUENCE OF TEMPERATURE ON BIOLOGICAL OXIDATION AND 
INDICATED WHAT MIGHT BE EXPECTED WHEN ORGANiC WASTES ARE LAG— 
OONED iN MILDER CLIMATES.. 

BROAD FIELD APPLICATION 

EUROPEAN PRACTICE IN BEET SUGAR WASTE TREAT- 
MENT WAS INVESTiGATED BY A REPRESENTATIVE OF THE GREAT WESTERN 
SUGAR COMPANY IN THE FALL OF 1950. THIS WAS ONE PHASE OF RE- 
VIEW OF THE TECHNOLOGY OF BEET SUGAR MANUFACTURE AT SEVERAL 
PLANTS VISITED IN ENGLAND AND ON THE CONTINENT. OBSERVATIONS 
AT ELSDORF, GERMANY, INDICATED SATISFACTORY TREATMENT FOR FLUME 
WATER AND LIME CAKE SLURRY BY MEANS OF A SERIES OF SHALLOW 
DESILTING PONDS FOLLOWED BY FLOW OVER GRASSY PLOTS. A NEW 
PLOT WAS PLACED IN SERVICE EACH HOUR IN ORDER NOT TO DROWN OUT 
THE CRASS, SUFFICIENT PLOTS BEING PROVIDED TO PERMIT ROTATION. 
THE ELSDORF TREATMENT SYSTEM WAS REPORTED TO REDUCE THE 5—DAY 
3.0.0. TO iS PPM. 

BASED ON THESE OBSERVAT1ONS, THE GREAT WEST- 
ERN SUGAR COMPANY CONDUCTED LARGE SCALE WASTE TREATMENT STUDIES 
AT THE LOVELAND, COLORADO STEFFEN HOUSE BEET SUGAR FACTORY DUR- 
ING THE 1951 SEASON. TWO GRASSY PLOTS, EACH 75 FEET WIDE BY 
1100 FEET LONGS WERE USED IN CONJUNCTION WITH A SETTLING POND. 
ONE PLOT RECEIVED SETTLED WASTE AT THE. RATE OF I CFS AND THE 
OTHER AT A RATE OF 1/2 CFS. THE 5—DAY 6.0.0. OF THE SETTLED 
WASTE WAS REPORTED AS 604. PPM. THE EFFLUENT FROM THE PLOT 
RECEIVING 1/2 CFS HAD AN AVERAGE 5—DAY 8.0.0. OF 416 PPM. INDIC- 
ATING 31 PER CENT REDUCTION. ALTHOUGH TdE RESULTS ACCOMPLISHED 
AT LOVELAND DID NOT APPROACH THOSE REPORTED AT ELSDORF, GERMANY, 
IT WAS THOUGHT THAT MORE COMPLETE TREATMENT COULD BE REALIZED 
FROM IMPROVED DISTRIBUTION AND OTHER REFINEMENTS. ACCORDINGLY, 
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THE COMPANY DECIDED TO TRY THIS SYSTEM OF TREATMENT ON PLANT 
SCALE AT THE BAYARD, NEBRASKA BEET SUGAR REFINERY. 

THE BAYARD PLANT IS A TYPICAL STRAIGHT HOUSE 
WITH A RATED CAPACITY OF 1850 TONS OF BEETS PER DAY. LIQUID 
WASTES INCLUDE FLUME AND BEET WASH WATERS PULP WATER, 
PULP PRESS WATERS AND LIME CAKE SLURRY. THE WASTE TREATMENT 
FIELD CONSISTS OF A RECTANGULAR TRACT OF LAND 1750 FEET WIDE 
AND 3500 FEET LONG. THE AREA WAS F1RST USED FOR WASTE TREAT- 
MENT DURING THE 1952 CAMPAIGN. LIMITED ANALYTICAL WORK IN 

THE FALL OF 1952, ON THE PART OF THE COMPANY, SHOWED PROM1SING 
RESULTS. 

THE PUBLIC HEALTH SERVICE BECAME INTERESTED 
IN THE BAYARD TREATMENT SYSTEM AS A POSSIBLE METHOD OF BEET 

SUGAR WASTE DISPOSAL IN OTHER AREAS. THIS INTEREST LED TO A 

CO—OPERATIVE FIELD STUDY AT BAYARD, NEBRASKA, BEGINNING OCTOBER 
19TH, 1953, AND EXTENDING FOR A PERIOD OF APPROXIMATELY ONE 

MONTH. THIS INVESTIGATIONAL RESEARCH WAS SPONSORED AND DIR- 

ECTED BY THE MISSOURI DRAINAGE BASIN OFFICE, PUBLIC HEALTH 
SERVICE. CO—OPERATING AGENCIES INCLUDED: THE GREAT WESTERN 
SUGAR COMPANY, AND THE NEBRASKA AND WYOMING STATE PUBLIC 
HEALTH DEPARTMENTS. THE U.S. WEATHER BUREAU, U. S. GEOLOGICAL 
SURVEY, AND THE NEBRASKA DEPARTMENT OF ROADS AND IRRIGATION 
GAVE VALUABLE ASSISTANCE. RESULTS OF THIS FIELD STUDY ARE 

CONTAINED IN A REPORT DATED APRIL 1954 17). 

PROCESS .WASTES FROM THIS PLANT ARE DISCHARGED 
THROUGH A DRAINAGE DITCH TO THE NORTH PLATTE RIVER. FLOW IN THE 

DITCH DURING THE BEET SUGAR SEASON WAS REPORTED AS 36 CFS AND 

THE RIVER DISCHARGE AT THE RAILROAD BRIDGE APPROXIMATELY 2—1/4 
MILES BELOW BAYARD AVERAGED 1220 CFS. DURING THE PERIOD OF 

THE STUOY , PULP PRESS WATER WAS DISCUARGED DIRECTLY TO THE 

DRAINAGE DITCH THROUGH A SEPARATE SEWER. ALL OTHER PROCESS 
WASTES ENTERED A WASTE CANAL FROM WHICH THEY WERE PUMPED TO A 

DISTRIBUTION FLUME HAVING 4 INCH OUTLET PIPES TO THE FIELD. 
AFTER FLOWING ACROSS THE GRASSY SURFACE, THE WASTE WAS COLLECTED 
AT THE LOWER END IN A CANAL AND DISCHARGED TO THE DITCH. EFFLU- 
ENT FROM THE TREATMENT PLOT FLOWED SOME 6000 FEET TO NORTH 
PLATTE RIVER. 

ON A POUNDS B.O.D. BASIS, 68 PER CENT OF THE 

WASTES PRODUCEO WERE APPLIED TO THE TREATMENT PLOT, IS, PER CENT 
WERE DISCHARGED DIRECTLY, AND THE REMAINDER INADVERTENTLY REACHED 
THE DITCH UNTREATED. APPLIED WASTE HAD AN AVERAGE 5—DAY B.0.D. 

OF 483 PPM WHILE THE EFFLUENT FROM THE FIELD AVERAGED 168 PPM. 

B.0.0. WASTE VOLUME TO THE FIELD WAS 4.3 CFS, BUT ONLY 3.5 CFS 

WERE D1SCHARGED FROM THE FIELD; THE DIFFERENCE WAS ATTRIBUTED 
TO SEEPAGE AND EVAPORATION. THE AVERAGE RETENTION ON THE FIELD 
WAS DETERMINED BY CHLORIDE TESTS TO BE. 14.5 HOURS. THE B.0.D. 
REMOVAL IN PPM WAS 67 PER CENT, OVER 73 PER CENT OF THE 
POUNDS B.O.D. APPLIED REMAINED ON THE FIELD. SUSPENDED SOLIDS 
REMOVAL EXCEEDED 99 PER CENT. 

THE GRASSLAND FIELD ACTED PRIMARILY AS A SET- 
TLING AR.EA WITH SUPPLEMENTAL BIOLOGICAL OXIDATION. SETTLEABLE 
SOLIDS WERE REMOVED IN THE UPPER QUARTER OF THE FIELD COINCIDENTALLY 
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WITH 60 PER CENT REDUCTION OF B.0.0. BIOLOGICAL ACTION IN 
THE LOWER THREE QUARTERS OF THE PLOT RESULTED IN AN ADDITIONAL 
7 PER CENT 8.0.0. REMOVAL AND ABOUT 10 PER CENT REDUCTION IN 
DISSOLVED SOLIDS. THE LIME SLURRY MAY HAVE CAUSED SOME 
CHEMICAL PRECIPITATION OF FINELY OIVIDED SOLIDS THOUGH THIS 
ACTION APPEAREO NEGLIGIBLE. THE AREA WAS RELATIVELY FREE 
FROM ODOR, ALGAL AND PROTOZOAN GROWTHS WERE PRESENT IN 

LARGE NUMBERS, BUT SHORT CIRCUITING AND CHANNELING OF WASTES 
PREVENTED THEIR FULL UTIL1ZATION. IMPROVED DISTRIBUTION 
AND LEVELLING SHOULD INCREASE THE OVERALL EFFICIENCY OF 
TREATMENT FOR THIS GRASSLAND AREA, 

THE DRAINAGE DiTCH ABOVE THE BEET SUGAR 
PLANT HAD AN AVERAGE DISSOLVED OXYGEN CONCENTRATION OF 
9,89 P.P.M. WHICH REPRESENTED 99 PER CENT SATURATION, THE 
TREATED AND UNTREATED BEET SUGAR WASTES REDUCED THE 0.0. IN 
THIS DITCH WATER TO A MINIMUM OF 4.19 P.P,M. STREAM ANAL- 
YSES CONFIRMED THE DEGREE OF TREATMENT OBSERVED FOR THE 
GRASSLAND TREATMENT FIELD. 

BRITISH RESEARCH 

THE BRITISH WATER POLLUTION RESEARCH LAB- 
ORATORY HAS REPORTED SATISFACTORY PILOT PLANT TREATMENT OF 
LAGOONED BEET SUGAR WASTES BY BIOLOGICAL FILTRATION (8). 
EXPERIMENTAL WORK WAS PERFORMED WITH RECIRCULATED FLUME WATER 
CONTAINING ABOUT 2 PER CENT PROCESS WASTES (PULP SCREEN AND 
PRESS WATER) AT BOTH STANDARD AND HIGH—CAPACITY RATES. THE 
EXPERIMENTAL FILTER WAS 12 FEET IN DIAMETER AND 6 FEET DEEP. 

THIS EXPERIMENTAL WORK DEMONSTRATED THAT 
SETTLED FLUME WATER WAS AMENABLE TO BIOLOGICAL FILTRATION 
AND THAT TH1S TREATMENT COULD BE RELIED ON TO CONSISTENTLY 
GIVE A TREATED WASTE WITH A 5—DAY B.0.D. LESS THAN 20 P.P.M. 
THE BRITISH CONCLUDED FROM THIS RESEARCH THAT, IF SETTLED 
WASTE WATERS WERE TREATED CONTINUOUSLY THROUGHOUT THE YEARS 
A BIOLOGICAL FILTER 60 FEET IN DIAMETER AND 6 FEET DEEP SHOULD 
BE ADEQUATE FOR TREATING RESIDUAL WASTES FROM A FACTORY SLIC- 
ING 2,000 TONS OF BEETS PER DAY (9). THIS SYSTEM STILL RE- 
QUIRES EXTENDED STORAGE OF A LARGE VOLUME OF WASTE. 

SUMMARY 

SEASONAL OPERATION MAKES IT IMPERATIVE THAT 
CAPITAL EXPENDITURES FOR TREATMENT OF BEET SUGAR WASTES BE 
HELD TO THE ABSOLUTE MINIMUM, THIS FACTOR PLACES A PREMIUM 
ON WASTE REDUCTION MEASURES AND REUSE. APPLICATION OF LAGO— 
ONING AND GRASSLAND FILTERS MUST NECESSARILY DEPEND ON THE 
DEGREE OF TREATMENT REQUIRED AND THE AVAILABILITY OF SUITABLE 
AREAS, IN ANY EVENTS THEY MAY BE CONSIDERED EXPEDIENT MEAS- 
URES UNTIL REUSE OF PROCESS WATER IS GENERALLY ACCEPTED OR 
MORE SATISFACTORY TREATMENT METHODS ARE DEVELOPED. 
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WASrE PROBLEMS IN THE PULP AND PAPER INDUSTRY 

— By — 

G. I-I. TOMLINSON 

DIRECTOR OF RESEARCH 
HOWARp SMITH PAPER MILLS LTD. 

CORNWALL, ONTARIO 

THE APPARENTLY EVER—INCREASING WORLD DEMAND 
FOR PULP AND PAPER PRODUCTS INVOLVING A WIDE RANGE OF END—USE 
REQUIREMENTS HAS RESULTED IN THE DEVELOPMENT OF A LARGE AND 
COMPLEX INDUSTRY. THUS, WE FIND OURSELVES TO—DAY WITH A 

GREAT NUMBER OF MILLS IN WIDELY DIFFERING LOCATIONS USING RAW 
MATERIALS AND PROCESSES WHICH HAVE SEEN FOUND TO MEET SPECIFIC 
MARKET DEMANDS. FOR THIS REASON THE NATURE AND RELATIVE IM- 

PORTANCE OF THE WASTE PROBLEMS VARY GREATLY THROUGHOUT THE 
INDUSTRY, AND IT BECOMES IMPOSSIBLE TO TAKE THE SPECIFIC SOLU- 
TION TO SOME PROBLEM THAT EXISTED AT ONE MILL AND APPLY IT TO 

ALL. NEVERTHELESS THE PRINCIPLES INVOLVED MAY PROVE OF 
SPECIAL VALUE IN POINTING TO AN ALTERNATIVE ROUTE. 

IT WOULD SEEM WORTHWHILE, THEREFORE, TO LIST 
IN BROAD TERMS THE WASTE PROBLEMS THAT BESET THE INDUSTRY, TO 
EXAMINE THE REASONS THAT HAVE LED TO THIS WASTE1 TO EXAMINE 
SOME OF THE SOLUTIONS THAT HAVE BEEN FOUND FOR SPECIFIC CASES, 
AND WHERE POSSIBLE TO INDICATE METHODS THAT MIGHT BE USED IN 

OTHER CASES WHICH HAVE YET TO BE SOLVED, 

THE MAJOR PROBLEMS OF MATERIAL WASTE IN THE 
INDUSTRY CAN BE DISCUSSED UNDER THE FOLLOWING HEADINGS: 

1. WASTE DUE TO CUTTING ONLY SELECTED TREES or SELECTED 
SPECIES (FOREST AND W0ODLOT) 

2,. WASTE IN LIMBS, TOPS, ETC. (FOREST AND WOODLOT) 

3. WASTE OF BARK (FOREST OR PULP MILL) 

4. WASTE OF A PORTION OF THE WOOD IN MECHANICAL 
DEBARKING (PULP MILL) 

5. WASTE OF SLABS, ETC. (SAW MILL) 
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6. WAsTE OF CHEMICAL FRACTIONS OF THE WOOD OTHER THAN CELLULOSE 

(PULP MILL) 

7. WASTE OF CELLULOSE DUE TO EXCESSIVELY DRASTIC COOKING CON- 

DITIONS (PULP MILL) 

8. WASTE OF DIGESTION CHEMICALS (PULP MILL) 

9. WASTE OF CELLULOSIC FIBRES THROUGH MECHANICAL LOSS IN PRO- 

CESSING (PULP MILL AND PAPER MILL) 

10. WASTE OF FILLERS, DYES, SIZING CHEMICALS IN EFFLUENTS 

(PAPER MILL) 

It. WASTE IN PROCESSING WASTE PAPERS (PAPER MILL) 

THE MORE IMPORTANT WASTE PROBLEMS IN ITEMS 

I TO S ASSOCIATED WITH THE HANDLING OF THE WOOD ARE COMMON TO 

THE INDUSTRY AS A WHOLE, BUT THE SPECIFIC SOLUTION THAT WILL BE 

FOUND WILL BE GREATLY INFLUENCED BY THE NATURE AND LOCALITY OF 

THE FOREST AND BY THE SPECIFIC PROCESS SUBSEqUENTLY EMPLOYED AT 

THE MILL. A SATISFACTORY SOLUTION TO THESE WOOD PROBLEMS IN MANY 

CASES WOULD INVOLVE A GREATER ECONOMIC RETURN THAN A SOLUTION TO 

THOSE IN ITEMS 6 TO II WHICH INVOLVE THE MORE APPARENT POLLUTION 

PROBLEMS. 

THUS THE FOLLOWING DISCUSSION WILL REVIEW THE 

UNDERLYING REASONS FOR THE EXISTENCE OF THESE PROBLEMS IN RE- 

LATION TO THE WOOD ITSELF AND TO THE IMPORTANT INDIVIDUAL PROCES- 

SES $0 THAT THE INTER—RELATIONSHIP OF THE PROBLEMS WILL BECOME 

MORE APPARENT. 

THE INDUSTRY, WHICH IN CANADA NOW INVOLVES A 

GROSS ANNUAL RETURN OF OVER A BILLION DOLLARS WAS LARGELY BUILT 

UP AT A TIME WHEN LESS TECHNICAL 1NFORMATION ANO RATHER DIFFERENT 

ECONOMIC CONDITIONS PREVAILEO. THUS IN DEALING WITH SPECIFIC 

WASTE PROBLEMS AT ANY GIVEN MILLS SOME OF WHICH MAY INVOLVE VERY 

LARGE CAPITAL EXPENSE, IT IS NECESSARY TO CONSIDER SUCH EXPEND- 

ITURE IN RELATION TO OTHER PROBLEMS IN THE MILL, AND ALSO TO 

ALTERNATIVE PROCESSING THAT MIGHT BE FOLLOWED. 

BASICALLY ONE REQUIRES CELLULOSE FIBRE IN A 

FORM SUITED TO A SPECIFIC END USE, AND ITS METHOD OF PRODUCTION 

SHOULD BE SUCH AS TO GIVE IT AT THE LOWEST POSSIBLE COST, OB- 

VIOUSLY, ELIMINATION OF WASTE WILL SEAR AN IMPORTANT ROLE IN 

THIS PICTURE, AND THE RELATIVE MERIT IN PRODUCING THE FIBER BY 

ANY GIVEN ROUTE. HOWEVER, IT 1S NECESSARY TO CONSIDER THIS IN 

RELATION TO RAW MATERIALS ALTERNATE PROCESSING ROUTES, AND THE 

SUITABILITY OF THE PRODUCT TO SPECIFIC END USE. 

CELLULOSE FleER PROVIDES AN IDEAL SUBSTANCE 

AS A BASIS FOR THE SHEETED MATERIAL REQUIRED FOR THE MANY USES 

TO WHICH PAPER IS APPLIED. SUCH FIBER MAY BE OBTAINED, IN REL- 

ATIVELY PURE STATE, FROM COTTON OR LINEN, AND HAD THESE MATERIALS, 

IN RAG FORM, BEEN AVAILABLE IN SUFFICiENT QUANTITY FOR OUR PRES- 

ENT PAPER DEMANDS, AND AT LOW COST, IT IS UNLIKELY THAT OUR WASTE 
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PROBLEMS WOULD WARRANT A DISCUSSION HERE TO—DAY. 

STARTING ABOUT 100 YEARS AGO THE ALTERNATIVE 
USE OF WOOD WAS FORCED ON THE INDUSTRY, AND FRACTIONAL UTILIZ- 
ATION )F THE TREE, AND THEREFORE, WASTE RESULTED. 

To UNDERSTAND THE ORIGIN OF THIS WASTE OR 

POTENTIAL CO—PRODUCTS WE SHOULD PERHAPS REVIEW THE STRUCTURAL 
AND CHEMICAL PORTIONS OF THE TREE. 

THE TREE IS A HIGHLY DEVELOPED BIOLOGICAL 
ENTITY HAVING SPECIALIZED PHYSICAL AND CHEMICAL COMPONENTS. 
THE ROOT HAIRS ABSORB WATER AND MINERAL NUTRIENT, THE LEAVES 
ABSORB CARBON DIOXIDE, WHICH9 REACTING WITH WATER UNDER THE 
ACTION OF LIGHT FORM WATER—SQLUBLE ORGANIC MATTER WHiCH SUBSE- 
QUENTLY BECOMES WOOD SUBSTANCE, SEPARATING THESE TWO ARE THE 
ROOT SYSTEM, THE TRUNK1, AND THE BRANCH AND TWIG SYSTEM. THESE 
LATTER STRUCTURAL PARTS SUPPORT THE LEAVES, AND ACT AS CONDU- 
CTIVE SYSTEM BETWEEN ROOT HAIRS AND LEAVES. THE WATER—SOLUBLE 
ORGANIC MATTER CARRIES BACK DOWN FROM THE LEAVES DURING THE 
GROWING SEASON, WHERE AT THE CAMBIUM, OR INTERFACE BETWEEN WOOD 
AND BARK, IT FURTHER REACTS TO FORM WATER—INSOLUBLE WOOD AND 
BARK ELEMENTS. THE WOOD THUS PROVIDES THE MAIN STRuCTURAL 
AND CONDUCTING FUNCTION WHILE THE BARK PROVIDES A WATER VAPOUR 
BARRIER TO PREVENT EXCESSIVE EVAPORATION. 

THE WOOD CONSISTS ESSENTIALLY OF HOLLOW FIBERS 
OR CELLS OF ABOUT I TO 4 CM. IN LENGTH, THESE FIBERS BEING ABOUT 
100 TIMES AS LONG AS THEY ARE THICK. THESE HOLLOW FIBERS ARE 
ORIENTED WITH THEIR AXIS PARALLEL TO THAT OF THE TRUNK OR BRANCH, 
ARE SEALED AT THE END, BUT ADJACENT FIBERS HAVE INTERCONNECTING 
PASSAGES THROUGH THEIR WALLS, SO THAT TOGETHER THEY FORM AN IN- 

TERLOCKING CAPILLARY SYSTEM. THE CHIEF CHEMICAL CONSTITUENT 
OF THE FIBERS IS CELLULOSE, A LONG—CHAIN POLYMERIZED CARBOHY- 
DRATE. THE FIBERS ARE CEMENTED TOGETHER WITH LIGNIN, WHICH 
TENDS TO STIFFEN THE STRUCTURE. THE MEMICELLULOSES, A GROUP 
OF LESS HIGHLY POLYMERIZED CARBOHYDRATES MAKE UP THE THIRD MAIN 
CLASS OF CHEMICAL CONSTITUENTS OF THE WOOD, AND THEY ARE ALSO 
LARGELY LOCATED IN THE INTERFIBER ZONE. THE PROPORTION OF 

THESE VARIOUS CHEMICAL CONSTITUENTS VARY FROM SPECIES TO SPECIES, 
BUT IN GENERAL THE CELLULOSE AMOUNTS TO 45% TO 55%, THE LIGNIN 
17% TO 28%, AND THE HEMICELLULOSE ABOUT 20% TO 30% OF THE WOOD 
SUBSTANCE. MINOR CONSTITUENTS SUCH AS ROSIN, TAN— 
NINS0 ETC. MAY AMOUNT TO 2% TO 12%. IN ADDITION TO THE FIBERS 
REFERRED TO ABOVE OTHER PHYSICAL ELEMENTS ARE PRESENT IN MINOR 
QUANTITY SUCH AS PITH CELLS, RAY CELLS, AND IN THE CASE OF THE 
BROAD—LEAFED WOOD SPECIES, VESSELS. 

CELLULOSIC BAST FIBER IS PRESENT IN BARK• BUT 
THE CELLULOSE PERCENTAGE IS LOWER THAh IN THE WOOD1 AND MISCELLAN- 
EOUS SUBSTANCES SUCH AS ROSIN, TANNINS, FATS, ETC. ARE FOUND IN 

MUCH HIGHER PERCENTAGES, 

EARLY IN THE DEVELOPMENT OF THE PULP AND PAPER 
INDUSTRY IT WAS FOUND THAT THE TRUNK OF THE TREE, AFTER REMOVAL 
OF BARK9 FORMED THE MOST CONVENIENTLY HANDLED AND SUITABLE MATER- 
IAL FOR PULPING. IT WAS ALSO FOUND THAT THE CONIFERS, WHICH 



- 67 - 

HAVE TWO OR THREE TIMES GREATER FIBER LENGTH THAN THE BROAD— 
LEAFED SPECIES, GAVE BETTER STRENGTH FOR ANY GIVEN METHOD OF 

PULPING. Ii WAS ALSO FOUND THAT SPRUCE AND BALSAM, WHICH 
CONTAIN LESS ROSIN THAN PINE WERE MORE EASILY HANDLED. 

WHILE WOOD REMAINED PLENTIFUL IN RELATION 
TO PULP DEMAND, PEELED SPRUCE AND BALSAM FORMED T HE MAJOR RAW 

MATERIAL FOR ALL PULPING PROCESSES. IN OUR EASTERN FORESTS 
WHERE THESE SPECIES ARE OFTEN MIXED WITH OTHER CONIFERS AND 

HARDWOODS IT HAS MEANT A HIGH—GRADING OF THE STANDS WITH THE 

LESS DESIRED SPECIES LEFT TO REPRODUCE AND TAKE OVER THE AREA. 
MOREOVER, THE HARDWOODS ALSO TEND TO FORM THE INITIAL COVER 
AFTER FOREST FIRES, WITH THE RESULT THAT THE CHARACTER OF OUR 
FORESTS IS CHANGING. OBVIOUSLY THE NEED IS TO DEVELOP OPER- 
ATIONS BASED ON THE HARDWOODS AND OTHER NEGLECTED SPECIES, AND 

THIS WILL BE REFERRED TO IN DISCUSSING THE VARIOUS PULPING 
METHODS. 

GROUNDW000 PULPING 

THE FIRST METHOD DEVELOPED FOR PROCESSING 
WOOD WAS THE GROUNDWOOD PROCESS. THIS CONSISTS OF PRESSING 
THE BARKED LOGS, IN THE PRESENCE OF WATER, AGAINST A STONE 
GRINDING WHEEL WHICH MECHANICALLY TEARS THE FIBERS APART WHILE 
TO A GREATER OR LESS EXTENT BREAKING THEM DOWN INTO FRAGMENTS 
THUS PROVIOING A LARGE SURFACE AREA FOR REBONDING INTO THE 

PAPER SHEET. THE RESULTING PULP IS SEPARATED FROM SPLINTERS 
AND OTHER GROSS MATERIALS, AND THEN MAY BE PUMPED DIRECTLY TO 

THE PAPER MILL. THE PRODUCTION OF THIS PULP RESULTS IN LITTLE 
WASTE AFTER THE LOG ENTERS THE GRINOERS OTHER THAN A SMALL PER- 
CENTAGE OF WATER SOLUBLE MATERIAL AND FIBER FRAGMENTS LOST IN 

DRAINAGE OF WATER AT THE PAPER MACHINE. UNFORTUNATELY, THE 

QUALITIES OF THIS PULP ARE SUCH THAT IT CAN BE USED IN ONLY 
CERTAIN GRADES. ITS MOST IMPORTANT USE IS IN NEWSPRINT WHICH 
NORMALLY CONTAINS 80%—88%, THE BALANCE BEING NORMALLY UMBLEACHED 
SULFITE WHICH IS ADDED TO INCREASE THE STRENGTH OF THE SHEET 1N 

ORDER TO ALLOW IT TO RUN WITHOUT UNDUE BREAKAGE ON THE PAPER 
MACHINE AND PRINTING PRESS. IT ALSO FINDS USE IN OTHER PRINT- 
ING GRADES, BUT ITS LOW STRENGTH MAKES IT UNSUITABLE FOR USE IN 

WRAPPING PAPERS, ETC., AND ITS POOR STABILITY TO LIGHT 
MAKES IT UNSUITABLE FOR FINE PAPERS WHERE PERMANENCE MUST BE 

CONSIDERED. THESE UNDESIRABLE FACTORS APPEAR TO BE RELATED TO 

THE PHYSICAL DAMAGE OBTAINED IN GRINOING, AND THE FACT THAT THE 
TOTAL HEMICELLULOSE AND LIGNIN FROM THE WOOD WHICH COVER INTACT 
SECTIONS OF THE FIBER DO NOT PROVIDE A COMPLETELY SATISFACTORY 
BOND UNDER PAPERMAKING CONDITIONS. 

DENSE HARDWOODS SUCH AS BIRCH HAVE HOT BEEN 
SUCCESSFULLY CONVERTED TO USEABLE GROUNDWOOD SINCE THEY TEND TO 

GRIND DOWN TO FLOUR—LIKE FRAGMENTS. POPLAR AND RESINOUS CON- 
IFERS SUCH AS PINE ARE NOW FINDING LIMITED USES BUT SPRUCE AND 
BALSAM ARE ST1LL PREFERRED. WMERE CLEANL1NESS OF GROUNOWOOD 
PULP IS REQUIRED THE EXCLUSION OF BARK FROM THE LOG HAS BEEN 
CONSIDERED OF IMPORTANCE, AND PORTIONS OF THE LOG CONTAINING 
INGROWN BARK AROUND KNOTS, ETC. HAVE BEEN MECHANICALLY REMOVED 
AT THE MILL BEFORE FURTHER PROCESSING. THUS THE SPECIFICATIONS 
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SET AT THE GROUNDW000 MILL HAVE BEEN HIGH: SELECTED SPECIES, 
STRAIGHT LOGS, RELATIVELY FREE OF KNOTS AND ROT. THEREFORE, 
UNLESS THE LOGGING OPERATION HAS BEEN INTEGRATED WITH ONE 
USING WOOD FOR SOME OTHER PROCESS, CONS1DERABLE WASTE RESULTS 
IN THI FOREST. MINIMIZATION OF THIS FOREST WASTE REQUIRES 
FURTHER RESEARCH ON EQUiPMENT AT THE MILL. ONE LINE OF ATTACK 
ON WHICH WE HAVE SEEN WORKING IN OUR OWN LABORATORY IS THE 
DEVELOPMENT OF EQUIPMENT THAT WILL REMOVE BARK FRAGMENTS FROM 
THE FINAL PULP, THE OPERATION DEPENDING ON THE DIFFERENCES IN 

SHAPE AND SPECIFIC GRAVITY, PRELIMINARY RESULTS WITH THIS 
EQUIPMENT, NOW KNOWN AS THE BAUER—CLEANER, INDICATES THAT VERY 
CONSIDERABLE TOLERANCE TO BARK IN THE LOGS MAY 8E ALLOWED. 
RESEARCH ON IMPROVED METHODS OF MECHANICAL DISINTEGRATION 
COULD RESULT IN SOMEWHAT IMPROVED STRENGTH AND GREATER UTILIZ- 
ATION OF SPECIES. 

CHEMICAL PULPING PROCESSES 

THE SO—CALLED CHEMICAL PULPS ARE THOSE IN 

WHICH THE LOG IS FIRST REDUCED TO CHIP FORM, AND THEN DIGESTED, 
AT ELEVATED TEMPERATURE AND PRESSURE, W1TH CHEMICALS WHICH WILL 
SELECTIVELY DISSOLVE THE INTERFIBER BINDING MATERIALS, THE LIG— 
NIN AND HEMICELLULOSE, SO THAT THE FIBERS WILL SEPARATE FROM 
EACH OTHER. THE CELLULOSE IS SIMULTANEOUSLY SUBJECT TO CHEM- 
ICAL ATTACK SO THAT THIS DOES NOT CONSTITUTE A QUANTITATIVE 
SEPARATION IN THE NORMALLY IMPLIED SENSE. THUS A CHEMICAL 
PULP1NG DIGESTION WILL NORMALLY BE STOPPED WHILE THE RESIDUE 
STILL CONTAINS APPRECIABLE AMOUNTS OF LIGNIN AND HEMICELLULOSE. 
IF A WHITE PULP IS DESIRED THE REMAINING LIGNIN IN THE PULP 
WILL BE REMOVED BY BLEACHING. 

OF THE CHEMICAL PULPING METHODS THE FIRSTTO 
BE DEVELOPED WAS THE ALKALINE PROCESS, INITIALLY USING CAUSTIC 
SODA AND SODIUM SULFIDE. THE FORMER IS KNOWN AS THE SODA 
CESS, THE LATTER, BECAUSE THE MIXED REAGENT IS DERIVED FROM 
SODIUM SULFATE, THE SULFATE PROCESS, UNBLEACHED PULPS PRO- 
DUCED BY EITHER MODIFICATION ARE DARK BROWN IN COLOUR. THE 
SULFATE PROCESS IS MILDER IN ACTION, AND TENDS TO GIVE LESS 
CELLULOSE DEGRADATION AND, A HIGHER YIELD AND BETTER 
STRENGTH FOR ANY GIVEN DEGREE OF DELIGNIFICATION. THUS SULFATE 
PULP FROM LONG FIBERED CONIFEROUS WOOD TERMED KRAFT GIVES THE 
STRONGEST COMMERCIALLY AVAILABLE PULP, AND THIS IS THE PULP THAT 
FINDS USE IN CEMENT BAGS, GROCERY WRAPPING PAPERS, ETC. 

UNTIL ABOUT 25 YEARS AGO LITTLE SUCCESS WAS 
OBTAINED IN BLEACHING THIS PULP, BUT BLEACHING TECHNIQUES HAVE 
BEEN ESTABLISHED AND IMPROVED SO THAT t—DAY IT IS POSSIBLE TO 
OBTAIN HIGH BRIGHTNESS PULPS RETAINING THEIR FULL STRENGTH. 
IMPROVEMENTS IN PULPING AND BLEACHING OF ALKALINE PULPS FROM 
THE SHORT FIBRED BROAD—LEAFED WOODS HAVE ALSO RESULTED IN 

GREATLY IMPROVED STRENGTH COMPARED WITH THAT FORMERLY OBTAINED 
SO THAT SUCH PULPS CAN BE USED WITH ADVANTAGE AS MAJOR RATHER 
THAN MINOR CONSTITUENTS IN MANY FINE PAPER FURNISHES. 

IT WOULD APPEAR THAT IN SPITE OF CERTAIN PROB- 
LEMS THIS PROCESS CAN BE SUCCESSFULLY APPLIED TO VIRTUALLY ALL 
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WOOD SPECIES AVAILABLE IN THE TEMPERATE ZONE, WITH THE LONG 
FIBERED CONIFEROUS WOODS GIVING TOP STRENGTH PULPS AND THE 
SHORT FIBERED BROAD—LEAFED WOODS GIVING MEDIUM STRENGTH PULPS., 
THIS PROCESS ALSO ALLOWS A REASONABLE TOLERANCE OF BARK AND OF 
ROT l? THE WOOD. IT, APPEARS TO OFFER SPECIAL 
PROMISE IN A PROGRAMME DIRECTED TOWARDS ELIMINAT ION OF FOREST 
WASTE, 

THE UNBLEACHED YIELD OF PULP OBTAINED FROM 
THE CHIPS WILL RANGE BETWEEN ABOUT 43% AND 48% WITH CONIFEROUS 
WOODS, AND BETWEEN ABOUT 48% AND 55% WITH THE BROAD—LEAFED WOOD 
SPECIES. APPROXIMATELY 0.5% TO 2.5% OF THE WOOD WILL BE INSUF- 
FICIENTLY COOKED TO ALLOW READY DISINTEGRATION OF THE FIBERS 
AND THIS MATERIAL IN THE FORM OF SHIVES IS MECHANICALLY REMOVED 
FROM THE PULP. THE BALANCE OF THE WOOD GOES INTO SOLUTION IN 

THE COOKING LIQUOR AND THE RESIDUAL LIQUOR IS TERMED BLACK 
Ll QUOR. 

SINCE THE INCEPTION OF THIS INDUSTRY IT HAS 
BEEN COMMON PRACTICE TO EVAPORATE THE LIQUOR, AND BURN IT FOR 
THE RECOVERY OF SODIUM SALTS, WHICH ARE OBTAINED AS SODIUM 
CARBONATE, AND SODIUM SULFIDE IN A SMELT. THIS SMELT IS DIS- 
SOLVED IN WATER AND TREATED WITH LIME WHICH CONVERTS THE CAR- 
BONATE TO CAUSrIC SODA, AND THE LIME TO CALCIUM CARBONATE. 
THE DECANTED LIQUOR IS THEN RECYCLED TO THE PROCESS AS FRESH 
COOKING LIQUOR WHILE THE CALCIUM CARBONATE MAY BE RECONVERTED 
TO LIME BY BURNING IT IN A THUS GIVING A SECOND CYCLIC 
SYSTEM, 

WITH THIS RECYCLING OF CHEMICAL THE COST OF 
PRODUCTION IS MATERIALLY REDUCED. THE COMBUSTION OF THE LIQUOR 
INVOLVES SPECIAL AND INITIALLY LITTLE OF THE HEAT 
VALUE WAS RECOVERED. OVER THE PAST TWENTY YEARS CONSIDERABLE 
DEVELOPMENT HAS TAKEN PLACE III BOTH FURNACE DESIGN AND AUXIL— 
LIARY EQUIPMENT WITH THE RESULT THAT EXTREMELY HIGH THERMAL 
EFFICIENCY MAY BE OBTAINED, OF THE ORDER OF 95%, AND SUFFICIENT 
STEAM OVER AND ABOVE THAT REQUIRED FOR EVAPORATION IS NOW AVAIL- 
ABLE TO OPERATE THE MILL, 

A MORE EFFICIENT UTILIZATION OF THE WOOD COULD 
BE OBIAINED IF ONE OF THE FRACTIONS CONTAINED IN THE BLACK 
LIQUOR COULD BE ISOLATED, AND USED FOR SOME PURPOSE HAVING A 

GREATER VALUE THAN FUEL. WHERE RESINOUS WOODS SUCH AS PINE 
ARE USED A MATERIAL KNOWN AS TALL—OIL TENDS TO SEPARATE ON 
EVAPORATION OF THE LIQUOR, AND THIS PRODUCT CAN BE CONVERTED 
TO PRODUCTS or THE TYPE OF ROSIN AND SOAP. IN MANY CASES THE 
QUANTITY AVAILABLE IS INSUFFICIENT TO WARRANT SUCH CONVERSION, 
AND IN THIS CASE IT IS BURNT WITH THE LIQUOR. 

SINCE THE LIGNIN ACTS AS A STIFFENING AGENT 
IN THE TREE iT OCCURRED TO US THAT IF ISOLATED, IT MIGHT BE 
USED IN PLASTICS AND OTHER STRUCTURAL MATERIALS. A METHOD WAS 
WORKED OUT BY US FOR ISOLATING A PORTION OF THE LIGNIN FROM THE 
BLACK LIQUOR, THE BALANCE OF WHICH GOES THROUGH THE NORMAL RE- 
COVERY CYCLE. THIS DEVELOPMENT LED TO THE PRODUCTION OF THE 
LAMINATED PLASTIC KNOWN AS ARBORITEC THIS IS MADE BY IMPREG- 
NATING PAPER SHEETS WITH RESINS AND CONSOLIDATING THEM TO A 
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PLASTIC BOARD BY PRESSING AT ABOUT 1500C AND 700 LB./SQ.IN. 
PRESSURE. IN THE DECORATIVE GRADES THE PRINTED BLEACHED 
SURFACE SHEET IS IMPREGNATED WITH A COLOURLESS RESIN, WHILE 

THE CENTRE SHEETS CONSIST OF UNBLEACHED PAPER IMPREGNATED 
WITH A SOLUTION OF LIGNIN AND PHENOLIC RESIN. 

OTHER POTENTIAL USES FOR THIS LIGNtN PROD- 

UCT HAVE BEEN DEVELOPED. ONE, INVOLVING ITS USE FOR REIN- 

FORCING RUBBER, APPEARS TO OFFER RATHER MAJOR PROMISE. 
ANOTHER INVOLVES ITS USE AS A DISPERSING AGENT FOR THE PROD- 

UCTION OF CERAMICS. 

IT IS BELIEVED THAT IMPORTANT DEVELOPMENTS 
FOR SELECTIVE UTILIZATION OF NON—FIBROUS INGREDIENTS OF THE 

LIQUOR CAN BE DEVELOPED, BUT THAT THESE ARE NOT LIKELY TO 

EQUAL THE POTENTIAL SUPPLY (IN THE CASE OF LIGNIN, A HALF— 
MILLION TONS PER YEAR IN CANADA) IN THE FORESEEABLE FUTURE. 

IN SPITE OF THE EXCELLENT UTILIZATION IN- 

HERENT IN TH1S PROCESS BOTH STREAM AND AIR POLLUTION PROBLEMS 

CAN EXIST. LOSSES OF BLACK LIQUOR IN WASHING THE PULP CAN 

BE UNDES1RABLE IF THE WATER COURSE IS SMALL. NORMALLY A 

LOSS OF OF THE LIQUOR IN THIS WAY HAS BEEN CONSIDERED 
NORMAL, AND RECOVERY OF THE LAST FEW PERCENT WOULD INVOLVE 
CONSIDERABLY GREATER WASHING AND EVAPORATING FACILITIES THAN 

ARE NORMALLY EMPLOYED. MOREOVER, THE COST OF EVAPORATION, 
AT LEAST FOR THE LAST PORTIONS, WOULD BE GREATER THAN THE 

VALUE OF THE RECOVERED CHEMICAL. TALL OIL SHOULD NOT SE RUN 

TO THE RIVER AS IT IS DETRIMENTAL TO FISH LIFE. 

FROM THE AIR POLLUTION STANDPOINT ABOUT 
OF THE CHEMICAL IN THE RECOVERY FURNACE COMES OFF AS A FUME. 

METHODS ARE AVAILABLE FOR RECOVERING THiS, USING EITHER ELEC- 
TROSTATIC PRECIPITATION OR WET METHODS OF SCRUBBING. THE 

MOST SERIOUS POLLUTION PROBLEM IS ODOUR RESULTING FROM HYDRO- 

GEN SULFIDE AND MERCAPTAN. METHODS TO ALLEVIATE THIS INVOLVE 

CONOENSATION OF ALL VAPOUR WITH OXIDATION OF CONDENSATE AND 

OXIDATION OF THE BLACK LIQUOR BEFORE FURTHER PROCESSING IN THE 

RECOVERY PLANT. 

THE SULFITE PROCESS IS THE OTHER IMPORTANT 

METHOD FOR PRODUCING CHEMICAL PULP, THE NORMAL REAGENT BEING A 

MIXTURE OF CALCIUM BISULFITE AND SULFUROUS ACID. THE UNBLEA— 
CHED PULP OBTAINED FROM SPRUCE IS A LIGHT MANILLA COLOUR WHICH 

CAN BE READILY BLEACHED. ITS STRENGTH WHEN MADE FROM SPRUCE 

IS INTERMEDIATE BETWEEN THAT OF SULFATE AND GROUNOWOOD. PRIOR 

TO THE DEVELOPMENT OF BLEACHING METHODS FOR SULFATE PULPS IT 

WAS CONSIDERED THE MOST VERSATILE PULP AVAILABLE. IN THE 

UNBLEACHED STATE IT COULD BE USED DiRECTLY TO STRENGTHEN NEWS- 

PRINT OR FOR PAPER BOARD. WHEN BLEACHED IT COULD BE USED FOR 

BOOK AND OTHER FINE PAPERS0 WHILE ST ILL USEFUL FOR 
THESE PURPOSES IT IS NO LONGER INDISPENSABLE. 

THE WOOD REQUIREMENTS MUCH MORE RIGID FOR 

THIS PULP THAN THEY ARE FOR SULFATE. MINOR INGREDIENTS SUCH 

AS PINOSYLVIN IN THE HEART WOOD OF SOME SPECIES SUCH AS PINE 

REACT WITH THE LIGNIN UNDER THE ACID CONDITIONS PREVAILING,THUS 
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PREVENTING ITS SOLUTION FROM THE WOOD, AND THEREFORE COMPLETE 
PULPING. MANY OF THE BROAD—LEAFED WOODS CAN BE PULPED, 
BUT THEIR STRENGTH IS LOW IN RELATION TO ALKALINE PULPS FROM 
THE SAME WOOD. BARK IS NOT CONVERTED TO FIBER IN THIS PRO- 
CESS SO THAT SPECiAL MEANS MUST BE PROVIDED FOR REMOVING THE 
LAST TRACES, EITHER BEFORE OR AFTER COOKING. 

IN GENERAL, IT WOULD SEEM THAT IF SULFITE 
PULP IS TO RETtIN A LEADING POSITION IN THE INDUSTRY IT IS 

ESSENTIAL THAT MODIFICATIONS BE DEVELOPED WHiCH WILL RESULT 
IN GREATER VERSATILITY WITH REGARD TO WOOD SPECIES, WHICH 
WILL GIVE BETTER STRENGTH, ANO WHICH WILL SHOW GREATER TOLER- 
ANCE TO BARK. 

THE COST OF THE LIMESTONE AND SULFUR REQUIRED 
FOR THE DIGESTION IS RELATIVELY SMALL, AND IT HAS BEEN NORMAL 
PRACTICE TO DISCHARGE THE SO—CALLEO "WASTE SULFITE LIQUOR" TO 
THE RIVER. A GREAT DEAL OF STUDY HAS BEEN GIVEN TO THIS PAR- 
TICULAR WASTE PROBLEM. 

IF THE LIQUOR IS EVAPORATED AND BURNED WITH 
HEAT AN ASH CONSISTING LARGELY OF CALCIUM SULFATE 
AND SULFIDE IS OBTAINED, AND THIS CANNOT BE RECYCLED TO THE 
PROCESS. HOWEVER, WHEN A MAGNESIUM BISULFITE LIQUOR IS USED, 
MAGNESIUM OXIDE AND SULFUR DIOXIDE ARE OBTAINED WHICH CAN BE 
RECOMBINED TO FORM FRESH COOKING LIQUOR. THIS CYCLIC PROCESS 
HAS BEEN OPERATING IN ONE MILL FOR SOME TIME WHiLE A SECOND ONE 
IS STARTING UP THIS SUMMER. THIS RESULTS IN CONSIDERABLE 
ECONOMY TO THE PROCESS SINCE BOTH HEAT AND DIGESTION CHEMICALS 
ARE RECOVERED. SUCH PROCESSING PLACES THE MILL ON A PAR WITH 
THE SULFATE PROCESS INSOFAR AS EFFLUENTS ARE CONCERNED, BUT ITS 

INSTALLATION INVOLVES HIGH CAPITAL COST. A FEW MILLS ARE BURN- 
ING EITHER CALCIUM BISULFITE OR AMMONIUM BISULFITE LIQUOR FOR 
THE RECOVERY OF HEAT, BUT WITHOUT RECOVERY OF THE BASE, THIS 
INVOLVING LESS EQUIPMENT,AND LOWER CAPITAL COST THAN 
WHERE THE CYCLIC MAGNESIA PROCESS IS USED. 

MANY ATTEMPTS HAVE BEEN MADE TO RECOVER SPEC- 
IFIC PRODUCTS FROM THE WASTE SULFITE LIQUOR. SINCE 1937 WE 
HAVE BEEN RECOVERING VANILLIN WHICH IS OBTAINED FROM THE WASTE 
SULFITE LIQUOR BY ALKALINE HYDROLYSIS, AND MORE RECENTLY OTHERS 
HAVE STARTED PRODUCTION. UNFORTUNATELY, THE MAIN USE OF VANIL— 
LIN APPEARS TO BE IN THE FLAVOURING FIELD, AND WITH THIS LIMITED 
MARKET ONLY MINOR QUANTITIES OF WASTE SULFITE LIQUOR CAN BE USED 
IN THIS WAY. IN OUR PROCESS, THE FINAL EFFLUENT LIQUOR IS 

BURNED, BUT BECAUSE OF THE SMALL QUANTITY OF LIQUOR INVOLVED IT 

HAS NO APPRECIABLE EFFECT ON THE OVER—ALL POLLUTION PROBLEM. 
WHEN VANILLIN IS PRODUCED IT IS NECESSARY TO CONFINE THE SULFITE 
MILL TO THE USE OF CONIFEROUS WOODS SINCE THE BROAD—LEAFED SPEC- 
IES, HAViNG L1GNIN OF SLIGHTLY DIFFERENT COMPOSITIONS ALSO YIELO 
5YRINGALDEHYDE WHICH CANNOT BE COMMERCiALLY SEPARATED FROM THE 
VAN ILL IN. 

ANOTHER POSSIBLE PRODUCT WOULD BE FURFURAL WHICH 
IS USED IN THE PRODUCTION OF NYLON. HOWEVER, THIS CAN ONLY BE 
ECONOMICALLY PRODUCED IF THE MILL IS OPERATING ON BROAD—LEAFED 
WOODS WHICH HAVE HIGH PENTOSAN CONTENT FROM WHICH THE FURFURAL IS 

OBTA I NED. 
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ALCOHOL IS BEING PRODUCED BY A FEW MILLS BY 

FERMENTATION OF THE SUGARS FOUND IN THE WASTE LIQUOR AND WHICH 

RESULT FROM HYDROLYSIS OF THE HEMICELLULOSE. IN OTHER MILLS, 

YEAST IS BEING PRODUCED. 

A FEW MILLS ARE EVAPORATING THE LIQUOR, WITH 

THE RESULTANT PRODUCT BEING USED FOR MISCELLANEOUS PURPOSES 

SUCH AS ROAD BINDER, LINOLEUM CEMENT, ETC. 

THESE VARIED, COMMERCIAL OPERATIONS BASED ON 

THE WASTE SULFITE LIQUOR ARE INDICATIVE OF WHAT CAN BE DONE. 

HOWEVER, IT IS EQUALLY APPARENT THAT WE ARE STILL A LONG WAY 

FROM THE POINT WHERE WE CAN USE THE TWO AND A HALF MILLION 

TONS OF SULFITE LIQUOR SOLIDS AVAILABLE IN CANADA EACH YEAR. 

THE AIR POLLUTION PROBLEM WITH THE SULFITE 

PROCESS PROVIDES NO SPECIAL UNSOLVED PROBLEMS. THE ONLY 

ODOUR DISCHARGED RESULTS FROM SULFUR DIOXIDE WHICH CAN BE SCRUB- 

BED FROM THE GAS. 

SEMICHEMICAL PULPING PROCESSES 

SEMICHEMICAL PULPS FORM A FOURTH CATEGORY OF 

PULP. THESE ARE PRODUCED BY VERY MILD COOKiNG CONDITIONS SUCH 

THAT INSUFFICIENT INTERFIBER MATTER IS DISSOLVED TO ALLOW THE 

CHIPS TO SPONTANEOUSLY DISINTEGRATE, THE SOFTENED CHIPS ARE 

SUBSEQUENTLY BROKEN DOWN BY MECHANICAL ACTION. A NUMBER OF 

MILLS HAVE BEEN RECENTLY BUILT, CHIEFLY IN THE UNITED STATES, 

IN WHICH BROAD—LEAFED WOOD SPECIES ARE TREATED WITH A NEUTRAL 

SODIUM SULFITE SOLUTION. THE RESULTANT PULPS ARE OBTAINED IN 

THE 65% TO 75% YIELD RANGE. THEY ARE NORMALLY A LIGHT MAN ILLA 

COLOUR IN THE UNBLEACHED STAGE. THEY CAN BE BLEACHED AT RATHER 

HIGH COST TO GIVE A PULP IN ABOUT THE 55% YIELD RANGE. THESE 

PULPS ARE NORMALLY USED9 AT LEAST AS PARTIAL REPLACEMENT, IN 

APPLICATIONS WHERE CONIFEROUS SULFITE PULP WOULD HAVE BEEN USED. 

THESE MILLS HAVE BEEN LARGELY BUILT IN LOCATIONS 

WHERE SPRUCE AND BALSAM ARE NO LONGER AVAILABLE, AND THIS DEVEL- 

OPMENT IS OF SPECIAL IMPORTANCE FROM THE STANDPOINT OF FOREST 

UT IL I ZA TI ON. 

MUCH RESEARCH HAS SEEN EXPENDED ON DEVELOPING 

A SUITABLE RECOVERY SYSTEM FOR THESE MILLS, AND IT IS BELIEVED 

THAT THiS PROBLEM CAN BE SOLVED, AT LEAST IN THE CASE OF THE 

LARGER MILLS. IN THE MEANTIME THE EFFLUENT LIQUORS ARE BE1NG 

DISCHARGED INTO THE RIVER. No SPECIAL AIR—POLLUTION PROBLEMS 

ARE INVOLVED WITH THESE MILLS. 

A FEW CANADIAN MILLS PREVIOUSLY PRODUCING UN— 

BLEACHED SULFITE OR SULFATE CHEMICAL PULPS FROM CONIFEROUS WOODS 

HAVE FOUND IT POSSIBLE TO STOP THE DIGESTION AT ABOUT THE 

YIELD AND DEFIBER THE PULP MECHANICALLY. FOR CERTAIN APPLIC- 

ATIONS IT HAS BEEN FOUND THAT THE RESULTANT PRODUCT IS QUITE 

SATISFACTORY, AND THIS REDUCES THE WOOD REQUIREMENT FOR ANY 

GIVEN QUANTITY OF PULP PRODUCED. 
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PAPER MILL WASTES 

THE PROBLEMS OF WASTE IN CONVERSION OF PULP 

TO PAPER LARGELY RESULT FROM MECHANICAL LOSS OF FIBER, FILLER, 
DYES1 ETC. METHODS OF RECOVERY INCLUDE FLOTATION "SAVE—ALLS", 
ROTARY FILTER TYPE SAVE—ALLS, ETC. THE COST OF EQUIPMENT AND 

THE VALUE OF MATERIAL RECOVERED WILL VARY GREATLY DEPENDING ON 

THE TYPE OF PAPER PRODUCED. 

'4000 UTILIZATION 

WITH THE ABOVE BACKGROUND LET US NOW RETURN 
TO THE PROBLEM OF OVERALL WOOD UTILIZATION. ON THE WEST COAST 
A RATHER UNIQUE CONDITION PREVAILS WHICH HAS RESULTED IN A 

RATHER FORTUNATE SOLUTION. IN MANY AREAS THE STANDS CONSIST 
ALMOST EXCLUSIVELY OF CONIFERS OF VERY LARGE DIAMETER AND 

HEIGHT. IT HAS BEEN FOUND NECESSARY, WHEN LOGGING FOR LUMBER 
PRODUCTION1 TO CUT OUT ALL TREES AT ONE TIME IN AN AREA SINCE 
THE TREES IF ISOLATED BLOW DOWN, BY CLEAR CUTTING SMALL AREAS 
IN A CHECKERBOARD MANNER THESE AREAS RESEED WITH THE SAME SPEC- 
IES. THE DOUGLAS FIR AND SPRUCE ARE LARGELY CONVERTED TO LUM- 
BER1 BUT ALL OF THE HEMLOCK CUT WAS NOT REQUIRED FOR THIS PU!— 
POSE. IT WAS FOUND THAT THE HEMLOCK COULD BE USED FOR THE PRO- 

DUCTION OF SULFITE PULP. MORE RECENTLY IT WAS FOUND THAT IF THE 

SAW—LOGS WERE DEBARKED BY HYORAULIC MEANS THE SLABS COULD BE CON- 
VERTED TO SULFATE PULP. THE TREMENDOUS SIZE OF THESE LOGS 
GREATLY SIMPLIFIED THIS DEBARKING OPERATION. THUS, THE PULPING 
INDUSTRY HAS BEEN LARGELY INTEGRATED WITH THE LUMBER INDUSTRY, 
USING AS RAW MATERIAL WOOD WHICH WOULD OTHERWISE BE WASTE. 

IN THE EAST THIS SITUATION IS NOT SO EASY. 
WITH THE SMALLER DIAMETER TREES THE COST OF DEBARKING AHEAD OF 

THE SAWMILL IS VERY HIGH, PARTICULARLY WITH THE BROAD—LEAFED 
WOODS. STUDIES ARE NOW BEING MADE WHICH MAY GREATLY IMPROVE 
THE SITUATION. IT IS POSSIBLE, BY GIRDLING THE TREE, AND PAINT- 
ING THE EXPOSED WOOD WITH A SODIUM ARSENATE SOLUTION TO KILL THE 

TREE WHILE AT THE SAME TIME LOOSENING THE BARK. IF THE TREE IS 

THEN CUT THE FOLLOWING YEAR MUCH OF THE BARK WILL DROP OFF AT THE 

SITE. FROM OUR OWN TEST OPERATIONS IT IS IMPOSSIBLE TO STATE 
NOW COMPLETE THIS REMOVAL WILL BE. HOWEVER, EQUIPMENT HAS BEEN 
DEVELOPED WHICH WILL LARGELY SEPARATE BARK FROM WOOD AFTER THE 
WOOD HAS BEEN CHIPPED, WHILE AT THE SAME TIME METHODS FOR RE- 

MOVING BARK SPECKS FROM THE PULP HAVE BEEN MARKEDLY IMPROVED. 
THUS IT IS HOPED THAT BY A COMBINATION OF THESE METHODS OUR 

CHANCES FOR BETTER FOREST UTILIZATION W1LL SE GREATLY IMPROVED. 
MEANS FOR HANDLING AND CHIPPING THE TOPS AND LIMBS AND SAWMILL 
SLABS FORM AN OBVIOUS PART or SUCH A STUDY. 

To SUMMARIZE, QUR RESEARCH AND ACTIVE MILL EX- 

PERIMENTS DEALING WITH WASTE AND THE WASTE PROBLEM ARE PROCEEDING 
ON A BROAD FRONT9 AND NO DOUBT THIS IS THE CASE THROUGHOUT THE 

INDUSTRY. EACH PROBLEM MUST BE CONSIDERED NOT ONLY IN GREAT 
DETAIL BY BUT ALSO IN RELATION TO ALL OTHER ITEMS AFFECT— 
1NG THE PROCESS, AND ITS COST. IT IS FELT THAT IN THIS WAY WE 

WILL BE BETTER ABLE TO PLAN AN ORDERLY SEQUENCE IN RELATION TO 

OUR FINAL GOAL, 
4 

0* 
* 
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TREATMENT OF CYANIDE WASTES 

— By — 

A. E. GRIFFIft 

H. B. SYNDER 

WALLACE & TIERNAN INC. 

NEWARK, N.J. 

CYANIDE IS USED qUITE SUCCESSFULLY IN THE 

PLATING AND CLEANING OF METALS, IN THE PLATING OPER- 

ATION CYANiDE IS USED IN THE BATHS TO HOLD THE HEAVY 

METALS AND TO AFFORD A SATISFACTORY ELECTROLYTE FOR THE 

PLATING OF A UNIFORM THICKNESS OF THE METAL ON THE SUR- 

FACE or THE PART BEING PLATED, IN THE CLEANING OR 

"STRIPPING" or OLD PLATED SURFACES FROM THE BASE METAL 
CYANIDE SOLUTIONS ARE OFTEN USED IN PREPARATION BEFORE 

REFINISHING OR OTHER SURFACE TREATMENT PROCESSES. 

IN BOTH OF THE ABOVE OPERATIONS VERY 
LITTLE OF THE CYANIDE IS LOST FROM SOLUTION OTHER THAN 

BY "DRAG—OUT" OF THE PLATING OR STRIPPING SOLUTION iNTO 

A FRESH WATER RINSE WHICH IS UTILIZED FOR THIS PURPOSE; 

I.E. TO RINSE OFF CYANIDE SOLUTION ADHERING TO THE SUR- 

FACE OF THE METAL PARTS. THE qUANTITY OF "DRAG—OUT" IS 

DEPENDENT ON THE SHAPE OF THE PARTS SEI'NG FINISHED, THE 

AMOUNT OF SHAKING OR AGITATION PROVIDED WHEN THE PARTS 
ARE RAISED ABOVE THE LIQUID SURFACE AND THE TIME ALLOWED 
BEFORE DIPPING THE RACK OR BARRELLED PARTS INTO THE RUN- 

NING RINSE WATER TANK. THEREFORE, MOST OF THE CYANIDE 

LOST IN METAL FINISHING OPERATIONS GOES DOWN THE SEWERS 

AND SINCE IT IS ADMITTEDLY A VERY TOXIC AND POISONOUS 
SUBSTANCE IT IS BECOMING MORE AND MORE ESSENTIAL THAT 
THE RINSE WATER OVERFLOWS BE TREATED BEFORE DISCHARGE 
INTO SURFACE STREAMS, GROUND WATER TABLES OR SEWAGE 
TREATME NT SYSTEMS. 

CYANIDES ARE DENOTED BY THE CHEMICAL SYM- 
BOL CN AND ARE, OF COURSE, COMPOSED OF CARBON AND NITROGEN. 
IT IS PURCHASED AS SODIUM CYANIDE NACN, POTASSIUM CYANIDE 
KCN OR AS SALTS OF THE HEAVY METALS SUCH AS COPPER, CAD— 
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MIUM, ZINC, SILVER AND THE LIKE. THE PLATING BATHS ARE 

MADE UP ACCORDING TO SPECIFICATION FOR THE TYPE OF PLAT- 
ING OR STRIPPING OPERATIONS THAT ARE REQUIRED AND BECOME 
RATHER INVOLVED CHEMICALLY DEPENDENT UPON THE REQUIRE- 
MENTS OF THE JOB. IN THE TREATMENT OF RINSE WATERS FROM 
CYANIDE PLATING OR FROM CYANIDE STRIPPING OPERATIONS WE 

ARE CONCERNED PRIMARILY WITH THE QUANTITY OF CYANIDE AS 

CI'l WHICH IS PRESENT IN SOLUTION NO MATTER HOW IT MAY BE 

TIED UP WITH THE VARIOUS HEAVY METALS OR OTHER CHEMICAL 
SUBSTANCES. DESTRUCTION OF THE CYANIDE COMPOUND CAN BE 

ACCOMPLISHED IN A NUMBER OF WAYS, BUT THE ALKALINE CHLOR— 
(NATION METHOD HAS PROVEN MOST ECONOMICALLY FEASIBLE AND 
FOOL—PROOF IN ITS APPLICATION. A FEW OF THE OTHER METH- 
ODS WHICH HAVE BEEN TRIED INCLUDE 

I. ACIDIFICATION WITH AN ACID FORMING HYDROCYANIC GAS 
WHICH IS BLOWN OFF TO THE ATMOSPHERE. THIS METHOD 
HAS BEEN USED IN PLANT SCALE OPERATIONS WITHOUT TOO 
MUCH SUCCESS DUE TO THE HAZARDS OF FORMING HCN, AND 
DIFFUSING IT IN THE ATMOSPHERE AND DUE TO THE DIFFIC- 
ULTY IN ELIMINATING CYANIDES BY THIS MEANS IN THE 
LOWER CONCENTRATIONS USUALLY ENCOUNTERED IN RINSE 
WATER WASTES. 

2. COMPLEXATION WITH METALLIC SALTS WHICH PRODUCES IN- 
SOLUBLE METALLIC CYANIDE COMPOUNDS WHICH ARE REMOVED 
BY PRECIPITATION. DUE TO THE COST OF THE METALLIC 
PRECIPITANT, THIS PROCESS HAS THE DISADVANTAGE OF 

BEING VERY EXPENSIVE. 

3. OXIDATION WITH A BASIC OXIDIZING AGENT, SUCH AS 
CHLORINE, AND AN ALKALI TO PRODUCE CYANATES CNO OR 

TO BREAK DOWN THE CYANIDE RADICAL, TO CARBON DIOXIDE 
AND NITROGEN OR NITROUS OXIDES. 

MOST PLATING SOLUTIONS, AND THEREFORE, THE 
RINSE WATERS DISCHARGED AS CONTAIN HEAVY METAL 
SUCH AS COPPER, ETC. CYANIDE COMPOUNDS PLUS EXTRØ OR EXCESS 
CYANIDE IN THE FORM OF THE SODIUM OR POTASSIUM CYANIDE SALT. 
IN THE TREATMENT OF THE RINSE WATERS WE MUST DETERMINE FIRST 
THE DEGREE OF TREATMENT REQUIRED AND SECONDLY THE BEST 
METHOD OF PHYSICAL ARRANGEMENT OF TANKS AND EQUIPMENT TO 

ACCOMPL1SH THE RESULTS. IN SOME INSTANCES IT IS POSSIBLE 
TO GET BY WITH OXIDATION OF ONLY THE FREE EXCESS CYANIDE 
SALTS TO CYANATES, BUT IN MOST CASES THE'OXIDATION OF ALL 
CYANIDE TO CYANATES WILL BE REQUIRED AND IN SPECIFIC IN- 
STANCES COMPLETE DESTRUCTION OF BOTH THE CYANIDES AND 
CYANATES IS NECESSARY, THE DEGREE OF TREATMENT WiLL BE 
DICTATED BY THE POINT OF FINAL DISPOSAL OF TREATED EFFLU— 
ENT, THE REQUIREMENTS OF THE REGULATORY BODY AND THE 
DICTATES OF GOOD PRACTICE IN WHICH PUBLIC RELATIONS OF 

THE PLANT AND THE SURROUNDING NEIGHBORHOOD PLAYS A MAJOR 
ROLL. 



TABLE I 
REACTIONS SHOWING OXIDATION OF CYANIDES WITH CHLORINE 

Destruction 
of 

Cyonates 
to 

Carbon Dioxide 

(as $.carbanaws) 
and 

Nitrogen 

Destruction of 
Cyori ides 

to 
Carbon Dioxide 
(as Bicorbonotes) 

and 
Nitrogen 

it 2C12 + 2 NoCN 2CNCI + 2NoCI 

3. Sodium Hypochiorite' 

CI2+H201IOCI'HCI 
J I I I 

2r4o11C03 + P42+ IONoCI' 
NoOCIt NoCIt2H2O 

FROM: — PROCEEDINGS — 

REGIONAL CONFERENCE ON 

INDUSTRIAL HEALTH, 
Housto., Tcx*s. 

f I I 

lion 
of 

CyDnides 
to 

Cyonates 

I.b 2CNCI + 4 NoOH 2NaCNO + 2NaCI42H90 

I. 2C12+4NOOH+ZNoCN 2NoCNO + 4NaCI+2H20 
CHLORINE SODIUM SODIUM SODIUM SODIUM WA1fl 

HYDROXIDE CYANIDE CYANATE CHLORIDE 

pgars[2.73 3.07 UASCFI) 

2.o.3C12+41120 + 2NoCNO ÷(NH4)2c03 + Na2CO3 

2.b.3CI246NoOH4(NH4)2C03+N02C03 -"-2N0HCO3 
6NaCI + 61120 

2. 3C12+GNoOH+2NOCNO—-2NoHCO3tN2 + 6NoCI + 21420 
CHLORINE SOOIUM 

IffOROXIDE 
SODIUM 

CYANATE 
SODIUM 

BICARBONATE 
NITROGO4 SODIUM 

CHLORIDE 
WATER 

PARTS 
L I 

462 
1.125 

IIA5CN) 

PARTS 116.62 

3. 5C12 + IQNGQH+2NaCN—.-2PjaHCQ3+N2 + lONaCI+4H20 
CHLORINE SODIUM SODIUM SODIUM IIITROWI WAtER 

HYDROXIDE CYANIDE BICARBONATE CHLOROE 

7.69 I(A,CNI 
1.125 

TABLE It 
REACTION OF CYANIDES WITH VARIOUS CHLORINE COMPOUNDS 

A. TO? DESTRUCT/ON OF CYANIDES TO CYANATES' 
SOURCE OF I CHLORINE COMPOUND SODIUM I SODIUM I SODIUM 

CHLORINE COMPOUND1 WITH CAUSTIC CYANIDE I CYANATE CHLORIDE I WATER 

I. Chlorine GostCl2_ I Cl2 + 2NoOH +NaCN s- NoCNO + ZNoCI + 1120 

+NaCN NaGNO 21120 

3. SodIum Hypochlorite' 
I i 

j 
i 

+ INQCN 
I 

NaCNO t 2NoCI 
NoOCI+ N0CI*2H20L .i 

8. FOR XSTRL/CT/ON OF C YAW/DES TO CARSON 0/OXIDE (AS S/CA R&JNA TESi & NIrnOGEN 
SOURCE OF I CHLORINE COMPOUND j SODiUM 

I 
SODIUM INITFOj SODIUM 

CHLORINE COMPOUND WITH LAUSTIC CYANIDE BICARbONATE I&Qi. CI4.ORIDE WATER 

I I 
1 

I. Chlorine Gas C12_ 1SCI2tIONoOIl + 12NaCN—'-2NoHCO3 + N2•IONoCI44H2O 

2.Chlorinewater I I i 

C12t H20 HOCItHCIj N —j—'- 2Na 11C03 + N2 91120 
I 
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CHLORINE IN ANY FORM; I.E. AS A GAS1 HYPO— 

CHLORITE SOLUTION OR THE SOLID CALCIUM HYPOCHLORITE WILL 

COMBINE W1TH CM TO FORM FIRST OF ALL CNCI. THIS IS 

CYANOCEN CHLORIDE AND AS SUCH THE TOXICITY OF THE SOLUTION 
HAS NOT BEEN MATERIALLY REDUCED, THIS CYANOGEN CHLORIDE 
FORMS FIRST AT ANY POINT ON THE PH SCALE1 AND ITS SUB- 

SEqUENT CONVERSION BY HYDROLYSIS OR DECOMPOSITION TO THE 

CYANATES (cwo) IS DEPENDENT ENTIRELY ON THE ALKALI PRES- 

ENT OR ADDED TO THE SOLUTION. BELOW A OF 8.0 THE 

CYANOGEN CHLORIDE STAYS IN SOLUTION INDEFINITELY WITHOUT 
CONVERTING TO CYANATES. AT 8.5 AND ABOVE THE CYANOGEN 
CHLORIDE IS DECOMPOSED TO THE CYANATE FORM WITH INCREAS INC 

RAPIDITY AS THE PH OF THE SOLUTION INCREASES. FOR EXAMPLE, 

AT 9.0 APPROXIMATELY 80% TO 90% OF THE CYANOGEN CHLORIDE 
GOES TO CYANATES WITHIN 2 OR 3 MINUTES REACTION TIME. IKE 

10% TO 20% REMAINING IN SOLUTION AFTER, SAY, 3 MINUTES WILL 

MORE SLOWLY CONVERT TO CYANATES WITH COMPLETE CONVERSION 
BEING ACCOMPLISHED WITHIN 15 TO 30 MINUTES. 

IN THE PRESENCE OF HEAVY METALS (ALMOST ALWAYS 

ENCOUNTERED) THE REACTIONS ARE BASICALLY THE SAME BUT AN 

ADDITIONAL FACTOR ENTERS THE PICTURE, WHEN THE EXCESS FREE 

CYANIDE IS CONVERTED TO CYANOGEN CHLOR1DE AND ON TO CYAN— 

ATES BY THE CHLORINE AND CAUSTIC SOME OF THE HEAVY METALS 

MAY COME OUT OF SOLUTION IN THE FORM or A METALLIC CYANIDE 
PERCIPITATE, FOR EXAMPLE, COPPER, WHICH IS THE WORST OFF- 
ENDER9 PRECIPITATES AS A CUPROUS CYANIDE AND FORMS A VERY 

DEFINITE VISIBLE WHITE FLOC 1N THE SOLUTION. THE CYANIDE 
TIED UP WITH THIS COPPER IS STILL TOXIC DUE TO ITS EXTENDED 
SOLUBILITY AND, THEREFORE1 USUALLY MUST BE BROKEN DOWN BY 

ADDITIONAL CHLORINE AND CAUSTIC TO CONVERT IT TO THE CUPRIC 
HYDROXIDE, OXIDE OR CARBONATE FORM. THIS REQUIRED 1 TO 

1—1/2 HOURS CONTACT TIME 1N THE PRESENCE OF A CHLORINE 
RES I DUAL. 

THE CYANATES PRODUCED AS NOTED ABOVE WILL 
BE DECOMPOSED BY THE ADDITION OF MORE CHLORINE TO AMMONIUM 
CARBONATES AND $ITH SUFFICIENT CONTACT TIME (30 MINUTES TO 

1 HOURS) WILL CONVERTED TO CARBON DIOXIDE IN THE FORM 

OF SODIUM BICARBONATE, NITROGEN, NITROUS OXIDES ANO SALT. 

THE FIRST REACTION NOTED ABOVE CONVERTING 
CYANIDES TO CYANOGEN CHLORIDE AND CYANATES REQUIRESA 
THEORETICAL 2.73 LBS. OF CHLORINE FOR EVERY POUND OF CM 

OXIDIZED. 3.07 LBS. OF CAUSTIC PER LB. OF CYANIDE ARE 

ALSO REQUIREO. THEORETICALLY AN ADDITIONAL 4.09 LBS. OF 

CHLORINE AND 4.62 LBS. OF CAUSTIC PER LB. or CM WILL BREAK 
DOWN THE CYANATES INTO THE FINAL END PRODUCTS. THESE 
THEORETICAL flLUES ARE MINIMUM REQUIREMENTS, AND WE HAVE 

FOUND IN PRACTICE THAT A GOOD WORKING FIGURE 15 4 — 4/12 
LBS. OF CHLORINE AND 4—1/2 TO 5 LBS. OF CAUSTIC PER LB. 

OF CN TO OXIDIZE TO CYANATES AND DOUBLE TNESE AMOUNTS TO 

OBTAIN COMPLETE DESTRUCTION OF THE CYANATES. 

TREATMENT PLANTS THAT HAVE BEEN SET UP IN 

THE STATES HAVE FALLEN INTO ONE OF TWO GENERAL CLASSIFICATIONS; 

(I) BATCH TREATMENT, (2) FLOW—THRU TREATMENT. 
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BATCH TREATMENT IS THE SIMPLEST AND MOST 

FOOL—PROOF METHOD, REQUIRING THE MINIMUM OF EQUIPMENT AND 

CONTROLS, BUT REQUIRING HOLDING TANKS OF SUFFICIENT CAP- 

ACITY TO &ORE AT LEAST AN 8 HOUR DISCHARGE OF THE WASTE 

STREAM. YOU CAN APPRECIATE THAT THIS SOMETIMES GETS INTO 

ENORMOUS TANKAGE AND FOR THAT REASON THE FLOW—THRU SYSTEM 

HAS BEEN EMPLOYED WITH DEVELOPED CONTROLS TO PROVIDE 

SAFETY IN TREATMENT. IN THE BATCH TREATMENT StT—UP THE 

WASTE IS COLLECTED IN ONE TANK UNTIL FULL THEN DIVERTED 

TO A SECOND HOLDING TANK WHILE THE FULL TANK IS BEING CIR- 

CULATED AND TREATED WITH CHLORINE AND CAUSTIC. THIS 

METHOD ELIMINATES ALL THE VARIABLES ENCOUNTERED SUCH AS 

FLUCTUATIONS IN CONCENTRATION AND FLOW AND LEAVES ONLY 

THE ONE VARIABLE 'TTIME OF TREATMENT" TO BE CONSIDERED. 

EQUIPMENT AND TANKS MUST BE SIZED TO PROVIDE A FACTORY 

OF SAFETY IN T IME REQUIRED TO TREAT ANY ONE BATCH SO 

THAT THIS BATCH CAN BE TREATED, DRAINED OFF AND THE TANK 

READY FOR FILLING AGAIN BY THETIME IT IS NEEDED. IT IS 

A SIMPLE OPERATION, BUT REQUIRES THE ATTENTION OF AN OPER— 

ATOP TO START UP THE EQUIPMENT TO DETERMINE WHEN TREATMENT 

IS COMPLETED, CHANGE VALVES, TANKS, ETC. 

THE FLOWTHRU TREATMENI SYSTEM PRESENTS 

MANY PROBLEMS AND MUST BE DESIGNED SPECIFICALLY FOR THE 

JOB TO TAKE INTO CONSIDERATION ALL THE FACTORS OF VARIABLE 

CONCENTRATIONS, VARIABLE FLOWS, RATES OF CHANCE IN FLOW, 

AND CONCENTRATION AND CONTACT TIME REQUIRED FOR THE TREAT- 

MENT TO BE COMPLETED. THERE ARE SO MANY POSSIBLE ARRANGE- 

MENTS AND FACTORS EFFECTING DESIGN THAT IT WOULD BE IMPOS- 

SIBLE TO COVER THEM IN THIS PAPER. HOWEVER, IT IS POS- 

SIBLE TO DESIGN AND OPERATE A FLOW—THRU CYANIDE WASTE 

TREATMENT SYSTEM WITH AUTDMATIC CONTROLS WHICH DO NOT TAKE 

THE PLACE OF AN OPERATOR, BUT MERELY PROVIDE SUFFICIENT 

TOOLS TO CONTROL THE PROCESS TO THE DESIRED LEVEL OF TREAT- 

MENT 

THIS TREATMENT PROCESS PRODUCES A SLUDGE 

COMPOSED OF THE HEAVY METALS IN THE FORM OF METALLIC 

CYANIDE OR METALLIC HYDROXIDES, OXIDES ANQ CARBONATES DE- 

PENDING ON THE DEGREE OF TREATMENT EMPLOYED. THESE 

SLUDGES ARE NOT DIFFICULT TO HANDLE (CAN BE READILY PUMPED) 

BUT THE FINAL DISPOSAL OF THEM BECOMES A PROBLEM BECAUSE IT 

IS DIFFICULT TO CONCENTRATE AND SEPARATE THEM FROM THE 

ENTRAINED WATER. IF DRAWN FROM A SETTLING TANK THE SLUDGE 

WILL CONTAIN 96% TO WATER AND THROUGH A SYSTEM OF CON- 

CENTRATION TANKS CAN BE CONCENTRATED TO 10% OR 12% SOLIDS. 

SOME COMBINATIONS CAN BE SUCCESSFULLY VACUUM FILTERED OR 

DRIED ON SLUDGE DRYING BEDS DOWN TO A 50% TD 60% MOISTURE 

CAKE, WHILE OTHERS SEEM TO RESIST ALL KNOWN METHODS OF OE— 

WATERING AND PRESENT A DIFFICULT PROBLEM. MOST GENERALLY 

IN THE STATES THE METALLIC SLUDGES FROM THESE PROCESSES 

ARE LAGOONED WITH THE SUPERNATANT EVENTUALLY BEING DRAWN OFF 

TO THE SURFACE STREAMS AND THE RESULTANT CONCENTRATED SLUDGE 

PERIODICALLY REMOVED AND USED FOR LAND FILL. 

* 

*0 
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SETTING UP AN AIR POLLUTION SURVEY 

— By — 

B. C. NEWBURY 

ONTARIO RESEARCH FOUNDATION 

TORONTO, ONTARIO. 

INTRODUCTION 

YESTERDAY, MR. MCRAE TOLD YOU HOW THE 
INDUSTRIES IN THE •SARNIA AREA SET UP THEIR GROUP RESEARCH 
PROJECT SOME EIGHTEEN MONTHS AGO. I NOW WANT TO GIVE YOU 
SOME IDEA OF THE WORK INVOLVED IN SURVEYING THAT ATMOSPHERIC 
POLLUTION SITUATION IN AN INDUSTRIAL AREA SUCH AS SARNIA. 

IN SOME WAYS, SARNIA IS A TYPICAL MEDIUM— 
SIZED CITY, WITH A POPULATION OF ABOUT 45,000 AND HAVING 
ABOUT A DOZEN INDUSTRIAL FIRMS. IT IS NOT TYPICAL IN THAT 
THE MAJOR INDUSTRIES ARE ALL IN ONE FIELD OF 
NAMELY, PETROLEUM AND ORGANIC CHEMICALS AND ALSO IN THAT IT 

ISA BORDER CITY. LITTLE IS KNOWN OF THE POLLUTION SOURCES 
CLOSE AT HAND ACROSS THE BORDER. 

BEHAVIOUR OF POLLUTANTS 

BEFORE WE CAN DISCUSS THE SAMPLING OF AN 
AREA FOR POLLUTANTS, IT Is NECESSARY TO UNDERSTAND CLEARLY 
THE BEHAVIOUR OF POLLUTANTS, AND THE FACTORS WHICH GOVERN 
THIS BEHAVIOUR. 

FOR PRACTICAL PURPOSES0 POLLUTANTS ARE 
WIVIDED INTO THREE MAIN CLASSES TERMED (I) DEPOSITED DUST, 
(II) AEROSOLS AND (III) GASES. 

DEPOSITEO DUSTS INCLUDE ALL SOLID PARTiC- 
LES WHICH ARE LARGE ENOUGH TO SETTLE OUT REASONABLY QUICKLY 
UNDER THE INFLUENCE OF GRAVITY. USUALLY 5 MIRONS IS TAKEN 
AS THE DIVIDING LINE AND PARTICLES ABOVE THIS SIZE ARE CON- 
SIDERED TO BE DEPOSITED OUST. THIS IS THE GRITTY MATERIAL 
YOU SWEEP UP FROM YOUR PORCH OR VERANDA AND ORIGINATES 
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MAINLY FROM BOILER HOUSES AND GRINDING PROCESSES. 

DEPOSITED DUST IS MEASURED BY COLLECTING 

SAMPLES OF THE DUST WHICH SETTLES OUT EITHER IN JARS OR 

SPECIALLY DESIGNED CANS TO MINIMIZE PICK—UP LOSSES FROM 

THE WIND. IN THE PAST0 THIS WAS A FAVOURITE MEASUREMENT, 

BUT RECENTLY IT HAS ASSUMED LESS IMPORTANCE. IT REQUIRES 

ABOUT A MONTH TO COLLECT A MEASURABLE SAMPLE SO THAT COR- 

RELATION WITH WIND DIRECTION AND OTHER METEDROLOGICAL VAR- 

IABLES IS IMPOSSIBLE, AND ANY STATISTICAL TREATMENT REQUIRES 
SEVERAL YEARS' RECORDS TO OBTAIN A SUFFICIENTLY LARGE NUMBER 

OF OBERVATIONS. 

THE TERM AEROSOLS COVERS ALL SOLIDS AND 

LIQUID PARTICLES BELOW 5 MICRONS. THESE PARTICLES ARE TOO 

SMALL TO BE INFLUENCED APPRECIABLY BY GRAVITY AND BEHAVE AS 

A COLLOIDAL SUSPENSION. THEY 1NCLUDE SMOKES, FUMES AND 

MISTS ARISING FROM COMBUSTION PROCESSES (BOILERS, INTERNAL 

COMBUSTION ENGINES, ETC.), METALLURGICAL AND CHEMICAL OPER- 

ATIONS, SAMPLES OF AEROSOLS ARE TAKEN BY PULLING MEASURED 

VOLUMES OF AIR THROUGH FILTER MEDIA0 USUALLY PAPERS. 

THERE ARE TWO WAYS OF MEASURING THE AMOUNT 

OF AEROSOLS IN THE AIR. THE FIRST METHOD, USING THE NIGH 

VOLUME SAMPLER, FiLTERS ABOUT 60 C.F.M. OF AIR THROUGH A 

SPECIAL FILTER AND0 AT THE END OF A PERIOD OF 8 TO 24 HOURS, 

THE WEIGHT OF DEPOSIT IS DETERMINED. THIS GiVES AN ABSO- 

LUTE MEASURE OF THE AMOUNT OF T1FLOATINGt1 SOLIDS PER UNIT 

VOLUME IN THE AIR. THIS METHOD IS USED TO SAMPLE THE AIR 

WITH REFERENCE TO A SOURCE OR SOURCES OF POLLUTION AND ALSO 

TO GIVE SAMPLES FOR FURTHER CHEMICAL OR SPECTROGRAPHiC ANAL- 

YSIS. THE OTHER METHOD REQUIRES A SAMPLE RATE OF ABOUT 3 

C.F.M. AND PRODUCES A STAIN ON A FILTER PAPER IN I TO 2 

HOURS0 THIS STAIN BEING ASSIGNED A NUMERICAL VALUE DEPENDING 

ON ITS EFFECT ON THE LIGHT TRANSMITTANCE OR REFLECTANCE OF 

THE PAPER. THIS METHOD GIVES VALUES WHICH ARE RELATED TO 

THt. SOILING PROPERTIES OF THE ATMOSPHERE AND APPROACHES MORE 

NEARLY THE VALUES WHICH A HOUSEWIFE MIGHT BE EXPECTED TO 
ASSIGN TO THE AIR. IT SHOULD BE POINTED OUT THAT THERE IS 

NO RELATIONSHIP BETWEEN THE VALUES OBTAINED BY THE TWO 

METHODS; THE FORMER, BEING A GRAVIMETRIC METHOD, RESPONDS 

MAINLY TO THE LARGER PARTICLES AND THE LATTER TO THE SUB— 

MICRON PARTICLES WHICH ARE MORE EFFECTIVE IN LIGHT SCATTERING. 

GASES INCLUDE ALL THE PERMANENT GASES NOT 

NORMALLY CONSIDERED CONSTITUENTS OF THE ATMOSPHERE AND ALSO 

VAPOURS OF VOLATILE LIQUIDS (LIGHT HYDROCARBONS, ETC.). 

UNDER NORMAL CIRCUMSTANCES, ONLY SULPHUR DIOXIDE IS RECORDED 

AMONG THE GASES, AND DUE TO THE MULTITUDINOUS SOURCES OF 502, 
IT IS WIDELY USEO AS AN INDICATOR OF THE GENERAL POLLUTION 

LOAD IN AN AREA. OTHER GASES, H2S, NO2, Cl2, HCN, HF, ETC. 
ARE ANALYZED BY CHEMICAL MEANS ONLY IF THE LOCAL INDUSTRIAL 

PROCESSES INDICATE SUCH GASES AS BEING POSSIBLE CONTAMINANTS. 

METEOROLOGY 

IT HAS LONG BEEN APPRECIATED THAT THE DEGREE 
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OF POLLUTiON AT ANY TIME IS A FUNCTION NOT ONLY or THE RATE 
OF PRODUCTION or POLLUTION, BUT ALSO or THE METEOROLOGICAL 
CONDITIONS. THE INFLUENCE OF WIND DIRECTION AT ANY SELECTED 
POINT IS, OF COURSE, PARAMOUNT SINCE IT DETERMINES WHETHER 
INDUVTRIAL POLLUTION TRAVELS TOWARDS OR AWAY FROM THE AREA. 
ANOTHER IMPORTANT PROPERTY OF THE WIND IS ITS TURBULENCE 
WHICH PROMOTES MIXING OF THE POLLUTED AIR WITH CLEAN AIR 
FROM ALOFT, THIS TURBULENCE IS PRODUCED BY TWO SEPARATE 
MECHANISMS; ONE I S THERMAL TURBULENCE PROMOTED BY THE SUNT S 

RADIATION AND THE OTHER A MECHANICAL TURBULENCE RESULTING 
FROM THE WINO VELOCITY. BOTH THESE FACTORS CAN BE ASSESSED 
FROM THE WIND VELOCITY AND DIRECTION TRACES IF A SUFFICIENTLY 
LIGHT SENSING HEAD IS USED TO FOLLOW MINOR VARIATIONS IN THE 
VELOCITY OR DIRECTION. ANOTHER PROPERTY OF THE ATMOSPHERE 
WHICH IS ASSUMING A DOMINANT ROLE IN AIR POLLUTION STUDIES 
IS THE VERTICAL DISTRIBUTION IN THE LOWER 200, 
500 FT. OF THE ATMOSPHERE. UNDER NORMAL CONDITIONS AND 
ESPECIALLY IN THE PRESENCE OF THERMAL TURBULENCE, THERE IS 

A DECREASE IN WITH HEIGHT. THIS RESULTS IN THE 
LOW—LYING WARM AIR TENDING TO RISE THROUGH THE DENSER UPPER 
AIR. WHENTHE REVERSE AND RADIATION LEADS TO POCK- 
ETS OF COLDAIR UNDERNEATH A WARM UPPER LAYERS THE ATMOSPHERE 
BECOMES STABLE AND VIRTUALLY NO VERTICAL MIXING TAKES PLACE. 
SINCE THIS CONDITION IS USUALLY ACCOMPANIED BY VERY LIGHT 
WINOS, THE ATMOSPHERE RESEMBLES A POND RATHER THAN A MOUNTAIN 
STREAM AND POLLUTION LEVELS BUILD UP CONTINUOUSLY UNTIL EITHER 
THE SUNTS HEAT PROMOTES THERMAL TURBULENCE OR THE WIND VELOC- 
ITY INCREASES. 

THIS STABLE ATMOSPHERE IS BECOMING ONE OF 
THE BIGGEST HAZARDS TO OUR CIVILIZATION, IT IS NOT UNCOMMON 
SINCE IT OCCURS FOR A FEW HOURS ABOUT ONE DAY IN THREE OVER 
MOST OF THE WORLD0 OCCASIONALLY IT WILL LAST FOR 20 TO 30 
HOURS, AND INFREqUENTLY IT WILL LAST FOR SEVERAL DAYS. THIS 
CONTINUOUS STABLE ATMOSPHERE FOR A PERIOD OF OVER FOUR DAYS 
WAS THE PRIMARY CAUSE OF THE MEUSE, DONORA AND LONDON DISASTERS. 
FORTUNATELY THESE OCCURRENCES ARE RARE, ALTHOUGH DEATH 
SELDOM RESULTS FROM A STABLE ATMOSPHERE LASTING FOR LESS THAN 
FOUR DAYS, SHORTER PERIODS MUST REPRESENT A STRAIN ON THE 
METABOLISM OF THE LOCAL POPULATION. 

THE SURVEY IN SARNIA 

THE FOUNDATiON'S SURVEY IN SARNIA REFERS 
SPECIFICALLY TO THE ATMOSPHERE IN THE BUSINESS AND RESIDENTIAL 
AREA. THE SURVEY IS BEING CARRIED OUT TO DETERMINE THE EFFECT- 
IVENESS OF THE WASTE DISPOSAL METHODS OF THE LOCAL INDUSTRIES. 
EACA FIRM IS RESPONSIBLE FOR THE TESTING PROGRAM WITHIN ITS 
OWN BOUNDARIES ALTHOUGH THE FOUNDATION GIVES ADVICE AND.CORREL— 
ATES IN—PLANT DATA WITH ITS OWN FINDINGS. THE FOUNDATFON ALSO 
SETS UP STATIONS WITHIN THE PLANT BOUNDARIES WHEN SUITABLE 
SITES ARE LACKING OUTSIDE, BUT WE DO NOT FEEL THAT THE GROUP 
FUNDS SHOULD BE USED TO SOLVE THE PROBLEMS OF AN INDIVIDUAL 
FIRM. THIS WILLINGNESS OF THE INDIVIDUAL FIRMS TO ASSESS 
AND CORRECT THEIR OWN DEFICiENCIES IS THE KEY TO THE SUCCESS 
OF THE SARN1A SURVEY AND WE SHOULD LIKE TO PUT ON RECORD OUR 
APPRECIATION OF THE CO—OPERATION OF THE FIRMS INVOLVED AND 
THEIR WILLINGNESS TO SUPPLY HELP IN THE FORM OF ELECTRICIANS, 
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INSTRUMENT FITTERS, CARPENTERS, ETC. AS NEEDED. 

FIGURE 1 IS A MAP OF SARNIA SHOWING THE 

LOCAtION OF THE MAJOR INDUSTRIAL PLANTS IN THE AREAS AND OF 

THE SURVEY SAMPLING STATIONS. IHE LOCATIONS NAMED X1— X 

AND Pj— P5 REFER TO DEPOSITED DUST CANS SET OUT BY IMPERtAL 

OIL LIMITED AND POLYMER CORPORATION LIMITED RESPECTIVELY. 

THESE ARE MOSTLY ON INDUSTRIAL PROPERTY, BUT THE RESULTS ARE 

MADE AVAILABLE TO THE SURVEY AND ARE CORRELATED WITH THE 

SURVEY'S RESULTS IN THE REPORTS. 

SINCE METEOROLOGICAL RECORDS INDICATED THAT 

THE PREVAILING WIND IN SARNIA IS SOUTHWEST, A MASTER STATION 

SITE WAS SELECTED TO THE NORTHEAST OF THE MAJOR INDUSTRIAL 

AREA (SITE R1). THE SELECTION OF THIS SITE IS OF GREAT 

IMPORTANCE. THE AIM IS TO SELECT A POINT IN THE RESIDENTIAL 

AREA AS NEAR AS POSSIBLE TO THE AREA OF MAXIMUM POLLUTION - 

BUT SUFFICIENTLY OPEN TO ALLOW THE METEOROLOGICAL INSTRU- 

MENTS TO OBTAIN RELIABLE RECORDS OF WIND VELOCITY ETC. R1 

IS SITUATED IN TECUMSEH PARK, AND ALTHOUGH SOME OF THE TREES 

ARE CLOSER THAN ONE WOULD WISH, IT IS REASONABLY CLOSE TO 

THE AREA EXPECTED TO BE MOST AFFECTED BY THE LARGE INDUST- 

RIAL PLANTS. 

THE EQUIPMENT AT R1 INCLUDES THE ANEMOMETER, 

AN AUTOMATIC SULPHUR DIOXIDE RECORDERS A HIGH VOLUME SAMPLER 

FOR GRAVIMETRIC DETERMINATION OF AEROSOLS, A HEMEON SAMPLER 

FOR DETERMINATION OF AE,ROSOLS BY THEIR SOILING 

AND A DEPOSITED DUST CAN. 

STATIONS R2—Rg REPRESENT SUBSIDIARY STATIONS 

AT WHICH DEPOSITED DUST CANS ARE EXPOSED. POWER IS ALSO 

AVAILABLE FOR HIGH VOLUME OR HEMEON SAMPLERS. THESE STATIONS 

ARE LOCATED TO CHECK ON TME POLLUTION FROM SOURCES OTHER THAN 

THE MAIN SOURCES UNDER CONSIDERATION (THUS Rg CHECKS ON THE 

DETROIT EDISON POWER PLANT WITH SOUTHWEST WINDS AND ON THE 

CEMENT PLANT WITH WEST WINOS). HERE AGAIN, A COMPROMISE IS 

NECESSARY TO FIND LOCATIONS WITH SUFFICIENT EXPOSURE AND TO 

AVOID ERRORS DUE TO THE SHIELDING EFFECT OF HIGH BUILDINGS. 

USUALLY, THE OUST CANS ARE SITUATED ON FLAT ROOFED BUILDINGS 

SUCH AS SCHOOLS AND THE SUCTION SAMPLERS ARE LOCATED IN NEAR- 

BY ROADS. WE ARE GRATEFUL TO THE ONTARIO HYDRO—ELECTRIC 

POWER COMMISSION, WHO NOT ONLY PROVIDED DROP—LEADS ON HYDRO 

POLES TO ALLOW US TO TAKE CURRENT, BUT SUPPLIED CROSS ARMS 

ABOUT 10 FEET ABOVE GROUND LEVEL ON WHICH THE INSTRUMENTS 

COULD BE MOUNTED. 

MOBILE UNIT 

LATER, I SHALL GIVE YOU SOME IDEA OF THE 

COSTS INVOLVED IN THESE SURVEYS AND YOU WILL THEN APPRECIATE 

THAT TO EQUIP •THE SUBS1DIARY STATIONS WITH MORE THAN SIMPLE 

INSTRUMENTS WOULD COST A PROHIBITiVE AMOUNT. THE RECORD OF 

SULPHUR DIOXIDE CONCENTRATION AT ONE LOCATION ONLY IS OF 

LiTTLE VALUE AND THE INTRODUCTION OF FURTHER SAMPLING STATIONS 

IS IMPERATIVE. IN ORD(R TO BE ABLE TO USE A LARGE NUMBER OF 
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SAMPLING SITES, A MOBILE UNIT HAS BEEN DESIGNED AND BUILT. 
THIS UNIT, WHICH IS ON DISPLAY AT THE CONFERENCE, IS ALSO 
EQUIPPED WITH A POWER GENERATOR SO THAT IT CANS IF NECESSARY, 
OPERATE AWAY FROM THE PUBLIC SUPPLY. THIS UNIT CAN CARRY 
ALL THE INSTRUMENTS AVAILABLE AT THE MASTER STATION R1, AND 

A COMPARISON CAN BE MADE IN THE RECORDS. WE HAVE OPERATED 
THIS UNIT AT A LOCATION SHOWN IN FIGURE I NEAR X1. IN THIS 
LOCATIONS THE SULPHUR DIOXIDE FUMIGATIONS WHICH ALL ARRIVE AT 
R1 WITH SOUTHWEST WINDS CAN BE SEPARATED SINCE THE INDUSTRIAL 
AREAS SPREAD FROM SOUTH TO NORTHWEST AND THE CANADIAN NATIONAL 
RAILWAYS ROUND HOUSE IS APPROXIMATELY NORTHEAST OF THE MOBILE 
RECORDER. 

FURTHER WORK 

No INVESTIGATION OF THIS TYPE CAN BE PLAN- 
NED FAR AHEAD. AFTER THE INITIAL START UP, EACH STEP IS 

INDICATED BY THE DATA ACCUMULATED. AT SARNIA, THE DETROIT 
EDISON POWER PLANT IS COMPARABLE WITH THE BOILER HOUSES ON 
THE CANADIAN SIDE, AND AN ASSESSMENT OF THE CONTRIBUTION OF 

THIS PLANT WILL BE NEEDED. OUR RESULTS ALSO INDICATE A REL- 
ATIVELY INTENSE POLLUTION SOURCE NEAR R5 WHICH IS ON THE EDGE 
OF THE SHOPPING AREA. THIS WILL ALSO NEED INVESTIGATION. 

COSTS 

MANY WORTH—WHILE PROSPECTS NEVER GET BEYOND 
THE IDEA STAGE DUE TO A LACK OF KNOWLEDGE OF THE COSTS IN- 
VOLVED. THE FOLLOWING FIGURES INDICATE THE APPROXIMATE DUTY 
AND TAX—FREE PRICES OF THE EQU1PMENT USED IN THE SARNIA SURVEY. 
It WOULD, OF COURSE, BE POSSIBLE TO USE SNAP OR AD HOC SAMPL- 
ING IN MANY CASES IN PLACE OF AUTOMATIC SAMPLERS, BUT DUE TO 

THE RAPIDITY WITH WHICH ATMOSPHERIC CONDITIONS CHANGE, WE 
BELIEVE THE FOLLOWING TO BE THE MOST EFFECTIVE SELECTION OF 

EQUIPMENT. 

2 AUTOMATIC SULPHUR DIOXIDE RECORDERS $o,sOo. 
I ANEMO GRAPH I ,700. 
8 DEPOSITED DUST CANS 360. 
4 HEMEON SAMPLERS 800. 
4 HIGH VOLUME SAMPLERS 1,040. 
I MOBILE UNIT 4,500. 
1 FIXED STATION 500. 
I VEHICLE 2,700. 

$ 18,200. 

SUMMARY 

AN AIR POLLUTION SURVEY IS SET UP INITIALLY 
TO SAMPLE THE AIR ATLOCATIONS WHICH OUR PRESENT 1NADEQUATE 
THEORY INDICATES TO BE AREAS OF HIGH POLLUTION. As WELL AS 
SAMPLING AND ANALYZING THE POLLUTANTS, METEOROLOGICAL DATA 
ARE COLLECTED TO DETERMINE PARAMETERS NEEDED FOR THEORETICAL 
CALCULATIONS WHICH ARE IN MOST CASES COMPLETELY UNKNOWN. 
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To AVOID SETTING UP COSTLY PIECES OF EQUIP- 
MENT AT A NUMBER OF LOCATIONS, A MOBILE UNIT IS USED AND ITS 

LOCATION 15 SELECTED FROM A CONSIDERATION OF THE DATA COLLEC- 
TED AT THE MASTER STATION. WHILE IT IS THUS POSSIBLE TO 

DEFINE THE MOST POLLUTED AREAS, DETERMINE THE NATURE AND 
SOMETIMES THE ORIGIN OF THE POLLUTANT, THE ABSOLUTE LEVEL OF 

POLLUTION IS AT ALL TIMES CONTROLLED BY METEOROLOGICAL CON- 
DITIONS. IT IS THUS NEVER POSSIBLE TO DETERMINE A MAXIMUM 
POLLUTANT LEVEL WHICH WILL NEVER BE EXCEEDED, SINCE A STABLE 
ATMOSPHERE, LIKE A DROUGHT OR A HEAT WAVE CAN ALWAYS "BREAK 
THE RECORD'1 AND LAST LONGER THAN EVER BEFORE. OUR ONLY 
DEFENCE LIES IN KEEPING POLLUTION AT THE LOWEST LEVEL CONSIST- 
ENT WITH ECONOMIC INDUSTRIAL OPERATIONS. 

* 

** * 

*** **** 

* 
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POLLUTION IN RELATION TO STREAM LIFE 

— By — 

F. P. IDE 

DEPARTMENT OF BIOLOGY 
UNIVERSiTY OF TORONTO 

TORONTO, ONTARIO 

INTRODUCTION 

THAT HEAVY POLLUTION OF A RIVER HAS AN AD- 
VERSE EFFECT ON FISH AND OTHER AQUATIC FORMS IS COMMON KNOW- 
LEDGE. WIEBE, IN A SPECIAL REPORT ON STREAM POLLUTION IN 

WISCONSIN (85) SAYS THAT GAME FISH WERE ABSENT FROM THE WATERS 
OF THE MISSIssIPPi RIVER FROM THE CITIES OF ST. PAUL AND MIN- 
NEAPOLIS AS FAR DOWN AS PRESCOTT, A DISTANCE OF 37 MILES, AL- 
THOUGH THEY WERE ASUNDANT ABOVE TH1S SECTION AND OCCURRED IN 

INCREASING NUMBERS BELOW IT. THIS ABSENCE WAS RELATED TO 
OXYGEN DEFICIENCY OF THE WATERS BROUGHT ABOUT BY SEWAGE LET 
INTO THE RIVER, WHICH WAS SO MARKED IN AUGUST AS TO BE INSUF- 
FICIENT TO SUPPORT FISH OF ANY KIND. EVEN AT RED—WING, ABOUT 
20 MILES BELOW PRESCOTT, THE OXYGEN SUPPLY WAS BELOW THAT 
REQUIRED FOR FISH FOR II DAYS IN AUGUST. THE INVESTiGATORS 
DID NOT CONSIDER THAT THE RIVER HAD FULLY RECOVERED FROM THE 
EFFECTS OF SEWAGE, MAINLY FROM THE ABOVE—MENTIONED TWO LARGE 
CITIES, EVEN AT A DISTANCE OF 110 MILES DOWN—STREAM AS MANY 
OF THE FORMS MOST SENSITIVE TO POLLUTION WERE NOT 

AN ANALAGOUS SITUATION IS REPORTED BY 
HENDERSON (30) iN CONNECTION WITH THE ESTABLISHMENT IN 1940 
OF A RAYON FACTORY BY THE VISCOSE. CORPORATION ON THE SHENAN- 
DOAH RIVER INWESTVIRGINIA. THIS STREAM HAD A GOOD HISTORY 
OF FISHING PRIOR TO 1940 BUT SUBSEQUENTLY BECAME BARREN FOR A 

OF ABOUT 35 MILES AND CONDITIONS FOR FiSHING WERE 
REP.ORT-EO TO BE VERY POOR IN THE NEXT TWENTY MILES. DEPLET- 
ION OF BOTTOM-ORGANiSMS ON WHICH THE FISH DEPEND FOR FOOD WAS 
FOUND TO BE ABOUT 98% AS COMPARED WITH PRE — 1940 VALUES AND 
VALUES FOR PARTS OF THE RiVER ABOVE THE FACTORY. WHEN TESTED 
THE WATER OF THE STREAM CAME UP TO tHE USUAL STANDARDS OF UN- 
POLLUTED WATER. THE OXYGEN, CARBON DIOXIDE, ACID—ALKALINE 
REACTION, AND TURBIDITY WERE ALL WITHIN THE ACCEPTABLE LIMITS 
BY PRESENT STANDARDS. A TOXIE CHEMICAL IN THE EFFLUENT WAS 
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SUSPECTED AND EVENTUALLY IT WAS FOUND THAT LETHAL CONCENTRA- 
TIONS OF ZINC SULPHATE WERE RESPONSIBLE FOR THE KILLS OF FISH 

AND OTHER ORGANISMS RESULTING IN THEIR ELIMINATION. AT THE 

TIME OF THE REPORT (1949), SOME IMPROVEMENT HAD BEEN EFFECTED, 
BUT CONDITIONS HAD NOT BEEN RESTORED TO THE PRE — 1940 LEVEL. 

IN THE UNITED STATES, MORE DENSELY POPULATED 
AND MORE HIGHLY INDUSTRIALIZED IN MANY SECTIONS THAN IS ONTARIO, 
THE POLLUTION OF RIVERS IS RECOGNIZED AS A NATIONAL PROBLEM OF 

THE GREATEST IMPORTANCE. ONE HAS BUT TO CONSULT SOME OF THE 

REPORTS OF SURVEYS OF RIVERS SUCH AS FORBES AND RICHARDSON (24.), 

STUDIES ON THE BIOLOGY OF THE UPPER ILLINOIS RIVER; U.S.PUBLIC 
HEALTH SERVICE (74), OHIO RIVER POLLUTION CONTROL; NEW YORK 
STATE CONSERVATION DEPARTMENT, (50,51,52,53,54,55), BIOLOGICAL 
SURVEYS OF RIVER SYSTEMS; WISCONSIN STATE BOARD or HEALTH (85), 
REPORT ON STREAM POLLUTION IN WISCONSIN; AND MANY OTHERS TO 

REALIZE THE WIDESPREAD NATURE AND SERIOUSNESS OF THE 

IN ONTARIO THERE ARE SIMILAR PROBLEMS AND 
SOME OF THE CASES NAVE BEEN REFERRED TO BY MACKAY (44), AND IN 

THE ONTARIO DEPARTMENT OF PLANNING AND DEVELOPMENT'S CONSER- 
VATION REPORTS (58), WITH INCREASING URBANIZATION AND INDUST- 
R1ALIZATION AN INCREASE iN SUCH CASES IS INEVITABLE UNLESS SAT- 
ISFACTORY HANDLING OF INDUSTRIAL WASTES PROVIDES SOLUTIONS. 

ALMOST ALL EFFLUENTS CARRYING INDUSTRIAL WASTES 
CREATE A POLLUTION PROBLEM WHEN THEY EMPTY INTO SMALL STREAMS 
WHERE THE RESULTING DILUTION OF THE EFFLUENT IS NOT ENOUGH TO 

REDUCE THE CONCENTRATION OF TOXIC MATERIALS BELOW DANGEROUS 
LEVELS, ADENEY (2); AKERLINDH (3) AND WELLS (79). FROM THE 
STANDPOINT OF BIOLOGICAL CONDITIONS OF STREAMS POLLUTION RE- 

SULTS EVEN IN THE CASE OF EFFLUENTS WHI.CH HAVE BEEN TREATED TO 

REDUCE SOME OF THE EFFECTS. IN SOME CASES WHERE THE EFFLUENT 
IS IMPOUNDED AND RELEASED IN LARtE QUANTITY INTERMITTENTLY THE 
EFFECT ON FISH OR OTHER ORGANISMS IS MORE DISASTROUS THAN IF 

THE EFFLUENT WERE ALLOWED TO FLOW CONTINUALLY INTO THE STREAM AS 

THE PROPORTION OF POLLUTANT TO VOLUME OF FLOW OF THE STREAM MAY 
BE HIGHER THAN CAN BE TOLERATED IN THE- FIRST BUT NOT IN 

THE SECOND. WITH LARGER RIVERS OR LARGE BODIES OF WATER MORE 
SEWAGE MAY SE ADMITTED WITI4OUT DELETERIOUS EFFECTS ON THE LIFE 
OF THE WATER1SUT IT IS ALONG SUCH RIVERS OR BODIES OF WATER 
THAT TOWNS ARE CONCENTRATED AND THE ADDITIVE EFFECT OF ALL 
THESE MAY OVERTAX THE CAPACITY OF THE STREAM, AND THIS PROBLEM 
MAY BE EXPECTED TO INCREASE AND CALL FOR MORE ADEQUATE MEASURES. 
FLOWING WAT€R OF STREAMS PRESENTS DIFFERENT PROBLEMS IN REGARD 
TO POLLUTION THAN DO BODIES OF. STATIC WATER IN WHICH ACCUMULATION 
OF WASTE OVER LONG PERIODS OF'TIME TAKES PLACE, AKERLINDH (3); 

JANSA & FISCHERDROM (35). 

CRITERIA OF POLLUTION FROM THE BIOLOGICAL STANDPOINT 

FOR THE PURPOSE OF THE PRESENT PAPER, POLLUT— 
1ON IS ANY INFLUENCE ON THE STREAM BROUGHT ABOUT BY THE INTRO- 
DUCTION OF MATERIALS TO IT WHICH ADVERSELY AFFECTS THE ORGANISMS 
LIVING IN THE STREAM, EITHER BY KILLING THEM DIRECTLY OR INTER— 
FtN ING WITH THEIR HABITS IN SUCH A WAY AS TO REDUCE THE NUMBERS 
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SERIOUSLY OR EXCLUDE THEM FROM THE STREAM OR PART OF THE STREAM. 
SUCH INFLUENCES MAY SE BROUGHT ABOUT THROUGH THE INTRODUCTION OF 
ABNORMALLY HIGH AMOUNTS OF SILT WHICH MAY BE A RESULT OF IMPRO- 
PER FARMING PRACTISE, ADDITION OF MATERIALS SUCH AS COAL DUSTS 
SAWDUST, BARK, PULP FIBRE OR OTHER SEDIMENTS WHICH HAVE THE EF- 
FECT OF PRODUCING STERILE BOTTOM CONDITIONS FROM THE BIOLOGICAL 
STANDPOINT, THE ADDITION OF TRADE WASTES EITHER OF THE DEOXYGEN— 
ATING OR TOXIC CLASS WHICH ARE DETRIMENTAL TO LIFE IN THE STREAM. 
ALSO POISONS ADDED TO THE STREAM EITHER DIRECTLY FOR THE PURPOSE 
OF CONTROLLING STREAM INHABITING FORMS SUCH AS BLACK FLIES, OR 
WHICH EVENTUALLY REACH THE STREAM AS A RESULT OF SPRAYING OF THE 
FOREST OR OTHER VEGETATION WHERE THESE PRACTISES ARE INJURIOUS 
TO FISH MAY BE CLASSED AS POLLUTION. THIS IS ESPECIALLY SO 
WHERE THE BIOLOGICAL BALANCE IS UPSET AND MAY NOT BE REGAINED FOR 
A LONG PERIOD OF TIME AND WHEN IT IS MAY BE A LESS SATISFACTORY ONE 
FROM T HE STANDPOINT OF FISHERIES. 

SUCH A DEFINITION MAY BE AT VARIANCE WITH A 

DEFINITION OF POLLUTION FROM THE PUBLIC HEALTH OR HYGIENIC STAND- 
POINT AND IN SOME CASES IMPLIES MORE AND IN SOME LESS EXACTING 
STANDARDS OF WATER PURITY THAN IN THE LATTER CASE. 

TYPES OF POLLUTING MATERIALS 
THEIR SOURCES AND EFFECTS ON URn.: ISNS 

IT IS DIFFICULT, BECAUSE OF THEIR GREAT DIV- 
ERSITY, TO ARRANGE A SCHEME OF CLASSIFICATION OF INDUSTRIAL 
POLLUTANTS. FOR SOME PURPOSES THEY ARE TREATED UNDER THE 
HEADINGS OF THE INDUSTRIAL PROCESSES WHICH PRODUCE THEM AS FOR 
INSTANCES WASTES OF LUMBER AND PULP MILLS, MINES, DAIRY, TANNERY, 

OIL WELLS, OIL REFINERIES, COAL GAS AND COKE PLANTS AND 
MANY OTHERS. SEE WISCOSSINSTATE BOARD OF HEALTH (85), U.S. 
PUBLIC HEALTH SERVICE (74). 

SOME OF THESE PROCESSES PRODUCE EFFLUENTS 
WHICH HAVE SOME CHARACTERiSTICS IN COMMON WHICH HAVE LED TO 
ANOTHER SYSTEM OF CLASSIFICATION BASED ON THE EFFECT OF THE 
EFFLUENT ON THE RECEIVING STREAM, WARD (77), ELLIS (23), AND 
BARTSCH (8). IHE CLASSIFICATION OF ELLIS (23), IS USED WITH 
SOME MODIFICATIONS AND DIVIDES THE POLLUTANTS INTO THE GROUPS 
5USPEN5OIOS OF SOLIDS AND EMULSOIDS, DEOXYCENATING SUBSTANCES 
AND SPECIFIC TOXIC CHEMICAL SUBSTANCES, THERE IS OVERLAP IN 

THIS SYSTEM AS THE CONSTITUENTS OF AN EFFLUENT MAY HAVE MECH— 
DEOXYGENATING AND TOXIC EFFECTS. FREQUENTLY, HOWEVER, 

ONE OF THESE EFFECTS DOMINATES AND CHARACTERIZES IT FROM THE 
STANDPOINT OF EFFECT ON ORGANISMS. 

SUSPENSOIDS OF SOLIDS AND EMULSOIDS 

IN THIS GROUP MAY BE PLACEO EROISION SILT, 
ROCK DUST FROM LIMESTONE MILLS, ASBESTOS MILLS, LUCITE AND OTHER 
TYPES OF MiNES. THESE ARE INORGANIC MATERIALS TO WHICH SHOULD 
BE ADDED COAL DUST AND CINDERS WHICH ARE ALSO DURABLE MATERIALS, 
AND THEIR REMOVAL FROM A STREAM DEPENDS ON TRANSPORT BY WATER OR 
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ARTIFICIAL CLEANING OF THE STREAM BOTTOM. OTHER MATERIALS 

FALLING IN THIS CATEGORY AND UNDER MOST CONDITIONS ALSO DUR- 

ABLE ARE SUCH ORGANIC MATERIALS AS BARK OF SAWDUST AND 

WOOD 'ULP FIBRE WHICH PERSIST FOR MANY YEARS AS A LAYER ON 

THE BOTTOM. OILS, EITHER CRUDE OR REFINED UNDER SOME CON- 

DITIONS BECOME ASSOCIATED WITH THE BOTTOM MATERIALS IN A 

STREAM, ELLIS (23). THESE MATERIALS, AT LEAST THE MORE FINELY 

DIVIDED, WHILE IN SUSPENSION PRODUCE A TURBIDITY OR MUDDINESS 

WHICH INTERFERES WITH THE PENETRATION OF LIGHT INTO THE WATER 

AND THUS AFFECTS TEMPERATURE,WALLEN (75), OF THE WATER AND 

THE GROWTH OF GREEN PLANTS, ELLIS (22). THE LATTER EFFECT IS 

OF MORE IMPORTANCE IN LAKES OR THE DEEPER AND MORE PLACID 

SECTIONS OF LARGE RIVERS THAN IN SMALL STREAMS. TURBIDITY, 

PARTICULARLY IN LAKES, MAY ALSO BE CAUSED BY LIVING ORGANISMS 

SUCH AS BACTERIA AND ALGAE AND HAS SOME OF THE SAME EFFECTS 

ON LIGHT PENETRATION AS MENTIONED ABOVE1 ROSENBERG los). 

•THE DIRECT EFFECT OF SILTS AND OTHER SUSPENSDIDS 

ON FISH IS ACCORDING TO COLE (17), NOT SIGNIFICANT UNDER MOST 

CONDITIONS. A CONTINUOUS SECRETION OF MUCOUS FROM THE GILLS 

AND OTHER SURFACES KEEPS THEM CLEARED OF THE PARTICLES. MARSON 

('KS, HAS HOWEVER, DRAWN ATTENTION TO THE FACT THAT IF CERTAIN 

ACiDS OR OTHER CHEMICAL WASTES WHICH COAGULATE THE MUCOUS OR 

PREVENT ITS SECRETION ARE PRESENT IN THE WATER, THE EFFECT OF 

SILT AND OTHER PARTICULATE MATTER GREATLY ACCENTUATES THE CLOG— 

GING OF DELICATE RESPIRATORY SURFACES. SUCH SEDIMENTS ALSO 

INTERFERE WITH THE NORMAL ACTIVITIES OF THE FISH BY DESTROYING 

SPAWNING SITES. 

THE MOST GENERAL DETRIMENTAL EFFECT ON THE 

BIOTA OF A STREAM OF POLLUTANTS OF THIS CLASS OR OF ANY PARTIC- 

ULATE MATTER WHICH SETTLES IS TO PRODUCE A MATT ON THE BOTTOM 

WHICH GREATLY ALTERS IT BY FILLING UP ALL INTERSTiTIAL SPACES 

IN WHICH MANY FISH FOOD ORGANISMS LIVE,&1NTERFERING WITH THE 

FEEOINC. AND RESPIRATORY MECHANISMS BY CLOGGING, ELLIS (23); 

MOORE (45); HORE &NAIR (32); KNAPP (37). 

IN THE CASE OF SAWDUST, PULP FIBRE AND OTHER 

SEDIMENTS WITH AN ORGANIC CONTENT THERE IS AN ADDITIONAL DETRI- 

MENTAL EFFECT BROUGHT ABOUT BY THE CONTINUAL DEMAND OF THEMAT— 
ERIALS OR ASSOCIATED ORGANISMS FOR THUS CONTRIBUTING TO 

DEPLETION OF THE DISSOLVED OXYGEN OF THE WATER1 ELLIS (23) 

DYMOND, DELAPORTE El AL (21). 

ELLIS (23), ALSO STATES THAT SILTS, ALTHOUGH 

INORGANIC, ARE INSTRUMENTAL IN "LAKING DOWN'1 SUCH ORGANIC WASTES 

AS OILS, CHEMICAL WASTES, AND PULPS IN BEDS ON THE FLOOR OF THE 

STREAM WITH DISASTROUS RESULTS TO TIlE BOTTOM FAUNA1 INCREASING 

TrIE STERILE CHARACTER OF THE BOTTOM AND DEPLETING THE WATER OF 

OXYGEN IN A SUSTAINED MANNER, 

UNDER SOME CONDITIONS INSOLUBLE SALTS OF HEAVY 

METALS SUCH AS LEAD ARE PRECIPITATED ON THE BOTTOM WITH A CUMU- 

LATIVE EFFECT. WITH EVEN SLIGHT CHANGES IN THE CONDITIONS THE 

PRECIPITATE OF THIS RESERVOIR DISSOLVES AND LETHAL CONCENTRATIONS 

OF LEAD SALTS ARE PRODUCED, CARPENTER (12,13); BEHRENS (10); 

NEWTON (57). 
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DEOXYGENATING SUBSTANCES 

I NTRODUCT ION 

MANY EFFLUENTS OF INDUSTRIAL CONCERNS ARE 
CHIFELY CHARACTERIZED BY THEIR HIGH ORGANIC CONTENT WITH HIGH 
BIOCHEMICAL OXYGEN DEMAND AND RESULTING DEPLETION OF DISSOLVED 
OXYGEN IN THE RECEIVING STREAM. THESE MAY HAVE1 IN ADDITION, 
CHEMICAL CONSTITUENTS WHICH ALTER THE EFFECT ON THE STREAM AND 
ORGANISMS LIVING IN THE WATER, BUT WHEN THE LATTER FRACTION IS 
NOT DOMINANT SUCH EFFLUENTS HAVE MUCH THE SAME EFFECT AS DOES 
DOMESTIC SEWAGE. AMONG INDUSTRIAL WASTES WHOSE EFFLUENTS ARE 
DELETERIOUS BECAUSE OF THEIR EFFECT IN REDUCING THE OXYGEN ARE, 
MILLS PRODUCTS, PACKING PLANTS, CANNING FACTORIES, BREWERIES 
AND DISTILLERIES, BEET SUGAR, PAPER PULP0 TANNERIES, DYE 
STARCH FACTORIES AND LAUNDRIES. SOME OF THESE MORE THAN OTHERS 
HAVE, IN ADDITION, TOXIC SUBSTANCES WHICH ARE KNOWN TO BE HARM— 
FULTO FISH AND OTHER ELLIS (23). THE MOST PRO- 
NOUNCED RESULT1 HOWEVER, IS THE REDUCTION IN DISSOLVED OXYGENO 
THIS MAY BE VERY SERIOUS OR NOT DEPENDING ON THE INITIAL OXYGEN 
DEMAND OF THE MATERIAL AND ITS OXIDIZABILITY, THE RATIO OF THE 
DISCHARGE OF THE EFFLUENT TO THE DISCHARGE OF THE RIVER OR 
STREAM0 AND THE ABILITY OF THE WATER OF THE STREAM TO REAERATEO 
THIS DEPENDS ON THE CHARACTER OF THE WATER COURSE WHETHER DEEPS 
SHALLOW, FAST OR SLOW1 TURBULENT OR PLACID AND THE KINDS AND 
NUMBERS OF PLANTS AND ANIMALS PRESENT. 

THE BO.O.D., A MEASURE OF THE POTENTIAL OF THE EFFLUENT 
TO USE OXYGEN, IS AT A MAXIMUM, AS FAR AS THE STREAM IS CONCER- 
NED, AT THE OUTFALL AND DECREASES AS OXIDATION PROCEEDS. DE- 
PLETION OF OXYGEN IN THE WATER OF THE STREAMS PROCEEDS MORE OR 
LESS RAPIDLY FROM THE OUTFALL DOWNSTREAM DEPENDING ON THE TYPE 
AND AMOUNT OF OXIDIZABLE MATERIAL IN RELATION TO THE SIZE AND 
CHARACTER OF THE STREAM. THE OXYGEN MAY BE REDUCED TO NON 
DETECTABLE AMOUNTS IN SOME CASEW, AND A CONSIDERABLE LENGTH OF 
STREAMS MAY BE INVOLVED. IN CASES WHERE DEPLETION IN OXYGEN 
IS COMPLETE THE PROCESS OF DECOMPOSITION OF THE MATTER 
CONTINUES THROUGH THE AGENCY OF ANAEROB1C FORMS OF LIFE., 

DEPENDING ON THE CHARACTER OF THE STREAM, 
WHETHER SLOW—FLOWING OR RAPID, DEEP OR SHALLOW0 THERE IS SLOW 
OR RAPID REAERATION OF THE WATER FROM THE ATMOSPHERE. WHERE 
THE DEMAND OF THE SEWAGE FOR OXYGEN IS GREAT THIS REAERAT ION 
IS NOT SUFFICIENTTO OFFSET DEPLETION BUT WHEN THE DEMAND HAS 
BEEN REDUCED WITH THE OXIDATION OF MUCH OF THE MATERIAL REAER— 
ATION GRADUALLY RAISES THE LEVEL OF THE DISSOLVED OXYGEN IN THE 
WATER AND EVENTUALLY IT REACHES THE NORMAL LEVEL FOR UNPOLLUTED 
WATER SOME DISTANCE DOWNSTREAM, AND THE STREAM IS THEN REFERRED 
TO AS PURIFIED. THE GRAPHICAL REPRESENTATION OF THE AMOUNT OF 
OXYGEN SAG CURVE AND HAS BEEN ILLUSTRATED BY MANY INVESTIGATORS 
INCLUDING WHIPPLE (81), STATE OF NEW YORK CONSERV. COMM. (49). 
A MATHEMATIC*L FORMULA FOR THE OXYGEN SAG CURVE IS GIVEN BY 
STREETER AND PHELPS (68), RELATING DISSOLVED OXYGEN AND 8.0.0. 
WITH REAERATION THE ONLY SOURCE OF OXYGEN, THIS FORMULA HAS 
SINCE BEEN SOMEWHAT EXPANDED BY JANSA AND AKERL1NDH (38j, AND 
HOWLAND (33), AN EQUATION FOR THE PROCESS WITHOUT REAERATION 
OR RECOVERY IS ALGSO GIVEN. WITH A 
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KNOWLEDGE OF THE VALUE FOR THE TERMS OF THIS EQUATION AS THEY 

APPLY TO THE EFFLUENT ANO THE RECEIVING STREAM IT IS POSSIBLE 

TO PREDICT WITH SOME ACCURACY THE POLLUTIONAL EFFECT THAT AN 

EFFLUENT WOULD HAVE ON THE STREAM. 

EFFECTS ON BIOTAt RESPIRATORY MECHANISMS AND INDICATOR ORGANISMS 

THE DIFFERENCES IN DISSOLVED OXYGEN AMOUNT 

HAVE SUCH A STRIKING EFFECT ON THE BIOTA OF THE STREA+1 THAT 

OEFINITE THOUGH ARBITRARY ZONES HAVE BEEN RECOGNIZED. THE 

ZONE OF RECENT POLLUTION OR DEGRADATION, THROUGH WHICH THE 

AMOUNT OF DISSOLVED OXYGEN IS FALLING, IS CHARACTERIZED BY A 

PROGRESSIVE REDUCTION IN ORGANISMS WHICH ARE CHARACTERISTIC OF 

AN UNPOLLUTED RIVER. AT THE POINT WHERE THE PERCENTAGE SAT- 

URATION OF OXYGEN REACHES APPROXIMATELY 4-0 (3.5 PARTS PER MILLION 

AT SUMMER TEMPERATURES), WHICH IT DOES INEVITABLY WHEN THERE IS 

SERIOUS ORGANIC POLLUTiON, BEGINS A NEW ZONE KNOWN AS THE ZONE 

OF ACTIVE DECOMPOSITION OR SEPTIC ZONE AND THIS ZONE PERSISTS 

DOWN TO A POINT WHERE THE OXYGEN HAS AGAIN RiSEN TO ABOUT THE 

40 PERCENT SATURATION LEVEL. WiTHIN THIS ZONE THE OXYGEN RE- 

ACHES ITS MINIMUM AT WHAT IS KNOWN AS THE CRITICAL POINTS AND 

IF THERE IS AN ENTIRE LACK OF OXYGEN AT THIS POINT NONE BUT 

ANAEROBES ARE FOUND,AND METHANE GAS AND FOUL ODOURS ARE PROD- 

UCED. DOWN TO THIS POINT IN THE SEPTIC ZONE THE NUMBER AND 

TYPES OF ORGANISMS REQUIRING DISSOLVED OXYGEN ARE REDUCED 

THOUGH THE ORGANISMS WHICH DO LIVE THERE MAY BE PRESENT IN 

GREAT NUMBERS AS IS OFTEN THE CASE WiTH TUBIrEX, THE SEWER 

WORM, AND A FEW OTHERS, BARTSCH AND CHURCHILL ('9). BEYOND 

THE CRITICAL POINT SOME OF THESE SAME TOLERANT FORMS COME IN 

AGAIN WHEN THE OXYGEN CONTENT OF THE WATER HAS RISEN AGAIN TO 

APPROXIMATELY THE 40 PERCENT SATURATION LEVEL. 

THE SECTION OF STREAM THROUGH WHICH THE OXYGEN 

CONTENT OF THE WATER IS INCREASING AND PARTICULARLY FROM THE 

POINT ARBITRARILY MARKING THE LOWER LIMIT OF THE SEPTIC ZONE 

iS KNOWN AS THE ZONE OF RECOVERY. IN THE UPPER PART OF THIS 

ZONE ONLY THE ORGANISMS MORE TOLERANT OF LOW SUCH AS 

TUBIFEX AND THE BL000WORM, CHIRONOMUS TENTANS, ARE PRESENT BUT 

THESE MAY BE VERY ABUNDANT. WITH GREATER IMPROVEMENT DOWN- 

STREAM MORE AND MORE VARIETIES OF THE MORE SENSITIVE ORGANISMS 

APPEAR UNTIL THE FAUNA IS SIMILAR TO THAT OF AN UNPOLLUTED 

STREAM AND THE RIVER IS SAID TO HAVE RECOVERED COMPLETELY AT 

TuE LOWER END OF THE RECOVERY ZONE. 

AT WHAT POINT THE RIVER CAN BE CONSIDERED TO 

HAVE COMPLETELY RECOVERED IS A MOOT QUESTION AT PRESENT AMONG 

INVESTIGATORS. AT SOME POINT IN THE RECOVERY ZONE, GREEN 

PLANTS PARTICULARLY A PONDWEED, POTAMOGETON A 

AND SOME HAVE 

CONSIDERED THAT THIS ISA SIGN THAT THE STREAM HAS RECOVERED 

COMPLETELY DR ALMOST COMPLETELY. OTHERS INCLUDING WILSON (84) 

COSIDER THAT NOT UNTIL THESE PLANTS HAVE BEEN REDUCED TO THE 

AMOUNT NORMALLY FOUND IN AN UNPOLLUTED STREAM CAN COMPLETE RE- 

COVERY BE CONSIDERED TO HAVE TAKEN PLACE. THE ALGAE WHICH 

UTILIZE THE HIGH NITROGEN AND PHDSPHDRUS SALTS OF THE WATER, 

INCREASE PRODIGIOUSLY IN.THE RECOVERY ZONE IN MANY CASES. THE 
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STREAM IS FERTILIZED BY THE POLLUTING MATERIALS AND PLANT 
GROWTH IS GREATLY INCREASED. DURING DAYLIGHT HOURS THESE 
ALGAE USE UP SOME OXYGEN IN THEIR RESPIRATORY PROCESSES BUT 
PRODUCE ALSO GREAT AMOUNTS OF OXYGEN IN THE PROCESS OF PHO- 
TOSYNTHESIS UTILIZING CARBON DIOXIDE ANO GIVING OFF OXYGEN 
TO THE WATER. THIS RESULTS FREQUENTLY IN SUPERSATURATION 
OF THE WATER WITH RESPECT TO OXYGEN DURING THE DAY WITH DE- 
PLETION AT NIGHT AS SHOWN BY GAUFIN AND TARZWELL (27). 
SPRAGUE (67), HAS RECORDED VALUES OF OXYGEN AS LOW AS I PART 
PER MILLION (6% SATURATION) AND AS HIGH AS 12 PARTS PER 
MILLION (150% SATURATION) FOR THE SAME LOCATiON IN THE UPPER 
PART OF THE ALGAL SECTION IN A STREAM RECEIVING SEWAGE TREATED 
BY AN ACTIVATED SLUDGE PROCESS. LOWER DOWN IN THE ALGAL 
SECTION VALUES AS HIGH AS 22 PARTS PER MILLION (270% SATUR- 
ATION) WITH A CORRESPONDING LOW OF 2 PARTS PER MILLION (12% 
SATURATION) WERE RECORDED. THE HIGH AND LOW VALUES ARE 
INDICATIVE OF THE FLUCTUATION OVER A TWENTY—FOUR HOUR PERIOD. 
THE HIGH OXYGEN ACCELERATES THE PURIFICATION PROCESS BUT DUR- 
ING THE NIGHT TIME, WHEN PHOTOSYNTHESIS STOPS AND OXYGEN IS 

PROGRESSIVELY REDUCED BY THE RESPIRATION OF THE PLANTS AND 
ANIMALS AND BY OXIDATION OF THE SEWAGE, CONDITIONS BECOME 
UNSUITABLE FOR MANY ORGANISMS. 

FROM THE BIOLOGICAL STANDPOINT THIS EXTREME 
FLUCTUATION IN THE AMOUNT OF DISSOLVED OXYGEN HAS A SERIOUS 
EFFECT AND THE FAUNA, WHICH MIGHT BE EXPECTED TO BE RICH 
BECAUSE OF THE ABUNDANT PLANT FOOD SUPPLY IS INSTEAD POOR,AS 
THE ORGANISMS, MORE SENSITIVE TO OXYGEN DEFICIENCY, DO NOT 
INHABIT THIS STRETCH. THERE IS A POSSIBILITY ALSO, THAT IN 
THIS SITUATION, THE EXCESSIVELY HIGH CONCENTRATION OF OXYGEN 
DURING DAYTIME IS A DETRIMENTAL FACTOR SUCH CONCENTRATIONS 
HAVE BEEN SHOWN BY HUBBS (34), AND WIEBE (83), TO BE TOXIC TO 
SOME FORMS. THERE WERE NO FISH IN THE UPPER PART OF THE 
ALGAL SECTION AND ONLY MORE TOLERANT SPECIES IN THE LOWER AS 
REPORTED BY SPRAGUE (67) IHE ALGAL SECTION, THEREFORE, CAN- 
NOT BE CONSIDERED TO BE SUITABLE FOR FISH EVEN THOUGH THE 
WATER OF THIS PART MAY BE PURE BY OTHER CRITERIA. THE ALGAL 
SECT ION ALSO MAY BE DETRIMENTAL IN ANOTHER WAY AS IN LATE SUM- 
MER THE PLANTS FREQUENTLY DIE AND THE MASSOF DEAD MATERIAL 
DECOMPOSES PRODUCING A SEPTIC CONDITION MUCH LIKE THAT OF A 

RECENTLY POLLUTED REGION AND IS AT THIS TIME UNSUITABLE FOR 
ANY BUT THE MOST TOLERANT FORMS. AT SUCH TIMES A NUISANCE 
SITUATION DEVELOPS WITH FOUL ODOUR DETECTABLE FOR A DISTANCE 
OF SEVERAL MILES FROM THE STREAM. 

So CHARACTERISTIC ARE THE ORGANISMS ASSOC— 
1ATED WITH THE ZONE OF RECENT SEPTIC ZONE AND ZONE 
OF RECOVERY IN CASES OF POLLUTION BY ORGANIC NOT COM- 
PLICATED BY OTHER TOXIC MATERIALS, THAT THEY HAVE COME TO BE 
USED AS INDICATORS OF THE DIFFERENT DEGREES OF POLLUTION CHAR- 
ACTERIZED MAINLY BY OXYGEN DEFICIENCY OF THE WATER. THE 
INFORMATiON FROM INDEX ORGANISMS FORMS A VALUABLE ADJUNCT TO 
CHEMICAL TESTS, THE DISTRIBUTION OF THE FORMER BEING A RESULT- 
ANT OF THE LATTER AS DOUDOROFF HAS NOTED. SOME OF THE 
ORGANISMS INVOLVED HAVE BEEN CRITICALLY EVALUATED IN TFi15 CON- 
NECTION BY SEVERAL INVESTIGATORS INCLUDING N.Y. STATE CONSERV. 
COMM., ANN.REPT., (49); RICHARDSON (63); BARTSCH (8); CAU— 
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FIN AND TARZWELL (27) AND PATRICK (sg). THE BIOTIC RESPONSE 

IN THE STREAM WH ICH FOLLOWS MOST CLOSELY THE OXYGEN SAG CURVE 

IS SHOWN BY THE CURVE INDICATING THE VARIETY (NUMBERS OF 

KINDS) OF ORGANISMS ACCORDING TO BARTSCH AND CHURCHILL (9). 

THIS RESULTS FROM THE ELIMINATION OF ORGANISMS IN ORDER OF 

THEIR TOLERANCE OF OXYGEN DEFICIENCY AND THEIR REAPPEARANCE 
AS RECOVERY IN THIS FACTOR TAKES PLACE. IN EXTREME REDUCTION 

OF DISSOLVED OXYGEN THE SEPTIC ZONE IS INHABITED ONLY BY AN- 

AEROBIC TYPES OR BY SCAVENGING TYPES WHICH BY SOME SPECIAL 

RESPIRATORY DEVICE, AS ILLUSTRATED BY THE RAT—TAILED MAGGOT, 

THE LARVA OF THE SEWAGE FLY, AND HOUSE MOSQUITO, CULEX,AND 
ARE 1NDEPENDENT OF DISSOLVED OXYGEN, KROGH (as), THORPE (72) 

AND THORPE AND CRISP (73). SuTER AND MOORE (71) GIVE A LIST 

OF ORGANISMS CHARACTERISTIC OF THE ZONES AND ALSO A LIST OF 

FISHES IN ORDER OF THEIR OXYGEN REQUIREMENT. 

THE RESPIRATORY MECHANISMS, WHEN CONSIDERED 
FROFØI THE MORPHOLOGICAL STANDPOINT ONLY, PROVIDE SOME EXPLAN- 

ATION OF THE VARIOUS DEGREES OF TOLERATION OF OXYGEN DEFiCIENCY 
EXHIBITED BY ORGANISMS. THEY MAY BE CLASSIFIED AS FOLLOWS: 

3. TYPES BREATHING BY BLOOD GILLS OR BY THE GENERAL SURFACE 
OF THE BODY. 

(A) FISHES 
(B) CLAMS AND SNAILS OTHER THAN LUNG 

BREATHERS (PULMONATES) 
(C) LEECHES AND SOME OTHER ANNELIDS WORMS 

INCLUDING TUBIFEX AND LIMNODRILUS 
(o) CRUSTACEANS 
(E) CHIRONOMID LARVAE AND PUPAE, SOME WITH 

A HEMOGLOBIN BLOOD PIGMENT (BL000WDRMS) 

II. TYPES BREATHING BY TRACHEAL GILLS. 

NYMPHS OF AQUATIC INSECTS SUCH AS DRAGON- 
FLIES. LARVAE AND PUPAE OF CADDISFLIES, DOBSONFLIES, 
AQUATIC SOME BEETLES., AND SOME DIPTEROUS FLIES. 

III. TYPES WITH OPEN TRACHEAL SYSTEM. 
(A) LARVAE OF MANY BEETLES, AND SOME DIPTER— 

OUS FLIES INCLUDING THE RAT—TAILED MAGGOT, 
SEWAGE OR FILTER FLY AND THE HOUSE MOS- 
QUITO WHICH UTILIZE ATMOSPHERIC AIR OB- 
TAINED THROUGH A TUBE. 

(B) SOME AND PREDATORS INCLUDING 
NYMPHS AND ADULTS OF BUGS WHICH RESPIRE 
ATMOSPHERIC AIR THROUGH A TUBE AND 

ADULTS OF SOME AQUATIC BEETLES AND 

NYMPHS AND ADULTS OF SOME BUGS WHICH 
BREATIE BY MEANS OF A BUBBLE OR FILM OF 

GAS FUNCTIONING AS A GILL. 

IV TYPES WITH LUNGS. 

MOSH PULMONATE SNAILS WHICH BREATHE BY TAKING 
AIR INTO THE LUNGS. 
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IN THE FIRST AND SECOND GROUPS ARE FOUND THE 
TYPES MOST SENSITIVE TO OXYGEN LACK BUT DIFFERENT DEGREES OF 
SENSITIVITY CHARACTERIZE MEMBERS WITHIN EACH. 

AMONG THE MOST SENSITIVE OF AQUATIC ORGANISMS 
ARE LARVAE OF MAYFLIES, STONEFL!ES ANDCADDISFLIES WHICH BREATHE 
BY MEANS OF TRACHEAL GILLS. SOME OF THESE ARE MORE SENSITIVE 
THAN OTHERS IN THIS RESPECT BUT A VARIETY OF THEM IS AN INDIC- 
ATiON THAT RECOVERY IN OXYGEN IS ALMOST COMPLETE, GAUFIN AND 
TARZWELL (27). MORE TOLERANT SPECIES OF THESE GROUPS ARE FEW 
IN NUMBER, AND, IF THESE WERE KNOWN, THE VALUE OF THIS CATEGORY 
AS A CRITERION OF RECOVERY WOULD BE INCREASED. GAUFIN AND TAR— 
ZWELL (27), REPORT A SPECIES OF MAYFLY OF THE GENUS CALLIBAETIS 
AS BEING TOLERANT AND SPRAGUE (67), REPORTS TWO SPECIES OF THIS 
SAME GENUS FROM THE ALGAL SECTION OF THE AVON RIVER, ONTARIO, 
AT A POINT WHERE NOCTURNAL DEPLETION OF OXYGEN IS EXTREME. ONE 
OF OTHER TRACHEAL GILL BREATHERS, GENERALLY CONSIDERED AS 
BEING SENSITIVE TO LOW OXYGEN, AND INCLUDING A CADDISFLY LARVA, 
CHEUMATOPSYCHE, ARE LISTED BY THE SAME AUTHOR FROM THE SAME 
SECTION. 

THE MOST TOLERANT OR RESISTANT FORMS ARE SOME 
MEMBERS OF GROUP III AND THREE OF THESE, THE RAT—TAILED MAGGOT, 
THE SEWAGE FLY (PSYCHODA) AND THE HOUSE MOSQUITO, (CULEX PIPIENS) 
IF PRESENT IN NUMBERS INDICATE THE SEPTIC ZONE. SUTER AND 
MOORE (71) HAVE SHOWN THAT THE RAT—TAILED MAGGOT (ERISTALIS 
TENAX) CAN EXIST UNDER CONDITIONS WHERE THE DISSOLVED OXYGEN 
RANGES FROM 0 TO 40% SATURATION WHICH IS THE RANGE CHARACTER- 
ISTIC OF THE SEPTIC ZONE-. iT IS APPARENTLY AN OBLIGATIVE POL- 
LUTION FORM AND POSITIVE INDICATOR OF SUCH. THE 
MOST RESISTANT FORMS ARE WHICH ARE iNDEPENDENT OF DISSOLVED 
OXYGEN AND INCLUDE ANAEROBIC BACTERIA AND SOME SCAVENGING FORMS 
SUCH AS AQUATIC BEETLES AND BUGS WHICH HAVE SPECIAL RESPIRATORY 
MECHANISMS WHICH MAKE IT POSSIBLE FOR 

THE OF 
OXYGEN THE 

OF AT THE LOWER END OF THE ZONE OF DE- 
GRADATION ARE THE ANNELID WORMS TUBIFEX AND LIMNODRILUS AND 
THE SLIGHTLY LESS TOLERANT BLOODWORMS, PARTICULARLY CHIRONOMUS 
TENTANS. THESE FQRMS ARE IN A GENERAL WAY CHARACTERISTIC OF 
THE LIMITING CONDITIONS FOR THE MOST TOLERANT SPECiES OF FISHES. 
IHEY ARE FREQUENTLY PRESENT IN GREAT NUMBER% THE ANNELIDS FORM— 
ING PATCHES OF RED ON THE BOTTOM APPEARING LIKE THE PILE OF A 

CARPET, AND WHEN W€LL REPRESENTED AND IN THE ABSENCE OF OTHER 
MORE SENSITIVE TYPES ARE A GOOD INDICATION OF THE BEGINNING OF 
THE ZONE OF RECOVERY AND THE END OF THE ZONE OF DEGRADATION. 
FROM THESE GROUPS OF ORGANISMS THE CHIEF B1OLOGICAL INDICATORS 
OF ORGANIC POLLUTION HAVE BEEN CHOSEN. 

SUTER AND MO-ORE (71) HAVE GIVEN A LIST OF 
FISHES IN ORDEFI OF THEIR REQUIREMENTS WITH RESPECT TO OXYGEN AS 
FOLLOWS: 

HIGH: BROOK TROUT, SMALLMOUTH BASS, LANDLOCKED SALMON 
AND YELLOW PERCH 
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INTERMEDIATE: LARGEMOUTH PUMPKIN SEED AND BULLHEAD. 

Low: MINNOWS (STONE ROLLER, SHINER AND CREEK CHUB) SUCKER. 

OXYGEN CONTENT OF 50% SATURATION HAS BEEN SET 

BY SOME AS THE MINIMUM FOR FISH BUT SOME ARE KNOWN TO HAVE SUR- 

VIVED IN CONCENTRATIONS AS LOW AS 1.5 PARTS PER MILLION OR ABOUT 

20% SATURATION. MORE RECENT INVESTIGATION OF THE OXYGEN RE- 

QUIREMENTS OF THE EASTERN SPECKLED TROUT (BROOK TROUT) ARE 

PUBLISHED BY FRY (25). 

As DOUDOROFF (20) HAS POIPrEDDUT, POLLUTION 

CAN BE DETECTED READILY BY CHEMICAL TESTS, BUT THE CHARACTER- 
ISTIC ORGANISMS ILLUSTRATE THE RESULTANT EFFECT ON THE BIOTA OF 

POLLUTIONAL INFLUENCES NOT ONLY OF THE MOMENT BUT OF THE PAST. 

VAN HORN (75), HAS STATED — "A CHEMICAL ANALYSIS WILL GIVE A 

PICTURE OF STREAM CONDITIONS AT THE TIME THE SAMPLES WERE TAKEN. 

ON THE OTHER HAND, THE BIOLOGICAL SITUATION IS AN INDICATION OF 

THE CONDITIONS WHICH HAVE EXISTED IN THE STREAM FOR A LONG PER- 

IOD. IN A SENSE THE CHEMICAL DATA MAY BE TAKEN AS A DESCRIPT- 
ION OF THE CAUSE, WHEREAS THE BIOLOGICAL DATA ARE INTERPRETED 

AS THE EFFECT OF ANY GIVEN STREAM CONDITION." IT SHOULD BE 

ADDED THAT BECAUSE OF THE LAG IN THE RESPONSE TO IMPROVEMENT 

IN CHEMICAL CONDITIONS BIOLOGICAL CRITERIA WILL GENERALLY GIVE 

AN INDICATiON OF SERIOUS POLLUTION OF THE INTERMITTENT TYPES AS 

FOR INSTANCE NOCTURNAL DEPLETION OF OXYGEN AS MENTIONED ABOVE, 

OR SLUGS OF TOXIC CHEMICAL EFFLUENT WHICH WOULD PERHAPS ESCAPE 

DETECTION UNLESS CHEMICAL TESTS WERE CARRIED OUT AT THE APPRO- 

PRIATE TIME. 

SPECIFIC TOXIC CHEMICAL SUBSTANCES 

WIIH THE DECOMPOSITION OF ORGAN1C MATTER 
SOME CHEMICALS INCLUDING SULPHUR AND AMMONIUM SALTS ARE PRO- 

DUCED WHICH ARE TOXIC TO SOME ORGANISMS. THEIR TOX1C EFFECT 

IS, THEREFORE, SUPERIMPOSED ON THE EFFECT OF OXYGEN DEPLETION. 

IN MANY INDUSTRIAL WASTES THE TOXIC CHEMICAL COMPONENTS DOMIN- 

ATE THE RESULTING POLLUTIONAL SITUATION AND DIFFERENT ATTACKS 

HAVE BEEN MADE IN THE INVESTIGATION OF SUCH WASTES. 

MUCH EXPERIMENTAL WORKS BEGINNING WITH PENNY 

AND ADAMS Coo), AND WEIGELT ET AL, (78), HAS BEEN DONE ON THE 

EFFECT OF DIFFERENT CONCENTRATIONS OF CHEMICALS ON ORGANISMS 
UNDER DIFFERENT CONDITIONS. ONE OF THE EARLY WORKS ON THIS 

CONTINENT IS THAT OF SHELFORD (oo). SOME OF THE LITERATURE 
IS GIVEN IN THE LIST or REFERENCES AND INCLUDES THE PAPERS OF 

BELDING (II), CARPENTER (13,14), SUTER AND MOORE (71), WIEBE 
(82), (79), COLE ELLIS (23), NAUMANN (47,48) HART, 

ODUDOROFF AND GREENBANK (29) RDETMANN (64), ANDERSON (4,5), 
GALTSCFF ET AL, (2u), AND GERSDORFF (28), 

THOUGH I? SPECIES OF FISHES, 6 OF CRUSTACEA, 

7 OF CLAMS AND SEVERAL OF INSECTS WERE INVOLVED IN THE EXPER- 
IMENTAL WORK TWO HAVE EMERGED AS THE CHIEF LABORATORY TYPES, 

THE GOLDFISH (CARAUSSIUS CARAUSSIUS) AND THE WATER FLEA 

(OAPHNIA ELLIS (23) HAS CONTRIBUTED MUCH TO THIS FIELD 

AND HAS SUMMARIZED MOST OF THE INFORMATION AVAILABLE IN OTHER 
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WORKS UP TO 1937. iN THE FOLLOWING PARAGRAPHS FREQUENT RE- 
FERENCE WILL BE MADE TO THIS WORK AND FOR MORE EXTENSIVE 
TREATMENT OF SOME OF THE POINTS REFERENCE SHOULD BE MADE BY 

THE READER TO THIS STANDARD REFERENCE, 

AN AN EXAMPLE OF OSMOTIC EFFECT, ELLIS (23) 

TESTED THE SURVIVAL OF THE GOLDFISH IN DIFFERENT CONCENTRA- 
TIONS OF SODIUM CHLORIDE IN FILTERED MISSISSIPPI WATER AND 
FOUND THAT WITH STRENGTHS GREATER THAN 1:1000 BY WEIGHT 
(10,000 PARTS PER MILLION), THE FISH DIED IN LESS THAN FOUR 
DAYS. SINCE SODIUM CHLORIDE IS A WASTE IN OIL WELL OPER- 
ATION THIS INFORMATiON IS ALSO APROPOS OF THE SUBJECT OF 
POLLUTION. 

IHE EFFECT OF ELEVEN ACIDS WHICH ARE CONST- 
ITUENTS OF VARIOUS TYPES OF TRADE WASTES WERE TESTED ON THE 
GOLDFISH BY THE SAME AUTHOR. HE CONCLUDES THAT ACIDITY NEAR 
THE MAGNITUDE OF PH 4.0, REGARDLESS OF THE ACID OR ACIDSALT 
COMBINATION PRODUCING THIS ACIDITY, WILL BE LETHAL FOR FRESH- 
WATER FISHES IF THE ACIDITY IS MAINTAINED. IN CONCENTRATIONS 
PRODUCING A LESS ACID THAN 4,0 THE LETtIALITY DEPENDS ON 

THE PARTICULAR ACID INVOLVED. IESTS WITH DAPHN1A MAGNA SUG- 
GEST THAT WERE FISHES UNPROTECTED BY MUCOUS THE LETMAL HYDROGEN— 
ION CONCENTRATION FOR ACiDS IN GENERAL WOULD BE NEAR PH 5,5, 
DAPHNIA, NOT PROTECTED BY MUCOUS, FAILED TO SURVIVE IN PH MORE 
ACID THAN 5.4 AND THE AUTHOR NOTES THAT PH 5.5 CORRESPONDS TO 
THE ISOELECTRIC POINT AT WHICH MANY PROTEINS FOUND IN TISSUES 
ARE COAGULATED. 

THE SAME AUTHOR DETERMINED THE OF VARIOUS 
ACIDS IN HARD WATER AT WHICH GOLDFISH SURVIVED FOR FOUR DAYS 
OR LONGER AND DIED IN LESS THAN FOUR DAYS IN MORE ACID CONCEN— 
TRATIONS, THE RESULTS ARE AS FOLLOWS: SULPHURIC 4.0, HYDRO- 
CHLORIC AND CITRIC 4.5, LACTIC 4.6, NITRIC AND TARTARIC 4.9, 
ACETIC 5.5, OXALIC 5.8, BENZOIC 5.9, CHROMIC A.ND TANNIC 
7.8. 

ON THE BASIS OF PARTS PER MILLION OF ACID 
PRESENT IN THE PARTICULAR HARDWATER USED AND NEGLECTING THE 
PH THE SAME ACIDS ARE LISTED BY ELLIS IN ORDER OF THEIR LETHAL 
EFFECT ON THE GOLDFISH TOGETHER WITH THE TRADE WASTE WHICH 
THEY CHARACTERIZE AS FOLLOWS: 

TANNIC 10 PPM. TANNERY, BARK WASTE OF MILLS 
CHROMIC 100 PPM. TANNERY. 
SULPHURIC 130 PPM. COAL AND IRON MINE. 
HYDROCHLORIC 159 PPM. CHEMICAL AND DYE WORKS. 
NITRIC 200 PPM. CHEMICAL WORKS. 
BENZOIC 200 PPM. COAL TAR. 
OXALIC 200 PPM. DYEINQ;TANNING,BLEACHING. 
TARTARIC 200 PPM. WINERY. 
ACETIC 348 PPM. BEET SUGAR,VINEGAR,WINERY. 
LACTIC 430 PPM. DAIRY 
CITRIC 625 PPM. CITRUS—FRUIT 

IN THE SAME PAPER ELLIS (23) HAS EVALUATED 
THE TOXICITY FOR THE GOLDFISH OF SOLUTIONS OF SALTS OF EIGHT 
METALS, OF FOUR SULPHUR AND SELENIUM COMPOUNDS AND NINE OTHER 



ACETONE 
ALUMINUM POTASSiUM SULPHATE 
AMMONIUM SULPH1DE 
AMMONIUM CARBONATE 
AMYL ALCOHOL 
BROMINE 
CADMIUM CHLORIDE 
CALCIUM CHLORIDE 
C H LO RI NE 
COBALTOUS CHLORIDE 
CRESYLIC ACID 
CUPRIC SULPHATE 
FERROUS SULPHATE 
FERRIC CHLORIDE 
HYDROGEN SULPHIDE 
LEAD NITRATE 
METHYL MERCAPTAN 
NAPdTHENIC ACID ETC. 
NICKELOUS CHLORIDE 
PHENOL 
POTASSIUM CYANIDE 
POTASSIUM HYDROXIDE 
POTASSIUM XANTHATE 
SODIUM CHLORATE 
SODIUM FLUORIDE 
SODIUM SULPHITE 
SODIUM SULPI-4IDE 

SULPHUR DIOXIDE 
STANNOUS CHLORIDE 
ZINC SULPHATE 

GAS ANO COAL—TAR, CHEMICAL,PAINT 
TANNERY 
ORGAN IC 
GAS HOUSE 
DISTILLERY 
CHEM I CAL 
PIGMENT, CALICO PRINTING 
OIL WELLS, ROAD SURFACING 
OH EM I CAL 
ELECTROPLATING CHEMICALS P IGMENT 
MINE FLOTATION, LIVESTOCK 
COPPER AND BRASS 
WIRE AND TINPLATE 
WIRE AND TINPLATE 
ORGAN IC 
MINING AND SMELTING 
PULP 
CRUDE OIL 
ELECTROPLATING 
GAS HOUSE, STOCK DIPS 
ORE REF. ,COKE,CHEMICAL,ELECTRDPLAT I NG 

SOAP, DYE 
MINE FLOTATION, SOIL INSECTICIDE 
MINE FLOTATION 
DISTILLERY 
PULP 
PULP 
CHEMICAL, BLEACHING 
B RASS 
MINING, SMELTING, REFINING, RAYON. 

SOME OF THE CHEMICALS LISTED ARE VERY TOXIC 

TO FISH AND OTHER AQUATIC ORGANISMS,AND EVEN WHEN PRESENT IN 

LOW CONCENTRATION SUCH SUBSTANCES MAY PRESENT THE MOST SIGNIFIC- 

ANT HAZARD OF AN EFFLUENT. CARPENTER (13) HAS DEMONSTRATED 

THAT LEAD AT A CONCENTRATION OF 0.33 PARTS PER MILLION MAY BE 

LETHAL TO FISH. ZINC SULPHATE WAS SHOWN BY HENDERSON (30), 

TO BE AN EXTREMELY TOXIC CONSTITUENT OF THE EFFLUENT OF A RAYON 

MILL PRODUCING THE MORTALITY OF FISH DESCRIBED EARLIER IN THIS 

PAPER, VAN (75) HAS CONCLUDED THAT, OF THE MANY CHEMICALS 

IN THE EFFLUENT OF A TYPICAL KRAFT PULP MILL, THE SULPHUR COM- 

POUNDS AND PART1CULARLY THE SULPHIDES AND MERCAPTANS ALONG WITH 

RESIN AND FATTY ACIDS AND THEIR SODIUM SALTS ARE POTENTIALLY 

THE MOST DANGEROUS TO THE AQUAT1C HABITAT. KUPZIS (41), CON- 

SIDERS THAT NAPHTHENIC ACIDS AND NAPHTHENE DERIVATIVES ARE THE 
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CHEMICALS FOUND IN INDUSTRIAL WASTES. IN ADDITION HE GIVES 

A LISTING OF 114 CHEMiCALS WHICH MAY BE FOUND AS STREAM POL- 

LUTANTS WITH RESULTS OF RESEARCH CONDUCTED BY MANY WORKERS 

RESPECTING THE CONCENTRATIONS WHICH WERE LETHAL TO ORGANISMS 

UNDER THE EXPERIMENTAL CONDITIONS. IN SOME CASES THESE WERE 

NOT AS WELL CONTROLLED AS IN OTHERS WITH CONSEQUENT DISCREP- 

ANCIES APPEARING. 

SOME TOXIC CHEMICALS, TAKEN FOR THE MOST 

PART FROM ELLIS (23) ARE LISTED BELOW TOGETHER WITH SOME OF 

THE INDUSTRIES INVOLVED. 
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MosT TOXIC SUBSTANCES TO FISH OF THOSE MATERIALS FOUND IN THE 
WATER SOLUBLE FRACTION OF CRUDE OIL. 

EFFECT OF TOXIC SUBSTANCES ON THE INDIVIDUAL 

ELLIS (23), HAS GROUPED CHEMICAL POISONS 
INTO THREE CATEGORIES ACCOROIN( TO THE WAY IN WHICH THEY KILL 
tHE ORGANISMS. THE EFFECTS OF SUBLETHAL AMOUNTS IN ALTERING 
THE BEHAVIOUR OF FISH AND OTHERS IS NOT CONSIDERED IN THIS 
AR RANG E ME N T. 

IN THE FIRST CATEGORY ARE SUBSTANCES WHICH 
DO NOT ENTER THE FISH BUT ADVERSELY AFFECT THE SURFACE OF 

GILLS AND OTHER AREAS. AMONG THESE ARE SOME SALTS OF SEVERAL 
OF THE HEAVY METALS, SOME ACIDS AND SOME OTHER CHEMICALS WHICH 
COMBINE READILY WITH THE-MUCOUS SECRETED BY THE FISHES'SKIN, 
MOUTH AND GILLS, PRODUCING INSOLUBLE COMPOUNDS. IF THE DIL- 
UTION OF THE CHEM1CAL IS GREAT ENOUGH OR THE SUPPLY OF THE 
POLLUTANT IS LIMITED IN ITS TIME OF ACTING THE SECRETION OF 

ADDITIONAL MUCOUS MAY WASH AWAY THE PREQIPITATED COMPOUNO AS 
1T IS FORMED SO THAT NO SERIOUS DAMAGE RESULTS. IN MORE 

SERIOUS CASES OF STRONGER CONCENTRATION OR LONGER EXPOSURE 
THE PRECIPITATED COMPOUND COVERS THE BODY, THE LINING OF THE 
MOUTH AND THE RESPIRATORY FAILURE ENSUES RESULTING 
IN DEATH OF FISH. THIS WAS FOUND TO BE BECAUSE OF 

COATING OF THE GILL FILAMENTS IN SUCH A WAY AS TO PREVENT THE 

WATER REACHING THE EPITHELIUM, OR IN MORE PRONOUNCED CASES 
GILL MOVEMENT WAS IMPEDED OR STOPPEO AND CIRCULATION OF THE 
BLOOD IN THE CAP ILLARIES STOPPED AS IT IS DEPENDENT ON THIS 
MOVEMENT. 

ANOTHER CLASS OF POLLUTANTS SUCH AS ACETIC 
ACID, AND VOLATILE EXTRACTS OF CRUDE OIL DO NOT PRE- 
CIPITATES WITH THE MUCOUS BUT ALSO BRING ABOUT RESPIRATORY 
FAILURE. IN THESE INSTANCES THE CHEMICAL DAMAGES THE EPID— 
ERMAL CELLS OF THE GILL SURFACE CAUSING STASIS OF THE BLOOD 
IN THE CAPILLARIES WITH RESULTING ASPHYXIATION. 
TREY MAY ALSO INTERFERE WITH THE MAINTAINING OF SALT BALANCE 
OF THE BLGOD BY INJURING THE CHLORIDE—SECRETING CELLS OF THE 
GILL SURFACE, KEYS AND WILLMER (36) OR IMPAIR THE FUNCTION OF 

CELLS OF THE GILL EPITHELIUM IN EXCRETING NITROGENOUS WASTES. 

IN THE THIRD CATEGORY ARE SUBSTANCES WHICH 
DO NOT PENETRATE THE EXTERNAL MEMBRANES OF THE BODY AND ARE 
POISONOUS ONLY WHEN SWALL4MD AND ABSORBED THROUGH THE GASTROIN— 
TESTENAL EPITHELIUM OR DAMAGE THAT EPITHELIUM. THESE ARE 
KNOWN AS INTERNAL AND MAY BE TAKEN INTO THE MOUTH ANO 

t 

FOOD OR INADVERTENTLY ALONG WITH CASES 
HAVE BEEN OBSERVED BY ELLIS OF FISH NOT SWALLOWING POLLUTED 
WATER IN WHICH THEY WE.RE PLACED UNTIL THE END OF A PERIOD OF 

ABOUT FORTY—EIGHT HOURS. SUBSEQUENTLY THEY SWALLOWED WATER 
EVEN WHEN NOT BEING FED, POSSIBLY AS COMPENSATION FOR WATER 
LOSS.• AMONG1THE INTERNAL POISONS SOME CHEMICALS WHICH ARE 
CUMULATIVE IN THEIR TOXIC EFFECT ARE PARTICULARLY SUBTLE IN 

THEIR ACTION AS THEY CAUSE DEATH ONLY AFTER LONG PERIODS AS 
THE TOTAL AMOUNT INGESTED IS GRADUALLY INCREASED BY BEING CON- 
TINUALLY SWALLOWED 
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APPLICATION or THE EXPERIMENTAL DATA TO THE PROBLEM OF THE 
TOXIC EFFECT OF INDUSTRIAL WASTES 

WHILE IT CANNOT BE QUESTIONED THAT THESE 
MATERIALS ARE TOXIC IN THE CONCENTRATIONS USED IN AND UNDER 

THE CONDITIONS EXISTING FOR THE EXPERIMENT THEIR TOXICITY TO 

ORGANISMS iN STREAMS Is GENERALLY A MORE COMPLICATED MATTER. 
DILL)T ION MAY BE SO GREAT AS TO RENDER THE MOST TOXIC OF THEM 

HARMLESS WHEREAS A LESS TOXIC SUBSTANCE MAY BE DISCHARGED IN 

SUCH LARGE AMOUNTS AS TO PRODUCE LETHAL CONCENTRATIONS IN THE 

RECEIVING WATER. HOWEVER, FROM THE BIOLOGICAL SIDE EVEN 

SUBLETHAL CONCENTRATIONS OF SOME CHEMICALS MAY BE DETRIMENTAL 
AS FiSH REACT TO SOME BY AVOIDING THEM AND THUS MAY BE EXCLUD- 
ED FROM A SECTION OF RIVER OR BE BARRED IN THEIR MIGRATIONS. 

REGARDING THE APPLICABILITY OF RESULTS OF 

EXPERIMENTS ON FISH OF THE EFFECT OF INDIVIDUAL CHEMICAL CON- 

STITUENTS OF EFFLUENTS ELLIS (23) STATES" ...AS HAS BEEN 
REPEATEDLY POINTED OUT IN THIS PAPER ARBITRARY APPLICATION OF 

LETHALITY DATA TO SPECIFIC POLLUTiON PROBLEMS IS ABSOLUTELY 
IMPOSSIBLE OWING TO MANY L1MITING FACTORS VARIOUS OF WHICH 
hAVE BEEN DISCUSSED IN PREVIOUS SECTIONS.1t AMONG THESE HE 

HAS POINTED OUT THE SIGNIFICANT INFLUENCE OF ONE SALT ON THE 

LETHAL EFFECT OF ANOTHER BY DETERMINING THE CHANGE IN TOXICITY 
or A SOLUTION OF COPPER SULPHATE ON THE GOLDFISH IN THE PRES- 
ENCE OF CALCIUM CHLORIDE AND VARYING CONCENTRATIONS OF SODIUM 
NiTRATE. HE ALSO DEMONSTRATED THAT 100 PARTS PER MILLION OF 

CHROMIC ACID IN HARD WATER DID NOT KILL GOLDFISH WHILE THE 

SAME AMOUNT IN SOFT WATER DID. IN A NUMBER OF OTHER CASES 
TOXICITYOF ACIDS ANDSALTS WAS MUCH HIGHER IN SOFT THAN IN 

HARD (BUFFERED) WATERS. THE INFORMATION FROM EXPERIMENTS IS, 

HOWEVER0 A VALUABLE GUIDE TO POTENTIAL TOXICITY AND IN CONJUNCT- 
ION WITH INFORMATION ON THE CHEMISTRY OF THE EFFLUENT AND OF THE 

RECEIVING WATER PREDICTIDNS CAN BE MADE ON THE EFFECT ON THE 

BIOTA, ELLIS (23). 

TOXICITY OF INDUSTRIAL EFFLUENTS FOR STREAM INHABITANTS 

EFFLUENTS OF INDUSTRIAL PLANTS, EMPLOYING 
ESSENTIALLY THE SAME PROCESSES, VARY OVER WIDE RANGES DEPEND— 
INC ON A NUMBER OF FACTORS INCLUDING VARIATION IN DETAIL OF 

HANDLING THE WASTE MATERIALS INCLUDING RECLAMATION TECHNIQUES. 
THE POLLUTIONAL EFFECT ON A STREAM IS FURTHER COMPLICATED BY 

THE PHYSICALS CHEMICAL AND BIOLOGICAL CHARACTERISTICS OF WATER 
OF THE RECEIVING STREAM AND THE RELATIVE RATES OF DISCHARGE OF 

EFFLUENT AND STREAM. 

THE USUAL TOXIC EFFECT OF SOME COMMON TYPES 
OF INDUSTRIAL EFFLUENTS IS SUMMARIZED BY ELLIS (23). IN 

THIS LIST HAVING SPECIFIC TOXIC EFFECT ON FISHES OF A CRITICAL 
NATURE INCLUDE WASTES OF COAL—GAS PLANTS, METAL 
STEFFENS HOUSES SULPHITE PULP, STRAWBOARD0 CHEMICAL WORKS, 
TANNERIES AND DYE WORKS. OTHERSWHICH MAY BE CRITICAL ARE, 

MINE FLOTATION0 OIL WELLS (CRUDE OIL AND BRINE), BEET SUGAR0 

SPENT LUBRICANTS, BITTERN LIQUORS, TIN PLATE AND WIRE MILLS AND 

STARCH FACTORIES. ANOTHER GROUP IS LISTED AS BEING POSSIBLY 
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CRITICAL AND INCLUDE, ASBESTOS WORKS9 COAL AND IRON MINE DRAINS, 
DAIRYINDUSTRIES, PACKING PLANTS, CANNING FACTORIES, BREWERIES 
AND DISTILLERIES, PAPER PULP, SAWDUST, LAUNDRIES AND WOOL—WASH- 
ING THIS LIST IS NOT COMPLETE BUT TO IT SHOULD BE 

ADDED PLANTS PRODUCING RADIO—ACTIVE SUBSTANCES WHOSE WASTES 
ARE BEING INVESTIGATED FROM THE STANDPOINT OF THEIR IMMEDIATE 
EFFECT ON ORGANISMS AND OF THE POSSIBLE LONG TERM INFLUENCE 
ON THE SPECIES THROUGH GENETIC ALTERATION. 

SELECTED REFERENCES, GIVING IN MOST CASES THE 
EFFECT OF THE EFFLUENTS OF SEVERAL DIFFERENT INDUSTRIAL PROCES- 
SES ON FISHES AND OTHER ORGANISMS ARE GIVEN IN THE U.S.PUSLIC 
HEALTH SERVICE REPORT ON OHIO RIVER POLLUTION CONTROL (74), 
WISCONSIN STATE BOARD OF HEALTH SPECIAL REPORT ON STREAM POLLU- 
TION IN WISCONSIN (85), AND STATE OF YORK CONSERVATION COM- 
MISSION REPORTS ON SURVEYS OF RIVER SYSTEMS (50—55). 

WITH MANY INDUSTRIAL EFFLUENTS THERE IS, IN 

ADO1TION TO SPECiFIC TOXICITY, THE EFFECT OF DE- 
COMPOSING ORGANIC CONSTITUENTS AND THE FORMATION OF A POLLUTION 
MAT OF PART 1CULATE MATTER. THE DELETERiOUS CHARACTER OF THESE 
HASALREADY SEEN MENTIONED. ANY OF THE THREE, TOXIC PROPERTY, 
DEOXEGENATING PROPERTY OR SEDIMrNTINC OF THE BOTTOM MAY PREDOM- 
INATE IN THE EFFECT OF ANY POLLUTION FROM THE BIOLOGICAL STAND- 
POINT. WHEN SPECIFIC TOXiC CHEMICALS ACCOMPANY ORGANIC WASTE 
THEY MAY KILL OUT THE ORGANISMS WHICH OTHERWISE WOULD BE PRESENT 
TO AIO IN THE RAPID DECOMPOSITION OF ORGANIC MATERIAL AND CON- 
SEQUENTLY THE SERIOUSLY POLLUTED SECTION OF THE STREAM MAY BE 
GREATLY EXTENDED. 

OWING TO THE VARIABLE NATURE OF INDUSTRIAL 
WASTES IN WHICH DEOXYGENATING SUBSTANCES, PARTICULATE MATTER 
AND COMPLEX COMBINATIONS OF SPECIFIC TOXIC CHEMICALS MAY ALL BE 
SIGNIFICANT IN THE RESULTING POLLUTION, THE INFORMATION WHICH 
MAYBE GLEANED FROM A STUDY OF THE ORGANISMS INHABITING THE 
POLLUTED SECTION OF THE STREAM RE'GAROING THE NATURE OF THE POL- 
LUTION IS MUCH LESS THAN IN THE CASE OF POLLUTION BY ORGANIC 
MATTER ALONE. CONSEQUENTLY NO SERIES OF ORGANISMS HAS EMERGED 
WHICH MIGHT SERVE AS INDICATORS OF THE POLLUTIONAL EFFECT OF 
MANY TRADE WASTES. 

ALTHOUGH THE EFFECT OF MANY CHEM1CALS ON OR- 
GANISMS IS KNOWN THERE IS LITTLE INFORMATION AVAILABLE ON THE 
EFFECT OF THE SAME SUBSTANCES UNDER THE CONDITIONS IN WHICH THEY 
OCCUR IN AN EFrLUENT. THERE IS SOME DESCRIPTIVE WORK ON THE 
EFFECT OF TYPICAL TRADE WASTES ON ORGANISMS AND SOME EXPERIMEN- 
TAL IN WHICH ORGANiSMS WERE SUBJECTED TO THE WASTE MATERIAL, 
BUT AS HAS BEEN POINTED OUT ABOVE THE TRADE WASTES DIFFER SO 
GREATLY EVEN WMERE THE SAME INDUSTRIAL PROCESSES ARE INVOLVED 
AS TO MAKE THE RESULTS OF EXPERIMENTAL WORK ALONG THIS LINE OF 
LIMITED APPLICATION. 

CONTROL OF PESTS BY CHEMICALS AND INHERENT DANGERS TO 
STREAM ORGANISMS 

THERE ARE OTHER OF SPECIFIC TOXIC MAT- 
ERIALS THAT DO NOT COME UNDER THE HEADING OF INDUSTRIAL WASTES, 
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BUT MAY BE POLLUTANTS OF STREAMS. THIS GROUP INCLUDES FER- 

TILIZERS, BOTH OF THE SOIL ANO WATER, STOCK DIPS, ALGICIDES 

AND HERBICIDES, INSECTICIDES, PISCICIDES, WATER PURIFYING 

AGENIS AND ROAD—SURFACING MATERIALS. THESE MATERIALS ARE 

INDISPENSIBLE AIOS TO MAN1 IF SCIENTIFICALLY APPLIED, BUT IF 

USED INDISCRIMINATELY AND WITHOUT REGARD FOR THEIR POSSIBLE 

INJURIOUS EFFECTS ON STREAM LIFE MAY IN SOME CASES DO MUCH 

HARM. 

CHILI SALTPETRE (SODIUM NITRATE), A SOIL 

FERTILIZER, HAS BEEN SHOWN BY POWERS (61), TO BE TOXIC TO 

FISH IN CONCENTRATIONS WHICH MAY BE BUILT UP IN STREAMS AND 

PONDS BY RUN—OFF FROM FIELDS. PHENOL, CRESOL AND SOME OF 

ITS RELATED CHEMICALS, USED AS DISINFECTANTS AND PARTICULARLY 

AS SHEEP DIPS, IF DISCHARGED INTO WATER ARE HIGHLY TOXIC TO 

FISHES AND OTHER FORMS, ADAMS (I), DEMYENENKO (19). IN 

ADDITION, THE FORMER, EVEN IF NOT CONCENTRATED ENOUGH TO 

KILL, IMPARTS A STRONG PHENOL1C SMELL TO THE FISHES FLESH 

MAKING IT UNPALATABLE. SODIUM ARSENITE AND COPPER SULPHATE 

USED IN THE CONTROL OF AQUATIC PLANTS AND IN WATER—PURIFIC- 

ATION ARE HIGHLY TOXIC CHEMICALS, THE CONCENTRATION OF WHICH 

MUST BE CAREFULLY CONTROLLED IN ORDER TO GIVE THE DESIRED 

EFFECT WITHOUT ENDANGERING OTHER FORMS OF LIFE, WIEBE (82), 

SURBER AND MEEHAN (70), MOYLE (46), AND BARNICKOL AND CAMP- 

BELL (7). THAT THESE SUBSTANCES ARE TOXIC TO FISH AND OTHER 

FORMS IS INDICATED BY THE USE1 PARTICULARLY OF COPPER SULPHATE 

IN THE CONTROL OF COARSE FISH, CATT (15), AND IN THE CONTROL 

OF SNAILS. CHLORAMINE, CHLORAMINE T, AND CHLORINE ARE EM- 

PLOYED IN WATER PURIFICATION AND THE CONCENTRATIONS ARE CARE- 

FULLY CONTROLLED FOR THIS PURPOSE, ADAMS (I). THE SAME 

AUTHOR DESCRIBED THE TOXIC EFFECTS OF POTASSIUM PERMANGANATE 

ON CRUSTACEANS AND ELLIS (23) ITS TOX1CITY FOR GOLDFISH. IT 

IS, NEVERTHELESS, USEFULLY EMPLOYED IN OISINFECTING HATCHERY 

TROUGHS OR FISH THEMSELVES. 

IN FISHERIES MANAGEMENT PROGRAMMES IT I S 

SOMETIMES ADVANTAGEOUS TO KILL THE COARSE FISH IN A STREAM OR 

POND BEFORE INTRODUCING GAME FISH. THE CHEMICAL, ROTENONE, 

THE POISON IN THE DERRIS POWDERS OF COMMERCE1 IS WIDELY USED 

FOR THIS AND THE INFORMATION RELEVANT TO THIS USE IS SUMMAR- 

IZED BY KRUMHOLZ (39). THIS POISON, IN THE CONCENTRATIONS 

USED IN TAKING FISH, DOES NOT AFFECT OTHER VERTEBRATES BUT 

DOES KILL INSECTS WHICH ARE IMPORTANT IN THE DIET OF MANY FISH 

AND, THEREFORE, PRECAUTIONS MUST BE TAKEN TO ENSURE A NET 

FAVOURABLE RESULT FOR THE OPERATION. THE POISON, IF SCIENTIF- 

ICALLY CAN BE APPLIED TO RESTRICTED PARTS OF LAKES FOR 

THE PURPOSE OF CONTROLLING POPULATIONS OF COARSE FISH WITHOUT 

ADVERSELY AFFECTING THE FISH IN OTHER PARTS OF THE LAKE, 

STROUD (69). 

WITH SOME METHODS OF APPLICATION AND PARTIC- 

ULARLY IN THE AERIAL SPRAYING OF FOREST AND FRUIT TREES, IN- 

SECTICIDES MAY FIND THEIR WAY INTO STREAMS IN QUANTITIES IN- 

JURIOUS TO THEIR BIOTA. ARSENICALS USED IN THIS WAY1 PRESENT 

THE SAME HAZARDS TO AQUATIC ORGANISMS AS THEY DO WHEN EMPLOYED 

AGAINST AQUATIC VEGETATION. THE USE OF C.D.T. AND RELATED 

CHEMICALS AS INSECTICIDES HAS BECOME GENERAL AND THESE POISONS 
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MAY REACH THE WATERS OF STREAMS IN SEVERAL WAYS. WHERE THEY 
ARE USED IN SPRAYING A FOREST OR ORCHARD THEY MAY FALL DIRECTLY 
INTO THE STREAM OR REACH IT IN WATER DRAINING OFF THE LAND. 
HOCKIISG (31), ATTRIBUTES THE ABSENCE OF BLACK FLIES IN STREAMS 
IN THE VICINITY OF CHURCHILL, MANITOBA,TO THE CONTINUING 
EFFECT OF SIGNIFICANT AMOUNTS OF 0.0.1. CONTAINED IN RUN—OFF 
WATER FROM AREAS SPRAYED PREVIOUSLY, IT FOLLOWS THAT SPRAY— 
ING OF FORESTS WITH D.0.T. MAY RESULT IN SERIOUS POISONING OF 

STREAMS BECAUSE OF HIGH CONCENTRATIONS OF THE POISON WHICH MAY 
RESULT IN A PARTICULAR ORAINAGE BASIN UNDER SOME METEOROLOGICAL 
CONDITIONS. 

SOME SEWAGE TREATMENT PLANTS USE 0.0.1. IN 

CONTROLL1NG THE NUMBERS OF THE FILTER—FLY, AND THE CHEMICAL MAY 
PASS INTO THE STREAM WITH AN EFFECT ON THE FAUNA WHiCH IN THE 
PRESENT STATE OF OUR KNOWLEDGE CANNOT BE WILSON (84). 
ANOTHER USE OF 0.0.1. AND RELATED COMPOUNDS IS IN MEASURES 
TAKEN FOR THE ERADICATION OF BLACK FLIES FROM STREAMS EITHER 
BY LOCAL INTRODUCTION OF THE POISONS INTO THE WATER OR BY 

AERIAL THE LARVAE AND PUPAE OF THESE FLIES LIVE IN 

THE MORE RAPID SECTIONS OF STREAMS AND RIVERS. WITH HIGH CON- 
CENTRATIONS AND UNDER SOME SPECIAL CONDITIONS OF THE STREAM 
D.D.T. INSECTICIDES KILL FISH AND WIPE OUT THE AQUATIC INSECTS 
WHICH ARE THE FOOD OF MANY SPECIES AS WELL AS KILLING THE BLACK 
FLIES, LANGFRRD ET AL (42). ARNASON ET AL (6), IN AN OPERATION 
TO CONTROL BLACK FLIES IN THE SASKATCHEWAN RIVER REPORT THAT 
WITH THE CONCENTRATIONS USEO 8LACK FLIES AND OTHER AQUATIC IN- 
SECTS WERE KILLED BUT THAT FISH WERE NOT. IHESE AUTHORS DO 

NOT GIVE INFORMATION ON THE DIFFERENTIAL EFFECT OF THE POISON 
ON DIFFERENT TYPES OF AQLtATIC ORGANISMS WHICH MIGHT RESULT IN AN 

UPSET IN THE POPULATION BALANCE AMONG THEM, DAVIES ($8), HASP 
HOWEVER, GIVEN PERTINENT DATA IN THIS CONNECTION FOR POPULATIONS 
OF BLACK FLIES IN A STREAM WHICH WAS TREATED WITH HIGH CONCEN- 
TRATIONS OF 0.0.1. BY AERIAL SPRAY IN 1944 AND REPORTED ON BY 

LANGFORD, ET AL, (42). THE AVERAGE EMERGENCE OF BLACK FLIES 
OF ALL SPECIES FROM ONE SQUARE YARD DURING THE SEASON FOR THE 
YEARS 1939—1943, APPROXIMATELY 2200 INDIVIDUALS. IN 1945, THE 
YEAR FOLLOWING THE TREATMENT, THE NUMBER WAS ONLY 57 INDIVIDUALS 
AND SEVEN OF THE ELEVEN SPECIES TAKEN IN PREVIOUS YEARS WERE 
NOT REPRESENTED IN THE COLLECTIONS. 

IN THE FOLLOWING TWO YEARS, 1946 AND 1947, THE 
NUMBERS OF BLACK FLIES EMERGING FROM A SQUARE YARD AVERAGWAPPROX— 
IMATELY 37,400 OR 17 TIMES THE NUMBERS PRIOR TO TREATMENT, AND 
THE NUMBERS IN 1947 WERE NEARLY THREE TIMES AS LARGE AS IN 1946. 
FURTHERMORE, THERE WAS IN THIS CHANGE A DISPROPORTIONATELY LARGE 
INCREASE IN THE NUMBERS FOR ONE SPECIES, SIMULIUM VENUSTUM, THE 
ONLY SPECIES OF THOSE REPRESENTED WHICH BECOMES A SERIOUS NUIS- 
ANCE. IT MADE UP NEARLY SO% OF THE TOTAL IN 1946 AND OVER 70% 
IN 1947, IT WOULD APPEAR FROM THESE DATA THAT THE BALANCE 
AMONG THE POPULATIONS OF STREAM INSECTS HAD BEEN SIGNiFICANTLY 
ALTERED BY THE SPRAYING TREATMENT AND THAT THE UPSET FAVOURED 
THE BLACK FLIES. PART OF THE OF THIS RESULT MAY BE 
IN THE FACT THAT BLACK FLIES DISPERSE READILY THUS ABLE 
TO REPOPULATE STREAMS BY IMMIGRATION. MANY OF THE OTHER AQUATIC 
INSECTS •ARE RESTRICTED IN THEIR MOVEMENTS TO THE IMMEDIATE VICIN- 
ITY OF THE STREAM IN WHICH THEY LIVE AS LARVAE AND WHEN ELIMINATED 
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FROM AN ISOLATED LOCALITY MAY FAIL TO RETURN FOR A VERY LONG 

PERIOD, THE MPLICATION OF THIS IS THAT UNLESS TREATMENT IS 

REPEATED AT FREQUENT INTERVALS THE SPRAYING OF STREAMS OVER 

AN EXTENSIVE AREA FOR THE CONTROL OF BLACK FLIES WILL PROBABLY 

AGGRAVATE RATHER THAN AMELIORATE THE NUISANCE. 

SUMMARY 
sass ass 

ic TWO CASES OF SERIOUS POLLUTION OF RIVERS AND THE EFFECT 

ON FISH ARE CITED FROM THE LITERATURE. 

2. POLLUTION FROM THE BIOLOGICAL STANDPOINT FOLLOWS DIFFERENT 
CRITERIA THAN THOSE OF POLLUTION FROM THE PUBLIC HEALTH 

OR HYGIENIC STANDPOINT. 

3. THE MAIN POLLUTANTS ARE CLASSIFIED UNDER THE HEADINGS, 
DEOXYGENATING, SUSPENSOIDS AND EMULSOIDS, SPECIFIC TOXIC 
CHEMICAL SUSTANCES, TOXICITY OF INDUSTRIAL EFFLUENTS FOR 

STRFAM INHABITANTS, AND A FURTHER GROUP UNDER THE HEAD— 

INgI— CONTROL OF PESTS BY CHEMICALS AND INHERENT DANGERS 
TO STREAM ORGANISMS. 

4, THE USEFULNESS OF BIOLOGICAL INDICATORS IN THE DETECTION 
OF POLLUTION, PARTICULARLY IN THOSE CASES DOMINATED BY DE— 

OXYGENATING MATERIALS IS STRESSED. THEIR USE SUPPLEMENTS 
THAT OF CHEMICAL TESTS PARTICULARLY IN CASES IN WHICH 
THERE IS POLLUTION OF AN INTERMITTENT KIND. 

5, THE USE OF BIOLOGICAL INDICATORS IN CASE OF POLLUTION 
CAUSED BY TOXIC CHEMICAL SUBSTANCES OF EFFLUENTS IS MORE 
LIMITED AS NOT ENOUGH IS KNOWN ON DIFFERENTIAL EFFECTS 
ON THE BIOTA TO CLASSIFY EFFECTS IN A DETAILED WftY. 

6. SEE PAGE 106 
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FISH AND INSECT AND OTHER CHEMICALS IN STREAMS 
ARE POINTEO OUT AND ESPECIALLY FOR CASES WHERE A SERIOUS 
UPSETTING OF BALANCE AMONG THE ORGANISMS MAY RESULT. 
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POLLUTION AND WATERFOWL 

— By — 

U. MUNRO MACLENNAN 

CANADIAN WILDLIFE SERVICE 

OTTAWA, ONTARIO 

THE CANADIAN WILDLIFE SERVICE, WHICH I 

REPRESENT HERE, IS PART OF THE DEPARTMENT OF NORTHERN 
AFFAIRS AND NATIONAL RESOURCES. IT Is THE FEDERAL AGENCY 
CHARGED WITH CARRYING OUT THE COMMITMENTS OF CANADA UNDER 
THE MIGRATORY BIRDS TREATY WITH THE UNITED STATES, AND IN 

THAT CAPACITY IT IS RESPONSIBLE FOR THE ANNUAL REVISION OF 

THE MIGRATORY BIRD REGULATIONS. THE SERVICE ALSO MAKES 
ARRANGEMENTS FOR THE ANNUAL FEDERAL—PROVINCIAL WILDLIFE 
CONFERENCE, AT WHICH WILDLIFE ADMINISTRATORS OF THE FED- 
ERAL GOVERNMENT AND THE PROVINCES MEET TO DISCUSS PROBLEMS 
OF MUTUAL INTEREST. 

DURING THE PAST THIRTY YEARS THE HARM 
DONE TO WILDLIFE BY POLLUTION OF WATERS HAS BEEN REPEATEDLY 
DISCUSSED AT THO% CONFERENCES, AND AS FAR BACK AS 1924 A 

RESOLUTION WAS ADOPTED RECOMMENDING FEDERAL LEGISLATION TO 

CONTROL DISCHARGE OF OIL AND OIL WASTES INTO CANADIAN 
WATERS. IN 1948 THE CONFERENCE PROPOSED THAT A SPECIAL 
PROVISION SHOULD BE INSERTED IN THE MIGRATORY BIRD REGULA- 
TIONS TO CONTROL POLLUTION WHICH MIGHT AFFECT WATERFOWL. 
THAT PROVISION, WHICH WAS INCORPORATED IN THE REGULATIONS 
AND IS STILL IN EFFECT, READS AS FOLLOWS: 

"No PERSON SHALL KNOWINGLY PLACES CAUSE TO BE 

PLACEO OR IN ANY MANNER PERMIT THE FLOW OR 
ENTRANCEOF OIL, OIL WASTES OR SUBSTANCES HARM- 
FUL TO MIGRATORY WATERFOWL INTO OR UPON WATERS 
FREqUENTED BY MIGRATORY WATERFOWL OR WATERS 
FLOWING INTO SUCH WATERS OR THE ICE COVERING 
EITHER OF SUCH WATERS.T1 

ALTHOUGN'WE HAVE HAD THAT PROVISION FOR SIX 
YEARS, NO CONV1CTIONS 'HAVE BEEN MADE UNDER IT. THE PRINCIPAL 
REASON 1S THAT MOST WATERS FREQUENTED BY MIGRATORY WATERFOWL 
ANO SUBJECT TO POLLUTION ARE IN THE DEVELOPED AREAS OF THE 
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COUNTRY AND ARE COVERED BY PRIOR LEGISLATION, SUCH AS THE 

FISHERIES ACT AND FEDERAL LAWS DEALING WITH HARBOURS, 
NAVIGABLE WATERS AND SHIPPING. MIGRATORY WATERFOWL MAY BE 

HARMrD BY POLLUTION NOT COVERED BY THOSE LAWS, BUT SUCH IN- 

STANCES ARE LIKELY TO BE OF A LOCAL AND TEMPORARY NATURE, 
DIFFICULT TO DETECT, AND OFTEN ESCAPING OBSERVATION AND 
REPORT. 

OUR OFFICERS HAVE FROM TIME TO TIME RE- 

PORTED SPECIFIC INSTANCES OF DAMAGE TO WATERFOWL BY POLLUT- 

ION. IN SOME OF THOSE CASES IT WAS FOUND THAT ACTION WAS 

BEING TAKEN AGAINST THE OFFENDERS UNDER OTHER LAWS. IN 

THE OTHER CASES, EITHER THE POLLUTION COULD NOT BE TRACED 
TO ANY INDIVIDUAL OR CORPORATION, OR ELSE IT PROVED TO BE 

ACCIDENTAL. SINCE OUR REGULATION CONTAINS THE WORD 11KNOW— 

INCLY", IT DOES NOT COVER ACCIDENTAL OR INVOLUNTARY POLLUT- 
ION. 

WE BELIEVE, HOWEVER, THAT THE REGULATION 
SERVES A VALUABLE PURPOSE. IT GIVES US THE POWER TO PROSE- 
CUTE A DELIBERATE OFFENDER IN SOME CIRCUMSTANCES WHERE OTHER 
LEGISLATION DOES NOT APPLY. IN AODITION, BY ITS EXISTENCE 
IT AFFIRMS THE INTEREST OF WILDLIFE ADMINISTRATION INQUEST— 
IONS DEALING WITH POLLUTION. 

LAST YEART S CONFERENCE AGAIN DISCUSSED THE 

CONTINUING THREAT OF POLLUTION TO WILDLIFE. IT ADOPTED A 

RESOLUTION URGING THAT THE FISHERIES ACT, AND OTHER LEGISLA- 
TION SHOULD BE STRENGTHENEO TO COMPEL INDUSTRIES -TO AVOID OR 

ELIMINATE POLLUTION OF WATERS BY OIL OR OTHER WASTES. THE 

RESOLUTION DID NOT SPECIFICALLY RECOMMEND ANY CHANGE IN THE 

MIGRATORY BIRD REGULATIONS, WHICH ARE THE ONLY FORM OF LEGIS- 

LATION IN WHICH THE CANADIAN WILOLIFE SERVICE COULD TAKE ANY 

ACTION IN THE MATTER, THIS SERVICE, HOWEVER, UNDERTOOK AN 

INVESTIGATION OF THE EFFECTS OF POLLUTION ON WILDLIFE IN 

CANADA. OUR FIELD OFFICERS WERE ASKED TO REPORT ON THE SITU- 

ATION IN THEIR OWN DISTRICTS. I SHALL NOW GIVE YOU A SUMMARY 

OF THEIR REPORTS, TAKING THE PROVINCES FROM EAST TO WEST. 

IN NEWFOUNDLAND THE PROBLEM IS MAINLY CON— 

FINEO TO COASTAL WATERS. OIL POLLUTION COMES FROM FIVE MAIN 
SOURCES: 

(I) THE CLEANING OUT OF FUEL OIL TANKS BEFORE RE—LOADING 
WITH WHALE OR SEAL OIL 

(2) THE DISCHARGE OF USED LUBRICATING OIL FROM SHIPS 

(3) WASTE OIL IN BILGES; 
(4) ACCIDENTAL LEAKS FROM STORAGE TANKS AND PIPE LINES; 

(5) WRECKS, INCLUDING SHIPS SUNK DURING THE WAR. POL- 
LUTION FROM THAT SOURCE MAY PERS1ST FOR YEARS AFTER 
THE ACTUAL LOSS OF THE SHIP. 

BIRDS AFFECTED IN NEWFOUNDLAND A RE PRINCIP- 
ALLY SEA DUCKS AND OTHER SEA BIRDS, SUCH AS MURRES. IN THE 

WORST CASES, THE FEATHERS ARE COATED SO THICKLY THAT THE BIRDS 
CANNOT SWIM OR DIVE, AND QUICKLY PERISH. IF THE POLLUT- 
ION IS LESS HEAVYJ THE BIRDS MAY BE SO HANDICAPPED THAT THEY 
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ARE WEAKENED AND UNABLE 10 MOVE QUICKLY, AND SO FALL EASY 
VICTIMS TO PREDATORS OR HUMAN RESIDENTS. IT IS REPORTED 
THAT IF SUCH WEAKENED BIRDS ARE TAKEN BY RESIDENTS WITHIN A 

DAY OR TWO, THEIR QUALITIES AS HUMAN FOOD ARE NOT AFFECTED, 
BUT AFTER A FEW DAYS THE BIRDS ARE THINS AND THEIR FLESH IS 
TAINTED WITH OIL. 

THE TOTAL ANNUAL LOSSES OF SEA BIROS FROM 
POLLUTION ON THE NEWFOUNDLAND COASTS ARE VERY ESPEC- 
IALLY iN SUCH AREAS AS THE STRAITS OF BELLE ISLE AND THE 
SOUTH COAST OF THE AVALON PENINSULA, IN ONE PARTICULAR CASE, 
DEAD AND DYING BIRDS WERE FOUND ALONG 80 MILES OF SHORELINE 
WITHIN TWO WEEKS OF THE WRECK OF A SHIP WHICH CARRIED 200 
TONS OF FUEL OIL. IN ONE SETTLEMENT ALONE, IT WAS SAID THAT 
RESIDENTS SECURED ABOUT 1,500 DUCKS FOR FOOD AS THE RESULT OF 
THAT WRECK. 

IN PRINCE EDWARD ISLAND AND MOST OF NEW 
BRUNSWICK LOSSES OF SEA BIRDS FROM OIL POLLUTION ARE GENERAL- 
LY SMALL. MANY NOVA SCOTIA LOCALITIES ON THE ATLANTIC COAST 
HAVE REPORTED LOSSES IN RECENT YEARS. THE BLAME IS GENERAL- 
LY PLACEO ON WRECKS AND BILGE FROM OIL—BURNING SHIPS, AL- 
THOUGH THERE ARE ALSO PROBABLE LONG—LASTING EFFECTS FROM 
TANKERS SUNK DURING THE WAR. 

A SPECIAL PROBLEM IS CAUSED IN NEW BRUNS- 
WICK BY PORTABLE SAWMILLS. THESE OFTEN OPERATE NEAR STREAMS. 
SAWDUST FROM THEIR SAWDUST PILES IS WASHED INTO THE STREAMS 
BY RAIN, CAUSING HARM TO FISH AND OTHER AQUATIC LIFE WHICH MAY 
NOT BE OBSERVED UNTIL AFTER THE MILL HAS LEFT THE DISTRICT. —— 
THE SPRAYING OF LARGE FOREST AREAS WITH DDT, TO CONTROL SPRUCE 
BUOWORM, HAS ALSO LED TO THE KILLING OF FISH AND AQUATIC IN- 
VERTEBRATES IN CERTAIN AREAS.—— AN UNUSUAL CASE IS REPORTED 
FROM WOODSTOCK, NEW BRUNSWICK, WHERE A TROUT STREAM HAS BEEN 
RUINED BY WASTES DISCHARGED FROM A STARCH FACTORY ACROSS THE 
INTERNATIONAL BOUNDARY IN THE STATE OF MAINE. 

IN QUEBEC THE MOST SERIOUS PROBLEM IS RIVER 
POLLUTION BY CITY SEWAGE AND INDUSTRIAL WASTES. SPORTSMEN'S 
ASSOCIATIONS HAVE PROTESTED AGAINST DAMAGE TO FISHERIES FROM 
THOSE SOURCES, BUT NO HARM TO WATERFOWL FROM THOSE CAUSES HAS 
BEEN REPORTED. SOME OIL POLLUTION HAS OCCURRED ON THE LOWER 
ST. LAWRENCE AND ALONG THE COAST OF THE GASPE PENINSULA, BUT 
SHIPPING OWNERS AND OPERATORS HAVE GENERALLY BEEN VERY CO—OP- 
ERATIVE AND OBSERVANT OF THE LAW. ANY SERIOUS CASES OF POL- 
LUTION CAUSED BY SHIPPING IN THAT AREA IN RECENT YEARS APPEAR 
TO HAVE BEEN ACCIDEN.TAL. 

IN ONTARIO THERE ARE SEVERAL CRITICAL AREAS. 
THE SPANISH RIVER IN NORTHERN ONTARIO IS AN EXAMPLE OF A RIVER, 
DiSTANT FROM LARGE CENTRES OF POPULATIONS POLLUTED BY CHEMICAL 
WASTES FROM PULP AND PAPER PLANTS. THE DON RIVER AT TORONTO, 
AND THE THAMES AT LONDON ARE HEAVILY POLLUTED BY FACTORY WASTES 
AND CITY SEWAGE. IN THOSE RIVERS FiSH ARE MORE SERIOUSLY 
AFFECTED THAN OTHER WILDLIFE. A CHRONIC POLLUTION SITUATION 
AFFECTING AND or INTERNATIONAL CONCERN, OCCURS ON 
THE OETRO1T RIVER BETWEEN DETROiT AND FISH AND WATER— 
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FOWL ARE AFFECTED BY POLLUTION AT HARBOURS ALONG THE GREAT 

LAKES WATERWAYS, FROM KINGSTON TO SARNIA; THERE OIL FROM 

SHIPPING IS ADDED TO CITY AND INDUSTRIAL WASTES AS A SOURCE 

OF IflMAGE. 

IN THE WESTERN PROVINCES HARM TO WILDLIFE 

BY POLLUTION HAS BEEN MORE LOCALIZED. THERE HAVE IN THE 

PAST BEEN COMPLAINTS BY WINNIPEG ANGLERS ABOUT THE DUMPING 

OF MUNICIPAL SEWAGE AND OIL WASTES INTO THE RED RIVER, BUT 

CITY AUTHORITIES AND INDUSTR1AL CONCERNS HAVE CO—OPERATED TO 

REDUCE POLLUTION FROM THOSE SOURCES. No HARMFUL EFFECTS ON 

DUCKS OR MUSKRATS HAVE BEEN REPORTED. 

THERE HAS BEEN SOME DAMAGE TO FISH, AND 

OCCASIONALLY TD DUCKS, THROUGH OIL POLLUTION IN MOOSE JAW 

CREEK IN SASKATCHEWAN. AT KAMSACK WASTES FROM AN O1L REFIN- 

ERY HAVE BEEN POURED INTO A CREEK WHICH EMPTIES INTO THE 

ASSINIBOINE RIVER, BUT NO HARM TO FISH OR WILDLIFE HAS BEEN 

REPORTED. THERE HAVE BEEN MANY COMPLAINTS FROM PRINCE 

ALBERT ABOUT OIL AND INDUSTRIAL POLLUTION OF THE NORTH 

SASKATCHEWAN RIVER, SAID TO ORIGINATE IN EDMONTON, BUT FISH 

AND WILDLIFE IN SASKATCHEWAN DO NOT APPEAR TO BE AFFECTED. 

ABOUT TWO YEARS AGO OUR BIRD—BANDING SECTION 

RECEIVED A REPORT.ABOUT A BANDED DUCK FOUND DEAD IN AN OIL 

PIT NEAR BLACKFOOT., ALBERTA. THE FINDER SAID THAT MANY 

DUCKS LOST THEIR LIVES IN THE OIL PITS, AND THIS SERVICE 

THEREUPON MADE AN EXTENSIVE INVESI1GATION. IT WAS FOUND 

THAT CRUDE O1L IN SURFACE PITS HAD INDEED CAUSED THE DEATH 

OF A NUMBER OF DUCKS NEAR BLACKFOOT AND LLOYDMINSTER, THE 

DUCKS EVIDENTLY MISTAKING THE OIL FOR WATER IN DIM LIGHT. 

HOWEVER, SURFACE OIL PITS WERE BEING RAPIDLY ELIMINATED AS 

OIL FIELDS WERE AND THEY ARE NO LONGER CONSIDERED k 

TO BE A SERIOUS THREAT TO WATERFOWL. 

FOR SEVERAL YEARS CALGARY SPORTSMEN HAVE 

SEEN PROTESTING AGAINST THE D1SCHARGE OF OIL WASTES INTO THE 

BOW RIVER IN THAT.'AREA. THE WASTES DO NOT APPEAR TO KILL 

FISH, BUT THEY DO. GIVE THE FISH AN UNPLEASANT TASTE; WE 

UNDERSTAND THAT THE OIL REFINERIES ARE TAKING STEPS WHICH 

MAY SOLVE THE PROBLEM. 

ACCORDING TO OUR REPORTS, POLLUTION IS NOT 

A SERIOUS THREAT•TO WILDLIFE RESOURCES IN BRITISH COLUMBIA. 

SOME ACCIDENTAL. DISCHARGES OF OIL INTO STREAMS HAVE BEEN 

REPORTED, BUT INDUSTRIES ARE GENERALLY CO—OPERATIVE AND 

PROVINCIAL LAWS ON THE SpBJECT ARE WELL OBSERVED, OCCASION- 

ALLY WATERFOWL ARE KILLED IN COASTAL WATERS BY OIL DISCHARGED 

FROM SHIPS, BUT THE LOSSES ARE COMPARATIVELY SMALL. 

AN UNUSUAL CASE IS ON RECORD OF CANADA GEESE 

DYING. OF LEAD POISONING IN THE STATEOF WASHINGTON. THERE 

WAS SOME EVIDENCE THAT THE SOURCE OF THE TROUBLE IN THAT CASE 

COULD BE TRACED TO MINE TAILINGS AT SPILLIMACHEEN, BRITISH 
COLUMBIA, MORE THAN 100 MILES NORTH OF THE INTERNATIONAL 
BOUNDARY. 
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IN THE NORTHWEST TERRITORIES AND THE YUKON, 
POLLUTION PROBLEMS ARE ALMOST NON—EXISTENT. A FEW YEARS AGO 
SOME CONCERN WAS CAUSED BY ARSENICAL FUMES FROM A SMELTER 
NEAR YELLOWKNIFE. THE FUMES ARE HEAVY AND TEND TO S1NK 
THROJGH THE AIRS SO THAT IN WINTER A DANGEROUS CONCENTRATION 
OF ARSENIC WAS BUILT UP ON THE SNOW FOR A CONSIDERABLE DIST- 
ANCE FROM THE SMELTER. ONE CHILD AND SEVERAL DOMESTIC 
ANIMALS DIED AS THE RESULT OF EATING SNOW OR DRINKING PUDDLE 
WATER SO CONTAMINATED. PROBABLY WILDLIFE WAS ALSO AFFECTED, 
BUT WE HAVE NO REPORTS ON THAT POINT. WE ARE INFORMED THAT 
THE SITUATION HAS BEEN GREATLY IMPROVED, AND THAT THERE IS NO 
LONGER ANY DANGER TO HUMAN BEINGS, OR PRESUMABLY TO 
FROM NORMAL SMELTER OPERATIONS. 

TO SUMMARIZE: 

POLLUTION. OF COASTAL WATERS BY OIL FROM 
SHIPPING IS A SERIOUS THREAT TO AQUATIC BIRDS IN CERTAIN 
AREAS OF NEWFOUNDLAND AND ON THE ATLANTIC COAST OF NOVA SCOTIA; 
IT CAUSES OCCASIONAL DAMAGE ON THE LOWER ST. LAWRENCE AND THE 
COAST OF BRITISH COLUMBIA; ELSEWHERE IN CANADA IT IS ALMOST 
NEGLI G I BLE. 

POLLUTION OF INLAND WATERS BY OIL FROM SHIP- 
PING EXISTS ALONG THE ST. LAWRENCE WATERWAY0 ESPECIALLY IN 
HARBOUR AREAS, AND AFFECTS FISH AND WATERFOWL. 

POLLUTION OF RIVERS AND LAKES BY CITY SEWAGE 
AND INDUSTRIAL WASTES0 INCLUDING OIL REFINERY. WASTES, AFFECTS 
FISH, AND TO A LESSER EXTENT WATERFOWL, IN THE MORE THICKLY— 
POPULATED REGIONS OF ONTARIO AND QUEBEC, AND IN A FEW OTHER 
AREAS. IN SOME CASES THE POLLUTION DOES NOT DIRECTLY HARM 
THE FISH 1N THOSE INLAND WATERS, BUT IT IMPAIRS THEIR FLAVOUR 
AND OESTROYS THE AMENITIES OF SPORT FISHING. 

. 

APART FROM OIL SHIPPING0 CITY SEWAGE, AND 
INDUSTRIAL THE ONLY OTHER TYPE OF POLLUTION REPORTED 
WAS CAUSED BY SMELTER FUMES. IT IS NOT A COMMON TYPE, AND 
IS NOT BELIEVED TO CONSTITUTE A THREAT TO WILDLIFE IN CANAOA. 

FROM THE SUMMARY WHICH I HAVE GIVEN, IT IS 

EVIDE)IT THAT ADMINISTRATION OF THE MIGRATORY BIRDS CONVENTiON 
ACT 15 CLOSELY CONCERNED WITH CONTROL AND PREVENTION OF POL- 
LUTION IN CANADIAN WATERS. SECTION 40, OF THE MIGRATORY 
BIRD REGULATIONS AFFIRMS OUR INTEREST IN THE PROBLEM, AND 
ENSURES THAT WE KEEP IN TOUCH WITH DEVELOPMENtS, IN ACTUAL 
PRACTICE, MANY SENIOR INTERESTS ——FEDERAL, AND 
MUNICIPAL ——ARE INVOLVED, AND CONTROL MEASURES ON ACCOUNT OF 
THOSE INTERESTS ARE NORMALLY INVOKED BEFORE WATERFOWL MANAGEMENT 
IS BROUGHT 1NTO THE PICTURE. IT APPEARS TO US THAT THE CANAD- 
IAN WILDLIFE SERVICE, AS THE FEDERAL AGENCY RESPONSIBLE FOR 
MIGRATORY BIRD ADMINISTRATION, SHOULD CONTINUE THE POLICY OF 
CO—OPERATION WITH THOSE SENIOR INTERESTS INSTEAD OF STRENGTH— 
ENING OUR OWN REGULATION AGAINST POLLUTION. IN THAT WAY WE 
SHALL AVOID DUPLICATION OF EFFORT AND DISSIPATION OF ENERGY. 
ON OCCASION, OUR REGULATION MAY HAVE TO BE ENFORCED WHEN ND 
OTHER MEASURES ARE APPLICABLE, BUT IN GENERAL WE MAY EXPECT 
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POLLUTION AND THE FISHERIES 

— BY — 

ANDREW L. PRITCHARD 

DEPARTMENT OF FISHERIES 

OTTAWA, ONTARIO 

DEFINITION OF POLLUTION IN RESPECT TO FISHERIES 

FOR ALL PRACTICAL PURPOSES, POLLUTION IN 
RESPECT TO FISH MAY BE DEFINED AS THE ADDITION OF ANY SUB- 
STANCE TO WATERS INHABITED BY FISH WHICH WILL LIMIT THEIR 
GROWTH AND/OR DECREASE THEIR SURVIVAL. IT IS QUITE TRUE 
THAT A FEW SUBSTANCES OCCUR NATURALLY WHICH M1GHT BE REGARDED 
AS POLLUTANTS. PERHAPS THE HYDROGEN SULPHIDE FROM UNDER- 
WATER VOLCANOES, HOT SPRINGS OR DECAYING VEGETATION IS AN 
EXAMPLE. WE ALSO KNOW THAT CERTAIN NATURAL POISONS OCCUR 
IN THE FOOD ORGANISMS OF FISH, WHICH0 ALTHOUGH THEY DO NOT 
AFFECT THE FISH0 CAN BE OETRIMENTAL TO HUMAN HEALTH. THESE 
NATURAL SUBSTANCES ARE, HOWEVER, SO RARE AS TO BE OF LITTLE 
REAL CONSEQUENCE IN THE OVERALL PICTURE. 

TYPES OF POLLUTION AFFECTING FISH: 

DOMESTIC SEWAGE CERTAINLY POLLUTES MANY 
WATERS FROM THE STANDPOINT OF HUMAN HEALTH, BUT THERE ARE 
FEW PROVEN EXAMPLES OF THIS BEING DIRECTLY HARMFUL TO FISH 
EXCEPT IN CONCENTRATIONS FAR BEYOND THAT WHICH WOULD BE TOL- 
ERATED UNDER PRESENT DAY CONDITIONS. As A MATTER OF FACT, 
WE MAY SOMETIMES BE FORCED TO ADMIT THAT THE CHANGE iN 
PHYSICO—CHEMICAL CONDITIONS RESULTING FROM SUCH DISCHARGE 
MAY BE BENEFIOIAL. DOMESTIC SEWAGE DOES CONTAIN BACTERIA0 
PERHAPS, PATHOGENIC, WHICH IS INGESTED BY SHELLFISH. SINCE 
ANIMALS SUCH AS OYSTERS ARE OFTEN EATEN IN THE RAW STATE, A 

SOURCE OF REAL TROUBLE IS THUS CREATED EVEN THOUGH THE BAC- 
TERIA HAVE NOT AFFECTED THE GROWTH AND SURVIVAL OF THE SHELL- 
FISH. 

THE GREATEST SOURCE OF POLLUTION IN THE 
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FISHERIES SENSE IS UNDOUBTEDLY FROM WASTE DISCHARGED FROM 

INDUSTRIAL PLANTS. iN THIS CATEGORY ARE MANY OF THE EFFLU— 

ENTS FROM THE PULP AND PAPER INDUSTRY, iRON, COAL, OIL, 

MILK AND MEAT PROCESSiNG, AND OTHER OPERATIONS. OF THESES 

THE MOST COMMON TYPES ARE THOSE WHiCH HAVE A HIGH OXYGEN 

DEMAND. WHEN THESE ENTER A WATERWAY THEY BECOME DILUTED 

AND THEN UTILIZE THE OXYGEN IN THE WATER, REDUCING IT FROM 

THE NORMAL 8 TD II PARTS PER MILLION TO LESS THAN 5 PARTS 

PER MiLLION USUALLY CONSIDERED NECESSARY FOR FISH. THE RE- 

SULT IS THAT THE FISH DIE OF ASPHYXIATION SHOWING SYHPTONS 

OF CYANOSIS. 

IN GENERAL THE END PRODUCTS OF THESE OX ID— 

ATION PROCESSES ARE INERT AND HARMLESS, BUT SOME OF THE INTER- 

MEDIATE SUBSTANCES MAY BE EXTREI4ELY POISONOUS. FOR EXAMPLE, 

THE SPENT PICKLING LIqUORS FROM THE IRON AND STEEL INDUSTRIES 

CONTAIN ZINC SALTS WHICH ARE VERY TOXIC TO FISH. 

WHILE THE END PRODUCTS MAY BE CHEMICALLY 

INERT, THEY MAY CAUSE MECHANICAL DAMAGE. THE SLUDGE FROM 

IRON OR LIME MANUFACTURE OFTEN SETTLES ON THE BOTTOM, AND 

THROUGH CUTTING OFF THE OXYGEN CIRCULATION, MAKES IMPOSSIBLE 

THE GROWTH OF PLANTS AND ANiMALS WHICH SUPPORT FISH LIFE. Ii 

MAY ALSO SETTLE ON THE GILLS OF FISH, IF THEY ARE IN THE VIC- 

INITY, AND CAUSE SUFFOCATION. THE WASTE SHORT FIBRES FROM 

PULP MILLS HAVE THE SAME EFFECT. OIL MAY COAT THE FISH, AND 

IN ADDITION IN SETTLING TO THE BOTTOM, IT ABSORBS MUD PARTICLES 

FORMING AN IMPERVIOUS OOZE. BARK AND HEAVY LOGS MAY BE DET- 

RIMENTAL IN COATING THE RIVER BOTTOMS AND COVERING THE SPAWN— 

ING GROUNDS. 

EXTENT OF POLLUTION FOR FISH: 

THERE IS HISTORY OF DAMAGE TO FISHERIES BY 

POLLUTION IN ALMOST EVERY INDUSTRIAL REGION. THE LONGEST 

EXPERIENCE HAS BEEN IN EUROPEAN RIVERS AND ESTUARIES. DURING 

THE PAST TWENTY YEARS CONSIDERABLE STUDY OF THE PROBLEM HAS 

BEEN MADE IN THE UNITED STATES. THESE WORKS ARE INFORMATIVE 

AND WELL DOCUMENTED IN THE LITERATURE. IN GENERALS HOWEVER, 

THERE HAS BEEN LiTTLE SUCCESS IN RECTiFYING ANY EXISTING DAMAGE 

SINCE ALTERATIONS TO EXISTING INDUSTRIES ARE EXPENSIVE AND IN- 

VARIABLY THE CONTENTION IS RAISED THAT THE LIVELIHOOD OF THE 

WORKERS WILL BE AFFECTED. 

POLLUTION OF FISHERIES IN CANADA AND PREVENTATIVE LEGISLATION: 

IN CANADA THE PROBLEM OF POLLUT1ON IN FISH- 

ERIES HAS LONG BEEN RECOGNIZED SINCE 1T HAS BEEN COVERED IN 

THE ACTS AND REGULATIONS FOR SOME TIME. IN FACTS THE PRESENT 

LAW WHICH IS LITTLE DIFFERENT FROM THE ORIGINAL IS FfR STRONGER 

THAN IS GENERALLY REALIZED. As IT STANDS IF A SINGLE FISH IS 

KILLED AS A RESULT OF ANY SUBSTANCE HAVING BEEN DISCHARGED INTO 

A WATERWAY, IT WOULD BE DIFFICULT TO AVOID RESPONSIBILITY. IN 

THIS CONNECTION, SECTION 33 OF THE FISHERIES ACT IS PERTINENT: 
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33, (1) No ONE SHALL THROW OVERBOARD BALLASTJ 
COAL ASHES, STONES, OR OTHER PREJUDICIAL OR DELETER- 
IOUS SUBSTANCES IN ANY RIVER, HARBOUR OR ROADSTEAD, 
OR IN ANY WATER WHERE FISHING IS CARRIED ON, OR LEAVE 
OR DEPOSIT OR CAUSE TO BE THROWN, LEFT OR DEPOSITED, 
UPON THE SHORE, BEACH OR BANK OF ANY WATER OR UPON 
THE BEACH BETWEEN HIGH AND LOW WATER MARK, REMAINS 
OF OFFAL OF FISH, OR OF MARINE ANIMALS, OR LEAVE 
DECAYED OR DECAYING FiSH IN ANY, NET OR OTHER FISHING 
APARATUS; SUCH REMAINS OR OFFAL MAY BE BURIED ASHORE, 
ABOVE HIGH WATER MARK. 

(2) No PERSON SHALL CAUSE OR KNOWINGLY PERMIT 
TO PASS INTO1 OR PUT OR KNOWINGLY PERMIT TO BE PUT, 
LIMES CHEMICAL SUBSTANCES OR DRUGS, POISONOUS MATTER, 
DEAD OR DECAYING FISH, OR REMNANTS THEREOF1 MILL 
RUBBISH OR SAWDUST OR ANY OTHER DELETERIOUS SUBSTANCE 
OR THING1 WHETHER THE SAME IS OF A LIKE CHARACTER TO 
THE SUBSTANCES NAMED IN THIS SECTION OR NOT, IN ANY 
WATER FREQUENTED BY FISH, OR THAT FLOWS INTO SUCH 
WATERS NOR ON ICE OVER EITHER SUCH WATERS, 

(3) No PERSON ENGAGING IN LOGGING, LUMBERING1 
LAND CLEARING OR OTHER OPERATIONS, SHALL PUT OR KNOW- 
INGLY PERMIT TO BE PUT1 ANY STUMPS OR OTHER 
DEBRIS INTO ANY WATEI FREQUENTED BY FISH OR THAT 
FLOWS INTO SUCH WATERS OR ON THE ICE OVER EITHER SUCH 
WATER, OR A PLACE FROM WHICH IT IS LIKELY TO BE CAR- 
RIED INTO EITHER SUCH WATER. 

IN ORDER TO CLARIFY THE THINKING, ATTENTION 
SHOULD BE DRAWN TO THE UNIQUE POSITION OF FISHER1ES LEGISLA- 
TION. AT CONFEDERATION IT WAS AGREED THAT DOMINION Gov- 
ERNMENT SHOULD HAVE LEGAL JURISDICTION IN COASTAL AND INLAND 
FISHERIES. ALL LAWS AND REGULATIONS WERE THUS TO BE PASSED 
BY THE FEDERAL GOVERNMENT. FISHERIES WAS THE ONLY RESOURCE 
WHICH WAS HANDLED IN THIS 

ALTHOUGH THE BRITISH NORTH AMERICAN ACT 
GAVE FULL LEGISLATIVE RESPONSIBILITY FOR THE REGULATION OF 
FISHERItS, BOTH COASTAL AND INLAND, TO THE GOVERNMENT OF 

CANADA, IN THE YEARS FOLLOWING CONFEDERATION, CERTAIN ADMIN— 
RESPONSIBILITIES, PARTICULARLY IN THE CASE OF FRESH 

WATER FISHERIES1 WERE DELEGATED TO THE PROVINCES IN VARYING 
DEGREES. CONSEQUENTLY, WHILE ALL FISHERIES LAWS AND REGU- 
LATIONS ARE MADE AT OTTAWA, THE JOB OF ADMINISTRATION OF THESE 
LAWS AND REGULATIONS IS CARRIED OUT IN SOME CASES BY FEDERAL 
OFFICERS ANO IN OTHERS BY PROVINCIAL OFFICERS ACCORDING TO THE 
ADMINISTRATIVE ARRANGEMENTS WITH THE DIFFERENT PROVINCES. 

I STRESS THIS POSITION SINCE THE MATTER HAS 
RECENTLY BECOME VERY PROMINENT DUE TO THE POLLUTION OF THE 
NORTH SASKATCHEWAN RIVER, IN SUCH CIRCUMSTANCES THE FEDERAL 
GOVERNMENT MAY CONSULT IN THE SOLUTION IF REQUESTED BY ALL 
PARTIES CONCERNED BUT WOULD FIND IT DIFFICULT, WITHOUT IN- 
FRINGING ITS.AGREEMENTS WITH THE INDIVIDUAL PROVINCES TO TAKE 
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DIRECT ACTION ON ITS OWN IN THE PROBLEM SINCE RESPONSIBILITY 

FOR THiS HAS BEEN DELEGATED TO THE PROVINCES. 

UNTIL RECENT YEARS VERY LITTLE ATTENTiON 

APPEARS TO HAVE BEEN GIVEN TO POLLUTION AS IT AFFECTS FISHERIES. 

THERE ARE PROBABLY SEVERAL REASONS FOR THIS ALLEGED, BUT NOT 

REAL, NEGLECT. IN THE FIRST PLACE, THERE HAVE ALWAYS BEEN 

VIRGIN AREAS WHERE FISH PLENTIFUL AND UNAFFECTED. WE 

COULD THUS EXPAND AND MAINTAIN THE RESOURCE. EVEN IN THE IN— 

DUSTRIAL AREAS THE PROBLEMS WERE RELATIVELY FEW AND COULD BE 

HANDLED ON AN "AD HOC11 BASIS0 AS A RESULT OF THE RECENT 

RAPID SPREAD OF POPULATION AND THE GREAT INCREASE IN INDUST- 

RIALIZATION, THERE ARE FEW VIRGIN AREAS AND GREAT INCREASES IN 

THE ADDITION OF FOREIGN SUBSTANCES TO WATER, BECAUSE OF THE 

FEAR THAT A VALUABLE RESOURCE MAY BE DESTROYED, THE PROBLEM 

HAS COME TO BE CONSIDERED MORE SERIOUSLY AND AT GREATER LENGTH. 

ACTION AND PROCEDURES IN COMBAITING POLLUTION: 

THE FISHERIES DEPARTMENTS HAVE BEEN FORCED IN 

THE LAST FEW YEARS TO TAKE ACTION MANY TIMES0 A REVIEW OF THE 

APPROACH TO SOLUTION AND THE PROCEDURES FOLLOWED IN ONE OR TWO 

CASES MAY BE OF INTEREST. 

ON THE PACIFIC COAST IN THE PROVINCE OF 

BRITISH COLUMBIA WHERE INDUSTRIAL DEVELOPMENT IS RELATIVELY 

NEW YET PROCEEDING APACE, THE OPPORTUNITY HAS BEEN AVAILABLE 

TO PREDICT iN THE PLANNING STAGES THE DEGREE OF POLLUTION WHICH 

MAY OCCUR. IT IS THUS POSSIBLE TO PROPOSE WAYS AND MEANS OF 

KEEPING IT WITHIN TOLERABLE LIMITS. THE SUCCESS OF THIS POLICY, 

OF COURSE, DEPENDS ON THE CO—OPERATION OF THE INDUSTRIES IN RE- 

ALIZING THAT SOLUTIONS CAN BE REACHED SO THAT THE NEW PLANTS CAN 

COEXIST WITH THE FISHERY RESOURCE AND IN APPRECIATING THE FACT 

THAT THERE IS NOTHING TO BE GAINED BY KILLING OUT ONE RESOURCE 

AND REPLACING IT WITH ANOTHER OF LITTLE MORE VALUE WONOMICALLY. 
To DATE INDUSTRY HAS BEEN FOUND TO BE VERY REASONABLE, THEY 

HAVE FOLLOWED VERY CLOSELY THE PROCEDURE IN THIS PROVINCE WHICH 

REQUIRES THAT ANY PLANT DISPOSING OF EFFLUENT MUST HAVE A CLEAR- 

ANCE FROM THE HEALTH AND FISHERIES AUTHORITIES. OH RECEIPT or 

AN APPLICATION, CLOSE EXAMINATION IS MADE AND EVERY EFFORT EX- 

PENDED TO DEVISE MEASURES TO PROTECT THE FISH AND ACCEPT THE 

INDUSTRY. 

WHILE MANY SITUATIONS CAN BE EASILY CORRECTED 

SOME ARE VERY DIFFICULT. SPECTACULAR RESULTS ARE SOMETIMES 

OBTAINED. As AN EXAMPLES A PULP MILL WAS PROPOSED FOR ALGER— 

NI INLET ON THE WEST COAST OF VANCOUVER ISLAND, AFTER INVEST- 

IGATION THE COMPANY WAS ADVISED THAT THE WATERS WOULD NOT TOLER- 

ATE A SULPHITE OPERATION IN SO FAR AS THE FISHERIES WERE CON- 

CERNED. A SULPHATE PLANT WAS,THEREFORE, SUBSTITUTED TO THE 

MUTUAL SATISFACTION OF INDUSTRY AND GOVERNMENT, ON THE FRASER 

RIVER INDUSTRIAL DEVELOPMENT IS BEING CLOSELY WATCHED SINCE IT 

IS KNOWN THAT THE WATER IN THE ESTUARY IS NEARING THE LIMIT OF 

TOLERABLE POLLUTION FOR FISH. SEVERAL INDUSTRIES, INCLUDING 

A MILK PLANT AND AN IRON PICKLING PLANT, HAVE BEEN REFUSED 

LICENSES UNTIL SOMEMETHDD OF ALLEV1ATING THEIR EFFECTS CAN BE 

DEV I SED, 
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ON THE EAST COAST IN THE MARITIMES AREA, WE 
ARE FACED WITH SOMEWHAT DIFFERENT PROBLEMS UNDOUBTEDLY DUE TO 
THE DIFFERENCES iN THE FISH POPULATIONS AND THE ECONOMY. AT 

PRESENT TIMES IN ORDER TO SAVE LARGE STANDS OF TIMBER A 

SPRAYING PROGRAMME FOR SPRUCE BUDWORM IS. IN EFFECT. AFTER 
CONSULTATION IT WAS REALIZED THAT THE FISHERY RESOURCE MIGHT 
BE AFFECTED BUT IT WAS ESSENTIAL TO SAVE THE FORESTRY RESOURCE. 
FOR THIS REASON EFFORTS WERE DIRECTED TOWARDS APPLYING THE 
SPR4Y IN SUCK DILUTIONS AND SOLUTION AS TO REMOVE •THE POSSIBIL- 
ITY OF DAMAGE. THE INDUSTRY INVOLVED HAS CO—OPERATED WITH GOOD 
RESULTS. 

THE SO—CALLED INDIRECT POLLUTION FROM SEWAGE 
DISPOSAL HAS A GREAT EFFECT BECAUSE OF THE WIDE DISTRIBUTION OF 
POPULATION. IN CO—OPERATION WITH THE NATIONAL HEALTH AND WEL- 
FARE DEPARTMENT, WE HAVE BEEN FORCED TO CLOSE TO FISHING MANY 
SHELLFISH BEACHES IN ORDER TO REMOVE THE POSSIBILITY OF AFFECT- 
ING THE HEALTH OF THOSE WHO EAT THE PRODUCT, IT HAS BEEN P05— 

HOW TO ALLEVIATE THE 
DISPOSAL PROBLEM AND IT HAS ALSO BEEN POSSIBLE TO SUGGEST A 

CLEANSING METHOD. 

FINALLY WE SHOULD PERHAPS MENTION WHAT MIGHT 
BE CONSIDERED POLLUTION OF NATURAL OCCURENCE. ON BOTH COASTS 
CERTAIN SPECIES •OF CLAMS FEED HEAVILY ON A PROTOZOAN WHICH IN 

iTSELF CONTAINS A VERY ACTIVE POISON. IF THESE CLAMS ARE 
EATEN, THE RESULT MAY BE VERY SERIOUS, INCLUDING PARALYSIS AND 
DEALTH. THERE ARE SOME METHODS OF PROCESSING BY WHICH LIMITED 
TOXICITY FROM THIS SOURCE MAY BE REMOVED SUCH AS CANNING UNDER 
SPECIAL CONDITIONS. ON THE OTHER HAND THE AREAS WHERE THIS 
CANNOT BE DONE ARE RIGIDLY QUARANTINED TO REMOVE THE POSSIBILITY 
OF DEATH. 

THE MOST DIFFICULT PROBLEM FACING US AT THE 
PRESENT TIME IS CORRECTION OF POLLUTION FROM PLANTS ALREAOY 
ESTABLISHED. IT HAS BEEN POINTED OUT THAT THIS IS A COSTLY 
PROCEDURE. THE FACT IS THAT WHEN SUCH PLANTS WERE OPERATING 
NORMALLY IN EARLY YEARS THEY MAY NOT THEMSELVES HAVE CAUSED 
SERIOUS POLLUTION. THE ADDIT1ONOF OTHERS WITHOUT CONTROLS HAS 
JUST BEEN ENOUGH TO MAKE CONDITIONS IMPOSSIBLE FOR FISH SURViVAL. 
NEW PROBLEMS ALSO ARISE AS NEW TECHNOLOGICAL PROCEDURES ARE 
INTRODUCEO. WE THINK OF THE USE OF ARSENITE TO PREVENT W000 
BORERS IN LOG AND THE ESTABLISHMENT OF OIL REFiNERIES ON 
RIVERS. WE MUSTS HOWEVER, FACE THE SITUATION WITH A FULL 
APPRECIATION THAT THE PROBLEM EXISTS AND AGREE THAT BY CO—OPER- 
ATION A SOLUTION MAY BE REACHED IN MOST CASES, 

I HAVE NOT MENTIONED EFFECT ON FISHING GEAR, 

* 

* 
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THE CONFERENCE IN REVIEW 

— By — 

R. K. STRATFORD 

SCIENTIFIC ADVISER 
IMPERIAL OIL LTD. 

SARNIA, ONTARIO. 

THE ATTENDANCE OF SOME ISO PEOPLE AT A 

CONFERENCE OF THIS TYPE CLEARLY INDICATES THE GROWING IN- 
TEREST PEOPLE HAVE WITH REGARD TO AIR AND WATER POLLUTION. 

IT IS MOST INEFFECTUAL TO PASS LAWS GOVER- 
NING POLLUTION IF THE SUBJECT HAS NOT BEEN CAREFULLY STUDIED 
PREVIOUSLY. WHILE IT IS PROBABLY TRUE THAT WITH OUR PRESENT 
KNOWLEDGE INDUSTRY CAN MATERIALLY REDUCE AIR AND WATER POL- 
LUTION, IN MANY CASES IT WOULD BE MOST UNECONOMIC, AND WOULD 
PLACE AN UNDUE BURDEN UPON THE INDUSTRY. 

THE SITUATION IN ANY AREA SUFFERING FROM 
POLLUTION SHOULD FIRST RECEIVE A SURVEY. IN SOME CASES OUR 
KNOWLEDGE IS SUFFICIENT TO PERMIT SUPPLYING THE INDUSTRY WITH 
THE NECESSARY INFORMATION, AND AT THE SAME TIME AFFORDING 
SOME SERVICE, IF IT IS DIFFICULT TO DETERMINE THE SOURCE OF 
CONTAMINATION, OR IF THE METHOD OF TREATMENT IS THEN 
SOME RESEARCH WORK SHOULD BE CARRIED ON. AN EXAMPLE OF AN 
EFFECTIVE UNDERTAKING OF THIS TYPE IS THE GROUP RESEARCH BEING 
CARRIED ON AT SARNIA UNDER THE AUSPICES OF THE RESEARCH COUNCIL 
OF ONTARIO. THIS IS A CASE WHERE INDUSTRY IS WORKING IN CO- 
OPERATION WITH THE PROVINCIAL GOVERNMENT IN AN HONEST ATTEMPT 
TO FINO WAYS AND MEANS OF REDUCING BOTH AIR AND WATER POLLUTION. 
LASTLY, IF THE INDUSTRIES IN QUESTION ARE NOT PREPARED TO ADOPT 
MODERN METHODS OF POLLUTION CONTROL, THEN IT IS NECESSARY TO 
SET UP THE NECESSARY. CONTROLS. 

MR. MCRAETS PAPER, THE FIRST OF THE SYMPOSIUM, 
DEALT WITH GROUP RESEARCH. MR. 0. DOUGLASS GAVE A PAPER ON 
THE UTILIZATION OF MINE WASTES. APPARENTLY THEIR PROBLEM IS 
ONLY TO DETERMINE THE BEST USE OF THE LARGE QUANTITY OF INERT 
MATERIAL RESULTING FROM MINING. KENNETH CASHMORESS PAPER ON 
THE TREATMENT OF OIL WASTES WAS AN EXCELLENT REVIEW OF MUCH OF 
THE WORK OF THE A.P.I. ON THIS SUBJECT. A PAPER BY E. G. 
HACKBORN, DEALING WITH MUNICIPAL BY—LAWS IN CONNECTION WITH 
INDUSTRIAL WASTE, WAS NOT REVIEWED. R. A. PAPER 
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ON THE INCIDENCE OF NITRATES IN RURAL WATER SUPPLIES GAVE A 

NEW AND POSSIBLY MORE ACCURATE METHOD FOR DETERMINING WATER 

CONTAMINATION. AN EXCELLENT PAPER BY A. V. DELAPORTE ON DE— 
OXYGENATING WASTES INDICATED SOME OF THE LATEST METHODS OF 

DISPOSING OF INDUSTRIAL CONTAMINANTS. THE REVIEWER SUGGESTED 
THAT THE AUTHOR MIGHT LOOK INTO THE POSSIBILITY OF USING PRE— 

CIPITANTS, COAGULANTS, AND IN SOME CASES, SIMPLIFY THE DISPOSAL 
PROBLEM BY SEGREGATING VARIOUS WATERS IN THE PLANT IN ORDER TO 

HAVE THE POLLUTED MATERIAL IN AS CONCENTRATED FORM AS POSSIBLE 
FOR TREATING. IT WAS ALSO SUGGESTED THAT IF MILORGANITE WAS 
THE BASIS FOR VITAMIN 812, THERE WAS GOOD REASON TO BELIEVE 
THAT OTHER CHEMICALS COULD BE FOUND IN OTHER WASTE MATERIALS. 

MR. H. W. POWELL AND MR. 1. B. COOPER GAVE 

PAPERS ON THE DISPOSAL or CANNERY AND MILK WASTES. IT WAS 

SUGGESTED THAT MORE PROGRESS M1GHT BE MADE IF A SOIL BIOLOGIST 
WERE TO WORK WITH THEM. H, BLACK'S PAPER ON THE TREATMENT OF 

SUGAR BEET WASTES, AND DR. GEORGE TOML1NSON'S PAPER ON PULP 

AND PAPER WASTES, INDICATE HOW MUCH STUDY HAS BEEN GIVEN BY 

LARGE INDUSTRIAL GROUPS ANO ASSOCIATIONS IN AN ENDEAVOUR TO 

SOLVE THE WASTE PROBLEMS OF SUCH INDUSTRIES. No DOUBT THERE 

ARE MANY CHEMICALS THAT COULD AND WILL BE OBTAINED FROM SUCH 
WASTES WITH NEW POLLUTION TREATMENTS. IT IS SUGGESTED THAT 

IT MIGHT BE A GOOD IDEA TO ESTABLISH A CHART SHOWING THE PRO- 

GRESS MADE, FOR EXAMPLE, IN PERIODS OF FIVE YEARS, ON THE BASIS 
OF THE CHANCE TO THE PLANT AND THE STREAMS. THEREUPON MR. 
NEWBURY'S PAPER ON THE SETTING—UP OF AN AIR POLLUTION SURVEY 
INDICATES HOW LITTLE WE KNOW OF THIS VERY DIFFICULT PROBLEM, 

AND TMAT THERE ARE UNDOUBTEDLY YEARS OF WORK AHEAD BEFORE WE 

CAN POSSIBLY COME UP WITH ANY VERY EFFECTIVE ANSWER TO THIS 
PROBLEM. 

THE RESEARCH FOUNDATiON HAS TWO FUNCTIONS. 
ONE IS TO CARRY OUT RESEARCH ON BOTH AIR AND WATER POLLUTION, 
AND THE OTHER IS A SERVICE TO INDUSTRIES. 

IN ENGLAND THE OIL INDUSTRIES ARE CO—OPER- 
ATING WITH THE GOVERNMENT IN CARRYING ON A STUDY OF OIL POL- 

LUTION ALONG THE COASTS. IT IS SUGGESTED THAT THOSE INTER- 

ESTED IN THIS SUBJECT SHOULD KEEP US IN CLOSE TOUCH WITH THIS 

WORK. 

WASTE DISPOSAL IS A SUBJECT THAT CAN SE 

CLOSELY RELATED TO COUNTRY AND CITY PLANNING. THERE IS NO 

QUESTION BUT THAT WE CAN AND SHOULfl VERY MATERIALLY REDUCE 
POLLUTION IN THE AIR AND RIVERS OF ONTARIO. IT IS, THEREFORE, 
MOST GRATIFYING TO SEE AN INCREASE IN PUBLIC INTEREST. EVERY 

EFFORT SHOULD BE MADE TO FIND WAYS AND MEANS OF CHEAPLY AND 

EFFECTIVELY REDUCING POLLUTION PROBLEMS TO A MINIMUM. 

IT IS THE RIGHT OF EVERY CITIZEN, NO MATTER 

WHERE HE IS, TO HAVE CLEAN AIR AND CLEAN WATER. WHILE THE 

EMPHASIS ON POLLUTION REGARDING STREAM LIFE AND WATER FOWL IS 

UNDOUBTEDLY IMPORTANT, IT IS MORE IMPORTANT IN RELATIONSHIP 
TO THE HUMAN BEING. 

. . ... . . .. . 




