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1. 

P R E F A C 

The Sixth Ontario Industrthl Conference was 
sponsored by the Water and Pollution Advisory Committee of 
the Ontario Vlater Resources Commission. The aeeting was 
held at Delawana Inn, Honey Harbour, Ontario, on June 14, 
15, 16 and 17, 1959. 

The proceedings of the conference are disseminated as 
a contribution towards the widespread aim of improving 
existing methods of industrial waste disposal. The papers 
are printed in this brochure in the order in which they 
were given. They are followed by a list of those persons 
who attended the conference, as well as an index for the 
proceedings of all such conferences held to date. The pa- 
pers contain valuable information given by persons who are 
recognized leaders in their fields. A careful study of the 
papers is recommended for all who are concerned with the 
problem of industrial waste disposal. 

Industrial wastes in the Province of Ontario constitute 
an important factor in stream ranit•"ttion. They must be con- 
sidered in conjunction with cloriestic sewage and other wIstes 
which may impa5r the quality of the receiving watercourses. 
The fact that Ontario is growing industrially at a rapid 
pace creates additional problems in this field. The objec- 
tive of the Water Resources Commission is to make it possi- 
ble for the operation of these various industrial plrints in 
such a way that the quality of the streaas may be maintained 
for the many uses which are normally required of watercourses. 
As the Province grows, this problem becomes more acute. It 
is necessary to plan in advance and to make certain that all 
wastes that are not reclaimable are adequately treated before 
they are discharged. 

The industrial waste problem is one of great magnitude 
not only because of the complexity of the wastes themselves, 
but also through the cost involved in providing treatment. 
It thus becomes all important that effective ineasuros be 
devised to produce satisfactory results, and at the same 
time, to utilize the most economical procedures. ileasures 
to be adopted must be co-ordinated iiith the ever changing 
composition of industrial wastes. One of the best ways to 
meet this challenge is to hold annual conferences, such as 
this one, where there can be a free exchange of up—to—date 
information. 

The Water and Pollution Advisory Committee has been 
responsible for the preparation of the programme of this 
Conerence. The Committee meithors come from different 
departments of Government, and accordingly are interested 
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in all types of pollution. By working tocether there is a 
co-ordination of efforts and interests, and a broader approach 
to this complex problem than would otherwise be achieved. 
Existing legislation in Ontario makes it possible to deal 
with all forms of wastes which may in any way impair the 
quality of the receiving stream. This is irrespective of 
the purpose which the stream may serve as its primary 
function. 

The Water and Pollution Advisory Committee is grateful 
to all who have contributed in any way to this programme 
of papers and discussions. The interest manifest in these 
conferences is increasing, and this is reflected in the 
quality of the papers presented, as well as the general 
concern in this overall problem. The Ontario \Jater 
Resources Commission is glad to be of service in this 
way and will welcome any suggestions for attacking the 
problem more effectively. 

For further information write to: 

The Water and Pollution Advisory Committee, 
Ontario Water Resources Commission, 
East Block, Parliament Buildings, 
TOROI4TO, Ontario. 

V 
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SP1tAY I1tRIGATIOP FOR 

flISPOSitL UF TANI1dRY '!ASTES 

R. ii. Parker 

Introduction 

The title of this paper T?'f}ie Disposal of Tannery tJaste by 
Spray Irrigation" indicates a broader approach to the 
subject than the actual content of' the paper wifl justify. 

the question of preparing this paper was discussed for 
the first time, the author—to—be planned a paper based on 
nsrconai experience and thus the paper based on operations 
at plant only. So if this morning's audience looks for- 
wi:d to a general review of spray irrigation practice as 
applied to tannery effluents, it is destined for disappointment. 

Tannery Effluent Problem 

The problem of the disposal of tannery efflacnt has re- 
ceived an increasing amount of attention over the puriod of 
the past twenty years, but the technology of treatment has not 

ac rapidly as public interest. The problem has become 
gr::v;or for several fairly obvious reasons. 

1, An increasing concern over stream and lake conditians. 

2. The disappearance of many smaller plants and the con- 
sequent growth of large units. 

3. Construction of small municipal sewage disposal plants, 
quite incapable of handling the volume and high B.O.D. 
load from sizeable tanning operations. The presence 
of these plants and resultant feeling of the tax— 
payiag and other public that a disposal plant should 
be a guarantee of unsullied streams, have combined to 
point a searching finger at all industrial undertakings 
in general, and in some cases, at tanneries in parti— 
c ul a r. 

4.. Many tanne: es are located in what formerly small 
communities. The increasing population and the resul- 
tant increase in the demand for recreational facili- 
ties accentuate the local situation. 

Comppsition of Effluent 

Tannery effluent varies considerably with the tanning 
process used but one is justified in stating that there are 
two general types of process and effluent — vegetable or sole 
leather tanning, and Chrome or upper leather tanning. 
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The term ;Tvegetablell is used in its broadest sense and in- 
cludes all tanning operations wherein one uses extracts of wood, 
bark, roots and other plant parts, including some by-products 
from the paper industry. 

Chrome tanning is an operation whereby leather is tanned 
by treatment with a solution of an acid chromium sulphate. 

The preparation of the cattle hide for either of these 
processes is essentially the same. The hide is washed to re- 
move manure, blood and salt from the curing process and then 
immersed in a lime solution to remove or loosen the hair. The 
addition of sodium sulphate to the lime solution is frequently 
practised. The sodium suiphide accelerates the hair removal — 

in fact if added in sufficient quantity it will destroy the 
hair — and in any quantity it complicates the job of effluent 
treatiient. 

If all the effluents from the various stages of the pro- 
cess are mixed it is reasonable to expect a liquid of approxi- 
mately the following composition: 

Total solids 10000 p.p.m. 
Suspended solids 4000 
Dissolved solids 6000 p.p.ii. 
D.O.D. 5 days 600 p.p.ni. 
pH 9-10.5 

If the plant be a vegetable bark tannery, the effluent 
probably will be pinkish brown in colour, will produce a dark 
colour if mixed with waters containing iron compounds, arid 

probably will iBve a somewhat higher 8.0.0. value. 

The effluent from a chrome process be straw coloured 
or grey with little or no dissolved chrome Ealts. The excess 
lime precipitates the trivalent chrol±lithn compounds. In both 
cases the major part of the suspended solids is calcium 
hydroxide and some carbonate, Sodium chloride is the chief 
component of the dissolved solids. 

In the Beardmore plant, both tanning processes are uscd 
and the effluents from all divisions of the tannery, except 
the vegetable tanning section, are tAxed. Other additions 
are dye—drum wastes, pigment washings, and the domestic sewage 
from four hundred and fifty employees. 



• discharge from the vegetable tanning process is 
segregated and handled separately for reasons that will be 
discussed later. 

The combined wastes, which for purposes of simplicity 
henceforth will. he referred to ns effluent, aLiounts to approxi— 
rnately 500,000 Imperial Willy, cii a veek 
basis. This effluent flows through a first and then a second 
primdiry sedimentation pond tile major portion of susponled 
solids is removed. The retention period is approxiuntely four 
days and during that the suspended solids content decrea- 
ses to approximately 500 p.p.m. Storage in other ponds over a 
period of days or wicks reduces the suspended solids to approx- 
imately 200 p.p.m. secondary sedimentation ti-eatmeilt 
completes the treatment of the effluent prior to spray appli- 
cation. 

As far as can be ascertained, and company records before 
the beginning of the century tell us nothing, the effluent was 
pumped to two abandoned gravel pits and from there it dis- 
appeared into the ground at a pleasantly satisfactory rate, 
Gradually the seepage rate diminished until other methods of 
disposal were forced upon the company. 

The first remedy was the d evelopment of large storage 

ponds. Small dams or without additional excavation pro- 
vided these areas and a combination of evaporation and slow 
seepage rates sufficed to room each year fo'r the volume 
produced. Later, one field, apprcximately five acres in extent, 
was cultivatal and furrowed to provide additoiial disposal area. 
This original tract is still in use, for ridge and furrow dis- 
posal, after some thirty years of operation. the years 
the capacity of the field has decreased and extensive cultiva- 
tion several tines a season is necessary- if the field is to 

retain a reasonable portidn of its usefulness. This deep 
cultivation, and by Ildenptt is meant a. depth of 16 inches, 
followed by deep plowing, is expensive and also renders the 
area inactive for periods of six to Gen days each 

during the season. As the field operation is limited on the 
average to the Nay to November period, any interruption of 

is serious. In addition, the usefulness of the field 

is affected -to aniniportant degree by heavy rains, or contin- 

uous damp weather. . 

Searching for a better system, .r an enlarged cne, the 

de ision was made in 1947 to apply the effluent in spray form. 
This change was prompted by the hope that spray application 
would utilize evaporation as well as seepage, and thus provide 
the required capacity. Preliminary tests indicated 
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that ZQdtGn- 

bV the wvo.i, 

and allowance for variations of 
weather, combined to cast some doubts on the accuracy of this 
estimate. operations showed these doubts to be 

tanning is an operation whereby leather is tanned 
by trc2tment with n solution of on acid chromium sulphate. 

Based on these early tests, a so-called "high" spray line 
was iTheolihb9 
buntsOt'ssctewblde4tyflpe tO teehes 

a8j$r4en 
werea atthch*d.J- tb± &renEher oioquartobaihebrpipWbe 

plp4sUiWeitial itibo 
ethealL±nettvashflectetàouflla- 

with aitu*ràwed;tuiè'ldeoP oneabitle, i 

,nchptënbeoaube 
from clogging, were used and atomization at 25—lbs 

pressure was adequate. 

While the anticipated evaporation rate was not reaLized, 
there was considerable loss to the atmosphere 

under favourable weather conditions and to the writer there is 

some justificatiozvfot' some;t'errain. On many 

occasions, in cleary iAdfweäther, felt spray on 

his face when spray line, when 
the only visible on the land 1 area approxi- 
mately 200 feet to the lite'i 1U.) 

iSci qfr thiletft dte g S. k 
dYt1nJnl) pthi]Jl sprISceT wasdztrkwn 

& ai 10. 
while it con- 

tributed a great deal there was no great regret over its demoli- 
tion. It is interesting to observe that the principal factor 
1 i ne, 

tllat&exu tyear& bfs tdkiru froat r oxtbe s 
Ietn rletiwnbthtt a: the 1 .In both 
cases the major part of the suspcn(led solids is calcium 
hydroxide and some carbonate, sodium chloride is the chief 
compoodtilrigJ sdUtitJie nozzles approximately 12 feet 
above the pond surface was constructed, but the evaporation was 

not sufficient to justify continued operation. At that period the 

only1 pa&amdlwtr riea t IT heir &Ia Du'Q7ethCti on 
hat! trurit. d'as jjLlare dt JUi alLy I tMow .1 tuft st lixe Jlataca3 ICP nt in- 

a e tact a iiccmti d of the 
S tbntt nt -UUt3 thffirp trtw tácwn p1 
lljnat employees. 
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years of experience by this tine indicated that tile 
disposal problem had two separate and, in one sense, unrelated 
phases. 

The first, of course, was the disposal of the accumulated 
wastes during the spring, sunnier and falL 

The second was the provision of adequate lagoon capacity 
to impound the winter effluent. It is obvious that weather 
was an ever—present threat. Lcite springs and early freeze-up 
shortened the period of application cud put an aciclvd load on 
the lagoon system. tJct summers decreased the rate, 
in addition to addiilh extra 'mttr to the 

hach year the spectre of enforced shut—do'ni the 
plant personnel, and obviously otn•nr method of sisposel 
must be 

In 1953 spray irrigation was described in several articles 
in tie technical and lay press and these reports indicated a 
new approach. A visit to the scabrook organization and a dis- 
cussion of the remarkable results achieved there stimulated 
this interest. That year an attempt wa made to use low—line 
spray irrigation in a major way. 

At first, a spray head was set up in a wooded area. The 
orifices were 3/4" and and sprinkler had a rated 
capacity of 200 gallons per minute. AppiicaLJon rates at tile 
outset wore high, as much as 3 inches per clay being applied. 

Unfortunately, the first experiments ue:'e made with 
vegetable tan waste liquors having a pH value of 4.0 to 5.0. 
hither the pH or some constituents of the liquor proved to 
be quite toxic to vegetl.tion. Large hardwonds, maple and oak, 
were not uamaged; at least, they are alive today. Very young 
trecs, 1 to 3 feet high were killed, but new seedlings, in 
smaller numbers, appeared each spring. Most weeds succumbed 
but Jack-in-the-Pulpits grew and twitch grass flourished. 
Twitch seed is not available for test plantings but trans- 
planted sod grew well. tJild cherry, cedar and suniach died in 
a short time. Despita the fact that the sprayed effluent fell 
on slopes with inclinations up to 300, and covered in part !rith 
fallen leaves, there was little run—off. 'there run-off occur- 
red, it was chiefly at points where trio sandy hillsides were 
untiercut by impinging jets. 
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The wooded area was small, but not situated doze to the 
Large lagoons. Consequently attention iris on the other 
effluent arid cleared land. 

Reaults with the large nozzle on grass land were not very 
satisfactory, and as the experiment enlarged, cnnller nozzles in 

larger numbers were tried. The final choice was a Rainbird No. 

40 with 3/16' and 1/8w nozzles. This operation is rated at 10.4 
U.S. g.p.m., cnd a spray diameter of 100 feot at 50 p.s.1. 

No. 35 sprinklers, a part circle type, were chosen for ridges 

and areas adjacent to roadways. 

Lay-out 

Discussions with other operators indicated there was an 
appreciable labour cost in most oi the projects and it appeared 
that it would be considerably greater in thts cisc because of 
the roiling terrain. The decision was made in the early stages 
of planhiinb to utilize plastic pipe and a non-portable lay—out. 
ITow one man devoting only part time to the job can take care of 
over twenty acres. 

From a centrally located pump lOO# plastic pipe conveyed 

thu Effluent to the disposal area and Jien through smaller lines 

which were laid out in more or less parallel lines at 80-foot 
intervals across the field. 

To maintain nozzle position a tee was used as the principal 
connection. As these sprinklers had a 3/47' threaded connection, 
3/4?? galvanized tees were used. Into one through end ties 
a 3/4 inch plug to which had been welded a piece of rod, 

12 inches long and pointed. The sprinkler wus scrowei into the 
opposing end and a short nipple fitted in the stic—opening. 
This nipple screwcd into a tee, say 3—inches by 3—inches by 3/4 
inches, completed the set—lip. This is a remarkably simple 
arrangement arid in our experience an ertremely satist'ectory one. 
The nozzle cannot move out of tile desired locstion and position 
and yet the line can be moved with a minimum of effort. For 

example, when cutting the cover crop it is necessary only to 
move the line a few feet, no laborious shifting of pipe 
lines is required. A valve at the end of each lateral may be 
installed if there should be any need to shut off individual 
rows of sprays. 

Spray heads were spaced at eighty-foot intervals along each 
lateral to maintain the eighty—foot diameter pattern that seemed 
to be adequate. it is quite true that the recommended diai..eter 
is 100 feet but one should remember that these sprays were not 
subject to regular moves across a field consequently some 
degree of overlap was permitted. 



Our experience indicated that the gallonage specification 
would be exceeded to some eytent and this arraligeme nt would 
apply an acre foot in approxiuistely 66 hours, or 0.2 irish per 
hour. 

Early usage departed considerably from this pattern and 
with sprays at 100-foot interials for twenty-four 
hours and ion er was done. This woriced f or a time but pro- 
bably only because t he fields had a well developed pasturc 
crop and "tore iii prime coudition. This prolonged application 
either killed the grass or thinned it out to the point that 
local flooding occurred. The application was for 
a period, in one case a level of four inches ear day 
for a three—week period but it is our belief that operation 
at this level is a mistake. 

Currently, operations are on a six—hour cycle and this 
would appear to be a maximum under local conditions unless 
unusually dry weather is experienced. Continued rainfall, 
of course, will reduce the spray periods or, Lts 

has happened, compel the cessation of operations for one or 
more days. 

Vegetation 

Originally the grass was utilized as it was found. It 
was noted, however, that the growth was seriously affected in 
areas that bore an appreciabi.c amount of alfalfa. These 
patches turned brown in a matter ni a few and as there 
was little or no other growth in these areas, live vegetation 
was practically non—existent. 

bone of these denuded areas were cultivated by hand and 
planted with a grass mixture that had been used by hr. T. 3. 
Toth and reported in the proceedings of the r'curth Ontario 
Industrial Conference. wqs satisfactory hut an 
examination of sample strips after a season'nuse showed that 
original planting formula anu a varietal census had little in 
common. Thin survey was carried out by Prof. of the 
0.?.C. staff and in the course of a discussion of his findings 
he suggested that a simple choice of grasses might be as satis- 
factory as the more complex formulae. 

The grasses found in tile greatest abundance ttere Orchard 
Grass, Dro..in and Timothy and tilase three accountea for over 

of the growth. The renainder consisted of luitch, Bird 
Vetch and five others. Twitch and Bird Vetch are native 
grasses and commercial seed is not available. The amounts of 
the others irere so snail as to be negligible. Therefore it was 
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decided to' 
Conhehjurltt H ucs fociu o:i I hc w 

mU c learLd laud. 
After another season's exposure 10 sprayed effluent, a sec- 

ond survey bF 
O.A.d.'drId' 
This formulacis a PLai:,: :11. ho. 

;um itozzlea. TH s operation is rated 
nu 1W feet at 

lic Cl ;'cle t1&FC for riL 
Jj . 

per acre. 

This mixture adequate coycrage to ct-ite although 
the Cc iliost besrwt 
Growth has 1 bceh UliWi has ka,11,' ° 

despite the fact°t beLuñ had 

been planned.t ri':nn. •R ,fl L1 

e a pipe Tatl 3 ii u—portaPlo 
U votiag on] y part tiac to the can tai:c cf 

was planted this year and it is hoped 

that some spraying may be done on this area in the late autumn, 

i coat ml ly located punp pla"tic nipe 1 

essential, tè 
and the spray hut it has ieen our experience 
that this period can be shortened, remembering always that the 
only hard and fast ruiç is to be certain that t130 top 
able to withntfla th&4'ate0of' spra7 il 
light sprays of ba"ly 0±1, 

effect n Liirouc,,i cat. 'irs 
- up to lit. C:. a. I scn piece of .L/I IL 1, 

a, pointed. The t.es screre i.r o he 

The crop thhI4t°RØ'CUè refllar1y flJp du1 
nnt be higher than 1° iheh&s 
cut to a 
thatrn aizay 

has 

optimum. 'and a heribd°or'drflhg 

after a roy' oi.ly to 
Lno a 1 or eat, 'a an laboriouLl shiN.. 1ng ci' pipe 

0 1 uireI. volvo :'t the end of aech lateral. 
Un the' spt4nr- Cu edt to ti1e grass 

nôvff late fall and early winter npraythg. Hand raking 
before burniup is recommended if there is an appreciable amount of 
matteJ dead jmss on the area, 

"op :: r is :r Ca: ci ht','_foot Lit ervalo aba; each 
- a malutain iiDfl.L te: pitt C)' I t hOt 

Soil a' C • It ic quito true that the rio. ,ntcr 
hut one sILou ii r that uhc se 

The soilOIhi as 
follotis:" till type, over fine sand. 
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The under lsycr varies to SOiflO but generally all 
sprayed areas ore of the srme type. 

Unfortunately, there have been so many other vsriable 
factors in the operations over the past few years that it is 
not yet possible accurately to assess the influence of soil 
types alone. Tue of the next few years, it is hoped, 
will add to our knouledge. 

The writer is the first to aJ.mit that this report lacks 
certain desirable basic data. Tests of soil permeability; 
sampling at various depths for determination of moisture con- 
tent, salt retention, B.O.D. elimination; measurement of 

changes of the table; development of optimum and maximum 
rates of application; all these would have been useful and 
interesting. However, this project has been, and is, primarily 
a practical one, and COlIC of the more esoteric paths have 
left unexplored. It is hoped that the future wiill provide both 
time and facilities for their investigation. 

Seasonal Effect 

Earlier in this report mention was itado of the coastant 
struggle tile seasons. The obvious solution to insufficient 
storage capacity and inclement s spraying. 
Reports have it that winter spraying has been done and is being 
done, but there also is proof that it has not bean done by 
Beardmoro & Co. Possibly the five day sojourn in the sedimenta- 
tion ponds which recults in a pump-house effluent temporature 
of 32 F enplains the difforence in results. Dairy irastes 
applied at a temperature of 70°F or higher wil.l melt thin ice 
films and make feasible operation on most winter days. The 
writer's experience has been that spraying must not be carried 
on at or near freezing temperatures except during periods of 
bright sunlight, and then only in the early part of winter, 
One attempt in mid—December resulted in a hillside covered uith 
a treacherous and almost impassable coat of ice; the spray head 
springs would not function and once spniy rotation ceased ice 
obstruction began. It was not uncommon to see cones of ice two 
to four feet high surrounding each spray head. Grease coatings, 
rubber sheeting over the moving parts, nothing improved the im— 

possible conditions that fox-cad a shut—down of spraying 
operations after the first feT! cold nights. 

One could use warmer eff].uent by shortening the settling 
period, but the deposition of sediment on the fields would 
render them useless. It has been possible by an ultra cautious 
se'ection of suraying hours to extend the disposal season by a 
few days, but that has been the limit of our achievement. As 

an example, in 1957 spraying, operations were discontinued on 
December 21st. In the same point reached on November 
20th. 



There is from cnld weather 
operations. A heavy accumulation of ice in the fields melts 
slc;rly in the spring. Vegetation may be affected adversely 
and in addition, the opening of a new season may be postponed 
by as much as two weeks. 

B ,O,D.}leduction 

pray irrigation is used primarily as a means of disposal 
rather than treatment but one not conclusive, 
indicates the combined effect of aeration and filtration through 
soil. One spray area showed some rock outcrop, and it was assumed 
that a layer of rock under another shallow top layer of soil ex- 
tended over a tnajor portion of the area. While this was not 
proven, it was certain that wherever spraying was done in this 
area appreciable flow of water from the soil was observed along 
the lower margin of the field. 

B.0.D. deteniinationn produced the followinrD results:— 

before spraying 200 - 500 p.p.m. B.O.D. 

Run off from field 6 — 9 p.p.!I. B.O.D. 

The marginal uss undoubtedly the reault of the spray 
operation, as no water ever had been observed at this point be- 
fore spraying was begun; moreover it ceased within a reasonable 
time after spraying was stopped. Judging by the few results 
obtained, it would be interesting to spray an under—drained area, 
hut to date facilities for such an experiment have riot been 

available. 

ui r e 4 

Heretofore various application rates have been cited but 
anyone planning an area for disposal of a amount of' 

effluent recognizes that certain interruptions are inevitable. 

During the season of 19%, the follotiinL; overall results 
'yore achieved: 

Total gallonage 60,000,000 Imp. gallons 
Total acreage 23 

Length of season 204 days 
Application rate 2,600,000 per acre 

9.5 acre feet per season 
0.56 in. per day 
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This result includes all interruptions for cutting and 
breakdowns, weather, and all other rearons. 

Costs 

The following Licuros were taken from actual records of 
operations during 1958, and require only minor correction for 
labour costs, etc. In this e;:emple no estimate for soil pre- 
paration or seeding has been Made as this varies greatly, 
depending upon the particular area involved. 

An area of 6 acres uas equipped ibr spray operation in 
1958. 

Piping and Spray Heads $1,594. 
Installation 122. 

Total 

Cost per acre 

The pumping unit, power-line and pump-house, cost in 
this instance appro::imatoly but inas:iiuch as the pump 
feeds three other areas one cannot char :e the entire aLlount 

against one plot. The cost of pumping equipment depends on 
zpany factors - the size of the whole installation, lay-out, 
pumping levels, proximity of power-lines, and therefore no 
specific allocation is made. 

Complete operating costs for spray traitment only during 
the 1958 season were as follows: 

Operating period Nay 5 November 26. 
Number of days . .. 204 

for 40 N.j. motor 
204 x 20 hi's x 30 kw x 1,250 ......... $1,530. 

Labour — 5 hours per day 
204 x 5 x 1.20 
Fringes 10% 122. 
Supervision 5% 61. 1,407. 

Installation $i1,iOo. 
Interest charges :2 6?a 

biaintenanco & replacement 1,620. 
$8ioo @ 20% 

irowing 527. 

TOTAIr 35,572. 
Gallonage 60,000,000 
Cost per 1000 gal. 9.260 



The allowance for maintenance may be considered somewhat 
hiTh, but sorue corrosion is encountered and handling is far from 

Again because of local conditions, no allowance for the 
cost of land acquisition and taxes have been made, 

The above figure is actual and is considerc.bly less than 
rates quoted by many municipalities, or experienced in other 
methods of treatment. In comparison, disposal by ridge arid 
furrow operation during resulted in a cost of 15.20 per 
1000 gallons. This figure was developed from our records of 
tan liquor disposal, but as only gallonages were considered in 
each case the figures are comparable. 

in reporting cost data on spray only electricity 
was mentioned as t he power used. Our experience with gasoline- 
powered pumps for this purpose has not been a happy one. In our 
disposal system, gasoline—powered pumps have been used in ninny 
applications and with great success, but not for spray line 
operation. To date we have not found a completely satisfactory 
unit. Low-head, pumps have L;iven remarkable service 
over a period of years, but continuous of a relatively 
high-pressure (100 p.s.i.) unit requires an electric motor. 
Portability has been lost, of course, but the advantages of lower 
maintenance cost and satisfactory operation outweigh this feature. 

Conclusion 

The foregoing indicates the feasibility of the disposal of 
tannery effluent by spray irrigation. Ease of operation, low 
capital expenditure, low operational cost, flexibility — all these 
have been achieved. 

Simplicity of operation and low operating costs have been 
dominant factors in the evolution of the present system. A mini- 
mum of supervision, a minimum of skilled labour, in fact, a mini- 
mum of any labour — these have boon our targets. 

The decision to use plastic pipe in this connection has been 
proven sound. As an example of the elimination of labour, tile 
preparations for winter consist of unscrewing the spray heads and 
draining the pump. 

The chief disadvantages are the restriction of operation due 
to climate, and the necessity for large lagoons, but given suffi- 
cient suitable terrain, these do not constitute insoluble problems. 
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Regarding its use in other industries, the presence of 
constituents toxic to vecetation is of prime importance, but 

in general the method, in our opinion, is worthy of serious 
consideration. 

In closing, the writerts experience and consequent opinion 
justify the statement that the use of the spray irrigation 
method so far has been the only practical solution to our dis- 
posal problem, and without it we would not be operating today. 
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SPflAY IRRIGATION FOR DISPOSAL 

OF FOOD PROCESSING WhSTES 

C. 'illiamson 

This conference is just one indication of the attention 

and emphasis now being directed by our legislative agencies 
(Federal, Provincial and Local) towards the problem of the es- 

tablishment and enforcement of satisfactory methods for the 
disposal of industrial wastes. it is also an indication of 
the help our own provincial Ontario Water Resources Commission 

is prepared to give to help each individual industry - indeed, 
each individual plant - to appreciate the size of its problem 
arid indicate the most efficient means of tackling this. 

Generally speaking, legislation to this end has been in 
effect in the U.S. for some considerable time and the enforce- 
ment of this is well established and 4ccepted by industry; 
each State has its own legislatinn, all with considerable 
"teeth", with some States being more severe than others. 
Similar legislation and enforcement here in Canada has lagged 
somewhat, but it is now up to U31 a rapidly developing country 
with increasing concentration in urban districts, to catch up 
in this matter in the interests of the population at large, 
for two ba3ic reasons: 

a. to reduce the "nuisance" caused by the indiscriminate 
dumping of untreated industrial liquid wastes. 

h. to safeguard natural sources of water for use in the 

future. The overall demand for water is increasing 

by and hounds and this could he a very scarce 
commodity in the not—too-distant future. 

The food processing industries in general have a sizeable 
problem in this regard because of the volume of the liquid 
wastes involved, 

In the canning industry it is estimated that an average of 
50 gallons of water are used for each case of canned goods 
produced. (This figure can he very variable depending on the 
product and the methods of handling; in fact it can he doubled 
in some plants using water for conveying product, or where 
freezing is carried on Taking this figure of 50 gallons 
per case, and assuming an average seasonal cannery produces 

5001000 cases, this means it has a total of around 25,000,000 

gallons of liquid waste to dispose of. This typical cannery 

will operate over a maximum period of 20 weeks but the average 
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operating period is probably between 11 - 15 weeks. On the 

basis of these figures we find that this cannery has for dis- 
pc 1 between and 350,000 gallons of liquid waste per 
day, 7 days per week, during its operating period. 

The Dominion Bureau of Statistics shows that, in the 
production of seasonal canned vegetables, fruits and juices in 

Canada amounted to approximately ..... 27,000,000 cases, This 
would indicate that the seasonal canning industry alone has a 

total of ..... 1,350,000,000 gallons of liquid waste to dispose 
of during the summer period. It has been estimated by author- 
ities in the that the water consumed by the canning 
industry represents only some 0.1% of the total industrial 
water usage, but that the organic content of the liquid waste 
makes the waste equivalent to about 10 times the actual com- 
parative volume. Again, interpolating from research in the 
U.S. this would represent an annual organic load of around 
million lbs. of biochemical oxygen demand. 

Of course, the D.O.D. value of liquid waste from canner- 
ies varies enormously, not only between individual plants, but 
even at the same plant at different stages of the season 
because of: 

a. The different products being handled throughout the 
season. (In this connection it is only necessary to 
point out that the B.O.D. value of waste from 
Asparagus may be as as 16 p.p.rn. whilst that from 
Pumpkin and Squash may be as high as 11,000 p.p.m.) 

b. The degree of dilution of the waste. Those canners 
who rely on a municipal water supply, also those 
whose own ?rater supply is limited, must always strive 
to out down the amount of water used in the process; 
this is accomplished by re—use through recirculation, 
also by cutting out water—conveyance of the raw 
material. Where this aim is accomplished it must be 

remembered that the B.0.D. value of the final waste 
will be higher than originally, and the disposal 
problem may be mcre acute even though the volume is 

less. 

Spray Irrigation 
With this introduction to the general problem of liquid 

waste disposal in the canning industry we will proceed to 
discuss the use of spray irrigation as a practical and 
efficient means of disposing of such wastes. 

Spray irrigation for this purpose appears to have been 
first used in 1947 at a cannery in Hanover, Penn. Since that 
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time the acceptance of the system has grown so that 
in some States in the U.S. over of the canners are using 
this method of disposal. 

Why did this method take over so rapidly? The answer is relatively simple and can be summarised as follows: 

1, is cheaper to install and operate than other 
methods of treatment; this is always a major con- 
sideration. 

2. when operated satisfactorily it meets the require- 
ments of the authorities, as far as absence of odour 
and the. elimination of pollution @re concerned. 

When approaching the installation and use of a soray 
irrigation system the following general principles must be 
considered: 

Land 

The availability and price or rental value of land within 
economical distance of the cannery may he the most critical 
factor when considering the possibility of spray irrigation, 
The amount of land necessary will depend largely on two things: 
the vclume of waste to be disposed of, and the water absorp- 
tive capacity of the soil (with cover crop) concerned. 
Generally speaking the best soils for the purpose are gravel, 
sand or sand-loans. Clay soils can be and are used extensively 
but their capacity to absorb is less than the lighter soils and 
they have a tendency to "puddle1t through an exchange ol' the 
Calcium ions with the Sodium ions usually present in the liquid 
waste, from brines etc. used in processing; where this set of 
conditions applies, a periodic application of agricultural line 
is necessary to reverse this reactions 

Land used for the purpose should be relatively flat in 
order to minimize the possibility of surface run—off, 
of more than 6 or 6 per cent are not usually recommended 
unless soil type and rate of permit 

Land with soil drains will present additional considerat- 
ions in that the rate and amount of application possible will 
be determined by the B.OI.D. value of the run—off from the 
drains. The type of soil, the cover crop, and the depth of 
the drains will all affect this. In some instances the drain 
outlets have been plugged, but this can only be applied on a 
short—term basis. 
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A loose, well—aerated soil has more absorptive capacity; 
avoid compacting the land with heavy farm equipment or trucks. 
In order to encourage aeration it may be to 
run over the land in spring with a light toothed harrow, 

To sum up: no clear guide can be given on the amount of 
land necessary as this will depend entirely on local conditions. 
In order to arrive at some figure, the following may help:— 

1. first estimate the amount of liquid waste to be dis- 
posed of per hour and hence per minute. 

2, having decided the type of sprinklers to be used and 
knowing their capaóity in terms of gallons per 
minute, it is easy to calculate the number of sprink- 
lers required. 

3. the ttthrow!t of the sprinkler will determine the dis- 
tance to be allowed between sprinklers. From (2) and 
(3) above it is possible to work out the area covered 
by each application. 

4, it remains to determine the absorption capacity of 
the land and this is the unknown variable. rate 
of application of the most commonly used sprinklers 
fall within the range of 0.15 — 0,5 iLches per hour. 
(Note: a useful figure to remember here is that one 
inch per acre is equivalent to approximately 23,000 
gallons). Some soils will take an application of 3 — 

4 inches provided this application is given over a 

period of 10 — 12 In assessing the absorpt- 
ive capacity of the land being used therefore, in 
addition to the physical characteristics of the soil 
itself and of the adequacy of the cover crop, the 
following factors must also be taken into considerat- 
ion. 

a. the rate of application per hour 

h1 whether the application is continuous throughout 
the 24 hours, or whether the plant is running only 
on a single shift basis. 

c. weather conditions at the time of application. 

In most cases it is arranged that the sprinklers 
are moved only once per day. In others it may be 
necessary to move twice per day. ln the case Df 
the installation with which I am most familiar it 
is necessary to move only every 3 to 6 days, but 
the absorptive capacity in this case could rarely 
be duplicated. It is usual to leave a 6—day in- 
terval between applications on the same land. 
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Cover Crow 

An adequate cover crop is probably a more irnportnnt fnctor even the soil type in determining the water—absorptive cap'lcity of the land. Hare soil has relatively little capacity, the soil becomes "caked" and the water ponds or runs off if on a slope. 

Vegetation increases the capacity in several ways: 

a, It increases tire surface area available both for evaporation and physical storage of 'water, 

b, it intrnduces water into the soil through the roots. 
c. it prevents soil erosion by binding the soil togeti-er. 

d. by the natural process of transpirotion, evaporation 
of the surplus water proceeds during rest periods 
during the 24-hour day, and also during the period 
between applications; this dries up the ooil much more rapidly than would otherwise be the case. According 
to one authority the amount of water transferred from 
the soil system during vegetative season by evaporation and transpiration is in the region of 
8,000 gallons per acre per day; thus in a 6—day rest 
period between spray applications this account 
for 48,000 gallons per acre, i.e. 2" of water, which 
could be the equivalent of the spray application. 

Attempts to use Peas, Cprn and grain crops as cover crops for this purpose largely failed, Alfalfa was originally 
popular but it has been established that the best covers are dense grasses of almost any species. This is not to say that the sod will retain the same species content under heavy spray applications; probably the more water—tolerant species will in- crease in proportion. 

Avoid cutting the cover crop just prior to the spray application. One cuncern found it advisable to cut not less than 10 days before the application, reason the more luxuriant the growth the more efficient is the area for it s purpose, It is possible to take a hay crop off the land particularly where it is possible to more than the usual 6 days between applications, it is common practise also to graze the land and in some cases grazing proceeds even whilst the irrigation is working. In both these matters care should 
be exercised on two counts: 

a. To avoid compaction ol' the soil, when wet, with either farm implements or live stock. 



b. There iiny be uonie constituents in the ii uaste 
makes the .:;ra:'s 121h!csilpblc for too 

soon after the application. e.g. it is possible that 
a taint would be imparted to the milk of dairy cattle. 
The Ne' Jersey .itate Bocrd of EJsilth, for instance, 
gave approval to the principle of grazing such land 
but required an interval of 10 days bett:een the time 
spraying tras his coHtinued and the milk 
turned into the pasture. 

Spray irrigation interfere the normal bnlance of 
plant food cons Lituents and also with the pH of the soil. 
Cinnery uastes are commonly high in organic matter aii1 in nitrogen 
(both organic and ammonia nitrogen). It has already been mention- 
ed that apsilcation of liie may be renuirud on clay soils, but 
lime 'iill also he renuired on almost nil types of soil to aFsist 

the decomposition of numus and to adjust tl:e pH. The soil 
must be examined locally and adjusted as Nitrogen 
will riot be required; periodic of lime will almost 
certainly be necessary; also it may be nucossary to add Phos- 
phates and Potash to restore the balance. The effect of leach- 
ing on the trace elements in the soil has not been assessed and 
no information can ba given on this point. 

It is reported that wooded areas are very good as 
for irrigation, and there is sOiae published inThrmation on this. 
Instance3 of damage to some types of trees have been recorded. 
Those who have such areas available should investigate this 
possibility more fully. 

Spraying Instali.ation and Equiouent 

having discussed the land and cover crop necessary and 
desirable, we will on to the equipment and Jay—out required. 
In this connection I will draw reference to our own installation 
at Brantford, Ontario, as an example or comparison. 

In the first place it is necessary to exclude all sanitary 
waste from the system; this must be treated in septic 
tanks in the normal tiny. Storm water f ro1i rnofl; and yards to- 
gether with "clean" water frosi the plant (e.g. cooling canal 
drainage) can be disposed of through the established channels 
as it may cause embarrassment on the basis of volume if included 
in the irrigation system. 

Screen i 

Factory wantes must first be screened to Lake out the solid 
matter. For this purpose either a vibrating (fiat) screen or a 
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squirrel cage revolving screen is used. The object must be to 
remove particles of th� size which would tend to clog the 
nozzles, and the size of the screen necessary is, therefore, 
partly determined by the size of sprinklnr opening to be used. 
10—mesh screens are commonly used; in our case, US originally 
had a 20—mesh screen, but t'e have now increased this to a 
14-mesh. 

Thin primary screening is normally done at the plant, and 
from this point it remains to get ti1e liquid to the irrigation site. Often ehe irrigation site is some distance from tile 
pLant (in one case, where the cannery is :tn the contre of a 
town, the distance is three and a half miles; often the 
distance is in excess of a mile), and pumping is necessary. 
In choosing the size and type of pipe to be used here the 
quantity and characteristics of the licjuir[ be borne in 
mind. In our own case, where the irrigation site is adjacent 
to the plant, we wore able to into a concrete storm 
sewer which conveys the liquid by gravity directly to the site; 
then in order to get our irrigation all we had to do 
was break into this storm sewer on the site. 

on Reservoir 

This should be kept as as on the one 
hand it will be required to t nice care of fluctuati ens 
from the plant, but it not be large enough that it allows 
any degree of with its consequent odour. 
a reservoir is designed to hold half to three quarter of an 
hour's supply. If there is any possibility of children or 
livestock being near to this reservoir then an adequate fence 
must be built around this; this is important as the dangers are 
apparent. In our case, working in ssnd, we found it necessary 
to shore up the sides o the reservoir with plank; we also soon 
found it tias necessary to build a catwalk out to the centre of 
the reservoir with a rope block on the end so that the suction 
line end screen of the irrigation unit could he pulled up for 
cleaning. 

Irr U on P 

The capacity required here is of course determined by 
the amount of liquid to he disposed of, and the .ftschnrge 
pressure required utli depend 031 the type of sprinklers decided 
upon. Pumps can he electric, gosoline or diesel depending on 
the of the situation. 11n electric pump trill, of 
course, require less attention in the ordinary xay, hut when 
caLculating' the cost of this bear in mind that there are two factors involved; one, the annuel service charge, and tue 
other the actual hydro consumption. The choice will largely 
be determined by the length of the operating period each year 
and how parmanent the installation will be. 
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The pump comraonly draws watc r 2 rom thu n'nervoir by suction; 
here the lift should he kept as ic', as practicable. In 
cases, particularly uhere the installation is of a permanent 
nature, it is possible to build a pit alongbide for the pnwp 
uhich can then be supplied by gravity. In cases where a suction lift is necessary check on the method of pi'iming. In all casea 
a secondary means of screening at the inlet is necessary, either 
by constructing a screen box separato].y or as tie diet, by rag 
an enlarged screen be:: directly onto the end of the suction pipe 
itself. The screen in this cane can be 0s' up to wire 
Most coamnonly, particularly at plants operating only seasonally, 
a pump and piping system designed for agricultural purposes is 
ured. o have euch a oysLem lii use, usinc e 6" pump fitted to an 
industrial cacoline ent;ine of 250 cubic in capacity (116 
This has a systeM of exhaust priming, is tiatcr cooled1 and is 
fitted with autowatic controls to stop the engine on (a) low oil 
pressurc (Li) radiator temperature, and (c) lot; 
pressure — inhicati% that the pump has lost itt; prime or tint 
the reservoir is empty. Gas consumption is in the region of 
26 gallons per hour, on which tax is recoverable (for airicul- 
tural purposes) • have fitted a 20C) zallon gas supply tank, 
feeding by gravity, and this tank is serviced on the site by 
the local Agricultural agent. The capacity of this pump, at 
the suggested iraximun operating revs, is:- a 

500 U.S. callons per minute at 150 lbs. 

01' 

925 U.3. gallons per minute at 75 lbs. 
Some plants consi der it nucensary to have a scond punping 

unit as a stand-by; this again depends on the local circumstances 
and on the length o2 the season. 

Piping and 

Piping consistn of a main trunk line from the pump, from 
which the 'Laterals" branch. These laterals carry the spray 
nozzles spaced et rejuired distance. Piping throughout 
can be from a selection of materials, but the laterals, which 
have to be moved more or less frequently are usual].? ot' some 
light material such as aluminum with quick and simply 
operated couplings. Some installations, however, have permanent 
laterals, valve-controlled; in some cases these are even buried 
underground in situations where winter operation in required and 
there is clangor of frost. 

Sprinklers are usually of the self-actuating, revolving 
type. .1 selection is available, but it not advi&able to have 
nozzles of less than 1" opening or these tend to clog. Sprink- 
lers can either be "low" or my own individual preference 



is for t11' high typo, as it in felt that the throw is increased, 
and that direct evapora Lion to the air is accotiplirhed 

In our case vie use a 5' main trunk, which 2 — 4' 
laterals. The' spray are 9/32', on risers high; 
the nozzles are to give an avcrage discharge of 
gallons per minute at an operating fressure of 55 lbs. on the 
last nozzle in the line. 

The risers "crc original].y of aluminum, but these tended 
to snap ofi' at the base through vibration, so we have replaced 
those as necessery galvanized piping. dach of the laterals 
is fitted on tile end with a flush plug which is openci once or 
twice on each shift to flush out the solid matter which tends 
to collect at the end of the lines. 'Je do find it necessary 
to keep a piece of wire handy, and a raincoat and Sou'Jezter 
so that it is possible to clear nozzles which do plug up 
occassionally. 

Operational Details 

had a real disposal problen on our hands before we 
installed the spray irrigation system, which we did in 1956. 
Fortunately, conditions were ideal for this and could seldom 
be duplicated. .e are able to rent 20 acres of land which is 
part of a wartime training aerodronie immediately adjacent to 
the factory — in fact we do not in practise use more than half 
of this. The land has a slope of approaiinately and is pure 
sand fo:c at least go feet deep — a rather coarse sand from the 
sub—soil down. The vegetation was originally mostly coarse high 
weeds, so fortunately we did not have to irrigate to the full 
extent the first year. 

lie found that the first effect was to kill off the x;ceds. 
Since that tine the vegetation has completely changed and is new 
a well-developed ol broad-leaved indigenous Grasses; we 
did not seed at all. The capacity of this soil and cover to 
absorb water is terrific; and as I have already mentioned we 
find that we can irrigate for a period of 3 6 days without 

t]lc sprinklers, and even so no odour is a:mnrent. 
after a soaking of this magnitude one can wal'; on the land 
12 hours after moving the sprinklers amid not get onets shoes 
wet, and within 48 hours the surface is completely dry. One 
other point in our favour (just Ic:: tile benefit of those who 
may be inclined to be envious) is the fact that this particular 
airfield is said to have the best air currents in the whole of 
Caaada for gliding, and is used for this purpose, 
including the itational Championships; this air turbulence no 
doubt evaporation. 
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Je have 500 gallons of liquidto dispose of per minute, 
and for this tie have 24. sprinklers (of gallons each). 
The pump is not, oI' course, working to capacity, since we 
only operate at a discharge pressure of 60 - 65 lbs., 
therefore the wear and tear on the motor is not severe, 

Jo have three possible moves for the laterals, but some- 
times if uc are only operating a single shift it is only 
necessary to use two alternative positions. On the other hand, 
if operating around the clock we have a possible fourth posi- 
tion (or more exactly —) for use ii' necessary. 

One of the maintenance staff on each shift checks the oil 
and greasing. The shift engineer is in a position to observe if the motor cuts out the period of operation, and will 
report this immediately; normally we try to adjust the revs 
so that the rate of withdrawal just keeps up with the supply. 

In 1958 our cost for gasoline amounted to a figure equi- 
valent to per case. Capital investment in the equipment, 
new, would amount to approximately but with the 
amount of agricultural irrigation being practised at the 
moment it is possible to pick up some reliable used equipment 
at a better price than this; in fact we ours&ves did just this, 
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EVALUATING A SOIL FOR TUE 

DISPOSAL OF WASTES BY SPRAY_IRUIGATION 

Dr. 1., H. lutehber 

The objective of waste disposal by spray irrigation is to 
apply the maximum amount of water a given soil can absorb 
without causing surface run—off, contamination of the ground 
water, or injury to plant cover. To achieve the conservation 
of our soil and water resources it is essential that the 
disposal program not render a soil. for plant growth 
through the addition of sterilants, excess soluble salts, 
undesirable microorganisnis, or excess water causing anaerobic 
conditions. 

Canham has described three methods for the surface 
disposal of wastes: (a) impounding lagoons; (b) absorption 
beds in gravel deposits; and (c) ridge and furrow. For these 
methods to work he set forth the following requirements: 
(a) no soil—clogging solids in the waste; (b) a soil with a 
rapid water—absorbing capacity; (c) level ground for even 
distribution; and (d) sufficient area to permit a drying—out 
period. (3) 

Reports on the water—spreading progra'nrne in Californ5a 
describe the methods used to overcome a problem in the surface 
permeability of soils. The inability of such surface treatments 
as applications of slowly decomposing organic wastes and soil 
conditioners to provide satisfactory increases in the 
infiltration rate led to studies on the effect of deep 
subsurface soil treatments. Trenches or pits 10 feet wide, 
10 feet deep and up to 1000 feet in length were generally 
successful when in contact with an aquifer along the sides and 
bottom. (8) A sand filter, grain size 0.5 to 1.6 mm.., partially 
alleviated surface clogging. (9) 

Numerous research reports dealing with subsoiling, 
chiselling, mole drainage, and pan breaking have been published. 
Generally none of these practices improved the moisture regime 
or aeration fcr a reasonable length of time in plastic clay 
soils. There is an exception in breaking up the tillag,e or 
traffic pans that occur just below the layer of normal 
cultivation, (1) 

For spray irrigation ol' wastes the ideal soil is level, 
will absorb large quantities of water, support a luxuriant 
vegetation, and freely drain the excess water through the 
sub—horizons. Many soils will meet these limits; others require 
special before they meet, in part, the ideal soil, 
The purpose of this paper is to outline: (a) a field system of 
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classifying soils in terms of suitability for waste disposal; 
(b) the laboratory tests that are essential in characterizing 
the moisture absorption and moisture release by soils; and (c) a 

crop cover management programme. 

Soil Survey 

The soils have been mapped and classified, and reports 
prepared for 30 counties and districts in Ontario. In many 
instances these reports will adequately describe the suitability 
of a soil for spray irrigation purposes; in other cases it will 
be necessary to conduct a special soil survey of the proposed area 
and delineate the soil complexes. Knowing what soil type is in 
the area, we are able to place the soil in one of the following 
classes: 

I. Suitable — — — where the waste may be applied at rates 
similar to those used in farm irrigation. Such soils 
are the well drained sandy loans, loans, silt loams, and 
some clay loans. 

II. Limited Suitability - - — where several soil properties, 
like particle—size distribution, soil moisture properties, 
volume of voids, or drainage faatures require further 
characterization in the physics laboratory. 

III. Not Suitable - — - because of rolling topography, shallow 
depth of soil over bedrock:, particle—size distribution 
usually too fine as in days, or unsuitable soil moisture 
properties. 

Of the many soil properties that lend themselves to measure- 
ment either in laboratory or under field conditions, the three 
principal ones are: (a) infiltration, or getting the water into 
the soil; (b) permeability, or moving the water through the soil; 
and (c) the storage capacity of a soil. These properties are 
direct functIons of the volume relationships — the volume occupied 
by air and/or water at varying degrees of saturation. As all of 
the water will not drain away, we depend upon a vegetative cover 
to further reduce the moisture content of a soil. 

Infiltration 

Infiltration is defined as the maximum rate at which a soil 
will absorb water that is impounded at a shallow depth over the 
surface. The rapid reductionin the infiltration rate by 

soils is accompanied by the formation of a thin compact 
layer at the soil surface. The drop during the first hour in the 
infiltration rate plot planted to corn was nearly double the 
rate when the cover was grass, Fig. 1. The compacted layer was 
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due in part to the heating effect of crops of water and a 
sorting of the soil narticles to font a non—pervious soil. 
Even sandy soils may become impermeable because of a crust formation. The greater the vegetative canopy and the rnnre extensive the root system the t'etter will be the infiltration rate, Fig. 1. 

Certain soils change appreciably in volume when subjected to a change in moisture. As a soil swells or increases in volume, it does so largely at the expense of the soil pores. 
Some of the large pores etsential to proper drainage becomes 
capillary in size while sitaller capillary pores are sealed to the moveineritof water. (2) 

Some decline in the infiltration rate has been associated 
microbial activity in the surface soil. It has been 

observed that the rate levelled off at a higher value when the microbial population was reduced by chlorination. (5) 

Permeability is defined qualitatively as the state of a 
porous medium relating to the readiness with which such a 
medium conducts or transmits fluids. The ease with which a 
soil transmits water under a gravitational force is determined 
largely by the vqlume occupied by large pores, often referred 
to as aeration porosity. A characterization of aeration 
porosity is made in the laboratory by a soil core 
and then measure the volume of water removed as the tension is 
increased. de Vries has shown that as the bulk density of a 
soil was increased by compaction more water was held in the 
soil at a given tension, Fig. 2. Compression effected a 
decrease in the volume occupied by large pores and caused an 
increase in the tension necessary to drain the core. (4) 

Some fine textured subsoils are so low in aeration porosity that the tile drains will not function and remove the surplus 
water. Subsoiling or mole drainage icreases the aeration porosity for only one or two growing seasons as the clay when 
saturated settles back to a consolidated state. 

Storage Capacit1 

The maximum amount of water a soil can store is determined 
by the field capacity value, which is a function of the particle —s'ze distribution. At some clay content a soil will reach its 
maximum storage value, Fig. 3. When a soil is wetted beyond 
the field capacity value, the additional water passes through the soil beyond the use of plants. It should be noted that 
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the moisture content at the permanent wilting point also 
increases with an increase in the colloidal content hut the 
shape of the two lines is cuite different. 3ilty soils normally 
retain more water available for plants than clays and sands, 
Fig. 3. 

For waste disposal piuposes the trell_drai.ned soils of 
intermediate 3re prcferred because of their 
capacity and adecuate profile 

Vegetative Cover 

Experience has sho'tin that a ve:etative cover is an iripor— 

tant feature of a programme as spraying onto bare soil will 

not achieve the degree of absorption often required. (3) 

discussing infiltration, the merits of a grass cover 

were pointed out: increase the infiltration rate, prevent 

crusting, alleviate the clogging of soil pores, and improve 

the porosity relationships through a stable soil structure. 

Evaporation from a bare and continuously moist soil will 

be eqtal toor better than from a vegetation—covered area. 
(6) However, the evaporation losses are confined to relatively 

shallow depths and are proportional to the rate at i'hich 

'iater comes to the surface. dry surface virtually prohibits 

further evaporation; the loss of rater continues in minute 

amounts by diffusion through the soil pores. Capillary conduc- 

tivity of water to an evaporating surface is very small once 

the soil has reached its field value. 

Transpiration is the key process in the utilization of 

water by p].ants and involves the evaporation of rater in the 

f[ir spaces in the leaf and its diffusion out into the surroun- 
ding atmosphere. The rate of trsnspiration follows a daii.y 

cycle that tends to parsllel light intensity and increases 
with increasing length of day and daily mean temperature. 

Several methods are available for estimating tue evapo— 
transpiration (evaporation plus transpiration) fdr crops. 
The Tliornthwaite method, based on average monthly airS tempera- 
tures and a correction factor for geographic latitude, will 
serve to indicate the volumes of water that may be involved. (7) 

Mean Uonthly Terrporature, Rainfall and Estimated Evapo— 
transpirac.ion for GueJph, Ont. 
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Month Mean Temp. Rainfall Evapotranspiration 
°F. (inches) (inches) 

April 42 2,38 1,2 
May 54 2,72 2,9 
June 63 2.84 4,4 
July 68 3.07 5.0 
Aug. 66 2.86 4.14. 

Sept. 59 2,50 3.1 
Oct. 48 2.39 1.7 

The selection of a crop will depend on soil cliaracteristids 
and the amount of water to he applied. Corn, spring grains, 
peas, many clovers, and some grasses are easily damaged by 
excess water. Reed canary grass will withstand flooding, is 
adaptable to a wide range of soil conditions, and with proper 
management continues growing all season, 

Proper management iriplies adequate levels of soil 
fertility at all times during the growing season, correction of 
soil pH if feasible, and a clipping or mowing programme. A 
dense cover of grass will use more water when it is actively 
growing than when it is approaching maturity. Consequently, a 

grass cover must be mowed during the season and given one to 
two weeks, depending on soil moisture conditions, to recover 
and approach its maximum rate of water use before the 
irrigation starts. A well—designed disposal programme would 
include an off—and—on period of irrigation to permit the grass 
to recover, exdess water to drain away, and near—normal surface 
conditions to re—establish. The duration of the off—period 
would be something of the order of 5 to 8 days for a clay soil 
that had received 3 to 5 inches of water, spray plus rainfall. 
These limits depend on crop, soil, and especially the climatic 
conditions 

Summary 

In the preceding discussion we were concerned with the 
disposal of water that had met certain standards of purity or 
safety. We recognize the highly technical aspects in filtering, 
purifying or decontaminating, and the importance of the 
biochemical oxygen demand. Ue have indicated the important 
soil properties that determine the amount of water a given soil 
can handle and stressed the importance of a cover crop. 

Soil scientists are interested in the conservation and 
proper use of our soil arid water nisources so that soil shall 
no be made unproductive for the regionally adapted crops arid 
water shall not be wasted nor made unfit for animal or plant 
consumption. Further soil research wil]. provide the tolerances 
vmf soils and plants for what are 110W classed as foreign 
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substances in the waste water. Research will assist in the 
design of disposal systems that use the water for the 
irrigation of marketable crops and will provide 
means of reclaiming the surplus water. 
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TURBIDITY EFFECTS IN NATURAL WATERS IN RELATION TO 

ORGANISMS AN]) THE UPTAKE OF RADIO-IsoTopEs . * 

G.H. I¼iorgnri 

0.1!. llert 

Introduction 

Silt in a natural water is almost universally objectionable 
to manG We want our drinking water and the water we use for our household and our cattle to be clear and sparkling. We went such water for swimming, to fish in, and upon which to 
And yet man is generally the cause of muddy water as evidenced 
by soil conservation programs and by accounts of the first set- tlers upon the banks of natural waters. This is not entirely 
so——the Missouri has long been known as "Big Muddy" and the del- 
ta of the Mississippi ante-dates the coming of either Indian or white man. 

It is not so obvious that silt is equally objectionable to organisms, which live in water, Yet a modicum of investigation 
indicates this frequently to be the case. Muddy streams gen- erally have a quito ]imiued f.Lsh population, both as to numbers and kinds. Spawning beds in sandy, gravelly or rocky stretches are abandoned when they become blanketed by siJt, One of the reasons for the depletion of the shad run in the Ri- ver of Pennsylvania was the large amount cf coal dust frem up— strewn mining. This spread far downstream and only recently has its dumping been stopped and the accumulated si]t banks re- moved, While it is recognized that the sewage pollution of the lower river at Philadelphia an effective barrier to the shad, the river clean up inaugurated by the city and state was deemed poor unless the coal mining dust probleni be included. 

Silt as a Pollutant 
For many years our definition of stream pollution neglected physical factors such as silt. Attention was centered on toxic chemicals, and oreanic matter exerting a high de- mand. Turbidity might have been dun to rome of these factors, but it was recognized an often partially clue to bacteria and oth— 

*This research was sponsored in part by grants from the Na- tional Institutes of Health, Washington, D.C., and the Atomic 
Energy Commission, Washington, D.C. 
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er micro organisms. Thus a laundry waste has a turbidity due to 
colloids hut a] so to enormous quantities of bacteria , co) orJ.c rs 
flagellates, ciliates arid rotifers. Undue o' a re- 
ceiving water by largely inorganic substances frequently produces 
undesirable turbidity due to U ue green algae and green fingel— 
lates. Turbidieles or blankets of this type may be quite in-ide— 

sirablo. Frequently they arc transient, but sometimes they are 
long lived. As examples of such blanketing effects, complete co- 
verage of natural waters by water hyacinth various types of 

floating vegetation loosely termed duck weeds is cited. Objec— 

tional submerged blooms include minute green algae, small flag- 
ellates end distoms such as plagued oyster production in Great 
South Bay on Long Island. 

The above examples are undesirable because they operate to 
exclude a generalized flora and fauna which forms the first tro— 

phic level of productivity. It is postulated that excessive silt 

operates in the same manner. Perhaps it might be better to sub- 
stitute physical factors, for the term silt has a rather limited 
connotation, whereas this discussioh might involve such matters 
as coal dust, fibers as from asbestos production, clay, sand and 
loam, 

4 

Licking_River Studies 

Personal attention to effects of water borne turbidity dates 
back to studies of the Licking River of Kentucky in 1940. At that 
time it was noted the fork of the Licking which rose in the hills 

of Eastern Kentucky wss subject to abrupt changes in turbidity. 

No measurements of the amounts of silt loading wore undertaken but 

one week the stream would he clear, the next muddy. Coincident 

were abrupt quantitative and qualitative changes in the suspend- 

ed rnicrobiota of the stream. These occurred even when the water 

level rose hut slightly. The habit of plowing and pasturing the 
steep hillsides left them very susceptible to erosion, so that 

a little rainfall produced a heavy silt load. 

The Fork of this river draincd a Bluegrass area, and 

usually carried some colloidal clay, so that it almost never at-- 

tamed the clrrity the other fork did at times. It was a well 
fertilized stream however, and its silt load was heavy, 

whereas its plankton crop was usually quite dense. vThen both 

stregms were clear, this plankton carried down as far as the 
steel mills near the junction of the Licking and Ohio. But when 
the East Fbrk was muddy, the plankton of the West Fork was ob- 
literated almost at once after the junction. It was noted that 

the Chlorococcales, Euglenophyceae and Cryptophyceae, together 

with blue green and filamentous green algae disappeared first. 

Certain Volvocales, Chrysophyceae such as phrysoceccus, ciliates, 

and curiously, colorless flagellates were more resistant. 
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The data on which those statements are brised have never 
been satistically primarily because of a lack of data 
on attendant environments]. factors. Hovever, a study war made 
(1) of the White River of Indiana above Indianapolis and it was 

shown that at times of low flows, ciarity, and high tempera- 

tures, an extremely rich plankton developed1 Other factors taken 

into account excluded such matters as pH, the nutrient cycle, 

etc. A very extensive literature could be cited on the 14-P ratiq 
sources of fertilization in a natural water, the cycle of organ- 

isms, blooms and other pertinent matters. The reader is refer- 

red to standard texts (2,3 4) for some such inntters. Neverthe- 
less, observations over a long perio'.I of time have substantiated 
the restrictive effects of silt, especially silt which settles 
out readiJy when the water is stilled. 

General Effects of Silt 

There has been a great amount of interest in silt of all 

sorts as a factor in reducing stream and lake productivity in the 
Pacific Northwest, Some of the interest has centered on light 

reduction as affecting algal plankton production. Some of it has 

centered on blanketing of fish spawning beds and the destruction 
of eggs. And some of it has centered on chemical changes pro- 
duced in the waters affected. There has been far too little ex- 
perimental work in the field and in the laboratory, for a really 
good story. 

Since silting from natural erosion antedates man, a general 
summary regarding it is in order. At the base of the productivi- 
ty pyramid is bacterial action. Most of this is independent of 
light, much of it indepenuent of oxygen1 Barring toxic substanc- 
es in silt, bacterial activity is continuously tending towards 
mineralizing any organic part of the silt — leaves, dead organ- 
isms - and producing a stabla bottom deposit. That silt is de- 

position often exceeds the rate of this bacterial function is 
self evident. 

There are many proto7oa, rotifers, worms and other organisrt 
at the mud-water interface which feed on both bacteria and organ- 
ic debris, and likewise independent of light and oxyffen. It 

seems this independence of oxygen is a not general- 
ly recocnized, but it soon becomes apparent to a student of the 
mud—water interface. The activitios of these higher organisms 
also tend toward stabili?ation. 

With regard to chlorophyll containing forms — chlorophycean 
algae, diatoms, attached algae - the effects of silt are several, 
moscly bad. Light is diminished, and whije many algae require 
very little light for photosynthesis, productivity is diminished, 
Many algae are carried to the bottom by adsorbed silt, and there 
buried. Attached algae are buried, or torn loose by mechanical 
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action. But it requires an intensive "standing" by water borne 
silt to scour a rock free of a coating of diatoms; Coseinodis- 
cus wil] readily attach to sand particles which are in susoen- 
sion, while species of at times form a blanket over a 
bottom of mud. 

Si1t also sharply diminishes populations of attached but 
not emergent green higher plants. This is especially true of 
Charales, Potamogeton and like plants. Emergent 
plants are not too greatly affected. Erustaceans such as flap— 

hnia or ostracods, small shellfish, snails, insect larvae arid 

fish are quite adversely affected. 

The_White_River Studies 

With this background in mind, and with the Ficture of the 
White River situation above IridianapoLi s, axial ysos of the plank- 
ton content of White stations below Indianapolis were be- 
gun in 1956. Monthly samples were collected by personnel of the 
State Board of Health, and a liter tal:en from the thread of the 
stream (which insured a well mixerl sample) was fixed by adding 
5% forma]in. After standing until sedimented, the supernatant 
was decanted, and the organisms wore identified and counted by 
the drop method. 

The data is too extensive for more than summarization in 
this paper. factors included river stage, turbidity, 
temperature, pH, methyl orange alkalinity, total iron, chlorides, 
fluorides, sulfates, phosphates (ortho), form counts, and 
other 

It was noted that increased turbidity mLant a jump in the 
coliform count. Uresumnbly the count of bscteria also 
went up. But Sphaerotilus strands invariably diiiinished in the 
sunpies. Despite a usual large quant;tty of sulfatEs, sulfur 
bacteria were alnost never found, especially in heavily silted 
samples. Recognizable bacteria in the samples, and as deter— 
mined by the State Board of Health, seemed independent of tern— 
pr?rature. 

If the water was clear, there was always a fairly large 
species number, regardless ol temperature. But larger popu- 
lations were found at higher temperatures. Thus at Elliston, 
on October 1956, the river a turbidity of 33 p.p.m. 
and contained in excess of 50 species ef identified microbiota 
distributed as follows: 

Blue green algae 2 species 72,000 per liter 

Volvocales 3+ " 529,000 
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Other green algae i9i- species per liter 
5+ U 1.2,1*2, ()L0 U 

EurlenonPyc?ac 11 1- 1,424,000 " 

Chi-yrophycean 2 " ft 

Cryptopllyce'le 1 160,000 

Ciliates 2+ 7,000 

Rotifers 2+ ?50 it 

The sediment in this sample was green and the turbidity was 
largely due to plankton. The picture might be termed typical for 
a low, clear water stage with reJatively high temperature. A 
population of 37459 plankter per ml, is not unusual for well fe- 
rtilized (eutrophic) rivers under such circumstances especial- 
ly when the greater part in due to very small Chlorophycnae such 
as Chlorello, SeJ.enastrum, nedesmus and allied genera, and to 
the usual summer bloom of the diatom Cyclotella. There is ac- 
tually no indication of stream condition at this poirt other 
than its fertility. The large number of Lugloitephyccac is due 
principally to E. piscifoi'rnis which indicates recent 
organic enrichment. 

The above analysis could be repeated many times for the 
White when clear. However, 1957 was a year when precipi- 
tation was up about lb inches (13.01) above the normal of about 
40 Inches. In conset4uence, many of the samples were heavily sil- 
ted, and analysis was difficult. When silt is heavy, many or- 

be found. Euglena is usually a round ball, often 
closely invested by slit, undoubtedly held by the muccid secre- 
tion of the organism. A few species, rufesccns, 

examples seen unaffectod, but their numbers 
are lower. for example of the effects of silt produced by 
heavy raiqs the following data nay be cited: 

Sjiencor 
Date: 3e7_57 
Turbidity: 113 110 

Species No.per ml. Species No. per ml. 

Rotifers 0 0 1 1 

Copepods 0 0 1 1 

Blue green algae 0 0 0 0 
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Species No.per ml. Species No. per ml. 

Volvocales 1 10 1 27 

Chiorophyceac 2 ôt 3 519 

Diatoms 4 t9 5 1000 

Chrysophyceae 2 21 2 272 

Euglenophyceae 0 0 3 34 

Dinoflagcllatcs 0 0 1 1 

Totals 9 17 1t55 

The Spencer sample, taken iii March, has a much lniger poru— 
lation despite its loiter temperiture. The Spencer sample for 
April had a turbidity of 550 p p m, and no crganisma all were 
found in the rriaterial. Similar high turbidity samples produced 
about the sane regardless of the time or year when taken. 
Of course dilution enters the picture; the river stage in March 
'was 5,09 and in April was at Spencer. That it is slJt 
however, and not dilution, is indicated by the Licking re- 
sults. 

s 

Table I shows results obtained by using six silt types to 

carry organisms out of suspension. A dense bloom of Golenkinia 
radiata, and E. pjsciformis from a sewage la- 
goon was added to the top of a column of seven Jiters of nechlor- 
mated tap water. They formed a Jayer about three inches deep, 

since the culture was about 250C and the tar water 200C. After 
the bloom had stabilized, about three minutes, the silting ag- 
eiit was poured in, gently. tie bloom was irnriediatelv dispersed 
downward and usually the top three inches cleared up within 20 
minutes. 
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TABLE I 

EFFICIENCY OF PHYSICAL AGENTS IN 
HAD lATh, EUGLENA POLIIIORP1JA 1\ND 

E. PIGUIFOJiMIS FMUM A 5 FOOT 

Population, top 
3 inches, per ml. 

Time Time 
For Bus— For 
pensoid Suspen— 

Physical Agent initial to old 
Dosing rate, at After After Reach to 

1000 p p m Time cf 20 24 Bottom. Clear. 
Dosing Minutes Einutes 

Sand, 200-210 u 1 3 5 120 

Sand, 74-340 U p4000 6 8 

Saud, C74u 100 10 igo 

Muck 5800 22 32 3 24 hr's. 

Clay, dried ]4160 0 14 4 24 hr's. 

(settles fast) 
Clay, nut dried 107000 30 30 

(settleu very poorly) 

*Golenldijia not counted, only the two Eiiglena soecies. 
did not clear up well. 

At this time the population remaining at the top count- 
ed. This varied from 0 to 180 per ml. with usually 
about 2—3 times as many Golenkini, althcugh the latter were 
not counted, There were 7 liters in the tube t 300 ml., and if 
the Euglena population had been evenly dispersed after adding 
the silt, each ml would have contained 1200, for three sizes 
of sand; 83 per ml. for the muck; 202 for the dried clay; and 
1530 per ml. for the undried clay. Evidently all six classes 
of silting materials were highly efficient in carrying down the 
Euglena species. The muck was least efficient, removing about 

the population. The smallest sand size was next least 
efficient removing about 20 Euglenas to every three left sus- 
petided. It must be noted that thnse sand particles are litt] e 
larger at maximum, and much smaller at minimum the Euglenas 
and that they do not readily agglutinate about the Englenas as 
do the other materials. The wet clay, on the other hand does 
so agglutinate, and this cluy left only one Riglena at the top 
for each 510 it carried down. 
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Euglena has a Inechaiti sin for hycfrosiatic in its 
flagellum. Also, it is positively phototropic, and there a 
light above the tube in which these experiments were carried 
out. Nevertheless there very Jittlo recimery of the top 
populations at the end of hours. Evidently the silt remo- 
val mechanism is quite efficient. It i. not inherently toxic, 
because bloom populations added gently abuje the';e materials 
show no decrease in 24 hours. Apparently it is burial in the 
silt which is ruinous, And yet there is enough plarktoii left 
for seed, so that alter a reproducti on period, the 
organisms again thrive. 

and Radiui 

Several workers have tie 
tiori and adsorption of rndioactive isotopes by 
Yet little has been done to determine what to these or- 
ganisms and radioactive isotopes resulting from the action of 
non—living turbidity ii' rivers and streams. In it is 
felt that the flora and fauna of a stream remove: most of the 
trace elements, whether radioactive or not. It also he 
shown that the turbidity removes an appreciable quantity of 
radioactivity both by adsorption and by physically removing the 
stream's micro-population. 

To give support to the above ideas laboratory investiga— 
tions were initiated. these experiments do not duplicate 
stream conditions they do offer sound evidence regarding the 
removal of these dissolved :adioactivo compounds. 

Five types of turbi.ditycausing material were used. These 
are as follows: 1. Muck, 2. Silt, 3. Clay, 4.. Fuller's earth, 
and silt. Muck was collected from a rich deposit in a low bor— 
gy area. The muck was suspunded in water and the sand removed 
by settling. The ancentration of solids was determined and 
acpropriate dilut: as were mode. Silt was collected from the 
bottom of a stream and the send removed as for muck, Fuller's 
earth was the usual grade rcagent. 

The silica sand used in these experiments cnntaincd very 
little foreign matter. This sand was ground and then screened 
to obtain the desired size., 

Clay was obtained from erie of the phosphate mines in the 
vicinity of Partow, Florida. This clay was relatively iron 
free. The particle size was extremely smail which was appar- 
ent frori its slow settling fate. 

Known concentrations of these 5 media were prepared by dil- 
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ution. To each of the £]asftn was added a known amount of radio- 
isotope. The flasks were shaken at given intervals to give max- 
imum contact, 

The uptake of the radioisotopes was determined by measuring 
the activity of the dissolved isotope before the experiment and 
measuring the activity remaining removal of the suspension, 
This removal was accomplished by filtering the mixture through 
a fiber glass mat, 

Results are presented in Tables II, Ill, IV and V. 

The results in these 4 tables generally indicate that Cesi- 
um and Iron are most readily removed by adsorption. The two ex— 
captions to this are muck and silt which more readily remove Ur- 
anium. It is generally accepted that Uranium is adsorbed on the 
surface of most yeasts and fungi causing doath of the organisms p 

This phenomenom can be explained very easily since Uranium blo- 
cks the respiratory enzymes as most heavy metals do, 

Silica sand is shown to have less ion exchange capacity 
than Fuller's earth. Even sand with a diameter of less than 47 
microns has negligible ion exchange capacity. 

Discussion 

There seems little doubt the silt load of many 01' our ri- 
vers is increasing. In virgin territory natural erosion is sub- 
ject to constant check from a natural. arid ever increasing cover 
of vegetation. Even in arid regions which ore not increasingly 
so, natural checks to erosion tend to increase. But wherever 
man moves in,the tendency is to rcmove the cover of vegetntion, 
and at times to add other means of silt and sediment production. 
Mining operations in a stream are a case in point. H.P. Ward 
in 1938 (9) published & paner on placer mining in the Rogue Riv- 
er of Oregon which was only slightly incriminatory of the prac- 
tice, experiments of Reed in the same paper were certainly 
inconclusive, and it seems quite logica] to disagree with most 
of' the conclusions in the whole paper. Certainly those pertain- 
ing to the microbiota are open to question. The whole weii':htof 
evidence from the works of Knight (10), Elli s (1].), Kemp (J 2), 
Wallin (13): and various others, while mainly directed at the 
effects of physical agents on fishes, indicates that silt and 
physical agents are of a pollutional nature. There are some as- 
pects of turbidity which indicate the picture is not altogether 
dark (no pun intended). These are that some organisms at the 
first trophic leve] live and thrive St the mud—water interface; 
that silt applied at a rate of lOGO p.p.m. still leaves a seed- 
ing of microorganisms in surface waters; and that there is an 
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increase in mineral nutrients (14) from freshly brought in silt. 
There is also the work of Wallin (13) and Cole (15) to show that clay and wood fiber concentrations have to be very high to in- 
jure fishes, These studies led Eartach (16) to conclude "it seems unlikely that. natural turhidities will be directly lethal 

The Proceedings of the Fifth—Svuiposium_Pricific Northwest on Siltation - Its Sources and Lffectc on the Aquatic Environ- ment (14), arid flartsch's paper are particularly valuable as overall considerations of' the sedirnant prob]ein, is es- pecially needed now is direct experimental work on tije long time effects of silt on microhiota and on changing the nature of bottoms especially behind impounding dams. We also need long time studies on the effects of pulp and paper sedi- ments on microbiota. It can hardly be argued that the Increas- ed numbers of oli.gochaetes in pulp deposits indicate a healthy 
condition. They rather represent a survival of the most adap- table. We also need studies on the pros and cons of large plank- ton populations since the adverse effects of many kinds of blooms are coming to be known, 

In most streams light extinction is not a problem to the 
plankton, because current action keepr them moving, and at least part of the time they are exposed to light. Therefore a main difficulty of plankton organisms is being carried to the bot- tom and buried. Other difficulties are abrasive action, deple- tion of oxygen by silt, toxic chemical effects of the incoming sediment, and an upset of the nutrient ratio, as a sudden in— flux of P01- containing sediment so that instead of a possible 
20 to 1 NO3- P01 ratio, it hecozues 1 to 1 or some such propor- tion. 

Light extinction becomes of great importance to benthic photosynthetic organisms, and such extinction may result from silt or from a dense plankton bloom. This in turn affects the food crop of other bottom dwellers, so that even if the dangers cited above are not present, there may still be indirect ad- verse effects. 

With regard to elimination of radioactive substances, it seems probable that here at least there are some advantages in turbidity, at least for silt or earthy sediments, This arises from an ability to settle out radioactive adsai'hcd substances; and the settling out effect on plankton which itself has taken up Once a radioactive substance has bren incor— into bottom mud, it is "out. of circu]ati on. il may decay there, be tightly bound, or sink den1.er into the mud, pos- sibly simply as a result of continued sedimentation. At any rate a highly turbid stream tends to be a decontaminative one, either by dispersal or by the above processes, 
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TABLE II 
ADSORFTION Dli' R1tDIJACTI1JF1 ISOTOHL3 DY MIJCK 

Adsorhec! AcLivity. 

Contact Time 
Isotope Cone, of 
and Isotope 

- — 3 days - 

13,071 23 111 

FeS9C13 114,942 292 571 108 

243,902 20 75 58 

Ce141C13 250,000 54 46 

w±63ci2 15,145 16 24 20 

.IABLE 

RADIOACTIVE ISOTUPES BY FARTII 

Ac! s 

Contact Time 
Isotope Cone, of 
and Isotope 

Chemical Form __puc/1 I day 3 days 6 days 

13,071 81 122 79 

Fe59C13 114,942 1,320 1,291 

Cs137C1 243,904 146 158 142 

Ce'41C13 250,000 97 74 

15,145 13 25 18 



0 'Q P ES BY C lAY 

Adsorbod kctivitv in 

Contact Time 
Isotope Cone. of 

and I?otc'pe 
C hemi cal Form 1 day 

13,071 53 35 63 

Fe-'9013 435 

Cs137C1 150 1560 lidS 

Ce141C13 250,000 59 647 695 

15,11i5 7.5 23.9 

V 

THE ADSORPTION OF BY SAND AND SiLT 

Particle Solid U0 (C H 0 ) Adsorbed-" 
Adsorptive Size ConcenLratton Activity 

i4edium Microns mg/mi uuc/nü uuc/mg 

Sand 1 200-210 1 152 47 

Sand 2 47-147 1 152 55 

Sandj 1 152 66 

Silt unknown 0,50 152 192 

*Contact time of 6 hours. 
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EVALUATION OF SCALE-PIT PERFOEI4PNCE 

Pr. R. P. Hoak 
Mr.. H. C. Eramer 

Inorganic suspended matter in waste water is considered by 
regulatory agcncies to be a major stream pollutant. In 
consequence, many states have imposed upon the 
discha;ge of such material. These regulations differ widely, 
primarily because there is no quanti.tative basis for 
evaluating the effects of suspended solids on water quality. 

It has been claimed quite pronerly that suspended solids 
cause by stream channels. But streams are 
obviously ovsrloaded where such conditions occur, and it is 
improper to infer that 1' is therefore essential to remove 
suspended matter almost completely from waste water. Where 
limitations have been placed upon suspended solids in industrial 
wastes it has become customary to ignore the presence of natural 
silt, Thus effluent standards govern gross, rather than net, 
discharge; they take no account of suspended solids entering 
industrial plants in the raw water supply. 

A recent statistical study Cl) of data on suspended 
sediment showed a good correlation between loads and discharge 
rates for a number of rivers in the Middle Atlantic States. 
There was also a good correlation between mean load and 
drainage area, even though the physiography of the several 
drainage bSSiiks differed considerably. For example, the mean 
load at Sewickley, just below Fittsburgh on the Ohio river, was 
4340 tons/day and at Mound City, Illinois, 950 miles downstream, 
the mean load was l2g,600 tons/day. The relative proportions 
of these lqads that were natural, industrial and municipal was 
not known, hut bhe close dorrelation between loads and discharge 
rates that most cf the sediment had a natural source. 

It pometimes assarneci that suspended solids, whether 
of naturaPor jpdustrial. origin, will eventually settle in 
streams. Pqt fl4s cannot really be true; if it were, stream 
channe4.s wqi44 ke choked with sediment. Among students of 

it. js customary to different5ate the bed- 
the suspended load. Bed—flffiterial flows 

alongflrflm bottoms, but more or less of it Oan become 
suspended sediment, depending upon channel copfiguration and 
water velocity, Suspended particles do settle in water at 
rates dependent upon their size and density, and upon the 
physical condition of the stream. But much of the settled 
material apparently does not stay where it drops to the stream 
bed; it flows at a rate governed by the stream itself and 
eventually reaches the ocean. 
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These considerations are important to the steel industry, which has to cohted with a large amount of waterhorne suspeticled solids, The pr±ncipal Sources are blast furnace gas—washer water and rolling mill flume water, These settleable solids are in general recovered effectively in various kinds of sedimentation equipment. 

Dust 

Where questions arise about appropriate control of a specific stream pollutant, it is elementary that sound conclusions cannot he reached without fairly definite knowledge of the amount, caearacterjstics, and effects of the material to be controlled, Mitigation of the effects of suspended solids has been a concern of the Ohio River Valley tvater Sanitation Commission(onsAwcO) for a number of years, The Steel Industry Action Committee, which was formed to co—operate with the Commission in developing satisfactory methods, assigned the subject to a sub—committee for thorough study, 

The srttleable Solids Sub—committee decided to approach the problem on a factual basis by making an Inventory of the sources and amounts of settleable material, and of the methods being used to keep It from flowing into streams, This inventory would provide a measure of the efficiency of current recovery practices and would guide the sub—committee in undertaking further investigations. A flue dust survey was made first, to be followed by one on mill scale. 

A with detailed instructions on sampling and analysis, was sent to the 23 mills in the region under the jurisdiction of ORSitNCO. The results (2) disclosed a wide variation in the amount of dust made and the efficiency of the kinds of equipment installed to recover it. was not unexpected in view of the many factors that influence dust production and its capture. hut the survey showed that the industry was doing a quite respectable job in spite of inherent difficulties, The average production of dust was 208 lb/ton of pig iron, but only 10 lb/ton was discharged to streams, 

Relatively little Information about effects on water quality is conveyed by the fact that the steel industry recovers an average of 95 per cent of the dust it produces, It is instructive, however, to examine what this means in relation to the natural siilt load, At Bellaire, Ohio, which is immediately below the Pittsburgh_Youngstown district, the mean silt load Is 7170 tons/day. (1) The median of wet dust at capacity operation of the steel industry is 40 tons per day and the median recovery of wet dust is 93,5 per cent, Thus all the mills above Bellaire discharge only about tons 
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of wet dust per day or only about 0.04 per cent of the mean 
silt load. It may be objected that the mean silt load is not 
a proper criterion and that the comparison ought to be made 
against the load at low stream flow. The silt load that may 
be expected at Beilaire five per cent of the time is 200 tons! 
day, and wet flue du8t wotld then be 1.3 per cent of the total. 

The performance of the steel industry in keeping wet flue 
dust out of streams would appear to be wholly satisfactory in 
terms of the natural silt load. But there are not yet any 
acceptable quantitative methods for evaluation of the actual 
effects on water quality of even a small discharge of flue 
dust. In order to define this influence it will be necessary 
to consider photosynthetic and physico-chemical effects, 
particle—size distribution, settleability under stream 
conditions, and esthetic values. Quantification of these 
factors will require extensive research in both laboratory and 
field, but a start has been made and it may be anticipated that 
most of the questions will eventually be resolved. 

Mill Scale Recoverx 

Mill scale is equivalent to high-grade iron ore and it 
is recovered as completely as possible forreworking. 
Evaluation of mill—scale practice, however, presents a different 
and more difficult problem than was faced in the flue—dust 
survey. 

Scale is flushed into a flume under a rolling mill and 
floww to a scale pit. These pitL ere of various shapes and 

and there is usually one for each roll stand. Thus 
there are many more scale pits than flue—dust clarifiers. 
Scale particles range in size from an inch or more in breadth 
to a micron or less, Roughly 90 per cent of the scale particles 
settle rapidly in water, and recovery of this portion of the 
total is not a problem. The 10 per cent that settles slowly 
is difficult to remove in typical scale pits, and opinion is 
divided over the necessity or desirability of removing some 
proportion of this finely divided material, 

Scale is not uniformly distributed in flume water; the 
heavier particles flow along the bottom of the flume and only 

finer particles are actually suspended. For this reason 
it is impossible to collect representative samples of the 
influent to a pit7 and efficiency cannot be measured directly. 
Since heavy parttclea settle rapidly, an approach to evaluation 
of pit performance was made by measuring the efficiency of 
removal of particles that would normally be suspended in the 
flume water. Particle—size distribution analyses were made 
upon many influent and effluent samples from a number of scale 
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pits, but the results were too erratic to rrovide dependable 
criterion of pit efliciency. 

Settling rates of solids were measured during 
the study of flue-dust clarifiers as a guide to removals of 
solids to he expected in terms of equivalent quiescent settling 
times. Suspensions were allowed to settle in liter beakers for 
a series of time intervals, a 250-ml portion was withdrawn 
from the midpoint of the beaker, and solids remaining in 
suspension were determined according to Standard Methods. (3) 
This technique apjeared to offer a means for evaluating scale— 
pit performance. 

different sedimentation units of various types arid 
sizes were sampled as follows. Infliient samplse ml) were 
taken every 20 minutes over an eight—hour period and composited. 
Effluent samples (175 ml) were similarly composited. Settling 
rates were measured on influent composites at settling times of 
5, 10, 15, 30 and 60 minutes. Total suspended uolids were 
determined on composites. A plot of the settling data 
yielded straight lines characteristic of the suspended particles. 
If a line were extended to its intercept wi th the ordinate 
representing the concentration of suspended solids in the pit 
effluent, a corresponding time cculd be read on the abscissa. 
This figure might be assumed to represent the settling time that 
would have resulted in the effluent concentration actually found, 
if the settling had been These figures, obtained 
graphically, were at first called ireqilivalent quiescent settling 
times," but the extreme extrapolation of experimental data that 
was required did not ,iustifythe usa of this term. Nevertheless, 
these derived figures found to he chars istic of the 
performance of actual scale pits and they were therefore 

Sedimentation Index, Tyoical curves are shown in 
Figure 1; data are given in Tables 1 and 2. 

Table 1 

Quuc scent Settl 
NSSin ppm — 

Basin 5_mm 15 mm 30 rein 60 mm Influent Effluent 

A 73 53 44. 1120 155 
B — 6? 22 g73 191 
C 14.7 73 50. 3060 267 
D - — 105 

Rbte: nonsettleahle TUS total suspended solids 
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Table 2 

Effluent Concentrations vs. 

scent Se tti 
Dimensions ,_ ft Theoreti cal Sedimentati on 

Basin mm 

A 50 8 10 7.2 0.06 
B 35 9 l8 8.5 0.10 
C 69.75 12 17.5 12.6 0.19 
I) - 9Odiam 46.0 

Designers of sedimentation basins take grea.t pains to 
dissipate turbulence and thereby approximate quiescent settling. 
But the liquid in scale pits is quite turbulent, and this 
cbndition appeared to explain the extremely short quiescent 
settling times suggested by the data. If this were so, there 
should be a relationship between the energy of turbulence and 
settling rate. 

A Laboratory Approach to the Problem 

There is no dependable instrument for direct measurement 
of turbulence, hut there is an obvious relationship between 
turbulence and the rate of mechanical agitation. A study of 
settling rate versus mixing rate was made as follows. A 
one—liter beaker was fitted with a glass stopcock 6 cm above 
the bottom. A liter of water filled the beaker to a depth of 
12 an. A flat—blade impeller, 19 x 25 mm, was centered in the 

with the long dimension horizontal. A speed indicator 
was attached to the stirrer shaft. One—liter suspensions of 
—320 mesh powder in tap w3ter were poured into the 
beaker with the stirrer running at a definite constant speed. 
At the end of a series of pre—determined retention times, 250—mi 
portions were withdrawn through the stopcock and analyzed for 
total suspended solids. The data are given in Table 3. 

Table 3 

Soil ds Remal i 0 fl, 

Retention — Stirrer 
mm 0 33 100 134 

5 241 320 346 411 437 
10 8]. 120 180 189 212 225 
15 54 102 118 164. 184 189 
30 45 72 98 83 88 118 
60 40 64 66 57 69 94 



It will 'bi' noted tIt;it t lie conceiit.r3t inn of suspended 
solids decreased with Increased on time , even wien 
the suspension s quite t'n"buleiit . At rpm , fsr 
the concentration fell 79 per cent in an hour. The time 
required for the concentration to fall to a specified value, 
with no sti rring, was defined as the Sedimentati on Index, SI. 
If the concentrntiofl of solids remaining in suspension is a 
function of the logarithm of the settling time, the relation 

can be expressed as 

A Dx 
where 

yr Concentration of solids in suspension, ppm 

Leg ci settling time, nd-n 

The data P0]' zero stirrer speed in Table 13 are plotted 

in Figure 2. By the method of least squares, the equation ci 

the line is 

132,4 — 56.lx 

Sedimentation indvxes were computed from the data in 
Table 3, using Equation (1), with the results shown in Table 
4. 

LIble 4 

Sedimentation Index 

Retention 

____________________________________ 

mm 0 33 b7_ 100 134 167 
-2 -4 —4 —5 -6 

5 5 1.l6xlo 4.53x10 l.56x10 1,O8xlC) 3.72x10 
—2 —2 -2 

10 10 1.66 0,142 9,8x10 3.81x10 2.2hxlO 
—2 

15 15 3.48 1A1 0.274 0.120 9.8x10 

30 30 12.0 4.1 7.6 6,2 

60 60 16.5 15.3 22,1 13.5 

Reynold's number is a criterion of turbulenee. in the 
above study, if the superficial linear velocity of the liquii 
is assumed to be the stirrer speed multiplied by the 
circumference of the circle describing the vertical center 
of gravity of the liquid, and the hydraulic radius is used 
iristeal of the beaker diameter, heynoid's number can be 
calculated from the expression 



57. 

Re .4 rnv0o/4 
where 

Re Reynold's number (dimensionless) 

v Superficial linear velocity, ft/sec 

in Hydraulic radius, ft 

4 = Fluid density, lb/cu ft 

r Fluid viscosity, lb/ft sec 

If the sedimentation index, SI, is a logarithmic function 
of Reynol&s number, Re, and retention time, T, the relation 
can be expressed by 

log SI = log Z / b log I c log Re 

This equation can be solved by of the three— 
variable normal equations, which comprise a standard ctatistical 
technique. Using the data of Table 4, the equation becomes 

log SI — 0.0905 / 2.9226 log T — 0,8542 log Re 
or neSt 

SI = 0.8119 (Range of E: 0.01 to 
100) (2) 

Observed values of SI versus values calculated with 
Equation (2) are plotted in Figure 3, and it may be seen that 
the correlation is fairly good. 

The beaker experiments represent sedimentation on a batch 
basis, but scale pits are continuous—flow 
Sedimentation was therefore studied in a horizontal flume to 
simulate a scale pit that would be long in proportion to its 
length and width. A suspension of 2000 ppm of —320 mesh 
carhorundum powder in tap water was pumped to a 50—ft flume 
(5 in. wide x 4 in. deep) through a quarter—inch pipe suspended 
just above the water surface at the inlet end. A weir at the 
outlet end maintained a 4—inch water depth. Duplicate tests 
were made of the settling rate of the suspension pumped to the 
flume; the data are plotted in Figure 4. 

Runs were made at two different flow rates; limitations 
of pumps prevented operation at a wider range of flows. Samples 
were taken at intervals along the flume by siphoning 500—mi 
pcrtions from just below the water surface. The data are given 
in Table 5. 



Table 5 

Flow Rate, Distance from Inlet, Suspended Solids, 

1 2,38 6 50 
2 2,38 12 12 

3 2,38 18 7 
4 2,38 24 7 
5 2.50 6 40 
6 2.50 12 if 

7 2.50 18 7 
8 2,50 24 7 

9 30 7 

10 2950 36 7 
11 2,50 42 7 

Reynold's numbers were calculated for the data of Table 5, 

using the superficial linear velocity and hydraulic radius of 
the flume. Retention times were computed by dividing volumes 
to sampling points by the volumetric flow rate, and 
sedimentation indexes were read from Figure 4. The data are 
given in Table 6. 

Table 6 

SamS No, Veloci Retenti2flS Re E. m in 

1 2,29 246 1814 7.6 
2 2,29 5.3 1814 30 
3 2,29 7.9 1814 100 
4 2,29 10.5 1814 8.8 

5 2,40 2,5 1900 18.5 
6 2,40 5.0 1900 100 

7 2,40 7,5 1900 100 
8 2.40 10.0 1900 100 

9 12.5 1900 100 
10 2,40 15.0 1°00 100 
II 2,40 17.5 1900 100 

Dcv el P 

The laboratory beaker exneriments indicated that SI is 
a function of the third power of T and the reciprocal of Re 
(rounding the exponents of Equation (2) ). A plot of SI vs 
T3/Re for the data from the flume is shown in Figure 5. It 
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may be seen that there is a functional relationship I:etween 
these parameters even though a range of values of T3/Re 
corresponds to a single value of SI, The only variable not 

taken into account was the distance from the i.nlet to the 

sampling point, L. This variable may be included by 
postulating the function 

log SI — log Z log (T3/Fte) / a log L 

or 
log (SI.Re/T3) log Z a log Z 

Using the data of Table 5, a plot of log (SI Re1F3) vs. 
log L is snown in Figure 6. It may he seen that a direct, 
negative relationship is indicated. The line of best fit 
through the points yields the equation. 

log (SI ' Fte/T3) — 3,60 - 1.49 log L 

Thus log SI is seen to be a function of log L and 
1,5 

SI — T3/Re ' L 
(3) 

* Equation (3) is plotted on log—log co—ordinates in Figure 

7, using the data of Table 5, The slopes of the curve is 1,30 
and therefore 

1.5 1.3 3.9 1.3 1.95 
SI (T3/Re . L ) 

J (T /Re 'L ) (4) 

The negative relationship of length to equivalent quiescent 
settling time seamed incongruous at first sight. The best 
ex'anation seemed to be thut the effects measured in the flume 
were those of the areas available for particle flow—paths in 
vertical and horizontal planes, and not simply those*of linear 
distance. Thus it might be postulated that depth, D, and width, 

should be included in Lquation (4). Then 
1.5 

SI ..LP (T4'/Re * LW ' LD) (5) 

Data from four of ten sedimentation units were given in 
Tables 1 and 2, Data from all ten are given in Table 7 which 
includes retention times, basin geometry, and Reynold's numbers 
calculated for conditions at basin outlets. 
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Table 7 

Sod imentati on ULI in 
Effluent Conen., 

Basin T1 mm Re L, ft 0, ft 'nir 

A (1) 7,2 133000 50.0 10,0 .155 0,06 

H Ci) 35,0 9,0 191 0,10 

C (1) 12,6 96000 43,5 17.5 12,0 267 0.19 
0 (2) 24b00 45,0 70,7 15.5 105 4h,0 

E 1) 17,1+ 4gaoo 34.0 15.0 0.11 

F' 1) 20,5 40.0 24,0 10.0 147 0.07 
G 3) 15,6 15.0 7,5 439 
H 2) 65,3 22900 37.5 5t,9 9,5 51.9 
I (3 33600 12,5 3,75 435 5,7 
J (3 16.1 60400 110.5 12,5 3,13 366 5.2 

Note: scale pits; (2), flue clarifiers; (3) flue dust 
• basins, 

Equation (5) plotted in Figure g, using the data of 

Table 7, and it is calculated for the flume data in Table 

Ui. 

31 Cal C u�t. 
1 
2 30 5.11 x 

3 100 1,12 x 

4 100 . l,97xl04 
5 . 

9,42 x i05 
6 i8.5 
7 100 &49 x 
8 100 . 1.51 x 

9 100 2,36 x 
10 100 3.40 x l0' 
11 100 4.62 

The values for SI are several orders of magnitude smaller 
than would have been predicted by Figure 8. Depth is the 
factor that varied over the greatest range between laboratory 
and plant studies. çffoct was deperrninr:d by plotting the 
function log (SI ' Re LW ' against log 0 for all 
plant and flume data in Figure 9. The slope of the line of 
best fit then became the exponent of B in the expression 
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2.21 . 1.5 . 4. 

D SI Re LD/T (6) 

and thus SI may he represented as 
• 

2 1,5. 
SI-j(T D/Re LW LD) 

A plot of SI versus the new function is shown in Figure 
10 on log—log co-ordinates. The equation of the regressiun line 
is 4. 2 1.5 . . 0.675 

• log 31= 4.1?? L log (T D /Re LW LD) 

or, 
2:67 . 1,33 . . 0.67 

D /Re LW LB (7) 

The correlation coefficient for Equation (7) is 0.832 
and the 99.-per cent confidence limits of the coefficient are 
0.537 and 0,948, indicating a significant degree of correlation. 
The standard error of estimate is DM50. 

Values of SI were calculated from Equation (7) and the 
corresponding concentrations of effluent suspended solids were 
read from the individual settling rate curves. Calculated 
values are compared with observed values in Table 9. 

Table 9 

Calculated a Observed of SI 

Basin or Fffl. Concn., Effl. Concn., 
SI, mm 31. _ppm —- 

A 0.06 155 0,11 145 
B 0,10 191 0.23 170 
C 0.19 267 0.74 215 
B 46.0 105 217. 75 

0.11 743 570 
F 0.07 11+7 3.24 70 
U 439 0,52 660 
H 51,9 208 122 89 
I 5•7 435 4,42 
J 5.2 366 0033 
1 7.6 50 8.4 43 
2 30 12 22.7 13 

3 100 7 38.6 10 
4 100 7 56,8 8 
5 848 40 7,2 55 
6 18.5 16 18.4 16 

7 100 7 10 
8 100 7 47.1 9 
9 100 7 63.9 8 

10 100 7 82.,? 8 
11 100 7 100..5 7 
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The calculated arid observed values of effluent 
concentrations are plotted in Figure 11. It. is apparent that 
the values from the flume agree better than those from mill 
installations, This probably results from the fact that it is 

easier to tet representative samples from the flume, where 
volumes are small and feeds are constant, 

Calculated and observed effluent concentrations for plant 
equipment are plotted in Figure 12, The 90—per cent confidence 
limits about mean effluent concentrations are shown for a 
sample size of 42 from extensive sampling work at three scale 
pits and three flue-dust clarifiers. It may he seen that only 
two of the cal.cusated values fall substantially outside these 
limits. On the other hand, where 90—per cent confidence liSits 
are calculated, it may be anticipated that at least one out of 
ten values will fall outside the limits. Thus it may be 
concluded that the empirical equation will yield results that 
are as reliable as an actual sampling survey, 

r!ra ct i cal Use of 

Equation (?) would be rather awkward for practical use. 
It was therefore converted to a simpler form for a rectangular 
pit with inlet at one end and cutlet at the other, and for 
water at norma' temperature. 

1.33 2 , 3,33 3.67 (P) 
SI 2.426 L W D • (2D L 

where 
Sedimentation index, mm 

L Effective pit length, ft. 
W e Effective pit width, ft 
D = Effectivc pit depth, ft 
Q = Water rate, cim 

Using Basin A ofTable 1 as aspecific where 
L = 50, U 10, B and Q 55?, Equation gives SI 
0.096 mm. A settling—rate curve for the influent to the pit 
during a sampling run is shown in Figure 13 as 2urve 1. The 
sedimentation index from Equation when projected to Curve 1 
shows that the effluent concentration should he 147 ppm,: 

If the water rate through the pit were reduced, the 
concentration of scale particles would increase proportionately, 
but the lower flow rate should decrease turbulence in the pit 
and therehyimprove the settling rate of the particles, If 
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water rate were reduced to 500 elm the settling rate 
approximate that of Curve 2 in Figure 13. From Equation (8), 
SI would be 0,153 mm, equivalent to an effluent concentration 
of 153 ppm as read from Curve 2. II the water rate were 
halved the settling rate would correspond to Curve 3. For a 
flow rate of 279 cfm, Equation (8) nn SI of 1324 mm, 
equivalent to an effluent concentration of 198 ppm. 

At first glance it would appear that pit performance 
becomes poorer as the water rate is reduced, It is true that 
the concentration of solids in the effluent would increase, 
but the weight of solids discharged would decreases At 147 ppm 
and 557 cim the scale loss would he about 3.7 tons/day, but at 
198 ppm and 279 cfm the loss would he 2.5 tons/day. 

If the length of the pit were increased to 75 and 100 ft, 
with all other factors unchanged, SI would become and 
0.244, as. read from curve 1, corresDonding respectively to 137 
and 130 ppm. Making the pit substantially longer would thus 
have only a slight effect in improving performance. 

If the width were increased to 15 and 20 It, with all other 
factors unchanged, SI would become 0.258, corresponding 
respectively to 129 and 115 ppm. 'Widening the pit would thus 
have a greater effect than lengthening it. 

If the depth were increased to 12 ft, with other factors 
unchanged, SI would become 0.486, corresponding to 117 ppm. 
Of more practical interest is a reduction in depth, 
co-'esponding to the accumulation of scale. 111 the depth were 
reduced to 6 and 4 ft, SI would become 030315 and 0.0067, 
corresponding respectively to 168 and 198 ppm. This illustrates 
the effect on performance as scale builds up in a pit and 
indicates the importance of frequent cleaning. 

An empirical equation has been developed from laboratory 
and field data for predicting the performance of scule pits in 
recovering finely divided material, The reliability of the 
equation is by the range it covers. It may be 
possible to refine the equation somewhat as more data become 
available, but it is not likely that it will ncr he practical 
to evaluate scale—pit performance precisely. 

The empirical equation has segeral advantages. Its use 
will greatly simplify surveys of scale—pJ.t performance because 
it will be necessary only to collect settling rate data on 
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influerits and cii culate sedimentation indexes from available 
physical data. It will allow an opentor to schedule pit 
dredging on the basis of efficiency in terms of the depth of 
scale deposited. It will provide a basis for designing new 
pits from reasonably predictable figures for the settling rate 
of scale from new rolling By the same token, it will 

serve as a guide to exclusion of desjgn features that will. 

he conducive to inefficient pit operation. If the equation 
proves out with additional mill and laboratory data it wILL 
repre3ent a real advance in the technology of mill—scale 
recovery. 
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I 

The purpose of this research contract was to study the pio— 
cesses 01 anaerobic of sewage in the presence of ra— 
dioactive wastes, to suudy their effects on sewage treatment 
plant operation, to establish the distribution of radioactivity 
in digested sludge, to safeguard personnel in sewage trestmoitt 
plants from radiation hazards and to provide information of va- 
lue in establishing tolerance limits for the final disposal of 
liquid radioactive wastes in accordance with the allowable con- 
centrations of radioactive materials which may enter streams, 

It was necessary to establish the levfls at which radioac- 
materials, such as radiophosphorus and radioiodine 

(1J)l) as discharged to sewerage systems, would exert injurious 
effects on the digestion process. It was also of intorest to 
determine the degree to which the liquid and solid phases in a 
sludge digeater would concentrate radioactivity and how much ac- 
tivity may escape into the atmosphere. 

It was riot to be expected that the anaerobic deccmvosition 
of sewage solids (sewage sludge) would lead itself to the high 
dcg to of treatment or decontaminatiorl required of r:tdioactive 
wastes to meet the present standards. (1) It is known that a dose 
in excess of 1,0(30 roentgens is ly to 
bacteria (2), therefore sterilization of the bio]odcnl 3vntems 
in sludge at normal levels of activity was not expected. How- 
ever, significant effects might result when high concentrations 
of radioactive isotopes become mixed with sewage sludge. 

In a heteroreneous system such as anaerobic seware sludre, it is difficult to predict the effects due to radioactivity be- 
cause sludge composition and microbiological population are not 
yet fully understood. Since day to day variations in flow and 
character of sewage or wastes entering the disposal plant are a 
routine occurrence, but must nevertheless be treated to n rea- 
sonably uniform effluent quality, it was essential to establish 
the concentrations at which radioactive materials would interfere 
with the treatment plant operation. Anaerobic digestion arid 
sludge disposal facilities may represent 50% of capital invest— 



merit in lAir Liii corn, hun rL ton fruri to 33 er Cu nt of t hn ijfl.- flU] :A.cIget (3). flrcau&p of ti] o heavy invt:rtmenjl- in on and its j in the tj'r it 'mr of flrti cu— br vu] ue to invostigate the I ni JrOCn Es iu.dcr vflr'yinr OiPrzitiriF CtJflCitiOhS, 
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SpecificaiJy, these investigations evaluated the effects of 
radioisotope concentrations on the anaerobic digestion of sew- 
age sludge and the action and fate of these radioisotopes after 
digestion by a number of qualitative and quantitative parame- 
ters, including: 

(1) Quantitative measurement of gas production (in terms 
of liters of gas produced daily, corrected to stan- 
dard temperature and pressure for cumulative vn I ues; 
total gas prothiction based on mIs/gram of volati].e 
matter added; mid total gas produced in terms of cu 
ft/lb of volatile matter destroyed. 

(2) riualitative mnasurexnent of gas production (CO,, CU11, 
N2, etc.) by means of chromatographic gas z:naTysis. 

(3) The rate of gas production, expressed in termd of R, 

the velocity parameter of a first-order type of roac- 
tion 

(4) The ultimate gas production, evpressed in terms of L, 

(5) Analysis of the autocatalytic nature of the anaerobic 
digestion reaction by means of' the lag—phase, expres- 
sed in terms of t 

(6) The rate of volatile riiatter reduction (for correlation 
with rate of gas production and results from electri- 
cal conductivity 

(7) Analysis of the unit volumes of gas produced per unit 
weight of volati]e matter destroyed (cu ft gas/lb of 
V.M.) as an additional parameter to measure the ef- 
fect of radioactivity on digestion. 

Examination of the p1! of the sludge, recorded ccntin- 
to rueasiii'e the progress of digestion and to 

compare radioactive sludges with their corresponding 
controls. 

(9) Maintenance of a constant incubation temperature and 
recording it continuously during the fermentation pro- 
cess to monitor any temperature changes. 

(10) Measurement of oxidation reduction potential (to es- 
tablish the reactivity of the anaerobic system with 
and without the presence of radioactive contaminants 
and also to gain additional information on the pro- 
cesses underlying the fermentation), 

(11) Determination of electrolytic conductivity, especial— 
ly to follow the progress of total arid dissolved so- 
lids in an effort to examine the effect of solids 
breakdown in the presence of radioactive material. 
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Additional r4utei'riirnti on the charact crt:t los of a and 
di oc C L d nluch:n , gas arid liquor, vol-it I Jo aid v''cd'ict i on and 
rrvJioauszl;s cC I rj , ,LJSCOU$ uric so Li i'r:c'tJ 1iri'e int.J ud— 
ci in control worh, vaia'tilc actir pru1ur d in the 
sludr;c were meci:ured both at the be,;i rixii fld a ad ;t t lie ni of 
each lahorutery run. If the volatile acick. riti'ation Va— 
lite is al loved to ri so much above 2,000 ppru, gas fcriIE I. intl will 
drDJ. off (4) (5). Thcrc fore. the ion of volatile 
aci cm provides good control test in ; Jniit Ii di — 

ge stion is inhibited becausn of too EIilJcli orya rile flint t r' or ic— 
cause a toxicarit destroys tIie m.LcroorL1arkIsnls , the iorrntion of 
volatil e acids composed of formic, butyri c, prori one and ace— 
LI c acids) increases. Purl ng onti sfnctorv digestion t la eon— 
centrati on of volata le a cUts wil 1 ne:'mi: I ly not exceed several 

ppm, Thus, sigrd C LCtIrIL (tifCOrC'ncL!S of vl tile acids 
L'cjfl UClA) fl he anoLher i''ui or i 1 t he prosniirc of 

radioactive contamirrints inhihita the process. 

III Method 

A maxilaum of eighteen laboratory digesters fri each run 
employed in these studies. The exact number varied hetwe•ai xunn 

e gather'H. 
Itt the earlier runs, digesters with sludge ranging froi:i 
800 to 1,600 ml were used, depending or: the concentration of 
radioactivity to be studied. In most of the ] at';r runs sludge 
su;nples of 450 to 1,500 ml were used, For each inn observa- 
tions lrcm at least twelve digesters were necessary so that 
the data v:culd lend itself to statistical . These 
twiJve na gcsters were operated on a batch ba sin to rnctku this 
data in each of the other six dl:tntcrs the 
was reci rilated through at least electrod. assenibli 
(ORE, pH and conductivity) arid returned to the digester ;iith— 
out any losses of Cl-H or the outtainrant of any air, Tho 
details of the experimental method have previously been des— 
crib..d in detail (a) (7) (5k) (9) (10) (ii). 

The composite reactions involved in the anaerobic stahil— 
ization of the cuoplex orranic uattez' in well -sealed Judge 
may hi: eLi i'act erized by a firs t—n:-c1.er reaction. The applies — 

ti on of this of equation is based on thu 
a function of tim orgirmic matter re— 

to he 

Jy_ k (G-y) (1) 
dt 
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where 

y a the amount of gas produced in time t 
G total amount of gas genrLte1 during digestion 

k reaction velocity constant 

t time in days 

Integrating the differential form between the limits of 
t 0 and t t, the equation becomes: 

y G (1 — lo—kt) (2) 

In general, this equation describes anaerobic digestion ad- 
equately. If the amount of seeding matcriU is arall compared 

to the raw solids concentration, an S—shaped or autocataly tic 
gas production curve is obtained. After an initial lag phase 
the x'ate of gas production increases until about one—half of the 
total amount of gus is generated. The rate of gas production 
then decreases. 

To the cumulative gas production tthcre a seeding 
lag is present, Fair and Moore (12) used the autocatalytic equ- 
ation which contains two reaction velocity constants as shown 
by the differential forms: 

k (G-y) k (C-y) y (3) 

dt 1 2 

As an alternate approach, they separated the S—curve into 
two parts; tno first to follow an exponentia]. equation, and the 
second to'foliow a first—order equation. To for1nulate sludge 
digestion, autocatalytic reactions are often treated by neglect- 
ing the lower bend of tile S—curve and fitting the upper part 
of the curve as a first—order reaction starting at some time 
later than t = 0. This is equivalent to extrapolating the ori- 
gin of the curve to the end of the seeding lug at a 0. The 
interval between tiie origin and the extrapolated point is called 
the lag or time—lag. Thomas (13) formulated the first—order 
reaction to include a time lag by the following expressions: 

y a Q (1 - 10-k(t-to)) G (1 - C 
10kt) 

wtere 'c time—lag and r 1 C. 
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IV Presentation mid_Discussion of Exnerimoiital Results 

PART I 

RADIOIODjIFE (1131) 

A. Effect on Cas Production 

The maximum level of carrier—free 1131 activity ilivestica— ted was 61)0 inc/i. Previously only remit:; up to the 100 me/i concentrat,jon were renrted ) . FiLyue 1 uliows :i fmiily of curves of cutlule t producti on from thins IX, X, LI, XII 
and XIII from di J:cuters with slildLo, thos a to which au equivalent con of salt tT 'was added, and those contain— canier—free 1131. 

To present the results of cumulative gas production in mU— 
lilitcrs per grim of volatile solids added for all digescers 
from five experimental runs as separate curves would not be t-ical. Instead, the gas production data were adjusted from mls. of gas/gm V.11, addcd and expressed for each run as percentages of total gas production Iron the average plain sludge1cflgester values at the end of 33 days. The:c compo'site are presented in Figure 1. 

S 

There appear to be no significant dif.fcrenccs in gas produc- tion due to the presence of P.31, or eçiiivalent concentrations of salt, when couipared with the plain sludge up to the 300 nc/l 
level of a decrease in the 

pi'o.luc tion rate and reduction of total gas are 
S}LOV4fl1 

"Salt" in studies refers to a solution of 6,220 
PIMfl 5,3t0 ppm added to controls to stiiiulate'tlie solids in solution in accordance with the present Oak Ridge 1131 process 

The sludge varied fran run to run, in differ- 
ences in 33 day cumulative gas valueu, Therefore, the 
gas values calculated on a percentage of the plain digester values3 These percentages then could be 
ad hetucen runs and plotted to produce a composite chart, 
nhowiulb all data on one graph. 



The efficiency of gas production, 'expressea in of cu 
ft per lb of voiatil.e matter was not 
affected in the presence of' 1,0 to 600 mdl of Ii-"- when com- 
pared with the plain sludge. Tue Lluantitative values for 
Hurts IX through XIII are presented in Table I. 

1, 

Reaction velocity constants were computed for all digester 
runs with il3.l and the results from statistical analyses using 
the t—test for significance are shown in table II. It raay be 
observed from this table that 110 significant differences were 
obtained with concentrations from 1.0 to 200 wc/i and only bor- 
derline ( P = ) when the highest concentration, 
600 mc/l of only, was coupared with the sludge sam- 
ples. Similarly, the control digesters, containing the equiva- 
lent concentrations of salt, e:thibited no differ- 
ence when compared plain Au a further test of the 
relationship of k on temperature, sludge nixture (based on the 
initial volatile nntter concentration), aLtlt concentration and 
concentration of r131, a nultiple correlation analysis from a 
total of, 66 values yielded the following relationship: 

IC — 0.1287 - 0.0014.T + 0.056CM + °'°°°°45c + 0.000016 (5) 

in which 

T = temperature, ®F 

14 proportion of sludge mixture, basedoon frerh solids 
concentration of salt solution (UaHOO + ), 

ppm;and 3 3 

concentration of i131, mdl. 



- - Parts Li otunes 

Run OClflITIefls 
?driod Thc, 
(Days) Temp. Salts(c) 
Date °F. (r.nen.) (nc/i) 

IX 1 i 1800 I 1:1 85° — 13.75 
(25) 2 1 13.75 

P:cducJ 
Reduction 

lb.7.iJ. Votatile 
;dded Tiestrad 

161.1 12,5 20.8 
21,z SL.7 

8/22/57 
to 

9/17/57 
x 

3 
4 
6 

11 

1 l 1400 
2 

/ 
1:1 

. 

85° 

5.2 
5.8 

— 

- 
— 

— 26,0 
— 29e4 
— 

1 33.9 

100 299;C 
100 291.7 

1.4 
3,3 
2,3 

17;8 
17,9 

21.4 

3 

4 — 
to 5 39.2 

11/24/57 6 39,2 
7 1 

a 1 

1 — 

2 lu ±9,0 
11 — 

12 I — 

U I I I — 

14 ! 

I 
I 

I I I 19.6 
161 '4- — 

1. L 

50 2923 
50 2E7,9 14.9 31,0 

— 334,4 16.1 30.3 
— 299,9 15,? 28,7 
— 16,9 129.4 
— 296.4 15.1 

I 
16,2 

— 

— 1293,4 13,2 35.5 
— 296.1 11.2 42.3 
— 240.5 21.7 17,6 
— 2292 13,2 
— 233.6 15.1 23.0 
50 Ia a a 

flBLE I 

Gas and Jolatila .ierJuction 

0; 



TABLE (cont'd) 

and Volatfle I±tter Reduct±cn 

(1131) Studies 

a 

Run 
Period 
(Days) 
Date 

XI 

; 

Dig, 
No. 

I 

—— 
Sludge 3luage Inc. Conc.of 
Volume Te::i. Salts(b) 

ure -- °F. (p,p.m.) (nc/l) 

$00 1.1:1 91° — — 

— fl/gn Ct.ft.per Reduction 
lb, V.14. Volatile 

299.6 14.0 354 

(39) 
1/3/58 

to 
211115$ • 

. 

3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 

14 
15 
'.1 

17 
19 — 

lt.75 
1575 
1575 

.800 - 

1 

- 

: 

I 

4 
- -_____ 

— 

6.76 — 

6.76 — 

67,6 
67.6 — 

— 10 
10 
10 

— 100 
— 100 
— — 

60 — 
— 9 

øç — 

10(c) 10 
10(c) - 10 

j ¼.)., 

251.8 
3024 
311.2 

303.5 
30L,8 
305.6 

l2),2 
257.7 

8 CA.i,. 

133,2 

2c-1 
'—rod 

13.2 36.8 
12.5 38.1 
14.1 35.1. 
14.3 35.4 
13.3 

13.4 37.0 
12.7 33.9 
10.0 
113 43.8 

9,4 3;.5 
12.0 35.1 
'°-L r -6 
7.6 

j 8.7 

XII 
(34) 
3/28/58 

to 
5/1/58 

500 1 
2 

L. 

5 
6 
7 
8 

9 
10 

1:1 ° — — ' 1i;6 32.1 
— — 274.0 8;5 51.9 rn2 ).—'. 

r.r7. r 192 dde 
0,461 10.6 

L51;3 — 316.3 15.2 33.3 
>02.5 

— 

— 

10 
31-D.C 12.9 

13.4 
38,8 

I 
13.3 
11,9 

40;5 
343 
34.8 

UI 



TABLE I (ContTd) 

Experimental Conditions. 0-as Volatile Hatter Reduction 

Part I Radiolodine St'idios 

Run 
Period 
(bays) 
Bat s 

31 g 
4 • 

Volume 
(nls) 

i Totsi •s Pro— 1' 
- -, i - £ - 

— —— -i'- ._ 

____L1)'. 

C1. ICfC 
I 
I (mo/i) Added 

11 
19 
-I--' 

1L 
15 
16 

'V 
1500 

I 

—I. 

Reduction 
Volatile 
HattEYf 

Ce) 
04 
Ce) 

-4 

/ C .0 
232.1 
395.4(1: 

I. 
353 _4(5j 

. 

xii:: 
£ / rt 

to 
7/22/53 
44. da7s 
#1-12 

50 days 
—16 

1 
2 
3 
4 
5 
6 
7 
Ct 
U 

9 
10 
i-p 
-s--a- 

3.2 
13 
14. 

I:. '+2 

"p 

300 

10 
130 
500 
200 

50 
10 
10 

1 

1 

1 
100 

nfl0 
7'— 

1, C c) 
1,033 ( c) 

0.34. 
17.2 

L • 
20ó.2 

36.6(e) 

— (e) 

9.o in-H 
• -. 

9. 
I 

12.3 
15.2 
13;6 
14.4 

1cr IT- 

12.9 

12.3 
—-2.--- -'-# 

7.,' 

35._ 
33. 
C.2 

47 
if;; 

7 
25 g 
35:1 

5 
3945 
3è .3 
36.3 
42.1 

g 

45,1(1) 

.1 C ii 
36.1 

3 S 

2vo, / 
10 I.- 

—' 

33EL2 
334.L 
325.7 
336.2 

313;6 
312.9Cc 
215 0 

(a) 
Cu 
(c 
(a) 
(a) 

:umo line broke, spilling contents 
Comrooition of of of 

— - - 
- -r - - n in ::r iuUCOT, 

These based on voi:tile solius a[icd fee tin:. Etbesters and .15 :mro during tc run, tkuo the total 
content of volstilo solids. 

I 

... 
/ / 



TABLE II 

iverage Differences and tne Probability (F) of their Occurrences 

hyChance idone for k - and CValues-at Various Concentrations 
of Carrier—free I - and Salt (*) to Plain Sludge 

(a) Comparing Plain Sludge vs. 

S 

Plain Sludge 
vs 

1131 

(nc/i) 

To, of 
Digestei 
Pairs 

Values of k Values of G Values of t 
— a Zkc_kh) 

(fo) (fo) (%) 

1,1 to 6O0 2O —0.G0l8 50.06 65.6 40.61 37.3 

1.0 to 230 17 —0.0024 41.44 — 2,11 72.4 + 0.04 32,2 

200 to 600 4 +0.0028 6.34 +22.90 18.7 + 1.17 43.8 

600 4 +0.0065 4.92 +23.4Q_ 26.2 — + 2.53 18.2 r 
(b) Comparinz Plain SludEe vs. Salt (t.) 

Plain Sludge of 
vs. Digester 

Pairs 

. 

Values of k Values of G of t 
— 

a k) 
n 

p 

(%) 

— 

thi'2(GcGs: 
n 

.34 to 68,3 

206 to 30 

[is 
4 

+0.0020 

—0.0005 

18.97 

87.93 

+ 9.31 

—11.05 

65.5 — 28.1 

- 0.50 17.2 
c-fr 



II 
Diff'3rences the Probability (F) of their OccurrRnces 

b; ChArre nic1re fuk, C c'nU Various 
nf' Chrri er—free n 

"fl (a) I 

Salt refor: to of ±iarSC 
3 
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The coefficient of' multiple correlation, Ii, was feund to 
be 0,56. This shows that there is a significant of 
k-value on any or all of the factors or a significant 
correlation of k—values with temperature, thq type of i1iixture, 
concentration of salt and concentratio,i of ii31. The value of 
H 0,56 also shows that values of Ic may be predicted by substi- 
tution in the regression equation. 

As a part of the multiple correlation analysis, the partial 
correlation coefficients, r, for the four variables with k were 
found to be: 

r u.l3 (partial correlation between temperature and 
T k—values) 

rN 0.M. (partial correlation between type of mixture and 
k—values) 

r 0,03 (partial correlation between salt concentrations 
and k—values) 

= 0 (partial correlation between concentrations of 
and k—values.) 

None of these variables exert a very significant influence 
on the reaction velocity constant. Certainly, the correlation 
between 1131 concentration and k—values is highly nonsipifi- 
cant. Only the type Of mixture is shown to have a fair amount 
of' correlation with kr 

The results from t—tests of the regression coefficient with 
the standard error of the rejression coefficient, bJ/Sh. — 

with 61 degrees of freedom, show that only coef- 

ficient for the mixture is significant (tM 3,78; The 

strong influence of sludbe mi:zture (seeding) is well establish- 

ed (15). Similar analyses of the other variables showed that 
1.05, t5 = 0.26 and t1 0.58, none of which are,4g- 

ntficant t—valucs. It must therefore be concluded that 
exerted no real effect on k-values, except at the COO mdl le- 
vel as was shown in Table II. 

2. Ultimate Gas Production_and Laa Period 

The ultimate gas G, was also not significently alTec- 
by concentrations of up to an activity of 600 Idc/1 of 

a3 shown in Table II. However, at activity concentr'i- 
tions of 600 mc/l a reduction in total ultir.iate gas 

production is noted in Figure I. 
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The result: from a tmtltiple correlation c'nntyrtin from a toe 
tat of 66 ultinLite gas 1rociuction vduos, a, yicldcd the 
inz relationaatip; 

G a —276.5+ 6.123T - 161.63k! — 0.0750 — (6) 

The coefficient of multiple correlation It *cts found to 
be which is shows that 
Equation (6) values of U can be predicted. - 

• The cocfficiontt: of partial correlation, r foi' tenpera— 
turo, type of z..ixturo, salt conceativ'tinn anti liSA activity with 
G—valuea wern round to bo: 

S • I • I 

• 0.24, rM —0.39, r3 r1 —0.12 

Tho ninus Gign (negative correlation) siwply Lz!ana that the 
value of C decteasee as the seed ratio, salt mid 11)1concentra.- 
tiona increase. Since all of theso partial. correlation coet'.- 
Licients are stiali, it is evidert that none of the four inde- 
pendent variables excrt a significant influence on G-vulues. 

From an analysis of 0r the regrescion 
with D.F. 61, the results show only a zelation be- 
tween tv3ilpeflture (tp a 1.98; 1' 4%), type of raixturo (tk 
3.33; P<1%) and ultimate gas produced. No, flgniCicnnt cone- 
lations between concentrations of salt or and G-valuen 
were found. 

As toy be soon from Picnrr I there appear to ho nç 
diftertmcoc in the lag, pnriod,t, in the presence of con— 
con trLtionc up to 600 nc/i. 

As shown in Tab].e II, from an analysis oft—vnlucq between 
plain dicester3, thoae containl lag ye rious levels of' and con•• tr.ois with equivalent s'ilt qoncentntiiss, it was establiehed 
that no significant diffurences octet. 

The resul.ts from a r.aultipie correlation artaiysi s of tao 
same basic data for the ieg—puriorl, C, yielded thu follouing 
relaticnship: 

C = —1.352 + 1.4239' °•°0149c • (7) 

in which the tcbrrabl I!, and are defined an 
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The value of' it, the coefficient of rmltiplc correlation, for 
the initial lag—period vni found to be This sPews 
ly significant con'elotioxi between —values and any or nih of 
the other three. var:Lal)1es. The partial correletion coefficient 
shows a good corrci:.ition with the type ol' mixture (rM 
The partial. correlations of t with the conOentrflt:iO;l of' 

Cr1 0.12) and salt concentration v.1) are poor0 

Similarly, the results from t—tests of the regression coef— 
point to mixture typo (tv1 as high- 

ly significant hut the concentration of 1134- Cti 0.5?) does 
not appear -to have any real effect • Lside from the fact that 
the significance of the mixture (sludge seed) is established, 
the insignificant correlation between-c —values and I was to 
be expected from the previous discussions of t—tests of a -values 
from Table Ii. 

3. 

The results of j131 studies show that the reduction of vola- 
tile matter was not affected by the addition of i131 at the ac- 
tivity levels studiol. Generally, tile volatile matter reduction 
ranged between 33 and 52 per cent as may be seen from Table I. 

The volatile acids concentrations did not exceed 1,000 ppm 

in of the during the i131- studie.;, and usually re- 
mained below ppm at the end of the digestion period. Up to 
Goo inc/liter of Ililexorted no noticeable effect on the concen- 
tration of volatile acids in sludge. 

Figures 2, 3 and (digestors 11F, 15 and i6, Run XII) show 
typical of cu1milntive gas temperature, CitE, 
conductivity, and pH against time in days. Comparingthe re— 
cults of continuous pH measurements 15 and 
16 coetaining up to 100 nc/liter of I-')-l-, the variation of pH 

was normal. The initial acid ferrentation ph.mu reached its max- 
imum on about the third and followed by a normal rise 
to a buffered pH at about 7,2 to 7.1k This benavior a]mest 
identical for the three digostors. 

- B, Effect 

Previously described procedures (6) wore used to eoatiriu— 
ously record redox potentials .-uicl conduc tivity neasuremo uts, lb 

differences were found between th a rodox pot eiitials 
obtained front tim various rega"cliuss of whether they 
contained plain sludge, activity or salt solution. 
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As may be seen from 2, 3 and 4, the value of the re— 
(lox potential at the end ci tEn perod vns —165 !dV 

for digester 14 (control), —145 my for digester 15 (10 nc/li- 
ter) and —225 my for digester 16 (100 inc/liter). Ilouever, tile 
grmlaal trend of OitF is r:ore significant than absolute values 
of tile potential, Thus, there CflQ)d1'5 to be no real effect c::— 

erted on redo:: potentials from 11)1 in concentrations un to 
100 Plc/liter. Because of the possible of leaks in 
flow lines and contamination of the laboratory with radioac— 
tive aludge the ma:anntni aOtivity added to any recirculating 
digenter was 100 mc/liter. 

During Run XII the conductivity started at appreximtely 
2,500 umhozs and reached a value of about 6,500 u:nhos for diges— 
ters 14 and 15, as compared to a fiinl value over 10,000 urn— 

hos for digester 16, containing 100 of However, the 
data arc too meager to generalsze any 

C. Effect on Gas duality 
Chromatographic analyces of gases rig dJges— 

tion were carried out for alL studies with :Semplcc from 
each of the digeseora were analysed during each run on a daily 
basis to follow changes in co:anosition with digestion pro— 
gross, The for eight ronresentdtivc digesters 
from two daily runs are reproduced in 5. 

Thu anlysis of cliromatographic curves, representing diges— 
ters'l through 12 (e::copt 6 tlll'ough 9) 011 the eighth day of Run 
XIII, shows that for most batch digesters methane production 
was appro'inwtoly 74% and carbon dio::ido concentration about 26J•, 
The cinly was exhijited by digesters 4 and 
5, to each of which 1,000 ppm Hal as 112? had been added. The 
CO2 content for digenters 4 and 5 was as compared to 
for the plain, control and radioactive Tile purpose for 
these two digesters was to ex'miine to what ectent ldgher concen- 
trations of stable iodine might affect anaerobic digestion. 

The lower half of Figure 5 shows tifl on the fourteenth day 
of Run XIII there war little dilferonci between the cjuality of 
the gas in any of the digester:;. rtuii digeters and 5 had es— 
tablished composition almost identical. to the digestars con- 
taining or plain sludge. Dy this the sludge appears 
to have assimilated the stable iodine F-2? and the inhibitory ef- 
fects disappeared. 

The t—test analysis botV:een values for Run XII shows a 
significant effect (Z1c02 at the 600 nc/l concen— 



Table III 

Percent of in Sludge Gas From 

u 

Did. 
No. 1 2 3 4 5 6 7 8 9 10 11 12 

Type PThin Plain Cork- Can— Con— 10 1 10 10 330 6c3 
tx-cl trol tx-cl tx-cl me/i me/i me/i nc/i nc/i. nc/i 
(10) (1) (600) . 

13 14. 15 16- 

P1&in Con— 10 130 
trol nc/i 
(100) 

Day 1 
2 

3 

4 
5 
6 

7 
5 

10 
11 
12 
lj 
14 
1? 
3± 

59.4 
52.2 
45.1 
43.1 
36B 
36.5 
31.9 

29.0 
30.2 

29.7 
3j.2 
25.i4. 

57.2 

46;8 
40.8 
37'9 
74;5 

31.8 
29.8 
2&;9 
29.3 
29.6 
30.9 
29,5 
29.9 
30.0 

59,9 
51.7 
45.4 
44,0 
37.3 

31.2 
30:4 
29,2 
29.1 
29.4 
30.9 
23.8 
2C;.s 

59.6 
51.7 
45.2 
41.5 
36.9 
35.1 
31.9 
30.0 
29.1 
29.9 
29.7 
31.o 
2U.1 

3u.d 

60;2 
50.7 
44.2 
40.3 
36:2 
32.9 
39,5 
29.5 
29.1 
29.7 
29,6 
3P,5 
29.5 
29.C 
29.8 

59,6 
50.1 
43.5 
123.5 
36.2 
31:4 
31.3 
31.0 
29.3 
29.8 
29.6 
30.7 
30,0 
33.3 
30.4 

50.6 
44.7 
40.8 
36:9 
34.0 
32.1 
3C2 
29.2 
29.6 
30.3 
30.5 

30,B 

59.7 
51.3 
45.3 
Li.? 
33:9 
35.1 
32.4 
30.3 
25.3 
29.7 
29:9 
30.4 
28:9 
30.7 
30.3 

60z3 
53.1 
47.3 
43:2 
40.3 
36,5 
34.1 
31.5 
29.9 
39.9 
25.5 

)C.0 
31.4 

51,2,. 
L7.6 
4.3.1 
35.;6 

39.2 
371 
31.7 
30,8 
33.2 
29.5 
30.6 
33.6 
29,6 

50;t. 

44.7 

37.0 

93,4 
30.5 
31.5 

2°.5 
29.0 
30:u 
0.0 

5t.2 

44;5 
42.1 

38.7 

35.4 
32..4 

32.2 
31,5 
j3.5 
289 
29.8 

61.3 
52:1 
463 
43.5 
36.2 
30.7 
27.1 
33.7 
3G.? 
27.7 
25.8 
24.3 
20.3 
31,2 
25.7 

59.5 
48:4 
42;5 
,6;7 
31.4 
26,5 
26.7 

25.1 
24.4 
24.9 
72.9 
23.5 
24.3 
20•0 

55.2 
44.5 

3dJ 
30.2 
2?.5 
27.0 
29.9 
29.0 
28.2 
27.3 
26.0 
21,5 
32.2 
31.4 

44.6 
1,2,1 

36.6 
31.3 
30:1 
2C,1 
27.7 
26.5 
26.2 
24.5 
24.4 
23.0 
22.6 
24.1 

21.0 



nne In 
Percc::t ci Curbon ir G-a3 C 

Rui:_XIII — Stulics 

1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 

600 203 50 10 13 1 Ccc- Gor- Ccvi— P1:ir 1 1 100 nc/i nctl neil ::c/I .n/1 trol 
(1) 

trol 
(50) 

trci trti 
cm 

nc/i ne/I mc/1 

Jay 1 
° 57.5 76.3 57,3 

4-c. 
57,u 53.2 

):.3 
23 57.6 57.6 57.5 3,7 to.L 

60,4 56.5 57,3 
Lr3a5 

57.5 
53.3 

51.2 
51.5 I 

J1•.S. in i'c ii jJ•j }--.} (-. 

6 25,3 44.9 24.6 37.5 233 27.7 27.6 27.3 35.5 27,tr 31.s 
S4.-#)._ 

30.0 32.9 
7 
0 

9 
11 i n 

:5.: 

°6$ 
r, 

2 
'03 

r- 

25 0 

25,9 
2.6 

- 

3 ,c 
7') J nr 
30.3 31$ 

2 .5 
2u.± 

r 4_),, 
cr5.3 

nj,! 

".J r,t 
"°"r 

r 

'5,7 
or 
45a3 

25.1 
I 

'-S'--'.— 
27.9 
c6 7 
r 

70 C) 

25 1 

2,,/' 

n' 
'T.i 

'7 4).; 
t 

7 . 
C' I 

L1$ 

27.0 
'm'-jn (.LI 

')-fl 

23.2 

i;.3 

32,1 

30.2 
3U,5 

. 30.0 1i 2.2 25,9 5. Th. 27,4 27,4- 
2 3 2 1.' 

J-3 2).3 7.j ''2,7 23.5 23.1 33 5.4 
17 25,7 75.0 '75.0 c7r2 77/ '7.1 27,3 '77,0 2o._ C.' . '-1 41.) 23,7 
30 25,1 24-.) 29.9 2.5 23.6 25.5 3,9 4$ '5_'7 25, c±,c 211,! ?3,° 1'7.6 
42 22.4 213. 21.0 /3.U 25.3 3,5 22.5 23.2 22.5 23.3 23.7 13,. 21,2 25.2 19.1 
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tration of 1131 on gas composition as can be seen from the data 
presented in Table III. Up tha twelfth day of Hun Lii the 
digester with (00 inc/i of 11)1 shows that the 002 conccut;r:UJiOU 
is consistently greater than its sirli— 
lar but effect appears to exist in the presence cC 

300 me/i of 11)1. There was litt].c or no difference in gsa qua- 
lity for digesters t'iith activities below 300 mc/l when 
to the controls. 

Before drawing any definjtc conclusion, it must be pointed 

out that the same effect of on gas quality was not cxnihi— 

ted by the data obtained during Run Xiii. In the latter case, 

even with the maximum level of activity (600 mc/l) only a sicnll 

difference in gas quality between radioactive and control di- 
gesters was. observed (d002 12/a) 

D. n Liqp. id and Solid 

Figures 6, 7, t and 9 present the data fropi Runs X, XI, 
XII and XIII. Data from the four runs with i1-31 are plotted in 
Figures 6 and 8a Data from only Runs XII and XIII are present- 
ed in Figures 7 and 9. The individual curves and results from 
many laboratory determinations are discussed below. 

Figure 6 represents the per cent uptake solid to liquid 
activity (AS/AL based onjac/gm) for initial 11)1 activities 
ranging from 10 to 6o0 mc/l. It appears from Figure 6 that the 

activity lodged in the solid increases'siightly in relation to 

that in the liquid from 10 to f00 mc/l, which was the highest 
concentration used. The opposite trend from a limited number of 

10 100 mc/l data was previously (6). It can he ex- 

pected that the activity in the solid increases as the initial 
activity increases since the solids may absorb activity or be- 
cause some of the activity in the liquid is adsorbed on the so- 

lid and concentrated on its surfaces during sample preparation 
by evaporation. Furthermore, the activities of soli:ls and li- 
quids were determined on a per gram basis; Since some of the 
organic solids disappeared to produce gas, this tended to in- 
crease the activity per gram, assuming that no activity went 
into the gas. These samples tiere counted with a gamna—ray spec— 

in the Georgia Tech Potrer I'].ant Laboratory there the 
background was relatively high. The instrument sthen used on 
the low range (XI) with a background is inherently inac- 
curate, considering that equal to 105. This was the 
justification to eliminate the mc/l level data. 

Figure 7 shows that the decontamination factor does nut in- 
crease significantly with an increase in initial activity. The 
decontamination factor is the ratio of tee initial over the fin- 



a]. activity. Generally speakinb, decontamination by the liquid 
is rh fitly greater than by solid sluise. However, the en- 
tire range of decontamination is only from 0e5 to about 
1.1 arid therefore no sijçnificant trend in either direction ir 
shown. In figure 7 only values from Runs LET and XIII could he 

shown because previous]y the initial activities in liquid and 

solid portions of the sludge could not he ascertained. 

rep reae nia the prooortion of i131 activity re- 
noved by the ii qui d ph.me o" the siucVe su nertiatant, as a per- 

centage of initial act] vii ic's from 1.0 to 600 inc/i. This really 
is the efficiency of removal by the liquid since A0 is the ini- 
tial acti vi ty, At is the final activity remaining, and 
represents the activity removed. It is noted that the activi ty 
removed by the liquid decreased as the initial activity was in- 
creased. Whereas around 12 per cent of the activity is 
un by the liquid at the 1.0 me/I level, only about 7.5 per cent 
of the activity remains in the liquid supernatant at the 
600 mc'l level . Again, there is no real difference, however, 
the sane trend of somewhat increased uptake by the solid portion 
or the at the hiLhcr initial con centrations may be of 
interest. 1\ simi lar trend was previously reported for Runs X 

and XI only (6). 

To further examine the degree of untake between liquid and 

solid portions of sludge, all initial and final activll.i(S of the 

liquid no well as all initial and final activities of the solid 
were plotted arainat initial activity in me/i as shown in Fi- 
gure 5. Far Run XII, there is little difference between the 
initial liciuid and final liquid activities and there is little 
diffegctice between the initial and the final activities of' the 
solid phase in the up to 100 me/i. However, there appears 
to be come increase in tin activity of the final over the ini- 
tial acti.ity in the case of the solid between 10 and 100 mc/l. 

Between 100 and 600 nc/i this difference becomes much greater. 
In this ranre the final activity in the solid phase of the sludge 
is consirtently hi gher than the initial, activity that was pre- 
sent. Gonvorsel;, the finn]. activity in the ]iqui ci is corisir — 

tently lower than the activity initially in ti'e licuid phese of 
the :ludge system. Figure 9. shows thai for Run Xli at con— 

centrati on of 600 mc/l of 101, the final soild activity is 
pc/gm compared to /55 liii tially present in the then 
digesti on . Since ttl 1 data war corrected a common re- 
ference (date of U. d .N .L. assay ) this difference cnnn at he at— 

rihu ted to decay (i"hic h uo'ild yield results in the opposite di — 

section ii' not tTh er isto account). Some concentration of ac— 

tivi ty the so lid was therefore noted, although the raechaniem 
is net detcrnnned. 

For Run XIII there appear seine real differences of activi- 
ty between the initial and final samples of the sludge solids 
beyond the 10.0 mc/l initial activity level (A0 in rnc/lh l)if— 
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ferences in the liquid phase do not appear until a concentration 
of 50 me/i is reached. The distribution of activity in the li- 
quid is the reverse of that noted for Run fli, the samoles of 
liquid phase at the end of the digestion period showing greater 
activity than at the beginning of the experiment. However, the 
trend of increased uptake by the so].ids is shotrn again. The 
final activity in sewage solids (at A0 600 nc/i) was pc/gm, 
while the initial activity was only 432 yc/gm, with decay ac- 
counted for. Thus, from a carefuily conducted 
is (pc/gin), it iã shown that 1.43 per cent and 100 per cent, 
pectively, of the initial activities were in the sludge so- 
lids at the end of digestion in Runs XII and XIII. 

PART II 
STUDIES 

A. Effect on Gas Production 

The maximum concentration of high specific activity p32(t') 

investigated was 800 inc/i. Figures 10 and ii show families of 
curves of-cumulative gas prorluctinn Runs XIVand kIT res- 
pectively, from digesters containing plain sludge, those to which 
an equivalent concentration 01 salt was added, those 
containing carrier—free p32 from 1 nc/i to 800 mc/i of activity 
levels. 

(*) High specific activity p32 be referred to hereaftet as 
"carrier—free" Carrier—free 1:32 has a specific activity of 
approximately curios/gm (290,000 c/gm). The 

of used in those experiments was from to 
10J tines this specific activity as shown by 0.R.N.L. assays, -or 
3QQ c/gm (50 to 300 c/gm). In earlier work at this Laboratory, 
j::36 specific activities from 100 to 300 mc/i3lgms KH2P0/; WE)S'C 

added to the sludge (6). This activity was only about 0.3 c/gm 
(0.1 to 0$ c/gm). Therefore, the P32 applied in the present 
dies represents a much hichor specific activity than 3)rëviously, 
greeter by a factor of 104 compared to the earlier work. 

(**) "Salt" in these carrier—free p32 studies tefers to a slight- 
ly acid solution of P04 in weak HC1 (approx. 0.4 N HCi). The 
carrier—free polution of (designation P—32—P—l) was received 
in this chenical form from Oak Ridge National Laboratory. To 
the controls an lent concentration of NaCl was added to com- 
pensate for the milhiequivalents of chloridcs added with P32—acid 
solution. The maximum P04 concentration added to any digester 
(800 me/i) amounted to only mg/liter which represents such 
a small increase in phosphates &tlready present that no adjust- 
ment in the phosphates was nade, 
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Figures 10 and 11 show the effect of increasing concen- 
trations from 1 Ltc/l to dOG me/I on cumulative gas production. 
The two rutis are comparable because the same concentrations of 
P32 were added to the sludge, the same temperature (91 0F) wan 
maintained and close to the same substrate composition Vie a used 
(ratio of raw to digester 0.92:1 and 1.15:1, respectively). 

It to apparent from Figures and ii. no deleterious 
effect on gas production due to p32 is exerted at the 1.0 anti 
10 me/i activity ieve].s. It ho rioted that hegiiiiiing witti 
the 100 mc/l of cavvier_free some reduction 01 gas i)roductl oa 
appe;ired, when compared with the results froin plain digosters 
Rapidly increasing differences and greater reductions iii gas 
duction were clcarl'r demonstrated as the concentrations of F3' wore 
increased to 200 me/i, 400 inc/i and 800 me/i. The gas produc- 
tion is reduced to 90 per cent in the presence of 
200 to 75 per cent in the presence of 400 
mc/i and tc aiçut only 50 to 65 per cent at the 800 me/i radio— 
phosphorus activity in the sludge, Table IV below summar- 
izes these reductions in total gas 1iroduction at tile end of 30 
days of digestion and at the end of each run from the laboratory 
data. Figures 10 and 11 clearly show the effect of p32 
trati ons, 

TABLE IV. Gas Production in Presence of Carrier—free P32 

Time of Concentration of' Carrier—Free p32 
Lab. 2UU mc7I 400 rue/i 800 'nc/I 
Run (Days) 

30 89.9% — (a) 49.6% 
XIV 

41 90.8% 

30 87.5% 72. 5% 67, 5% 
XV . 

32 87.2% 77. 67. 3% 

(a) It visa riot possible to include a di[Tester with a çqncentra— 
tion of 400 inc/i in Run flSJ. however, this level of was 
studied during Run XV. 

Figure 12 shows the results of cumulativc gas production for 
digesters 9 through 12, Run XV. To these digesters, acting as 
the controls, tiie equivalent concentrations of chicriles were add- 
ed, pguialent to concentrations of 100, 200, 400 and 800 inc/i 
of The gas curves show that there is no difference between 
the controls and the plain sludge and that there is extremely 
little difference between the individual digesters. This domon— 
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stratcs that the exneriinent was under careful control and the 
experimental error a minimum. Therefore, the results tile 
controls as shown in Figure 12 lend additional emphasis that the 
reduction in gas prqçinction is significant for the S0O nc/i 
concentrations of probably due to the radiation intensi— 
ties produced by radionhosphorus. 

In contrast to the reduced gas production phenomena in the 
of p32 activities upto nc/I, added as KH2204 with 

a maximum concentration of 22.9 per coat, previously descrio— 
ed (6), in these studies the gas production rate did not drop 
to zero after the first fetr days uhen the sane concentrations 
of carrier-free p32 were added, except'on about the tônth day 
in the presence me/i in Run XIV, see Figure 10. Because 
a solution with 22.9% of K117P04 has a pH value of approcimate— 
ly 5.1 which is detrimental to the organisms 
responsible for anaerobic digestion, tile breakdown of the far— 
mentation process was principally ascribed to chemical effects 
duo to 1CF12P04 rather than to radiological effects from p32. 

The digesters containing P32 in excess of 
100 mc/l during Runs XIV and XV exhibited an increased i.nhihi— 
tion of the digestion process as shown in Figures 9 and 10, 
but instead of the daily gas production rate dropping off to 
zero as previously reported (6), the thtily gas production rate 
decreases more and uniformly. Since the addition of 
carrier—free did not cause detrimental conditions of p11 

to the responsible for digestion, the uniform 
decrease of the gas production rate would indicate that the mi- 
crobiological system was gradually to, or above, its 
lethal tolerance or toxicological limit. 

Since bacterial kill. phenomena are governe by tine—con— 
centration effects, it is quite possible that the gradual des- 
truction of digestion ins due to radiation. The cork— 

clusion that these deleterious effects on at 
concentrations in excsss of 100 mc/l of carrier—free NC are 
due to radiological ef.Cects is .tiirthor supported because tile 
controls exhibited no differences from the plain sludge, as al- 
ready discussed. 

'As may be seen from Table V, the efficiency of gas produc- 
tion, expressed as mi/gui of volatile matter added, and cu ft/lb 
of volatile ratter destroyed, was similarly reduced, especially 
for digester 1, Run XIV mc/l) and digesters 1 and 2, Run 
XV (400 and COO nc/i). At concentrations of 100 nc/i and less 
of carrier—free p32, there was no difference in the efficiency 
of gas production compared to the digestes's wfthout any activi- 
ty. Gas Production In both Runs XIV and XV was quite similar 
to that experienced during plant operation. AccordTha to Van 
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Kiceck (16), under conditions ol' digortioii, gns pro- duction should be from 11 to 15 cu ft/lb of volutjlo destroyed, 

In the foregoing discussion only the batch digesters, Nos, 1 
through 12, have been included. The recirculated digesters, 
Nos. 13 through 16, were not included because the ditta obtgined is too variable to be useful to draw definite conclusions, This is largely oaused by the fact that at various intervals through- out these runs seine of the flow lines broke and additional sludge 
was added to make up for the loss. Obviously this procedure 
makes this nonhomogeneous and precludes it from a combin- 
ed analysis with the batch digestion experiments. 

1, Reaction Constant 

The reaction velocity constants were computed from all the 
cumulative gas production for 16 digesters in Run XIV 
and 17 digesters in Run XV. The reaction velocity constant 
was obtained by fitting the data to a first order type of curve 
with a lag phase in accordance with the discussed theory on 
pages 5 through 7 and Equation (4). 

It was decided that a k—value, based on 30 days of data, 
was satisfactory for a comparison of all digesters, although 
these runs continued for 32 and 41 days, respectively, ¶ie 
results of statistically evaluating the significance of ef- 
fect due to the presence of radioactivity in concentrations - from 1 to 800 nc/i of carrier—free p32 are shown in Table VI. 
A comparison was made in each case between k-values for plain 
digesters versus k-values for digestors with P32 at each level 
of activity. Studentst t—distribution and the "t-test" for significance were used to obtain the probabilities. 

As in many cases where biological reactions are involved, 
the test for'significance was based on the 95 per cent confi- 
dence limits. Therefore, with the use of the t—distribution, 
an average of the differences betweun plain and radioactive 
sludge parameters is considered significant only such 
stated difference can be to occur due to chance fac- 
tors alone less than 5 per cent of the time, 

Table VI shows no significant in thereaction rate of anaerobic digestion up to 100 mc/l, However, when the 
k-values from those digesters containing only 800 mc/l were 
compared with the plain sludge, a probability of only 0.9 per 
cent was found. Therefore, there is a significent effect on 
the reaction rate due to the presence of carrier-free P32ac— 
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ThBLE V 

Experimental Conditions, Gas Production and Volatile hatter 

Part II Radiophosphorus (p32) Studies 

Run 
Period 
(Days) 
Date 

Dig. 

. 

CONDITIONS 

Volatile 
stuagel 
Volume Lax— 
(rAils) ture 

Lic. 
Teup. 

°F 

Conc. of 
Saits(a) p32 
(p.p.m.)I (mdl 

ia/am 
V.11. 
Addeii 

per 
lb. V.rl. 

Destroyed 

I . 

XIV 1 4 50 0.9 :1 — l25;9 6.4. 

3 

4 

9 

. 
— 

— 

— 

— 

— 

— 

0.7 
7.3 

200 
100 
10 
1 

— 
— 

— 

— 

l1;1 
253.5 10.9 
265;6 11.4 
262.3 

J 
11.2 

262.0 11.9 
2364 11.2 
265,4 11.2 
264;7 11.2 

36.1 
36.0 
36;5 
33.9 
37.0 
36.9 
36;6 

: 

10 
11 
12 
13 
14 
15 
16 

1000 

4, 4 

73 
146 

— 
— 

— 

— 

— 

— 

— 

10 
100 
10 

262;5 
261.2 
264.7 
230.5 

255.4. 

'C;3 
11.2 
io;6 
23.7(b) 
17.0 

lLr.7 

3.2 
39.1 

26.6 
27.1 



TABLE V (conttd) 

Gas Production and Volatile LIatter Reduction Part II (p32) Studies 

Run - DIg. 
CONDITIONS TOThL GAS 

j 

W. 
Sludge mc, of Reduction 

I Volume Lax— Tenp. Saitt(a) 
V.11. lb. V.11. Volatile 

e_— 
(mis) ture - °F. (nc/fl Added - ratte:(%) XV I 1.1:1 910 

— 800 155;7 
J 

32;4 (32) 2 
1 

- 400 179;1 7;9 3 
— 200 2027 8.0 4O;7 to 4 
— 100 223.6 8.9 

I 43.3 12/1/58 5 
- 1 228;5 6 — 

- 232:1 36.9 7 
— 230,5 9;9 8 0:228 - 236;4 10:8 35,2 9 22;77 - 238;9 l0;3 37.1 10 45.54 — 238;9 10;1 38.1 11 9fl08 — 237;6 10.4 36.7 12 

' 182,16 — 239,1 9.9 38,6 13 1000 — 
— 8:2(b) 47.3(o) 14 

I 

— 10 228;6 24:3(b) 
1 - 10 372.6(c) 22:4(b) 16 I 

- 1 228.1 88:3(b) 4:1(b) 171 - 33.5 
Ca) P 32received as }13P04 in dil, 1-Id. ndded as iia2HP04 in HaCi, Ieq, NaC1 added to the controls, F04 in 830 inc/mi less than 6 No P04 added to controls, (b) Pump line broke, contents. 
Cc) Air leaked into recircujation lines. 

I t 
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tivity of mc/l, within the units of thesi' cxi rimunts. It 
may he of' interest to note thst the value of the differ- 
ence for k—values is negative and that this signifies a 

reaction rate for the high activity digeatern than thone con— 

a ba concentration or rio activity at all. The rJi.ft'er- 
ence wou]d he expected to be negative, Let when it is 
ed that the total gas production, G, was significantly reduced, 
this increased average difference in the reaction rate 
means that the anaerobic fermentation vWs cemp]ete as far as ra- 
diation intensity would perniit much sooner than when there was 
no radioactivity in the digesters. 

From similar comparison between the plain s3ud'tes and 
those containing an equivalent concentration of salt, the re- 
sults from statistical analysis ire also included in Table Vu 

and show that there are some real differences. 

To further examine this data and to find if there were any 
other variables affecting the values of k, besidos the coriceii— 
trations of carrion-free p32, a mu)tiple analysis 
by means of an I.B.M. 650 High Speed Computer was performed. 
From the data of a total of 33 sets of the follot.ing re- 
gression equation was found: 

k = 0,li}24 t 0.2566M + O.0000Ô9Sc * 

in which 

M a proportion of sludge mixture based on fresh solids 

Sea concentration of NaCl, ppm; and 

concentration of carrier—free P32, mdl. 

The variable of was not inc3uded in the corre- 
lation analyses for since the temperature only varied t'i'oni 
91° to 92 °F 

The coefficient of nultiple correlation H was found to he 
0,73, which is significant. This shows that there is a 
significant dependence of k-values on any or all of the factors 
measured, or a significant correlation of k—values with the 

of mixture, concentration of and activity level of 
The value R = 0.73 also shows that of k may be pre- 

diôted by substitution in the regression equation. 

From the multiple correlation analysis, the coefficienLs 
of partial correlation, r, for the three variables with k were 
found to be: 



TABLE VI 

Average Differences and the Probability (p) of their Occurrences by Chance kklone for G and C Values at Various 
and NaC1 Added to Plain Sludge 

(a) Plain Sludge VS. Carrier_free P32 

No. of Values of k Values of G Digester 
Pairs 

a. 
U p 

+O.C028 

C 

Plain Sludge 
vs. 

Controls 
(NaC1, ppm) 

(b) Comparing Plain Sludge vs. Controls 

to 10 

Values of t 

— 1.64 

a 



TAPLE VI (cont'd) 

Differences and tLe Probability (p) of their Occurrences 

Chance Alone for_k, G and C Values at Various 

of Carrier-free F)2 and NaC1 Added tc Pla in Sludge 

(c) Comparing Carrier-free P32 vs. Controls 

P32(mc/l) 
vs. 

Controls 
(NaCI, rpm) 

1, 

ho. of 
Digester 

Pairs 

Values of k 

Z(kh-ks) 
(fo) 

Values of G 

= 
(%) 

a 

V alues of t 
I 

r(rh_rs) 1 

n (%) 

1.0 to 100 
vs0 Controls 5 20.1 — 7.38 18.7 + I 0.304 90 

200 to 800 
vs. Controls 5 16.2 —70.66 14.6 0.05 

1.0 to 800 
vs. Controls 10 #0.0152 23.9 —39.02 1.2 — 0,33 13.8 

I-J 
C 'fl 
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rM 0.62 (partial correlation between type of mixture 

and k-values) 

r3 0.19 (partial correlation between salt concentrations 

and k—values) 

rp = 0.59 (partial correlation between concentration of 

p32 and k-values) 

Thus, both mixture and p32 concentration exert a signi- 

ficant influence on the reaction velocity constant. 

The from t-tests of the regression coefficient 

with the standard error of the regression coefficient, bj/Sbj 

tN_n, with 29 deRl'ees of freedom, show that the regression 

coerficients for mixture and F32 are highly sig- 

nificant (tMjxture = = 3.93; PCl%). The strong 
influence ox' sludge mixture is well establishel (15). 
Aside from this fact, the analysis of the partial correlatcn 

coefficients has clearly established that the effect of 
p3'- is 

the oni.y other significant variable affecting the k-values. 

2. Ultimate Gas Production 

The ultimate gas volumes,0, in terms of par gm. vo- 
latile solids adr1ecl and calculated as the ultimate value by the 

slope method were subjected to the same statistical anaiyses. 

The results from comparisons between plain, radioactive and con- 

trol sludge digestion are shown in Table VI. 

Sigrificant reductions in the ultimate gas production were 

found when the results from plain sludge digesters were com- 

pared with containing activities from 200 to 800 mdl of 
carrier-free F, . The average reduction of 0-values was 70 mls/ 

gm which is 28 per cent of the average ultimate gas produced by 

the plain digesters in Runs XIV and XV mis/pm). Reductions 

of ultimate gas production values were found to be highly 
signi- 

ficap,t at the 95 per cent probability level for concentrations 

of F" from 200 to 800 mc/l, 

A comparisOn of (i-values between the controls and those 
digesters containing 1.0 to 800 mc/l radiophosphorus produced 
similarly significant results. 

No significnnt differences were found when G.-values for 
plain or control were, tested against ehose containing 
from only l0 100 mdl of Therefore, the effects of 
carrier—free F' were shown once more to become operative only 
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above the 100 me/I level. 

In a final t-test analysis, uhown in Table VT, between the 
C-values for plain versus control. it was fauna that 

there exists no real difference between them. 

In another to examine if there was any real effect 

on C—values due to p} a multiple regression anaJysis yielded 
the following regression equation, the functienal re- 

lationship between C, mixture, salt and P3 concentration: 

G = r5.04 - 113.7914 - 
— 

(9) 

in which the independent variables are defined exactly as for 
equation (a). The coefficient of multiple correlation, fi, for 

equation (9) was found to equal This shoas that a highly 
5ignificant correlntion exists between C-values type of mix- 
ture, salt concentration and activity level cf and that 
with equation (9) predicted 0—values can be obtained. 

The coefficients of partial correlation, r, for these var— 
iah].es with U were found to he: 

= r3 -0,06, rp 

The minus sign (negative correlatien) means that the 
value of C is depressed as the seed, salt and concentrations 
are raised. From an analysis of the partial coef- 
fi.cientL it is ves'y evident that the effect of concentrar 
tiors is the sinrue variable which decreased C, the 

gas production values. 

This conclusion is further supported by the analysis of 
t—tests of the regression coefficienta with their standard er- 
rors. D.F. 29, the rosult1n show a probability of only 
1.7 per cent for the effect of mixture, as by equa- 
tion (9) andCl per cent for the effects due to F-". 

It would therefore appeer that since real in 
both k and C values were found with carrier—free F)' concentra- 
tions in excess of 100 nic/l, that both the rate of organic mat- 
ter breakdown and the total organic matter available for decom- 
position was reduced. 

Although a limited amount of qualitative and quantitative 
bacteriological work was carried out in conjuction with both 
Runs XIV and XV, the results were inconclusive. There seemed to 



i 

be a smaller number of organisms surviving at the tOO and 800 
mc/l levels which would irdicate that the reason for toxic ef- 

fects at the higher levels of p32 were due to the depletion of 

surviving microorganisms. Tkii s• would be to 
itseJf by a reduced gas production rate (as a result of the 
activities of microorganisms and enzyme systems) as well as a 
decrease of the accessible food for breakdown (as a result of 

the interference from toxic end—products). 

3. Effect on Lag Period 

A5 may be seen from Figures 10, 11 and 12 there is no 
preciable increase in the lag çcrtod,t , in the presence of 
concentrntions tom 1.0 to mc/l. From an analysis oft— 
values plain digestes's and those containint; various le- 
vels of and controls with equivalent salt concentrations it 
was established that no significant differences exist, see Tab2e 
VI. 

From the. multiple correlation analysis the following regres- 

sion equation was' deterntned. 

—1.025 + l.2l9M + — (10) 

in which the terms M, Sc and are defined as previously. The co- 

efficient of multiple correlation, R, was found to te 0.89 which 
shows a highly significant correlation between any or all of the 
voriabler andt • The partial correlation coefficients show that 
practically all the correlation is due tc the type of mixture 
(.rM = and that the concentrations of salt or p32 exert lit- 
tie influence (i's qi = -0.07) in this correlation within 
the limits of investigations. 

Similarly, the results from t-tests of the regression coef- 
ficients point to the mixture type as the significant variable 
(t 9.14; PCl%) whereas salt and P32 concentrations are insigni- 
ficant (P 71 and 72 per cent, respectively) variables as far 
as thet-values 'are 

4. Reduction of Volatilçj4atter and Volatile Acids 

The reduction of volatile matter values in Table V indicates 
that up to the 100 inc/i level of carrier-free P .32there wqs no 
real differences as compared to digestors containing plain or con- 
trol sludges. the addition of any radiophosphorus, vo- 
latiie matter reduction ranged from 34 to 40 per cent. In the pre- 
sence of 800 nc/i of p32 the volatile matter destruction was de- 
creased to about 30.8 and 32.4 per cent, respectively, during 
Ruiis XIV and XV. Reduccd diçestion efficiencies in the presence 
of high concentrations of are expected from Lhe foregoing 
discussions. 
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It is intrrestinr t° notn that in those cesen where diges- 
tion was significantly inhibited due to high concentrations of 
P32 the level of volatile acids concentration (total acetic 
acià) were higher than for the plain and control digesters at 
the end of the fernentation reriod. At the end oi' Run the 

800 me/i activity sludge contained & concentration of 1014 ppm 

of volatile acids or a velue approximately 13 times grester 
than the plain and control digester's which contained only be- 
tween 92and 129 ppm. representing a very narrow range of vo- 
latile acids values, 

In Run XV the volatile acids ranged from 140 to 188 ppm 
for all with the exception of those containing 400 to 
800 mc/l. The latter digesters contained 330 and 352 pnn of 
volatile acids respectively, which reprosent3 a 100 cent in- 
crease in vointile acids concentration, It is of interest to 
note that in no case sludge reached a value close to the 
limit of' 2,000 ppm, usually considered the vojatille acid level 
at which normal digestion is upeet. 

B. Effect on Potential. Con due Li vi ty and 

the identi cal procedures used during the 1131 studies 
and previously reported in detail (9) (11) rednx poten- 
tial, conducAvity measurements were continuously record- 

As for the 1131 studies there appear to be no measurable 
differences between the redox potentials obtained from the vari- 
ous digesters, regardless whether contained plain or con- 
trol sludge, or sludge to which p3'- hnd been added. Figures 13, 

14 and 15 show typical plots of cumul3tive gas production, OR?, 

pH and temperature acainst tune of digestion in 
days. 

(*) The relox potential rreanuremezits shown in Figures 13, 14 
and 15 rcpresont digesters 13, 14 and 15 of Run XV. This is in 
contrast to the rest of the dats prisenteci in these figure:, 
which obteined froii iUiii XIV. D'u'i rig Run XIV no electrode 
systems requiring a KOl cdt tridge could be used in order that 
the conductivity data would represent the changes occurring 
ing the digestion of sewage sludge without any interference. 
When pH and OR? cells are introduced in the same flow line, to- 
getlier with a conductivity cell, there must always be some dif- 
fusion of KCI into the liquid medium, pH and OR? are 
not measurable. This slowly increasing concentration or KC1 

in the sludge ¼ould materially contribute to the gradual increa- 
se in conductivity values as digestion proceeds and thus lead to 
a false interpretation of the data. Since the measurement of 
conductivity is rnnde between two platinum electrodes there is no 

for KOl bridge. 
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apneai' to be tin real difft.rencu.'; in thu nUox ;.oten— 
tialu fl, 14 and 15 (Riui XV). Thu (YiP valito 
(baned on Eh) of plain sludge at end of the first day is 
—100 my, rises and then tails off gradually to a vai.ueof —275 
niv. For digesters 14 and ]5 containing 10 inc/i ot' p32, the UHF 
value at the end of the first day is about —100 trw and drops 
gradually to -245 my and —295 mv, respectively. 

The initial Eb value of the sludge mixture was zero. From 
the total change in magnitude during the digestion process, and 
the overa3l of the redox potential curves, it appears zhat 
no significant difference at the 10 me/i concei±tration of F3' 
occurred. The redox potential for digester 16, not shown, had 
a value 01' about —100 my, but decreased gradually to only -230 
my at the end of the 30-day period. Therefore it would appear 
that the reactivity of the system was reduced at the 100 ruc/i 
concentration. Because of practical considerations none of the 
recirculating digesters charged with a concentration ex- 
ceeding 100 mc/J in any Leakage from flow lines wouid have 
contaminated the laboratory. 

during Run XIV was carefully monitored to mea- 
sure the true changcs in magnitude of this variable and to es- 
tablish its value as a parameter describiur the efficacy of the 
sludge process. The table below shows that the con- 
ductivity of the sludge mixture rose rather rapidly during the 
first few hours and that the change during that pariod was about 
10 cent of the total change expepienced over a 41-day period. 
This initial increaoe in conductivity may he a rapid 
carbon dioxide saturation of the sludge. 

For the same reason no pH electrcics werc in the 
flow lines during Rita XIV. Thus, the pH values shoun for di— 
gesters 17, 14 and 15 the pU frori digester 
17 which hsd p1! olectrudos buu no cunducti Vi tv cell. 

flU s makes the interpretation ni data prosonted 
in 13, 11÷ awJ 15 a little difficult, it was the 
only method by which to obtain true conductivity toadings. 
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—. RUN XIV. Electrical Cenducti 

Dig. Character 
No. of S]udge 0.9:1 At Start Two Hours At end of 

Misture(a)_of Run(L) Later 4] Diyr 

13 Plain 3280 3500 8550 

14 10 nc/i 2580 2090 3261 

15 100 me/i 2580 312C. 3395 $040 

16 30 rqr/1(c) 2580 2760 3100 7500 

(a) Fefore with activity; 

(b) After dosing; 

(c) Concentration of 10 nc/i Run by 
periodic feeding of carrier-free 

There seems to no significant effect on conductivity 
due to carrier—free F,c up to 100 nc/i ui Run XIV. flowevtr, at 
the end of the 4] -day digestion period there in a of de- 
creasing conductivity values with au increase in concentra- 
tion. this decrease from 8,550 pmhos to 8,040 pmho:; amounts to 
six per cunt. Digester 16, maintained at JO nc/i of P32 through- 
out the run, had even lowcr conductivity valiurs, reaching a fin- 
al value of only 7,500 pmlios at the end of 4]. days. This repre- 
sents a 12 per cent reduction from the pinin The dnt,a 
is tno meager to generalize ohuerv;itions for finitr con- 
clu9ions, hut it wou]d appear that both (HIP arid conductivity 
hear functional relationship to increasing concentrations 
of P3', which probably couJd be better evaluated at higher le- 
vels of activity, 

During Run XV the pH valu.s were not affectsd in the pre- 
sence of carrier—free up the 100 nc/i concentration. The 
pH had an initial vaJue of b.e and rose gradusily to 7.5, after 
going through the normal acid fermentation stage. It 
that pH is not a sensitive meauuure of the efrect of radiophos— 
phorus cn eel IL:. 

C. Effect on (ins Quality 

Chromatographuic of digestion gases were 
carried out for all p3C studies. Sar.ples from each of the di- 
gesters were analyzed dai]y to folloi: changes in gas compo:i— 
tion with digestion progress. The cliromategrama from repre- 
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sentative cligesters on two different days are reproduced in Fi- 
gure 16. 

Resuits from digestors I through for the third day of Run 
XV show that the gas from the digester with MOO inc/i contained 
more CO2 dnd less CU, than the control. The la- 

tter contained only 31,Y% C0 hut 6s.i% CM4 (digester 12). Di- 

gester 2 with 400 mc/l simi]ar difference, although less 
pronouncoU. Both ligesters 3 and 4 (200 and 100 mdl respective- 
ly) show only slight differences, compared to their controls. 
Digester 5 (1 nw/i) shows the same composition as digesters 6, 
7 and M (plain s1ude and its equivalent control). 

On the tenth day a higher concentration of CO- remains pi'e— 

sent in digest'rs 1 and 2, hut all others have the4same gas com- 
position. Therefore, it is concluded that up to 100 mc/l of ear— 
ncr—free p32 there is no real effect on gas quality. From 400 
to MOO inc/i levels el activity increasius:ly grustzr 
of 002 are exhihited, especially clurinr' the first fee' Jays of 
the anaerobic process. This further supports the fact that there 
is a significant effect on sludge digestion at the hi7her coii— 

centrattons of' p32. A complete 002 analysis for all 
in Runs XIV and XV is presented in Tabl° V1IT. 

More nitrogen was found in the digesters on the tenth day 
than on the third day. On the third day the digesters were pro- 
ducing ras at a rapid rate, but gas production had fallen off 
by the tenth day. The same amount of air which is introduced 
into the digester through diffusion (when the gasometers are 
zeroed daily) wos usually comp] purged by sludge gas dur- 
ing, earir, high gas production. However, during the later per- 
iod, the air introduced accumulated in the digesters and showed 
up on the chromatograms when gas production rate fell off. The 
gas composition, however, was calculeted on a nitrogen—free bas- 
is, 

B. Distri i-ut ton ween Li and Solid Phases 

The results from st'id:i es of the di strihution of carrier— 
free p32 between the supernatint and sludge solids have been 
summarized in three curvcs wtth a tnUe of the data shown in. 
each figure. 

Figure 17 shows thqt the per curt uptake by the solid decreas- 
es with increasing initial activity (A0) 1.0 to MOO nic/l. 
Thesu results indicate that more of the. p32 activity will be in 
the liquid phase as the initial activity is increased. 



VHIJ. PERCENT OF CAREON IN SLUDGE GAS FR:n ANA&Y515_ 

RuN xiv — STUDIES 

DIG. 2 3 6 7 8 9 10 II 12 13 14 15 16 
No. 

TYPE 8C0 200 100 10 : PLAIN PLAIN Cow— CON— Cow— Cow— cow— PLAIN 10 100 10(A) 
MC/I. MCI!. MC/l. MC/'L MCfL TROL TROt. TROL TROL TWL NC/I. MC/L MC/L 

t10) (100) (200) (8Cc) 

DAYS 1 44,52 49.02 49.77 50.46 50,45 50,41 50.81 5061 50.86 50,0 49.77 50,06 49.53 49.94 49.59 49;7i 

2 35.51 35.89 36,32 35,23 35.50 36.12 36.50 36.23 26.35 35.75 35.40 35.32 39.48 39.53 38.92 39,02 

3 35,29 30.88 30.20 29.32 29,11 28,94 30,07 29.13 29,15 28.90 29,19 29,40 32,34 31.97 33.53 33,10 

4 36.45 31.41 30.07 28.83 2L60 28.89 29.02 26.88 28.98 28.98 28.41 28.92 28.01 28.67 33,58 28,99 

5 37.15 30.95 29.61 2842 27.52 27.93 27.94 28,11 27,73 27.87 27,75 27.76 24,79 25.09 27.00 

6 36.09 29.12 29.52 27,68 27,60 27,58 V.50 V.71 27.71 27.95 27.81 27.81 27.C6 26.74 25.89 25..W 

7 34,82 29.25 27.50 27.55 27.95 27.93 28.02 27.81 27.51 27.81 27.02 28,06 26,55 25.93 25,50 25.77 

8 34.32 28.98 27.31 23,05 28.05 28.20 28.05 28.12 28.01 28.30 27.90 26.08 26.69 25.18 25.00 24.91 

10 32,61 27,69 2&R1 28,57 28.35 28.28 28.28 28.22 28.54 28.55 28,71 28.07 26,77 26,28 23,91 28.82 

II 31,77 27,45 25,41 28,36 28,t7 28.29 28.40 28.34 28,21 28.14 28.31 29.91 23.94 24.84 26.20 

12 31.18 27.04 26,07 28,40 28,C0 28.01 27.95 27,63 28,29 27,99 28.39 29,04 23,80 24,47 22.47 24.97 

13 29.95 26,14 25.31 27.6! 27.55 27,59 27.29 27.56 27.83 28.17 27.97 28.68 23.03 24.18 22.13 34.33 

14 29.24 25,86 24.83 27,54 27.49 27.30 27.25 27.34 27.69 27,72 27,73 23,55 24.25 22,09 28,79 

tS 30,00 26.8! 25.51 2E.II 27.80 27,94 27,62 27,63 28.05 28.03 29,32 28.29 24.14 24.77 22.77 ICO.C0 (e) 

17 20.23 26.1! 24.51 26,54 26.27 26.16 26,09 26.05 25,63 26.77 23.83 27.54 22.71 22.64 22,02 

42 27.29 20.25 9.34 18.97 20,35 20.77 20.24 16.81 20.47 21.26 21.76 22,94 5.77 15.52 13.88 22.03 

fr) DiGESTER V/AS OPENED PERIODICALLY TO FEED (To MAINTAIN LO NC/i ACTIVITY) I—' 

C?) DIGESTER HAD JUST BEEN OPENED TO FEED 



TABLE VHI. PERCENT Clox IDE SL'07E FP:M ANALYSiS 

RUN XV — P52 

1 2 3 4 5 7 8 9 :0 ii 12 13 14 5 iS 

TYPE ECU 4CC 2C0 100 1 PLAIN PLAIN CON— CoN— CON— CON— PLAIN 10 IC I 

NC/i NC/ fuIC/f Nc/i TROL TROL TROL TROL TROL Mc/t ;c/; Nc/i 

(1) (;0C} (2CC) (4CC) (800) 

DAYS L 37.3 37.2 40.4 4kB 42.1 42.2 45,7 42.7 42.9 43.1 42,7 38.0 42,7 4:.,2 101.! 

—(ci —(c) —(c) 'Ic) 
2 4&30 40,68 38.69 37.60 42,06 36.50 35.50 35,69 36.50 36.42 36.60 36.51 

3 44.36 35.04 33.79 32.85 31.23 30.35 30.19 30.21 29,03 31.45 31,98 31.91 38.93 32.75 33,25 40.80 
—(Ci 

4 37.71 35,43 33.29 32,67 31.70 31.88 3.92 32.05 32.10 32.02 32.10 46.10 22,66 107.22 38.77 

5 34,79 32.89 31,29 31.05 30.56 30.89 30.88 30.79 30.35 30.96 31.05 30_li 35.06 30.17 62.50 31.91 

6 32.06 31.10 31.49 31.46 31.07 31.55 31.3! 31.48 31.64 31.39 31.55 31.63 30.77 33.71 19.51 

7 31.79 31.41 30.66 31.24 31.62 31.65 29.84 31.57 31.94 32.16 30.75 31.97 33.40 28.10 33,22 28,62 

8 32.12 31.31 30.16 31,58 31.62 32.21 31.96 3I,78 31.97 32.03 31,51 31.62 32.91 21.81 37.19 41.81 

10 31.19 30.61 2930 31.21 31,69 32.07 Z:,79 31.93 31,91 31,62 3L91 30.59 36.05 29.17 3i.64 

11 30.14 29,97 28.53 30,58 30.49 31.55 3..,29 31.18 31,52 30.15 31,33 31.64 28,19 55,34 25,54 

12 23.47 27.27 27.88 30,17 30.35 30.41 30.63 30.07 31.23 32.13 30.92 27.39 47.,C2 32,11 25.69 

13 23,94 23.51 27.58 29,73 29,37 30.60 30.14 30.0! 30.49 30.43 3C,40 30,58 27.55 42.86 22.25 25.83 

14 32,Et 23.55 31.19 29.31 28.80 28.94 25.92 29.49 30.17 29.73 29.92 27.91 39.44 27,52 25.23 

iS 29.21 26,38 21.12 29.06 29.02 31.05 29.42 29.40 25.16 29.22 29.54 29.64 27.73 43,55 26,13 25.46 

18 28.50 27.50 25.53 27.67 27.45 29.02 28.15 28.24 28.63 2R,79 29.95 29.37 26.39 31,08 20.37 25.55 

25 25.77 26,46 23.31 24.22 23.77 26.51 26.23 25.35 26.59 26.25 27.10 24.45 33.98 25.19 20,06 

(c) rco ANALYSIS AVAILABLE 
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The results are opposite from those previously reported (6) 
for p32 in the form of KH2P014. the di—H orthosphosrhate salt 
the responsible mechanism may luve been cc—precipitation. The 
salt was mixed with and adhered to the sludge solids and was 
therefore counted as part of the solids activity. This mechan- 
ism is quite possible since concentrations of K112P04 greater 
than one per cent and as as 22.9 per cent had to be used 
during those runs to obtain the desired high levels of radiophos— 
phorus activity. 

With use of carrier—free p32 the concentration of the phos- 
phate radical in the digester was lower. A maximum of only six 
mg/i of was adLfrd and it is safe to assume that all radio- 
phosphorus present in the sludge was in the form of the phos- 
phate radical. It is safe to essume that none of the radi oactive 
çhosphates precipitated since their concentration was well with- 
in their solubility range. This includes the soluble phosphates 
normally present in sewage and sludge. 

A semi-log plot of the decontamination factor (D.F. ini- 
tial activity divided by the final activity) concentrations 
of initial activity from 1.0 to 800 nc/i of P-'4 shows that the 
activity concentrates in the liquid phase with a maximum value 
of D.F. 23 at the 1.0 nc/i level of activity. From Figure 18 
it is apparent that this srna).l ability of the liquid to conceri— 
trate carrier—free p32 decreases rapidly to decontamination fac- 
tors with values from 2 to 3. 

The D.F. for the solid phase is considerably lower than for 
the liquid for all concentrations of p.32• It decreases from 
2.35 to 0.59 as A0 increases from 1 to 800 mc/l. From Figure it 
it .ppears that the decontamination factor is from 5 to 10 times 
greater for than for the solid within the range of 
carrier—free i3' studied. 

Figure 19 represents the proportion of activity removed, ex- 
pressed as the percentage of initial activity in pc/gm. On the 
basis of activity per unit weight, the efficiencies of decontam- 
ination by either liquid or solid phases could be aetermined. 
The resulting curves appcar difficult to interpret at first hut 
they do findings from Figures 17 and 18, demonstrating 
t1mt the went to the liquid phase during digestion. The 

for the solid phase is positive forvalucs of A0 less 
2.0 mc/gm and for values above 800 mc/yi, but assumes a 

negative value between these points. If there was no gasifica- 
tion of solids during digestion, negative values would indicate 
an uptake by the solid. Since gtts was produced and the solids 
concentration decreased during aziac robic digestion, this would - 

increase the activity on a weight (milligram) basis. It is 
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therefore reasoned that negative values would be e:.cpccted from either (a) gasification or (H uptake of P32 by the solid between 2.0 and tnc/1 activities with the sa'ie unit gas producton (cu ft/lh). Consequently, for an equal dgree of destruction of solids, the liquid must have tcken up activity at the 1.0 mo/a and SQU mdl levels. 

The ratio for the J.iquid is negaUve between ar.prox- 
I tn'ite] y i;O and 200 me/i , whi Cii n;ea as th:i t with a n Inc rc'ased amount of liquid dunn:: digestion (li1uefaetion) a coiiridrrahl C of activity was concentrated by the phase. The ncgativc' 
values for the solid are meanin,1:less, similarly the positive values in the I nuid are ml sJ eadino unless we anttu'pret these results by observinp; both curves. 

It should he noted that in the lower ride of 
19 there are three points at activity levels A0 between 200 and W)0 inc/i wh-i ch represent highly negative va].ues cf the liquid ratio. These provide further eviderce fey the strorip tendency of the liquid to concentrate carrier—frce N2. Al— thoivh these points vicre eliainated froM the zraph for nlrnity, they represent data obtaiaed in Run XV, The reason the data fron Run XV is especially significant is because during that run experimental procedures, including san— plo preparatic)i and radioassay work, were well established arid greater can be placed in the d&ta obtained during this final run. 

AN]) CONC IJUSI ONS 

Th05;e inv stigations on the effects cf radirac ye natenia] a and the! di butiori during ann crohi c digestion 11)0 laded five runs of c with concrnlrqticns up to 600 inc/l and two runs with high—specific activity p3c with concsntratjcns up to mdl. On the hasi a of the analyses of the uxperimental data the fo] lowing cunclusi otis may he drawn: 

Rr?s?lt r from Carrier—Free 1131 Studies 
1. hate nf production fro rirni]arl-y rreprred seeded mix tities with or wjJ;hout j13l was pyt 1; a] toned up to 300 inc/i. At bOO mdl of a significant reduction 

ot' the reaction velocity constant was found. There were no differences in the reaction velocity constant be- tween plain sludge and controls (containing equivqlent concen- trations of salt solution, composed of NaHCO3 arid Na2303), 

2. U]timate production of gas, volatile acids concentra- tion, reduction of volatile matter apd pH were Jiot significant- ly affected by concentrations of up to 6(X) mo/a, 
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3. The redox potential measurements from digerters with 
up to 100 nc/i and wIthout 1131 showed sorie minor differences 
but they were ins igni ficant. Sixñlrrly, conductivity sure- 
monts vmre not affected tip to concentrations ci 60C) mo/i of 
1131. 

4. The gas 4llallty in the presence of' 1131 up to 300 me/i 

of 1131 was not affected. At 600 inc/I the relative concentra— 
tioiis of carbon dioxide to methane were displaced 
from the controls. On the average, the carbon dioxide concen- 
tration was found to be 3.4 ptr cent greater for the first 
twelve days dining lion XII, w}ii oh was sLatisti cally significant. 
However, smaller (llifere:lces veere neted for the same high icVCi 

concentration of iU1 durin" Run XIII. 

5. The (iistrthution of radioiodirie between the l:iqti.id and 
solid phases iii the sludge after digestion does not appear to 
be significantly changed iron its initial distribution. However, 

with an increase in initial activity fror.: 1 to 600 me/i a de- 
finite trend of increasing uptake by the solid was shown. At 
the end of Runs XII and Xlii, 143 per cent and 110 per crnt of 
the initial activities, respectively, were found in thc: Eolids, 
based on gravimetric analysis, at the 600 me/i level. Si:nul— 
taneously, the proportion of activity removed by the liquid was 
found to decrease from 12 per cent (at 1.0 me/i) to 7.4 per cent 

(at 600 me/i). The greater uptake by solid, which may he 
of further interest at high levels of IL!, may be due to the 

fact that iodine does not participate in the metabolism of anae- 
robic digestion. 

Results of p32 Studies 

1. The presence of high—specili c act ivity P32 appears to 
have significantly affected the reaction telocity at 
800 me/i as comiared with the controls or the plain sludge di- 
gesters. Up to 400 me/i no statistically significant differ- 
ences were noted. 

2. The ultimate gas production wis not significantly af- 
fected up to 100 rnc/L itt concentrat inns ef JkOO and 800 
me/i the uitiuate gas productdcn was very significantly reduced. 
This effect was alac shown in Figures 10 and 1]. from 
the equivalent controls, in Figure 12, proved that the 
observed effect fron experimental evidence is valid. These 
decreases in ultimate gas production are irob:*]y due to injur- 
ious effects from ionizing radiation rather than din? to chemi- 
cal effects of the isotonc, as evidence by the controls. Fur— 
thorMore, the multiple analyses and t—tests of re- 
gression coefficients coaler additional sipnilacance on the ye— 

dwqed ultimate gas production at the hiLTh levels 01' carrier—free 
pFt• 
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nU:nti :1]. front tin to 
II 0 rue/I. ol' P-n- !Cu L t Lii y:n' 1.; Ule ti:i 5 iicM sirIIIJLCTI IIt.Iy 

affected. The ni' vt ftea s''i;ia ned abnut the Ssrh., 
si,isl.l , but elf! en itt , di fflurencos appeared 

4, Some reductions in digestion efficiency were found. 
The reduction of volatile matter, ranging fro:i 24 to 40 per 
cent for sludge and controls, was found to be decreased 
to 31 to 32 per cent c?.t dUO mc/1. 

The acids cnncerlt,rttiofl at the end of Run XIV 

was aboub 100 ppm for plain and controls, but was 1000 
ppm in the presence of me/I. This ten—fold increase in 
volatile acids also shows the adverse cf.i'cct on digestion at 
high concentrabions of p32, 

5. Conductivity rneasureTneflts, following the breakdown of 
solids with progress of showed thab a definiLn re- 
duction was experienced at 100 rae/i levels of P)2. In another 
digester, naintained throughout Run XIV' at 10 nc/i even lower 
values of conductivity, comparod to its control, were obtained. 
Since conductivity has been shoun to follow the progress of 
digestion and the process was adversely affecbed by high ac- 
tivities this 'nay offer an explanation fur thin phenomenon. 

6. Gas qunlity probably nliewed deleterious effect on 
sludge dijl;cstiou due to most clearly . Up 

to 100 me/i thorn rio effect, but at the IOU to 800 nc/i 

concentrations ire ffld ntngly greater relative percentages of 
CO2 were found. Conccritratiens of 007 as high 44.5 per 
cent, compared to 32 per cent for the controls, were noted on 
the third day of Run kV, which again demoiistr;ttes that diges- 
tion tias adversely uTJec bed. 

7. The cent uptake by the solid decree son e s the ini- 
tial irorn 1.0 to 500 "rc/l, which is in co:ttn'— 

ant to the stutiec , Those l'e:i;t] C a that ::lOI'C of 
the p32 activitj will be in the si'iJerIiatent than in Lhe 
digested solids. lb and 19 further evidence of 

thg strong tendency of the to concentrabe carrier—free 
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finding3 opposite to prov*ous ntudicE; with 
which uscri. a high cnncentvctioii of carrieç salt in the form ci' 
KH2POL. In the pre:ent p32 studies it 
to all of the phorphlLc'L renainerL in 
solution and no coprecipitation, or phoupk'tu conculation, occur- 
red. It appears that when the Li below 
its soi.ubility, more of the activity Li in Lie supnsnaLtlt. If 
the phoanhate soluoiiity ir; o'ccecdcci more of the activity vdll 
be lodged in the solid phane. This nay be of ir1zpoctance in dis— 

plmts where the supernatant Li recirculated throurii the 
aerobic :arts of the treatiaent process. 
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01? PACKEt HOUSE WSTES 

A. L. Van Luven 

Foreword 

It is necessary to explain that my affilintions have 
changed since being asked to give this paper. 

For over 10 years previous to 1959, I was engaged by 
Canada Packqrs in either the Toronto plant or Toronto Head 
Office, (general surerintendentts office). 

Since late in I have been in a consulting 
engineering business with H. E. Nckeen and Company, Ltd. at 
the job of buildinç a Treatment Di'cision. 

Naturally my interests in the treatment of wastes from 
packing houses and associated industries have kept me closely 
in touch with developments in this field. 

Intriuction 

In dealing with any industrial waste problem, the 
peculiarities of the industry and the special features 
of the particular plant in question are very important. 
It is necessary to with an industry to 
nize these features and then to fully understand their 
relationship to the waste treatment problem. 

For exanpie, the strength, amount and nature of packing 
house wastes are considerably by such factors as: 

1. general facilities of the plant and the type of 
business being conducted. 

2. methods of killing. 
3. material handling equipment arid methods. 

4. rendering facilities and methods. 

Frequently packing house wastes are discharged with a 
hich population equivalent. In my opinion it is possible to 

reduce the strength of these wastes so that the municipal 
sewage treatment plant can handle them at reasonable cost 
and, simultaneously, the packer will he pleased sdth the 
extra fat, protein, blood, and improved water economy that 
his waste—control program will yied. 
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Sonic Keynotes To Pa c k 

Without making excuses for the mert packer, I like 
to point out SOme of the factors behind the B.O.D.'s, high 
suspended solids, and grease. 

If the neat packer hopes to deliver a grade product 
to the consuner,he must do certain things quickly and well. 

Some of these processing "MUSTS" increase his wastes con- 
siderably. Some examples follow. 

(a) 

This is paramount and the constant bacterial war 
rerui ron vast amounts of water, i 'hi. cli unfortunately, 
frecuently carry fat, meat and blood to the sewers. 

Both the packer and the sanitary engineer fully 
realize that bacterial decomposition begins at the 
instant an animal is slaurhtered and that bacteria 
usually grow a lo-arithrnic curve. 

To the pscker, this means rapid processing with the 
bacterial prohle'rt in mind at every AJ.1 meats 
(cooked and fresh), packaging materials, knives, 
product chutes, cutting room tables, conveyors, 
plant trucks, scales, coolers, freezers, and other 
enuipment must be clean and reasonably free of 
bacteria. Packers must control sanitation, proces- 
sing, and environmental conditions (especially 
temperature) with great care. Freouently materials 
must he rerouted to avoid impending trouble. 

(I,) Costs 

No industry that I know of must be as careful of 
costs as the meat packing industry. Net profits 
are rarely more than of sales and are usually 
less than This means a net profit of ibout 
1/5 cts. per pound for the large packing house. 

Therefore, the packer must handle large volumes with 
maximum efficiency. It is essential that he keep 
his costs in line with his competitors. It would 
be serious if he were forced to install waste treat- 
ment facilities which might place him in a non—com- 
petitive position. 

Cc) Good Housekeeping 

The meat packer must be concerned with the cleanliness, 
order, and arrangement of eouipment, supplies, machinery, 
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piping, f)oors, walls, vrtndows, 
(in Lict nh of tlu' plant), oven when t}teLe 
objects do nob come into direct contact with his 
productn. 

(d) LlexiialAJ.tx 

Successful. pickers rust keep their operations 
flexible in order to meet the widely fluctuatinrç 
demands of their business. Frerueiitly the Dlant 
superinuendent is expected to alter his 
plans on short notice to cater to the demands of 
the market; for example, he may suddenly be e::- 
pected to kill 1,000 cattle on a day that his for- 
es had already set out to kill 800. 

This sort of demand has a serious unbalancing 
effect and, of course, affects the waste problem. 

Size of' the Problem 

The indi cate the scope of the problem. 

(a) 

We hsve measured the water consumption in several 
packing houses with a mi;:ed kill and we have 
observed the 24 hour volume of water to vary from: 

450 to 1,100 1.0. per animal 
or 360 to 800 I.G. per unit. 

To convert animals killed units killed 
use a factor of 1.0 for sheep, lambs, 

calves and use 2.5 for cattle. 

These figures check reasonably well with those 
given in the literature by the U.S. Public Health 
Service for a survey of 16 American Packing Houses. 
(Reference #1). 

(b) Cons &ion 

The foil owing data were obtained from a packing 
house operation. 



Max. Kill Rate 
per Hour 

Peak Kill Per 
t:eek — Hog Units 

Cattle 70 2400 6000 
Hogs 360 704h 7044. 
Calves 50 902 902 
Sheep 50 723 723 

TOTAL 14669 

TIITh IMPERIAL • 

12:00 F.M. 
1:00 A.N. 15000 
2:00 12500 
3:00 
4:00 14375 
5:00 16250 
6:00 16875 
7:00 25000 
g:oo 50000 
9:00 55000 
10:00 51250 
11:00 59375 
12:00 AM. 71875 

TINE ILIPEPJAL GALS. UJL1) 

1:00 P.M. 67500 
2:00 g?500 
3:00 59375 
4:00 66250 
5:00 62500 
6:ou 56250 
7:00 60625 
8:00 60000 
9:00 56875 

10:00 51250 
11:00 49687 
12:00 P.11. 48437 

Total 24 Hours 1135624 

These figures are fairly typical and indicate that there 
is a comparatively lou from 1:00 't.ii. to 7:00 A.fl., then 
the water consumption rapidly increases and remains all 
day. 
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Peak Kill Per 
\Jeck — Number 



The peak flow rates and time of occurrence are usuniiy 
Quite changeabi e as hOW shown the following duta for 
a moderately sfied operation iii a normal reason. 
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TOTAL GAlLONS 
24. 
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uNRING 1)IkY 

63 100 
, ouo 

27, 500 
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500 
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333125 
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1 nr ...j .j;. ) 
P;750 

75 000 
250 

P1,250 

2,403 

Saturday 
Sunday 
2;143 
l;926 
2,327 
1,817 
Saturday 
Sunday 

l;5 83 
1 

3dturlLly 
Sunday 
1341$ 
1,925 
1,844 

From these data, 
houses, it is noted that: 

which are representative of nany packing 

1. Peak water usage can occur at several different 
times. 

2, usage is considerable on Saturdays and 
Sundays (uhen no killing is done). Thisis the 
result of rec'uirements for refrigeration, steam, 

canning operations, and normal maintenance. 

3. Even when the 'niusual peak flow rates (such as 

125,000 g/hr) and the week-end figures Sire exclu- 
ded, there is considerable variation in the peal: 

hourly flow rate, front 63,100 to 87,500 
per hour. 

4. The daily water consumption varied from 3h0 to 
b54 Imp. Gals. per hog unit. 

Cd The Industry Often Uses Old 

Frenuently this industry has praises for which 
there are no sewer plans and with the sewers so 

inter-connected that the ,job of segregating wastes 
is very difficult, 
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It is even more frustrating to see new buildings 
being built without full consideration to proper. 
weste handling. 

(d) Government Inspectors the Use of Ustor 

In government-inspected hounes, cloanli— 
ness, and sanitation are einnhasizcd 
as these items should be. Therefore, attempts 
to reduce water consuMption, or reuse water may he 
mistuterpreted by both the Inonectors and the Packers. 

An±ppyoach to the Problem 

(a) Plant L.zrvey 

This is the first job. The object of the survey 
i.s to obtaIn: 

— up—to—date setter and drain plans for the plant. 
— analysis end measurement of significant waste 

flows. 
— data on total water consumption. 
— on water used that rot recuire 

waste treatment facilities, by the pac!cer. 
This includes domestic sewage, refrigeration 
water, steam condensate, ice inanufac- 
turing. 

— dntn on water that could he reused if 
— dttn on water that could he reused if filterud 

through such as a rapid sand back i'nsh filter if 
practical. 

— data on the volume, nature Slid general facilities 
of the business. 

- knowledge of facilities and methods of handling 
paunch manure. 

- knowledge of of handling 
hog hair, deads, slunlcs1 condernnei carcasses. 

- knowled:e of facilities, volunes and 
requirements for poultry,'vegetable oil proces- 
sing and other operations, that may be part of 
the packing house. 

— knowledge of the blooi drying and rendering 
facilities and methods. 

— knowledge of future construcL5on plans. 
— forecast of the business contemplated in 10 years 

or so. 
— knowledge of the town sewerage and sewage treat- 

ment system, future plans for the town population, 
population forecasts and other industries. 

The survey must attempt to answer such questions as: 

— Is the plant water usage controlled properly? 
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— Woul.d a difforcnt schedule of onarations be 
helpful if 

— Lcono1q'.es the 
— 1 'ntcr i.zi cacti low 

when segregated. 

(b) 

Pherever possible and practical, nachers should 
consider nicking ch'inges in operational procedures 
before large expenditures are made for w'tste 
treatment facilities. However, if waste 
treatment facilities are instilled first, the 
"In-F] ant" work must be completed before the final 
effluent from a packing house will he of reasonable 
strennth. 
Some of these changes are: 

1. Keep fats and meatsoff the floors in cutting 
rooms, boning rooms, curing cellars, cook 
rooms (kitchens) and coolers. 

2. Teach the workicien proper clean—up methods. 
For example kill floors and floors in rotc- 
cut rooms should NOT be hosed down until ccngea].ed 
blood, bone sawdust, meat, fat and deuclaws are 
shovelled into buggies for rendering. 

3. Install concrete curbs in the floor 
stunning and bleeding area to manure 
from blood as much as possille. 

1F. Do not allow to run continuously in the 
blood saving, areas. This overloads the blood 
dryers and may cause serious foaming losses 
during the dryinr; operation. 

5, Install collector boxes under bone saws where- 
ver possible, especially on beef killing floors. 

6. Reuse the water (for condensers, gut washers, 
or other eruipment) from such as: 

— deodorizers in oil refining nperati.ons 
—. carcass washers (calf and beef) 
— water in condenser systems if it is 
being usrd excessively. 

— cooling water from canning retorts. 
— cooling water from milk nasteurizers 

in margarine plants. 
— water. 
— condensate if not returned to 

boi1. crc. 
— poultry chilling water. 
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These changes require t'ork but they nay 
pay off veil. 

7, Change the piping so that all toilets, shouers, 
wash basins and other domestic—type wastes go 
directly to sanitary severs. 

8. Install ouick acting hand and foot valves wherever 
possible to reduce water 

9. Install automatic valves for such operations as 
gang washing of calves so tlta.t water is noL being 
used unnecessarily. 

10. operations and equipment to reduce delays 
in rendering which increases fatty acids and 
expeller fines, thus increasing the loss of pro- 
duct to sewers, 

11. To the greatest degree possible, effect segre- 
gation of the waste into the following streams 
arid treat each separately: 

a. waters carrying fat and protein 
b. waters carrying manure 
c, clear water for reuse 
d. blood with a minimum of water 
e. domestic directly to city sewers 
f. roof and yard water to storm sewers (if any), 

with provision for keeping pen and truck 
manure out of drains. 

12. Supervise operations and adjust ec'uipnent to 
minimize fat getting into the manure water. 

Establish Design resisTor Each F].ow ReauirinR 
New Farlilities 

1. The Split 

From the measurement of waste flows the rough 
percentages of total water to be treated by 
fat or manure catch basins ran be calculated. 

Experience indicates that these percentages 
vary Quite widely, depending on such factors 
as the nature of the businrjss and amount of 
clear water wasted. For example, 
some packing houses purchase a large percen— 
tare of carcasses rather than killing in 
their own plant. 
The normal well integrated nacking' house 
will split the total waste water, at about 
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53% to fat catch basin 
47% to manure catch basin1 

2, Expansion 

The management must suggest the amount that 
they propose to expand their business in 
say 10—15 years. 

3. Estahlish leak !Iourlj Flow to he Handled 

From the water consumption data, the peak 
hourly flow rate is determined (unless thcre 
are special circumstances) then using numbers 
for correGponding and maximum possible 
hog units killed, obtain a prorated peak hourly 
flow rate. It is advisable to pror:ite on the 
basin of' weekly kills to minini2e the effect 

of flu 

From this fIgure subtract the water not i'ecuining 

treatment. This gives the peak 
rate for that year. 

Next allow for expansion, rind also add a safety 
factor to insure aderuate preli minary treatment 
facilities. ic su nest from to 

(d) litier 
1. of VJastes 

Fat \Jastcs 

These should include water from departments, 

such as, hog head honing, beef boning, pork 
cutting; rendering, casings after manure 
removed, fancy meats; cook room, smoke'heuses, 
smoked meats hanging, lard manufacture; pre— 
packaging, curing, ham boning, sliced 
meats, oil refinery. 

Manure dhstes 

These should include water from departments, 
such as, hog scalding tank, hog dehairing 
machine removing hair and toes) stun- 
ning area, shackling pens (or alternative 
areas when washed dov'n) stock run'iays, pens, 
casing flushing, paunch opening if imprarti cal 
to dump paunches directly to a screen or truck 

set up, deck 'inshiiig, g'tt washers (all or part 
on fat separation) trine washer 

(possibly with a fat interceptor) hide cellar, 

power house, machine shop, roller washing, 
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poultry receiving area, poultry offal and fonther 
separators. 

Clear for Fjecjrcuintjon 

This includes all rater which is reasonably clear. 
Some sources are listed tinder the heading "IN- 
PLANT" changes on Fage 7 item 6. 

Sometimes clear water can he reused several 
For example, it may be first reused for indirect 
cooling, then used again in gut washers. 

flood from all floors must be saved as 
completely as possible to the advantage of both 
the packer and the municipalities if the waste 
is to go to the uninicipal enter. Blond must 
be saved with as little water dilution as pcs- 
sible, for the packer's benefit. 

2, 

The following flowshects (pages 11 and 12) des- 
cribe: 

CANADA PACKERS, WINNIPEG JOB which was instalJed 
in It began operation in June, 

Notes on Flo':isheet for Fat & Protein Wastes 

(a) NEW catch basins are each 50' x 1k' x 7' — 6" 
average depth, giving one hour retention tine 
to the future peak fat flor of 115,000 gals/hour. 
It was desired to build these basins with an 

depth of 6,5 feet, hut length was limi- 
ted because of physical location. 

Each basin has double surnp pits which are pumped 
10 minutes in each hour at 50 GPF1, 

(b) The'air flotation tank was installed for Suture 
use, if necessaryt 

(c) Sharples Super—fl-Canter - This is a P—3,000 with 
capacity to discharge up to 3,000 lbs. per hour 
of wet solids, We found that the S. D. C. is 
able to produce solids, at 50% to 60% moisture. 

The resulting dry material from the bottom of 
the fat catch basins, when manure is excluded 
reasonably well, will analyse anproxi.naately 
as follows: 
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PAQcERS WINNIPEG PLANT 

AS REViSED OR ADDED TO IN 19S8 
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-a 

MANURE WATEFG 
PAUNO! SOLIDS DIJWED 

WIThOUt FLUT'IING. 

1. TWO - B NEST-I SPLECTRO VIB. SCREENS 

2 • GRIT RE?CVER 

3. TWO CATCH (56'-9" x V-0" x 7'-6"de 
REM)DELLED TO SUIT FLCW. 

Ii. 20—MESH SELECTRO VIB • SCREEN 

5. MANIRE PRESS 
6 • GARBAGE WICK 
7. SURGE TANK FOR SLUDGE - 1,000 GAlS. 
8• SHARP LES SUPER-D-CANTER 

p.3000 WITH R&TED CALPA.C IT? 
TO HANLLE 2500 I(PH, OP A WET 

SOLIDS RATE OF 3000 
LBS. PER }JYJR. 

THE FEED TO A SUPER-ID-CANTER 

MUST READILY THROuGH A 1" PIPE, 
FOP r"ERATION. 

COMBINED EFFLUENT TO CITY SEWER 

VIA PARS}4%LL FLUME WITH 

ThU-TEST SAW LER & INDICATING, 
REODRDING, AND TOTALIZING METER. 

LIQUID S 

EFFLUENT FROM 

FAT ELf! 
- r 
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FUI4SHFLT OF TREATMENT FC!t FAT & PROTEIN WASTES 

PACKERS WINNIPEG PLANT 

____________- 

AS (flTSTR1ETED IN 1958 

WASTES 

FOR NOTES ON SEE ri\GE 

1. NO - 20 MESH SELECTRO 
VIBRATIW3 SCREENS 

2. 1WEE CATCH BASINS 

3. FITI1JRE AIR FWTATION TANK 

LI.. PARSHALL FLIRt & MEASURiNG 

DEVICE LINKED it) AuTOMATiC 

SAMPLER. 

5. KRLEY HAMMER MILL 
6. SURGE TANK FOR SLUDGE 

7 • SHARP LES SUPER-D-CANTFP 
B. FAT TO DRY RENDERING 

9. FAT SKIMMINGS TO 

WET RENPER I!!) 
10. PROTEIN SOLIDS TO 

RL000 DRYER. 
11 WATER 

RECIRCULATED it) PLANT 

12. MANURE WATERS 

AFTER TREATMENT 

13. AND GRIT TO 

PLANT 

LIQUID 

TO CITY SEWER 



RETURN WATER TREATMENT SYSTEM OF 

CITIES SERVICE ONTARIO REFINERY 

SLOP OIL TANK 

SE PA RAT OP 

UPkJM — 

COOLER[ 

REFINERY 

WASTES 

SLUDGE ThICKENER VACUUM PRECOAT FILTER 

TO LAKE 

Jr 
1—aft'. 

AQUARiUM 
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Protein — 30% 
Fat — 

Fibre a 

Ash — 

Carbohydrates, etc. — 

This material cars be mixed (wet) with blood 
rmd dried, for animal feeds. Incidentally, 
some results show protein analysis up to 
54% on this material. 

(d) At Viinnipeg the effluent from the fat basins 
is reused in parts of the plant without further 
treatment. 

(e) The Chicago Pump Tru-Test Sampler takes samples 
over sny desired time interval (usually 24 
hours). Each portion of the total sample is 
taken on command of the totalizing meter so 
that the sample is proportional. to flow. The 
sample is held in a refrigerated chamber until 
collected for analysis0 

RESULTS (completed by June, 

EF'FLUDNT F.PIMI 
OFFICIAL SMIPLELi OF SANITARY DISTRICT 

DATE OF 

NOVEMBER 

1957 
JUNE DECEMBER 

D.O.D. 1267 

SuJPENDED 

FAT 

SOLIDS 422 

577 191 300 

For the calcUlations of the surcharge levied by the 
Greater T1i.nnipeg Sanitary District, refer to Uinnipeg By- 
law go. Thin exacts a surcharge from indusery whenever 

D.O.D. Exceeds 300 ppm by weight 
Suspended Solids 350 ppm by weight 
Fat 100 ppm by weight 

It 

From these anaJyses it is evident that there are still 
losses of fat irr the combined waste flow which presently 
haa peaks of 145,000 gals. per hour. 

However, the recovery system has not been operating very 

long and there are still changes to be made. 
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From the available data it appears that the settling basins are 
removing 

65% to of the fat loading 
60% to r5% of the susnended solids loading. 

Special Cements on Treatment of 

Sampling 

Proper sampling is p;'obahlv the nost important sinrtle 
feature of the system described above. The automatic sa'npler 
at this packing house is expensive but it is doinr an impor- 
tant job. 

The samples are obtained continuously, proportional to 
the flow at all times and as ropresentative as possibler 
The sample portions are accumulated in a refrigerated compart- 
ment for any time interval up to 24. hours - waiting for the 
convenience of the chemical laboratory. 

For years, packing house superintendents have looked for 
a good method of policing their losses. In my opinion, this 
type of sampling is the packerts and if used fully will 
give him an excellent return on his noney even when there are 
no surcharges. 

Sewering of Packing House Wastes 

In my opinion, packing house wastes should definitely 
go into municipal treatment plants wherever possible. Ho 
packing house, unless it is extremely large should be asked 
to bear the full costs of a separate complete treatment plant, 
and then only v;h en 

small 

It must be undnstood that, in my opinion, all packing 
houses should be asked to reduce the strength of thsir sewage 
before discharging it to a sewer, It is definitely pos5ihle 
to eliminate most of the blood, paunch manure, hog hair, 
fat. The volume of sewage can be reduced considerably by 
reusing water but packinghouses must have large amounts of 
water to operate properly, therefore, some of the local by- 
laws that restrict volumes should be examined very carefully. 

Need for Enuitable Charges 

It is suggested that the municipal authorities should 
combine with the packers, probably through the Packerst 
Council to arrive at more equitable charges for sewered 
wastes from packing houses. 

The charges should be based on adequate, nuantitative, 
and accurate measurements of flow and strength of waste, for 
large, medium and small packing houses. Such measurements 
and sampling shoulji be carried out by a neutral party using 
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plants with automatic, proportiorni, renresentetive samplers. 

The proposed \Tolk nist he to tile operation of 
the municipal and treatirieiit system so tint the 
actual effect of the house wastes on the town pinr)t 
could be fully assessed. 

Frqposair: for 

No report is complete trithout recommendations or a state- 
ment of plans. In my opinion, the ideas should be 
strongly considered for packing hou:es. 

Fatand Wastes 

(1) 44ir Flotation 

It is auite likely thab air flotation would effect 
a reduction in the strenrth of the 
settled effluent. must be realfted that, to— 
date, no one seems to know hot; to render the fat 
obtained by flotation methods; i.e. a fat emulsion 
is formed that cannot be readily broken. 

In my opinion, every possible "IN—PLaNT" change 
should be completed before air flotation is installed0 

It should be realized that, to date, those who claim 
the air flotation products are renderable, are tal— 
king about mixing these emulsions with relative- 
ly large cuantities of other packing house material. 
By this procedure their actual results are well 
hidden. 

(2) Reci rculation 

In my opinion, packers should investigate the 
possibility of using rapid sand back wash filters 
on the effluent from the fat side settling basins. 
This filtered water might improve trater economy 
considerably over that obtainable by recirculating 
only the presently clean water. Certain paper 
mills are using this equipment with apparent good 
results in the Toronto Don Valley area. 

Manure Wastes 

(1) Settling Basin 

We recommend 30 to 45 minutes retention time on 
the manure waste flow. 

At this time I vtould like to point out that we use 
the following design criteria on these rectangular 
basins: (of course, concessions are sometimes 
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unavoidable) 

weir J.oading not more 1250 I,G./FT/HR 
surface loading — not more than 1000 I.G./SQ.FT./ 

DAY 
Flow—through velocity - not more than 1 F.? M. 
Bottom slope at least per foot 
Depth - not more than 7 feet 
Length to width ratio at least 3:1. 

We are not absolutely fixed on rectangular basins, 
but circular tanks are certainly harder to fit into 
the space that is usually available for an industrial 
waste The flow should altTays be divided 
into at least two basins, for each waste. 

(2) grit Remover 

In my opinion this is not required. 

(3) Paunch Manure 

Handling of this material undoubtedly creates one of 
the worst housekeeping problems in packing houses. 
In plants where it is screened out of the sewers, 
the screening can be done well with vibrating screens 
using a pan of bouncing balls. 

Some very good results have been obtained with Sweco 
vibrating screens which have been provided with under 
pans supplied with 1—3/s" diameter pure gum rubber 
balls. These bouncing balls keep the 40 mesh screens 
from blinding. 

:n my opinion, packers should thoroughly evaluate 
tircular vibrating screens versus rectangular vibra- 
ting However, the paunches certainly should 
be dumped to the screens with an attempt being made 
to keep the flushing water out of the chute. 

In my opinion, it would be better to flume the paunch 
manure to a manure catch basin system and provide 
sufficient cnpacity for the additional load of sludge. 
This method would, improve plant housekeeping considera- 
bly. 

(4) Atomized Suspension Techninue (A.S.Tj 

The Atomized Suspension Techninue is a process 
patented by the Pulp & Paper Research Institute of 
Canada which seems to have wide application in 
the treatment or destruction of sludpes and slur- 
ries. Particularly noteworthy, has been the.first 
commercial installation to treat municipal sewage 
which has been designed and installed by the National 
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Welding Company of riontreal for the Town of Ben- 
consfield, Que. 

The same company has sponsored confidential research 
work which was carried out by the Pulp & Paper 
Research Institute of Canada and which has shown 
that paunch manure can be handled by A.S.T, Tests 
have shown that all the reauiromentu which irnist 
be satisfied, for disposal of the material can be 
met with considerable safety margins. 

The tests run to date have been made on paunch 
manure as dumped from the paunches; i.e. at 
approximately 90% moisture content1 and have been 
.:iade in a reactor gu diameter x 10' high. They 
have shown: 

(a) No objectionable odours. 

(b) Under the test conditions the mixture of 
condensate anti ash had a maximum B.0.D. of 
100 p .p .rn, regulations and operating 
conditions permit, this figure could be raised 

in reduced equipment, size and cost. 

On the other hand, if more efficient comrainu— 
tion enuipment could be found it would be 
possible to produce condensate and ash having 
an almost zero B.0.D. 

(c) An estimated capital cost of to 
fl20.00 per head killed per day. This capital 
cost depends on availability of ser- 
vices, type of heating and the desired extent 
of heat recovery equipment to reduce ooerating 
costs. 

Use of this process offer considerable advan- 
tages to the packing houses, Further development 
work should be carried out to determine what 
van ants if any, are required in a unit designed 
to handle all wastes from the manure catch basins 
including the paunch manure that has boen flumed 
to the basins and other oxidi7able t'iastes such as 
paper. National's PeaconsfieldUnit uhich handles 
domestic sludge containing grit, sand and clay 
would indicate that a combination of unstes in 
the feed may not present any appreciable problem. 

(5) New Construction 

To repeat many engineers, may I strongly suggest 
that the packing industry provide facilities for 
handling wastes at the time of constructions This 
aspect should be reviewed by experienced engineers. 
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In conclusion, I trould like to thnnl: Packers for 
letting me use their data and the information concerning their 
plants. 

Particularly, I toiild like to pay sincere respects to my 

good friend, Professor Gerard A. Rohlicli for his able assistmce 
in this trork over the years and for his help on this paper. 

In addition I irish to acl:noi!ledge my gratitude to Nnttonnl 
Company of Montreal and Separator Engineering Lir.tited 

of ilontreal, for the data which they supplied to me. 
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CONT OF H IGH PHENOL IC 

Dr. 0. Gutzeit 

The treatment of phenolic wastes represents an important 
and most difficult problem facing industry in areas where 
water supplies are scarce or whcre domestic water requirements 
depend heavily on streams used for process water discharge. 
While the toxicity threshold of pure phenolic compounds for 
aquatic life is relatively high -- 10 to 1) p.p.m. (parts per 
million) for phenol and 15 to 20 p4p.m. for cresol(1) -— even 
traces of aromatic chemicals of this class impart unpleasant 
tastes odors to the water. Some persons can detect phenol 
at a concentration of 0.1 p.p.m., while the medicinal taste of 
chlorophenols cmi be identified when present in amounts between 
3 and 5 p.p.b. (parts billion),* Consequently the 
pollution control institutions of several of the more densely 
populated states have demanded complete removal of phenols 
from wastes to be discharged into their streams. This is 
obviously an unrealistic requirement, because the expense for 
treatment is an exponential function of dilution? and increases 
considerably when the phenol content is below the order of 1 
to 2 p.p.rn.(2,3) Moreover, in many cases, dilution and 
natural oxidation in the river will take care of a phenol 
residual of the order of about 1 p2mm., which can be obtained 
with a fair degree of consistency and at reasonsble cost in a 
properly treated final effluent. 

Various removal methods range from simple separation of 
phenolic wastes ?'hich at&pérmanently stored, to adsorption of 
phenols by finely ground bituminous coaL Often, several 
methods are used in series. Whatever method is used, all 
treatment plants are designed to prevent the discharge of 
phenols above the permissible concentrations at all times, and 
to keep operating expenses to a minimum. 

* 

An interesting and original organoleptic semi-quantitative test 
for traces of phenol (inthe order of parts per billion) has 
been based on the low limit of perception by fish for this type 
of compound, Minnows, kept in an aquarium, are conditioned by 
adding to their food, supplied within a defined area, a known 
small volume (0.02 cc, for instance) of a weak phenol solution. 
In order to test a waste, identical volumes of successively de- 
creasing dilutions of same are added to the continuously re- 
newed aquarium water within the defined area. If phenol is 
present (about down to the concentration previously used to 
trigger the conditioned reflex), the minnows will converge 
toward the limited area of addition. 
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These two goals are conflicting, for to keep costs down, 
plants should be operated continuously; however, to be certain 
that no dangerous amounts of phenols are ever discharged un- 
treated, wastes should be treated in Batch treatment 
permits laboratory analysis of each batch before it is dis- 
charged and allows time for additional treatment if required. 

Continuous treatment reduces the holding capacity required 
for accumulated wastes, permits the use of smaller size 
equipment, and employs pumps, motors and, other operating 
equipment more efficiently. Most state pollution control 
agencies prefer batch treatment of phenolic wastes, while 
industries prefer continuous methods -- if they are not 
prohibitively costly and complicated in order to obtain the 
approval of pollution control ageytcies. 

The principal continuous processes for the removal of phenol 
from an aqueous waste can be compared using various criteria, 
each of which is important for the choice of the method best 
adapted for the case under consideration. 

A useful classification may be based on the unit operations 
involved and on the original concentration of phenol in the 
waste as follows: 

I. Original phenol concentration 2000 p.p.m., effluent 
phenol. concentration 200 p.p.m. 

A) Steam Distillation 
B) Simple Solvent Extraction — (Single Stage, 

Concurrent) 
C) Adsorption by activated carbon in static column 

(desorption with benzol or superheatod steam) 

II, Original phenol concentration 2000 p.p.m., effluent 
phenol concentration 50 p,p.m. 

Countercurrent Solvent Extraction (in RDC column)* 

* 

Processes I and II are stripping methods, and can be used for 
the recovery of phenols, if the required capital investment is 
justified by the value of the product. This additional step, 
which is well established, will not be discussed in this article. 
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III. Original concentration 500 p.p.m., effluent 
phenol concentration 20 p.p.m. 

Adsorption by bituminous coal or lignite followed 
by flotation of same. (4) 

(Note: This range also can be treated by 
II) 

IV. Original phenol concentration 100 p.p.m., effluent 
phenol concentration 1 p.p.m. 

A) Diological Oxidation 
B) Chemical Oxidation 

1) Cz me 
2) Chlorine dioxide 
3) Hyperchlorinstion 

The listed under (I) never result in final 
liquors which can be dischargud directly into a water course. 
Their efficiency is or less, so that wastes with 2.5 
to 3 g/l of phenol will yield effluents containing at best 
200 pmp.m. When already installed, they may be acceptable as 
a first treetmerit step, but require usually two additional 
stages, which makes the combined operation quite expensive from 
an investment point of view. 

Process (II) is believed to be the most economical and 
most efficient treatment for wastes with relatively high 
phenol concentrations (particularly if the proper solvents 
are used). Process (II) may be used alone when less than 
complete destruction is required or nay he combined with one 
of the secondary methods (lv), to result in substantially 
complete treatment of phenolic liquors with aromatic comnounds 
content up to 50,000 p.p.u. In other words, the complete 
treatment of relatively large volumes of a high phenolic waste 

2000 p.p.m.) -- including eventually recovery of the chemicals 
cQntained therein -- should, in our opinion, comprise a 

two-step system, namely solvent extraction in the RDC column, 
followed by oxidation of the effluent by biological methods. 

Process (III) is limited by the capacity of 
coal, respectively of lignite. t6,?,P,9i In other words, the 
weights of adsorbent ground to an accept7ble size for 
flotation recovery required are roughly proportional to the 
phenol content of the waste in a ratio of 1:200. Consequently, 
unless powdered coal can be utilized locally in large 
quantities or unless the volume of waste is small, this method 
cannot be generally recommended. 
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the processes listed under (Iv), it can be generrlly 
stated that chemical oxidation is unless the original 

total concentration of phenol and other organic compounds 

present in the eventually pro-treated waste 
is very low. We 

believe that biological oxidation should be 
generally preferred, 

although controlled conditions are requi.red for its satisfactory 

operation. 

Solvent extraction of phenol (and other hydroxy-aromatic 

derivatives) can be performed in suitable equipment. The Turbo- 

Mixer Rotating Disc Contactor (R.D.C.)* has 
proven during the 

last three years to be particularly efficient 
and economical 

for the removal of phenolics from waste 
liquors in full-scale 

industrial installations. 

Table I shows removal of up to 99.9% of phenol as reported 

by Mr. A.N. fleller & Associates(4) with residual phenol content 

lowered to 1.6 ppm-9 ppm depending upon the 
solvent flow rate. 

These results were obtained on the P-0" diameter by 17' tall 

Turbo-Mixer RDC installed at the Detroit plant of the Barrett 

Division, Allied Chemical & Dye Corporation, using the Barrett 

phenol recovery process. 

TABLE 

TURBO-MIXER ROTATING fib C C ONT ACTOR -D.EIHENOL flAT 

___——__ 

- 
Flow Rate 

Column 
, 

,DephenolizatiOn 
Cross Section Phenolic Concentration ppm 1Efficiency % 

- r -r 
Barrett ' 

' I I 

Solvent "103" Waste Waste Fee4 i Waste Effluent' 

68 68 5800 9 99.85% 

102 ' 51 ' 5400 ' 3 ' 99.95 
I I I I 

102 34 5400 ' 1.6 ' 99.97 
I I 

Reported by Barrett Division, Allied Chemical & Dye Corp. 

* 
The Turbe-Mixer HOC is manufactured by the Turbo-Mixer Division 
of General American Transportation Corporation under exclusive 
license from Shell. Development Company under Shell Patent No.2,ôOl,&74. 
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A typical rotating disc contactor consists of 
a vertical column which is subdivided into a number el 

compartments by horizontal stationary ring baffles or stators. 
In each of the compartments formed by the stators, a flat 
circular, horizontal disc is centrally mounted on a corrunnn 
vertical drive shaft. This shaft is normally provided with a 
variable speed drive. When the shaft is rotated, the discs by 
a combination of skin friction and centrifugal force will 
circulate liquid radially from the shaft with a superimposed 
swirling motion. This action is similar to tiwt of a turbine 
mixer vithout wall baffling control. The discharged liquid 
travels horizontally to the wall of the vessel, then 
circu).ates upwards or downwards along the wall, and is de- 
flected back toward the shaft by the adjacent stator ring. 
The liaui' returning to the disc, is recycled over a Ilow 
pattern which is essentially toroidal. 

With a two phase system, one of the immiscible liquids is 

dispersed as droplets in the second phase. These drops when 
contacting a rotor will be centrifugally thrown out in the 
toroidal flow pattern of the continuous phase. The cir- 
culating drops are flexible and are continually distorted by 
the combined action of disc friction, wail impact and liquid 
turbulence. This distortion causes mixing patterns to occur 
inside each drop, while simultaneously creating fresh surface 
for interfacial transfer, The energy transferred from the 
rotor discs to the liquid creates a sufficient turbulence and 
flow in the continuous liquid phase to scrub the surface of the 
drops, thereby creating high mass transfer rates, i.e., high 
efficiencies. 

The difference in dnnsities of the two phases causes the 
lighter phase to rise counter-currently through the column and 
the heavier phase to settle to the bottom outlet. This 
directional separation of the light and heavy phases occurs 
at the outward horizontal flow stream from the rotors as it 
moves toward the wall and at the inward flow stream returning 
to the discs along the stator surfaces and across the stator 
central openings. Thus no interstage coalescing or 

of the two phases is required in the Turbo-Mixer 
RDC column. The maximum rate of this counter—current flow or 
slip velocity of tha two phases is controlled by the rotor 
speed. The higher the rotor speed, the smaller are the drops 
created and the more slowly do they rise or separate from the 
opposite flow of the continuous phase. 

The lIght phase is fed just below the bottom rotor 
compartment and the heavy phase to the top side of the upper 
rotor compartment. Above end below the compartriiented extraction 
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section separnting zoner are provided for disengagement of the 
effluent streams. 

The open construction and the flexibility afforded by the 
variable rotor speed result in a high thru-put capacity for 
the RDC, with high stage efficiency. The simple, flat surfaces 
and open spacing of rotor and stator members permits the RDC 
to operate without plugging or fouling when solids are present.:t 
The relatively low rotor speeds required, combined with the 
simple mechanical construction, contribute to reduce maintenance 
to a negligible factor3 

Because energy input is controlled by rotor speed rather 
than by flow the efficiency of the Turbo—Ijixer FDC can 
actually be maintained or increased over a range of thru—put 
rates varying from 100% to 10% of design flow. This is of 
special benefit for commercial operations in which waste products 
streams vary in quantity with plant production rates. 

Power requirements are extremely low for the volume of thru- 
put, varying from 11 to 71 HP in commercial unit sizes. 

Simple controls, such as a liquid level controller, enable 
the column to operate essentially automatically. 

Choice of solvent is influenced by the need for a specific 
gravity difference, immiscibility and method of recovery of 
phenol from the solvent. The most common methods are 
distillation and caustic scrubbing of the rich solvents, Many 
factors, such as availability of steam, losses of solvent, 
demand for sodium phenolate or phenol, regulate the choice of 
solvent re'overy. 

Table I (previously referred to) gives typical extraction 
efficiencies for a Turbo-Mixer RDC when using Barrett Solvent 
103 Cap. gr. 1.03). 

Recent pilot tests have demonstrated that the RDC is effective 
for countercurrent washing of solids with a liquid. 
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The resuits deruonstrato t1hnt countercurrent extriction can 
he efficiently, performed in tlii s Turbo—Mixer PUG extraction 
with a specific gravity difference between vhases of as I cw as 
0.03. 

Table II shows to he expected Iron econc'mical 
sizes of Turho—rixer RUC's rnraying from 6" to 8' in dianeter 
and from 20' to 35' tail when a wrute strc3m con— 
taini ng 481000 ppm phenol. using piicntol-f'iee henzene as solvent. 
As the flow rates are lowered, the increase ira trio derree of' 
phenol recovery results from increasing the rotor speed. 

' liD 

I FJFFIC 1ENCY FOR_TtRBO—N1XFh PDC PEJSTGNS 
- 

Flow Rate 
p 1 

Gal/hr/ft2 Column , Pephenolization 
Cross Section , PhenoLic Concentration ppm , Efficiency 

T - 
413 

, 
552 ' 48,000 192 99.600 

273 48,000 18.0 
p 

99.900 

172 ' 230 48,000 u 12.0 
: 

91.5 122 : 48,000 99.988 

57.2 ' 76.4 46,000 1./,4 99•997 

22.9 32.8 
: 

2.9 

When used in conjunction with Process IV, the Turbo— 

Mixer RDC csn be designed in the smaller diameter and shorter 

height range which discharges higher residual phenol to the 

final oxidation stage for destruction of the last traces of, 

phenol. 

Adsorption of phenol (as well as other polar and non- 
polar onanic compounds) on bituminous coal or lignite, 
followed by froth flotation (Process III) is method 
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developed in 1949 by the H & D staff of General American 
Transportition Corporation for the purpose of treating a 
complex warte resulting from the cleaning of tank ears. 
While the plant and its operation have been described 
previously in the literature, (b,7,$,9,10) a brief summary 
will he useful for our present purpose. 

Two tracks separate underdrains are used for 
cleaning the tank cars, so that the liquid wastes and wash 
water are divided into two classes. One class includes 
water-insoluble liquids, toxic organic compounds, and 

The second class includes all other liquids and solids -- 
mostly bases anc salts —— that are miscible or soluble in 
water. Free insoluble oils and fats are mechanically 
separated from the aqueous solution of the wastes in the first 
class. The aqueous underflow from the separator is stored in 

a basin to equalize the flow and then pumped to a series of 
Turbot Conditioner mixing tanks. 

Finely ground coal is mixed with the wastes and the pH is 
automatically adjusted to 4$, As the coal adsorbs oils and 
phenols, it becomes water repellent. The coal and wastes 
flow to a series of Turbo flotation cells where a frothing 
agent and minute bubbles of air are added. The foam, which 
contains all the solids, is scraped from the liquid wastes, 
dewatered on a G,A.T.C. rotary drum filter, dried, and burned 
as fuel. 

The liquid wastes are mixed with the second class wastes 
which have been equalized in a holding basin. After the pH 

is automat.icall.y adjusted to 5,5 - 6, the combined wastes are 
treated la three Turbo aerator cells together with sufficient 
ferrous sulfate to form a floc. 

Lime is automatically added to the effluent from the 
aerators, so that the pH is 6,5 - 7 for optimum biological 
treatment and to ensure a satisfactory stabilized discharge 
to the stream. The wastes then flow to a Dorr 
where the sludge settles in a hopper and is periodically and 
automatically removed according to a schedule set up on a 
timer. 

Trade-ma-k of Division of General American 
Transportation Corporation. 
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The clear liauid wastes overflow to a affording 
five days' retention to prevent slugs of toxic liquids from 
reaching the final stages of where they vould 
destroy the biological life on which the last stages depend. 
From the lagoon, the wastes are mixed with sanitary sewage and 
pumped continuously to a trickling filter where organic 
compounds, including any remaining phenols, are consumed. The 
effluent from the filter is clarified and discharged to the 
river. 

VThether one or the other of these primary treatment methods 
is chosen (depending mainly on the initial concentration in 
phenol of the waste and on economic, respectively geographic 
conditions), it will usually he necessary to provide secondary 
treatment, i.e., biological or chemical oxidation, ib order to 
produce an effluent acceptable for discharge into an inland 
water body. 

Before this can be successfully accomplished, the phenol 
content of the pretreated waste should be determined by 
analysis. Even more advantageous for that purpose is automatic 
monitoring by means of a device developed by the G.A.T.C. 
staff. 

This instrument is similar to the pH controllers in thit it is an ElectroniK potentiometer with Air-0-Line control; 
however, it is actuated by a photoelectric instead of a pH 
cell. Essentially, the combined photoelectric circuit and 
measuring system is the same as a standard absorption color- 
imeter used in analytical laboratories except that it operates 
on a continuous basis. 

A sample of the waste is pumped through a small sand 
filter and proportioned between two cells. An excess of a 
color reagent is added to one of the cells, and when a color 
due to the presence of phenols appears, a voltage differential 
is created between the two photoelectric cells. This 
differential is proportional to the phenol concentration and 
is measured by the potentiometer. 

The color reagent is a modification of rillon's Reagent. 
To increase sensitivity, a single light source having a wave- 
length of 400 Angstrom units is used. Variable resistors are 
included so that the instrument can be adjusted for any range 
of phenol concentration. Sensitivity is in the order of 0.1 
percent of full scale, and reproducibility is 0.03 percent. 



The instrument by. the strff of Imnerial Oil 
Company, Sarnia, and a less exøensive, mare stable 
reagent was substituted for the one user! originally (Ref. 
t1De.tection and Ilonitoring of flienolic Vtnste ¶aterTl by A.D. 
McRae et al, 14th Annual Purdue Industrial 1taste Conference, 
May 1959). 

The controller can he used to operate motorizod values 
to admit variable anounts of chemical oxidizing agents, or to 
regulate the quantity ol' dilution water, or even to dump 
directly into the receiving stream the secondary 
treatment system) wastes containing an acceptable concentration 
of phenol. 

Concerning secondary treatment processes (Iv), biological 
oxidation is usualLy to be preferred over chemical methods, 
particularly from the point ol' view of operating costs as has 
already been mentioned1 The necessary conditions for successful 
operation (which have been discussed quite extensively in the 
recent literature) may be summarized as follows: 

1. The dephenolizer effluent should be neutralized (lime) 

2. It is important to equalize as much as possible the 
feed to the biological filter, and to avoid the 
presence of surpensoids by p'eliminary clarification, 
if required. 

3. During the starting period, and whenever required 
thereafter, the extraction effluent should be seeded 
with sewage sludge or with mired cultures of phenol- 
resistant aerobic organisms. (Pseudomanas, Subtilis) 

4. It is essential to feed nutrients (nitrogen and 
phosphat2s) either as chemicals (amrnonium nitrate 
and ammonium phosphate) or as natural products 
(human or animal sewage) —— into the final treatment 
stage. 

5. Means for continuous re-circulation of a portion of 
the waste should be provided. High-rate filters 
appear to be most adequate. 

* 6. Proper temperMture range —— as the general rule 
in biological oxi&ation processes -— is important 
for efficient operation. If any waste heat is 

• available, it should be utiiized to raise the 
• temperature of the liquors during cold weather, 
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&crording to our experience in the SaegerEtorn, in., 
wacte treatment works, a tricklin' fi ltnr fad with 
a mixture of pheno] ic wntte nrad Jt!Ifl1srl fl,ragfl (as ltlJtri.unt) 
able to reduce the pho:iel cortent by an average fig-urn nf 

(over a period of one year), with efficiencies 
better than 95. Ihenol concentrations ranging frorri 0.: r.p.m. 
to over 270 were handled. Table III gives data cmta:ied 
in this instcllation during the month of July showins' the 
results of biological on at abnormal1 y high phei1ol 
levels in the feed.(9) 
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FROM REFINERY WASTES TO PURE tUITER 

Al' ci 'ncr1 II\LJhb RE ii N. fiX 

Dr • • fl 

On May 26, Cities Service Oil Con1pany Limited offi- 
cially opened its Refinery in l3ronte 
Alone remarkable for its and economical opera- 
tion, the new refinery boasts still another outstanding 
feature_s_n wasto treatment plant that is the most modern, 
complete, and effective in the world today. 

The ads for this claim rests, oddly enough, on a 

process that is at least a billion years old, but one which 
has only recenti.y come of age. Scientists call it biologxcal 
oxidation, It calls into action billions and trillions of 
microscopic These bacteria on the pl:int's 
waste and convert it into a clear, harmless soluticn. 

The Trafalgar plant is to treat a variety of 
wnstes--.•evorything, in fact, from the water used in the 
refining process, to tank drawoffs saritary waute, as 
well as from eouipment, pump 1;laIuis and pipelines——— 
in other yords, all the ttasto that occurs in a modern 
refinery. 

In refinery wastes there are two substances that cause 
more trouble than all the other ¼a3tes combined. These are 
the phenols and waste oil. Both are pollutants. Phenol 
compounds make water smell and taste like carbolic acid. 
Theynre so potent that one pound can'be detected 
in t2,000,000 gallons of water, Oil, course; is unsight- 
ly and makes water taste peculiar. Phenols are, moreover, 
very "stubborn" it is e'cceedingly difficult to 
coax them out of water. it can be done by enlisting 
the action of bacteria. And in rang, so, we remove all the 
other wastes as well. 

Strictly speaking, there are two kinds of waste 
in the Trnfalgar Refinery: storm rater runoff and 
wantes. Ctorm rater runoff from non-contaminated areas 
drains through an independent system. All other wastes 
renuire complete treatment. 

Herets how Trafal.gar's process works. A network of 
underground pipelines gathers the contaminated water and 
refinery waste into one main sewer to the treat- 
ment area. The flow averages 300 gallons per minute, althouth 
it may vary considerably from one moment to the next. The 
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actual flow is rneasu"ed by a Parshall Flume. This is simply 
an open ch'innel so shaped the depth of waste inside the 
channel varies di rectiy with the arnoiutt of waste entering the 
system, Once measured, the waste flown into a rectan- 
gular basin called the oil separator. Here the waste water is 
aD owed to stand lonr enou.<h so that runaway oil can float to 
the top and heavy material settle to the bottom. 
racks then skim the oil off the top and scrape the sludge off 
the bottom. The oil is sent back to the refinery for proces- 
sing. The sludge is pumped into a thickener. Here water is 
removed, and the residue dried and hauled away for safe and 
proper disposal. 

The water i.' the separator basin has now been rid of 
sludge and free oils But it still contains dissolved chemi- 
cals arid finely dispersed waste alontç with oil that is emul- 
sified or bound to minute particles of matter. 

From the oil separator, the rater is conducted into an 
equalization basin ——-. a rectangular pit large enough to hold 
one dayrs flow of waste, The basin has several functions. In 
the first place,refinery wastes do not flow at a constant rate. 
The flow of sanitary waste, for example, is greatest when each 
labor shift goes off dutyG Certain other wastes are rtdded to 
the system only during breakdown or repair. Secondly, the 
chemical nature of refinery wastes will obviously vary consi- 
derably over any24—hour period. Strong acids predoninate 
at certain times, and powerful caustics during others. Clearly, 
if we had to treat these wastes immediately on their arrivsl, 
we would have to make abrupt, continuous and e'ctensive read- 
justments in our treating methods. 

J{owevnr, by running all the wastes into one large basin, 
we can obviate these extreme variations. The acids and bases, 
for example, can undergo partial. dilution and neutralization. 
Suspended solids can be uniformly dispersed throughout the 
basin. Finally, and eoually the flow of waste water 
into the treatment units can be maintained at a fairly constant 
rate. Thus, the waste water entering the treating plant will 
vary only slightly over a 24-hour period --— and allow the opera- 
tor sufficient time to make the necessary and minor adjustments. 

In our Trafalgar operation, three sets pipe enter the 
ecualization basin: one carries steam; another carries air; 
and the third in the waste water from the separation 
tank. This third pipe is perforated and centrally located 
so that it distributes the \raste d own the full 
of the besin. Air is bubbled in to aid oxidation and insure 
thorough mixing. Steam pipes prevent the waste water from 
freezing in the winter. Provision is made to skim off any 
free oil that may have escaped the separator tank, and there 
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is a spare eçualization harm in the flow becomes too 
groat for one basin to handle. 

Fro'n these equalization hr:sins, the waste flous by vity to a pump pit in thn treoLmeut building. By this time, the acid and c'ustic wastes probably will have neutralized 
each other. However, if the warte is still Leo c'instic or acidic, it can he neutralized in the putilp pit. Following this, the waste is through a heat exchan- 
ger and up to 95°F. it solution o1 ferrous sulfate is prepared and together with the west.e in one of 
two basins called the flocculation—clan fication tanks. of these tanks is divided by a perforated irooden 
wall, into :secti ons. In the first section, air is Unbhied 
up throuct tile water to insure thorough nixiri: of the wastu 
and sulfate. sulfate breaks down the oil—and— 
water emul sioiis and joinS with the oil to form heavy pirti— des known as floc. At the same time, the chemical collects all the finely susnonded solid matter in tho waste. The 
constant struani of air bubbles keeps the 11cc and 1 cavy particles near the surface, rfhe waste then pr.sscs throuvh 
the perforated divider into the "quiet" half' of the tank. 
Here the heavy particles settle to the hotton where they 
can be scraped to one end and collected in a hopoer. All 
floating material is skimmed into an anon pipe near the outlet 
end of the tdnk. The reniatniiig waote tiater passes beneath 
the skimrnin pipe, out into a channel, and thence to the 
primary aeration tanks and the center ol' the treatnent 
process. 

On arriving at the primary aeration tanks, the waste 
water overflows from troughs runni rig the full length of each 
tank, Near the bottom of' the tank, on the other side, are 
cip s that release air in such a manner that it the 
waste water a rollin over—and—under motion. The tncomlng 
waste drops into this rolling mass and is quickly dispursed, 

Just what goes on in these aeration tanks? The answer is a simple one. The tanks contain a t:ide variety of bac- teria. Like other aninals, have special tastes: 
some recuire particular cheriical. Foorh; —..— especially phenol 
compounds --— in order to grow and reproiuce. And in our 
primary aeration tanks these bacteria enjy a rich repast. 

Our purpose, however, is not simply to feed bacteria. 
The point is this: when bacteria eat and digest waste 
mic.als, they convert noxious substances into simple, harm- 
less compounds. importantly, they do i.t more effective- 
ly and more economically than any process man can devise. 
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Bacterial conversion of chemi cal waste takes time, so we 
sa the waste water into a secondary s errtti on trnk rhere the 

bacteria are ['l yen fui'ther oppoi'tunltv to feed without new 
waste added hffectivc tllou?rh bacteria 1 on 
hotrt:ver , the orocess still does not remove a]]. the c1ieinl. cola 
L few of tli ese compounds ——— particularly seine of' tiis plieno— 

lies ——— remain unchanged. Conseouently, they must be removed 
by I ux'ther Proc cosing 

From the secondary aeration tank, the waste is pumped 
into one of two filters. Actually, these units are not filters 
in the strict sense of the word. That is to say, they do not 
strain the waste1 They consist rather of gigantic cylindri- 
cal tanks containing corrugated sheets of' p] astic 
a "honeycomb'1 Waste water is pumped to the top and 
distributed over the "honeycomb"by means of rotating perforated 
pipes. The waste then trickles down over the plastic sur•- 
faces ——— hence the name, triciclin filters. Because of the 
plastic we will refEr to the units as Dow—INc 
filters. 

The action of the Do'.•.'—Fac filters is simil'r to the aera- 
ti on process in that it also makes use of Usc tei'ia. In this 
case, bouever, Uncteria adhere to the plarti c sheets. An the 
water waste triobles down over them, the bacteria absorb most 
of the remaining chemicals ——— the phenol campounds. 

From these filters, the ''aste 'eater flows into a sump, 

If little raw waste is being added to the treatment plant as 
a whole, then the filtered waste niH. be repumped to the 
INc units, This will keen the bacteria moist and provide them 
with whatever food is left. In any event, some of the filtered 
waste is 5'atays recirculated in this manner. Generally, howe- 
ver, the h i]k of the filtered waste is conducted into the 
secondary clarifiers. 

In these tanks, all matter and excess bacteria 
settle to the bottom and are scraped away to on the 
inlet side. Floating material is skimmed to a slotted pipe 
on the outlet side. The clear waste water' passes under this 
pipe, into a trough, end out through a pipe that carries it 
to the holding basin, located near the equalization basins 
outside the building. 

At this point, let us return our attention to the treat- 
ment plant and follow the various minor and subsidiary pro-- 
cesses to their end, You will remember that in the primary 
clarifier, ferrous sulfate combined with suspended mEtier to 
form sludge. The sludge tras then scraped from the bottom. 
To pick up where we left off, the sludge then proceeds to a 
sump from which it is pumped into the sludge thickener, a 
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tank unit outside the You may also recall the 
floating material in the primary 'hid secondary rlari.fiers. 
In both cases, the material was into slotted pipes. 
To continue, this material is also ultimately pumped into 
the sludge thickener. Here water is removed. The thickened 
sludge is then piped back to the building, partially dried 
on a vacuum filter, and conveyed away by truck. 

The bacterial sludge in the clarifier passes, 
however, to another. sump ——— the return SUmp --S- from 
whence it. is pumped to a concrete chainbcr. This chamber' has 
a special i-tall to divide the flow into two streams. One 
stream returns the to the primary aeration to 
maintain and replenish the bacterial population. fern it is 
absolutely that we have an adequate supply of bac- 
teria to cope with the incoming raw waste. On the other 
hand, when the supply of bacteria exceeds our day—to—day 
requirements, we must dispose of the excess. This is achieved 
by adjusting the second stream in-the concrete chamber. 
Thus if we have too many bacteria, we send the e'zcess into 
either one of tro tanics —-— the aerobic digcsters. Here the 
bacteria are kept in constant motion, but they are deprived 
of chemical food. As a result, they devour each other, the 
debris settles to the bottom, and is conveyed to the sludge 
thickener outside the building. 

In addition to the carbon and present in i-eli— 
nery wastes, the recirculating bacteria also renuire phos- 
phorous arid ni troge.n. Thrse elements (in the form of phos- 
phoric acid and anhydro'ts aimionia) are therefore added to 
the waste water just before it enters the primary aeration 
tanks, 

Now lot us return to tile holding basin. At this point, 
the waste water should he clear. Host of tho original 
phenols and other chemicals should be absent. Samples are 
taken to make sure that the water meets certain rigorous 
standards, If the analyses prove unacceptable, the water will 
be run the entire plant again. The plant 
has, in fact, been to handie the usual daily flow 
of' raw waste plus at. equal o.uantity from the hasi ns 

should such a procedure prove necessary. 

Assumin';, however, that the water in the basin 
tines meet the we then let it flow bacic into another 
sump in the building. From here, it in pumped to a 
stainless steel tank where it is mixed ozone. Effec- 
tive though the aeration process is, it still, does not cOme 
pletely oxidize all the pheno]ic compounds in the raw refi- 
nery waste. It is posoible, however, to oxidize most ci' the 
remaining phenolfls by supplying oxygen iii, the form of ozone. 
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The waste in the heidi ii Lin is dischnrred into the ton of 
the ozone reaction tnnk and flint's down through tue vessel. 
Ozonc is pumped to the base of the tank and diffused into the 
liquid through rarhorundum piues. In this way, the ozone is 
dispersed in fine huljbles so that the contact between gas and 
liquid will be at a maximum. 

Ozone serves a second purpose. At the saiic time it 
oxidizes the phenolic compounds i.t nlso rlisinf'ects the water. 
In other words, the gas destroys bacteria that are harmful to 
human in most water disinfection procedures, 
the chemical chlorine is used. But since we are with 
phenolic compounds, the use of chlorine could he detrimental. 
For chlorine audi phenols usually combine to form compounds 
that taste far worse than the phenolic compounds themselves. 

The waste water the osone roe cti on will now 
have the smell an.i taste of fresh spring water. But it iill 
stii.l contain a trace of phenol compounds and a all :i;ht turbi- 
dity. 

To rid the water ol' these last defects, we subject it to 
two simple and final In the f irut we add finely 
pulverized, activated cni'hou to absorb the last of the phe- 
nols. rilbon we filter the water through a bed of graded sand 
and gravel to make it crystal clear. 

Since the carbon will be retained on the surface of the 
sand filter, i.t will eventually build up and hinder the flow 
of water, Periodically, then, we must hack—wash the filter 
and remove the compacted carbon3 Back—washing simply involves 

sufrkcicnt uater up through the filter bed so that the 
sand and carbon a:-e dislodged, The turbulence of the up—flow- 
ing water will scrub the sand and flush away all the debris 
along-with the water. By controlling the velocity of the 
water, we can limit the height to which the sand will rise 
and dra4.n off only the water that is above it. This 
water is then piped back to the basin for pro— 

along with the raw refinery waste. The fine material 
and carbon will ultimately he removed by the ferrous sul fate 
treatment mentioned nrlier. 

With this Until treatment, obtain water that is clear 
and sparkling, free of odor and taste, rid of pathogenic or- 
ganisms, and rich in dissolved oxygen -—- water-that is e.mi- 
nently fit to drink. Following this final step, the inter is 
pumped out into Lake Ontario, better in many respects than the 
raw waters from which it ori4nally 
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Cities I']niit in yielding nnny bone— fits direct and indirect. It is several 
thousand barrels of "lost" oil every month. Even more 
important, it is securing the goodbli 11 of 
farmers, and suortsmen, Tue pJ.ant has set for di industry 
a new standard in pollution controL. 
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WASTN UIGPOSAL Fh'OM 

ThE TMPkPI,\ I OIL1 1Ji\;TTi;I 

PEJR of Ii td r1 

B. J. dV'lfl 

Introduction: — 

Tiv' comirsioliing ot' the mIlton dollar Chemical ProS- 

ducts Crack tar Unit of Inipvrinl QjI• I liii ted, Enrol a in 
ember 195d some row Pi spar iii. probl.±'rs 14 

gravated certain eainting di ns5t. methods corir:on 1 o the re- 
finery. Nain wnnto streams ave thu soui' C vat dT'tlIl— 

cci from diE ii ate and c?Ustl c cur trio— 
ing ropoer from the Eutadiene Extraction procc$-r cud 
spent cau:;ti C purged from the gnsenus hydrocarbon LreatinL 
plant. In additin a leascr exists in the 
of spent activated charconl and clay. To tiLe we have been 
successful in our pollution control program ana tile sati 
tory of waste dflterial. 

This report is i nteiirled to outline the reasons for of— 

ft ci ent control and the ite tak cii to ndrquate Ly dis pose 
of these r)OliIltflTlts. 

Pctrocho'ni ccl Poliuti on Buckuround: 

This newest, of' the processing plants at the Imperial Oil, 
Sarnia Itefin cry produces such preduets an ethylene, pronylene, 
Lutylene and butadiene as well ar napithi, arotuntic tar and a 

polymerized viacous oil. AithouLt cnr1trilled from a central 
point there are in reality four distinct es in opera- 
tion at this plant. In the order ot' their from a 

waste disposal standpoinL these are (a) the Cracking & Light 
Gases Recovery Section, (b) Putadiene — Butylenc and acety— 
lone Removal Section, (c) the Naphtha plant and (ii) tl1e Ethy- 
lene section. 

SIJICU it art—up of til iS nd t the teen firs van el in sul phur 
content wi1 hi correspnridiii effects on the suipili de coritcist of 
the cord c or at a waters . In end to remove aiddi tjonui sulni 1ur 

from ii ht hydrocarbons, additional caustic was required 
ing an increase in tha vol'irte of' spent tic for disH osal. 
Pump ic alca , minor spi Li s and other up sets have caused 
fluctuations in the copper content of the water from the Ruta— 

cliene section further treatment to preeipiU:ite 
the copier before discharging thi a water to Ic viaterways. 



In the different typos of petroieum cracking operations, 
water is an inherent component appearing in the lighter hydro— 
carbons fcl]owi rig fractionation. Water is soartimes introduced 
indirectly to the process as steam, to provide a dispersnnt and 
cooling effect before cracking occurs. Also water in the form 
of steam, is essential in stripping naphtha type hydrocarbons 
from heavier oil fractions so the Utter may meet flash tempera- 
ture specifications . Often water is employed directly as a fin- 
ishing step following caustic ucruhuirig in o"Jel to away 
any residual a] kalinity from the treated hydrocarbon stream. 
In any cisc waLer in with untreated hvdro carbons leaches 
phenolic compounds and suiphides from the oil and becomes con- 
taminated. Since anti -pollution loj.slation lies stipulated de- 
finite phenol concentration lii1dts in the flair River steps 
must be taken tu sLay within these limits. AL the Petrorherlical 
plant. all sour water streams di rrcted to a central storage 
drum where entrained hydrocarbon liquid separates out to form 
an upper layer. This upper oil layer spills over a hafCe in 
the drum and collects in the smaller part of the drum from 
whence it is pumped to slop tankage for rerunning. (1) 

The bottom sour rater layer is pumped through heat exchang- 
er equipmunt to pick up heat and into the top of a stripper 
tower. (This is a verticil steel vessel containing a packed 
upper section arid hibble—cap trays at the bottom. ) The ii quid 
flown down through the packed section and descends bubble—cap 
trays to the bottom of the tofler • While flowing it 
contacts a counter-current stean entering the bottom of 
the tower, which strips out the hydrogen suLphide in the water. 
The overhead vapors flow to an incinerator where they are 
burned. The stripped watdr is then pumped to our Biological Ox- 

idation Plant Nhere the phenol content is reduced to 200 ppb 
phenol suitable for discharge to the St. (flair River. Daily 
laboratory analysis indicate the degree of stripping and 
phenol removal. 

Steam or clue strippinr of sour water is a 
means employed to remove sulphides and mercaptans frcxn water. 
In general the temperature of the feed to the 

to Cu the design feed rates for best re- 
sults. Experience has shown the more sttipping steam there is 

per pound of sour water the better is the stripping. Crc 
should be takai, however, not to use excessive steam for fear of 
overloading the stripper and eventually overloading the in- 
cinerator. 

But adiene section 

At Sarnia the extraction of Butadiene from a hydrocarbon 
mixture is accomplished using a copper extraction solution. Dur- 
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ing normal operation a certain arnaint of this copper solution 
is lost from leakinz pump glands, corrosion of coppnr solution 

, kitadi earn area aw' race drainage and minor process up- 
seth. Since copper in concentrations above 0.1 ppm it hctrr:t'ul 

to organic aid marine life great care must be exercised tvi pre- 
vent escape or this copper solution to a natura] waterway. Fr 
this reason a maximum copper catcentrttton ]iud.t has been act 
on plant effluent which must be caref'u]ly observed. 

(1) As part of the precautions taken afl w9ter contain-' 
ing copper solution, so called "blue water4, is directed to a. 
concrete collecting basin, referred to as the flfllue ror1d ". 
iJimensiona ot this bards are appro'cinvately 50' Liy (0' by LI! deup. 
This basin is alto sized to accomodate the water 3" 
of' rainfall extending over the concrete pad of the Butadierie 
area. The "Stun Pool" in torn ii' presently conrecte4 direct 
to w Impounding L3asin capable of containing several clays lion— 
sour water from the en U re I'etroclienl.ca 1 Plant before 
to the river. 

Analysis for copper In the "Blue "ond" water determines 
when the water should be treated to precipitate the copper as 
cupric oxide aid cuprcvs hydroxide. Follazing this operation 
the clari Lie d water is to the Impounding' Basin and then 
to the river by punps actuated on controlling krierent levels 
in this 2nuin. Since traces of copper will always be pre.- 
sent it is planned to employ a continuous roppor analyzer and 
recorder-alarm between tha Plue Paid and Impounding Basin. 
Water containing copper above a pre-aet level will trip the 
alarm and rbtatn the contents of the collecting hasiia for ad- 
d.ttional copper removal. 

4: 
Caustic soda in water solution 'Is contacted with hydro- 

carbons varying from methane to naphtha diatillatds in order 
to rwtove nu]phur compounds as as ph.mols and other or- 
ganic adds. Pet.rochernicil products must be virtually sul- 
phur free to inaire trouble free proccssinjj later. Lye treat- 
merit is affected by urans of mixurs and scrubbing' towers in 
order to provide the best contact poesiblo bectreen caustic and 
hydrocarbon. 

(1) Since disoosal of spont caustic is still necessary, 
fad titles h;ive been providud for neutralihation with spent 
sulphuric add. This is ncconplished by Introticing the acid, 
in the proper ntio to give a noutral mixture, upstretm of a 
mixer throiS' which caustic is pumped. Since dilute sulphuric 
acid is very corrosive to steel the ntxer rnd neutralized caus- 
tic lines up to the settler are made of duricon alloy. Acid 
oils are released and continuously &ilcimned off the surface in 
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the drum follovJng the mixer and evolved hydrogen sul— 
phide is vented to the incinerator. The neutrali7ed solution 
can then be sent to the Sour Water itri pper arid even tual. I.y to 
the Biological Oxidation Plant. 

Direct disposal is the cheapest method of handling alkaline 
solutions, these methods include ciisposal ponds, cab of spent 
solutions 

(2) Approximately one hundred disposal wells arc located 
in lower Michigan. In this area industry is permitted to use 
the Sylvania and Detroit River sands formation for dispo- 
sal. At Bay City, Nichi gan, these formations are found at a 
depth of 4500 ft. Before their development these deep wells 
require careful study of undcrgraind rock formations, compa- 
tahility studies of tii° waste materials with rocks and waters 
in the strata and the approval of the appropriate governmeit- 
tal pollution and oil control organizations. 

Waste Sn lids Di 

"Char" or activa Lcd plant charcoal is roqu ired to remove 
polymeric material from the coppa: solution at thE' Pittadiene 
section and other streams. In time it loses its fil- 
tering effectiveness and must he removed. This involves taking 
the drum out of service, pressuring out liquid and allowing the 
char to drain for 16 hours. After the drainings are pressured 
back to the system the char is dumped into loadlugger buckets 
for transportation to the solids disposal area. Uere the char- 
coal is fed to an enclosed hearth for incineration. 

As j.reviously mentioned cupric oxide arid cuprous hydroxide 
precipitates are obtained during reduction of the copper in 
Butadiene section waters. This sludge material is retained for 
possible sale to smelters. 

Spent Clay is also another waste solid from the Petrochemi- 
cal area and must be disposed of via duirpinC into buckets for 
delivery to the incinerators. The ash from this material can 
be used as road fi) 1 around the refinery. A portion of the Fe— 

trochenical waste solids are bel zig contractee to commercial dis- 
posal and so removed from the refinery. 

Conclusinas: 

Waste disposal is one of the major problems faced by the 
Petrochemical industry as a result of the greater contamina- 
tion potential of its spent chemical wastes. Constant surveil- 
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lance of plant efTl.uent streams is iic to remain wi th- 
in control rurulablonn. A pnrtial to the 
problem will he reüi zed its sales at' spunt chr'bi.tcalu inrrease. 
Meanwhile the industry is stucfring nltennte nwtho'ts tutu 
direct safe dinposal holding tLe gruntest possibilities. 
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FEDERAL ACTIVITIES TN ATMOSPHERIC POLLUTION 

Dr. Morris .Kstz 

Introduction: 

1n view of the growing importance of atmospheric pollu- 
tion, the Department in January 1956, established an 
pheric Pollution Service within the Occupetional Health 
Division and appointed a consultant to assume responsibility 
for the program. This program involves the provision of 
advisory and more direct services to the provinces, rnuni.cina- 

lities, federal departments and other investigating 
harmful or potentially haimful industrial and connunity 
pollution situations; assistance to the lnternntioitol Joint 
Commission in problems involving transboundary flow of air 
contaminants between Canada and the United States; research 
into specific problems involving the health effects of toxic 
components of air pollution; standardization of methods of 
sampling and analysis and the development of improved tech- 
nioues for the separation, identification and enalysis of 
pollutants; and the coordinition of data gathered at field 
sampling stations maintained by provincial and municipal 
organizations into a national air netvrork for the 
correlation and exchange of information. All these efforts 
are directed towards the primary purpose of nroviding means 
to safe-guard and improve the health of the population of 
Canada. 

During the past several years assistance has been 
rendered on an increasing scale to a number of provinciel 
health departments and municipal agencies in the study of 
atmospheric pollution problems. These have involved toxic 
waste products from a variety of industrial operations, such 
as pases, odorous components and aerosols from oil refining, 
nic':el and copper smelting, fertilizers, steel and chemical 
plants and mücellaneous furnace operations. 

Environmental Studies of Air Pollution: 

1. The Greater The problem 
of air pollutioKiiih its effiôts rn the Greater Yindsor- 
Detroit Area has been under investigation by staff of the 
Department, the U.3. Public Health Service and various 
co-operating organizations at federal, provincial, state 
and municipal levels for a number of years under the terms 
of a Reference to the International Joint Commission. A 

fiqal report on this study was prescnted to the Commission 
in 1958 and is now being printed for publication. This 
document consists ci' 13 chapters that deol '4th the organi- 
zation and conduct of the study; the sources of pollution 
from industrial and public activities on land and narino 
traffic on the Detroit River; concentration levels, nature 
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and chemical composition of urban air and the influence of factors on diffusion and disoerrion; the trnnshoundarv flow of Pollution; the effects of eYistin;: levels on public health, vegetation arid proçerty; and recorrunendationg as to i'ernedjaj, measures and for the federal control of' air pollution from Great Lakes and foreign vessel traffic on the Detroit River. The information and findings will be generally useful in the study of other urban and industrial air pollution problems. Levels of majOr contaminants on the much more highly and thickly populated Detroit side of the river were higher than on the Windsor side and at several points there was a marked flow of pollutant-j across the irterrntional boun- dary from the United States to the Canadian side. 

In a pilot health study of a number of high and low pollution areas covering a period •of two years, it found that the monthly rates of sickness in all areas under study followed a similar pattern, although at differin-; levels. However, two areas in Detroit showed a pattern of sickness rates that differed substantiallir fro:9 each other, the rates in the high pollution area heinz generally at h hi'ther level than thcse in the low Pollution area. Ti4 other groups of households of Detroit and in those of Windsor, the- results were inconclusive. Clearly, this subject represents, as yet, a relatively unexplored field of research and renuires much further study before the quantitative relationship between atmospher5c contamination in the urban environment and the sick- ness experience and health status of exposed populations can he elucidated. 

A number of polynuclear aronatichydrocarbons, some of which possess carcinogenic properties, were isolated froi the Windsor however, this is another fi eld much more research is required to establish the effects on heal.th of such toxic compounds at the relatively low concentration levels encountered in conmiunity atmospheres, Other aspects of the pollution problem that represent an ainiost virgin field include the synergistic effects of the relatively large nujibers gaseous and aerosol contartinajits that have been identified, It is now known that photochemical and other reactions between waste pruducts discharged to the air may lead to the formation of new compounds, more irritant or harm- ful than the original reactants. 

2. Sydney Nova Scotia: An air pollutioii survey has been in progress in more than a yearS, This survey is being carried out in co-operation with the Provincial Denart— ment of H'?alth, the City of Sydney and the management of the Dominion Steel and Coal Corporation Limited. The problern involves, the extent of contamination of the city, particularly the northeastern part, by dust discharged from 
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the blast furnaces during "slips" of the charge when the 
resultant, sudden increose in pressure relief valves 
to vent considerable quantities of gaseous and narticulite 
matter to the atmosphere. This dust situation was rreatly 
aggravated when Labrador iron ore became available and use 
introduced into blast furnace operations, alour with the 
Wabana iron ore, in 1956. Although the Labrador iron ore 
was found to produce a distinct improvement in p1; iron and 
steel manufacturing operations, the physical properties of 
the ore, including its higher content ot' fine material, and 
the inferJor strength and hardness of the metallurgical 
coke prepared from Nova Scotia coal, have been responsible 
for a relatively freruency of blast furnace "dips" 
in 1956 and the first six months of 195'). Control measures 
introduced since then have resulted in a marked reduction 
in freoueney of such dust discharges to the atmosnhere. 

After a preliminary period of planning and preparation, 
the field survey was commenced in February with the 
sampling of fallout at eleven stations distributed over the 
area of Sydney. The dust samples from each monthly collection 
are subjected to extensive chc'rnical analysis for night com- 
ponents, the iron and ash components being the principal 
ones employed to distinguish between the influence of blast 
furnace and steel mill operations and that of other general 
industrial, commercial and domestic activities in the City 
of Sydney3 

Over a period of about erie year, the average rate of 
fallout over the city has amounted to 42.9 tons per siuare 
mile per month0 The two most highly po].luted samplin.T sta- 
tions in the northeastern part of Sydney show an average 
dustfall rate of tons per square mile per month, six 
stations of moderate pollution have an average rate of 33.4 
tons and at three relatively clean stations the rate is only 
15.2 tons on the average. Somewhat similar trends are shown 
in the distribution of iron and total ash components of the 
dust. The results are being corre].ated with meteorological 
records. It is planned to extend this survey in 1959 to 15 
se.znpiing stations and other eciuipmcnt will be placed in 
operation to determine the of smoke and fine 
aorosols in the air on a continuous basis. The main objec- 
tive in this work is to facilitate the control of the dust 
nuisance but the data i•.ri]l alno he employed for the purposes 
of the national sampling netvDrk. 

3. Winni The Bureau of Industrial 
Hygiene anst6Wa Department of Health and Public 
Welfare has completed the second year of an air pollution 
survey of the Greater Vinnipeg Area, with assistance under 
the Federal ILaith Grants, and advisory services of the 
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Consultant, ftmnspheric PolJ.ution. The main part of this 
study has been devoted to the measurement of fallout or dust— 
fall at 30 different locations tdthin the Greater Winnipeg Area. 
For comparison, measurements have also been made at the rural 
station established at Norden, Other observations 
have dealt with the concentrations of smoke or aerosols on a 

continuous basis and with continuous monitoring for sulphur 
dioxide and hydrogen sulphide. 

The average dustfall for the Greater Winnipeg Area, 
over the period April, 1957 to Llarch, was 40.3 tons per 
square mile per month. DustfalLin the Greater hinnipeg Area 
is much higher during the spring, summer and autumn months than 
during the winter months. The maximum dustfall level of 57.3 

tons per square mile per month attained in Juno fell to a low 
of 27.0 tons in February. This trend is contrary to that of 
many other cities in and the United States, which do 
not have constant snow coverage of the ground during the hea- 
ting season, among other factors, and show an increase in 
dustfall over that found during the non-heating season. With 
the coming of spring and the disappearance of snow, however, 
the land and roads are laid bare. Mainly durinr spring but 
also during suiner arid autumn, swirling clouds of gri.t are raised 
off roads by high winds and also by motor vehicles. In addi- 
tion, drifting topsoil and dust are blown off the prairies 
towards the city and serve to augment the dust from industrial 
and public activities, The influence of serious drifting of 
soil in the spring iwnths has been shown by conraratively high 
dustfall levels attained at the Morden rural station. The 
yearly average for this station was 21.6 tons per square mile 
per month. 

Smoke concentrations in Greater Winnipeg, unlike dustfall, 
exhibit tac usual seasonal trend, increasing rapidly with the 
approach of the heating season and falling sharply v'ith the 
advent of spring. The highest average smoke concentration was 
reached during the month of F&oruary. The smoke concentrations 
also show a diurnal variation with peaks in the early morning 
and late evening hours. This daily cycle is common to a number 
of other cities and can he attributed, in part, to the influence 
of factors such as the daily variation in turbu- 
lence and vertical temperauure gradient of the air. The peaks 
of smoke concentration coincide with the neriods of the early 
morning and night tthen the air at the surface of the ground 
is cooler than the unxrner air aloft and the inversion layer 
tends to prevent the n'pid diffusion of smoke. Goon after 
sunrise, on clear days, the incoming solar radiation raises 
the temperature of the ground and the air in contact with it 
begins tc warm up. This breaks up the inversion layer, turhu— 
lence increases and the smoke concentration begins to fall off 
so that the minimum concentration coincides with the early 
afternoon period of the day when turbulence is at a naximum, 
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The results of the survey to date have served to deli- 
neate the air pollution levels for various districts classi- 
fied broadly into industrial, central light 
try and residential. The survey has provided the me'ins of 
comparing air cleanliness of different and of 
different parts of the same city. Thus it can serve to 
assess the effectiveness of a general air pollution abatexannt 
orogram and of control measures to rcmove nuisances 
from single or mul tiple sources Eventually, the dats will 
he of considerable assistsnce to concerned 
town planning, improved zoning and community develoo:ient. 

4, The Sudhury District and Other Communities in Ontu'io: 
Close Ii 
Air PollutLon Control Pranch of the Ontario of 
Health and since ?kpril 1st, 1958, a senior chemist from the 
Occupational Health Division of the of uittonal 
Health and 1Jelfare has been assigned, tinder a National Pesith 
Grant, to assist in the organization of the laboratory and 
field survey facilities of this Branch. The Ontario Depart- 
ment of Health has assumed certain responsibilities related 
to research investigation, testing procedures, of 
local staff and assistance to municipal officials in the 
preparation of by-laws and the deveioprnent of control 
in the field of air pollution, with the passage of the Air 
Pollution Control Act, 

In the winter of 195'7—5R, the Ontario Department of 
Health, with the assistance of a National Health Grant and 
the co—operatinn of the Ontario Department of fines and 
the two argo in the Sudbury Area initiated a survey 
of sulnhur dioxide pollution in the rosidential areas of 
Sudhury, Copper Cliff, Coniston and Continuous 
re.Lnrds of sulphur dioxide concentrations ttere snde at four 
sanipling sites, one in each of the above communities. This 
study has been continued in the winter of and 
ded to include measurements of fallout on a monthly basis, 
airborne particulate matter by means of hith volume filtration 
enuipinorit and aerosol or smoke concentrations on a continuous 

s. 

The Air Pollution Control Department of 1'Setropolltan 
Toronto and the Departrient of I'tunicip'CL Laboratories of tt-e 
City of Hamilton have forwarded data from their sampling sta- 
tions to he coordinated with the National Air Samplinr het- 
work. A considerable body of information is niso available 
from stations in Windsor that have been onersted 
under the International Joint Commissi Arrangements 
are under way to have the maintenance of ti-c Windsor stations 
taken over by a local organization under the of 
the Ontaric Pollution Control Branch, Where additional 
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stations'are established in cities and towns of 
Ontario that have, hitherto, l1ad no survey in prortress 
to assist them in the control of rir pollution, i.t is antici- 
pated that such stations uill be added to the Nati onal 
with the consent of the municipal officials concerned. 

5, Programs in Alberta and British 
Under thDivisf6iiThf 

Inriustnial Hygiene of the quebec r:inistry of Health is being 
as3isted in the planning and organization of an air pollution 
survey in the City of Montreal. The air monitoring program of 
the Industrial Hygiene Division trill be concerned, mi tiTtIly 
with of concentration levels of sulphur dioxide, 
hydrogen aerosols and dustfall at a number of sam- 
pling sites. 

During the past several years, advisory assistance 
been rendered to the Province of Alberta in a number of 
pollution problems connected with the growing industrializa- 
tion of this province. The main problems presently under 
investigation by the Alberta Department of health, the Alberta 
Research Council and some local organizations are the extent 
of contamination of air and vegetation by fluorides from a 

phosphate fertilizer mid nitro-chenteal plant; sulphur dioxide, 
hydrogen sulphide and other odorous compounds released in the 
rocovery of elemental sulphur from the purification of sour 
natural gas, and the di of iiaste chlorine from a brine- 
caustic soda process. 

Alberta is rapidly becoming a major producer of elemental 
sulphur and hydrocarbon by-products through the processing and 
purification of natural. gas supp].ied t1o the Trans-Canada Pipe 

Line system and for export. Problems related to the control of 
pollution from waste suphur compouhds and other products will 

In anticipation of such ate pollution control respon- 
sibilities, the Alberta Department of Public Hea]th has under- 
taken to establish a mobile testing laboratory and other 
facilities for survey purposes, with assistance under a 
National Health Grant. Future plans include the establishment 
of air monitoring stations in the City of Edmonton which has 
a large oil refinery and petrochemical compJex. 

In British Columbia, the City of Vancouver has n&intnined 
eleven sampling stations for the measurement of dustfall since 
September 1Q49. In the early part ci 1957 a monitoring program 
for the regular sampling of aerosol concentrations was begun 
uith the speration of tvo low—volume and one air 
filtration instruments This work has been expanded to include 
flRclfl sulphur dioxide polluti on levels on the basis of an expo- 
sure method developed by the Department of Scientific and Indus- 
trial Research of Great Britain. 



The 9—yew average rrte of dustfali over the City of 
Vancouver for the period 1949-1957 1155 been 22.9 tons ncr couare rnh].e per moot]1 as comp'sed irith 30,9 tons for the industrial section of the city, The dustfaij. rates shifl.' a distinct seasonal trend, incroasin:, during the period Gep— to ApriL Tlii a increase the colder months of' the year is especial]y evident in the industrial zone and the commercial and central business district, Observations of 
snoRe or aerosol concenurations indicaLe both diurnal sea- sonal trends, Aerosols in increasing concentration teoci to the range of visibility markedly. The mean su2nluir dioxide exposlize values also i'i so during the colder months of the year, it in anticipated that the trend toward 
consumption of natural ris 1)0th by domestic and industrial uaers in Vancouver will resnit in tie future in a cons4 derable reduction in rmoke and sulphur dioxide pollution from fucl 
combustion sources. 

Air Pollution Climatoloy'y of' Canada 

The frequency 01 .ccurrence and intensity of air pollu- tion levels are influenccd narkedly by bopo'iaphy, broad—scale features of cljaiate and micronAeteorologjcal fectorr. In view of the grolring importance of air pollution in its relation to meteorology in problems of industrial site selection, town 
a study has been coimneuced of the air 

pollution climatology of Canada, with the assistance of a senior 
meteorologist from the Neteorological Branch of the Department 
of Transport, It is hoped Lhat this report, i"hen published, 
will form the basis on which to build more carefully 
planned local air pollution surveys and to provide estimates 
aT air pollution notential by climatic so as to enable industries, planning to locate in various parts of Canada, to a elect appropriate si tes more effectively. 

The study deals with a number of para- meters that influence atmosphericdifcusion of the rainouL end washout of impurities, re—entrainment of late matter, corrosion, and the influence of 
photochernical reactions in the ps'oducti on of smo:s that cause 
eye and skin irnitnti on and plant damaze. 

pollution climatic subdivisions of Canada have been' considered separately as follows:a The Pacific coastal. strip, 
the Rocky Mountains, the Prairies, the Laurentiai Shield, the southern Groat Lakes area, the At' antic Provinces, and the Arctic, Within these subdivisions there are discussef the main general circulation patterns, temperature, precipitation 
and sunshine, and the possihilit.ies of occurrence of inversions of various types. Available air polthtion data are employed to emphasize certain favourable or unfavourable situations. 
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At van ous times sincr' certain staff members of the 
Occupational Health Division of this Department have rssi.sted 
the Research and Development Dlvi sion of the Nat iorinl 
Railways in a joint study of the eztent of 
of the air from diesel locomotive powrred traiiis in railwty 
tunnels and in the t;sessinnnt of the toxicity of' various corn— 

ponentr of diesel exhsust. Conditions in the Sarnia—Port Huron 
tunnel were in the fall of 1957 and more recently 

the Royal tunnel in ?iontreal has been under study. 
Responsibility for the and coordination of the work and 

choice of methods of samplilvi: and analysis has rested with the 
Consultant, Atmospheric Pollution. The results of thic study 

to date have been made available to the Board of Transport 
Commissioners ann a scientific paper on the Saritia—Port Huron 

(St. Clam Tunnel) investi;ation was presented at the national 

meeting of the &menicanIndustrial Association at 
Chica;o, April 25-May 1, 1959. 

The mean concentrations of toxic rasrs in the St. Clair 

Tunnel during the period ol' the trials, when all train movement 
was dieselized, 'enera].ly bole'' the threshold limit values 
adopted by the A.C.G.I.H. No abrorma) hea].th syriptons were 
observed on parti cipants a-hour exposures to the tunnel 
atmosphere, with the exception of some minor cases of reported 
eye and throat irritation on three brief occasions. Neverthe- 
less, in view of the levels of oxides of nitrogen, aldehydes, 

smoke and particulate matter atL,ained under conditions of 

maximum concentration, adeouate forced draft ventilation of this 
tunnel was recommended and installed prior to the replacement 
of electrical operation of trains by dJ esels. 

Control of Radioactive Emissions from Nuclear Poi'er Plant 

Assistance is being rendered to the design engineers of 

the Canadian General Coupany of Peterhorougli, Ontario, 
in the control of'radioactivo emissions that be discharged 

to the atmosphere, accidentally, from the nuclear power plant 
undergoing construction near Des Joachims. This has involved 
a study of the topographical and features in 
the vicinity of the site, -sn assessment of the extent of diffusion 
of radioactive matter under various weather conditions and 
the estimation of maximum ground concentritions. The project 

is designed to providc the maxiiimni possible safeguards to health 

of people in in the event of accidental 
failure of any part of the eouipment that tiould liberate 
radioactive matter to the atmosphere, 

Railway Air Pollution Regulations 

After a series of consultations over a period of two 
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years staff of the Beard o Transport Corimissioners for 
Canada, provincial and municipal authorities, and repre:en- 
t.itives of railway companies, a suitable draft of revin ed air pollution and smoke control regulations was prepared. 
This was accepted by the Board and promulrzated as General 
Order No. g3g on February 2, 1959, This Order supersedes 
previous regulations on th!s subject The rer':ulatt ens 
to all railway compRnies subject to the jurisdiction or the 
Board but they apnlv only in rrruiicipalities that have nasserl, 
or may hereafter pars, by-laws for control 
or prohibition of smoke or other air pollutants, arid that 
have, or may hereafter have, a municipal control officer. 

Research_and Staff 
Current research in this field rithin the 

Health Di vision is di rected toward3 studies to 
improvements in methods of analysis, instrurlentatior1, iden- tification of contaminants by 
phic and x—ray diifracti on technLrnics, and toxi colorical 
investi'-ations of the effects of vrrious ceensel flILd 
systems on health of si:inll :uir::ials. irportnt phase of 
this prorrarn 15 the isolation of earcino'eiiic suhat ances 
such as polyniiclear aromatic hydrocarbons from part 
solid and iici.'id contaminants in diesel exinuse and urban air 
and the study of their relative toxiciti.es. 

Basic and analytical enuipment is set up 
to provide facilities uithixi the Division for a trainirtr and 
demonstration course in air pollution. In this connection, 
it is planned to organfre, iii 1959, a demonstration and 
training unit in which there will be participation for litni— 
ted periods by certain members of the Division and by a 
seni or recently asaigncd by the Donartment of 
Transport to assist the Atmospheric Pollution Services of 
the Department. The duties of unit would he to aid in 
the instructi on of provincial and nunici pal personnel i it the 
operation of basic scientific equipment and in analytical 
methods to determine the levels of common air pollutants and 
tc. assist in staCf trainin9 couroes on chemical and 
properties of aerosols rind gases, methods of and 
identification; diffusion of matter in the atmosphere as 
influenced by r'eteoroln,ical factors; toxic effects of various 
contaminants on health and veretation; influence on visihi.— lity; economic aspects arid methods of control of pollution. 

As part of the above trainin: rroject and for research 
purposes also, it is planned to net up a air pollution 
sampling station in Ottawa, with associated meteorological 
enuipment installed on a 200—foottowor to study the influ- 
ence of vertical profiles of wind, temperature and humidity 
on pollution levels and diffusion of matter in an urban area. 



Conclusion 

It is planned to publish, this year, the first report on 
the 'data gathered at snmpling stations that can be related 
to the Nationsil Air Network. The information will be 
disseminated to provincial health departments, municipal control 
agencies, universities, research nnd other organizations 
interested in the health effects of air poliution and in 
methods of regulation and control. 
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1110-OXIDATION OF BREWERY WAStES 

Dr,W,_Eckenfelder 

(Presented by 
Mr. CM. Bueltman) 

This paper is to present the data obtained as the result 
of a field laboratory study, made to determine the applica- 
bility of treating liquid brewery wastes, by means of the 
activated sludge process. 

Batch laboratory experiments "ere carried on to determine 
the degree of organic removal by aerobic Liological methods. It 
is the purpose of this report to describe the experimental pro— 
cediires, 'n evaluate the results of the investigations and to 
recommend treatment methods. 

Source and Characteristics of Wastes 

Water is used in the brewhouse in the brewing operation and 
for cleaning and washdown of processing equipment. Water is 
also used in the bottling plant for the sterilization and 
washing of bottles, Over the period of the test, the use 
in the hrewhouse averaged 7.1 gallons of water/gallon of brew 
and in the bottling plant &@ gallons of water/gallon of brew. 
The total water use in the brewery averaged 15,1 gallons/gallon 
of brew and the waste discharged to the sewer approximately 14. 

gallons/gallon of brew. Published data from breweries in the 
United States indicates a waste water flow of 9—13 gal] ons/ 
gallon of brew and a BUD of 420 to 1200 ppm. 

Wastes emanate from the brewing and swshing operations, 
shorn in figure No, 1. In the brewing operation malt is pre- 
parrd in the mash Urn at elevated temperature with water 
containing and phosphate salts, After the malting 
operation the mash is discharged to a screen filter (Lauter tun) 
from which the spent grains are removed to a hopner and trucked 
away. The malt liquor is then discharged to the kettle to which 
the hops are added. Following heating in the kettle, the 
mixture is sent to a filter (hop jack) for removal of spent 
hops, Thefiltered mixture is pumped to a settling tank (hot 
wort tank), then cooled and sent to storage (cold wort tank). 
The wort from storage is filtered through diatomaceous earth 
and passed to the fermentation tank. Yeast is added to the 
fermentation tank, in which a temperature of 61°F—70°F is 

After fermentation the beer is remove.d to warm 
storage. The beer from warm storage is carbonated and filtered 
through diatomaceous earth and sent to cold storage, Carbona— 

and filtration follow and the beer is then bottled. 

Since the final composite waste flow is the result of 
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5everal batch operations, its constituency can vary markedly. 
In order to take these variations into account, treatment 
studies were conducted on varying combinations of the individual 
constituents. These combinations were cohiposited from samples 
collected of the sampling stations shown in figure No, 1. Figure 
No, 2 summarizes the characteristics of the wastes, 

Tie s c of rime ntai Pro cedures 

Preliminary process design criteria for biological oxidation 
of industrial wastes were developed from laboratory studies, The 
factors which were evaluated in these studies are as follows: 

1. BOD rer m1 at various sludge solids levels and times 
of aeration, 

2. Oxygen demand rates of the sludge at various BOl) 

loadings. 

3. Sludge production 

4, Oxygen transfer characteristics of the waste 

5. Sludge sedimentation 

6. Sludge disposal 
(a) Thickening 
(b) Vacuum Filtration 

7, Effect of pH on the performance. 

MIxtures of the various waste streams were prepared from 
samples from stations shown on figure No, 1. The first 
wash of each waste source was diluted with water to aporoximate 
the concentration which would be discharged to the sewer. The 
pH of each mix was adjusted to 6 .0—&O by the addition of NaOH 
or HC•l. Since the measured ammonia nitrogen content of the 
waste composite was less then the minimum for optimum biological 
activity, ammonia, as NH4C1, and phosphorus, as K2HPO4, were added 
to each mix to maintain a CUD;N2P ratio of 

A bacterial culture was started by innoculating the 
composite waste mixture with activated sludge. The acclimitiza— 
tion unit was operated on a daily loading schedule of 1.0 lbs. 
bOD/day/lh. Waste was fedonce daily on a hatch basis, 
aerated 23 hours, settled one hour, and a volume equal to the 
volume fed decanted. When consistent BOD removals were obtained, 
the waste was considered acclimitized and the testing program 
was started, 
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BOD removal levels were determinci from bio.-oxidation tube 
studies conducted in tuhcs as illustrated in ii gure No 3 at 
various HOD levels and sludye so] ids coricanirati ens 

utiuizntion rates were deberrriined after var1ous tires of 
aeration employing a polarograyh. The DOD was found to be 
directly pronortional to the CUD as shown in figure 4. 
Figure Nb, 5 is typical of the plotted data obtained from the 
tube 

Solids buildup was measured over the course of the 
oxidation process. The settling characteristics of sludge 
were neasured under various loading conditions, For ultimate 
disposal of the sludge, thickening and vacuum filtration 
studies were conducted. 

BOD Removal Helati 
The removal of LOT) in biological systems ray classified 

according to coricetitration ol' initial HOD. 1Jhen the initial 
concentration is low (100—200 ppm) the removal is concerttration 
dependent while at high conceutrations, the removal rate is a 
constant, 

Figure No. 6 shows that for concentrations in excess of 
150 ppm the average re!aoval rate was 100 ppm/:ir./l000 ppm of 
sludge. This is compared on the slide to pharmaceutical and 
refinery wastes which are of the same relative order of magni- 
tude. For BOD concentrations less than 150 ppm the removal 
ratevaried from to 16% per hour for a sludge solids range 
of 2,350 to ppm. The rate constants for other wastes are 
shown on the slide for comparison purposes, 

The constituents of industrial wastes will affect their 
oxygen transfer charncteristics Surface active and other 
organics will influence the liquid film coefficient, kL and the 
interfacial area for transfer, 

Studies were conducted in 1 liter cylinders in which oxygen 
transfer characteristics of difused—air aeration were evaluated 
for the mixed waste and the treated effluent. The transfer 
coefficient UcLa) was compared to that of a standard l>o NC]. 

solution for venous air flows. The results are summarized in 
figure 7. The Ratio of the transfer coefficient of water 

0.97 for the waste and 0.52 for the treateØ 
effluent, 
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Secondary_Sedimentation 

Laboratory analyses of the settling characteristics of the 
suspensions of mixed solids were conducted in order to 
es ablish the process design criterit for the separation of the 
activated sludge from the superuatant liqur. The test consisted 
in measuring the height of the sludge layer at various time 
intervals for different concentrations of mixed liquor solids. 

The settling curves for the various waste mixtures are 
shown in figure 8, The initial settling velocities varied 
from 6.1 to 15.6 ftc/hr. over the concentration range of 2100 
to 4100 pprninitial solids. This range is equivalent to 1100 
to 2500 gal, per day per square foot. The free rates 
of domestic sewage activated sludge has been found to vary from 
6 to 16 ft./hr. After the initial period, the sludge undergoes 
compression. The parameter to define the settling facilities 
to obtain a given underflow concentration in the unit is ex- 
pressed as square feet per pound solids per day. The unit area 
for an uncierfiow concentration of i% solids was found to vary 
from 0.03 to 0.05 square feet per pound/day. This range com- 
pares favorably with domestic sewate values. 

Effects of pH 

The pH of the mixed waste varied from pH 5.5—7.4. During 
the course of the blo—oxidation process the pH and alkalinity 
was reduced, pH values as low as pH 2.8 were encountered in 
some runs, The results indicated that the activity of the 
microbial culture was not effected by these changes in pH. 
This pH range is beyond the limits encountered for most in- 
dustrial wastes. The effect of pH and alkalinity on process 
efficiency is shown on figure 9. This data was obtained on 
the same t'aste with and without a buffer present. 

In the more dilute concentrations which may be encountered 
in the treatment operation, variations in pH will be less severe 
than those indicated in figure 9. 

31 ud 

The thickening characteristics are shown in figure 10. 

Laboratory compression studies conducted on the sludge 
from the oxidation of mtxed brewery waste indicated a maximum 
compresston concentration of 2%. 

Figure No, 11 shows the BOO removal for the various waste 
mixtures. 
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Process Design 

The tube run data is su;iiarized on figure No. 12. From 
the tube run data the process design is summarized in figure 
No. 13. 

Conclusions 

In consideration of the analysis of the irobiem and the 
laboratory investigations made, it may be concluded that: 

1. of the wasfe waters from the brewing and bottling operations are amenable to biologicas 

2, POD Reductions in excess of 90% can be attained in 
aeration periods of 3—6 hours. 

3. Depending upon the suspended solids content of the 
linal haste mixture primary sedimentation may be 
required. 

4. The bio—oxidation proceas proceeds over a wide pH 
range. The tendency of the system is to reduce the 
pH progressively with oxidation. 
Corrosion way be a consideration in the final selection 
of treatment structures, 

5, The design parameters developed front the laboratory 
hio—exidation studies are consistent with results 
obtained for other organic wastes. 



FIGURE 1 

Process Flow Diagram of Brewing Operation 
Showing Sampling Stations for Waste Study 
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Figure 2 

WASTE c:ILhAcTEILISTIcS 
SANFLING 
STATION_- lion 55 TS DILUTION 

Mash Tun 1 6.5 82 1;360 1:20 
4.1 — 6,360 5,030 540 4,520 

Lauter Tun 2 4.9 112 — 7,400 15;500 1:20 
5.25 119 45,200 44,000 5,200 38300 

Kettle 3 9.35 '890 375 220 380 1:10 
8.4 152 15,600 — — — 

2.3 — — — 5 4,640 

Hop Jack 4 6.3 83 11,250 10,000 — — 1:20 
6.45 65 5,540 — — — 

Hot 5 5.1 191 147,500 135,000 2,050 117,500 1:10 

Fermenter 9 3.95 2,300 115,000 48,000 69,000 1:20 

Mix 1 104 1,540 1,000 50 1,500 

2 6.40 324 15,600 10,000 2,020 17,400 

3 2.50 740 157 80 2,280 

4 2.80 — 8,050 3,750 — 6,530 

7 6.80 80 2,280 - 230 2,080 

6.40 130 17,000 — 5,500 

9 1.95 800* 4,100 — 1,900 3,200 

*Acidity 
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Typical Bio-oxidatiOfl parameters 
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Figure 6 
810—OXIDATION RATE COEFFICIENTS 

Low DOD Concentrations 

S 

Pulp & paper 0.20 1200 25 
0.38 2550 25 
0.45 3800 25 
0.88 5200 25 

Boxboard 0.44 2000 
0.89 4000 24 

Oil 0,113 1450 20 
0.186 6000 20 

Kraft Pulp Mill 0.68 2350 30 
0,23 1170 24 
0.90 3030 24 

Pharmaceutical 0.168 1900 25 
01115 1825 25 

Brewery 0.16 3000 26 
0.10 2350 26 

HIGH DOD CO14CFINTRATIONS 

k_per_hour Rate of BUD Removal - 
— pnLhr./1000 ppm sludge 

Pharmaceutical 0.07 143 
Pharmaceutical 0.066 109 
Bofinery 0.057 131 
Brewery 100 

k — sludge growth rate constant. 

Figure 7 
CHARACTJIST I CS 

Temp Air Flow kia per kla per 
Substance 00 CCMJiiter Cs hour hour C20° a 

KC1 22 34 8.0 13.5 13.0 1.0 

Mix 4 20 34 5.0 12.6 12.6 0.97 

Effluent 25 34 '7..5 7.4 0.52 
(Mix 4) 

nfl 
4. . 
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FIGuPE 12 C 
TREATMENT PARtYETERS 

r'R LNIT AREA ST 

bUD RATE; 

PPM PPM SLUCAE GM. SL. DAY SO tJOTE 

705 57 38 7.8 0.040 1760 0.67 0.95 

1—2 2 3(10 13 46 1.8 0.034 Z376 4040 0.40 0.94 

1—3 3 
15.6 0.035 1420 2i60 — — 

1-4 4 i095 38 54 15.6 0.031 1790 2800 0.52 1.03 

2—I 5 4300 98 55 — 6140 9130 0.56 0.93 

2—2 3660 40 — 5620 6000 0.40 0.54 FOP'IED 

CVER 

3—I 7 5€0 79 6.1 0.052 2&O 3100 - 0.08 

3—2 8 1610 40 — 2000 3560 0.40 0.39 

3—3 9 350 46 46 7.0 0.039 2840 3480 1.00 2.2 

3-4 iG 805 ICO 42 2000 — 0.40 

S * 



Figure 13 

AERATION TIMES INDICATED POD REMOVaL 

PEhCENT POD hFJ'IOVaL 

1Q 
So-2000ppm 

1000 3.4 3.9 4.5 5.0 

800 2.6 3.1 3.5 5,8 

600 2.0 2.3 2.6 7,1 

400 1.4 1.5 2.3 9.2 

So = 4000 ppm 

1000 1.7 2.0 2.3 2.7 

800 1.3 1.5 3.0 

600 1.0 1.2 1.3 4.2 

400 0,7 0.8 2,2 5,8 

Based on a return sludge concentration of 10,000 ppm 

21].. 



213. 

FIG I TI fl fT UDGf 

Dr.R.E. Kinney 

One of the most interesting modifications of the acti- 
vated process is complete It is not a new 
process but it has only been recently that the complete mixing 
concept has received the attention it bPS lonf deserved. 
The need for small treatment plants to handle domestic sewage 
from subdivisions and industries ns well as zitronc; industrial 
wastes has served as the impetus in the full dcvnlopmc'nt of 
the complete mixing procens. 

C 

Complete mixing is a basic process in which the incoming 
wastes are completely mixed with the entire contents of the 
aeration tank. There are many different modifications of the 
basic process endogenous respiration with conbinct- 

Uon units or separate aeration tanks 
and sedimentation tanks and varying rates of synthesis. All 
of these modifications fall "ithin the general concepts of the 
basic process thus greatly simplifying the engineering and 

oir rations. 

In order to obtain complete mixing in the aerntion tank 
it Is necessary to introduce the wastes into a rela- 
tively small tank volume with violent agitation so that the 
time for comniete dispersion is a miniuum. Normally, the 
agitation is supplied by aeration. In small tanks the wastes 

a sinUe point but in large tanks multi- 
ple inlets will be required. 

The key to coriplete mixing is the fact that the aeration 
tank acts as a surge tank and tends to level out the wide 
fluctuations in the load. The use of the entire mass 
of the activated sludge to stabilize the organic load distri- 

the load uniformly over the entire aeration tank and per- 
mits better utilization of the air blown into the mixed liquor. 

The desired effluent quality determines the size of the 
complete mixing system. It is possible to produce an effluent 
of any desired organic letel from wastes of any desired 
organic strength. An effluent of 15 mg./1. D.O.D. can be 
produced from wastes having 100, 1000 or even 10,000 mg./l. 
D.O.D. This high ouality effluent can be produced in a system 
with minimum excess sludge production or with a large excess 
sludge production. 
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The effluent B.O.D. is made up of two components, the 
soluble B,O.D. and the suspended B.O.D. 
is a function of the total organic load within certain ranges 
of MLSS concentrations. The suspended B.O.D. is a function 
of the sedimentation tank efficiency. 

Microbial Activity 

The stabilization of organic motter in any waste treatment 
system is brought about by the biochemical activities of the 
microorganisms in the system. The bacteria are primarily res- 
ponsible for the stabilization of the organic matter in activnted 
sludge systems. It has been shown that the bacteria remove 
organic matter Loin wastes in order that they might obtain 
sufficient energy to remain alive and to produce new cells and 
to obtain the chemical components for the cells. The 
wastes must supply both the energy and the building blocks, 
A deficiency of any element will result in reduced microbial 
activity and hence reduced stabilization from the engineering 
viewpoint. For the purpose of this paper it is assumed that 
the wastes are all nutritionally stable. 

One of the most important aspects of biological metabol- 
ism is that there is a definite quantitative relationship 
between the organic protoplasm produced and the energy expended 
in its production together with the organic matter removed from 
solution. If a few bacteria were placed into a rich nutrient 
solution, the bacteria would begin to grow at a rapid rate, If 
the mathematical function of growth were determined, it would 
be found to approach a log growth Tate. The bacteria growth is 
limited only by the microorganiskns ability to reproduce. Food 
is definitely Examination of the growth bacteria 
in the hg growth rate has shown that the bacteria convert 
approximately 57 percent of the ultimate removed into 
protoplasm while oxidizing' 43 percent of the ultimate B.0.D. 

to obtain the energy for the synthesis reactions. 

A point is eventually reached where the mass 01' active micro- 

organisms exceeds the fond available and growth becomes limited 
by the lack of food, The rate of growth is to the 
available food per unit of microorganisms. This can best be 
expressed es a food:microorganism ratio (F:M). Data on pure 
cultures has shown that log growth rate ceases when the F:M 
ratio drops below As the F:M ratio decreases, a point is 

eventually reached where there is just enough food present 
to keep the microorganisms alive without the production of add- 
itional Drotoplasm. This is the so—called endogenous metabolism. 
A further drop in food level results in autodigestion of the 
protoplasm to furnish the necessary energy. Thus, a drop in 
food gives a corresnonding drop in microorganisms. The F:M 
ratio actually remains constant at 0.25. 
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It is immediately apparent that Lhe rate of excess sludge 
production in the complete mixing system will be dependent.. upon 
the F:M ratio. A high F:M ratio will result in a large excess 
sludge problem while a low F:M ratio will result in a minimum 
of excess sludge. A plot of the oxidation-synthesis relation- 
ships for varying F:M ratios is shown in Figure 1. One of the 
most important aspects of this diagram is the fact that the 
synthesis drops from a maximum at log growth to a minimum at 
engodenous metabolism. IL can he seen that there is some 
synthesis in endogenouu metabolism even thoiitTh there should 
be no synthesis. The synthesis of active protoplasm reaches 
zero in the endogenous phase hut there is the production of an 
inert polysaccharide material which builds up mass in the 
sludge without affecting the biological activity. The product— 
ion of the inert polysaceharide is the reason why it is 
theoret.ically impossible to have sn activatnu sludge 
operating in endogenous metaholism with no sludge build—up. 
All so—called coMplete oxidation systeMs result in some build- 
up of inert organic matter which must either be rerrrvecl or 
discharged in the effluent. 

Flocculat ion 

In order for an activated sludge system to bperate con-. 

tinuously at any level of efficiency, it is necessary for the 
sludge to floculate well and to settle quickly in the sedimen- 
tation tanks In most biological treatment systems the effluent 
I3.O.D. is directly related to the efficiency of the final 
sedimentation tank, Good suspended solids removals will nro- 
duce effluents of low R.O.U.. 

It has been shown in previous rasenrch that flocculation 
of activated sludge is related to the energy level of the 

as they enter the sedimentation tank. A high 
residual organic level will result in poor floccu]ation and 
hence poor sedimentation. On the othri hand, a low residual 
organic I level will yield good flocculation and a clear 
effluent with efficient sedimentation. activated sludge 
is young and growing rapidly, flocculation is related to the 
F:M ratio, Bacteria in the log growth phase will not floccu- 
late or settle hut as the F:fri ratio decreases, flocculation 
increases until complete flocculation occurs in the endogenous 
phase. Once activated sludge has formed, there is a residual 
of inert floc which adts as a flocculating agent even thougji 

FM ratio might rise to 4. or 5, Flocculation is relited 
at these high.F:PI ratios to the actual organic concentration 

the dispersed A E,O,IJ. level of 
10 will produce good flocculation regardless of the FIM 
ratio as long as the MLSS concentration exceeds 500 
As the fl .0 ,] . level rises to /1. , bacterial dispersion 
incrcaaes slightly above normal, A fl.0;U. of 50 mg,/l. will 
cause the effluent suspended solids to rise to SO rng./l. 
regardless of the sedimentation tank efficiency. A H.O.D. of 
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100 iug,/1. uill yield an effluent with 100 and 150 mc. 
/1. suspended solids. 
Total Oxiriction 

float tanks will yield effluents containing 
between 20 and 25 mg./l. volatile sii8pcnrked solids uhen opera- ting at ma::imurn efficiency. 111th tue total oxidation modifi- cation of the complete mixing process loss of 10 to 25 mg./l. 
vol. suspended solids is very important in the solids control. 
Operation of the c onplete oxidation systems in the endo.conous 
phase yields a sludge growth of aoproxiniately 11 per cent of 
the 5—day P.0.1). removed. An effluent with 25 mg./l. suspended 
solids would be in equilibrium if 240 mg,/l. 5-day 1i.0.D. were 
being removed frc..a the wastes. A waste uith less than 240 mg./ 
1. 5—day P.0.1). would lose solids until the F:M ratio increased 
to the point where synthesis equaled the solids lost. A 
waste with more than 240 ng./l, would yield an increase in solids 
greater titan that being lost in the effluent. Eventually, such 
a system would fill up completely with sludge and the effluent 
suspended solids would increase unless solids wore removed from 
the aeration tank. 

The addition of inert suspended solids such as occur in 
domestic sewage and some industrial wastes will have a definite 
effect on the solids balance. If 25 mg./1. o: more inert 
volatile organic suspended solids are added in the influent, 
these inert solids must either be dincharged in the effluent or 
removed from the aeration tank at periodic intervals. \lith 
weak domestic sewage having only 100 to 150 5—day 8.0.1)., 
it would be possible to discharge all excess sludge in the 
effluent without creating nuisance conditions. 

One ci: the prime bases for design of coinnlete mixing 
activated sludge systems operating on the total oxidation 
principle has been 24 hours' aeration. The use of hours' 
aeration is not a rational design concept anymore than 20 
hours' aeration or 40 hours' aeration. Design of total oxi- 
dation units should he related to the strength of the wastes 
and not to an arbitrary aeration period. Total oxidation units 
preclude that the system he operating in the eisdogenous 
phase which means an F:M ratio of 0.25. For any F loading, H is automatically determined. If the wastes contain 250 mg./l. 
5—day P,0.lJ,, the HLSS would be 1500 nig./l. if the aeration 
period were 24 hours; 3000mg./1. with 12 hours' aeration, 6000 ng./l. with 6 hours and 12,000 mg./l. with 3 hours' aeration. 
Zt can be seen that the organic ].oading in termn of pounds 5—day 
E.0.D./l000 cu. ft. aeration capacity/day would be 15, 30, 60 
and 120 respectively. It appears possible to maintain a system 
jin endogenous metaboli.sm as long as the organic loud does not 
exceed 40 pounds 5-day B.0.D./l000 cii. ft./day. kt this loading 
it would be necessary to maintain 4000 mg1/1. active NL&3, which 
would require a system capable of handling approximately 6000 

.1:, 
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rng./l. total The effluent frnm such a ityst1em would 
contain ripproxinntnly 4.4. pounds vol.'ttilr snlids/l000 cu, 
ft. aeration If the uastes rottiincd for 

24 hours, the iflfluent would have conlained 670 5—day 

}L0.D. and the effluent would have coutoined 73 mg./i. vol. 
suspendad solids. A 12 hour retention period at 40 pounds 
loadihg would have had 335 mg,/l. 5—day Js.0.D. and an effluent 
with mg./l. vol. suspended solids. A 6 hour aeration 

would have an influent B,OJJ.. of 168 mg./l, and an 

effluent with 18 mge/l. voL suspended muds, The 5—day 

B.0.D. of thn effluent from these units would be 

52, 26, 13 and 7 uig,/l. 

If toe had a 5—day of and were 
treated for 24 hours in the aeration tank instead of 6 hours' 
aeration in the previous section, the loading would 
he 10 5—day ft,/day. The effluent would 
cnntain 1.1 lbs. volatile suspended solids which would yield 
a conc'mtration of 18 and a 5—day 13.O.IL of 13 mg./l., 

It is immediately obvious that the effluent quality is the 
same for 6 hours' aeration as for 24 hourst norntion. A 

system designed on the basis of 24 hours' aeration would in 
effect he ovorciesigned by hours. Needless to say, the 
question as to why the effluent quality is the same 
when the aeration periods differ by a factor of four. The 
differance botween the two systems lies in the active 
microbial mass carried in the aeration tank. At the 40 lbs. 
B.0.DP loading thin active '4LSS would be in equilibrium at 
4000 mg,/l. while at the 10 loading the active 
NLSS would only reach 1000 mg,/l,, 

Intermittent Flow 

The previous analyses were made on the basis that the 
wastes were added continuously 24 hours a day, 7 days a week. 
Many waste flows are not continuous and often the organic 
load is not uniform, With industrial %/asbeL it is often 
possible to discharge the wastes to a surge tank and to feed 
the waste treatment plant at a uniform rate on a continuous 
basis. domestic sewage from small industrial buildings, 
motels, etc., it is possible to add an aerated surge tank 

ahead of the aeration unit to level out waste flows and waste 
strength. deteraine the validity of surge tanks 
to reduce the size of the treatment plant. 

If' it is riot possible to have uniform flow, the treat— 
mont plant must he designed on the bisis of the load arriving 
and not on the average daily laid, Because of the complete 
mixing systems' leveling action it is nossible to make the 
design on the basis of the maxiriium hourly load. Consider an 
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industrial building operating on a single 8 hour shift, 6 

days a week. The domestic sewage flow arrives at the 
treat— 

nient plant over the 8 hour and is quite strong, 

approximately 500 mg./l. 5—day B.0.D.. The average daily 

organic load on the treatment plant is only 30 lbs. B.0.D./ 

1000 cu. ft./day; but the actual load is 90 lbs. F3.O.D./l000 

cun ftp/day over an 8 hour period and 0 D.O.D. over the 

remaining 16 hours. The microorganisms are going to respond 

to the actual organic loading and will 
grow The 

oxygen demand and synthesis rate will be 
governed by the F:i1 

ratio at the 90 lbSG D.O.D. loading and at the 0 lbs. D.O.D., 

The will grow more rapidly than if the 

were uniform since the addition of the 
food will result in flu 

increase in the F:M ratio. The system will attempt to re- 

establish equilibrium but will not he able to do so since the 
food suddenly stops and starvation sets in for the 16 hours 
withOut food. The microorganisms will undergo endogenous 
respiration and decrease in active mass for the 16 hours until 
the organic load starts again.. of the most important facts 

about endogenous metabolism is that cells fed continuously in 

the endogenous phase will produce less 
excess sludge than coils 

which are fed the same amount of food in a slug and allowed to 

starve for the same period. The net result is that the feed— 

starve cycle of intermittent operations results in more sludge 
for ultimate disposal than the continuously fed system. This 
is most important in any design. 

The effluent D.O.D. concentration from the intermittent 

system and the continuously fed system will be quite close on 

an average valuer Anyohe wanting to show better operations of 

the fed system can do so by the use of grab 

samples the influent and effluent just after the wastes have 

started into the pl..ant at the start of a feed cycle. The 

effluent will be at a minimum since the microorganisms have had 

16 hours to utilize all of the available food and the influent 
strength will be a maximum1 Control authorities should always 

take their grab samples at the end of the feed cycle when the 
effluent quality is poorest. If the effluent quality is satis- 
factory at the end of the feed cycle, it csri he certain that the 
effluent quality was satisfactory during the remainder 

of the 

operation period, barring extreme fluctuations 
in flow beyond 

design 

Ftnal Sedimentation 

The key to the operation of any hiologicel treatment system 

lies in The efficiency of the final sedimentation tank. The 

effect of the final sedimentation tank operation on the total 
oxidation modification of complete mixing has already been dis- 

cussed with regard to effluent quality. There arc two types of 
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sedimentation tanks in use with complete mixing the 
vertical flow arid the flows The vertical flow 
sedimentation tanks either intioduce the flow upward fron the 
bottom of the tank or downward from the top. In both cares 
the velocity of the flow into the tnnk is the most important 
factor in the design of the sedimentation tank, The upward 
flow tank has been used primarily where the aeration tank and 
the sedimentation tank are built into a single unit. The up- 
ward flow tank must have a sufficiently high flow rate to 
keep the contents of the sedinEntatiOn tank always turning 
over hut not great enough to carry the siudgü over the 
The shape of the sedimentation tank controls the hydraulic 
patterns as does the turbulence created by the aeration device. 
Generally spoak,r&the hydraulic overflow rate should be 
approximately 500 gal./sq. ft0/day. With intermittent flows 
provision must he made to return the sludge to the aera %fl 

tank to prevent If the sludge in the 'tion 
tank should become septic, denitrification could result with 

nitrogen gas lifting the sludge to the tank surface, The 

sludge carried to the sedimentation tank surface becomes 
quite 

concentrated and can cre:ite a definite nuisance by either going 

out in the effluent or producing obnoxious odors. 

The downward flow sedimentation tank must have an over- 

flow rate below 500 gal,/sq. lu/day in tanks with a water 

depth of 8 ft. or less and below 800 gale/sq. ft,/day in 

deeper tanks. The reason for the variation in flow rates 

lies in the fact that the flow of the mixed liquor entering 

the tanks will disturb the sludge which is being concentrated 
and removed just below the point of introduction of the mixed 

All of the downward flow sedimentation tanks use 
continuous return of sludge with either air lift or motor 
driven pumps. The rate of return must be great enough to 
hardle the sludge as quickly as it settles. With total 
oxidation systems the MLS3 concentrations reach 6000 mg./l. 
which requires sludge return rates of from 100 to 200 percent 
of the waste flow. With the high rate of sludge return care 
must he taken to use the hydraulic energy to help concentrate 
the sludge. 

Horizontal tanks do not have as much turbulence due 
to the introduction of the mixed liquor anti can he designed 
with hydraulic overflow rates up to 800 gai,/sq. ft0/day. 
With high flow rates density currents can be a problem and 

care should be exercised in design. 

Uthough most of the use of complete mixing has been 
with the total oxidation modification, it is well suited to 

high sludge synthesis. For a given food loading, synthesis 
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can be stimulated merely by reducing the MLSS concentrationa 
For wastes with low B.0,ti, concentrations it is possible to 
convert half of the organic Matter into sludge and still 
produce a satisfactory effluent. The advantages of high 
synthesis of sludge are a smaller treatment plant and lower 
air requirements, while the disadvantiges include excess 
sludge disposal facilities and more complex operations, Uith 
small treatment plants the economics favor the total oxidation 
units while in lar;e treatment plants the economics are in 
favor of high syttiiesis 

Inert Solids 

It already been indicated that inert solids in the 
wastes will have an adverse effect on total oxidation systens. 
Generally speaking, the total oxidation systems take the entire 
waste flow into the aeration tank, eliminating primary sediment- 
ation tanks and anaerobic digestion. A portion of the 
matter added to the aeration system in the form of suspended 
solids is inert to degradation. These inert 
suspended into the activated sludge and 
become part of t,ha the inert solids are discharged 
from the aeration ta::kç they will build up in the causing 
much of the MLSS to hecorLie inert solids rather than active 
solids. The system will eventually fill up with sludge and dis- 
charge it in the effluent1 Uhbn the excess solids are dischar- 
ged in the effluent, a portion of the suspendud solids 
discharged wil' be octive cells. This results in an increased 
F:M ratio and increased sludge synthesis. The net result in a 

total oxidation system is that instead of converting 11 percent 
of the B.0.D. removed intc sludge; 30 to 50 percent of the 
B.OAD. is being converted into sludge. The system breaks down 
as far as total oxidation is concerned and becomes a high 
synthesis system. The only way that the system can be iLlain— 

tamed as a total oxidation unit is to periodically remove 
most of the £4J455 and to start anew, An example is that if the 
aeration tank contains 10,000 mg./l. MLSS when the system is 
full of sludge, the MLSS should be reduced at least 90 percent 
to 1000 rng./i. to insure removal of most of the inert solids. 
The active mass will quickly build back to equilibrium and then 
the tank will slowly fill with solids. The rate of sludge 
removal will be a function of the inert solids concentration. 
Since the sludge is predominartly inert solids1 it will dewater 
directly on sand drying beds and will not require further treat- 
ment. 

Oxygen Utilization 
The complete mixing system obtains maximum utilization of 

the oxygen added to the aeration tank. With a uniform organic 
loading on the aeration tank, the oxygen demand in the entire 
system will be constant as a result complete mixing. in the 
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total oxidation systems the cLamand for oxygen is very low, 
Sufficient oxygen must he added to meet the entire of 
the ultimate D.O.D. removed. The ultimate D.O.D0 is normMlly 

times the 5-day D.O.DO. Since a small fraction of the 
organic matter is nob oxidized hut w!nds up in solids, the 
calculation of air on the total D.O.D. removal will give 10 
percent excess air. 

The efficiency of oxygen transfer is very important in 
compi.ete mixing systems since the power requirements and hence 
the cost of operttions are largely related to this factor., In 
total oxidation systems the demand for oxygen seldom exceeds 

mg./l.'hour. At this air rate most diffused aerati a 
devices will not yield more than 5 percent oxygen transfer 
efficiency. It has been found that steel pipe with drilled 
holes will yield 5 percent efficiencies in complete mixing 
systems and will perfirm as well as any proprietary air 
diffusion devices. 

With the high synthesis systems the demand for oxygen 
increases quite sh rply. The proprietary oxygen diffusion 
equipment definitely show up at an advantage when the in- 
creased oxygen demand permits higher efficiencies of transfer. 
Up to oxygen demand rates of 100 mg*/le/hour most of the non— 
clog air diffusion devices will be satisfactory, Higher rates 
of oxygen demand will require the use of turbine aerators. 

Prefabricated Units 

There are many prefahricated complete mixing treatment 
p]ants being marketed by equipment manufacturers1 The pre— 
fatricated units will yield results consistent their 
design and operation, The tendency with the nrefThricated 
units has been for the engineer to allow the equiprt nt company 
to recommend the desired unit, The not result is that the 
engineer becomes nothing more than a middle man collecting a 
fee which he has not. earned. It is the responsibility of the 
engineer to check the design criteria of the prefabricated 
plant to determine that it will meet the desired operating 

It is the engineer's responsibility to see 
that the plant is started and operates satisfactorily. The 
current tendency on the of the engineers has been to let 
the equipment company selling the prefabricated plant start 
the plant and see that it is running properly. Most engineers 
responsible for the aelection of the prefabricated treatment 
plants definitely lack sufficient experience and understanding 
tc. determine if the treatment units are operating properly and 
what to do if they are not. Problems with of the small 
prefabricated plants has caused some state health departments 
to look disfavor on their use and other health departments 
to refuse to approve the use of the small treatment plants, 
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Tbe prefabricated trentment plants give results consistent 
with the criterin cited f or the design at the cumplnte mixing 
units in the previous sections. Although thereare not much 
data available on complete mixing plants in the field, some of 
the data which are available are shown in Figure 2. It can be 
seen that the actual field results are contiistent with the 
design criteria already cited. Ctudies are currently being 
conducted on several complete mixing planta treating domcutic 
sewage and industrial wastes to determine the operational 
characteristics of these plants so that the design criteria 
can be fully evaluated. The data which have been abtaibed to 
date are consistent with the concepts of design given in 
previous sections. Cost figures indicate a capital cost and 
operational costs 25 to 50 percent below that of conventional 
activated sludge creatment. 

Sumearv 

One of the newest basic processes for biolngical waste 
treatment is complete mixing activated sludge in which the 
wastes are intimately mixed with the entire contents of the 
aeration tank in a minimum of time. The two modifications of 
complete mixing systems are total oxidation and high sludge 
synthesis. The basic operntions anti design criteria for both 
modifications are discussed briefly. The most important ad- 
vantage of complete mixing is its ability to take a waste of 
any B.O.D concentration and to produce an effluent of any 
desired B.O.D. concentration in a single stage unit. Other 
advantages include the ability to absorb shock organic loads, 
to be unaffected by surge hydraulic loads, to obtain maximum 
utilization of the air used, to produce little excess sludge 
or lots of excess sludge, to give a standard design for domestic 
sewage or industrial wastea regardless of the chemical nature of 
the wastes and lover capital costs than conventional activated 
sludge. 
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THE VALUE AND 

rLAJ4T_Bb.CO!WS 

Edmund B. Hesseiievre 

three phases of an industri;]. waste treatment project 
are: 

Design 
Conc t,ructj on 
Operation. 

Of these the most important in the achievement of the re- sult by the regulatory agent and the owner of tie plant 
is——operation. 

Proper operation may he obtained by constant attention 
from human operatives or from devices and apparatus which re- 
duces the number of humans involved, 

It has been said that "automation is a way of getting 
things done without doing them," In this discussion we are not 
basing our argument on the strict term which is carrying out mechanized operations without attendance, but 
on the basis of applying developed rnaans for carrying out te- 
dious and recurring operations dithout the constant supervision 
of human attendants, 

It goes without saying that those of us who are charged 
with the design of waste treatment faci)ities recognize fully 
the importance of proper and consistent records of the rerfor— mance of the component parts of the facility. But I am not so 
sure that the plant owners and operators appreciate the value 
and economy of such records, 

Too frequentjy the owners of an industrial waL-te treat- 
ment facility will balk at the amount of money provided in the estimate of cost for automatic recording devices, In one spe- cific case of a very large automotive plant where automation is a necessity in turning out cars and keeping down costs, one of the officials in charge made strenuous objectionn to the re- 
cording devices incorporated in the waste treatment facility. 

In many cases the plant owner feels that the regulatory 
agency or the designer of the waste treatment is over—zealous 
in emphasizing the need for instrumentation and recording devices and that he could do with less, Eut in many cases it has been 
definitely found that proper instrumentation and records can and 
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do result in very decided economies. These economies freiuent- 

ly more than offset the cost of Lhe devices This is 

particularly true in cares (1) where chemicals are reiuired in 

the treatment of the wastes; and (2) where chantes are made 

against the industry for the discharge of wastes into munici- 

pal sewerage systems. The following exrmplec will illustrate 

these two points. 

(1) In a large plant for the treatment of plating 

room wastes, flow meters and other recording instruments were 

provided to measure the chlorine arid other chernica] a. Des- 
pite the fact that ample resources for chlorine supply were 
furnished, base' on experience as to the possible needs, it 

was found that instead of the need of between 8 

and 9 pounds of chlorine per round of cyanioc destroyed, the 
daily logs showed that up to 28 pounds of chlorine were being 
used per pound of cyanide. Obviously something was cong. In- 
vestigation showed that each of the three ch]orinators had a 
rated capacity of 6000 pounds per 24 hours and that they were 
set to operate at that rate regardless of the actual need. 
Operating control was not adjusting the rate of supply to the 
need. It was pointed out that this lad; of control was cost- 
ing the plant management close to flOO per day in unneces- 
sary expense in waEte chlorine. Closer control was initiat- 

ed and the chlorine feed reduced to within acceoted limits of 
about 9 pounds of chlorine per pound of cyanide. 

(2) In TiUmOrO'Js municipalities charges are made ag- 
ainst industries for discha:ge of liquid wastes into the sew- 
erage systems. In many cases these charges based on: 
(1) volume of (2) excess of components over arbitrary 
standards set by the municinalitfl (3) requirements 0r treat- 
ment at the municipal sewage treatment plant to bring the ul- 

timate effluent within limits set by a State or other author- 

ity, or all three. If the industry does not meter the dis- 

charge of wastes into the municipal system, the City frequent- 

ly imposes a charge based on a percentage of the water bill 

paid by the industry. 

In one case in the writer's experience a plant discharg- 

ed its treated industrial wactes into a large storm drain 
which emptied directly into a riverc For the sanitary rewage 
of the employees it had several septic tanks. The State au- 
thorities suggested that the company do away with the sep- 

tic tanks and discharge the sanitary sewage into a sewer of 

the municipality which passed the pJant. The company used 

about 1 million gallons per day of city but the actu- 

al volume of sanitary sewage to be discharged into the sewer- 
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age system would amount to only about 25,000 gallons ncr day. 
The plant owners approached the city to carry out the wi of the State, but the city said the cost would be on a charge of 50 per cent of the water biD. As this was obvious- ly an inequitable charge for the small amount of to be handled1 the comnany decided, against its desire, to build 

own sewage treatment plant. The annual costs for this 
would he much less trnzi the exorbitant charge set up by the City. 

In other cases, unless the plant knows, by means of proper analytical procedure or measuring devices, juct what he is putting into the sewerave system or streams, he may be unduly penalized by such arbitrary charges, or stringent requirements. 

Many municipalities sot up standards for the content of toxic or polluting elements that may he acceptable in indus- trial waste effluents. If the plant does not keep his own proper records and make his own analyses, he is at. the mercy of the municipality or regulato:y agency, or both. If a penalty is attached to the of effluents contain- ing excesses of components over established li'nitt, }vi may 
pay several times the ccst of proper control equipment in 
fines and punaltis. 

Instrumentation can be overdone. All instrumentation 
and recording equipment should have a relaticn to the needs 
of the particular case. For instance, in a small plant 
where a single operator must he on hand, and his dutins are 
small, he can carry out many operations himself without over- 
doing. In such a case the automatic equipment should he tern— pered to the needs. An cperator with certain duties to per- 
form will be much more efficient than one who has a lot of 
recording devices to do his work and he can sit back arid take 
a nap. 

There are three general classes of infnrmation needed to control the operation of' a waste treatment plant. These are: 

1. Necessary 

2. Informational 

Interesting 
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The necessary records are those which show whether the 
plant is being operated: 

1, To produce the desired anddesigned results in the treat- 
merit, 

2, To do so at an economical rate, 

These records cover the foliowing points: 

1, Volume of flow, entering thr plant from all sources, 
and pa the volume of effluent entering thu 
municipal sewerage system, or the stream, This is 
especially important if a volume charge is levied ag- 
ainst the plant for discharpe into the sewerage sys- 

tem, 

2. Components of the waste effluents to ascertain if 
they are within the limits set by the regulatorj au- 
thority. This is important if surcharges are applied 
for overages of components or fines for overages, 

3, Measuring of chemical coagulants or reagents to as- 
sure economical operation of the plant, and to ascer- 
tain need for additional supplies, 

Analyses of the raw wastes to determine the amounts 
of treatment reagents required and of the final ef- 
fluents to assure that the requirements have been 
met 

5. Printed records from the automatic recording devices 
act as acceptable proof to the regulatory agency 

and owner that the plant is doing the job it was de- 
signed for. recording devices properly 
maintained are not subject to the common human errors 
of misreading, slipped decimal points, etc, 

The informational records are those not requi:'ed to indi- 

cate to a regulatory agency the main points of compliance with 
their demands, but are valuable information for the plant cost 
departments and budgeting officials. The construction and op- 
eration of a waste treat.qent facility usuaily adds a cost item, 
many times a heavy one if the t:artes ore complex, which enters 
into the production cost of the item produced by the factory. 
Such costs must be kept to a minimum in a competitive market, 
and they are closely scrutinized in the Cost Departnent. If 
they seem to be inordinately high or out of line, someone is 



going to be called on the executive carpet. 

These records are: 

1. Amount of each chenical used each day in the treat- 
ment of the wastes. 

2. Cost of the chemicajs. 

3. Comparison of costs and usage, day against day and 
against volume and concentration of the uastos. 

4. Available supply of chemicals en hand, to avoid run- 
ning cut when most needed. 

5. Condition of the equipment in the plant, and repairs 
and cost of repairs and replacements. 

6. Hours of labor used, arid types of labor or itten— 
dances This ostabU she; the labor cost per day or 
per unit of 

7. Amount of electrical current usei in the plant opera- 
tion3 

The weather conditions. This may explain the reason 
for excess flow rates, if surface or roof drainages 
enters the wiste system, or why certain operations 
could not be carried out on a particular day. 

9. Record of outside visitors. This is a check on in- 
spection by regulatory agents, etc. 

The interestirg type of is one that does nut ma- 
terially assist in maintaining thc at its optimum effi- 
ciency, but nay be desired or require4 by the plant 
for one reason or another. These are: 

1. The call on other departments for plant services by 
plant operation, to determin3 if this cost is a charge 
against the departaent supplying the service. 

2. The condition of the plant units, equipment, etc. to 
determine the need for maintenance, servicing, pain- 
ting, renewal of parts, etc. This may indicate the 
need for more personnel. 

3. Cumulative records of the volume of flou of the sev— 
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oral waste lines, sTuclilits of chemicals used, in n riven 
period. 

4, Description of the plant units, arid additions to the 
plant, for the use of the plant executive departments 
for taxing purposes and inventory of supplies, and add- 
itions to capital. investment. 

To illustrate the economy of keeping records of usage of 
chemicals may be cited the case of a water treatment rlant, for 

industry. The client felt that the costs were exorbitant 
and called on the writer's firm to make a study. Scrutiny of 
the plant records for an entire year tho.ied that during the 
first months of initial operation, the amount of chemicals 
used varied day to day, according to the changes in water 
conditions. Then, sudcienly, after six months, the same amount 
of chemicals was entered each day for the following six months. 
If this had varied a little from day to day it probably would 
not have been noticed. But each day for the six-tnonth period, 
regardless of the water characteristics which were entered on 
the same log, 150 pounUs of lime and 100 pounds of alum was 
entered, It was easier for the operator to add this than to 
measure it, as a weighing feeder would have done. 

The desirnnr of a w'isto plant should accept as 
part of his responsibilitj the preparation of a proper log sheet 

for each plant1 This should be temp'red judgment, based 
on the neLds of the case, the class and size of the plant, the 

scope of treatment and the class of operators. 

in one case our firm prepared a log sheet with 126 items 
that fell into the three classes of information referred to 
earlier,. To keep such a log meant an inordinate amount of pa- 
per wnrk, so the final lor, for & very complex plant treating 
six different types of wastes, was simmered down to 52 items 

which answered all purposes. 

The regulatory agency is mainly concerned with the plant re- 
sults and usually requires that records indicating that he kept 
and be available to representatives of that agency. These are 

not normally a burden and may save the owner considerable money. 

The records that tell of the economical operation of the plant 

are essential for the and may lend the way to revision of 
methods, procedure, etc. Jell—kept records are always a credit 

to the operating personnel and may go far in enabling the Chief 
Operator to obtain the help and supplies he needs. 

Mocern science is continually developing automatic devices 

which assist matcrially in t.he objectives of this paper. In the 

analysis of wastes to determine final concentrations of cyanide, 
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hexavalent chromium, etc. the usual laboratory procedure may 
take two hours to make one test. If during that period 
soraething happens that might bring about a dischargc of im- 
properly treated waste, this may he caught by the municipal or 
regulatory agency men and may result in a fine, regardless of 
the fact that there was no actual intent to discharge untreated 
waste, By use of the modern auto—analyzers now made by a num- 
ber of companies, ond of these can be out on each effluent 
stream and will make an analysis in from 5 to 15 minutes and 
provide a printed, indisputable record on a chart. Not only 
does this provide insurance against the disclisrge of improper- 
ly treated waste, but it relenses the laboratory personnel for 
other work. This saving alone may easily pay off the entire 
cost of the analysing system in a year or two. These analyzers 
can be so connected to the wnste system that1 in the event of 
an improperly treated waste the device will automaticalSy stnrt 
the pumps which will return the waste to tne rroper tank for 
retreatment. 

Records are valuable, as illustrated, both for The plant 
owner and the regulatory If found to be truthful arid 
accurate and based on automatic recording devices, the regula- 
tory agency will gain faith in the operator of the plant and 
will reduce the nunrner of visits to the plant. The submission 
of the printed record and charts will suffice. 

A plant owner nay say, "Why should we make an effort to save 
time for the regulatory agency men," It is very simole. If 
every plant kept poor or inadequate records which required the 
agency ren to make freiuent periodic inspections to assure 
that the plant was producing the proper results, the force re- 
qüireJ would he tremendous and the owner would pay for it in the 
increased taxes necessary to support the agency. Government 
bod5 cc in all countries being what they are, it uould probably 
be for them to obtain the extra sLaff due to budget 
limitations, The result: .unchecked pollution, more stringent 
laws, and more coat later for the plant owner and lessened bene- 
fit to the public health. 

Records of flows frequently indicate losses, spills or 
carelessness on the part of plant production personnel. These 
can usually he corrected to the economical advantages of the 
owner. The needs for water are constantly incraa3ing and by 
watchfulness on the part of i ndustri.al plant users the available 
supply can be more adequately apportioned. baste treatment 
costs money and records fraquently indicate preventable losses 
and waates, 

The Plant Operator 

Another important factor in tile economical nnd successful 
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operation of a waste treatment plant is the selection of the 
operator. The average industrial waste treatment plantis a 
complex entity, it has cost the owners considerabje money and 
it deserves the best operation to protect the investment. If 
the plant is one requiring the use of chemicals, then the Chief 
Operator, or at least one of his assistants, should be an in- 
dustrial chemist skilled in the reactions to be attained, with 
a knowledge of the oporations in the Droduction departments cf 
the corapany, able to iiake chemical analyses end determinations 
to assure results and economy. If the owner does not have such 
a man available, he should engage one. To quibble about such 
an item when the investment of thousands of dollars is at stake 
is penny wise and pound foolish, The difference betiieennri 
operator who wants, say $7500 per year as against one at $5000 
per year, may easily cost the company more than the difference, 
in waste of chemicals in a year. Quality is not cheap but is 
usually worth cost4 I recall a very prominent, sanitary 
engineer, now deceased, who questioned the cost of a piece of 
very important equipment ty comparing its cost per pound to that 
of an automobile. The representative cf the equipment manufac- 
turer stated that if his company could turn out that particular 
piece of equipment at the same rate as the automobile in ques- tion, they could materially reiuce the cost per pound also. He 
then asked the consultant, you wnnt a man for your staff, 
do you go out into the street and pick out the heaviest man you 
can find so that you can get more '4eivht per dollar--no, you 
take a man for his ability regardless of :iic atoirdunois." The 
consultant agreed, and the argument was closed. 

If you plan to mechanize the operations, then he sure to 
get an operator who can interpret the information on the dials 
and charts and perform the necessary manual functions, or push 
the proper buttons indicated by the record. 

instruments record in lines on a chart and indicate 
degrees or percentages, levels, etc. 'dhen a plant is perform— 
ing normally, these lines will he at certain points. It is 
when they depart from the lines that the operator must 
know what the diverrence means and take the necessary steps to 
get the operation back in step. 

It is a famijiar theory of mine that the operators, or at least the chief operator, of an industrial wastn treatment plant 
should be licensed, the same as operators of sewage and water 
treatment planta. In practically every 3tate of the United States 
and the Provinces of Canada it is obligatory for the operators 
of water and sewage olants to be licensed by the propcr authors 
ity. This not on2y assures that the man is fitted for his job, 
but also him from the petty annoyance of being under ti-s 
c':ntrol of some other company official who may not agree with 
his ideas or methods, It enables the licensed operator to be 
steadfast in his plan of operation and get the desired results 
from the plant. The regulatory agencies, particularly the States 
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and Provinces, claim the right to tell cn industrial pJant man- 
agcment what they must do to reduce or eliminate what 

must he kept, ott, Therefore, 1 frrd tli1t have the 
same right to reluire the or cerL iii cation of the op— 
erators of these Actually inriustrial waH.cs have a 
greater pollution effect on strenrur, with toxic u] etc 
than does normal municipal and the effect on public 
hea]th, cotnfcrt arid recreation is greater, and therefore the 
need for licensed, competent oporators is even greater. I he— 
hove also thst the industries themselves would such a 
reuuircmcnt as it would relieve them of some of the rcsponsi— 
hi] ity. 

Centralization oP Instruments 

In a plant with operations scattered over a area, 
all of the instruments which show cotulition of vni bus steps 
should be centra.Li zed where a pci cpcistcr can keep his 
eye on them and be ready to ccrroct any malfunction in one part 
that may have a serious effect on another or on the plant. 
He should be able to interpret the of the alarms 
and to locate the trouble instantly and take the necessary steps 
before dama.re can result.. 

It is desirable to have all important rc couding instru— 
merits aria controlu on one panel Lnird with individual cc'nerols 
at the individual units for umergoncLes • Bitt i.t is only con— 

to have on that uame panel a lot of instruments or re- 
cording devices which do not actually hove to do with the op- 
eration of the plant, but produce data of art interesting or 
historical vctjue only, of this kind should be on a 
separate panel adjacent to the main panel. 

If possible the main and ssc.c'nriary panels should he in a 
ole by with a Jac"e window that cubicle 

and the chief operator! s office where he can sea the entire 
panel at all titnea. To avoid missing the alarrna, the tell, Si- 
rens, ]ightT, etc. shou3d be in the room of the chief operator, 
preferably in front of him to attract his ir:mtedinte attention. 

Preferably all inrtruincnts on .a panel should not be tower 
than normal desk height. If an operator to stoop to look 
at a reconling lie may misread the dial niir1 fail to cor- 
rect ial flmction . All mat rulents should lie c] ea dir i ndtca — 

tel by a proper Thbel or on the ft face as to t':hat are re— 
cording cr control hag arid alJ push —butt eon should c .icarly in— 
dic.n to what they control. To avoid rn-1 Lhu meters, re- 
Cord jug dcvi ces, or their ease n or en k?J should be pain— 

the same color as thu unit they coctrel. 

This is another important point. All pipe lines, pumps, 
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valves, etc. should he clearly marked to mdi cate their contcnts 
and all control eJemerits for the same units shouid boar the 
same color scheme. The best way to do this is to develop a 
scheme of colors for the various materials to he handled and 
mark each pipe, each vaJve, each component part of that line, 
including the equipment, with stripes of the cojor, and every 
three feet on the pine line a label Mth the name of the ma- terial handled and an pointing in the direction cf the 
normal flow, There are several firms who Make these stick-on 
labels at low cost. The extra expense of this refinement ray 
often he justified in saving acoidents, and in enabling the 
staff to locate troubles instantly. 

I wish to inject another matter here which while riot entire- 
ly germane to tue subject of records, is important in 
industrial waste problems solved. For a long tir;e there has 
been a complaint on the part of industry, "we are marie to cx— 
pend large sums of money to provide waste treflment facilities, 
but no financial, help is given ur to share the burden," In the 
United States, under the authority of Public o6U, the Fe- 
deral Government assists municipalities to provide sewage treat— 
inent facilities by making grants of a total of 50 million dollars 
per year to accredited municipalities. These grants provide up 
to 30 per ccnt of the cost of a sewerage project, or a maTcimurn 
sum of Also, provision is made for loans for the pre— 
paretion of studies and plans. Put no one helps the industrial 
plant for any part of a project. It must pay the entire cost 
out of its own treasury borrow the necessary funds. 

• To correct this position, which in my mind and that of 
many others, has retarded the construction of industrial waste 
treatment facilities, the Pollution Control Commission recent- 
ly appointed by the President ot' the United her recom- 
mended thai. the Conpress initiate ltgislaticn to permit indus- tries faced with the construction of an industrial waste fa— 
.cility to write off this investment in a five—year period. To 
foster this, several bills hays already been presented to the 
Congress to permit this. This legialation is also favored by 
large commercial organizations, such as the National Chamber of 
Commerce, and other industrial bodies. If' the legislation is 
enacted it would stimulate more rapid progress in the clean 
streams program. Pennsylvania has also made a progressive step 
by establishing the right of industrial firms in that state to 
condemn additional land that may be needed for their 
waste facilities. Such measures all help, and if more poli.ti— 
cal bodies could be brought to see the advantage of encouraging 
industry to build plants, they would benefit in the end. 

In combination with this effort to encourage industry to 
build plants there should also be a cooperative effort on the 
part of the regulatory agencies. No regulatory agency wants to 
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be arbitrary in its deunrids on an induntry with a wast1e 
problem1 but a combination of elements in required to accom- 
plish a wi llingnes: on the part of the .i iidustiy to comply wi Lii 
the demand2 These elements are: 

1. Realistic rcquircments. 

2. Complete exposition to the plant owner and his advi- 
sers of the actual needs which will satisfy the ag- 
ency, 

3. Willingness of the regulatory agency to dircuss the 
problem with the plant owners to arrive at the actu- 
al needs. 

4. \nllingness of the regulntery agency to consider pro- 
gressive construction of the needed facility over a 
pc.riocL rather than reyiii'ing thc. complete construction 
if the immediate needs of the case do not require it. 

5. of the regulatory agency to make changes 
in re4uiremerlts IC it is found that certain items cat- tail an inordinate expense on industry without good 
reason. 

6. Competent technical advice on the means of treatment 
to achieve the desired result. 

7. Unbiased and unprejudiced adv±ce on the part of the con- 
sultant to provide thc most economical facility under 
the requirements set up. 

The use of established expert consulting advice of a 
private nature, not a manufacturing concern, to de- 
sign the facility. 

To iJlustrate the 5, be cited Case of a city 
which had. as one item in its requirements for discharges of 
wastes into its sewerage system the requirement that waste 
with more than 1000 p. p.m. total so] ids" shou].d be admitted. In 
one cane in this city the treatment of a given produced a 
water-Nhite from which nothing whatever settled in a 
period of six rnontiai; but the total solids were over 4')OO p.p.m. 
The public officials wore entirely satirfied to accept the waste 
as shown, but the requirement of 1000 p.p.m. total solids could 
not be attained without additional rlant at the cost of a quar- 
ter of a million dollar:. However, as the requirement uas in a 
municipal ordinance, council action was required. It was done 
and the requirement changed to "1000 p.p.m. pieciritab]e solids" 
anti everyone was happy. 

It should be the duty of the desizncr of the plant to pro 



236. 

vide a complete, detailed manual the various opera- 
tions, with flow diagrams and a point by point description of 
the with reference to numbered items on the drawings 
and identically numbered units in the actual siTJtcm, This man- 
ual should endeavor to cryrtal flaze arid foresee possible Lrou— 
bles and advise what action to take t:hcn they occur, Also it 
should give the name and address, and, if possible, the tele- 
phone number of the nearest reprc sentative of every manufrtctur- 
or or agent who has supplied any major equipment in the plant. 
Ii chemical analyse.: are involved, then the manual should list 
the sources and standard methods normally used in those anti— 
yres, and in each pha:;e or the systen should list the essential 
records that are to he kept. 

To sum up the basic theme of thi s paper it ray be said 
Records are a r;uiida to performance. They demonstrate the ci— 
ficiency of the yrocessos and of the pcrsonnel, Charts and re- 
cords signal the approach of possiai e malfi'nctior of units or 

of processes that may be stopped before they become 
serious. Sipnal lights tull at a glance when units are func- 
tioning properly. 

The benefits of automatic controls: 

1. Significant increase in operating efficiency. 
2. Reduction of labor costs. 

3, Elimination of potential errors. 

4. Pocrease in waste of material and due to over— 
doss 

5., T4ainteimnce of proper tank levels without manual at— 
tent Lan 

6. Highly skilled, well—paid personnel have more tine to 
atiend to more important tasks. 

7.. Snfcftv for operators ass the community. 

8, Costrulline iis:har'en of wastes to achie-re dilution 
for ict 1011 of treatirt. nt and cost, 
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U. suemed to me that to—night I might vary a little the 
pattern of after-.dir.ner speeches. General]y, the speaker 
attempts to put his audience in a good mood by telling some 
jokes, or r hat are al] eged to be jokes, to which the audience 
heroically responds with laughter that is sometimes 
mostly of sympathy for the speaker, and self—pity0 I thought 
I would reverse this procedure and get such few serious remarks 

I have to make out of the way first and then relate to you 
some episodes that have occurred at the University that have 
seemed to me, and. that might be lucre suitable than much 
seriousness on an occasion this, 

It would be out of place for no to speak to such a group 
of experts as I s assembled hort on any elfic problem of 

but as a chemical engineer I cart claim an 
understanding of what you are trying to do • and applaud you for it. I can also claim so;ie direct contact with, and groat 
interest in, the general situation through rne'ihership on one of 
the committees of the now defunct Research Council of Ontario, 
Though defunct, that Councfl performed a useful function and 
initiated prograrmnes that have proved of lasting benefit — 

auong them one on pollution0 Pollution is like sin — we are 
all against it0 If waving a wand would do away with pollution, 
we should nil scramble for the honour of waving it. But it is 
not that simple. Instead, we must do as you are doing and work 
hard at it, detail by detail. Legislation alone is not the 
answer, legislation is necesscry, and I thini: the 
anpoint.mextt of the Ontario Resources Commission was a 
great forward step. It ws.a heartening to attend the laying, or 
rather placi ng, of the cornerstone of the nearly—completed 
sfLandid new laboratories of the Comruission. It would be 
entrely presumptuous for me to tell Commission how it 
shOuld run its affairs, but .1 hope it won't be either 
presumptuous or considered had form if I remark that I think 
they are developing a sound policy, juthçing by what has So far 
been done. As has in effect been the policy, or 
lack of' it, with respect to pollution in this province since 
the first small beginnings of industry here, it would be 
quite unrealistic to try to change matters o;'ernight, *t 
one extreme it would be folly to point a loaded gun at an 
industry and say, "cease and desist forthwith from the 
pollution you are especial)y if the only known way 
of stopping, the pollution is to stop the industry, he all 
know that this is in. some respects a quantitative problem— 
whnt could be tolerated when industries were small and 
scattered, cannot be tolerated when they are large and 
concentrated. At the other extreme it would be equally 
unreasonable for an industry to say, "We have always done 
things this way — our procedures are hallowed by time. We 
don't intend to change1!. Clearly, answers to any particular 
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problem must he found , and generally cnn be , p1 yen time • And 

surely the best uay to fi no answers is by c3—tp€ rati ye 
endeavour carrP d out in nii nmosphere uY r2ut1lul trust. I 
feel sure that that is the policy of the Commission, if 
for no better reason than that we all know that nore is 
accomplished by kindness than by force , given good wilt on 
both sides. Sometimes, ol course, recalcitrant children have 
to he dealt. with firmly. 

ly , I know soniethiiip of the of chemical 
companies, and 1 am therefore heartened by what I believe to 
he increasi ugLy comnon and I should say, esrential policy. 
That is, when a new product or process is in the developmental 
stage (and new and processes are the hall—mark of 
chemical industry), potential pollution must be recognized 
and methods for obviating it worked out before a decision to 
go ahead with the development is taken. An important 
consequence of this is tiint the coat of avoiding pollution 
appears where it should appear — namely, in the cost of the 
product. Of what avail to provide the public with a product 
at a lower price, if the difference between that price and 
the pollution—free price is to he paid for rraiiy times over 
by the Public in either direct dams!1,e or in impairment of 
amenities? Surely we can expect new develop:neit to take 
plc cc on a joiintion—free s , and you are lust the 
gentlemen to tell us how to do it. 

As indicated by the remarks just made, you have weighty 
problems before you, as you know ful]. well. I thought on 
this: occasion you mi;iat feel happier, in a relative way, to 
know that the universities also have a problem or two, in the 
solution of which you have a vital stake, I venture to say 
that a very high proportion, I hesitate to put a number on it, 
of the people taking part in this conference are university 
graduates. Quite clearly as your work continues and expands 
you will ne€d i:iany illore. You will look to the 
for them, he rfvl.st be çrepared to handle much larger numbers 
than heretofore, and scon. have been talking about this 
as hard as we could fer several years past in an endeavour 
to have the necessary buiLdings ready when they will surely 
be needed. I should like to se a remark made by our 
late President, Dr. didney Smith. "The universities are not 
mendic:trlts, seel;ing 1 argesse. They are the places, and the 
only places, whcre tJle young people educated to a high level 
who wi].l he so sorely needed by this country, can be so 

Perhaps you will keep thi.s in mind when the 
universities make their appeals to the public — (the University 
of Toronto, this autumn for 12.6 millions) - enable them 
to cope with the expected flood of students, whose universtiy 
education will be a necessity for the count ry; and use your 
influence with your ce'..pany when the direct apreal is made 
to industry. 
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We must all take our problems scriously, but that does 
not meun that we must1 take them solemnly. Many a good 
can arise from ordinary experiences. All the little episodes 
I am about to relate occurred to me, and have a university 
setting. 
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POLLUTION NON ITURING AND FE F. VENTION 

131' USE UP COhTJtOL CHARTS 

Kr. T. h. Leak 
Fir - C. de Courva], 
Dr. fl. S. Cooke 

At Nhllhaven, Ontario, Canadian Industries Limited a 
large industrial site. ht present tLc:re only tw o plents at 
this location, but it is possible timt iii the course of time 
there will he a very large complex of chenical plants there, 
The site is about fifteen miles west of hirigston borne-ring on 
the north charniel of Lake Ontario across from hmherst 
At present the lake front i a 'tory much in its natural state and it is the aompaltyts desire to keep this in that Unspoijoct 
condition .* 

As a consequence of this desire, pollution control meas'u'es 
were taken into account when the plants t'ere being designed and 
& careful check is being kept on all the waste water streams in 
order to keep harmful 'riaterial out of the lake. However, it is 
reasonable to expect that no matter how carefully ti-ic pollution 
control apparatus were designed and rio matter how carefully the 
waste streams are monitored, sonic materials of a harmful, nature 
will get into the lake, course, the escape of relatively 
small amounts of waste materials does not usually cause pollu- 
tion because of the dilution whi oh occurs when the wacte stream 
mixes with the lake water. With these thoughts in mind, it was 
decided that some method must he worked out to test the efficacy 

:oi' the polluticin prevention program and that such a method 
should be capable of detecting any incipient pollution so that• 
corrective measures could be taken 

In 1956 when thi.s study was initiated, the only plant 
operating at the site was the "Terylonc" plant in which 
synthetic textile fibres are made. It discharges only a small 
c.juantity of treated sanitary sewage diluted by large amounts of 
cooling wnter; hence it does not present a pollution problem, 
The purpose of the study was not so much to keep a check on the 
efficiency of the Tcryleae plant as to establirb a basis for 
comparison after th -; second plant in which ammonia we's to be 
mad; came on stream. 

• briefly the following information was at hand. The 
Sanitary Lnginoering DivL;ion of the Ontario of 
Health had carried out a complete chemical and 

* Figure 1 is an aerial photograph showing the site. 
Figure 2 is a' photograph taken from the water and the 
foreshora, 
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bacteriological survey of the lake in that area in September 1953. 
The findings indicated that the lake was free from any gross 
contamination; was slightly alka].ine, had a pU between B and 8.5, 
and that a slight degree o1 turbidity existed. The Dominion 
Hydrographer of the Department of Nines and Technical Surveys had 
conducted a study of the currents in the lake between Amherst 
Island and the mainland. lIe reparted that in the winter of 1951, 
there were no noticeable currents. The study was carried out by 
lowering measuring instruments through the Ice, 

Properly to understand the problem, it is appropriate to 
discuss the nature, purpose, and limItations of biological 
surveys carried out to obtain information as to the state of 
life in a lake. we would like to have a continuous 
record of the numbers of each species occurring in the body of' 
water under study. With several years of records such as this, 
any abnormal change in the numbers of animals or plants in the 
lake would be detected and an immediate investigation could he 
undertaken to find out the cause of such a change. 

Flowever, in developing a practical system, the problem of 
how much information must be collected to give a clear picture of 
the state of the life in the lake is one which requires considerable 
thought and experience and must be considered in the light of the 
use to which the data will be nut, as well as the local aquatic 
conditions which prevail. 

As stated before, the primary purposes for these data were: 
(1) To check on the efficacy of the waste treatment arrangements 
and apparatus within the works and (2) in the event of a 
malfunctioning or of the equipment, to permit detection 
of the on9t of pollution so that corrective measures could be 
taken befo:e any real damage resulted. In order to have data 
satisfactory for those purposes, it is necessary to satisfy the 
following conditions:: 

I. Sampling must be on those animal populations which 
will respond most markedly to the effects of pollution. 

II. The sampling pattern must he arranged in such a manner 
that the results from certain points will indicate the 
occurrence of pollution long before the results from 
other points indicate anything except normal behaviour 
and thereby differentiate between a change brought 
about by pollution and one brought about solely by 
natural causes. 

III, The results of the surveys must be of a form such that 
they can be assessed quickJ.y and yet clearly indicate the 
presence or absence of pullution. 
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munt be done so that vRl'iatl ons caused 
by chance, season,, and difference hctwoen 'wwtplinst 

I 't• can be accounted for stnisticnlly. 
V. The surveys imist be carried out at Intervals short 

• enough so that if pollution is inndvertuntsy initiated 
the indication can be quiclcJ.y noted steps' taken to 
correqt the situation before any real danagn is done., 

Consideration has been @von to the i.tse of a tiunber of 

biolocicil survey methods described in the literature. 

host of the niethcds ueed or advocated in the pact have 
been eibher cualitative, (no attempt having'been to take 
nusters of individual animals into or at beet have 
been only very roughly iuantitntive, (nunbcrs been 
'described by such terms as "abundant", "frequent", 
and "occasionaL"). Few if any have been in 
which numbers of anizunls have been given with 'ufficient detail 
to enable the results to be represented statistic%11.y. On" 
reason for this is that the taking and of 
samples involven a ci eel of labour and in most cases 
facilities for this have not been available. Curber (4.) has 
given a good review on thin subject. 

On the other hand, a group at the Philadelphia Acadewy of 
Uatural Sciencen had developed a cuantitati ye survey (2)4 this 
type of survey utudies all aspects of a river i.e. chemical, 
physical sad biological th the 'intention of furnishing data 
so that any future in the state of the river can be 

The Philadelphia bar also developed en itistriunent 
known en a D1.atometer (3) which pe nits the collectinit or dnta 
which can boanalyzedotatiuticnhly for a chawtc. 
]1t thic. case, hovever, it tnt considered advisable to 
restrict the monitoring tn Diatoms. 

Uithout wantirç to discuss the relative merits of 
bi.olog5 cal nurveys versuö blo—anbays (i)ouderul'f et al (1) ), 
we would like to state that for the case at hruid, a hiol&'ical 
survey in the like ituolf dives more information. l3iq—esôays 
are excellent for detennining tile proper concentration to uhich 
a uaste stream must be diluted berore discharse, but it is 
incapable of essessin' the long term orfect of the wastc:s on 
the life in the lake itself. In addiUon, at presenç 'no 

stñ.am from either of the plants contains any' mätei'iál 
in concentrations stronj enough to any' orga-, 
nisms. 'Rovóver, in suture the 'situation should change ,:, - 

and sonic waste streams cot aininz materials known to be toacic 
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were to be discharged, then thebio—assay method with captive 
animals would probably be used to monitor these streams in order 
to ensure that they are harmless before final discharge0 

The five conditions which should be satisfied in developing 

a practical survey system were enumerated above more or less in 

order of increasing complexity. The first condition as to which 

animal populations are suitable indicators for pollution control 

studies has been resolved many times, and is very well put by 
Patrick (2) who states "From a consideration of the literature, 

it became evident that the best type of biological measure would 

be one which was based on all groups of plants and anImals 

living in the particularly the sessile or attached fons 
or those which move about in only a small area". 
Since in the case of the intention is to keep any 
pollution which might occur localized to a very small area, any 

observations concerning free swimming forms such as plankton or 
fish would tend to be very unreliable. Therefore, it was felt 

that the first condition would be adequately satisfied by 
confining attention to the benthos or organisms living in the 

mud on the bottom of the lake. 

The second condition as to the sampling pattern also was 

not difficult to satisfy0 Since there is very little current 

in the lake, the spread of any pollutant would be largely by 

diffusion and by wind or wave action. Since the discharge streams 
enter the lake in a relatively small area, the sampling points 

were placed on rings concentric with the outfall; the inner ring 

with three points at about lOS yards, the riddle ring with two 

points at about 1/3 of a mile, and an outer ring with three 

points at about one mile distance, Figure 3 is a chart which 

shows the 3ampiling locations arid the directions to varIous 
landmarks ihich used to locate the positions on the lake. 

The third condition dealing with the form in which the 

results of the survey should be arranged in order to he readily 
assessable is somewhat more complex than the first and second 

conditions. Because of the widespread and highly successful use 
of quality control charts 5n industry, and since thIs problem is 
really very similar in that an attempt is being made to keep the 
lake waterwithin certain control limits using the as 

indicators, it was decided to adapt the control chart method to 
this application. An outline of the necessary tuodificaticns is 

given in the sections dealing with the preparation of the charts. 

The fourth condition dealing with the amount of sampling 
necessary is one which cannot be answered a priori. At the 
outset it was arbitrarily decided to conduat surveys of two 
sizes: a lnrge survey, consistinp of six samples being taken 
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at each sampling point; and a small survey consisting of cne 
sample taken at each point. Naturally the greater the number 
a. samples taken, the greater the reliability that can be 
placed on the conclusions drawn from the data. Cur experi ace 
has shown that, adequate information can he obtained by takiur 
only one sample at each point each time a survey is conducted. 

The fifth condition is the most difliclilt to deal with and 
it can never he realJy settled definitely. The best that can 
be hoped for is that by sempl.inr. reasonably often the onset of 
any pollution will he detected soon after it starts and it can 
be stopped before much dar:iage is done. During the first 
fourteen months of work, twelve surveys were carried out 
Regular samçling no'i takes placc at approximately three month 
intervals • If any condtti on arises, such as a large spill of 
some solution, a special sampling survey is carried out to 
assess the effect. 

The depth of water in the part of the lake concerned 
varied from go to 150 feet. hxcept for one point, the bottom 
was uniformly covered with a thick layer of mud, all of which 
passed through a 30 mesh sieve. The exception was one station 
w hich contained about of sand wixed with the mud, 

The invertebratc fauna found on the bottom consisted almost 
ent:.rely of oligochaete worms, snails, bivalve molluscs and 
chironomids (tendipedidae), There were two specie s of 
oiigochaetes, seven species of snails, of which only five 
occurred in significant numbers, three species of bivalve 
molluscs, of which two belonged to genus Sphaerium and one was 
a clam of genus Elliptio. Fourteen different species of 
chiroriomid larvae were recognized, but on]) seven occurred in 
significant numbers. 

For the purposes of the major part of the survey the 
animals were not identified to species, but were divided into 
the four groups: oligochactes, snails, bivalve molluscs and 
chircnomids. The exact nuirber of animals of each group 
occurrinr' in each sample was counted and recorded (See tables 1 

to /+). Al] samples were nieserved arid stored so that they could 
be at any time, and in addition, 
samples from each station were identified to species, or at 
least to genus where species identification was difficult. 

All sam las were taken by nieans of a Petersen dredge. The 
jaws were 11 inches across and 15 inches apart in the fully 
open position. Allowing for the fact that the jaws probably 



move inwards about one inch from each side before they commence 
to sample accurately, this is taken to include one square foot 
of bottom. The samples were taken from a 32 foot motor boat, 
the usual type of hand crane being used to manipulate the 
dreute, 

All samples were sieved immediately after they were 
A size sieve '.zith a special copper gauze of approximately 
30 mesh was used, The sieve retained all animals of the 
macro-invertebrate fauna and a small quantity of fibrous 

cf plant or animal origin. Except for one station, all 
the mud passed through the sieve, 

The sieved samples were placed in jars and taken back to. 
the laboratory.. The animals were removed, sorted into groups, 
and counted while they were still alive. All animals were 
preserved, each sample being kept separate. 

Preparation of the Control_Charts 

Originally it was planned to prepare a standard control 
chart from the background information collected during the first year to plot the data collected from succeeding surveys 
on this chart and to observe if the points stayed within the 
control limits, this was done as in Figure 4 it found 
that the natural seasonal variation forced the control limits 
to he somewhat wider than had been anticipated. Since the 
seasonal variat,ion is not exactly chronological it is 
impossible to remove this variation on the basis 01' time alone. 
This is to be expected since the same number of animals will 
not be present on the sante date each year because, for example, 
in one Spring may be earlier than in other years or the 
amount of rain one year may be greater than normaL, 

One would expect, however, that the effect of the weather 
and on the animals in two different places in the 
lake should be the same, Using this fact it should be possible 
to find a general relationship between the two groups of animals 
from different positions is independent of seasonal 
variation 

It is well at this point to digress slightly and discuss 
the fundamental concepts involved in control charts. A 
standard control chart is simply the projection or plant view 
of an infinite prism with the upper surface in the shape of a 
normQi Figure 5a shows the prism. Figure 5bis the 
projection or plan view which constitutes the control chart. 
A similar control chart can be made for the joint distribution 
of the two variables but it is somewhat more difficult to 
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represent. Figure 6a is an isometric drawing of a series of 
bivaria Le normal distrihutions. Titi a corresponds to the 
infinite prism shown in 5a. Mgure 6b is the 
projectian into three dimensions and is in general an eliiptical 
tunnel, the boundaries of which are the control limits of the 
distribution, This tunnel is the control chart and corresponds 
to Figure 5b. The system is considered in control the 
point is inside the tunnel and out of control when the point 
passes outside the boundary. This is exactly analogous to the 
normal control chart. Since it is somewhat cumber;ome to plot 
results in three dimensions, it is usually quite sufficient to 
sacrifice the time dimension arid work only with the boundary 
of the tunnel plotted as a closed curve on a graph as in 
Figure ôc. 

In a chart there is rio necessity for the variable to he 
normally distributed although in the ordinary contrcl 
it is usually so distributed. Likewise the bivariate control 
chart need riot be constructed from joint distributions. 
The important thing to find in all control charts is the control 
limit inside which 95% (or 99%) of the points will falL under 
normrl circumstances, In general these control liuits are not 
necessarily ellipses but will be eome closed curve. 

The mathematical details involved in the construction of 
these charts are straightforward but somewhat beyond the scope 
of this present paper and they will be reported elsewhere. It 
is sufficient to say that the data must be rasolved into two 
independent distributions which then can be multiplied together 
to give the joint distribution. 

Having reviewed this general concept of bivariate control 
cha:ts the next step is to indicate how they can be usod ir. the 
particular application at hand. 

As mentioned above, the outer sampling stations are about 
one mile from the sewer outfall, and as a consequence, should 
be little affected by incipient pollution. They should he 
affected, however, by seasonal variations in a manner similar 
to that by which samples on the inner ring are affected since 
all stations are at approximately the depth and the habitat 
is similar. 

A bivariate control can be constructed using the 
number of animals collected at two different sampling stations 
(ac various times throughout the year) as x and y co—ordinates. 
In subsequent tests the points fail inside the control limit 
99% of the time under noridal If, the 
animals at one sampling station are fewer (or greater3 than 
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what trould be nnrnnlly expected then the point will pass beyond 
the control limit and cate an abnormal conditions 
7, 9 and 10 are such control charts uhtch have been prepared 
for the work carried out at Milihaven. T3oth the and the 
99% control limits are shown on these charts. When a point is 
inside the 95% limit the situation is considered norHiel. If 
the pntht falls outside the control limit another survey is 
carried out as soon as feasible to check the findin;s. Ii.' the 
point should still lie outside then action would be taken inside 
the to find the causet If se':eral consocutive points 
taken at normal intervals fail between the and 95% limit 
again the situation is presumed to be abnormal and the same 

corrective action be taken, 

Figures 7 and g use chinnomids as the test animals, The 

ordinate in both cases is the average number of animals per 
square foot of bottom Jre1n the samples taken at the outer ring5 
The is this same average number of animals 
from samples at the inner In Figure the abscissa 
is user] to plot corresponding values for those samples taken at 
the middle ringe 9 and 10 show the same charts using 
bivalve nolluson as the test animals, Similar charts have 
also been constructed for the gastropods and oliogate 

Use and A 

A brief study of the Figures shotrjs that during the initial 

part of the survey the control point wanders in a truly random 
fashion. Figure 7 shows four points outside the 99% control 
limit all within a relatively thort period of time, The chances 
of by nutural causes alone are less than 1 in 

As can be imagined this finding caused considerable 
concern, aid a concerted effort was made inside the trcrks to 
find out waat was Leing put into the lake to cause this chrtge. 
The answer was not found until a sampi e of mud brought up from 
the bottom of the lake during the sampling procedure was noticed 
to have a peculiar smells This odor t:as identified as Dowtherm. 
Further i on showed that a Dowtherm tank in one of' the 
buildings was suilling into a sump and this sump drained into 
the sewer The spillage was stopped and as can be 
seen the control point rijovod back within the contrcl 
The behaviour of the control point on the Figure 9 shows similar 
but less pronounced behaviour during the same period. 

This spill of Do'itherm provided an exceptionally test 
of the monitoring systems The temporary upset in the life of 
the lake around the outfall was so small when it was detected 
that it would not have been detected at all if it were not for 

charts, —— 
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Undoubtedly other methods of statistical control can be 
developed for this application, but the one described is more 
than adequate in indicating whether the system is in or out 
of control, and it is exceedingly simple to understand and use. 

Conclusions 

1. A general method of monitoring the effect of the waste 
discharge from an industrial plant has been presented. 

2, The method can detect the onset of pollution and give 
adequate warning so that corrective steps can be taken 
before real damage is done. 

3. The method is exceedingly simple to use. 

4. The method has been tested by an inadvertent spill of 
Dowtherm and it performed as predicted. 
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