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EMILE F. HARP, Armak Company, Chicago, Illinois 60606 

Armak Company's McCook, Ill., 
plant has installed an aerobic biologi- 
cal treatment syytem to handle a por- 
tion of  its waste water f low prior to 
discharge to a municipal treatment 
plant operated by the Metropolitan 
Sanitary District o f  Greater Chicago. 
The waste includes a mixture o f  ani- 
mal and Vegetable fats and oils, fatty 
acids, nitrogen derivatives o f  fatty 
acids, and miscellaneous organic chem- 
icals. The purpose o f  the treatment 
system is to reduce fats, oils, or greases 
as measured by a hexane soluble 
test, to below 100 rag~liter, as re- 
quired by Metropolitan Sanitary Dis- 
trict ordinance. The biological treat- 
ment system achieved an average re- 
duction o f  92% in hexane solubles and 
an 82% reduction in chemical oxygen 
demand during the reporting period, 
when incoming hexane solubles aver- 
age 760 rag/liter, and chemical oxygen 
demand average 4800 rag/liter. The 
hydraulic f low during this same period 

1 One of seven papers presented in the 
symposium, "Ecology-Practical Solutions 
to Environmental Problems as Practiced in 
the Fats and Oils Industry" at the AOCS 
Spring Meeting, Mexico City, Mexico, April 
1974. 

average 320, 000 gpd. Odors associated 
with the operation required covering 
the aeration basins and treating the ef- 
fluent air. 

I NTRODOCTION 

The McCook, II1., plant of Armat¢ 
Company manufactures a broad line of 
fatty acids and nitrogen derivatives of 
fatty acids. This plant pioneered the 
commercial production of many fatty 
based chemicals, including amines, 
quaternary ammonium, salts, and eth- 
oxylated amines, and expanded Ar- 
mak's use of vacuum fractionation of 
fatty acids. 

Starting with a few simple raw 
materials-predominately tallow, coco- 
nut oil, and soybean o i l - and  using 
physical separations and chemical re- 
actions involving mainly ammonia and 

hydrogen, a bewildering variety of 
fatty based products, numbering up to 
250, is produced. The variety of prod- 
ucts and the age of the plant have 
combined to produce a complex waste 
water problem. 

The waste water from the plant is 
discharged into the interceptor sewers 
of the Metropolitan Sanitary District 
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(MSD) of Greater Chicago and flows 
to the MSD's southwest treatment 
plant in Stickney, Ill., where it is treat- 
ed  a l o n g  with water from other 
sources before being discharged to sur- 
face waters. The MSD's plant is the lar- 
gest of its kind in the world and is 
capable of handling an average flow of 
825 million gal/day and a maximum 
storm flow of 1.3 billion gal/day. By 
comparison, Armak's total flow nor- 
really does no t  exceed one million gal/ 
day. The MSD has an ordinance gov- 
erning the quality of the waste that 
may be discharged into its sewerage 
system. One portion of the ordinance 
prohibits water or wastes containing 
more than 100 rag/liter fats, oils, or 
greases, as measured by hexane solu- 

bles. The ordinance makes no distinc- 
tion between fats, oils, or greases of 
animal or vegetable origin, which con- 
stitute Armak's waste load and which 
are readily biodegradeable, and those 
of petroleum origin which are quite re- 
fractory. 

Primary waste water treatment in 
the form of settling and skimming has 
been part of the McCook plant's oper- 
ation since its beginning and, in 1968, 
a new, improved clarifier was put into 
service. However, many of the prod- 
u c t s  are surface-active and a fair 
amount  of the waste is emulsified, re- 
ducing the effectiveness of the primary 
clarifier. The emulsification problem is 
aggravated by the variety of products 
and changes made in the plant and 

TABLE I 

Design Loading for Biological Treatment System 

Description lb/day mg/liter 

Average hexane solubles 
Average chemical oxygen demand 
Average suspended solids 
Maximum hexane soluble (90%) 
Maximum chemical oxygen demand (90%) 
Average flow 

3,700 830 
18,500 4,100 
2,700 600 
6,700 1,500 

32,000 7,200 
0.54 mgd 
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FIG. 1. Activated sludge system biological waste water treatment. 
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FIG. 2. Odor control system biological waste water treatment. 

sewer system in the last 25 years 
which have resulted in the mixing of a 
number of waste water streams before 
entering the primary clarifler. Our ex- 
perience tells us that separation is less 
effective under  these conditions than 
if the streams are skimmed separately. 
As a result, primary clarification alone 
is not sufficient to produce a waste ef- 
fluent with a hexane soluble below 
100 mg/liter. 

Given this situation, it was not con- 
sidered practical to attempt to sepa- 
rate and skim each waste water stream, 
nor was it probable that this a/one 
would result in an effluent that would 
meet the ordinance. Armak chose to 
implement in parallel a three pronged 
strategy which is certainly familiar to 
anyone who has seriously contem- 
plated a similar problem. The com- 
pany: (A) mounted an intensive, con- 
tinuing effort to improve housekeep- 
ing and to make every employee keen- 
ly aware of how his actions affected 
the wasteload; (B) implemented proj- 
ects and operating procedures aimed at 
eliminating waste at the source; and 
(C), on the assumption that the first 
two might be only partially successful 
or that upsets could cause a high efflu- 
ent, decided to install some method of 
treatment for the effluent from the 
primary clarifier. 

This paper deals only with the last 
item, namely, secondary treatment. 

TREATMENT FOR PRIMARY 
CLARi FI ER EF FLUENT 

Armak had been working quite ac- 
tively on this problem with its consul- 
tant Hydroscience, Inc., Westwood, 
N.J. Screening tests done by Hydro- 
science to find a suitable method for 
treating the primary clarifier effluent 
to reduce hexane solubles included 
foam separation, chilling, coagulation, 
acidification, solvent extraction, ac- 
tivated carbon, and both anaerobic 
and aerobic biological treatment. It 
was concluded that aerobic biological 
treatment of the effluent from the pri- 
mary clarifier offered the best route to 
success. A search of the literature 
failed to disclose the operation of a 
biological treatment system on waste 
similar to that produced by the Mc- 
Cook plant. Because of the lack of a 
precedent, a federal Environmental 
Protection Agency grant was received 
in support of Armak's project to 
demonstrate on a full scale the suit- 
ability of biological treatment of fatty 
nitrogenous wastes, both because the 
application was sufficiently novel and 
because it would have a wider applica- 
tion in the industry. 

A decision was made to pilot the 
operation both to demonstrate the fea- 
sibility of biological treatment of these 
variable waste waters and, at the same 
time, to obtain design data for the full 
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scale t r e a t m e n t  p lan t .  The pi lo t  un i t  
was o p e r a t e d  for  over  a year  u n d e r  all 
cond i t ions  dur ing  w h i c h  t ime  biologi-  
cal t r e a t m e n t  was s tud ied  at  var ious 
loading ra tes  and  d e t e n t i o n  t imes  and  
the sys tem charac ter i s t ics ,  such  as oxy-  
gen r e q u i r e m e n t s  and  t ransfe r ,  solids 
p roduc t ,  se t t l ing  rates ,  and  o t h e r  need-  
ed i n f o r m a t i o n ,  was o b t a i n e d .  

The  waste wa te r  s t r eam f rom Ar-  
quad  p r o d u c t i o n ,  A r m a k ' s  t rade n a m e  
for  q u a t e r n a r y  a m m o n i u m  salts, was 
kep t  ou t  of  the  s t r eam des t ined  for  
biological  t r e a t m e n t  because  of  the  
toxic  e f fec t  u p o n  biological  ac t iv i ty  at  
the  c o n c e n t r a t i o n s  t h a t  l ikely would  
be e n c o u n t e r e d .  This s t r eam is small  
and  is be ing  t r e a t m e n t  separa te ly  b y  
sk imming  fo l lowed  by phys ica l  t rea t -  
men t .  

DESIGN 

The design basis se lected for  the  
full scale p lan t  is shown  in Table  I. 

An ac t iva ted  sludge sys tem,  s h o w n  
in Figure 1, was designed to hand le  the  
above load. 

The e f f luen t  f r o m  the  p r imary  clari- 
t ier  is split  be tween  two  ae ra t ion  
basins w i th  a capaci ty  of  670 ,000  gal 
each,  p rov id ing  a 2.5 day d e t e n t i o n  at  
design cond i t ions .  A loading  of 0.3 lb  
b iochemica l  o x y g e n  d e m a n d  (BOD)/  
d a y - l b  of  mixed  l iquor  suspended  
solids (MLSS) was used;  a loading ra te  
no rma l ly  f o u n d  in munic ipa l - indus t r i a l  
t r e a t m e n t  p lants .  Each  basin is equip-  
ped  w i t h  th ree  75 h o r s e p o w e r  surface 
aera tors  w i th  a to ta l  o x y g e n  t ransfe r  
capabi l i ty  of  19,000 l b / d a y  designed 
to m a i n t a i n  a dissolved oxygen  of  
2 mg/ l i t e r  at  the  90% occur rence  load- 
ing level. Provision for  pH a d j u s t m e n t  
and  p h o s p h o r o u s  feed is inc luded ,  the  
la t te r  to  provide the  r equ i red  n u t r i e n t  
level for  biological  g rowth .  Since the  
wastes are r i ch  in a m m o n i a ,  no  ad- 
d i t iona l  n i t rogen  n u t r i e n t  is required .  
The over f low f r o m  the  basins f lows by  
gravity to a 35 f t  d i ame te r  b ioclar i f ier  
in wh ich  the  biological  solids are al- 
lowed  to set t le  and  are recycled to the  
aera t ion  basins.  The clarif ied over f low 
f rom the  bioclar i f ier  is d ischarged to  
the  MSD sewer a long wi th  any  excess 
sludge. The  sys tem is designed to pro- 
duce a n  e f f luen t  wi th  a to t a l  h e x a n e  
soluble of  102 mg/ l i t e r  and  a f i l tered 
hexane  soluble  of  35 mg/ l i ter .  

T h e  fuli-scale sys tem was com-  
p le ted  in late 1971,  and ,  a f te r  correc-  
t ing some ini t ia l  mechan ica l  p rob lems ,  
the  un i t  was s t a r t ed  in the  spr ing of 
1972. The basins were seeded wi th  
Sludge o b t a i n e d  f rom the  MSD's  p lan t .  
Acc l ima t ion  to A r m a k ' s  waste was 
rapid  and  p roceeded  w i t h o u t  difficul-  
ty.  R e d u c t i o n  of  h e x a n e  soluble  and  
chemical  oxygen  d e m a n d  (COD) was 
good;  the  biological  sludge se t t led  well 
in the  clarifier,  and  the  whole  s t a r tup  

a p p e a r e d  to be moving  s m o o t h l y .  
However ,  t he  ini t ia l  f lush  of  sat isfac-  
t ion  soon  was s h a t t e r e d  when  it  be- 
came a p p a r e n t  t h a t  there  was an o d o r  
p r o b l e m  associa ted  w i th  the  process.  
Even t h o u g h  n o  odors  had  been  de- 
t ec ted  dur ing  the  ope ra t i on  of  t he  
pi lot  u n i t ,  possibly  because  o f  i ts  
smaller  scale, a mixed  chemica l - type  
and  ea r thy - type  o d o r  cou ld  be detec-  
ted  when  the  full-scale p lan t  was in 
ope ra t ion .  Unde r  some c i r cums tances ,  

the  odo r  wou ld  n o t  have been  con-  
s idered a p r o b l e m ;  however ,  in  th is  
case, the  p lan t  is in the  mids t  of  a resi- 

d e n t i a l - i n d u s t r i a l  c o m m u n i t y  wi th  
m a n y  h o m e s  loca ted  wi th in  a few hun -  
dred yards  of  the  t r e a t m e n t  p lant .  

Under  this  s i tua t ion ,  the  odors  had  to  

be b r o u g h t  u n d e r  con t ro l .  This  was 
done by provid ing  a rigid low prof i le  
cover  over  the  basins  and  us ing  fans  to  
induce  an  air  f low of  ca. 7 5 0 0  s t anda rd  

TABLE II 

Loading System Design Conditions vs Actual Loading a 

Description Design Actual 

Hexane soluble (total) 

Average 
mg]liter 830 760 
lb/day 3,700 2,000 

90% Occurrence 
mg/liter 1,500 1,900 
lb/day 6,700 5,100 

Chemical oxygen demand (total) 

Average 
rag/liter 4,100 4,800 
lb/day 18,500 12,800 

90% Occurrence 
mg/liter 7,100 9,500 
lb/day 32,000 25,500 

Average flow (mgd) 0.54 0.32 
Detention time (days) 2.5 4.2 
Average basin temperature (C) 30 37 

aBoth the actual flow rate and the load in terms of lb/day are lower than design 
indicating continuing improvement in housekeeping and reductions at the source. Tempera- 
tures are higher than design reflecting the influence of the basin covers in reducing heat loss. 
The effluent quality for the same period is shown in Table III. 

TABLE III 

Effluent Quality 
System Design Conditions vs Actual Performance a 

Description Design Actual 

Hexane soluble (total) 

Average 
rag/liter 102 64 
lb/day 460 170 

90% Occurrence 
rag/liter 185 110 
lb/day 834 290 

Chemical oxygen demand (filtered) 

Average 
mg/liter 490 880 
lb/day 2,200 2,400 

90% Occurrence 
mg/liter 740 1,500 
lb/day 3,300 4,000 

aRemoval of hexane solubles exceeds design, and chemical oxygen demand removal is 
slightly below design as the comparison in Table IV shows. 

TABLE IV 

Removal of Hexane Solubles and Chemical Oxygen Demand 

Description Design (%) Actual (%) 

Hexane soluble 

Average 88 92 
90% Occurrence 88 94 

Chemical oxygen demand 

Average 88 82 
90% Occurrence 90 84 
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cubic feet per minute  under  the covers 
to provide the necessary oxygen  for 
the biological process. The exit  air was 
duc ted  into a wet scrubber.  The scrub- 
bing solut ion has a l ternated be tween 
an acid solut ion or an acidic potassium 
p e r m a n g a n a t e  solution.  Both have 
been found to be effect ive,  though less 
than 100%, under  different  circum- 
stances. Figure 2 is a sketch  of  the 
system. 

There is one problem associated 
with a covered basin which is no t  en- 
countered  in open basins, namely,  get- 
ting rid of the heat  in the summer.  
This can be quite impor tan t  when in- 
f luent  tempera tures  are high to begin 
with. Sources of  heat gain include the 
mechanical  work by the surface aera- 
tors, radiat ion,  and the exo thermic  
heat developed by the biological activ- 
ity. One can calculate f rom heats of  
combust ion ,  a heat  of  5867 btu / lb  
COD reduced based on stearic acid. 
This can result in a sizable input  when 
the organic load is high. Under  normal  
circumstances,  the heat  losses f rom an 
open basis are adequate  to prevent any 
problems. However ,  in a covered basin, 
heat losses are relatively low,  and,  
while this may be a blessing in the win- 
ter, it is a problem during the warm 
weather.  The result is a ne t  heat  gain 
to the aeration basins in the  summer  
which raises the basin tempera ture  to a 
critical level and requires artificial 
cooling. 

Literature,  labora tory  tests, and our  
experience with  the full-scale system 
all indicate that  the eff ic iency of  the 
biological system begins to drop above 
a certain tempera ture ,  and,  in fact ,  it 
appears that  the biological  popula t ion  
is much  more likely to be kil led or  re- 
tarded by a shock load or o the r  stress 
a t  e x c e s s i v e l y  high tempera tures  
(above 45 C) than at low tempera-  
tures. Settling is also poore r  at the 
higher tempera ture .  Our exper ience,  
conf i rmed by labora tory  tests, indi- 
cates that ,  for  our  par t icular  system, 
t e m p e r a t u r e s  s h o u l d  no t  exceed 
38-40 C with  op t imum removal  at ca. 
32 C. With no heat  removal ,  tempera-  
tures have, on occasion,  reached 46 C. 

PERFORMANCE 

The performance  of  the system has 
been quite good, as can be seen f rom 
some of the fol lowing comparisons be- 

tween design condi t ions  and actual 
per formance  for a 4 m o n t h  period 
f rom September -December  1973. The 
feed condi t ions  are compared  in Table 
II, and the ef f luent  quali ty is compared  
with design c o n d i t i o n s  in Table III. 
Table IV compares  actual percent  re- 
movals of  hexane solubles and COD 
with  design. Actual  removal  of  hexane 
solubles averaged 92% and design re- 
moval 88%. However ,  actual removal  
of  COD at 82% was lower than the 
design of  88%. 

Al though the per fo rmance  of  the 
system meets the standards initially es- 
tablished for it in terms of  hexane 
solubles, o ther  factors  dictate  a fur ther  
improvement  in its performance.  This 
will be accomplished by removing the 
biological solids f rom the ef f luent  dis- 
charged to the MSD. The hexane solu- 
bles in the eff luent  are expec ted  to be 
reduced by ca. one-third by removal  of  
the biological solids. 

Fur ther  work also is requi red  to im- 
prove the effect iveness of  the odor  
control  system. Odors are unfor tuna te -  
ly difficult  to measure object ively  and, 
in the end, depend upon subjective re- 
sponses of individuals. While the odor  
si tuation with  the covered scrubber is 
much  improved  over the bare basins, 
there is still occasionally some residual 
odor which is deemed object ionable  in 
the long run. To handle this in a con- 
clusive fashion, an inc inera tor  current-  
ly is being added to destroy comple te-  
ly all odors f rom the basin. 

This paper is but  a br ief  summary  
of a very complex  s i tuat ion.  It does, 
however ,  def ini te ly show that  a mix-  
ture of  fats and oils of  animal or  vege- 
table origin, fa t ty  acids, and ni t rogen 
derivatives can be t reated successfuly 
in a biological system. 

The capital cost for the waste treat-  
ment  system is almost  $500,000 and 
the cost for the odor  con t ro l  system, 
as described, is ca. $170,000.  

In view of the short supply of  
human resources and the constant ly  
worsening energy si tuat ion,  it is a pity 
that  the regulations require the instal- 
lations of  the above system. The wastes 
are amenable to biological t rea tment ,  
are compat ib le  wi th  the MSD's system, 
and could be t reated effect ively and 
eff icient ly in its large central  plant. 
The present MSD surcharge ordinance 
which computes  charges based upon 

f l o w ,  BOD, and suspended solids 
would  have assured a fair paymen t  for 
our load. The overall cost to  the com- 
pany,  the consumer ,  and the  count ry  
reckoned in any fashion y o u  wish 
would  have been less by uti l izing the 
central  plant for all compat ib le  wastes 
than the s i tuat ion which n o w  exists 
with two biological systems in series. 
Situations similar to this represent  a 
waste of resources which the  count ry  
cannot  accept  indefini tely.  

A s ta tement  by the federal EPA in 
its Pre t rea tment  Standards (1) makes a 
sensible point :  

Where the joint treat- 
ment works was de- 
signed to and does 
achieve substantial re- 
moval of a pollutant, i t  
is not appropriate to re- 
quire the industrial user 
to achieve best practi- 
cable con t ro l  tech- 
nology currently avail- 
able, since this would 
lead to an uneconomi- 
cal duplication of treat- 
ment facilities. While 
the term 'substantial re- 
moval' is not subject to 
precise definition, i t  
generally contemplates 
removals in the order of 
80% or greater. 

In discussing compat ib le  pol lutants ,  
the regulat ion goes on to  state: "Ex-  
amples of  such addi t ional  pol lutants  
may include:  . . . f a t s ,  oils, and greases 
of  animal or  vegetable origin excep t  as 
prohibi ted  under  128.131 (c ) . "  

I believe that  the in format ion  pre- 
sented does show that  the waste under  
discussion is amenable  to "substant ial  
r emova l "  and could be handled by the 
MSD's central  t r ea tment  plant .  How- 
ever, this cannot  be done unless the  
ordinance is amended.  This is not  
going to occur  wi thout  a de te rmined  
effor t  by the ef fec ted  industries.  
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