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CONCLUSIONS 

1.  

2. 

3. 

4. 

5. 

The u n t r e a t e d   e f f l u e n t   f r o m   t h e   f i v e   d a i r i e s   s t u d i e d   i s  

a c u t e l y   t o x i c  as i nd i ca ted   by   t he  96 hour LC5o values 

presented i n  Table  15. 

The t o x i c i t y  of t h e   e f f l u e n t  as  determined  usina  the 
96 hour LC5o t o x i c i t y   t e s t   i s  due i n  p a r t   t o   l o w  
d i sso l ved  oxygen  concentrat ions i n   t h e   t e s t   v e s s e l s .  

The low  d isso lved oxygen concent ra t ion   resu l ted   f rom 

h i g h   l e v e l s  of  oxygen demand m a t e r i a l   i n   t h e   e f f l u e n t  

samples . 
The e f f l u e n t   f r o m   t h e   f i v e   p l a n t s   s t u d i e d   i s   s u b j e c t   t o  

w i d e   v a r i a t i o n s   i n  volume, s t r e n g t h  and pH as shown i n  

Tables 8 t o  12. 

The wastewater  load  could be reduced i f  products  such as 

whey and curd wash were d r ied   ra the r   t han   d i scha rged   to  

the   was tewater   l ine  and i f  dry   c leanup was used  more 

f r e q u e n t l y .  

The f l u c t u a t i o n  of pH and wastewater   s t rength  could be 
lessened if spent  detergents and s im i la r   d i scha rges  were 

s to red  and  released  s lowly  over a 24 hour   per iod   ra ther  

than i n  batch  discharges. 
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1 INTRODUCTION 

There are  eleven  large  dairy  plants i n  the Lower Mainland o f  
British Columbia, f ive o f  which were studied in this report .  

This  study was carried  out i n  order  to  gather  information O n  

the  characterist ics of the wastewater  generated by dairy  operations. 
The information  obtained will be useful i n  developing  regulations and 
guidelines  pertaining  to the wastewater  discharges from al l   dairy 
operations i n  Canada. 

- - 

. . . - . ”” 

.~ ”_ . 

Dairies produce a wide range  of  products,  including:  several 
grades of fluid  milk; cream cheeses and other  culture  products;  ice creams, 
frozen  desserts, and other  frozen  products; and  powdered and condensed 
m i l k .  N O  s ingle p l a n t  studied  in this report produces a l l  of these  products 
b u t  each plant produces a t   l e a s t  two o f  them. Table 1 outlines  the  final 
products, raw products,  daily and annual quantit ies o f  raw products  used, 
average monthly water consumption, t reatment   faci l i t ies ,  and the waste- 
water  receiver  for each da i ry  studied, 

The type and amount of raw  and f i n a l  product  varies  considerably 
as does the  water consumption and the  resultant  wastewater volume. Excess 
raw or par t ia l ly  processed  products are  usually  shipped  to  other da i ry  
plants  for  processing. The  raw m i l k  is  often  received on a non-operating 
day since some dairies  receive m i l k  seven days a week b u t  only  operate 
f ive  or   less ,  Consequently, most da i r ies  have refrigerated m i  1 k storage 
faci 1 i t i e s  where the milk can be stored  for up  t o  100 hours, a1 though i t  
i s   ra re ly  held for more than 48 hours. 

Only one dairy  considered i n  this  report  has a secondary t rea t -  
ment f a c i l i t y  and the  discharge from i t  i s  released  into a freshwater course,, 
The other  four  plants have only  preliminary  treatment f a c i l i t i e s  and they 
discharge t o  municipal  sewers which  empty i n t o  one of several sewage t rea t -  
ment plants  offering a m i n i m u m  of  primary treatment, The data  presented 
i n  this report  represents  the  analysis of the untreated  effluent from each 
p l a n t .  

The dairies  studied i n  this report were chosen on the basis o f  the 
following c r i t e r i a :  (1 )  s ize  and accessibi l i ty  of the  dairy  plant, ( 2 )  type 
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of raw and final  products  handled, ( 3 )  accessibi l i ty  of sampling points, 
and ( 4 )  the  operational  techniques employed i n  the  plant. The five  plants 
chosen represent a cross-section  of  the  various  dairy  plant  operations and 
processes employed i n  British Columbia. 

.. ." 

1.1 General Dairy Plant  Operations 

A flow sheet showing general  dairy  operations i s  presented i n  
Figure 1. There are  many variations  to  the procedure  described, depending 
on the  types  of raw materials  handled,  the  final  products made,  and the 
age o f  the p l a n t ,  

The dairy  production  line begins w i t h  the  arrival o f  the m i l k  
via  refrigerated  tanker  trucks. M i l k  cans are  no longer used to  transport 
milk a t  any of the  dairies  studied i n  this report. This m i l k  i s  pumped 
from the  trucks  into  refrigerated  storage  silos where i t  i s  normally  held 
for 10 t o  30 hours a t  a temperature between 0" - 4.5OC (32" and 40°F), b u t  
i t  may be stored f o r  u p  t o  100 hours d u r i n g  some periods. From the  storage 
tanks ,  the m i l k  i s  pumped to  the HTST pasteurizer. The HTST process  involves 
raising  the  temperature  of  the m i l k  i n  two stages t o  74°C (165OF), h o l d i n g  
a t   t h i s  temperature f o r  16 seconds, and rapidly  cooling  the m i l k .  A t  some 
p o i n t  before  the  cooling i s  complete,  the m i l k  i s  passed  through a centri-  
fuga l  c lar i f ier   (s tandardizing  c lar i f ier)   for  cream, m i l k ,  and sludge 
separation. The m i l k  and  cream are  then recombined to  the  required  butter- 
f a t  concentrations and homogenized. The sludge, which contains  leucocytes 
bacteria and other  undesirable  material,  is  discharged  to  the  wastewater 
line. The milk and cream then  proceed t o  a point where they are  further 
processed or made i n t o  secondary products. The finished products are  
stored a t  appropriate  temperatures  until  they  are shipped. 

". .. " . - ~. " 

Sour cream, yogurt,  buttermilk, and cottage  cheese  production 
al l   require   e i ther  a culture  or enzyme addition  to cream or skim m i l k .  
To obtain  the  desired  results,  the enzyme or  culture  activity i s  limi  ted 
by controlling  the  temperature and pH. The  end products  are mixed w i t h  
flavourings , thickeners, or other  additives and then packaged. 
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Ice cream and related  products  are made i n  many grades,  types, 
and flavours. The l i q u i d  m i l k  o r  cream i s  for t i f ied  t o  the  desired sol ids  
and butterfat  concentration, then pasteurized,  flavoured,  aerated, packaged, 
and frozen. Most of  the  ice cream i s  p u t  into  containers of various 
capacit ies,  while a lesser  proportion i s  made into  frozen  products such as 
Revels and Drumsticks. These products  are  sold through  grocery stores and 
s imilar   re ta i l   out le ts .  Some dairy  plants  also  sell  bulk ice  cream  and 
ice cream mix t o  restaurants,  ice cream parlours, and s imilar   re ta i l   out le ts .  

There are  many other minor products produced i n  da i r ies ,  such as 
Popsicles,  juices, and eggnog, and although  these  products make  some con- 
t r i b u t i o n  t o  the  wastewater  loading, i t  i s   re la t ive ly   ins igni f icant  and 
will not be considered  further i n  this  report .  

In  all  plants  considered i n  th is   report ,  a CIP system i s  used. 
This i s  a system where the  various  cleansing  solutions and rinses  are 
released t o  the equipment t o  be cleaned by a programmed central  control 

A t  the  endofeach  production  operation,  the  necessary pipes and 
hoses are connected and the  various  clean-up  solutions  are pumped t h r o u g h  
the equipment. The cleansing  solutions  are  usually  recirculated and are 
discharged on an irregular  basis.  However, the f i n a l  rinses  are  discarded 
a f t e r  each clean-up  operation. 

In some plants  there  are more than one of  these  units and i n  
others  the CIP system i s  used together w i t h  less  automated clean-up 
methods, where some o f  the equipment i s  disassembled,  cleaned,  then  re- 
assembled for  use. 

In  most plants  the  clean-up  operations  are  carried on continu- 
ously  throughout  the  day, b u t  there is  usually an increase i n  clean-up 
ac t iv i ty  d u r i n g  the  evening and n i g h t  s h i f t s   ( a f t e r  4:OO p.m.). 

1 e 2  Sources  of Wastewater 

The principal  sources of  contaminated  wastewater from dair ies  
are spil ls  from the  production  line and storage  areas  to  the  floor  drains, 
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clean-up  operations, and i n  some instances  the whey from the  production 
of cottage  cheese. The sludge from the  clarifier  also  accounts f o r  some 
of  the  wastewater  loading. 

The floor  drains  pick u p  contaminants from many sources, i n -  
cluding  ruptured  product and ingredient  containers, conveyor belt   lubri-  
cation and overflow or spi l lage from processing machinery. In  most cases 
these  wastes  are washed down the  drains and only rarely i s  dry clean-up 
attempted. 

In  addition  to  the  floor wash, the  production equipment storage 
tanks and vats and the  tanker  trucks  are washed d u r i n g  or   a t   the  end of 
the day  and these  cleaning  operations  result i n  large volumes of contami- 
nated  wastewater. 

In  some dairy  plants where cottage  cheese i s  produced, the whey 
and the curd wash are  discharged. The  whey, the  f luid portion of the  milk, 
is a h i g h  strength  waste and i f  discharged,  contributes h i g h  levels of 
nitrogen and phosphorus compounds, suspended and total   sol ids ,  and BOD5 
and COD. 



5 

I I I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I '  
I 
I 
I 
I 
I 
I 
I1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

I 
I :  
I C  
I C  
I 
I i  
I .  
I i  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 :  
I :  
I :  
I 
I i  
I 1  
I 1  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I '  
I 
I 
I 
I 1  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 

I 

c, 
V 

U 
S 

0 
L 
n 



6 

I B U T T E R  I 

I I C E   C R E A M  

P R O D U C T S  

I 

n C U L T U R E D  
P R O D U C T S  

1-1 P O W D E R E D  

1-1 E V A P O R A T E D  

R E F R I G E R A T E D  
S T 0  R A G E  

1 
c c 

1 CJ P A S T E U R I Z E R  

j a H O M O G E N I Z E R  

C O O L I N G  

B O T T L I N G  

1 n W A S T E  
T R E A T M E N T  

FIGURE I D A I R Y   P L A N T   O P E R A T I O N S  

17 S T A N D A R D I Z A T I O N  

V A C U U M  

E V A P O R A T O R  

# 

S T A N D A R D I Z A T I O N  

H O M O G E N I Z E R  

J 

Q H O L D I N G   T A N K  

R E T O R T S  

n P A C K I N Q  

EVAPORATED CANNED 
M I L K  D A I R Y  



- 7 -  

2 METHODS AND MATERIALS 

201 Sampl i n q  

Time proportional  composite  and  grab  samples were c o l l e c t e d  
throughout the opera t ing   day   for  a minimum o f  two days a t  each o f  the 
five da i ry   p lan ts   cons idered  i n  this r epor t .  The samples were c o l l e c t e d  
from a po in t  i n  the effluent l ine before  any treatment was c a r r i e d   o u t .  

The a l i q u o t s   f o r  the time proportional  composite  sample were 
.~ . ..I__ ~ ...~ . ". . -. . 

taken  every  hour of the operat ing  day and placed i n  a 40 -ga l lon   p l a s t i c  
b a r r e l .  A t  the end of each opera t ing   day ,  the composite  sample was mixed 
thoroughly  and d i v i d e d  i n t o   t h e   p o r t i o n s   n e c e s s a r y   f o r  the a n a l y s i s  of 
each  parameter. Each po r t ion  was placed i n  the a p p r o p r i a t e l y   s i z e d   g l a s s  
o r   p l a s t i c   c o n t a i n e r  and preserved a s   o u t l i n e d  i n  the Environment  Canada 
Sampling  Handbook.' Table 2 desc r ibes  the size and type  of container 
used and p rese rva t ion  technique employed for   each   ana lys i s   per formed on 
the composite and grab  samples   obtained.  

A t  each   p lan t  on one  day of the program a series of grab  samples 
were a l s o   t a k e n   a t   r e g u l a r   i n t e r v a l s   o f   o n e   o r  two  hours  depending on the 
p l a n t .  The samples   col lected were ana lyzed   for  pH, biochemical  oxygen 
demand, residues, and nutrients. The sample  containers  and p rese rva t ion  
techniques  were the same a s   t h o s e  used f o r  the composite samples d iscussed  
previous ly .  

.. .. . . . - 
.~ . - 

Grab  samples were a l s o   t a k e n   f o r   o i l  and g r e a s e   a n a l y s i s   a t  
i r regular   in te rva ls   th roughout   each   opera t ing   day   and  the results o f  the 
a n a l y s i s  of these grab   samples   a re   p resented   as  a da i ly   average ,  

A t  the end o f  each  operat ing  day,  the samples  for  chemical 
a n a l y s i s  and  bioassay  determination were t r a n s p o r t e d   t o  the appropr i a t e  
Environment  Canada l a b o r a t o r y   f a c i l i t y ,   A n a l y t i c a l   d e t e r m i n a t i o n s  were 
c a r r i e d   o u t   a s   o u t l i n e d  i n  the Environment Canada Laboratory Manual .2 

Environment  Canada,  Pacific  Region,  Pollution  Sampling Handbook, 
Revised, January,  1976 

* Environment  Canada,  Pacific  Region,  Laboratory Manual , Revised 



- 8 -  

2.2 Analys is  
. . ". . - . . . 

An exp lanat ion  and  a b r i e f   d e s c r i p t i o n   o f   t h e   l a b o r a t o r y  

ana lys is   p rocedure   fo r   each  o f   the   parameters   no ted   in   Tab le  2 fo l lows.  
A more d e t a i l e d   d e s c r i p t i o n   o f   t h e   a n a l y s i s  methods i s   a v a i l a b l e   i n   t h e  

Environment Canada Laboratory  Manual. 

a) pH i s  a measure o f   t h e  H i on   concen t ra t i on .  The pH sca le  i s  a + 
s e r i e s   o f  numbers wh ich   exp ress   t he   ac id i c   o r   bas i c   p roper t i es   o f  

a so lu t i on .  Numbers above  seven i n d i c a t e   i n c r e a s i n g   b a s i c   c o n d i t i o n s  

wi th   increas ing  numer ica l   va lue.  Numbers below  seven i n d i c a t e  

inc reas ing   ac id ic   cond i t ions   w i th   decreas ing   numer ica l   va lue .  pH 7 
i s  neu t ra l .  

All pH values  quoted i n   t h i s   r e p o r t  w e r e   t h e   r e s u l t s   o f  measure- 
ments  taken w i t h  a F isher  401 Accumet pH mete r   w i th  a p r e c i s i o n  

of .02 pH uni ts   under   normal   operat ing  condi t ions.  

b)  The f ive-day  biochemical   oxygen demand determinat ion  measures the  

q u a n t i t y  of oxygen r e q u i r e d   f o r   t h e   s t a b i l i z a t i o n  o f  o rgan ic   mat te r  
by micro-organisms  wi th in  a p e r i o d  o f - f i v e  days a t  a-tempera-ture-07.. 

20OC. The BOD5 t e s t   g i v e s  an i n d i c a t i o n   o f   t h e  amount o f  oxygen 

t h a t  will be consumed dur ing   the   decompos i t ion   o f   the   b iodegradab le  
p o r t i o n   o f   t h e  sample. 

The sample t o  be analyzed was f i r s t   n e u t r a l i z e d   t o  a pH range of 6 . t o  8.5. 
Any  known t o x i n s   i n   t h e  sample  were a l s o   n e u t r a l i z e d  and  then a t  
l e a s t   t h r e e   d i f f e r e n t   d i l u t i o n s  were  prepared. The d i l u t i o n   w a t e r  was 

t r e a t e d   w i t h   b u f f e r   s o l u t i o n s   p r i o r   t o   t h e   t e s t .  An i n i t i a l   d i s -  

solved  oxygen  concentrat ion  reading was taken  on  each  sample  using 

an I .  B.C. 500-051 Dissolved Oxygen Meter and the  sampl  es were  then 

incubated a t  20°C f o r   f i v e  days. A t  t h e  end o f   t h e   f i v e - d a y   p e r i o d ,  

the  d isso lved  oxygen  concentrat ion was again  measured and the  approx i -  
mate  oxygen demand  was c a l c u l a t e d  and repor ted  as the  BOD5 expressed 

i n  mg/R. I n  cases  where t h e   r e s u l t s  were  given as  a range,  the  average 

Environment Canada Laboratory  Manual 
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value was reported. The minimum detectable  concentration  is 2 mg/R. 
The precision of this t e s t  cannot be assessed. 

c )  Total  organic carbon determination measures the  organic carbon 
concentration of the sample. The TOC resu l t s ,  when compared to  
the BOD5 resul ts  for a wastewater,  give  valuable  information con- 
cerning  the  characteristics o f  the  organic  constituents i n  the 
sample. 

A Beckman Tota l  Carbon Analyzer Model  915  was used for TOC deter- 
minations. For these  determinations,  the  procedure as outlined by 
the  manufacturer for the Model 915 analyzer was followed. 

The results  are  reported  as mg/R TOC. The  minimum detectable con- 
centration  is  1 mg/R and the  precision i s  - + 1% to 2% or 1 t o  2 
mg/R, whichever is   greater .  

d )  Chemical  oxygen demand i s  an estimate  of  that  portion  of  the sample 
which is  susceptible  to  oxidation by a strong chemical oxidant. 

The sample was refluxed i n  a 50% sulfuric  acid  solution u s i n g  
potassium  dichromate  as  the o x i d i z i n g  agent. Mercuric sulfate-and 
s i lver   su l fa te  were  added as  catalysts.  The excess  potassium 
dichromate was t i t r a t e d  w i t h  ferrous ammonium sulfate  and the COD 
was calculated and expressed as mg/R COD. 

The m i n i m u m  detectable  concentration i s  20 mg/R and the  precision i s  
14 mg/R on a 1000 mg/R COD sample. 

e )  Total a lka l in i ty  i n  concentrations above background levels  gives an 
indication of  the  presence o f  polluting  substances and is  a measure 
o f  the power of a solution  to  neutralize hydrogen ions.  Substances 
which contribute t o  alkalinity  include  the  salts  of strong  or weak 
bases , and weak acids. 

The sample was potentiometrically  t i trated w i t h  0.02N H2S04 to  the 
methyl orange end point (pH 4.5) and the  total a1 kalinity was computed 
using tables and reported as mg/R CaC03. 
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The minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  1 mg/R and t h e   p r e c i s i o n   i s  

- + 1 mg/R. 

f )   S u r f a c t a n t s  make  up 20 t o  40% o f   t h e   a c t i v e   p a r t   o f   d e t e r g e n t s  and 

soaps. A n i o n i c   s u r f a c t a n t s ,   o f   w h i c h   l i n e a r   a l k y l a t e   s u l f o n a t e   i s  

the  most  widely used, c o n s t i t u t e   t h e   l a r g e s t   g r o u p   o f   s u r f a c t a n t s .  

The sample was reacted wi th azure A which  forms a b lue   an ion i c  

s a l t   w i t h   t h e   s u r f a c t a n t .  The a n i o n i c   s a l t  was e x t r a c t e d   w i t h  
ch lo ro fo rm and t h e   c o l o u r   i n t e n s i t y  was measured spectrophoto- 

m e t r i c a l l y  between  620  and  630 nm and  compared w i t h  a sodium 

l a u r y l   s u l f a t e   s t a n d a r d .  The r e s u l t s  were r e p o r t e d  as mg/R LAS. 

"" . . . 

The  minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  0-05 mg/R and t h e   p r e c i s i o n  

i s  - + 5%. 

g )   N i t r a t e s   a r e  an i n d i c a t i o n  o f  t h e   n u t r i e n t   c o n c e n t r a t i o n   i n  a water 
sample. For  the  purposes o f  t h i s   r e p o r t ,   t h e   c o n c e n t r a t i o n s  o f  

n i t r i t e s  and n i t r a t e s   a r e  combined  and repo r ted  as n i t r a t e s .  

The combined n i t r i t e - n i t r a t e   c o n c e n t r a t i o n  was measured us ing  a 
Technicon  Autoanalyzer I 1  w i t h   t h e   n i t r i t e   m a n i f o l d   f o l l o w i n g   t h e  

procedure recommended by  the  manufacturer.  The r e s u l t s  were repo r ted  

as t o t a l   n i t r a t e s   i n  mg/R n i t rogen.  

The minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  0.01 mg/R n i t r o g e n  and the 

p r e c i s i o n   i s  2 2.3%. 

h )  Ammonia i s   a l s o  an i n d i c a t i o n   o f   n u t r i e n t   c o n c e n t r a t i o n   b u t   t h e  

presence o f  amnonia may a l s o   i n d i c a t e   a n a e r o b i c   a c t i v i t y .  Ammonia 
i s   t o x i c   t o   f i s h ,   p a r t i c u l a r l y   a t   h i g h  pH o r  under  low  dissolved 

oxygen  concentrat ions. 

The  ammonia concen t ra t i on  was de termined  us ing   the   Ber the lo t   reac t ion ,  

which  produces a blue-coloured compound r e l a t e d   t o   i n d o p h e n o l ,  when 
an ammonium s a l t   i s  added t o  sodium  phenoxide i n   t h e  presence o f  

sodium hypoch lo r i t e .  The a n a l y s i s  was t h e n   c a r r i e d   o u t   u s i n g  a 

Technicon  Autoanalyzer 11 fo l l ow ing   t he   p rocedure  recommended by 
the  manufacturer. The r e s u l t s  were repo r ted  as mg/R n i t rogen.  
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The minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  0.005 mg/R n i t rogen .  No 

e s t i m a t e   o f   t h e   p r e c i s i o n   o f   t h e   t e s t   i s   a v a i l a b l e   a t   t h e   t i m e   o f  

w r i t i n g   t h i s   r e p o r t .  

i )  To ta l   phosphates   a re   another   ind ica t ion   o f   the   nu t r ien t   concent ra -  
t i o n   i n  a water sample. High  phosphate  concentrat ions  st imulate 

and  support  algae blooms  and the  growth  of  weeds.  The phosphates 

themselves  are  not   cons idered  to  be  a source o f   t o x i c i t y   b u t   t h e  

dep le t i on   o f   t he   d i sso l ved  oxygen concen t ra t i on  as a r e s u l t   o f   t h e  
degradat ion  of   the  phosphates  could  cause  toxic i ty.  

The to ta l   phosphate   concent ra t ion  was determined  by f i r s t   c o n v e r t i n g  

a l l  phosphates t o  or tho-phosphates  by  su l fur ic   ac id  - p e r s u l f a t e  

d i g e s t i o n   i n  an autoclave. The digested  sample was then  analyzed 
f o r  ortho-phosphates using the  Technicon  Auto-analyzer I 1  and the  

procedure  out l ined  by  the  manufacturer .  The r e s u l t s  were repo r ted  

as t o t a l   p h o s p h a t e   i n  mg/R phosphorus. 

The minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  0.01 mg/R. No e s t i m a t e   o f  

t h e   p r e c i s i o n   o f   t h e   t e s t   i s   a v a i l a b l e   a t   t h e   t i m e   o f   w r i t i n g   t h i s  

r e p o r t  

j )  T o t a l   r e s i d u e   r e f e r s   t o   t h e   m a t e r i a l   l e f t   i n  an evapora t ing   d ish  

a f t e r   t h e   e v a p o r a t i o n   o f   t h e  sample. 

100  cc o f  t he  sample  were placed i n  a dr ied  pre-weighed  evaporat ing 

d i s h  and evaporated a t  90°C. The res idue  was then  heated   to  103°C 
f o r  one  hour. The d i s h  was coo led ,   b rought   to   cons tan t   we igh t  and 
weighed  and  the  increase i n  weight  was used t o   c a l c u l a t e   t h e  TR 

concen t ra t i on  i n  t h e  sample  and r e p o r t e d  as mg/R. 

The minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  10 mg/R. The p r e c i s i o n   o f  

t h i s   t e s t   i s   a p p r o x i m a t e l y  t 5%. 

k )  T o t a l   v o l a t i l e   r e s i d u e   r e f e r s   t o   t h a t   p o r t i o n   o f   t h e   t o t a l   r e s i d u e  

which i s   l o s t  upon i g n i t i o n .  

The sample was a n a l y z e d   f o r   t o t a l   r e s i d u e  and then  the   res idue was 

i n c i n e r a t e d  i n  a m u f f l e   f u r n a c e   a t  550°C f o r  20 t o  60 minutes. The 
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evaporating  dish was allowed t o  cool i n  a dessicator and  weighed 
and th i s  weight was used t o  calculate  the  total   volati le  residue 
and reported,as mg/R. 

The m i n i m u m  detectable  concentration i s  10 mg/R. No estimate of 
the  precision of the   t es t   i s   ava i lab le   a t   the  time of w r i t i n g  t h i s  
report 

1 )  Non-filterable  residue i s  that  portion of the t o t a l  residue  retained 
by a spec i f i c   f i l t e r .  NFR is   a lso  referred  to   as  suspended matter 
or suspended solids. 

The sample was f i l t e r ed  through a pre-weighed Gooch crucible con- 
taining a GF/C f i l t e r  paper. The crucible was dried a t  103"C, 
cooled, b rough t  t o  constant  weight, and re-weighed. The increased 
weight was used t o  calculate  the NFR and the  results were reported 
as mg/R. 

The minimum detectable  concentration i s  10 mg/R. No estimate of the 
precision of the   t es t   i s   ava i lab le   a t   the  time o f  writing th i s  
report 

m) Total Metals - The presence of h i g h  concentration of some metals 
may have serious consequences to  the  receiving environment. The 
analysis  procedure used to  determine  the  total  concentrations of 
the  trace  metals i n  th is   report   i s   the  same for a l l  except mercury. 

The samples were digested w i t h  n i t r ic   ac id  and then  analyzed  using 
a Jarrell-Ash 810  Atomic Absorption  Spectrophotometer using a 
procedure recommended  by the  manufacturer. The resul ts  were reported 
as mg/R. 

The mercury sample was treated w i t h  various chemical oxidants t o  des- 
troy a l l  organic  matter. The mercuric  ions were converted  to mercury, 
vapourized i n t o  a c e l l ,  and analyzed us ing  the  Jarrall-Ash 810 
Atomic Absorption  Spectrophotometer and reported as mg/R. 
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The minimum detectable  concentrat ion  ranges 
mercury t o  .02 mg/R f o r   l e a d  and chromium. 
- + 1/2  the minimum detectable  concentrat ion.  

n )   O i l s   o r   p e t r o l e u m   e t h e r   e x t r a c t a b l e   m a t e r i a  

f r o m  .0002 mg/R f o r  
The p r e c i s i o n   i s  

1 may cause t o x i c i t y  

i n   f i s h  b y   c o a t i n g   o r   p l u g g i n g   t h e   g i l l  membranes. Water  soluble 

substances i n   t h e   o i l s  may a l so  be t o x i c   t o   f i s h  and o the r   aqua t i c  

organisms 

Oil and grease  analysis was c a r r i e d   o u t   i n   t h e   f o l l o w i n g  manner. 

The a c i d i f i e d  sample was f i l t e r e d  and the   res idue  d r ied .  The 

o i l s  and greases  were  ext racted  f rom  the  dr ied,   f i l tered  mater ia l  
us ing  a S o x h l e t   e x t r a c t o r  and pet ro leum  ether   so lvent .  The so lvent  

was evaporated a t  90°C, l e a v i n g   t h e   o i l s   r e s i d u e   w h i c h  was weighed 
and t h e   r e s u l t s  were  expressed  as mg/R pet ro leum  e ther   ex t rac tab le  

o i l .  

The minimum d e t e c t a b l e   c o n c e n t r a t i o n   i s  5 mg/R. 

0) The s t a t i c   f i s h   b i o a s s a y   g i v e s  an approximate  value o f   t h e   b i o l o g i c a l  

t o x i c i t y   o f  an e f f l u e n t .  It can be def ined  as  the  concentrat ion  or  
l e v e l   o f  a measurab le   l e tha l   agen t   requ i red   t o   k i l l   t he   50 th   pe rcen -  

t i l e   i n  a group o f   t e s t  organisms  over   the  t ime  per iod  o f  96 hours. 

The b ioassay   t es t   cons i s ted   o f  a s e r i e s   o f  30 l i t r e ,   a l l - g l a s s   t e s t  

v e s s e l s   c o n t a i n i n g   d i f f e r e n t  sample d i l u t i o n s . ,  Samples where the  pH 

v a l u e   d i d   n o t   f a l l   w i t h i n   t h e   r a n g e   o f  pH 6 t o  pH 8 were  neutra l ized 

to   approx imate ly  pH 7. The t e s t   v e s s e l s   w e r e   p l a c e d   i n t o  a c o n t r o l l e d  

environment room  where the  temperature was m a i n t a i n e d   a t  13" 2 1°C 

and the   photo   per iod  was l i m i t e d   t o  16  hours  per 24 hours. The 
samples  were cont inuously   aerated  throughout   the 96 h o u r   t e s t   p e r i o d  
w i t h   o i l - f r e e  compressed a i r .   E i g h t   t o  10 underyear l ing  Rainbow Trout  
(Salmo gairdnere)  were  p laced i n  each tes t   vesse l .  The f i s h - l o a d i n g  

d e n s i t y   i n  each t e s t   v e s s e l   d i d   n o t  exceed 0.60 grams o f   f i s h   p e r  

l i t r e  of tes t   water .  The f i s h   m o r t a l i t y   v e r s u s  sample d i l u t i o n   f o r  
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each t e s t   v e s s e l  was p l o t t e d  on a graph  and a 96 hour LCso was esta-  
b l  ished.' 

It i s   i m p o s s i b l e   t o   a s s e s s   t h e   p r e c i s i o n   o r   t h e   a c c u r a c y  of t h i s  

t e s t .  

See bioassay  records,   Bioassay  Laboratory,   Environmental   Protect ion 

Serv ice ,   Pac i f i c   Reg ion  
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TABLE 2 SAMPLE CONTAINERS AND PRESERVATION METHODS 

TYPE OF CONTAI NER PRESERVATION 

PH 1000 cc  wide-mouth  hard  temperature  maintained 
BOD5 p l a s t i c   b o t t l e  a t  approximately 45°F 

T OC 500 cc  narrow-mouth  hard same as  above 
.................................... 

p l   a s t i c   b o t t l e  
.................................... 

COD 100 cc  wide-mouth  glass 2 drops  conc. H2SO4 
b o t  tl e 

.................................... 

T. A1 k a l   i n i  ty  500 cc  wide-mouth  hard  temperature  maintained 
p l   a s t i c   b o t t l e   a t   a p p r o x i m a t e l y  45°F 

.................................... 

Sur fac tan t  200 cc  wide-mouth  hard temperature  maintained 

- N03-N 1000 cc  wide-mouth  hard same as  above 

g l a s s   b o t t l  e a t  approximately 45°F 
.................................... 

N u t r i e n t s  - NH3-N p l a s t i c   b o t t l e  
- P04-P 

.................................... 

- TR 1000 cc  wide-mouth  hard same as  above 
Residues - TVR p l a s t i c   b o t t l e  

- NFR 
.................................... 

- T.Cu 500 cc  wide-mouth  hard 2.5 cc  conc . HN03 
- T.Mg p l a s t i c   b o t t l e  added to sampl  e 

r le ta l  s - T. Pb 
- T.Zn 
- T.Cr 

.................................... 

Mercury - T.Hg 500 cc  wide-mouth  hard 2.5 cc  conc. HNO3 
p l a s t i c   b o t t l e  added t o   b o t t l e   b e f o r e  

sampl  e added 
.................................... 

Petroleum 900 cc  wide-mouth  glass 2 cc  conc. HNO3 
Oil s - E t h e r   b o t  tl e added t o  sampl  e 

Ex t rac tab le  
Mate r i  a1 

.................................... 

96 h r  - LCso Four  5-gal l on   ha rd   p las t i c   t emera tu re   ma in ta ined  
j e r r y  cans a t  approximately 40°F 
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3 RESULTS AND DISCUSSION 

3.1  Composite Sampl es 

Tables 3 to  7 outline  the  data  obtained from the  analysis of 
the composi t e  samples collected from each dairy  plant. Although the 
concentration of any one parameter may vary  considerably from one day 
t o  the  next,  the  variance i s  not  out of line w i t h  what  would  be expected 
from a dairy  operation. The changes t h a t  are  evident  are l i  k,ely due t o  
minor changes i n  the production line  or  other  plant  operations. 

The s t a t i c  bioassay  data  indicates  that the neutralized  effluent 
i s  toxic t o  fish. T h i s  toxici ty  could be due to  several   factors,  i n -  
cluding h i g h  oxygen demand as well as  the  presence o f  toxic  agents  or 
chemicals. During the  bioassay testing, the dissolved oxygen could not 
be stablized i n  many of  the samples due  to   the h igh  oxygen  demand present. 
I t  should be noted tha t  the toxici ty  would probably be  more acute i f  the 
samples were unneutralized. 

The concentrations of BOD5, COD, TOC, T.P04, TR, TVR, NFR, and 
oi ls   are   s ignif icant ly  h igh  when compared to  acceptable  discharges from 
other  industrial  operations. This is   especial ly  true considering  the 
large volumes of eff luent  being discharged. The levels of ammonia 
encountered  could be expected t o  cause  increased  toxicity under the 
conditions of h i g h  pH and  low dissolved-oxygen  levels found i n  most 
samples. The n i t ra tes  would  be a concern  only if these  effluents were 
being  discharged to  a confined  natural  water’course. The concentrations 
of the six metals,  anionic  surfactants, and total  a1 kal in i ty   are   not  
considered  significant. 

3.2 Grab Samples 

The data  presented i n  Tables 8 to  12 out1  ines  the  results of the 
analysis of the grab samples collected  at  each dairy plant d u r i n g  one 
sampl i ng day. 

The data  indicates  very wide variations i n  the  concentrations 
of biochemical oxygen  demand, residues, and nutrients.  The pH also 

Water Quality  Criteria,   California  State Water Resources  Control 
Board, 1973. 
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f luc tua tes   cons iderab ly  from an a c i d i c   t o   a l k a l i n e   c o n d i t i o n .   I n   a d d i -  

t i o n ,   a t  each p l a n t  a t  l e a s t  one s e t   o f   g r a b  samples shows a v e r y   l a r g e  

increase in   concentrat ion  o f   most   parameters.  The f l u c t u a t i o n s   a r e  due 

t o   o p e r a t i o n a l  changes w i t h i n   t h e   p l a n t   d u r i n g   p r o d u c t i o n  and clean-up 
s h i f t s  and the  large  surges i n   c o n c e n t r a t i o n   a r e   a t t r i b u t e d   t o   t h e  dumping 

of a raw o r   f i n a l   p r o d u c t   o r  more l i k e l y  exhausted  clean-up  solut ions. 

The f l u c t u a t i o n s   i n   t h e  pH a r e   a t t r i b u t e d   t o   t h e   v a r i o u s   c l e a n - u p  and 

s t e r i l i z i n g   s o l u t i o n s  and  r inses  employed  during  clean-up  operations. 

3.3 Water  Consumption 

Tables  13 and 14  present   the  hour ly   water   consumpt ion  a t  

P lan ts  A and B based on the  readings  taken  f rom  the  municipal   meters.  

T h i s   d a t a   i s   n o t   a v a i l a b l e   f r o m   P l a n t s  D, C, and E because  the  meters 
were no t   opera t ing   p roper ly   dur ing   the   sampl ing   per iod ,  However, based 

on in format ion  obta ined  f rom  the  p lant   personnel ,  it i s  e s t i m a t e d   t h a t  

P l a n t  C d ischarges i n  excess  of 20,000 Imper ia l   ga l l ons   pe r  day, P l a n t  D 
discharges i n  excess o f  10,000 Imper ia l   ga l l ons   pe r  day,  and P l a n t  E 
discharges i n  excess  of 70,000 Imper ia l   ga l l ons   pe r  day. I n   a l l   f i v e  
p lan ts   s tud ied ,   the  volume o f  use-contaminated  cool ing  water was i n s i g -  
n i f i c a n t .  

The data  f rom  Plants  A and B shows c o n s i d e r a b l e   v a r i a t i o n   i n  

water  consumption  throughout  the day. These v a r i a t i o n s   i n   w a t e r  con- 

s u m p t i o n   a r e   a t t r i b u t e d . t o   o p e r a t i o n a l  changes w i t h i n   t h e   p l a n t .  The 

water  consumption i s  used  as  an est imate  of   the  waste  water  f low. 

The comparison o f   t h e   d a i l y   w a t e r   c o n s u m p t i o n   t o  pounds o f   m i l k  

u t i l i z e d  a t  P lan ts  A and B (P lan t  A, 0.547 gallons/pound o f   m i l k   u t i l i z e d ;  

P lan t  B, 0.132 g a l l o n s / p o u n d   o f   m i l k   u t i l i z e d )   i n d i c a t e s   t h a t   P l a n t  B 
uses  water more conserva t ive ly   than  P lan t  A. The wastewater  volumes  must 

be t a k e n   i n t o   c o n s i d e r a t i o n  when comparing  the  composite  data  obtained 
f r o m   t h e   p l a n t s   s t u d i e d   i n   t h e   r e p o r t .  

3*4  Comparison o f  Composite  Data 

The ca lcu lated  average o f  the  composite  sample  data  over  the 
e n t i r e   s a m p l i n g   p e r i o d   a t   e a c h   d a i r y   p l a n t   i s   p r e s e n t e d   i n   T a b l e  15. Th is  
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d a t a   g i v e s   a n   i n d i c a t i o n   o f   t h e   q u a l i t y   o f   t h e   w a s t e w a t e r   t o  be expected 
f r o m   t h e   d i f f e r e n t   d a i r y   o p e r a t i o n s .  

A l though  P lan t  A appears t o  have t h e   b e s t   q u a l i t y   o f   e f f l u e n t ,  

t h i s   i s   o n l y  because o f   t h e   v e r y  heavy  water  consumption a t   t h i s   p l a n t  

compared t o   o t h e r   p l a n t s ,   p a r t i c u l a r l y   P l a n t  B which i s  a s i m i l a r   t y p e  

o f   opera t ion , ,  The h i g h e r   s t r e n g t h   o f   t h e   w a s t e   w a t e r   a t   P l a n t  B can 

a l s o  be a t t r i b u t e d   t o   t h e   f a c t   t h a t   P l a n t  B d ischarges  the whey from  the 
p r o d u c t i o n   o f   c o t t a g e  cheese. P l a n t  A does not   produce  cot tage cheese. 

The high  concentrat ions  of   f ive-day  biochemical   oxygen demand 

and o i l s   a t   P l a n t  C a r e   t o  be expec ted   s ince   th is   p lan t   p roduces   on ly  

i c e  cream, where b o t h   t h e   i n i t i a l   m a t e r i  a1 s and f i n a l   p r o d u c t s   a r e   v e r y  

h i g h   i n   b u t t e r f a t   c o n c e n t r a t i o n s .  The water  usage a t   t h i s   p l a n t  i s  
more c l o s e l y   c o n t r o l l e d   t h a n   a t  most   o ther   da i r ies   s tud ied .  

The f i v e  day  biochemical  oxygen demand, to ta l   o rgan ic   carbon,  
and res idues   a re   cons ide rab ly   l ower   a t   P lan t  D than  most  others  because 

the  p lant   produces canned, evaporated  milk,  which i s   l e s s   l i k e l y   t o  be 
s p i l l e d   f r o m   r u p t u r e d   c o n t a i n e r s .  The p r o c e s s i n g   l i n e  i s  more enclosed 

as w e l l  and consequent ly   less   mi lk   en ters   the   was tewater   l ine .  The 

unproport ionately  h igh  chemical   oxygen demand a t   P l a n t  D i s   d i f f i c u l t   t o  

e x p l a i n   w i t h   t h e   i n f o r m a t i o n   p r e s e n t l y   a v a i l a b l e   b u t  i t  i s  probably  due 

t o   t h e   d i s c h a r g e   o f  a de tergent  compound (polyphosphate)  from  the  clean-up 

operation.  Although  these  products  are  used a t   a l l   d a i r i e s   s t u d i e d ,   t h e  

est imated  water   consumpt ion  a t   P lant  D i s  much lower  than  most  and con- 

sequent ly   the   de tergents  and other  c leaning  agents  would be f a r   l e s s  
d i  1 uted. 

The e f f l u e n t   f r o m   P l a n t  E i s   n o t  unusual  but i t  should be 

noted when examin ing   t he   da ta   t ha t   t h i s   p lan t   p roduces  powdered m i l k  and 

co t tage cheese. The whey and curd  wash i s   n o t   d i s c a r d e d   b u t   r a t h e r   d r i e d  

and sold.  Since  most o f   t h e   f i n a l   p r o d u c t s   f r o m   t h i s ' p l a n t   a r e  powdered, 

dry  clean-up i s  used  more f r e q u e n t l y   i n   t h i s   p l a n t   t h a n   i n   o t h e r   d a i r i e s  

studied. 



- 19 - 

TABLE 3 ANALYTICAL  RESULTS FOR  24-HOUR COMPOSITE SAMPLES TAKEN AT 

PLANT A 

Day 1 Day 2 Day 3 Day 4 Day 5 

PH 8.7  7.8  7.3 10.2  10.2 
BOD5 (mg/ l )  

TOC (mg/ l )  

1350 555 - 1100 62 0 

547 29 1 7 62 551 446 

COD (mg/ l )  2300 1900 2300 2100 2100 

T.A1 ka l  i n i   t y   ( m g / l  ) 81.2 75.9 148.5 151 149 

An ion ic   Sur fac tan t   (mg/ l )  - 0.17 0.17 0.32 0.20 

NFR (mg/ l )  

T.Cu (mg/ l )  

T.Mg (mg/ l )  
T.Pb (mg/ l )  

T.Zn (mg/ l )  

T.Cr (mg/ l )  

0.26 0.10 0.555 0.14 0.16 

0.68 1.25 1.0 0.63 0.67 

31 35 91 40 65 

570 660 1300 1200 1100 

47 0 450 95 0 94 0 81 0 

37 0 21 0 37 0 200 320 

0.06 0.06 0.06 0.05 0.07 

0.84 0.67 1.19 0.90 0.78 

0.03 ~ 0 . 0 2  ~ 0 . 0 2  ~ 0 . 0 2  ~ 0 . 0 2  

0.20 0.23 0.20 0.13 0.17 

0.07 0.07 <0.02 0.04 0.33 

T.Hg (mg/ l )  <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Oi 1 s* (mg/ l )  190 40 - 91 46 1 

96 h r  LC50 ( X )  24 13.5  13.5 13.5 16.25 

Total  Water  Usage/day  (Imp.ga1) 429,844 438,579 371,509 376,908 429,158 

* The samples taken  for   Oi ls   Analyses  (Petro leum  Ether   Ext ractable 

Mater ia l  ) were  co l lected as grab  samples  every  three  hours  throughout 

the  sampl ing  per iod and t h e   r e s u l t s  shown represent  the  average o f  

t h e   e i g h t  samples taken each  day. 
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PH 
BOD5 * y / 1  

TOC (mg/ l )  

COD (mg/ l )  
T.A1 k a l   i n i  ty (mg/l 

Anion ic   Sur factant  

NO3-N (mg/ l )  

NH3-N (mg/ l )  
T. PO4-P (mg/l) 

TR (mg/l) 

TVR (mg/ l )  

NFR (mg/ l )  
T.Cu*(mg/l) 

T.Mg (mg/ l )  
T.Pb (mg/ l )  

T.Zn (mg/l ) 

T.Cr (mg/ l )  

T.Hg (mg/ l )  
Oil s**(mg/l ) 

96 h r  LC50 ( % )  

- 

Day 1 Day 2 

8.5 10.3 
3950  2850 

295 9 1826 

7 600  5600 

1 290  280 

(mg/ l )  1.1 0.95 
1.3 0.25 

8.3 4.1 
75 65 

5700 4100 

4600 3400 

530 570 

- - 
472 108 

4.2  7.5 
Total  Water Usage/day  (Imp.ga1 ) 65,789 60,800 

". . ~~- . 
.~ ." 

* Due t o  a sampl ing  er ror ,   no  analyses  for   meta ls  i s   a v a i l a b l e   f o r  

t h i  s p l   a n t .  
** The samples  taken fo r   O i l s   Ana lyses   (Pe t ro leum  E the r   Ex t rac tab le  

Mater ia l  ) we re   co l l ec ted  as grab  samples  every  three  hours 

throughout  the  sampl ing  per iod and t h e   r e s u l t s  shown represent   the  
average o f   t h e   e i g h t  samples taken  each day. 
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TABLE 5 ANALYTICAL  RESULTS FOR  16-HOUR COMPOSITE SAMPLES TAKEN AT 

PLANT C 

P 14 

BOD5 (ms/1) 
TOC (mg/ l )  

COD (mg/ l )  
T.A1 ka l  i n i  ty (mg/ l )  
An ion ic   Sur fac tan t   (mg/ l )  

N03-N (mg/ l )  
NH3-FI (mg/ l )  
T. P04-P (mg/ l )  

TR (mg/ l )  

TVR (mg/ l )  
NFR (mg/ l )  
T.Cu (mg/ l )  

T.Mg (mg/ l )  
T.Pb (mg / l )  

T.Zn (mg / l )  

T.Cr (mg/ l )  

T. Hg (mg / l )  
Oil s* (mg/ l )  

96 h r  LC50 ( % )  

Total  Water Usage/day  (Imp.ga1 ) 

Day 1 Day 2 

9.7 10 

3600 36 00 

1870 280 8 

6200 590 0 

25 8 35 5 
0.15  0.86 

0.6 1.4 

1.3 0.85 
40 60 

4400 5400 
3 20 4500 

1500 7 90 
0.17 0.24 

2.3 2.0 

0.07 0.17 

0.24 0.29 

<0.05 <0.05 
0.0004 <0.0002 

3400 9500 
10 10 

NOT AVAILABLE 

* The samples taken  fo r   O i ls   Ana lys is   (Pet ro leum  E ther   Ex t rac tab le  

Mater ia l  ) were  co l lected as grab  samples  every  two  hours  throughout 

the  sampling  period and t h e   r e s u l t s  shown represent   the  average  o f   the 

e i g h t  samples taken each  day. 
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Day 1 Day 2 

pH 10.0 11.8 
BOD5 (mg/ l )  1300  1100 

TOC (mg/ l )  854  61 0 

COD (mg/ l )  6800  7400 
T.A1 k a l   i n i  ty  (mg/l ) 320 72 00 

Anionic   Sur factant   (mg/ l )  1.6 0.08 

N03-N (mg/ l )  0.4  4.01 
NH3-N (mg/ l )  0.96  1.4 
T. PO4-P (mg/ l )  63 79 

TR (mg/l 1 1800 21 00 

TVR (mg/ l )  1200  1200 

NFR (mg/ l )  18 74 
T.Cu (mg/ l )  0.06 0.02 

T.Mg (mg/ l )  5.8 6/2 
T.Pb (mg/ l )  0.06 0.04 
T. Zn (mg/l ) 0.08 0.08 

T.Cr (mg/ l )  0.02 0.02 

T.Hg (mg / l )  <o. 0002  <0.0002 
Oi 1 s* (mg/ 1 I 28 73 
96 h r  LCso ( %)  7.5 7.5 
Total  Water Usage/day ( Imp.gal ) NOT AVAILABLE 

~ ~~ 

* The samples t a k e n   f o r   O i l s   A n a l y s i s   ( P e t r o l e u m   E t h e r   E x t r a c t a b l e  
Mater ia l  ) were  co l   lec ted as grab samples every  two  hours  throughout 

the  sampling  period and t h e   r e s u l t s  shown represent   the  average  o f   the 

e i g h t  samples taken each day. 
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TABLE 7 ANALYTICAL RESULTS FOR 24-HOUR COMPOSITE  SAMPLES TAKEN AT 
PLANT E 

~ ~~~ 

Day 1 Day 2 Day 3 

PH 
BOD5 (mg/l)  
TOC (mg/l)  
COD (mg/l)  
T.A1 kal i n i  ty  (mg/l ) 

Anionic Sur fac t an t  ( m g / l )  

N03-N (mg/l)  
NH3-N (mg/l)  
T.P04-P (rng/l 1 
TR (mg/l)  
TVR (mg/l)  
NFR (mg/l)  
T.Cu (mg/l)  
T.Mg (mg/l ) 
T.Pb (mg/l)  
T.Zn (mg/l)  
T.Cr (mg/l)  

8.1 
36 50 

1800 
5300 

350 
0.12 

<o. 01 
1.5 
130 

4800 

390 0 

85 0 
0.16 

6.0 
0.04 
0.23 

<o. 02 

11.2 
1800 

72 0 
2 200 

52 0 
0.10 
0.55 

1.3 
45 

26 00 

1600 
220 

0.16 
4.4 

<o. 02 
0.16 

<o. 02 
T.Hg (mg/l)  
Oil s* ( m g / l )  
96 hr LC5o ( % )  

Total  Water  Usage/day  (Imp.ga1 ) 

- <0.0002 
26 6 37 
7.5 7.5 

7.8 
27 50 
1200 
37 00 

91 0 
0.33 

0.6 
0.9 

83 

3800 

3000 
280 

0.22 
6.7 

0.03 

0.38 
<0. 02 

0.0004 

130 
7.5 

NOT AVAILABLE 

* The samples  taken  for Oils Analysis  (Petroleum Ether Ext rac tab le  
Material ) were col  lected  as  grab  samples  every two hours  throughout 
the sampling  period and the results shown represent the average of the 
e ight  samples  taken  each  day. 
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TABLE 8 ANALYTICAL  RESULTS FOR GRAB SANPLES TAKEN AT PLANT A 

BOD TR TV R NFR N03-N NH3-N T.PO P 4- 
T i  me  pH mg/l  mg/l  mg/l  mg/l  mg/l  mg/l mg.1 

0030 

01 30 

0430 

0530 

063 0 

0730 

083 0 

093 0 
1030 

1130 

1230 

1330 

1430 

1530 

1630 

1730 

1830 

1930 

2030 

21 30 

2230 

2330 

6.3 

9.9 

7.3 
7.9 

7.8 

8.9 

7.8 

7.4 
9.3 

6.8 

6.8 

5.2 

9.7 

9.5 

8.4 

10.3 

2.9 

2.3 

11.1 

9.9 

10.8 

8.9 

72 
120 

- 
42 

45 

28 8 

18000 

3 35 
345 

1375 

1100 

330 

73 5 
36 5 

1000 

85 5 

250 

160 

7950 

95 

61 5 
1300 

36 0 

200 

95 

65 

70 

62 0 

980 0 

340 
25 0 

1100 

940 

28 0 

760 

570 

800 

250 

3 30 
1000 

1300 

170 

181 0 

1900 

100 

45 

15 

30 

40 

49 0 

9700 

27 0 

160 

1000 

870 

160 

52 0 

450 

5 70 

200 

130 

31 0 

1100 

110 

640 

1600 

25 

20 

20 

20 

20 

35 

5500 

150 
65 

170 

25 0 

170 

1900 

110 

160 

330 

80 

55 

1800 

30 

40 

1100 

0.17 

0.19 

0.18 

0.19 

0.15 

0.25 

1.66 

0.24 
0.20 

0.25 

0.12 

0.18 

0.22 

0.22 

0.18 

0.15 

0.15 
0.14 

0.80 

0.18 

0.18 

0.23 

0.26 

0.37 

0.13 

0.13 

0.1 1 
0.29 

2.8 

0.43 
0.30 

0.78 

0.29 

0.29 

1.3 

0.88 

0.90 

0.95 

0.28 

0.33 

5.1 

0.23 

1.40 

1 .oo 

94 

13 

3.8 

2.5 
4.8 

6.0 

5.0 

4.0 

4.8 

3.3 

3.8 

38 

13 

10 

33 

24 

180 

48 0 

2 40 

10 

110 

19 

Average* 7.9 1685  1043.2  841.4 546.4 0.2832 0.8423 59.18 

~ ~~~ 

* Cal cu l  a ted Average 
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TABLE 9 ANALYTICAL  RESULTS FOR GRAB SAMPLES TAKEN AT PLANT B 

BOD TR TVR NFR N03-N NH3-N T.P04-P 
T i  me  pH mg/l mg/l mg/l mg/l mg/l mg/l mg. 1 
0700 
080 0 

090 0 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
21 00 
2200 
2300 
2 400 
0100 
0200 
0300 

11.4 
4.7 
5.9 
4.8 
4.8 
6.0 

11.3 
8.0 

11.3 
10.7 
10.0 

4.8 
11.1 

5.2 
4.9 
7.2 

12.1 
10.6 
11.8 
11.2 
11.8 

570 
41 50 
1275 
27 50 
1940 
975 

1840 
2450 
1950 
540 

1350 
15600 

1120 
1770 
5 500 

52 0 

445 
300 
162 
126 
206 

83 0 

5700 
2 200 
390 0 
3400 
1400 
26 00 
2400 
3200 
1000 
1600 

26000 
1400 

18000 
92 00 

73 0 

1700 
400 

1200 
500 
74 0 

330 
51 00 
1900 
3500 
3000 
1200 
1700 
21 00 
2000 

680 
1400 

23000 
93 0 

17000 
8000 

590 
49 0 
250 
290 
180 
21 0 

440 
1700 

74 
1400 
480 
300 
320 
350 
290 
260 
330 
96 0 
180 

11000 
600 
45 
85 
32 

150 
77 
72 

0.35 
0.95 
0.38 
0.15 
0.10 
1.3 
1.5 
1.2 
1.4 
1 .o 
0.70 
0.75 
0.83 
0.70 
0.65 
0.05 
0.55 
0.55 
2.1 
0.90 
0.75 

0.53 
1.1 
0.83 
5.5 
3.8 
1.3 
2.0 
1 .o 
1.6 
1.8 
0.85 

45 
0.88 
5.0 

16 
0.73 
0.65 
0.15 
0.33 
0.43 
0.48 

5.5 
87 
36 
51 
14 
20 
47 
30 
44 
16 
17 

37 0 
27 
88 

160 
20 
55 
16 
13 

2.7 
2.9 

Average* 8.6  2168 4195 3517 912 0.80  4.28  53.4 

* Cal cul a ted  Average 
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TABLE 10 ANALYTICAL  RESULTS FOR GRAB SAMPLES TAKEN AT PLANT C 

BOD TR TVR NFR N03-N NH3-N T.PO -P 
4 

T i  me pH mg/l mg/l mg/l mg/l mg/l mg/ 1 mg. 1 

080 0 9.3 850 1000 700 250 0.30 0.30 0.097 

1000 7.7 1100 1700 1200 560 0.43 0.38 0.10 

1200 7.5 1350 3100 2600 1200 0.48 0.40 0.1 1 

1400 6.5 3000 4300 3800 1000 0.33 0.50 25 

1600 5.7 6900 11000 10500 1200 0.45 1 .O 25 
1800 10.9 3800 9400 7600 1100 0.55 0.98 160 

2000 10.7 4950 7000 3900 850 0.48 1.4 150 
2200 10.6 2150 3600 2600 440 0.70 0.75 90 

Average* 8.6 3012 5138 41  12 825 0.46 0.71 56.29 

* Cal cu l  a ted Average 
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TABLE 11 ANALYTICAL  RESULTS FOR GRAB SAMPLES TAKEN AT PLANT D 

BOD5 TR TVR WR N03-N  NH3-N  T.PO4-P 

T i  me  pH mg/l  mg/l  mg/l  mg/l  mg/l  mg/l mg. 1 

0700 

080 0 

090 0 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

21 00 

2 200 

2300 

2400 

8.7 

7.5 
9,9 

10.5 

7.9 

7.6 

9.5 

9.3 

9.1 

11.3 

7.9 

10.7 

6.1 

7.9 

9.6 

12.8 

7.8 

7.1 

200 

195 

1030 

680 

100 

420 

150 

25 0 
90 
<5 

18 

590 

350 

100 

5 
290 0 

1300 

15000 

400 

47 0 

1500 

1400 

320 

560 

450 

430 

64 0 
1000 

21 0 

1700 

280 0 

540 

340 

15000 

900 

1 5000 

280 

380 

1100 

780 

21 0 

450 

300 

290 
100 

21 0 
80 

39 0 

670 

220 

110 

51 00 

74 0 

14000 

79 

16 

130 

2 20 

70 

14 

27 0 

31 0 
5 

72 

110 

430 
140 

76 

54 

7500 

530 

330 

3.41 

3.53 

3.44 

3.16 

3.43 

3.46 

3.34 

3.54 

3.52 

3.23 

3.32 

4.03 

3.96 

3.84 

4.02 

2.96 

3.45 

3.00 

0.13 4.4 

0.05 3.3 
0.69 40 

0.81 68 
0.49 4.5 

1 .o 4.3 

0.49 13 

0.40 7.5 
0.26 9.5 

0.68 93 

0.64 0.80 

0.31 29 

1.1 63 

0.05 4.3 

0.21 13 

12 480 

0.13 7.3 

5.2 120 

Average* 9.0 1299 2426 1412 575 3.48 1.37  53.6 

*Cal cu l  a ted Average 
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TABLE 12  ANALYTICAL  RESULTS FOR GRAB SAMPLES TAKEN AT PLANT E 

BOD TR TVR NFR N03-N NH3-N T.PO4-P 

T i  me pH mg/l  mg/l  mg/l  mg/l  mg/l  mg/l mg. 1 

080 0 

090 0 

1000 

1100 

1 200 

1300 

1400 

1500 
1600 
1700 

1800 

1900 

2000 

2100 

2200 

2300 

2400 

01 00 

02 00 
0300 

0400 

0500 

0600 

0700 

11.6 

12.0 

9.6 

11.3 

4.7 

4.4 

4.1 

4.3 
4.2 

10.5 

10.0 

9.7 

12.5 

12.2 

11.6 

11.5 

11.8 

11.9 

7.7 
6.4 

9.8 

9.7 

6.3 

4.7 

930 1800 

445 1900 

905 1600 

530 1400 

3450 5000 

3700 3100 

3700 4800 

2600 3200 
2600 2400 

1300 2300 

1800 2700 
6 60 980 

4000 13000 

50 2300 

700 1800 

100 960 

93 1100 

60 1100 

4500 6800 

6600 1 1000 

2200 3400 

58 500 

420 570 

52 0 96 0 

800 

59 0 

1200 

600 

4300 

2500 

380 0 
27 00 
21 00 

1400 

1900 
600 

52 00 
39 0 

7 60 

25 0 

240 

190 

5500 

90 00 

27 00 

160 

36 0 

660 

180 

200 

45 

130 

420 

1400 

330 

89 
1100 

110 

150 

16 

93 0 
140 

21 0 
35 

200 

80 

550 

61 0 

560 

60 

85 

160 

0.50 

0.55 

0.48 

0.46 

0.50 

0.42 

0.06 

0.20 
0.38 

0.23 

0.27 
0.46 

0.49 

0.48 

1.4 

0.73 

0.52 

0.50 

0.55 

0.61 

0.62 

0.90 

1.7 

0.90 

0.90 

0.97 

0.64 

0.70 

0.75 

2.2 

1.9 

2.0 
0.12 

1.1 

0.58 

1.6 

0.97 

0.78 

7.6 

1.6 

1.2 

1.5 

0.77 

0.20 

0.04 

3.8 

2.6 

3.2 

24 

. 9 0  

17 

44 

40 

78 

32 

100 
33 

50 

32 
46 

140 

34 

120 

13 

47 

63 

27 

20 

4 

130 

26 

17 

Average* 8.9 1747 3111 1996 325 0.58 1.57 51 

* Cal cu l  a ted Average 
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TABLE 13 HOURLY WATER CONSUMPTION ( IMPERIAL  GALLONS) - PLANT A 

0100 

0200 

0300 

0400 

0500 

0600 

0700 

080 0 

090 0 

1000 

1100 
1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2 300 

2400 

- 
95 53 

80 62 

80 62 
12714 

11935 

22733 

11 169 
21 750 

2531 3 

141 19 

201  28 

21 41  8 

24968 

209 71 

27318 

.I 9 706 

23321 

19726 

16826 

27 01 2 

227 52 
22408 

17 880 

1252 2 

90 93 

7829 

8033 

1 1490 

1 3697 
15747 

18959 
21 201 

20530 

21 680 

2 28 80 

2  2 280 

231 61 

21 731 

21 443 

2362 1 

27 880 

16788 

16954 

20677 

25 51 7 
18167 

16 699 

13519 

11775 

10910 

1091 0 

11577 

12963 

15779 

15300 
14240 

16309 

19872 

17752 

16 546 

201 09 

19975 

19 949 

17 682 

14604 

14630 

15179 

16565 

14272 

10741 

10351 

80 52 

741 4 

701 1 

701 1 

9700 

10447 

15498 

13582 
16003 

20090 

2221 6 

18583 

19477 

20524 

19796 

18902 

19106 

19196 

18506 

15888 

17 580 

194 38 
17574 

1531  3 

11718 

10 441 

9630 

963 0 

11373 

147 38 

17561 

17906 
19502 

18251 

225 74 

19260 

20294 

2027 5 

23927 

1981 5 

21 744 

21 233 

21999 

20441 

19802 

19291 

21214 

16  539 

Tot  a1 429844  438579  361509  376908  429158 

Average/Hour 

"""""""""""""""""""""""- 
18689 18274  15063 15704 17 882 

(25% added t o  c o r r e c t   f o r  2nd meter  head) 
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TABLE 14 HOURLY WATER CONSUMPTION (IMPERIAL GALLONS) - PLANT B 

Day 1 Day 2 
080 0 241 1  1452 

090 0 847 1857 

1000  1975 1396 

1100 2187 25 79 

1  200 280 4  1146 

1300  3433 2 349 

1400 2349 2268 

1500 21 81 252 3 
1600 26 85 1614 

1700 36  95 2380 

1800 636 7 7040 

1900 4542  5644 

2000  2342 94 1 

2100 37 75 10460 

2200  6504 52 08 

2300  5320 51 58 

2400 1258 2860 

01 00 271 6 1283 

0200 7 738 21 56 

0300  660 486 

To ta l  

Average/Hour 

65789  60800 
""""""""""""" 

328 9  3040 



- 31 - 

TABLE 15 AVERAGE COMPOSITE SAMPLE  ANALYSIS OVER ENTIRE SAMPLING PERIOD 

AT EACH D A I R Y  

P l a n t  P l a n t  P l a n t  P l a n t  P l a n t  

A B C D E 

pH 
BOD5 (mg/ l )  

TOC (mg/ l )  

COD (mg/ l )  
T.A1 ka l  i n i  ty (mg/ l )  

An ion ic   Sur fac tan t   (mg/ l )  

NO -N (mg/ l )  

NH3-N (mg/ l )  
T.PO P ( rng/ l l  

TR (mg/ l )  

TVR (mg/ l )  

NFR (mg/ l )  
T.Cu (mg/ l )  

T.Hg (mg/l ) 

T.Pb (mg/ l )  

T.Zn (mg/ l )  

T.Cr (mg/ l )  

T.Hg (mg/ l )  
O i l s   ( m g / l )  

3 

4- 

96 h r  LC5o ( % )  

Avg. Water  Usage/day ( Imp.ga1 ) 

8.4 

90 6 

51 9 
21 40 

121 

0.22 

0.24 

0.85 
52 

966 

72 4 

294 

0.06 

0.88 

<o. 02 

0.09 

0.1 1 

<o. 0002 

195 
16.2 

407,200 

9.4 9.8 

3400  3600 

2392 2339 

6600  6050 

28 5  306 

1.02 0.51 

0.78 1 .o 
6120 1.08 

70 50 

4900 4900 

4000 2410 

550 1145 

- 0.205 
- 2.2 

- 0.12 

- 0.26 

- 0.05 

10.9 

1200 

732 

71 00 

3760 

0.84 

2.2 

1.18 
71 

1950 

1200 

46 

0.04 

6.0 

0.05 

0.08 

Q). 02 
- <0.0002 <0.0002 

290 6450 50 

5.8 10 7.5 

9.0 

2733 

1240 

3733 

593 

0.18 

0.39 

1.23 
86 

3733 

283 3 

450 

0.18 

5.7 

0.03 

0.26 

<0.02 

0.0003 

144 

7.5 

63,294 NOT AVAILABLE 

. 
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