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Statements and views presented i n  t h i s  r e p o r t  a re  t o t a l l y  those  o f  t h e  
Task Force and do n o t  n e c e s s a r i l y  r e f l e c t  t h e  views and p o l i c i e s  o f  t h e  
I n t e r n a t i o n a l  J o i n t  Commission o r  i t s  Water Qua1 i t y  Board. Ment ion o f  
t r a d e  names o r  commercial p roduc ts  does n o t  c o n s t i t u t e  endorsement o r  
recommendation f o r  use. 



INTERNATIONAL JOINT COMM ISSlON 

GREAT LAKES WATER QUALITY BOARD 

May 9, 1980 

I n t e r n a t i o n a l  J o i n t  Commission 
Canada and U n i t e d  S ta tes  

The Great Lakes Water q u a l i t y  Board has accepted t h e  r e p o r t  9 f  t h e  
Ch lo r i ne  Ob jec t i ve  Task. Force and i s  p leased t o  submit  i t  t o  t h e  I n t e r n a t i o n a l  
J o i n t  Commission. 

We w ish  t o  pp_in.t-out-to t h e  Commission t h a t  t h e  process developed by t he  
---. 

Task Force f o r  soc-io-economic __ -- a s s e s s m e n t s - a p p e a r s - t ~ h ~ b ~ f i - t ! f l o ~ s ~ y  
t h c j u r i  .-- s d i c t i o n s ,  -but-not- for-appl- icat  ion-on a  bas inwide bas,isT~ecommenda- 
t i o n  8 ) .  Also, Recommendation 10, which c a l l s  f o r  t h e  IJC and Water q u a l i t y  

4 
Board t o  a s s i s t  t he  j u r i s d i c t i o n s  i n  t h e i r  assessments-seems t o  be - - -- - 
i n c o n s i s t e n t  w i t h  Recommendation __- 8  and the-,c% t o  t h e  IJC and-the Board to '  
LTj <u t t t%  E c o m i d ; i t i o n  - would be excessjue.. iThe sugge~2i.on,,was made t h a t  
t he  Regional  O f f  i c e  migh t  mon i t o r  t h e  a p p l i c a t i o n  o f  such socio-etonomic 
procedures, where t hey  are feas ib le ,  by t h e  j u r i s d i c t i o n s  and r e p o r t  
p e r i o d i c a l l y  on these a c t i v i t i e s .  

Since t h i s  r e p o r t  represen ts  a p i onee r i ng  e f f o r t  f o r  t h i s  t ype  of 
eva lua t i on ,  i t  m igh t  be h e l p f u l  t o  rev iew t h e  reasons f o r  i n i t i a t i n g  t h i s  
study. 

The Great  Lakes Water Q u a l i t y  Agreement o f  1972 was based on a concept o f  
adop t i ng  water  q u a l i t y  o b j e c t i v e s  t o  achieve improved water  q u a l i t y  i n  t h e  
Great  Lakes System. 'These o b j e c t i v e s  were goals t o  be ma in ta ined  o r  achieved 
i n  t h e  boundary waters  through e f f e c t i v e  p o l l u t i o n  c o n t r o l  programs i n  b o t h  
coun t r i es .  The Agreement l i s t e d  General and S p e c i f i c  Water Q u a l i t y  Objec- 
t i v e s ,  and made p r o v i s i o n  f o r  mod i f y i ng  e x i s t i n g  o b j e c t i v e s  and adopt ing  new 
ones. These p r o v i s i o n s  were con t inued  i n  t h e  1978 Great  Lakes Water Q u a l i t y  
Agreement. 

Proposed new and r e v i s e d  water q u a l i t y  o b j e c t i v e s  were recommended t o  t h e  
' I n t e r n a t i o n a l  J o i n t  Commission by t h e  Great Lakes Water q u a l i t y  Board i n  t h e  
Board 's  Annual. Repor ts  f o r  1974, 1975 and 1976. Most o f  these o b j e c t i v e s  were 
t h e  s u b j e c t  o f  p u b l i c  hear ings  by t h e  IJC and were i n c l u d e d '  i n  t h e  1978 
Agreement by  t h e  Pa r t i es .  Not i nc l uded  i n  t he  Agreement were t h e  o b j e c t i v e s  
. f o r  c h l o r i n e ,  ' cyanide, s i l v e r  and temperature.  The Water qua1 i t y  Board was 
asked t o  con t inue  i t s  cons ide ra t i on  o f  these ' ob jec t i ves .  



These water qual  i ty  o b j e c t i v e s  were developed on t he  'bas is  o f  
s c i e n t i f i c a l l y  de fens ib l e  da ta  t o  p r o t e c t  t h e  most s e n s i t i v e  b e n e f i c i a l  use. 
No cons ide ra t i on  was g iven t o  t he  socio-economic i m p l i c a t i o n s  o f  ach iev ing  t he  
o b j e c t i v e .  It was assumed t h a t  t he  j u r i s d i c t i o n s  would cons ider  des ignated 
uses, s o c i a l  and economic f a c t o r s ,  and t e c h n i c a l  capabi 1  i t y  i n  t r a n s l a t i n g  t h e  
o b j e c t i v e s  i n t o  t h e i r  water q u a l i t y  standards and o the r  r e g u l a t o r y  r e q u i r e -  
ments. 

Concern f o r  t he  socio-economic i m p l i c a t i o n  of ach iev ing  t he  o b j e c t i v e s  has 
been expressed on severa l  occasions by t he  IJC and o the rs  and was d iscussed 
d u r i n g  t he  Commission's hear ings  on ob jec t i ves .  

I n  an at tempt  t o  answer these quest ions,  t he  Water q u a l i t y  Board dec ided 
t o  examine t he  p r a c t i c a l i t y  o f  r ev i ew ing  t he  socio-economic impact o f  one 
water  qua l  i t y  o b j e c t i v e .  The c h l o r i n e  o b j e c t i v e  was chosen f o r  t he  t e s t  
because i t  would be app l i ed  on a  broad bas i s  throughout  t he  Great  Lakes 
Basin. Accord ing ly ,  t he  Water q u a l i t y  Board e s t a b l i s h e d  t he  Ch lo r i ne  
Clb ject ive Task Force e a r l y  i n  1978 t o  assess t he  socio-economic impact o f  t he  
proposed c h l o r i n e  o b j e c t i v e  and t he  p r a c t i c a l i t y  o f  implement ing and 
m o n i t o r i n g  r e g u l a t o r y  ac t ions .  Th i s  i s  t he  f i r s t  t ime t h a t  IJC h ~ s  sponsored 
such an economic and s o c i a l  assessment o f  an ambient water  q u a l i t y  o b j e c t i v e .  

Th is  r e p o r t  i s  t he  r e s u l t  of t he  Task Force 's  e f f o r t s .  We t r u s t  t h a t  i t  
w i l l  p rov ide  h e l p f u l  guidance f o r  c a r r y i n g  o u t  socio-economic assessments o f  
water q u a l i t y  o b j e c t i v e s .  

Cochairman 
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The-Ch-lor jne--0bject i~T; iSk-Force- was estXFl - ishEd~to as3esscth> s o c i a l  and 
/ -_ 

- 2 economic i m p l i c a t i o n s  of approaching o r  achiev-ing-the-pr-oposed-ambjent ' ,I 

i o b j e c t - i - v e f o ~ ~ t o ~ a l ~ ~ e s i d u a l  ,,chlorin,e o f  0.~02,m i n  su r f ace  waters  
r e c e i v i n g  e f f l u e n t  f rom mun ic ipa l  sewage t rea tment  p l an t s ,  i n d u s t r i a l  
e s t a b l  ishments and any o t h e r  source o f  cont inuous c h l o r i n e  discharge. An 
a d d i t i o n a l  o b j e c t i v e  o f  t h e  Task Force has been t o  determine t h e  e x t e n t  t o  
which c h l o r i n e  d i s i n f e c t i o n  p r a c t i c e s  c o n t r i b u t e  t o  p o t e n t i a l l y  hazardous 
c h l o r i n a t e d  o rgan ic  chemicals i n  t h e  Great Lakes and i n  d r i n k i n g  water 
supp l i es .  A  t h i r d  major  e f f o r t  i nvo l ved  t h e  i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  
a l t e r n a t i v e  techno log ies  and s t r a t e g i e s  f o r  t h e  d i s i n f e c t i o n  o f  sewage 
t rea tment  p l a n t  e f f l u e n t s  i n  t h e  Basin. 

T h i s  i s  t h e  f i r s t  such socio-economic assessment ever  undertaken f o r  t h e  
Water Q u a l i t y  Board. The methodolog ica l  framework used i n  t h i s  a n a l y s i s  
i d e n t i f i e d  t h e  va r i ous  s o c i a l  and economic consequences t h a t  m igh t  r e s u l t  i n  
t he  course of ach iev ing  a  proposed o b j e c t i v e .  Q u a n t i t a t i v e  measures o f  these 
consequences, t oge the r  w i t h  knowledge o f  how t h e y  a re  d i s t r i b u t e d  among 
d i f f e r e n t  groups o r  sec to rs ,  a re  necessary t o  make assessments t h a t  w i l l  l e a d  
t o  choices about which ac t i ons  t o  take.  

The Task Force d m d ~ t i e - a - t  I.- --- ~a?-t i o n  a  1  ecom icTCF t=beTe f  i t 
@@ljKis7xeiTis$-because~ei t her  _--A- quant i t a t  ive-bi.01 og_ical_-data _nor doflar 
Valie-_estimatetes of c e r t a i n  key_cp_nsequences-;3 i .e. t h e  changes i n  damages t o  
aqua t i c  1  i f e  and t h e  changes i n  r i s k - tFhUGn  hea l th ,  were ava i l ab le .  
Never the less,  t h e  s tudy  s p e c i f i e d  t h e  k inds  o f  da ta  and i n f o r m a t i o n  t h a t  
j u r i s d i c t i o n a l  agencies should compi le  i n  o rder  t o  make s o c i a l  and economic 
assessments o f  t h i s  nature.  

A r ev i ew  o f  c h l o r i n e  p roduc t i on  and use da ta  f o r  t h e  U n i t e d  ,States and 
Canada was undertaken t o  'ga in  an economic overv iew o f  t h e  i ndus t r y .  The : 

sources and r e 1  a t i  ve importanc.e~of~~r_ee~and~.comb_i_n_e_d~c.h1_or~i ne r e s i d u a l  s  were ----- - ~ - -  
a1 so exami ned. Sewage __ __- treatment-pll-an-ts-constitu-te=tthe- majo.r,conti nuo.usXuy_c~e. 

- .- - ~\._ 
cfif --;<omb~i ned--ch 1-or-i n e r e 5 i l G l ? _ T h F f i o X ~ f  c  hl-ori-n~a-t-ed<o~gan l c - res  i du e y  -- - - 
-gene ra ted  a t  s,ewage: t reatment-p lant  s2e~-m-i-n-i-s.cul.e_c_omp ared-wj_t.hLh.e 
c h l  o r  i n a t e d - - r e s i - d u a l - s - d - i - s , c h a r _ g e d - b m  However, v e r y  1  i tt l  e  o f .  these  C res idues  ---;--- f i n d  t h e i r  way i n t o  d r i n k i n g  water supp l ies .  The p r ima ry  source o f , :  
c h l o r i n a t e d  o rgan ic  compounds i n  mun ic ipa l  water supp l i es  i s  t h e  r e s u l t  of 
i n - p l a n t  c h l o r i n a t i o n  which combines w i t h  humic m a t t e r  i n  t h e  raw source o f  
water. 

To t h e  e x t e n t  t h a t  achievement o f  t he  o b j e c t i v e  w i l l  e n t a i l  changes i n  
sewage t rea tment  p l a n t  e f f l u e n t  d i s i n f e c t i o n  and c o o l i n g  water b i o f o u l i n g  
c o n t r o l  p r a c t i c e s ,  t h r e e  i n t e r r e l a t e d  consequences of e f f e c t s  a re  most 
p e r t i  nent:  



1. t h e  p r o t e c t i o n  o f  p u b l i c  h e a l t h  f r om  b a c t e r i a l  con tamina t ion  i n  raw 
water suppl  i es and r e c r e a t i o n a l  waters; 

2. t h e  p r o t e c t i o n  of aqua t i c  l i f e ,  e s p e c i a l l y  f r om  c h l o r i n e  t o x i c i t y  and 

,. 3. t h e  f i n a n c i a l  cos t s  of d i s i n f e c t i n g  e f f l u e n t s  o r  b i o f o u l i n g  c o n t r o l .  

M i c r o b i o l o g i c a l  o b j e c t i v e s ,  d i s i n f e c t i o n  p r a c t i c e s  and p o l i c i e s  t h a t  a re  
c u r r e n t  f o r  t h e  Great  Lakes j u r i s d i c t i o n s  a re  reviewed. The u n c e r t a i n t i e s  
about c u r r e n t  d i s i n f e c t i o n  p r a c t i c e s  and t h e  debate among r e l e v a n t  a u t h o r i t i e s  
about sewage t rea tment  p l a n t ,  e f f  1  uents  a re  surnniarized. 

The problems i n v o l v e d  i n  d e f i n i n g  m i x i n g  o r  l i m i t e d  use zones a re  
exp la ined .  D i f f e r e n t  s i zes  of m i x i n g  zones were n o t  e x p l i c i t l y  cons idered  i n  
t h e  e v a l u a t i o n  o f  d i s i n f e c t i o n  op t ions ,  p r i m a r i l y  because t h e r e  i s  no s i n g l e ,  
accepted c r i t e r i o n  o r  parameter f o r  de te rm in i ng  t h e  s i z e  o f  such a  zone. 

C h l o r i n a t i o n  f o r  b i o f o u l i n g  c o n t r o l  i n  i n d u s t r i a l  and power p l a n t  c o o l i n g  
water  r e s u l t s  i n  a  l e s s  p r o b l e ~ n a t i c  i n t e r m i t t e n t  d i scharge  o f  r e s i d u a l  
c h l o r i n e .  Never the less,  t h e r e  appears t o  be adequate t e c h n i c a l  3nd r e l a t i v e l y  
low c o s t  methods o f  r educ ing  t h e  use o f  c h l o r i n e  o r  e l i m i n a t i n g  t h e  r e s i d u a l s  
a l t o g e t h e r  f r om  these  sources where l o c a l  c o n d i t i o n s  r e q u i r e  i t. 

The t r a i n  de ra i lmen t  i n  Mississauga, O n t a r i o  on November 10, 1979 and t h e  
subsequent evacua t ion  o f  250,000 r e s i d e n t s  because o f  t h e  r e 1  ease o f  c h l o r i n e  
gas f r om a  s i n g l e  r a i l w a y  tank c a r  i l l u s t r a t e s  t h e  magnitude o f  r i s k s  
assoc ia ted  w i t h  t h e  t r a n s p o r t a t i o n ,  s t o rage  and use o f  c h l o r i n e .  However, t h e  
a c t u a l  amounts o f  c h l o r i n e  used f o r  sewage t r ea tmen t  e f f l u e n t  d i s i n f e c t i o n  
appears t o  be smal l  r e l a t i v e  t o  t h e  t o t a l .  R isk  o f  t r a n s i t  acc i den t s  would 
p robab l y  n o t  be s i g n i f i c a n t l y  a l t e r e d  by  a  r e d u c t i o n  i n  c h l o r i n e  use i n  t h i s  
sec to r .  

Var ious sewage t r ea tmen t  p l a n t  e f f  1  uen t  d i s i n f e c t i o n  t echno log ies  and 
systems a re  i d e n t i f i e d  and eva luated.  Of t hose  cons idered,  o n l y  ozona t ion  and 
u l t r a v i o l e t  l i g h t  a re  s u f f i c i e n t l y  developed t o  be i n s t a l l e d  i n  a p p r o p r i a t e  
e x i s t i n g  o r  new sewage t rea tment  p l a n t s  and appear t o  genera te  no p rob lema t i c  
by-products .  To da te  t h e r e  i s  no pub l i shed  evidence as t o  t h e  degree of 
t o x i c i t y  o f  these  by-products.  Researchers are, however, endeavour ing t o  f i n d  
t h e  answers. I t  i s  a l s o  no ted  t h a t  b a c t e r i a l  con tamina t ion  o f  s u r f a c e  waters  
c o u l d  r e s u l t  from a  v a r i e t y  of sources of which o n l y  sewage t r ea tmen t  p l a n t  
e f f l u e n t s  a re  p r e s e n t l y  d i s i n f e c t e d .  

Seven d j s i n f e c t i o n  s t r a t e g i e s  a re  i d e n t i f i e d  which c o u l d  be implemented t o  
he lp  move toward o r  ach ieve t h e  c h l o r i n e  o b j e c t i v e .  These s t r a t e g i e s  c o u l d  be 
implemented by j u r i s d i c t i o n s  o r  over  t h e  e n t i r e  Basin. ~ s ' s u m i n ~  
implementat ion over  t h e  e n t i r e  Basin, t h e  s t r a t e g i e s  were t hen  eva lua ted  i n  
terms o f  s i x  key c r i t e r i a :  

1. progress toward meet ing t h e  o b j e c t i v e ;  
2. f i n a n c i a l  i m p l i c a t i o n s  f o r  ope ra to r s  o f  e x i s t i n g  sewage t rea tment  

p l an t s ;  
3. e f f e c t s  on aqua t i c  l i f e ;  
4. p u b l i c  h e a l t h  r i s k ;  
5. government enforcement a c t i v i t i e s  and 
6. p o s s i b l e  employment imp1 i c a t i o n s .  

- 2 -  



F i n a l  ly, t he  imp1 i c a t i o n s  f o r '  new..and expanded sewage..,tr&itment p l  an ts  a re  .. 

no ted a1 ong w i t h  severa l  comments on the,  implementaf. ion o f '  t h e ' s t r a t e g ' i e s  by . , , , . . . . .  . . .  . . . , 
t h e  r e l e v a n t  j u r i s d i c t i o n s .  . . . . : . .  

. . .  . . . ;  . . . . .  8 . ,  
. . 
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1. Economic and soc i  a1 assessments o f  environmental  o b j e c t i v e s  can be he1 p f u l  
i n  s e t t i n g  p r o j e c t  p r i o r i t i e s ,  i d e n t i f y i n g  l e a s t  c o s t  techno log ies  and 
j u s t i f y i n g  r e g u l a t o r y  o r  enforcement ac t ions .  

2. ~ o r t h  American c h l o r i n e  ' p roduc t i on  t o t a l s  approx imate ly  11 m i  11 i o n  tonnes 
per  annum. Only about 5% o f  . t h i s  p roduc t i on  i s  used ' f o r  purposes o f  water 
and wastewater d i s i n f e c t i o n .  ' Power p l a n t  i n t e r m i t t e n t u s a g e  i s  
s i g n i f i c a n t l y  sma l le r  than mun ic ipa l  usage. . . 

3 .  There i s  1  i t t l e  documentation o f  i d e n t i f i e d  r e s i d u a l  c h l o r i n e  problem 
areas i n  t he  Great Lakes. Consequently, t h e .  benef i t s  .of approachi ng o r  

a c h i e v i n g  t h e  c h l o r i n e  o b j e c t i v e  i n  terms o f  p r o t e c t i n g  aqua t i c  l i f e  a re  
d i f f i c u l t  t o  determine w i t h  any accuracy. 

. . 

4. The c o n t r i b u t i o n  of c h l o r i n a t e d  o rgan ics  due t o  c h l o r i n a t i o n  by sewage 
t rea tment  and power p l a n t s  i s  i n s i g n i f i c a n t  when compared w i t h  i n d u s t r i a l  
d ischarges. 

5. I n d u s t r i a l  c o n t r i b u t i o n s  o f  r e s i d u a l  c h l o r i n e  d ischarges a r e  minimal 
compared w i t h  mun ic ipa l  and power p l a n t  sources. 

6. There i s  s u b s t a n t i a l  evidence t o  i n d i c a t e  t h a t  most o f  t h e  halomethanes 
and o ther  ch lo ro -o rgan i cs  found  i n  t r e a t e d  d r i n k i n g  water a re  formed by 
t h e  c h l o r i n a t i o n  o f  humic ma t te r  du r i ng  ac tua l  d r i n k i n g  water t rea tment  
and t h a t  t hey  do n o t  en te r  t h e  p l a n t  f rom i n d u s t r i a l  o r  mun ic ipa l  waste 
discharges. 

7. Hea l t h  and s a n i t a r y  eng ineer ing  a u t h o r i t i e s  are n o t  unanimous about t h e  
need f o r  d i s i n f e c t i o n  o f  wastewaters o r  about t h e  h e a l t h  r i s k s  assoc ia ted  
w i t h  reduced d i s i n f e c t i o n  o r  i t s  re levance  t o  b reak ing  cyc les  o f  p o t e n t i a l  
water borne i n f e c t i o u s  diseases. The Task Force concludes t h a t  t h e  
e l i m i n a t i o n  o f  d i s i n f e c t i o n  year-round i s  a  v i a b l e  o p t i o n  t o  be considered. 

8. J u r i s d i c t i o n s  can make t h e i r  own assessment o f  m i x i n g  zone s ize .  
Allowance f o r  m i x i n g  zones w i l l  then m i t i g a t e  o r  o therw ise  a l t e r  c e r t a i n  
consequences, i.e. p o s s i b l y  r e s u l t  i n  lower f i n a n c i a l  cos t s  o f  ach iev ing  
t h e  o b j e c t i v e  o r  i n  an inc rease  i n  t he  r i s k  and damage t o  aqua t i c  l i f e .  

9. A l though t h e  proposed c h l o r i n e  o b j e c t i v e  i s  n o t  in tended f o r  i n t e r m i t t e n t  
c h l o r i n e  d ischarges f r om power p l an t s ,  t h e r e  i s  scope f o r  m in im iz i ng  t h e  
a p p l i c a t i o n  o f  ch lo r i ne .  Hence, t h e  r e d u c t i o n  i n  c h l o r i n e  r e s i d u a l  
load ings  i n  a  number of power p l a n t s .  Where problems and damages t o  
aqua t i c  l i f e  warrant,  d e c h l o r i n a t i o n  appears t o  be a  f e a s i b l e  means of 
e l i m i n a t i n g  hazards t o  aqua t i c  l i f e  u n t i l  o t he r  mechanisms f o r  b i o f o u l i q g  
c o n t r o l  t h a t  do no t  use c h l o r i n e  a re  developed. 

10. Some 150 c h l o r i n e  r e l a t e d  acc iden ts  are r e p o r t e d  annua l l y  i n  Canada and 
t h e  U n i t e d  States.  The p o t e n t i a l  f o r  acc iden ts  and s i g n i f i c a n t  damage t o  



people and p r o p e r t y  w i l l  con t i nue  t o  e x i s t  wherever c h l o r i n e  i s  
t ranspor ted ,  s t o red  o r  used i n  l a r g e  amounts. Reducing o r  e l i m i n a t i n g  
sewage t rea tment  p l a n t  e f f l uen t  c h l o r i n a t i o n  would n o t  l i k e l y  
s i g n i f i c a n t l y  reduce t h e  frequency of t r a n s p o r t a t i o n  acc iden ts  because of 
the  r e l a t i v e l y  smal l  c h l o r i n e  usage f o r  purposes o f  d i s i n f e c t i o n .  

11. For e x i s t i n g  sewage t reatment  p l a n t s  i n  t h e  Basin, t h e  a l t e r n a t i v e  
techno log ies  t o  c h l o r i n e  d i s i n f e c t i o n  cannot be r e t r o f i t t e d  a t  t h e  present  
t ime w i t h  c e r t a i n t y  of e f f e c t i v e n e s s  and w i t h o u t  upgrading e f f l u e n t  
q u a l i t y  i n  most p l a n t s .  Ozone and u l t r a v i o l e t  r a d i a t i o n  techno log ies  may 
be a p p l i e d  i n  new p l a n t s  o r  where p l a n t s  a re  expanded o r  a re  produc ing 

. upgraded e f f  1  uents  . 
12. S t ra teg ies  cons idered r e l e v a n t  f o r  moving toward and/or ach iev ing  t h e  

c h l o r i n e  o b j e c t i v e  i n  sewage t reatment  p l a n t s  inc lude :  

a) improve t he  e f f i c i e n c y  o f  p resen t  c h l o r i n e  d i s i n f e c t i o n  p rac t i ces ;  

b )  implement seasonel d i s i n f e c t i o n  i n  a l l  Great  Lakes p l an t s ;  

c )  add d e c h l o r i n a t i o n  t o  present  ch lo r i .ne  d i s i n f e c t i o n  prozesses and 
p rac t i ces ;  

d) i n s t a l  1  a1 t e r n a t i v e  d i s i n f e c t i o n  technolog ies;  

e )  e l  im i  na te  d i s i n f e c t i o n  a1 t oge the r  and 

f )  improve o u t f a l l  d i f f u s i o n  s t r .uc tu res .  

13. The f o l l o w i n g .  a re  summaries o f  t h e  consequences o f  each d i s i n f e c t i o n  
' 

. s t r a t e g y  based on a  q u a l i t a t i v e  e v a l u a t i o n  by Task Force members: 

a) Con t i nua t i on  of c u r r e n t  p r a c t i c e s  would r e s u l t  i n  annual expendi tures 
i n  t h e  o rder  o f  $4.2 m i l l i o n  i n  Canada and t h e  U n i t e d  S ta tes  f o r  
c h l o r i n e  used i n  d i s i n f e c t i o n .  Damages t o  aqua t i c  l i f e  and h a b i t a t  
a re  presumed t o  be o c c u r r i n g  a l though t h e r e  a re  no sys temat ic  o r  
aggregate da ta  t o  i l l u s t r a t e  t h e  magnitude o f  e f f e c t s .  

b )  More e f f i c i e n t  c h l o r i n a t i o n  cou ld  be undertaken a t  many l o c a t i o n s  
w i t h  l i t t l e  o r  no f i n a n c i a l  cos t ,  w i t h  presumed reduc t i ons  i n  damages 
t o  aqua t i c  l i f e  and h a b i t a t  and w i t h  no change i n  p u b l i c  h e a l t h  r i s k .  

c )  Seasonal c h l o r i n a t i o n  cou ld  be implemented on a  wider  b a s i s  i n  t h e  
Un i t ed  S ta tes  j u r i s d i c t i o n s  w i t h  a  maxi~num p o t e n t i a l  f i n a n c i a l  sav ing 
of about $1.5 m i l l i o n  per  year,  w i t h  reduced damages t o  aqua t i c  l i f e  
and h a b i t a t  d u r i n g  t h e  non -ch lo r i na t i on  season and w i t h  no,perce ived 
changes i n  p u b l i c  h e a l t h  r i s k .  

d) D e c h l o r i n a t i o n  w i t h  su lphur  d i o x i d e  cou ld  be i n s t a l l e d  on about 116 
Great Lakes Basin p l a n t s  i n  t h e  U n i t e d  States and Canada a t  an 
approximate c a p i t a l  c o s t  o f  $23.8 mi 11 ion .  These f a c i  1  i t i e s  would 
cos t  approx imate ly  an a d d i t i o n a l  $5 m i l l i o n  pe r  year  t o  operate.  
Damages t o  aqua t i c  l i f e  and h a b i t a t  f rom c h l o r i n e  would be reduced 
and t h e r e  would be no perce ived  change i n  h e a l t h  r i s k s .  



e) I f  wastewater d i s i n f e c t i o n  were t o  be e l i m i n a t e d  e n t i r e l y  throughout  
t h e  Basin, t h e  c h l o r i n e  o b j e c t i v e  would be achieved and t h e r e  would 
be an approximate sav ing  o f  $4.2 m i l l i o n  per  year.  Aquat i c  l i f e  and 
h a b i t a t  would be p r o t e c t e d  year-round b u t  r i s k s  t o  p u b l i c  h e a l t h  
would be perce ived  t o  be increased, e s p e c i a l l y  i n ' t e r m s  o f  
r e c r e a t i o n a l  waters. 

14. The f e a s i b i l i t y  o f  i n s t a l l i n g  d i f f u s e r s  w i l l  have t o  be determined on a  
case-by-case bas is .  D i f f u s e r s  are, i n  any event, more app rop r i a te  f o r  new 
and upgraded p l  ants.  

15. Eva lua t ions  of t he  s t r a t e g i e s  l e a d  t h e  Task Force t o  conclude t h a t  more 
e f f i c i e n t  c h l o r i n a t i o n  and seasonal c h l o r i n a t i o n  i n  t h e  U n i t e d  S ta tes  
p l a n t s  cou ld  be implemented immediate ly  w i t h  s u b s t a n t i a l  b e n e f i t  and 
l i t t l e  o r  no added cos t .  

16. Dec is ions  about changes i n  d i s i n f e c t i o n  p r a c t i c e s  w i l l  be made a t  t h e  
s t a t e ,  p r o v i n c i a l  and sometimes a t  t h e  l o c a l  l e v e l .  I t  i s ,  t he re fo re ,  
c l e a r  t o  t he  Task Force t h a t  t h e  de ta i l ed ,  q u a n t i t a t i v e  f i e l d  and case 
s t u d i e s  necessary t o  make these dec i s i ons  a re  more a p p r o p r i a t e l y  
accomplished by t h e  r e l e v a n t  agencies o f  these j u r i s d i c t i o n s .  

(RECOMMENDATIOIVS7 

The Task F o r c e  recornmends t h a t :  

1. A l l  j u r i s d i c t i o n s  under take t o  improve t h e  e f f i c i e n c y  o f  p resen t  
c h l o r i n a t i o n  p r a c t i c e s  where c o s t  sav ings warrant.  

2. The U n i t e d  S ta tes  j u r i s d i c t i o n s  cons ider  -implement.ing seasonal 
d i s i n f e c t i o n  as i s  p e r m i t t e d  i n  O n t a r i o  under de f i ned  circumstances. 

. . 

3.  Before embarking on new and r e f i n e d  wastewater d i s i n f e c t i o n  techno log ies ,  
resources should be devoted t o  irr~prov-ing and upgrading mun ic ipa l  
wastewater t rea tment  f a c i l i t i e s .  

4. D e c h l o r i n a t i o n  f a c i l i t i e s  be cons idered o n l y  f o r  those l o c a t i o n s  where 
docunlentation shows subs tan t i ve  damages t o  a q u a t i c  l i f e .  

5. For  p r o j e c t e d  new and expanded sewage t rea tment  p l a n t s ,  j u r i s d i c t i o n s  
shou ld  

a) des ign t h e  f a c i l i t i e s  t o  achieve b e t t e r  e f f l u e n t  q u a l i t y  than  i s  
p r e s e n t l y  t h e  norm; 

b )  i n c o r p o r a t e  non-ch lo r ine  d i s i n f e c t i o n  techno log ies ,  i n c l u d i n g  
d i f f u s e r s  if warranted and 

c )  s tudy  methods and t h e  f e a s i b i l i t y  o f  implement ing no d i s i n f e c t i o n .  



6. The Water Q u a l i t y  Board and t h e  c o n s t i t u e n t  j u r i s d i c t i o n s  use t h e  r e p o r t :  

a) as a  framework f o r  conduct ing assessment o f  o t h e r  water q u a l i t y  
ob jec t i ves ;  

b )  as a  gu ide i n  making in formed dec i s i ons  as t o  how, where, when and t o  
what .ex ten t  t h e  c h l o r i n e  o b j e c t i v e  migh t  be achieved; 

c )  as a  gu ide  f o r m u n i c i p a l  a u t h o r i t i e s  i n  develop ing implementat ion 
programs and 

d) as evidence i n  suppor t  o f  r e l e v a n t  r e g u l a t o r y  a c t i o n s  by s ta te ,  
p r o v i n c i a l  o r  f e d e r a l  a u t h o r i t i e s .  

7. Where changes i n  d i s i n f e c t i o n  p r a c t i c e s  and p o l i c i e s  o the r  than  those  
noted i n  Recommendations 1 and 2 a re  contemplated, agencies i n  t h e  

J j u r i s d i c t i o n s  should under take t h e  necessary s o c i  a1 , economic and r i s k  
assessments. 

8. Fu tu re  soc i  o-economic assessments o f  proposed o b j e c t i v e s  shou ld  b e  c a r r i e d  
S-( o u t  by t h e  j u r i s d i c t i o n s .  . . 

9. A1 1  j u r i s d i c t i o n s  under take (as i s  f e a s i b l e )  t o  document env i ronmenta l  

d 
e f f e c t s  and damages t o  aqua t i c  l i f e  and h a b i t a t  i n  a  q u a n t i t a t i v e ,  
systemat i c  and comparable manner. 

10. The IJC and t h e  Water Q u a l i t y  Board a s s i s t  t h e  j u r i s d i c t i o n s  by: 

a) e s t a b l i s h i n g  a  l i s t  o f  t h e  personnel t h a t  would be a v a i l a b l e  f r om t h e  

"1 member j u r i s d i c t i o n s  t o  p r o v i d e  e x p e r t i s e  on these  t op i cs ;  

b )  deve lop ing  c r i t e r i a  upon which t o  base a  recommendation t o  under take 
a  soc i  o-economic .assessment; 

c )  i d e n t i f y i n g  t o  t h e  r e l e v a n t  j u r i s d i c t i o n s  where s o c i a l ,  economic and 
r i s k  assessments should be undertaken; 

d)  develop ing methods f o r  measuring env i ronmenta l '  e f f e c t s  and damages t o  
aqua t i c  1  i f e  and h a b i t a t ;  

e )  d issemina t ing  t h e  r e s u l t s  o f  these  s t u d i e s  and 

f )  i n c o r p o r a t i n g  s o c i  a1 and economic f a c t o r s  i n t o  o the r  r e l e v a n t  
committees, subcommittees and task  forces.  For  example, t h e  Aquat i c  
Ecosystem Ob jec t i ves  Committee cou ld  i d e n t i f y  and rev iew  t h e  va r i ous  
consequences o f  severa l  p o s s i b l e  o b j e c t i v e  1  eve1 s  f o r  a  g i ven  
contaminant.  



11. The f o l l o w i n g  recommendation o f  the  Remedial Programs Subcommittee be 
acted upon: d 

"The W a t e r Q u a l i t y  Board supports t he  development o f  gu ide l i nes  by 
t h e  j u r i s d i c t i o n s  f o r  s e l e c t i o n  of s i t e s  where c h l o r i n a t i o n  
requirements can be re laxed  w i thou t  adversely  a f f e c t i n g  p u b l i c  
heal th . "  (Remedi a1 Programs Subcommi t t e e ,  1975, p. 2 )  



1 
BACKGROUND AND STUDY OBJECTIVES 

I n  t h e  1974 Annual Report, t h e  Water Qual i t y  Ob jec t i ves  Subcommittee 
proposed t h a t  t h e  maximum ambient concen t ra t i on  o f  t o t a l  r e s i d u a l  c h l o r i n e  be 
0.002mg/L i n  t h e  boundary waters of t h e  Great  Lakes. The Water Q u a l i t y  Board 
subsequent ly  d i r e c t e d  t h e  S u r v e i l l a n c e  and t h e  Remedial Programs Subcommittees 
t o  r e p o r t  on t h e  t e c h n i c a l  capab i l  i t i e s  f o r  m o n i t o r i n g  such low concen t ra t i ons  
o f  c h l o r i n e  i n  water and t o  i n v e s t i g a t e  methods f o r  ach iev ing  t h e  proposed 
o b j e c t i v e .  A  C h l o r i n e  O b j e c t i v e  Task Force was c o n s t i t u t e d  i n  1975 t o  s tudy  
these  i ssues  i n  d e t a i l .  

The f i r s t  C h l o r i n e  O b j e c t i v e  Task Force submi t ted  i t s  r e p o r t  i n  1976 
( C h l o r i n e  O b j e c t i v e  Task Force, 1976). The key f i n d i n g s  were t h a t  
d i s i n f e c t i o n  o f  sewage t rea tment  p l a n t  d ischarges were r e q u i r e d  t o  p r o t e c t  
p u b l i c  h e a l t h  and t h a t  i t  would be t e c h n i c a l l y  imposs ib le  t o  ach ieve t h e  
proposed c h l o r i n e  o b j e c t i v e  a t  a l l  t imes and i n  a l l  l o c a t i o n s .  Some 
procedura l  g u i d e l i n e s  t o  he lp  e f f e c t  r educ t i ons  i n  t h e  use o f  c h l o r i n e  a t  
mun ic ipa l  wastewater t rea tment  p l a n t s  were a l s o  presented. The f i r s t  Task 
Force noted t h a t  t h e r e  were severa l  t e c h n i c a l  issues t h a t  needed f u r t h e r  s tudy  
and i t  emphasized t h a t  t h e  cos t s  o f  implement ing t h e  o b j e c t i v e  cou ld  be ve ry  
high. 

It should be noted here t h a t ,  ~traiti-o?lal-1rthFWZtTQTal-ixObj_eC_tires 
~ l ; i b ~ i t ~ - b ~ d - i t s  ___--- recommendzt-ions e n t - i T G l y t t e c h T i E i 1 - 3 i n d - b i o l o g i c a l  7 
kriter-iTi-~hat-Ls~,-a_t-ar~et ambient c o n c e n t E f l o n  was chosen such-that-thece 

//- -- 
- -- =-; ---- 

would be no known e f f z t s  on_aq~t i imT$-@~c-onomic  a d - % % i 3  i m p 1  icati-o-nEJ 
(welT?-ottlexpl i5i t l m n c i  dered; j However, i n  a d d i t i o n  t o  t h e  f%dinTs-of t h e  
C h l o r i n e  Ob-jeTf is Task Force, o the r  p a r t i e s  have expressed concerns t o  t h e  
I J C  and t h e  Water Q u a l i t y  Board about t h e  cos t s  o f  ach iev ing  va r i ous  water 
qua1 i t y  o b j e c t i v e s .  

Consequently, i n  e a r l y  1978 t h e  R & T t T Q i R l i t r d  decided t o  address 
these  economic concerns and i t  F i x t e d  t h a t  aTKsessm& o f  t h e  economjcJand -- 
sot i 2 - i m p l - i c t i  o ~ ~ f ~ k i ~ i ~ t h G 6 l o r i F 5 b - j e c t  i ve be under t  a k e q  It L--- -----------p 
f u r t h e r  d i r e c t e d  t h a t  t h e  f Z K a t i o n  o f  an O b j e c t i v e  Assessment Subcommittee be 
considered. I t  was env is ioned  t h a t  t h i s  subcommittee cou ld  p rov ide  economic 
and s o c i a l  i n p u t  i n  s e t t i n g  o b j e c t i v e s  and i t  c o u l d  assess t h e  economic 
f e a s i b i l i t y  o f  ach iev ing  o b j e c t i v e s  a l r eady  e s t a b l i s h e d  on t h e  b a s i s  o f  
s c i e n t i f i c  o r  human h e a l t h  c r i t e r i a .  

The p resen t  C h l o r i n e  O b j e c t i v e  Task Force i s ,  t he re fo re ,  seen as a  t e s t  
case f o r  under tak ing  s o c i a l  and economic assessments o f  proposed water q u a l i t y  
o b j e c t i v e s  under t h e  aegis  o f  t h e  Great  Lakes Water Qual i t y  Board. 



The Terms o f  Reference f o r  t h i s  present  Task Force a re  as f o l l o w s :  

The Chlorine Objective Task Force will assist the 
Objectives Assessment Subcommittee (0s) in assessing 
the economic, social and regulatory aspects of water 
quality objectives by assessing the specifically 
proposed chlorine objective and interacting with the 
Aquatic Ecosystem Objectives Committee (AEOC). 

The former Chlorine Objective Task Force was able 
to carry out the first six of its seven terms of 
reference. This seventh item is the basis for this 
set of references to examine the socio-economic and 
technical implications involved in the achievement of 
the objective. The new terms of reference were 
specifically developed to extend the study of the 
chlorine objective to include the study of 
socio-economic and technical aspects of adopting the 
objective . 

1. By how much and by what means could the operation 
of municipal wastewater treatment plants and 
industrial processes be changed to minimize the 
discharge of chlorine to the Great Lakes? 

2. Determine the costs associated with alternatives 
to the process of chlorination. 

3. Determine the practicability of such alternatives 
given the present technology in use in the Basin. 

4. ;. Consideration of the above by making explicit 
assumptions regarding effluent limitations and/or 
mixing zones. 

5. Determine the above by studying two or more 
specific sites in the Great Lakes which would 
allow the full examination of the above factors. 

The p r ima ry  o b j e c t i v e  o f  t h e  Task Force i s  t o  assess t h e  s o c i a l  and 
economic -implications o f  approaching o r  ach iev ing  t h e  ambient o b j e c t i v e  f o r  
t o t a l  r e s i d u a l  c h l o r i n e  o f  0.002 mg/L by c o n t r o l 1  i n g  and/or a1 t e r i n g  
cont inuous c h l o r i n e  exposure f rom any source, p a r t i c u l a r l y  mun i c i pa l  sewage 
t rea tment  p l an t s .  The general  i n t e r p r e t a t i o n  o f  t h i s  o b j e c t i v e  i s  t h a t  i t  i s  
no t  meant t o  r e f e r  t o  i n t e r m i t t e n t  d ischarges by  i n d u s t r y  o r  power p l an t s .  An 
a d d i t i o n a l  o b j e c t i v e  o f  t h i s  s tudy  has been t o  determine t h e  e x t e n t  t o  which 
c h l o r i n e  d i s i n f e c t i o n  p r a c t i c e s  c o n t r i b u t e  t o  p o t e n t i a l l y  hazardous 
c h l o r i n a t e d  o rgan i c  chemicals i n  t h e  Great  Lakes and i n  d r i n k i n g  water 
supp l ies .  

The Task Force has conf ined i t s  e f f o r t s  t o  d ischarges t h a t  went d i r e c t l y  
i n t o  t h e  Great  Lakes, t h e i r  i n t e r c o n n e c t i n g  channels and t h e  f i r s t  f i v e  
k i l o m e t e r s  o f  c e r t a i n  t r i b u t a r y  r i v e r s .  



The p r e s e n t  r e p o r t  completes a l l  Terms o f  Re fe rence  excep t  t h e  case 
s t u d i e s .  Case s t u d i e s  were n o t  c a r r i e d  o u t  because t h e  Task Force  conc luded  
t h a t  t h e y  would n o t  a l t e r  o r  r e s u l t  i n  any s u b s t a n t i v e  changes i n  Task F o r c e  
c o n c l u s i o n s  o r  recommendations. Such d e t a i l e d  case s t u d i e s  a r e  more 
a p p r o p r i a t e l y  c a r r i e d  o u t  b y  t h e  j u r i s d i c t i o n s .  Suggest ions f o r  such s t u d i e s  
a r e  no ted  i n  Chapters  2, 9 and i n  t h e  Summary, Conc lus ions  and Recommendations. 

I t  i s  recommended t h a t  t h e  Water Q u a l i t y  Board and t h e  c o n s t i t u e n t  
j u r i s d i c t i o n s  use t h e  repor t - :  

1. as a framework f o r  c o n d u c t i n g  assessments o f  o t h e r  ambient  wa te r  
qua1 i ty  o b j e c t i v e s ;  Xl 

2. as a gu ide  i n  making i n f o r m e d  d e c i s i o n s  as t o  how, where, when and t o  
what e x t e n t  t h e  c h l o r i n e  o b j e c t i v e  ough t  t o  be achieved; @' 

3. as a g u i d e  t o  m u n i c i p a l  a u t h o r i t i e s  i n  d e v e l o p i n g  i m p l e m e n t a t i o n  # 
programs and 

4. as ev idence  i n  s u p p o r t  o f  r e l e v a n t  r e g u l a t o r y  a c t i o n s  hy  s t a t e ,  V 
p r o v i n c i a l  o r  f e d e r a l  a u t h o r i t i e s .  



COMMENTS ON METHODOLOGY 

I n t r o d u c t i o n  
-.__. -- .-- .-- - 

Eh_lsj s t he f  1 r s  t economic and soc i  a l _ - a s s e s s m e n t ~ o f ~ a c h i e v - i  ng-an--amblentJ 
/water q u a l i t y  ob ject ive?sponsored by t h e  IJC. The concepts and methods t h a t  
' h v e  been-used-i n - t h - i ~ i t u d y  may a1 so be appl  i e d  t o  f u t u r e  socio-economic 
assessments of o the r  water q u a l i t y  o b j e c t i v e s  and w i l l ,  t he re fo re ,  be 
exp la i ned  i n  some d e t a i l .  

Expl anat i on of t h e  Methodolosy 

The achievement of s p e c i f i c  ambient l e v e l s  o f  c h l o r i n e  o r  m i x i n g  zone 
c o n f i g u r a t i o n s  may r e q u i r e  t h a t  t h e  d ischarge o f  c h l o r i n e  r e s i d u a l s  f r om 
c e r t a i n  sources, e.g. i n d u s t r i a l  f a c i l i t i e s ,  sewage t rea tment  p l a n t s  o r  power 
p l a n t s  be c u r t a i l e d .  The t e c h n i c a l  methods of implement ing these  c u r t a i l m e n t s  
can be s p e c i f i e d .  The eonsequences;of under tak ing  t h e  ac t i ons  necessary t o  
achieve t h e  o b j e c t i v e  ~71.1- i~ l lde-one o r  more o f  t h e  f o l  lowing:  

. -  . -_ 
a) changes i n  ~ e c ~ - f - i . n a n c ~ _ a l - c o s ~ s  of wastewater d i  s  i n f  e c t  i on o r  

b i o f o u l i n g  c o n t r o l ;  

-- 
b)  changes i n  t h e  s-a1 es and-rev-enues-to-the-ch1.0~i-ne-product-i on-and 

packaging i n d u s t r i e s  t h a t  r e s u l t  f rom t h e  changes i n  c h l o r i n e  demand; 

c )  changes -in sX l~andTeTenues- to -sec to rs - tha t -p roduce-a1  t e r n a t  i ve 
d  i s  i n f  ec t i on ; Z t i i i o l ~ ~ ~  

d) changes i n  (empl%jjiGiJi - i n  a l l  sec to r s  d i r e c t l y  a f f ec ted ;  

e )  changes i n  p m n t e f f o r t  re_q.ujE_d? t o  imp1 ement t h e  o b j e c t i v e ;  

f )  changes i n  s ta te ,  p r o v i n c i  a1 and f e d e r a l  ~ ~ t T f f O r t - ~ o  
cmp-lement-the-objert- iKand mon i t o r  t h e  ambient cond i t i ons ;  
- 

g) changes i n  the(FiSK1 and dam.ag.es2from-p-atho-gens' found i n  sewage; 

h )  changes -in ~ i 3 k ~ d ~ d ~ g e S f ~ . ~ 1 1 0 r i i n a t e d ~ o r _ g a n ~ . c ~ c o m p o ~ ~ 3 ;  

i ) changes i n  fiiSk c a u s e d - b m i - d G i t J  _ _ -  t h a t  occur du r i ng  t h e  
t r a n s p o r t a t i o n  and use o f  c h l o r i n e ;  

'Chance o r  p r o b a b i l i t y  of exposure t o  pathogens, chemica ls  and t h e i r  adverse 
ef fects .  

2Damages r e f e r  t o  t h e  ac tua l  d isease and deaths as w e l l  as t o  p r o p e r t y  
damages t h a t  can be a t t r i b u t e d  t o  t h e  consequence. 



j )  changes i n  t h e  ~ i S k ~ d - d Z i ~ - t % - f ~ i ~ t j  popul a t  ions  and o t h e r  aqua t i c  
l i f e  due t o  c h l o r i n e  and 

k )  Ipub-l-i-c-p'er~PP_ttiCn o f  and r e a c t i o n  t o  t h e  r i s k s  and damages and t o  t h e  
a1 t e r n a t i v e s  f o r  ach iev ing  t h e  o b j e c t i v e  and t o  o t h e r  consequences. 

The consequences l i s t e d  above a re  summarized i n  Table 1. The r e l e v a n t  
q u a n t i f i e r s  f o r  each consequence a re  noted i n  t h e  t a b l e  and t h e  group o r  p a r t y  
t h a t  i s  p o t e n t i a l l y  a f f e c t e d  by t h e  consequence i s  noted as w e l l .  There a re  
two types o f  " q u a n t i f i e r s "  s p e c i f i e d  i n  Table 1. F i r s t ,  t h e r e  a re  da ta  t h a t  
are q u a n t i t a t i v e ,  f a c t u a l  and b a s i c a l l y  va lue- f ree,  such as tons o f  c h l o r i n e ,  
numbers o f  f i s h  k i l l e d ,  numbers o f  people a t  r i s k ,  numbers o f  man-hours o r  
years worked, e t c .  Second, t h e r e  a re  da ta  t h a t  a re  q u a n t i t a t i v e  b u t  a re  
s u b j e c t i v e  and eva lua t i ve .  These i n c l u d e  p r i ces ,  t h e  d o l l a r  values o f  
m a t e r i a l s  and o f  d i f f e r e n t  a c t i v i t i e s  and peop le ' s  preferences.  F i n a l  ly, 
q u a l i t a t i v e  i n s i g h t s  can be ga ined on consequences about which t h e r e  i s  
o therw ise  l i t t l e  q u a n t i t a t i v e  data. The d i r e c t i o n  o f  t he  changes and who 
bears t h e  consequence are examples o f  these q u a l i t a t i v e  i n s i g h t s .  

These consequences may be b road l y  c l a s s i f i e d  as e i t h e r  b e n e f i t s  o r  cos ts .  
B e n e f i t s  r e f e r  t o  those consequences which a re  viewed as c o n t r i b u t i o n s  t o  
human we l l -be ing .  Costs r e f e r  t o  those consequences t h a t  c o n s t i t u t e  t h e  
expend i tu re  o f  resources o r  o therw ise  d im in i sh  human w e l l  being. Each o f  
these  consequences a l s o  has a  d i s t r i b u t i o n a l  pe rspec t i ve  i n  t h a t  someone o r  
some group bears t h e  consequence. Consequences may be c l a s s i f i e d  as a  b e n e f i t  
o r  a  c o s t  depending on t h i s  d i s t r i b u t i o n a l  perspec t i ve .  Therefore,  a  c o s t  
( expend i t u re  o f  resources)  t o  one p a r t y  w i  11 c o n s t i t u t e  a  b e n e f i t  (an i nc rease  
i n  revenue o r  a  sav ing)  t o  a  r e c e i v i n g  pa r t y .  For  t h i s  reason, i t  i s  o f t e n  
no t  p o s s i b l e  t o  immediate ly  c l a s s i f y  a l l  t h e  consequences l i s t e d  i n  Table 1 
as e i t h e r  b e n e f i t s  o r  costs .  They become b e n e f i t s  and cos t s  as one eva lua tes  
s p e c i f i c  programs o r  a l t e r n a t i v e s  and i d e n t i f i e s  l o s e r s  and ga iners .  

I n  o rder  t o  make unambiguous comparisons o r  eva lua t ions ,  each o f  t h e  
consequences should be measured us ing  commensurable u n i t s .  Money o r  
d o l l a r  values a re  w i d e l y  used t o  compare and eva lua te  b o t h  p u b l i c  and p r i v a t e  
investment  p r o j e c t s  o r  a c t i v i t i e s  i n  o rde r  t o  make p lann ing  dec is ions .  Money 
values no t  o n l y  p r o v i d e  common u n i t s  t o  t he  var ious  p e r t i n e n t  consequences, 
b u t  t h e y  a l s o  g i v e  r e l a t i v e  weights  t o  each consequence; t h e  more expensive 
something i s  o r  t h e  more revenue i t  y i e l d s ,  t h e  more s i g n i f i c a n c e  o r  weight  i t  
has i n  t h e  con tex t  o f  t h e  market economy. 

However, n o t  a l l  o f  t h e  consequences s p e c i f i e d - i n  Table 1 can be measured 
d i r e c t l y  i n  monetary u n i t s .  Th is  i s  an impor tant ,  (but  n o t  an insurmountable,  
impediment t o  a  sys temat ic  assessment o f  t h e  b e n e f i t s  and cos t s  o f  
environmental  o b j e c t i v e s  and environmer($al p r o t e c t i o n  a c t i v i t i e s .  Where t h e  
consequences cannot e a s i l y  be expressed i n  d o l l a r s ,  o t h e r  app rop r i a te  phys i ca l  
u n i t s  o r  q u a n t i f i e r s  can be used. Costs and b e n e f i t s  can s t i l l  be 
s y s t e m a t i c a l l y  t a b u l a t e d  i n  these app rop r i a te  u n i t s ;  comparisons and 
eva lua t i ons  can be s y s t e m a t i c a l l y  made on t h e  bas i s  o f  c l e a r l y  d e f i n e d  
c r i t e r i a ,  and r a t i o n a l  dec i s i ons  can be made w i t h  t h e  e x p l i c i t  use o f  
judgement. Moreover, t h e  consequences 1  i sted  i n  Table 1 have va ry i ng  degrees 
o f  s i g n i f i c a n c e  i n  d i f f e r e n t  s i t u a t i o n s .  Emp i r i ca l  s t udy  may revea l  t h a t  o n l y  
two o r  t h r e e  of t h e  consequences a re  impor tan t  f o r  making dec is ions .  Th is  
eases t h e  task  o f  comparing d i f f e r e n t  types o f  consequences and phys i ca l  u n i t s .  



TABLE 1 

POTENTIAL CONSEQUENCES OF ACHIEVING THE PROPOSED 
CHLORINE OBJECTIVE, QUANTIFIERS AND GROUPS DIRECTLY AFFECTED 

CONSEQUENCE 

1. Changes i n  D i r e c t  Costs o f  
C h l o r i n e  use 

2. Changes i n  Sales and Revenue 
o f  C h l o r i n e  

3. Changes i n  Sales and Revenue 
o f  a l t e r n a t i v e  tech-  
no log ies  

4. Changes i n  Employment 

5. Changes i n  government 
r e g u l a t o r y  e f f o r t  , 

- Implementat ion 
- R e g u l a t i o n  
- M o n i t o r i n g  

6. Changes i n  damages2 & 
r i s k 3  f rom pathogens i n  
sewage 
- i n  d<inking water  
- i n  r e c r e a t i o n a l  water  

0 

7. Changes i n  damages2 & 
r j s k 3  f rom c h l o r i n a t e d  
o rgan ics  
- i n  d r i n k i n g  water  
- i n  f i s h  

8. Changes i n  damages2 caused 
by acc iden ts  t h a t  occur  
d u r i n g  t r a n s p o r t a t i o n  and 
use o f  c h l o r i n e  

9 .  Changes i n  the  damages2 & 
r i s k 3  t o  f i s h  popuya- 
t i o n s  and o t h e r  a q u a t i c  .. 

lif; .due t o  c h l o r i n e  
i n  sewage 

10. P u b l i c .  p e r c e p t i o n  and r e -  
a c t i o n  t o  d i f f e r e n t  
d i s i n f e c t i o n  a l t e r n a t i v e s  

Tons o f  C h l o r i n e  
. . $ 

Number o f  Employees 
- Man Years 

Man Years. 
$ 

R isk  o f  d isease 
M o r t a l i t y  
M o r b i d i t y  

M o r t a l i t y  
M o r b i d i t y  

R isk  o f  d isease 

M o r t a l i t y  
I n j u r i e s  
P r o p e r t y  damages 
Compensation oayments 

8' \ j  
F i s h  m o r t a l i t y  
Presence o r  absence o f  

species 
$ va lue  o f  s p o r t  o r  

commerci a1 f i s h e r y  
a f f e c t e d  

F i s h  and spawning hab- 
i t a t  improvement . 

comp la in ts  

1 GROUPS DIRECTLY. 
AFFECTEI, 

M u n i c i p a l i t i e s  
I n d u s t r i a l  Groups 
Power P l a n t s  

C h l o r i n e  I n d u s t r y  
. P r imary  Producers 
Packagers o r  

Merchandisers 

I Other  i n d u s t r i e s  
1 and companies 

I n d u s t r y ,  
m u n i c i p a l i t i e s ,  
t o u r i s t  
i n d u s t r y  

.U.S. & Canada 
Federal  Govet n- 
ments 

S t a t e  Governments 
Prov ince  o f  O n t a r i b  

P o p u l a t i o n  consuming 
water  

P o p u l a t i o n  swimming 
i n  r e c r e a t i o n a l  
water  

T o u r i s t  I n d u s t r y  

P o p u l a t i o n  consuming 
water  

P o p u l a t i o n  who e a t  
contaminated f i s h  

I n d i v i d u a l s  

Spor t  & Commercial, 
f i shermen 

T o u r i s t  I n d u s t r y  

" P u b l i c "  
Government Agencies 
I JC 

'There -art?. two types  o f  " q u a n t i f i e r s " .  F i r s t ,  t h e r e  a r e  f a c t u a l  v a l u e - f r e e  
q u a n t i f i e r s  such as tons o f  c h l o r i n e  o r  numbers o f  peop le  s i c k  o r  who 
have d ied.  Second, t h e r e  a r e  s u b j e c t i v e  and e v a l u a t i v e  q u a n t i f i e r s  such as . ,: 
d o l l a r  va lue  p r i c e s  and compla in ts .  

'Damages r e f e r  t o  t h e  a c t u a l  d isease and deaths as w e l l  as t o  p r o p e r t y  
damages t h a t  can be a t t r i b u t e d  t o  t h e  consequence. 

' ~ i s k  i s  t h e  chance o r  p r o b a b i l i t y  o f  e x p e r i e n c i n g  a  consequence such -as 
t h e  d isease.  The g r e a t e r  t h e  exposure t o  pathogens o r  e x o t i c  chemicals, 
t h e  g r e a t e r  t h e  p r o b a b i l i t y  t h a t  one person ( o r  more people i n  a  g iven  
p o p u l a t i o n )  w i l l  exper ience  adverse e f f e c t s ,  i .e .  disease, po ison ing .  



I f  a1 1 consequences cou ld  be expressed i n  do1 l a r s  and t h e  b e n e f i t s  and 
cos t s  o f  each s t r a t e g y  o r  a l t e r n a t i v e  cou ld  be c l e a r l y  def ined,  then  e x p l i c i t  
conlparisons cou ld  be made and t h e  a1 t e r n a t i v e  y i e l d i n g  t h e  maximum n e t  
b e n e f i t s  o r  1 owest n e t  c o s t  cou ld  be unequivocal  l y  determined. However, 
because i t  i s  no t  p o s s i b l e  t o  determine do1 l a r  va lues o f  a l l  o f  t h e  r e l e v a n t  
consequences, a r i g o r o u s  economic b e n e f i t  c o s t  a n a l y s i s  has n o t  been per formed 
by t h e  Task Force. Rather, t h e  approach i n  t h i s  s tudy  has been t o  assemble 
and d i s p l a y  t h e  r e l e v a n t  c o s t  and o the r  da ta  a long w i t h  any assumptions used 
i n  es t ima t i ons  f o r  a l l  t o  see and t o  c r i t i c i z e .  A t  t h e  ve ry  l e a s t ,  t h e  low 
c o s t  methods o r  s t r a t e g i e s  f o r  ach iev ing  s p e c i f i c  o b j e c t i v e s  can be 
determined. Impor tan t  gaps i n  q u a n t i t a t i v e  i n f o r m a t i o n  needed f o r  p o l i c y  
development and e v a l u a t i o n  can a1 so be i d e n t i f i e d .  

Dec,isions may n o t  be any e a s i e r  t o  make, b u t  by u s i n g  t h e  procedures 
o u t l i n e d  here, t h e y  w i l l  be more informed and, perhaps, unanimous. 

Soci a1 and Economic Assessments 

._ _- -.-- 1 - --.- _..-7 
The ,ppos-e-d-5h:l:or-1-ne-o b-J-ec-t-i-77-eZi:szb:aasSeddonnt he-most-s en s i t i ve _use by  

aqua t i c  1 i f e  f r om an ana l ys i s  of da ta  on t h e  e f f e c t s  o f  cont inuous exposure o f  
aqua t i c  l i f e  t o  chloyi-ne. I t  was determined ~ i ~ t h o I J t ~ x ~ ~ l _ i _ C ~ ~ - c o n s i - d e r ~ ~ ~ ~  o f  
t.he7Ost _____ s - of-ac h-i-e-v-ing--t heso6jeCttiUe-or--of -t ak-i ng- s teps-- t-oiGve: t owacd.-i-3. I t 
a l s o  appears t h a t  t h e  En-ef- i~ts-of-achiev- ing-the object ive~we~eLriof  - 
system at-ical-1 y en um=ated>and==S@l1i ?i t l  y compared- w i t h- t he--c-ostF. c---:-- -- _ -- - -- -----.---- J 

By_sett_i ngsn -v j  ronment a1 o b j e c t i v e s  i n  t h i  s manner, Ei Simp l j ed_ thT t - t k  
m m - s e n s - i t i  _ -- ve -use or-spec-ies,of aqua t i c  1 i f e  t h a t  i s  &reserved-is wor th  
whatey.er,costs-must-be-incupred - t o  achieve t h e  o b j e c t i v e F I T - f 7 ~ c C i a l  and 
o t h e r  resources were l i m i t l e s s ,  then  t h e  ques t i on  o f  cos t s  t o  achieve t h i s  and 
o t h e r  env i ronmenta l  o b j e c t i v e s  would be i r r e l e v a n t .  But, o f  course, ~eesScjii~c~es -A 

(are-not-li'iiii t l e 3 g s o  t h a t i  ndivii dual s and governments must make cho ices  about 
-at -- i ng - ycarce-money-and-t-ime among t h e  many impor t  ant  problems and wor thy  
s o c i a l  goa ls  t h a t  conlpete f o r  these  resources. Economic p r i n c i p l e s  p rov ide  
u s e f u l  r u l e s  and g u i d e l i n e s  f o r  making these  choices. 

[ s ? E i - a - l ~ e ~ i ~ a s s e s s m e n t - ?  ____ _-- are in tended p r i m a r i l y  t o  m, as c l e a r l y  as 
po s s i b 1 e , t MciiiZ@ii C_ _.- t udFand-ttie-d i-s t r i b~t-i-oniof - t h e  ~ ~ o 5 t - s  -anaabEf ?it s o f  
a1 t e r n a t i v e  p o l  i c y  choices. Furthermore, such a_s_s_e~sm_ents i n d i c a t e  @iiclij 
a>mtti7e7r-~~ces--of--acti o n - a ~ t  he-mos t - c o s k e t f  e c t j . m  a re  t h e  most 

9 cequ i tab- le .  The in fo rmat ion  generated by a soc i  al-economic assessment w i l l ,  , 
0 t iowever<~t t i~ t3 t3-~n1y _ _  -- a p-arnf- the-consi-derat i -oas3in making dec i s i ons  o r  

choices. Whi le  t h e  choices may no t  be any eas ie r ,  t h e  i n f o r m a t i o n  p rov ided  b y  
social-economic assessments, if used, w i l l  h e l p  people make more in formed 
choices. 

Socio-economic assessments ask two fundamental and reasonable ques t ions :  
eat-does-it-st t o  ach ieve s p e c i f i c  env i ronmenta l  improvements, and f ihTtt iSj  .- /- 
[ga-I-ned-or-achiieve13i n t h e  way of environment a1 improvement f r om s p e c i f i c  
env i ronmenta l  p r o t e c t i o n  e f f o r t s ?  

I d e a l l y ,  i n  o rde r  f o r  s o c i e t y  t o  use i t s  resources p r o d u c t i v e l y ,  t h e  
env i ronmenta l  b e n e f i t s  de r i ved  f rom ach iev ing  an env i ronmenta l  q u a l i t y  
o b j e c t i v e  shou ld  be va lued by s o c i e t y  as equal t o  o r  g r e a t e r  than  t h e  cos t s  o f  
t h e  goods and se rv i ces  t h a t  a re  g iven  up by s o c i e t y  t o  ach ieve it. I f  money 



. , 

and e f f o r t  must be spent t o  achieve t h e  c h l o r i n e  o b j e c t i v e  i n !  t h e r e c e i ' j i r i b  
waters o f  t h e  Great  Lakes, ot,her, a c t i  v i  t , i e s  such. as the;. r e d u c t i o n A . o f  
phosphorus, researc'h on hazardous chemi.ca1.s o r .  t h e  upgrad j  ng: o f  sewage 
t rea tment  p l a n t s  may have t o  be .__ foregone. -- [It-i-s-legi-t- imatetoask-wh-eethrt>he 
benef-i-t s  --of -ac h ' i - e ~ i ~ t ^ k 7 t i l O F i  ne ob jje.cCtiivVeear-eewwo.rt h-more-t.o-s-o.cj_ety~t.ha~ C . . . 

~ the~ -benne f  iit;s ob ta i ned -  by us ing .  t h e  money .and e f f o r t  f o r  some o the r  a c t i v i t y .  
. . 

. . .  

S ince t h e  d i  schargeS l o a d i  n i s  o f  c h l o r i n e  andmany o t h e r  contaminants a re  
a l r eady  r a t h e r  low, the. {b=ffit3 of f u r t h e r  c u r t a i  lment,  o f  ' : loadings o r  o f  
ambient concen t ra t ions  (~to-~lGb~e~d~e~~b~e~~~urthermore, 

s o c i e t y  i n  a1 1  
and measure e m p i r i c a l l y ,  t h e  magmitude o f  t h e  cos t s  and b e n e f i t s  t o  determi'ne 
whether t h e  method o r  a c t i v i t y .  i n  ques t i on  i s  r a t i o n a l ,  i .e. whether ' t h e  , . 

b e n e f i t s  a re  reasonably  commensu,rate wi th .  t h e  costs .  

Even if t h e  bene f i t s  o f  ach iev ing  t h e  o b j e c t i v e  a re  i nde te rm ina te  o r  i f  a  
" p o l i t i c a l "  d e c i s i o n  i s  made t o  achieve t h e  o b j e c t i v e ,  a  socio-economic 
assessment can s t i l l  y i e l d  a d d i t i o n a l  use fu l  i n f o rma t i on .  For  example, an 
e x p l i c i t  assessment of t h e  cos t s  a lone w i l l  he l p  t o  determine t h e  l e a s t - c o s t  
method o f  ach iev ing  s p e c i f i c  l e v e l s  o f , p r o t e c t i o n  so t h a t  t h e  cos t s  o f  
ach iev ing  s p e c i f i c  o b j e c t i v e s  can be evaluated. 

I n  a d d i t i o n  t o  knowing t h e  magnitudes invo lved ,  i t  i s  impor tan t  t o  know 
which groups o r  sec to r s  of t h e  economy w i l l  bear t h e  c o s t s  and en joy  t h e  
b e n e f i t s  o f  environmental  p r o t e c t i o n .  Th i s  i n f o r m a t i o n  w i l l  he l p  t o  p reserve  
e q u i t y  i n  t h e  implementat ion o f  environmental  p r o t e c t i o n .  

The Use fu l  ne'ss o f  Soci o-Economic Assessments 

I n  p r a c t i c a l  terms, t h e  d i scuss ion  above means t h a t  economic and s o c i a l  
assessments o f  water q u a l i t y  o b j e c t i v e s  a i d  i n :  

1. deciding(whi-ch-l~o~c~ati-ons-and-prob-1~m-ar~e~a~sare - most impor tant ;  

2. ----- set-t-i ng-pri-oFi-ttiEs f o r  abatement p r o j e c t s ,  f o r  t h e  a1 1  o c a t i o n  o f  
enforcement e f f o r t s  and f o r  s e t t i n g  implementat ion t imetab les ;  . 

3. ' i d e n t i f y i n g  t h e  [ 1 2 l a s t - c o S t - G F h - n i l ~ ~ s  f o r  abatement and p r o t e c t i o n ;  

4. re--.- -- 
c ~ u s t i f y i n g  implementat i@ o f  abatement and p r o t e c t i o n  a c t i v i t i e s  and 

5. j ~ t i T 3 T i ~ t t 3 k - i i ~ ~ t ~ i ~  o r n o t  - e n f o r c i n g  con~p l iance  i n  c e r t a i n  
l oca t i ons .  

1 
@hi%Tement,of-the-proposed-obj-ectlv-e - -  - -;---.- - -. -- o f  0.002 mg/L th roughout  t h e  Bas in  

p a y - b e s e e n a s - a n - e x t r e m e - s ~ t u a t i w w h i l e  t h e  e x i s t i n g  l e v e l s  o f  c h l o r i n e  
d ischaraes and ambient concen t ra t i ons  c o n s t i t u t e  t h e  o m o s i t e  s i t u a t i o n .  I t  
i s  impor tan t  t o  recogn ize  t h a t  t h e r e  are a  number o f  e f f o r t s  and changes t h a t  
can be made t o  achieve i n te rmed ia te  p a t t e r n s  o f  d ischarge  c o n t r o l  and ambient 



q u a l i t y  c o n d i t i o n s .  Th is  cou ld  mean t h a t  t h e  o b j e c t i v e  can be achieved o n l y  
i n  c e r t a i n  l o c a t i o n s  o r  a t  c e r t a i n  t imes o f  t h e  year .  Vary ing t h e  s i z e  o f  
m i x i ng  zones i s  another way i n  which i n te rmed ia te  l e v e l s  o f  ambient q u a l i t y  
can be achieved. 

As a l r eady  noted, i t  i s  n o t  c e r t a i n  t h a t  r each ing  t h e  c h l o r i n e , o b j e c t i v e  
i n  r e c e i v i n g  waters throughout  t h e  Great  Lakes w i l l  y i e l d  t o  s o c i e t y  b e n e f i t s  
t h a t  a re  n e c e s s a r i l y  va lued g r e a t e r  than t h e  money and e f f o r t  t h a t  must be , 

expended t o  ach ieve it. I d e a l l y ,  resources should be expended on an a c t i v i t y  
such as ach iev ing  t h e  c h l o r i n e  o b j e c t i v e  up t o  t h e  p o i n t  where t h e  e x t r a  c o s t s  
. incur red  a re  j u s t  equal t o  t h e  e x t r a  o r  inc rementa1 ,benef i t s  obta ined.  T h i s  
l e v e l  o f  env i ronmenta l  q u a l i t y  o r  p r o t e c t i o n  i s  cons idered by economists t o  be 
most e f f i c i e n t  f o r  s o c i e t y  as a  whole. 

- -- - 
(1:tiiCCfFen very-~t-_1~t~ui~e-all-t_h~jnformation_necessar,y t o  

d e t F m i  ne-the o p t  imal o c i  de-a1 emi ronmef i ta l  qua1  i t y  -objectiFe? A more 
k- 

3 p r a c t i c a l  approach i s  one t h a t  i nc l udes  s e t t i n g  des i r ed  o b j e c t i v e s  as i s  done 
by t h e  Water Q u a l i t y  Board now. A u t h o r i t i e s  c o u l d  then  enumerate, i n  a  
q u a n t i t a t i v e  manner, t h e  e f fec ts  o r  t h e  damages t h a t  would be avoided by 
moving t o  one o r  two i n te rmed ia te  s teps between e x i s t i n g  ambient l e v e l s  and 
t h e  u l t i m a t e  o b j e c t i v e s .  An e x p l i c i t  assessment o f  t h e  added r i s k s  and c o s t s  
o f  implement ing these  i n te rmed ia te  q u a l i t y  l e v e l s  c o u l d  t hen  be c a r r i e d  o u t  
and used, a long  w i t h  t h e  i n f o r m a t i o n  about t h e  incrementa l  b e n e f i t s  o f  
i n t e rmed ia te  l e v e l s ,  i n  t h e  development and schedu l ing  o f  remed ia l  programs by  
t h e  r e l e v a n t  j u r i s d i c t i o n s .  These da ta  and assessments cou ld  even be used i n  
e s t a b l i s h i n g  proposed o b j e c t i v e s  f o r  contaminants whose c o n t r o l  cos t s  a re  h i g h  

A 
o r  whose e f f e c t s  a re  r e l a t i v e l y  w e l l  known. I f  these  analyses a re  
accomplished, t h e  a u t h o r i t i e s  concerned w i l l  have more p e r t i n e n t  and o rgan ized  
i n f o r m a t i o n  w i t h  which t o  make b e t t e r  in formed and d e f e n s i b l e  p o l i c y  dec is ions .  



- CHLORINE PRODUCTION, USE AND 
RESIDUALS - AN OWERV$EW 

~ h l  o r  i n k  ~ r o d u c t i  on and Use 

C h l o r i n e  i s  one o f  t h e  10 l a r g e s t  volume produc ts  i n  t h e  chemical  
i n d u s t r y .  I t  i s  produced by e l e c t r o l y s i s  w i t h  c a u s t i c  soda (sodium hydroxid;) 
as a  co-product.  Dur ing  1978 approx imate ly  10 m i l  l i o n  tonnes ( 1 1  m i l l i o n  
s h o r t  t ons )  o f  c h l o r i n e  gas were produced i n  t h e  U n i t e d  S ta tes  amounting t o  a  
$1.3 b i  11 i o n  i n d u s t r y  (Chemical & Engineer ing News, 1979). P roduc t i on  i n  a1 1  
o f  Canada t o t a l l e d  about 910,000 tonnes (one m i l  l i o n  s h o r t  t ons )  d u r i n g  t h a t  
same year .  Produc t ion  s t a t i s t i c s  f o r  t h e  U n i t e d  S ta tes  a re  presented i n  Table 
2. Canadian p roduc t i on  and t r a d e  data a re  t a b u l a t e d  i n  Table 3. 

About 1.2 - 1.4 m i l l i o n  tonnes (1.3 - 1.5 m i l l i o n  s h o r t  t ons )  o f  t h e  10 
m i l l i o n  tonnes o f  c h l o r i n e  produced i n  t h e  U n i t e d  S ta tes  i s  manufactured i n  
p l a n t s  l o c a t e d  i n ,  New York, Mich igan and Ohio. Regional  p r o d u c t i o n  f i g u r e s  
a re  no t  a v a i l a b l e  f o r  Canada. A  t o t a l  o f  19  c h l o r - a l k a l i  p l a n t s  a re  l o c a t e d  
i n  t h e  Great  Lakes r e g i o n  o f  t he  U n i t e d  S ta tes  and Canada. These a re  l i s t e d  
i n  Table 4; l o c a t i o n s  are g i ven  i n  F i g u r e  1. Four o f  these  p l a n t s  a r e  no t  
l o c a t e d  d i r e c t l y  on t h e  Great  Lakes o r  t h e i r  i n t e r connec t i ng -channe l s .  A  
t o t a l  o f  36 f i r m s  produce c h l o r i n e  (and c a u s t i c  soda) i n  t h e  U n i t e d  S ta tes  and 
10 d i f f e r e n t  companies i n  Canada p r e s e n t l y  manufacture t h i s  p roduc t  f o r  
i n t e r n a l  use o r  f o r  s a l e  on t h e  market. The p u l p  and paper i n d u s t r y  uses 
approx imate ly  60% o f  t h e  c h l o r i n e  consumed i n  Canada, w h i l e  var ious  i n d u s t r i a l  
chemical users account f o r  about 35%. 

Accord ing t o  S t a t i s t i c s  Canada approx imate ly  1% o f  t o t a l  c h l o r i n e  
consumption o r  about 8,000 m e t r i c  tonnes i n  1976 were used by water  and 
wastewater t rea tment  p l a n t s  i n  Canada. Data on c h l o r i n e  consumption by user  
group i n  Canada are presented i n  Table 5. The O n t a r i o  M i n i s t r y  o f  t h e  
Environment es t imates  t h a t  about 4,200 tonnes (4,600 s h o r t  t ons )  per  year  a re  
used by mun i c i pa l  water t rea tment  f a c i l i t i e s  and approx imate ly  2,000 tonnes 
(2,200 s h o r t  t ons )  a re  used f o r  wastewater d i s i n f e c t i o n  annua l l y  i n  O n t a r i o  
which encompasses t h e  Canadian p o r t i o n  o f  t h e  Great  Lakes Basin. O n t a r i o  
Hydro uses about 24.6 tonnes (27.0 s h o r t  t ons )  each year  f o r  a n t i f o u l i n g  and 
t h e  d i s i n f e c t i o n  o f  s e r v i c e  water  i n  t h e i r  s i x  thermal  gene ra t i ng  s t a t i o n s  and 
one o f  t h e i r  f o u r  nuc lear  estab l ishments.  

Consumption p a t t e r n s  i n  t h e  U n i t e d  S ta tes  a re  somewhat d i f f e r e n t  as 
i .nd icated by t h e  f o l l  owing data: $22 b-3 * &% 6 +ZOO 

d m  ~ b b  ~ 0 0 0  

'Sb 2 7  



TABLE 2 

CHLORINE CAPACITY AND PRODUCTION I N  THE UNITED STATES 
PRICES, EXPORTS AND IMPORTS 

(me t r i c  tonnes) 

1 1 GAS PRODYCTION 

1 DAILY 1 ANNUAL 1 DAILY 
CAPACITY TOTAL . AVERAGE 

(% OF TOTAL 
GAS PROD. ) I 

PRICE 
TANK 
CARS 
d l l b .  

EXPORTS IMPORTS 

SOURCE: Ch lor ine  I n s t i t u t e  Inc. Nor th American Ch lor -A lka l  i I n d u s t r y  P lan ts  and Product ion. 
Data Book, January 1979. Ch lo r ine  I n s t i t u t e  Pamphlet 10. p. 12 and.p. 13. 



TABLE 3 . . 

CHLORINE PRODUCTION, IMPORTS, EXPORTS I N  CANADA 
( m e t r i c  tonnes) 

, 

p = P re l im ina ry  data 

SOURCE: S t a t i s t i c s  Canada, Catalogue 46-004, (1977 March) 

Chemicals, Manufactur ing and Primary I n d u s t r i e s  Div., Vol. 3, No. 9, 

S u l f u r i c  Acid, Caust ic  Soda and Chlorine-Annual. 

EXPORTS 

30,498 

32,411 

42,098 

69,535 

71,500 

76,465 

90, 88zP 

79,606~ 

IMPORTS 

97 5 

1,610 

3,720 

6,214 

4,894 

11,101 

17, 00op 

17,269~ 

YEAR 

197 1 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

PRODUCTION 

772,921 

817,373 

889,948 

954,358 

748,894 

898,336 

8 8 8 , 3 ~ 4 ~  

940, 71zp 



TABLE 4 

CHLOR-ALKALI MANUFACTURING PLANTS IN THE GREAT L4KES REGION 
UNITED STATES AND CANADA 

. . 
. . 

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

's - s i n g l e  u n i t  tank cars  . .. . 

c - c y l i n d e r s  . 
t - t o n  c y l i n d e r s  

2 ~ o  longer  i n  ope ra t i on .  . . 
'Produces soda ash by so lvay process. . "  . .. 

, . 

SOURCE: C h l o r i n e  I n s t i t u t e ,  i l o r thAmer i can  C h l o r - A l k a l i  I n d u s t r y  ' p l a n t s  and Product ion .  Data Book, January 
1979, pp. 2-3. 

LOCATION 

Mich igan 
Mid land 
Mon t ague 
Wyandotte 
Wy andot t e  

New York 
Ni agara Fa1 1 s 
Niagara F a l l s  
Niagara Fa1 1 s 
Niagara F a l l s  
Syracuse 

Ohio 
Ashtabula 
Ashtabula 
Barber ton 

Wisconsin 
Green Bay 

O n t a r i o  
Cornwa 11 
~ r y d e n ~  
Hami 1 ton2  
~ a r a t h o n ~  
Sarn i  a 
Thunder Bay2 
Amherstburg' 

COMPANY 

Dow Chemical 
Hooker Chemical & P l a s t i c s  
BASF Corp., Wyandotte 
Pennwal t Corp. 

DuPon t 
Hooker Chemical 
Hooker - IMC J o i n t  Venture 
O l i n  Corp. 
A1 1 i e d  Chemical 

I M C  Chemical Group, Inc. 
RMI Company 
PPG I n d u s t r i e s  Inc. 

F o r t  Howard Paper Co. 

Canadian I n d u s t r i e s  L td .  
Reed Ltd.  
Canadian I n d u s t r i e s  L td .  
American Can 
Dow Chemical o f  Canada - 
Dow Chemical o f  Canada 
A1 1 i ed Chemical 

ELECTROLYTIC PRODUCTION CELLS 

Dow (d iaph )  
Hooker (d iaph )  

Downs ( f u s e d  s a l t )  
Hooker (d iaph )  
Uhde (merc.) 
O i l  (merc.) 
Solvay (merc. ) 
Hooker (d iaph )  

0 l i n  EMF (merc.) 
Downs ( f u s e d  s a l t )  
Columbia (d iaph )  

Hooker (d iaph)  

I C I  (merc.) 
Hooker (membrane) - 
- 
Dow (d iaph )  
- 
- 

CONTAINERS FILLED1 

s 
s 

s 
c & s  

- 
s 
s 
s 
s 

s 
s 
s 

- 

c t s  
t s  - 
- 
s - 
s 



n Fig. 1 Operating chlorine and alkali plants in the Great Lakes Region 

(Cornwall) 



TABLE 5 

CHLORINE PRODUCTION AND CONSUMPTION IN CANADA 

Consuming Sectors 

C 

Municipal Waterworks 
Mining 
Pulp and Paper 
Smelting and Refining 
Soap and Cleaning Compounds 
Industrial Chemicals 
Fish Processing 
Miscell aneous. Food Industries 
Mi scel 1 aneous 

, 

Tot a1 product ion (metric tonnes) 

Total Consumption of Industries 
Surveyed (metric tonnes) . 

-:+-.--. 

*Only certain users are surveyed each year. In 1976, municipal waterworks, 
mining, and smelting and refining were not surveyed. These users did, 
however, use chlorine during that year. 

1973' 

889,948 

818,330 

% consumption by Industries Surveyed* 

'Statistics Canada, Catalogue 46-004, Service Bulletin, Chemicals, 
Manufacturing and Primary Industries Division, Vol. 3, No. 9, Caustic 
Soda and Chlorine-Annual, March 1977. 

.7 

.6 
57.3 

.9 
1.1 

39.4 - 

'~ornan, J. (1979), Statistics Canada, Manufacturing and Primary. Industries 
Division, 0.ttawa. , Personal Communication. 

1975' 

748,894 .. 

604,787 

19762 
-. 

898,336 

792,815 - 

1.0 
0.8 

83.5 
1.2 
1.2 

12.0 - 

- 
- 

62.4 
- 

0.9 
36.6 
0.02 



USER 
: !APPROXIMATE 
PERCENT OF TOTAL 

' - ' CONSUMPTION 

Various chemicals 
P l a s t i c s  (PVC) 
Sol vents  
Pu 1  p  .and Paper 
Water Treatment 

Source: Chemical and Engineer ing News, Feb. 26, 1979, p. 11. 

The amount o f  c h l o r i n e  used i n  t h e  U n i t e d  S ta tes  f o r  "water  t reatment" ,  
which presumably i nc l udes  b o t h  wastewater and water supp ly  d i s i n f e c t i o n ,  
amounts t o  about 500,000 tonnes (550,000 s h o r t  t ons )  annua l l y  (5% o f  11 
m i l  1  i o n  s h o r t  tons) .  The p r o p o r t i o n  of t h i s  consumption t h a t  i s  used o n l y  f o r  
wastewater d i s i n f e c t i o n  and/or i n  t h e  Great. Lakes r e g i o n  i s  no t  known. The 
t o t a l  amount o f  c h l o r i n e  used by t h e  64 power p l a n t s  i n  t h e  U n i t e d  S ta tes  
l o c a t e d  on t h e  Great Lakes i s  a lso  unava i l ab le  a t  t h i s  t ime. 

Ch lo r i ne  gas i s  s o l d  t o  users by r a i l  and t r u c k  tank c a r  and i n  l - t o n  o r  
l e s s  s i zed  c y l i n d e r s .  Large users may buy i n  tank-car  l o t s  d i r e c t l y  f rom 
p r ima ry  producers. However, ;he major  p r o p o r t i o n  o f  t h e  c h l o r i n e  t h a t  i s  used 
f o r  sewage and water d i s i n f e c t i o n  i s  purchased i n  l - t o n  o r  sma l l e r  c y l i n d e r s  
from c h l o r i n e  packaging companies. I n  1978, t h e r e  were 46 o f  these  companies 
i n  t h e  U n i t e d  S ta tes  and f i v e  i n  Canada. Some p r ima ry  producers a l s o  s o l d  
c h l o r i n e  i n  sma l l e r  c y l i n d e r s  (The C h l o r i n e  I n s t i t u t e ,  Inc., 1979). 

Assuming t h a t  t h e  t o t a l  c h l o r i n e  consurr~ption i n  Canada i s  16,000 tonnes 
( 2  x  t h e  8,000 tonnes used f o r  water and wastewater t rea tment  noted on page 
19) ,  t h e  t o t a l  amounts o f  c h l o r i n e  used f o r  water  and wastewater d i s i n f e c t i o n  
i n  b o t h  t h e  U n i t e d  S ta tes  and Canada amounts t o  about 516,000 m e t r i c  tonnes 
per  year .  Th is  amounts t o  about 4.7% o f  t h e  annual t o t a l  o f  11 m i l l i o n  tonnes 
o f  c h l o r i n e  t h a t  have been produced d u r i n g  r e c e n t  years.  

Some o f  t h e  a l t e r n a t i v e s  t o  be cons idered i n  t h i s  s tudy  i n v o l v e  t h e  
r e d u c t i o n  o r  t h e  e l i m i n a t i o n  a l t o g e t h e r  o f  c h l o r i n e  as a  d i s i n f e c t a n t .  I t  i s ,  - 
the re fo re ,  impor tan t  t o  t r y  t o  determine what e f f e c t  t h e  r e s u l t i n g  r e d u c t i o n  
i n  c h l o r i n e  demand would have on t h e  i ndus t r y .  Because t h e  amounts used f o r  
sewage d i s i n f e c t i o n  are so smal l ,  t h e  losses t o  p r imary  producers would n o t  be 
s i g n i f i c a n t  i n  t h e  l o n g  r u n  under normal c o n d i t i o n s  o f  steady growth. 
However, c h l o r i n e  demand has d e c l i n e d  somewhat s i n c e  1975 and t h e  i n d u s t r y  has 
some excess c a p a c i t y  (Chemical & Engineer ing News, 1979). I f  t h i s  
u n d e r u t i l i z a t i o n  o f  c a p a c i t y  p e r s i s t s ,  t h e  i n d u s t r y  w i l l  pe r ce i ve  t h e  reduced 
demand and revenues more a c u t e l y  than  i f  market demand were growing more 
c o n s i s t e n t l y .  

Reduct ions i n  , t h e  demand f o r  c h l o r i n e  f o r  d i s 4 n f e c t i o n  c o u l d  more 
s e r i o u s l y  a f f e c t  t h e  sma l le r  c h l o r i n e  packagers t h a t  market c h l o r i n e  t o  
mun i c i pa l  i t i e s .  Discuss ions w i t h  such packagers i n d i c a t e  t h a t  t h e y  have been 
d i v e r s i f y i n g  t h e i r  customers i n  r ecen t  years  because c h l o r i n e  demand f rom 
m u n i c i p a l i t i e s  has been d e c l i n i n g .  Whi le  t h e  packaging s e c t i o n  o f  t h e  



i n d u s t r y  i s  no t  l i k e l y  t o  welcome f u r t h e r  dec l i nes  i n  c h l o r i n e  demand, i t  does 
no t  appear t h a t  t h e  c h l o r i n e  i n d u s t r y  would be s e r i o u s l y  damaged by  a c t i o n s  
t h a t  would reduce o r  e l i m i n a t e  t he  use o f  c h l o r i n e  as a  d i s i n f e c t a n t  i n  t h e  
Great  Lakes. 

Sources of Residual  Ch lo r i ne  and C h l o r i n a t e d  Organ ic2  

There a re  t h r e e  major  sources o f  r e s i d u a l  c h l o r i n e  d ischarges t o  t h e  Great  
Lakes: i ndus t r y ,  power p l a n t s  and sewage t rea tment  p l a n t s .  However, because 
data concern ing t h e  ac tua l  r e s i d u a l  c h l o r i n e  d ischarges a re  1  i m i  ted,  es t imates  
must be based on c h l o r i n e  use and knowledge o f  t h e  processes i n v o l v i n g  
c h l o r i n e .  I n  add i t i on ,  i t  i s  impor tan t  t o  no te  t h a t  t h e  proposed ob jec t ' ve  i s  
genera l  l y  in tended f o r  cont inuous discharges o f  c h l o r i n e  f r om sources, 1  i ke 
sewage t rea tment  p l a n t s  and some i n d u s t r i a l  estab l ishments.  A l though t h e  
proposed c h l o r i n e  o b j e c t i v e  i s  no t  in tended f o r  i n t e r m i t t e n t  sources f uch  as 
power p l an t s ,  t h e  i ~ n p l i c a t i o n s  f o r  f u r t h e r  r educ t i ons  i n  c h l o r i n e  use and 
d ischarges f rom t h i s  source were i n v e s t i g a t e d  i n  t h e  course of t h i s  study. 

The pu lp  and paper i n d u s t r y  i s  a  ma jo r  i n d u s t r i a l  user  o f  c h l o r i n e ,  
e s p e c i a l l y  i n  Canada where i t  i s  used as a  b leach ing  agent. Tho wastewater 
d ischarges o f  c h l o r i n e  b leach ing  processes, where t h e y  occur, p r i m a r i  l y  
i n c l u d e  i n o r g a n i c  c h l o r i d e s  and c h l o r i n a t e d  o rgan i c  compounds w i t h  l i t t l e  o r  
no r e s i d u a l  c h l o r i n e .  Some of t h e  c h l o r i n a t e d  o rgan i c  compounds a re  a c u t e l y  
t o x i c  t o  f i s h  and o the r  aqua t i c  l i f e  and t h e r e  i s  concern t h a t  t h e y  may have 
ch ron i c  e f f e c t s  as w e l l .  T o x i c i t y  s t ud ies  have o n l y  begun on these  compounds 
so t h e  r e l a t i v e  s i g n i f i c a n c e  of t h e i r  e f f e c t s  on aqua t i c  l i f e  cannot be 
eva lua ted  a t  t h i s  t ime. 

C h l o r i n e  i s  used e x t e n s i v e l y  i n  t h e  chemical i n d u s t r y  f o r  t h e  manufacture 
o f  c h l o r i n a t e d  o rgan i c  compounds as w e l l  as t h e  manufacture o f  non -ch lo r i ne  
c o n t a i n i n g  compounds o r  products .  Some c h l o r i n a t e d  compounds may be d iscarded  
i n t o  waste streams. The ac tua l  l oad ing  o f  c h l o r i n a t e d  o rgan ics  t o  t h e  Great  
Lakes f rom the  o rgan i c  chemical i n d u s t r y  i s  n o t  known a l though s t u d i e s  a re  
under way t o  g e t  more i n f o r m a t i o n  on these discharges. 

The manufacture o f  c h l o r i n e  and c a u s t i c  soda r e s u l t s  i n  t h e  d ischarge  o f  
r e s i d u a l  c h l o r i n e  i n  p l a n t  e f f luen ts .  Sources o f  r e s i d u a l  c h l o r i n e  i n  t h e  
e f f l u e n t  o f  these  p l a n t s  are due m a i n l y  t o  over f lows,  s p i l l s  and l eaks  
o c c u r r i n g  i n  t h e  manufactur ing process. The use o f  carbon e l e c t r o d e s  i n  t h e  
c h l o r i n e  manufac tu r ing  process r e s u l t s  i n  t h e  f o r m a t i o n  o f  t r a c e  amounts o f  
ch lo ro -o rgan ics  such as hexachlorobenzene. Because o f  t h e i r  b ioaccumula t ion  
p o t e n t i a l ,  these  compounds are i n  s u f f i c i e n t  q u a n t i t i e s  t o  cause env i ronmenta l  
con t  ami n a t  i on. 

Other  i n d u s t r i e s ,  i n c l u d i n g  t h e  i r o n  and s t e e l  and pet ro leum i n d u s t r i e s ,  
c h l o r i n a t e  t h e i r  i n t a k e  waters f o r  use i n  c o o l i n g  systems and s e r v i c e  waters  
f o r  b i o c i d a l  purposes. These waters a re  p o t e n t i  a1 sources o f  r e s i d u a l  
c h l o r i n e  load ings  t o  t h e  Great Lakes; b u t  when combined w i t h  t h e  t o t a l  p l a n t  
e f f l u e n t ,  t h e  f i n a l  e f f l u e n t  concen t ra t i on  o f t e n  i s  n e g l i g i b l e .  C h l o r i n e  i s  
a l s o  used i n  phenol and cyanide d e s t r u c t  systems by these  i n d u s t r i e s .  
However, no c h l o r i n e  r e s i d u a l s  have been a t t r i b u t e d  t o  t h e i r  use. The e x t e n t  
o f  ch lo ro -o rgan i c  f o r m a t i o n  by these processes i s  unknown. 



Ch lo r i ne  i s  used i n  power p l a n t s  p r i m a r i l y  t o  c o n t r o l  b i o f o u l i n g  o f  
c o o l i n g  system condenser tubes, condenser water i n t a k e  d e l i v e r y  systems and t o  
c o n t r o l  a lgae i n  c o o l i n g  towers. A p p l i c a t i o n  o f  c h l o r i n e  d i f f e r s  a t  eacK 
p l a n t  accord ing t o  t h e  q u a l i t y  of i n t a k e  water and t h e  amount o f  water f l o w i n g  
through t h e  p l a n t .  Only  four  ou t  of s i x  thermal genera t ing  s t a t i o n s  use 
c h l o r i n e  t o  c o n t r o l  b i o f o u l i n g  of condenser tubes i n  Onta r io .  The f o u r  
nuc lear  estab l ishments i n  O n t a r i o  do n o t  c h l o r i n a t e  c o o l i n g  water.  I n  t h e  
U n i t e d  States, 54 of t h e  64 power p l a n t s  on t h e  Great  Lakes c h l o r i n a t e  i n t a k e  
waters t o  t h e i r  condenser c o o l i n g  systems. 

I n  t h e  summer, t h e  most conlmon method t o  c o n t r o l  b i o f o u l i n g  i n  power 
p l a n t s  i s  i n t e r m i t t e n t  dos ihg w i t h  c h l o r i n e  i n  concen t ra t i ons  o f  1 t o  3 mg/L 
o f  t o t a l  c h l o r i n e  r e s i d u a l  f o r  f i v e  t o  60 minutes, two o r  t h r e e  t imes  every  24 
hours. Winter ope ra t i ona l  p r a c t i c e s  no rma l l y  e n t a i l  a  decrease i n  t h e  
f requency  o f  c h l o r i n e  appl  i c a t i o n s .  (Power p l a n t s  o p e r a t i n g  i n  O n t a r i o  a r e  
r e s t r i c t e d  t o  t o t a l  c h l o r i n e  r e s i d u a l  d ischarges o f  l e s s  than  0.5 mg/L). 

The amounts o f  c h l o r i n e  used and t h e  es t imated  q u a n t i t i e s  o f  t o t a l  
r e s i d u a l  c h l o r i n e  and c h l o r i n a t e d  o rgan ic  load ings  f rom a1 1  major  sources a re  
summarized i n  Table 6. 

Al though these da ta  a re  r a t h e r  sparse, i t  i s  apparent f rom these  and o the r  
sources t h a t  i n d u s t r y  i s  t h e  l a r g e s t  source o f  c h l o r i n a t e d  o rgan i c  loadings.  
However, except  f o r  ch lo r -a1  k a l  i p l  ants, i n d u s t r y  process wastewaters a re  n o t  
impor tan t  sources of r e s i d u a l  c h l o r i n e .  Power p l a n t s  a re  a  source o f  r e s i d u a l  
c h l o r i n e  on an - i n t e r m i t t e n t  bas i s  as w e l l  as some v o l a t i l e  c h l o r i n a t e d  
organics.  Sewage t rea tment  p l a n t s  ( F i g u r e  2 )  a re  a  source o f  r e s i d u a l  
c h l o r i n e  and c h l o r i n a t e d  o rgan ics  a l though t h e  q u a n t i t i e s  o f  t h e  l a t t e r  a re  
v i r t u a l l y  i n s i g n i f i c a n t  compared w i t h  i n d u s t r i a l  sources. 

Residual  Ch lo r i ne  Problems 

There i s  l i t t l e  documentation o f  i d e n t i f i e d  r e s i d u a l  c h l o r i n e  problem 
areas i n  t h e  Great  Lakes. E f f o r t s  made by  Task Force members t o  compi le  
s t a t i s t i c s  on t h e  number and magnitude o f  ac tua l  problems caused by r e s i d u a l  
c h l o r i n e  y i e l d e d  l i t t l e  i n  t h e  way o f  data. Some f i s h  k i l l s  have been 
documented i n  t h e  Great  Lakes, b u t  t h e r e  a re  b i o l o g i s t s  who contend t h a t  these  
da ta  unde rs ta te  t h e  e f f e c t s  o f  r e s i d u a l  c h l o r i n e  because: 

- m a n y k i l l s  areunobserved;  
- many areas a re  n o t  s tud ied;  
- f i s h  avo id  c h l o r i n a t e d  d ischarges and 
- c h l o r i n e  a f f e c t s  f ood  organisms. 

The e f f e c t s  o f  r e s i d u a l  c h l o r i n e  a re  f u r t h e r  compl i ca ted  by t h e  f a c t  t h a t  
o ther  contaminants o r  s t r e s s f u l  cond i t i ons ,  e.g. ammonia and temperature a r e  
almost always p resen t  w i t h  r e s i d u a l  c h l o r i n e .  Also, f i s h  k i l l s  caused by  
r e s i d u a l  c h l o r i n e  i n  d ischarges f r om sewage t rea tment  p l a n t s  have n o t  been 
shown t o  occur. F i s h  have been shown t o  avo id  con t i nuous l y  o c c u r r i n g  
concen t ra t i ons  we1 1  be1 ow 1  e tha?  concent ra t ions  (Tsa i  and Fava, 1975; Fava and 
Tsai ,  1976). Avoidance, w h i l e  i t  migh t  p r o t e c t  mob i l e  aqua t i c '  popu la t i ons  
f rom d i r e c t  m o r t a l i t y ,  does r e s u l t  i n  a  l o s s  o f  h a b i t a t .  Factors ,  such as 
avoidance, make t h e  q u a n t i f i c a t i o n  o f  b e n e f i t s  d i f f i c u l t  t o  determine w i t h  any 
p r e c i s i o n .  



TABLE 6 

SUMMARY OF CHLORINEUSE AND RESIDUALS FROM 
. MAJOR SOURCES ONTHE GREAT LAKES 

( tonneslyear) 

. . 

*Total . ' res idual  ch l o r i ne  
a ~ a l c u l a t e d  usage r a t e  assuming 7% ch lo r i ne  app l i ca t i on  r a t e  by weight o f  bleached pulp. 
b ~ a l c u l a t e d  ch lo r ina ted  organic loading assuming 20% of the appl ied ch l o r i ne  i s  subs t i t u t ed  i n t o  

organic compounds, as C1. 
C ~ o w e r  p l a n t s  - 1978 mon i to r ing  in format ion from Ontar io  Hydro. 
d~~~ - Condenser coo l ing  water discharge. 

SW - Service water discharge. 
~ S T P  - On-site sewage treatment p l an t  discharge. 
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Fig. 2 Sewage Treatment Plants 2 10 Mgd ( 38 x 103m3/d) 
discharging directly to the Great Lakes 
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CHLORO-ORGANICS - PROBLEMS AND SIGNIFICANCE 

I n  wastewater a1 1  t h r e e  o f  t h e  a c t i v e  species,  Cl,, HOCl and OC1- 
a re  s t r ong  o x i d i z i n g  agents and w i l l  r e a c t  s t r o n g l y  w i t h  any reduc ing  
compounds, such as hydrogen su lph ide,  carbohydrates, e t c .  p resen t  i n  t h e  
wastewater. When such o x i d a t i o n s  have proceeded t o  v i r t u a l  comple t ion  t h e  
a c t i v e  species s t a r t  . t o  r e a c t  w i t h  ammonia o r  o rgan ic  n i t r o g e n  c o n t a i n i n g  
compounds t o  f o rm  ch lorami  nes (combined c h l o r i n e ) .  When t h e  weight  r a t i o  o f  
c h l o r i n e  t o  ammonia i s  l e s s  than  5:1, monochloramine i s  t he  predominant 
product .  Wi th  a  r a t i o  o f  between 5 : l  and 10:1, d i s p r o p o r t i o n a t i o n  occurs and 
d ich lo ramine  i s  formed and above 1 0 : l  ( t h e  approximate r a t i o  f o r  break p o i n t  
c h l o r i n a t i o n ) ,  some t r i c h l o r a m i  ne may be formed. Only  a f t e r  a1 1  these  
r e a c t i o n s  have occurred w i l l  con t inued  a d d i t i o n  o f  c h l o r i n e  p rod l~ce  f r e e  
r e s i d u a l  c h l o r i n e  which w i l l  be a v a i l a b l e  f o r  d i s i n f e c t i o n .  

The na tu re  and concent ra t ions  o f  t h e  r e a c t i v e  c h l o r i n e  c o n t a i n i n g  spec ies 
a re  o f  p r ima ry  importance i n  de te rmin ing  t h e  f o r m a t i o n  and y i e l d  o f  
c h l o r i n a t e d  o rgan ic  compounds. Lee and M o r r i s  (1962) have r e p o r t e d  on t h e  
p o t e n t i a l  c h l o r i n a t i n g  a b i l i t y  o f  HOCl and M o r r i s  (1967) has es t imated  t h a t  i t  
i s  more e f f e c t i v e  than  NH,C1 by about f o u r  o rders  o f  magnitude. Since 
HOCl appears t o  be t h e  major  c h l o r i n a t i n g  species,  t h e  p o s s i b l e  chemical  
r e a c t i o n s  w i t h  o rgan ic  c o n s t i t u e n t s  i n  aqueous s o l u t i o n  must be examined. 
Accord ing t o  J o l l e y  (1973) these  r e a c t i o n s  may be grouped i n t o  t h r e e  genera l  
ca tegor ies :  a) ox i da t i on ,  b )  s u b s t i t u t i o n ,  c )  a d d i t i o n .  

J o l  l e y  (1973) has proposed t h a t  o x i d a t i o n  r e a c t i o n s  may be t h e  predominant 
t ype  o f  r e a c t i o n s  t o  occur  i n  n a t u r a l  waters o r  e f f l u e n t s ,  a l though t h i s  has 
been d i spu ted  by Zaloum and Murphy (1974),  who quote unchanged values o f  t o t a l  
o rgan i c  carbon (TOC) and chemical oxygen demand (COD) b e f o r e  and a f t e r  
c h l o r i n a t i o n  i n  suppor t  of t h e i r  argument. However, t h e y  appear t o  be 
cons ide r i ng  chloramines o n l y  s i nce  t h e y  assume a l l  t h e  c h l o r i n e  t o  be i n  t h e  
combined form. J o l l e y  e t  a l .  (1976) l i s t s  more than  20 carbohydrates, p o l y o l s  
and a l i p h a t i c  o rgan i c  ac ids  which have been i d e n t i f i e d  i n  p r ima ry  domest ic 
sewage and which would r e a d i l y  o x i d i z e  i n  t h e  presence o f  HOC1. Most o f  these  
compounds were i d e n t i f i e d  i n  t h e  low pgL" range. A l though these  
compounds p robab ly  c o n t r i b u t e  t o  t h e  o v e r a l l  c h l o r i n e  demand of e f f l u e n t s  o r  
c o o l i n g  waters, t h e y  a re  u n l i k e l y  t o  r e s u l t  i n  apprec iab le  f o r m a t i o n  o f  
ch lo ro -o rgan i c  compounds. 

S u b s t i t u t i o n  r e a c t i o n s  can be conven ien t l y  d i v i d e d  i n t o  two gro'ups: 

i ) those  r e s u l t i n g  i n  f o rma t i on  o f  N -ch lo r i na ted  conrpounds and 

ii ) those r e s u l t i n g  i n  f o rma t i on  o f  C-chlor-inated corr~pound~. 
, , 

The f o r m a t i  on o f  N-chl o r i  nated corr~pounds has been r e p o r t e d  by  M o r r i s  
(1967). P i t t  e t  a l .  (1975) have i d e n t i f i e d  numerous amides, amino acids,  



i ndo les ,  p y r i d i n e  d e r i v a t i v e s ,  p u r i n e  d e r i v a t i v e s  and p y r i m i d i n e  d e r i v a t i v e s  
i n  sewage e f f l u e n t s .  These compounds would be expected t o  r e a c t  w i t h  aqueous 
c h l o r i n e  i n  a  s i m i l a r  way t o  ammonia. However, amines wo.uld be expected t o  
r e a c t  much f a s t e r  t o  form N-ch lo ro -de r i va t i ves  than amides ( M o r r i s  1967). 

S u b s t i t u t i o n  of c h l o r i n e  i n t o  o rgan ic  compounds t o  fo rm C-ch lo r i na ted  
d e r i v a t i v e s  has been summarized by J o l l e y  (1973), Car lson  e t  a l .  (1975) and 
M o r r i s  (1973). These r e a c t i o n s  can e i t h e r  be convent iona l  s u b s t i t u t i o n ,  i .e. 
s u b s t i t u t i o n  of c h l o r i n e  i n t o  aromat ic  o r  h e t e r o c y c l i c  compounds, o r  o f  t h e  
ha lo fo rm r e a c t i o n  type. The l a t t e r  r e a c t i o n  has been s t u d i e d  i n  d e t a i l  i n  
r ecen t  years i n  t h e  c h l o r i n a t i o n  o f  water (Rook 1974 and 1976), c o o l i n g  water  
( J o l l e y  e t  a l .  1978) and wastewater (Glaze and Henderson 1975). The ma jo r  
p recursors  of t h e  ha lo form r e a c t i o n  a re  now cons idered t o  be m-dihydroxy 
aromat ic  compounds - common b u i l d i n g  b locks  o f  humic m a t e r i a l s  and low 
mo lecu la r  weight  methy l  ketones (Stevens e t  a l .  ) .  

Dur ing  t h e  pas t  s i x  years,  s t u d i e s  o f  t he  f o rma t i on  of c h l o r i n a t e d  . 
o rgan ics  d u r i n g  water and wastewater d i s i n f e c t i o n  have proceeded i n  t h r e e  
d i r e c t i o n s :  

a )  ' c h l o r i n a t i o n  o f  model o rgan ic  compounds i n  t h e  laboratory ; .  

b )  c h l o r i n a t i o n  o f  sewage e f f l u e n t s  o r . c o o l i n g  waters i n  t h e  l a b o r a t o r y  
and . . 

C )  c h l o r i n a t i o n  o f .  e f f l u e n t s  i n  sewage t r e a t m e n t  p l a n t s  under. normal 
o p e r a t  i.ng condi  t i  ons. 

These t h r e e  areas , w i l l  now be rev iewed i n  t u r n .  Un fo r t una te l y ,  ( a )  and ( b )  
above have r e c e i v e d  c o n s i d e r a b l y  more a t t e n t i o n  than  ( c )  . . 
a) ~ h l  o r  i n a t  i o n  o f  Model Organic  compounds 

For  a  recen t  rev iew o f  genera l  c h l o r i n a t i o n  reac t i ons ,  t h e  reader  i s  
r e f e r r e d  t o  a  r e p o r t  by P ie r ce  (1978).  Numerous s t u d i e s  have been made on t h e  
c h l o r i n a t i o n  o f  o rgan i c  compounds ( o t h e r  than  ch loramines) ,  which have e i t h e r  
been i d e n t i f i e d  as components o f  sewage e f f l u e n t s  o r  p r e d i c t e d  as p o s s i b l e  
components. Ca r l  son e t  a1 . (1975) examined t h e  i n t e r a c t i o n  o f  severa l  
monosubst i tu ted aromat ics  w i t h  low concent ra t ions  ( 7  x  10" M) o f  aqueous 
c h l o r i n e .  The r e a c t i o n s  f 01 lowed recognized t r ends  ( M o r r i s  1976), i .e. 
aromat ics  c o n t a i n i n g  a c t i v a t i n g  s u b s t i t u e n t s  such as hydroxy l ,  e ther ,  amine 
groups undergo e l e c t r o p h i l i c  aromat ic  s u b s t i t u t i o n  f a s t e r  t han  those  
c o n t a i n i n g  e l e c t r o n  w i thdrawing  groups such as n i t r o ,  ch lo ro ,  n i  tri l e  and 
carboxy l  groups (De LaMare and R idd  1959; Gaffney 1974; and Rockwel l  and 
Larson, 1978). Phenol was shown t o  be an excep t i on  t o  t h i s  genera l  r u l e  i n  
t h a t  i t  i s  r e a d i l y  c h l o r i n a t e d  a t  h i g h  pH due t o  t h e  f o r m a t i o n  o f  t h e  
phenol a t e  anion. 

The c h l o r i n a t i o n  o f  b ipheny l  (Car lson  e t  a l .  1975 and Smi th  e t  a l .  1977) 
and naphthalene (Smi th  e t  a l .  1977) has a l so  been s t u d i e d  i n  d e t a i l  due t o  
r e l a t i v e l y  easy r e c o g n i t i o n  o f  c h l o r i n a t e d  isomers and t h e  concern over  
p o s s i b l e  PCB and PNC f o r m a t i o n  i n  t rea tment  p l a n t s  known t o  r e c e i v e  b ipheny l  
and naphthalene (Gaf fney 1974 and Smi th  e t  a l .  1977). Smi th  e t  al.. (1977) 
r e p o r t e d  t h a t  c h l o r i n a t e d  b ipheny ls  and c h l o r i n a t e d  naphthalenes formed 



r e a d i l y  a t  room ter r~perature w i t h  t h e  ex ten t  o f  r e a c t i o n  depending upon pH and 
t h e  molar  r a t i o  of hydrocarbon: c h l o r i n e .  I n  a  500 mgL" non-homogeneous 
suspension o f  b ipheny l  t h e y  i d e n t i f i e d  t h e  predominant p roduc ts  as 
2 -ch lo rob ipheny l ,  4 -ch lo rob ipheny l ,  2 ,21-d ich lorob ipheny1 and 
2,4'-dichlorobiphenyl . I n  50% s a t u r a t e d  s o l u t i o n s  o f  b ipheny l ,  Ca r l  son and 
Caple (1976) r e p o r t e d  t h e  above products  and s i g n i f i c a n t  concen t ra t i ons  o f  
3 ,4-d ich lorob iphenyl  and 4 ,4 ' -d ich lo rob ipheny l  a t  low o r  n e u t r a l  pH. 
Un fo r t una te l y ,  n e i t h e r  author  extended h i s  s tudy  t o  t r u e  t rea tment  p l a n t  
cond i t i ons .  I n  t h e  case o f  naphthalene, Smith e t  a l .  (1977) i d e n t i f i e d  t h e  
1,2-d ich loro-  and 1,4-dichloro- isomers p l u s  f o u r  o t h e r  unde f ined  p roduc ts  
( i somers?)  and an undef ined tet rachloro-naphthalene.  S i m i l a r  products  were 
observed i n  b o t h  500 mgL-' suspensions and 10 mgL" s o l u t i o n s .  

Murphy e t  a l .  (1975) and Usenik and Murphy have grouped r e p r e s e n t a t i v e  
o rgan ics  i n t o  groups which a re  " e a s i l y  ch lo r i na ted " ,  " c h l o r i n a t e d  under 
v igorous c o n d i t i o n s "  and "no t  ch lo r i na ted1 '  as f o l  lows: 

Compounds i n  t h e  t a b l e  were eva lua ted  by measurement o f  c h l o r i n e  uptake 
d u r i n g  aqueous c h l o r i n a t i o n  r a t h e r  than  by i d e n t i f i c a t i o n  o f  s p e c i f i c  
c h l o r i n a t e d  product .  Molar  r a t i o s  o f  between 1:l and 3:5 were used. The 
conc lus ions  drawn suppor ted those  o f  Car lson e t  a l .  (1975) i n  t h a t  o n l y  those  
r i n g  s t r u c t u r e s  w i t h  e l e c t r o n  a c t i v a t i n g  s u b s t i t u e n t s  a re  l i k e l y  t o  be 
c h l o r i n a t e d  under c o n d i t i o n s  employed d u r i n g  wastewater d i s i n f e c t i o n .  The 
presence of ammonia r e t a r d e d  t h e  uptake o f  c h l o r i n e  th rough t h e  fo rmat ion  o f  
l e s s  o x i d a t i v e  chloramines bu t  g iven  s u f f i c i e n t  con tac t  t ime, b o t h  aromat ic  
s t r u c t u r e s  and amino ac ids  cou ld  be c h l o r i n a t e d  i n  t h e  presence o f  ammonia. 
Wi th  s u f f i c i e n t  con tac t  per iod ,  r i n g  s t r u c t u r e s  were b o t h  c h l o r i n a t e d  and 
o x i d i z e d  even by NH2C1 bu t  excess f r e e  c h l o r i n e  was r e q u i r e d  f o r  t h e  
o x i d a t i o n  o f  amino ac ids.  

TABLE 7 

EASE OF CHLORINATIOIV OF SELECTED CIRGANICS 

Reinhard e t  a l .  (1976) have examined t h e  p o s s i b i l  i t y  o f  c h l o r i n a t e d  
hydrocarbons o r i g i n a t i n g  f r om t h e  c h l o r i n a t i o n  o f  pe t ro leum-der ived  con~pounds 
i n  aqueous s o l u t i o n .  S p e c i f i c a l l y ,  t h e y  s t u d i e d  t h e  aqueous c h l o r i n a t i o n  o f  
aromatic f r a c t i o n  of d i e s e l  f u e l  over  1, 30 and 70 hours. Products were 
i d e n t i f i e d  us ing  gas-chromatographic-mass spec t rome t r i c  ana lys is .  Major  
products  i n c l u d e  2 -ch lo romes i ty lene  and ch loronaphthalene d e r i v a t i v e s  a f t e r  
one hour c h l o r i n a t i o n ,  c h l o r i n a t e d  benzene d e r i v a t i v e s ,  2 ,5-d ich loromesi ty lene 
and c h l o r i n a t e d  indane d e r i v a t i v e s  a f t e r  30 hours and c h l o r i n a t e d  benzene 
d e r i v a t i v e s ,  2-ch l  oromes i t y l  ene and d i  c h l  orobenzene d e r i v a t i v e s  a f t e r  70 hours 
c h l o r i n a t i o n .  I n  add i t i on ,  some o the r  non-ch lo r ina ted  o x i d a t i o n  p roduc ts  were 
generated. 
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NOT 
CHLORINATED 

A1 coho1 s  
Methyl  Ketone 
Urea 
Furan 
Thi  ophene 

EASILY 
CHLORINATED 

Phenol s  
Ami nes 
A1 dehydes 
Ketones 
P y r r o l  e  

CHLORINATED UNDER 
VIGOROUS CONDITIONS 

Carboxyl  i c Acids 
Ni t robenzene 
Benzon i tr i 1 e 



The fo rma t i on  o f  halomethanes by t h e  ha lo fo rm reac ' t ion  has been s t u d i e d  i n  
d e t a i l  by  a  number o f  researchers  (Rook 1976; Stevens e t  a1 .; Christman e t  a l .  
1976; O l i v e r  and Lawrence 1979; and Youssef i  e t  a l .  1978) .The general  
concensus i s  t h a t  most compounds c o n t a i n i n g  t h e  m-dihydroxy aromat ic  mo ie t y  o r  
low mo lecu la r  weight  methyl  ketones w i l l  fo rm haloforms upon c h l o r i n a t i o n .  
S ince many n a t u r a l  o rgan ic  compounds ( o r  t h e i r  degrada t ion  p roduc ts )  c o n t a i n  
m-di hydroxy g roup i  ngs, t h e  f o rma t i on  o f  vo l  a t  i 1 e ha1 omet hanes can be expected 
du r i ng  c h l o r i n a t i o n  of many n a t u r a l  waters and e f f l u e n t s .  Compounds which 
have been shown t o  produce ch loroform,  bromodichloromethane, 
chlorodibromomethane, carbon t e t r a c h l o r i d e ,  o r  bromoform, i n c l u d e  humic a c i d  
(Rook 1976; O l i v e r  and Lawrence 1979; and Youssef i  e t  a l .  1978), f u l v i c  a c i d  
(Rook 1976 and O l i v e r  and Lawrence 1979), t a n n i c  a c m i v e r  and Lawrence 
1979 and Youssef i  e t  a l .  1978), glucose, v a n i l l i c  ac id ,  g a l l i c  a c i d  (Yousse f i  
e t  a l .  1978), l i gnosu lphon i c  a c i d  and amino ac ids  ( O l i v e r  and Lawrence 1979). 
O f  these precursors ,  humic and f u l v i c  ac ids  a re  t h e  most abundant i n  e f f l u e n t  
and hence c o n t r i b u t e  most t o  t h e  t o t a l  v o l a t i l e  organo-halogens. The 
brominated compounds a r i s e  from t races  o f  bromide which become o x i d i z e d  by 
c h l o r i n e  t o  bromine and then v i a  t h e  ha lo fo rm r e a c t i o n  t o  brominated o r  
c h l  orobromi nated met hanes. The ha1 oform r e a c t i o n  i s  s t r o n g l y  pH dependent, 
t h e  t o t a l  y i e l d  a t  pH 11 be ing  approx imate ly  t h r e e  t imes t h a t  a t  pH 7 (01 i v e r  
and Lawrence 1979). 

Whi le  i t  has been shown t h a t  many o rgan i c  compounds r e a c t  w i t h  c h l o r i n e  a t  
near n e u t r a l  pH and ambient temperature, a  l a r g e  number do n o t  r e a c t  o r  r e a c t  
ve ry  s l o w l y  under these  c o n d i t i o n s  (Kobayashi and Okuda 1972). However, when 
i l l u m i n a t e d  w i t h  u l t r a v i o l e t  l i g h t ,  many o f  these  compounds which do n o t  r e a c t  
w i t h  c h l o r i n e  under s t r i c t l y  thermal cond i t i ons ,  w i l l  fo rm c h l o r i n a t e d  
compounds. O l i v e r  and Carey (1977) showed t h a t  i n  t h e  case o f  e thano l ,  t h e  
p r ima ry  hydroxy l  r a d i c a l  a t t ack  occurs a t  t h e  a - carbon atom. Hence, 
a c e t i c  a c i d  and acetaldehyde were t h e  major p roduc ts  w i t h  o n l y  smal l  amounts 
o f  2 -ch l  oroethanol  and 2 -ch lo roace tha l  dehyde be ing  formed. For  n-butanol  , 
however, o n l y  34% of t h e  hydroxy l  r a d i c a l  a t t a c k  was a t  t h e  a - carbon and 
consequent ly  more c h l o r i n a t e d  products  were formed, such as 2-ch loro-n-butanol .  

Kobayashi and Okuda (1972) 1  i s t  about 50 o rgan i c  compounds and group them 
i n  terms o f  r e l a t i v e  r e a c t i v i t y  w i t h  c h l o r i n e  i n  t h e  presence and absence o f  
UV i r r a d i a t i o n .  These p h o t o l y s i s  r e a c t i o n s  cou ld  be q u i t e  s i g n i f i c a n t  s i n c e  
many sewage t rea tment  p l a n t s  d i s i n f e c t  t h e i r  e f f l u e n t s  i n  open-a i r  tanks  
exposed t o  s u n l i g h t .  

From t h e  above d i scuss ion  o f  l a b o r a t o r y  s t u d i e s  o f  t h e  c h l o r i n a t i o n  o f  
o rgan ic  compounds, i t  i s  ev i den t  t h a t  t h e  p o t e n t i a l  e x i s t s  f o r  many 
c h l o r i n a t e d  o rgan i c  compounds t o  be formed d u r i n g  wastewater d i s i n f e c t i o n .  I t  
i s  a l so  ev iden t  t h a t  i n  many ins tances  t h e  chemical mechanisms i n v o l v e d  a re  
l i t t l e  understood. I s  i t  HOC1, OCl', H,OC~+, CI', o r  C l m ,  which i s  t h e  
a c t i v e  spec ies o r  some combinat ion o f  . these? The pH o f  t h e  r e a c t i o n  p l ays  a 
major  r o l e  i n  t h e  t ype  and degree o f  r e a c t i o n  s i n c e  many o f  t h e  r e a c t i o n s  a re  
a c i d  ca ta l ysed  w h i l e  t h e  ha lo form r e a c t i o n  i s  base cata lysed.  

b) Labora to ry  C h l o r i n a t i o n  o f  E f f l u e n t s  and Cool i n g  Waters 

Many s tud ies  have been c a r r i e d  o u t  i n  which secondary sewage t r ea tmen t  . 
p l a n t  e f f l u e n t s  have been c h l o r i n a t e d  i n  t h e  1 abo ra to r y  and t h e  p roduc ts  



examined. A l though such exper iments cou ld  be expected t o  represen t  ' r e a l  
l i f e '  c h l o r i n a t i o n ,  t h e  c o n d i t i o n s  chosen by many o f  t h e  au thors  a re  f a r  i n  
excess o f  those used i n  secondary t rea tment .  

Glaze and Peyton (1978) r e p o r t e d  t h a t  c h l o r i n a t i o n  o f  wastewater r e s u l t s  
i n  a  decrease o f  t he  mean mo lecu la r  we igh t  o f  t h e  o rgan i c  c o n s t i t u e n t s  o f  
about one-hal f .  They a l s o  found a  s i m i l a r  r e d u c t i o n  d u r i n g  raw-water 
c h l o r i n a t i o n  (analogous t o  cool  i n g  wate r ) .  The c h l o r i n a t i o n  c o n d i t i o n  used i n  
these  exper iments was 740 mgL-' r e s i d u a l  o f  c h l o r i n e  and a  con tac t  t i m e  o f  
two weeks a t  5OC. I t  i s ,  there fo re ,  u n l i k e l y  t h a t  sewage t rea tment  p l a n t  
c o n d i t i o n s  would produce any th ing  1  i ke t h e  50% r e d u c t i o n  r e p o r t e d  here, 
a l though s u p e r - c h l o r i n a t i o n  has been suggested f o r  s p e c i f i c  a p p l i c a t i o n s ,  such 
as t h e  o x i d a t i v e  s t a b i l i z a t i o n  of wastewater and sludge by-products ( P u r i f a c e  
Inc .  1969). 

Both Glaze e t  a l .  (1973, 1975 and 1976) and J o l  l e y  e t  a l .  (1973, 1975, 
1976a and 1 9 7 6 ~ )  have r e p o r t e d  t h e  fo rmat  i o n  o f  c h l  o r i  na ted  o rgan ic  
compounds r e s u l t i n g  from t h e  d i s i n f e c t i o n  o f  sewage e f f l u e n t s .  Whi le  i n i t i a l  
s t u d i e s  tended t o  i d e n t i f y  c h l o r i n a t e d  products  i n  terms o f  t h e  number o f  
gaschromatographic peaks obtained, more r e c e n t  s t u d i e s  have i d e n t i f i e d  t h e  
peaks e i t h e r  by match ing GC r e t e n t i o n  t imes  o r  by c o n f i r m a t i o n  w i t h  mass 
spect rometry .  Glaze and Henderson (1975) ob ta i ned  we1 1  i n  excess o f  100 gas 
chromatogram peaks when t h e y  c h l o r i n a t e d  a  secondary e f f l u e n t  f r om Denton, 
Texas, w i t h  1,500 mgL" c h l o r i n e .  Many o f  t h e  peaks t h e y  p r e d i c t e d  were 
m ix tu res  of two o r  more compounds and 36 of these peaks were n o t  p resen t  
be fo re  c h l o r i n a t i o n .  These compounds range f rom ch lo ro fo rm  t o  s u b s t i t u t e d  
aromatics.  However, i t  i s  ev i den t  t h a t  no t  a l l  o f  t h e . c h l o r i n a t e d  aromat ics  
are de r i ved  f rom " a c t i v a t e d "  aromat ics  as p r e d i c t e d  by M o r r i s  (1976).  Glaze 
and Henderson (1973) c i t e  t h e  c h l o r o d e r i v a t i v e s  o f  benzene, t o l uene  and benzy l  
a lcoho l  as examples of " i n a c t i v a t e d "  aromat ic  mo ie t i es .  A l though these  
p roduc ts  r e s u l t e d  f rom t h e  s u p e r - c h l o r i n a t i o n  o f  e f f l u e n t s ,  some o f  them were 
t h e  same as those generated by c h l o r i n a t i o n  w i t h  10 mgL" c h l o r i n e .  
Jol  l e y  (1975, e t  a l .  1976a) a l s o  i d e n t i f i e d  numerous s p e c i f i c  c h l o r i n a t e d  
p roduc ts  du r i ng  c h l o r i n a t i o n  o f  e f f l u e n t s  f rom t h e  Oak Ridge Mun i c i pa l  Sewage 
Treatment P l  ant .  

S ievers  e t  a l .  (1978) have r e p o r t e d  on t h e  genera t ion  d f  v o l a t i l e  o rgan i c  
compounds by t rea tment  o f  secondary sewage e f f l u e n t  w i t h  c h l o r i n e  b u t  no te  
t h a t  t h e r e  i s  o f t e n  a  marked d i f f e r e n c e  between p l a n t  and l a b o r a t o r y  
c h l o r i n a t i o n .  I n  some cases p l a n t  c h l o r i n a t i o n  r e s u l t e d  i n  increased l e v e l s  
o f  aromat ic  hydrocarbons, i .e.  to luene,  o-, mand p-xylenes and s tyrene,  
whereas l a b o r a t o r y  c h l o r i n a t i o n  r e s u l t e d  i n  ch lo ro to l uene  and ch lo roxy lene  
species.  

The above d i scuss ion  i l l u s t r a t e s  t h a t  l a b o r a t o r y  c h l o r i n a t i o n  o f  sewage 
e f f  1  uents and c o o l i n g  waters (espec i  a1 l y  s u p e r - c h l o r i n a t i o n )  r e s u l t s  i n  a  
m u l t i t u d e  o f  halogenated compounds, many o f  which do n o t  appear t o  be found a t  
apprec iab le  concen t ra t i ons  under ac tua l  t rea tment  p l a n t  c h l o r i n a t i o n  
cond i t i ons .  The nex t  s e c t i o n  w i l l  deal o n l y  w i t h  those  compounds t h a t  have 
been i d e n t i f i e d  i n  p l a n t  d i s i n f e c t e d  e f f l u e n t s  o r  c o o l i n g  waters. 



c )  P l a n t  C h l o r i n a t i o n  o f  E f f l u e n t s  and Coo l i ng  Waters 

Stud ies of t h e  c h l o r i n a t e d  o rgan ic  component o f  e f f l u e n t s  and c o o l i n g  
water which have undergone d i s i n f e c t i o n  w i t h  c h l o r i n e  under normal p l a n t  
ope ra t i ng  c o n d i t i o n s  are, un fo r tuna te ly ,  f a r  fewer t han  those  i n v o l v i n g  
1  abora to ry  c h l o r i n a t i o n  ( J o l  l e y ) .  Labora to ry  s u p e r - c h l o r i n a t i o n  leads t o  much 
h ighe r  concen t ra t ions  o f  ha logen-conta in ing spec ies which, i n  t u r n ,  make 
d e t a i l e d  ana l ys i s  more f e a s i b l e .  Obviously,  some o f  t h e  i n v e s t i g a t i o n s  
discussed i n  t h e  p rev ious  s e c t i o n  i n  which t h e  c h l o r i n a t i o n  c o n d i t i o n s  were 
r e a l  i s t i c  ( J o l  1  ey  1975) should be r e p r e s e n t a t i v e  o f  r e a l  p l a n t  s i t u a t i o n s ;  

The presence of low v o l a t i l i t y  ch lo ro -o rgan ics  i n  c o o l i n g  towers and 
once-through systems has been r e p o r t e d  by J o l l e y  e t  a l .  (1978). Three c o ~ l  i n g  
water systems were evaluated:  t h e  c o o l i n g  tower a t  Oak Ridge Gaseous 
D i f f u s i o n  P l a n t  (ORGDP), t h e  c o o l i n g  tower o f  t h e  High F l u x  I so tope  Reactor  
(HFIR) a t  Oak Ridge and t h e  once-through c o o l i n g  system a t  t h e  K ings ton  
(Tennessee) Steam Generat ing P l a n t  (KSGP). Both t h e  ORGDP and t h e  HFIR u n i t s  
operate under c l  osed-cycle c o n d i t i o n s  w i t h  make-up water c o n t r i b u t i n g  o n l y  
about 3% o f  t he  t o t a l  f low. 

The KSGP uses 100,000 t o  125,000 gpm c o o l i n g  water through each o f  i t s  
n i n e  condensers. The water i s  c h l o r i n a t e d  30 minutes d a i l y  w i t h  0.2 pp~n f r e e  
c h l o r i n e  r e s i d u a l  (0.5 ppm t o t a l  r e s i d u a l  ). The condensers a re  c h l o r i n a t e d  
s e q u e n t i a l l y  so t h a t  t h e  d ischarged c h l o r i n a t e d  coo lan t  i s  d i l u t e d  w i t h  
unch lo r i na ted  water w i t h i n  t h e  d ischarge canal .  The concen t ra t i on  o f  
haloforms i n  t h e  d ischarge channel was 5  ppm as opposed t o  1 ppm i n  t h e  f e e d  
water.  The authors  es t imated  t h e  annual p roduc t i on  of ch lo ro fo rm  a t  about one 
ton. They then  e x t r a p o l a t e d  t h e  r e s u l t s  on a  n a t i o n a l  bas i s  and es t imated  a  
t o t a l  p roduc t i on  o f  100-200 tons per  year  i n  t h e  U n i t e d  S ta tes  f rom a l l  
e l e c t r i c  power s t a t i o n s .  

Ga r r i son  e t  a l .  (1976) c a r r i e d  ou t  a  d e t a i l e d  a n a l y s i s  o f  many o f  t he  
o rgan ic  components i n  domestic wastewaters. The o n l y  r e p o r t e d  e f f e c t  o f  
ch1 ,o r ina t ion  ( i n  terms o f  genera t ion  o f  ch l  o ro -o rgan ics )  was t h e  f o r m a t i o n  o f  
chlorocyclohexane, 1,1,1,2-tetrachloromethane, pentachloroethane, 
hexachloroethane and f i v e  o the r  u n i d e n t i f i e d  compounds. No i n d i c a t i o n  o f  t h e  
concen t ra t i ons  i n v o l v e d  were i nc l uded  i n  t h e  r e p o r t  and indeed t h e  
i d e n t i f i c a t i o n  o f  some o f  t he  components was n o t  conf i rmed. 

The p rocess ing  o f  t e x t i l e  wastes i n  a  mun ic ipa l  sewage t rea tment  p l a n t  was 
s tud ied  by T incher  (1978). T e x t i l e  p rocess ing  f a c i l i t i e s  use and d ischarge  a  
wide range o f  o rgan ic  and i n o r g a n i c  compounds which come i n  con tac t  w i t h  
c h l o r i n e  o r  c h l o r i n e - c o n t a i n i n g  compounds e i t h e r  d u r i n g  waste t r ea tmen t  o r  i n  
t e x t i l e  p rocess ing  opera t ions .  Reported exper iments suggest t h a t  c h l o r i n a t i o n  
o f  some spec ies can occur, b u t  t h e  o n l y  s i g n i f i c a n t  i nc rease  between i n f l u e n t  
and e f f l u e n t  was f o r  t h e  2-monochloroisomer of b iphenyl .  The o t h e r  isomers 
e i t h e r  d i d  n o t  change o r  decreased w i t h i n  t h e  c h l o r i n a t i o n  u n i t .  
Concentrat ions f o r  t h e  2-monochloro isomer were 2.8 pgL-' f o r  t h e  
i n f l u e n t  and 17.2 pgL-' f o r  t h e  e f f l u e n t .  

D iscuss ion  and Conclusions 

Conservat ive est imates,  based on l a b o r a t o r y  c h l o r i n a t i o n  s tud ies ,  i n d i c a t e  
t h a t  sewage t rea tment  p l a n t s  on t h e  Great  Lakes a re  r e s p o n s i b l e  f o r  an annual 



d ischarge  o f  approx imate ly  100 tonnes o f  c h l  o r i  nated o rgan ic  compounds 
(approx. 16.5 and 83.5 tonnes f rom Canadian and American c i t i e s ,  
r e s p e c t i v e l y ) .  S i m i l a r  es t imates  f o r  power p l a n t  c o o l i n g  waters  y i e l d  a  t o t a l  
d ischarge o f  38.5 tonnes annual ly .  (Approx. 3.5 tonnes f rom Canadian power 
p l a n t s  and 35 tonnes f rom American p lan t s . )  Hence, t h e  t o t a l  d ischarge f rom 
bo th  c o o l i n g  waters and sewage t rea tment  p l a n t s  amounts t o  about 135 tonnes 
annual ly. 

I n d u s t r i a l  c o n t r i b u t i o n s  of ch lo ro -o rgan ics  t o  t h e  Great  Lakes have been 
c r u d e l y  es t imated  as 600-12,000 tonnes annual lyl  (500-10,000 tonnes/yr  f r om 
Canadian sources and 100-2,000 from American sources).  The ma jo r  f r a c t i o n  o f  
these compounds a r i s e s  from wood p u l p  p rocess ing  i n  t h e  paper i ndus t r y .  
Hence, t h e  c o n t r i b u t i o n  of ch lo ro -o rgan ics  f r om sewage t rea tment  p l a n t s  and 
c o o l i n g  waters appear t o  be i n s i g n i f i c a n t  i n  r e l a t i o n  t o  t h e  l a r g e  i n d u s t r i a l  
d ischarges. 

Very l i t t l e  i s  known concern ing env i ronmenta l  and p u b l i c  h e a l t h  
s i g n i f i c a n c e  o f  ch lo ro -o rgan ics  i n  lakes  and r i v e r s ,  a l though i t  i s  w e l l  
es tab l i shed  t h a t  hydrophobic c h l o r i n a t e d  compounds t end  t o  b iomagn i fy  a long 
t h e  food  chain.  I t  i s  a l so  no t  known f o r  su re  whether t h e  compounds remain i n  
s o l u t i o n  o r  a re  adsorbed on to  sediments, a l though one would expect  much o f  t h e  
m a t e r i a l  t o  r e a d i l y  adsorb on to  sediments o r  suspended p a r t i c u l a t e s .  R e l i a b l e  
a n a l y t i c a l  da ta  a re  needed on t he  d ischarge and u l t i m a t e  f a t e  o f  
ch lo ro -o rgan ics ,  t oge the r  w i t h  an assessment of t h e  t o x i c o l o g i c a l  e f f e c t s  t o  
bo th  aqua t i c  and t e r r e s t r i  a1 organisms. There i s  s u b s t a n t i a l  evidence t o  
i n d i c a t e  t h a t  most of t h e  halomethanes and o t h e r  ch lo ro -o rgan i cs  found i n  
t r e a t e d  d r i n k i q g  water  are formed by t h e  c h l o r i n a t i o n  o f  humic ma t te r  d u r i n g  
ac tua l  d r i n k i n g  water t rea tment  and t h a t  t h e y  do no t  e n t e r  t h e  p l a n t  f rom 
i n d u s t r i a l  o r  mun ic ipa l  waste d ischarges (Mor r i s ,  1975). 

'Based on est imates o f  t o t a l  consumption o f  c h l o r i n e  'and 1% t o  20% convers ion  
t o  ch lo ro -o rgan ics  of medium molecu la r  weight .  The 1% t o  20% convers ion  i s  
f o r  t he  p u l p  and paper i ndus t r y ,  t h e  exac t  va lue  depending on t h e  b l each ing  
process'employed and t h e  e f f i c i e n c y  o f  t h e  opera t ion .  



PROTECTING SURFACE WATERS FOR RECREATION, 
WATER SUPPLIES AND FISH LIFE 

The Issues 

As noted i n  Table 1 o f  Chapter 2, t h e r e  are about n i n e  d i f f e r e n t  
consequences t h a t  can r e s u l t  from t h e  achievement o f  t h e  r e s i d u a l  c h l o r i n e  
o b j e c t i v e .  To t h e  ex ten t  t h a t  achievement o f  t he  o b j e c t i v e  w i l l  e n t a i l  
changes i n  sewage e f f  1  uent d i s i n f e c t i o n  and coo l  i n g  water b i o f o u l  i n g  c o n t r o l  
p rac t i ces ,  t h r e e  i n t e r r e l a t e d  consequences o r  e f f e c t s  a re  most p e r t i n e n t :  

1. t h e  p r o t e c t i o n  o f  p u b l i c  h e a l t h  f rom b a c t e r i a l  con tamina t ion  i n  

( a )  raw water supp l i es  and 
( b )  sur face water used f o r  swimming and o the r  r e c r e a t i o n a l  purposes; 

2. ' t h e  p r o t e c t i o n  of aqua t i c  l i f e ,  e s p e c i a l l y  from c h l o r i n e  t o x i c i t y  and 
. . 

3. t h e  f i n a n c i a l  cos t s  of d i s i n f e c t i n g  e f f l u e n t s  o r  c o n t r o l l i n g  
b i o f 0 1 ~ 1  i n g  i n  power and i n d u s t r i  a1 coo l  i n g  water.  

I t  i s  w e l l  es tab l i shed  t h a t  c o l i f o r m  ( t o t a l  and f e c a l )  b a c t e r i a  i n  
wastewater and i n  su r f ace  waters a re  i n d i c a t o r s  o f  t h e  p o s s i b l e  presence o f  
pathogens. Based on t h i s  r e l a t i o n s h i p ,  t h e  r e d u c t i o n  i n  c o l i f o r m  l e v e l s  
i m p l i e s  a  r e d u c t i o n  i n  t h e  numbers o f  pathogens as w e l l .  Most impo r tan t l y ,  a  

1 

r e d u c t i o n  i n  c o l i f o r m  l e v e l s  i s  assumed t o  imp l y  a  r e d u c t i o n  i n  t h e  
p r o b a b i l i t y  of human con tac t  w i t h  pathogenic  organisms. 

The d i s i n f e c t i o n  o f  sewage t rea tment  p l a n t  e f f l u e n t  i s  cons idered t o  be 
t h e  p r ima ry  method o f  c o n t r o l l i n g  t h e  numbers o f  i n d i c a t o r  organisms and t h e i r  
assoc ia ted  pathogens i n  e f f l u e n t s  and i n  r e c e i v i n g  waters.  C h l o r i n a t i o n  i s  
p r e s e n t l y  t h e  most commonly used method f o r  bo th  sewage e f f l u e n t  d i s i n f e c t i o n  
and b i o f o u l i n g  c o n t r o l  i n  u t i l i t y  and i n d u s t r i a l  c o o l i n g  water f a c i l i t i e s .  
A l though t rea tment  o f  water supp l i es  i s  t h e  p r ima ry  method o f  e l i m i n a t i n g  
pathogens f r om d r i n k i n g  water, many a u t h o r i t i e s  v iew sewage d i s i n f e c t i o n  as 
d e s i r a b l e  added p r o t e c t i o n  f o r  mun ic ipa l  water  supp l ies .  

There appears t o  be a  three-way t r a d e o f f  i n v o l v e d  i n  ach iev ing  t h e  
c h l o r i n e  o b j e c t i v e  - t h e  e l i m i n a t i o n  o r  r e d u c t i o n  i n  c h l o r i n a t i o n  would reduce 
t h e  p o t e n t i a l  f o r  c h l o r i n e  t o x i c i t y  e f f e c t s  i n  f i s h  and aqua t i c  l i f e  and would 
r e s u l t  i n  f i n a n c i a l  sav ings t o  m u n i c i p a l i t i e s  who opera te  sewage t rea tment  
p l a n t s .  However, t h e r e  i s  s u b s t a n t i a l  concern t h a t  h e a l t h  r i s k s ,  e s p e c i a l l y  
t o  those engaged i n  swimming and o the r  con tac t  r e c r e a t i o n  a c t i v i t i e s ,  would be 
increased. On t he  o the r  hand, t h e  t e c h n i c a l  a l t e r n a t i v e s  t o  c h l o r i n a t i o n  f o r  
d i s i n f e c t i o n  appear t o  be very  c o s t l y  t o  sewage t rea tment  p l a n t  opera to rs .  
The magnitude o f  these t r a d e o f f s  and t he  e x t e n t  t o  which t h e y  a re  unavoidable 
are examined i n  t h i s  r e p o r t .  



Both d i s i n f e c t i o n  p r a c t i c e s  and t h e  c o l i f o r m  b a c t e r i a  o b j e c t i v e s  t h a t  a re  
es tab l i shed  by t h e  va r i ous  j u r i s d i c t i o n s  throughout  t h e  Great  Lakes Basin a re  
p red i ca ted  on t h e  p r o t e c t i o n  o f  human hea l t h .  Nevertheless, t hese  p r a c t i c e s  
and o b j e c t i v e s  v a r y  f rom one j u r i s d i c t i o n  t o  another around t h e  Great  Lakes 
reg ion .  These p r a c t i c e s  are, t he re fo re ,  summarized i n  t h e  f o l l o w i n g  sec t i on .  

Cur ren t  M i c r o b i o l o g i c a l  Ob jec t i ves ,  D i s i n f e c t i o n  P r a c t i c e s  and P o l i c i e s  

I n  t h e  U n i t e d  States,  i n d i v i d u a l  s t a t e s  have d i f f e r e n t  m i c r o b i o l o g i c a l  
g u i d e l i n e s  and standards, a l though many f o l l o w  those  found i n  Q u a l i t y  C r i t e r i a  
f o r  Water (U.S. Environmental P r o t e c t i o n  Agency, 1976). For  p u b l i c  water  
supp l ies ,  " i t  i s  recommended t h a t  t h e  geometr ic  means o f  f e c a l  c o l i f o r m  and 
t o t a l  c o l i f o r m  d e n s i t i e s  i n  raw su r face  water  sources n o t  exceed 2,000/100 mL 
and 20,000/100 mL, r e s p e c t i v e l y "  (p. 42).  For con tac t  r e c r e a t i o n a l  waters,  
"based on a  minimum o f  no t  l e s s  than f i v e  samples taken  over  no t  more than  a  
30-day per iod ,  t h e  f e c a l  c o l i f o r m  con ten t  o f  p r ima ry  c o n t a c t  r e c r e a t i o n a l  
waters s h a l l  n o t  exceed a  1  og mean o f  200/100 mL, nor  s h a l l  more than  10 
percen t  o f  t o t a l  samples du r i ng  any 30-day p e r i o d  exceed 400/100 mLU (p. 53) .  

Cur ren t  m i c r o b i o l o g i c a l  o b j e c t i v e s  f o r  O n t a r i o  a re  found i n  Water 
Management Goals, P o l i c i e s ,  Ob jec t i ves  and Implementat ion Procedures o f  t h e  
M i n i s t r y  o f  t he  Environment ( O n t a r i o  M i n i s t r y  o f  t h e  Environment, 1978). 
Accord ing t o  t h i s  document, " a  p o t e n t i a l  h e a l t h  hazard e x i s t s  i f  t h e  f e c a l  
c o l i f o r m  geometr ic mean d e n s i t y  f o r  a  s e r i e s  ( a t  l e a s t  t e n  samples per  month) 
o f  water  samples exceeds 100 pe r  100 mLH. Furthermore, ".. . water  i s  
cons idered impa i red  when t h e  t o t a l  c o l i f o r m  geometr ic  mean d e n s i t y  f o r  a  
s e r i e s  o f  water samples exceeds 1000 pe r  100 mL" (p. 43).  

Wastewater d i s i n f e c t i o n  p r a c t i c e s  i n  each j u r i s d i c t i o n  are, t o  a  l a r g e  
ex ten t ,  governed by t h e  r e l e v a n t  b a c t e r i a  o b j e c t i v e s  t h a t  have been adopted. 
I n  t h e  U n i t e d  States,  a l l  s t a t e s  bo rde r i ng  t h e  Great  Lakes r e q u i r e  
d i s i n f e c t i o n  o f  sewage e f f l u e n t s  by means o f  c h l o r i n a t i o n  th roughout  t h e  
year .  C h l o r i n a t i o n  p r a c t i c e s  i n  these  j u r i s d i c t i o n s  a re  g e n e r a l l y  aimed a t  
m a i n t a i n i n g  t o t a l  c h l o r i n e  r e s i d u a l s  o f  between 0.5 and 2.0 mg/L. Several  
s t a t e s  (Minnesota, Wisconsin, New York, I 1  1  i n o i s ,  I nd iana  and Mich igan)  have 
cons idered changing t o  seasonal d i s i n f e c t i o n .  To date, o n l y  I n d i a n a  has . 
implemented seasonal c h l o r i n a t i o n  r e q u i r i n g  t h a t  sewage t rea tment  p l a n t s  meet 
f e c a l  c o l i f o r m  l i m i t s  o f  200/100mL, May t o  October and 1,000/100 mL f r om 
November t o  A p r i l .  

The c u r r e n t  Water Q u a l i t y  C r i t e r i a  f o r  c o l i f o r m  b a c t e r i a  i n  t h e  r e c e i v i n g  
waters o f  t h e  s t a t e s  bo rde r i ng  t h e  Great  Lakes a re  summarized i n  Table 8  
accord ing t o  use and c o l i f o r m  type. The minimum l e v e l  o f  t rea tment  p r i o r  t o  
d i s i n f e c t i o n  i s  secondary, as p resc r i bed  by  f e d e r a l  law. Cont ro l  and 
enforcement o f  t h e  c o l i f o r m  standards i s  l e f t  up t o  t h e  i n d i v i d u a l  
j u r i s d i c t i o n a l  l o c a l i t i e s ,  and t h i s  i s  one reason f o r  t h e  v a r i e d  c o l i f o r m  
c r i t e r i a  as presented i n  Table 8. 

I m p l i c a t i o n s  o f  Ach iev ing  t h e  M i c r o b i o l o g i c a l  C r i t e r i a  

The t o t a l  c o l  i f o r m  b a c t e r i  a1 d e n s i t i e s  o f  t y p i c a l ,  we1 1  - t r e a t e d  
nond i s i n fec ted  secondary e f f l u e n t s  u s u a l l y  f a l l  i n  t h e  range o f  approx imate ly  , 

5 x  l o 5  t o  5  x  l o 6  organisms/100 mL. The f e c a l  c o l  i fo rm d e n s i t i e s  
t y p i c a l l y  average 10 t o  20 percen t  of t h e  t o t a l  co l i fo rms.  Thus, t o  ach ieve 



TABLE 8 

STATE AND PROVINCIAL MICROBIOLOGICAL CRITERIA ACCORD1 NG TO USE 
AND COLIFORM TYPE (FC = FECAL, TC = TOTAL) 

Col i f  orm Numbers/100 mL 

aSome s ta tes  i n  process o f  r e v i s i n g  - Pa., Ind., 111. has passed; N.Y., Ohio pending. 
"Monthly Geometric Mean. 
CShore waters. For open waters, 20 FC/100 mL ( ) = maximum value i n  no t  more than 20% of the  samples; minimum 

5 samples. 
- = no c r i t e r i a  spec i f ied .  

d ~ a t h i  ng = 20 FC/100 (400 FC/100 max. ) . 
e c r i t e r i a  f o r  Primary and Secondary Contact Recreat ion i s  t o  be met dur ing  a l l  per iods when d i s i n f e c t i o n  i s  

p rac t i sed .  Time pe r iod  i s  not spec i f ied .  
f ~ o n t h l y  Median. 
gNWater which meets the  water q u a l i t y  c r i t e r i a  f o r  aquat ic  l i f e  and recreat ion ,  w i l l  be s u i t a b l e  f o r  most other  

b e n e f i c i a l  uses, such as d r i n k i n g  water and a g r i c u l t u r e . "  (On ta r i o  M i n i s t r y  o f  t h e  Environment, Water 
Management, 1978, p. 4). 

PRIMARY CONTACT 
RECREATIOiV 

TC F C 

- 200" 
- 200" 
- 200" 

- (4002 
200 

(4002 
- 100 
- 1 ,000~  

- (2,000) 
200 

2, 400f 200" 
(5,000 
1,000 100 

I 

RAW WATER SUPPLY 
FOR REGULAR QUALITY 

DRINKING H20a 

TC FC 

- 10" - 200" 
- 200" 

5,000" - ( 400 

- 1,000" 
- - 
- - 

5, OOof 200" 
(20,000) 
- - 

STATE & 
PROVINCE 

Minnesota 
Wisconsin 
I l l i n o i s  

I n d i  ana 

Michigan 
Ohio 

Pennsylvania 
New Yorke 

Ontar io9  

RAW WATER SUPPLY 
FOR HIGH QUALITY 

DRINKING H20 

TC FC 

- - 
- - 
- - 
- - 

- - 
- - 

- - 
- 5of - 
(240) - - 

SECONDARY CONTACT 
RECREATION 

TC FC 

- 200" 
- 200" 
- 1 ,000~  

(2,0002 
- 1,000 

(2,0002 - 1,000 
- 5,000" 

- - 
10,000~ 2,000" 

- - 

GREAT LAKES 
WATERS 

TC F C 

- - 
- 200" 
- 2ob 

- 200" 3 

(400) - .. 
- - 
- _  - 
1 ,000~ 200" 

- - 



t h e  h i g h e s t  c o l i f o r m  l i m i t a t i o n  noted i n  Table 8, i . e .  S t a t e  o f  New York, 
secondary con tac t  r e c r e a t i o n ,  10,000 t o t a l  . c o l i f o r m s  and 2,000' fecal  
co l i fo rms/100  mL would r e q u i r e  o n l y  about 1.7 t o  2.0 loglo reduc t i on .  
Th is  can e a s i l y  be. achieved w i t h  a  minimal amount of c h l o r i n e .  To meet t h e  
lowest  c o l i f o r m  l i m i t a t i o n ,  i.e: S ta te  o f  Minnesota, raw d r i n k i n g  water 
supp l ies ,  10 f e c a l  co l i forms/100 mL would r e q u i r e  a t  l e a s t  4 loglo 
reduc t i on .  Th is  would n e c e s s i t a t e  s u b s t a n t i a l  l y  more c h l o r i n e  and l onge r  
con tac t  t imes. Ach iev ing  t h e  200 f e c a l  c o l  i f o r m  c r i t e r i o n  (app rox ima te l y  3  
loglo r e d u c t i o n )  would t y p i c a l  l y  r e q u i r e  some in te rmed i  a t e  dose l e v e l ,  
thus  an i n te rmed ia te  d i s i n f e c t i o n  cost .  I t  i s  d i f f i c u l t  t o  i n d i c a t e  a c t u a l  
c h l o r i n e  dose l e v e l s  r e q u i r e d  i n  each i ns tance  because o f  t h e  ex t reme ly  
v a r i a b l e  wastewater q u a l i t y  among t rea tment  p l an t s .  Conserva t i ve  ranges can 
be es t imated  i f  i t  i s  assumed t h a t  t h e  e f f l u e n t  q u a l i t y  i s  high, i .e .  
b iochemica l  oxygen demand and t o t a l  suspended s o l i d s  each l e s s  t han  15 mg/L 
and t h e  c h l o r i n e  c o n t a c t  t ime  i s  a  minimum o f  30 minutes a t  peak f l o w .  The 
c h l o r i n e  dose f o r  <2 l o g  c o l i f o r m  r e d u c t i o n  would l i k e l y  be 1 t o  3  mg/L; f o r  
3  l o g  reduc t ion ,  3  t o  8 mg/L; f o r  >4 - l o g  reduc t i on ,  8  t o  12 mg/L. 

The Prov ince o f  Onta r io ,  which borders a l l  o f  t h e  Great  Lakes except  Lake 
Michigan, r e q u i r e s  t h a t  a l l  sewage t rea tment  f a c i l i t i e s  ( o t h e r  t han  lagoons)  
c h l o r i n a t e  t h e i r  e f f l u e n t s  f o r  a  30-minute average c o n t a c t  p e r i o d  and t o  a  
minimum o f  0.5 mg/L t o t a l  r e s i d u a l  i n  a l l  cases where t h e r e  i s  a  downstream 
use p o t e n t i a l  f o r  a  water supp ly  source o r  f o r  con tac t  r e c r e a t i o n .  Where i t  
can be shown t h a t  t h e r e  a re  no downstream r e c r e a t i o n a l  o r  w i thdrawa l  water 
uses and where d i l u t i o n  i s  deemed adequate, no d i s i n f e c t i o n  i s  r e q u i r e d  by  
O n t a r i o  a u t h o r i t i e s  between November 15 and May 15. No d i s i n f e c t i o n  a t  a l l  i s  
r e q u i r e d  f o r  sewage lagoons un less t he  e f f l u e n t  i s  used f o r  sp ray  i r r i g a t i o n  
near human o r  domestic animal h a b i t a t i o n s .  Present O n t a r i o  d i s i n f e c t i o n  
guide1 i nes a re  under r ev i ew  f o l  l ow ing  adopt ion  o f  P r o v i n c i  a1 Water Qua1 i t y  
O b j e c t i v e s  which s t i p u l a t e  t h a t ,  as a  goal ,  a l l  su r face  water  be e n t i r e l y  f i t  
f o r  aqua t i c  l i f e  and f o r  r e c r e a t i o n a l  use, except w i t h i n  t h e  m i x i n g  zone. 

The most r ecen t  U n i t e d  States-Canada Great  Lakes Water Q u a l i t y  Agreement 
( I n t e r n a t i o n a l  J o i n t  Commission, 1978) s p e c i f i e s  o n l y  t h a t  waters  used f o r  
body c o n t a c t  r e c r e a t i o n  should be s u b s t a n t i a l l y  f r e e  from b a c t e r i a  and o t h e r  
microorganisms t h a t  may produce diseases. No numer ica l  o b j e c t i v e s  f o r  
b a c t e r i a  a re  s p e c i f i e d  i n  t h e  Agreement nor i s  wastewater d i s i n f e c t i o n  
s p e c i f i c a l l y  r equ i red .  Th is  i s  an impo r tan t  change f r om t h e  p rev ious  
Agreement which i nc l uded  numer ica l  b a c t e r i a l  ob jec t i ves .  

~ n t e r p r e t a t i o n  of t h e  " s u b s t a n t i  a1 l y  f r e e "  o b j e c t i v e  i s  be ing  rev iewed b y  
t h e  M ic rob io l ogy  Work Group o f  t he  Aquat i c  Ecosystem Ob jec t i ves  Committee 
(AEOC) o f  t h e  Science Adv isory  Board. T h e i r  d r a f t  recommendations suggest a  
"non-degredat ion" o b j e c t i v e  f o r  mid lake.  

. . . . 

: I t  m w ~ t  be s t ressed '  t h a t  t h e  f i n a l  dec i s i ons  about b a c t e r i  a1 o b j e c t i v e s  
and d i s i n f e c t i o n  p r a c t j c e s  l i e  w i t h  t h e  var ious  federa l , ,  s t a t e ,  p r o v i n c i a l  
and, i n  some . ins tances,  . l o c a l  j u r i s d i c t i o n s .  
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Uncertainties About the Need for Disinfection 

Progress toward the residual chlorine objective may be achieved in four 
basic ways : 

(a) by more efficient and effective use of chlorine as a disinfectant; 

(b) by the chemical destruction of residual chlorine; 

(c) by the instal 1 ation of disinfection technologies that do not involve 
chlorine and 

(d) by the reduction or elimination of disinfection a1 togetheb. 

As noted, there appears to be a three-way tradeoff in choosing one or more of 
these methods of achieving the objective: financial costs of disinfection 
versus the protection of human health versus the damage to aquatic 1 ife. 

The first three options can be implemented to achieve desired disinfection 
levels, i.e. protection of human health so that only the financial costs of 
disinfection and the damages to aquatic life will vary. The adoption of 
seasonal disinfection is both logical and practical where the sewage effluents 
discharge into recreational waters. There is obviously no health threat from 
swimming or contact recreational activities during the winter months. 
However, where receiving waters constitute a source of water supply, local 
authorities may view the year-round disinfection of sewage as desirable extra 
protection against disease transmission even though the water is treated prior 
to distribution. There also appears to be scope for chlorinating sewage 
treatment plant effluent more efficiently without reducing the degree of 
disinfection. Finally, improvements in the efficiency of sewage treatment 
will result in lower chlorine demands during disinfection. 

Dechlorination and the use of chlorine-free disinfection processes will 
1 ikely involve added financi a1 costs to the re1 evant authorities. However, 
the actual magnitude of these costs must be determined empirically in order to 
ascertain whether they are commensurate with the reduction in damages to 
aquatic life due to chlorine toxicity. 

The last option, reduction or elimination of any disinfection, could 
change the risk to public health. There are, however, several reasons why the 
elimination of sewage effluent disinfection altogether can be seriously 
considered in certain instances. 

The degree of wastewater treatment is also relevant to the need for 
disinfection. The poorer the effluent qua1 ity, the more difficult and 
expensive it is to disinfect. In addition, high levels of BODS and 
suspended solids in the effluents will promote regrowth of microorganisms in 
receiving waters. Therefore, as adjudged on a site-by-site basis, resources 
should be devoted to irr~proving and upgrading municipal wastewater treatment 
facilities before embarking on new and refined wastewater disinfection 
practices. 

A variety of pathogenic microorganisms is found in the feces of actively 
infected cases or carriers and, hence, in wastewaters containing the fecal 
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wastes f rom such i n d i v i d u a l s .  Transmission o f  pathogenic  microorganisms t o  
man i s  p o s s i b l e  i f  a  s u f f i c i e n t  number o f  such organisms i s  p resen t  i n  a  g i ven  
r e c e i v i n g  stream o r  body o f  water des ignated f o r  p r ima ry  con tac t  r e c r e a t i o n .  
However, t h e  r e l a t i o n s h i p  o f  d i scha rg ing  secondary wastewater e f f l u e n t  w i t h  
disease t r ansm iss ion  v i a  t h e  r e c e i v i n g  stream used f o r  r e c r e a t i o n a l  purposes 
has'been t h e  s u b j e c t  of cons iderab le  debate i n  r ecen t  years.  Prominent among 
t h e  a n t i t h e t i c a l  views i s  a  r e p o r t  t o  Congress by t h e  Comp t ro l l e r  General o f  
t h e  U n i t e d  S ta tes  (1977) c r i t i c i z i n g  t h e  p r a c t i c e  o f  wastewater d i s i n f e c t i o n ,  
s p e c i f i c a l l y  c h l o r i n a t i o n .  The f o l l o w i n g  r e p o r t  summary s u c c i n c t l y  expresses 
t h e  concern and conc lus ions  o f  t h e  Compt ro l le r  General: 

"Ch lo r i ne  i s  f r e q u e n t l y  used t o  d i s i n f e c t  domestic sewage, and 
i t  i s  a l s o  used i n  i n d u s t r y  and i s  d ischarged i n  va r i ous  i n d u s t r i a l  
wastes. Ch lo r i na ted  d ischarges have been shown t o  be harmfu l  t o  t h e  
aqua t i c  environment, b u t  t h e y  a re  s t i l l  l a r g e l y  uncon t ro l  led.  I n  
many s i t u a t i o n s  t h e  use o f  c h l o r i n e  i s  no t  needed. Except i n  areas 
o f  s h e l l f i s h - h a r v e s t i n g  o r  o f  u n r e s t r i c t e d  i r r i g a t i o n ,  d i s i n f e c t i o n  
o f  t r e a t e d  wastes u s u a l l y  i s  no t  needed t o  p r o t e c t  

-- swimmable waters 7n c o l d  weather months, 
-- waters r a r e l y  used f o r  swimming, o r  

. . -- d r i n k i n g  water. . . 

When sewage d i s i n f e c t i o n  i s  needed, p resen t  sewage c h l o r i n a t i o n  
p r a c t i c e s  g e n e r a l l y  r e s u l t  i n  excess ive amounts o f  c h l o r i n e  be ing  
d ischarged i n t o  waterways. More should be done t o  l i m i t  r e s i d u a l s  
and t o  promote t h e  e f f i c i e n t  use o f  c h l o r i n e  i n  sewage d i s i n f e c t i o n  
(p.  7) . "  

A t  t h e  F i r s t  I n t e r n a t i o n a l  Symposium on Ozone f o r  Water and Wastewater 
Treatment, Lue-Hing, Lynam and Zenz (1977) presented a  paper e n t i t l e d  "Waste- 
water D i s i n f e c t i o n :  The Case Aga ins t  Ch lo r i na t i on . "  The paper d iscussed a  
s p e c i f i c  case where con t inued  c h l o r i n a t i o n  was, i n  t h e  au tho rs1  op in ion ,  no t  a  
j u s t i f i a b l e  p r a c t i c e .  The case was t h e  1200 MGD West-Southwest (WSW) p l a n t  o f  
t h e  M e t r o p o l i t a n  S a n i t a r y  D i s t r i c t  o f  Greater  Chicago. The p l a n t  had been 
con t i nuous l y  c h l o r i n a t i n g  i t s  secondary e f f l u e n t  s i n c e  Ju l y ,  1972. The 
e f f l u e n t  d ischarged i n t o  t h e  man-made canal system which d i r e c t s  wastewater 
e f f l u e n t s  away f rom Lake Mich igan and i n t o  t h e  I l l i n o i s  R i v e r  system. 

The f o l l o w i n g  arguments were p u t  f o r t h  by  t h e  au thors  t o  suppor t  t h e i r  
views: ( 1 )  t h e  D i s t r i c t ' s  waterways were never in tended f o r  p r ima ry  c o n t a c t  
r e c r e a t i o n a l  a c t i v i t i e s ,  and indeed, no such a c t i v i t i e s  t a k e  p lace;  ( 2 )  t o t a l  
c h l o r i n e  r e s i d u a l  i s  t o x i c  t o  aqua t i c  l i f e  and i t s  presence has p rec luded  t h e  
e x i s t e n c e  o f  f i s h  and o the r  aqua t i c  1  i f e  i n  t h e  waterways; ( 3 )  concern was 
expressed over t h e  carc inogen ic  compounds produced by r e a c t i o n  o f  c h l o r i n e  
w i t h  p.recursors i n  water  and wastewater; ( 4 )  evidence was c i t e d  (Sproul ,  1969; 
Shuval e t  al., 1967) which i n d i c a t e d  l i t t l e  i n a c t i v a t i o n  o f  v i r u s e s  by 
chloramines, t h e  ma jo r  fo rm o f  c h l o r i n e  i n  secondary e f f l u e n t s  c o n t a i n i q g  
ammoniumnitrogen; ( 5 )  when t h e  c o l i f o r m  l e v e l s  i n  t h e  main waterways i n  t h e  
yea r  1966, when no c h l o r i n a t i o n  was p rac t i sed ,  were compared w i t h  t h e  same 
waterways i n  1974 a f t e r  e f f l u e n t  c h l o r i n a t i o n  was i n s t i t u t e d ,  t h e  c o l i f o r m  
l e v e l s  near t h e  f i n a l  d ischarge p o i n t  of t h e  D i s t r i c t  waterway system were n o t  



s i g n i f i c a n t l y  d i f f e r e n t  when the  major p lan ts  were c h l o r i n a t i n g  compared t o  
when they  were not;  and (6 )  t h e  costs o f  c h l o r i n a t i o n  f o r  t h e  WSW p l a n t  i n  
1975 were shown t o  be approximately $3,210 per day and t o t a l  D i s t r i c t  cos ts  
were about $6,000 per day. The authors concluded from t h e  evidence presented 
t h a t  c h l o r i n a t i o n  o f  the W S W  e f f l u e n t  and o ther  major e f f l u e n t s  o f  the  
D i s t r i c t  waterway system d i d  no t  j u s t i f y  t h e  cost :  

"There i s  no measurable b e n e f i t  f rom such c h l o r i n a t i o n ;  and indeed, 
t h e  poss ib le  harm t o  the  environment and t o  c i t i z e n s  i s  s i g n i f i c a n t .  No 
harm w i l l  r e s u l t  w i t h  the  discont inuance o f  c h l o r i n a t i o n  and the  taxpayers 
w i  11 be saved an expendi ture approaching 1.2 m i  11 i o n  do1 1  ars per year  f o r  
t he  WSW p l a n t  alone." 

Henderson (1968) evaluated the c o l  i f o r m  index adopted by the  Federal Water 
P o l l u t i o n  Contro l  Admin is t ra t ion .  The index had as i t s  bas is  p r o t e c t i o n  o f  
users f rom e n t e r i c  diseases i n  na tu ra l  rec rea t i ona l  waters o f  t h e  50 s ta tes .  
A f t e r  cons ider ing  the  evidence, Henderson concluded: ( 1 )  t he  numerical f e c a l  
c o l i f o r m  c r i t e r i a  f o r  pr imary contac t  water and general rec rea t i ona l  use 
adopted by t h e  FWPCA are considered inappropr ia te ;  ( 2 )  t h e  standards are 
excess ive ly  low i n  t h e i r  c e i l i n g s  from the  standpoint  o f  r e a l i s t i c  p u b l i c  
h e a l t h  r i s k  o f  c o n t r a c t i n g  e n t e r i c  disease, based on t h e  negat ive  Un i ted  
States and B r i t i s h  epidemiological  experience and ( 3 )  no index organism t e s t  
based on f e c a l  discharges should be used as a  se l f - suppor t i ng  standard w i thou t  
support ive, q u a n t i t a t i v e  epidemiological  f i nd ings .  

I n  a  rev iew of t h e  B r i t i s h  experience, Barrows (1977) po in ted  o u t  t h a t ,  
desp i te  extensive work over several years i n v e s t i g a t i n g  t h e  poss ib i  1  i t y  o f  a  
causal r e l a t i o n s h i p  between p o l i o m y e l i t i s  and bath ing  i n  wastewater p o l l u t e d  
seawater, a  working p a r t y  o f  the  Pub l i c  Heal th Laboratory Service, formulated 
i n  1953, was unable t o  f i n d  any s i g n i f i c a n t  associat ion.  The on l y  evidence o f  
h e a l t h  hazards from sea bath ing  were f o u r  cases o f  paratyphoid feve r  a l l  
associated w i t h  beaches g ross l y  p o l l u t e d  w i t h  f e c a l  mat te r  (Working Par t y  o f  
the  Pub l i c  Hea l th  Laboratory Service, 1959). Moore (1954, 1970 and 1971) 
reviewed t h e  i n t e r n a t i o n a l  l i t e r a t u r e  on hea l th  hazards from bath ing  and 
concluded t h a t  the  r i s k  of c o n t r a c t i n g  ser ious disease i s  minimal. I n  h i s  
s tudy of p o l i o m y e l i t i s  among c h i l d r e n  r e s i d i n g  near t h e  seashore i n  England 
and Wales, Moore (1959) was unable t o  produce data suggest ive o f  an increased 
inc idence o f  i l l n e s s  associated w i t h  swimming i n  "po l l u ted "  marine waters as 
defined by t h e  c o l i f o r m  dens i t i es  reported. 

U n t i  1  r e c e n t l y  t he  most we1 1-known epidemf o l o g i c a l  study support ing the  
need t o  e s t a b l i s h  m ic rob ia l  discharge standards t o  p r o t e c t  p u b l i c  h e a l t h  a t  
ba th ing  beaches i n  t he  v i c i n i t y  o f  a  sewage o u t f  a1 1  was t h e  Stevenson 
i n v e s t i g a t i o n  (Stevenson, 1953). I n  h i s  f r e s h  water s tudies,  one comparing 
two beaches on Lake Michigan and the  other  comparing a  swimming pool t o  a  
beach on the  Ohio River ,  he repor ted  two instances suggest ing h e a l t h  e f f e c t s  
associated w i t h  swimming i n  waters having a  c o l i f o r m  dens i t y  o f  approximately 
2,000/100 mL. I n  another comparison o f  i l l n e s s  r a t e s  a t  two bath ing  beaches 
i n  Westchester, New York, Stevenson was unable t o  f i n d  a  s i g n i f i c a n t  
c o r r e l a t i o n  between i l l n e s s  and c o l i f o r m  densi ty .  



Cabel l  i e t  a l .  (1975) r e j e c t e d  t h e  approaches taken by Stevenson (1953) 
and Moore ( 1 9 5 9 ) n  designing t h e i r  prospflctive 
ep idemio log ica l -mic rob io log ica l  study. The p i t f a l l s  i n  Moore's approach, as 
enunciated by C a b e l l i  e t  a l .  (1975) are g iven as fo l l ows :  ( 1 )  Moore 
presupposed (1959), p o s s i b l y  w i t h  j u s t i f i c a t i o n  a t  t he  t ime, which diseases 
are o r  are no t  s i g n i f i c a n t  i n  e s t a b l i s h i n g  c r i t e r i a ;  ( 2 )  a  p r o t r a c t e d  i n t e r v a l  
o f  t ime elapsed between the  ba th ing  experience and t h e  i n q u i r i e s  made 
concerning i t s  na ture  and circumstances and ( 3 )  because o f  t h e  extreme 
day-to-day v a r i a b i  1  i ty  i n  po l  1  u t i o n  due t o  hydrographic and meter01 og i ca l  
f a c t o r s ,  i .e .  t i d e ,  r a i n f a l l ,  wind, etc., ba th ing  experiences cou ld  n o t  be 
accura te ly  associated w i t h  t he  qua1 i ty  o f  t he  water. Cabel 1  i e t  a1 . (1975) 
r i g o r o u s l y  def ined swimmers as those who a c t u a l l y  irnmersed t h e i r  heads i n  t h e  
water; non-swimmer c o n t r o l s  were those who went t o  t h e  beach bu t  merely  
sunbathed o r  waded. Stevenson's non-bathing c o n t r o l s  were i n d i v i d u a l s  who d i d  
no t  go t o  the  beach. Thus, i n  t he  l a t t e r  case, beach-going bu t  no t  swimming- 
associated i l l n e s s e s  c o ~ ~ l d  be 'e r roneous ly  inc luded i n  c a l c u l a t i n g  t h e  i l l n e s s  
r a t e s  o f  swimmers and non-swimmers. I n  Stevenson's (1975) s tudy  t h e  use o f  
"calendars" t o  reco rd  i l l n e s s  made i t  necessary t o  l i m i t  t h e  s tudy  t o  seashore 
res idents .  Th is  maximized the  p r o b a b i l i t y  o f  mu1 t i p l e  exposures. Cabel 1  i e t  
a l .  (1975) l i m i t e d  t h e i r  s tudy per iods  t o  Saturdays and Sundays ~ h l y ,  t e s t i n g  
i n d i v i d u a l s  who had a s i n g l e  (one-day) swimming experience. F i n a l l y ,  Cabel 1  i 
e t  a l .  (1975) inc luded demographic cons idera t ions  i n  t h e i r  study, i n  a d d i t i o n -  
t o  age and sex. 

The Cabel 1 i e t  a l .  s tudy (1976) was 1 i m i t e d  t o  two sa l t -wa te r  ba th ing  
beaches i n  New York. One beach was " r e l a t i v e l y  unpo l lu ted"  and t h e  o the r  was 
"ba re l y  acceptable" f rom a m i c r o b i o l o g i c a l  s tandpoint .  A cons i s ten t  f i n d i n g  
f rom t h e  study was t h a t  g a s t r o i n t e s t i n a l  symptoms (vomi t ing ,  d iar rhea,  nausea 
o r  stomach ache) were s i g n i f i c a n t l y  h igher  f o r  swimmers than non-swimmers a t  
t h e  " b a r e l y  acceptable" beach, bu t  no t  a t  t h e  " r e l a t i v e l y  unpo l lu ted"  beach. 
When the  mean i n d i c a t o r  d e n s i t i e s  a t  each beach f o r  t he  1973 and 1974 da ta  
were p l o t t e d  aga ins t  t h e  corresponding d i f f e r e n t i a l  (swimmers minus 
non-swimmers) g a s t r o i n t e s t i n a l  syrr~ptom ra tes ,  f o u r  p o i n t s  were ob ta ined f o r  
each i n d i c a t o r .  High c o r r e l a t i o n  c o e f f i c i e n t s  (0.95) were ob ta ined f o r  
Escher ich i  a  c o l  i and f e c a l  s t rep tococc i ,  i n d i c a t i n g  a s i g n i f i c a n t  c o r r e l a t i o n  

- between g a s t r o i n t e s t i n a l  disease symptomatology and i n d i c a t o r  dens i ty .  
P re l  i n i i  nary  f i n d i n g s  (Cabel 1  i , unpubl ished)  f rom mu1 t i - y e a r  ep idemio log ica l  
s tud ies  being conducted a t  marine beaches i n  t h e  v i c i n i t y  o f  A lexandr ia ,  Egypt 
and a b rack i sh  water beach on Lake Pon tcha r t ra in  i n  New Orleans resemble and 
appear t o  con f i rm  C a b e l l i ' s  prev ious f i n d i n g s .  

Other recen t  r e p o r t s  have p o s i t i v e l y  a t t r i b u t e d  outbreaks o f  ser ious  
diseases t o  exposure t o  n a t u r a l  r e c r e a t i o n a l  waters. I n  Dubuque, Iowa an 
outbreak o f  sh i  ge l  1  o s i  s  occurred among swimmers ba th ing  i n  f e c a l  l y  po l  1  u ted  
M i s s i s s i p p i  R i ve r  water (Rosenberg, 1976). Th is  was s t r o v g  evidence t h a t  
g a s t r o i n t e s t i n a l  disease t ransmiss ion  can occur by swimming i n  such waters, 
a l though t h e  source(s)  of t h e  S h i g e l l a  and i n d i c a t o r  organisms i n  t h e  water 
cou ld  no t  be unequ ivoca l l y  establ ished.  Other repo r ted  diseases i nc lude  
t ypho id  (Center f o r  Disease Contro l ,  1972), i n f e c t i o u s  h e p a t i t i s  (Bryan e t  
a1 . , 1974), amebic meni ngoencephal i t i s  (We1 1 i ngs e t  a1 . , 1977), external -  
o t i t i s  (Hoadley and Knight,  1975), coxsack iev i rus  B i n f e c t i o n  (Hawley e t  a1 . , 
1973), s k i n  granuloma caused by Mycobacteriuni niarinum ba l  ne i  ( Evan-Paz e t  
a1 ., 1976) and g a s t r o i n t e r i t i s  i n  Macomb County, Michigan Center f o r  Disease - 4 
Contro l ,  1979). Other examples are c i t e d  by Pipes (1978). 



I n  a  recent  r e p o r t  prepared by the  Nat iona l  Research Counci l  o f  t he  
Nat iona l  Academy o f  Sciences (1979) i t  was concluded t h a t :  

"Despite the  p o t e n t i a l  e r r o r  o f  the  c o l i f o r m  c r i t e r i o n  having 
been based on t h e  presumed coincidence of Salmonella, t h e  c r i t e r i o n  
remains a  reasonable p r e d i c t o r  f o r  gas t roen te r i c  i 1  lness and, 
poss ib ly ,  i n f e c t i o n s  f rom non-col i form agents. 

I n  i t s  rev iew o f  the  present techniques f o r  mon i to r i ng  the  m i c r o b i o l o g i c a l  
qua1 i t y  o f  rec rea t i ona l  water, t he  commi t t e e  f u r t h e r  concluded t h a t  

". . . b a c t e r i a l  mon i to r ing  o f  rec rea t i ona l  waters, when used, 
has served t o  ho ld  disease t ransmiss ion t o  reasonable l eve l s ,  thereby 
p rov id ing  v a l i d  j u s t i f i c a t i o n  f o r  cont inu ing  use o f  a  b a c t e r i a l  
c r i t e r i o n  f o r  rec rea t i ona l  waters and f o r  f u r t h e r  ex tens ive  e f f o r t s  
t o  improve procedures. The f e c a l  Co l i fo rm t e s t  i s  acceptable f o r  
p r o t e c t i n g  t h e  p u b l i c  hea l th  u n t i l  a d d i t i o n a l  epidemiologic  data, 
improved l abo ra to ry  procedures, and a  b e t t e r  understanding of aquat ic  
m ic rob ia l  ecology are a t ta ined.  It provides a  usefu l  i n t e r i m  
c r i t e r i o n  t h a t  i s  super io r  t o  the  o ther  suggested m i c r o b i o l o g i c a l  
i nd i ca to rs ,  and i t s  use c e r t a i n l y  i s  b e t t e r  than abandoning 
m ic rob io log i ca l  c r i t e r i a  a1 together."  

The fo rego ing  d iscussion po in t s  ou t  t h e  f a c t  t h a t  evidence suppor t ing  t h e  
need t o  c o n t r o l  the  discharge o f  pathogenic microorganisms t o  r e c e i v i n g  waters 
i s  con t rove rs ia l .  I n  view o f  t h e  f a c t  t h a t  a  s t rong case can be b u i l t  f o r  
e i t h e r  p o i n t  o f  view, depending on the  i n d i v i d u a l  circumstances, i t  i s  t he  
Task Force 's  op in ion  t h a t  t he  seasonal d i s i n f e c t i o n  o p t i o n  and, even i n  some 
cases, a  no d i s i n f e c t i o n  op t i on  cou ld  be v i a b l e  candidate s t r a t e g i e s  worthy o f  
considerat ion.  The f i n a l  pub1 i c  hea l th  decis ions p e r t a i n i n g  t o  t h e  discharge 
o f  a  p a r t i c u l a r  wastewater e f f l u e n t  and the  degree o f  p r o t e c t i o n  judged t o  be 
p e r t i n e n t  t o  t he  users of t h e  r e c e i v i n g  stream must be made by t h e  s p e c i f i c  
l o c a l  j u r i s d i c t i o n s .  Consequently, t he  seasonal and no d i s i n f e c t i o n  op t ions  
w i l l  be addressed i n  t h i s  repo r t .  

P ro tec t i on  o f  Aquatic L i f e  

Laboratory and f i e l d  s tud ies  have documented the  adverse e f f e c t s  o f  
r e s i d u a l  c h l o r i n e  on aquat ic  l i f e  a t  se lec ted  loca t ions .  Data o r  s tud ies  on 
the  magnitude o f  these e f fec ts  around the  Great Lakes, however, are no t  
a v a i l a b l e  f o r  var ious reasons as noted i n  Chapter 3. Indeed, i t  i s  no t  c l e a r  
how many Great Lakes sewage treatment or power p l a n t  discharges are considered 
t o  be even p o t e n t i a l  problems. Although the  adverse impacts on aquat ic  l i f e  
have been documented f o r  some areas, i t  i s  poss ib le  t h a t  c h l o r i n e  i s  no t ' an  
important  problem i n  t h e  Great Lakes because: 

a. e x i s t i n g  da ta  show f i s h  can t o l e r a t e  shor t - term exposures t o  f a i r l y  
h igh  concentrat ions o f  c h l o r i n e  w i thout  apparent adverse e f fec ts ;  

b. al though the  e x i s t i n g  da ta  have been con t rad i c to ry ,  some species o f  
f i s h  have been shown t o  avoid c h l o r i n e  i n  bo th  l abo ra to ry  and f i e l d  
s tud ies  and 



c. t h e r e  a r e  sometimes s t r e s s f u l  l e v e l s  o f  contaminants o the r  than  
c h l o r i n e  i n  sewage t rea tment  p l a n t  e f f l u e n t s .  These contaminants may 
be more de t r imen ta l  than c h l o r i n e  depending on t h e  concen t ra t i ons  and 
du ra t i ons  o f  exposure t o  bo th  c h l o r i n e  and t h e  o t h e r  t o x i c a n t s .  

I m p l i c a t i o n s  f o r  D i s i n f e c t i o n  S t r a t e g i e s  t o  be Assessed 

The f o l l o w i n g  m i c r o b i o l o g i c a l  g u i d e l i n e s  a re  summarized f rom t h e  c u r r e n t  
p o l i c i e s  o f  the  r e l e v a n t  Great Lakes j u r i s d i c t i o n s :  

OBJECTIVE 
PURPOSE AND/OR 

JURISDICTION 

1. .One f e c a l  c o l  i f o r m  per  100 mL 
o b j e c t i v e  - Non-degredat ion o b j e c t i v e .  

2. 10 f e c a l  c o l i f o r m s  per  100 mL - IJC M i c r o b i o l o g y  Work Group D r a f t  
Recommendation f o r  Rec rea t i ona l  

100 t o t a l  co l i f o rms  per  100 mL Waters. 

3. 200/400 f e c a l  c o l i f o r m s  per  100 mL - U.S. S ta tes '  O b j e c t i v e  f o r  
Rec rea t i ona l  Waters. 

4. 2,000 f eca l  c o l i f o r m s  per  100 mL - U.S. and Canadian O b j e c t i v e s  
f o r  Water. 

5. 20,000 ' t o t a l  c o l  i forms per  100 mL . . - U.S. and Canadian Clb ject ives 
f o r  Water Supply i n takes .  

These o b j e c t i v e s  would t h e o r e t i c a l l y  app ly  a t  t h e  edge o f  a  m ix i ng  zone, 
b u t  f o r  t h e  purposes o f  t h i s  study, i t  w i l l  be assumed t h a t  t hese  o b j e c t i v e s  
a re  t o  be met a t  t h e  end-of-pipe. T h i s  Task Force does n o t  recommend any 
s p e c i f i c  b a c t e r i a l  o b j e c t i v e s ,  b u t  w i l l  i d e n t i f y  t h e  i m p l i c a t i o n s  f o r  
ach iev ing  each m i c r o b i o l o g i c a l  o b j e c t i v e  l e v e l  i n  terms o f  t h e  t ype  and degree 
o f  sewage t rea tment  requ i red .  These t rea tment  requi rements w i l l  be used i n  
t h e  e v a l u a t i o n  o f  t h e  a l t e r n a t i v e  methods o f  moving toward o r  ach iev ing  t h e  
c h l o r i n e  o b j e c t i v e .  The assumption o f  meet ing o b j e c t i v e s  a t  t h e  end-of -p ipe 
w i l l  i n d i c a t e  t h e  maximum consequences t h a t  can be expected when a l t e r n a t i v e s  
a re  imp1 emented. 

The e l i m i n a t i o n  o f  d i s i n f e c t i o n  year- round appears t o  be a  v i a b l e  o p t i o n  
under c e r t a i n  c ircumstances, e.g. where e f f l u e n t s  have BOD and TSS 
concen t ra t i ons  o f  15 mg/L o r  b e t t e r ,  where t h e  o u t f a l l  i s  submerged and 
d i s t a n t  f rom shore and where t h e  e f f l u e n t  does n o t  d i r e c t l y  impinge on 
d r i n k i n g  water s u p p l i e s  o r  con tac t  r e c r e a t i o n  areas. 

The achievement of a t  l e a s t  2,000 f e c a l  c o l  i forms/100 mL and 20,000 t o t a l  
co l i f o rms /100  mL cou ld  be r e l i a b l y  achieved i n  most p r ima ry  and secondary 
p l a n t s  w i t h  c h l o r i n a t i o n  o r  o the r  d i s i n f e c t i o n  methods. 

Reduct ion of t o t d l  co l i f o rms  t o  l e s s  than 200/100 rnL would r e q u i r e  t h a t  
e f f l u e n t s  r e c e i v e  a t  l e a s t  secondary t reatment ,  i .e .  a c t i v a t e d  s ludge and 
ae ra t i on .  The achievement o f  l e s s  than 100 t o t a l  c o l i f o r m s  per  100 mL would 



r e q u i r e  a  v e r y  e f f i c i e n t  degree of advanced secondary t rea tment  and t h e  
b a c t e r i a l  d e n s i t y  would vary  cons ide rab l y  w i t h  e f f l u e n t  q u a l i t y  d e s p i t e  
c h l o r i n a t i o n .  A d e n s i t y  o f  l e s s  than  one f e c a l  c o l i f o r m  per  100 mL cannot be 
achieved by d i s i n f e c t i o n  methods w i t h o u t  t e r t i a r y  f i l t r a t i o n  and t rea tment .  



MIXING AND LIMITED USE ZONES 

The i n i t i a l  concept ion of a  m i x i n g  zone was eng ineer ing  o r i en ted .  It i s  
t h a t  area o r  volume of d i l u t i o n  water necessary t o  reduce contaminant 
concen t ra t i ons  t o  some t a r g e t  l e v e l  o r  t o  a  t o t a l l y  mixed c o n d i t i o n  and 
de f i ned  i n  terms of plume shape, s i z e  and depth. Th i s  concept o f  a  m i x i n g  
zone d i d  no t  i nco rpo ra te  any cons ide ra t i on  o f  t he  b i o l o g i c a l  e f f e c t  o f  t h a t  
discharge. 

A  more recen t  i n t e r p r e t a t i o n  o f  t h e  te rm m i x i n g  zone i s  by r e g u l a t o r y  
agencies respons ib l e  f o r  t h e  development and enforcement o f  w a t ~ r  q u a l i t y  
s tandards i n  r e c e i v i n g  waters.  I n  t h e  par lance  o f  r e g u l a t o r y  agencies, a  
m i x i n g  zone i s  t h a t  area o r  volume o f  water  i n  which water  q u a l i t y  s tandards 
c o u l d  be exceeded. I n  most ins tances,  a  phys i ca l  m i x i n g  zone and a  r e g u l a t o r y  
m i x i n g  zone d i f f e r e d  s i g n i f i c a n t l y  i n  s i ze .  

The concept o f  a  " l i m i t e d  use zone" was i n t r oduced  i n t o  t h e  Great Lakes 
Water Qua1 i ty  Agreement ( I n t e r n a t i o n a l  J o i n t  Commission, 1978). L i m i t e d  use 
zones are areas i n  t h e  v i c i n i t y  o f  p resen t  and f u t u r e  mun ic ipa l ,  i n d u s t r i a l  
and t r i b u t a r y  p o i n t  source d ischarges w i t h i n  which some s p e c i f i c  o b j e c t i v e s  
may n o t  app ly  and are no t  p r o t e c t i v e  o f  c e r t a i n  uses. It i s  t h a t  area o r  
volume where an e f f l u e n t  and ambient water  mix. L i m i t e d  use zones rep resen t  
t h e  maximum area where l e s s  than o b j e c t i v e  qua1 i t y  would be a1 lowed. Harbours 
and c e r t a i n  bays may be encompassed by a  l i m i t e d  use zone. 

As r e f e r r e d  t o  i n  t h e  Agreement, t h e  l i m i t e d  use zone i s  v i r t u a l l y  
synonymous w i t h  t h e  m i x i n g  zone. L i m i t e d  use zones and m i x i n g  zones a re  
c u r r e n t l y  under review, b u t  f o r  t h i s  p resen t  s tudy  t h e  terms r e f e r  t o  t h a t  
zone around a  p o i n t  source d ischarge w i t h i n  which ambient water  q u a l i t y  
o b j e c t i v e s  f o r  r e c e i v i n g  waters do n o t  apply.  

The Dete rmina t ion  of M i x i ng  and L i m i t e d  Use Zones ' 

There are a  number o f  f a c t o r s  t h a t  make t h e  des igna t i on  of m i x i n g  o r  
l i m i t e d  use zones d i f f i c u l t .  The sequen t i a l  a d d i t i o n  o f  load ings  over  t i m e  
sometimes makes i t  necessary t o  redes igna te  t h e  m i x i n g  zone t o  p e r m i t  new 
discharges. It i s  a l s o  impor tan t  t o  d i s t i n g u i s h  between conservat ive,  
b i  o-accumul a t i v e  and b i o -  o r  chemo-degradabl e  contaminants.  Some s ~ b s t ~ a n c e s  
may be so t o x i c  as t o  p rec lude  t h e  al lowance o f  a  m i x i n g  zone. 

One o f  the  e a r l i e r  a t tempts t o  i n c o r p o r a t e  env i ronmenta l  cons ide ra t i ons  
i n t o  t h e  development of m i x i ng  zones was based on zones of passage. Th is  was 
dev ised t o  ensure t h a t  contaminants would n o t  b l ock  t h e  m i g r a t i o n  o r  t h e  
d r i f t i n g  o f  aqua t i c  species. I n  these passageways, concen t ra t i ons  o f  waste 



m a t e r i a l s  should meet t he  requi rements f o r  t h e  r e c e i v i n g  water.  Genera l l y ,  
m i x i ng  should be accomplished as q u i c k l y  as p o s s i b l e  th rough dev ices such as 
d i f f use rs .  

Cur ren t  P o l i c i e s  

M ix i ng  zones a re  n o t  c l e a r l y  def ined i n  s t a t e  s t a t u t o r y  and a d m i n i s t r a t i v e  
p o l i c i e s .  F i f t e e n  s t a t e s  had no statement whatsoever about these zones. 
Twelve o the rs  had vague statements a p p l i c a b l e  o n l y  t o  c o o l i n g  waters o r  sewage 
t rea tment  p l a n t  e f f l u e n t s .  Very genera l  statements were used by 19 s t a t e s  and 
most o f  these used m i x i n g  zones t o  j u s t i f y  n o t  m o n i t o r i n g  e f f l u e n t s  c l o s e  t o  
t h e  p o i n t  o f  discharge. On ly  four  s t a t e s  had s p e c i f i c  numer ica l  l i m i t a t i o n s  
and these o n l y  a p p l i e d  t o  zones o f  passage. 

The U n i t e d  S ta tes  Environmental  P r o t e c t i o n  Agency has noted t h a t  " l i m i t e d  
use zones" p r o v i d e  an excuse f o r  d i l u t i o n  o r  p o l l u t i o n  which i s  c o n t r a r y  t o  
U n i t e d  S ta tes  laws. I n  O n t a r i o  t h e  concept of a  m i x i n g  zone o r  l i m i t e d  use 
zone i s  accepted, b u t  i s  app l i ed  on a  case-by-case b a s i s  s u b j e c t  t o  t h e  
v a r i o u s - c o n s t r a i n t s  and g u i d e l i n e s  as s e t  o u t  i n  t h e  1978 Agreement 
( I n t e r n a t i o n a l  J o i n t  Commission, 1978). 

I m p l i c a t i o n s  Concerning M ix i ng  Zones 

M ix i ng  o r  l i m i t e d  use zones are r e l e v a n t  t o  t h i s  s tudy  because d i f f e r e n t  
s i zes  o r  areas of m i x i ng  zones: 

,a) imp l y  d i f f e r e n t  cos ts  t o  achieve them and 

b )  imp l y  a  w i l l i n g n e s s  t o  accept s p e c i f i c  l e v e l s  of env i ronmenta l  damage 
i n  r e c e i v i n g  waters. 

However, d i f f e r e n t  s i zes  o f  m i x i ng  zones w i l l  n o t  be e x p l i c i t y  cons idered  
i n  t h e  e v a l u a t i o n  o f  d i s i n f e c t i o n  o p t i o n s  i n  t h i s  s tudy  f o r  t h e  f o l l o w i n g  
reasons : 

a) t h e  concepts o f  m i x i ng  and l i m i t e d  use zones are c u r r e n t l y  under 
r ev i ew  and may be s u b s t a n t i a l l y  rev ised ;  

b)  t h e r e  i s  no c l ea r ,  o b j e c t i v e  c r i t e r i o n  f o r  .de te rmin ing  t h e  s i z e  o f  a  
m i x i n g  zone and 

c )  r egu l  a t o r y  agencies c u r r e n t l y  determine s i zes  and c h a r a c t e r i s t i c s  o f  
m i x i n g  zones on a  case-by-case bas is .  I n  t h i s  s tudy,  t h e  o p t i o n s  
wi 11 be ,eva luated on an aggregate bas is .  

As noted e a r l i e r  a l l  eva lua t i ons  w i l l  be made on t h e  b a s i s  o f  meet ing , 

o b j e c t i v e s  a t  t he  end-of-pipe. The expected consequences w i  11 rep resen t  t h e  
maximum poss ib l e .  To es t imate  consequences o f  d i f f e r e n t  s t r a t e g i e s ,  t h e  Task 
Force assumed t h a t  t h e r e  were no m i x i n g  zones because t h e r e  a r e  no p r e f e r r e d  
c r i t e r i a  f o r  t h e  es tab l i shment  o f  m i x i n g  zones. Consequently, j u r i s d i c t i o n s  
can make t h e i r  own assessment o f  m i x i n g  zone s ize .  Al lowance f o r  m i x i n g  zones 
w i l l  t hen  m i t i g a t e  o r  o therw ise  a l t e r  these consequences, i .e.  p o s s i b l y  r e s u l t  
i n  lower  f i n a n c i a l  cos ts  f o r  ach iev ing  t h e  o b j e c t i v e  o r  i n  an inc rease  i n  t h e  
r i s k  and damages t o  aqua t i c  l i f e .  
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ACHIEVING THE OBJECTIVE BY. , , . 

INDUSTRY AND POWER PLANTS . :, 
I . . 

Chlorine Residual s from Industri a1 Sources 

Other than the chlor-alkali plants already noted, th&-e are relat ively few 
major industri a1 sources of f ree  avai 1 able chlorine residual. There are many 
1 arge i ndustri a1 users of chlorine who discharge chlorine residuals along with 
liquid wastes into the Great Lakes, the i r  t r ibutar ies  and their  
interconnecting channels. However, residual chlorine i s  lei ther not 
discharged, not considered a problem or the effects  are masked by other more 
noxious and problematic components. 

I 

Because residual chlorine i s  usually not the most serlious coltaminant from 
industrial dischargers, i t  i s  often not monitored, consequently data on 
residual chlorine from industrial sources are rather sparse. Industrial 
sources for  which residual chlorine i s  measured are l is tdd in Table 9. I t  i s  
important to remember that  each source discharges other cpntaminants. Those 
sources whose chlorine loadings exceed "requirements" woulld certainly warrant 
further investigation. However, those data corroborate our conclusion that  
industrial sources are not an important source of residual chlorine. 

I 
Chlorine Residuals from Power Plants 

I 

Intermittent chlorination i s  necessary in many power bl  ants to  maintain 
condenser tube cleanliness for  proper heat transfer i n  the condensers b u t  not 
for  any health reasons. The Canadian and United States power plants that 
discharge cooling water into the Great Lakes are l i s ted  individually in 
Appendix 1 and displayed in Figure 3 .  Data on residual loadings are 
not available for  al l  power plants. 

Many of the power companies included in Appendix 1 rebort that  they are 
reducing their  chlorine usage by optimizing chlorine dosages. A t  present 
power plants operating in Ontario are restr ic ted to  total  ch lor ine  residual 
discharges of less than 0.5 mg/L. 

In  plants where anti-biofouling practices are employed, the following 
measures can be implemented to  reduce or eliminate to ta l  chlorine residuals: 

1. undertake studies to determine the minimum amoun{s of chlorine 
required to achieve biofouling control (Schumacker and Lingle, 1979); 

2. automated mechanical cleaning without chlokination 
chlorination; 

3. dechlorination of discharges from condensers by 

or supplemented by 

chemical feed; 



TABLE 9 

. SOURCE FACIL1,TY 

American Maize 

Hooker Chemicals & 
P l a s t i c s  

E. I. Dupont de 
Nemours Co. 

A b i t i b i  Corp. 
Renaissance Center 

Manage Co. 
Un i roya l  T i r e  Co. 
BASF Wyandotte Corp. 
BASF Wyandotte Corp. 
Parke Davis & Co. 
Ford SSECO 
Chrys l  e r  
Ford Motor Co. 

SSECO 

C-B Foods 

IMC Chem 
(Chl o r -A l ka l  i PLT) 

Union Carbide Corp. 
(Meta ls  Div.) 

KNOWN INDUSTRIAL DISCHARGERS OF CHLORINE 
TO THE GREAT LAKES 

LOCATION FLOW 
(1,000 m3/d) 

CHLORINE 
LOAD 

(Kg/d 
REQUIREMENT 

(Kg/d) : 

I n d i  ana 
Hamnond 58.82 - - 

Michigan 
Montague 35.43 24.36 7.09 

Montague 1 27.91 1 1 . 4 5  1 1.23 

Alpena 
D e t r o i t  

D e t r o i t  
Wyandotte ., 

Wyandotte 
D e t r o i t  
Dearborn 
Ann Arbor 
Dearborn 

New Y or  k 
Rochester 

Ohio 
Ashtabula 10.06 Unknown 1 1.00 

SOURCE: I n t e r n a t i o n a l  J o i n t  Corrmission - ( J u l y  1979), I nven to ry  o f  Major Munic ipal  and I n d u s t r i a l  
P o i n t  Source Dischargers i n  Great Lakes Basin. 



Fig, 3 Great Lakes Power Plants using Chlorine to control Biofouling 
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4. use o f  water from o ther  condensers t o  bo th  d i l u t e  and r e a c t  w i t h  
waste c h l o r i n e  discharged from t h e  condenser under c h l o r i n a t i o n  and ' 

5. new chemical " c h l o r i n e  a ids" .  

E l e c t r i c  u t i l i t y  companies and var ious  agencies a re  i n v e s t i g a t i n g  t h e  
above mentioned a l t e r n a t i v e s  t o  c u r r e n t  b i o f o u l i n g  c o n t r o l  p r a c t i c e s  o r  a re  
f o l l o w i n g  such research. However, t h e  u t i l i t i e s  c l a im  t h a t  t h e  a l t e r n a t i v e s  
are n o t  y e t  t e c h n i c a l l y  proven on a  l a r g e  sca le  o r  t h a t  r e t r o f i t t i n g  onto 
e x i s t i n g  p l a n t s  would r a i s e  b i o f o u l i n g  c o n t r o l  cos ts  s u b s t a n t i a l l y  g rea te r  
than c h l o r i n a t i o n .  The most s i g n i f i c a n t  cos t  appears t o  be the  produc t idn  
pena l t y  t h a t  cou ld  occur i f  t h e  p l a n t  had t o  be shut  down f o r  manual c leaning.  

These c la ims notwi thstanding,  d e c h l o r i n a t i o n  systems f o r  power p l a n t s  
appear t o  be t e c h n i c a l l y  and economical ly f e a s i b l e  on t h e  bas is  o f  experience 
and recen t  l i t e r a t u r e .  The data i n  Table 2 o f  Appendix 1 show t h a t  e i g h t  
Great Lakes f a c i l i t i e s  i n  t h e  Un i ted  States dech lo r i na te  r e g u l a r l y .  Beals, fi 
a1 . (1979) p rov ide  an i n fo rma t i ve  rev iew o f  d e c h l o r i n a t i o n  p r a c t i c e s  by power - 
u t i l  i t i e s .  They note t h a t  reducing (dech lo r i na t i ng )  agents such as su lphur  
d iox ide,  sodium s u l f i t e  and sodium b i s u l f i t e  can be added t o  w a t t r  systems by 
us ing  standard commercial ly a v a i l a b l e  equipment. No new equipment o r  systems 
need be developed f o r  t h e  successful a p p l i c a t i o n  o f  t h e  reduc ing  agents t o  
condenser coo l i ng  water discharges. These authors f u r t h e r  asse r t  t h a t  " s u l f u r  
d iox ide  systems are  u s u a l l y  cor~~posed o f  equipment components essent i  a1 l y  
i d e n t i c a l  t o  those used f o r  ch lo r i ne ,  except f o r  ( a  sma l l e r )  s ize" .  Smal ler 
s i zed  equipment can be used because i t  i s  t h e  c h l o r i n e  res idua l ,  n o t  t h e  dose, ' 

t h a t  must be destroyed. 

I According t o  Beals  e t  a l .  (1979), equipment cos ts  f o r  d e c h l o r i n a t i o n  
systems range from $60,- $150,000, about t h e  same as t h e  c h l o r i n a t i o n  
system, depending on p l a n t  capaci ty ,  u n i t  arrangements and c o o l i n g  water 
system features.  Chemical cos ts  f o r  once through system d e c h l o r i n a t i o n  r u n  
about $0.165/d/mg/L t o t a l  r es idua l  c h l o r i n e  f o r  each 1,000 U.S. GPM o f  c o o l i n g  
water f l o w  which i s  c h l o r i n a t e d  f o r  one hour per  day. 

Because power generat ing f a c i l i t i e s  va ry  so much and because no b i o f o u l i n g  
c o n t r o l  a l t e r n a t i v e  i s  p r e f e r r e d  a t  t h i s  time, i t  was n o t  p o s s i b l e  f o r  t h e  
Task Force t o  es t imate  t h e  f i n a n c i a l  cos ts  o f  express ly  meeting t h e  c h l o r i n e  
ob jec t i ve .  Al though t h e  proposed c h l o r i n e  o b j e c t i v e  i s  n o t  in tended f o r  
i n t e r m i t t e n t  c h l o r i n e  discharges f rom power p lan ts ,  t h e r e  i s  scope f o r  
min imiz ing  t h e  a p p l i c a t i o n  o f  ch lo r i ne .  Hence, t h e  r e d u c t i o n  i n  c h l o r i n e  
r e s i d u a l  loadings i n  a  number o f  power p lan ts .  Where problems and damages t o  
aquat ic  l i f e  warrant, d e c h l o r i n a t i o n  appears t o  be a  f e a s i b l e  means o f  
reduc ing  hazards t o  aquat ic  1  i f e  u n t i  1  o the r  mechanisms f o r  b i o f o u l  i n g  contro: 
t h a t  do no t  use c h l o r i n e  are developed. 



CHLORINE INCIDENTS 

Even though c h l o r i n e  i s  w ide l y  used i n  home and p u b l i c  swimming poo ls  as 
we1 1  as by water and wastewater t reatment  p lan ts ,  r e l a t i v e l y  smal l  q u a n t i t i e s  
o f  c h l o r i n e  gas i n  a i r  can be ext remely t o x i c .  A concen t ra t i on  o f  1,000 mg/L 
i n  a i r  can be f a t a l  a f t e r  on l y  a  few breaths. Any acc identa l ,  uncon t ro l l ed  
re lease  o f  c h l o r i n e  gas must be t r e a t e d  as an emergency. Risk o f  acc identa l  
re lease of c h l o r i n e  dur ing  i t s  t r anspo r ta t i on ,  hand1 ing, appl i c a t i o n  and 
storage i s  a  source o f  s o c i a l  and economic concern. 

Ch lo r i ne  i s  t ranspor ted  by means o f  smal l  cy l i nde rs ,  t on  conta iners,  tank 
t rucks ,  r a i l  cars, barges and p ipe l i nes .  Bulk c h l o r i n e  shipments f o l l o w  a  
general  p a t t e r n  as f o l l o w s :  r a i l ,  68-70%; water, 7-8%; highway, 1-2% and, 
p i p e l i n e  about 20%. I t  i s  rough l y  est imated t h a t  about one-hal f  m i l l  i o n  tons  
are annual ly  shipped i n  c y l i n d e r s  and ton  conta iners  (almost e x c l u s i v e l y  f rom 
packagers). Much o f  t h i s  c h l o r i n e  i s  used i n  water and sewage d i s i n f e c t i o n .  
(Laubusch, 1979). 

The number o f  ch lo r i ne - re1  ated i n c i d e n t s  du r i ng  1973 and 1974, t h e i r  
l o c a t i o n s  and types of con ta iners  are summarized i n  Table 10. The data show 
t h a t  about 60% o f  a l l l  i nc iden ts  occur a t  t h e  consumer's f a c i l i t y ,  w h i l e  o n l y  
about 10% occur a t  t he  producer o r  packager 's f a c i l i t y .  Approximately 25% o f  
a l l  i n c i d e n t s  occur i n  t r a n s i t  o f  which about 80% are  r a i l .  A l i t t l e  over 60% 
o f  a l l  i n c i d e n t s  i n v o l v e  sh ipp ing  conta iners  as opposed t o  s t a t i o n a r y  
equipment. Despi te  t he  number o f  accidents, t h e i r  s i g n i f i c a n c e  i n  terms o f  
human i n j u r y ,  death and p rope r t y  damages appears t o  be low. 

Table 11 shows those Reported Ch lo r i ne  I n c i d e n t s  occu r r i ng  i n  t h e  Great 
Lakes Basin du r i ng  t h e  three-year p e r i o d  1972-74. I n c i d e n t s  p e r t a i n i n g  t o  
swimming pools  o r  h y p o c h l o r i t e  and bleach were no t  included. O f  t he  62 
i n c i d e n t s  l i s t e d  i n  t h e  Great Lakes Basin, 36% occurred i n  indus t ry ,  21% i n  
t r a n s i t ,  8% a t  sewage t reatment  p lan ts ,  8% a t  water t reatment  f a c i l i t i e s ,  5% 

I a t  paper companies, 3% a t  power p l a n t s  and 19% were de f ined  as other .  

The "d i s i n fec tan t "  users (STPs, water t reatment  and power p l a n t s )  toge ther  
account f o r  19% o f  a l l  i nc iden ts .  I t  i s  no t  known how many o f  t h e  t r a n s i t  
i n c i d e n t s  were r e l a t e d  t o  STPs or  power p lan ts .  The d i s i n f e c t a n t  users do no t  
account f o r  1  arge amounts o f  c h l o r i n e  used, bu t  t h e r e  seems t o  be a  
d i sp ropo r t i ona te  number o f  r e l a t e d  i n c i d e n t s  because these users r e q u i r e  more 
hand l ing  o f  t he  chemical. 

On November 10, 1979 a  t r a i n  c a r r y i n g  propane and c h l o r i n e  was d e r a i l e d  i n  
Mississauga, Ontar io .  The r e s u l t i n g  explosion, f i r e s  and r u p t u r e  o f  a  s i n g l e  
r a i l w a y  tank car  o f  c h l o r i n e  prompted the  evacuat ion o f  over 250,000 people 
f o r  one week. This  was t h e  l a r g e s t  evacuat ion ever t o  take  p lace  i n  Nor th  



TABLE 1 0  . . 

SUMMARY OF REPORTED CHLORINE I.NCIDENTS' 

'Adapted f r om The Ch lo r i ne  I n s t i t u t e ,  Inc .  (1979) (N.B. - Data a r e  n o t  
e x c l u s i v e l y  f o r  t h e  Great Lakes). 

I 

CLASSIFICATIOV. 

CLASSIFIED BY LOCATION 

' A t  F a c i l i t y  
. . 

Producer 
Packager 
Consumer . . , 

Other 

T r a n s i t  

Highway 
Ra i 1 

. . .Water 

Unknown 

~ o f a l  

CLASSIFI'ED. BY CONTAINER 

Sh ipp ing  Conf a i n e r s  

Cyl  i nder . 

. Ton Conta iners  
Tank C a r s '  . . 

Cargo ,Tank 
Bar qe 

S t a t i o n a r y  Equipment 

Unknown 

T o t a l  

> 

15173 . -  

. 

. 

9 
11 

, 89 
- 1 1 1 0  

8 
2 6, 
- 1 

3 5 

1- 
.- 

146 

31 
15 
4 3 , 

1 . 

- 1 
9 1 

36 

19 - 

146 

1.974 

. .  

. . 
. 

11 
, 2 ,  . 

* 105 
. 1 2  1 3 0  - 

2' 
. 3:7 .. 

, '4 , . 
- 

43 

- 1 . . 

17'4 

. . 

' , 41 
8 
54 
- . . 

- 3 
,106, 

4 1 

2 7 - . . 

. . .  . 

174 . '. 



TABLE 11 

REPORTED CHLORINE INCIDENTS1 
GREAT LAKES BASIN 

(1972-1974) 

DATE 

1/29/72 
2/  7/72 
6 /  ?/72 
7/11 /72 
7/22/72 
7/25/72 
9/14/72 

11/ 5/72 
11 /24/72 

1/18/73 
1/18/73 
2/13/73 

2/  1/73 
2/23/73 

4 /26 /73 
5/13/73 
5/22/73 
6/15/73 
6 /28/73 
6/28/73 
6/29/73 
6 /  ?/73 
6/19/73 
6/22/73 
7/ 5/73 

7/31 /73 
7/21 /73 
8 /  3/73 
8/  9/73 
8/16/73 
8/  8/73 

8/20/73 
10/ 7/73 
11/15/73 
11 /30/73 

LOCATION 

Midland, M i .  

3 
U Y  

X 

X 

X 

X 

X 

I 

Homewood, 11. 
Grand Rapids, M i .  
Mount Clemens, M i .  
Chagrin F a l l s ,  Oh. 
Cleveland, Oh. 
Norwalk, Oh. 
Muskegon , M i .  
E. Chicago, In .  

Bay City, M i .  
Ashtabu 1 a, Oh. 
N. Tonawanda, N.Y. 

Green Is land,  N.Y.* 
Ashtabula, Oh. 

Tonawanda, N.Y. 
Cleveland, Oh. 
Sauget, 11. * 
Cleveland, Oh. 
Lake Odessa, M i .  
Chicago, 11. 
Clay, N.Y.* 
Berwyn, 11. 
London, Ont. 

Sudbury, Ont. 

Lemont, 11. 
F o r t  Wayne, In.  
Midland, M i .  
Green Bay, W i .  
Sarnia, Ont. 
Lemont, 11. 

Sarnia, Ont. 
F l i n t ,  M i .  
Niagara Fa l l s ,  N.Y. 
Rochester, N.Y. 

FACILITY 

L L L  
a J a J  
W r n E  

fu 

O W  
L f u  

X 

X 

2 
3 

S C r n ' r  

X 

59 

aJ 

a a - 3 1  

X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

TRANSIT 

- 
fu 
e 

X 

X 

X 

X 

- 

OTHER 

P i p e l i n e  
St r .  Tk. 

Str .  Tk. 
? 

P i p e l i n e  

Pipe 
Valve 

Gasket 
P i p e l i n e  

Compress 

P i p e l i n e  

Scrubber 

Valve 

L ine  

3 L  
m a r  
0 Q . r  

X(?: 

- 

L 

C) 
fu 
3 

aJ 
cn 
L 
fu 

L 

u 
.r 
7 

? 
u 

X 

X 

LEAK 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes 

Yes 

Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 

Yes 

Yes 
No 
Yes 
No 
Yes 
Yes 

Yes 
Yes 
Yes 
No 

CONTAINER 

a J L f u  
C) 

S U  

8 
0 

X 

X 

X 
X 
X 

X 

REMARKS 

Chlor  C e l l s  
V i l l a g e  
Fac tory  
STP 
Water Dept . 
F i l t e r  P lan t  
Water P lan t  
Chemical Co. 
Sec. Smelt ing 

P lan t  

STP 
Detrex 
Paper M i l l  

Paper M i l l  
Z inc P lan t  
(Chem. React. ) 

SiCl,, 
Monsanto 

Derai  lment 

Water Works 

I r o n  Ore P lan t  
-Lab 

Derai lment 
Dow 
Power P lan t  
Dow 
Dome Gasket 

Leak 
Dsw 
STP 
Hooker Chemical 

. L  

0 

Y 
c 
fu 

I - - - I - m  

X 

X 

X 
X 

X 

X 

X 

X 



Table 11 - con t ' d .  

* Loca t ion  no t  determined, t he re fo re ,  may be o u t s i d e  o f  Great Lakes Basin, 
The C h l o r i n e  I n s t i t u t e ,  Inc.  (1979). 



America and w h i l e  t h e r e  were no deaths o r  i n j u r i e s  a t t r i b u t a b l e  t o  t h e  
ch lo r i ne ,  t h e  cos ts  of t h e  evacuation, inconvenience and i n t e r r u p t i o n s  t h a t  
t h e  t h r e a t  o f  t h i s  chem'cal caused w i l l  doubt less r u n  i n t o  t h e  m i l l i o n s  o f  
do1 1  ars. 

I t  i s  d i f f i c u l t  t o  q u a n t i f y  t he  ac tua l  acc idents and r i s k  a t t r i b u t a b l e  t o  
c h l o r i n e  t h a t  i s  used f o r  d i s i n f e c t i o n ,  bu t  t h e  p o t e n t i a l  f o r  acc idents and 
s i g n i f i c a n t  damage t o  persons and p rope r t y  w i l l  con t inue  t o  e x i s t  wherevhr 
c h l o r i n e  i s  t ranspor ted,  s to red  and used i n  l a r g e  amounts. However, reduc ing  
o r  e l i m i n a t i n g  sewage t reatment  p l a n t  e f f l u e n t  c h l o r i n a t i o n  would no t  l i k e l y  
reduce t h e  frequency o f  t r a n s p o r t a t i o n  acc idents because o f  t h e  r e l a t i v e l y  
smal l  c h l o r i n e  usage f o r  purposes o f  d i s i n f e c t i o n .  



ALTERNATIVE WASTEWATER DISINFECTION PRACTICES 

Mun ic i pa l  sewage t rea tment  p l a n t s  c o n s t i t u t e  t h e  ma jo r  source o f  r e s i d u a l  
c h l o r i n e  i n  t h e  aquat i c  environment a long w i t h  power p l a n t  c o o l i n g  water  
a n t i f o u l  i n g  p rac t i ces .  I n  t h i s  chapter  severa l  d i f f e r e n t  s t r a t e g i e s  f o r  
reduc ing  t h e  l e v e l s  o f  r e s i d u a l  c h l o r i n e  i n  e x i s t i n g  sewage t rea tment  p l a n t  
e f f l u e n t s  are i d e n t i f i e d  and are eva lua ted  us ing  c r i t e r i a  d e r i v e d  f r om Tab le  
1. These s t r a t e g i e s  range f rom c o n t i n u i n g  p resen t  p r a c t i c e s  w i t h  m inor  
ope ra t i ona l  improvements t o  e l i m i n a t i n g  sewage d i s i n f e c t i o n  a l t oge the r .  The 
s t r a t e g i e s  i d e n t i f i e d  and eva lua ted  rep resen t  s p e c i f i c  p o i n t s  a long a  
continuum o f  a l t e r n a t i v e s  t h a t  cou ld  be implemented. 

The eva lua t i ons  w i l l  p r - imar- i ly  be q u a l i t a t i v e  and w i l l  i n d i c a t e  which 
c r i t e r i a  o r  consequences are most impor tan t  o r  s i g n i f i c a n t ,  t h e  n a t u r e  and t h e  
d i r e c t i o n  o f  t h e  changes t h a t  are l i k e l y  t o  occur and what ope ra t i ona l  
measures shou ld  be used f o r  emp i r i ca l  eva lua t ions .  Some q u a n t i t a t i v e  
es t imates  o f  t h e  consequences o f  d i f f e r e n t  s t r a t e g i e s  are presented as w e l l .  
However, a  complete and comprehensive emp i r i ca l  e v a l u a t i o n  o f  even t he  few 
s t r a t e g i e s  i d e n t i f i e d  here i s  beyond t h e  resources o f  t h e  Task Force. 
Never the less,  t h e  q u a l i t a t i v e  assessments presented w i l l  p rov ide  some va luab le  
i n s i g h t s  and t h e  procedures o u t l i n e d  i n  t h i s  chapter  w i l l  enable 
j u r i s d i c t i o n a l  a u t h o r i t i e s  t o  undertake t h e i r  own, more i n tens i ve ,  e m p i r i c a l  
eva lua t i ons  o f  s t r a t e g i e s  o f  programs f o r  t h e i r  own l o c a t i o n s .  

A l t e r n a t i v e  d i s i n f e c t i o n  techno log ies  were a l s o  s t u d i e d  and eva lua ted  by 
t h e  Task Force. The conc lus ions  o f  t h i s  t e c h n i c a l  assessment are presented i n  
t h i s  chapter  w i t h  a  more d e t a i l e d  r e p o r t  i n  Appendix 2. 

I n  a d d i t i o n  t o  these eva lua t ions ,  t h e  chap te r  w i l l  i n c l u d e  some f u r t h e r  
pe rspec t i ves  on t h e  e x t e n t  t o  which t h e  proposed ambient c h l o r i n e  o b j e c t i v e  i s  
c u r r e n t l y  be ing  achieved, t h e  r e 1  a t i v e  importance o f  sewage t rea tment  p l a n t  
e f f l u e n t s  t o  t o t a l  p o l l u t i o n  load ings  and comments on t h e  i m p l i c a t i o n s  o f  
implement ing these va r i ous  s t r a t e g i e s  i n  p resen t  and f u t u r e  t rea tment  p l a n t s .  
Research and i n f o r m a t i o n  needs w i l l  be i d e n t i f i e d  throughout .  

A l t e r n a t i v e  D i s i n f e c t i o n  Systems 

The va r i ous  new and o l d  techno log ies  f o r  t e rm ina l  d i s i n f e c t i o n  a t  sewage 
t rea tment  p l a n t s  d i scha rg ing  i n t o  t h e  Great  Lakes were rev iewed i n  terms o f  
environmental  consequences, p r a c t i c a b i l i t y  and cos t .  A  r e p o r t  o f  t h i s  rev iew 
i s  presented i n  Appendix 2 w h i l e  t h e  r e s u l t s  o f  these eva lua t i ons  a re  
summarized i n  Tab le  12. Ovly those  techniques t h a t  appear t o  achieve 
d i s i n f e c t i o n  w i t hou t  genera t ing  ques t i onab le  chemical  by-products.were 



TABLE 1 2  

~ PRACTICABILITY OF ALTERNATIVE DISINFECTION TECHNOLOGIES AND SYSTEMS 

'Based on p r o t o t y p e  demonstrat ion f a c i  1 i ty. 

COMMERCIAL AVAILABILITY PROCESS 
CONTROL 

We1 1 
Developed 

Proble-  
mat i c 

TECHNOLOGY/ 
SYSTEM 

C h l o r i  ne/SOz 
D e c h l o r i n a t i o n  

BrCl 

EQUIPMENT 

Yes 

No 

PROCESS 
DESIGN 

PROCEDURES 

We1 1 
Developed 

I n s u f f i c i e n t  
exper ience 

RELATIVE 
COMPLEXITY OF 

TECHNOLOGY 

Moderate 

Moderate 

EXISTING 
FULL-SCALE 
FACILITIES 

Yes 

No 

Ozone 

C102 

UV 

CHEMICALS 

Yes 

Yes 

EQUIPMENT 
RELIABILITY 

F a i r  

Poor 

Comp 1 ex 

Moderate 

Simple 

Yes 

No 

Yes 

Va r i ab le  
(Poor t o  Good) developed 

I n s u f f i c i e n t  Not I n s u f f i c i e n t  
exper ience known exper i ence 

Good1 Not I n s u f f i c i e n t  



considered f o r  bas inwide a p p l i c a t i o n .  Th i s  i s  no t  , t o  say. t h a t  agents such as 
bromine c h l o r i d e  should no t  be t e s t e d  by j u r i s d i c t i o n a l  a u t h o r i t i e s .  Time and 
resource l i m i t a t i o n s  pe rm i t t ed ,  t h e  Task Force t o  eva lua te  o n l y  a  few 
techno log ies  i n  d e t a i l .  

Al though o t h e r  o x i d i z i n g  agents can be used, d e c h l o r i n a t i o n  i s  most 
commonly achieved th rough t h e  use o f  su lphur  d iox ide .  For  smal l  p l an t s ,  one 
d a y ' s  s to rage  o f  a  c h l o r i n a t e d  e f f l u e n t  w i l l  s u b s t a n t i a l l y  reduce t h e  c h l o r i n e  
res idua l s .  D e c h l o r i n a t i o n  w i t h  su lphur  d i o x i d e  may r e s u l t  i n  t h e  r e d u c t  ion of 
d i s s o l v e d  oxygen i n  r e c e i v i n g  waters, b u t  i n  e i t h e r  case ch lo ro -o rgan ics  w i l l  
be produced. D e c h l o r i n a t i o n  agents such as su lphur  d iox ide ,  however, are 
t o x i c  t o  aqua t i c  l i f e  and may a l s o  exacerbate t h e  d e l i c a t e  pH c o n d i t i o n s  of 
some waters. 

Only  ozone and u l t r & i o l e t  ( U V )  l i g h t  appear t o  meet t h e  no p rob lemat ic  
by-product  c r i t e r i o n .  To date t h e r e  i s  no pub l i shed  evidence as t o  t h e  degree 
o f  t o x i c i t y  o f  t h e  by-products.  Researchers are, however, endeavouring t o  
f i n d  t h e  answers. Ozone technology i s  r e l a t i v e l y  wel l -developed and some 
l a rge -sca le  f a c i l i t i e s  are ope ra t i ona l  i n  t h e  U n i t e d  States.  Whi le  some 
aspects o f  ozone technology r e q u i r e  improvement, f a c i l i t i e s  may p r e s e n t l y  be 
designed and b u i l t  w i t h  t h e  assurance o f  ach iev ing  s a t i s f a c t o r y  d i s i n f e c t i o n  
o f  f i l t e r e d ,  secondary o r  h i ghe r  q u a l i t y  e f f l u e n t .  New o r  expanded sewage 
t rea tment  p l  ants  should use ozone o r  u l  t r a v i o l  e t  p rov ided  t h e  e f f  1  uent  w i  11 be 
s u f f i c i e n t l y  p o l i s h e d  t o  a l l ow  d i s i n f e c t i o n  us ing  these  methods. A l though an 
inc rease  i n  d i s i n f e c t i o n  cos t s  would l i k e l y  r e s u l t  (see Appendix Z), t h e  
p o t e n t i a l  f o r  economies o f  sca le  i n  l a r g e r  f a c i l i t i e s  appears t o  be 
s u b s t a n t i a l .  

The broad a p p l i c a b i l i t y  o f  ozone t o  t h e  p resen t  p o p u l a t i o n  o f  t rea tment  
p l a n t s  was es t imated  on t h e  b a s i s  o f  t h e  i n f o r m a t i o n  p rov ided  i n  Table 13. 
Most o f  t h e  a l t e r n a t i v e  techno log ies  can be used o n l y  on e f f l u e n t s  t h a t  a re  o f  
secondary t rea tment  l e v e l  q u a l i t y  o r  b e t t e r .  However, n o t  a l l  secondary 
t rea tment  p l a n t s  p r e s e n t l y  have a  qual  i t y  s u f f i c i e n t  f o r  these  techniques o r  
t h e r e  may be o the r  reasons why t h e  technology i s  no t  app l i cab le .  

The a p p l i c a t i o n  o f  u l t r a v i o l e t  r a d i a t i o n  t o  sewage d i s i n f e c t i o n  i s  n o t  as 
w e l l  developed as t h e  a p p l i c a t i o n  o f  ozone. Opera t ing  exper ience on f u l l s i z e d  
p l a n t s  i s  1  i m i t e d  t o  a  secondary t rea tment  p l a n t  a t  Northwest Bergen County, 
N. J., where a  secondary (BOD and Sol i d s  o f  l e s s  than  10 mL/L) l e v e l  sewage 
t rea tment  w i t h  a  good q u a l i t y  e f f l u e n t  i s  d i s . i n f ec ted  w i t h  u l t r a v i o l e t  
r a d i a t i o n .  The lower l i m i t s  o f  e f f l u e n t  q u a l i t y  f o r  which e f f e c t i v e  
performance can be expected i s  n o t  w e l l  def ined.  For  these  reasons t h e  
i m p l i c a t i o n s  o f  wide-spread a p p l i c a t i o n  o f  u l t r a v i o l e t  r a d i a t i o n  t o  p l a n t s  i n  
t h e  Basin has no t  been cons idered i n  these  eva lua t ions .  

For  e x i s t i n g  sewage t rea tment  p l a n t s  i n  t h e  Basin, t h e  a l t e r n a t i v e  
techno log ies  t o  c h l o r i n e  d i s i n f e c t i o n  t h a t  meet t h e  "no by-products"  c r i t e r i o n  
cannot be r e t r o f i t t e d  i n  most p l a n t s  a t  t h e  p resen t  t i m e  w i t h  c e r t a i n t y  o f  
e f f ec t i veness  and w i t h o u t  upgrading e f f  1  uent  qua l  i ty. Ozone technology may be 
a p p l i e d  i n  new p l a n t s  o r  where p l a n t s  are expanded o r  upgraded, e s p e c i a l l y  
w i t h  r espec t  t o  suspended s o l i d s .  Furthermore, research  and development 
c u r r e n t l y  underway on u l t r a v i o l e t  technology may f a c i l i t a t e  t h e  a p p l i c a t i o n  i n  
t h e  near f u t u r e  o f  these  dev ices i n  new o r  upgraded p l a n t s .  



TABLE 13 

MICROBIOLOGICAL, ECOLOGICAL AND CHEMICAL EFFECTS 
OF ALTERNATIVE DISINFECTION TECHNOLOGIES AND SYSTEMS 

'Due t o  t he  c h l o r i n e  needed f o r  o n - s i t e  generat ion.  
'P lan t  w i t h  5 x 103m3/d f l ow ;  t h e  r a t i o  w i l l  change w i t h  s i z e  p l a n t .  
30zone g e n e r ~ l . e 3  f r om a i r .  
'Based on r e s u l t s  f rom NW Bergen County, New Jersey. 
+ = Min ima l  Sa fe t y  Problem. 

++ = S l i g h t  Sa fe t y  Probltt~n; 
+++ = Moderate S a f e t y  Problem. 

++++ = Subs tan t i  a1 Sa fe t y  Problem. 

TECHNOLOGY / 
SYSTEM 

C h l o r i n e  

C h l o r i  ne/S02 
D e c h l o r i n a t i o n  

BrCl  

Ozone 

C102 

U V 

MICROBIOLOGICAL 
MIN. LEVEL 

OF TREATMENT 

Pr imary  

Pr imary  

Secondary 

F i  1 t e r e d  
Secondary 

Secondary 

Secondary 
( ? >  

I 

INCREMENTAL 
FISH 

TOXICITY 
RELATIVE TO CL2 

Tox ic  

Non- 
t o x i c  

S l i g h t  
t o  
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Non- 
t o x i c  

Tox ic  

Non- 
t o x i c  

BACTERI- 
CIDAL 

Yes 

Yes 

-Yes 

Yes 

Yes 

Yes 

HAZARDOUS 
BY-PRODUCTS 

Yes 

Yes 

Yes 

None 
demon- 
s t r a t e d  

Not 
expected 

No 

OBJECTIVE 
VIRU- 
CIDAL 

Poor 

Poor 

F a i r  

Good 

Good 

Good 

SAFETY PROBLEMS 
TRANSPOR- ON- 

TATION SITE 

Yes +*+ 

Yes ++++ 

Yes +++ 

No ++ 

Yes1 ++++ 

No + 

 RELATIVE^ 
COST 

1.0 

1.1 
t 0 
1.3 

1.5' 

2.0 
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3.03 

4.0 

< l .04  - 

ADDITIONAL 
REMARKS 

Good economy 
o f  sca le  

SO2 app l i ca -  
t i o n  more 
d i f f i c u l t  a t  
sma l l  e r  
p l a n t s  

Good economy o f  
sca le .  More 
e f f i c i e n t  
w i t h  oxygen 

Scale-up i s  
more l i n e a r  



Some Perspec t i ves  on Sewage Treatment P l a n t  D i s i n f e c t i o n .  

As noted i n  Chapter 5, t h e  key consequences o f  changes i n  ct- lor-ination 
p r a c t i c e s  appear t o  be d i s i n f e c t i o n  cos t s  and b a c t e r i a l  l oad ings  which g i v e  
r i s e  t o  h e a l t h  r i s k  and damages t o  aqua t i c  l i f e .  I n  a d d i t i o n ,  i t  i s  necessary 
t o  cons ider  t h e  e x t e n t  t o  which each s t r a t e g y  w i l l  a c t u a l l y  achieve o r  move 
toward t h e  ambient c h l o r i n e  o b j e c t i v e  as w e l l  as t h e  degree t o  which 
government enforcement a c t i v i t i e s  a re  requ i red .  

The Task Force  has at tempted t o  o b t a i n  an i n v e n t o r y  o f  those  l o c a t i o n s  on 
t h e  Great  Lakes and i n t e r c o n n e c t i n g  channels where arr~bient c h l o r i n e  l e v e l s  a re  
no t  achieved o r  where c h l o r i n e  concen t ra t i ons  a re  cons idered  t o  cause damages 
t o  aqua t i c  l i f e .  So f a r  no j u r i s d i c t i o n  has corr~pleted such a  survey. It i s  
no t  known p r e c i s e l y  where t r e a t e d  and c h l o r i n a t e d  e f f l u e n t  volumes a re  such 
t h a t  t o t a l  r e s i d u a l  c h l o r i n e  concen t ra t i ons  a re  c o n s i s t e n t l y  above t h e  
proposed ambient l e v e l s  i n  r e c e i v i n g  water.  Moreover, no j u r i s d i c t i o n  has 
a c t u a l l y  r e q u i r e d  t h a t  sewage t rea tment  p l a n t s  d e c h l o r i n a t e  t h e i r  d ischarges 
as a  genera l  p o l i c y .  Two sewage t rea tment  f a c i l i t i e s ,  e i g h t  power p l a n t s  and 
a t  l e a s t  e i g h t  i n d u s t r i a l  f a c i l i t i e s  i n  t h e  Great Lakes a l r eady  d e c h l o r i n a t e  
t h e i r  e f f  1  uents a t  t h e  behest o f  t h e i r  r e s p e c t i v e  env i ronmenta l  agencies. 

Consequently, t h e  var ious  j u r i s d i c t i o n s  should document t h e  ac tua l  and 
p o t e n t i a l  damages t o  aqua t i c  l i f e  i n  a  more sys temat ic  manner i n  o rde r  t o  make 
q u a n t i t a t i v e  comparisons w i t h  changes i n  b a c t e r i a l  l oad ings  and d i s i n f e c t i o n  
cos t s  r e s u l t i n g  from d i f f e r e n t  s t r a t e g i e s .  One approach would be t o  r ev i ew  
sewage t rea tment  p l a n t  e f f  1  uents and r e c e i v i n g  water d i l u t i o n  r a t i o s  t o  
determine where t h e  r e s u l t i n g  concent ra t ions  o f  c h l o r i n e  and o t h e r  
contaminants have t h e  p o t e n t i a l  t o  exceed o b j e c t i v e  l e v e l s .  Problem areas can 
then  be i d e n t i f i e d  a f t e r  adjustments are made f o r  o u t f l o w  devices, plume 
pa t t e rns ,  water-use p a t t e r n s  and contaminant decay r a t e s .  

C h l o r i n a t i o n  i s  p r a c t i s e d  p r i m a r i l y  t o  reduce o r  e l i m i n a t e  pathogenic  
organisms f r om sewage e f f l u e n t s  which migh t  o the rw i se  cause diseases. These 
organisms i n c l u d e  bac te r i a ,  v i r uses  and protozoans. C h l o r i n a t i o n  i s ,  however, 
l e s s  e f f e c t i v e  aga ins t  v i r u s e s  than i t  i s  aga ins t  b a c t e r i a  and t h e r e  a re  o t h e r  
sources o f  b a c t e r i a  and pathogenic  con tamina t ion  i n  t h e  water body t h a t ,  i n  
some instances,  makes sewage t rea tment  p l a n t  d i s i n f e c t i o n  i n e f f e c t u a l  i n  
c o n t r o l  1  i n g  s u r f  ace water b a c t e r i  a1 popu la t ions .  

B a c t e r i a l  con tamina t ion  i" sur face  waters can r e s u l t  f rom: 

- r u n o f f ,  p a r t i c u l a r l y  f rom i n t e n s i v e  l i v e s t o c k  r e a r i n g  o r  , 
f i n i s h i n g  yards  and areas where w i l d 1  i f e  congregate; 

. , 

- meat and p o u l t r y  -process ing f a c i  1  i t i e s ;  

- leacha te  f rom l a n d f  i 11 s i t e s ;  

- d ischarges f r om s e p t i c  tanks  and t i l e  beds; 

- raw sewage by-passed up stream o f  sewage t rea tment  p l an t s ;  

- storm f l o w s  f rom combined sewers and 



- discharges from pu lp  and paper m i l l s  and sawmil ls.  

These sources are summarized i n  F igu re  4. 

The volume o f  discharges from these sources i s  undoubtedly s i g n i f i c a n t  but  
d i f f i c u l t  t o  q u a n t i f y  basinwide. Studies i n  Ontar io  have y i e l d e d  a data base 
from which the  re1  a t i v e  volume o f  (un t rea ted)  stormf lows and ( t r e a t e d )  sewage 
discharges may be est imated (Wal ler  and Novak 1979). F i g u r e  5 prov ides a 
q u a n t i t a t i v e  overview of the  var ious types o f  discharges from On ta r io  
communities t o  the  Great Lakes. The combined volume o f  stormwater discharges 
and combined sewer overflows i s  about 40% of t h a t  f rom t r e a t e d  sewage. 

Thus, sewage treatment p l a n t  d i s i n f e c t i o n  i s  o n l y  a p a r t i a l  b a r r i e r  t o  t h e  
c o n t r o l  o f  b a c t e r i a l  contaminat ion. D i s i n f e c t i o n  o f  sewage e f f l u e n t s  may be a 

\ waste o f  money i n  some areas unless other,  more d i f fuse,  sources o f  b a c t e r i a l  
contaminat ion are brought under con t ro l .  ' It i s ,  o f  course, up t o  t h e  var ious 
j u r i s d i c t i o n s  t o  i d e n t i f y  and t o  make t h e  appropr ia te  dec is ions  about these 
s i t u a t i o n s .  

S t ra teg ies  f o r  Achiev ing the  Ch lor ine  Ob jec t i ve  

An almost i n f i n i t e  combination of f e a s i b l e  wastewater d i s i n f e c t i o n  
technologies and p rac t i ces  cou ld  be implemented a t  sewage t reatment  p l a n t s  

- 

throughout t he  Great Lakes Basin. I n  add i t ion ,  t he re  are several  t h ings  t h a t  
cou ld  be done, unre la ted  t o  d i s i n f e c t i o n ,  t h a t  would a l s o  he lp  t o  achieve t h e  
ambient ob jec t i ve .  I t  i s  impossible, therefore, t o  eva lua te  i n  d e t a i l  a l l  
poss ib le  d i s i n f e c t i o n  programs or  degrees o f  implementation. Nevertheless, 
several c lasses of a l t e r n a t i v e s  o r  s t r a t e g i e s  can be i d e n t i f i e d  and t h e  
expected consequences evaluated on the  bas is  o f  t he  most r e l e v a n t  c r i t e r i a  
der ived from Table 1. A1 though t h e  programs s p e c i f i e d  below represent  extreme 
assumptions i n  some cases, t hey  pe rm i t  t h e  na ture  and t h e  inc idence o f  the  
consequences t o  be defined. 

The s t r a t e g i e s  concerning sewage t reatment  p l  ant eff 1 uents inc lude:  

a) CONTINUE CURRENT PRACTICES AND PROCEDURES 

These p r a c t i c e s  inc lude seasonal c h l o r i n a t i o n  i n  Ontar io; year-round 
c h l o r i n a t i o n  i n  t h e  Un i ted  States; no r e t r o f i t t i n g  o f  new 
d i s i n f e c t i o n  technologies; i n s t a l l a t i o n  o f  c h l o r i n a t i o n  f a c i l i t i e s  a t  
new p lan ts ;  changes i n  i n d i v i d u a l  p l a n t  p r a c t i c e s  as problems are 
i d e n t i f i e d .  

b) IMPROVE THE EFFICIENCY OF PRESENT CHLORINE DISINFECTION PRACTICES 

Speci f ic  changes t h a t  would improve t h e  e f f i c i e n c y  o f  c h l o r i n e  use 
i nc lude  more systematic t e s t i n g  o f  ef f luents,  c h l o r i n e  m in im iza t i on  
s tud ies  and t h e  i n s t a l l a t i o n  o f  automatic equipment i n  some loca t i ons .  

c )  SEASONAL DISINFECTION 

A l l  Great Lakes sewage treatment p l a n t s  undertake six-month 
d i s i n f e c t i o n  unless i n  c lose  p r o x i m i t y  t o  d r i n k i n g  water in takes.  



Fig. 4 Sources of Bacterial Contamination to Surface Waters 
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Fig. 5 Developed Urban Area and Runoff in  Ontario 
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d)  ADD DECHLORINATIOIU TO PRESENT CHLORINE DISINFECTION'PROCESSES AND 
PRACTICES 

p l a n t s  i n  t h e  U n i t e d  S ta tes  con t inue  t o  d i s i n f e c t  .12 months per  
year.  Most p l a n t s  i n  O n t a r i o  d i s i n f e c t  seasonal ly .  C a p i t a l  and 
o p e r a t i n g  c o s t  es t imates  a re  es t imated  f r o m ~ t h e ~ a s s u m p t i o n s  presented 
i n  Appendix 4. , . 

e )  . INSTALL ALTERNATIVE DISINFECTIOIU TECHNOLOGIES , . 

On ly  est imates of t h e  q u a l i t a t i v e  consequences of t h i s  s t r a t e g y  c o u l d  
be developed (summary i n  Tab le  14, d e t a i l  i n  Appendix 2). 

f )  ELIMINATE DISINFECTION ALTOGETHER 

 his s t r a t e g y  would be cons idered i n  t h e  absence o f  a  p rox imate  water 
' supp ly  i n t a k e  o r  r e c r e a t i o n a l  use. 

g)  IMPROVE OUTFALL DIFFUSION- STRUCTLIRES WHERE FEASIBLE . . 

The c h l o r i n e  o b j e c t i v e  may be achieved th rough d i l u t i o n  w i t h o u t  any 
i n - p l a n t  changes. The degree o f  d i l u t i o n  depends on t h e  i n i t i a l  
m i x i ng  from t h e  d i f f u s e r  p a r t s  o r  o u t l e t s  and water  movement. I n  a  
1  ake con tex t  w i t h  1  i t t l e  water movement, e f f l u e n t s  must be d ischarged 
i n t o  depths of 6-10 meters which r e q u i r e  r a t h e r  l a r g e  o f f s h o r e  
d is tances  i n  sha l lower  lakes. However, even w i t h  t h e  use o f  a  
m u l t i p o r t  d i f f u s e r ,  t h e  maximum d i l u t i o n  a n t i c i p a t e d  i s  i n  t h e  range 
o f  50: l .  A t  t h i s  d i l u t i o n  r a t e ,  t h e  proposed c h l o r i n e  o b j e c t i v e  
cannot be achieved w i t h o u t  a  m ix i ng  zone g iven  a  t y p i c a l  c h l o r i n e  
d ischarge  r e s i d u a l  concen t ra t  ion.  However, c h l o r i n e  concen t ra t i ons  
a t  "end o f  ' p i p e u  w i l l  be w e l l  below t h e  24-hour LCso o b j e c t i v e  
s p e c i f i e d  by t h e  l a t e s t  Canada - U n i t e d  S ta tes  Water Q u a l i t y  
Agreement. 

D i f f u s e r  s t r u c t u r e s  would o n l y  be r e l e v a n t  t o  new p l a n t s ,  t o  p l a n t s  
t h a t  a re  scheduled t o  be s u b s t a n t i a l l y  upgraded o r  expanded and where 
d i l u t i o n  i s  r e q u i r e d  f o r  o the r  contaminants bes ides c h l o r i n e .  

. . . , 

E v a l u a t i o n  o f  S t r a t e g i e s  f o r  Ach iev ing  t h e  Proposed C h l o r i n e  Ob jec t i ve .  . 
, 

The s t r a t e g i e s  ment ioned above were eva lua ted  i n t e r m s  o f :  

a) F i n a n c i a l  I m p l i c a t i o n s  f o r  E x i s t i n g  P l a n t s  

- I n i t i a l  c a p i t a l  cos ts  o f  new equipment and r e t r o f i t t i n g  and 
- Annual c o s t  o f  c h l o r i n e  used. 

b )  E f f e c t s  on Aquat i c  L i f e  

Q u a n t i t a t i v e  documentat ion o f  s p e c i f i c  e f f e c t s  on f i s h  o r  o t h e r  
a q u a t i c  organisms i s  no t  a v a i l a b l e .  E v a l u a t i o n  i s  based on judge- 
ments of Task Force members. 



c )  Pub1 i c  Hea l t h  R isk  

I d e a l l y ,  i t  would be necessary t o  have da ta  on sewage t rea tment  
p l a n t s  whose e f f l u e n t s  c o n s t i t u t e  a  p u b l i c  h e a l t h  r i s k  

- t o  raw water supp l i es  and 
- t o  con tac t  r e c r e a t i o n a l  waters. 

However, e v a l u a t i o n  was based on t h e  judgements o f  Task Force members 
as t o  t h e  perce ived  change i n  h e a l t h  r i s k .  

d) Ex ten t  o f  Ach iev ing  C h l o r i n e  O b j e c t i v e  

I d e a l l y ,  i t  would be necessary t o  have da ta  on sewage t rea tment  
p l a n t s  where t o t a l  r e s i d u a l  c h l o r l n e  i s  i n  excess o f  t h e  proposed 
o b j e c t i v e  o r  i s  o therw ise  cons idered  t o  be a  problem i n  t h e  r e c e i v i n g  
waters ad jacen t  t o  t h e  p l a n t .  The es t imated  p r o p o r t i o n  o f  t h e  year  
d u r i n g  which t h e  c h l o r i n e  o b j e c t i v e  i s  achieved i s  i n d i c a t e d  f o r  
t h r e e  o f  t h e  s t r a t e g i e s .  Some progress toward t h e  o b j e c t i v e  i s  
i n d i c a t e d  f o r  t h e  remain ing t h r e e  s t r a t e g i e s .  

e)  Government Enf orcement Ac t  i v i  t i es 

I n  o rder  t o  make a  q u a n t i t a t i v e  assessment: 

- f o r  i n i t i a l  implementat ion i t  i s  necessary t o  determine t h e  
man-years o f  e f f o r t  and t h e  p r o v i  n c i  a1 , s t a t e  and . l oca l  government 
expendi ture.  . . 

- f o r  m o n i t o r i n g  i t  i s  necessary t o  determine man-years o f  e f f o r t  and 
t h e  p r o v i n c i a l ,  s t a t e  o r  f e d e r a l  government expend i t u re  t o  mon i t o r  
p l a n t  operat ions,  ambient water qua1 i ty, damages and e f f l u e n t  
q u a l i t i e s .  

Table 14 summarizes t h e  expected consequences o f  each s t r a t e g y  i n  q u a l i t a t i v e  
terms. Th is  e v a l u a t i o n  cou ld  be undertaken on a  more q u a n t i t a t i v e  bas i s  by  a  
s t a t e  o r  p rov ince  f o r  a  s p e c i f i c  dra inage area o r  p o p u l a t i o n  o f  p l a n t s .  The 
Task Force was n o t  ab le  t o  compi le  d e t a i l e d  q u a n t i t a t i v e  da ta  on each o f  t hese  
e v a l u a t i o n  c r i t e r i a  f o r  t h e  e n t i r e  Great  Lakes Basin. Table 14 i s ,  t he re fo re ,  
an example o f  t h e  k i n d  o f  a n a l y s i s  t h a t  cou ld  be c a r r i e d  o u t  by  j u r i s d i c t i o n a l  
a u t h o r i t i e s  where da ta  requi rements a re  l e s s  fo rmidab le .  

Nevertheless, Table 14 does i n d i c a t e  t h a t  seasonal c h l o r i n a t i o n  i s  an 
a t t r a c t i v e  s t r a tegy .  Gains i n  terms o f  ach iev ing  t h e  c h l o r i n e  o b j e c t i v e  and 
reduced p o t e n t i a l  damages t o  aqua t i c  l i f e  can be achieved w i t h  a  r e d u c t i o n  i n  
t h e  f i n a n c i a l  c o s t s  o f  d i s i n f e c t i o n  by means o f  t h i s  s t r a t e g y .  Presumably 
such a  p o l i c y  can be implemented so as t o  avo id  inc reases  i n  h e a l t h  r i s k s .  
Seasonal c h l o r i n a t i o n  and e f f o r t s  t o  achieve more e f f i c i e n t  c h l o r i n a t i o n  
could,  t he re fo re ,  be recomended w i t h o u t  much a d d i t i o n a l  e m p i r i c a l  ana lys is .  



TABLE 14 

EVALUATION OF STRATEGIES FOR ACHIEVING 
C1,OBJECTIVE I N  STPs 

A - I n c r e a s e  
v - D e c r e a s e  
0 - NO C h a n g e  



. 
However, t h e  remai n ing  s t r a t e g i e s  r e q u i r e  t h e  devel-opment o f  emp i r i ca l  
i n fo rma t i on  before any f u r t h e r  dec is ions  o r  choices can be made. A d d i t i o n a l  
comments on t h e  consequences o f  eac'h . s t r a t e g y  are  noted bel-ow. 

a. Cont inue Current  P rac t i ces  and Procedures 

- There are no data from the  j u r i s d i c t i o n s  o r ' t h e  IJC on t h e  ex ten t  
t o  which c h l o r i n e  i s  a  problem i n  sewage t reatment  p l a n t  e f f l u e n t .  
(Ch lo r i ne  Ob jec t i ve  Task Force 1976). 

- According t o  Appendix 4, Table 11 f o r  Canada and Table 14 f o r  t h e  
Un i ted  States, t h e  f o l l o w i n g  amounts are spent annua l ly  on c h l o r i n e  
chemicals f o r  d i s i n f e c t i o n :  

-0n tar  i o  Sewage Treatment P l  ants  $ 481,900 f o r  6-months 
c h l  o r i  n a t i o n l y r .  

-Uni ted Sta tes  Sewage Treatment P lan ts  3,684,800 f o r  12-months 
c h l o r i n a t i o n / y r .  

. . To t  a1 $4,166,700 

- No systemat ic  o r  aggregate data on the  e f f e c t s  on aquat ic  l i f e .  

(Ch lo r i ne  Ob jec t i ve  Task Force 1976). 

- Not c h l o r i n a t i n g  can have s i g n i f i c a n t  impact on ope ra t i bn  and 
maintenance cos ts  a t  smal l e r  f a c c i  1  i t i e s  (U.S. Environmental 
P r o t e c t i o n  Agency, 1975). 

- Mon i to r i ng  cos ts  are l i k e l y  t o  r i s e  i n  t h e  f u t u r e  i n  any event. 

b. Improve t h e  E f f i c i e n c y  o f  Present Ch lo r i ne  D i s i n f e c t i o n  P rac t i ces  

- Ch lo r i ne  ' ob jec t i ve  may be achieved i n  an unknown- number o f  
l oca t i ons .  

- Cap i ta l  cos ts  must be i ncu r red  t o  achieve more e f f i c i e n t  
c h l o r i n a t i o n  - unknown f o r  e n t i r e  Basin. 

- Operat ion and maintenance cos ts  w i l l  decrease because l e s s  
c h l o r i n e  i s  used and increase because more maintenance w i l l  
be requi red.  

- Presumably reduces e f f e c t s  on aquat ic  l i f e  w i t h  no change i n  
pub1 i c  h e a l t h  r i s k s .  

- Senior  ( s t a t e  and p r o v i n c i a l )  governments w i l l  1 - i ke l y  have t o  
induce m u n i c i p a l i t i e s  ( a t  a  c o s t )  t o  implement and ma in ta in  more 
e f f i c i e n t  p r a c t i c e s  by means o f  more f requent  mon i to r ing .  



c. Seasonal D i s i n f e c t i o n  

- The c h l o r i n e  o b j e c t i v e  w i l l  be achieved i n  most l o c a t i o n s  a t  
l e a s t  f i v e  months per year.  

- No c a p i t a l  cos t  w i l l  be incurred.  

- Assuming a1 1  p l  ants adopt seasonal c h l o r i n a t i o n ,  'annual 
c h l o r i n a t i o n  cos ts  a t  Un i ted  States p l a n t s  w i l l  be reduced by 5/12 
of t o t a l  expendi ture o r  $1,535,300 per year. 

- E f f e c t s  on aquat ic  l i f e  w i l l  be reduced du r i ng  non -ch lo r i na t i on  
season. 

- No change i n  p u b l i c  h e a l t h  r i s k  i s  expected. 

- L i t t l e  sen io r  govern~llent e f f o r t  w i l l  be r e q u i r e d  t o  implement but,  
more f requent  mon i to r ing  i s  l i k e l y  t o  be requ i red .  

- Not a l l  t reatment  p l a n t s  may be ab le  t o  implement seasonal 
d i s i n f e c t i o n  because o f  r e c e i v i n g  water uses. 

d. Add Dech lo r i na t i on  t o  Present Ch lo r i ne  D i s i n f e c t i o n  Processes and 
P rac t i ces  

- In fo rma t i on  on t h e  l o c a t i o n  o f  p l a n t s  w i t h  c h l o r i n e  problems 
w i l l  be use fu l  i n  determin ing where d e c h l o r i n a t i o n  should be 
imp1 emented. 

- Based on F igures  1 and 2  i n  Appendix 3: 

o  The approximate c a p i t a l  cos ts  o f  i n s t a l l i n g  dech lo r i na t i on :  

i n 7 3 U . S .  p l a n t s w i l l  be $ 1 6 . 0 m i l l i o n ;  , 

i n  43 On ta r i o  p l a n t s  w i l l  be 7.8 m i l l i o n .  

o  The annual opera t ion  cos ts  o f  dech lo r i na t i on :  

i n  73 U.S. p l a n t s  w i l l  be $3.8 m i l l i o n  f o r  year-round 
opera t ion  and $2.9 m i l  l i o n  on a  seasonal basis;  

1 
i n  43 On ta r i o  p l a n t s  w i l l  be $1.5 m i l l i o n  per  year  on a  
seasonal bas i s. ' 

- E f f e c t s  on aquat ic  l i f e  w i l l  be reduced by an unknown ex ten t  and no 
change w i l l  r e s u l t  i n  h e a l t h  r i s k s .  

' I n  bo th  coun t r i es .  t he  cos ts  o f  d e c h l o r i n a t i o n  were est imated o n l y  f o r  
p l a n t s  between 5,000 and 1 m i l l i o n  m3/d design capac i t y  o r  ac tua l  f low w i t h  
t h e  except ion o f  D e t r o i t  f o r  which t h e  cos ts  o f  t he  1,000,000 M 3 / D  p l a n t  
were mu1 t i p l i e d  by 3. These U.S. est imates are, therefore,  l i k e l y  t o  be an 
overest imate of t h e  ac tua l  cost .  
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- Add i t i ona l  senior  l e v e l  government e f f o r t  and expenditure, w i l l  
be requ i red  t o  implement and moni tor  these prac t ices .  

I n s t a l l  A l t e r n a t i v e  D i s i n f e c t i o n  Technologies 

- Ozone o r  u l t r a v i o l e t  should be considered e x p l i c i t l y  f o r  
i n s t a l l a t i o n  w i t h  new treatment p lan ts ,  major expansions and 
upgrading of treatment.  

f. E l im inate  D i s i n f e c t i o n  A l together  

- The Ch la r i ne  Ob jec t ive  w i  11 b e  achieved. 

- No change w i l l  occur i n  c a p i t a l  costs. 

- A saving o f :  
$ 481,900 per year i n  On ta r i o  and 

3,684,800 per year  i n  t he  Un i ted  States 
by operators o f  sewage treatment p lan ts ,  i .e.  m u n i c i p a l i t i e s .  

- The aggregate b e n e f i t s  i n  terms of reduced damages t o  aquat ic  
l i f e  are no t  known. 

I 

- Pub1 i c  h e a l t h  r i s k s  w i l l  be perce ived t o  be increased, 
e s p e c i a l l y  i n  terms of rec rea t i ona l  waters. The degree t o  
which r i s k  i s  increased should be v e r i f i e d  emp i r i ca l l y .  Th is  
i s  most emphat ica l l y  a  s i t e  s p e c i f i c  issue (Ch lor ine  
Ob jec t ive  Task Force 1976). 

- B a c t e r i a l  mon i to r ing  a c t i v i t i e s  a t  a1 1  government l e v e l s  would 
have t o  be increased s u b s t a n t i a l l y .  The cos t  o f  these a c t i v i t i e s  
would be borne by s t a t e  and p r o v i n c i a l  governments. 

g. Improve O u t f a l l  D i f fus ion  St ruc tures  Where Feas ib le  

- I n  some loca t i ons  a d i f f u s e r  would achieve des i red  d i l u t i o n  o f  
c h l o r i n e  and o ther  contaminants w i thout  reducing d i s i n f e c t i o n .  
The f e a s i b i l i t y  o f  i n s t a l l i n g  d i f f u s e r s  would have t o  be determined 
on a  case-by-case basis.  

These f i n d i n g s  and imp1 i c a t i o n s  cor robora te  some of the  conclus ions o f  the  
f i r s t  Ch lo r i ne  Ob jec t i ve  Task Force, e s p e c i a l l y  i n  t h a t  t h e r e  i s  a  general 
lack  o f  i n fo rma t ion  about actual  c h l o r i n e  t o x i c i t y  t o  aquat ic  1  i f e  and the  
l oss  o f  h a b i t a t  and bene f i c i a l  water uses i n  t h e  v i c i n i t y  of sewage o u t f a l l s .  
These e f f e c t s  are a t t r i b u t a b l e  t o  r e s i d u a l  c h l o r i n e  l e v e l  s  (Remedi a1 Programs 
Subcommi t t e e  1975). Th is  in format ion i s  needed f o r  po l  i c y  eva lua t i on  and 
deci s i  ons. 

The foregoing eva lua t ions  lead the  Task Force t o  conclude t h a t  more e f -  
f i c i e n t  c h l o r i n a t i o n  and seasonal c h l o r i n a t i o n  i n  Un i ted  States p l a n t s  cou ld  
be implemented immediately w i t h  subs tan t i a l  b e n e f i t  and l i t t l e  o r  no added 
cost.  Where c h l o r i n e  i s  an acute problem i n  r e c e i v i n g  waters; d e c h l o r i n a t i o n  
can be i n s t a l l e d  a t  a  r e l a t i v e l y  modest cost.  The e l i m i n a t i o n  o f  d i s i n f e c t i o n  
of wastewaters a l t oge the r  would l i k e l y  r e s u l t  i n  an increase i n  perceived 



h e a l t h  r i s k s  and would probably  meet s t rong  r e s i s t a n c e  f rom h e a l t h  
a u t h o r i t i e s .  Th is  measure cou ld  be implemented on a  s i  t e - s p e c i f  i c  bas is .  
F i n a l l y ,  ozone, u l t r a v i o l e t  d i f f u s e r s  and t h e  f u r t h e r  e l i m i n a t i o n  o f  
d i s i n f e c t i o n  are more app rop r i a te  cons idera t ions  f o r  new, expanded o r  upgraded 
p lan ts .  

I m p l i c a t i o n s  f o r  Fu tu re  Sewage Treatment P lan ts  and The Implementat ion o f  
S t r a t e g i e s  

The s t r a t e g i e s  discussed and evaluated i n  t h i s  chapter were concerned 
p r i m a r i l y  w i t h  e x i s t i n g  sewage t reatment  p lan ts .  Where new o r  s u b s t a n t i a l l y  
expanded p l a n t s  are being planned and designed, t h e r e  would appear t o  be 
g rea te r  f l e x i b i l i t y  and scope f o r :  

a) i nco rpo ra t i ng  non-chl o r i  ne d i s i n f e c t i o n  techno1 og i  es; 
b )  i nco rpo ra t i ng  a  h igher  l e v e l  o f  t reatment;  
c )  i nco rpo ra t i ng  d i f f u s e r s  and 
d) s i g n i f i c a n t  changes i n  t he  i n s t i t u t i o n a l  o rgan i za t i on  and management 

o f  these p l a n t s  t o  achieve grea ter  e f fec t i veness ,  e f f i c i e n c y  and 
reduced costs.  

There may a l s o  be some scope f o r  l o c a t i n g  and designing e f f l u e n t  o u t f a l l s  
i n  a  manner t h a t  maximizes d i spe rs ion  o r  removes t h e  e f f l u e n t s  f rom water 
supply  o r  r e c r e a t i o n a l  use areas. 

The r i p a r i a n  j u r i s d i c t i o n s  might  be advised t o  s tudy t h e  t e c h n i c a l  
f e a s i  b i  1  i t y  of implementing t h e  no-di s i n f e c t i o n  s t r a t e g y  as we1 1  as t h e  
nonch lo r ine  d i s i n f e c t i o n  technologies when designing t h e  major new t reatment  
p l  ants. 

What can t h e  sen io r  governments do t o  implement any o f  these s t r a t e g i e s ?  
An understanding o f  t h e  economic and o ther  i n c e n t i v e s  f a c i n g  t h e  p a r t i e s  t h a t  
must a c t u a l l y  bear t he  consequences o f  these s t r a t e g i e s  i s  essen t i a l  t o  t h e  
development o f  e f f e c t i v e  p o l i c y  instruments. Implementat ion i ncen t i ves  a re  
p o l i c i e s  o r  ac t ions  t h a t  induce o r  otherwise mo t i va te  people o r  companies t o  
an ac t ion .  I n d i v i d u a l s ,  f i r m s  and m u n i c i p a l i t i e s  a re  i n c l i n e d  t o  a c t  i n  t h e i r  
own bes t  i n t e r e s t s .  Lack o f  a c t i o n  o r  change u s u a l l y  means t h a t  o rgan iza t ions  
o r  i n d i v i d u a l s  deem t h a t  ac t ions  des i red  by o thers  w i l l  y i e l d  no ne t  b e n e f i t  
t o  them. Where compliance cos ts  are high, and t h e  s o c i a l  sancEons o f  
non-compliance are low, these p a r t i e s  w i l l  perce ive  i ncen t i ves  t o  delay o r  
r e f u s e  compliance i n  order  t o  ma in ta in  a  b e t t e r  p o s i t i o n  f o r  themselves.. 
Thus, m u n i c i p a l i t i e s  and other  a u t h o r i t i e s  may n o t  want t o  change d i s i n f e c t i o n  
p r a c t i c e s  because o f  t he  perceived s o c i a l  cos ts  t o  be incurred,  i .e.  increased 
h e a l t h  r i s k s  are deemed g rea te r  than t h e  f i n a n c i a l  savings ( i n  c h l o r i n e  cos ts )  
t h a t  migh t  r e s u l t .  

A l l  o f  the  p u b l i c  p o l i c y  inst ruments t h a t  can be used t o  g i v e  i n d i v i d u a l s  
o r  o rgan iza t ions  an i n c e n t i v e  t o  do something can be c l a s s i f i e d  e i t h e r  as a  
" c a r r o t "  o r  a  " s t i c k " .  "Carrots"  a re  p o l i c i e s  o r  ac t ions  t h a t  enhance t h e  
regu la ted  p a r t y ' s  pos i t i on .  He may increase p r o f i t s  o r  reduce costs; he may 
o b t a i n  something he needs such as approval o r  a  1  icence; he may ga in  
s a t i s f a c t i o n  o r  p res t ige ;  he may win an e lec t i on .  On t h e  o ther  hand, people 
w i l l  t r y  t o  avoid t he  d iscomfor ts  imposed by p u n i t i v e  " s t i c k s "  such as 



prosecut ions, f i n a n c i a l  p e n a l t i e s  o r  p u b l i c  i nd igna t i on .  A fundamental 
problem w i t h  environmental management under e x i s t i n g  i n s t i t u t i o n s  i s  t h e  
dear th  o f  " ca r ro t s "  and the  re luc tance  o f  governments t o  w i e l d  e f f e c t i v e  
" s t i c k s " .  

A c r u c i a l  element of any in~p lementa t ion  s t r a t e g y  i s  t h e  i d e n t i f i c a t i o n  and 
u l t i m a t e  use of p o l i c i e s  and inst ruments t h a t  g i v e  t h e  c o r r e c t  economic 
i ncen t i ves  o r  s i g n a l s  t o  m u n i c i p a l i t i e s  and o the r  regu la ted  p a r t i e s .  

Federal ,  p r o v i n c i a l  and s t a t e  governments i n  both t h e  U n i t e d  Sta tes  and 
Canada have g e n e r a l l y  opted t o  implement munic ipa l  sewage t reatment  programs 
through massive f i n a n c i a l  subsid ies.  Only  r e c e n t l y  have " s t i c k s "  been a p p l i e d  
i n  t h e  form o f  l i t i g a t i o n  and c o u r t  orders aga ins t  m u n i c i p a l i t i e s  as i n  t h e  
case o f  D e t r o i t .  The i n c o r p o r a t i o n  o f  phosphorus removal p r a c t i c e s  and 
processes i n  sewage t reatment  p l a n t s  has met w i t h  l i t t l e  o p p o s i t i o n  because 
t h e  changes d i d  no t  add s u b s t a n t i a l l y  t o  costs,  t hey  were t e c h n i c a l l y  s imple 
and they  i nvo l ved  no h i g h l y  con ten t ious  e f f e c t s  such as human h e a l t h  r i s k s .  

There do n o t  seem t o  be s t rong economic o r  i n s t i t u t i o n a l  b a r r i e r s  t o  t h e  
implementat ion of more e f f i c i e n t  and seasonal c h l o r i n a t i o n  a1 though such 
programs may r e q u i r e  federa l  o r  p r o v i  n c i  a1 subs id ies  t o  cover c a p i t a l  costs.  
What i s  more problemat ic  and requ i res  imag ina t ive  and i n n o v a t i v e  t h i n k i n g  i s  
t he  development of i n c e n t i v e  systems t o  ma in ta in  t h e  e f f i c i e n t  ope ra t i on  o f  
sewage t reatment  p l a n t s  and processes once they  are  i n s t a l l e d .  American and 
Canadian fede ra l ,  s t a t e  and p r o v i n c i a l  programs t o  b u i l d  wastewater t reatment  
f a c i l i t i e s  have g e n e r a l l y  concentrated on cons t ruc t i ng  p l a n t s  and have tended 
t o  neg lec t  operat ion.  Moreover, t h e  management and ope ra t i on  o f  water 
t reatment  and d i s t r i b u t i o n  systems and t h a t  of sewage t rea tment  systems are  
u s u a l l y  under separate a u t h o r i t i e s .  Th is  contr - ibutes t o  t h e  techn i ca l  and 
economic i n e f f i c i e n c i e s  associated w i t h  these f a c i l i t i e s .  

Decis ions about changes i n  d i s i n f e c t i o n  p r a c t i c e s  w i l l  be made a t  t h e  
s ta te ,  p r o v i n c i a l  and sometimes a t  t h e  l o c a l  l e v e l .  It i s  c l e a r  t o  t h e  Task 
Force t h a t  such de ta i led ,  q u a n t i t a t i v e  f i e l d  and case s t u d i e s  a re  more 
appropr i  ate1 y accompl i shed by the  re1  evant agencies o f  t h e  member 
j u r i s d i c t i o n s .  The r e s u l t s  and f i n d i n g s  o f  these s t u d i e s  can then be 
disseminated by t h e  I n t e r n a t i o n a l  J o i n t  Commission. I n  add i t i on ,  t h e  IJC and 
i t s  associated Boards and Committees can p rov ide  s t i m u l i  and guidance f o r  such 
work, e s p e c i a l l y  i n  t h e  area o f  soc ia l  and economic assessment. F i n a l l y ,  t h e  
agencies and j u r i s d i c t i o n s  themselves should move toward making such 
assessments a  more r o u t i n e  p a r t  o f  t h e i r  o v e r a l l  programs. 
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APPENDIX 1 

POWER PLANTS LOCATED ON THE GREAT LAKES 



TABLE 1-1 
CANADIAN (ONTARIO) POWER PLANTS LOCATED ON THE GREAT LAKES 

PLANT LOCATION 

Thermal Generat ing S t a t i o n s  

Thunder Bay Thunder Bay, 
O n t a r i o  

Hearn Toronto Harbour 

Lakeview Toronto 

Lambton Windsor 

Nant i c o k e  

Lennox 

Nuclear  Generat inq S t a t i o n s  

Doug1 as P o i n t  

Bruce Heavy 
Water P l a n t  

Bruce A 

P i c k e r i n g  A P i c k e r i n g  

N/M = C h l o r i n e  r e s i d u a l s  apparen t l y  

SOURCE: O n t a r i o  Hydro 

RECEIVING 
WATER 

Lake Super io r  

Lake O n t a r i o  

Lake O n t a r i o  

St. C l a i r  R i v e r  

Lake E r i e  

Lake O n t a r i o  

Lake Huron 

Lake Huron 

Lake Huron 

Lake E r i e  

n o t  measured. 

ANTI-FOULING 
PRACTICE 

C h l o r i n a t i o n  

C h l o r i n a t i o n  

C h l o r i n a t i o n  

C h l o r i n a t i o n  

Not needed 

Not needed 

Not needed 

Not needed 

Not needed 

Not needed 

COMMENTS 

Reduct ion f r o m  1977 
t o  1978 due t o  
1 ) reduced o p e r a t i o n  

o f  the rma l  p l a n t  
2 )  reduced c h l o r i n a -  

t i o n  dosage 

Reduct ion due p r  i- 
m a r i l y  t o  reduced 
c h l o r i n e  dosage 

Reduct ion due p r i -  
m a r i l y  t o  reduced 
c h l o r i n e  dosage 

Serv ice  water o n l y  
i s  c h l o r i n a t e d .  
h e r t a p  mechanical 
c l e a n i n g  system has 
been i n s t a l l e d  here. 
Not f u l l y  t e s t e d  as 
y e t ,  b u t  many opera- 
t i o n a l  problems 
encountered 

s e r v i c e  water  
c h l o r i n a t e d  

AMOUNTS OF 
USED 
( k g  

49,294 (1977) 

10,389 (1977) 
5.200 (1978) 

13,126 (1977) 
6,900 (1978) 

6,320 (1977) 
5,788 (1978) 

9.226 (1977) 
2.419 (1978) 

1.074 (1977) 
1.900 (1978) 

2,170 (1976) 

CHLORINE 
RESIDUALS 

( k g )  

N/M 

N/M 

N/M 

N/M 

N/M 

N/M 

N/M 

N/M 

N /M 

N/M 



TABLE 1-2 

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

SOURCE 

Upper Peninsula Gen. Co. 
Presque I s l e  1-8 
Marquette, Michigan 

Upper Peninsula Power Co. 
J. H. Warden 1 
L'Anse, Michigan 

Minnesota Power & L i g h t  Co. 
M. L. Hibbard 
Duluth, Minnesota 

E r i e  M in ing  Co. 
Taconi te  Harbor, Minnesota 

Super ior  Water, L i g h t  & Power Co. 
W i  nslow S t a t i o n  
Winslow, Wisconsin 

Reserve M in ing  Corp. 
S i  1 ver Bay, M i  nnesota 

LAKE 

MWe 
FLOW 103m3/d 

495 MW 
1,186 

17.7 MW 
64.1 

123 MW 
1,315 

250 MW 
398.8 

28 MW 
5 4 

128 MW 
371.9 

SUPERIOR 

TOTAL CHLORINE 
RESIDUAL mg/L 

0.2 

0.2 

0.2 

No C12 
High Water 

Qual  i t y  

0.2 

No C12 
High Water 

Qua l  i t y  

DO SAGE 
FREQUENCY 

3/dx180 

3/dx180 

3/dx180 

- 

3/dx180 

- 

ANNUAL 
LOADINGS 

kg/year 

4,700 

250 

5,200 

- - - 

210 

- 



TABLE 1-2 cont 'd .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

DO SAGE 
FREQUENCY 

3/dx270 

3/dx364 

3/dx270 

3/dx270 

3/dx270 

2/d - 20 min. 
ea. when nec- 
essary-none i n  
1979 

3/dx270 

MICHIGAN 

TOTAL CHLORINE 
RESIDUAL mg/L 

0.2 

0.2 

0.2 

0.2 
Cool ing 

Tower 

0.2 

0.1 
D i f f u s e r  

0.2 

SOURCE 

Commonwealth Edi son Co. 
Waukegan Generat ing S ta t i on  
Waukegan, I 1  l i n o i s  

Commonwealth Edison Co. 
S t a t e l i  ne Generat ing S ta t i on  
Harnmond, Ind iana 

Northern Ind iana Pub. Service Co. 
M i t c h e l l  Generat ing S ta t i on  
Gary, Indiana 

Northern Ind iana Pub. Service Co. 
Michigan C i t y  1-3, 12 

Northern Ind iana Pub. Service Co. 
B a i l l e y  Generat ing S ta t i on  
West Chesterton, Indiana 

Indiana & Michigan E l e c t r i c  Co. 
D. C. Cook Nuclear P lan t  1 & 2 
Bridgeman, Michigan 

Traverse C i t y  L i g h t  & Power 
Bayside 1-4 
Traverse C i t y ,  Michigan 

ANNUAL 
LOADINGS 

kg/year 

23,300 

36,200 

16,800 

7,500 

10,000 

<1 ,000 

550 

LAKE 

MW e 
FLOW 103m3/d 

932 MW 
3,925 

972 MW 
4,526 

529 MW 
2,826 

679 MW 
1,262 

616 MW 
1,676 

2,150 MW 
8,960 

33 MW 
92.7 



'TABLE 1-2 cont 'd .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

. . 

'. . SOURCE 

Consumer Power Company 
B i g  Rock Nuclear P l a n t  
Charlevoix,  Michigan 

Consumer Power Comp any 
Campbe1 1 '1-2 : 

Burnips, ~ i c h i ~ a n  

Gladstone L i g h t  U t i l i t y  
Gladstone 1 & 2 
G l  adstone, Michigan 

Consumer. Power Company 
'Pal  i .sades-Nuclear ' P I  ant 
Pal isades Park, '-Mich,igan 

Consumer Power Company* 
B. C. Cobb 
Muskegan, Michigan 

D e t r o i t  Edison Company 
Consumer Power Company 
Lud i ngton Hydro 
Ludington, Michigan 

LAKE MICHIGAN - (Cont 'd.)  I 



TABLE 1-2 cont 'd .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

ANNUAL 
LOAD I NGS 

kg/year 

780 

310 

740 

- 

9,290 

- 

173 

DOSAGE 
FREQUENCY 

3/dx270 

3/dx270 

3/dx270 

- 

l /dx270 

- 

2/dx364 

LAKE M I C H I G A N  - (Cont 'd . )  

SOURCE 

Upper Peninsula Power Co. 
Escanaba 1 & 2 
Escanaba, Michigan 

Grand Haven 
Grand Haven, Michigan 

Manitowac P u b l i c  U t i l i t y  
Man i towac 3-6 
Manitowac, Wisconsin 

Wisconsin E l e c t r i c  Power Co. 
Lakesi  de Generat ing S ta t i on  
Milwaukee, Wisconsin 

Wisconsin E l e c t r i c  Power Co. 
Oak Creek 1-8 
Oak Creek, Wisconsin 

Wisconsin E l e c t r i c  Power Co. 
P o r t  Washington 1-5 
Po r t  Washington, Wisconsin 

Wisconsin E l e c t r i c  Power Co.* 
Va l l ey  1 & 2 
Milwaukee, Wisconsin 

MWe 
FLOW lO3m3/d 

29 MW 
132 

20 MW 
52.84 

70 MW 
124.3 

310 MW 
2,618 

1,692 MW 
6,704 

400 MW 
2,997 

200 MW 
163 

TOTAL CHLORINE 
RESIDUAL mg/L 

0.2 

0.2 

0.2 

No C12 s ince  1975 

0.14 

No C12 s ince 1978 

0.04 



TABLE 1-2 con t ' d .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

LAKE MICHIGAN - (Cont Id.)  

ANNUAL 
LOADINGS 

kg/year 

- 

17,700 

- 

- 

- 

DO SAGE 
FREQUENCY 

- 

3/dx364 

- 

- 

- 

TOTAL CHLORINE 
RESIDUAL mg/L 

No C1, s ince  
Dec. 1972 

0.2 

No C l z  
Amertap 

No C l z  

No C l n  

SOURCE 

Wisconsin Power & L i g h t  Co. 
Edgewater 1-4 
Sheboygan, Wisconsin 

Wisconsin P u b l i c  Serv ice Co. 
J. P. P u l l i a m  1-8 
Green Bay, Wisconsin 

Commonwealth Edison Company 
Z ion  Nuclear P l a n t  1 & 2 
Zion, I l l i n o i s  

Wisconsin P u b l i c  Serv ice  Co. 
Kewaunee Nuclear S t a t i o n  
Car l ton,  Wisconsin 

Wisconsin E l e c t r i c  Power Co. 
Po in t  Beach Nuclear  S t a t i o n  1 & 2 
Two Rivers, Wisconsin 

MWe 
FLOW 103m3/d 

450 MW 
1,324 

393 MW 
2,209 

2,080 MW 
8,343 

535 MW 
2,253 

994 MW 
3,824 



TABLE 1-2 con t ' d .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

r 

LAKE HURON 

SOURCE 

D e t r o i t  Edison Company 
Harbor Beach S ta t i on  
Harbor Beach, Michigan 

Huron Cement 
Alpena, Michigan 

Consumer Power Company 
Karn 1-4 
Essexv i l  l e ,  Michigan 

Consumer Power Company 
Weadock Generat ing S ta t i on  
Essexv i l l e ,  Michigan 

Mlje 
FLOW 103m3/d 

-- 121 MW 
48 9 

N A 
352 

1,787 MW 
1,657 

615 MW 
2,965 

ANNUAL 
LOAD I NGS 

kg/year 

780 

2,100 

2,650 

4,700 

TOTAL CHLORI NE 
RESIDUAL mg/L 

0.2 
Dechlor ina- 

t i o n  

0.2 

0.04 
Dechl o r i  na- 

t i  on 

0.04 
Dechlor ina- 

t i on 

DO SAGE 
FREQUENCY 

160 min/dx66 

3/dx270 

3/dx364 

3/dx364 



TABLE 1-2 cont 'd .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

I 

w 
P 

I 

ST. CLAIR R I V E R  

ANNUAL 
LOAD I NGS 

kg/year 

1,133 

9,071 

DOSAGE 
FREQUENCY 

160 m i  n/dx156 

160 m i  n/dx165 

SOURCE 

D e t r o i t  Edison Company 
Marysvi 1 1 e 
Marysvi l l e ,  k i c h i g a n  

D e t r o i t  Ed i son Company 
S t .  C l a i r  1-7 
S t .  C l a i r ,  Michigan 

MWe 
FLOW 103m3/d 

200 MW 
1,439 

1,620 MW 
5,243 

TOTAL CHLORINE 
RESIDUAL mg/L 

0.2 
Dechlor ina- 

t i o n  

0.2 



TABLE 1-2 con t ' d .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

SOURCE 

De t r o  i t Ed i son Company 
Conners Creek 
D e t r o i t ,  Michigan 

D e t r o i t  Edison Company 
Del r a y  
D e t r o i t ,  Michigan 

D e t r o i t  Edison Company 
Fenwal t 
Riverview, Michigan 

D e t r o i t  P u b l i c  L i g h t i n g  - 

M i t e r s k y  1-7 
D e t r o i t ,  Michi-gan 

D e t r o i t  Edison Company 
R ive r  Rouge 1-3 
D e t r o i t ,  Michigan 

D e t r o i t  Edison Company 
Trenton Channel 
D e t r o i t ,  Michigan 

Wyandotte Dept. Munic ipa l  Service 
Wyandotte 2-5 & 7 
Wyandotte, Michigan 

DETROIT 

MWe 
FLOW 103m3/d 

500 MW 
2,951 

375 MW 
3,267 

37 MW 
76.3 

199 MW 
5 90 

852 MW 
2,461 

913 MW 
1,952 

56.5 MW 
257 

RIVER 

TOTAL CHLORI NE 
RESIDUAL mg/L 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 
Dechl o r i na -  

t i o n  

0.2 

DO SAGE 
FREQUENCY 

160 mi n /dx261 

160 min/dx248 

160 min/dx- 

3/dx364 

160 min/dx226 

160 m i  n/dx310 

3/dx364 

-- - 

ANNUAL 
LOAD I NGS 

kg/year 

725 

90 7 

- 

4,720 

19,700 

3,130 

2,060 



TABLE 1-2 cont 'd .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

DETROIT RIVER - (Cont 'd.)  

ANNUAL 
LOADINGS 

kg/year 

19,100 

6,920 

Wyandotte, Michigan t i o n  

DO SAGE 
FREQUENCY 

Process 
Waste 

Process 
Waste 

SOURCE 

BASF Wy andot te 
No. Works 
Wyandotte, Michigan 

BASF Wyandotte 
So. Works 

MWe 
FLOW lo3rn3/d 

( 105 ) 

(38 ) 

TOTAL CHLORINE 
RESIDUAL mg/L 

0.5 
Dechlor ina- 

t i o n  

0.5 
Dechlor ina- 



TABLE 1 - 2  con.t?dz. 1 

. . UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

SOURCE 

D e t r o i t  Edison Company 
Fermi S t a t i o n  
French Town, Michigan 

D e t r o i t  Edison Company 
Monroe Generat ing S ta t  i o n  
Monroe, Michigan 

Consumer Power Company 
Whi t ing  Generat ing S ta t i on  
Luna Pier ,  Michigan 

Niagara Mohawk Power Corp. 
Dunkirk '1-4 
Dunkirk, New.York 

Pennsylvania E l e c t r i c  
F ron t  S t r e e t  1-5 
Er ie,  Pennsylvania 

 levela and Elec. I l l u m i n a t i n g  Co. 
Ashtabul a 1-5 
Ashtabula, Ohio 

Cleveland Elec. I l l u m i n a t i n g  Co. . . 
Avon Lake 1-9 
Avon Lake, Ohio 

LAKE ERIE 

MWe 
FLOW 10 3m3 /d 

ANNUAL 
LOADINGS 

kg/year 
TOTAL CHLORINE 
-RESIDUAL mg/L 

0.2 

0.2 

0.04 
Dech 1 o r i  na- 

t i  on 

No C1, 
. . 

0.5 

DOSAGE 
FREQUENCY 

Permi t  
1 60 m i  n/dx- 

summer 5 d p k  
w i n t e r  2 x/wk 

summer 2 x/wk 
w i n t e r  1 x/wk 



TABLE 1-2 cont 'd .  

I LAKE ERIE - (Cont 'd.)  I 
SOURCE 

Cleveland Elec. I 1  lumi na t i ng  Co. 
East l ake  1-5 

Cleveland Elec. I l l u m i n a t i n g  Co. 
Lake Shore 14-18 
C l  eve1 and, Ohio 

Ohio Edison Company 
Edgewater 2 -4 

Toledo Edison Company 
Bay Shore 1-4 

Toledo Ed i son Company 
Davis Besse I 

I 

ANNUAL 
MWe TOTAL CHLORINE . . DOSAGE LOAD I NGS 

FLOW 103m3/d RESIDUAL mg/L FREQUENCY kg lyear  

-summer 2..x/wk ' 

w i n t e r  1 xlwk 

No C12 s ince  1977 - 



TABLE 1-2 cont 'd .  

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

NIAGARA RIVER 

SOURCE 

M i  agara Mohawk Power Corp. 
C.  R. Hunt ley  63-68 
Tonawanda, New York 

DOSAGE 
FREQUENCY 

- 

ANNUAL 
LOAD I NGS 

kg/year 

- 

MWe 
FLOW 103m3/d 

836 MW 
7m7 

TOTAL CHLORINE 
RESIDUAL mg/L 

No C1 since Nov. 
1979 



TABLE 1-2 - contl.d:. 

UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES 

. 
. . 

r . . . . ,. . . . . . 
. . , . .  . 

" I n d i r e c t  Dischatger  . . . . ~ .  . .  . .~ ... .. . .. 

' ~ y d r o  - Misc. Coo l ing  Systems on i y  
i . .  . . , . . .  . : 

LAKE ONTARIO 

DO SAGE 
FREQUENCY 

- 

- 

- 

3/d 8 30 rnin. 
l /wk 

2/d 8 30 rnin. 
l /wk 

TOTAL CHLORINE 
RESIDUAL rng/L 

No C l 2  

No C l n  

No C l n  

- c0.5 

0 .3 (Avg. )  
0.5 (Max.) 

SOURCE 

Niagara Mohawk Power Corp. 
Nine M i l e  Po in t  1 Nuclear  S t a t i o n  
Sodus Point ,  New York (No. 2 under 

c o n s t r u c t i o n )  

Niagara Mohawk Power Corp. 
Oswego 1-6, Oswego, New York 

Power A u t h o r i t y  o f  New York 
J. A. F i t z p a t r i c k  1 Nuclear S ta t i on  

Rochester Gas & Elec. Corp. 
R. E. Ginna 1 Nuclear S t a t i o n  
Ontar io,  New York 

Rochester das & Elec. Corp. 
Russe l l  1-4 
Rochester, New Y0r.k 

ANNUAL 
LOAD I NGS 

kg/year 

- 

- 

- 

3,545 

, 640 

MWe 
FLOW 103rn3/d 

641.8 MW 
1,364 

2,156 MW 
4,482 

821 MW 
2,018 

490 MW 
2,182 

253 MW 
655 
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APPENDIX 2 

EVALUATION OF ALTERNATIVE DISINFECTION TECHNOLOGIES 

I n t r o d u c t i o n  

The known m i c r o b i o l o g i c a l ,  eco log i ca l  and chemical e f f e c t s  o f  s i x  
a l t e r n a t i v e  d i s i n f e c t i o n  technologies are summarized i n  Table 13 o f  Chapter 9, 
page 66. Inc luded i n  t h e  t a b l e  i s  an assessment o f  t h e  r e l a t i v e  
t r a n s p o r t a t i o n  and hand l ing  r i s k s  associated w i t h  use o f  each process as w e l l  
as an es t ima t i on  o f  cos ts ,  o f  the  a l t e r n a t i v e s  t o  ch lo r i ne .  An in -depth  
d iscuss ion  o f  each technology i s  a lso  given. Most o f  t h e  judgemental 
dec is ions  used t o  cons t ruc t  Table 13 were made on t h e  bas is  o f  known 
in fo rma t i on  ex t rac ted  from t h e  l i t e r a t u r e  o r  f rom research p r o j e c t s  
demonstrat ing recent  advances. 

The p r a c t i c a b i l i t y  and imp lemen tab i l i t y  o f  the  a l t e r n a t i v e  technologies 
are summarized i n  Table 12, Chapter 9, page 64. Considerably  more work i s  
needed i n  t he  areas o f  process c o n t r o l  and process design f o r  v i r t u a l  l y  a1 1 o f  
t h e  a l t e r n a t i v e s  except ch lo r i ne .  However, i t  should be recognized tha t ,  even 
w i t h  ch lo r i ne ,  poor systems have been and are  s t i l l  be ing designed which 
d e t r a c t  f rom t h e  o v e r a l l  r e l i a b i l i t y  and e f fec t i veness  o f  t h e  c h l o r i n a t i o n  
process f o r  microorganism con t ro l .  Consequently, any conclus ions reached on 
t h e  bas is  o f  Tables 12 and 13 o f  Chapter 9 i m p l i c i t l y  assume a wel l -des igned 
system. 

From Table 13, Chapter 9 i t  i s  ev ident  t h a t  t h r e e  o f  t h e  s i x  a1 t e r n a t i v e s  
e x p l i c i t l y  evoke some degree of acute o r  ch ron i c  t o x i c o l o g i c a l  e f f e c t  on 
aquat ic  f l o r a  and fauna. Thus, some means o f  n e u t r a l  i z i n g  t h i s  t o x i c  e f f e c t  
must be devised be fore  t h e  process can be considered v iab le .  The most 
c o s t - e f f e c t i v e  method o f  n e u t r a l i z i n g  t o x i c  res idua l s ,  su lphur  d iox ide  
reduc t ion ,  i s  descr ibed more f u l l y  i n  a l a t e r  sec t ion .  Implementat ion o f  
su lphur  d iox ide  n e u t r a l i z a t i o n  i s  expected t o  i n v o l v e  cos t  increases o f  10 t o  
30% over t h e  d i s i n f e c t i o n  system being used. The most p e r t i n e n t  f i n d i n g s  and 
observat ions concerning t h e  a l t e r n a t i v e  d i s i n f e c t i o n  technologies are 
presented be1 ow: 

Ch lo r i ne  i s  t he  o n l y  a l t e r n a t i v e  t h a t  i s  capable o f  d i s i n f e c t i n g  pr imary  
e f f l u e n t  w i t h  reasonable r e l i a b i l i t y .  However, based on recen t  i n fo rma t i on  
presented a t  t h e  Progress i n  Wastewater D i s i n f e c t i o n  Technology Symposium i n  
C i n c i n n a t i  (Venosa 1979), c h l o r i n a t i o n  o f  p r imary  e f f l u e n t  may r e s u l t  i n  t h e  
fo rma t i on  o f  h i g h l y  mutagenic f r a c t i o n s  o r  con~ponents t h a t  would o therw ise  n o t  
be formed (da ta  f rom one t reatment  p l a n t ) .  Thus, i t  i s  recognized t h a t  t h e r e  
may be a low l e v e l  o f  r i s k  associated w i t h  such p r a c t i c e  and t h i s  should be 
taken i n t o  cons ide ra t i on  when pr imary  e f f l u e n t  i s  involved.  

The weak l i n k  i n  c h l o r i n a t i o n  technology i s  t h e  r e s i d u a l  analyzer.  The 



f unc t i ona l  s t a b i  1  i ty and re1  i abi  1  i ty o f  t he  r e s i d u a l  analyzer decreases 
cons iderab ly  as eff 1  uent qua1 i t y  de te r i o ra tes .  Consequently, e i t h e r  excessive 
c h l o r i n e  o r  i n s u f f i c i e n t  c h l o r i n e  may be dosed a  l a r g e  p a r t  o f  t h e  t ime, 
thereby  exceeding t h e  o b j e c t i v e  and endangering f i s h  species i n  t h e  r e c e i v i n g  
stream w i t h  h igh  c h l o r i n e  r e s i d u a l s  o r  endangering t h e  p u b l i c  h e a l t h  a t  nearby 
ba th ing  beaches because o f  inadequate d i s i n f e c t i o n .  

There i s  a  l a r g e  gap between t h e o r e t i c a l  aspects o f  c h l o r i n e  technology 
and ac tua l  p r a c t i c e .  Most recent  pub1 i c a t i o n s  pro fess  t h e  necess i t y  o f  
adequate mix ing  and long contac t  t imes f o r  c h l o r i n e  t o  be e f f e c t i v e ,  y e t  
c h l o r i n a t i o n  systems are s t i l l  be ing designed w i t h  unbaf f led  rec tangu la r  o r  
c i r c u l a r  con tac t  tanks which su f fe r  from severe sho r t  c i r c u i t i n g  problems. 
Of ten  poor dosage c o n t r o l  i s  p rov ided and operators a re  n o t  p r o p e r l y  t r a i n e d  
i n  t h e  r o u t i n e  measurement and maintenance procedures. 

The f i s h  t o x i c i t y  problem i s  more ser ious  w i t h  c h l o r i n e  than w i t h  t h e  
a l t e r n a t i v e s .  However, s u f f i c i e n t  evidence e x i s t s  t o  demonstrate 
unequ ivoca l l y  t h a t  su lphur  d iox ide  d e c h l o r i n a t i o n  can comple te ly  e l  im ina te  
c h l o r i n e  t o x i c i t y .  Problems o f  re1  i a b i l  i t y  and added complexi ty,  however, do 
n o t  make i t  a  f a i l - s a f e  technology. 

OZONE 

Technologica l ly ,  ozone i s  f a r t h e r  along than any o f  t h e  a1 t e r n a t i v e s  f rom 
t h e  standpoint  o f  equipment development. It has severa l  a t t r a c t i v e  fea tures :  
i t  i s  a  good v i ruc ide ;  ozonated e f f l u e n t  i s  no t  t o x i c  t o  f i s h ;  i t  has n o t  been 
demonstrated t o  r e s u l t  i n  t h e  fo rma t i on  of t o x i c  by-products and i t  impar ts  a  
h igh  d i sso l ved  oxygen l e v e l  t o  t h e  t r e a t e d  e f f l u e n t .  

\ 

The two major problems w i t h  ozone d i s i n f e c t i o n  are  t h e  l i k e l y  requirement 
f o r  p r i o r  suspended s o l i d s  removal and h igh  c a p i t a l  and ope ra t i ng  costs .  
Equipment r e l i a b i l i t y  i s  s t i l l  unproven i n  Nor th  America. Cont ro l  
ins t rumenta t ion  i s  expensive and sub jec t  t o  c l o s e  opera tor  a t t e n t i o n .  Dose 
c o n t r o l  technology i s  underdeveloped because o f  t h e  l ack  o f  a  r e 1  i a b l e  method 
o f  r e s i d u a l  measurement. F i n a l l y ,  because o f  t he  complex i ty  o f  t h e  p r imary  
and a n c i l l a r y  equipment, cons iderab le  opera tor  t r a i n i n g  i s  r e q u i r e d  if 
cost -e f fec t i veness  i s  desired. 

LILTRAV IOLET LIGHT 

111 t r a v i o l e t  i s  becoming more a t t r a c t i v e  as t ime progresses. Many o f  t h e  
design problems t h a t  have plagued u l t r a v i o l e t  i n  t h e  past,  i .e .  l ack  o f  
adequate means o f  c lean ing  t h e  qua r t z  sleeves, i n e f f e c t i v e  1  amp placement and 
inadequate dose contro ' l  appear t o  be near t h e  r e s o l u t i o n  stage. The major 
problems s t i l l  f a c i n g  u l t r a v i o l e t  a re  t h e  l ack  o f  a  r e 1  i a b l e  method o f  
measuring dose and t h e  un re l  i a b i  1  i t y  of u l t r a v i o l e t  i n t e n s i t y  sensors. 

I 

The advantages are: (1 )  u l t r a v i o l e t  i s  a  good v i ruc ide ;  ( 2 )  u l t r a v i o l e t ,  
be ing  a  phys i ca l  agent, impar ts  no t o x i c  res idua l ;  ( 3 )  u l t r a v i o l e t  has n o t  
been shown t o  a f fec t  s i g n i f i c a n t l y  t h e  n o n - v o l a t i l e  o rgan ic  components o f  
wastewater eff 1  uents and ( 4 )  equipment i s  very  s imple and eas i  l y  maintained. 
The o n l y  major f u l l - s c a l e  demonstrat ion o f  u l t r a v i o l e t  d i s i n f e c t i o n  was made 
a t  Northwest Bergen County, New Jersey. The e f f l u e n t  t r e a t e d  was a  
convent ional  a c t i v a t e d  sludge e f f l u e n t  o f  unusua l l y  h igh  q u a l i t y .  Cost 



est imates made f rom t h e  p r o j e c t  i n d i c a t e  t h a t  t h e  process may even be cheaper 
than ch lo r i ne ,  bu t  work i s  needed on more t y p i c a l  e f f l u e n t s  be fo re  t h a t  
conclus ion i s  made f i r m .  

\ 

BROMINE CHLORIDE 

Bromine c h l o r i d e  reac ts  w i t h  ammonia-nitrogen i n  t h e  same way t,hat 
c h l o r i n e  does, bu t  t h e  bromamines so formed are  more unstable. Consequently, 
t h e  bromamines are  j u s t  as e f f e c t i v e  m i c r o b i o c i d a l l y  as f r e e  bromine and they  
have a  very  sho r t  h a l f - l i f e  i n  wastewater e f f l u e n t .  Thus, t h e  induced f i s h  
t o x i c i t y  i s  reduced because o f  t h e  d i s s i p a t i o n  o f  t h e  bromamine res idua l .  
Residual measurement i s  u s u a l l y  made i n  t h e  contac tor  a f t e r  a  f i v e  minute t i m e  
lapse f rom t h e  p o i n t  o f  i n j e c t i o n .  

Bromine c h l o r i d e  s u f f e r s  from t h e  same problem as ch lo r i ne ,  i t s  tendency 
t o  form halogenated organics. The major problem i s  i n  t h e  feed c o n t r o l  
system, as i s  s ta ted  i n  a  l a t e r  d e t a i l e d  d e s c r i p t i o n  o f  c h l o r i n a t i o n .  Unknown 
phys io log i ca l  e f f e c t s  of bromides have hampered i t s  widespread acceptabi 1  i t y .  
The cos t  o f  t h e  chemical i s  50 t o  75% h igher  than ch lo r ine .  Considerably more 
development work i s  needed be fo re  bromine c h l o r i d e  can be considered v iab le .  

CHLORINE DIOXIDE 

Ch lo r i ne  d i o x i d e  i s  t h e  l e a s t  developed a l t e r n a t i v e  o f  t h e  ones under 
cons idera t ion .  Ch lo r i ne  d i o x i d e  . i s  a t t r a c t i v e  f rom t h e  standpoint  o f  i t s  
e x c e l l e n t  v i r u c i d a l  c a p a b i l i t y  as we l l  as i t s  reduced a b i l i t y  o r  i n a b i l i t y  t o  
form halogenated organics. However, t h e  r e l a t i v e l y  h igh  cos t  o f  t h e  sodium 
c h l o r i t e  used i n  t h e  o n - s i t e  manufacture o f  c h l o r i n e  d i o x i d e  and t h e  hand l ing  
r i s k s  o f  these chemicals argue against  i t s  p r a c t i c a b i l i t y  a t  t h i s  t ime. 

I n  general, no new d i s i n f e c t i o n  technology o the r  than c h l o r i n e  i s  r e a d i l y  
implementable on a  wide sca le  a t  t h e  present time. However, i t  i s  a n t i c i p a t e d  
t h a t  u l t r a v i o l e t  and ozone cou ld  be considered f o r  new p l a n t s  o r  planned 
expansion o f  e x i s t i n g  p lan ts .  The, o n l y  process t h a t  i s  r e a d i l y  implementable 
now t o  achieve reduc t i on  i n  c h l o r i n e  res idua l  i s  sulphur d i o x i d e  
dech lor ina t ion .  

DESCRIPTION OF ALTERNATIVE TECHNOLOGIES 

C h l o r i n a t i o n  

DESCRIPTION OF PROCESS 

Chlor ine, e i t h e r  i n  t h e  form o f  l i q u i d  c h l o r i n e  o r  sodium hypoch lor i te ,  i s  
normal ly  app l ied  t o  wastewater e f f l u e n t  by i n j e c t i n g  t h e  chemical i n t o  a  small 
f r a c t i o n  o f  t h e  e f f l u e n t .  Then, through t h e  a p p l i c a t i o n  o f  a  mechanical o r  
h y d r a u l i c  mix ing  device, t h e  s o l u t i o n  i s  dispersed through t h e  remainder o f  
t h e  wastewater f low. There a re  a  number o f  ways proper mix ing  can be 
accompl ished, each r e q u i r i n g  a  c e r t a i n  amount, o f  energy expenditure. A  
d e t a i l e d  d iscuss ion  o f  var ious m ix ing  regimes i s  beyond t h e  scope o f  t h i s  
discussion. Proper m ix ing  i s ,  however, essen t i a l  t o  achieve d i s i n f e c t i o n .  

Once t h e  c h l o r i n e  i s  p r o p e r l y  niixed and homogeneously dispersed through 
t h e  process water, a  minimum amount of contac t  t i m e  must be prov ided t o  a l l ow  



d i s i n f e c t i o n  t o  occur. Most wastewater e f f l u e n t s  con ta in  a  s u f f i c i e n t  amount 
of ammonium-nitrogen t o  conver t  t h e  c h l o r i n e  added t o  mono- and dichloramine, 
unless t h e  e f f l u e n t  i s  n i t r i f i e d .  The chloramines are  s low-act ing 
d i s i n f e c t a n t s  compared w i t h  f r e e  a v a i l a b l e  ch lo r ine ,  i.e. HOCl/OCl'. This  
i s  why a  long contac t  t i m e  i s  needed. 

The design o f  t h e  contact  chamber i s  important  t o  assure t h a t  t h e  minimum 
contac t  t i m e  has been provided. Unbaf f led rec tangu lar  o r  c i r c u l a r  contac t  
tanks a re  g ross l y  inadequate, as dye t r a c e r  s tud ies  have revealed wide 
d i spe rs ion  l i m i t s  o r  severe sho r t  c i r c u i t i n g  t o  be c h a r a c t e r i s t i c  o f  such 
tanks. An i dea l  c h l o r i n e  contac tor  design i s  a  long o u t f a l l  p i p e  (c losed 
condu i t )  o r  open channel as i d e a l  p l u g  f l o w  cond i t i ons  are  more c l o s e l y  
approachable. However, most treatment p l a n t s  a re  s i t u a t e d  c l o s e  enough t o  t h e  
r e c e i v i n g  stream t h a t  such a  contac tor  i s  imprac t ica l .  The next  bes t  design, 
then, i s  a  rec tangu lar  tank, b a f f l e d  l o n g i t u d i n a l l y  t o  p rov ide  a  
length- to -w id th  (L/W) r a t i o  o f  40 : l  o r  more. The l a t t e r  design should pe rm i t  
reasonably good p lug  f l o w  cond i t i ons  w i t h  a  minimum o f  sho r t  c i r c u i t i n g .  

A research p r o j e c t  co-sponsored by t h e  U.S. EPA and t h e  S ta te  of 
C a l i f o r n i a  i s  underway t o  document savings i n  c h l o r i n e  usage by improved 
mix ing  and contac tor  design. An opt imized c h l o r i n a t i o n  system hks been 
designed, f a b r i c a t e d  and mounted on a  mob i le  t r a i l e r .  Th is  mob i le  system i s  
being s tud ied  i n  p a r a l l e l  w i t h  e x i s t i n g  t reatment  f a c i l i t i e s  loca ted i n  
nor thern  C a l i f o r n i a .  A second mobi le  u n i t ,  comprised o f  a  f i s h  bioassay 
labora tory ,  has been incorpora ted  i n t o  t h e  study t o  i n v e s t i g a t e  reduct ions  i n  
acute f i s h  t o x i c i t y  as a  r e s u l t  o f  t h e  improved design. A t o t a l  o f  e i g h t  
treatment p l a n t s  w i l l  be inc luded i n  t h e  evaluat ion.  So f a r  f i v e  have been 
completed. Although t h e  data have not  been r i g o r o u s l y  analyzed, evidence 
i nd i ca tes  t h a t  comparable b a c t e r i o l o g i c a l  l e v e l s  are achievable i n  t h e  
i d e a l i z e d  systan as i n  t h e  f u l l - s c a l e  systems w i t h  s u b s t a n t i a l l y  l e s s  c h l o r i n e  
dosage appl ied. Acute t o x i c i t i e s  t o  t e s t  f i s h  were reduced as much as 
3.5-fold, i n  accordance w i t h  t h e  lower c h l o r i n e  r e s i d u a l  i n  t h e  opt imized 
system. Thus, i t  appears t h a t  considerable savings i n  t h e  use, and t h e r e f o r e  
t h e  costs, o f  c h l o r i n e  and subs tan t i a l  reduc t ions  i n  t h e  p o t e n t i a l  f o r  
ch lor ine- induced f i s h  t o x i c i t y  are poss ib le  by upgrading e x i s t i n g  f a c i l i t i e s  
t o  p rov ide  adequate f l a s k  m ix ing  and p lug  f l o w  contact ing.  

EFFECTS OF CHLORINE 

1. P r a c t i c a b i l i t y  . , .. 

a. N e w  f a c i l i t i e s  - yes 
b. Old f a c i l i t i e s  - d e f i n i t e l y .  However, c a p i t a l  cos ts  may r i s e  i f  

improved mix ing  i s  prov ided and b a f f l e s ,  are i n s t a l l e d  i n  t h e  
contac tors  t o  increase t h e  L/W r a t i o .  

2. A b i l i t y  t o  meet m i c r o b i o l o g i c a l  o b j e c t i v e s  

a. Yes. Seasonal d i s i n f e c t i o n  coupled w i t h  more e f f e c t i v e  design 
should enable achievement o f  t h e  c o l i f o r m  o b j e c t i v e  more 
e f f i c i e n t l y .  



3. T e ~ h n o l o g y ~ l i m i t e d  by type  o f  t reatment  p l a n t  

a. A l l  d i s i n f e c t a n t s  are l i m i t e d  t o  some ex ten t  by t h e  organ ic  
q u a l i t y  o f  t h e  e f f l u e n t .  Ch lo r i ne  i s  no except ion. If good 
m ix ing  and p l u g  f l o w  con tac t i ng  are provided, t h e  e f f e c t  o f  
organic  demand w i l l  be minimized. 

4. Worker s a f e t y  

a. This  i s  a  disadvantage w i t h  c h l o r i n e  technology. Ch lo r i ne  i s  a  
t o x i c  m a t e r i a l  and proper safeguards must be undertaken t o  
p r o t e c t  t he  working environment. 

5. Commerci a1 ava i  1  ab i  1  i t y  

a. E a s i l y  ava i l ab le .  

6. Costs 

a. Costs w i l l  vary, depending on whether 1  i q u i d  c h l o r i n e  o r  
h y p o c h l o r i t e  i s  used. I n  e i t h e r  case, t r a n s p o r t a t i o n  cos ts  w i l l  
i n f l u e n c e  t h e  t o t a l  c o s t  o f  t he  chemical. 

b. Costs w i l l  be d i r e c t l y  a f f e c t e d  by t h e  demand o f  t h e  e f f l u e n t .  
These cos ts  w i l l  be minimized w i t h  engineer ing op t im iza t i on .  ' 

c. Assuming a  t reatment  p l a n t  s i z e  o f  5,000 m3/d (1.3 MGD), a  
c h l o r i n e  dose o f  10 mg/L, a  cos t  o f  c h l o r i n e  o f  $0.41/kg 
($0.185/pound), and a  minimum contac t  t ime  o f  30 minutes, t h e  
c o s t  of d i s i n f e c t i o n  i s  est imated a t  1.6$/1,000 gal .  f o r  . 
ma te r i a l s ,  2.2$/1,000 ga l .  f o r  opera t ing  c o s t  and 1.3$/1,000 
gal .  f o r  c a p i t a l .  This  g ives  a  t o t a l  c o s t  o f  approx imate ly  
5.1$/1,000 ga l .  (Opatken 1979). Engineer ing cos ts  are i nc luded  
i n  t h e  f i x e d  c a p i t a l  investment f i g u r e .  E l e c t r i c  power cos ts  
are assumed t o  be 3$/Kwh. The t o t a l  cos t  f i g u r e  o f  5.1$/1,000 
ga l .  i s  expected t o  be reduced by about 1/3 i f  seasonal 
d i s i n f e c t i o n  i s  p rac t i sed .  

1 Chl o r ina t ion /Dech l  o r i n a t i o n  

1 DESCRIPTICIN OF PROCESS 

C h l o r i n a t i o n  has a l ready  been discussed above and w i l l  no t  be repeated 
here. I n fo rma t i on  used f o r  d iscuss ion  o f  d e c h l o r i n a t i o n  was taken f rom Gan 
e t  a l .  (1979). 

A p r o j e c t  was funded by the  U.S. EPA w i t h  t h e  Los Angeles County 
S a n i t a t i o n  D i s t r i c t  t o  eva lua te  t h e  cos t -e f f ec t i veness  o f  d e c h l o r i n a t i o n  by 
p i l o t  sca le  t e s t i n g  and f u l l - s c a l e  f i e l d  survey. A ques t i onna i re  was mai led  
t o  31  t reatment  p l a n t s  i n  C a l i f o r n i a  p r a c t i s i n g  dech lo r ina t ion .  Resu l ts  f rom 
t h e  survey i n d i c a t e d  t h a t  sulphur d i o x i d e  i s  t h e  most w ide l y  used 
d e c h l o r i n a t i n g  agent i n  C a l i f o r n i a  because o f  i t s  low c o s t  and ease o f  
app l i ca t i on .  The chemical c h a r a c t e r i s t i c s  o f  t he  gas have a l so  added t o  t h e  



a t t r a c t i o n  o f  t h e  process. React ion t - i~ne  o f  su lphur  d i o x i d e  and f ree  c h l o r i n e  
o r  chloramines i s  very  sho r t  so a contac t  chamber i s  no t  needed. By-products 
o f  su lphur  d iox ide,  such as s u l p h i t e  and ch lo r ide ,  have no t  been shown t o x i c  
t o  f i s h  a t  normal l e v e l s  encountered i n  dech lo r i na t i on .  

The ques t i onna i re  was d i v i d e d  i n t o  t h r e e  ca tegor ies :  general  in fo rmat ion ,  
engineer ing design in fo rmat ion  and ope ra t i ona l  in format ion.  A summary o f  t h e  
responses t o  t h e  ques t i onna i re  i s  shown i n  Tables 2-1, 2-2 and 2-3. Some o f  
t h e  more important  f i nd ings  a re  g iven  below: 

(1 )  overdosing t h e  c h l o r i n a t e d  e f f l u e n t s  w i t h  su lphur  d i o x i d e  i s  
e s s e n t i a l  t o  accomplish cons i s ten t  dech lo r i na t i on ;  

( 2 )  excessive overdose o f  su lphur  d i o x i d e  can be .  avoided .by us ing  
d i s c r e t e  inst ruments and a l t e r n a t e  methods o f  feed; 

(3)  except f o r  t h e  r e s i d u a l  c h l o r i n e  analyzer,  t h e  equipment i n  an 
sulphur  d i o x i d e  feed c o n t r o l  system i s  r e l i a b l e ;  

(4) t h e  analyzer  i s  t h e  weakest l i n k  i n  t h e  su lphur  d i o x i d e  feed system. 
Most analyzers manufactured today a re  incapable o f  ma in ta in ing  
c a l i b r a t i o n  i n  t h e  absence o f  c h l o r i n e  and 

(5) no s i g n i f i c a n t  phys ica l -chemical  degradat ion o f  t h e  e f f l u e n t  was 
found a f t e r  d e c h l o r i n a t i o n  w i t h  sulphur d iox ide .  Dep le t ion  o f  
d isso lved  oxygen o r  change i n  pH was no t  observed i n  t h e  p i l o t  
s tud ies  a t  sulphur d i o x i d e  dosage t o  r e s i d u a l  c h l o r i n e  r a t i o  o f  3 : l .  

The most common dosing method used i s  feed forward con t ro l .  A c h l o r i n e  
r e s i d u a l  s i g n a l  ( p r i o r  t o  t h e  su lphur  d i o x i d e  i n j e c t i o n  p o i n t )  and a f l o w  
p r o p o r t i o n a l  s i g n a l  a r e  f e d  t o  t h e  sulphonator.  These two s i g n a l s  a r e  
combined i n t o  a product  s i gna l  through an e l e c t r o n i c  m u l t i p l i e r  b e f o r e  feed ing  
t o  t h e  sulphonator.  This  i s  done t o  avoid having t o  overdose t h e  c h l o r i n a t e d  
e f f l u e n t  w i t h  su lphur  d iox ide.  

A l t e r n a t i v e  methods have been devised t o  improve performance. I n  
a l t e r n a t i v e  No. 1, a two-stage method of d e c h l o r i n a t i o n  i s  used. Analyzer No. 
1 i n s t r u c t s  sulphonator No. 1 t o  dech lo r i na te  t o  a 1 0 : l  r a t i o  o f  t h e  d ischarge  
l i m i t .  The analyzer  performs bes t  w i t h i n  a 10 : l  s e t t i n g .  C a l i b r a t i o n  i s  
mainta ined because o f  t h e  cont inuous presence o f  c h l o r i n e  r e s i d u a l  i n  t h e ,  
e f f l u e n t .  Sulphonator No. 2 i s  then used t o  remove t h e  remaining r e s i d u a l  
ch lo r ine .  Because t h e  t o t a l  r e s i d u a l  c h l o r i n e  has been reduced t o  1 mg/L o r  
l ess  i n  t h e  f i r s t  s ta te ,  excessive overdose of t h e  su lphur  d i o x i d e  w i t h  
sulphonator No. 2 i s  avoided. 

I n  a l t e r n a t i v e  No. 2 a b iased r e s i d u a l  c h l o r i n e  s i g n a l  i s  sent  through t h e  
analyzer  t o  keep i t i n  c a l i b r a t i o n .  A feedback r e s i d u a l  s i gna l  f r o m . t h e  
dech lo r ina ted  e f f l u e n t  g rea te r  than t h e  b iased s igna l  s i g n i f i e s  incomplete 
dech lo r i na t i on .  The sulphur  d i o x i d e  i s  paced t o  dose p r o p o r t i o n a l  t o  any 
s i g n a l  g rea te r  than t h e  b iased s igna l .  



TABLE 2-1 

PROFILE OF DECHLORINATION FACILITIES 
I N  SURVEY (1'977) 

* Based on 31 respondents. 

DESCRIPTION 
17 

(a )  S ta r tup  date o f  d e c h l o r i n a t i o n  f a c i l i t i e s  

- Before January, 1976 
- A f t e r  January, 1976 

( b) Type o f  t reatment  preceding dechl o r i  na t i on  

- Primary 
- Secondary 
- T e r t i a r y  

( c )  Average d a i l y  p l a n t  f l o w  

- Less than 2.3x104m3/d ( 6  MGD) 
- 6 t o  10 MGD 2.3x104 t o  3.8x104m3/d 

(6-10 MGD) 
- Greater than 3.8x104m3/d (10 MGD) 

( d )  Sul phur d iox ide  capac i ty  

- 0 t o  45.4 kg/d ( 0  t o  100 lbs/day) 
- 45.8 t o  227 kg/d (101 t o  500 Ibs/day) 
- Greater  than 227 kg/d (500 lbs/day) 

( e )  T o t a l  c o l  i f o r m  d ischarge standard 

- Less than o r  equal t o  2.2/100 mL 
- Less than o r  equal t o  23/100 mL 
- Less than o r  equal t o  100/100 mL 
- Less than o r  equal t o  240/100 mL 
- Others 

( f )  To ta l  r e s i d u a l  c h l o r i n e  d ischarge standard 

- 0 
- Less than o r  equal t o  Os. l  mg/L 
- Greater than 2 mg/L 

PERCENT OF TOTAL 
RESPONSES* 

38.7 
61.3 

9.7 
83.9 

6.4 

68.0 

16.0 
16 .O 

12.9 
35.5 
51.6 

22.6 
16.1 
9.7 

41.9 
9.7 

58.1 
29.0 
12.9 



TABLE 2-2 

ENGINEERING DESIGN INFORMATION 6~ DECHLCIR INATION FACILITIES 
IN  SURVEY (1977) 

*Based on 31  respondents, 

1 

DESCRIPTION 

(a )  Type o f  f eed  c o n t r o l  system 

- Feedforward 
- Feedback 
- Feedforward and feedback 

- Flow paced 
- Residual  c o n t r o l  
-. Flow and r e s i d u a l  c o n t r o l s  

- Pneumatic f l o w  s i g n a l  
- E l e c t r o n i c  f l o w  s i g n a l  

- Pneumatic dosage s i g n a l  , 
- E l e c t r i c  dosage s i g n a l  

- Gap r e s i d u a l  c o n t r o l l e r  
- P r o p o r t i o n a l  and r e s e t  c o n t r o l l e r  
- None 

- Wi th  m u l t i p l i e r  
- Wi thout  m u l t i p l i e r  

- Wi th  ad jus tab le  s lope  f a c t o r  
- Wi thout  a d j u s t a b l e  s lope  f a c t o r  

(b )  Contac t ing  method 

- SO, i n j e c t e d  i n  m ix i ng  chamber 
- SO, i n j e c t e d  i n  o u t f a l l  p i p e  

- Reaera t ion  p rov ided  a f t e r  d e c h l o r i n a t i o n  
- Reaera t ion  n o t  necessary a f t e r  d e c h l o r i n a t i o n  

- pH adjustment p rov ided  a f t e r  d e c h l o r i n a t i o n  
- Others 

PERCENT OF TOTAL 
RESPONSES* 

87.1 
9.7 . 
3.2 . 

27.4 
27.4 
45.2 

6.5 , 

93.5 

9.7 
90.3 

16.1 
, 25.8 

58.1 

35.5 
64.5 

I 9.6 
90.4 

32.3 
67.7 

3.2 
96.8 

3.2 
12.9 



( a )  I s  d e c h l o r i n a t i o n  system operated 24-hrs. d a i l y ?  

. . .  . . ,  , . 
. l i _ _ .  .' ' ' . . 

OPERATIONAL INFORMATION OF ' DECHLORINATION . FACILITIES . '. 

I N  SURVEY (1977) 
. . , . .. ' 

, - Yes 
- No 

. 

DESCRIPTION 

(b )  What i s  t h e  d e s i r a b l e  S02:C12 r a t i o  employed? 

- 1 o r  l e s s  
- g r e a t e r  than 1 

. . 

. PERCENT OF TOTAL 
- RESPONSES* 

( c )  I s  overdos ing necessary t o  meet s tandard? 

- Yes 
- No 

(d )  I s  SO2 feed c o n t r o l  system r e l i a b l e ?  

- 

(e)  W i l l  system handle d r a s t i c  f l u c t u a t i o n  o f  r e s i d u a l  
c h l o r i n e ?  

- Yes 
- No 

( f )  Is  b i o l o g i c a l  a f t e r g r o w t h  observed a f t e r  
d e c h l o r i n a t i o n ?  

- Yes 
- N o  + 

*Based on 31  respondents. 



The simple feed forward c o n t r o l  system i s  adequate f o r  most dech lo r i na t i on  
i n s t a l l a t i o n s .  It requ i res  a  smal l  c a p i t a l  investment and o f f e r s  s i m p l i c i t y  
o f  cont ro ls .  I t s  main disadvantage i s  t h a t  sulphur d i o x i d e  overdosing i s  
necessary t o  accomplish d i s i n f e c t i o n .  Overdosing cos t  may be a  s i g n i f i c a n t  
f a c t o r  i n  l a r g e  dech lo r i na t i on  i n s t a l l a t i o n s .  The a l t e r n a t e  sulphur d i o x i d e  
feed c o n t r o l  systems would reduce t h e  sulphur d iox ide  overdose requirement and 
hence t h e  ope ra t i ng  chemical cost.  

Costs o f  dech lo r i na t i on  by  sulphur d iox ide,  ac t i va ted  carbon and ho ld ing  
lagoons a re  summarized i n  Table 2-4. Sulphur d iox ide  d e c h l o r i n a t i o n  i s  
c l e a r l y  t h e  most c o s t - e f f e c t i v e  method p resen t l y  i n  use. 

For smal l  t reatment p lan ts ,  a d d i t i o n  o f  t h e  c o n t r o l  ins t rumenta t ion  and 
feeding equipment, along w i t h  t h e  sa fe ty  precaut ions indigenous t o  handl ing o f  
l i q u i f i e d  gases may not  j u s t i f y  dech lo r i na t i on  by sulphur d iox ide.  Rather, 
dech lo r i na t i on  by l i q u i d  feeding, us ing  sodium s u l p h i t e  o r  me tab i su lph i te  w i t h  
manual feed c o n t r o l  would probably be t h e  more economical, a l b e i t  l ess  
e f f i c i e n t ,  method o f  dech lor ina t ion .  I n  t h i s  case, over -dech lor ina t ion  would 
probgbly be t h e  r u l e  r a t h e r  than t h e  exception, bu t  t h e  C a l i f o r n i a  experience 
i nd i ca tes  l i t t l e  l i k e l i h o o d  o f  pH o r  d isso lved oxygen degradation. Natura l l y ,  
a  savings i n  inst rumentat ion,  equipment and labor  by not dech lo r i na t i ng  w i t h  
s ~ r l p h ~ r r  d iox ide  would be p a r t i a l l y  o f f s e t  by t h e  added cos t  o f  t h e  l i q u i d  
reducing agent. 

EFFECTS OF CHLORINATION/DECHLORINATION 

1. P r a c t i c a b i l i t y  

a. N e w f a c i l i t i e s  - y e s  
b. Old f a c i l i t i e s  - yes. Add i t i ona l  equipment needed would i nc lude  

a  c h l o r i n a t o r  (used as a  sulphonator),  a  cont inuous c h l o r i n e  
r e s i d u a l  analyzer, p i p i n g  and a  good mixer. 

2 .  A b i l i t y  t o  meet m ic rob io log i ca l  ob jec t i ves  

a. Probably. Gan -- e t  a l .  (1979) found t h a t  w i t h i n  10 minutes 
f o l l o w i n g  a p p l i c a t i o n  of sulphur d i o x i d e  t o  c h l o r i n a t e d  
e f f l u e n t ,  an increase of 1.5 t o  2.5 l o g  u n i t s  i n  t h e  t o t a l  
c o l i f o r m  popu la t ion  occurred. This  " a f t e r  growth" phenomenon 
was t raced t o  contaminat ion i n  t h e  form o f  s l ime  on t h e  s ides  o f  
t h e  s t e e l  chamber used t o  s imu la te  a  r e c e i v i n g  stream. A s l i g h t  
increase i n  t h e  f e c a l  c o l i f o r m  and t o t a l  p l a t e  count popu la t ions  
(about 0.5 l o g  u n i t )  was a lso  observed, whereas no change i n  t h e  
feca l  s t rep tococc i  popu la t i on  occurred. It i s  be l ieved t h a t  t h e  
m i c r o b i a l  increase s h o r t l y  a f t e r  dech lor ina t ion ,  conf ined 
predominant ly t o  t h e  t o t a l  c o l  i f o r m  populat ion,  does no t  evoke 
much s a n i t a r y  s ign i f i cance.  

3.  Technology l i m i t e d  t o  t y p e  o f  t reatment  p l a n t  

a. No. 



. ,  , . . 

TABLE 2-4 . '  

. . , < . :  .. . 

, .. 

COST ESTIMATES FOR A 38,000 m3/d (,ib MGD):: '  . I .  

' ACTIVATED SLUDGE DECHLO3INATION . FACILITY . ':: . '.' . .  , 
. .A  

From Gan e t  a l .  (1979), p ,  46. - 

DECHLOR INATION 
PROCESS 

- 

Sul phur Diox ide 

Ac t i va ted  Carbon 

Hold ing Pond 

CAPITAL COST 
t /3 .  8m3 

(t/1,000 gal . )  

0.4 

2.3 

5.4 

OPERATING COST 
t/3.8m3 

(t/1,000 gal .  ) 

1.3 

10.5 

0.4 

"TOTAL COST 
t/3.8m3 

(t/1,000 gal.)  

1.7 

12.8 

5.8 



. . 

4 .  Worker s a f e t y  

a. Sulphur d i o x i d e  i s  an i r r i t a t i n g ,  pungent t o x i c  gas r e q u i r i n g  
care  i n  handl ing. The same s a f e t y  precaut ions app ly ing  t o  
c h l o r i n e  can a lso  apply  t o  su lphur  d iox ide.  

5. Commercial a v a i l a b i l i t y  

a. E a s i l y  ava i l ab le .  

Cost est imates f o r  d e c h l o r i n a t i o n  by su lphur  d i o x i d e  were made 
by Gan e t  a l .  (1979). I n  d e r i v i n g  t h e  costs,  i t  was assumed 
t h a t  t h e  t reatment  p l a n t  capac i t y  was 38,000 m3/d (10 MGD) 
w i t h  5.0 mg/L t o t a l  r e s i d u a l  c h l o r i n e  t o  be dechlor inated.  The 
r e s i d u a l  c h l o r i n e  concent ra t ion  was based on a requirement t o  
meet t h e  S ta te  o f  C a l i f o r n i a ' s  c o l i f o r m  standard o f  2.2 t o t a l  
co l i forms/100 mL. Amor t i za t ion  was assumed t o  be 15 years a t  an 
annual i n t e r e s t  r a t e  o f  8 percent.  The cos ts  were c a l c u l a t e d  t o  
be 0.4&/1,000 ga l .  f o r  c a p i t a l  and 1.3&/1,000 gal .  f o r  
operat ing,  . g i v i n g  a t o t a l  cos t  o f  approximately 1.7&/1,000 gal .  
Th is  i s  l i k e l y  t o  be an overest imate, s i n c e  t o  meet t h e  
recommended m i c r o b i o l o g i c a l  o b j e c t i v e  f o r  t h e  Great Lakes, 
cons iderab ly  l ess  c h l o r i n e  r e s i d u a l  w i l l  be present.  

U l t r a v i o l e t  L i g h t  

DESCRIPTION OF PROCESS ' . 

l l l t r a v i o l e t  l i g h t  i s  e lect romagnet ic  r a d i a t i o n  o f  wavelength s h o r t e r  than 
300 nm. The m ic rob ioc ida l  e f f e c t s  i n  t h e  u l t r a v i o l e t  r eg ion  a re  a t  a maximum 
a t  a wavelength o f  approx imate ly  260 nm. The l e t h a l ' e f f e c t  o f  u l t r a v i o l e t  
r a d i a t i o n  de r i ves  f rom t h e  f a c t  t h a t  l i v i n g  mat te r  con ta ins  molecules t h a t  
absorb r a d i a n t  energy. Nuc le ic  ac ids  and pro te ins ,  t h e  pr ime c o n s t i t u e n t s  o f  
l i v i n g  mat ter ,  have s t r u c t u r e s  which permi t  s t rong absorp t ion  o f  t h e  
u l t r a v i o l e t  energy. The photochemical changes produced as a r e s u l t  o f  t h a t  
absorp t ion  may be  r e v e r s i b l e  o r  i r r e v e r s i b l e ,  depending on t h e  q u a n t i t y  o f  
energy absorbed. 

Low pressure mercury vapour lamps a v a i l a b l e  on t h e  market today emi t  most 
o f  t h e i r  l i g h t  energy a t  a wavelength o f  254 nm, very  c lose  t o  t h e  peak 
germic ida l  wavelength. U l t r a v i o l e t  l i g h t  does no t  pene t ra te  very  f a r  through 
water and even less  through wastewater because o f  t h e  presence o f  u l t r a v i o l e t  
absorbing mater ia ls .  The i n t e n s i t y  of u l t r a v i o l e t  l i g h t  i s  conven t i ona l l y  
expressed i n  terms o f  microwatts/cm2. The ac tua l  dosage o f  ~ ~ l t r a v i o l e t  
would be t h e  product  o f  i n t e n s i t y  and contac t  t i m e  (microwatt-sec/cm2). The 
app l i ed  i n t e n s i t y  may be der ived  f rom t h e  expression: 

. ,  
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a = absorp t ion  c o e f f i c i e n t  o f  t h e  medium ( l /cm) 

The absorp t ion  c o e f f i c i e n t  i s  t h e  f r a c t i o n  o f  r a d i a t i o n  absorbed by t h e  
medium and i s  c h a r a c t e r i s t i c  o f  t h e  medium only .  The h igher  t h e  a, t h e  
s h o r t e r  t h e  d i s tance  t h e  u l t r a v i o l e t  l i g h t  can penetrate.  The transmittance, 
1/10, o f  u l t r a v i o l e t  i s  a  f u n c t i o n  o f  d, t h e  d i s tance  t raversed.  Thus, i t  
i s  important  t o  keep t h i s  d i s tance  minimal, e s p e c i a l l y  i n  h igh  absorbance 
media such as wastewater e f f l u e n t .  

The main t h r u s t  i n  u l t r a v i o l e t  d i s i n f e c t i o n  research u n t i  1  r e c e n t l y  has 
been i n  t h e  a p p l i c a t i o n  t o  t h e  s t e r i l i z a t i o n  o f  waters having a  h igh  
u l t r a v i o l e t  t ransmiss ion,  s p e c i f i c a l l y ,  po tab le  waters. I t s  a p p l i c a t i o n  t o  
wastewater e f f l u e n t s  had no t  been pursued t o  a  g rea t  degree due t o  t h e  
phys i ca l  problems associated w i t h  o b t a i n i n g  an e f f i c i e n t  exposure system. 
So l i ds  suspended i n  t h e  l i q u i d  absorb o r  s c a t t e r  t h e  u l t r a v i o l e t  r a d i a t i o n ,  
thereby a t t enua t i ng  it, and h igh  absorbances encountered i n  wastewater 
e f f l uen t  have es tab l i shed  a  need f o r  h igher  doses. 

A p r o j e c t  has been funded by t h e  U.S. EPA w i t h  t h e  Northwest Bergen County 
Sewer A u t h o r i t y  i n  Waldwick, New Jersey, t o  eva lua te  t h e  cos t  e f fec t i veness  of 
u l t r a v i o l e t  d i s i n f e c t i o n  under f u l l - s c a l e  ope ra t i ng  cond i t ions .  'The 
u l t r a v i o l e t  u n i t  be ing used i s  a  p ro to t ype  system housing 400 u l t r a v i o l e t  
lamps s i t u a t e d  perpendicu lar  t o  t h e  f l o w  o f  t h e  wastewater. The o v e r a l l  
dimensions o f  t h e  u n i t  a re  76 x  76 x  142 cm ( 3  x  3  x  6  f t . )  w i t h  a  v o i d  volume 
o f  0.63 m3 (22.2 f t . j ) .  Headloss i s  est imated a t  15 cm ( 6  in . )  a t  a  f l o w  
r a t e  o f  21,000 m3/d (5.5 MGD). The u l t r a v i o l e t  lamps a re  sh ie lded from t h e  
water by quar tz  sleeves. The sleeves are  cleaned by a  mechanical wiper 
mechanism comprised o f  rep laceab le  e lastomer ic  glands f i t t e d  around each of 
t h e  quar tz  tubes. The wipers a re  cab le  d r i v e n  by a  pneumatic c y l i n d e r  a t  a  
v a r i a b l e  s t r o k e  ra te .  A unique f e a t u r e  o f  t h e  u l t r a v i o l e t  u n i t  i s  t h e  
u t i l i z a t i o n  o f  t h e  " t h i n  f i l m "  concept, which i s  induced by t h e  spacing o f  t h e  
lamps. The nominal l i q u i d  f i l m  th ickness  i s  0.6 cm (0.25 in . ) .  The 
u l t r a v i o l e t  lamps a re  142 cm (6 ft. ), 85-watt lamps w i t h  an ou tpu t  o f  30 wa t t s  
i n  t h e  germic ida l  range. 

The Northwest Bergen County Water P o l l u t i o n  Cont ro l  P lan t  i s  a  
convent ional  a i r  a c t i v a t e d  sludge p l a n t  w i t h  a  design capac i t y  of 30,000 
m3/d ( 8  MGD.) and a  c u r r e n t  average y e a r l y  f l o w  o f  approx imate ly  18,900 
m3/d (5  MGD). I n f l u e n t  raw wastewater i s  e n t i r e l y  domestic i n  o r i g i n .  The 
t reatment  p l a n t  i s  a  modern, e f f i c i e n t  f a c i l i t y  d ischarg ing  a  w e l l - t r e a t e d  
secondary e f f l u e n t  t o  a  q u a l i t y  water stream. 



Resul ts  t o  da te  i n d i c a t e  t h a t  t h e  t h i n  f i l m ,  g r a v i t y  f l o w  d i s i n f e c t i o n  
u n i t  has prov ided e f f e c t i v e  t reatment  w i t h  low maintenance over  a  seven t o  
e i g h t  month per iod.  It i s  f l e x i b l e  i n  i t s  ope ra t i on  and mechanica l ly  simple. 
The wiper  mechanism has had approx imate ly  4,500 hours cont inuous ope ra t i on  
w i t h  no apparent .degradat ion i n  c lean ing  e f f i c i e n c y .  Design nomographs were 
developed from regress ion  curves o f  l o g  s u r v i v i n g  f e c a l  c o l i f o r m  f r a c t i o n  
verus l o g  dose. The dose f i g u r e  was de f i ned  by Scheib le e t  a l .  (1979) as 
app l i ed  germic ida l  power (KW) d i v i d e d  by f l o w  r a t e  (m3/s). I f  t h e  expected 
i n f l u e n t  f e c a l  c o l i f o r m  dens i t y  i s  1 0 ~ / 1 0 0  mL, t h e  germic ida l  power 
requirement i s  est imated a t  18 KW t o  achieve an e f f l u e n t  f e c a l  c o l i f o r m  
dens i t y  o f  <200/100 mL. Using lamps w i t h  a  germic ida l  ou tpu t  o f  30 W per  
lamp, t h e  imp l i ed  larnp requirement would be 600. S i m i l a r l y ,  assuming a  t o t a l  
power consumption o f  110 W per  lamp, t h e  t o t a l  power a p p l i c a t i o n  becomes 66 
KW. The assumption o f  a  l i n e a r  r e l a t i o n s h i p  i n  l o g  s u r v i v i n g  f r a c t i o n  w i t h  
l o g  dose induces a  s e n s i t i v i t y  o f  t h e  system design t o  i n f l u e n t  c o l i f o r m  
d e n s i t i e s  ( o r  e f f l u e n t  c o l i f o r m  requirements).  S ing le  l o g  increments i n  
i n f l u e n t  dens i t y  l e v e l s  ( o r  e f f l u e n t  d e n s i t y  requirements) w i l l  a f f e c t  system 
design requirements by a  f a c t o r  between 3  and 3.5. 

Based on t h e  above discussion, f o r  a  30,000 m3/d ( 8  MGD) p l a i t ,  t h e  
equipment purchase cos t  would be $240,000. Operat ing cos ts  a re  est imated a t  
$30,00O/year, whi 1  e  t o t a l  y e a r l y  cos ts  (assuming 20-year amor t i za t i on  a t  
6-5/8% i n t e r e s t  r a t e )  amount t o  $50,000. U n i t a r y  c o s t  est imates based on t h e  
design nomographs i n d i c a t e  t h e  c o s t  o f  u l t r a v i o l e t  d i s i n f e c t i o n  i s  
approx imate ly  1 t o  1.4$/1,000 gal .  (assuming an approximate 3- log  c o l  i f o r m  
reduc t ion) .  It should be emphasized t h a t  these are  o n l y  p r e l i m i n a r y  est imates 
and may change as more performance data a re  gathered. 

EFFECTS OF ULTRAVIOLET DISINFECTION 
. . 

, . 1. : P r a c t i c a b i l ' i t y  . . . 

. 

a. New f a c i l i t i e s  - yes. 
b. Old f a c i l i t i e s  - yes. The u l t r a v i o l e t  u n i t  a t  Northwest Bergen 

, County was s imply lowered i n t o  a  s p e c i a l l y  f a b r i c a t e d  concre te  
support  s t r u c t u r e  l oca ted  a t  t h e  head end o f  a  c h l o r i n e  con tac t  
chamber. Thus, r e t r o f i t t i n g  t h e  equipment was r e l a t i v e l y  simple. 

2. A b i l i t y  t o  meet m i c r o b i o l o g i c a l  o b j e c t i v e s  

a. Yes. However, t h e  u l t r a v i o l e t  u n i t  a t  Northwest Bergen County 
has n o t  been chal lenged y e t  by o rgan ic  o r  m i c r o b i a l  degradat ion, 
so t h e  e f f e c t s  o f  a  poorer  q u a l i t y  e f f l u e n t  a re  s t i l l  unknown. 

3. ' ~ e c h n o l o ~ ~  l i m i t e d  by t y p e  o f  t reatment  p l a n t  

a. It has been assumed i n  t h e  pas t  t h a t  a  h ighe r  than average 
q u a l i t y  e f f l u e n t  i s  needed i f  u l t r a v i o l e t  i s  t o  be feas ib le .  

a The v e r a c i t y  o f  t h i s  statement s t i l l  needs t o  be conf i rmed o r  
disproven, b u t  evidence i n d i c a t e s  t h a t  h i g h  l e v e l  o f  t reatment  
may no longer  be t h e  p r e r e q u i s i t e  f o r  u l t r a v i o l e t  t o  be 
e f f e c t i v e .  



4. Worker s a f e t y  

a. Since u l t r a v i o l e t  i s  a  phys i ca l  agent and generated on-s i te ,  no 
spec i  a1 s a f e t y  p recau t ions  are needed. 

5. Commerci a1 l y  avai  1  ab le  

a. Yes. 

6. Costs 

a. Costs were a l ready  d iscussed above. U l t r a v i o l e t  1  i g h t  appears 
t o  be compe t i t i ve  w i t h  c h l o r i n e  a t  t h i s  t ime. However, a  more 
complete ana l ys i s  w i l l  be fo r thcoming  w i t h i n  s i x  t o  e ight tmonths.  

Ozone D i s i n f e c t i o n  

DESCRIPTION OF PROCESS 

Ozone i s  a  po ten t  o x i d i z i n g  agent and i t s  r e a c t i o n  w i t h  o x i e i z a b l e  
m a t e r i a l s  i s  r e l a t i v e l y  non-se lec t i ve .  I t  i s  a  good v i r u c i d e ;  i t  i s  non - tox i c  
t o  aqua t i c  l i f e ;  i t s  r e a c t i o n  end p roduc t  i s  d i s s o l v e d  oxygen and i t  has n o t  
been found t o  produce o rgan ic  compounds p o t e n t i a l l y  hazardous t o  man o r  o t h e r  
l i f e  forms. However, because i t  i s  generated o n - s i t e  by e l e c t r i c a l  energy, i t  
i s  a  r e 1  a t i  v e l y  expensive chemical. Ozone genera t ing  equipment i s  c a p i t a l  
i n t e n s i v e  and i t s  ope ra t i ng  cos t s  a re  high. Any process development which 
o f f e r s  promise i n  r educ ing  t h e  o v e r a l l  cos t s  o f  ozona t ion  w i l l  acce le ra te  i t s  
a c c e p t a b i l i t y  as a f e a s i b l e  a1 t e r n a t i v e  t o  c h l o r i n e .  

Because o f  t h e  p o t e n t  o x i d i z i n g  a b i l i t y  o f  ozone, t h e  demand exe r ted  by  
o rgan ic  ma t te r  i n  e f f l u e n t s  can have a marked i n f l u e n c e  on i t s  d i s i n f e c t i o n  
e f f i c i e n c y  and r e l i a b i l i t y .  Care must be exe rc i sed  i n  making c e r t a i n  t h a t  t h e  
ozone produced i s  u t i l i z e d  i n  t h e  most e f f i c i e n t  manner, o the rw i se  t h e  
o p e r a t i n g  cos ts  o f  ozona t ion  may be need less l y  h i g h  due t o  excess ive use o f  
energy resources. In -dep th  eva lua t i ons  o f  g a s - l i q u i d  c o n t a c t i n g  dev ices a r e  
be inq  conducted i n  an in-house research e f f o r t  o f  t h e  U.S. EPA. C i n c i n n a t i .  

I ~ h i o " ( ~ e n o s a ,  e t  a1 . 1979 and Venosa, e t  a1 . 1978). To date, j i v e  
gene r i c - t ype  con tac to r s  have been eva lua ted  f o r  ozone u t i l i z a t i o n  and 
d i s i n f e c t j o n  e f f i c i e n c y :  packed column, j e t  scrubber,  p o s i t i v e  p ressure  
i n j e c t o r ,  bubble d i f f u s e r  and t u r b i n e  reac to r .  The bubble d i f f use r  r e a c t o r  
appears t o  be t h e  most e f f i c i e n t  con tac to r  b o t h  f r om a mass t r a n s f e r  
s t andpo in t  and a d i s i n f e c t i o n  s tandpoint .  

I t  i s  impor tan t  t o  understand t h e  fundamental r e l a t i o n s h i p s  between ozone 
concen t ra t i on  and g a d l i q u i d  f l o w  r a t e s  and t o  d i f f e r e n t i a t e  between a p p l i e d  
ozone dose and absorbed ozone dose. The f o l l o w i n g  r e l a t i o n s h i p s  a re  given: 



1.  lie lied Ozone Dose (D) 

where Y 1  = ozone concent ra t ion  i n  c a r r i e r  gas, 
mg O3/kgas 

QG = c a r r i e r  gas f l o w  ra te ,  kgas/min 

QL = l i q u i d  f l o w  ra te ,  k l i q / m i n  

By i nspec t i on  o f  equat ion ( I ) ,  i t  i s  c l e a r  t h a t  t h e  app l ied  ozone dose can be 
va r ied  e i t h e r  by changing t h e  ozone concent ra t ion  i n  t h e  i n l e t  c a r r i e r  gas 
(yl)  o r  by changing t h e  QG/QL r a t i o .  

2. Percent Ozone U t i l i z a t i o n  (%U) ( 2 )  

%U = Y 1  - Y2 (100) 

Y 1 

where Y2 = concent ra t ion  o f  ozone i n  t h e  gas leav ing  
t h e  contactor ,  mg Os/kgas 

3. Ozone U t i l i z a t i o n  (Absorbed Dose) U ( 3 )  

. . U  = Appl ied Dose x F r a c t i o n  U t i l i z e d .  

= QG/QL (Y1 - Y2) 

Scaccia and Rosen (1977) found t h a t  equ iva len t  d i s i n f e c t i o n  w i l l  be 
achieved a t  s u b s t a n t i a l l y  t h e  same u t i l i z e d  ozone dose, independent o f  
contac tor  type studied. Venosa e t  a l .  (1979) conf irmed t h a t  f i n d i n g ,  us ing  
f i l t e r e d  secondary e f f l u e n t .  They found a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  
between l o g  co l i f o rm reduct ion  and log  ozone u t - i l i z a t i o n  (equat ion 3) ,  
independent o f  contac tor  type. It should be emphasized t h a t  t h e  e f f l u e n t  
q u a l i t y  was good and d i d  no t  vary appreciably  from day t o  day. However, they  
a lso  found t h a t  equ iva len t  absorbed doses, i.e. u t i l i z a t i o n  necessary t o  
achieve a g iven b a c t e r i o l o g i c a l  standard may not  be poss ib le  i n  some 
contactors, e s p e c i a l l y  i f  ozone i s  generated f rom a i r .  The reason f o r  t h i s  i s  
t ha t ,  i f  D i s  increased by increas ing  QG/QL (equat ion  I ) ,  t h e  'percentage 
o f  ozone u t i l i z a t i o n  (equat ion 2) decreases because of t h e  r e s u l t i n g  h igher  
YP. Consequently, ozone u t i l i z a t i o n  may e i t h e r  increase, remain t h e  
same o r  a c t u a l l y  decrease w i t h  an increase i n  D. The magnitude o f  t h e  change 
i n  absorbed dose i s  determined by t h e  contac tor  design. The r a t e  o f  increase 
i n  U i n  t h e  bubble d i f f u s e r  was s i g n i f i c a n t l y  h igher  than t h a t  i n  e i t h e r  t h e  
packed column o r  p o s i t i v e  pressure i n j e c t o r .  Thus, t o  achieve a cons i s ten t  
3.3 l o g  reduc t i on  i n  e i t h e r  t o t a l  o r  feca l  co l i fo rms,  a minimum o f  4.0 mg/L 



ozone must be absorbed . (h igh  q u a l i t y ,  f i l t e r e d  secondary e f f l u e n t ) .  OHly t h e  
bubble d i f f u s e r  was capable o f  e f f i c i e n t l y  absorb ing t h a t  q u a n t i t y  o f  ozone. 
Th is  p o i n t s  ou t  t h e  need f o r  o p t i m i z i n g  g a s - l i q u i d  con tac t i ng .  

Opatken (1979) conducted an ex tens i ve  economic ana l ys i s  o f  ozone 
d i s i n f e c t i o n ,  based on t h e  r e s u l t s  presented above. H i s  assumptions were: a  
p l a n t  s i z e  o f  5,000 m3/d (1.3,MGD), 5.0 mg/L ozone u t i l i z a t i o n  (1.0 mg/L 
more t han  t h e  4.0 mg/L r e p o r t e d  i n  t h e  above study, as a  sa fe t y  f a c t o r ) ,  an 
ozone concen t ra t i on  i n  t h e  i n l e t  c a r r i e r  gas (Y1) of 10 mg/L 
(approx imate ly  0.8 weight  pe rcen t ) ,  t h e r c o s t  o f  power a t  3&/Kwh and f i x e d  
c a p i t a l  investment  (FCI)  amort ized over 20 yea rs  a t  7% i n t e r e s t  r a t e .  
I nc l uded  i n  t h e  f i x e d  c a p i t a l  investment  es t ima te  was eng ineer ing  c o s t  (20% o f  
t h e  FCI) .  The c a p i t a l  c o s t  was based on t h e  p r i c e  p a i d  f o r  t h e  p i l o t  s c a l e  
ozone generator ,  sca led  up t o  t h e  5,000 m3/d (1.3 MGD) capac i t y .  S i x  
ca tego r i es  were i nc l uded  i n  t h e  ope ra t i ng  c o s t  es t imate :  ( 1 )  u t i l i t y  c o s t  
( c o s t  o f  compression and regene ra t i on  o f  t h e  c a r r i e r  gas, c o s t  o f  ozone 
gene ra t i on  p e r  se and t h e  c o s t  of c o o l i n g ) ,  ( 2 )  o p e r a t i n g  l a b o r  (1 /2  man 
yea r ) ;  ( 3 )  r e p a i r  l a b o r  (1% FCI); ( 4 )  supe rv i s i on  15% (OL + RL); ( 5 )  r e p a i r  
m a t e r i a l s  (1% FCI) and ( 6 )  supp l i es  10% (OL + RL + supv.). I nc l uded  i n  
overhead c o s t  were insurance  (1% FCI) and amor t i za t i on .  The t o t a l  c o s t  o f  
ozone d i s i n f e c t i o n  was computed t o  be approx imate ly  11t/1,000 ga l .  (8. l t  f o r  
ozone, 2 . l t  f o r  ope ra t i ng  c o s t  and 0.96 f o r  overhead). T h i s  i s  approx imate ly  
t w i c e  t h e  c o s t  of t h e  c h l o r i n e  d i s i n f e c t i o n  r e p o r t e d  e a r l i e r .  

EFFECTS OF OZONE 

1. P r a c t i c a b i  1  i t y  

a. N e w f a c i l i t i e s .  Yes 
b. O ld  f a c i l i t i e s .  Ques t ionab le .  The h i g h e s t  percentage of t h e  

t o t a l  c o s t  o f  ozone d i s i n f e c t i o n  i s  t h e  c o s t  o f  ozone i t s e l f ,  
1.e. c a p i t a l .  I f  an e x i s t i n g  t r ea tmen t  p l a n t  swi tched over  f r om 
c h l o r i n e  t o  ozone, t h e  c a p i t a l  expend i tu re .  would be 
cons iderable,  e s p e c i a l l y  i n  v iew o f  t h e  f a c t  t h a t  c h l o r i n a t i o n  
f a c i l i t i e s  a re  a l ready  e x i s t i n g  and be ing  p a i d  f o r .  

2. A b i l i t y  t o  meet m i c r o b i o l o g i c a l  o b j e c t i v e s  

a. Yes 

3. Technology l i m i t e d  by t y p e  o f  t rea tment  p l a n t  

a. Poss ib ly .  Recent p r e l i m i n a r y  evidence f rom t h e  U.S. EPA ozone 
con tac to r  s t udy  seems t o  i n d i c a t e  t h a t  f i l t r a t i o n  may be a  
p r e r e q u i s i t e  f o r  adequate d i s i n f e c t i o n  by ozone. However, if 
t h e  suspended s o l i d s  con ten t  o f  t h e  e f f l u e n t  i s  a l r eady  low, 
ozone i s  q u i t e  f e a s i b l e .  

4. Worker s a f e t y  

a. Ozone i s  a  t o x i c  gas. Adequate safeguards, such as an ozone 
d e s t r u c t  system t o  des t roy  ozone i n  t h e  exhaust gas and t h e  
r e s i d u a l  coming o f f  f rom t h e  d i scha rg ing  e f f l u e n t ,  must be 



provided t o  p r o t e c t  thP immediate working environment. However, 
s ince  ozone i s  generated on-s i te ,  t h e r e  are no t r a n s p o r t a t i o n '  

. . . , prob 1  ems. . . 

. . 
5 .  ~ommer 'c ia l ly  a v a i l a b l e  . . . .  . 

. . 

a. . ~ a s i . 1 ~  ava i lab le . .  . .  L 1  

6. Costs 

a. , 
~conomics  o f  ozbne. d i s i n f e c t i o n  were presented above. 

. . 

Ch-lor ine :Dioxide D i s i n f e c t i o n  
. . 

DESCRIPTION OF PROCESS 
: . 

Chlor ine  d i o x i d e  (C102) has been used success fu l l y  i n  Europe t o  
d i s i n f e c t  water suppl ies and i s  used ex tens i ve l y  as a  b leaching agent i n  t h e  
pu lp  and paper indus t ry .  With respect  t o  d i s i n f e c t i o n  wastewater, C102 
has several d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s :  

(1 )  i t  i s  a  s t rong ox idant  over a  broad pH range; 

( 2 )  it provides a  measurable res idua l ;  

( 3 )  i t  does not  r e a c t  w i t h  ammonia t o  form less  e f f e c t i v e  chloramines; 

( 4 )  i t does not  r e a c t  t o  y i e l d  tr ihalomethanes and 

(5)  i t  i s  an exce l l en t  v i ruc ide .  

The two p r i n c i p a l  methods o f  C102 manufacture are summarized as 
f o l l o w s  (Stevens e t  a l .  1976): 

(a )  Ch lo r i ne -Ch lo r i t e  Process - t h i s  i s  t h e  process most commonly used i n  
waterworks p rac t i ce :  

2NaC102 + C12 C102 + 2  NaC1. 

I n  p r a c t i c e  t h e  r e a c t i o n  i s  c a r r i e d  o u t  w i t h  a  !soiar r a t i o  o f  
reac tan ts  o f  1:l t o  achieve a  y i e l d  o f  85-90 percent  based on t h e  more 
expensive reagent, c h l o r i t e .  The r e a c t i o n  approaches complet ion w i t h i n  one 
minute. The usual reac to r  c o n f i g u r a t i o n  i s  a  ring-packed, g lass  r e a c t i o n  
column. The equipment requirements are simple and inexpensive, bu t  t h e r e  i s  
subs tan t i a l  c h l o r i n e  i n  t h e  product so lu t ion .  A l t e r n a t i v e  processes do e x i s t  
which are claimed t o  produce C102 s u b s t a n t i a l l y  f r e e  o f  c h l o r i n e  (<5% v/v) 
b u t  t h e  technologies have not  been w ide l y  used. 

( b )  Reduction o f  Sodium Chlorate - equimolar amounts o f  sodium ch lora te ,  
sodium c h l o r i t e  and su lphu r i c  ac id  are  mixed i n  a  vessel where they  r e a c t  
according t o  t h e  f o l l o w i n g  reac t i on :  

NaC103 + NaCl + H2S04 C102 + 1/2 C12 + Na2S04 + H20. 



The y i e l d  o f  t h e  r e a c t i o n  i s  r e p o r t e d  t o  be approx imate ly  95 
percen t .  I n  a  subsequent abso rp t i on  step, t h e  C102 i s  taken  up by water  
almost q u a n t i t a t i v e l y ,  whereas 75 percen t  of t h e  c h l o r i n e  passes' through,,  so 
t h a t  t h e  molar  r a t i o  o f  t h e  C102 t o  C l 2  i s  approx imate ly  8 : l .  Th i s  i s  t h e  
process most o f t e n  used i n  p u l p  b leaching.  A  s u b s t a n t i a l ' c o s t  advantage i s  
c la imed by v i r t u e  o f  t h e  lower c o s t  o f  c h l o r a t e  compared w i t h  c h l o r i t e .  
However, t h e  r e a c t i o n  i s  more complex and r e q u i r e s  s u b s t a n t i a l l y  more 
s o p h i s t i c a t e d  equipment. Thus, f o r  smal l  t rea tment  p l a n t s ,  t h e  c o s t  advantage 
o f  t h e  c h l o r a t e  may disappear i n  t h e  f o rm  o f  h i ghe r  a m o r t i z a t i o n  pay-outs.  

A ie ta ,  Chow and Rober ts  (1970) conducted an in-depth,  s t a t i s t i c a l  l y  
designed exper iment comparing t h e  b a c t e r i c i d a l  e f f  i ' c i enc ies  ! o f  c h l o r i n e  and 
C102 on Pa lo  A l t o  secondary e f f l u e n t .  T h e i r  conc lus ions  a r e  summarized below: 

( 1 )  bo th  C l 2  and C102 g i v e  decreased s u r v i v a l  r a t i o s  when dose o r  
c o n t a c t  t i m e  i s  increased; 

(2) .  a l though some v a r i a t i o n s  . e x i s t ,  C l 2  and C1.02 g i v e  e s s e n t i a l l y  
t h e  same s u r v i v a l  r a t i o s  when compared on a  -- mass dose bas.is at. 

. . -30 minutes c o n t a c t  .time; 
. . 

. . 

( 3 )  C102 i s  a m o r e r a p i d d i s i n f e c t i n g a g e n t  t h a n C l 2 a n d  . 
. . 

( 4 )  ,comparing-ClO2 and C l i  on a . res idua1  bas is ,  C102 e f f e c t s  t h e  
. same microorganism reduc t i on . -as  C l 2  w i t h  a  much lower  r e s i d u a l  

. . . concen t ra t ion .  
. ,  . 

. . . , .  

When t h e  s u r v i v a l  r a t i o  was. p l o t t e d  aga ins t  r e s i d u a l  - t i m e  p roduc t  on. a  
' ' 

l o g - l o g  p l o t ,  a  s t r a i g h t  l i n e  r e l a t i o n s h i p  r e s u l t e d .  The reg ress ion  equa t i on  
was of t h e  form: 

. . 

Nt/No = (b  (RT))k 

where 

Nt = t h e  number o f  s u r v i v i n g  organisms a t  t i m e  t 

No = t h e  i n i t i a l  number o f  organisms 

I RT = r e s i d u a l  - t ime p roduc t  (mg-min/l) 

b = l a g  c o e f f i c i e n t  (mg-min/ l ) - '  

I k = v e l o c i t y  c o e f f i c i e n t .  

The c o e f f i c i e n t  b  i s  a  r e l a t i v e  measure o f  t h e  l a g  p e r i o d  between dos ing  and 
t h e  onset of b a c t e r i a l  des t ruc t i on ;  t h e  l a r g e r  t h e  va lue  o f  b y  t h e  s h o r t e r  t h e  



l a g  time. The c o e f f i c i e n t  k  i s  a  measure o f  t h e  r a t e  o f  k i l l ;  t h e  l a r g e r  t h e  
absolute value of k, t h e  f a s t e r  t h e  k i l l .  The regress ion  equat ion f o r  
C12 was found t o  be: 

Nt/No = (0.17 ( R T ) ) - ~ *  l 5  (1 )  

The regress ion  equat ion f o r  C102 was: 

Comparing equat ions (1 )  and ( 2 )  i nd i ca tes  t h a t  t h e  r a t e s  o f  c o l i f o r m  k i l l  were 
e s s e n t i a l l y  t h e  same f o r  bo th  d i s in fec tan ts .  The major d i f f e r e n c e  between C12 
and C102 was i n  t h e  l ag  c o e f f i c i e n t ,  b. This  imp l ies  t h a t  f o r  equal c o l i f o r m  
reduct ion,  a 4lig;ier res idua l - t ime  product  i s  requ i red  by c h l o r i n e  than by 
C102. 

The economic imp l i ca t i ons  o f  t h e  above d iscuss ion  need t o  be considered. 
It i s  c l e a r  t h a t  a  shor te r  contac t  t i m e  i s  requ i red  f o r  d i s i n f e c t i o n  when C102 i s  
used as opposed t o  C12 a t  t h e  same r e s i d u a l  concentrat ior l .  T l l t~s ,  a  smal ler  
contac t  c h a ~ ~ b e r ,  o r  p o s s i b l y  no contac t  chamber a t  a l l ,  would be requ i red  and 
a  savings i n  c a p i t a l  cos t  would be rea l i zed .  However, t h i s  saving may be 
o f fse t  by t h e  h igher  chemical cos ts  of C102 (on a  mass bas is )  and a  h igher  
C102 dose requ i red  than t h a t  f o r  C l 2  t o  producs t';~: same r e s i d u a l  
concentrat  ions. The cos t  of sodium c h l o r i t e  i s  $1.16/pound de l  i ve red  (minimum 
order  220 lbs., A and S  Chemical Co., New Jersey) o r  $0.97/lb. unde l ivered 
(minimum order  240 100-lb. drums, O l i n  Chemicals, Connect icut ) .  This  i s  
approximately 5.2 t o  6.3 t imes t h e  cos t  of c h l o r i n e  and t h e  advantages 
afforded by C102 would have t o  f a r  outweigh t h e  added cos t  t o  be 
considered s e r i o u s l y  as a  f e a s i b l e  a l t e r n a t i v e .  

EFFECTS OF C102 

1. P r a c t i c a b i l i t y  

a. Old p l a n t s  - r e t r o f i t t i n g  C102 equipment would be a  r e l a t i v e l y  
simple task, i f  t h e  c h l o r i n e - c h l o r i t e  generat ion process i s  
used. Equipment i s  simple and inexpensive. 

b. New p l a n t s  - y e s .  

2. A b i l i t y  t o  meet m ic rob io log i ca l  o b j e c t i v e s  

a. Yes, C102 i s  an e f f e c t i v e  b a c t e r i c i d e  and an equa l l y  e f f e c t i v e  
v i r ~ r c i d e .  

3. Technology '1 i m i  t ed  by t ype  o f  treatment p l a n t  

a. Quest ionable a t  t h i s  time. C102 does not  r e a c t  w i t h  
ammonium-nitrogen, bu t  because i t  i s  an e f f e c t i v e  ox idant ,  i t s  
demand i n  wastewater e f f l u e n t  may be equal t o  o r  g rea te r  than 
ch lo r ine .  More data are  needed t o  e s t a b l i s h  i t s  demand 
p o t e n t i a l .  



. , . : , \  . .  4. Worker s a f e t y  . . . , .  . . . , .  

, :.,, . " .  , . . 
. . . . . . 

. . 
. .  . a .. . . . . 

. a .  I f  t h e  C102 i s  generated by t h e  c h l o r i n e - c h l o r i t e  process, t h e  
problems indigenous t o  c h l o r i n e  hand l ing  s t411 e x i s t .  Sodium 
c h l o r i t e  i t s e l f  must 'be handled w i t h  ca re  t o  prevent  s k i n  burns  
and o the r  i r r i t a t i o n s .  I f  Clop . i s  generat.ed.:in s u f f i c i e n t ' -  ' . ' 

concentrat ions,  i t ,  can be exp los i ve :  s o  care. rnust..be 'exerc ised  i n  
, . . . .  . . t . .  c o n t r o l  1  i ng the .  generat ion process. . . 

. . , 

b. If t h e ~ 1 0 ~  i s  generated by t h e  a c i d - ~ t i l o r a t e p ~ o c e s s , p r d b l e m s  
indigenous t o  c h l o r i n e  and c h l o r i t e  hand l ing  a re  el im+natea, b u t  
problems i ndigenous t o  ac id  hand1 i n g  become important.  

5. Commercially , a v a i l a b l e  

a.   he generat i o n  equipment ( ch lo r i ne -ch  l o r i  t e  process) can be 
e a s i l y  obtained. Although t h e r e  are a l i m i t e d  number o f  
manufacturers market ing sodium c h l o r i t e ,  t h e  chemical should be 

a f a i r l y  e a s i l y  ob ta inab le .  

6. Aquat ic t o x i c i t y  

a. A study conducted j o i n t l y  by t h e  On ta r i o  M i n i s t r y  o f ,  t h e  
Environment and Environment Canada (Conn & Cairns 1979) 
i nd i ca ted  C102 was s i g n i f i c a n t l y  l ess  t o x i c  t o  f i s h  than 
ch lo r i ne .  Although i t  was no t  p o s s i b l e  t o  c a l c u l a t e  an LCso 
because of t h e  v o l a t i l i t y  o f  C102, t h e  concent ra t ion  o f  t r e a t e d  
e f f l u e n t  which was t o x i c  was >30%. The t o x i c i t y  was removed 
w i t h  sodium s u l p h i t e  o r  proloTged hold ing.  

7. P o t e n t i a l  f o r  producing hazardous by-products * 

a. Very low. 

8. Costs 

a. At present,  t h e  economic ou t look  f o r  C102 d i s i n f e c t  ion of 
wastewater e f f l u e n t  i s  un favorab le  due t o  t h e  r e l a t i v e l y  h i g h  , 

cos t  o f  sodium c h l o r i t e .  More da ta  should be a v a i l a b l e  w i t h i n  ' 

one year  as progress i s  made i n  t h e  U.S. EPA funded p r o j e c t  w i t h  
S tan ford  Un ive rs i t y .  

Bromine.Chlor ide D i s i n f e c t i o n  ,. . 

Bromine ch lo r i de ,  BrC1, i s  a heavy, fuming, dark r e d  l i q u i d  w i t h  a sharp, 
pene t ra t i ng  odor. It e x i s t s  i n  equi 1  i b r i u m  (about 20 percent  d i ssoc ia ted )  
w i t h  molecular  bromine and c h l o r i n e  i n  bo th  t h e  gas and l i q u i d  phase: 

It has a lower vapour pressure and h igher  s o l u b i l i t y  than ch lo r ine .  However, 
i t  i s  a c o r r o s i v e  l i q u i d  and must be handled w i t h  care. 



BrCl hydrolyzes exc lus i ve l y  i n  d i  l u t e  aqueous so lu t i ons  t o  hypobromous 
ac id  according t o  t h e  f o l l o w i n g  equation: 

BrCl + H20 ---+ HOBr + HC1 ( 2) 

The HOBr species i s  t h e  a c t i v e  d i s i n f e c t a n t .  The chemist ry  o f  BrCl i n  water 
i s  s i m i l a r  t o  ch lo r i ne ,  i n  t h a t  t h e  reac t i ons  w i t h  ammonia a re  i d e n t i c a l .  
However, t h e  bromamines are  uns tab le  and d i s s i p a t e  r a p i d l y .  For t h i s  reason 
bromamines have been found t o  be almost as e f f e c t i v e  germic ida l  agents as HOBr 
and much more e f f e c t i v e  than t h e  chloramines. HOBr i s  l ess  i on i zed  i n  water 
than i t s  c h l o r i n e  counterpart ,  HOC1. Thus, i t  i s  a  more a c t i v e  d i s i n f e c t a n t  
a t  h igher  pH. 

Studies i n  Grandvi l  l e  and Wyoming, Michigan (Ward, e t  a l .  1976 and 1977) 
have demonstrated t h a t  chlorobrominated secondary e f f l u e n t s  a re  less  t o x i c  t o  
f i s h  1  i f e  than c h l o r i n a t e d  e f f l u e n t s  because the  uns tab le  bromamine r e s i d u a l s  
d i s s i p a t e  more r a p i d l y .  Due t o  - t he  r a p i d  decay o f  BrCl ( o r  bromamine) . . 

res idua l ,  i t  i s  d e s i r a b l e  f o r f e e d  c o n t r o l  purposes t o  measure t h e  halogen 
r e s i d u a l  us ing convent ional  c h l o r i n e  ana lys is  a t  a  p o i n t  which represents 
about f i v e  minutes o f  contac t  t i m e . a f t e r ' B r C 1  i n j e c t i o n .  

The BrCl dosing system a t  Grandv i l l e  and Wyoming was f r e q u e n t l y  under 
repa i r .  The reason was t h a t  8rC1, a  l i q u i d ,  must be vaporized p r i o r  t o  
i n j e c t i o n  i n t o  t h e  wastewater streams. The evaporator u n i t  tended t o  
accumulate s o l i d s  w i t h  t ime, thereby b lock ing  flow. Numerous attempts t o  
reso l ve  t h i s  problem were made, bu t  w i t h  l i t t l e  success. The BrCl 
manufacturers p resen t l y  c la im  t h a t  t h e  problem has been resolved. I f  t h i s  i s  
t rue ,  BrCl d i s i n f e c t i o n  may have some p o t e n t i a l  as a  v i a b l e  a l t e r n a t i v e .  

BrCl d i s i n f e c t i o n  s u f f e r s  from almost t h e  same disadvantages as c h l o r i n e  
d i s i n f e c t i o n .  L i k e  ch lo r ine ,  BrCl must be handled w i t h  care  t o  avoid 
exposure. U n l i k e  ch lo r i ne ,  BrCl w i t h  t h e  h igher  b o i l i n g  p o i n t  i s  c l a s s i f i e d  
as a  c o r r o s i v e  l i q u i d  and no t  a  compressed gas. The halogenated organics 
problem e l i c i t s  t h e  same concern as w i t h  ch lo r i ne .  

Regarding economics, recent  p r i c e  quota t ions  obta ined f rom Dow Chemical 
Company i n d i c a t e  t h a t  BrCl cos ts  approximately 30 t / lb .  when purchased i n  1 - ton  
cy l inders .  Th is  i s  approximately 60 t o  70 percent  more than ch lo r i ne .  BrCl 
dosing and c o n t r o l  equipment i s  s i m i l a r  t o  commercial c h l o r i n e  equipment. The 
main d i f f e r e n c e  i s  t h e  BrCl vapor izer  u n i t .  R e t r o f i t t i n g  an e x i s t i n g  p l a n t  
w i t h  BrCl systems would be e a s i l y  accomplished. 

BrCl has several  advantages over 1  i q u i d  bromine: 

( 1 )  ' BrCl  i s  more soluble;  

( 2 )  i t  i s  less  cor ros ive ;  

( 3 )  i t  has a  lower f r e e z i n g  p o i n t  and 

( 4 )  i t  i s  about 5 t / l b .  cheaper. 



EFFECTS OF BrC l  

1. P r a c t i c a b i l i t y  

a. O ld  p l a n t s  - yes. 
b. New p l a n t s  - yes. 

2. A b i l i t y  t o  meet m i c r o b i o l o g i c a l  o b j e c t i v e s  

a. If equipment r e l i a b i l i t y  can be shown t o  be  much improved ove r  
p a s t  performance, B r C l  should  be q u i t e  a b l e  t o  ach ieve  t h e  
c o l  i f o r m  o b j e c t i v e s .  

3. Technology . l i m i t e d  by  t y p e  o f  t rea tment  p l a n t  

a. No. 

4. worker s a f e t y  

a. B rC l  s u f f e r s  f r om  t h e  same s a f e t y  problems as chlo.pine. Care 
must b e  exe rc i zed  i n  hand l i ng  t h e  chemical .  

5. Commercial a v a i l a b i l i t y  

a. Only  t h r e e  U n i t e d  S ta tes  companies manufacture BrC1: Dow 
Chemical Company, E t h y l  Co rpo ra t i on  and Great Lakes Chemical 
Company. However, source raw m a t e r i a l s  a r e  i n  p l e n t i f u l  supp ly  
and commercial a v a i l a b i l i t y  should  no t  be a problem. 

6. Aqua t i c  t o x i c i t y  

a. Because BrC l  r e s i d u a l  d i s s i p a t e s  r a p i d l y  w i t h  t ime, t h e  acu te  
t o x i c i t y  problems of ch lo robromina ted  e f f l u e n t s  a r e  much lower  
t han  c h l o r i n a t e d  e f f l u e n t s .  

1 7. Hazardous compound f o r m a t i o n  

a. Halogenated o r g a n i c  corr~pounds a re  formed j u s t  as r e a d i l y  w i t h  
BrCl  as w i t h  c h l o r i n e .  Thus, no advantage i s  o f f e r e d  here. 

a. Costs should  be modera te ly  h i g h e r  t h a n  c h l o r i n e ,  due t o  t h e  
. h i ghe r  m a t e r i a l  cost :  . Compared w i t h  chlorination/dechlorination 

t h e  c o s t s .  a r e  more compe t i t i ve .  ' . . 

. . - 

. . 

\ .. 
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APPENDIX 3 I : 

COST CURVES FOR DECHLORINATION BY SULPHUR D I O X I D E  



APPENDIX 3  

COST ESTIMATES FOR CHEMICAL DECHLORINATION 

Const ruct ion,  i n s t a l l a t i o n  and t o t a l  annual o p e r a t i n g  c o s t  curves were 
developed f o r  d e c h l o r i  n a t i o n  w i t h  su lphur  d i o x i d e  a t  sewage t rea tment  p l a n t s  , 
w i t h  des ign  c a p a c i t i e s  i n  t h e  range o f  4.54 x  10"m3 t o  908 x  103m3 per  day. 
T o t a l  annual o p e r a t i n g  c o s t  curves were es t imated  f o r  bo th  seasonal and y e a r  
round opera t ion .  

Bas ic  cos t  elements and assumptions a re  presented i n  Table 3-1. Cost 
es t imates  were developed f o r  s i x  sewage t rea tment  p l a n t s  w i t h  d i f f e r e n t  des ign  
capac i t i es .  Process des ign assumptions a r e  d e t a i l e d  i n  Tables 3-2 and 3-3. 
Est imates o f  cons t ruc t i on ,  i n s t a l l a t i o n  and annual o p e r a t i n g  cos t s  a r e  
presented i n  Tables 3-4 and 3-5. F i gu res  3-1 and 3-2 were developed f r om 
Tables 3-4 and 3-5. 

A  few sewage t rea tment  p l a n t s  i n  t h e  Great Lakes Bas in  have des ign 
c a p a c i t i e s  beyond t h e  upper end o f  t h e  range covered by t hese  est imates.  For 
t hese  p lan t s ,  t h e  u n i t  cos ts  est imated f o r  t h e  l a r g e s t  p l a n t  c a p a c i t y  s t u d i e d  
were extended w i t h o u t  a s s ~ ~ m i n g  any economies o r  diseconomies o f  scale.  
Resu l t s  were i nco rpo ra ted  i n t o  t h e  g l o b a l  es t imates  f o r  r e t r o f i t t i n g  
d e c h l o r i n a t i o n  t o  a l l  r e l e v a n t  p l a n t s  i n  t h e  Basin. A t  some p l a n t s  w i t h  
c a p a c i t i e s  near o r  below t h e  lower end o f  t h e  range covered, pro longed s to rage  
(16-24 hrs . )  may be a  more c o s t - e f f e c t i v e  method o f  e l i m i n a t i n g  c h l o r i n e  
res idues.  



TABLE 3 -1  

COST ELEMENTS AND ASSUMPTIONS 

CONSTRUCTION COSTS 

Cost Elements: 

a) Sulphonat ion equipment i n c l u d i n g  i n s t a l  1  a t ion .  
b) Sulphonat ion b u i l d i n g / r e c e i v i n g  f a c i l i t i e s .  
c )  M ix ing  chamber i n c l u d i n g  equipment i n s t a l l a t i o n .  
d) Yard p ip ing /ya rd  e l e c t r i c a l .  
e) Legal, admin i s t ra t i ve ,  engineering. 
f )  S i t e  superv is ion,  m o b i l i z a t i o n .  

Assumptions f o r  Cons t ruc t ion  Costs i n  Tables 3-3' and 3-4' 

1 )  Costs are developed exc lus i ve  o f  standby equipment. 
2) Concrete and excavat ion - $150/yd.3 o f  i n s t a l  l e d  concrete. 
3) Sulphonat ion equipment - vendors p r i c e s  
4) ' Sulphonat ion equipment i n s t a l  l e d  

Equipment cos ts  x  2.5 - inc ludes a l l  e l e c t r i c a l  and p ip ing .  
5) Mixers - Vendors1 Pr ices.  
6) Mixers i n s t a l  l e d  vendors' p r i c e  x  2, i n c l u d i n g  associated e l e c t r i c a l  

costs.  
7) Bu i ld ing ,  supers t ruc tu res  i n c l u d i n g  heat ing, v e n t i l a t i n g ,  1  i g h t i n g  

$50-60 per  ft. o f  f l o o r  area. 
8 )  Yard p i p i n g  e l e c t r i c a l  50% o f  bas i c  su lphonat ion equipment p r i c e .  
9) R a i l  Spurs - $80/per t r a c t  f o o t  - i n s t a l l e d ,  i n c l u d i n g  appurtenances. 

10) T o t a l  cons t ruc t i on  c o s t  (a1 low ing  f o r  s i t e  m o b i l i z a t i o n ,  superv is ion,  
lega l ,  a d m i n i s t r a t i v e  and engineer ing)  i s  1.3 x  Base Cost. Base c o s t  
inc ludes  those f o r  d i r e c t  purchase and i n s t a l l a t i o n  o f  i tems a-e above. 

OPERATING COSTS 

Cost Elements: 

a) Amor t i za t ion  d) Labour 
b )  Power e)  Maintenance Ma te r i  a1 
c )  Sulphur D iox ide  

Assumptions f o r  Operat ing Costs i n  Tables 3-3 t o  3-5 

1 )  Amor t i za t ion  8% i n t e r e s t / 2 0  year  term.. 
2) Power cos ts  3$/Kwh. 
3 )  Sulphur D iox ide  c o s t  ( i n c l u d i n g  demurrage, t r a n s p o r t )  

150 Ib .  c y l i n d e r  - $920/tonne 
2,000 1  b. c y l  i nde r  - $520/tonne 
Rai 1 cars  - $170/tonne 

4)  Maintenance and ope ra t i ng  labour  $100/per 8  hour working day. Labour 
al lowance ranges between 36 and 180 man-days/year f o r  smal les t  and 
1 arges t  sewage t reatment  p l  ants. 

5) Seasonal d e c h l o r i n a t i o n  imp1 i e s  opera t ion  over s i x  cont iguous months 
i n  each calendar year. 



TABLE 3-2 
PROCESS DESIGN ASSUMPTIONS - DECHLORINATION SYSTEMS - 

SULPHONATION EQUIPMENT 

# OF 
STREAMS 
AND DESUL- 
FONATORS 

1 '  

1 

1 

1 

2 

2 

SEWAGE 
TREATMENT 
PLANT 
DESIGN 
CAPACITY 
1,000 M3/D 

4.54 

22.70 

45.4 

227 

454 

908 

'One c h l o r i n e  r e s i d u a l  a n a l y z e r / c o n t r o l l e r  i s  r e q u i r e d  f o r  each SO2 a n a l y z e r / c o n t r o l l e r .  

SO2 DOSING 
AVERAGE 

KG/D 

4.54 

22 

45.4 

227 

454 

908 

SO2 
ANNUAL 
CONSUMP- 
TION 
(TONNES) 

1.7 

8.0 

16.5 

82.9 

165.8 

331.6 

RATES 
PEAK 
KG/D 

11.35 

55 

113.5 

567.5 

1,135 

2,270 

SO2 
DOSED 
FROM 

150 # 
c y l .  

150 # 
c y l .  

1 t o n  
cy l .  

r a i l c a r  

r a i l c a r  

r a i l c a r  



TABLE 3-3 

PROCESS DESIGN ASSUMPTIONS - DECHLORINATION SYSTEMS 
BUILDINGS AND MIXING CHAMBERS 

'30 secs de ten t i on  a t  peak flow. 
2G o f  300 secs- . 
'P;lus a  covered area 30' x 1 8 '  f o r  c y l i n d e r  storage. 

TABLE 3-4 

SUMMARY OF OVERALL. CON5rRUCTION/TNSTALLATION COSTS 

BUILDING SIZE 

10 'x  12 'x  8 '  h i g h  

10 'x  12 'x  8 '  ' " 

30'x 201x 10 '  " 
30'x 201x  10'  " 
30'x 201x 10'  " 
301x 2 0 ' x  10 '  " 

CHAMBER 
 MIXER^ 
(H.P.) 

0.75 

5.0 

7.5 

40 

2 x 40 

2 x 80 

SEWAGE TREATMENT 
PLANT DESIGN 

CAPACITY 
1,000 M ~ / D  

4.54 

22.70 

45.40 

227 

454 

908 

MIXING 
VOLUME' 
( f t ? )  

140 

700 

1,400 

7,000 

2 x 7,000 

2 x 14,000 

TOTAL 
CONSTRUCTION/ 
INSTALLATION 

COST 
$ 

106,634 

118,516 

222,810 

332,007 

520,227 

811,089 

SEWAGE TREATMENT 
PLANT 

DESIGN CAPACITY 
1,000 M ~ / D  

4.54 

22.70 

45.40 

227 

454 

908 

MIXING 
CHAMBER 

AND 
EQUIPMENT 

$ 

10,050 

19,190 

23,220 

81,450 

162,400 

310,400 

SULPHONATION 
EQUIPMENT 
INSTALLED 

$ 

53,617 

53,617 

85,286 

95,913 

156,825 

219,950 

YARD 
PIPING 

ELECTRICAL 
$ 

10,724 

10,724 

11,062 

16,452 

19,375 

31,990 

SULPHONATION 
BUILDING/ 
RECEIVING 
FACILITIES 

$ 

7,635 

7,635 

45,825 

61,575 

61,575 

61,575 

BASE 
COST 

$ 

82,026 

90,671 

171,393 

255,390 

400,175 

623,915 



TABLE 3-5 

SUMMARY OF ANNUAL OPERATING COSTS 

'At  v a r y i n g  f r a c t i o n s  o f  cos t  o f  year-round ope ra t i on  - see d e t a i l e d  c a l c u l a t i o n  sheet.  
'At 50% o f  c o s t  f o r  year-round operat ion. 
'At 2/3 cos t  o f  year-round operat ion. 
"A t  100% o f  t h e  cos t  o f  year-round operat ion.  

SEWAGE TREATMENT 
PLANT 

DESIGN CAPACITY 
1,000 M)/D 

4.54 

22.70 

45.40 

227 

454 

908 

YEAR-ROUND DECHLORINATION 

CHEMICALS 
$ 

1,378 

7-,578 

8,614 

4,791 

29,646 

54,750 

SEASONAL DECHLORINATION 

CHEMICALS' 
$ 

689 

3,789 

4,307 

9,191 

16,012 

26,741 

POWER 
4 

547 

1,850 

2,759 

13,725 

26,542 

52,822 

POWER' 
$ 

225 

925 

1,360 

6,862 

12,771 

26,411 

LABOUR 
$ 

3,650 

7,300 

9,200 

18,300 

18,300 

18,300 

LABOUR) 
$ 

2,409 

4,818 

6,072 

12,078 

12,078 

12,078 

MAINT- 
ENANCE 

MATERIALS 
$ 

1,066 

1,185 

2,228. 

3,237 

5,202 

8,110 

AMORTI ZED 
ANNUAL 

CAPITAL 
$ 

10,823 

12,029 

22,615 

33,698 

52,803 

82,333 

TOTAL 
ANNUAL 

OPERATING 
COST 

$ 

15,212 

22,746 

36,582 

65,066 

98,866 

155,673 

MAINT- 
ENANCE 

MATERIALS" 
$ 

1,066 

1,185 

2,228 

3,237 

5,202 

8,110 

TOTAL 
ANNUAL 

OPERATING 
COST 

$ 

17,464 

29,942 

45,516 

83,751 

132,493 

216,315 

AMORTI ZED 
ANNUAL 
CAPITAL 

$ 

10,823 

12,029 

22,615 

33,698 

52,803 

82,333 



Fig.3-1 Construction 'Costs of Dechlorination Facilities Using Sulphur D'ioxide 
. . 
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Fig.3-2 Total Annual Costs for Dechlorination with Sulphur Dioxide 
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TABLE 4-1 

INVENTORY OF FLOWS FROM U.S. SEWAGE TREATMENT PLANTS 
ON THE . ~ GREAT LAKES' 



Table  4-1 - c o n t ' d .  





Tab le  4-1 - cont'd. 



Table 4-1 - .con t ld .  

NAME OF PLANT 

I LAKE ONTARIO - cont 'd .  

I New York - cont 'd .  

I rondequo i t  
Northeast S.D. 

Lewiston 
Monroe Co. 

Northwest Quadrant 
N i  agara Fa1 1 s  
Nor th  Tonawanda 
Ogdensburg 
On ta r i o  
Oswego 

East Side 
West Side 

Pots dam 
Rochester 

Frank Van Lare P lan t  
Sodus Pt. 
Tonawanda 
Tonawanda S.D. #2 
Waddington 
Webster 
Wheatf i e l  d 
Youngstown 

TOTAL 

I . .  
GRAND TOTAL 

( )Est imate discharges based on p r e v i o u s l y  repo r ted  data. ' Inc ludes discharges i n t o  Great Lakes, In te rconnec t ing  Channels and 
T r i b u t a r i e s  up t o  5 km f rom lake. 

2103m3/day = 0.264172 U.S. MGD o r  0.408727 c f s .  
3Receiv ing Water T.ypes: L = Lake, I = In te rconnec t ing  Channel5 and 

T = T r i b u t a r y  (up t o  5 km f rom lake) .  

vl ( l o 3  m3 /day)2 
AVERAGE FLOW 

SOURCE: Great Lakes Water Q u a l i t y  Board, Great Lakes Water Q u a l i t y  1977 - 
Appendix C - Remedial Programs Subcommittee Report. 1,lternatGna1 
J o i n t ,  Corr~mission, Windsor, Ontar io ,  J u l y  1978, pp. 11-1 - 11-15. 

RECEIVING 

WATER TY P E~ 



INVENTORY OF FLOWS AND CAPACITIES OF 

CANADIAN (ONTARIO) SEWAGE TREATMENT PLANTS ON THE GREAT LAKES' 

RECEIVING 
WATER 
TY PE4 

L 
T 
T 
T 
T 
L 

I 
T 
L 
L 
L 
L 
L 
L 

AVE. DAILY 
FLOW 11975-77) 

(10 m3/d) 

1.27 
1.1 
0.8 
0.4 

27.9 
25.3 

56.77 

41.0 
0.9 
3.0 
7.7 

12.8 
2.8 

16.7 
7.2 

92.1 

NAME OF PLANT 

LAKE SUPERIOR 

Marathon 
Nip igon 
Red Rock 
Schrei  be r  
Thunder Bay N. 
Thunder Bay S. 

TOTALS 

LAKE HURON 

Sau l t  Ste. Mar ie  
Po r t  McNi cho 1 1 
Penetanguishene 
M i  d l  and 
C o l l  i ngwood 
Meaf o r d  
Owen Sound 
Goder i ch 

TOTALS 

CAPAC I TY 
(103m3/d) 

1.4 
1.5 
1.0 
0.25 

18.1 
27.3 

54.4 
1.04 
4.9 
5.7 

19.0 
.86 

24.5 
4.5 

ONTARIO 
MINISTRY OF - 
ENVIRONMENT 

REGION2 

N. W. 
N.W. 
N. W. 
N. W. 
N.W. 
N. W. 

N. E. 
C 
C 
C 
C 
S.W. 
S. W. 
S. W. 

TYPE OF 
TREATMENT 

1 r Y  
1 r Y  
1 r Y  
2 dy 
1 r Y  
1 r Y  

6 WPCP I s  

1 r Y  
1 r Y  
2 dy 
1 r Y  
1 r Y  
2 dy 
1 r Y  
2 dy 

8 WPCP1s 



Table 4-2 - con t ' d .  

RECEIVING 
WATER 
TY P E~ 

I 
I 
T 
I 
I 
L 
L 
L 
L 
I 
I 
I 

I 
L 
L 
L 
L 
L 
I 
I 

L 
L 
L 
L 
T 
L 
T 

L 

I 

A 

P 
V 

I 

TYPE OF 
TREATMENT3 

1 r Y  
2 dy 
2 d~ 
1 r Y  
1 r Y  
1 r Y  
1 r Y  
2 dy 
1 r Y  
1 r Y  
2 dy 
2 dy 

12 WPCP's 

1 r Y  
2 dy 
2 dy 
2 dy 

dy 
2 dy 
2 dy 
2 dy 

2 dy 
2 dy 
2 d~ 
2 dy 
2 dy 
2 dy 
2 dy 
2 dy 
2 dy 

NAME OF PLANT 

LAKE ERIE 

Sarn i a 
B e l l e  R i v e r  
Windsor ( L i t t l e  R i v e r )  
W i  ndsor Weste r l y  
Amherstburg 
Leamington 
P o r t  Dover 
F o r t  E r i e  ( C r y s t a l  Beach) 
Nant i coke 
P o i n t  Edward 
Corunna 
Courtwr i ght  

TOTALS 

LAKE ONTARIO 

Niagara Fa1 1 s 
Oakvi  1 l e  (S. E. ) 
O a k v i l l e  (S.W.) 
0s hawa 
P i c k e r  i n g  
P o r t  Colborne E 
P o r t  Colborne W 
St. Ca thar ines  (P t .  We l l e r )  
St. Ca thar ines  

(P t .  Dalhous ie)  
Trenton 
C. F. B. Trenton 
Whi t b y  ( C o r b e t t )  
Whitby ( P r i n g l e )  
P o r t  Hope 
P i c  t o n  
Deseronto 
G r  irnsby 

CAPAC ITY 
(103rn3 /d )  

65.8 
6.8 

28.3 
108.9 

4.5 
19.0 

9.5 
3.1 
9.5 
2.6 
1.5 

.7 

45.4 
9.1 

45.5 
34.0 
15.8 
3.8 
6.1 

55.1 

61.2 
15.8 
4.5 

17.2 
14.7 
9.08 
.. 
1.36 - 
4.0 

ONTAR 10 
MINISTRY OF 
ENVIRONMENT 

REG ION2 

S.W. 
S.W. 
S.W. 
S.W. 
S.W. 
S. W. 
S.W. 
W.C. 
W.C. 
W.C. 
S.W. 
S.W. 

W.C. 
C 
C 
C 
C 
W.C. 
W.C. 
W. C. 

W.C. 
C 
C 
C 
C 
C 
C 
C 
W.C. 

AVE. DAILY 
FLOW (1975-77) 

( l o3  m3 /d) 

40.3 
1.7 

29.5 
100.7 

4.6 
3.5 
4.9 
3.9 
3.0 
1.6 
1.2 
0.2 

195.1 

30.2 
8.6 

32.1 
46.4 
10.7 
3.8 

11.8 
35.3 

36.0 
10.8 
4.4 

11.3 
9.9 
7 .O 
3.7 

.7 
4.0 



Table 4-2 - cont!d. 

NAME OF PLANT 

LAKE ONTARIO - Cont 'd.  

Bath 
B e l l e v i l l e  
Bur 1 i ngton Skyway 
B u r l i n g t o n  Drury  Lane 
Ajax (Town) 
Ajax ( P i c k e r i n g )  
Cobourg 
F o r t  E r i e  (Town) 
Grimsby (Baker Rd.) 
Hami 1 t o n  
Mississauga (Clarkson)  
K ings ton  Twp. 
Metro Toronto Humber 
Metro Toronto Main 
Metro Toronto Highland C r ,  
Miss. (Lakeview) 
Newcast l e  
K ings ton  
Brockv i  11 e 
Cornwal l  ( C i t y )  
Cornwal l  (Long Saul t )  
I r o q u o i s  
I n g l e s i d e  
P resco t t  

TOTALS 

GRAND TOTAL 

C 
C 
C 
C 
W.C. 
W.C. 
W.C. 

ONTARIO 
MINISTRY OF 
ENVIRONMENT 

 REGION^ 

C 
C 
C 
C (Peel )  
C (Durh. ) 
S. E. 
S. E. 
S. E. 
S. E. 
S. E. 
S.W. 1 S.E. 

RECEIVING 
WATER 
TY PE4 

TYPE OF 
TREATMENT3 

' Inc ludes d ischarges f rom the  Province o f  Ontar io  i n t o  Great Lakes, In te rconnec t ing  Channels, T r i b u t a r i e s  up- t o  
5 km f rom t h e  Lakes and St. Lawrence River .  

2 ~ i n i s t r y  of Environment Regions: N.W. - Northwestern; N.E. - Northeastern; C - Cent ra l ;  W.C. - West Centra l ;  
S.W. - Southwestern; S.E - Southeastern. 

'primary t rea tment  i n c l  udes chemical a d d i t i o n  f o r  phosphorus removal . 
4Receiv ing Water Type: L - Lake; T - T r i b t t a r y  (up t o  5 km from Lake); I - In te rcannec t i ng  Channels; 

S - S t .  Lawrence River .  

SOURCE: 'po l  1  u t i o n  Cont ro l  Branch, Ontar io  M i n i s t r y  o f  the  Environment. 

CAPACITY . 

AVE. DAILY 
FLOW (1975-77) 

(103m3/d) . (10 m3/d) 



TABLE 4-3 

DAILY PROCESSED FLOWS OF TREATED MUNICIPAL SEWAGE 

TO THE GREAT LAKES AND INTERCONNECTING CHANNELS BY BASIN AND JURISDICTION' 

'Average Flows f o r  1975-1977. 
2 ~ n c l u d e s  d ischarges  i n t o  Great Lakes, I n t e r c o n n e c t i n s  Channels and up t o  5 km upstream i n  t r i b u t a r i e s .  
31000 m3/d = 0.264172 MGD o r  0.408727 c f s .  
"Excludes f 1 ows f r om sewage 1 agoons. 

SOURCE: Tables 1 and 2. 

PER CENT 

.7 
9.3 

34.1 
.6 

3.7 
13.6 

1.7 
13.6 

77.1 

22.9 

100 

TOTAL 

81.2 
1068.0 
3919.8 

68.5 
422.7 

1560.6 
190.1 

1558.5 

8869.4 

2630.7 

11500.1 

100.0 

JURISDICTION 

UNITED STATES CONTRIBUTIONS 

Minnesota 
Wisconsin 
Mich igan 
I l l i n o i s  
I nd iana  
Ohio 
Pennsy lvania 
New York . 

TOTAL 

CANADIAN CONTRIBUTION" 

Prov ince  o f  On ta r i o  

TOTAL CONTRIBUTIONS 

PER CENT 

B A S I N *  

ONTARIO 

- 
- 
- 
- 
- 
- 

1458.2 

1458.2 

2286.7 

3744.9 

32.6 

ERIE 

- 
- 

3793.5 
- 
- 

1560.6 
190.1 
100.3 

5644.5 

195.1 

5839.6 

50.8 

SUPERIOR 

81.2 
20.8 
16.7 - 

- 
- 
- 
- 

118.7 

56.8 

175.5 

1.5 

(1000 
MICHIGAN 

- 
1047.2 

80.6 
68.5 

422.7 
- 
- 
- 

1619.0 

- 

1619.0 

14.1 

m 3 / d j 3  
HURON 

- 
- 

29.0 - 
- 
- 
- 
- 

29.0 

92.1 

121.1 

1.0 



TABLE 4-4 

SIZE DISTRIBUTION OF U. S. SEWAGE TREATMENT PLANTS ( STPs) 
. . DISCHARGING INTO THE GREAT . LAKES l. 

RANGE OF DAILY 
PROCESSED 

VOLUME 
(103m3/d) 

NO. OF 
PLANTS I N  

RANGE 

PERCENT OF 
TOTAL NO. OF 

ALL STPs 
I N  RANGE 

50-500 

>500 

TOTALS 

'Based on averaged d i scharges  1975-77. 

SOURCE: Tab le  1 

DAILY PROCESSED 
VOLUME I N  

EACH RANGE 
(103m3/d) 

TABLE 4-5 

PERCENT OF 
TOTAL DAILY 
VOLllME FROM 

ALL STPs 

19 

3 

111 

17.1 

2.7 

100.0 

'Based on averaged f l ows  1975-77. 

SOURCE: T a b l e  2 
- 150 - 

RANGE OF DAILY 
PROCESSED 

VOLUME 
( 103m3 /d)  

< 5 

5- 50 

50-500 

>SO0 

TOTALS 

NO. OF 
PLANTS I N  

RANGE 

2 7 

3 1 

8 

1 

6 7 

PERCENT OF 
TOTAL NO. OF 

ALL STPs 
I N  RANGE 

40.3 

46.2 

12.0 

1.5 

100.0 

DAILY PROCESSED 
VOLUME I N  

EACH RANGE 
( 1 0 ~ r n ~ / d )  

63.3 

619.2 

1,139.8 

808.4 

2,630.7 

PERCENT OF 
TOTAL DAILY 
VOLUME FROM 
ALL STPS 

2.5 

23.5 

43.3 

30.7 

100.0 



TABLE 4-6 

SIZE DISTRIBUTION OF ALL SEWAGE TREATMENT PLANTS ( STPs) 

DISCHARGING INTO THE GREAT LAKES 

INTERCONNECTING CHANNELS AND RELEVANT TRIBUTARIES' 

'Based on averaged f l o w s  1975-77. 

SOURCE: Tables 4 and 5 

RANGE OF DAILY 
PROCESSED 

VOLlJME 
(1O3m3/dj 

'1 

<5 

5- 50 

50-500 

>500 

TOTALS 

TABLE 4-7 

INVENTORY OF LARGEST U.S. SEWAGE TREATMENT PLANTS 

WITHIN THE GREAT LAKES BASIN 

NO. OF 
PLANTS IN 

RANGE 

6 1  

86 

27 

4 

178 

NAME AND LOCATION 
OF PLANT 

Green Bay 
Kenosha 
Milwaukee-Jones I s .  
Mi lwaukee-South Shore 
Racine 
Gary 

PERCENT OF 
TOTAL NO. OF 

ALL STPs 
I N  RANGE 

34.3 

48.3 

15.2 

2.2 

100.0 

Hammond 
D e t r o i t  
Wyandotte 
P o r t  Huron 
C leve land-Eas te r l y  
C leve land-Weste r l y  
To 1 edo 
E u c l i d  
Lakewood 
E r i e  
B u f f a l o  
Ni agara Fa1 1 s 
Rochester 

TYPE OF 
TREATMENT 

DAILY PROCESSED 
VOLUME I N  

EACH RANGE 
(103m3/d)  

153.3 

1,536.6 

4,690.8 

5,119.4 

11,500.1 

Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 

PERCENT OF - 
TOTAL DAILY ' 

VOLUME FROM 
ALL STPs 

1.3 

13.4 

40.8 

44.5 
1 

100.0 

Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
T e r t i a r y  
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 

19 P l a n t s  

RECEIVING 
WATER BODY 

Lake Mich igan  
Lake Michigan 
Lake Mich igan  
Lake Michigan 
Lake Mich igan  
Lake Michigan 

( T r i b )  
Lake Mich igan  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake E r i e  
Lake O n t a r i o  
Lake O n t a r i o  
Lake O n t a r i o  

N.B. These p l a n t s  account f o r  63.8% o f  t o t a l  processed d a i l y  volume t o  t h e  
Great  Lakes Basin. 



TABLE 4-8 

INVENTORY OF LARGEST CANADIAN SEWAGE TREATMENT PLANTS 

WITHIN 'THE GREAT LAKES BASIN 

N.B. T;lese p l a n t s  account f o r  17% of t o t a l  processed d a i l y  volume t o  t h e  
Great  Lakes Basin. 

- 
NAME AND LOCATIDN 

OF PLANT 

Hamil t o n  
Metro Toronto 

- Humber 
- Main 
- H igh land  C r .  
- Lakeview 

W i  ndsor 
K ings ton  
Cornwal l  
Sau l t  Ste. Mar ie 
Mid land 
Owen Sound 

TOTAL 

TABLE 4-9 

TYPE OF 
TREATMENT 

Secondary 

Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Pr irnary 
Pr imary 
Pr imary 

11 P lan t s  

N.B. 1 kg = .4536 l b .  

UNIT PRICES OF CHLORINE IN CANADA AN0 THE U.S., 1979 

($ /kg)  

SOURCES: Canadian p r i ces :  Survey o f  Sewage Treatment. 
Michigan and New York: Gera ld  Brezner. 

DESIGN 
FLOW 

(103rn3/d) 

272.4 

283.7 
817.2 
135.2 
227.0 
108.9 
118.0 

37.5 
54.4 

5.7 
24.5 

2,084.5 

150 LB.- 
CYLINDERS 
(68.04 kg)  

- 
0.80 - 
0.75 
- 
- 

$0.80 

0.44 
0.40 

$0.43 

AVE. DAILY 
FLOW 

(1o3m3/d) 

249.2 

342.2 
808.4 
119.6 
166.4 
100.7 

57.8 
51.8 
41.0 

7.7 
16.7 

1,961.5 

1 -TON CYLINDERS 
(907.2 kg)  

$0.42 
0.40 
0.38 
0.38 
0.43 
0.40 

$0.40 

0.26 
0.22 

$0.25 

LOCATION 

CANADA . 
W i  ndsor 
Hami 1 t on  
Toronto 
K ings ton  
Mid land  
Owen Sound - 

U n i t  P r i c e  Used i n  
C a l c u l a t i o n s  

UNITED STATES 

Michigan 
New York 

U n i t  Pr;ce Used i n  
Ca l cu l a t i ons  

+ 

RECEIVING 
WATER BODY 

Lake O n t a r i o  ( T r i b )  

Lake O n t a r i o  
Lake O n t a r i o  
Lake O n t a r i o  ( T r i b )  
Lake O n t a r i o  
Lake E r i e  (I.C.C.) 
St.  Lawrence R. 
St.  Lawrence R. 
Lake Huron (I.C.C.) 
Lake Huron 
Lake Huron 

TANK CARS 
(50-89-6 MT) 

- 
- 

0.17 
- 
- 
- 

$0.17 

0.13 
0.15 

$0.14 



TABLE 4-10 

ANNUAL CHLORINE CONSUMPTION 
/ 

BY CANADIAN (ONTARIO) SEWAGE TREATMENT, PLANTS 

LAKE BASIN/ 
SEWAGE TREATMENT PLANT 

~ a k e  Super i o r a  -- 

.Lake Huron. 

' S a u l t  Ste.' Ma r i e  
Po r t  McN ico l l  
Penetanguishene 

. . Mi d l  and 
Col 1 i ngwood 

Meaf  o r d  
.Owen Sound 
I .  . SUB TOTAL , ' 

:Lake E r i e  

.Sarn i  a 
Be1 l e  Ri-ver. 

Windsor ( L i t t l e  R i v e r )  
Windsor (Weste r l y )  
Anherstburg 
.Learnington 
:Port Dover 
F o r t  E r i e  ( C r y s t a l  0.) 
Nant i coke  
P o i n t  Edward 
Corunna 
C o u r t r i g h t  

SUB TOTAL 

1977 ANNUAL 
CHLORINE 

CONSUMPTION 
( 1 0 3 ~ g )  

- 

77.0 
0.7 - 

14.7 - 
1.0 

23.2 
116.6 

- 
0.7 

15.6 
217 - 

- 
- 
- 

4.4 
3.1 
2.5 
0.4 

2 4 n  

AVERAGE 
DOSAGE 
(mg/L) 

- 

5.0 
2.3 

- 
4.9 - 
3.0'  
4.2 

. 

- 
5.1 

3.43 
8 ;2 - 

. - 
- 

6.4 
4.4 
5.0 
7.8 

TOTAL 
ANNUAL 

' .  FLOW ' 

( 1 0 ~ m ~ / ~ r .  ) 

- 

1 4 , 9 6 5  
328 - 

2,810 
- 

17,644 

. 3% 
- 

128 

10,767 
36,756 

- 
- 
- 
- 

1,095 
584 
438 

7 3 
'GJTT 

EFFLUENT FLOW 
THAT I S  

DISINFECTED 
(103m3/yr. ) 

- 

. 14,965 . 
328 - 

2,810 - 
420 

&g$ 

- 
. 128 

. 10,767 
27,189 - 

- 
- 
- 

. ' 540 
584 
438 

7 3 
39,718 

MONTHS OF 
DISINFECTION 

- 

12 
12 - 
12 - 
5 

12 

- 
2.50 

12 
9 
- 
- 
- 
- 

. 6 
i 2  ' . 

12 
12 . 

G = GAS 
(CHLORINE) 
H = NaOCl 

- 

- 
- 
- 
- 
- 
- 
- 

- 
G 

G '  
G - 
- 
- 
- 
- . . 

G ' G ' . '  

G 

. . 

REMARKS 
. . 

~ v e r ' a g e  4.73 mg/L 

P l a n t , p u t  i n t o  ope ra t i on  
Oct. 10 

I 

Avqrage 6.13 mg/L 



Table 4-10 cont'd. 

LAKE BASIN/ 
SEWAGE TREATMENT PLANT 

Lake On ta r i o  

Deseronto 
Bath 
B e l l e v i l l e  
Bur l i n g t o n  (Skyway) 
B u r l  i ng ton  (D ru ry  Lane) 
Ajax (Town) 
Ajax ( P i c k e r i n g )  
Cobourg 
F o r t  E r i e  (Town) 
Grimsby (Baker Rd. ) 
Hami 1 ton  
Mississauga (C l  arkson) 
K ings ton  Twp. 
Metro Toronto - HumDcr. 
Metro Toronto - Main 
Metro Toronto - Highland C r .  
Mississauga (Lakeview) 
Newcastle 
Niagara Fa1 1 s 
O a k v i l l e  (S.E.) 
O a k v i l l e  (S.W.) 
Oshawa 
P i cke r i ng  
P o r t  Colborne E. 
P o r t  Colborne W. 
St.  Cathar ines (P t .  We l l a r )  
St. Cathar ines (P t .  Dalhousie)  
Trenton 
Whi t b y  (Co rbe t t )  

1977 ANNUAL 
CHLORINE 

CONSUMPTION 
( 1 0 ) ~ ~ )  

0.81 - 
24.1 
2 5 
2.4 - 

- 
- 

100.6 
48 

7 
199.6 
272.2 
135.6 
226.0 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 

18.6 
- 

AVERAGE 
DOSAGE 
(mg/L) 

3.3 
- 

2.0 
2.9 
2.5 - 

- 
- 

4.07 
2.9 
2.0 
3.2 
3.1 
2.8 
4.1 - 

- 
- 
- 
- 
- 
- 
- 
- 

5.5 - 

TOTAL 
ANNUAL 

FLOW 
( 1 0 ~ m ~ / ~ r .  ) 

255 - 
12,466 
19,016 

2,738 - 
- 

. - 

90,958 
15,038 

3,467 
124,903 
295,066 

48,240 
60,736 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 

3,942 - 

EFFLUENT FLOW 
THAT I S  

DISINFECTED 
(103m3/yr. ) 

255 - 
12,446 
7,923 
1,125 - 

- 
- 

24,688 
15,038 

3,467 
64,233 
86,118 
48,240 
60,736 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 

3,942 
- 

MONTHS OF 
DISINFECTION 

12 - 
12 
5 
5 - - 
- 

5.25 
12 
12 
5.50 
4 

12 
12 - 
- 
- - 
- 
- 
- 
- 
- 
- 

12 - 

G = GAS 
(CHLORINE) 
H = NaOCl 

G - 
G 
G 
G - 
- 
- 

G 
G 
G 
G 
G 
G 
G - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
G - 

REMARKS 



Table  4-10 - con t ' d .  -- 

LAKE BASIN/ 
SEWAGE TREATMENT PLANT 

Whi tby ( P r i n g l e )  
P o r t  Hope 
P i c t o n  
Grimsby 

SUB TOTAL 

St. Lawrence R i v e r  
l L a k e  O n t a r i o  B a s i n 1  

B r o c k v i l l e  
K i n g s t o n  
Cornwal l  ( C i t y )  
Cornwa l l  (Long S a u l t )  
I r o q u o i s  
I n g l e s i d e  
P r e s c o t t  

GRAND TOTAL (ALL BASINS) 
For those  STPs f o r  whom 

dossage i s  known. 

1977 ANNUAL 
CHLORINE 

CONSUMPTION 
( 1 0 3 ~ g )  

AVERAGE 
DOSAGE 
(mg/L) 

TOTAL 
ANNUAL 

FLOW 
(103m3/yr .  1 

EFFLUENT FLOW 
THAT I S  

DISINFECTED 
(103m3/yr .  ) 

MONTHS OF 
DISINFECTION 

G = GAS 
(CHLORINE) 
H = NaOCl 

a ~ o .  d a t a  f o r  Lake Super ior  p l a n t s  - Marathon, Nipigon, Red Rock, Schre iber ,  Thunder Bay N. and Thunder Bay S. 

Average Dose i s  3.78 mg/L. 
% o f  T o t a l  Annual Flow D i s i n f e c t e d  i s  53%. 



TABLE 4-1 1 

TOTAL ESTIMATED CHLORINE CONSUMPTION AND DISCHARGES FROM 

. . 
CANADIAN (ONTARIO) SEWAGE TREATMENT PLANTS. 

. . .  

1. To ta l  D a i l y  Processed Volume f rom 
Cansdian P l a n t s  (1975-1977) was: 

2. D a i l y  Processed Volume f a r  which 
Ch lo r i ne  Dosage was kfiown was 84.3% 
o f  t h e  T o t a l  D a i l y  Volume or :  

3. For those p l a n t s  i n  which dosage was 
known, average Ch lo r i ne  Dosage was: 

I 4. To ta l  D i s i n f e c t e d  Flow as a Percentage 
o f  Annual Processed Volume was 

' 5. T o t a l  ~ n n i i l  Ch lo r i ne  consumption f o r  those  
p l a n t s  f o r  w h i c h  dosage was known was 

6. Assuming t h a t  a l l  f l o w s  a re  d i s i n f e c t e d  a t  
a dosage o f  3.78 mg/L, t h e  T o t a l  Annual 
C h l o r i n e  Consumption i s  es t imated  as 

1,653, tonnes 1 
1,960 tonnes 

i 
I 

7. .Est imated Annual Ch lo r ine .  Discharges 
assumi'ng 0.5 mg/L r e s i d u a l  259.3 tonnes 

'Seasonal d i s i n f e c t i o n .  i s  p e r m i t t e d  i n  On ta r i o  under d e f i n e d  ci i -cumstances. 

TABLE 4-1 2 

ESTIMATED ANNUAL CHLORINE USE AND EXPENDITURE 

AT LARGEST CANADIAN (ONT.4RIO) SEWAGE TREATMENT PLANTS 

ESTIMATED 
EXPENDITLIRES 

' (8000's)  

$1.9.5 

36.2 
49.4 
24.6 
41.0 
46.9 
30.9 
52 :7 
42.4 

6.3 
8.5 

CONSUMPTION AND COSTS ARE KNOWN I 1,498.7 

PLANTS FOR WHICH CONSUMPTION AND (1,653.0 
COSTS ARE ESTIMATED (ASSUMED TO - 1,498.7) 
BE DELIVERED I N  150-LB. 
CYLINDERS) . . 0.80 - . 15413 ' 123.4' 

TOTALS 1,653.0 $481.9 

ANNUAL 
CHLORIVE USAGE, 

USAGE 

100.6 

190.6 
272.2 
135.6 
226.0 
232.6 

80.2 
137.0 

77 .O 
14.7 
23.2 

PRICE 
( $/kg '. 

. I 94  

' . I815 
. I815 
. I815 
. I815 
.2017 
.3849 
.3849 . 55.. 
.43 

.368  

PLANT NAME.  
AND 

LOCATION : 

Hami 1 t on  
Metro Toronto 

- Humber 
- Main 
- Highland C r .  
- Cakeview 

W i  ndsor 
Kingstor l  
Cornwal l  
S a u l t  Ste. Mar ie  
M id land  
Owen Sound 

CONTAINER TYPE 

R a i l  Car 

R a i l .  Car 
R a i l  Car 
R a i l  Car 
R a i l  Car 
R a i l  Car 
Ton Cy 1 i nder 
Ton Cy 1 i nder 
Ton, Cy l i nde r  
Ton C y l  i nder 
Ton C,y 1 i nder 



TABLE 4-13 

A t o t a l  o f  18,788,202 kg o f  Ch lo r ine  were us'ed a t  a t o t a l  expendi ture o f  
$2,172,000.00. 

UNIT 
P R I C E  

( $ / l b )  

.078 
,065 
.I. 22 

0.53 
.053 
. I40  
,113 
.095 
.042 
, 065 
.046 
,100 
. l o0  
.090 
.094 
. l o0  
,040 
. I25  
.060 
.085 

AVERAGE 
CHLORINE USE 

( l b s / d )  

3,600 
1,500 

200 
6,900 
2,400 

550 
625 
250 

71,500 
3,500 

185 
1,500 
1,000 
1,930 

400 
140 

5,000 
6,700 
1,700 
3,900 

113,480 

COST 
( $ l o 3  /a 

102.5 
35.6 
9.0 

133.0 ' 

46.0 
28.0 
25.0 
8.0 

1096.0 
83.0 

3.0 
54.0 
36.0 
63.0 
13.0 
5.0 

73.0 
305.0 

37.0 
120.0 

2,172.0 

CONTAINER 
TYPE 

Tank Car 
Tank Car 
Ton 
Tank Car 
Tank Car 
Ton 
Ton 
Ton 
Tank Car 
P ipe l i ne  
Ton 
Ton 
Ton 
Ton 
Ton 
Ton 
Tank Car 
Ton 
Tank Car 
Ton 

JURISDICTION 

Minnesota 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
I n d i  ana 
Indiana 
Michigan 
Michigan 
Michigan 
Ohio 
Ohio 
Ohio 
Ohio 
Ohio 
Pennsylvania 
New Y o r  k 
New York 
New Y o r  k 

PLANT NAME 

Du lu th  
Green Bay 
Kenosha 
Milwaukee-Jones I s .  
M i  lwaukee-South Shore 
Rac i ne 
Gary 
Hamrnond 
D e t r o i t  
W-yandotte 
Po r t  Huron 
Cleveland-Easter ly  
Cleveland-Wester ly 
To 1 edo 
Euc 1 i d  
Lakewood 
E r i e  
B u f f a l o  
Niagara F a l l s  
Rochester 

TOTALS 



TABLE 4-14 

TOTAL ESTIMATED CHLORINE CONSUMPTION AND DISCHARGE 

FROM U.S. SEWAGE TREATMENT PLANTS 

1. To ta l  D a i l y  Processed Volume f rom 
U.S. WPCP'S (1975-1977) 8,869 x 103m3/d 

2. D a i l y  Processed Volume f o r  which 
c h l o r i n e  dosage i s  known i s  82.8% 
of t he  T o t a l  D a i l y  Volume o r :  7,342 x 103m3/d 

3. For those p l a n t s  i n  which dosage 
was known, average dosage was 6.80 mg/L 

4. To ta l  D i s i n f e c t e d  Flow as a percentage 
o f  Annual Processed Volume was 100% 

5. To ta l  Annual Ch lor ine  Consumption 
f o r  those p l a n t s  f o r  which dosage 
was known was 18,788 tonnes 

6. Assuming t h a t  a l l  f l ows  are d i s i n f e c t e d  
a t  a dosage o f  6.80 mg/L, t h e  To ta l  Annual 
Ch lor ine  Consumption i s  est imated as 22,012 tonnes 

7. Est imated Annual Ch lor ine  Discharge 
assuming - 5  mg/L t o t a l  r es idua l  c h l o r i n e  1,618 tonnes 

TABLE 4-15 

ESTIMATED ANNUAL EXPENDITURE FOR CHLORINE USED AT 

U. S. SEWAGE TREATMENT PLANTS 

COST 
(103 /y r )  

2,172 

-. 

Plants  f o r  which consumption 
and cos t  are known 

P lan ts  f o r  which consumption 
and cos t  are est imated ( c h l o r i n e  
use data i n d i c a t e s  most s m t ~ l l  

CHLORINE 
CONSUMPTION 
( l o 3  kg /y r )  

18,230 

UNIT PRICE 
($/kg 

p l a n t s  would use 150-lb. c y l i n d e r )  3,782 

TOTALS 

$.40 (150-lb. cy l . )  1,512.8 

22,012 W/ 150-lb. c y l .  $3,684.8 



TABLE 4-16 

ESTIMATED TOTAL UNITED STATES AND CANADIAN 

SEWAGE TREATMENT PLANT CHLORINE USE, DISCHARGE AND COST 

TOTAL DAILY PROCESSED VOLUME: Can. 2,631 x 103rn3/~ay 
U. S. 8,869 x 103rn3/~ay 

11,500 x 103rn3/~ay 

TOTAL YEARLY CHLORINE CONSUMPTION: Can. ' 1,960 x 103K6 
U.S.2 22,012 x 1 0 3 ~ 6  

23,972 x 103K6 

TOTAL ANNUAL ESTIMATED CHLORINE DISCHARGE 
ASSUMING .5 mg/t TOTAL RESIDUAL CHLORINE: Can. 1 259.3 x 103K6 

U.S.2 1 , 6 1 8 . 0 ~ 1 0 ~ ~ 6  

1,877.3 x 103K6 

TOTAL CHLORINE COST PER YEAR: Can. $ 481.9 x l o 3  
U.S. 3,684.8 x l o 3  (Using 150 

I b .  
$4,166.7 x l o 3  c y l i n d e r s )  

'Seasonal D i s i n f 2 c t i o n  
2Year -~ound D i s i n f e c t  i o n  
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