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REPORT ON THE PUBLIC HEALTH
IMPLICATIONS OF PROPOSED WASTEWATER DISPOSAL

AT EIGHT SELECTED SIT ES IN THE
SAN FRANCISCO BAY-DELTA AREA

I. Introduction

The purpose of thi s report is to assist  the U. S. Army Corps of

Eng ineers , San Francisco Distr ict~ in the evaluation of the sites for  the

disposal of wastewater  estimated to be generated by twelve Bay Area

counties in the near future.  The extent of thi s report  is confined to the

Public Health aspects of wastewater  disposal at ~h~~eig ht selected sites.

Shown in Plate A. , (p. 3).

It is to the Corps of Eng ineers ’ credit that they have the fores ig ht

to consider the impact of these proposed activities upon human health as

well as upon nature  in general . The assessment  of the public health im-

plications of many engineering activit ies is fraug ht with diff icult ies .

Often the data required for cuch assessment  is not attainable and more

often the data ga the re r s  ai ~.. ~iot aware  of the type of information needed

for adequate health project ions.  The approach used in this  repor t  is to

evaluate the probable changes in public health aspects due to was tewater

app lication to the eig ht selected sites.  We believe the probabi l i ty  m a t r i x

technique used is novel in the area of assessing public health impac t s  of

wastewater  management.

The evaluation to follow is based upon data present ly  available in

the P. B. Q. & D . ,  Inc . report “The San Francisco Bay-Delta Was te  Water

and Residual Solids Management Stud y, ” Vols . I throug h V. , he rea f t e r

re fe r  red to as ‘ t~~e Report. “ The re iu lt s of the public heal th assessment

herein presented are obviously dependent upon the adequacy of the
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available data. In many ins tances  the kind of i n forma t ion  r equ i r ed  was

not available and t h er e f o r e  the accuracy  of the  a s sessmen t  is af fected

according ly. Even  thoug h all the d e s i r e d  data i~i not now ava i lab le , the

question s to be answered  in f u t u r e  eva lua t ions  when cons ide r ing  actual

waste disposal operat ions have been pointed out .

- 2 -
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II. Methods

in eval uat ing  the  p r obabl e p u b l i c  hea l th  changes  at the  selec ted  si tes ,

our a pproach  has been to rank o rder  the  eight si tes being studied accord-

ing to t he expecte d magni t ude of t he publ ic  healt h p r oblems th at co u ld

resu lt from wastewa ter  disposal .  We have represented  the expected

magnitude of publ ic  health problems at a site as:

Pii si
Si = ___________

•~
: s

~j  = 1

where  s1 is the expec t ed magni tude at s i te  i

is  the  subjec t ive  prob ab i l i t y  t hat site i wil l  have pu b l ic

hea lth p rob lem j (0 < P~~ ~

S
i 

is a physician ’ s opinion of the re la t ive  sever i ty  of

p robl em j (0 
~ 

s~ ~ 100)

n is the number of public health problems being evaluated.

The ~~~~~. .  ar e subjec t iv e p robab i li t i e s , but rep r esent the public

health consul tant s ’ best j ud gment s of the probabi l i ty  that a problem wil l

occur g ive n the cu r r e n t  state of knowled ge.

The s3 we re  obtained f rom a physician.  They are  only re lat ive

va lues sinc e the  j u dgments  of sever i ty  of a problem were  made in com-

parison to the othe r problems being studied , not to some absolute level

of sever i ty .  These jud gments  were  separated from the prob abi l i ty

estimates because sever i ty  r ep resen ts  a medical opinion. The physician

made his j udgments  based on his knowledge of the life expec tancy,  de-

g ree  of di sabi l i t y ,  and e f fec tiveness  of t rea tment  of the public health

p rob lems  considere d.

- 4 -.
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The method that  was used to a r r i v e  at the rank o rde r  of s i t e s  and

degree  of publ ic  heal th  s e v e r i t y  was as fo l lows :

I. Pub l i c  health consu l t an t s (a microbiolog ist , a v i ro log i s t , a

• me dical microbiolog is t , and a to~..ico Iog i s t )  ident i f ied  the pub l i c  hea l th

problems that  have some chance  of o c c u r r i n g  when d i spos ing  of w a s t e  -

water  as proposed in the Repor t .

2. The publ ic  health p rob l ems  w e r e  subdivided into f i v e  major

• cate go r i e s  unde r the headings of “ Infec t ious  and Non- in f ec t i ous  Diseases .

The consu l tan t s  cons ide r ing  these  p r o b l e m s  w e r e  selected for  t he i r  ex-

p e r t i s e  in one or more  of these  ca t ego r i e s .

A pu blic healt h prob lem was defined to exist  if the incidence of the

disease would in c r e a s e  above i ts  c u r r e n t  level to the degree  that  act ion

by a public heal th  agency  would be indicated.  Thus , t here  would be no

rabies p roblem , as an examp le , as lon g as the re  cont inued to be the same

n umber  of rabies cases  as before the disposing of w a s t e w a t e r .  Thi s

de f ini t ion of a problem is appropr ia t e  when a t tempt ing  to a s s e s s  the  im-

pact of was tewa te r  disposal at a site. It would have no impact  if  the

incidenc e of a disease did not change.  The p i tb lems  which were  evalu-

ated and thei r  re la t ionsh ip  to each other  is shown in Fi g u r e  I , p. 6.

Appendix I has a brief  explanat ion of wh y and how each p rob lem

could occu r by disposing of waste  w a t e r .

3. Each consul tan t  speci f ied  the in format ion  that  he would need

abo ut a s i te  and the  w a s t e w a t e r  app lied in o rde r  to e s t ima te  the  proba-

bi l i t y tha t  a s p e c i f i c  p u b l i c  heal th  p rob lem would occur .

A ques t ionna i re  was f i l l ed  out by ea ch exper t  f or each pr oblem he

eva luated. A copy of thi s q u e s t i o n n a i r e  is included in Appendix  II.
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In g e n e r a l , the  ex p e r t s  i i e t - d e d  to  kn o w  t h e  & onu e t I t  r a t i o n  and dose of

the agen t  c a u s in g t he  p u b l i c  h e a l t h  p r o b l em , th e  s i z e  of t h e  p o p u l a t i o n

tha t  mi g ht be exposed to t h e  ag e n t  and how t h e  p o p u l a t i o n  woul d  con tact  it ,

the method of t r e a t m e n t  of t he  w a t e r  and t h e  i i i et h o d  of t r e a t m e n t  of

res idua l  sol id  w a s t e  and the  m e t h o d  of a p p l i c a t i o n .

The r e q u e s te d  i n f o r m a t i o n  tha t  w a s  av a i l a b l e  was  e x t r a c t e d  f r o m

the f iv e  v o l u m e s  of the  R e p or t  and s u m m a r i z e d  b y s i t e  f o r  each  p u b l i c

hea l th  p r o b l e m .  In some cases  not a l l  of the needed i n f o r m a t i o n  was

a v a i l a b l e . T he  c on s u l t a n t  ‘~~ r i t n L ~ f o r  ea c h  p u b l i c  h e a l t h  p r o b l em  a rea

ind ica ted  w h e n  i n f o r m a t i o n  was  l a c k i n g  t h a t  he f e l t  was i m p o r ta n t  to h is

dec i s ion  m a k i ng .  B e f o r e  d e c i d i n g  to  d i s p o s e  of w a s t e w a t e r  at a g i v e n

s i t e , t h i s  m i s s i n g  i n f o r m a tio n  s h o ul d  be o b t ain e d  and  used  to  up date  the

e x p e r t s ’ e s t i m a t e s  of p r o b a b i l i t y .

It w i l l  he o b s e r v e d  t h a t  t h e  p r e s e n ta t i o n  of m a t e  r~ al in A p p e n d ix  1

v a r i e s  f r o m  c o n s ul t a n t  to  c o n s u l t a n t .  Since  s c i e n t i s t s  d i f f e r in t h e i r

a p p r o a c h  to  c o n s id e r i ng  a p r o b l e m , t h i s r e s u l t  w a s  to be e x p e c t e d .  It

is  b e l i e v e d , h o w e v e r , t ha t  t h i s  v a r i e t \  ~n m e t h o d  w i l l  not i n t e r f e r e  w i t h

the  c l a r i t y  of t h e i r  s t a t  em e nt s .

4. To o b t a i n  an  e x p e r t ’ s sub~ec t i~ e p r o b a b i l i t y ,  P~ j , t ha t  p u b l i c

hea l th  p r o b l e m  j wou ld  o c c u r  at s i te  i , each  s i t e  w a s  d e s c r i b e d , u s i i l c

the  i n f o r m a t i o n  r e q u e s t e d.  The c o n s u l t a n t  w a s  t h e n  a sked  to a r r a n g e  th e

d e s c r i p t i o n s  in  t h e  o r d er  of hi g h e s t  p r ob a b~ l 1t \  to l o w e s t  p r o b a b i l i t y  t h a t

t h e  p u b l i c  h e a l th  prob le . i~ w o u l d  o c c u r,  l i e  was  t h e n  asked  to m a r k  on a

h o r i z o n t a l  100 m i l l i m e t e r  l i n e  v~ i t h  a :‘aiic ~ ol U to I t h e  p r o b a b i l i ty  t h a t

each  s i t e  wo u l d  h i v e  t h e  p r o b l e m .  An ex a m p le u t  t h e  f o r m  used  i s  in

A pp en d i x  I I .
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To make su re  that  all f o u r  expe r t s  w e r e  u s i ng  s i m i l a r  r e a s on i ng  in

m a k i n g  t h e i r  e s t i m a t e s , two  p r o b l e m s  w h ich  all  f o u r  e x p e r t s  u n d e r st o o d ,

one of which had a hi g h p r o b a b i l i t y  and t h e  o t h e r  a low p r o b a b i l i t y ,  w e r e

disc ussed  and marked  on the  h o r i z o n t a l  l ines  in the  same l o c at i o n  for  al l

f o u r  e x p e r t s .  In add i t i on , a ha l f  h o u r  t r a i n i ng  s e s s i o n  p r e c e d e d  t h e

es t imat ion.  The meaning of a p r o b a b i l i t y  of 0 and 1 w e r e  d i s c u s se d , as

well  as the p r o b a b i l i t y  of the  t w o  p r o b l e m s  used  to  a n c h o r  t h e i r  e s t i m a t e s .

To obtain a n u m b e r  fo r  t he p r o b a b : l it i e s , P~ , the  d i s t a n c e  f r o m

the 0 end of the line to the m a r k  on t h e  l i n e  was m e a s u r e d  in m i l l i m e t e r s .

5. Althoug h the  p r o b a b i l i t y  of a p u b l i c  h e a l t h  p r o b l e m  may  be

hi gh , the r e l a t i v e  s e v e r i t y of the  p ro~~l ex n  may  be low , f r o m  t h e  stand-

point of l i f e  e x p e c t a n c y ,  d e g r e e  of d i s a b i l i t y ,  and e x t e n t  of t r e a t ab i l i t y .

P a s t u r e  m osq u i toe s  as a n u i s a n c e i s  an example  of a p u b l i c  hea l th

problem that  has low s e v e r i t y  but  hi g h p r o b a b i l i t y .  L i k e w i s e , a p r o b l e m

may have a hi g h s e v e r i t y ,  l i ke  r a b i e s , but  low p r o b a b i l i t y .  W h e t he r  ii

is p r e f e r a b l e  to d ispose  of w a s t e w a t e r  at  a s i t e  w h e r e  t h e r e  is a hi g h

p r o b a b i l i t y  of r ab ies  but low p r o b a b i l i t y  of mosqu i t oe s , or  at a s i t e  w h e r e

t h e r e  is a hi g h p r o b a b i l i t y  of m o s q u i t o e s  bu t  a low p r o b a b i l i ty  of r a b i e s ,

r e q u i r e s  a medica l  ,j u d g m e n t  t hat m o s q u i t o e s  a r e  m o r e  or less  p r e f e r -

able than  r ab i e s .  A l thoug h t h i s  examp le s e e m s  obvious , t he  cho ice  is

not as c l ea r  when compar ing  i n f e c t i o u s  hepa t i t i s  to a r t h r o p o d -b o r n e

vi ra l  encep ha l i t i s .

u . In o r d e r  to ob ta in  o r d e r  of r e l a t i v e  s e v e r i ty , a pub l i c  hea l th

ph y s i c i a n  c o n s i d e r e d  the  p r o b l e m s .  He f i r s t  rank  o r d e r e d  the  p r o b l e m s

and then  scaled t h e i r  s e v e r i ty  on a 100 m i l l i m e t e r  h o r i z o n t a l  l i n e  as

shown in Ap p e n d i x  II . To a c h i e v e  the  l a t t e r , he m a r k e d  the  mos t  s e v e r e

p r o b l e m , r a b i e s , and one of t he  l e a s t  s e v e r e  odo r s .  He t h e n  m a r k e d  t h e

- 8 -
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rem aining p rob lems  between these  two end po in t s .  R a b i e s  was arbi-

t r a r i l y ass i gned a value  of 100 and odors a value of 0. The d i s t a n c e  along

the line was measured  in m i l l i m e t e r s  to obtain the va lues  fo r  the  o ther

p rob lems .

7. The overa l l  a s s e s s m e n t  of the expected  magni tude, S1,  of

public health p rob lems  at each site was obtained by m u l t i pl ying the proba-

bi l i ty  that  eac h p rob lem would occur , P~~ , t imes  the s e v e r i t y  of the

pro blem , s~~, summed ac ross  all  p roblems.

The r e s u l t s  are  shown in Table  I , whe re  s
~ 

denotes  the r e l a t i v e

sever i t y of p rob l em j .  Since we were  onl y i n t e re s t ed  in rank o r d e r i n g

the sites re l a t ive  to each other , the numbers  0 and 100 could be arbi-

t r a r i l y assi gned odors and rabies .  If any other numbers  w e r e  assi gned ,

the rank order  of the s i tes  would come out the same.

Thi s approach has resu l t ed  in severa l  benef i t s .

a. The rank orde r of th e si tes provides an indicatio n of

which site is best suited for  d isposing of w a s t e w a t e r  f rom a

public heal th  stand point.

b. It p rov ides  for  combi ning severa l  technica l  opinions

and se para t ing probabi l i t ies  of o c c u r r e n c e  f rom s e v e r i t y  of

p rob lems .

c. The list of i n format ion  that the exper t s  need to make

a jud gment  about the p r o b a b i l i t y  that  each publ ic  hea lth problem

will occ ur p rov ides  a basis  for  f u t u r e  data to be col lected about

each site , or for f u t u r e  exper iment s to be conducte~ .~t eac h

si te .  Al thoug h t he Report  p rov ides  much of the needed info  rma-

tior i , some was not ava i l able and is so indica ted .

- 9 -
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d. How the e x p e r t s  a r r i v e d  at t h e i r  jud gment s is made ex-

pl ic i t .  The informat ion  they used and the number  they  a s s igned

(the probabi l i t y )  is recorded for  the decision makers ’ r ev iew.

One mi g ht d i sagree  with an exper t ’ s op inion , but at lea st t h e

dis ag reemen t  can be made exp lici t  and some resolut ion made.

Examp les of reso lut ions a re:

I) a g r e e  to d i sagree  and see if the decision is any

d i f f e ren t ,

2) comp romi se, or

3) conduct f u r t h e r  s tud y.

For the most accurate p r obabili t ies to be assigned to each site ,

all of the requested information should be considered. To the degree

that this informat ion was lacking,  t he consul tant  was hampered in

a r r i v ing at probabi l i t ies .

- 10 -
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III. Assumptions

In making the asseBsrn ent of the probability of a problem ’ s occurring

on any of the selected sites upon the discharge of wastewater , a number of

general assumptions were made. These assumptions are:

1. That all water applied to the land has undergone secondary treat-

ment and disinfection by chlorination or equivalent.

2. The infectious agent conc entration for the wastewater was calcula-

ted by assumin g that the number of coliforrns present is related to the num-

ber of infectious microorganisms present and that this ratio is a function

of the current reported incidence of enteric diseases in California.

Assuming 1 x l0~ coliforms per 100 ml of raw waste to be treated , assum-

ing 994% removal during primary and secondary treatment and assuming

99% removal by disinfection (chlorination), 2 then the following would be

expected:
Number of Organisms Present after Treatment

Organism With Chlorination ** Through Soil *
Coliform 1 x l0 ’/ l O O  ml 10/ 100 ml

Salmonella & Shigella 2. 5/ 100 ml 0. 025/ 100 ml

Viruses 0. 1/100 ml 0. 001/100 ml
* Assumes 99% removal of organisms applied.

** “Water Supply and Wastewater Disposal,” Fair and Geyer, John Wiley
& Sons , Inc.,  1954 .

1 The assumed relationship between coliform and enteric bacterial patho-
gens is the same as described by Kehr and Butterfield (1943) Pub. Hlth.
Dept : 58:58 9. And in this instance is based upon a California Salmonella
reporting rate of 10 cases/ l00 , 000 population (Approx. 25 Salmonella!
Shigella per 1 x io 6 coliforms).

2 Kabler , P. W. (1959) Sewage and Industrial Wastes , Vol. 31 ,
p. 1373.
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3. All forest  and pasture will be spray i r r i gated , crops will receive

mixed surface and spray i r r igat ion and marshes  (rap id infi l t rat ion areas)

will receive surface  app lication.

4. Organic slud ge conc entration was estimated (as per Report , Vol.

UI, Table UI B-2)  as 1000 to 3000 pound s per million gallons of wastewater

and that after treatment (settling and di gestion) the amount would be equiva-

lent to between 250 and 750 pounds per million gallons of wastewater col-

lected. It was assumed that this treated sludge material would be remixed

with the treated wastewater and the total app lied to the appropriate acreage.

This would be approximately equivalent to between 28 and 84 m g / l  of solids

in the applied re turn water. Based on application rates of Alternative One

of the Report , at each site this would approximate about a thousand pound s

per acre  per year (Ranged f rom 874 to 1165 lbs. per ac re/yea r ) .

5. The impact of aerosol generat ion caused by spray i r r i gat ion was

not considered in this report . It was the consensus of the public health

consultants that this would not be a significant rout e for the t ransmiss ion of

infectious disease agents which might be present in the water applied. This

consensus was based upon the lack of evidence that this has been a hazard-

ous procedure when practiced. In particular , the lack of increased disease

morbidity among secondary sewage plant operators who are continuously

exposed to fine aerosols generated f rom water of poorer quality than that

proposed to be applied to the selected sites would tend to bear this out .

The provision for  buffe r zones around peri phery  of spray i r r i gated plots

is a safety precaution . Spray i r r i gation with wastewater  should have rio

discernible effect upon air pollution levels.
- 12 -
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IV. Re sul ts

The overall results of this study are shown in Table I (p. 14 ).

The rank orde r of the sites according to the least probable magni-

tude of public health problems , or most preferred sites for  app ly ing

wa s t e w a t e r , a re  as follows:

Rank Order Site Number

1 4

2 42

3 28

4 43

5 21

6 27

7 5

8 18

S1 in Table I indicates the probable  magnitude on a scale of 0 to 1. 0

of combined p ublic health problems at each si te.  The value of S1 is com-

puted according to the equation g iven on page 4. If the S1 a r e  p lot t ed  on

a lin e to re p resent t h e d istance  f rom 0 , the fol lowing is obtained:

Site No.
N ~~

0 . 0  . 5 0  1.c .
Least Grea t e s t
Magni tude Mag ni tude

- 1 3 -
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T h e r e  ar e  three apparent groups of s i t e s .  1 ~~~t
- f i r s t  g r o u p  o n t ain s

Si te  4 onl y,  w h i c h  i s  t he  mos t  s u i t a b l e  s i t e  f r o m  a p u b l i c  h ~-a I t  h st a n d p o in t

to app ly w a s t ew a t e r .  ‘I he second g r o u p  in c l u d e s  S i te s  2S , 42 , 4 ~~, and 2 1

w h i c h  a r e  the  next  most  s u i t a b l e  s i t e s . 1 he t h i r d  g r o u p  i n c l u d e s  s i t c ’  27 ,

5, and 18, w h i c h  a re  the  leas t  s u i t a b l e  s i t e s .

Al thoug h s i t e  18 is the  l eas t  s u i t a b l e  s i t e  of t he  eig ht , i t s  e x p e c t e d

combined  m a g n i t u d e  is onl y 0. 33. It  would  appea r , t h e r e f o r e , t h a t  t h i s

s i te  could be used to app ly w a s t e w a t e r .

The t h r e e  g r o u p i n g s o c c u r r e d  p r i m a r i ly b e c a u s e  of t h e  p o t e n t ia l

incidenc e of Cocc id io idomycos i s  in S i t e s  5 and 27 , and the  p o t e n t i a l  l o r

the more  s e v e r e  Zoonot ic  d iseases  of encep h a l i t i s  and p lague  in  a l l

areas. In t h e s e  l a t t e r  i n s t ances, t h e r e  w e r e  a good n u m b e r  of s i t e s  in

which the probability of a problem r i s i n g  above  the p r e s e n t  l e v e l  w a s

registered as 0. 50. This , of course , multi plied by the severity of t h e s e

di seases, has a r e l a t i v e ly l a rge  impac t  upon the overal l e v a l u a t i o n  of a

s i te .  It s hou ld  be unders tood  that  a p r o b a b i l i t y  of 0. 5 means  that  t h e r e

is as m u c h  p r o b a b i l i t y  that th.ere w i l l  be a p r o b l e m  as that  t h e r e  w i l l  not

be a p r o b l e m .

it i s  readil y appa ren t  t h a t  t h e r e  a r e  two a reas  of pub l i c  h e a l t h

concern  in the  app l i ca t i on  of w a s t e  w a t e r  to t he  land. One is the h a z a r d

imposed by t h e  p r e s e n c e  of tox ic  or i n f e c t i o u s  ag en t s  in the  w a s t ewa t e r

applied and the second is the impac t  of such  appl ica tion  upon the  l e v e l

of animal  popula t i on  p r e s e n t  in the  a rea  w i t h  consequent  i n c r e a s e  in

Zoonot ic  d i seases .  The f o r m e r  p rob lem can be con t ro l l ed  ra the r e f f e c  -

t i ve l y by t r e a t m e n t  of the w a s t e w a t e r  to the  deg ree  a s sumed  in t h i s  r e p o r t

It would  be for  t h i s  reason, p r i m a r i l y ,  tha t  the  impact  of i n f e c t i o u s

e n t er i c  d i sease  upon the  s i te  r a n k i n g s  was min ima l The c o n t r o l  o v er
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the  i nc rease  in those an imal  or i n s e c t  popula t ions  that  a r e  also v e c t o r s

or r e s e r v o i r s  of di sease  t r a n s m i s s i b l e  to humans  is l e s s  c er t a i n  than

the control  of e n t e r i c  d i seases .  For t h i s  reason, the site r a n k i n g s  w e r e

af fec ted  fo r  the most pa rt by the  pr o b a bi l i t y  of o c c u r r e n c e of Zoonot ic

disease p r o b l e m s .

Of all the problem a reas  eva lua ted  in the context  of thi s repor t ,

the toxic chemicals  a re  a s sessed  wi th  the least a c c u r a c y .  Because of

the lack of spec i f ic  i n forma t ion  c o n c e r n i n g  the kinds and concen t r a t i on

of chemicals at c r i t i ca l  point s in the d i s t r i b u t i o n  s y s t e m , the potent ia l

of a long t e r m  (chron i c )  and accur  .‘da t ive  r e sponse  exis ts .  A cause

and effect  re la t ionship is  most  d i f f i c u l t  to e s tab l i sh  in chron ic  d i seases .

The overa ll  impac t  of appl y ing w a s t e w a t e r  to any of the s i tes

studied would be modera te  wi th  wel l  conce ived  and ca r e f u l ly executed

water management techniques. These techniques would have to be

specific to the project design of each site. Pilot studies in represen ta -

t ive area s wi l l  be most he lp fu l  in d e t e r m i n i n g  spec i f i c  sa f eg ua r d s  fo r

m a i n t a i n i n g  the  h ig hes t  pub l i c  hea l th  l e v el s .
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PUBLIC HEAL 1H PROBLEMS J}IA’I CuULD BE
EX A C E R B A I El) Ol~ GREA T E D BY

APPLICA T ION OF ~~AS I E \ ~~A 1 E R  T O  IIIE LANI)

Major Problem Areas :

1. I n f ec t i o u s  D i s e a se s  - C o c c i d i o i d or ny c o s is

H . I n f ec t i o u s  D i s ea s e s  - Zoonot ic , and

N o n - I n f e c t i o u s  D i s e a s e s  - N u i s a n c e

I l l .  l n f e : t i o u s  D i s e a s e s  - E i i t e r i c

I V .  N o n - I n f e c t i o u s  D i s e a s e s  - I ox i c  Chemi  a l s
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APPENDIX I

I . MAJOR PROBLEM AREA
INFECTIOUS DISEASES - COCCIDIOIDOMYCOS IS

Cocc idioidomycOsis  is an infection of h u m a n s  and other  a n i m a l s  w h I c l L  is

usual ly ac quired b 1’ i nhala t i on of sporesof the fungus Coccidioides i m r : i L : .

Th is fungus  resides in the soil in several areas in Ca li fo rn i a  (as wel l  as elsc -

where in the s ou thwes t)  . In fec t ions occur predominant ly  du r ing  the dr 1 d u ~~ty

season of the ~. -ar , su m me r and f all , and the incidence d i m i n i s h e s  dur i ng  t h c

rainy season .  Thus , reduction of dust  by wetting or oil ing soil (roads) , or

pl anting grass can reduce the incidence of the infect ion . On the other hand ,

movement of soil, as during excavatior~ with creation of dust  can increa~ c the

occ urrence of in fec t ions .  Heavy winter rainfall  is followed by increased in -

cidence of the disease dur ing the following dry season . Thus , waste w~i t e r

reservoirs may provide wet soil for increased growth of the fungus  a:d in-

creased sporc u contr ibu t ing to increased infect i on . If water level is main-

t ained at high level and no drying occurs , the f ungus will not be l ike l ’-  o

become airborne . If water 1 vel fal l s allowing drying , f u n g u s  sp~ re5 c w~

become airborne and increase incidence of infection .

Although wh i t e  and black peoples have a similar suscept ib i l i ty  to c’. ’.:ci-

diotdomycosis , th e latte r have a higher frequency of (very severe) dis~ -i~~ ,

For t h i s  reason , it is impo rtant to know the racial compos ’ .t ion of  the su~ c~ p-

tible com m u n i t ’  involved . Since this inform ation was not  avai lable  l~~i ~hc

pu rposes of this report it was assumed that racial d i s t r i bu t ion  was t~~c sa me

a~ each site .
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INFORMATION NEEDED TO MAK L
PROBABILITY ESTIMATES FOR PUBLIC HEALTH

PROBLEM : COCCIDIOIDOMYCOSI S

1. Incidence of coccidioidomycosis in o r t -o . ot pe :.~-n t .

2 .  Present  populat ion .

Age , mobi l i t y ,  recent changes  , an t ic i i . iot cd  in f l ~.1>: d i s t r  d~ L~t

3. Are an imals  in area infected ( sen t ine l  a n i m a l s ) .

Are there  rodents present  in area?

4.  Ex ten t  of excavation -

Dikes  to be bui l t  up; p i t s  to be d u g ; w ill w ct t i -~ ~ f soil be

carried out?

5. Will road s be oiled ?

How will  -r i n i n t enance  u f d i sp . eal s i t es  be carr i  U out ,

i . e . , wil l  t rucks be moving on roads?

6.  Will  grass be planted ?

7 .  Is ground to be kept wet or will pi ts  be drained d ry?

8. Extent  of ra infa l l , dura t ion of wet season -

Any creeks or rivers in area?

- ,~0 -
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T A B LE II. INFOHMATION LIST

Infec t ious  Diseases  - C ccid
~
oid L~~

ycosis

Incidence C ( - u n t v  Percen t Pro iec t ion  lu st , of Animals Excavat ion
SITE of Popu.. Less  Recent  Popu- ‘ r f e c t e d  T)~~ ,~~~Pj t s

Disease lation Than Changes  in la t  j u T :  L c - d elt s  Wett ing  of
l~ Population N e a r S : t :  Present  Soil

Years

5 Present 93,800 32 Yes

27 Present  250 , 071 33 Yes

42 Present  579, 000 35 Yes

43 P r ese n~ 297 , 700 33 Y e s

-a .0

28 Absent 556 , 800 ~2 - —  ‘ -

I,. ::‘

4 Absen t  169, 94 1 ~~ Yes
z z z

18 Absent 207 , 200 32 Yes

21 Absent 213 ,000 32 Yes

L:~. 
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)N LIST

Ldomyc us is

. of Animals  Excavat ion  W o r k e r s  Fuved Wet and Grass  Average

pu- Infected Dikes-Pits Have Air - r Dry to Annual

ion Rc~ ents Wetting of Condi- Oiled Reser- be Rainfall

r Site Present Soil tioning Roads v~~i r s  Planted in
Inches

Yes No Yes Yes Yes 18

Yes No Yes Yes Yes 16

Yes No Y~ s Yes Yes 16

Yes No Y~ s Yes Yes 11

—

iS

Y es N o Y e s  Yes Yes 38

o C Yes  No Yes  Yes Yes 17
z z

Yes No Yes  Yes Yes 37

Yes No Yes Yes Yes 52

— 21 —
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II. MAJOR P R O B L E M  AREAS
INFECTIOUS DISEASES - ZOONO ’lIC

N O N - I N F E C T I O U S  DISEASES - N U I S A N C E

A. Zoono t i c  D i s e a s e s

1. Gene ra l  f a c t o r s

T h e s e  inc lud e many n a t u r a l  pa r a s i t e s  of w i l d l i f e  tha t  can be t rans-

mi t ted tan g ent ia l l y to man and usual l y produc e d i sease  in man because  he

is the aberrant or unnatural host. Man becomes involved in these diseases

either when he enters an endemic  a r ea  or when he e x a c e r b a t e s  the  p r o b l e m s

t h r o u g h h i s  a g r i c u l t u r a l  p r a c t i ce s , t hus  c r e a t i n g  c o n d i t i o n s  that  a l low pro-

d u c t i o n  of a b n o r m a l  v e c t o r  a n d/ o r  v e r t e b r a t e  popu la t ions .  Some of the

data  that  wi l l  be n e c e s s a r y to adequatel y a s sess  t he impact  that  w a s t e w a t e r

app l i ( . L t  ri wi l l  have  on zoonot ic  d i s e a s e s  a r e  s u m m a r i z e d  in Table III.

Acid  i t  i n a  I nb r m a t  ion is ne eded .

Huma n p o p u la t i o n s  at r i s k

w i l l  he no publ ic  h e a l t h  p rob lem unless  e x p o s u r e  of humans

u~ u r s . At  p : u - s ( ’ r : t , i t  is d i f f i c e l t  to d e t e r m i n e  the  h u m a n  r i sk  f a c t o r

t~~- ~i u s e  t ~ e r e  i s  ir i s i~ t ic I & - n t  information ava i lab le  in the Repor t  on

I j t  L i r e  r e s  d c - n t  p op u l a t i o n , p u b l i c  access  and rec r e a t i o n a l  develo pm ent

o ~~ ~a- r r i i i t t & U  w it h  in each  s i t e .  In fo  r m a t i o n  on h u m a n  popula t ions

i l l  -~ . U i a t - i ’ , o u t s i d y  t h e  s i te s  is a l s o  of i mp o r t a n c e  b ec a u se  v e c t o r s

a n d  -: * - r t e b r a t  ~‘s in  b e e t  ~-ci d t  t he  s i t e  c o u l d  m i g r a t e  to  a d j a c e n t  a r ea s .

b. O c c u r r e n c e  of ~uonotic d i se a s e s  at  each stud y s i t c ’

- n e  t i n  s hou ld  he g a t h e r e d  t o  d o c u m e n t  t h e  o c c u r r e n ce  of

0 ( l i S ( ’ I S L ’ s \~ t h i n  eac h s tud y site . T h i s  i n f o r m a t i o n  is

p r o b a b l y a~ a i~ abh  t h r o u g b ~~~inty 01’ state h e a l t h  ag e n c i es .
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c. V e r t e b r a t e  p o p u l a t i o ns

I n f o r m a tio n  on s p e c ie s  c o m p o sit i o n  of v e r t e b r a t e  p o p u l a t i c c r u ~

at each s i t e  is ava i l ab l e  but  t h e r e  is no inform ation oii relative

abundanc e except  those  spec ies  tha t  a r e  t a k e n  by h u n t e r s . Addi-

t i ona l  s u r v e y s  of b i r d s  shou ld  be made d u r i n g  th ~ ne s t i n g  ~~e~t~~ un

to obtain inform ation on resident species , primaril y house

f i nches , house  s p a r r o w s , blackbirds and n i ou r n i n ~ dov e~ V~ i L l .  h

a re  i m p o r t a n t  hos t s  of a r t h r o p o d - b o r n e  v i r a l  en cep L i t i t i d e s .

d. B lood-suck ing  a r t h r o p o d  p o p u l a t i o n s

No i n f o r m a t i o n  is p rov ided  in t he  R e p o r t  on w h a t  S~~~C e s  ul

blood-suc king a r t h r o p o d s , p r i m a r i l y mosqu i t oe s  and gn a t s , o c c u r

at each of the  proposed s i tes  nor  is  t h e r e  i n f o r m a t i o n  on v~h c t h ~~r

t hese si tes a r e  located w i th i n  e s t ab l i shed  m o s q u i t o  a b a t e m e n t

d i s t r i c t s .

e. Proposed use of land

Informat ion  on gene ra l  land use  is a v a i l a b l e  but  t h e r e  is  no

wa y that  a ccu ra t e  e s t i m a t e s  can be made r e g a r d i n g  inc  r eases  in

spec i f ic  land uses  over  what  c ur r e n t l y ex i s t s  at each s i t e .  Such

in f o r m a t i o n  is i m p o r t a n t  f or  i r n i i .~a t e d  p a s t u r c s  and m a r s h l a n d s

to a c c u r a t e l y a s s e s s  b r e e d i n g  of mosqu i toes  and g n a t s .

2. Sp e c i f i c  D i sea se s

a. Arthropod -borne viral encep halitides

T h e r e  a r e  t h r e e  d i f f e r en t  v i r u s e s  in C a l i f o r n i a  that  a r e

t r a n s m i t t e d  by mosqui toes  and that  produc e encep h a l i t i s  in man .

These a re  w e s t e r n  equ ine  en icep h a l o m y e l i t i s  (W - E .  E ), St . Louis

encep hal i t i s  (S L. E ) and C a l i f o r n i a  encep h a l i t i s  ( E. ) W E E

v i r u s  a lso  p roduces  e n c e p h a l i t i s  i n  h o r s e s  and  t r e e  s q u i r r e l s

- 2~ -
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The ecology of t h e s e  viruses is extremely comp lex because  one

niust consider t he  irit e ractions between at least f o u r  f a c to r s , i. e. , the

v i r u s , c rtehrat e host , m o squ i to  and e n v i  r o n in en t .  The e n d e m i c

cycles of WEE and SLE virus es involve wild birds , primaril y passe r-

i n e  b i r d s , as t h e  v e r t e b r a t e  h o s t s  and Culex tarsalis as the  v e c t o r.

D u r i n g  p e r i o d s  of peak t r a n s m i s s i o n, ch ic kens , ph e a s a n t s , and jack -

r a b b i t s  s e rve  as s e c o n d a r y  v e r t e b r a t e  hos ts  of W EE and SLE v i r u s e s.

CE v i r u s  i n v o l v e s  j a c k r a b b i t s  and t r e e  s q u i r r e l s  as  v e r t e b r a t e  hos t s

and A c d t - s  m e la n i m o n  as t h e  ve t o r .

In assessing the impact that wastewater land applicati on will have

on a r t h ro p o d - b o r ne  v i r u s  er icep h a l i t i d e s  at each  s i te , one mus t  con-

s i d e r  p r i m a r i l y i n c r e a s e s  in m o s q u i t o  b r e e d i n g  h a b i t a t  (i .  e. , i r r i -

g a t e d  p a s t ur e s  and m a r s hl~i n c i s ) ,  s u m m e r  t emp e  r a t u r e s , ava i l ab l e

n e s t i n g  s i t e s  f o r  b i r d s , and vu  r t eh r a t e  s p e c i e s .  One can expect in-

c r e a s e s  in encep h a l i t i s  p r i m a r i l y at t hose s i tes  that  a re  in the Cen t r a l

V a l l ey  b ecause  of lon i~er b r e e d i n g  seasons  and h i gh e r  t e m p e r a t u r e s .

CE v i r u s  a c t i v i t y  wi l l  p robab l y i n c r e a s e  at s i t e s  wi t h i n  t he  Coast

R a n g e .  (See Fi g u r e  2)

b. P l ague , M u n i n e  T yp hus  F e v e r , T u l a r e m ni a , Le pto sp i r o s i s ,

and Rabies

W i t h  t h e  exe  L p t  i on  of m u m ’  ice t y p l i u s  f ev e r , a l l  of the  above

d i s e sc s  a r e  k n o w n  t o  o c c u r  a t  or  in  t h e  v i c i n i t y  of the  p roposed

s i t e s  or  ~‘a s t e w at e r  l and  a pp Ib  a t i o n .  The  irnp e r t a i i t  f a c t o r  in

a l l  L I  t h e s e  C l i n - s c - s  is  ~- c ’ r t e i i r a t c ’  h o s t  p c ( p i l l a t w n s .  1’}icr& ’ i s  no

q m t ( s t ( ( r L  hut  t h e r e  w i l l  he  m c  r & ~~ se s  i n  mos t  m t n p o r t a m i t ~ e r t e h r a t c
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host  species of d isease , but it is i m p o s s i b l e  at t h i s  t ime  to pre-

dict how soon th i s  wi l l  take p lace and to what ex t ent .  Hi gh

humidi ty in these a re as wi l l  cause  ini t ia l  mi gra t ion  of some

rodent spec ies  f r o m  the s i te  and other  species wi l l  take t he i r

place. Addit ional  pas tu r e , g ra in  c rops , and a lfalfa wil l  al low

a bu i l d -up  in gr o u n d  squ i r r e l  and j a c k r a b b i t s , wh ich  in  t u r n

wi l l  p rov ide  m o r e  food fo r  c a r n i v o r e s .  Popu la t ions  of carni-

vores  wi l l  be hi ghest  w h e r e  vege t a t i on  is dense enoug h to pro-

vide adequate she l t e r .  The basic cy c l e s  of each of the  above

di seases  is dep icted in Fi g ur e s  3, 4 , 5, 6 , and 7.

- 25 - 
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Figure 2. Art hropod-Borne Viral Encephalitides
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Figure 3. Plague (Versinia pestis)
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Figure 4. Murine Typhus Fever (Rickettsia mooseri)
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Figure 5. Tularemia (Francisella tularensis)
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Figure 6. Leptospirosis
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B. Human  Malaria

A l t h o u g h h u m a n  m a l a r ia  was  h i s t o r i c a l ly an im flpOrtam It public health

prob lem in Cal i f orn ia , it has been eradicated f r o m  California for over

thirty years , except for a small outbreak that occurred in 1952. However ,

the vector mosquito (Anop heles sp. ) is still p r e s e n t  in California and

mala ria is always a potential threat if an infected man should enter an

area  whe re the re i s a hi gh vec to r  popu la t ion .

Anophele s breeds primarily in rice fields so the onl y site that might

contribute to the malaria problem would be site 5. However, the planned

acreage of rice fo r si te 5 is small  in com pa rison t o a c r e a g e  of r i ce  in

a r e a s  i m m e d i a te l y n o r t h  and east  of t h i s  a rea .

C. Nuisance (Pest Problems)

As previo usl y s tated , there is no question but that there will be an

inc rease in certain pests such as biting flie s, pas tur e mosqui toes  (Aedes

ni g ramaculis) and rodents. There  a re  a n u m b e r  of means  ava i l ab le  to

control rodent s so they  should not be a problem. The m osquito problem

would be difficult to control. As a control method , mosquito fish can be

used in ponds and marsh areas. However , the re i s no e f fec t ive means

of c o n t r o l l i n g  p a s t u r e  mosqu i toe s  in C a l i f o r n i a  today b e c a u s e  t h e\  a r e

re sistant to all licensed insecticides. Thus , any person involved in mos-

quito abatement would advise against irrigated pastures at any of the

proposed sites. If irri ga ted pas tu res a r e  u sed , then proper drainage

should be ensu red  and the  land should not be used f o r  g r a z i n g  becaus e

the hoofprin ts will then allow mosquito breed imig .
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INF ORMATION NEEDED

INFECTIOUS DISEAS E - ZOONOTIC
NON-INFECTIOUS DISEASE - NUISANCES

1. Human populations at risk

a. Resident populations (urban and rural)

b.  Imm igration resu l t ing  from increased agricultural lands

c. Excursions into site for recreational purposes

2. Domestic mammal populations~ primarily horses

3. Hematophagous arthropod populations , primarily mosquitoes

a. Acres of breeding site s (current and projected)

1) Irrigated pastures

2) rice fields

3) marsh lands

b . Control

1) water management

a) type of holding ponds

b) type of Irr igat ion

c) recycling excess Irrigation water

d) grazing of livestock in recently irrigated areas

e) water drainage

2) mosquito abatement

a) biological

b) chemical

- 30 -
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c. Prevailing winds tha t would result in movement of mosquitoes

in to areas of dense human populations

4 , Vertebrate populations

a. Avian fauna

1) species (resident , mig ratory)

2) relative seasonal population densities

3) nesting areas

a) sloughs

b) thicke ts

c) tules

d) deciduous trees

e) orchard s

f) groves

b. Small mammals (rodents and lagomorphs)

1) species

2) relative population densities

3) food sources

a) grain crops

b) alf alf a

4) breeding sites and ground cover

a) weed -covered ditches

b) fe nc e rows

c) thickets

d) forests

- 31 -
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c. Wild carn ivores

1) specIes

2) food sources

a) bird s

b) small mammals

3) ground cover

5. General geographical areas

a. Coastal

b. Coastal inland valley

c. Central valley - rural agricultural

d. Delta areas

6. Water temperatures

- 32 -
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The following are que stions which cannot Lu a m i s v . - e re d w i t h  a v a i l a b l e

information hut which may have gene ral impacts (in future public healt h

problems in each site.

Wi ll t h e r e  be an increase in h u ma n  and dome stic animal popul ations

as a result of the projected agricultural usage of t h e  land ?

Will there be an increase in  v,-atcr available f o r  a g r i c u l t u r a l  p ur p o s e s

o v e r  what  currcntl ’~ exists in t hes  areas or  will t}o water that is cur-

rentl y available in these a reas be imi e rel y su pp lanted by water from sewag

e f f l u e n t ?

W H a t plans  a r e  b e i i i e  maci c f r  w a t e r  r m i a n a g e m u e n t  at each site to

a v o i d  t h e  c r e , l t i o n  of s u u i t a b l  - b r c e~~ing  sites for inve rtehrates and verte—

? (i .  i . h o l d i n g  pond s , r o c v i  l in g  of excess water used in flood

i r r i~~at  ion , g r a z i n g  of l i v e s t o ch  in only d r y  p a s t u r e s , p roper  leve l ing  of

p a s t u r e  a m - ca s  to pr  n o t e  r ap id d r a i n a ge , e tc . )

A r e  the  s i t e s  to he i n c l u d e d  in n ew  or established mosquito abate—

! i L ( i lt  di st r i : t  s

- 33 - 
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III .  M A J O R  P R O B L E M  AREA
INI . E CTIOUS DI SEASE S-EN ’l ’ERI C

The i n f e c t i o us  en t e r i c  d is e a s e s  c o n s i d e r e d  in th i s  r epo r t  a r e  des-

c r ibed  at some l eng th  in t h e  fo l l owing  e x c e r p t s  t a k e n  f r o m  “ Pub l i c  Health

Im p a c t s  of A l t e r n a t i v e  W a s t e  W a t e r  M a n a g e r n e n t  Concep t s , A Repor t  for

the U .S .  A rm y  C o r p s  of Eng i n e e r s , ” b y R o b e r t  C. Cooper , Ph. D. *

A. B a c t e ri a l  D i sea se s

“ B a c t e r i a  of the  genus  Sa lmone l l a  conta in  a wide  v a r i e t y  of
sp e c i e s  p a tho~~cn ic  f o r  man an d an ima l s .  These  bac t e r ia l  agen ts
are  t r a n sm i t t e d  f r om  man to man b y means  of pe r sona l  con tac t ,
contaminated food and c o n t a m in a t e d  w a t e r  There  a re  t h r e e
c l i n i c a l l y d i s t i n c t  f o r m s  of S a lm o n e ll o s i s  in m a n .  e n t e r i c  f e v e r s ,
s e p t i c emi a s  and ac u t e  g a s t r o e n t e r i t i s .  T y p hoid f e v e r  caused  by
Salmonel la  t y p hosa is the pro totype , and the most seve re of
e n t e r i c  f e v e r  f o r m  of S a lm n o n e l l o s i s , and f o r  which  man is the
onl y hos t .  At the  t u r n  of t h i s  c e n t u r y ,  death  r a t e s  of more  than
50 p e r  100 , 000 p e r s o n s  w e r e  not u n c o m m o n  in c i t i e s  of the
United States. The death rate for the entire country in 1900 was

31. 3 per  100 , 000; howeve r, a t p r e s e n t  it i s p rac t i ca l l y non-
existent . Over the last s e v e n t y  y e a r s , the  m o r b i d i t y  has  a l so
shown significant change; for examp le , the U. S. morbidity for

t yp hoid  f e - .  e r  in 1930 was  lZ .  H p er  100 : 000 and in 1971 t h e r e  w e r e
less  than  0. Z i so l at ions  of S. t y p hosa pe r  100 , 000 popu la t ion  of
wh ich les s tha n half w er e  c l i n i c a l  cases. . . . The  m o r b i d i t y  is
g e t t i r i p  so low tha t  ep idemiolog i s t s  a r e  be g i n n in g  to speak in
t e r m s  of e r ad i ca t i on .  . . . At this point in t ime  in the Un i t ed
St a t e s , w a t e r  is not a si gni f i c an t  veh i c l e  for the t r an s m i s s i o n
of t h i s  d i s e a s e .

“The Sal m onella septic emias are characterized by bacter-

em ia , hi g h r e m i t t e n t  f e v e r  u sua l l y w i t h o u t  i nvo lve ment  of the
gastroin testinal tract. These are most commonl y ca us ed by
S. choleraesuis and are relativel y rare Because the G. I.
fracFis not normally inv olved , this clinical type is not usually
associated with water and wastewater. Salmonella choleraesui s

has a predilection for swine and is not p a r t i c u l a r l y common in
the human populations -

* U . S .  A r m y  C o r p s  of Eng i n e e r s , San F r a n c i s co , C a l i f o r n i a ,
“ A l t e r n a t i v e s  fo r  Manag ing W a s t e w a t e r  in t h e  San Fr a n c i s c o  Bay
and Sac ram ento -San Joaquin Delta Area , “ V o l u m e  11 , A ppend ix  C-
A s s e s s m e n t  of Im pa c t s  of S e l e c t e d  A l t e r n a t i v e s , Jul y l~~7 1.
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“The t h i r d  f o r m  of s a l m o n el l o s i s , a c u t e  g a s t r o e n t e r i t u s , is
the f o r m  in w h i c h  t h e  Sa lmone lla  a r e  m os t  co m m o n L y en c o u n t e r e d .
In e x c e s s  of 1400 s er o t y p e s  h a v e  been identified and most , in  con-
rast to S. t y p hosa ,  a r e  not hos t  s p e c i f i c .  The repo r t ed  i s o l a t i o n
rates f r o m  h u m a n s  in California is between 8. 0 and 11. 9 per
100 , 000 a nd is  i n c r e a s i n g .  ‘l’he i n c i d e n c e  i s  hi g her  in the Southern
p o r t i o n  of the  S ta t e  t han  in the North. ‘I h i s  i so la t ion  ra te  is about
the  av er a g e  for  t h e  United States as a ‘A hole  and most hea l th  auth-
o r i t i e s  a g r e e  is p r o b a b l y m u c h  l o w e r  than  the  ac tua l  t o t a l  i n c i d e n c e .
An a c c u r a t e  a s s e s s m e n t  of the n u m b e r  of deaths a t t r i b u t e d  to
Salmonella  is  not  p o s s i b l e  but of the  r ecorded  cases be tween  1962
and 1969 the case fatality rate was 0. 28 percent , mostly in the v e r y
young and very old.

“The most common non-human source of these  o r g a n i s m s  is
food and overwhelming ly p o u l t r y p r o d u c t s .  W a t e r , whi le  an im-
portant sou rce , c o n t r i b u t e s  only a li tt le mo re than two percent  of
the total . .  . .  The most common fo rm of Salmonel la  i so la ted  from
either human or n o n - h u ma n  s o u r c e s  in the Unitecf States is S.
imurium. Although the i n c i d e n c e  of w a t e r - b o rne sa1moneli~~sis is
v e r y  low , t h e r e  a r e  a number of occurrences , verified and sus-
p e c t ed , in w h i c h  l a r g e  n u m b e r s  of p e r s o n s  i n f e c t e d  by thi s rou te .
One of t he  mos t  d o c um e n t e d  is the  o u t b r e a k  in R i v e r s i d e , Cali-
f o r n i a , in 1965 , in which  18 , 000 peop le w e r e  i n f ec t ed  wi th  S. typ h-
i m u r i u m .  . . . The b a c t e r i u m  was i so la ted  f r o m  100 d i f f e r eT it  stool
specimens  and f r o m  5 samp l es of the dr ink ing  wa te r .  Thi s r e p o r t
is c lear  evidence  that Salmonella can be t r a n s m i t t e d  via a muni-
cipal  w a t e r  suppl y.

“ Bac te r ia  of the g e n u s  Shi gella  p roduce  an in te s t ina l  d i sease
in man and hi g her  apes know n as bac i l l a ry  dy s e n t a r ) . The d isease
spreads  rap idl y under  cond i t ions  of o v e r c r o w d i n g  and i m p r o p e r
san i t a t ion .  The mode of t r a n s m i s s i o n  is p r i m a r i l y f r o m  pe r son  to
person  and t h r o u g h con tamina ted  food. Because t he se  o r ga n i s m s
a r e  s e n s i t i v e  to e n v i r o n m e n t al condi t ions , the w a t e r  rou te  does
not seem to be too impor t an t  but c e r t a i n l y should not be over looked.
R e c e n t ly ,  . . . t h er e  have been two r e p o r t s  of w a t e r - b o r n e  outbreaks
of Shi g el l o s i s  in small  c o m m u n i t i e s  on the  Eas t  and V~ e st Coasts.
Both i n s t a n c e s  i n v o l v e d  smal l  common , u n c hl o r i n a t e d  w e l l s  w h i c h
w e r e  obvious l y con tamina ted  with sewage .  Shi gella sonnei was
i s o l a t e d  in bo th  i n s t a n c e s .

“The i s o l a t i o n  r a t e  in the  U n i t e d  S ta tes  is  a p p r o x i m a t e ly
15 pe r 100 , 000 pop ulation. O’ the six species commonl y pathog enic
for man , S. Sonnei and S. f l e x n e r i  a r e  most  commonl y i so la t ed ,
the forme’i 60. 3 percent ol the time and the latter 38. 2 percent of
the time from the various States in the Union .  “

*
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B. P a r a s i t i c a l  1)i S c a s C S

* * *
‘‘In t h e  U n i t e d  S t a t e s  pe r h a p s  the  mos t  i m p o r t a n t  p a r a s i t i c a l

d i sease  to be a s s o c i a t e d  w i t h  w a s t e  w a t e r  is a m o e b i c  dy s e n ta r y .
The e t i o l o g y  of t h i s  d i sease  is En tam oeba  his to l y t ica ,  a p ro tozoan ,
w h i c h  can i n f e c t  t he  h u m a n  co lon  c a u s i n g  e r o s i o n  of the  s u p e r f i c i a l
m u c o u s  m e m b r a n e s .  It may e v e n t u a l l y in v a d e  the  t i s s u e  w i t h  con-
s e q u e n t  u l c e r a t i o n .  In c e r t a i n  sev e r e  c a s e s , the p a r a s i t e  may
m e t a s t a s i z e  to o t h e r  bod y o r g a n s .  The  amoeba has the ab i l i ty  to
f o r m  h e a v y  w a l l e d  c y s t s  and t r a n s m i s s i o n  o c c u r s  when  m a t u r e
c y s t s  a r e  cxc r e t e d  w i t h  f e c e s  i n to  w a t e r  or food.  I n f e c t i o n  beg ins
w i t h  the  i n ge s t i o n  of c y s t s  w h i c h  g er m i n a t e  in the  g u t  to become
vege ta ti ve am oeba which  mu l t i p ly and may become i n v a s i v e .  The
cy s t s  a r e  m o s t  i m p o r t a n t  f r o m  an e p i d e m i o l o gic po in t  of vie w be-
cause  t h e y  a r e  r e s i s t a n t  to en v i r o n m e n t a l  f o r c e s .  The v eg e ta t i v e
f o r m s  do not s u r v i v e  o u t s i d e  t h e  g u t .  The d i sease  is  w o r l d - w i d e
and normal l y o c c u r s  in i n a p p a r e n t  i n f e c t i o n s .  The inc idence  of
in fec t ion  in the U n i t e d  S ta tes  is not wel l  e s t ab l i shed  because of the
non-c l in i ca l  i n f e s t a t i o n s ;  it is most  p robab l y of cons ide rab l e
magni tude .

C. Vi ral Diseases

“At the  p r e s e n t  t i m e  the  v i r u s e s  considered to be of major
i m p o r t a n c e  in w a s t e  w a t e r  a r e  p r i m a r i l y of human  o r i g in.  T h e s e
fal l  in to  f o u r  main g r o u p s , the  e n t e r o v i r u s e s, the a d e n o v i r u s e s,
t he  r e o v i r u s e s, and the  agen t  of i n f e c t i o u s  h e p a t i t i s .  * * *

“All  of t he  e n t e r i c  v i r u s e s  a r e  capab le  of p r o d u c i n g  c l i n i c a l ly
obvious  d i s e a s e s;  h o w e v e r , w i t h  the except ion  of i n f e c t i o u s  hepa-
t i t i s , t hese  m a n i f e s t a t i o n s  a re  r e l a t i v e l y i n f r e q u e n t  comp l i ca t i ons
of o t h e rv . i s e  t r i v i a l  i n f e c t i o n s .

“The  a m o u n t s of e n t e r i c  v i r u s e s  in s e w ag e  have not been
p r e c i s e ly e s t a bl i s h e d  b e c a u s e  of the  i n s e n s i t i v i t y  and i n a c c u r a c y
of p r e s e n t  de t ec t ion  methods  and t he v a r i a b i l i t y  in the amount s
and t y p e s  of v i r u s e s  wh ich  may be p r e s e n t  under  di f f e r e n t  con-
d i t ions . The e n t e ri c  v i r u s  com i c  en t  r a t i o n  in domes t i c  s e w a g e
reaches a peak during the later s u m m e r  and ea r l y fa l l  and v a r i e s
w i t h  the  s o c i a l - e c o n o m i c  l e v e l  of t h e  p o p u l a t i o n .  . .

“ E x p e r i m e n t a l  i n v e s t i g a t i o n s  on t h e  c o n c e n t r a t i o n s  of e n ter i c
v i r u s e s  in rav~ s ewage  i n d i c a t e  tha t  t h e  e n t e r i c  v i r u s  d e n s i t y  may
r a ng e  f r o m  a few i n f e c t i o u s  u n i t s  p e r  100 ml in cold w e a t h e r  to
s e v e r a l  h u n d r e d  in w a r m  w e a t h e r .  . . . E n t e r i c  v i r u s e s  have been
i s o l a t e d  f r o m  c o n t a m i n a t e d  w a t e r s  such  as m a r i n e  and e s t u a r i n e
w a t e r s , l a k e s , r e s e r v o i r s , i~round  w a t e r s , s w i m m i n g  pools and
p u b l i c  w a t e r  s u p p l i e s .
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‘ ‘ I n f e c t i o u s  h e p a t i t i s  is  t h e  e m i t e r i c  v i r u s  d i s e a s e  of mos t  I t r i p u r —
t a nc e  in  w a s t e  w a t e r .  A l t h o u g h t h e  a g e n t  of i n f e c t i o u s  h e p a t i t i s  has
r io t  y e t  been  p r o pa g a t e d  in the  l a b o r a t o r y ,  many  o u tb r e a k s  h a v e  been
a t t r i b u t e d  to c o n t a m i n a t e d  w a t e r  on the  b a s i s  of ep i d e m i o l o g i c  cvi-
d e n c e.  ‘I e- m I o u t b r e a k s  have  been  d o c u m e n t e d  in the  Un i t e d  S t a t e s .  . .
Most  of t he  o u t b r e a k s  i n v o l v e d  g r o s s  c on t a m i n a t i o n  of s m a l l  s u p p l i e s .
It has been  s u g g e s t e d  t ha t  t h e r e  may be ma ny u n r e c o g n i z e d  i n f e c t i o u s
h e p a t i t i s  e p i d e m i c s .  - . . Al thoug h it i s  a d i s t i n c t  p o s s i b i l i t y  tha t  some
of t h e s e  u n r e c o gn i L e d  o u t b r e a k s  a r e  w a t e r - b o r n e, t he  w a t e r  r ou t e
s t i l l  onl y a c c o u n t s  f o r  l e s s  t han  one p e r c e n t  of the  to ta l  o u t b r ea k s  in
the U n i t e d  S t a t e s .

* * * * *
“On t h e  bas i s  of ex i s t i ng  e v i d e n c e , it mus t  be concluded  that

v i r a l  in f ec t i on  r e s u l t i n g  f r o m  the  use  of p r o p e r ly t r e a t e d  p u b l i c
w a t e r  supp l i e s  a p p e a r s  to be un l i ke l y at p resent . A r i sk  of infec-
t i o u s  h e p a t i t i s  a r i s e s  f r o m  the  c o n s u m p t i o n  of s h e l l f i s h  t aken  f r o m
s e w a g e - p o l l u t e d  w a t e r s .  The p o s s i b i l i t y ,  h o w e v e r , of e i t h e r  g r o s s
v i ra l  con t amina t i on  of raw w a t e r  sou rce s  or the absence  or break-
down of r e l i a b l e  t r e a t m e n t  p r o c e d u r e s  at local w a t e r  t r e a t m e n t
p lant s , poses  a c o n s t a n t  t h r e a t  of v i r u s e s  not being r educed  be low
i n f e c t i o u s  l e v e l s  in mun ic i pal w a t e r  supp l ies .

The i m p o r t a n t  c r :t e r i a  to be c o n s i d e r e d  in e v a l u a t i n g  the  in f e c t i o u s

e n t e r i c  d i s e a s e s  a r e  as f o l l o w s :  1) the  pathogenic  agen t , i t s  c o n c e n t r a t i o n

in the  w a t e r  app l ied  and dose of a g e n t  as m e a s u r e d  by the  ra te  of appli-

c a t i o n ;  2) the  p o p u l a t i o n  exposed  to the  agen t  as d e t e r m i n e d  by the  n u m b e r

and age  of s u s c e p tib l e s  and t h e  means  of c o n ta c t  such  as by d r i n k i n g ,  b y

r e c r e a t i o n  or b y the  c o n s u m p t i o n  of c on t a m i n a t e d  a g r i c u l t u r a l  p r o d u c t s;

3) the  method  of app l i c a t i o n  of t r e a t e d  w a t e r  to the land , such  as s p r a y  or

s u r f a c e  i r r i ga t ion  or by i n j e c t i o n  i rito the  g round ;  and , 4) the  app l i ca t ion

of r e s i d u a l  s o l i d s  w h e t h e r  by l a n d f i l l , i n j e c t i o n  or s u r f a c e  sp r ead in g  e i t h e r

d ry  or  w e t .  T h e s e  c r i t e r i a  a r e  the  same f o r  a l l  the  i n f ec t i ous  e n t e r i c

d i seases .
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The in fo rma t ion  requi red  to make a probabi l i ty  jud gment in orde r

of r e la t ive  impor t ance  may be l i s t ed :

1. Suscep t ib l e  populat ion contact :  Drinking Wate r

2. Susceptible population contact : Agriculture

3. Susceptible population contact: Rec reation

4. In fec t ious  agent  concent rat ion

5. In fec t ious  agent  dose

6. W a s t e w a t e r  app l i .  -.-‘ t on method

7. Wa ste solids app l ica t ion  met hod

8. Si ze  of suscep t ib l e  pop u lation in contact

9. Age d is t r ibut ion  of contact population
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‘rABLE IV iN I ’ ‘O t - . IA F I  -N L 1ST
l : i t i - c t  c u: :  Di :;ea. ,.- — E r i t e r i c

SU S C E P T I B L E  P O P U LA T i O N  C O N T A C T
AG RI CULTU RAL USE RECREATI ON Infe c

SITE l n f m l —  Total (C ~icus
NC D r i n k -  Ex cluded Fores t  t’u a t , , rC Crops  t r a t i o n  P u : - .  : , t i t m l Ageri

ing A~~-a Area A r ,  a 
- 

Ar i Mi 
P e r cen t  of C iu p  A r -  a R e s er v o i r  Con—

W ater  Ac . x Ac’ .x Ac .x  ~~~~~~ ~~~~~~ 
- 

Ac.x  Vj s i i c r  D i v  c e n —
1 J~~~ % l0 —

~ /o 10 % I) % 10 % Ii . :Ccc’ Orchard Truck x 1) , .r a
t ion

(See (see
N ote )  Note 

-
- 

— - — - — - -

4 N o  C r o p s  f o r  H u r n .i n C o n s u r r i p t i o n  11.6 _ 2 8 . i i

5 47 . 8  14 68 .5 19 7 2 . 1  20 93.6 27 70.6 20 352.6 7.5 13.5 40.5 109.37

18 11. 1  6 3 5 . 7  18 1 2 2 . 9  63 18 .7 10 7.8 4 196 .2 0 10.1 89.9 254.25

21 1 6. 8  13 37 .5  30 4j . 2  36 0 . 9  0 .7 2 4 . 6  20 225.0 0 66.7 2 2 . 2  105.35

27 4 2 . 0  30 2 2 . 9  16 43 .2 31 10 .7  8 22.6 16 141 .4 0 0 78.5 12- J.6 0

28 12 .3 10 91 .3 72 16 .1 13 7 . 2  6 0 . 0  0 126 .9 7 . 5  13.5  4 0 . 5  109 .30

42 14 .1 13 14 . 0  13 53 .5 55 20.6 13 0.0 0 0 7 . 2  0 80 . ’ 2 0 . 0  2 66.10

43 5 .0  8 0 .0 0 7 . 3  12 4 0 . 0  65 9 . 7  16 6 2 . 0  0 0 7 3. 3 2 6 5 , 7 0

(N f t c - : No specific Data available - See Co:nments  on D r m n k i n g  V-. a t ’ - r , ( N u : c :  As ~t a t cd  in  General A u s u : n p 1 i ~~nS)

pp. 41.41)
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REC REATI ON l r i i e c  IN 1’EC F l i ES ACENT D. .51: ,l  I 1 t 0 . f  N ~V A f E R  REC -ED
(Gross t i . u :  x l0~~ 1 Ac/D a .-

E’ e t , - : :t i a l  A j c : i t  A~~. l 1 .  1- , - : ’O ar Ac : . I t .  P - f ’.-

p Ar a R~ se~~oir Con — Co l i— E n t e r i c  L r i t i  iv K i ‘ 
‘ ~ ( 1) x 1 (2 )

Div  c c ’ s—  iu l rs B sctc- :ia  V i r ~~.

Truck x l0
_ 0

) t ra -  l o r u l

us :. Pu r e s t  l a  ~~~~‘ - i ; i - .  ,. 0 j :’~ h F I  

(3,
No t - . -)

28.10 16 , 500 41 1.7 0 .  - ‘ - i H .2  37.5 0.7

4 0 . 5  109.37 14 , 400 36 1 . 4  3 ; . ; . 7  3 6 .  3 2 5 .5  2~ 4 .7 1 , 2 7 5 . 4 . 1 5 . 2

89 . 9  2 5 4 . 2 5  13 , 200 33 1.3 1 6 5 . 1  - f t - : . 6  0 . 3  u - ;  6 9 0 . 4  3 3 6 . 2

2 2 . 2  105.35 13, 20’) 33 1 . 3  l s 3 . 4  153 .7  3.  5 . ’) 399 .8  228 .5

7 8 . 5  120 .60  16 , 700 42 1.6 12 2 . i  2 1 9 . 0  2 9 . ~ 8 3 . ,.: - 4 6 5 . 2  177 .6

40 .5  109.30  14 , 400 3-3 l . -~ 3 9 2 . 6  4~~. 4 2 1 . r. 0 . 0  4 6 4 . 1  2 3 3 . 1

20 .0  266.10 17 , 200 43 1.7 7 2 . 7  . 3 9 7 . i  7 2 . 1  1. -I - 1 -13 .7 159.8

73. 3 2 6 5 . 7 0  12 , 800 32 1 .3  0 .u 3 . -J 000  3 3 . 0  2 : 1 4 . 0  7 8 . 6

tated in General A s s u mp t i o n s )  (11 Ba - ed c- n -SOc r : - . , t i v o  One as pi -
~ - -  ed b ’-  F’ . B .~~~ . . ~ D.  Other  : . ‘ : cat i

cvoul i 1 , , c r - .  as,  3,-I-  c i i  t : :i ra re on r u p i . r  i : t : i i ’ .t  a n on areas as mu ch as a iX —

(2)  A -- ~. : ‘.‘, : ‘ ar , - t - - r , .I a gr .a~a and c , : 10v . , d  i c  s u d : ai :~~ .

-, — - -  -
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I. N . V A U P R  R E C c ’.TR[ :D o n : i ; .-\: ,’ ; (  ‘. 18) i-: SI/- I 1V AGE.
):xI’uSoI) DIS I’ I U E U T I O N

a: A. - . F’t .  l’~- c ‘r , - I ’OI ’Ul . A H i P ’. OF

( 2 )  , ,p, I ’ ,. ,~ , .  ,- 0 0- . I  ACT
PO PU LA ’f  ION

i’o ta l  I ti p.e’l - . t i i~ 1 . ‘.‘. , - r  \ a l l l c ’ ) ( 1
r h 2’c . l : i ’ :un (~~~‘ ‘‘ 

- ,

— 
- ;  7 , 3 , 1 1  ‘U  I , ~ i t , 7’’ i l  1 ’ . ‘ I ’ )  N , :  Da t a

7 .5 5 3 . 7

i l l  - , H . ‘ I I  1 ’  0 0 , 1 . 7 411 ‘N~ 85) 1) N : ,  Data
4 . 7  1 2 7 5 . 4  515.2

!- l 1 , 87-  u I ’  ‘, 
‘. - . ‘ .0 / :  , 2 0 1 1  N - . ’  D a t a

3 3 6 . 2

0 . - , . 7 1 ’  - 25 .~ I . , 001) N D.-.~~
1 - ‘i.s 2 2 8 . 5

c’ . 1 - t O , -- . . 4. ’~ 2 - - - ’ . 000 N U  Data
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SUSCEPTIBLE POPULATION CONTACT: DRINKING WATER

Specific data is not readily available regarding dr ink ing  water sources

in the various areas . The following are general comments concerning this

aspect for each site:

SITE 4 - From the data available there does not seem to be much

indigenous dr inking water available . Most potable water

is probably imported .

SITE 5 - At present the population in the are a take their drinking

water primarily from wells . Actual sources are not well

documented . Ground water is found from 15 to 50 feet

below surface . Surfa ce wate r sou rces would be Cache

Creek and the Sacramento River.

SITE 18 - The area involved is prim arily in Man n County and in-

cludes a number  of small  towns whose pr imary supply is

from ground water .  General ground water data for most

of th is area i s not available . There may be some poten-

tial for drainage into the Nicasio reservoir. Drainage

into the Russian River and into Tomales and Bodega Bay

is quite probable .

SITE 21 - Li ttle data Is readily available as to the sources of

drinking water in the site area. It would appear th at

dr ink ing  water is mainly from wells; however , the prox-

imity of much of the area to the Russian River might
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indicate that  surface water  is also used . In areas where

ground water data is available , it ap pears to be relative-

ly close to the surface (area 21 . 3) .

SITE 27 - It would appear that  most of this area is not populated

and that port ion which is is serviced by we l l s .  The

Salinas River is involved in drainage area .

SITE 28 - Water is supplied to most of San Mateo County by the

San Franc isco Water  Company . There is no s ign i f i can t

ground water in the are a chosen. Imp ingement  on

Crystal Springs Reservoir is possible al though dra inage

from application area appears to be away from the

reservoir.

SITE 4 2  - Most  of th is  site is on the M ars h Creek water shed

wh ich drains into the San Joaquin - Sacr.~mento Ri~~er

delta . Presently there is a low populat ion d e n s i t y

served by wells . There are some lakes  and p o n d s .

A water su pply reservoir  is contempla ted  on Kellogg

Creek within the water shed .

SITE 43 - The area involved is in San Joaquin  County  and is

primarily in the r iver  delta area .  Local water  is from

both wells and sur face  waters . Adjacent communit ies

include Stockton and Tracy .
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IV.  MAJOR PROBLEM AREA
NON-INFECTIOUS DISEASES - TOXIC CHEMICALS

In cons ider ing  the possible  public heal th hazard from toxic ch en: icals in

water , the Important  cr i ter ia  to assess are the route of s i g n i f i c a n t  human  ex-

posure to the chemical and the size of the population a 1 r isk . Th ’v toxi c

chemicals of concern are those  which a~c not removed by normal t r eatn ~ - t t

processes , accumulate  in human t i s sue  a f t e r  exposure  or cause biu logica l

effect s at low concentrat ions in watet .

Examples of the toxic chemical s which meri t  special a t tent ion are t h e

heavy metal Ions , lead and cadmium , and the  ino rgan i c an ions , n i t ra te  and

nitrites , since , h is tor ica l ly ,  episodes of poisoning have been a s s o c i a t e - i

w ith the presence of these co:ntpounds in water. The permissible levels f-or

these compounds  in public  water  suppl ies  are tabulated below .

Chem ical mg/l i ter

le ad 0 . 0 5

cadm i um 0 .01

nitrates p ius  n i t r i t ’s 10 (as nitrogen )

The route of human  exposure to toxic chemicals would be either

through drink ing water suppl ies  or f rom consumpt ion  of agr i cu l tu ra l  cro ps

which have been sprayed or irrigated with  contaminated wa te r .  In the case

of nitrates or n i t r i tes  dr inking water would be the s ign i f ican t  route of ex-

posure . Although no translocation of lead or cadmium into food crops has

been documented , i t  would be expected that  leafy  vegetables such as
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lettuce , spinach or even ar t ichokes  would retain metal  ions sprayed on the

leaf surface. It is known , for example , that  the lead content of grass gr r a’.- .’-

ing near freeways and ex posed to au tomobi le  exhaust  has levels of up to

several thousand parts per million . Rice plants may also retain signific ont

levels  of cadmium since farmers  in the J int su  area of Jap an who s u f f E red

from cadmium poisoning , used water contaminated with cadm ium , lead and

zinc to irrigate their rice crops.

Classes of chemical s not considered s igni f icant ly  hazardous to heal th

bu t that could appear in smal l quan t i t i e s  in the treated wa te r  inc lude :  the

chlorinated hydrocarbon insecticides of the DDT—type , the organophos pha te

pesticides , the chlorinated phenoxyacetic acid type of herbicide , phenols ,

carbon—chloroform extract , an d trace e lements  such as manganese , fl u3r -

ides , z i nc , ars enic and selenium . It is l i k ely  that d ie t a r~.’ i n take  i~

pesticides , z inc , f luor ide , arsen ic , and se lenium will  fa r  ou tweigh  an y

significant intake from treated water. The nuisance threshold of ph - - )lS

(odor) and manganese  (d iscolorat ion of laundry) is much lower than th :

threshold for adverse heal th e f fec t s . It is therefore  h ighly  in~p r o b a a  In  ~t

the  presence of small quan t i t i e s  of these chemical s in treated water  wil l

s i g n i f i c a n t ly  a f fec t  heal th .
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INFORM ATION LIST
NON-INFECTIOUS DISEASES-TOXIC CHEMICALS

1. Size of population at risk:

Because of lack of a speci f ic  area census  or census  project ion , the

present census  of the p r imary  c o u n t y  of each site formed the  e s sen t i a l

ba sis ta r  evaluat ion . (See Table V . )

2 .  Route of s ign i f i can t  hu man exposure :

a) Drink ing Water - Information was sparse on drinking water

sources at selec ted sites , but estimates of their possible contact

with waste water disposed are listed in Table V .

b) Rice and Truck Crops - Agricul tura l  acreage in contact with

disposed waste water was calculated in accordance with Alterria-

ti - - -: Application Plan No. 1. Results are listed by si te ~ri

Table V .
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TABLE V.

SITE NO. Population Rice and Truck Probability of
x l0-~ Acre age x lU ~~ Contact with

_________ _______ ______________ 
Drinkin g Water *

4 lOw 0 .0  1 — A

5 94 45 .0  2 - h

18 207 16.8 3 —/-

21 213 0 . 2  3 - A

27 lOw 8 . 4  2 - A

28 557 7 . 2  2 —A

42 58 0 5 .2  3 —/-

43 300 29 .0 3 -A

* Sites are rated in relation to each other as to probability of contact

with drinking water on a scale where 1 = lowest probability of con-

tact  and 4 = h ighes t  probability of contact .

N OTE: Lacking any population proj ections for these sites and

having very little informat ion on actual drinking water

sources in these areas , the conclusion s reached in

the above table are perforce tenuous ones .
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A P P E N D I X  II

EVALUATIO N FORMS

Init i al  quest ionnaire  to be f i l l ed  out by each

C on S ul t ant .

Probabil i ty Rating Sheet used by each consu l t an t

for the problems in his area of expertise.

Sample Calculation .
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SUBJECTIVE PROBABILITY
THAT

- 
- 

INCIDENCE OF PROBLEM
WILL

INCREAS E AT EAC H SITE

By ____________________________

Date ___________________________

Pro bability Probability
is is
0 .0 1.0

SITE ~ 4 ________________________________________________

SITE * 5 —

SITE # 18 _____________________________________

S I T E # 2 1  __________________________________

SITE * 27 __________________________________

SITE * 28 __________________________________

SITE * 42 ______________________________________________

SITE * 43 ___________________________________________

ESTIMATES TO USE IN RE LATING PROBLEMS TO EACH OTHER

Problem
‘0 . 0  1.0

SITE * __________________________________________

SITE * ______________________________________________

SITE * ______________________________________________
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INFORMATION NEEDED TO MAK E
PROBABILITY ESTIMATES FOR

PUBLIC HEALTH PROBLEM :_________________

You will be asked to estimate the probability that the incidence of

_____________________ will increase above its current incidence rate at

a disposal site for waste water in the San Francisco Bay-Delta Central

Valley area. In order to help you to make that probability estimate , we

would like to obtain for you the information you need and summarize it

for each of eight sites. Please indicate below , in any order you wish ,

the information (data , desc ription , etc.) you feel you need about a dis-

posal site to make the probability estimate that the incidence of

_________________ 
will increase above its current level .

1.

2 .

3.

4.

5.

6.

7 .

8.

(If you do not have room to list all of your requirements on this sheet ,

continue your list on another sheet of paper and attach it to this one.)
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Sinc e we may not be able to obtain all of the information you have

requested , please rank order the importance of the pieces of information

you have listed , ass igning ‘1” to the most importan t piece of information

necessary f or you to mak e a probability estimate , “ 2 ”  to the next most

Important , “3” to the next , etc.

If we cannot obtain the piece of inform ation you have ranked as

least important, could you still make a judgment  of the probability

that the incidence of ___________________will increase? (Yes or No)

______  _____  J



Samp le C a l c u l a t i o n  l ur  S i t e  I ~~5

al  P r ob l  ‘ m 3 0

1< i h : t s  100 . 2 5  2. - ( JO

.i E~~t~ - r i c  \ i r u s  p o l io  I U ( )  . O~ 8. 00

~
, P l a g u t ~ 87 . 21 20,

-1 Coccid~~~donivcosi S (blacks) 8 1 - ‘~8 ~i . 34

—, I1 -O~~L- 1L ei-~ h e p a t i t i s  8 . 0 9  7 . ~

Encep h a l i t i s  52 - 50 ‘~e

7 1 yp hoid 49 . 08 3. ‘~2

8 Heavy metal effects:
lead and ,.inc/cadmium 47 . 21 q s7

‘4 Nlurine typ hus f e v e r  42 . 04 1. o~

10 Other salmonella 39 . 0~ 3. 12

ii Parasitical: E. hys tol y ti ca 33 . 02 . 66

12 Coccidioidomycosi s (whites) 24 . 98 23. 52

13 Shi gel la  
- 

2 1 . 08 1. 68

14 N i t r a t e s  e f f ec t  20 . 0 0  . 00

15 Ma la r i a  17 . 20 3. 40

I t ,  Tula reinia 15 .75 11 .25

17 Lep tosp i ros i s  14 .47  b. 58

18 Nuisance:  p a s t u r e  mosqui toes  7 . 99 6. 03

19 E n t e r i c  v i r u s :  adeno 4 . 08 . 32

20 Nuisance :  b i t ing  f l i e s  4 . 99 3. 96

21 Enteric virus: echo 0 . 08 . 00

22 Nu i sance :  rodent s 0 . 7 3  .00

2 3  N u i s a n c e :  o d o r s  0 . 0 0  . 00

TOTAL 841 269. 67

S 5 = � S~P~~1 /� Si = 2t ’~. t ,7/ 84 1 = . 32
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