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E x e c u t i v e SummarY 

T h e c o n t r i b u t i o n f r o m v a r i o u s s o u r c e s i n c l u d i n g h o u s e h o l d 
c l e a n i n g p r o d u c t s , o t h e r r e s i d e n t i a l w a s t e w a t e r , w a t e r s u p p l y and 
p e r m i t t e d i n d u s t r y t o t h e h e a v y m e t a l s i n i n f l u e n t w a s t e w a t e r a n d 
t r e a t e d e f f l u e n t w e r e d e t e r m i n e d f o r t h e w a s t e w a t e r t r e a t m e n t 
p l a n t s o f S a n J o s e / S a n t a C l a r a , P a l o A l t o a n d S u n n y v a l e , w h i c h 
a r e l o c a t e d i n t h e S o u t h e r n S a n F r a n s i s c o B a y A r e a o f C a l i f o r n i a . 
H e a v y m e t a l s c o n t r i b u t i o n s f r o m t h e s e s o u r c e s w e r e d e t e r m i n e d and 
c o m p a r e d t o t h e i r r e s p e c t i v e c u r r e n t and p r o p o s e d N a t i o n a l 
P o l l u t i o n D i s c h a r g e E l i m i n a t i o n S y s t e m (NPDES) p e r m i t l i m i t s . 

T h e h e a v y m e t a l s s t u d i e d w e r e a r s e n i c , cadmium, chromium, 
c o p p e r , l e a d , m e r c u r y , n i c k e l , s i l v e r a nd z i n c . I n no c a s e w e r e 
h o u s e h o l d c l e a n i n g p r o d u c t s t h e m a j o r h e a v y m e t a l c o n t r i b u t o r t o 
i n f l u e n t w a s t e w a t e r o r w a s t e w a t e r e f f l u e n t s . T h e h i g h e s t h e a v y 
m e t a l c o n t r i b u t i o n f r o m h o u s e h o l d c l e a n i n g p r o d u c t s was f o r 
a r s e n i c , w h i c h r e s p e c t i v e l y a c c o u n t e d f o r 73 p e r c e n t o f t h e 
r e s i d e n t i a l c o n t r i b u t i o n , 13 p e r c e n t o f t h e i n f l u e n t a n d e f f l u e n t 
w a s t e w a t e r c o n t e n t b u t o n l y 5 p e r c e n t and 3 p e r c e n t o f t h e 
c u r r e n t a n d p r o p o s e d NPDES p e r m i t l i m i t s . A l l o t h e r h o u s e h o l d 
c l e a n i n g p r o d u c t h e a v y m e t a l s c o n t r i b u t i o n s t o i n f l u e n t a n d 
e f f l u e n t w a s t e w a t e r a n d t o c u r r e n t and p r o p o s e d d i s c h a r g e l i m i t s 
w e r e b e l o w 1 p e r c e n t o f t h e t o t a l m e t a l p r e s e n t . 
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O b j e c t i v e 

The o v e r a l l o b j e c t i v e o f t h i s s t u d y w as t o d e t e r m i n e t h e 
c o n t r i b u t i o n o f h e a v y m e t a l s t o w a s t e w a t e r s f r o m h o u s e h o l d 
c l e a n i n g p r o d u c t s . Due t o r e c e n t r e v i s i o n s t o t h e NPDES 
d i s c h a r g e r e q u i r e m e n t s t o S a n F r a n c i s c o B a y a n d e s p e c i a l l y f o r 
t h e s h a l l o w S o u t h e r n S a n F r a n c i s c o B a y t h e s t u d y l o c a t i o n w as 
d e f i n e d a s t h e S o u t h e r n S a n F r a n c i s c o B a y A r e a , s p e c i f i c a l l y t h e 
a r e a t r i b u t a r y t o t h e w a s t e w a t e r t r e a t m e n t p l a n t s a t S a n 
J o s e / S a n t a C l a r a , P a l o A l t o , and S u n n y v a l e , C a l i f o r n i a . T h e s e 
w a s t e w a t e r t r e a t m e n t p l a n t s s e r v e a t o t a l p o p u l a t i o n o f 
a p p r o x i m a t e l y 1.2 m i l l i o n p e o p l e . 

Approach 

T h i s p r o j e c t i n v o l v e d t h e d e t e r m i n a t i o n o f t h e f r a c t i o n a l 
c o n t r i b u t i o n o f h e a v y m e t a l s f r o m i d e n t i f i a b l e s o u r c e s , t o t h e 
t o t a l i n f l u e n t m u n i c i p a l w a s t e w a t e r h e a v y m e t a l s l o a d i n g , t o t h e 
e f f l u e n t h e a v y m e t a l s l o a d i n g , and t o t h e c u r r e n t a n d p r o p o s e d 
h e a v y m e t a l s d i s c h a r g e s t a n d a r d s . I n a d d i t i o n , t h e h e a v y m e t a l s 
c o n t r i b u t i o n f r o m t h e r e s i d e n t i a l component o f t h e i n f l u e n t 
w a s t e w a t e r w a s d e t e r m i n e d . 

The s t u d y i n v o l v e d t h e f o l l o w i n g : 

( i ) a c o m p r e h e n s i v e l i t e r a t u r e r e v i e w o f e x i s t i n g d a t a 
on h e a v y m e t a l s c o n t e n t s o f h o u s e h o l d c l e a n i n g 
p r o d u c t s , r e s i d e n t i a l w a s t e w a t e r a n d m u n i c i p a l 
w a s t e w a t e r ; 

( i i ) u s e s u r v e y a n d s a m p l i n g a n d a n a l y s i s o f s e l e c t e d 
h o u s e h o l d c l e a n i n g p r o d u c t s ; 

( i i i ) r e v i e w o f h e a v y m e t a l s l o a d i n g s a n d t h e i r s o u r c e 
c a t e g o r i e s i n t h e i n f l u e n t t o t h e S a n J o s e / S a n t a 
C l a r a , P a l o A l t o and S u n n y v a l e w a s t e w a t e r t r e a t m e n t 
p l a n t s ; 

( i v ) d e t e r m i n a t i o n o f t h e " n e t r e s i d e n t i a l " ( r e s i d e n t i a l 
m i n u s w a t e r s u p p l y ) h e a v y m e t a l s l o a d i n g s ; 

(V) d e t e r m i n a t i o n o f t h e i n f l u e n t m u n i c i p a l w a s t e w a t e r 
m i n u s p e r m i t t e d i n d u s t r i a l h e a v y m e t a l s l o a d i n g ; 

( v i ) d e t e r m i n a t i o n o f t h e h e a v y m e t a l s l o a d i n g s i n t h e 
e f f l u e n t s f r o m t h e S a n J o s e / S a n t a C l a r a , P a l o A l t o 
a n d S u n n y v a l e w a s t e w a t e r t r e a t m e n t p l a n t s ; a n d 

( v i i ) p r e p a r a t i o n o f a r e p o r t i d e n t i f y i n g t h e c o n t r i b u t i o n 
o f h o u s e h o l d c l e a n i n g p r o d u c t s t o t h e h e a v y m e t a l s 
l o a d s i n 1) i n f l u e n t m u n i c i p a l w a s t e w a t e r 2) t h e 
w a s t e w a t e r e f f l u e n t 3) t h e c u r r e n t a n d f u t u r e 
p r o p o s e d e f f l u e n t NPDES l i m i t s a n d 4) t h e n e t 
r e s i d e n t i a l w a s t e w a t e r . 
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I t e m s ( i ) a n d ( v i i ) w e r e c o n d u c t e d by t h e a u t h o r s ; i t e m ( i i ) 
was p e r f o r m e d b y t h e N u t r i t i o n N e t w o r k , L a g u n a B e a c h , CA 
( s a m p l i n g ) a n d H a z e l t o n L a b o r a t o r i e s A m e r i c a , I n c . , M a d i s o n , WI 
( c o m p o s i t i n g a n d h e a v y m e t a l s a n a l y s i s ) ; i t e m s ( i i i ) a n d ( v i ) 
w e r e o b t a i n e d f r o m r e p o r t s p r e p a r e d by CH2M H i l l , I n c . , 
E m e r y v i l l e , CA ( f o r t h e S a n J o s e / S a n t a C l a r a p l a n t ) , J.M. 
Montgomery E n g i n e e r s , I n c . , W a l n u t C r e e k , CA ( f o r t h e P a l o A l t o 
p l a n t ) , a n d E i s e n b e r g a n d O l i v i e r i and A s s o c i a t e s , I n c . , O a k l a n d , 
CA ( f o r t h e S u n n y v a l e p l a n t ) ; i t e m s ( i v ) a n d ( v ) w e r e c a l c u l a t e d 
b y t h e a u t h o r s f r o m d a t a c o l l e c t e d by t h e o r g a n i z a t i o n s l i s t e d i n 
( i i i ) f o r t h e t h r e e t r e a t m e n t p l a n t s s t u d i e d . 

L i t e r a t u r e Review-Heavy M e t a l s C o n t r i b u t i o n s t o W a s t e w a t e r 

I n t h i s s t u d y , h e a v y m e t a l s c o n t r i b u t i o n s g e n e r a l l y a r e 
e x p r e s s e d i n t e r m s o f a p e r c a p i t a mass l o a d i n g w i t h t h e u n i t s o f 
m g / c a p i t a / d a y . I n c a s e s w h e r e i t was n o t p o s s i b l e t o r e l i a b l y 
d e t e r m i n e p e r c a p i t a mass l o a d i n g ( e . g . f o r h i s t o r i c a l d a t a on 
h o u s e h o l d c l e a n i n g p r o d u c t h e a v y m e t a l s c o n t e n t s ) c o n c e n t r a t i o n 
d a t a w e r e r e p o r t e d . 

F o r t h e p u r p o s e s o f t h i s s t u d y t h e s o u r c e c a t e g o r i e s f o r 
h e a v y m e t a l s i n t h e i n f l u e n t w a s t e w a t e r a r e i d e n t i f i e d a s 
f o l l o w s : 

( i ) w a t e r s u p p l y — t h o s e h e a v y m e t a l s p r e s e n t i n t h e 
m u n i c i p a l w a t e r s u p p l y , 

( i i ) d o m e s t i c c o n t r i b u t i o n — t h o s e h e a v y m e t a l s 
c o n t r i b u t e d b y r e s i d e n t i a l w a t e r u s a g e e x c l u d i n g t h e 
h e a v y m e t a l s c o n t r i b u t i o n f r o m t h e w a t e r s u p p l y , 

( i i i ) p e r m i t t e d i n d u s t r y — t h o s e h e a v y m e t a l s c o n t r i b u t e d 
by i n d u s t r i e s d e f i n e d by t h e EPA P r e t r e a t m e n t 
P r o g r a m o r t h e l o c a l a g e n c y a s s i g n i f i c a n t 
d i s c h a r g e s o r c a t e g o r i c a l i n d u s t r i e s . 

( i v ) n o n - p e r m i t t e d i n d u s t r y — t h o s e h e a v y m e t a l s 
c o n t r i b u t e d by i n d u s t r i e s w h i c h a r e r e g u l a t e d b y 
l o c a l l i m i t s e s t a b l i s h e d u n d e r t h e EPA P r e t r e a t m e n t 
R e g u l a t i o n s , 

( v ) c o m m e r c i a l a c t i v i t i e s — t h o s e h e a v y m e t a l s 
c o n t r i b u t e d by c o m m e r c i a l e s t a b l i s h m e n t s a n d 
b u s i n e s s e s , I 

( v i ) i n f i l t r a t i o n a nd i n f l o w — t h o s e h e a v y m e t a l s 
c o n t r i b u t e d by i n f i l t r a t i o n a n d i n f l o w i n t o t h e 
s e w e r s y s t e m . 

F o r t h e p u r p o s e o f t h i s s t u d y , t h e s e a s o n a l v a r i a t i o n due t o 
i n f i l t r a t i o n was assumed t o be n e g l i g i b l e . 
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T h e l i t e r a t u r e r e v i e w p r o d u c e d 15 r e f e r e n c e s i n w h i c h t h e 
i n f l u e n t m u n i c i p a l w a s t e w a t e r l o a d s o f h e a v y m e t a l s e x c l u s i v e o f 
c o n t r i b u t i o n s f r o m p e r m i t t e d i n d u s t r i e s w e r e p r e s e n t e d , o r c o u l d 
be d e r i v e d . T a b l e 1 p r e s e n t s a summary o f t h i s d a t a , a n d a 
c o m p u t a t i o n o f r a n g e s and a v e r a g e v a l u e s . A g a i n t h e s e d a t a 
r e p r e s e n t t h e t o t a l m u n i c i p a l w a s t e w a t e r w i t h o n l y t h e " p e r m i t t e d 
i n d u s t r y c a t e g o r y " ( w h e r e known) e x c l u d e d ; t h e r e f o r e t h e y s h o u l d 
n o t be c o n s t r u e d a s r e s i d e n t i a l c o n t r i b u t i o n d a t a . 

I t i s e s s e n t i a l t o r e a d t h e i n f o r m a t i o n i n t h e f o o t n o t e s o f 
T a b l e 1 t o u n d e r s t a n d t h e s o u r c e s and c o n d i t i o n s u n d e r w h i c h t h e 
d a t a w e r e o b t a i n e d , and t h e a s s u m p t i o n s a n d c a l c u l a t i o n s w h i c h 
w e r e r e q u i r e d t o e x p r e s s t h e h e a v y m e t a l s c o n t r i b u t i o n s on a p e r 
c a p i t a b a s i s . Where no s p e c i f i c sewage f l o w d a t a w e r e a v a i l a b l e 
t o compute p e r c a p i t a h e a v y m e t a l s l o a d i n g f r o m h e a v y m e t a l s 
c o n c e n t r a t i o n d a t a , i t was assumed t h a t t h e d o m e s t i c s e w a g e f l o w 
was 100 g a l / c a p i t a / d a y . 

A r e v i e w o f t h e l i t e r a t u r e t u r n e d up a f e w i n s t a n c e s w h e r e 
j u s t t h e r e s i d e n t i a l c o n t r i b u t i o n o f h e a v y m e t a l s c o u l d be 
d e t e r m i n e d . Most o f t h e d a t a a v a i l a b l e w e r e f o r " d o m e s t i c 
s e w a g e " w h i c h c e r t a i n l y c o n t a i n e d h e a v y m e t a l s c o n t r i b u t i o n s f r o m 
t h e w a t e r s u p p l y ( d u e t o c o r r o s i o n , a d d i t i o n o f c o r r o s i o n c o n t r o l 
p r o d u c t s a n d o t h e r n a t u r a l phenomena), a n d l i k e l y a l s o f r o m n o n -
p e r m i t t e d i n d u s t r i e s and c o m m e r c i a l a c t i v i t i e s . T h e a v a i l a b l e 
d a t a f o r " n e t r e s i d e n t i a l " c o n t r i b u t i o n ( r e s i d e n t i a l c o n t r i b u t i o n 
l e s s t h e h e a v y m e t a l s c o n t r i b u t i o n f r o m t h e w a t e r s u p p l y ) a r e 
p r e s e n t e d i n T a b l e 2, t o g e t h e r w i t h t h e r a n g e a n d a v e r a g e o f t h e 
a v a i l a b l e d a t a . 

S i m i l a r l y , v e r y l i t t l e d a t a w e r e a v a i l a b l e on t h e h e a v y 
m e t a l s c o n t e n t o f h o u s e h o l d c l e a n i n g p r o d u c t s . T h e i n f o r m a t i o n 
o b t a i n e d i s p r e s e n t e d i n T a b l e 3. The d a t a i n T a b l e 3 a r e 
e x p r e s s e d on a " c o n c e n t r a t i o n i n t h e p r o d u c t b a s i s " b e c a u s e o f 
t h e d i f f i c u l t i e s i n c a l c u l a t i n g t h e p e r c a p i t a u s a g e r a t e s . T h e 
t y p e s o f p r o d u c t s a n a l y z e d a r e i n d i c a t e d i n t h e f o o t n o t e s . 
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TABLE 1 

LITERATURE REVIEW VALUES FOR INFLUENT MUNICIPAL WASTEWATER HEAVY METALS LOADS EXCLUSIVE OF HEAVY METALS FROM PERMITTED INDUSTRIES 

(mg/capita/day) 

Metal 

1 

Study No. 

8 9 10 11 12 13 14 15 16 17 18 

Range of 
a l l data^ 

Average of 
a l l data^ 

Cd 

CP, 

Cu 

Pb 

Ni 

Hg 

Zn 

7.3 5.0 

36 

83 

36 

95 

2.7 

28 45 

5.4 9.1 

0.2 3.3 

8.3 3.2 3.9 4.6 

45 45 11 27 

77 95 

6.1 15 

3.8 9.9 

0.2 0.2 

74 46 

0.8 0.4 

2.2 1.7 

3.9 33 

3.7 9.5 

7.5 6.5 

0.1 0.2 

2.3 1.7 

31 8.8 

68 

44 

32 

46 

12 

18 

0 0.6 <7 

6 

30 

50 

8 

<7 

<7 

<7 

15 

<6 <10 

<12 <20 

20 81 

<6 <10 

33 10 

13 79 180 120 

0.2 0.03 0.1 0.4 

100 19 39 40 

0.6 0.25 

9.1 1.4 

79 

28 

18 

5.0 

1.9 

79 63 

0.054 

0.60 

2.8 

1.6 

0.50 

27 

0.10 

0.53 

3.3 

0.71 

0.45 

23 

0.054-7.3 

0.1-36 

2.8-83 

0.71-50 

0.45-36 

0.03-0.4 

13-180 

1.9 

7.8 

37 

19 

13 

0.18 

68 

^Values of "less than" a certain value were omitted 

Source of d a t a f o r Study No.: E x p l a n a t i o n of Data i n T a b l e 1: 

1. New York, NY - Davis and Jacknow (1975) 
2. Pittsburg, PA - Davis and Jacknow (1975) 
3. Muncie, IN - Davis and Jacknow (1975) 
4. Federal Republic of Germany - Nolte (1985) 
5. Martinez, CA - Montgomery Engineers (1985) 
6. Oakdale, IL - Gurnham and Associates (1979) 
7. Hanover Park, IL - Gurnham and Associates (1979) 
8. San Francisco, CA - L. Walker and Associates (1987) 
9. San Jose, CA - L. Walker and Associates (1987) 
10. East Bay Municipal U t i l i t i e s D i s t r i c t , Oakland, CA 

- L. Walker and Associates (1987) 
11. Federal Republic of Germany - ATV (1982) 
12. Elmvale, Ontario, Canada - Atkins et. a l . (1978) 
13. Shelburn, Ontario, Canada - Atkins et. a l . (1978) 
14. Burlington, Ontario, Canada - Atkins et. a l . (1978) 
15. New York, NY - Klein et. a l . (1974) 
16. Yokosuka, Japan - Moriyama et. a l . (1989) 
17. Hachinohe, Japan - Moriyama et. a l . (1989) 
18. Hakodate, Japan - Moriyama et. a l . (1989) 

Study No. 

1.2. and 3. 
4. 

5. 

6. and 7. 
8.9. and 10. 

11. 

12.13. and 14. 

15. 

16.17.and 18. 

Data given in cited paper as "residential contributions" were used. 
Calculated d i r e c t l y from heavy metals load (domestic + small industry) 
and population given in cited paper. 
Total heavy metals load from Central Contra Costa Sanitary D i s t r i c t 
(Table 1 in cited report) minus industrial metals load (Table 9 in 
cited report) divided by population (assumed 100 gal sewage/cap/day 
and 36.4 MOD sewage flow). 
Data calculated in cited report. 
Figures VII-2, VII-3 and VII-4 in cited report give total and 
industrial heavy metals contributions. Industrial contributions were 
subtracted from total contributions and divided by a per capita sewage 
contribution of 100 gal/cap/day. Tributary populations were obtained 
from sewage flows. 
Data given in cited report for heavy metals. 
Data given in cited report for heavy metals concentration, flow and 
population; solely domestic wastewater systems. 
Data given in Table I I of paper for residential wastewater was 
averaged on a flow-weighted basis and 100 gal/cap/day sewage flow 
assumed. 
Data given in Table 3 of paper for influent domestic sewage. 



T A B L E 2 

NET RESIDENTIAL 
(RESIDENTIAL MINUS WATER SUPPLY) 

HEAVY METALS CONTRIBUTIONS 

(mg/cap/day) 

Metal 1^ 2a 
Study No. 

3̂ ^ 4^ 5^ Range of 
Data 

Average 
of Data 

Average of 
Data from 
Current 
Study'^ 

As - - - - - - - -

Cd 0.33 0.33 2.2 0.15 0.059 0.059-2.2 0.61 0.21 

Cr, 1.1 1.1 1.3 0.56 0.33 0.33-1.3 0.88 0.56 

Cu 2.5 1.9 1.2 47 3.6 1.2-47 11 11 

Pb 1.9 6.1 - 3.6 2.5 1.9-6.1 3.5 1.8 

Hg 3.8 1.1 - - - 1.1-3.8 2.4 0.14 

Ni 0.02 0 1.1 1.3 0.32 0-1.3 0.54 0.47 

Ag - - - - - - - -
Zn 0.61 57 1.6 41 19 0.61-57 24 no 

^Gurnham et al. (1979) 
^Calculated from Klein et al. (1974) 
^Moriyama et al. (1989) 
^ee Table 14 this report 

Source of data for Study No.: 

1 Oakdale, I L 
2 Hanover Park, I L • 
3 New York City, NY 
4 Yokosuka, Japan 
5 Hachinohe, Japan 

6 



T A B L E 3 

HEAVY METALS CONCENTRATION IN HOUSEHOLD CLEANING PRODUCTS 
(mg/kg dry weight of product) 

(ppm) 

Metal Study No. 
1^ 2 3 4 5 6 7 

Cd 0.007-1.1 - - _ - _ 0.55-1.9\ 
0.44-0.52^ 

Cr^ <0.01-0.66 - 3-9.2^ - 0.34^ <1.0-2.9 11-12^ 
0.4-1.4'' O" 1.5-2.1'' 

Cu 0.01-5.1 - - . - - 9.2-17^^ 
1.1-2.0'' 

Pb <0.002-0.019 - - - - -0.41-2.4^ 
0.45-0.77'' 

Ni 0.03-22.5 2-9 3.8-7.2^ 0.17-0.89 - <1.0-5.7 450-700^ 
0.7-2.0^ 15-29'' 

Hg - - - - - - 0.005-0.025^ 
0.001-0.008'' 

Zn 1.2-164 - - - - - 3.0-8.9^ 
3.0-3.6'' 

^powder detergents 
''liquid detergents 
'^"water soluble metals" 

Source of data for Study No.: 

1 Federal Republic of Germany - Muller (1985); 31 laundry detergents; 1 presoak; 1 decalcifier. 
2 The Netherlands - Malten et al. (1964); detergents. 
3 Austria - Ebner et al. (1978); powder and liquid detergents. 
4 Switzerland - Baselgia (1967); data for 11 synthetic detergents. 
5 The Netherlands - Oleffe et al. (1971); powder and liquid detergents. 
6 Sweden - Wahlberg et. al. (1977); detergents. 
7 U.S.A. - Gurnham and Associates (1979); liquid laundry soap and powder laundry soap. 
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A s s e s s m e n t o f V a r i o u s C a t e c r o r i e s o f Heavy M e t a l s I n p u t s t o 
Was t e w a t e r T r e a t m e n t P l a n t s 

T h r e e s t u d i e s h a v e r e c e n t l y b e e n c o n d u c t e d a s p a r t o f a 
d i s c h a r g e p e r m i t a s s i s t a n c e p r o g r a m f o r t h e c i t i e s o f P a l o A l t o , 
S u n n y v a l e a n d S a n J o s e / S a n t a C l a r a w a s t e w a t e r t r e a t m e n t p l a n t s . 
T h e s t u d i e s a r e d e s c r i b e d i n t h r e e s e p a r a t e r e p o r t s r e s p e c t i v e l y 
by J a m e s M. Montgomery E n g i n e e r s , I n c . , W a l n u t C r e e k , CA ( 1 9 8 9 ) ; 
CH2M H i l l , I n c . , E m e r y v i l l e , CA ( 1 9 8 9 ) , a n d E i s e n b e r g O l i v i e r i 
a n d A s s o c i a t e s , I n c . , O a k l a n d , CA ( 1 9 8 9 ) . 

T h e d e t a i l s o f t h e s e s t u d i e s a n d t h e i r f i n d i n g s w i l l n o t be 
d i s c u s s e d h e r e , r a t h e r a b r i e f summary o f t h e i r a p p r o a c h e s w i l l 
be p r e s e n t e d . I n e a c h c a s e , e x i s t i n g h e a v y m e t a l s c o n c e n t r a t i o n s 
and i n f l u e n t w a s t e w a t e r f l o w d a t a w e r e u s e d t o d e t e r m i n e t o t a l 
h e a v y m e t a l s l o a d t o t h e w a s t e w a t e r t r e a t m e n t p l a n t s . T h e n t h e 
e x i s t i n g h e a v y m e t a l s c o n c e n t r a t i o n s a n d w a t e r u s a g e d a t a w e r e 
u s e d t o d e t e r m i n e h e a v y m e t a l s c o n t r i b u t i o n s f r o m t h e w a t e r 
s u p p l y . E x i s t i n g h e a v y m e t a l s c o n c e n t r a t i o n s a n d i n d u s t r i a l 
w a s t e f l o w d a t a w e r e s u b s e q u e n t l y u s e d t o d e t e r m i n e c o n t r i b u t i o n s 
f r o m p e r m i t t e d i n d u s t r i e s ; t h e s e c o n t r i b u t i o n s w e r e v e r i f i e d b y 
l i m i t e d f i e l d s a m p l i n g and a n a l y s i s . 

T h e f l o w s a n d h e a v y m e t a l s c o n t r i b u t i o n s f r o m n o n - p e r m i t t e d 
i n d u s t r i e s , r e s i d e n t i a l s o u r c e s c o v e r i n g a w i d e r a n g e o f s o c i o 
e c o n o m i c a r e a s a n d c o m m e r c i a l s o u r c e s w e r e a s s e s s e d b y s a m p l i n g 
p r o g r a m s . T h e s a m p l i n g p r o g r a m s f o r n o n - p e r m i t t e d i n d u s t r i e s a n d 
c o m m e r c i a l s o u r c e s w e r e c o n d u c t e d i n d i v i d u a l l y f o r e a c h c i t y . 
T h e r e s u l t s o f s a m p l i n g and a n a l y s i s f o r r e s i d e n t i a l h e a v y m e t a l s 
c o n t r i b u t i o n s f o r a l l t h r e e c i t i e s w e r e p o o l e d . 

A common p r o b l e m , e s p e c i a l l y w i t h h i s t o r i c a l d a t a f o r h e a v y 
m e t a l s c o n c e n t r a t i o n s i n w a t e r s u p p l i e s , w a s t h a t t h e e x i s t i n g 
r e p o r t e d c o n c e n t r a t i o n s o f many h e a v y m e t a l s w e r e b e l o w t h e 
d e t e c t i o n l i m i t s f o r t h e a n a l y t i c a l m e thods e m p l o y e d . I n t h e s e 
s i t u a t i o n s t w o a s s u m p t i o n s w e r e made: ( i ) t h e h e a v y m e t a l was 
p r e s e n t a t t h e d e t e c t i o n l i m i t c o n c e n t r a t i o n a n d , ( i i ) t h e h e a v y 
m e t a l c o n c e n t r a t i o n was z e r o . When t h i s s i t u a t i o n o c c u r r e d , t h e 
a v e r a g e o f t h e s e t wo v a l u e s was t a k e n f o r o u r c a l c u l a t i o n s . To 
c o n v e r t t h e v a r i o u s h e a v y m e t a l s l o a d i n g s t o a p e r c a p i t a b a s i s , 
i t was n e c e s s a r y t o know t h e p o p u l a t i o n t r i b u t a r y t o e a c h o f t h e 
w a s t e w a t e r t r e a t m e n t p l a n t s . F o r P a l o A l t o t h e p o p u l a t i o n w as 
1 9 4 , 0 0 0 , f o r S u n n y v a l e 1 2 0 , 0 0 0 , and f o r S a n J o s e / S a n t a C l a r a 
8 7 5 , 0 0 0 . 

I n T a b l e 4, t h e h e a v y m e t a l s c o n t e n t s o f t h e . i n f l u e n t 
m u n i c i p a l w a s t e w a t e r s l e s s t h o s e f r o m p e r m i t t e d i n d u s t r i e s f o r 
t h e t h r e e t r e a t m e n t p l a n t s w e r e compared t o t h e r a n g e a n d a v e r a g e 
o f t h e c o r r e s p o n d i n g d a t a f r o m t h e l i t e r a t u r e r e v i e w p r e s e n t e d i n 
T a b l e 1 . C o n t r i b u t i o n s o f z i n c and m e r c u r y f o r S a n J o s e / S a n t a 
C l a r a w e r e a b o v e t h e h i g h e s t r e p o r t e d l i t e r a t u r e s u r v e y v a l u e s . 
T h e c o n t r i b u t i o n o f c o p p e r f o r S a n J o s e / S a n t a C l a r a w as a t t h e 
h i g h e n d o f t h e l i t e r a t u r e s u r v e y v a l u e s . P e r h a p s t h e m e r c u r y 
d a t a r e f l e c t t h e p r e s e n c e o f c i n n a b a r (HgS) t h r o u g h o u t t h e 
S o u t h e r n S a n F r a n c i s c o B a y A r e a , a n d t h e z i n c l e v e l s r e f l e c t t h e 
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T A B L E 4 

COMPARISON OF STUDY AREA INFLUENT MUNICIPAL WASTEWATER 
MINUS PERMITTED INDUSTRY HEAVY METALS LOADS 

WITH DATA FROM PREVIOUS STUDIES 
(mg/cap/day)'' 

Metal 

Range of values 
of previous 
studies^ 

Average 
of previous 
studies^ 

San Jose/ 
Santa 
Clara 

Palo 
Alto Sunnyvale 

Flow-weighted 
average of the 
three plants 

As - - 2.3 1.3 2.2 2.1 

Cd 0.054-7.3 1.9 3.3 2.2 1.9 3.0 

Cr, 0.1-36 7.8 21 6.2 6.3 17 

Cu 2.8-83 37 80 36 50 70 

Pb 0.71-50 19 22 8.6 3.3 18 

Hg 0.03-0.4 0.18 0.52 0.14 - 0.46^ 

Ni 0.45-36 13 21 1.8 - 17^ 

Ag - - 5.0 5.8 0.6 4.7 

Zn 13-180 68 220 84 - 190" 

^From Table 1 
^All data rounded to 2 figures where > 1.0 and to 1 figure where < 1.0 
^Data for San Jose and Palo Alto only 
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i m p a c t o f s o f t w a t e r , t h e u s e o f z i n c o r t h o p h o s p h a t e a s a w a t e r 
d i s t r i b u t i o n s y s t e m c o r r o s i o n i n h i b i t o r a n d t h e s i l i c o n i n d u s t r y 
b a s e . 

A s s e s s m e n t o f Heavy M e t a l s C o n t r i b u t i o n by H o u s e h o l d C l e a n i n c r 
P r o d u c t s 

A p r o d u c t s a m p l i n g , c o m p o s i t i n g a n d a n a l y s i s p r o g r a m was 
c o n d u c t e d b y H a z e l t o n L a b o r a t o r i e s A m e r i c a , I n c . t o d e t e r m i n e t h e 
h e a v y m e t a l s c o n c e n t r a t i o n s i n a r a n g e o f h o u s e h o l d c l e a n i n g 
p r o d u c t s t h a t i n c l u d e d powder l a u n d r y d e t e r g e n t s , l i q u i d l a u n d r y 
d e t e r g e n t s , l i q u i d b l e a c h e s , powder b l e a c h e s , l i q u i d f a b r i c 
s o f t e n e r s , l i q u i d h a n d d i s h w a s h i n g d e t e r g e n t s , l i q u i d a u t o m a t i c 
d i s h w a s h i n g d e t e r g e n t s a n d powder a u t o m a t i c d i s h w a s h i n g 
d e t e r g e n t s . T h e s p e c i f i c b r a n d u s a g e d a t a w i t h i n e a c h o f t h e s e 
c a t e g o r i e s was o b t a i n e d f r o m a m a r k e t s u r v e y b y A. C. N e i l s e n f o r 
t h e S a n F r a n c i s c o a n d L o s A n g e l e s m a r k e t s ( T a b l e 2 4 , A p p e n d i x 1 ) . 
B a s e d on t h i s i n f o r m a t i o n a w e i g h t i n g f a c t o r w a s a s s i g n e d t o e a c h 
o f t h e b r a n d s w i t h i n a p r o d u c t c a t e g o r y , a n d a c o m p o s i t e s a m p l e 
r e p r e s e n t i n g t h e u s a g e o f t h e p r o d u c t c a t e g o r y w a s d e v e l o p e d 
( T a b l e 2 5 , A p p e n d i x 1 ) . F o r a l l p r o d u c t s , e x c e p t l i q u i d b l e a c h 
( 6 3 p e r c e n t ) , t h i s p r o c e d u r e r e s u l t e d i n 80 p e r c e n t o r more o f 
t h e m a r k e t s h a r e b e i n g r e p r e s e n t e d i n t h e c o m p o s i t e s a m p l e s . 

I n d i v i d u a l b r a n d name s a m p l e s w e r e c o l l e c t e d f r o m r e t a i l 
o u t l e t s i n P a l o A l t o , S a n J o s e , and S u n n y v a l e . An a t t e m p t was 
made t o c o l l e c t i d e n t i c a l u n i t s i z e s o f a l l p r o d u c t s i n e a c h 
c a t e g o r y , b u t due t o l o c a l l i m i t a t i o n s i n p r o d u c t a v a i l a b i l i t y , 
s e v e r a l o m i s s i o n s o r s u b s t i t u t i o n s w e r e n e c e s s a r y . T h e t a r g e t 
c o m p o s i t i n g p r o c e d u r e and any d e v i a t i o n s f r o m i t a r e p r e s e n t e d i n 
T a b l e 2 5 , A p p e n d i x 1 . 

The a n a l y s i s o f c o m p o s i t e c l e a n i n g p r o d u c t s a m p l e s f o r h e a v y 
m e t a l s was by a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t r y u s i n g t h e 
p r e t r e a t m e n t a n d a n a l y t i c a l methods g i v e n i n A p p e n d i x 2. T h e 
a n a l y t i c a l r e s u l t s a r e s u m m a r i z e d i n T a b l e 5. E a c h c l e a n i n g 
p r o d u c t c o m p o s i t e s a m p l e was a n a l y z e d i n d u p l i c a t e . T h e 
a g r e e m e n t b e t w e e n t h e d u p l i c a t e s was a l w a y s good ( l e s s t h a n 2 0 
p e r c e n t r e l a t i v e p e r c e n t d i f f e r e n c e ) . T y p i c a l l y , z i n c h a d t h e 
w i d e s t v a r i a t i o n b e t w e e n d u p l i c a t e s . V a l u e s f o r c h romium, 
m e r c u r y , n i c k e l , a n d s i l v e r w e r e a l l l o w e r t h a n t h e d e t e c t i o n 
l i m i t . O n l y one c l e a n i n g p r o d u c t c o m p o s i t e s a m p l e ( l i q u i d 
a u t o m a t i c d i s h w a s h i n g d e t e r g e n t ) c o n t a i n e d l e a d a t a 
c o n c e n t r a t i o n g r e a t e r t h a n t h e d e t e c t i o n l i m i t . 

T h e n a t i o n a l (USA) a v e r a g e p e r c a p i t a c o n s u m p t i o n o f t h e 
v a r i o u s h o u s e h o l d c l e a n i n g p r o d u c t s i n c l u d e d i n t h e s t u d y was 
d e t e r m i n e d f r o m p r o d u c t u s e d a t a o b t a i n e d b y p e r s o n a l 
c o m m u n i c a t i o n w i t h some o f t h e c o m p a n i e s m a n u f a c t u r i n g t h e 
p r o d u c t s s t u d i e d i n c o m b i n a t i o n w i t h p u b l i s h e d p o p u l a t i o n d a t a . 
T h i s i n f o r m a t i o n i s s u m m a r i z e d i n T a b l e 6 i n t e r m s o f t o t a l 
a n n u a l USA p r o d u c t c o n s u m p t i o n , and i n T a b l e 7 on a p e r c a p i t a 
b a s i s . T h e f o o t n o t e s t o t h e s e t a b l e s d e s c r i b e t h e s o u r c e s o f t h e 
d a t a . 
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TABLE 5 

HEAVY METAL CONCENTRATIONS I N COMPOSITE SAMPLES OF HOUSEHOLD CLEANING PRODUCTS 

A n a l y t e C o n c e n t r a t i o n (mg/kg)^ 
P r o d u c t A s Cd Cu Pb N i Hg Ag Zn 

Powder L a u n d r y D e t e r g e n t 13.8 
13.8 

0.28 
0.25 

<1 
<1 

0.49 
0.49 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

6.82 
7.72 

L i q u i d L a u n d r y D e t e r g e n t 0.022 
0.024 

<0.2 
<0.2 

<1 
<1 

0.21 
0.21 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

1.16 
1.16 

L i q u i d B l e a c h 0.005 
0.005 

<0.2 
<0.2 

<1 
<1 

<0.2 
<0.2 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

3.12 
2.65 

Powder B l e a c h 21.2 
18.8 

0.72 
0.72 

<1 
<1 

0.30 
0.30 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

5.23 
4.78 

L i q u i d F a b r i c S o f t e n e r 0.010 
0.012 

<0.2 
<0.2 

<1 
<1 

<0.2 
<0.2 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

<0.5 
<0.5 

L i q u i d Hand D i s h w a s h i n g 
D e t e r g e n t 

0.012 
0.014 

<0.2 
<0.2 

<1 
<1 

<0.2 
<0.2 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

<0.5 
<0.5 

L i q u i d A u t o m a t i c D i s h w a s h i n g 
D e t e r g e n t 

6.75 
6.50 

0.37 
0.37 

<1 
<1 

0.49 
0.59 

0.34 
0.39 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

7.72 
7.95 

Powder A u t o m a t i c 
D i s h w a s h i n g D e t e r g e n t 

17.5 
20.0 

1.06 
1.06 

<1 
<1 

2.40 
2.40 

<0.2 
<0.2 

<0.5 
<0.5 

<0.025 
<0.025 

<0.5 
<0.5 

9.31 
9.08 

^ D u p l i c a t e a n a l y s e s p r e s e n t e d 



T A B L E 6 

ANNUAL USA CONSUMPTION OF T H E VARIOUS 
CLEANING PRODUCT CATEGORIES STUDIED 

Product 
Category Annual Consumption (million Ibs/yr) 

Year 
1988-
1989^ 1988^ 1988^ 

Powdered laundry detergent 3535.2 3109.4 -
Liquid laundry detergent 2330.7 2282.9 -
Powdered machine dishwashing detergent 578.7 514.3 -
Liquid machine dishwashing detergent 215.7 222.5 -
Liquid hand dishwashing detergent 1268.3 1296.5 -
Liquid bleach - - 2402 

Powdered bleach - - 370.4 

Liquid fabric softener 1125.1 1212.9 -

^Source: Personal communication. Lever Brothers. Market volume for the period August 1988-
July 1989. 

Source: Personal communication. The Procter & Gamble Company. 1988 market volume. 

^Source: Personal communication, Clorox. 1988 market volume. 
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T A B L E 7 

USA PER CAPITA ANNUAL CONSUMPTION OF T H E VARIOUS 
CLEANING PRODUCTS STUDIED 

Product 
Category Annual Per Capita Consumption (kg/capita/yr)"^ 

Vear 
1988-
1989^ 1988'' 1988" 

Average 
of 1988-
1989 data 

Powder laundry detergent 6.5 5.7 6.1 

Liquid laundry detergent 4.3 4.2 4.3 

Powder machine dishwashing detergent 1.1 0.94 1.0 

Liquid machine dishwashing detergent 0.39 0.41 • 0.4 

Liquid hand dishwashing detergent 2.3 2.4 2.4 

Liquid bleach - 4.4 4.4 

Powder bleach - 0.68 0.7 

Liquid fabric softener 2.1 2.2 2.2 

^Source: Personal communication. Lever Brothers. Market volume for the period August 1988-
July 1989. Average of 1988 and 1989 populations used to estimate per capita use. 

Source: Personal communication. The Procter & Gamble Company. 1988 market volume. 

^Source: Personal communication, Clorox. 1988 market volume. 

^Based on total U.S. population extrapolated using data from Statistical Abstracts. 1987. - 1988: 
247 X 10^ 1989: 249 x 10^ 
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The p e r c a p i t a h e a v y m e t a l s c o n t r i b u t i o n due t o h o u s e h o l d 
c l e a n i n g p r o d u c t u s e was c a l c u l a t e d a s f o l l o w s : 

( i ) T h e d u p l i c a t e h e a v y m e t a l s a n a l y s e s shown i n T a b l e 5 w e r e 
a v e r a g e d f o r e a c h p r o d u c t c a t e g o r y ( T a b l e 8 ) . 

( i i ) Where t h e h e a v y m e t a l c o n t e n t o f a p r o d u c t c a t e g o r y was 
l e s s t h a n t h e a n a l y t i c a l d e t e c t i o n l i m i t , i t was assumed 
t h a t t h e p r o d u c t c a t e g o r y c o n t a i n e d t h e h e a v y m e t a l a t a 
c o n c e n t r a t i o n e q u a l t o t h e d e t e c t i o n l i m i t c o n c e n t r a t i o n 
( T a b l e 8 ) . T h i s a p p r o a c h t e n d e d t o o v e r e s t i m a t e t h e Cd, 
Cr^, Cu, Pb, Hg, N i , Ag, a n d Zn c o n t r i b u t i o n s o f t h e s e 
h o u s e h o l d c l e a n i n g p r o d u c t c a t e g o r i e s . 

( i i i ) T h e h o u s e h o l d c l e a n i n g p r o d u c t c a t e g o r y h e a v y m e t a l s 
c o n c e n t r a t i o n s d e r i v e d a s a b o v e ( T a b l e 8) w e r e m u l t i p l i e d 
by t h e USA p e r c a p i t a p r o d u c t c a t e g o r y c o n s u m p t i o n 
( T a b l e 7 ) . T h e a v e r a g e o f a l l 1988 a n d 1989 d a t a 
p r e s e n t e d i n T a b l e 7 was u s e d . 

The d a i l y p e r c a p i t a h e a v y m e t a l s c o n t r i b u t i o n s f r o m 
c l e a n i n g p r o d u c t u s e a g e i s p r e s e n t e d i n T a b l e 9. 

The commonly c i t e d r e f e r e n c e f o r t h e h e a v y m e t a l s 
c o n t r i b u t i o n s o f h o u s e h o l d c l e a n i n g p r o d u c t s t o w a s t e w a t e r i s 
Gurnham e t a l . ( 1 9 7 9 ) . A s i n d i c a t e d i n T a b l e 10, t h e Gurnham e t 
a l . v a l u e s f o r t h e n i c k e l c o n c e n t r a t i o n i n powder a n d l i q u i d 
l a u n d r y d e t e r g e n t s i s a l m o s t two o r d e r s o f m a g n i t u d e h i g h e r t h a n 
o t h e r v a l u e s r e p o r t e d i n t h e l i t e r a t u r e , a n d a l m o s t t h r e e o r d e r s 
o f m a g n i t u d e h i g h e r t h a n t h e n i c k e l c o n t e n t o f t h e s e p r o d u c t s 
d e t e r m i n e d i n t h e c u r r e n t s t u d y . M o r e o v e r , t h e Gurnham e t a l . 
v a l u e s f o r some o t h e r h e a v y m e t a l s c o n c e n t r a t i o n s ( e . g . c o p p e r 
and chromium) i n powder a n d l i q u i d l a u n d r y d e t e r g e n t s a p p e a r t o 
be h i g h . 
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TABLE 8 

AVERAGE HEAVY METALS CONCENTRATIONS I N CLEANING PRODUCT CATEGORIES, 

USED FOR CALCULATION OF HEAVY METALS CONTRIBUTIONS 

A v e r a g e Heavy M e t a l C o n c e n t r a t i o n i n P r o d u c t C a t e g o r y , mg/kg 
As Cd Cr^ Cu Pb Hg N i Ag Zn 

P r o d u c t C a t e g o r y 

Powder L a u n d r y D e t e r g e n t 13.8 0.26 1 0.49 0.2 0.025 0.5 0.5 7.27 

L i q u i d L a u n d r y D e t e r g e n t 0.023 0.2 1 0.21 0.2 0.025 0.5 0.5 1.16 

L i q u i d B l e a c h 0.005 0.2 1 0.2 0.2 0.025 0.5 0.5 2.89 

Powder B l e a c h 20 0.72 1 0.3 0.2 0.025 0.5 0.5 5.01 

L i q u i d F a b r i c S o f t e n e r 0 . 0 1 1 0.2 1 0.2 0.2 0.025 0.5 0.5 0.5 

L i q u i d Hand D i s h w a s h i n g 
D e t e r g e n t 

0.013 0.2 1 0.2 0.2 0.025 0.5 0.5 0.5 

L i q u i d A u t o m a t i c D i s h w a s h i n g 
D e t e r g e n t 

6.63 0.37 1 0.54 0.37 0.025 0.5 0.5 7.84 

Powder A u t o m a t i c 18.8 1.06 1 2.4 0.2 0.025 0.5 0.5 9.2 
D i s h w a s h i n g D e t e r g e n t 



TABLE 9 

DAILY PER CAPITA HEAVY HETALS CONTRIBUTION FROM CLEANING PRODUCT USE 

Product Category 

Product 
Consumpt i ons 
kg/capita/yr As Cd 

Estimated Heavy Metal Contribution, 
Cr,. Cu Pb 

mg/cap/day 
Hg Ni Ag Zn 

Powder Laundry Detergent 6.1 0.23 0.0043 0.017 0.0082 0.0033 0.00042 0.0084 0.0084 0.12 

Liquid Laundry Detergent 4.3 0.00027 0.0024 0.012 0.0025 0.0024 0.00029 0.0059 0.0059 0.014 

Liquid Bleach 4.4 0.00006 0.0024 0.012 0.0024 0.0024 0.0003 0.006 0.006 0.035 

Powder Bleach 0.7 0.037 0.0013 0.0019 0.00056 0.00037 0.00005 0.0009 0.00093 0.0093 

Liquid Fabric Softener 2.2 0.00007 0.0012 0.006 0.0012 0.0012 0.00015 0.003 0.003 0.003 

Liquid Hand Dishwashing Detergent 2.4 0.00009 0.0013 0.0066 0.0013 0.0013 0.00016 0.0033 0.0033 0.0033 

Liquid Automatic Dishwashing Detergent 0.4 0.0073 0.00041 0.0011 0.00059 0.00041 0.00003 0.00055 0.0055 0.0086 

Powder Automatic Dishwashing Detergent 1.0 0.052 0.0029 0.0027 0.0066 0.00055 0.00007 0.0014 0.0014 0.025 

Product Total 0.33 0.016 0.059 0.023 0.012 0.0015 0.029 0.029 0.22 



TABLE 10 

COMPARISON OF CURRENT DATA ON HEAVY METALS CONCENTRATIONS I N 
POWDER AND LIQUID LAUNDRY DETERGENTS (THIS STUDY) 

WITH PREVIOUS DATA 

A v e r a g e d a t a f o r powder a n d l i q u i d l a u n d r y 
d e t e r g e n t s . C o n c e n t r a t i o n s i n mg/kg 

A v e r a g e o f 
p r e v i o u s d a t a 
e x c l u d i n g 
Gurnham Gurnham 
e t a l . e t a l . 

M e t a l ( 1 9 7 9 ) ^ ( 1 9 7 9 ) T h i s study*' 

Cd 0.55" 0.85 0.23 

C r , 1.9 6.7 1.0 

Cu 2.6'' 7.3 0.35 

Pb 0.01" 1.0 0.2 

N i 4.6 300 0.5 

Hg - 0 . 0 1 0.025 

Zn 83" 4.6 4.2 

^ A v e r a g e s o f r a n g e s o f d a t a f r o m T a b l e 3 w i t h no w e i g h t i n g 
f o r p r o p o r t i o n o f l i q u i d a n d powder p r o d u c t s a n a l y z e d . D a t a 
b e l o w d e t e c t i o n l i m i t t a k e n a s e q u a l t o t h e s t a t e d d e t e c t i o n 
l i m i t . 

^One s e t o f d a t a o n l y . 

^From T a b l e 8. 
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T h e d a t a i n T a b l e 9, t o g e t h e r w i t h d a t a f r o m t h e r e p o r t s by 
CH2M H i l l , I n c . , J a m e s M. Montgomery, I n c . a n d E i s e n b e r g , 
O l i v i e r i a n d A s s o c i a t e s , I n c . f o r t h e t h r e e w a s t e w a t e r t r e a t m e n t 
p l a n t s c a n be u s e d t o c a l c u l a t e t h e c o n t r i b u t i o n s o f h e a v y m e t a l s 
f r o m v a r i o u s s o u r c e s ( i . e . h o u s e h o l d c l e a n i n g p r o d u c t s , w a t e r 
s u p p l y , p e r m i t t e d i n d u s t r y and n e t r e s i d e n t i a l ) t o t h e i n f l u e n t 
w a s t e w a t e r s . T h i s d a t a i s p r e s e n t e d , t o g e t h e r w i t h e f f l u e n t 
h e a v y m e t a l s l o a d s a n d c u r r e n t and f u t u r e p e r m i t l e v e l s i n T a b l e s 
1 1 , 1 2 , a n d 13 f o r t h e i n d i v i d u a l w a s t e w a t e r t r e a t m e n t p l a n t s . 
T a b l e 14 p r e s e n t s a f l o w w e i g h t e d a v e r a g e o f t h e s e d a t a f o r t h e 
t h r e e w a s t e w a t e r t r e a t m e n t p l a n t s . T h e n e t r e s i d e n t i a l h e a v y 
m e t a l s c o n t r i b u t i o n s compared q u i t e w e l l w i t h t h e a v e r a g e o f t h e 
d a t a f r o m p r e v i o u s s t u d i e s ( T a b l e 2) w i t h t h e e x c e p t i o n o f 
m e r c u r y w h e r e d a t a f o r o n l y one s t u d y e x i s t e d (much l o w e r t h a n 
p r e v i o u s d a t a ) a n d z i n c (much h i g h e r t h a n p r e v i o u s d a t a ) . I n 
T a b l e 15 t h e h e a v y m e t a l s c o n t r i b u t i o n s o f some o f t h e s o u r c e s i n 
t h e i n f l u e n t w a s t e w a t e r t o t h e t o t a l i n f l u e n t h e a v y m e t a l s l o a d s 
a r e p r e s e n t e d on a p e r c e n t a g e b a s i s . 

T h e p e r c e n t a g e c o n t r i b u t i o n s f o r some o f t h e h e a v y m e t a l s do 
n o t add up t o 100 p e r c e n t b e c a u s e o f ( i ) s o u r c e s s u c h a s 
c o m m e r c i a l a n d n o n - p e r m i t t e d i n d u s t r y w e r e n o t i n c l u d e d , ( i i ) t h e 
u s e o f t h e a v e r a g e o f " z e r o " and " d e t e c t i o n l i m i t v a l u e " f o r 
h e a v y m e t a l s r e p o r t e d a s b e i n g b e l o w t h e d e t e c t i o n l i m i t , ( i i i ) 
t h e u s e o f d a t a f r o m o n l y one o r two o f t h e t r e a t m e n t p l a n t s f o r 
some h e a v y m e t a l s , a n d ( i v ) g e n e r a l i n n a c c u r a c i e s i n c o n d u c t i n g a 
mass b a l a n c e on a c o m p l e x and v a r i a b l e s y s t e m . 

T a b l e 15 s h o w s t h a t f o r none o f t h e h e a v y m e t a l s e x a m i n e d 
d o e s t h e h o u s e h o l d c l e a n i n g p r o d u c t s c a t e g o r y c o n t r i b u t e t h e 
h i g h e s t p e r c e n t a g e t o t h e i n f l u e n t w a s t e w a t e r t o t a l h e a v y m e t a l s 
l o a d . O n l y f o r a r s e n i c ( 1 3 p e r c e n t ) i s t h e c o n t r i b u t i o n t o t h e 
i n f l u e n t t o t a l h e a v y m e t a l s l o a d above 1 p e r c e n t . A l s o shown i n 
T a b l e 15 i s t h e h e a v y m e t a l s c o n t r i b u t i o n e x p r e s s e d a s a 
p e r c e n t a g e o f t h e i n f l u e n t m i n u s p e r m i t t e d i n d u s t r y h e a v y m e t a l s 
l o a d . T h e d a t a u s e d f o r c a l c u l a t i n g t h i s w e r e o b t a i n e d f r o m t h e 
f l o w w e i g h t e d a v e r a g e i n f l u e n t m i n u s p e r m i t t e d i n d u s t r y h e a v y 
m e t a l s l o a d f r o m T a b l e 14. On t h i s b a s i s t h e o n l y h o u s e h o l d 
c l e a n i n g p r o d u c t h e a v y m e t a l c o n t r i b u t i o n a b o v e 1 p e r c e n t i s 
a r s e n i c , a t 16 p e r c e n t . 

I t i s a p p r o p r i a t e t o v i e w t h e h e a v y m e t a l s c o n t e n t o f 
w a s t e w a t e r s a n d t h e i r s o u r c e s i n w a s t e w a t e r s i n t e r m s o f t h e 
c u r r e n t a n d p r o p o s e d d i s c h a r g e p e r m i t l i m i t s . To do t h i s 
r e a l i s t i c a l l y , one must e x a m i n e t h e h e a v y m e t a l c o n t e n t s o f t h e 
w a s t e w a t e r t r e a t m e n t p l a n t e f f l u e n t s r a t h e r t h a n t h e i n f l u e n t s . 
Two a s s u m p t i o n s w e r e made i n d e v e l o p i n g t h i s t y p e o f a s s e s s m e n t : 

( i ) t h e f u t u r e h e a v y m e t a l s r e m o v a l s a c h i e v e d by t h e t h r e e 
t r e a t m e n t p l a n t s w i l l be t h e same a s t h e c u r r e n t v a l u e s , a n d 

( i i ) t h e h e a v y m e t a l s f r o m a l l s o u r c e s i n t h e i n f l u e n t w a s t e w a t e r 
a r e r e m o v e d e q u a l l y by t h e w a s t e w a t e r t r e a t m e n t p l a n t s . 
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TABLE 11 

HEAVY METALS LOADS TO SAN JOSE/SANTA CLARA INFLUENT WASTEWATER AND FINAL EFFLUENT 

Effluent 

Metal 

Household 
Cleaning 
Products,^ 
mg/cap/day 

Water 
Supply,^ 
mg/cap/day 

Permitted 
Industry,^ 
mg/cap/day 

Net Residential,^ 
mg/cap/day 

Influent 
Wastewater,^ 
mg/cap/day 

Current 
Actual 
Discharge, 
mg/cap/day 

Current 
Permit 
Level,^ 
mg/cap/day 

Proposed 
Permi t 
Level,9 
mg/cap/day 

As 0.33 1.3 0.64 0.49 2.9 1.7 3.8 7.6 

Cd 0.016 1.2 0.41 0.2 3.7 0.95 7.6 3.8 

Cr, 0.059 3.5 2.4 23 1.4 3.8̂ ' 4.2̂ ' 

Cu 0.023 8.7 11 11 91 4.3 76 7.6 

Pb 0.012 0.75 5.3 1.9 27 3.6 38 2.1 

Hg 0.0015 0.30 -- 0.14 0.52 0.1 0.4 0.4 

Ni 0.029 1.8 6.6 0.48 28 11 38 2.7 

Ag 0.029 1.1 0.73 3.9 5.7 0.7 7.6 0.87 

Zn 0.22 150 0.82 140 220 22 110 22 

^From Table 9 of this report. 
^Calculated from Table 4-5 CH2M H i l l , Inc. (1989). Value i s mean of range given in Table 4-5 which assumed that heavy metals analyzed as "non-detectable" are 

either "zero" or at the detection l i m i t . 
^Calculated from Table 5-9 CH2M H i l l , Inc. (1989) on same basis as b above. 
^Calculated from Tables 4-5 and 6-10 CH2M H i l l , Inc. (1989) on same basis as b above. 
^Calculated from Table 3-2 CH2M H i l l , Inc. (1989). 
Interim l i m i t s ; monthly averages; NPDES permit in effect u n t i l December, 1991. 

9san Francisco Bay Basin Plan Table 4-1 (1986); daily averages; proposed effluent limitations to become effe c t i v e in December, 1991. 
.Assumes total wastewater flow of 100 gal/cap/day. 
^Hexavalent Cr. 



TABLE 12 

HEAVY METALS LOADS TO PALO ALTO INFLUENT WASTEWATER AND FINAL EFFLUENT 

Effluent 

Metal 

Household 
Cleaning 
Products,® 
mg/cap/day 

Water 
Supply,^ 
mg/cap/day 

Permitted 
Industry,^ 
mg/cap/day 

Net Residential,^ 
mg/cap/day 

Influent 
Wastewater,® 
mg/cap/day 

Current 
Actual 
Discharge,^ 
mg/cap/day 

Current 
Permit 
Level,^ 
mg/cap/day 

Proposed 
Permit 
Level,9 
mg/cap/day 

As 0.33 1.4 0.54 0.28 1.8 1.3 3.8 7.6 

Cd 0.016 0.44 0.19 0.28 2.4 1.9 7.6 3.8 

c r , 0.059 0.44 3.3 0.56 9.5 2.6 3.8̂ ' 4.2̂ * 

Cu 0.023 2.2. 19 12 55 8.7 76 7.6 

Pb 0.012 0.44 4.4 1.7 13 3.6 38 2-1 

Hg 0.0015 0.91 0.05 0.19 0.12 0.4 0.4 

Ni 0.029 1.4 5.9 0.56 7.7 4.5 38 2.7 

Ag 0.029 0.44 5.2 3.0 11 1.3 7.6 0.87 

Zn 0.22 32 8.0 24 92 31 110 22 

®From Table 9 of th i s report. 
^Calculated from Table 7-6, J . M. Montgomery Engineers (1989). 
^Calculated from Table 7-8, J . M. Montgomery Engineers (1989). 
Calculated from Tables 7-6 and 7-7, J . M. Montgomery Engineers (1989). 

^Calculated from Table 7-4, J . M. Montgomery Engineers (1989). 
Interim l i m i t s ; monthly averages; NPDES permit in effect u n t i l December, 1991. 

9san Francisco Bay Basin Plan Table 4-1 (1986); daily averages; proposed effluent limitations to become eff e c t i v e in December, 1991. 
.Assumes total wastewater flow of 100 gal/cap/day. 
iHexavalent Cr. 
•'calculated from Appendix E-1. J . M. Montgomery Engineers (1989). Assumes data reported as "less than" to be present at the value indicated as "less than." 
Assumes sewage flow of 100 gal/cap/day. 



TABLE 13 

HEAVY METALS LOADS TO SUNNYVALE INFLUENT WASTEWATER AND FINAL EFFLUENT 

Metal 

Household 
Cleaning 
Products,® 
mg/cap/day 

Water 
Supply,^ 
mg/cap/day 

Permitted 
Industry,® 
mg/cap/day 

Net Residential,^ 
mg/cap/day 

Influent 
Wastewater,® 
mg/cap/day 

Effluent 
Current 
Actual 
Discharge, 
mg/cap/day 

Current 
Permit 
Level,^ 
mg/cap/day 

Proposed 
Permit 
Level,9 
mg/cap/day 

As 0.33 0.83 0.033 0.43 2.2 0.83 3.8 7.6 

Cd 0.016 0.83 0.53 0.095 2.4 1.0 7.6 3.8 

c r , 0.059 3.3 2.1 - - 8.4 2.5 3.8' 4.2' 

Cu 0.023 3.4 8.8 10 59 16 76 7.6 

Pb 0.012 0.45 2.8 1.4 6.1 3.9 38 2.1 

Hg 0.0015 0.60 0.73 0.3 0.4 0.4 

Ni 0.029 1.8 4.1 0.19 6.3 38 2.7 

Ag 0.029 0.45 0.83 2.6 3.2 4.8 7.6 0.87 

Zn 0.22 170 - - 12 190 - - 110 22 

From Table 9 of this report. 
Calculated from Table 29, Eisenberg, O l i v i e r i and Associates, Inc. (1989). 

^Calculated from Table 21, Eisenberg, O l i v i e r i and Associates, Inc. (1989). 
Calculated from Table 24, Eisenberg, O l i v i e r i and Associates, Inc. (1989). 
®Calculated from Table 11, Eisenberg, O l i v i e r i and Associates, Inc. (1989). 
Interim l i m i t s ; monthly averages; NPDES permit in effect u n t i l December, 1991. 

9san Francisco Bay Basin Plan Table 4-1 (1986); daily averages; proposed effluent limitations to become effective in December, 1991. 
.Assumes total wastewater flow of 100 gal/cap/day. 
'nexavalent Cr. 



TABLE U 

AVERAGE® HEAVY METALS LOADS TO SOUTH SAN FRANCISCO BAY INFLUENT WASTEWATERS 
AND FINAL EFFLUENTS 

Effluent 

Metal 

Household 
Cleaning 
Products,° 
mg/cap/day 

Water 
Supply, 
mg/cap/day 

Permitted 
Industry, 
mg/cap/day 

Net Residential, 
mg/cap/day 

Influent 
Wastewater, 
mg/cap/day 

Current 
Actual 
Discharge, 
mg/cap/day 

Current 
Permit 
Level,® 
mg/cap/day 

Proposed 
Permit . 
Level,^ 
mg/cap/day® 

As 0.33 1.2 0.55 0.45 2.6 1.6 3.8 7.6 

Cd 0.016 1.1 0.39 0.21 3.3 1.1 7.6 3.8 

CP, 0.059 3.0 2.5 0.569 19 1.7 3.8^ 4.2^ 

Cu 0.023 7.1 12 11 83 6.2 76 7.6 

Pb 0.012 0.67 4.9 1.8 23 3.6 38 2.1 

Hg 0.0015 0.43 0.059 0.14' 0.49 0.12 0.4 0.4 

Ni 0.029 1.7 6.2 0.47 24^ 9.4 38 2.7 

Ag 0.029 0.92 1.5 3.6 6.3 1.2 7.6 0.87 

Zn 0.22 130 2.2^ 110 200 23^ 110 22 

^Calculated from Tables 11, 12, and 13 of t h i s report using a weighting factor proportional to tributary population as follows: San Jose/Santa Clara, 875,000; 
Palo Alto, 194,000; Sunnyvale, 120,000. 

°From Table 9 of th i s report. 
®Interim l i m i t s ; monthly averages; NPDES permit in effect u n t i l December, 1991. 
San Francisco Bay Basin Plan Table 4-1 (1986); dail y averages; proposed effluent limitations to become effective in December, 1991. 
®Assumes total wastewater flow of 100 gal/cap/day. 
Data for San Jose and Palo Alto only. 

9Data for Palo Alto only. 
.Hexavalent Cr. 
'Oata for San Jose only. 



T A B L E 15 

PERCENT CONTRIBUTIONS OF VARIOUS SOURCE CATEGORIES TO 
AVERAGE^ INFLUENT HEAVY METALS LOADS TO SOUTH SAN FRANCISCO 

BAY WASTEWATER TREATMENT PLANTS 
(mg/cap/day)" 

Metal Household 
Cleaning Products,^ 

% 

Other Net 
Residential 
Sources, 

% 

Water Supply, 

% 

Permitted 
Industry, 

% 

As 13 (16) 5 46 21 

Cd 0.5 (0.5) 6 33 12 

Cr, 0.3 (0.3) 16 12 

Cu" 0.03 (0.03) 13 9 14 

Pb" 0.05 (0.07) 8 3 21 

Hg 0.3 (0.3) 27^ . 88 26^ 

Ni"'" 0.1 (0.2) 2 7 24 

Ag" 0.5 (0.6) 57 15 22 

Zn" 0.1 (0.1) 55 65 1 

^Calculated from Tables 11, 12, and 13 of this report using a weighting factor proportional to 
tributary population as follows: San Jose/Santa Clara, 875,000; Palo Alto, 194,000; Sunnyvale, 
120,000. 
'^Calculated from data in Table 14. 
®Future permit level exceeded by current effluent heavy metals loadings. 
^Based on Palo Alto data only. 
®A11 nickel contributions based on San Jose and Palo Alto influents only. 
^Based on San Jose data only. 
^Numbers in ( ) are percent contributions to influent minus permitted industry. 
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The c u r r e n t f l o w w e i g h t e d a v e r a g e h e a v y m e t a l s r e m o v a l s f o r 
t h e t h r e e w a s t e w a t e r t r e a t m e n t p l a n t s a r e p r e s e n t e d i n T a b l e 16. 
I n T a b l e 17 t h e c u r r e n t e f f l u e n t h e a v y m e t a l s d i s c h a r g e l e v e l s 
a r e compared t o t h e c u r r e n t and p r o p o s e d p e r m i t l i m i t s b o t h f o r 
t h e f l o w w e i g h t e d a v e r a g e v a l u e s o f t h e t h r e e w a s t e w a t e r 
t r e a t m e n t p l a n t s a n d f o r t h e i n d i v i d u a l t r e a t m e n t p l a n t s . I n 
T a b l e 17, numbers i n b o l d p r i n t i n d i c a t e t h a t t h e c u r r e n t 
e f f l u e n t h e a v y m e t a l d i s c h a r g e i s 80 p e r c e n t o r more o f t h e 
p r o p o s e d d i s c h a r g e p e r m i t l e v e l . F o r t h e f l o w - w e i g h t e d a v e r a g e 
e f f l u e n t d a t a , c o p p e r , l e a d , n i c k e l , s i l v e r a n d z i n c a r e i n 
e x c e s s o f t h e p r o p o s e d d i s c h a r g e p e r m i t l e v e l s . None o f t h e f l o w 
w e i g h t e d a v e r a g e e f f l u e n t h e a v y m e t a l s e x c e e d 50 p e r c e n t o f t h e 
c u r r e n t d i s c h a r g e p e r m i t l e v e l s . 

U s i n g t h e p e r c e n t a g e h e a v y m e t a l s r e m o v a l s b y w a s t e w a t e r 
t r e a t m e n t , t h e c o n t r i b u t i o n s o f v a r i o u s s o u r c e s o f h e a v y m e t a l s 
t o t h e i n f l u e n t w a s t e w a t e r a n d t h e c u r r e n t a n d p r o p o s e d p e r m i t 
l i m i t s , t h e c o n t r i b u t i o n s f r o m t h e v a r i o u s h e a v y m e t a l s s o u r c e s 
c a n be e x p r e s s e d a s a p e r c e n t a g e o f t h e c u r r e n t a n d p r o p o e s d 
p e r m i t l i m i t s . T h i s i s done f o r t h e c u r r e n t p e r m i t l i m i t s i n 
T a b l e 18 a n d f o r t h e p r o p o s e d p e r m i t l i m i t s i n T a b l e 19. 

B a s e d on t h i s d a t a h o u s e h o l d c l e a n i n g p r o d u c t s w e r e n e v e r 
t h e g r e a t e s t s o u r c e o f h e a v y m e t a l s o f t h e c o n t r i b u t i o n s l i s t e d 
( i . e . h o u s e h o l d c l e a n i n g p r o d u c t s , o t h e r n e t r e s i d e n t i a l , w a t e r 
s u p p l y and p e r m i t t e d i n d u s t r y ) . O n l y f o r a r s e n i c i s t h e 
h o u s e h o l d c l e a n i n g p r o d u c t c o n t r i b u t i o n i n e x c e s s o f 1 p e r c e n t o f 
e i t h e r t h e c u r r e n t o r t h e p r o p o s e d d i s c h a r g e p e r m i t l i m i t s . 
H o u s e h o l d c l e a n i n g p r o d u c t s c o n t r i b u t e 5 p e r c e n t o f t h e a r s e n i c 
t o t h e c u r r e n t d i s c h a r g e l i m i t , a n d 3 p e r c e n t o f t h e a r s e n i c t o 
t h e p r o p o s e d d i s c h a r g e l i m i t s . I t s h o u l d a l s o be n o t e d t h a t t h e 
c u r r e n t e f f l u e n t a r s e n i c l e v e l i s w e l l b e l o w b o t h t h e c u r r e n t and 
p r o p o s e d d i s c h a r g e l i m i t s . T a b l e s 20-23 s u m m a r i z e t h e a v e r a g e 
f l o w w e i g h t e d h e a v y m e t a l s d a t a i n t e r m s o f t h e c o n t r i b u t i o n s o f 
i n d i v i d u a l s o u r c e s t o t h e n e t r e s i d e n t i a l h e a v y m e t a l s l o a d , t h e 
c u r r e n t w a s t e w a t e r i n f l u e n t and e f f l u e n t h e a v y m e t a l s l o a d s and 
t h e c u r r e n t a n d p r o p o s e d h e a v y m e t a l s d i s c h a r g e l i m i t s . T a b l e 20 
shows t h a t t h e h o u s e h o l d c l e a n i n g p r o d u c t c o n t r i b u t i o n t o t h e n e t 
r e s i d e n t i a l h e a v y m e t a l s l o a d i s 73 p e r c e n t f o r a r s e n i c , 1 1 
p e r c e n t f o r chromium, 8 p e r c e n t f o r cadmium, 6.2 p e r c e n t f o r 
n i c k e l a n d 1.1 p e r c e n t f o r m e r c u r y . F o r s i l v e r , l e a d , c o p p e r and 
z i n c t h e c o n t r i b u t i o n i s l e s s t h a n 1 p e r c e n t . E v e n t h o u g h 
h o u s e h o l d c l e a n i n g p r o d u c t s c o n t r i b u t e t h e m a j o r i t y o f t h e 
a r s e n i c t o n e t r e s i d e n t i a l w a s t e w a t e r , t h i s r e s u l t s i n a m i n o r 
( 1 3 p e r c e n t ) c o n t r i b u t i o n t o t h e i n f l u e n t a n d e f f l u e n t w a s t e w a t e r 
and an e v e n s m a l l e r c o n t r i b u t i o n ( 5 p e r c e n t a n d 3 p e r c e n t , 
r e s p e c t i v e l y ) t o t h e c u r r e n t a n d p r o p o s e d d i s c h a r g e p e r m i t 
l e v e l s . 
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T A B L E 16 

AVERAGE" HEAVY METALS REMOVALS BY 
SOUTH SAN FRANCISCO BAY WASTEWATER TREATMENT PLANTS 

Metal Influent" Wastewater, 
mg/cap/day 

Current Effluent 
Wastewater, 

mg/cap/day 
Removal 

% 

As 2.6 1.6 38 

Cd 3.3 1.1 67 

Cr, 19 1.7 91 

Cu 83 6.2 93 

Pb 23 3.6 84 

Hg 0.49 0.12 76 

Ni 24" 9.8" 59 

Ag 6.3 1.2 81 

Zn 196" 23" 88 

^Calculated from Tables 11, 12, and 13 of this report using a weighting factor proportional to 
tributary population as follows: San Jose/Santa Clara, 875,000; Palo Alto, 194,000; Sunnyvale, 
120,00. 

^ a t a from Table 14 of this report. 
®Data based on San Jose and Palo Alto only. 
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T A B L E 17 

AVERAGE" AND INDIVIDUAL EFFLUENT HEAVY METALS LOADS FOR 
SOUTH SAN FRANCISCO BAY WASTEWATER TREATMENT PLANTS 

EXPRESSED AS A PERCENTAGE OF 
CURRENT AND PROPOSED PERMIT LI M I T S 

Metal Curren t Average Ef f luen t Individual Plant Curren t Ef f luent 
Discharge as % of: Discharge as % of Proposed 
Curren t Proposed Permit L i m i t s 
Permit Permit 
L i m i t L i m i t San Jose/ Palo Al to Sunnyvale 

Santa C la ra 

As 42 21 22 17 11 

C d 14 29 25 50 26 

C r , " 45 40 33 62 60 

C u 8 82" 57 110 210 

Pb 9 170 170 170 190 

Hg 30 30 25 30 75 

N i 25 350 410 170 230 

A g 16 140 80 150 550 

Z n 2 i d 105 100 140 

^Calculated from Tables 11 , 12, and 13 of this report using a weighting factor proportional to 
tributary population as follows: San Jose/Santa Clara , 875,000; Palo A l to , 194,000; Sunnyvale, 
120,000. 

^Cr l imit is for hexavalent C r . 
®Bold face numbers indicate effluent discharge values that are > 80 percent of indicated permit 
l imit . 
^Data for San Jose and Palo Al to only. 
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T A B L E 18 

A V E R A G E P E R C E N T E F F L U E N T H E A V Y M E T A L S C O N T R I B U T I O N S " 
T O C U R R E N T P E R M I T L E V E L S , S O U T H S A N F R A N C I S C O B A Y 

Metal Household 
Cleaning Products^ 

Percent Contribution F rom: 

Other Net Water Supply 
Residential 
Sources 

Permitted 
Industry 

A s 5 2 19 9 

C d 0.07 0.8 5 2 

C r , " 0.1 0 . 1 " 7 6 

C u 0.002 1 0.7 1 

Pb 0.005 0.8 0.3 2 

Hg 0.09 8*̂  25 3" 

N i 0.03 0.5 2 7 

A g 0.07 9 • 2 4 

Z n 0.02 12 15 0.2" 

^Assumes average influent heavy metals loads are removed by amounts indicated in Table 16. 
P e r m i t is for hexavalent C r . 
®Data for Palo Al to only. 
^Data for San Jose only. 
®Data for San Jose and Palo Al to only. 
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T A B L E 19 

A V E R A G E P E R C E N T E F F L U E N T H E A V Y M E T A L S C O N T R I B U T I O N S " 
T O F U T U R E P E R M I T L E V E L S , S O U T H S A N F R A N C I S C O B A Y 

Percent Contribution from: 

Metal Household 
Cleaning Products^ 

Other Net 
Residential 
Sources 

Water Supply Permitted 
Industry 

A s 3 1 10 5 

C d 0.1 2 9 3 

C r , " 0.1 O. l ' ' 6 5 

C u " 0.02 10 7 10 

Pb" 0.09 14 5 37 

Hg 0.09 8" 25 3*̂  

N i " 0.4 7 26 93 

A g " 0.6 78 20 32 

Z n " 0.1 59 73 1* 

®Assumes average influent heavy metals loads are removed by amounts indicated in Table 16. 
^At current heavy metals loadings and removals permit w i l l be exceeded. 
®Data for Palo Al to only. 
^Data for San Jose only. 
®Data for San Jose and Palo Al to only. 
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T A B L E 20 

AVERAGE PERCENT HEAVY METALS CONTRIBUTION" OF HOUSEHOLD 
CLEANING PRODUCTS TO NET RESIDENTIAL WASTE, CURRENT 
INFLUENT AND EFFLUENT LOADS, AND CURRENT AND FUTURE 

PERMIT L E V E L S FOR SOUTH SAN FRANCISCO BAY 

Metal Percent Contribution of Household Cleaning 
Products to Heavy Metals in: 

Net Resident ial Current Influent Current Future 
L o a d and Ef f luen t 

Loads 
Permit 
L e v e l 

Permit 
L e v e l 

A s 73 13 5 3 

C d 8 0.5 0.07 0.1 

C r , I F ' 0.3 0 . 1 " 0 . 1 " 

C u " 0.2 0.03 0.002 0.02 

P b " 0.7 0.05 0.005 0.09 

H g 1.1" 0.3 0.09 0.09 

N i " 6.2 0.1 0.03 0.4 

A g " 0.8 0.5 0.07 0.6 

Z n " 0.2 0.1 0.02 0.1 

®Assumes average influent heavy metals loads are removed by amounts indicated in Table 16. 
^At current heavy metals loadings and removals permit w i l l be exceeded. 
®Permit is for hexavalent C r . 
^Data for Palo Al to only. 
®Data for San Jose only. 
^Data for San Jose and Palo Al to only. 
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T A B L E 21 

A V E R A G E P E R C E N T H E A V Y M E T A L S C O N T R I B U T I O N " O F N E T 
R E S I D E N T I A L S O U R C E S O T H E R T H A N H O U S E H O L D C L E A N I N G P R O D U C T S T O 

N E T R E S I D E N T I A L W A S T E , C U R R E N T I N F L U E N T A N D E F F L U E N T L O A D S , 
A N D C U R R E N T A N D F U T U R E P E R M I T L E V E L S F O R S O U T H S A N F R A N C I S C O B A Y 

Metal Percent Contribution of Net Resident ial Sources Other 
T h a n Household Cleaning Products to Heavy Metals in: 

Net Residential 
Load 

Current Influent 
and Ef f luen t 
Loads 

Current 
Permit 
L e v e l 

Future 
Permit 
L e v e l 

As 27 5 2 1 

C d 92 6 0.8 2 

C r , 89 3 0 . 1 " 0 . 1 " 

C u " >99 13 1 10 

Pb" >99 8 0.8 14 

Hg 99" 28" 8" 8" 

Ni" 94 2 0.5 7 

Ag" >99 57 9 78 

Zn" >99 55 12 59 

^Assumes average influent heavy metals loads are removed by amounts indicated in Table 16. 
'^At current heavy metals loadings and removals permit w i l l be exceeded. 
®Permit is for hexavalent C r . 
^Data for San Jose only. 
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T A B L E 22 

A V E R A G E P E R C E N T H E A V Y M E T A L S C O N T R I B U T I O N " O F 
W A T E R S U P P L Y T O C U R R E N T I N F L U E N T A N D E F F L U E N T L O A D S , 

A N D C U R R E N T A N D F U T U R E P E R M I T L E V E L S F O R S O U T H S A N F R A N C I S C O B A Y 

Metal Percent Contribution of Water Supply to Heavy Metals in: 

Curren t Influent Current Future 
and Eff luent Permit Permit 
Loads L e v e l L e v e l 

A s 46 20 10 

C d 33 5 9 

C r , 16 7" 6" 

C u " 9 0.7 7 

P b " 3 0.3 5 

Hg 88 25 25 

N i " 7" 2 26 

A g " 15 2 20 

Z n " 65 15 73 

^Assumes average influent heavy metals loads are removed by amounts indicated in Table 16. 
^At current heavy metals loadings and removals permit w i l l be exceeded. 
®Permit is for hexavalent C r . 
^Data for San Jose and Palo Al to only. 
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T A B L E 23 

A V E R A G E P E R C E N T H E A V Y M E T A L S C O N T R I B U T I O N " O F 
P E R M I T T E D I N D U S T R Y T O C U R R E N T I N F L U E N T A N D E F F L U E N T L O A D S , 

A N D C U R R E N T A N D F U T U R E P E R M I T L E V E L S F O R S O U T H S A N F R A N C I S C O B A Y 

Metal Percent Contr ibut ion of Permitted Industry to Heavy Metals in : 

Current Influent Current Future 
and Ef f luen t Permit Permit 
Loads L e v e l L e v e l 

A s 21 9 5 

C d 12 2 3 

13 6" 5" 

C u " 14 1 11 

P b " 21 2 37" 

Hg 10" 3" 3" 

N i " 26" 7 93 

A g " 24 4 32 

Z n " 1" 0.2" 1" 

®Assumes average influent heavy metals loads are removed by amounts indicated in Table 16. 
^At current heavy metals loadings and removals permit w i l l be exceeded. 
®Permit is for hexavalent C r . 
^Data for Palo Al to only 
®Data for San Jose and Palo Al to only. 
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Summary and C o n c l u s i o n s 

A s t u d y t h a t i n v o l v e d t h e s a m p l i n g a n d a n a l y s i s f o r h e a v y 
m e t a l s o f i n f l u e n t a n d e f f l u e n t w a s t e w a t e r s , d o m e s t i c w a t e r 
s u p p l i e s , i n d u s t r i a l , c o m m e r c i a l a n d r e s i d e n t i a l d i s c h a r g e s and 
h o u s e h o l d c l e a n i n g p r o d u c t s was c o n d u c t e d i n t h e S o u t h e r n S a n 
F r a n c i s c o B a y a r e a . A p o p u l a t i o n b a s e o f some 1.2 m i l l i o n p e o p l e 
was i n v o l v e d . T h e h o u s e h o l d c l e a n i n g p r o d u c t s i n c l u d e d l a u n d r y 
and d i s h w a s h i n g d e t e r g e n t s , b l e a c h e s a n d f a b r i c s o f t e n e r s . T h e 
f l o w - w e i g h t e d a v e r a g e h e a v y m e t a l s c o n t r i b u t i o n s o f h o u s e h o l d 
c l e a n i n g p r o d u c t s , o t h e r n e t r e s i d e n t i a l s o u r c e s , w a t e r s u p p l y 
and p e r m i t t e d i n d u s t r y t o t h e i n f l u e n t a n d e f f l u e n t w a s t e w a t e r 
and t o c u r r e n t a n d p r o p o s e d d i s c h a r g e p e r m i t l e v e l s w e r e 
d e t e r m i n e d . F o r none o f t h e h e a v y m e t a l s e x a m i n e d d i d h o u s e h o l d 
c l e a n i n g p r o d u c t s c o n t r i b u t e t h e h i g h e s t p e r c e n t a g e t o t h e 
i n f l u e n t w a s t e w a t e r t o t a l h e a v y m e t a l s . O n l y f o r a r s e n i c ( 1 3 
p e r c e n t ) was t h e c o n t r i b u t i o n a b o v e 1 p e r c e n t . I n t e r m s o f t h e i r 
c o n t r i b u t i o n s t o c u r r e n t a nd p r o p o s e d h e a v y m e t a l s d i s c h a r g e 
p e r m i t l e v e l s , h o u s e h o l d c l e a n i n g p r o d u c t s w e r e n e v e r t h e m a j o r 
h e a v y m e t a l s s o u r c e f o r t h e h e a v y m e t a l s e x a m i n e d . H o u s e h o l d 
c l e a n i n g p r o d u c t s c o n t r i b u t e d 5 p e r c e n t o f t h e a r s e n i c l o a d t o 
t h e c u r r e n t NPDES d i s c h a r g e p e r m i t l e v e l a n d 3 p e r c e n t t o t h e 
p r o p o s e d NPDES d i s c h a r g e p e r m i t l e v e l s . T h e c u r r e n t e f f l u e n t 
a r s e n i c c o n t e n t i s w e l l b e l o w b o t h t h e c u r r e n t a n d p r o p o s e d 
d i s c h a r g e l i m i t . F o r a l l o t h e r h e a v y m e t a l s t h e c o n t r i b u t i o n was 
l e s s t h a n 1 p e r c e n t . When e x p r e s s e d i n t e r m s o f t h e i r 
c o n t r i b u t i o n s t o t h e n e t r e s i d e n t i a l w a s t e w a t e r o n l y , h o u s e h o l d 
c l e a n i n g p r o d u c t s c o n t r i b u t e d 73 p e r c e n t o f t h e a r s e n i c , 1 1 
p e r c e n t o f t h e chromium, 8 p e r c e n t o f t h e cadmium, 6.2 p e r c e n t o f 
t h e n i c k e l a nd 1.1 p e r c e n t o f t h e m e r c u r y . F o r s i l v e r , l e a d , 
c o p p e r and z i n c , h o u s e h o l d c l e a n i n g p r o d u c t s c o n t r i b u t e d l e s s 
t h a n 1 p e r c e n t t o t h e n e t r e s i d e n t i a l w a s t e w a t e r component. 
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APPENDIX 1 

CLEANING PRODUCT USAGE DATA 

AND COMPOSITING PROCEDURES 

( S o u r c e : H a z e l t o n L a b o r a t o r i e s A m e r i c a , I n c . ( 1 9 9 0 ) ) 
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TABLE 24 

MARKET SHARE AND TARGET COMPOSITE SAMPLE WEIGHTING FACTORS 
FOR THE VARIOUS BRANDS OF VARIOUS HOUSEHOLD CLEANING PRODUCTS 

M a r k e t C u m u l a t i v e W e i g h t i n g 
B r a n d M a n u f a c t u r e r S h a r e S h a r e F a c t o r 

Powder L a u n d r y D e t e r a e n t s : 

T i d e P r o c t e r & Gamble 28 28 35 
S u r f L e v e r B r o t h e r s 1 1 39 14 
A l l L e v e r B r o t h e r s 7 46 9 
B o l d P r o c t e r & Gamble 6 52 8 
C h e e r P r o c t e r & Gamble 6 58 8 
P u r e x D i a l 5 63 6 
Arm & Hammer C h u r c h & D w i g h t 4 67 5 
F r e s h S t a r t C o l g a t e - P a l m o l i v e 4 7 1 5 
C l o r o x C l o r o x 3 74 4 
Dash P r o c t e r & Gamble 2 76 3 
T i d e w / B l e a o h P r o c t e r & Gamble 2 78 3 
G a i n P r o c t e r & Gamble 1 79 1 
O x y d o l P r o c t e r & Gamble 1 80 1 

L i q u i d L a u n d r y D e t e r a e n t s : 

L i q u i d T i d e P r o c t e r & Gamble 2 1 2 1 25 
W i s k L e v e r B r o t h e r s 20 4 1 24 
L i q u i d A l l L e v e r B r o t h e r s 14 55 17 
L i q u i d C h e e r P r o c t e r & Gamble 6 61 7 
E r a P r o c t e r & Gamble 6 67 7 
L i q u i d S u r f L e v e r B r o t h e r s 6 73 7 
L i q u i d B o l d P r o c t e r & Gamble 5 78 6 
L i q u i d 
Arm & Hammer C h u r c h & D w i g h t 5 83 6 

L i q u i d B l e a o h : 

C l o r o x C l o r o x 45 45 7 1 
P u r e x D i a l 1 1 56 17 
C l o r o x I I C l o r o x 5 6 1 8 
V i v i d D o wBrands 63 

Powder B l e a c h ; 

C l o r o x I I 
B i z 
B o r a t e e m 

C l o r o x 42 
P r o c t e r & Gamble 27 
D i a l 1 1 

42 
69 
80 

53 
34 
14 
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TABLE 24 ( C o n t i n u e d ) 

B r a n d M a n u f a c t u r e r 
M a r k e t 
S h a r e 

C u m u l a t i v e 
S h a r e 

W e i g h t i n g 
F a c t o r 

L i q u i d F a b r i c S o f t e n e r s : 

D o w n y ( R e g u l a r ) P r o c t e r & Gamble 44 
S n u g g l e L e v e r B r o t h e r s 2 3 
Downy ( S u n 

R i s e ) P r o c t e r & Gamble 15 

44 
67 

82 

54 
28 

18 

L i a u i d Hand D i s h w a s h i n a D e t e r a e n t s : 

P a l m o l i v e 
L i q u i d 

Dawn 
I v o r y L i q u i d 
C r y s t a l W h i t e 

O c t a g o n 
J o y 
S u n l i g h t 
Dove 

C o l g a t e - P a l m o l i v e 16 
P r o c t e r & Gamble 13 
P r o c t e r & Gamble 12 

C o l g a t e - P a l m o l i v e 12 
P r o c t e r & Gamble 12 
L e v e r B r o t h e r s 1 1 
L e v e r B r o t h e r s 8 

16 
29 
4 1 

53 
65 
76 
84 

19 
15 
14 

14 
14 
13 
10 

L i q u i d A u t o m a t i c D i s h w a s h i n a D e t e r a e n t s ; 

C a s c a d e P r o c t e r & Gamble 37 
P a l m o l i v e 

L i q u i d C o l g a t e - P a l m o l i v e 32 
S u n l i g h t 

L i q u i d L e v e r B r o t h e r s 3 0 

37 

69 

99 

37 

32 

30 

Powder A u t o m a t i c D i s h w a s h i n a D e t e r a e n t s ; 

C a s c a d e 
S u n l i g h t 
E l e c t r o s o l 

P r o c t e r & Gamble 58 
L e v e r B r o t h e r s 15 
B e n c k i s e r 9 

58 
73 
82 

70 
18 
1 1 

38 



TABLE 25 

DESCRIPTION OF TARGET CLEANING PRODUCT COMPOSITING PROCEDURE 

T h r e e c o n t a i n e r s o f e a c h b r a n d f r o m e a c h o f t h r e e c i t i e s w e r e 
c o m b i n e d a n d w e l l m i x e d . From t h i s c o m p o s i t e , a n a l i q u o t b a s e d 
on t h e m a r k e t s h a r e p e r c e n t a g e s was t a k e n , a n d t h i s f i n a l 
c o m p o s i t e w a s w e l l m i x e d . T h e w e i g h t s t a k e n w e r e a s f o l l o w s : 

Powder L a u n d r y D e t e r c r e n t s ( 42 o z . s i z e ) 

T i d e 700 g 3 5 % 
S u r f 280 g 1 4 % 
A l l 180 g 9% 
B o l d 160 g 8% 
C h e e r 160 g 8% 
P u r e x 120 g 6% 
Arm a n d Hammer 100 g 5% 
F r e s h S t a r t 100 g 5% 
C l o r o x , 80 g 4% 
D a s h 1 60 g 3% 
T i d e w i t h b l e a c h i 60 g 3% 
G a i n 20 g 1 % 
O x y d o l 120 q 1 % 

2,040 g 1 0 2 % 

N o t e : No P u r e x o r Das h was s e n t f r o m P a l o A l t o . S u n n y v a l e s e n t 
Lemon F r e s h D a s h ; S a n J o s e s e n t R e g u l a r D a s h . 

Ii 
I' 

L i q u i d L a u n d r y D e t e r a e n t s ( 6 2 f l u i d o z . s i z e ) 

L i q u i d T i d e 500 g 2 5 % 
W i s k 480 g 2 4 % 
L i q u i d A l l 340 g 1 7 % 
L i q u i d C h e e r 140 g 7% 
F r a 140 g 7% 
L i q u i d S u r f 140 g 7% 
L i q u i d B o l d 120 g 6% 
L i q u i d Arm a n d Hammer 120 a 6% 

1,980 g 9 9 % 

L i q u i d B l e a c h e s ( 1 2 8 f l u i d o z . s i z e ) 

C l o r o x 1,420 g 7 1 % 
P u r e x 340 g 1 7 % 
C l o r o x I I 160 g 8% 
V i v i d 60 a 3% 

1,980 g 9 9 % 

N o t e : No V i v i d w as s e n t f r o m P a l o A l t o . 
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F o w a e r B i e a c n e s ( J 2 o z . s i z e ) ( T a P i e c o n r i n u e a ) 

C l o r o x I I 1,060 g 5 3 % 
B i z 680 g 3 4 % 
B o r a t e e m 280 a 1 4 % 

2,020 g 1 0 1 % 

L i q u i d F a b r i c S o f t e n e r s 

Downy ( R e g u l a r ) 
S n u g g l e 
Downy ( S u n R i n s e ) 

( 2 2 f l u i d o z . s i z e ) 

1,080 g 5 4 % 
560 g 2 8 % 
360 g 1 8 % 

2,000 g 1 0 0 % 

L i q u i d Hand D i s h w a s h i n g D e t e r g e n t s (22 f l u i d o z . s i z e ) 

P a l m o l i v e L i q u i d 380 g 1 9 % 
Dawn 300 g 1 5 % 
I v o r y L i q u i d 280 g 1 4 % 
C r y s t a l W h i t e O c t a g o n 280 g 1 4 % 
J o y 280 g 1 4 % 
S u n l i g h t 260 g 1 3 % 
Dove 200 g 1 0 % 

1,980 g 9 9 % 

N o t e : No I v o r y L i q u i d w as s e n t f r o m P a l o A l t o . 

L i q u i d A u t o m a t i c D i s h w a s h i n g D e t e r g e n t s ( 3 2 f l u i d o z . s i z e ) 

C a s c a d e 740 g 3 7 % 
P a l m o l i v e L i q u i d 640 g 3 2 % 
S u n l i g h t L i q u i d 600 g 3 0 % 

1,980 g 9 9 % 

N o t e : C a s c a d e f r o m S u n n y v a l e , P a l m o l i v e L i q u i d f r o m S a n J o s e , 
a n d S u n l i g h t L i q u i d f r o m S u n n y v a l e w e r e Lemon S c e n t . A l l 
o t h e r s w e r e R e g u l a r S c e n t . P a l o A l t o m i s t a k e n l y s e n t 
S u n l i g h t L i q u i d h a n d d i s h w a s h i n g d e t e r g e n t . T h i s was n o t 
u s e d i n t h e c o m p o s i t e . Due t o a n a l y s t e r r o r , o n l y one 
f o u r t h o f t h e S a n J o s e S u n l i g h t L i q u i d w as a v a i l a b l e f o r 
u s e i n t h e c o m p o s i t e . 

Powder A u t o m a t i c D i s h w a s h i n g D e t e r g e n t s ( 5 0 o z . s i z e ) 

C a s c a d e 1,400 g 7 0 % 
S u n l i g h t 360 g 1 8 % 
E l e c t r o s o l 220 g 1 1 % 

1,980 g 9 9 % 

N o t e : C a s c a d e f r o m S u n n y v a l e a n d S u n l i g h t f r o m a l l t h r e e c i t i e s 
w e r e Lemon S c e n t . A l l o t h e r s w e r e R e g u l a r S c e n t . 

From t h e s e d a t a i t c a n be c o n c l u d e d t h a t t h e t a r g e t c o m p o s i t i n g 
p r o c e d u r e was met s a t i s f a c t o r i l y . 



APPENDIX 2 

ANALYTICAL METHODS FOR HEAVY METALS I N 

COMPOSITE CLEANING PRODUCTS SAMPLES 

( H a z e l t o n L a b o r a t o r i e s A m e r i c a , I n c . ( 1 9 9 0 ) ) 
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I . M A TERIALS 

A. R e a g e n t s 

1 . W a t e r , d o u b l e d e i o n i z e d 
2. N i t r i c a c i d , GR g r a d e , EM S c i e n c e , NX0409-7 
3. S u l f u r i c a c i d , GR g r a d e , EM S c i e n c e , S X 1 2 4 4 - 5 
4. S o d i u m b o r o h y d r i d e . F i s h e r S c i e n t i f i c , S 6 7 8 - 2 5 
5. S t o c k s o l u t i o n s o f m e t a l l i c e l e m e n t s , 1,000 mg/1 F i s h e r 

S c i e n t i f i c 

B. E q u i p m e n t 

1 . A t o m i c A b s o r p t i o n S p e c t r o p h o t o m e t e r , P e r k i n - E l m e r Model 
5000 

2. M e r c u r y / h y d r i d e s y s t e m , P e r k i n - E l m e r MHS-20. 

I I . SAMPLE PREPARATION 

A. C o p p e r . Cadmium. Chromium. L e a d . N i c k e l , a n d Z i n c 

1 . T h e powder l a u n d r y d e t e r g e n t s , l i q u i d l a u n d r y d e t e r g e n t s , 
p o wder b l e a c h e s , l i q u i d a u t o m a t i c d i s h w a s h i n g d e t e r g e n t s , 
a n d a u t o m a t i c d i s h w a s h i n g d e t e r g e n t s w e r e d i g e s t e d w i t h 
n i t r i c a c i d i n b e a k e r on a h o t p l a t e . A f t e r t r a n s f e r t o 
a 50 m l v o l u m e t r i c f l a s k , t h e s a m p l e s w e r e f i l t e r e d 
t h r o u g h F i s h e r c o a r s e f i l t e r p a p e r t o r emove 
p a r t i c u l a t e s . 

2. T h e l i q u i d b l e a c h e s , l i q u i d f a b r i c s o f t e n e r s , a n d l i q u i d 
h a n d d i s h w a s h i n g d e t e r g e n t s w e r e d r y - a s h e d on h o t p l a t e s . 

3. A l l s i x e l e m e n t s w e r e d e t e r m i n e d on t h e same d i g e s t . 

B. S i l v e r 

1 . T h e powder l a u n d r y d e t e r g e n t s , l i q u i d l a u n d r y d e t e r g e n t s , 
p owder b l e a c h e s , and l i q u i d a n d powder a u t o m a t i c 
d i s h w a s h i n g d e t e r g e n t s w e r e d i g e s t e d w i t h n i t r i c a c i d i n 
a b e a k e r on a h o t p l a t e . T h e s a m p l e w a s f i l t e r e d t h r o u g h 
F i s h e r c o a r s e f i l t e r p a p e r t o remove p a r t i c u l a t e s . 

2. T h e l i q u i d b l e a c h e s , l i q u i d f a b r i c s o f t e n e r s , a n d l i q u i d 
h a n d d i s h w a s h i n g d e t e r g e n t s w e r e d r y - a s h e d on h o t p l a t e s . 

3. A f t e r s e t t i n g f o r s e v e r a l h o u r s , t h e l i q u i d b l e a c h a n d 
l i q u i d l a u n d r y d e t e r g e n t c o m p o s i t e s u s u a l l y s e p a r a t e d . 
T h e d e t e r g e n t was r e h o m o g e n i z e d by s h a k i n g . T h e b l e a c h 
was r e h o m o g e n i z e d by p r o c e s s i n g w i t h a P o l y t r o n . 

4. T h e l i q u i d b l e a c h was a c c i d e n t a l l y c o n t a m i n a t e d w i t h 
c o p p e r when i t was p r o c e s s e d on t h e P o l y t r o n i n 
p r e p a r a t i o n f o r t h e m e r c u r y d i g e s t i o n . T h e b l e a c h w a s 
r e c o m p o s i t e d on A u g u s t 3 1 , 1 9 8 9 , w i t h t h e f o l l o w i n g 
w e i g h t s : 
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C l o r o x 
P u r e x 

355 g 
85 g 
40 g 
15 g 

7 1 % 
1 7 % 
8% 
3% 

C l o r o x I I 
V i v i d 

495 g 9 9 % 

C. M e r c u r y 

1 . T h e s a m p l e s w e r e d i g e s t e d w i t h a m i x t u r e o f s u l f u r i c a n d 
n i t r i c a c i d s . T h e m e r c u r y was r e d u c e d w i t h s o d i u m 
b o r o h y d r i d e u s i n g t h e P e r k i n - E l m e r MHS-20 H y d r i d e S y s t e m . 

D. A r s e n i c 

1 . T h e s a m p l e s w e r e d i g e s t e d w i t h a m i x t u r e o f s u l f u r i c a n d 
n i t r i c a c i d s . T h e a r s e n i c was c o n v e r t e d t o a r s i n e u s i n g 
t h e P e r k i n - E l m e r MHS-2 0 H y d r i d e S y s t e m . 

I I I . PREPARATION OF SAMPLE S P I K E S 

A. F o r a l l a n a l y t e s , t h e s a m p l e s w e r e s p i k e d a n d d i g e s t e d a s 
d e s c r i b e d a b o v e . T h e c h o i c e o f s p i k i n g l e v e l d e p e n d e d upon 
t h e a n a l y t e c o n c e n t r a t i o n s d e t e r m i n e d i n t h e u n s p i k e d 
s a m p l e s . F o r a n a l y t e s f o u n d t o be l e s s t h a n t h e d e t e c t i o n 
l i m i t , t h e s p i k e l e v e l a d d i t i o n was f o u r t i m e s t h e d e t e c t i o n 
l i m i t . F o r s a m p l e s w i t h q u a n t i f i a b l e a n a l y t e l e v e l s , s p i k e s 
w e r e added a t f i v e t i m e s t h e l e v e l s f o u n d . 

I V . METHOD REFERENCES 

A. M e r c u r y 

1 . D i g e s t i o n : A n a l y s t . 86:608 ( 1 9 6 1 ) ( w i t h m o d i f i c a t i o n s ) . 
2. D e t e r m i n a t i o n : A n a l y t i c a l C h e m i s t r y . 4L0:2085 ( 1 9 6 8 ) . 

B. A r s e n i c 

1 . D i g e s t i o n : A n a l y t i c a l Methods C o m m i t t e e , A n a l y s t . 
8 5 : 6 4 3 - 6 5 6 ( 1 9 6 0 ) . 

2. A n a l y t i c a l Methods U s i n g t h e MHS M e r c u r y / H v d r i d e S y s t e m . 
P e r k i n - E l m e r : N o r w a l k , C o n n e c t i c u t ( J a n u a r y 1 9 8 1 ) . 

C. Cadmium 

1 . O f f i c i a l Method o f A n a l y s i s . 1 4 t h E d . , M e t h o d s 2 5 . 0 6 1 -
2 5 . 0 6 5 , 3 3 . 0 8 9 - 3 3 . 0 9 4 , AOAC: A r l i n g t o n , V i r g i n i a ( 1 9 8 4 ) . 

2. F r i e n d , M.T., S m i t h , C A . , and W i s h a r t , D., A n a l y t i c a l 
Methods f o r A t o m i c A b s o r p t i o n S p e c t r o p h o t o m e t r y . P e r k i n -
E l m e r : N o r w a l k , C o n n e c t i c u t ( J a n u a r y 1 9 8 2 ) . 

3. A t o m i c A b s o r p t i o n N e w s l e t t e r . 1 6 ( 2 ) : 4 6 - 4 9 ( 1 9 7 9 ) ( m o d i f i e d ) . 
4. Methods f o r C h e m i c a l A n a l y s i s o f W a t e r a n d W a s t e s . M e t a l s 

1-19 a n d Method 2 1 3 . 1 , U.S. EPA: C i n c i n n a t i , O h i o 
( 1 9 7 9 ) . 
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D. Chromium 

1 . A n a l y t i c a l M ethods f o r A t o m i c A b s o r p t i o n 
S p e c t r o p h o t o m e t r y . P e r k i n - E l m e r : N o r w a l k , C o n n e c t i c u t 
( J a n u a r y 1 9 8 2 ) . 

2. Methods f o r C h e m i c a l A n a l y s i s o f W a t e r a n d W a s t e s . M e t a l s 
1-19 a n d Method 2 1 8 . 1 , U.S. EPA: C i n c i n n a t i , O h i o 
( 1 9 7 9 ) . 

E . C o p p e r 

1 . O f f i c i a l Method o f A n a l y s i s . 1 4 t h E d . , Methods 2 . 1 2 6 -
2.130, 7 . 0 9 6 - 7 . 1 0 0 , 43.A37-43,A40, 4 9 . A O l - 4 9 . A 0 4 , AOAC: 
A r l i n g t o n , V i r g i n i a ( 1 9 8 4 ) . 

F. L e a d 

1 . O f f i c i a l Method o f A n a l y s i s . 1 4 t h E d . , Methods 2 5 . 0 8 9 -
2 5 . 0 9 4 , 3 3 . 0 8 9 - 3 3 . 0 9 4 , AOAC: A r l i n g t o n , V i r g i n i a ( 1 9 8 4 ) 
( s a m p l e s w i t h l e s s t h a n 4.00 ppm o f l e a d ) . 

2. O f f i c i a l Method o f A n a l y s i s . 1 4 t h E d . , Methods 2 5 . 1 0 4 -
2 5 . 1 0 9 , AOAC: A r l i n g t o n , V i r g i n i a ( 1 9 8 4 ) ( s a m p l e s w i t h 
g r e a t e r t h a n 4.00 ppm o f l e a d ) . 

3. T e s t M ethods f o r E v a l u a t i n g S o l i d W a s t e . EPA P u b l i c a t i o n 
No. SW-846, 2nd E d . , Methods 3 0 3 0 , 3 0 4 0 , o r 3050 a n d 
7 4 2 1 , U.S. EPA: W a s h i n g t o n , D.C. ( R e v i s e d A p r i l 1 9 8 4 ) . 

G. S i l v e r 

1 . A n a l y t i c a l Methods f o r A t o m i c A b s o r p t i o n 
S p e c t r o p h o t o m e t r y . P e r k i n - E l m e r : N o r w a l k , C o n n e c t i c u t 
( J a n u a r y 1 9 8 2 ) . 

2. Methods f o r C h e m i c a l A n a l y s i s o f W a t e r and W a s t e s . M e t a l s 
1-19 a n d Method 2 7 2 . 1 , U.S. EPA: C i n c i n n a t i , O h i o 
( 1 9 7 9 ) . 

H. N i c k e l 

1 . A n a l y t i c a l Methods f o r A t o m i c A b s o r p t i o n 
S p e c t r o p h o t o m e t r y . P e r k i n - E l m e r : N o r w a l k , C o n n e c t i c u t 
( J a n u a r y 1 9 8 2 ) . 

2. Methods f o r C h e m i c a l A n a l y s i s o f W a t e r a n d W a s t e s . M e t a l s 
1-19 a n d Method 2 4 9 . 1 , U.S. EPA: C i n c i n n a t i , O h i o 
( 1 9 7 9 ) . 

I . Z i n c 

1 . O f f i c i a l Method o f A n a l y s i s . 1 4 t h E d . , Methods 2 . 1 2 6 -
2 1 . 1 3 0 , 7 . 0 9 6 - 7 . 1 0 0 , 2 5 . 1 7 5 - 2 5 . 1 7 8 , 43.A37-43.A40, AOAC: 
A r l i n g t o n , V i r g i n i a ( 1 9 8 4 ) . 
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