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I ••cutiv. Summary 

The contribution from various sources including household 
cleaning products, other residential wastewater, water supply and 
permitted industry to the heavy metals in influent wastewater and 
treated effluent were determined for the wastewater treatment 
plants of San Jose/Santa Clara, Palo Alto and Sunnyvale, Which 
are located in the southern San Fransisco Bay Area of California. 
Heavy metals contributions from these sources were determined and 
co_pared to their respective current and proposed National 
Pollution Discharge Elimination System (NPDES) permit limits. 

The heavy metals studied were arsenic, cadmium, chromium, 
copper, lead, mercury, nickel, silver and zinc. In no case were 
household cleaning products the major heavy metal contributor to 
influent wastewater or wastewater effluents. The highest heavy
metal contribution from household cleaning products was for 
arsenic, which respectively accounted for 73 percent of the 
residential contribution, 13 percent of the influent and effluent 
wastewater content but only 5 percent and 3 percent of the 
current and proposed NPOES permit limits. All other household 
cleaning product heavy ~eta1s contributions to influent and 
effluent wastewater and to current and proposed discharge 1i~its 
were below 1 percent of the total metal present. 
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The overall objective of this study was to determine the 
contribution of heavy metals to vastewaters from household 
cleaning products. Due to recent revisions to the NPDES 
discharge requirements to San Francisco say and especially for 
the shallow Southern San Francisco Bay the study location was 
defined as the Southern San Francisco Bay Area, specifically the 
area tributary to the wastewater treatment plants at San 
Jose/Santa Clara, Palo Alto, and Sunnyvale, California. These 
wastewater treatment plants serve a total popUlation ot 
approxi~ately 1.2 aillion peopl•• 

Approacb 

This project involved the dete~inatlon of the fractional 
contribution ot heavy metals froa identifiable sources, to the 
total influent municipal wastewater heavy metals loading, to the 
effluent heavy metals loading, and to the current and proposed 
heavy metals discharge standards. In addition, the heavy metals 
contribution from the residential component of the influent 
wastewater yas dete~ined. 

The stUdy involved the follovinq: 

(i)	 a comprehensive literature review of existing data 
on heavy metals contents of household cleaning
products, residential wastewater and municipal 
wastewater; 

(ii)	 use survey and sampling and analysis of selected 
household cleaning products; 

(iii)	 review of heavy metals loadings and their source 
categories in the influent to the San Jose/Santa
Clara, Palo Alto and Sunnyvale wastewater treatment 
plants; 

(iv)	 determination of the -net residential- (residential
minus water supply) heavy metals loadings: 

(v)	 determination of the influent municipal wastewater 
minus permitted industrial heavy metals loading: 

(vi)	 determination of the heavy Detals loadings in the 
effluents from the San Jose/Santa Clara, Palo Alto 
and Sunnyvale wastewater treatment plants; and 

(vii)	 preparation of a report identifying the contribution 
of household cleaninq products to the heavy metals 
loads in 1) influent municipal wastewater 2) the 
wastewater effluent 3) the current and future 
proposed effluent NPDES limits and 4) t~e net 
residential wastewater. 
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Items (1) and (vii) were conducted by the authors; item (11) 
was performed by the Nutrition Network, Laguna Beach, CA 
(sa~plin9) and Hazelton Laboratories America, Inc~, Madison, WI 
(co=positing and heavy metals analysis), items (iii) and (vi) 
were obtained from reports prepared by CH2M Hill, Inc., 
Emeryville, CA (for the San Jose/Santa Clara plant), J.H. 
Montgomery Engineers, Inc., Walnut Creek, CA (for the Palo Alto 
plant), and Eisenberg and Olivieri and Associates, Inc., Oakland, 
CA (for the Sunnyvale plant), items (iv) and (v) were calculated 
by the authors from data collected by the orqanizations listed in 
(iii) for the three treatment plants stUdied. 

Literature Review Heavy Metall contributions to wastewater 

In this stUdy, heavy metals contributions qenerally are 
expressed in terms of a per capita mass loadinq with the units of 
mg/capita/day. In cases where it was not possible to reliably 
determine per capita mass loading (e.g. for historical data on 
household cleaning product heavy metals contents) concentration 
data were reported. 

For the purposes of this study the source categories for 
heavy metals in the influent wastewater are identified as 
follows: 

(1) water supply -~ those heavy metals present in the 
municipal water supply, 

(ii) domestic contribution -­ those heavy metals 
contributed by residential water usage excluding the 
heavy metals contribution from the water supply, 

(iii) permitted industry -­ those heavy metals contributed 
by industries defined by the EPA Pretreatment 
program or the local agency as significant 
discharges or categorical industries. 

eiv) non-permitted industry -­ those heavy metals 
contributed by industries which are regulated by
local limits established under the EPA Pretreatment 
Regulations, 

(v) commercial activities -­ those heavy metals 
contributed by commercial establishments and 
businesses, 

(Vi) infiltration and inflow -­ those heavy metals 
contributed by infiltration and inflow into the 
sewer system. 

For the purpose of this study, the seasonal variation due to 
infiltration was assumed to be negligible. 
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The literature review produced 15 references in which the 
influent municipal wastewater loads ot heavy metals exclusive of 
contributions from permitted industries were presented, or could 
be derived. Table 1 presents a summary of this data, and a 
computation of ranges and average values. Again these data 
represent the total municIpal wastewater with only the ·permitted
industry category" (where known) excluded: therefore they should 
not be construed as residential contribution data. 

It is essential to read the information in the footnotes of 
Table 1 to understand the sources and condItions under which the 
data were obtained, and the assumptions and calculatIons which 
were required to express the heavy metals contributions on a per
capita basis. Where no specific sewaqe flow data were available 
to compute per capita heavy metals loading from heavy metals 
concentration data, it was assumed that the domestic sewaqe flow 
vas 100 gal/capita/day. 

A review of the literature turned up a few instances where 
just the residential contribution of heavy metals could be 
determined. Most of the data available were for "domestic 
sewage" which certainly contained heavy metals contributions from 
the water supply (due to corrosion, addition of corrosion control 
products and other natural phenomena), and likely also from non­
permitted industries and commercial activities~ The available 
data for "net residential" contribution (residential contribution 
less the heavy metals contribution from the water supply) are 
presented in Table 2, together with the range and average of the 
available data. . 

Similarly, very little data were available on the heavy 
~etals content of household cleaning products. The info~ation 
obtained is presented in Table 3. The data in Table 3 are 
expressed on a "concentration in the product basis" because of 
the difficulties in calculating the per capita usage rates~ The 
types of products analyzed are indicated in the footnotes. 
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TABLE 2
 

NET RESIDENTIAL
 
(RESIDENTIAL MINUS WATER SUPPL\')
 

HEAVY METALS CONTRIBUTIONS
 

(me/cap/day) 

-ournham er 31. (l979) 
bcalcul3ttd rrom Klein et a!. (974) 
cMori)":IIm:1 e1 al. (1989) 
~e Table 14 Ihis report 

Source of data for Study No.: 

1 Oakd:lle. IL 
2 Hano\'er Park. lL 
3 Ne..-." York City. NY 
4 Yokosu~a. Japan 
S Hachinohe. Japan 
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TABLE 3 

HEAVY METALS CONCENTRATION IN HOUSEHOLD CLEANING PRODUCTS 
(ml/ke dry welehl of producr) 

(ppm) 

Me.tal 
I' 2 3 

Studl No. 
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- b 
0.4-1.4 

034' 
O· 

<1.0-2.9 11-12' 
(.5-2.1' 

Cu 0.Gl-5.1 9.2.I'·b 
1.1-2.0 

Pb <0.002-0.019 -0.41-2.4' 
0.45-0."" 

Ni 0.03-22.5 2-9 3.8-7.2: 
0.7-2.0 

0.17-0.89 <1.0-5.7 450-700' 
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 
biiquid delergents 
c·wall~r soluble metals-

Source or dati for Slud)' No.: 

I Feden.t Republic or Germany ~ Muller (198.S~ 31 laundr, detergtnn; I presoak; I decalcifier.
 
2 The :o.:clherlands - Maleen el at (1%4); detergents.
 
3 AusHia ~ Ebner el al. (1978); powder and liquid delcrse-nls.
 
4 S","ilzerbnd ~ Base-Igia (1967); dala (or II synthecic detergenu.
 
.5 The Netherlands Oleffe e£ at. (1971); powder and liquid detergents.
 a 

6 Sweden - Wahlberg et, al. {I 977); dele-rsenu.
 
, U.S.A. - Gurnham and Associates (1979); liquid laundry soap and powder launctry soap.
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~ssessment of various categories of Heavy Metals Inputs to 
Wastewater Treatment Plant. 

Three studies have recently been conducted as part of a 
discharge permit assistance program for the cities of Palo Alto, 
Sunnyvale and San Jose/Santa Clara wastewater treatment plants. 
The studies are described in three separate reports respectively
by James K. Montgomery Engineers, Inc., Walnut Creek, CA (1989); 
CH2M Hill, Inc., tmeryville. CA (1989). and Eisenberg Olivieri 
and Associates, Inc., Oakland, CA (1989). 

The details of these studies and their findings will not be 
discussed here, rather a brief summary of their approaches will 
be presented. In each case, existing heavy metals concentrations 
and influent wastewater flow data were used to determine total 
heavy metals load to the wastewater treatment plantsa Then the 
existinq heavy metals concentrations and water usaqe data were 
used to determine heavy metals contributions from the water 
supply a Exlstinq heavy metals concentrations and industrial 
waste flow data were subsequently used to determine contributions 
from permitted industries~ these contributions ~ere verified by 
limited field samp~ing and analysis a 

The flows and heavy metals contributions froM non-permitted
industries, residential sources covering a wide ranqe of socio­
econo~ic areas and commercial sources were assessed by samplinq 
programs. The samplinq programs for non-permitted industries and 
co~ercial sources were conducted indiVidually for each city.
The results of samplinq and analysis for residential heavy metals 
contributions for all three cities were pooleda 

A common problem, especially with historical data for heavy 
~etals concentrations in water supplies, was that the existing
reported concentrations of many heavy metals were below the 
detection limits for the analytical methods employed. In these 
situations two assumptions were made: (i) the heavy metal was 
present at the detection limit concentration and, (ii) the heavy 
~etal concentration ~as zero. When this situation occurred, the 
average of these two va~ues was taken for our calculations. To 
convert the various heavy metals loadings to a per capita basis, 
it vas necessary to know the popUlation tributary to each of the 
wastewater treatment plants. For Palo Alto the population was 
194,000, for Sunnyvale 120,000, and for San Jose/Santa Clara 
875,000. 

In Table 4, the heavy metals contents of the influent 
municipal wastewaters less those from permitted industries for 
the three treatment plants were compared to the range and average 
of the corresponding data from the literature review presented in 
Table 1. Contributions of zinc and mercury for San Jose/Santa 
Clara were above the highest reported literature survey values. 
The contribution of copper for San ~ose/Santa Clara was at the 
high end of the literature survey values. Perhaps the mercury 
data reflect the presence of cinnabar (H9S) throughout the 
Southern San Francisco Say Area, and the zinc levels reflect the 
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TABLE.
 

COMPARISON OF STUDY AREA INFLUENT MUNICIPAL WASTEWATER
 
MINUS PERMITTED INDUSTRY HEA\'\' METALS LOADS
 

WITH DATA FROM PRE\'IOUS STUDIES
 
(ms/cop/doy)" 

Range or valuu Averas.e san Jose/ flow-weighted 
of previous of previous Santi Palo averalle of the 

Metal studies' studies' Clara Alto Sunnyvale three planLS 

As 2.3 1.3 2.2 2.1 

Cd 0.Ol4-7.3 J.9 3.3 2.2 1.9 l.O 

Cr r 0.H6 7,1 21 6.2 6.3 17 

Cu 2.8-ll 37 10 36 lO 70 

Pb 0.71-l0 19 22 8.6 3,3 18 

H8 0.03-0.4 0.18 0.l2 0.14 O.46c 

Ni 0,4l-l6 13 21 1.1 17' 

A8 l.O l.1 0.6 4.7 

Zn 13-180 68 220 14 190t' 

'from Table I 
!:IAII d3ta rounded 102 figures .....here > 1.0 and to J figure .....here < 1.0 
cOat:l (or S3n Jose and Palo AHa only 
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impact of soft water, the use of zinc orthophosphate as a water 
distribution system corrosion inhibitor and the silicon industry 
base. 

Assessment of Heavy Metals Contribution by Household Cleaning 
l±oducts 

A product sampling, compositing and analysis program was 
conducted by Kazelton Laboratories America, Inc. to determine the 
heavy metals concentrations in a range of household cleaning 
products that inclUded powder laundry detergents, liquid laundry 
detergents, liquid bleaches, powder bleaches, liquid fabric 
softeners, liquid hand dishwashing detergents, liquid automatic 
dlshwashing detergents and powder automatic dishwashing 
detergents. The specific brand usage data within each of these 
categories was obtained from a market survey by A. C. Neilsen for 
the San Francisco and Los Angeles markets (Table 24, Appendix 1). 
Based on this information a weighting factor was assigned to each 
of the brands within a product category, and a composite sample 
representing the usage of the product categQry was developed 
(Table 25, Appendix 1). For all products, except liquid bleach 
(63 percent), this procedure resulted in 80 percent or more of 
the market share being represented in the composite samples. 

Individual brand name samples were collected from retail 
outlets in Palo Alto, San Jose, and Sunnyvale. An attempt was 
made to collect identical unit sizes of all products in each 
category, but due to local limitations in product availability, 
several omissions or substitutions were necessary. The target 
compositing procedure and any deviations from it are presented in 
Table 25, Appendix 1. 

The analysis of composite cleaning product samples for heavy 
metals was by atomic absorption spectrophotometry using the 
pretreatment and analytical methods given in Appendix 2. The 
analytical results are summarized in Table 5. Each cleaning 
product composite sample vas analyzed in duplicate. The 
agreement between the duplicates was always good (less than 20 
percent relative percent difference). Typically, zinc had the 
widest variation between duplicates. Values for chromium, 
mercury, nickel, and silver were all lower than the detection 
limit. Only one cleaning product composite sample (liquid 
automatic dishwashing detergent) contained lead at a 
concentration greater than the detection limit. 

The national (USA) average per capita consumption of the 
various household cleaning products included in the study was 
determined from product use data obtained by personal 
communication with some of the co~panies ~anufacturing the 
products studied in combination with pUblished population data. 
This information is summarized in Table 6 in terms of total 
annual USA product consumption, and in Table 7 on a per capita 
basis. The footnotes to these tables describe the sources of the 
data. 

10 
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TABLE 5 

HEAVY KETAL CONCENTRATIONS IN COKPOSITE SAMPLES OF HOUSEHOLD CLEANING PRODUCTS 

Product As Cd crT 
Analyte Concentration 

Cu Pb Hi 
(mg/kg)' 

Hg Ag Zn 

Powder Laundry Detergent 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 

Liquid Laundry Detergent 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 

Liquid Bleach 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 Bleach 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 

Liquid Fabric softener 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 

Liquid Hand Dishwashing 
Detergent 

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 

Liquid Automatic Oishwashing
Detergent 

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 Automatic 
OishwAshing Detergent 

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 

-Duplicate analyses presented 



TABLE 6 

ANNUAL USA COSSUMPTION OF THE \'ARIOVS 
CLEANING PRODUCT CATEGORIES STUDIED 

Product 
Category Annual Consumption (million Ibs/yr) 

Yell 
1988­
1989­ 19Ub 19881: 

Po...·dered laundry detergent 

Liquid laundry detergent 

PO'\l:dered machine dishwashina detergent 

Liquid machine disbw3shinS deteraent 

Liquid hand dishwashina deterg.ent 

Liquid bleach 

PO'\l:dered bleach 

Liquid fabric softener 

3535.2 

2330.7 

578.7 

215.7 

1268.3 

\125.1 

3109.4 

2282.9 

510 

222.5 

1296.5 

2402 

370.4 

1212.9 

-SOurce: Personal communic::l.tion. Lever Brothers. Market volume for the period August 198&­
lull" 1989. 

tsource: Person:!.! communic31ion, The Pro<:ter &:. G~mble Company. 1988 market volume. 

CSour.-;e: Ptrsonal communic3lion. Clorox. 1988 m:uket volume. 
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TABLE 7 

USA PER CAPITA ANNUAL CONSUMPTION OF THE VARIOUS 
CLEANING PRODUCTS STUDIED 

Product 
Cal~gory Annual Per Capita Consumption (kg/capita/yr)d 

Average 
1988­ of 1988­

Year 1989­ 1988" 1988' 1989 data 

Po.....·der laundry detergent 

Liquid laundry detersent 

Powder machine dishw3shing detergent 

Liquid machine dishwashing detergent 

Liquid hand dish washing delergent 

Liquid bleach 

PO ....·dflf bleach 

Liquid fabric softener 

6.5 

4.3 

1.1 

0.39 

2.3 

2.1 

5.7 

4.2 

0.94 

0.41 

2.4 

2.2 

6.1 

4.3 

1.0 

0.4 

2.4 

4.4 4.4 

0.68 0.7 

2.2 

"Source: Personal communication, Lever Brolhers. Market volume (or Ihe period August 1988­

July 1989. Average of 1988 :md 1989 populalions used loestim31e ~r capita use.
 

trsource: Person31 communic:uion, The Procler & Gamble Company. 1988 market volume.
 

CSource: Personal communic:l.tion. Clorox. 1988 market volume.
 

dB3sed on lotal U.S. population exlrapol:l.ted using dala rrom Statistical AburacJ$. 1987. - 1988:
 
2., x 10'; 1989: 249 I 10'. 
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The per capita heavy metals contribution due to household 
cleaning product use was calculated as follows: 

(i)	 The duplicate heavy metals analyses shown in Table 5 were 
averaged for each product category (Table 8). 

(ii)	 Where the heavy metal content of a product category was 
less than the analytical detection limit, it was assumed 
that the product category contained the heavy metal at a 
concentration equal to the detection limit concentration 
(Table 8). This approach tended to overestimate the Cd, 
CrT' cu, Pb, Hg, Ni, Ag, and Zn contributions of these 
household cleaning product categories. 

(iii)	 The household cleaning product category heavy metals 
concentrations derived as above (Table 8) were multiplied 
by the USA per capita product category consumption 
(Table 7). The average of all 1988 and 1989 data 
presented in Table 7 was used. 

The daily per capita heavy metals contributions from 
cleaning product useage is presented in Table 9. 

The commonly cited reference for the heavy metals 
contributions of household cleaning products to wastewater is 
Gurnham et al. (1979). As indicated in Table 10, the Gurnham et 
al. values for the nickel concentration in powder and liquid 
laundry detergents is almost two orders of magnitude higher than 
other values reported in the literature, and almost three orders 
of cagnitude higher than the nickel content of these products 
determined in the current study. Moreover, the Gurnham et al. 
values for some other heavy metals concentrations (e.g. copper 
and chromium) in powder and liquid laundry detergents appear to 
be high. 
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'l'ABLE 8 

AVERAGE KEAVY KETALS CONCENTRATIONS IN CLEI\IlING PRODUCT CATEGORIES. 

USED POR CALCULATION 07 HZ,.vy METALS CONTRIBUTIONS 

Average Heavy Metal concentrat1on 1n Product Category, mq/kq
As Cd Cr, Cu Pb Hg Ni I\g Zn 

product category 

powder Laundry Detergent 13.8 0.26 1 0.49 0.2 0.025 0.5 0.5 7.27 

Liquid Laundry Detergent 0.023 0.2 1 0.21 0.2 0.025 0.5 0.5 1.16 

Liquid Bleach 0.005 0.2 1 0.2 0.2 0.025 0.5 0.5 2.89 

Powder Bleach 20 0.72 1 0.3 0.2 0.025 0.5 0.5 5.01• 
Liquid Fabric softener 0.011 0.2 l 0.2 0.2 0.025 0.5 0.5 0.5 

Liquid Hand Dishwashing 0.013 0.2 1 0.2 0.2 0.025 0.5 0.5 0.5 
Oeterqent 

Liquid Automatic Oishwashinq 6.63 0.37 1 0.54 0.37 0.025 0.5 0.5 7.84 
Detergent 

powder Automatic 18.8 1.06 1 2.4 0.2 0.025 0.5 0.5 9.2 
oishwashinq oeterqent 
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'UBLII 10 

COMPARISON OF CURRENT DATA ON MEAVY METALS 
POWDER AND LIQUID LAUNDRY DETERGENTS 

WITH PREVIOUS DATA 

CONCENTRATIONS 
(THIS STUDYI 

IN 

Average data for powder and 1 iquid laundry 
detergents. Concentrations in mg/kq 

Average of
 
previous data
 
excluding
 
Gurnham Gurnham
 
et al. et al.
 

Metal (1919)' (1919) This study' 

Cd 0.55" 0.85 0.23 

cr r 1.9 6.7 1.0 

eu 2.6" 1.3 0.35 

Pb O.Olb 1.0 0.2 

Ni 4. 6 300 0.5 

Hg 0.01 0.025 

Zn 83" 4.6 4.2 

-Averages of ranges of data from Table J with no weighting 
for proportion of liquid and powder products analyZed. Data 
below detection limit taken as equal to the stated detection 
limit. 

bOne set of data only. 

l:From Table 8. 

11
 



The data in Table 9, together with data from the reports by 
CH2M Hill, Inc., James M. Montgomery, Inc. and Eisenberg, 
Olivieri and Associates, Inc. for the three wastewater treatment 
plants can be used to calculate the contributions of heavy metals 
froc various sources (i.e. household cleaning products, water 
supply, permitted indust~ and net residential) to the influent 
wastewaters. This data is presented, together with effluent 
heavy metals loads and current and future permit levels in Tables 
11, 12, and 13 for the individual wastewater treatment plants. 
Table 14 presents a flow weighted average of these data for the 
three wastewater treatment plants. The net residential heavy 
metals contributions compared quite well with the average of the 
data fro~ previous stUdies (Table 2) with the exception of 
mercury where data for only one stUdy existed (much lower than 
previous data) and zinc (much higher than preVious data). In 
Table 15 the heavy metals contributions of some of the sources in 
the influent wastewater to the total influent-heavy metals loads 
are presented on a percentage basis. 

The percentage contributioDS for some of the heavy metals do 
not add up to 100 percent becaus~ of (i) sources such as 
co~ercial and non-permitted industry were not included, (ii) the 
use of the average of "zero" and "detection limit value" ,for 
heavy metals reported as being below the detection limit, (iii)
the use of data from only one or two of the treatment plants for 
some heavy ~etals, and (iv) general innaccuracies in conducting a 
mass balance on a complex and variable system. 

Table 15 shows that for none of the heavy metals examined 
does the household cleaning products category contribute the 
highest percentage to the influent wastewater total heavy metals 
load. Only for arsenic (13 percent) is the contribution to the 
influent total heavy metals load above 1 percent. Also shown in 
Table 15 is the heavy metals contribution expressed as a 
percentage of the influent minus permitted industry heavy metals 
load. The data ·used for calCUlating this were obtained from the 
flo_ weiqhted average influent minus permitted industry heavy 
metals load from Table 14. On this basis the only household 
cleaning product heavy metal contribution above 1 percent is 
arsenic, at 16 percent. 

It is appropriate to view the heavy metals content of 
wastewaters and their sources in wastewaters in terms of the 
current and proposed discharge perroit limits. To do this 
realistically, one must examine the heavy metal contents of the 
wastewater treatment plant effluents rather than the influents. 
Two assumptions were made in developing this type of assessment: 

(i)	 the future heavy metals removals achieved by the three 
treatment plants will be the same as the current values, and 

(ii)	 the heavy metals from all sources~in the influent wastewater 
are removed equally by the wastewater treatment plants. 

18 
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TABLE IS 

PERCENT CONTRIBUTIOI'S OF VARIOUS SOURCE CATEGORIES TO 
AVERAGE' II'FLUENT HEAVy METALS LOADS TO SOUTH SA)/ FRANCISCO 

BAY WASTEWATER TREATtlENT PLANTS . 
(mg/,ap/dar) 

Metal Household Olher Net Water Supply, Permined 
Cluning Products~' Residential Industry. 

Sources. 
'lb 'lb 'lb 'lb 

As 13 (16) 5 46 21 

Cd O.S (0.5) 6 33 12 

CrT 0.3 (0.3) I' 16 12 

Cu' 0.03 (0.03) 13 9 14 

Pb' 0.05 (0.07) 8 3 21 

HI 0.3 (0.3) 27' 88 26" 

Njc,. 0.1 (0.2) 2 7 24 

A8' 0.5 (0.6) 57 IS 22 

Zn' O.L (0.1) 55 65 

·Cal.:uI3ted from Tables II. 12. and 13 of this report using 3 \I:eighling f3.:lor proportional to 
IribuIJr,· population as follows: San Jose.'Santa Clara. 875,000; Palo Aha. 194,000; Sunnyvale. 
1:0.000.
 
OCalculated from data in Table 14.
 
CFuture permit le\'el e~ceeded b)" current e(nUeRt heavy melals loadings.
 
dSased on Palo Alto dara only.
 
·AII nickel conlriburions based on S:ln Jose and Palo AIIO innuents only.
 
'Based on San Jose data only.
 
i1~umbers in ( ) are percent contributions 10 innuenl minus permined induslry.
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The current flow weighted average heavy metals removals for 
the three wastewater treatment plants are presented in Table 16. 
In Table 17 the current effluent heavy metals discharge levels 
are compared to the current and proposed permit limits both for 
the flow weighted average values of the three wastewater 
treatment plants and for the individual treatment plants. In 
Table 17, numbers in bold print indicate that the current 
effluent heavy metal discharge is 80 percent or more of the 
proposed discharge permit level. For the flow-weighted average 
effluent data, copper, lead, nickel, silver and zinc are in 
excess of the proposed discharge permit levels. None of the flow 
weighted average effluent heavy metals exceed 50 percent of the 
current discharge permit levels. 

Using the percentage heavy metals removals by wastewater 
treatment, the contributions of various sources of heavy metals 
to the influent wastewater and the current and proposed permit 
limits, the contributions from the various heavy metals sources 
can be expressed as a percentage of the current and propoesd 
permit limits. This is done for the current permit limits in 
Table 18 and for the proposed permit limits in Table 19. 

Based on this data household cleaning products were never 
the greatest source of heavy metals of the contributions listed 
(i.e. household cleaning products, other net residential, water 
supply and permitted industry). only for arsenic is the 
household cleaning product contribution in excess of 1 percent of 
either the current or the proposed discharge permit limits. 
Household cleaning products contribute 5 percent of the arsenic 
to the current discharge limit, and 3 percent of the arsenic to 
the proposed discharge limits. It should also be noted that the 
current effluent arsenic level is well below both the current and 
proposed discharge limits. Tables 20-23 summarize the average 
flow weighted heavy ~etals data in terms of the contributions of 
individual sources to the net residential heavy metals load, the 
current wastewater influent and effluent heavy metals loads and 
the current and proposed heavy metals discharge limits. Table 20 
shows that the household cleaning product contribution to the net 
residential heavy metals load is 73 percent for arsenic, 11 
percent for chromium, 8 percent for cadmiUM, 6.2 percent for 
nickel and 1.1 percent for mercury. For silver, lead, copper and 
zinc the contribution is less than 1 percent. Even though 
household cleaning products contribute the majority of the 
arsenic to net residential wastewater, this results in a minor 
(13 percent) contribution to the influent and effluent wastewater 
and an even smaller contribution (5 percent and 3 percent, 
respectively) to the current and proposed discharge permit 
levels. 
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TABLE 16
 

AVERAGE' HEAVY METALS REMOVALS BY
 
SOUTH SAN FRANCISCO BAY WASTEWATER TREATMEST PLANTS
 

CUfrenl ErOuent 
Metal Influenlb Waste .....ater. Wastewater. Removal 

ro8/cap/day mS/cap/dil)' '!l>
 

As 2.6 1.6 38
 

Cd 3.3 1.1 61
 

Cr, 19 1.1 91
 

Cu 83 6.2 93
 

Pb 23 3.6 84
 

Hg 0.49 0.12 76
 

Ni 24' 9.ac 59
 

Ag 6.3 1.2 81
 

Zn 196' 21' 88
 

·Calculaled (rom Tables II, 12, and I); of Ihis report using a ...·eighting (acror proportional to 
tributary population as (ollo.....s: San Jose/Sanla Clara, 875,000; Palo Alto. 194,000; Sunn)'vale, 
120,00. 

boau (rom Table 14 of this report 
'0313 based on San Jose and Palo Alto only. 
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TABLE 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 LIMITS
 

Met31	 Current Average Ernuent Individual Plant Current Emuent 
Discharse as % of: Discharge as % of Proposed 
Current Proposed Permir limiu 
Permit Permit 
Limit Limit San Josel Palo Allo Sunnyvale 

Santa Clan. 

As 42 21 22 17 II 

Cd 14 29 25 SO 26 

Cr', 45 40 II 62 60 

Cu 8 82< 57 110 210 

Pb 9 170 170 170 190 

H8 lO lO 25 lO 7S 

Si 2S JSO 410 170 210 

A8 16 140 80 ISO .-. 550 

Zn 21' 105 100 140 

·CJI.:u131ed (rom Tables II, 12, and 13 of this repOr! using a weighting factor proportional ro 
trit'u13ry population as (ollo\lls: San Jose/S:lnt2 Clara, 875.000; Palo AIIO, 194.000; Sunnyvale, 
1:0.000. 

~r limit is (or hexavalent Cr.
 
COole! face numbers indicate efnuent discharge values thai are> 80 percent of indicated permit
 
limit.
 
dD:lt3 (or San Jose ilnd Palo Alto only.
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TABLE 18
 

A \"ERAGE PERCENT EFFLUENT HEA \'Y METALS CONTRIBUTIONS'
 
TO CURRENT PERMIT LEVELS, SOUTH SAN FRANCISCO BAV
 

Percent Contribution From: 

Melal Household 
Cleaning Products' 

Other Net 
Residenlial 

Water Supply Permitted 
Indusrry 

Sources 

A, 5 2 19 9 

Cd 0.Q7 0.8 5 2 

Cr b, 0.1 0.1 c 7 6 

Cu 0.002 0.7 

Pb 0.005 0.8 0.3 2 

H8 0,09 8d 25 3' 

Ni 0.03 0.5 2 7 

AI 0.Q7 9 2 4 

Zn 0.02 12 15 O.tt 

·Assumes average innuent heavy mel;)ls loads are femo'..ed by amounts indicated in Table 16.
 
bpermil is for he:uvalent Cr.
 
cDal3 for Palo Alto only.
 
00313 for San 10se only.
 
roata fot San Jose and Palo Alto only.
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TABLE 19
 

AVERAGE PERCENT EFFLUENT HEAYY METALS CO~W~BUTIONS'
 
TO FUTURE PERMIT LEYELS, SOUTH SAN FRAN!iI$CO BAY
 

Percent Conuibulion from; - ' .. 
Melal Household Other Net Water .5\Jpply Permitted 

Cleaning Products' Residential Industry 
Sources 

As 3 10 ..,- 5 

,Cd 0.1 2 9 3 

Cr'r 0.1 0.1" 6 5 

Cub 0.02 10 7 ~'- - 10 

Pbb 0.09 14 5 37 

Hg 0.09 g' 25 3" 

Nib 0.4 7 26 93 

Agb 0.6 7g 20 32 

Zob 0.1 59 73 1' 

-Assumes average innuent heavy metals loads are removed by amounts indicated in Table 16.
 
bA.t j;;urrent heavy melals loadings and removals permil .....iII be eliceeded. .
 
cData ror Palo Alto only.
 
dDal3 ror San Jose onty.
 
eOara ror San Jose and Palo Alto only.
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TABLE 19 

AVERAGE PERCENT EFFLUEloo. HEAVV METALS CO~TRIBUTIONS'
 
TO FUTURE PERMIT LEVELS, SOUTH SAN fRANCISCO BAY
 

Percent Conlributlon from: 

Me~al Household Other Net Water Supply Permitted 
Cleanina Products' Residential Industry 

Sources 

As 3 I 10 3 

Cd 0.1 2 9 3 

Cr' 0.1 O.l d 6 3T 

Cub 0.02 10 7 10 

Pbb 0.09 14 S 37 

HS 0.09 S' 23 3d 

Nib 0.4 7 26 93 

Asb 0.6 7S 20 32 

Zob 0.1 39 73 If 

'Assumes average innuenl heavy metals loads are removed by amountS indicated in Table 16.
 
bAt current heavy melals loadings and removals permit will be exceeded.
 
cData for Palo Alto only.
 
dDala for San Jose only.
 
'Data for San Jose and Palo Alto only.
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TABLE 20
 

AVERAGE PERCENT HEAVY METALS CONTRIBUTION" Of HOUSEHOLD 
CLEANING PRODUCTS TO NET RESIDENTIAL WASTE, CURRENT
 
INflUENT AND EffLUENT lOADS, AND CURRENT AND fUTURE
 

PERMIT LEVELS fOR SOUTH SAN fRANCiSCO BAY
 

Melal	 Percent Contribution or Household Cleanins 
Products 10 lfeavy Metals in: 

Net Residential Current Influent Current Fucure 
Load and Efnuent Permit Permit 

Loads Level Level 

A, 73 13 S 3 

Cd I O.S 0,07 0.\ 

JldCry 0.3 O.le O.l e 

Cub 0.2 0.03 0.002 0.02 

Pbb 0.7 O.OS O.ooS 0.09 

HI J.1 1t 0.3 0.09 0.09 

Nib 6.2 0.1 0.03 0.4 

Alb 0.1 O.S 0.Q7 0.6 

Znb 0.2 0.1 0.02 0.1 

-Assumes average innuent heavy me.als loads are removed by amounts indicated in Table 16. 
bAt current heav>-" metals loadings and removals permit ..... ill be e~ceeded. 
'Permit is for	 hexavalent Cr. 
dDal3 for Palo Alto only. 
eData for San Jose only. 
'Data for San Jose and Palo Alto only. 

29
 



TABLE 21 

AVERAGE PERCENT HEAVY METALS CONTRIBUTION' OF NET 
RESIDENTIAL SOURCES OTHER THAN HOUSEHOLD CLEANING PRODUCTS TO 
NET RESIDENTIAL WASTE. CURRENT INFLUENT AND EFFLUENT LOADS, 

AND CURRENT AND FUTURE PERMIT LEVELS FOR SOUTH SAN FRANCISCO BAY 

Mel:1I	 Percent Con~ribution of Net Residen,:al SOurces Other
 
Than Household Cleanina Products 10 Heavy Metals in;
 

Net Residential Current InOuent Current FUlurt 
Load and Ernuent Permit Permil 

Loads Level Level 

A'	 27 5 2 

Cd 92 6	 0.8 2 

CrT 39 l	 O-lc 0.1 c 

Cub >99 13	 10 

Pbb >99 3	 0.3 14 

HI 99" 21"	 I" Id 

Nib 94 2	 O.S 7 

Alb >99 57	 9 73 

Zob	 >99 1255	 59 

-Assumes averJge innuent heavy metals IOJds 3re removed by amounts indicated in Table 16.
 
bAt current heav)' metals loadings and removals permit win be exceeded.
 
'Permil is for hexavalenl Cr.
 
dData for San Jose only.
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TABLE 22
 

A"ERACE PERCENT HEAVY METALS CONTRIBUTION' OF
 
WATER SUPPLY TO CURRENT INFLUENT AND EFFLUENT LOADS,
 

A~D CURRENT AND FUTURE PERMIT LEVELS FOR SOUTH SAN FRANCISCO BAY
 

Metal Percen! Conlribulion of Water Supply 10 Hea~y Metals in: 

Current Innuent Current Future 
and Ernuent Permit Permit 
Loads level level 

A. 46 20 10 

Cd 33 5 9 

Crt 16 7' 6' 

Cub 9 0,7 7 

Pbb 3 0.3 5 

H8 88 25 25 

Nib	 7· 2 26 

bA8 15 2 20 

Znb 65 15 73 

-Assumes avenge innuent heavy metals IO:Jds are removed by amounts indicated in Table 16.
 
bAt currenl heavy metals loading,> and ,emovals permit wilt be e~ceeded.
 
'Permit is for hex:J.valent Cr.
 
dOa1:J for San Jose and Palo Alto only.
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TABLE 23
 

A"ERACE PERCENT HEAVY METALS CONTRIBUTION' OF
 
PERMITTED INDUSTRY TO CURRENT INFLUENT AND EFFLUENT LOADS.
 

-,"D CURRENT AND FUTURE PERMIT LEVELS FOR SOUTH SAN FRANCISCO BAY
 

Metal Percent Contribution of Permiued Industry 10 Heavy Metals in:. 

Current Innueot Current Future 
and Ernuent Permit Permit 
Loads Level Level 

As 21 9 S 

Cd 12 2 3 

CrT 13 6' S' 

Cub 14 II 

Pbb 21 2 37" 

Hg 10" 3" 3" 

Nib 26' 7 93 

Agb 24 4 32 

Zob 0.2- I'
"
 

'Assumes a\"erage innuent heavy metals loads are removed by amounts indicated in Table 16.
 
bAI currenl heavy metals loadings and removals permit will be exceeded.
 
tpermir is for hexavalent Cr.
 
dDat3 for Palo Alto only
 
C'Dat3 for San Jose and Palo Alto only.
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S~ary and Conclu9ions 

A study that involved the sampling and analysis for heavy 
metals of influent and effluent wastewaters, domestic water 
supplies, industrial, commercial and residential discharges and 
household cleaning products was conducted in the Southern San 
Francisco Bay area. A population base of some 1.2 million people 
was involved. The household cleaning products included laundry 
and dishwashing detergents, bleaches and fabric softeners. The 
flow-weighted average heavy metals contributions of household 
cleaning products, other net residential sources, water supply 
and permitted industry to the influent and effluent wastewater 
and to current and proposed discharge permit levels were 
determined. For none of the heavy metals examined did household 
cleaning products contribute the highest percentage to the 
influent wastewater total heavy metalSa Only for arsenic (13 
percent) was the contribution above 1 percent a In terms of their 
contributions to current and proposed heavy metals discharge 
permit levels, household cleaning products were never the major 
heavy metals source for the heavy metals examineda Household 
cleaning products contributed 5 percent of the arsenic load to 
the current NPOES discharge permit level and 3 percent to the 
proposed NPOES discharge permit levels. The current effluent 
arsenic content is well below both the current and proposed 
discharge limit. For all other heavy metals the contribution was 
less than 1 percent a When expressed in terms of their 
contributions to the net residential wastewater only, household 
cleaning products contributed 13 percent of the arsenic, 11 
percent of the chromium, 8 percent of the cadmium, 6.2 percent of 
the nickel and 1.1 percent of the mercury. For silver, lead, 
copper and zinc, household cleaning products contributed less 
than 1 percent to the net residential wastewater component a 
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APPENDIX 1
 

CLEANING PRODUCT USAGE DATA
 

AND COHPOSITING PROCEDURES
 

(Source: Hazelton Laboratories America, Inc. (1990» 
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TABLE 2C 

HARKET SHARE AND TARGET COKPOSITE SAKPLE WEIGHTING FACTORS 
FOR THE VARIOUS BRANDS OF VARIOUS HOUSEHOLD CLEANING PRODUCTS 

Harket cumUlative Weighting 
Brand Manufacturer Share Share Factor 

powder Laundry Detergents: 

Tide Procter & Gamble 28 28 35 
Surf Lever Brothers 11 39 14 
All Lever Brothers 7 46 9 
Bold Procter & Gamble 6 52 8 
Cheer Procter & Gamble 6 5S 8 
Purex Dial 5 63 6 
Arm & Hammer 
Fresh start 
Clorox 

Church & Dwight
Colgate-Palmolive 
Clorox 

4 
4 
3 

67 
71 
74 

5 
5 
4 

Dash Procter & Gamble 2 76 3 
Tide w/Bleach 
Gain 

Procter & Gamble 
Procter & Gamble 

2 
1 

78 
79 

3 
1 

Oxydol Procter & Gamble 1 ·80 1 

Liquid Laundry Detergents: 

Liquid Tide Procter & Gamble 21 21 25 
Wisl<. Lever Brothers 20 41 24 
Liquid All Lever Brothers 14 55 17 
Liquid Cheer Procter & Gamble 6 61 7 
Era Procter & Gamble 6 67 7 
Liquid Surf Lever Brothers 6 73 7 
Liquid Bold Procter , Gamble 5 78 6 
Liquid 

Arm & Hammer Church & Dwight 5 83 6 

Liquid Bleach: 

Clorox Clorox 45 45 71 
Purex Dial 11 56 17 
Clorox II Clorox 5 61 8 
Vivid OowBrands 2 63 3 

Powder Bleach: 

Clorox II Clorox 42 42 53 
Biz Procter & Gamble 27 69 34 
Borateem Dial 11 80 14 
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T~LB 24 (Continued) 

Mark.et Cumulative weighting
Brand Manufacturer Share Share Factor 

Liquid Fabric Softeners: 

Downy (Reqular) Procter , Gamble 
Snuggle Lever Brothers 
Downy (Sun 

Rise) Procter , Gamble 

Liquid Hand Dishwashlng petergents: 

Palmolive 
Liquid 

Dawn 
Ivory Liquid 
Crystal White 

octagon 
Joy 
Sunlight 
Dove 

Colgate- Palmal i ve 
Procter , Gamble 
Procter , Gamble 

Colgate-Palmolive 
Procter , Gamble 
Lever Brothers 
Lever Brothers 

44 
23 

15 

16 
13 
12 

12 
12 
11 

8 

44 
67 

82 

16 
29 
41 

53 
-65 
76 
84 

54 
28 

18 

19 
15 
14 

14 
14 
13 
10 

Liquid Automatic Dishwashing Detergents: 

Cascade 
Palmolive 

Liquid 
Sunlight 

Liquid 

Procter " Gamble 37 37 37 

Colgate-palmolive 32 69 32 

Lever Brothers 30 99 30 

Powder Automatic Dishwashing Detergents: 

cascade Procter " Gamble 58 58 70 
Sunlight Lever Brothers 15 7J 18 
Electrosol Benckiser 9 82 11 
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TlIBLE 25 

DESCRIPTION OF TlIRGET CLEl\NING PRODDCT COKPOSITING PROCEDDRE . 

Three containers of each brand from each of three cities were 
combined and well mixed. From this composite, an aliquot based 
on the market share percentages was taken, and this final 
composite was well mixed. The weights taken were as follows: 

Powder Laundry Detergents (42 oz. size) 

Tide 700 9 35\
 
Surf 280 9 14\
 
lIll IS0 9 9\
 
Bold 160 9 8\
 
Cheer 160 9 8\
 
Purex 120 9 6\
 
Arm and Hammer 100 9 5\
 
Fresh Start 100 9 5\
 
Clorox 80 9 4\
 
Dash 60 9 3\
 
Tide with bleach 60 9 3\
 
Gain 20 9 1\
 
oxydol	 120 9 ---l1 

2,040 9 loa 

Note:	 No Purex or Dash was sent from Palo Alto. Sunnyvale sent 
Lemon Fresh Dash: San Jose sent Regular Dash. 

Liquid Laundry Detergents (62 fluid oz. size) 

Liquid Tide 500 9 25\
 
Wisk 480 9 24\
 
Liquid lIll 340 9 17\
 
Liquid Cheer 140 9 7\
 
Era 140 9 7\
 
Liquid surf 140 9 7\
 
Liquid Bold 120 9 6\
 
Liquid Arm and Hammer 120 9 ....n
 

1,980 9 99\ 

Liquid Bleaches (128 fluid oz. size) 

Clorox 1,420 9 71\
 
Purex 340 9 17\
 
Clorox II 160 9 8\
 
Vivid 60 9 ...1l
 

1,980 9 99\ 

Note:	 No Vivid was sent from Palo Alto. 
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,.. , . . po.....aer tHeacnes In oz. SlzeJ	 l'J:aoLe l:> con't.lnUeO)• 

C}orox II 1,060 q 53\
 
Biz 680 q 3U
 
Borateem 280 9 J.U
 

2,020 q lon 

Liquid	 Fabric Softeners (22 fluid oz. size) 

Downy (Regular) 1,080 q 54\
 
Snuqqle 560 q 28\
 
Downy (Sun Rinse) 360 9 ...lll
 

2,000 q 100\ 

~id	 Rand Dishwashing petergents (22 fluid oz. size) 

Palmolive Liquid 380 q 19\
 
Dawn 300 q 15\
 
Ivory Liquid 280 q 14\
 
Crystal White Octagon 280 q lU
 
Joy 280 q lU
 
Sunliqht 260 q 13\
 
Dove 200 9 12l
 

1,980 q 99\ 

Note:	 No IVOry Liquid was sent from Palo Alto. 

Liquid Automatic Dishwashing Detergents (32 fluid oz. size) 

cascade 740 9 37\
 
Palmolive Liquid 640 9 32\
 
Sunlight Liquid 600 9 1Ql
 

1,980 9 99\ 

Note:	 Cascade trom Sunnyvale, palmolive Liquid from San Jose, 
and Sunlight Liquid from Sunnyvale were Lemon Scent. All 
others were Regular Scent. palo Alto mistakenly sent 
Sunlight Liquid hand dishwashing detergent. This was not 
used in the composite. Due to analyst error, only one 
fourth of the San Jose Sunlight Liquid was available for 
use in the composite. 

Po....der Autotflatic Dishwashing Detergents (50 oz. size) 

Cascade 1,400 9 70\
 
sunlight 360 q 18\
 
Electrosol 220 9 111
 

1,980 q 99\ 

Note:	 Cascade from Sunnyvale and Sunlight from all three cities 
were Lemon Scent. All others were Regular Scent. 

From these data it can be concluded that the target compositing 
procedure was .et satisfactorily. 
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APPENDIX 2
 

ANALYTICAL METHODS FOR HEAVY METALS IN
 

COMPOSITE CLEANING PRODUCTS SAMPLES
 

(Hazelton Laboratories America, Inc. (1990» 
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I. MATERIALS 

A. Reagents 

1.	 water, double deionized 
2.	 Nitric acid, GR grade, EM Science, NX0409-7 
3.	 Sulfuric acid, GR grade, EM Science, SX1244-5 
4.	 Sodium borohydride, Fisher Scientific, 5678-25 
5. Stock solutions of metallic elements, 1,000 mq/l Fisher 

scientific 

B. ~quipment 

1.	 Atomic Absorption Spectrophotometer, Perkin-Elmer Model 
5000 

2.	 Mercury/hydride system, Perkin-Elmer MHS-20. 

I I. SAMPLE PREPARATION 

A. Copper. Cadmium. ChromiuM. Lead. Nickel. and Zinc 

1. The powder laundry detergents, liquid laundry detergents, 
powder bleaches, liquid automatic dishwashing detergents, 
and automatic dishwashing detergents were digested with 
nitric acid in beaker on a hot plate~ After transfer to 
a 50 ml volumetric flask, the samples were filtered 
through Fisher coarse filter paper to remove 
particulates. 

2.	 The liquid bleaches, liquid fabric softeners, and liquid 
hand dishwashing detergents were dry-ashed on hot plates. 

3.	 All six elements were determined on the same digest. 

B. silver 

1. The powder laundry detergents, liquid laundry detergents, 
powder bleaches, and liquid and powder automatic 
dishwashing detergents were digested with nitric acid in 
a beaker on a hot plate. The sample was filtered through 
Fisher coarse filter paper to remove particulates. 

2. The liquid bleaches, liquid fabric softeners, and liquid 
hand dishwashing detergents were dry-a shed on hot plates. 

3. After setting for several hours, the liquid bleach and 
liquid laundry detergent composites usually separated. 
The detergent was rehomogenized by shaking. ~he bleach 
was rehomogenized by processing with a Polytron. 

4.	 The liquid bleach was accidentally contaminated with 
copper when it was processed on the Polytron in 
preparation for the mercury digestion. The bleach was 
recomposited on August 31, 1989, with the following 
weights: 
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Clorox 355 9	 7a 
Porex 85	 17\9 
Clorox II 40 9	 at 
vivid	 15 q .-ll 

495 9	 99\ 

C.	 Mercury 

1. The samples were digested with a mixture of sulfuric and 
nitric acids. The mercury was reduced with sodium 
borohydride using the Perkin-Elmer KHS-20 Hydride System. 

O.	 Arsenic 

1.	 The samples were digested with a mixture of sulfuric and 
nitric acids. The arsenic was converted to arsine using 
the Perkin-Elmer KHS-20 Hydride system. 

III.	 PREP~TION OF SAMPLE SPIKES 

A.	 For all analytes, the samples were spiked and digested as 
described above. The choice of spiking level depended upon 
the analyte concentrations determined in the unspiked
samples.. For analytes found to be less than the detection 
limit, the spike level addition was four times the detection 
limit. For samples with quantifiable analyte levels, spikes 
were added at five times the levels found. 

IV.	 METHOD REFERENCES 

A.	 Mercury 

1. Digestion: Analyst, 86:608 (1961) (with modifications). 
2. DetQrmination: Analytical Chemistry, 40:2085 (1968). 

B.	 Arsenic 

L	 DigQstion: Analytical Methods Committee, Analyst, 
85:643-656 (1960). 

2.	 An~lytical Methods Using the MHS Mercury/Hydride System, 
Perkin-Elmer: Norwalk, Connecticut (January 1981). 

C.	 cadmium 

1. Official Method of Analysis, 14th Ed., Methods 25.061­
25.065, 33.089-33.094, ~OAC: Arlington. Virginia (1984). 

2.	 Friend,. M.T., smith, C.A., and Wishart, D., Analytical 
Methods for Atomic Absorption spectrophotometrY, Perkin­
Elmer: Norwalk, Connecticut (January 1982). 

J.	 Atcmic bosorption Ne~sletter, ~(2):46-49 (1919) (modified). 
4. Methods for ChQrnical Analysis of Water and Wastes, Metals 

1-19 and Method 213.1, U.S. EPA: Cincinnati, Ohio 
(1979) • 
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D. Chromium 

1.	 Analytical Methods for Atomic Absorption 
Spectrophotometry, Perkin-Elmer: Norwalk, connecticut 
(January 1982) • 

2.	 Methods for Chemical Analysis of Water and Wastes, Metals 
1-19 apd Method 218.1, U.S. EPA: Cincinnati, Ohlo 
(1979) • 

E. Copper 

1. Official Method of Analysis, 14th Ed., Methods 2.126­
2.130, 7.096-7.100, 43.A37-43,A40, 49.AOl-49.A04, AOAC: 
Arlington, Virginia (1984). 

F. Lead 

1.	 Official Method of Analysis, 14th Ed., Methods 25.089­
25.094, 33.089-33.094, AOAC: Arlington, Virginia (1984) 
(samples with less than 4.00 ppm of lead). 

2.	 Official Method of Analysis, 14th Ed., Methods 25.104­
25.109, AOAC: Arlington, Virginia (1984) (samples with 
greater than 4.00 ppm of lead). 

3.	 Test Methods for Evaluating Solid waste, EPA Publication 
No. 5W-846, 2nd Ed., Methods 3030, 3040, or 3050 and 
7421, U.S. EPA: Washington, D.C. (Revised April 1984). 

G. Silver 

1.	 Analytical Methods for Atomic Absorption 
spectrophotometry, Perkin-Elmer: Norwalk, Connecticut 
(January 1982). 

2.	 Methods for Chemical Analysis of Water and wastes, Metals 
1-19 and Method 272.1, U.S. EPA: Cincinnati, Ohio 
(1979) • 

1.	 Analytical Methods for Atomic ~sorption 

Spectrophotometry, Perkin-EI:er: Norwalk, Connecticut 
(January 1982). 

2.	 Methods for Chemical Analysis c! water and Wastes, Metals 
1-19 and Method 249.1, U.S. EPA: Cincinnati, Ohio 
(1979). 

1.	 Official Method of Analysis, 14th Ed., Methods 2.126­
21.130, 7.096-7.100, 25.175-25.178, 43.A37-43.A40, AOAC: 
Arlington, Virginia (1984). 

44
 




