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INTRODUCTION

Samples of household cleaning products (laundry detergent, laundry bleach, fabric
softener, and dish detergent) were anaìyzed for arsen'ic, cadmium, chrom'ium,
copper, lead, mercury, nickel, silver, and zinc to develop background information
on the potential contribution of these products to the heavy metal contamination
of municipal sewage. The sampìe coìlection was designed to represent the
majority of products used, and the analytical sampìes were prepared as category
composites in proportion to thejr market share. The anaìytical results are in
Table I.

SAHPLI SOURCES, CATEGORIES, AND HANDLING

Sampìes ¡{ere collected in three California cities: Paìo Alto, San Jose, and
Sunnyvaìe. An attempt was made to collect identical unit s'izes of alì products
in each category, but due to loca'l 'limitations 'in product availabjlity, several
omissions or substìtutions were necessary. These alterations are delineated in
the Compositing Procedure Section.

Sampìing was conducted by the Nutrition Network, Laguna Beach, Californja.

Sampìes were shipped in their originaì containers to Hazìeton Laboratorjes
America, Inc., I'ladison, llisconsin, by Federaì Express from August 7 through 17,
1989.

Hazleton handìed all sampìes according to the ìaboratory chain of custody
standard operating procedure.

COHPOSITING PROCEDURE

The Soap and Detergent Association provided estimates of the relative market
volume shares to be used as a guide in sample compositing (Appendjx I). Brand
sampìes within each category were composited based on the relative market shares
of each brand in the category.

Three containers of each brand from each of three cities were combined and well
mixed. From this composÍte, a weight was taken based on the market share
percentages, and this fina'l composite was well mixed. The weights taken vrere as
foì I ows:
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Powder Laundrv Detergents

Tideo
Surfo
Aì ]O
Bol do
Cheero
Purefo
Arm and Hamrnero
Fresh Starto
Cì orox9
Dasho
Tide with bleach
Gai no
0xydoìe

Tota'l

Note: Purex and Dash were not avai'lable
Fresh Dash; San Jose sent Reguìar

Liquid Laundrv Detergents

Liquid Tidee
lli sko
Liquid Alìo
Liquìd Chee¡o
Erao
Liquid Surfe
Liquid Bolde
Liquid Arm and Hammero

Total

Liquid Bleaches

Cl orox9
Puref
Cìorox IIo
Vl vi de

Totaì

Percent

35
l4

9
I
I
6
5
5
4
3
3
I
t

102

Sunnyva'le sent Lemon

}leiqht lql

700
280
180
160
160
t20
100
100
80
60
60
20
?0

2,040

from Palo Alto.
Dash.

Hejght lqì

500
480
340
140
140
140
120
120

I,980

Heioht (q)

|,420
340
160
60

1,980

Percent

Percent

25
24
t7

7
7
7
6
6

99

7l
t7
I
3

99

Note: No Vivid was available from Paìo Alto.
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Powdered B'leaches

Clorox IIe
Bizo
Borateer¡o

Total

Liouid Fabric Softeners

Downf (Reguìar)
Snuggì eo
Downf (Sun Rinse)

Total

Liquid Hand D'ishwashi ng
Deterqents

Palmol ive Liquido
Dawno
Ivory Liquide
Crystal llhite 0ctagono
Joyô
Sunl ighto
Doveo

Total

Liquid Automatic
Di shwashing Detergents

Cascadeo
Palmolive Liquido
Sunì ight Liquido

Total

Heiqht (g)

1 ,060
680
280

2,020

tJeight (gì

l,o8o
560
360

2,000

Ueiqht (g)

380
300
280
280
280
260
200

1 ,980

53
34
l4

l0t

Percent

Percent

54
28
l8

100

Percent

t9
t5
l4
l4
l4
l3
l0

99

Note: Ivory Li qu'id was not avai I abl e from Pal o Al to. The
Nutrition Network substituted tlhite Magic by Safeway,
but this was not inc'luded in the composite because it
ras not a part of the study protocoì.

lleight (o)

740
640
600

1 ,980

Percent

37
32
30

99

Note: Cascade from Sunnyvale, Palmolive Lìgu'id from San Jose, and
Sunìight Liquid from Sunnyvale were Lemon Scent. All others
were Regular Scent. Palo Alto mistakenly sent Sunìight Liquid
hand dishwashjng detergent. This mistake was djscovered during
the composite preparation stage. Therefore, the mjx rlas
terminated and restarted. The loss of the first mix resulted in
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a shortage of the San Jose Sunìight, Thg.difference was made up

with Sunñyvale Sunlight. To sunmarize, the final composite
consisted- of l/4 San-Jose lo 3/4 Sunnyvale'-as opposed to
l/3 San Jose t'o 1/3 Sunnyvale to l/3 Paìo Alto. sunlight was

r'epresented correctly, blt the proportion from each city was
di fferent.

Powdered Automatic
Dishwashinq Deteroents

Cascadeo
Sunl ighto
tl ectrosolo

Total

Heiqht (g)

1 ,400
360
?20

1 ,980

Percent

70
18
n
99

three cities wereNote: Cascade from Sunnyvaìe and Sunlight from a'll
Lemon Scent. All others were Regular Scent.

. 
I4ATIRIALS

Reagents

0
0
0
o
0

Eoui oment

l,later, doubl e dei oni zed
ilitrið acid, GR grade, Ell Science, Gibbstown, New Jersey, NX0409-7
Sut furic acid, GR grade, El,l Science, SXl244_-5
Sodium borohyàrì¿e, flsher Scientìfic, Fairlawn, New. Jersey, 5578-25
Stock solutións of'metalljc elements, 1,000 ppm, Fisher Scjentific

o General laboratory gìassware
o Filter paper, Fis-heÉ P8, coarse, 15.0 cm, 09-795F, Fisher Scientific

Instrumentati on

o Spectrometer, Atomjc Absorption, Perkin-Elmer Hode] 5000
o ilercury/hydride system, Perkin-Elmer IIIHS-20

SAI4PLE PRIPARATION AND ANALYSIS

Sample sizes and initial dilution volumes are summarized in Table II.

Several of the products and composìte samples were observed to be hetercAengoYs'
thus precautioni were taken to ãssure that homogenous aliquots were pre;ared for



analysis. Powder-type sampìes vrere prepared for compos-itjng as folìows: the
wholã-package contents of identical brands from each of the three cities uere
combinbd anð physically homogenized with a Hobarte A-200 grinder. After
composite preÞaiation,- the cómposite was again ground with the Hobart grinder
before bottì ing.

The tiquid bleach and liquid ìaundry detergent composites commonly separeted_.
after ipprox'imalely 24 hours. The detergent was_rehomggenjzed by shakinç. The
bleach was rehomogenized by processing with a Polytrono.

The 'liquid bleach ras accidentaì'ìy contaminated with copper
with the Polytron. Therefore, the bleach was recomposìted
August 31, 1989, after which it was weighed inrnediately and
reanaìysi s.

HLÂ 6310-101

when it was processed
as fo'l'lows on
prepared for copper

Percent

7t
l7
I
3

99

Liouid Bleaches

Cl orox
Purex
Clorox II
Vi vid

Tota'l

Height lgl

355
85
40
t5

495

Copper. Cadmium. Chromium. Lead. Nickel. and Zinc

The powdered laundry detergents, ìiquid ìaundry detergents, powdered b'ìeaches,
tiquid automatic dishwash'ing detergents, and powdered automatic dishwashing
dedergents þrere digested wjth nitric acid in beakers on a hot plate and
transferred to 50-nL volumetric flasks and filtered.

The liquid bleaches, liquid fabric softeners, and liquid hand dishwashinE
detergints were pre-ashed on hot plates, and then ashed at 500'for l0 hcurs.

All six of these elements were determined on the same dìgest by fìame atomic
absorption spectroscopy. Instrument operating parameters are summarizeC in
þpendix II.

Si ì ver

The powdered laundry detergents, ìiquid laundry detergents, powdered b'leaches,
and iiquid and pordered automat'ic dishwashing detergents were digested vith.
nitric.acid jn beakers on a hot pìate. The samples were filtered as wi:h the
above digests.

The tiqujd bleaches, liquìd fabric softeners, and 'ljquid hand dishwashi:g
detergents were pre-ashed on hot pìates, and then ashed at 500'for l0 :-3urs.

Digestates were anaìyzed by f'lame atomic absorpt'ion spectroscopy. Inst:-.¡ment
operating parameters are summarized in Append'ix II.



I'lercurv

The samples vrere digested with a mixture of
mercury was reduced with sodium borohydride
System. Instrument operating parameters are
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suìfurÍc and nitric acids. The
by the Perkin-Elmer HHS-20 Hydride
surunarized in Appendix II.

Arsen i c

The samples were digested with a mixture of sulfuric and nitric acids. The
arsenic was converted to arsine by the Perkin-Eìmer I'IHS-20 Hydride System.
Instrument operating parameters are sununarized in Appendix II.

PREPARATION OF SAI'IPLE SPIKES

For aìl analytes, the samp'les were sp'iked and digested as previously djscussed.
The choice of spiking ìeveìs depended upon the analyte concentratjons determined
in the unspiked samp'les. For analytes found to be ìess than the detection iimit,
the spike'ìevel addition was ca'lculated as four times the respective detection
limit. For samp'les with quantifiable analyte levels, spikes were added ai five
times the ìevels found. Table III summarizes the analyte additions used to
formulate the spiked sampìes. Table IV summarizes the analyt'ical sp'ike recovery
data.

}IETHOD REFIRINCIS

I'lercury

0
0

Arsen i c

Digestion: Analyst, 86:608, (1961) (with modifications).
Determination: Analytìca] Chemistrv, 40:2085 (1968).

Official tlethod of Ana'lvsis, l4th Ed., ilethods
33.094, AOAC: Arlington, Virginia (1984).
Fri end, H. T. , Smi th, C. A. , and lti shart, D. ,

o Digestion: Anaìytjcal Hethods Committee, Analyst, 85:643-656 (1.960).
o Analvtical l-lethods Using the l,lHS ilercury/Hydride Svstem, Perkin-Elmer:

Nomaì k, Connecti cut (January lggl ) .

Cadmi um

25.061-25.065, 33.089-

Anal vt i cal I'lethoC s for
Atomic Absorotion Spectroohotometrv, Perkin,Elmer: Norwalk,
Connecticut (January 1982).

, t6(2):46-49 (1979) (modified).
f

2r3. I ,

't

't

Method Cincinnatj, 0hio (1979).
, l'letals l-19 and



Chromi um

o

0

Copper

o

Lead

Si ì ver

o

0

Ni ckel

0

0

Zi nc

HLÂ 6310-l0l

Elmer: Nomalk, Connecticut (January 1982).
, Perkin-

l-19 andl,lethods for Chemical Analysis of l{ater and Hastes, Hetal s
l4ethod 218.1, U.S. EPA: Cincinnati, 0hio (1979).

0fficial llethod of Anaìvsis, l4th Ed., l4ethods 2 .126-2.130, 7.096-
7.100, 43.437-43.A40, 49.A01-49.404, AOAC: ArlÍngton, Virginia (1984).

Off i ci al Flethod of Ana'l vs i s, l4th Ed. , l-lethods 25.089-25.094, 33.089-
33.094, AOAC: Arlington, Virginia (1984) (sampìes wjth less than
4.00 ppm of ìead).

, l4th Ed., Hethods 25.104-25.109, Â3AC:
rlington, Virginia (1984) (samples with greater than 4.00 ppm of

ì ead) .
Test l,lethods for Eval uating Sol id llaste, tPA Pubì icat jon No. 5l-846,
lnd Ed,, I'lethods 3030, 3040, or 3050 and 7421, U.S. EPA: llashington,
D.C. (Revised Apríl I984).

, I'letals l-19 and
27?,1, U.S. EPA: Cincinnati, 0hio (1979).

l{omalk, Connecticut (January 1982).
, Perkin-

1-19 and, l4etal s
!,lethod 249.I, U.S. EPA: Cincinnati, 0hio (1979

Officjal Flethod of Anaìvsjs, l4th Ed., Methods 2.126-21.I30, 7.096-
7.100, 25.175-25.178, 43.437-43.440, AOAC: Arìington, Virginia (1984).
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RESULTS ANO DISCUSSION

The analytical results of nine heavy metal determinations performed on eight
composited samples are surmarized in Tabìe I. Each composite was anaìyzed in
duplicate, denoted by either Result I or ResuJt 2. Agreement between the
duplicates in all cases was good (less than ?01, reìative percent difference). As
a rule, zinc had the widest variation. Vaìues for chromium, mercury, nickel, and
silver were lower than the contract-requìred detection limit (CRDL). One
composite contained lead at a concentration greater than the CRDL. Generally,
liquid cleaning products had lower heavy metal content than powdered cìeaning
products, with the exception of the liquid automatic dishwashing detergents.

The values of the anaìytical spike recoveríes (Table IV) ranged fron777 to 122%,
with the totaì average of 98.3%.
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Table I

Analytlcal Results - Heavy Hetal Deterninailons
ln Household Cleanlng Products

HLA 6310-tol

<0.5 6.82
<0. 5 7 .72

<0.5 l.16
<0.5 l.16

<0. 5 3. 12
<0.5 2.65

<0.5 5.23
<0.5 4.78

<0.5 <0.5
<0.5 <0.5

<0.5 <0.5
<0.5 <0.5

<0. 5 I .72
<0.5 7.95

<0. 5 9.31
<0.5 9.09

Product

Powder Laundry Detergent
Resul t t 90803280
Resul t 2 90803281

Llquld Laundry Detergent
Resul t I 90803284
Resul t 2 90803285

Liquid Bleach
Result I 90802388
Resul t 2 90803289

Powder Bleach
Resul t I 90803292
Result 2 90803293

Liquid Fabric Softener
Resul t I 90803296
Resul t 2 90803297

Liquid Hand Dish Detergent
Result I 90803300
Resuì t 2 90803301

Liquid Automatic Dlsh Detergent
Result I 90803304
Resul t 2 90803305

Powder Automatlc Dlsh Detergent
Result I 90803308
Resul t 2 90803309

t3.8
13.8

0.022
0.024

0.005
0.005

2t.2
18.8

0.010
0.012

0.012
0.014

6.75
6. 50

17.5
20.0

0.29
0.2s

<0.2
<0.2

<0.2
<0.2

0.72
0.7?

<0. 2
<0.2

<0.2
<0.2

0.37
0.37

1.06
I .06

<l
<l

0.49
0.49

0.21
0.21

<0.2
<0.2

0.30
0.30

<0.2
<0.2

<0.2
<0.2

0. 49
0.59

2.40
2.40

<0.2 <0.025
<0 .2 <0.025

<0.2 <0.025
<0.2 <0.025

<0.2 <0.025
<0.2 <0.025

<0.2 <0.025
<0.2 <0.025

<0.2 <0.025
<0.2 <0.025

<0.2 <0.025
<0.2 <0.025

0.34 <0.025
0.39 <0.025

<0.2 <0.025
<0.2 <0.025

<0.5
<0.5

<0. 5
<0.5

<0.5
<0.5

<0.5
<0.5

<0.5
<0.5

<0.5
<0.5

<0. 5
<0.5

<0.5
<0. 5

<l
<l

<l
<l

<l
<l

<l
<l

<l
<l

<l
<l

<l
<l
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Table II
Sample Preparation Specifications - Heavy Hetaì

Determinations in Cleaning Products

El ement

Arseni c
Cadmi um
Chromi um

Copper
Lead
I'lercury
Ni ckeì
Si J ver
Zi nc

Sampl e
lleight (q)

1.00
5.00
5.00
5.00
5.00
2.00
5.00
5.00
5.00

Initiaì Dilutìon
Volume (mL)

25.0
50.0
50.0
50.0
50.0

100.0
s0.0
50.0
50.0



Table III
Analytlcal Splke Addltions - Heavy Hetal Determinailons

ln Household Cleaning products

lrlÂ 6310- l0l

40

6.0

70

30

l0

l0

40

50

Product

Power Laundry Detergent
90803282

Liquid Laundry Detergent
90803286

Liquid Bleach
90803290

Powder Bleach
90803294

Liquld Fabrlc Softener
90803298

Liquld Hand Dlsh Detergent
90803302

Liquld Automatlc Dlsh Detergent
90803306

Powder Automatlc Dlsh Detergent
908033t0

50 2.0 20 3.0

0.10 4.0 20 2.0

0.02 4.0 20 4.0

62.s 4.0 ?0 2.0

0.05 4.0

0.05 4.0

80

20 4.0

20 4.0

3.0202.025

l5205.0

4.0

4.0

4.0

4.0

4.0

4.0

2.0

4.0

0. 20

0.20

0.20

0.20

0.20

0.20

0.20

0.20

l0

l0

l0

l0

l0

l0

l0

t0

l0

l0

l0

l0

l0

l0

l0

l0

a Refer to Table I[ for sample weights and dilution volumes.



Table lV

Analytlcal Splke Recoverles - Heavy üetar Determlnations
ln Household Cleaning products

ilLA 6310-l0l

103

123

107

98

86

109

102

92

Product

Power Laundry Detergent
90803282

Llquld Laundry Detergent
90803286

Liquid Bleach
90803290

Powder Bleach
90803294

Liquid Fabrlc Softener
90803298

Liquid Hand Dlsh Detergent
90803302

Llquid Automatlc Dlsh Detergent
90803306

Powder Automatlc Dlsh Detergent
908033t0

82 120 108 92

9l 95 108

9594

80 95 108

88 95 108

84 95 92

108

92

82

98

lll

108

I04

79

83

94

t22

104

86

ll5

79

90

93

77

ll2

93

90

86

t09

98

95

Iil

lll

ill

lll

95

llt

lu

l0l

l0l

97

90

100

100

94

l0l

104

78

8l

t22

98

90
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APPENDIX I

Product Brands to be Collected and Composited

Brand

Tide
Surf
Alt
Bol d
Cheer
Purex
Arm & Hammer
Fresh Start
Cl orox
0ash
T'ide w/Bì each
Gain
Oxydol

Liquid Tide
lli sk
Liquid All
Liquid Cheer
Era
Liquid Surf
Liquid Bold
Liquid Arm

& Hammer

Cl orox
Purex
Clorox II
Vivi d

Clorox II
Biz
Borateem

l'lanufacturer

Procter & Gambl e
Lever Brothers
Lever Brothers
Procter & Gambl e
Procter & Gambl e
Di aì
Church & Dwight
Coìgate-Pa'lmoìive
Cì orox
Procter & Gamble
Procter & Gamble
Procter & Gambìe
Procter & Gambl e

Procter & Gamble
Lever Brothers
Lever Brothers
Procter & Gambìe
Procter & Gamb'le
Lever Brothers
Procter & Gamble
Church & Dnight

Cl orox
Di al
Cì orox

Cl orox
Procter
Di al

I'larket
Share

Powder Laundrv Deterqents

Cumul ati ve
Share

lJeighting
Factor

Liquid Laundrv Deteroents

35
14
9
8
I
Þ
E

5
1
3
3
I
I

?s
24
17
7
7
7
6
6

28
39
46
5?
58
63
67
7l
74
76
78
79
80

2l
4t
55
6l
67
73
78
83

28
1l

7
6
6
5
4
4
3
2
2
I
I

?l
20
l4

6
6
6
5
5

Liouid Bleach

45
It

5
2

Powdered Bl each

42
Gambl e 27

ll

45
56
6l
63

42
69
80

7t
17
I
3

53
34
t4
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Brand

Downy
(Reguì ar)

Snuggl e
Downy (Sun

Rise)

APPENDIX

Product Brands to be

I'lanufacturer

I iouid

Procter & Gamble

Lever Brothers
Procter & Gamble

Coìgate-Paìmo'ljve

Procter & Gamble
Procter & Gamb'le

Procter & Gambl e
Lever Brothers
Lever Brothers

Procter & Gamble
Lever Brothers
Bencki ser

I (Continued)

Collected and Composited

I'larket Cumul at i ve
Share Share

Fabri e Soft-ener

44

23
l5

44

67
82

Uei ghting
Factor

19

tg
l4
14

54

28
18

Liouid Hand Dishwashino Deterqent

Pal mo'l i ve
Liquid

Dawn
Ivory Liquid
Crysta'l *lhite

0ctagon
Joy
Sunl ight
Dove

l6

13
t2
l2

l6

29
41
53

65
76
84

Liquid Automatic Djshwashing Detergent

l4
13
lo

t2
ll
8

37
3?

3C

37
69

99

7A
I8
1l

58
73
82

Cascade
Pal mol i ve

Liquid
Sunl ight

Liquid

Procter & Gamble 37
Coìgate-PalmoìÍve 32

Lever Brothers 30

Powdered Automatic Dishwashing Deterqent

Cascade
Sunl i ght
El ectrosol

58
l5

9



HLA 6310-l0r

APPENDIX II
Instrument Parameters

Atomic Absorption

El ement

Arsen I c
Cadmi um

Chromi um

Copper
Lead
Mercury
N i ckel
Si I ver
Zinc

Techn i oue

Hydrlde
Fl ame
Fl ame
Fì ame
Fl ame
Hydrlde
Fì ame
Fl ame

Fl ame

Instrument

PE 5000/MHS-20
PE 5000
PE 4000
PE 4000
PE 4000
PE s000/r4Hs-20
PE 5000
PE 4000
PE 5000

Anal yt i cal
I'lavel ength

(nm)

193.7
228.8
357.9
324.7
283.3
253.7
232.2
328. I
213.9

Gases

Argon (camier)
Al r/acetyì ene
NrO/acetyl ene
Aì r/acetyl ene
Ai r/acetyl ene
Argon (carrler)
Ai r/acetyl ene
Al r/acetyl ene
Al r/acetyl ene

Standard
Solutlons

(Range)
(oom)

0.0 - 0.030
0.02 - 1.0
0.1 - 3.0
0.02 - I .0
0.0 - 3.0
0.0 - 0.050
0.05 - 5.0
0.05 - I .0
0.05 - 3 .0

slir
(nry)

0.7
0.7
0.7
0.7
0.7
0.7
0.2
0.7
0.7

PE Perkln-Elmer Corp., Nonralk, CT

HHS-20o Perkin-Elmer Hercury/Hydride System


