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Statement of Intent
The framework provides a starting place for broadening P2 toxics use reduction program to better understand and mitigate
human and environmental exposures from anthropogenic activities. Traditional toxic use programs have focused primarily on
measuring reductions in the use of hazardous chemicals. Our goal is to look beyond simple chemical hazard to help reduce
exposures to and potential harm from the toxic chemicals found in our air, water, food, products, and biota. We are proposing
not just to measure reductions in use, but to begin to measure real outcomes—reductions in exposure, reduced potential risk,
and the incidence of disease.
The truth is that, while all chemicals do not demonstrate the same severity of effects, most chemicals, even those that occur
in our natural environment, are toxic to some degree and require prudent evaluation and management. Toxicity is
compounded by the chemical form in which a chemical exists in the environment, the chemical characteristics, the
environmental transport behavior, the uptake by plants and animals, and the exposure potential to humans. Exposure, not
simply quantity of use or hazard characteristic, matters.
The purpose of the framework is fourfold—

1. To use real northwest regional data (biomonitoring and environmental media) supplemented by US data, as well as
current and future potential for widespread exposure to toxic substances and compare them to demonstrated or
estimated thresholds for the potential onset of adverse effects. This is a somewhat different approach than basing
priorities simply on a list of lists of hazards. The initial focus is on known exposures (measured through
biomonitoring—body burden) and potential exposures (measured ambient concentrations).

2. To outline a holistic approach for evaluating the potential for real harm through reasonable exposure from a a
chemical priority or other chemical of interest. Studies will encompass as much of the whole picture as practical—
chemical production and uses, sources of release and exposure, deposition and behavior in the environment,
accumulation in our bodies and other biota, potential harmful effects, and research on possible solutions that eliminate
further releases and reduce risks from existing contamination.

3. To define a hierarchy of options for producers and manufacturers that may be used to mitigate releases,
exposures, and adverse effects of toxic chemical substances as well as meet protection goals. For those substances
that exceed protection goals, the use of labels and warnings may be added. The options listed are not intended to be
exhaustive but rather representative. Additional options will be considered as appropriate.

4. To build a stronger foundation for PPRC technical assistance in the areas of toxicology evaluation, mitigation measures,
and toxic use reductions.
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cadmium
 naturally present in the earth’s crust and environment, background levels
-

atmosphere 0.1 to 5.0 ng/m3
earth’s crust 0.1 to 0.5 μg/g
marine sediments 1 μg/g
sea water 0.1 μg/liter

 releases through natural activities—volcanoes, wildfires, weathering and
erosion of rocks

 human activity has greatly increased those levels through
-

mining and smelting
fossil fuel refining and combustion
recycling used products and incinerating waste and waste
manufacture and use of phosphate fertilizers
tobacco smoking

 reemerging as a serious public health concern as biomedical research shows
increasing health effects at lower and lower levels of exposure

 listed as a high priority toxic by both Oregon and Washington because it has
been detected in many environmental samples—air, soils, water, and
sediments
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human exposure and biomonitoring findings
 cadmium exposure is cumulative and increases with age, the half
life in the body is 1 to 4 decades

 inhalation and ingestion are important exposure pathways, skin
contact is insignificant

 occupational, smoking, food, drinking water

 smokers have the highest body burden (up to 3x), vegetarians
have the second highest

 women have higher body burdens than men (1.5x) but men tend to
show adverse effects at lower levels

 Washington > US > EU
 diet and pollution matter
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Michelle
 summary of environmental data in Washington
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Cadmium Sample Data Compilation
Data Source: Environmental Information Management (EIM)
(And TRI – for 2014 Air Releases)
More than 59,000 sample results for Cadmium

Scope:

Time frame: 1980 – Present
Media: Soil, Sediment, Water Sources, Animal Tissue
(no results found from air samples)
Location: Washington (Few from Oregon)

Cadmium Sample Results
More than 59,000 sample results for Cadmium

Data Scope (all categorizations directly from EIM):
Media:

Soil, Sediment, Water Sources, Animal Tissue
(no EIM results for Cd found from air

samples)

Time frame:

1980 – Present

Region:
groundwater

Washington: land, bodies of water,
(Few from Oregon)

Additional data categorization (as identified by PPRC)
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Cadmium Sample Results from EIM Ecology Database (Over
Time):
Figure 1 - Total Number of Samples in Given Year
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Figure 2 – Percent of Samples Over 1 or 10 ppm in Given
Year
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Cadmium Sample Results from EIM Ecology
Database:
Cadmium Results by Media Sampled
50%
45%
40%
35%
30%
25%
20%

15%
10%
5%
0%

Percent of Samples >1 ppm

Percent of Samples >10 ppm

(Stormwater includes basins, drainage, BMP effluent, CSO)
(Periphyton - Mixture of algae, cyanobacteria, heterotrophic microbes, and detritus that are
attached to submerged surfaces in aquatic ecosystems).

Cadmium Sample Results from
EIM Ecology Database:
By: LOCATION

Region or Water Body Sample Areas
in Washington State
Impaired water bodies
South Central Washington
Multiple mines **
Multiple lakes
South Washington
Columbia River (exact location unknown)
Central Washington
Spokane & Stevens County
Multiple lakes (in King County)
Islands & surrounding ports/bays/harbors
“Puget Sound” (exact location unknown)
King County
Clark, Cowlitz or Wahkiakum County
** specific studies of multiple mines, individual mines more data

Total
Number
Samples
for Region
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1980
340
115
10
814
256
1648
319
4639
2817
12557
2927

Percent of
Samples
> 1 ppm
100%
62%
39%
31%
30%
24%
22%
20%
18%
17%
15%
15%
15%
Truncated at 15%+

Percent of
Samples
> 10 ppm
0%
30%
12%
2%
0%
2%
2%
2%
2%
1%
1%
1%
2%

Cadmium Sample Results from EIM Ecology
Database:
Potential Areas of Interest
Site or Study Name

Number Percent
of
>1 ppm
Samples

Other Site or Study
Characteristics of
Interest

Category for
Industry or Activity

C396_Hardel
‘ 98 Bremerton WTP NPDES Sed. Mon. Report
Budd Inlet - LOTT 1996 NPDES Sed. Monitoring Report
Central Kitsap Wastewater Treatment Facility (NPDES Permit
Renewal -2010)
GP Outfall Surface Sediment Investigation
J.M. Martinac Sediment Sampling per the NPDES requirements

4
10
25
5

100%
30%
64%
80%

Brownfield
NPDES sampling
NPDES sampling
NPDES sampling

Unknown
Wastewater treat
Wastewater treat
Wastewater treat
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70%
33%

NPDES sampling
NPDES sampling

Industrial/mill
Unknown

NPDES Inspection Sampling Support
Texaco Anacortes NPDES Sediment Studies
Tri-Star Marine NPDES Sediment Monitorin
WEYCO COSMOPOLIS NPDES SEDIMENT STUDY
Camas Slough Maintenance Dredging, DY08
Duwamish Diagonal - March 2004 post-dredging
Duwamish Diagonal 10-2003 pre-dredging
Duwamish Yacht Club Maintenance Dredge DY89

126
5
3
5
8
15
14
6
36
2

32%
100%
100%
100%
38%
33%
36%
33%
33%
100%

NPDES sampling
NPDES sampling
NPDES sampling
NPDES sampling
Dredging related
Dredging related
Dredging related
Dredging related
Dredging related
Dredging related

Unknown
Refinery
Marine/services
Industrial/mill
Unknown
Industrial
Industrial
Recreational
Unknown
Recreational

Dredging related

Marina (former
industrial)
Unknown
Unknown
Unknown
Industrial
Department of
Defense

Maintenance/other dredging of Bellingham Bay
Olympia Yacht Club - Island Home Outstation Moorage Basin
Expansion and Entrance Channel Dredging, DY06
South Park Marina maintenance/Dredging, 1991
US Coast Guard dredging and construction
8801 Site Stormwater System Solids 2009, Tukwila
King County Lake Union University Regulator CSO
METRO'S Duwamish CSO sed. sampling, 1992
NPDES Hanford CSO Baseline Study, 1995

2
3
5
7
29
6

100%
67%
100%
43%
34%
100%

Dredging related
Stormwater or CSO
Stormwater or CSO
Stormwater or CSO
Stormwater or CSO

No Air data in EIM? What Can we Learn from TRI?
(Fugitive & Point Source Emissions Only – Top Cd
Emitters)
2014 TRI On-site and Off-site Reported Disposed of or Otherwise Released (in POUNDS): CADMIUM & CADMIUM
COMPOUNDS

Industry Category Facility

State

Fugitive Air Point Source
Emissions Air Emissions

Phosphate mine
(Monsanto)

P4 PRODUCTION LLC.

Idaho

277

7,009

Metal

HORSEHEAD CORP/EAST PLT.

Pennsylvania

2

804

Chemical/fertilizer

PCS PHOSPHATE CO INC.

Carolina

3

291

Copper

FREEPORT-MCMORAN MIAMI INC.

Arizona

250

250

Steel

USS GARY WORKS.

Indiana

71

140

Zinc

NYRSTAR CLARKSVILLE INC.1800 ZINC PLANT Road

Tennessee

2

116

Metal

INTERNATIONAL METALS RECLAMATION CO LLC

Pennsylvania

100

100

Smelter

ASARCO LLC RAY COMPLEX/ HAYDEN SMELTER &
CONCENTRATOR.

Arizona

52

94

Steel

ARCELORMITTAL CLEVELAND LLC.

Ohio

93

33

Mine

RED DOG OPERATIONS

Alaska

79

3.1

Smelter

HORSEHEAD CORP MONACA SMELTER.

Pennsylvania

77

71

Steel

Indiana

61

19

Steel

ARCELORMITTAL INDIANA HARBOR LLC.
STEEL DYNAMICS INC FLAT ROLL GROUP COLUMBUS
DIV.

Mississippi

4

37

Steel

USS MON VALLEY WORKS - EDGAR THOMSON PLANT

Pennsylvania

36

15

Steel

STEEL KING INDUSTRIES INC.

Georgia

29.8

0

Steel

NUCOR STEEL-BERKELEY.

N Carolina

2.6
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potential sources of cadmium exposure
estimated contributions
fertilizers
fossil fuels
natural sources
iron & steel
production
cement & materials
production
nonferrous metals
production
cadmium products
waste incineration
from ICdA data
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cadmium consumption in 2010
product use
batteries

pigments
coatings
stabilizers
alloys including solar
cells

from ICdA data
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human health effects


known human carcinogen by inhalation (lung)



kidney accumulation and dysfunction, renal tubular effects at low levels (0.39 to 1 μg Cd/g
creatinine urinary excretion, daily intake of about 12.5 to 25 μg Cd), high blood pressure often
associated with renal impairment



osteoporosis and bone fractures, increased excretion of calcium as cadmium accumulates in
the bones (< 1 μg Cd/g creatinine)



liver accumulation but only 5 to 10% of kidney accumulation, may increase cancer risk



neurological biochemical changes of the cells and functional changes of the central nervous
system,
-



increasing evidence that Cd may be a possible etiological factor in neurodegenerative diseases such as
Parkinson’s, Alzheimer’s and Huntington’s disease—many individuals in Europe and Asia already exceed
threshold levels and the margin is very low for large groups of people
children of women exposed during pregnancy may display lower motor and perceptual abilities
high body burden in children may be related to impaired intelligence and lower school achievement

diabetes—a dose-response relationship between cadmium and increased risk of diabetes and
pre-diabetes (a two fold increase in Cd, increase fasting blood glucose about 1.4 x), diabetic
effects seem to be interrelated with renal effects
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health effects continued
 ocular and periodontal disease increase with increasing levels of cadmium
 all cause mortality increases with increasing cadmium (women 2.9x at high

levels of 3 μg Cd/g creatinine; men 1.7x at lower levels—a twofold increase)

 recent research on other cancers—
-

-

cancer mortality in women 2.5x higher at renal impairment levels, cancer mortality in
men 4.3x (twofold increase in urinary cadmium)
women in the highest quartile (0.58 μg Cd/g creatinine) had twice the breast cancer
rate, and statistical risk continued to significantly increase with increasing cadmium
levels, and a 2.9 increase in endometrial cancer with cadmium intake rates above 15
μg/day
men with an increase to 1 μg Cd/g creatinine showed a 35% increase in serum PS
associated with prostate cancer
urinary bladder cancer increases 5.7x between blood Cd levels in the lowest quartile
and blood levels in the highest quartile
pancreatic cancer increases
multi-tissue cancers increase with increasing cadmium
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reducing exposures


our greatest opportunities to influence exposure are by eliminating the pathways through
smoking, food, and water



the WHO recommends:
- prohibiting smoking in public places
- reducing emissions and discharges of cadmium as far as practicable, including those from

-

mining, smelting, incineration, [production and products], land application of sewage
sludge, and from the use of phosphate fertilizers and cadmium-containing manures
(thereby reducing cadmium contamination of soils, uptake by plants and accumulation in
food chains)
increased recycling of cadmium and restricting uses of cadmium that are not recyclable
reducing drinking water standards to 3 μg/liter



the EFSA recommends a provisional tolerable weekly intake of no more than 2.5 μg Cd
per kg body weight and an ALARA strategy for setting cadmium limits in food



the EFSA also recommends good agricultural practices—cadmium availability for plant
uptake is strongly influenced by the soil characteristics, including pH, organic content,
and even fertilizer application rates
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cadmium in food
 cadmium-contaminated food is the primary source of exposure for most
people, cadmium is present in common foods at significant concentrations

 more than 80% of dietary cadmium comes from vegetables (especially leafy
greens such as spinach, lettuce, kale), root vegetables (especially potatoes
and carrots), and cereals (especially rice and wheat)

 oil seeds (such as sunflower, flax, and linseed) and peanuts can accumulate
cadmium from the soil at levels similar to tobacco

 little difference in cadmium levels between conventional produce and organic
produce

 mushrooms and shellfish also accumulate cadmium at high levels
 except in highly contaminated areas, phosphate fertilizer is the primary source
of cadmium in soil, that can be readily taken up by plants
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fertilizer restrictions
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dietary intake, body burden, and health
 An example of the numbers…
 vegetable vs meat to get 20 μg of Cd—a serving of 100 grams of spinach (3
cups raw or half a cup cooked) at the maximum EU limit for leafy vegetables
vs 400 grams of meat (~ 14 ounces of steak) at the EU.

 Accumulation from a long-term dietary intake of 20 μg Cd per day until you

reach middle age corresponds to a urinary excretion rate of about 0.8 μg Cd
per liter.

 Adverse health effects are estimated to start when urinary cadmium levels are
in the range of 0.5 to 1.0 μg/g creatinine, or from some new studies as low as
0.39 g Cd/g creatinine.*

 As cadmium body burden rises, as indicated by urinary excretion, the adverse
effects seem to multiply
*[Biomonitoring urinary cadmium data, measured in μg Cd/L is often normalized to μg Cd/g creatinine. This is done
simply to correct for differences in hydration levels between people and in the same person over time. Creatinine is
a breakdown product of creatine phosphate in muscle tissue and is normally produced at a relatively constant rate.
Normalizing to a standard urinary output substance minimizes the effects of hydration on reported cadmium. Data
may be reported in either units but they are not directly comparable. The US National Biomonitoring Program
reports the data both ways for the same sample sets. In the data sets in the years from 1999 to 2010, the ratio of
μg/liter to μg/g creatinine for the sample population varied from 0.98 to 1.79. Averaging, it was close to a1.05:1 ratio
for females and a 1.44:1 for males.]
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thoughts to leave you with
 cadmium has a direct effect on human health and the results are not negligible
 some humans are more susceptible than others but all of us can benefit from
reduced dietary intake and reduced exposure to secondhand smoke

 dietary intake can be reduced both through eliminating cadmium releases and
discharges and reducing the amount of cadmium applied directly to the soil
through phosphate fertilizer

 annual cadmium inputs (fertilizer, deposition) to the soil need to be no more
than annual outputs (crops, leaching), our cadmium limits for fertilizers are
way too high in the NW

 we are only beginning our work on cadmium and already we see the need for
several new P2 projects, some will require more study, some will require more
sampling, some will require research and development of new methodologies
and agricultural production processes, and all will require some challenging
conversation on source reduction
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