water. This expense can be substan-
tially reduced if growers take advan-
tage of off-peak rates offered to agri-
cultural customers. In a separate
analysis done by the authors, there
was a nearly 100% difference in sea-
sonal pumping energy costs between
the least expensive agricultural rate
and the agricultural flat-rate schedule
($0.09/kWh). Taking advantage of off-
peak rate schedules generally restricts
irrigation to weekday afternoons,
which can be inconvenient. Pumping
energy costs would also increase if ef-
ficiency were less than the assumed
85% — an excellent rate that may be
difficult for some systems to achieve.

Decision making. As these 22 de-
signs demonstrate, variables such as
system design, pumping energy costs,
frost protection and irrigation-block
size can have a significant impact on
the overall cost of pressurized irriga-
tion systems. Growers must make the
important decision on which irrigation
system to select based on a careful
comparison of all relevant factors, in-
cluding intended uses, labor require-
ments and costs.

L. Schwankl, T. Prichard and B. Hanson
are Irrigation Specialist, Water Manage-
ment Specialist and Irrigation and Drain-
age Specialist, respectively, UC Coopera-
tive Extension, Department of Land, Air
and Water Resources, UC Davis; and 1.
Wellman is Irrigation Designer, Golden
State Irrigation Services, Stockton.

The authors would like to express their
appreciation to the Committee on Rela-
tions of Energy to Agriculture for sup-
porting this work, and to Golden State Ir-
rigation Services for its assistance and
cooperation.
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Lead leaching in ceramics
difficult to predict

Nancy Feldman 0O CathiLamp 0 Arthur Craigmill

From 1993 to 1997, UC nutrition,
family and consumer sciences ad-
visors in 21 counties tested nearly
6,000 items of ceramic ware, of
which 14.2% leached lead. More
than half of the items manufac-
tured in Mexico (51.9%) tested
positive for leached lead with the
UC Quick Lead Test. Ceramic
ware from other countries, includ-
ing the United States, also tested
positive. No factors, other than
being made in Mexico, were found
to be useful predictors for lead
leaching on any individual piece
of ceramic ware. Consumers con-
cerned about the possible leach-
ing of lead from their ceramic
ware should test each item
individually.
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Lead toxicity is now recognized to be
much more widespread than origi-
nally believed. In recent years, the
“cut-off” blood lead level for defining
lead “poisoning” was reduced from 15
ug/di to 10 ug/dl, and thus more chil-
dren are considered to be at greater
risk of suffering adverse effects from
lead exposure. Lead can be found
throughout our environment, mostly
as a result of Industrial Age (1800 to
present) uses and practices. Sources of
lead include soil, paint manufactured
before 1978, water, leaded gasoline,
and paints and glazes used in the pro-
duction of ceramic ware. Certain hob-
bies that use lead, such as soldering
stained glass, casting of fishing
weights, shooting and reloading, and
home remodeling, may also result in
exposure.



A The UC Quick Lead Test indicates by
color change, from clear to pink, that lead
has leached out of this saucer.

<« More than half of the ceramic ware
manufactured in Mexico tested positive for
lead leaching.

For most people, lead in paint and
soil are the most common sources of
exposure. In some cases, however,
lead in tableware can lead to lead poi-
soning, also called plumbism. Even
though the amount ingested after lead
leaches into food is generally very low,
researchers have found that plumbism
can result from protracted use of ce-
ramic ware leaching lead at high rates.
(Lecos 1987; Blumenthal 1990; UP-
DATES 1990A). Avila et al. (1991) re-
ported a significant correlation be-
tween the use of lead-glazed ceramics
and elevated blood lead levels in
Mexican women. They determined
that 58% of the population’s attribut-
able risk of high blood lead levels was
due to the use of lead-glazed ceramics
to prepare food.

Health professionals are concerned
that even very low levels of ingested
lead can significantly affect people’s
health, particularly children under the
age of 5 years (De la Burde and Choate
1972, 1977). Needleman et al.(1990) re-
ported a strong correlation between
lead body burden and deficits in lan-
guage processing, attention, psycho-
motor performance and success in
school. Bellinger et al. (1987) showed
that blood lead levels as low as 0.72 to
0.97 micromoles per liter (umol/L, or
15 to 20 micrograms per deciliter, pg/

dL) could negatively affect cognitive
function in children. Lead-induced
anemia has also been reported in chil-
dren with blood levels of 1.93 pmol/L
(40pg/dL) (WHO 1977).

Children also absorb a greater per-
centage of ingested lead than adults
do. A poor diet, especially one that
contains little calcium and iron, can
impact the body burden of lead by in-
creasing its absorption from the gas-
trointestinal tract or decreasing its ex-
cretion. (Fullmer and Rosen 1990;
Markowitz et al. 1990).

Lead has properties that make it
ideal as a base for glazes and paints.
Lead is used widely to enhance the
vividness of colors and produce a
smooth, glossy appearance (Lecos
1987). Firing pottery at the appropriate
temperature for a sufficient amount of
time ensures that lead is incorporated
in the glaze, making it resistant to acid
leaching. But any shortcomings in the
technique used to prepare, apply or
fire glazes may result in leaching of
lead as glazes become worn or cracked
due to use and repeated washings.
Acidic foods such as fruit juices, to-
mato products, coffee, tea and wine
have the potential to leach lead and
cause excess human exposure
(Gonzalez and Craigmill 1996).

This public health issue is signifi-
cant enough that in 1993 the California
Tableware Education and Enforcement
Program (CTEEP) was created as a re-
sult of lawsuit settlements under
Proposition 65, California’s Safe
Drinking Water and Toxic Enforce-
ment Act of 1986. This program was
created to develop materials, provide
information and technical assistance to
lead poisoning prevention programs,
and administer grants to community
groups for education.

State research/education effort

Nutrition, family and consumer sci-
ence advisors with UC Cooperative
Extension (UCCE) understood that the
general public was not sufficiently
aware of the possible dangers from
continual exposure to lead leaching
from household ceramic ware, as well
as other possible common sources of
lead around the home. We developed

CALIFORNIA AGRICULTURE, SEPTEMBER-OCTOBER 1999 21

How to avoid lead

poisoning

The following tips will help to

minimize the risk of lead exposure
from ceramic ware:

Choose dishes with patterns
around the rim, where they
are less likely to come in con-
tact with food and leach lead.
Choose coffee cups and mugs
with patterns that won’t come
in contact with your mouth or
beverage.

Do not use any items with cor-
roded glaze, or that have a
dusty or chalky residue on the
surface after the piece has
been washed.

Do not store acidic foods or
liquids in questionable ce-
ramic ware or leaded glass
containers. The longer the
storage, the more lead is
leached out of the container.
Do not wash questionable
pieces in the dishwasher with
other dishes. The lead can
transfer to the surface of the
other pieces.

Use clear glass plates, bowls
and mugs that have no
painted or decal-type decora-
tions on the surface; these are
reliably free of lead.

Choose certified low-lead
china that meets California
standards, which are the strict-
est in the nation. Corning, for
example, has offered assur-
ances that 100% of its products
sold in California meet these
standards. Ask store manager
if dishes have been tested for
lead leaching.

If you choose stoneware
dishes, look for those that are
fairly heavy and that have a
low shine instead of a bright
gloss; these are normally
coated with a material that
does not contain lead. Unless
they have painted or decal-
type decorations on the sur-
face, stoneware pieces are al-
most as lead-free as glass.




a research/educational program tar-
geting families with children younger
than 6 years of age and at risk of lead
exposure. Risks include living in
homes built before 1978 or located
near freeways, and adults living in the
home who use lead at work or for a
hobby.

Twenty-one counties in California
participated in UCCE’s Lead Poison-
ing Awareness Program. Residents of
these counties brought their ceramic
ware to the program for testing. We
presented information on the sources
of lead found in and around the home,
such as soil, water, paint, hobbies, em-
ployment, food, folk remedies, cal-
cium supplements, ceramic ware and
makeup. Discussion also centered
around the hazards of lead to human
health including the fetus, infants and
children, symptoms, persons at risk,
treatment, and nutrients which inter-
act with lead (to promote the con-
sumption of calcium and iron-rich
foods). Ceramic ware was tested using
the UC Quick Lead Test (UCQLT). Re-
sults were recorded and data was ana-
lyzed at UC Davis.

UC Quick Lead Test

The UCQLT — based on the Food
and Drug Administration’s Quick
Color Test for lead in ceramic ware —
was developed by Arthur L. Craigmill,
UC Davis toxicologist; Scott Wetzlich,
department of environmental toxicol-
ogy, UC Davis; and Allison Beale, en-
vironmental toxicology and water ad-
visor, Sacramento County. It is
composed of two steps (Beale et al.
1991). The first step is the extraction of
leachable lead using 0.5% citric acid by
placing a few drops on the surface of
each color and the glaze. This is al-
lowed to sit for 20 minutes, followed
by wiping with a filter paper to collect
the liquid or by rubbing gently with a
cotton swab for several seconds. Sec-
ond, a drop of the indicator (0.1%
rhodizonic acid to chelate lead) is
placed on the swab or filter paper with
the leachate. A change in color from
yellow to red indicates the presence of
lead.

The UCQLT indicates the presence
of lead, not the specific amount. The
intensity of the color change is com-
pared to standard test strips, which

TABLE 1. Ceramic ware items testing positive for lead leaching, by country of origin

Total no. tested

Total no. Positive for

Country for lead leaching testing positive leaching lead
Mexico 445 23 51.9
Other Asia 27 7 259
Taiwan 62 14 226
Thailand 44 7 15.9
Germany 82 12 14.6
China 614 85 13.8
England 269 36 13.4
USA 1,006 124 123
Japan 874 98 11.3
France 36 4 11.1
Unknown 1,777 133 7.5
Italy 93 6 6.5
Korea 144 7 4.9
TABLE 2. Ceramic ware testing positive for lead leaching, by color
Total no. tested Total no. Positive for

Color for lead leaching testing positive leaching lead
%
Orange 161 45 28.0
Brown 759 186 24.5
Red 403 97 241
Yellow 425 96 226
Green 700 147 21.0
Black 204 39 19.1
Blue 1,142 190 16.6
Gold 189 30 15.9
White 1,685 193 11.5
Silver 63 6 9.5
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contain low, medium and high concen-
trations of lead. Results were scored as 0
(no color change), 1 (light red), 2 (bright
red) or 3 (dark red to purple).

Nutrition, family and consumer sci-
ence advisors were trained on the pro-
tocol for using the UCQLT. Protocol
and background packets were pre-
pared for each county, in addition to
test kits from the department of envi-
ronmental toxicology at UC Davis.
County advisors in turn trained health
professionals, such as the county lead
nurse, Head Start nurses, volunteer
master food preservers, and public
health workers. We conducted work-
shops at county Cooperative Extension
offices, Head Start programs, Parent
Teacher Association (PTA) meetings,
public health clinics, Women, Infants
and Children (WIC) programs, farm-
ers markets, and county and other
public events.

While ceramic ware was tested for
lead leaching, information was col-
lected on each piece, including the
type of item (i.e., bowl, mug, plate),
manufacturer, name of the pattern,
country of origin, test result and color(s)
that tested positive. Participants whose
ceramic ware tested positive were
given written information describing
the results as well as practical informa-
tion concerning future use of the item
with food. The programs were pre-
sented in both English and Spanish.

Mexican ceramics test positive

Of the 5,788 pieces of ceramic ware
tested, 14.2% (821 pieces) were posi-
tive for leaching lead. The sample rep-
resents ceramic ware from 50 coun-
tries. Most of the ceramic ware
originated from 11 countries: the
United States, Japan, China, Mexico,
England, Korea, Italy, Germany, Tai-
wan, Thailand and France (table 1).
Those of “unknown” origin are re-
ported as well as those from “other”
Asian countries (Indonesia, Laos,
“Asia”, Hong Kong, Malaysia).

More than half of the ceramic ware
from Mexico tested positive for lead
leaching. About one-fourth of the ce-
ramic ware from “other Asia” and Tai-
wan also tested positive. Between 11%
and 16% of the ceramic ware that



tested positive was from Thailand,
Germany, China, England and the
United States, followed by Japan and
France. Those testing positive for less
than 10% include “unknown” country
of origin, Italy and Korea.

Several colors that had been
painted or applied as decals onto the
ceramic ware leached lead (table 2).
Some colors, including orange, brown
and red, leached at higher rates.

Leaching difficult to predict

The percentage of ceramic ware
testing positive (14.2%) is significant
because habitual exposure to low lev-
els of lead over long periods of time
can lead to lead poisoning. This can be
especially dangerous for small chil-
dren, whose exposure is proportion-
ally larger than adults, with a greater
potential risk of permanent damage to
the central nervous system.

The ceramic ware from Mexico in-
cluded food preparation and storage
containers that are used routinely,
such as salsa dishes, bean pots, roast-
ing pots, casserole dishes and platters,
as well as little mugs that are used to
hold sweets. These items are designed
for long-term storage or are used with
acidic foods such as tomato products,
coffee and lime juice, which accelerate
the leaching process. The likelihood of
lead consumption on a regular basis
by families using these pieces is there-
fore potentiaily very high. For in-
stance, a family would use a bean pot
almost daily to cook beans, as well as
to keep them warm on the stove. The
potential for ingestion of leachable
lead in this type of situation is of par-
ticular concern.

The results indicated that some col-
ors leached lead at significantly higher
rates than others, although data was
not collected about the placement of
the particular colors on the ceramic
ware. This can be important to con-
sumers as they decide whether a pat-
tern that is leaching lead would result
in lead leaching into food. For ex-
ample, many dishware patterns place
the design on the rim of the plate, cup
or bowl, where food would not neces-
sarily come in contact with a color that
leaches lead.

Clear glass or plastic plates are reliably free of lead.

From the data collected, we cannot
predict the leaching of lead from ce-
ramic ware based on the country of
origin (except Mexico), age of item,
manufacturer, pattern name or price.
This is unfortunate, because it means
that consumers will still need to test
each individual dish of concern. We
also recommend that consumers fol-
low simple guidelines to reduce their
risk of lead exposure (see sidebar).

A number of test kits are available
from hardware and drug stores for
home use. For more information on
lead poisoning prevention, here are two
websites from government agencies:

www.hud.gov/lea/leadhelp.html

www.cdc.gov/nceh/programs/
lead/lead.htm

N. Feldman and C. Lamp are Nutrition,
Family and Consumer Science Advisors,
UCCE Stanislaus/Tuolumne counties and
Tulare County, respectively. A. Craigmill
is Toxicologist, Department of Environ-
mental Toxicology, UC Davis.

Jeanette Sutherlin, Martha Lopez and
Allison Beale contributed to the project’s
development. Participating counties in-
cluded Alameda, Calaveras, Glenn,
Humboldt, Imperial, Kings, Los Angeles,
Madera, Mariposa, Merced, Monterey,
Placer, Riverside, San Luis Obispo, Santa
Barbara, Stanislaus, Tulare, Tuolumne,
Ventura, Yolo and Yuba. This project was
partially funded by the UCCE South Cen-
tral Region.
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