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AbstractAbstract

Perchlorate is an emerging contaminant that 
has been detected in a variety of environmental 
media, including leafy vegetables.  It has been 
suggested that perchlorate accumulates in plants by 
moving with the transpirational water stream.  To 
test this, 3 types of lettuce were grown with 2 
environmentally-relevant perchlorate concentrations 
in two controlled environments: “cool, humid, cloudy” 
and “hot, dry, sunny” where 2.0 to 2.7-fold 
differences in transpiration ratios were achieved.  
However, the difference in perchlorate accumulation 
was only 1.2 to 2.0-fold.  This suggests that 
transpiration rate has an affect on perchlorate 
accumulation in lettuce, but the effect is not as great 
as expected.  The differences seen amongst 
genotypes appear to be far more important.

Materials and MethodsMaterials and Methods
Experiment 1
� 5 types of lettuce were grown hydroponically in 

environmental chambers  where climatic factors can 
be easily controlled

� Plants were grown to market size (~8 weeks)
� Each type was exposed to 3 ClO4

- treatments
� Whole head analysis of ClO4

- was performed using 
a new sample extraction and clean-up procedure 
using IC-ESI-MS (Seyfferth and Parker, 2006)

Experiment 2
� 3 types of lettuce were chosen from Experiment 1 

that varied in extent of ClO4
- accumulation

� Environmental chambers were used to manipulate 
transpiration rate 

� 2 ClO4
- treatments and 2 environments: “cool, 

humid, cloudy” (80% RH, 18/15 oC, 250 mmol/m2s 
PPFD) and “hot, dry, sunny” (0% RH, 28/18 oC, 500 
mmol/m2s PPFD)

� Transpirational water use was measured and 
replaced daily

Results and DiscussionResults and Discussion

Experiment 1

•Crisphead tissue 
concentrations are highest

•Leaf lettuce 
concentrations are lowest

•Appears to be a linear 
dose-response for ClO4

-

accumulation in leaves
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IntroductionIntroduction

� Perchlorate (ClO4
-) contamination has been detected 

in fruits, vegetables, milk, ground water and surface 
water in the USA and recently in other parts of the 
world

� Perchlorate competitively inhibits iodide uptake by 
the thyroid gland in humans, with possible adverse 
effects on normal growth and development

� Researchers have suggested that perchlorate 
accumulates in leafy vegetables by moving with the 
transpirational water stream

Objectives:
1. To evaluate genotypic differences in perchlorate 

uptake by leafy vegetables, using lettuce as a 
model

2. To assess whether differences in transpiration rate 
have an effect on perchlorate accumulation in 
lettuce

•All types of lettuce take up 
water faster than ClO4

-

•Leaf lettuces exclude 
ClO4

- to a greater extent 
than does crisphead

ConclusionsConclusions

� There are genotypic differences in ClO4
-

accumulation amongst 5 types of lettuce
� Crisphead tends to accumulate more ClO4

- than 
the leaf lettuces

� There appears to be a linear dose-response 
relationship for ClO4

- accumulation for all lettuce 
types

� Transpiration rate has an effect on ClO4-
accumulation in lettuce leaves; however, the effect 
is not as great as previously thought

� Genotypic differences have more of an effect on 
perchlorate accumulation than do differences in 
transpiration rates
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•Plants grown in the “hot, dry, sunny” environment 
accumulated 1.2 to 2.0-fold more ClO4

- than those 
grown in the “cool, humid, cloudy” environment

•If we correct for transpiration, does this difference in 
ClO4

- accumulation in the two environments hold true?
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•The difference in the transpiration ratio was 2.0 to 
2.7-fold; however, the difference in ClO4

-

accumulation was only 1.2-2.0 fold

•The difference in accumulation of ClO4
- is not as 

great as would be expected due to differences in 
transpirational water use alone

•Transpiration cannot be used to accurately predict 
perchlorate accumulation in lettuce
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