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Glossary

A brief explanation of terms is given below.

Term Explanation
Tea leaves Leaves of the tea plant, Camellia sinensis.
Tea Tea infusion or tea drink made by pouring boiling

Tea beverage

Tea product

water onto tea leaves or tea powder.
Ready-to-drink or ready-to-serve tea based
beverages.

Tea leaves, and powder or beverages that contain

tea or tea extract as an ingredient.
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EXECUTIVE SUMMARY

Perchlorate is a chemical that found naturally in the
environment. It is also an environmental contaminant arising from the
use of perchlorate-containing fertilisers and from industrial uses like
manufacturing and processing of rocket propellants, explosives, fireworks
and air-bag inflators. As a result of its ubiquitous nature, presence of

perchlorate in foods is not unexpected.

2. Perchlorate at sufficiently high doses can interfere with bodily
production of thyroid hormones. The Joint FAO/WHO Expert
Committee on Food Additives (JECFA) established a Provisional
Maximum Tolerable Daily Intake (PMTDI) of 0.01 mg/kg bw/day (i.e. 10
ug/kg bwi/day) for perchlorate in 2010.

3. This study serves (i) to determine the levels of perchlorate in
dried tea leaves and tea beverages commonly available in the local market;
(i) to estimate the dietary exposure to perchlorate of the Hong Kong adult
population arising from the consumption of these tea products; and (iii) to

assess the associated health risk.



Results

4, A total of 305 samples of tea products (including dried tea
leaves and tea beverages) commonly consumed by the Hong Kong

population was analysed for perchlorate.

5. Results of the study showed that perchlorate was present in
the majority (96%) of samples. A wide variation of perchlorate levels was
detected in dried tea leaf samples ranging from a level below detection limit
to 1100 pg/kg. “Semi-fermented tea” had the highest mean perchlorate
level (250 ug/kg), followed by “Floral tea” (150 ug/kg), “Non-fermented
tea” (140 pg/kg), “Genmai tea (dried)” (79 pg/kg) and “Fully-fermented
tea / Post-fermented tea” (69 pg/kg). Assuming all perchlorate in dried
tea leaves was released into tea infusion after brewing, the highest mean
perchlorate level among different types of tea is 1.6 ug/L, a relatively low
level when compared with the guideline value for perchlorate (70 pg/L) in

drinking water recommended by the World Health Organization (WHO).

6. For tea beverages, the levels of perchlorate detected were low
in general. The mean level of perchlorate was highest for “Milk tea” (3.1
ug/L), followed by “Lemon tea” (1.3 pug/L), “Milk tea with pearls” (0.84
Hg/L), “Genmai tea (beverages)” (0.78 pg/L) and “Flavoured tea / Tea
drinks” (0.59 pg/L).

7. Dietary exposure assessment showed that exposure to

perchlorate due to the consumption of tea and tea beverages were 0.012



ng/kg bw/day for average consumers and 0.031 pg/kg bw/day for high
consumers, accounting for 0.12% and 0.31% of the PMTDI (i.e. 10 ug/kg
bw/day) established by JECFA respectively. In other words, adverse
health outcome due to perchlorate exposure of the Hong Kong adult
population from dried tea leaves and tea beverages commonly available in

the local market was remote.

Conclusions and Recommendations

8. Perchlorate is present in the majority (96%) of the dried tea

leaf / tea beverage samples collected.

Q. The estimated dietary exposures to perchlorate from dried tea
leaves and tea beverages for average consumers, high consumers and
individual age-gender population subgroups were all below 1% of the
PMTDI (10 pg/kg bw/day) established by JECFA. Hence, adverse health
outcome due to perchlorate exposure of the Hong Kong adult population
from dried tea leaves and tea beverages commonly available in the local

market was remote.
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OBJECTIVES

This study aims (i) to determine the levels of perchlorate in dried
tea leaves and tea beverages commonly available in the local market; (ii)
to estimate the dietary exposure to perchlorate of the Hong Kong adult
population arising from the consumption of these tea products; and (iii) to

assess the associated health risk.

BACKGROUND

2. Perchlorate is a chemical that occurs naturally in the environment.
It is found in deposits of nitrate and potash, and can be formed in the
atmosphere!.  Perchlorate can also be produced industrially and is
considered an environmental contaminant, originating from inappropriate
storage or disposal of perchlorate for use in rocket propellants, explosives,

fireworks, flares and air-bag inflators?.

3. Perchlorate consists of one chlorine atom surrounded by four
oxygen atoms in a tetrahedral geometry (Figure 1). Salts of perchlorate
are highly soluble in water. The dissociated perchlorate ion is very stable

and has little tendency to adsorb to mineral or organic surfaces. Therefore,



perchlorate persists in groundwater, and its mobility in surface or
groundwater is so high that perchlorate essentially moves with the flow of
water.  Since perchlorate is an ionic compound, it does not volatise from
soil or water surfaces and accumulates in groundwater and surface water
in areas where the products containing perchlorate are manufactured or

used, or in soil previously treated with perchlorate containing fertilisers®4.
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Figure 1. Perchlorate ion

4. Perchlorate is efficiently taken up via plant roots. As water
transpires from the leaves, perchlorate remains behind due to its involatility
and accumulates in the leaf tissue. It may be transferred to animals and
their milk through the consumption of perchlorate-contaminated feed or
water>4>6, Due to its high solubility, perchlorate is likely to be easily
eliminated from most organisms and not expected to biomagnify in aquatic
trophic webs’. Ingestion of food and water is the primary source of

human exposure to perchlorate®®.



Perchlorate in Foods

5. In overseas studies, perchlorate has been reported to occur in a
wide range of foods including vegetables, fruits, milk and dairy products,
rice, infant formula, fish and fish products, tea and herbs for infusions,

juices and alcoholic beverages (Appendix 1) 149,

6. The Joint FAO/WHO Expert Committee on Food Additives
(JECFA) reviewed the occurrence data on perchlorate in 2010 and observed
the highest mean concentrations in vegetables (range of means 4.8-110
ug/kg), fruits (range of means 0.5-28 ug/kg), vegetable and fruit juices (26
ug/kg), and infant formulae (10 pg/kg) .

7. Previous exposure assessments carried out by JECFA!?, the US
Food and Drug Administration (FDA)**! and the European Food Safety
Authority (EFSA)*® have shown that vegetables, fruits, milk and their

products are important contributors to perchlorate exposure.

Sources of Perchlorate Contamination

8. The presence of perchlorate in food and drinking water has been

attributed to several natural and anthropogenic sources.



Natural formation in the atmosphere and surface water

Q. Evidence suggested that perchlorate can form naturally as a result
of environmental processes, such as lightning and volcanic eruptions, and
oxidation with ozone of chlorinated species in water'?13,  The natural
formation of perchlorate in the atmosphere and in surface water could
contribute to its presence in food and water. The currently available
information does not allow conclusions on the contribution of the naturally
formed perchlorate in the atmosphere and in surface water to the overall
contamination of food and drinking water. However, this is expected to

be a minor source®.

Use of perchlorate-containing fertilisers and irrigation water

10. The use of fertilisers of natural origin, in which perchlorate may
be present, is considered an anthropogenic source of perchlorate
contamination. The well-known example is Chilean nitrate, which may
contain up to 1.5% of perchlorate!*. The use of perchlorate-containing
fertilisers may lead to substantial concentrations in fruits and vegetables
due to the efficient uptake of perchlorate via plant roots. Similarly,
irrigation of plants with perchlorate-contaminated water can contribute to

the accumulation of perchlorate in fruits and vegetables*®.



Industrial emission

11. Industrial emission of perchlorate in the environment, particularly
in relation to the use of ammonium perchlorate in solid propellants for
rocket and missiles, is another anthropogenic source of food and water
contamination*.  For example, the historical environmental release of
ammonium perchlorate from the manufacturing, testing and disposal of
rocket fuel and the demilitarisation of weaponry is considered the main
source of contamination of the Colorado River, resulting in the

contamination of drinking water in the South West of the USA®1¢,

Degradation of chlorine-based disinfectants

12. The formation of perchlorate as a by-product during the
degradation of chlorine-based disinfectants has also been considered a
potential source of contamination. Chlorinated agents used for water
potabilisation purposes, particularly sodium and calcium hypochlorite, can
degrade to perchlorate. Hence, the use of such drinking water in food
production and preparation can lead to the presence of perchlorate in foods
and beverages. The German Federal Institute for Risk Assessment (BfR)
considered the contact of foods with water previously treated with
chlorinated biocidal products for disinfection purposes a probable main
entry path for perchlorate to get into food!”. Furthermore, minor
contributions are expected from the application of sodium and calcium
hypochlorite in the disinfection of food preparation areas and from other

applications such as biocidal or plant protection products®.



Toxicity

Kinetics and metabolism

13. Perchlorate is rapidly absorbed in both humans and experimental
animals following oral exposure®. It has been detected in serum, plasma,
urine, saliva and breast milk of humans exposed to the chemical and
exhibits a short half-life of 6.0-9.3 hours (mean 8.1 hours) in human blood
serum?819.20.2122,23,242526 - perchlorate undergoes relatively little, if any,
metabolism in humans, with more than 90% of ingested doses excreted in

the urine*627.28

Acute and long-term toxicity

14, Perchlorate has low acute oral toxicity in laboratory animals®®
and has no genotoxicity* concern based on the available data. Although
increased thyroid tumour incidence was observed in rats and mice
following chronic exposure to perchlorate3%3132 perchlorate is not likely to
pose a risk of thyroid cancer in humans and the International Agency for
Research on Cancer (IARC) has not classified perchlorate as
carcinogenict#63334 In fact, potassium perchlorate has been used for the
medical treatment of hyperthyroidism. No adverse effects were reported

with administered doses of 200 mg/day or lower for prolonged period*.
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Health effect

15. The key toxicological issue for perchlorate is its ability to
competitively inhibit uptake of iodide by the thyroid gland and thus the

potential of causing hypothyroidism?.

16. In humans, iodide is transported into thyroid follicular cells
against a concentration gradient by the sodium iodide symporter (NIS)
molecule. Once gaining entry to the thyroid follicular cells, iodide is
subsequently oxidised to iodine which is essential for the production of
thyroid hormones for normal growth and metabolism.  Since perchlorate
anion is similar to the iodide ion in its size, shape and charge, it competes
with iodide at the NIS and inhibits the uptake of iodide. Such inhibition
by perchlorate reduces the amount of iodide available for the synthesis of
thyroid hormones, resulting in the reduction in the concentrations of the
circulating thyroid hormones and depletion of the thyroid hormone
stores®11:3%36  Clinical hypothyroidism occurs when there is a sustained

reduction in iodide uptake by the thyroid.

17. It is important to note that the condition has adverse implications
for structural and functional brain development in foetus, infant and child
and for metabolism and the functioning of cardiovascular, gastrointestinal,
skeletal, neuromuscular and reproductive systems in adults.  Given the
mode of action of perchlorate, the key vulnerable groups are pregnant
women, foetuses, newborns, young infants, individuals with

hypothyroidism and possibly those with iodine-deficient diets®.

11



Health-Based Guidance Values

18. Health-Based Guidance Values (HBGVs) form the yardstick of
risk assessment. It is considered to pose no appreciable health risk to
consumers if intake of a chemical is below its HBGV. Dietary exposure

is usually expressed as a percentage of the corresponding HBGV.

19. JECFA evaluated the health risk of perchlorate in 2010 and
developed a Provisional Maximum Tolerable Daily Intake (PMTDI) of 10
ug/kg bw/day for perchlorate.

Regulatory Limits/Guideline Values

20. At present, the Codex Alimentarius Commission has not
established any maximum limits (MLs) for perchlorate. There are also no
regulations stipulating the MLs for perchlorate in foods in the US, the
European Union (EU), Australia, New Zealand, Canada, Mainland China,

Japan, Taiwan and Hong Kong.
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21. Although there are currently no regulatory MLs for perchlorate in
food in Europe, the European Commission (EC) introduced in 2013
‘reference’ or provisional enforcement levels of perchlorate for intra-EU
trade for those food groups considered to be the most significant
contributors of the dietary exposure to perchlorate 3" (Table 1).
Competent authorities of the EU Member States can determine to what
extent they enforce the levels of perchlorate as reference for intra-EU trade

for their domestic production / products placed in their domestic market3,

Table 1. Levels of perchlorate as reference for intra-EU trade
introduced by the EC®®

Food Level (ng/kg)
Fruits and vegetables 100
with the exception of
- Cucurbitaceae and leafy vegetables except 200

e celery and spinach grown in glasshouse/undercover 500

e herbs, lettuce and salad plants, including rucola, grown in 1000

glasshouse/under cover

Dried spices (except dried herbs and paprika), dried hops 500
Tea (Camellia sinensis), dried 750
Herbal and fruit infusions, dried 750
Foods for infants and young children (ready-to-eat) 20
Other food 50

13



22, In 2016, the World Health Organization (WHO), based on the
PMTDI (10 pg/kg bwi/day) established by JECFA for perchlorate,
recommended a guideline value for perchlorate of 70 pg/L in drinking
water.  WHO also opined that the concentrations of perchlorate in

drinking-water are generally below 10 ug/L.

Local Situation

23. In Hong Kong, tea ranks just after water as the second most
commonly consumed beverage®®. According to Census and Statistics
Department, more than 13 000 tonnes of tea leaves were imported in 2016
from different places across the globe®. Based on the degree of
fermentation and processing procedures, tea leaves are usually divided into
six different types: green, white, yellow, oolong, black (called red tea in
China), and post-fermented tea (also called dark tea or Pu-er-type tea)
(Table 2). As regards perchlorate, there is limited information in the

literature about its presence and levels in different types of tea

|eaves4l,42,43,44,45,46
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Table 2. Classification of tea leaves according to their degree of
fermentation

Degree of fermentation Tea leaves Examples

Non-fermented Green tea Green tea, Biluochun, Longjing

Semi-fermented White tea, Yellow Jasmine, Tieguanyin, Shouwei,
tea, Oolong tea Oolong, Shuixian

Fully-fermented Black tea, Chinese  Earl Grey, English Breakfast Tea,
red tea Darjeeling Tea, Ceylon Tea,

Chinese Black Tea, Gongfu Tea

Post-fermented Dark tea or Pu-er- Liuan, Pu-er

type tea
24. In early 2016, local media reported that some Mainland-produced

tea leaves available in Europe were found to contain perchlorate. These
reports attracted much public attention. In response, the Centre for Food
Safety (CFS) collected 30 imported tea leaf samples in the local market for

testing of perchlorate and all samples passed the tests.

25. To further address the public concern over the presence of
perchlorate in tea and its associated health risk, the CFS conducted this
study (i) to determine the levels of perchlorate in dried tea leaves and tea
beverages commonly available in the local market; (ii) to estimate the
dietary exposure to perchlorate of the Hong Kong adult population arising
from the consumption of these tea products; and (iii) to assess the
associated health risk. Results of the current study may also provide
additional local occurrence data of perchlorate in tea for the preparation of
the CFS’ second total diet study, which will include the estimation of the

dietary exposure to perchlorate of the local population.

15



SCOPE OF STUDY

26. To analyse the levels of perchlorate in dried tea leaves (Camellia
sinensis) and tea beverages commonly consumed by the local population,
dried tea leaves including non-fermented tea, semi-fermented tea, fully-
fermented, post-fermented tea, floral tea and genmai tea, as well as tea
beverages such as milk tea, lemon tea, flavoured tea and milk tea with
“pearls” were collected from various retail outlets such as tea houses,
supermarkets, convenience stores, fast-food shops, restaurants and take-

away tea shops.

METHODOLOGY AND LABORATORY ANALYSIS

Methodology

217, A total of 305 samples of dried tea leaves and tea beverages was
collected between June and August 2017 from the local retail markets.
For the purpose of this study, these samples were classified into nine groups,
namely “Non-fermented tea”, “Semi-fermented tea”, “Fully-fermented tea
| Post-fermented tea”, “Floral tea”, “Genmai tea”, “Lemon tea”,

“Flavoured tea / Tea drinks”, “Milk tea” and “Milk tea with pearls”.

16



28. As tea is the form consumed by members of the public, the amount
of perchlorate released from dried tea leaves into tea infusion is estimated,
for dietary exposure assessment, basing on the common local practice of
tea preparation. A preliminary study conducted by the Food Research
Laboratory of the CFS showed that most of the perchlorate is released from
dried tea leaves into infusions when two grams of dried tea leaves are
infused twice with 150 ml boiled distilled water (100°C) for five minutes
(i.e. two brews). Therefore, the levels of perchlorate in tea infusions are
estimated by assuming that all perchlorate in dried tea leaves are released
into 300 ml distilled water (total volume for two brews) under the
abovementioned brewing conditions. For tea prepared from tea powder,
the level of perchlorate is estimated by following the manufacturer’s
instructions (e.g. the amount of water recommended by the manufacturer)

on the labels and assuming all the powder is consumed.

29. The perchlorate levels in tea and tea beverages were combined
with food consumption information captured from the Hong Kong
Population-based Food Consumption Survey (2005-2007) to obtain the
dietary exposures of local adult population. In practice, the estimation of
dietary exposure was performed with the aid of an in-house developed
web-based computer system, Exposure Assessment System (EASY).
The mean and 95" percentile exposure levels were used to represent the
dietary exposure levels of average and high consumers of the local
population (consumers only) respectively. The estimated exposure level
would then compared with the PMTDI of 10 pg/kg bw/day and was

expressed as a percentage of this benchmark.

17



Laboratory Analysis

30. Laboratory analysis of perchlorate was conducted by the Food
Research Laboratory of the CFS. All samples were tested on an

individual sample basis and in the state that they were purchased.

31. For dried tea leaf samples, the homogenised samples were
extracted by shaking with ammonium formate solution. The extract was
then cleaned up by solid phase extraction. For tea beverage samples, the
homogenised samples were filtered through centrifugal membrane filters
only. Isotopically labelled perchlorate was added as internal standard for
quantification.  The level of perchlorate was determined by ion
chromatography - tandem mass spectroscopy (IC-MS/MS). Limit of
Detection (LOD) of perchlorate in tea leaves and tea beverages were 1

ug/kg and 0.1 pg/L respectively.

18



RESULTS AND DISCUSSION

Occurrence of Perchlorate

32. In this study, a total of 305 samples of “Non-fermented tea”,
“Semi-fermented tea”, “Fully-fermented tea / Post-fermented tea”, “Floral
tea”, “Genmai tea”, “Lemon tea”, “Flavoured tea / Tea drinks”, “Milk tea”
and “Milk tea with pearls” was collected from the local retail market and

analysed for perchlorate.

33. Perchlorate was found in the majority (96%) of the dried tea leaves
and tea beverages collected in this study. Mean levels of perchlorate from
samples of “Dried tea leaves” ranged from 50 pg/kg to 300 pg/kg while
samples of “Tea beverages” ranged from 0.59 pug/L to 3.4 ug/L. Samples
with non-detectable perchlorate were mainly prepackaged tea drinks (11
out of 13 samples) in which tea was probably just one of the many
ingredients. The average and median perchlorate levels in different tea

groups are summarised in Appendix 2.

Dried tea leaves

34, The levels of perchlorate detected varied widely among the dried
tea leaf samples, ranging from a level below detection limit to 1100 pg/kg
(Table 3). “Semi-fermented tea” had the highest mean perchlorate level

(250 pg/kg), followed by “Floral tea” (150 pg/kg) and “Non-fermented tea”
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(140 pg/kg) while “Fully-fermented tea / Post-fermented tea” had the
lowest (69 ug/kg).

Table 3. Levels of perchlorate detected in dried tea leaf samples

Mean perchlorate levels*

Items in each group No. of samples (ug/kg) [range]
Semi-fermented tea leaves 76 250 [1.2-1100]
Jasmine tea leaves 20 300 [35-1100]
Tieguanyin tea leaves 16 250 [65-690]
Shouwei tea leaves 10 240 [26-650]
Oolong tea leaves 21 220 [19-530]
Shuixian tea leaves 9 190 [1.2-760]
Floral tea 25 150 [1.4-470]
Non-fermented tea leaves 54 140 [ND-790]**
Biluochun tea leaves 5 190 [22-310]
Green tea leaves 34 140 [ND-790]**
Longjing tea leaves 15 130 [50-340]
Genmai tea (dried) 16 79 [ND-840]**
o — T o
Liuan tea leaves 5 190 [52-320]
Black tea leaves 50 64 [1.3-660]
Pu-er tea leaves 20 50 [1.7-190]

* Rounded to 2 significant figures.
**ND: not detected, a value of LOD/2 was assigned for samples with perchlorate level
below LOD (1 pg/kg) when calculating the mean concentration.

20



Semi-fermented tea

35. Five types of semi-fermented tea leaves with a total of 76 samples
were analysed for perchlorate. “Jasmine tea leaves” had the highest mean
perchlorate level (300 ng/kg), followed by “Tieguanyin tea leaves™ (250
ug/kg) and “Shouwei tea leaves” (240 pg/kg). In fact, these three types
of tea leaves had the highest levels of perchlorate among all dried tea leaves

analysed.

36. In this study, semi-fermented tea leaves were found to contain the
highest levels of perchlorate; however, another study showed that Oolong
tea (a semi-fermented tea leaves) contained a lower level of perchlorate

when compared with other tea leaves analysed®’.

Fully-fermented tea / Post-fermented tea

37. “Fully-fermented tea / Post-fermented tea” had the lowest mean
perchlorate level (69 pug/kg). Other studies also reported that Pu-er tea (a
post-fermented tea) contained a comparable level of perchlorate (70.6
ng/kg and 71 ug/kg) 4244, In this study, the mean perchlorate level in “Pu-
er tea leaves” was 50 pg/kg which was the lowest among all dried tea

leaves analysed.

21



38. “Fully-fermented tea / Post-fermented tea” are tea which have
undergone a prolonged period (usually from several months to many years
depending on the methods and the operation conditions) of microbial

fermentation with significant changes in the microbial community.

39. Pu-er tea is produced by microbial fermentation of fresh Camellia
sinensis and Protecbacteria which was found to be one of the most
commonly observed bacterial groups during the process of fermentation“®,
It has also been shown that members of the Proteobacteria were capable
of reducing perchlorate under anaerobic condition.  However, the
relationship between the lower perchlorate levels in Pu-er tea and the

presence of Protecbacteria has not been confirmed.

Tea / Tea infusion

40. To assess the dietary exposure to perchlorate due to the
consumption of tea products, the levels of perchlorate in tea infusions from
dried tea leaves and tea from tea powder are estimated according to the

procedures mentioned in para. 28 and summarised in Table 4.
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Table 4. Levels of perchlorate in tea/ tea infusions prepared from dried

tea leaves
Items in each group No. of samples Mean perchlorate levels™
(ng/L) [range]
Semi-fermented tea” 76 1.6 [0.0080-7.3]
Floral tea” 25 0.98 [0.0093-3.1]
Non-fermented tea®" 54 0.96 [ND-5.3]'
Genmai tea (dried)” 16 0.53 [ND-5.6]'

Fully-fermented tea / Post-

fermented tea * 75 0.46 [0.0087-4.4]

* Rounded to 2 significant figures.

# Tea prepared from dried tea leaves -- perchlorate level in tea was estimated assuming
all perchlorate was released in two brews when two grams of tea leaves were infused
in 150 ml boiling distilled water for five minutes.

" Five samples were tea powder -- perchlorate level in tea from tea powder was
estimated assuming that tea was prepared according to manufacturer’s instruction and
all tea powder was consumed.

" ND: not detected, a value of LOD/2 was assigned for samples with perchlorate level

below LOD (1 ng/kg) when calculating the mean concentration.

41. It was observed that the mean levels of perchlorate in tea were low
(0.46 to 1.6 pg/L) and generally comparable with those reported in US
FDA’s Total Diet Study (2008-2012),

Tea beverages

42. Among all tea beverages, “Milk tea” had the highest mean
perchlorate level (3.1 ug/L), followed by “Lemon tea” (1.3 ug/L) and
“Milk tea with “pearls”” (0.84 pg/L), while “Flavoured tea / Tea drinks”
had the lowest (0.59 pg/L) (Table 5).

23



Milk tea

43. A total of 15 milk tea samples was collected. Among these 15
samples, three were in powdered form and hence had to be reconstituted
with water according to the manufacturer’s instructions. Since these
reconstituted milk teas had similar nature/composition with other ready-to-
drink milk tea beverages, they were considered under the category “Milk
tea”. The level of perchlorate in “Milk tea” ranged from 0.49 to 8.3 nug/L
with an overall average of 3.1 ug/L.  The higher perchlorate levels of milk
tea may be due to the presence of other ingredients as well as the larger
amount of tea leaves used for milk tea preparation. Though the mean
perchlorate level of “Milk tea” was the highest among all tea beverages, it
was still considered low when compared to the guideline value for

perchlorate (70 ug/L) in drinking water recommended by WHO.
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Table 5. Levels of perchlorate in tea beverages

Mean perchlorate levels*

Items in each group No. of samples (ug/L) [range]
Milk tea® 15 3.1[0.49-8.3]
Lemon tea 15 1.3 [ND-3.2]'
Milk tea with “pearls” 10 0.84 [0.51-1.2]
Genmai tea (beverages) 4 0.78 [ND-2.5]'
Flavoured tea / Tea drinks 15 0.59 [ND-1.8]'

* Rounded to 2 significant figures.

@ Three milk tea samples were collected in powdered form. Their perchlorate levels
in reconstituted forms were estimated by assuming that the powder was reconstituted
with distilled water according to the manufacturer’s instructions and all powder was
consumed.

" ND: not detected, a value of LOD/2 was assigned for samples with perchlorate level

below LOD (0.1 pg/L) when calculating the mean concentration.

Dietary Exposure to Perchlorate from Tea and Tea Beverages

44, The study results revealed that the dietary exposures to perchlorate
from tea and tea beverages of the local population (consumers only) was
0.012 pg/kg bw/day (0.12% of the PMTDI) for average consumers and
0.031 pg/kg bw/day (0.31% of the PMTDI) for high consumers (body
weight 62.24 kg, number of consumers: weighted = 3 734 432 and
unweighted =3 407). The dietary exposure estimate to perchlorate of the
local average consumers arising from the consumption of tea and tea

beverages was similar to the assessment conducted by the Shanghai Center
for Adverse Drug Reaction Monitoring (_EJ5 7 & A1 EE R gs A B &2
FEEZHIHC) in 2016.  The average daily exposure to perchlorate from

tea leaves of the Shanghai population was reported as 0.012 pg/kg
bw/day*®.
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45. In this study, “Semi-fermented tea” and “Milk tea” were the two
major contributors to the overall dietary exposure to perchlorate from tea
and tea beverages among the average consumers, altogether accounting for
around 74% of the total exposure. The large exposure contribution of
these two types of tea was likely related to their high consumption amounts

and relatively high perchlorate levels.

46. “Lemon tea”, “Fully-fermented tea / Post-fermented tea”, “Non-
fermented tea”, “Floral tea”, “Flavoured tea / Tea drinks”, “Milk tea with
“pearls”” and “Genmai tea / beverages” altogether contributed to 26% of
perchlorate exposure. Dietary exposure to perchlorate from different

groups of tea are summarised in Table 6 and Figure 2.

Table 6. Dietary Exposure to perchlorate for average consumers and
percentage contribution of different groups of tea and tea beverages

Dietary exposure to % contribution to
Types of Tea )
perchlorate (ug/kg bw/day) dietary exposure*
Semi-fermented tea 0.00474 38.7%
Milk tea 0.00436 35.6%
Lemon tea 0.00129 10.6%
Fully-fermented tea / Post-
0.00092 7.6%
fermented tea
Non-fermented tea 0.00078 6.4%
Floral tea 0.00006 0.5%
Flavoured tea/ Tea drinks 0.00005 0.4%
Milk tea with "pearls" 0.00002 0.2%
Genmai tea 0.00001 0.1%
Total 0.01223 100%

* May not sum to total due to rounding

26



Figure 2. Relative contribution of each group of tea to dietary exposure
to perchlorate among average consumers

Flavoured tea/ Tea

drinks Milk tea with
“pearls”
0.2%

Non-fermented tea

6.4% Genmai tea

0.1%

Fully-fermented tea /
Post-fermented tea
7.6%

47. Further analysis of dietary exposure of individual age-gender
population subgroups is shown in Figure 3. The dietary exposure to
perchlorate due to consumption of tea and tea beverages did not indicate a
health concern for all age-gender subgroups. The highest dietary
exposure among all age-gender population subgroups was found in males
aged 60-69 (0.015 pg/kg bw/day for average consumers and 0.040 pg/kg

bwi/day for high consumers).

27



Figure 3. Dietary exposure to perchlorate for average and high
consumers of individual age-gender subgroups arising from
consumption of tea and tea beverages
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Age-gender subgroups

Uncertainties and Limitations of the Study

48. While higher accuracy and precision in exposure estimation could
be achieved by increasing the sample size, compromise had to be made due
to finite resources. The limited number of samples analysed in the study
represents a small fraction of the products available to the local consumers
and provided only a snapshot of the levels of perchlorate in dried tea leaves

and tea beverages.
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49, In this study, all perchlorate was assumed to be released from dried
tea leaves into tea infusion, leading to an over-estimation of the dietary
exposure to perchlorate. Nonetheless, similar conclusion will be reached

after taking the over-estimation into consideration.

CONCLUSIONS AND RECOMMENDATIONS

50. Perchlorate is present in the majority (96%) of the dried tea leaf /

tea beverage samples collected.

51. The estimated dietary exposure to perchlorate from dried tea
leaves and tea beverages for average consumers, high consumers and
individual age-gender population subgroups were all below 1% of the
PMTDI established by JECFA (10 ug/kg bw/day). Hence, adverse health
outcome due to perchlorate exposure of the Hong Kong adult population
from dried tea leaves and tea beverages commonly available in the local

market was remote.

29



REFERENCE

1 World Health Organization (WHO). Safety Evaluation of Certain Contaminants in
Food: Perchlorate; WHO Food Additives Series: 63. Geneva: WHO; 2011. [cited on
2 August 2017] Available from URL:
http://apps.who.int/iris/bitstream/10665/44520/1/9789241660631_eng.pdf

2 Canadian Food Inspection Agency (CFIA). Perchlorate in Fresh Fruits and
Vegetables, Dairy Products and Infant Formulae. Food Safety Action Plan Report
2010-2011 Targeted Surveys Chemistry. [cited on 2 August 2017] Available from
URL:
http://www.inspection.gc.ca/food/chemical-residues-microbiology/chemical-
residues/perchlorate/eng/1400161465324/1400161466746

3 Brown GM and Gu B. The Chemistry of Perchlorate in the Environment. In:
Perchlorate. Environmental Occurrence, Interactions and Treatment. Chapter 2.
Eds Gu B and Coates JD, Springer Science, New York, Philadelphia, USA, 2006: 17-
47.

4 European Food Safety Authority (EFSA). Scientific Opinion on the risks to public
health related to the presence of perchlorate in food, in particular fruits and
vegetables. EFSA Journal 2014; 12(10): 3869. [cited on 2 August 2017] Awvailable
from URL:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2014.3869/epdf

> Jackson WA, Joseph P, Laxman P, Tan K, Smith PN, Yu L and Anderson TA.
Perchlorate Accumulation in Forage and Edible Vegetation. Journal of Agricultural
and Food Chemistry 2005; 53: 369-373. [cited on 2 August 2017]
http://pubs.acs.org/doi/pdf/10.1021/jf0493021

6 Agency for Toxic Substances and Disease Registry (ATSDR) of the U.S. Department
of Health and Human Services. Toxicological Profile for Perchlorates. October 2008.
[cited on 15 August 2017] Available from URL.:
https://www.atsdr.cdc.gov/toxprofiles/tp162.pdf

" Furin CG, von Hippel FA, Hagedorn B and O'Hara TM. Perchlorate trophic transfer
increases tissue concentrations above ambient water exposure alone in a predatory
fish. Journal of Toxicology and Environmental Health, Part A 2013; 76(18): 1072-
84.

8 Charnley G. Perchlorate: Overview of risks and regulation. Food and Chemical
Toxicology 2008; 46: 2307-2315.

® European Food Safety Authority (EFSA). Dietary exposure assessments to
perchlorate in the European population. EFSA Journal 2017; 15(10): 5043. Available
from URL:
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.5043/epdf

30


http://apps.who.int/iris/bitstream/10665/44520/1/9789241660631_eng.pdf
http://www.inspection.gc.ca/food/chemical-residues-microbiology/chemical-residues/perchlorate/eng/1400161465324/1400161466746
http://www.inspection.gc.ca/food/chemical-residues-microbiology/chemical-residues/perchlorate/eng/1400161465324/1400161466746
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2014.3869/epdf
http://pubs.acs.org/doi/pdf/10.1021/jf0493021
https://www.atsdr.cdc.gov/toxprofiles/tp162.pdf
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.5043/epdf

10 Murray CW, Egan SK, Kim H, Beru N and Bolger PM. US Food and Drug
Administration's Total Diet Study: Dietary intake of perchlorate and iodine. Journal
of Exposure Analysis and Environmental Epidemiology 2008; 18: 571-580.

11" Abt E, Spungen J, Pouillot R, Gamalo-Siebers M, Wirtz M. Update on dietary intake
of perchlorate and iodine from U.S. Food and Drug Administration’s total diet study:
2008-2012. Journal of Exposure Science and Environmental Epidemiology 2016;
d0i:10.1038/jes.2016.78.

12 Kang N, Anderson TA and Jackson WA. Photochemical formation of perchlorate
from aqueous oxychlorine anions. Analytica Chimica Acta 2006; 567: 48-56.

13 Kang N, Jackson WA, Dasgupta PK and Anderson TA. Perchlorate production by
ozone oxidation of chloride in aqueous and dry systems. The Science of the Total
Environment 2008; 405: 301-309.

14 Susarla S, Collette TW, Garrison AW, Wolfe NL and McCutcheon SC. Perchlorate
identification in fertilizers. Environmental Science & Technology 1999; 33: 3469-
3472.

15 Brandhuber P, Clark S and Morley K. A review of perchlorate occurrence in public
water systems. Journal of American Water Works Association 2009; 101: 63-73.

16 Urbansky ET. Perchlorate Chemistry: Implications for Analysis and Remediation.
Bioremediation Journal 1998; 2: 81-95.

17 The German Federal Institute for risk assessment (BfR). Frequently asked question
about perchlorate in food. Updated on 15 February 2018. [cited on 28 March 2018]
Available from URL.: http://www.bfr.bund.de/cm/349/frequently-asked-guestions-
about-perchlorate-in-food.pdf

18 Kirk AB, Martinelango PK, Tian K, Dutta A, Smith EE and Dasgupta PK.
Perchlorate and iodide in dairy and breast milk. Environmental Science &
Technology 2005; 39: 2011-2017.

19 Kirk AB, Dyke JV, Martin CF and Dasgupta PK. Temporal patterns in perchlorate,
thiocyanate, and iodide excretion in human milk. Environmental Health Perspectives
2007; 115: 182-186.

20 Téllez RT, Michaud Chacén P, Reyes Abarca C, Blount BC, Van Landingham CB,
Crump KS and Gibbs JP. Long-term environmental exposure to perchlorate through
drinking water and thyroid function during pregnancy and the neonatal period.
Thyroid 2005; 15: 963-975.

21 Pearce EN, Leung AM, Blount BC, Bazrafshan HR, He X, Pino S, Valentin-Blasini
L and Braverman LE. Breast milk iodine and perchlorate concentrations in lactating
Boston-area women. Journal of Clinical Endocrinology and Metabolism 2007; 92:
1673-1677.

22 Dasgupta PK, Kirk AB, Dyke JV and Ohira S. Intake of iodine and perchlorate and
31


http://www.bfr.bund.de/cm/349/frequently-asked-questions-about-perchlorate-in-food.pdf
http://www.bfr.bund.de/cm/349/frequently-asked-questions-about-perchlorate-in-food.pdf

excretion in human milk. Environmental Science & Technology 2008; 42: 8115-8121.

23 Kannan K, Praamsma ML, Oldi JF, Kunisue T and Sinha RK. Occurrence of
perchlorate in drinking water, groundwater, surface water and human saliva from
India. Chemosphere 2009; 76: 22-26.

24 LLeung AM, Pearce EN, Hamilton T, He X, Pino S, Merewood A and Braverman LE.
Colostrum iodine and perchlorate concentrations in Boston-area women: a cross-
sectional study. Clinical Endocrinology 2009; 70: 326-330.

25 0Oldi JF and Kannan K. Analysis of perchlorate in human saliva by liquid
chromatography-tandem mass spectrometry. Environmental Science & Technology,
2009; 43: 142-147.

26 QOldi JF and Kannan K. Perchlorate in human blood serum and plasma: Relationship
to concentrations in saliva. Chemosphere 2009; 77: 43-47.

21 \Wolff J. Perchlorate and the thyroid gland. Pharmacological Reviews 1998; 50: 89-
105.

28 LLawrence JE, Lamm SH, Pino S, Richman K and Braverman LE. The effect of short-
term low-dose perchlorate on various aspects of thyroid function. Thyroid 2000; 10:
659-663.

29 European Chemicals Agency (ECHA). Published information on the REACH
Registration Dossier on ammonium perchlorate (CAS Number 7790-98-9). European
Chemicals Agency. 2008. [cited on 25 August 2017] Available from URL.:
http://echa.europa.eu/information-on-chemicals/registered-substances

%0 Fernandez Rodriguez A, Galera Davidson H, Salguero Villadiego M, Moreno
Fernandez A, Martin Lacave | and Fernandez Sanz J. Induction of thyroid
proliferative changes in rats treated with antithyroid compound. Anatomia Histologia
Embryologia 1991; 20: 289-298.

31 Ppajer Z and Kalisnik M. The effect of sodium perchlorate and ionizing irradiation on
the thyroid parenchymal and pituitary thyrotropic cells. Oncology 1991; 48: 317-320.

32 Toro Guillen M. Reversibility of proliferative thyroid lesions. Dissertation Abstracts
International C 1991; 54: 1186.

33 National Research Council (NRC). Health implications of perchlorate ingestion.
National Academics Press, Washington DC, 2005. Available from URL.:
http://www.nap.edu/openbook.php?isbn=0309095689

% Integrated Risk Information System (IRIS). Perchlorate and perchlorate salts.
Washington, DC: Integrated Risk Information System. U.S. Environmental
Protection Agency. 2007. Available from URL.:
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/1007_summary.pdf

32


http://echa.europa.eu/information-on-chemicals/registered-substances
http://www.nap.edu/openbook.php?isbn=0309095689
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/1007_summary.pdf

% Srinivasan A and Viraraghavan T. Perchlorate: health effects and technologies for its
removal from water resources. International Journal of Environmental Research and
Public Health 2009; 6(4):1418-1442.

% Schier JG, Wolkin AF, Valentin-Blasini L, Belson MG, Kieszak SM, Rubin CS,
Blount BC. Perchlorate exposure from infant formula and comparisons with the
perchlorate reference dose. Journal of Exposure Analysis and Environmental
Epidemiology 2010; 20(3): 281-287.

37 UK Food Standards Agency (FSA). Perchlorate - Questions and Answers. [cited on
16 November 2017] Available from URL:
https://www.food.gov.uk/sites/default/files/perchlorate-ga.pdf

38 European Commission (EC). Statement as regards the presence of perchlorate in
food endorsed by the Standing Committee on Plants, Animals, Food and Feed on 10
March 2015, updated on 23 June 2015. [cited on 29 August 2017]. Available from
URL:
https://ec.europa.eu/food/sites/food/files/safety/docs/cs_contaminants_catalogue pe
rchlorate statement_food_update_en.pdf

%Food and Environmental Hygiene Department (FEHD). Hong Kong Population-
Based Food Consumption Survey 2005-2007 Final Report. Hong Kong: FEHD; 2010.
Available from URL.:
http://www.cfs.gov.hk/english/programme/programme_firm/files/FCS_final report.

pdf

40 Census and Statistics Department (C&SD). Hong Kong Merchandise Trade
Statistics Imports. Hong Kong: C&SD; December 2016. Available from URL:
http://www.statistics.gov.hk/pub/B10200012016 MM 12B0100.pdf

41 Liu X, Fang C, Liu H, Li R and Yan C. Determination of perchlorates in tea by ion
chromatography-tandem mass spectrometry. Chinese Journal of Chromatography
2016; 34(10): 986-988.

2 gIE EITAL, BB, BT B SRR s A &
IRt E A () AR/ 5 Application Notes C IC-105. [cited 16
November 2017] Available from:
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C IC-
105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-
%E8%B4%A8%E8%B0%B1-
%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C
%B6%E5%8F%B6%E4%B8%ADY%E 7%9A%84%E9%AB%98%E 6%B0%AF%E
9%85%B8%E 7%9B%90v2.pdf

43 Kaufmann-Horlacher I, Wauschkuhn C, Stroher Kolberg DI, Wildgrube C,
Anastassiades M and Scherbaum E. Perchlorate contamination in foods of plant
origin. EURL-SRM at the EPRW 2014. Available from URL: http://www.eurl-
pesticides.eu/userfiles/file/EurlSRM/EPRW2014 Kaufmann-
Horlacher_Perchlorate-Contamination-in-Foods-of-Plant-Origin_119.pdf

33


https://www.food.gov.uk/sites/default/files/perchlorate-qa.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cs_contaminants_catalogue_perchlorate_statement_food_update_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cs_contaminants_catalogue_perchlorate_statement_food_update_en.pdf
http://www.cfs.gov.hk/english/programme/programme_firm/files/FCS_final_report.pdf
http://www.cfs.gov.hk/english/programme/programme_firm/files/FCS_final_report.pdf
http://www.statistics.gov.hk/pub/B10200012016MM12B0100.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C_IC-105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-%E8%B4%A8%E8%B0%B1-%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C%B6%E5%8F%B6%E4%B8%AD%E7%9A%84%E9%AB%98%E6%B0%AF%E9%85%B8%E7%9B%90v2.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C_IC-105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-%E8%B4%A8%E8%B0%B1-%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C%B6%E5%8F%B6%E4%B8%AD%E7%9A%84%E9%AB%98%E6%B0%AF%E9%85%B8%E7%9B%90v2.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C_IC-105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-%E8%B4%A8%E8%B0%B1-%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C%B6%E5%8F%B6%E4%B8%AD%E7%9A%84%E9%AB%98%E6%B0%AF%E9%85%B8%E7%9B%90v2.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C_IC-105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-%E8%B4%A8%E8%B0%B1-%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C%B6%E5%8F%B6%E4%B8%AD%E7%9A%84%E9%AB%98%E6%B0%AF%E9%85%B8%E7%9B%90v2.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C_IC-105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-%E8%B4%A8%E8%B0%B1-%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C%B6%E5%8F%B6%E4%B8%AD%E7%9A%84%E9%AB%98%E6%B0%AF%E9%85%B8%E7%9B%90v2.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/brochures/AN_C_IC-105%20%E7%A6%BB%E5%AD%90%E8%89%B2%E8%B0%B1-%E8%B4%A8%E8%B0%B1-%E8%B4%A8%E8%B0%B1%E6%B3%95%E6%A3%80%E6%B5%8B%E8%8C%B6%E5%8F%B6%E4%B8%AD%E7%9A%84%E9%AB%98%E6%B0%AF%E9%85%B8%E7%9B%90v2.pdf
http://www.eurl-pesticides.eu/userfiles/file/EurlSRM/EPRW2014_Kaufmann-Horlacher_Perchlorate-Contamination-in-Foods-of-Plant-Origin_119.pdf
http://www.eurl-pesticides.eu/userfiles/file/EurlSRM/EPRW2014_Kaufmann-Horlacher_Perchlorate-Contamination-in-Foods-of-Plant-Origin_119.pdf
http://www.eurl-pesticides.eu/userfiles/file/EurlSRM/EPRW2014_Kaufmann-Horlacher_Perchlorate-Contamination-in-Foods-of-Plant-Origin_119.pdf

MORNGT, IR, BIE, BOHE, Bl BTl SRR A E S
ZlEE. i 2016; 34(10): 986-988.

4 Kaufmann-Horlacher I. Perchlorate residues in plant-based food — an update. 2015.
[cited 16 November 2017] Available from:

http://www.cvuas.de/pub/beitrag.asp?subid=1&Thema ID=5&1D=2094&lang=EN
&Pdf=No

o

© FRAF, FONE, RIER, REE, O LETTERLPEARE5H
MyFREEaHE. I TEPIREE: 2017, 29(6): 426-430.

&

g

%

VOSLERYE, TRIMAA, GRIEEE, BEIRW, MR, EEE, BEDY. RERER
ZimERhitge. BandEb e 2017. 8: 6-14.

il

48 Zhang Y, Skaar I, Sulyok M, Liu Z, Rao M and Taylor JW. The microbiome and
metabolites in fermented Pu-erh tea as revealed by high-throughput sequencing and
quantitative multiplex metabolite analysis. PLoS ONE 2016; 11(6): e0157847.

34


http://www.cvuas.de/pub/beitrag.asp?subid=1&Thema_ID=5&ID=2094&lang=EN&Pdf=No
http://www.cvuas.de/pub/beitrag.asp?subid=1&Thema_ID=5&ID=2094&lang=EN&Pdf=No

Appendix 1

Occurrence of perchlorate in food samples from different places

. Number of Mean perchlorate levels [range]
Food items
samples (ng/kg or pg/L)
Vegetables'
Lettuce 372 11.6
Spinach 64 111
Potato 90 4.8
Tomato 95 14
Carrot 120 10.5
Eggplant 60 78
Broccoli 115 19
Cauliflower 68 7
Cabbage 31 10
Fruits'
Apple 33 0.5
Grape 39 28
Orange 50 5
Melon 98 19
Other
Vegetable and fruit juice’ 53 25.8
Honeydew! 6 0.3
Whole wheat flour 38 35
Rice' 94 1
Milk' 221 6.8
Infant formula (powder) | 20 10
Fish and fishery products' 186 n.r. [0.32-1593]
Wine' 104 6
Beer! 144 1.04
Tea and herbs for infusion (solid) 17 56
Tea and herbs for infusion (solid) 1193 324

n.r.: not reported

Sources of information:

i) World Health Organization (WHO). Safety evaluation of certain contaminants in food: Perchlorate;
WHO Food Additives Series: 63. Geneva: WHO; 2011. Available from URL:
http://apps.who.int/iris/bitstream/10665/44520/1/9789241660631 eng.pdf

ii) European Food Safety Authority (EFSA). Scientific opinion on the risks to public health related to
the presence of perchlorate in food, in particular fruits and vegetables. EFSA Journal 2014; 12(10):

3869. Available from URL:

http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2014.3869/epdf

iii) European Food Safety Authority (EFSA). Dietary exposure assessments to perchlorate in the
European population. EFSA Journal 2017; 15(10): 5043. Available from URL.:

http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.5043/epdf

34


http://apps.who.int/iris/bitstream/10665/44520/1/9789241660631_eng.pdf
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2014.3869/epdf
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.5043/epdf

Appendix 2

Levels of perchlorate detected in dried tea leaf and tea beverage

samples collected in the current study

Median perchlorate

Items in each group saNr(r){p(I):s Ie\ll\glesi? pe;Lchlorate levels*
hohlrangel  (ugikg or pgi)
Dried Tea Leaves
Non-fermented tea leaves 54 140 [ND-790]** 120
Biluochun tea leaves 5 190 [22-310] 230
Green tea leaves 34 140 [ND-790]** 65
Longjing tea leaves 15 130 [50-340] 120
Semi-fermented tea leaves 76 250 [1.2-1100] 180
Jasmine tea leaves 20 300 [35-1100] 200
Tieguanyin tea leaves 16 250 [65-690] 180
Shouwei tea leaves 10 240 [26-650] 220
Oolong tea leaves 21 220 [19-530] 190
Shuixian tea leaves 9 190 [1.2-760] 120
Fully-fermented tea leaves / - 69 [1.3-660] 04
Post-fermented tea leaves '
Liuan tea leaves 5 190 [52-320] 230
Black tea leaves® 50 64 [1.3-660] 5.0
Pu-er tea leaves 20 50 [1.7-190] 41
Floral tea 25 150 [1.4-470] 80
Genmai tea (dried) 16 79 [ND-840]** 26
Tea Beverages
Lemon tea 15 1.3 [ND-3.2]** 14
Flavoured tea / Tea drinks 15 0.59 [ND-1.8]** 0.44
Milk tea 15 3.1 [0.49-8.3] 2.7
Milk tea (powder) 3 19 [5.3-30] 23
Milk tea (beverages) 12 3.4 [0.49-8.3] 2.9
Milk tea with “pearls” 10 0.84[0.51-1.2] 0.81
Genmai tea (beverages) 4 0.78 [ND-2.5]** 0.28

* Rounded to 2 significant figures.
**ND: not detected, a value of LOD/2 was assigned for samples with perchlorate level below LOD when
calculating the mean concentration.
#Including Earl Grey, English Breakfast Tea, Darjeeling Tea, Ceylon Tea, Chinese Black Tea and Gongfu
Tea.
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