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Factors Affecting Transfer of Polycyclic Aromatic Hydrocarbons
from Made Tea to Tea Infusion
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Factors affecting transfer percentages of 12 polycyclic aromatic hydrocarbons (PAHS) were
investigated, including tea variety, tea/water ratio (TWR, g/mL), brewing times, washed tea or
unwashed tea, and covered cup or uncovered cup. It was observed that %PAH transfer varied with
tea variety and increased with the decrease of TWR. The mean %PAH transfer with TWR = 1/150
was 1.12 and 1.65 times higher than that with TWR = 1/100 and 1/50, respectively. %PAH transfer
reduced greatly as the brewing times increased. The mean %PAH transfer in the first brewing time
occupied 51.6% of the total three mean %PAH transfers in the three brewing times. The mean %PAH
transfer decreased by 30.4% after the tea had been washed immediately before brewing. Brewing
the tea within uncovered cup diminished %PAH transfer by a degree of 4.31—31.7% compared to
brewing the tea within a covered cup.
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INTRODUCTION a brewing process before human consumption. The methods of
brewing tea may significantly affect the transfer percentage,

world. Scientific evidence has been mounting indicating that Which has been studied for heavy metals, fluoride, and pesticides

tea consumption might have health-promoting properties, in- with the aim of assessing their health risk and selecting a
cluding the effects of reduction of cholesterol, depression of Prewing method that reduces the intake of pollutart9(12—

hypertension, antioxidation, antimicrobial activity, and protection 17)- Our previous paper reported how the brewing duration
against cardiovascular disease and cantes]. However, it affected the transfer of_l_DAI-_Is from a t_)lack tea to the tea |nfu_S|on
was also demonstrated that certain comtaminants remaining in(¢4). However, specific investigation about how brewing
made tea might impose a health threat on tea drinkers. The maif€thods affect the transfer of PAHs, even including other
comtaminants investigated widely and intensively were some °rganic pollutants such as pesticides, is still lacking.
kinds of heavy metals, fluoride, and pesticidés-(7). This research focused on the transfer percentages of PAHs
Polycyclic aromatic hydrocarbons (PAHSs), a class of com- from made tea to tea infusion with certain influencing factors,
pounds that consist of two or more fused aromatic rings, are aincluding tea variety, brewing times, tea/water ratio, washed or
well-known group of carcinogens found in various foods, and Unwashed tea, and covered or uncovered cup.
they have been intensively studied over a couple of yel8} (
Gaseous and particle-bound PAHs can be transported over longuATERIALS AND METHODS
distances before deposition and may accumulate in vegetation
(19—22). This phenomenon could indirectly cause human
exposure to PAHSs by food consumption and, therefore, _mlght used for sample preparation and analysis were of HPLC grade from
impose a health threat upon humans. Tea Ieav_es possessing largf-na co. Ultrapure water was acquired from a PALL system.
surface areas may accumulate PAHSs, especially from polluted chromatography silica gel (26800 mesh) used for sample purification
air. The manufacturing process of tea leaves may also introducéyas purchased from Huadong Medical Corp. (Hangzhou, China). Four
PAHSs into made tea2@). In fact, PAHs have been detected in  brands of Chinese made teasne green tea, one oolong tea, and two
varieties of made teas around the workdi{-27). black teas—were bought from Hangzhou tea market in Zhejiang
It is important to evaluate the transfer percentages of province, China. The green tea was produced in Zhejiang province.
pollutants from made tea to tea infusion, for tea is subjected to The oolong and black teas were produced in Fujian province.
Sample Preparation.The method for extraction of PAHs from tea

* Corresponding author (e-mail zlz@zju.edu.cn; telephone 8657188273733; Samples was described in our previous pap28s24). The tea samples
fax 8657188273450). were extracted by ultrasonication with DCM. After that, the extract

Tea is one of the most widely consumed beverages in the

Materials. Standard solutions of PAHs were obtained from Supelco
Co. All solvents [dichloromethane (DCM), acetonitrile, and hexane]
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Table 1. PAH Contents in Tea and Transfer Percentages to Infusion?
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PAH contents in tea («g/kg)

% PAH transfer to infusion

PAH green tea oolong tea black tea 1 black tea 2 green tea oolong tea black tea 1 black tea 2
NA 514+19 81.9+4.0 114+£3 1240 + 56 445+ 46 171+1.0 273116 322+29
ACE 9.02 +0.09 117+14 80.0+13 195 + 26 266+5.1 19.9+3.0 5.85+1.12 115+0.3
FL 152+16 157+19 70038 139+8 226+23 129+16 325+16 26.7+19
PHEN 168 + 13 115+ 10 970 £ 64 3720 + 160 130+22 2.17+0.47 169+0.7 11.7+£0.2
AN 4.95+0.95 551+0.35 187 +13 400 £ 13 16.4+3.1 1.37+0.01 11908 102+1.7
FLUR 60.0 + 6.6 3.77 +£0.65 352+34 579+ 34 6.31+0.50 ND 7.17+0.07 104+19
PY 431+0.45 547+0.18 403 £ 27 924 +£123 ND ND 5.78+0.10 7.38 £0.64
BkF 7.92 £0.62 2.85+0.35 9.96 + 0.58 133+4 ND ND 0.641+0.121 211+0.22
BaP 6.79 +0.86 4.00 +0.61 201+1.2 246 +7 ND ND ND 0.392 £ 0.044
dBAn 0.771 +0.080 0.362 + 0.030 1.55+0.01 156 + 4 ND ND ND 0.914 + 0.081
BPe 3.69£0.19 52+091 8.09 £ 0.52 217+6 ND ND ND 341+0.18
IcdP 9.53+£1.27 579+121 498 +0.72 24221 ND ND ND 3.03+0.15
>PAHs 342 £ 27 257+22 2370 £ 160 7970 + 450 10.8 + 1.5* 4.45+0.51* 9.02 + 0.52* 10.0 £ 0.9*

aND, not detected. An asterisk (*) indicates the mean percent transfer of the 12 PAHs with ND = 0.

was evaporated to dryness by a rotary evaporator and then was dissolvegercolated through the cartridges with a flow rate of 5 mL Thimnder

in hexane. The solution was filtered through a silica gel column with vacuum pump. After extraction, the PAHSs trapped within the cartridges
the elution of hexane and DCM (1:1, v/v) and then was evaporated to were eluted by passing 5 mL of DCM. Water was eliminated by Na
dryness. The residue was dissolved in HPLC grade acetonitrile for SO, from the extracts before the solutions were evaporated to dryness
further analysis. by a gentle stream of nitrogen. The residues were dissolved in 2 mL

With respect to tea infusion preparation, the tea samples were brewedof HPLC grade acetonitrile for further analysis.
with boiling water under different infusion conditions according to the PAH Analysis. The analysis of PAHs was described elsewh@eg (
different customs of brewing tea in China. The effects of these 30). All extracts from the samples were filtered with a ;@8 minisart
conditions on the %PAH transfer from tea to tea infusion were examined filter in a vial sealed with a PTFE-lined cap. Thendl5extracts were
as follows. injected by autosampler to be analyzed by the HPLC system (Agilent

Effect of Tea VarietyOne gram of each of the four tea varieties 1100), which consists of a quatpump, a PAH column (Agilehg.6
was infused in 100 mL of boiling ultrapure water, which was enclosed x 250 mm), a fluorescence detector, a data processor, and a system
in a 100 mL conical flask, remaining at room temperature for 30 min. controller.

Effect of Tea/Water Ratio (TWRJea samples of 0.67, 1.0, and 2.0 Twelve kinds of PAHs were determined: naphthalene (NA),

g were infused individually in 200 mL of boiling ultrapure water, which ~ acenaphthelene (ACE), fluorene (FL), phenanthrene (PHEN), anthracene
was enclosed in a 100 mL conical flask, remaining at room temperature (AN), fluoranthene (FLUR), pyrene (PY), benkgf[uoranthene (BkF),

for 30 min. The TWRs were 1/150, 1/100, and 1/50 (w/v tea infusion), benzo[a]pyrene (BaP), dibenz[a,h]anthraxcene (dBAn), benzo[ghil-
respectively. perylene (BPe), and indeno[1,2,3,cd]pyrene (IcdP).

Effect of Brewing TimeOne gram of a tea sample was infused in Quality Control. A strict regimen of quality control was performed
100 mL of boiling ultrapure water, which was enclosed in a 100 mL in the experiment according to the method described in our previous
conical flask, remaining at room temperature for 30 min. Afterward, Papers (2324). Recoveries for the 12 PAHs from tea samples and tea
the liquid portion was decanted and collected in another enclosed conicalinfusions ranged from 71.6 to 103% and from 86.3 to 112%,
flask, regarded as the first infusion. Then, another 100 mL of boiling respectively, with all of their relative standard deviations (RSD) being
ultrapure water was poured into the original conical flask to brew the <20.0%. The limit of determination for the 12 PAHs ranged from 0.23
residual tea and to obtain the second infusion in the same way as theto 4.1 pg. Each experiment was accompanied by two blank experiments
first brew. A third infusion was also obtained by the same processes. t0 ensure that there were no PAHSs in the reagents.

Effect of Washed Te@ne gram of a tea sample was infused in 100 ~ Calculation of Transfer Percentage of PAHs. The transfer
mL of boiling ultrapure water, which was enclosed in a 100 mL conical Percentage of PAHs from made tea to tea infusion was calculated by
flask, remaining at room temperature for 30 min. To get the washed using formula
tea, 20 mL of boiling ultrapure water was first used to infuse 1.0 g of
tea sample for 10 s according to the custom of washing tea in China. 0 Cy x Vy
Afterward, the liquid portion was decanted, and then 100 mL of boiling transfer (%)= m
ultrapure water was added into the flask to brew the residual tea at
room temperature for 30 min, which is the same infusion procedure

used with the unwashed tea. liquor, Vy is the volume (mL) of the tea liquoGy: is the content (ng/

Effect of Ur_l(_:mered Cup.One gram Qf a tea sample was infused in g) of PAHs in made tea, andi, is the weight (g) of made tea prepared
100 mL of boiling ultrapure water which was enclosed in a 100 mL for making infusion

covered conical flask, remaining at room temperature for 30 min. At
the same time, another 1.0 g of the tea sample was infused in 100 mL
of boiling ultrapure water in a 100 mL uncovered conical flask,
remaining at room temperature for 30 min. Effect of Tea Variety. Table 1shows the contents of PAHs
After 30 min of brewing in the conditions just discussed above, all jn the four varieties of Chinese made teas. The total contents
of the tea quuoor samples were decanted into other covered flasks andgf the 12 PAHs FPAHS) in the tea samples were in the extent
cooled t0~30 °C before the extraction of PAHs. All of the above 4 557 and 797Qug/kg, very similar to the documented data
exg‘;”mer:ts \:{ere pfeggj_'me? n ti'ﬁl'catels' dtea | (23—26). The concentrations of PAHSs in tea liquor rose with
e exacion o S from the cooec 7ea Iquor Samples Was 4o increase of PAH contents in made tea. The highest

carried out by a solid-phase extraction (SPE) cartridge system from ) .
Supelco according to the method of Zhou et 28)( Before extraction, concentrations of the 12 PAHSs, ranging from 0.007 to 4.345

the Gbonded phase containing 500 mg of reversed phase octadecyl#d/L, were observed in the infusion of black tea 2. The transfer
was first washed with 5 mL of DCM and then was washed with 5 mL  percentages of PAHs are also listedTiable 1. In this study,
of ultrapure water. Then the cooled samples of tea infusion were %PAH transfer from the oolong tea (4.45%) was much lower

x 100

where Cy represents the concentration (ng/mL) of PAHs in the tea

RESULTS AND DISCUSSION
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Figure 1. Effect of tea/water ratio on transfer percentages of PAHs from tea to infusion.
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Figure 2. Effect of brewing times on transfer percentages of PAHs from tea to infusion.
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Figure 3. Reduction rate of %PAH transfer with washing tea before brewing.
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Figure 4. Relationship between log Ko, of PAHs and reduction rate of %PAH transfer with uncovered cup when brewed.

than that from the other three kinds of teas, for which the mean tea variety (such as lipid content and fatty acid composition),
%PAH transfer was<10%. The reasons for the %PAH transfer manufacturing process (which might affect the PAH contents
variations with tea variety need further investigation and might in made teas), and PAH pollution history (the longer polluted,
be relative to the difference existing in natural properties of the the less transfer percentage). All %PAH transfers of each tea
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brand are closely relevant to the Id¢,, of PAHSs, which
demonstrates that the lower the value of the kag, the less
transfer percentage, in accordance with our previous sy (
and other studies on organic pesticide residués 14).

Black tea 2 with the highest concentrations of PAHs in the
infusion was chosen for further study on the effects of other
factors.

Effect of Tea/Water Ratio. The effect of TWR on %PAH
transfer is shown irFigure 1. It can be observed that %PAH
transfer increased with the decrease of TWR, although the
concentrations of PAHs in the infusion declined with the

decrease of TWR, probably because the dispersion degree of

made tea in water rose with the decrease of TWR. The mean
%PAH transfer with TWR= 1/150 was 1.12 times and 1.65
times higher than that with TWR: 1/100 and 1/50, respectively.
The %PAH transfer with TWR= 1/150 and 1/100 did not
change much, but both were obviously higher than that with
TWR = 1/50, implying that the effect of TWR on %PAH
transfer was indistinguishable when TWR was lower than 1/100.
It was easy to conclude that the effect of TWR on transfer
percentages of the PAHs with two to four aromatic rings was
obviously more remarkable than that with five or six aromatic
rings (BkF, BaP, dBAn, BPe, and IcdP), and the reason might
be the lower water solubility of the PAHs with five or six
aromatic rings.

Effect of Brewing Times. The effect of brewing times on

%PAH transfer from made tea to tea infusion is showRigure

2. It was observed that %PAH transfer decreased greatly with
the increase of brewing times. The mean %PAH transfers of
the second and third brewing times accounted for only 55.1
and 38.8% of that corresponding to the first brewing time,
respectively. The mean %PAH transfer in the first brewing time
occupied 51.6% of the total three mean %PAH transfers in the
three brewing times. Considering that the highest transfer rate
appeared in the first brewing time, the first infusion of polluted

tea should be discarded or the polluted tea needs to be washed

immediately before brewing.

Effect of Washed Tea.There is a custom of washing tea
immediately before brewing, especially for black and oolong
teas in China. Actually, black tea 2 was dried with the heat and
smoke from the combustion of pine wood or col@3). The
small smoke particle, which may bind a certain amount of PAHs,

can be deposited onto the leaf surface of the tea and then can

be released into the infusion when it is washed. As shown in
Figure 3, briefly washing the tea before brewing reduced the
%PAH transfer with a mean reduction rate of 30.4% for the 12
PAHSs. The reduced PAHSs should mainly exist as particle bound,
which could be poured out with the washing water, because

most of the PAHSs absorbed by tea leaves might not be released

into the water within a short washing. This deduction was
certified by the fact that the reduction rate increased with the
increasing number of aromatic rings except for NA.

Effect of Uncovered Cup. There are two methods for
brewing tea, covered cup and uncovered cup. PAHs, a group
of semivolatile organic compounds, can volatilize from the hot
tea liquor in the uncovered cup when it is brewed. Therefore,
PAH concentrations of the liquor in the covered cup were higher
than in the uncovered cup. Meanwhile, PAHs with lower values
of log Kow normally have greater volatility3(l) and can more
easily escape from the hot water. Consequently, the effect of
the uncovered cup on the transfer percentages of PAHs with
lower values of logKyw Was greater than that with a higher
value of logKow. Figure 4 shows the relationship between the
reduction rate of %PAH transfer within the uncovered cup and
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the logKow of PAHS. It can be observed that the reduction rate
of %PAH transfer decreased with the increase ofHgg, in a
scope of 4.31 and 31.7%. Therefore, it is better to leave the
cup uncovered during the brewing of tea to reduce the PAH
concentrations in the tea infusion and human health risk.
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