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Abstract Tea infusion is the main route of human exposure to pollutants in tea, and it is vital to investigate the transfer rate of pollutants from tea leaves to infu-
sion. Carbendazim is a commonly used systemic fungicide, the transfer behavior of which in Yingshan Yunwu tea is not clear. Hence, this study firstly established
the analytical method for determination of carbendazim with great accuracy and precision via modified QuEChERS method and ultra-performance liquid chromatogra-
phy-fluorescence detection (UPLC-FLD). Then, the transfer behavior of carbendazim from tea leaves and infusion was systematically investigated. Results indica-
ted that water temperature and proportion of tea to water ration would obviously increase the transfer rate of carbendazim, but times of infusion repetition showed neg-
ative correlation with the transfer rate of carbendazim. In addition, brewing time seemed to have lesser impact on the transfer rate. This study will be helpful for the
risk assessment of carbendazim residue and provide the guidance for tea brewing.
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Tea is one of the most consumed drinks in the world because of
its special taste and potential health benefits"' . In China, South-
ern area is hot and moist, which is suitable for tea cultivation, but
also favors the growth and distribution of pest and harmful microor-
ganism. Hence, varieties of chemical pesticides were applied in tea
plants for avoiding insect attacks and fungal infections, whereas the
subsequent pesticides residue in dried tea leaves are of significant
concern to consumers. In contrast with edible way of other food,
most people drink tea as an infusion which is realized by immersing
dried tea leaves in hot water, and faces the exposure of pollutants
moving through tea brewing. For this reason, the research of migra-
tion patterns of pesticides from leaves into infusions plays a pivotal
role in risk assessment of pesticides residue in tea and reasonable
application of pesticide in tea cultivation.

Much research has reported the transfer behaviors of varieties
of pesticides, such as endosulfan, chlorpyrifos, deltamethrin, fen-
itrothion, cypermethrin, quinalphos, and dicofol” ', The physi-
ochemical properties of pesticides are the most critical factor af-
fecting their transfer behavior, and different pesticides are diverse
in migration patterns. Other than intrinsic factor of pesticides, ex-
ternal factors also play important roles in affecting the transfer be-
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et al. ™ found out that the transfer rate of pesticides increased
with the rise of temperature, and pesticide solubility was the key
factor affecting its migration rate. In addition, the types of tea also
affected the transfer behavior. For example, the transfer of organo-
chlorine pesticides from herbal tea leaves to broth was lower com-
pared with the transfers of both black and green teas'”".

Carbendazim is one of the benzimidazole fungicides and ap-
plied for control a broad spectrum of fungi pathogens via inhibition
of mitotic microtubule formation and cell division""’. The half-life
of carbendazim in soil and water could last for a hundred days,
thus it remains persistent in soil "', Furthermore, for plant ori-
gin, the carbendazim could remain stable after processing by cook-
ing, brewing, pasteurization and sterilization. It has been reported
that carbendazim is detected in tea and make it exposure to hu-
man'? "' Different from other food, tea infusion is the main
route of human exposure to pollutants in tea, and it is vital to in-
vestigate the transfer rate of pollutants from tea leaves to infusion.
However, the transfer behavior of carbendazim in Yingshan Yunwu
tea is not clear.

In this study, the analytical method for analyzing carbenda-
zim in Yingshan Yunwu tea leaves and infusion was established to
systematically investigate the transfer behavior of carbendazim from
tea leaves and infusion. In addition, brewing time, water tempera-
ture, brewing frequency and ratio of tea to water were chosen to
study their effects on the transfer rate of carbendazim from tea

leaves to infusion.

Materials and Methods
Materials and reagents

Standard of carbendazim and sodium chloride (NaCl) was
purchased from Aladdin Biochemical Technology Co., Lid
(Shanghai, China). Acetonitrile and methanol with HPLC-grade
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were bought from Fisher Scientific (MA, New Jersey, USA). Pri-
mary secondary amine ( PSA) was provided from Bonna-Agela
Technologies ( Tianjin, China). Ulirapure water was obtained
from a Milli-Q system by Merck Millipore (Merck KGaA, Darms-
tadt, Germany).
Standard solution preparation

The carbendazim standard stock solution of 100 mg/L was
prepared by dissolving 10 mg of carbendazim standard in 100 ml of
methanol. Then, a series of working standard solutions were ob-
tained from dilution of stock solution with methanol. All standard
solutions were stored in the dark at —20 °C for later use.
Sample collection

Pesticide-free Yingshan Yunwu tea was provided by Hubei
Zhishun Tea Co. , Ltd (Huanggang, China), which was used as
blank matrix. Carbendazim-contaminated tea samples were ob-
tained by steeping blank sample into working standard solutions of
100 mg/L and standing for 2 h, following natural drying. Tea in-
fusion was prepared on the basis of the most common method. In
briefly, 5 g of dry tea leaves were placed in glass flask with the
addition of 150 ml of boiling water at 100 °C for brewing 5 min.
The contents of carbendazim in tea infusion and tea leaves samples
were determined to unveil the distribution of carbendazim between
infusion and leaves. In addition, effects of brewing time, water
temperature, time of infusion repetition and ratio of tea to water
were studied to find out the transfer behavior of carbendazim in tea
brewing process.
Sample extraction and clean-up

Tea infusion and leaves samples were treated with QuECh-
ERS procedure for the extraction and clean-up of carbendazim.
Briefly, 1 ml of cooling tea infusion was placed in centrifuge tube
containing 50 mg of primary secondary amine (40 —60 wm) ab-
sorbent, and then vortexing was performed for 3 min. The tube
was centrifuged at 5 000 rpm for 1 min to obtain the supernatant
which was filtered with 0.22 pm nylon microporous membrane and
analyzed with ultra-performance liquid chromatography-fluores-
cence detection (UPLC-FLD). For tea leaves sample, 2 g of sam-
ple was weighed in a 15 ml centrifuge tube, and mixed with 10 ml
of acetonitrile. After 10 min of sonication, 1 g of NaCl was added
following by 5 min of sonication. Then, the tube was centrifuged
at 4 000 rpm for 3 min, and 1 ml of supernatant was transferred in
another 2 ml centrifuge tube containing 50 mg of PSA absorbent.
The centrifuge tube was capped and vortexed for 3 min, and cen-
trifuged at 5 000 rpm for Imin. The supernatant was filtered and
analyzed with UPLC-FLD.

UPLC-FLD analysis

The analysis of carbendazim was performed with an Ultimate
3000™ HPLC system and a FLD-3000 fluorescence detector
(Thermo Fisher Scientific, USA) with an Inertsil ODS-3 column
(4.6 mm i.d. x250 mm, 5 pum particle size). The mobile phase
was composed with 70% acetonitrile and 30% water, the flow rate
was 1 ml/min, and the injection volume was 10 pl. The excitation
and emission wavelength of carbendazim were 285 and 315 nm,
respectively.
Method validation

The stock carbendazim standard solution was diluted to a se-
ries of working solutions at varies level (0.5, 1, 5, 10, 15, 25,
50 mg/1.) with blank sample extracts, which were determined by
UPLC-FLD method. The calibration curves were conducted ac-
cording to the peak areas of carbendazim and concentration of
working solutions. Then, three concentrations of carbendazim
(2.5, 5, 25 mg/L.) was spiked in the blank samples for evalua-
ting the accuracy and precision of the method, and five replicates
were analyzed for every concentration.
Data calculation and analysis

The transfer rate of carbendazim from tea leaves to infusion
was calculated based on following equation:

Rt (%) = (Cision X Visgusion )/ (€ X M)
Where Rt (% ) is transfer rate, C, ., (mg/L) and C,,,.. (mg/g)

represent the concentration of carbendazim in tea infusion and

leaves

leaves. V,n (ml) and m,,.. (g) are volume of infusion and

weight of leaves.

Results and Discussion
Method validation

The calibration curve, recoveries and precision of carbenda-
zim in tea infusion and leaves are shown in Table 1. As shown,
the calibration curves of carbendazim in infusion and leaves were
y =141 043x —52 180 and y =149 779x +259 676 with the linear
correlation coefficient (R*) ranging from 0. 998 4 to 0. 999 4,
which indicated that the relation between peak area and carbenda-
zim concentration displayed good linearity. Then, the recoveries of
analytes in tea infusion and tea leaves spiked with three concentra-
tions of carbendazim ranged from 82.3% to 105.4% and 86.5%
to 92. 6% , respectively. In addition, RSD of five replicates for
every group were all less than 7% . Hence, the data of recoveries
and RSD elucidated the analysis method was of great accuracy and

precision.

Table 1 Calibration curve, recoveries and precision of carbendazim in tea samples

Sample Calibration curve R? Concentration of carbendazim // mg/L Recovery // % RSD // %
Tea infusion y =141 043x -52 180 0.998 4 2.5 95.4 3.9
5 105.4 3.7
25 82.3 1.8
Tea leaves y =149 779x +259 676 0.999 4 2.5 86.5 6.3
5 92.6 6.9

25 88.7 3.0
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Transfer behavior of carbendazim from dried Yingshan Yun-
wu tea leaves into tea infusions

Effect of brewing time Brewing time is of great significance
during making tea infusion. The effect of brewing time from 5 to 30
min on the distribution and transfer rate of carbendazim was inves-
tigated. The mass distribution of carbendazim in tea infusion and
remaining leaves with different brewing time was demonstrated in
Fig. 1, which indicated nearly all of carbendazim entered infusion
and little was in remaining leaves. In addition, the effect of brew-
ing time (5 =30 min) on the carbendazim distribution was not ob-
vious, which might be attributed to the quick transfer behavior of
carbendazim due to its high-water solubility (29 mg/L pH 4;
8 mg/L pH 7)™, As shown in Fig. 2, the transfer rates of carben-
dazim ranging from 77.3% to 92.6% also verified its fast transfer.
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Fig. 1 Effect of brewing time on the distribution of carbendazim in
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Fig. 2 Effect of soaking time on the transfer rate of carbendazim
from tea leaves to infusion

Effect of water temperature Water temperature is of great sig-
nificant during tea brewing process, and could give different fla-
vors. The ideal temperature for tea varied depending on the type of
tea, commonly ranging from 70 to 100 C. Thus, the effect of wa-
ter temperature (70 —100 °C) on the transfer behavior of carben-
dazim was investigated, and 25 °C was set as control group. Re-
sults in Fig. 3 demonstrated similar trend in Fig. 1, which shown
nearly all of the carbendazim entered in infusion and little was in
remaining leaves. However, dramatic change of the transfer rate
was observed in Fig. 4 when water temperature increased from 25
to 70 °C. Tt indicated that water temperature showed positive corre-
lation with transfer rate of carbendazim, which was the same as the
results reported by Chen'™’.
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Fig.3 Effect of water temperature on the distribution of carbenda-
zim in tea infusion and remaining leaves
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Fig. 4 Effect of water temperature on the transfer rate of carben-
dazim from tea leaves to infusion

Effect of times of infusion repetition In order to realize favora-
ble taste and aroma, tea was usually brewed twice or more times.
Other than the aroma and taste of tea infusion, the time of infusion
repetition also affected the transfer rate of carbendazim. As shown
in Fig. 5, the detected amount of carbendazim in infusion de-
creased in the first three brewing and kept stable in the last two
brewing. However, the amount of carbendazim in remaining leaves
was similar to previous tea leaves after repeatedly brewing. The

61 and

reason might be carbendazim belong to systemic fungicide
could be absorbed in the tea leaves. Thus, the carbendazim could
be still detected in the infusion and remaining leaves even though

the brewing process had been repeated for five times.
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Fig. 5 Effect of times of infusion repetition on the distribution of

carbendazim in tea infusion and remaining leaves
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Fig. 6 Effect of times of infusion repetition on the transfer rate of
carbendazim from tea leaves to infusion

Effect of tea-to-water ratio The ratio of tea to water is another
factor which greatly influenced the taste of infusion, and a com-
monly used ratio of tea to water is 1 : 50. Hence, this study inves-
tigated the effect of ratio of tea to water (1 : 10 =1 : 100) on the
transfer rate of carbendazim from tea leaves to infusion. Results in
Fig. 7 and Fig. 8 indicated that both the amounts of carbendazim
in tea infusion and transfer rate possessed positive correlation
with the ratio of tea to water, while the amount of carbendazim in
the remaining leaves decreased with the ratio of tea to water

increasing.
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Fig. 7 Effect of proportion of tea to water ratio on the distribution
of carbendazim in tea infusion and remaining leaves
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Fig. 8 Effect of proportion of tea to water ratio on the transfer rate
of carbendazim from tea leaves to infusion

Conclusions
Tea infusion is the main route of human exposure to pollutants
in tea, and it is vital to investigate the transfer rate of pollutants

from tea leaves to infusion. Carbendazim, as a commonly used sys-
temic fungicide, the transfer behavior of which in Yingshan Yunwu
tea is not clear. Hence, this study firstly established the analytical
method for determination of carbendazim with great accuracy and
precision. Then, the transfer behavior of carbendazim from tea leav-
es and infusion was systematically investigated. Results indicated
that water temperature and ratio of tea to water would obviously in-
crease the transfer rate of carbendazim, but times of infusion repeti-
tion showed negative correlation with the transfer rate of carbenda-
zim. In addition, brewing time seemed to have lesser impact on the
transfer rate. This study will be helpful for the risk assessment of
carbendazim residue and provide the guidance for the tea brewing.
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growth and improving meat quality, etc. As a new multifunctional
feed additive, it has been paid more and more attention, but sev-
eral key problems about its biological activity still need to be
solved: (D corresponding relationship between specific biological
functions, especially the immunomodulation of E. ulmoides leaf
extract, and single active compounds in the extract, and its action
pathway, (2) analysis of the effects of various functional active in-
gredients on different cultured animals, and (3) optimization of
preparation conditions of E. ulmoides leaf extract, especially the
study on the differences of active components in extracts obtained
by different processes and their effects on in-vitro and in-vivo func-
tions. Therefore, in-depth analysis of the relationship between sin-
gle active compound components and appropriate compatible com-
binations, and their biological functions will still be an important
direction in the future. With the continuous improvement of re-
search, the application of E. ulmoides leaf extract as a multifunc-
tional feed additive in livestock and poultry breeding will receive
more and more attention. This paper explored the use of E. ul-
moides leaves in the growth process of livestock and poultry for re-
ducing animal emissions, improving environmental protection, ef-
fectively promoting animal growth, improving animal immunity,
and reducing the occurrence of animal diseases, hoping to serve
agriculture, rural areas, and farmers, improve quality and effi-
ciency, and assist in rural revitalization.
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