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Abstract A sensitive and selective method was developed
and validated for the determination of pyrethrin residues in
turnips (turnip leaves, turnip tubers, and the whole of plant)
and cultivated soil using gas chromatography coupled with
mass spectrometry (GC-MS). Six major components of pyre-
thrins (pyrethrin I and 11, cinerin I and II, and jasmolin I and II)
were separated and identified. The method involving solid-
phase extraction (SPE) cleanup led to satisfactory average
recoveries (88.1-104%) with limits of quantification (LOQs)
of 0.05 mg/kg. The dissipation and final residue of pyrethrins
in six provinces (among these places, two experiments were
conducted in greenhouse and other four experiments in open
filed) in China were studied. The trial results suggested that
the half-lives of pyrethrins in the whole of turnips and soil
were 0.5-1.6 and 1.0-1.3 days, respectively, and the degrada-
tion of pyrethrins in the greenhouse was quicker than that in
open fields. The final residues of pyrethrins in turnip leaves
and tubers were all below the maximum residue limit (MRL)
established by the EU (1.0 mg/kg). A pre-harvest interval of
2 days and MRL of 1.0 mg/kg are recommended to ensure
food safety standards for pyrethrins in turnips. Long-term risk
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assessment and short-term risk assessment of turnip tubers
were evaluated. Hazard quotient (HQ) and acute hazard index
(aHI) were significantly less than 100%, indicating negligible
risk for consumption of turnip tubers.
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Residue - Open fields - Greenhouse

Introduction

Pyrethrum is extracted from dried and powdered flowers of
Tanacetum cinerariifolium, a type of Chrysanthemum.
Pyrethrum has been safely applied as an insecticide since a
long time ago (Meurer-Grimes 1996; Copping 1998). Its active
ingredients are called pyrethrins, which consist of six esters
named pyrethrin I and II, cinerin I and II, and jasmolin I and
II (Fig. 1) (Lu et al. 2010). Pyrethrin I and II are the major
constituents. The relative level of these six compounds and
the ratio between pyrethrin I and II are affected by the plant
type, the stage of harvest, and the region where the plants grow.
Pyrethrin I has a lethal effect, whereas pyrethrin II has a knock-
down effect against insects. This difference of action against
insects makes their ratio important (Angioni et al. 2005). At
present, pyrethrins have been widely used as household
insecticides, post-harvest pesticides for crops, and for
pest prevention in fruits and vegetables before harvest
(Cheng et al. 2005).

Turnips, herbaceous plants of Cruciferae, are cultivated in
Europe, Asia, and America. Their roots are edible and rich in
sugars, crude protein, and fiber, and they are typically consumed
after being fried, boiled, or pickled. Turnips are increasingly
becoming popular especially in China. However, turnip
cultivation involves high pesticide application to prevent
and control viral diseases, mainly those spread by aphids,
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cabbage webworm, and flea beetle. Among the pesticides
used, pyrethrins have been widely used in turnip production
because of their high efficiency to control insects at low doses.

Recently, there have been increasing awareness and
concern about pyrethrin residues in turnips. The residue defini-
tion for compliance with maximum residue limit (MRL) and
estimation of dietary intake was total pyrethrins, calculated as
the sum of pyrethrin I and II, cinerin I and II, and jasmolin I and
II, which was reported by Joint Meeting on Pesticide Residues
(JMPR) (Food and Agriculture Organization of the United
Nations 2005).The MRL of pyrethrins in turnips is legislated
at 1.0 mg/kg by Regulation (EU) No. 396/2005 (The
Commission of the European Communities 2008), Japan (The
Japan Food Chemical Research Foundation 2006), Australia
(Australian Pesticides and Veterinary Medicines Authority
2017), and Korea (Korea Food and Drug Administration
2012). In China, the MRL is not yet established.

Several methods have been developed for the analysis of
pyrethrin residues with different matrices using high-
performance liquid chromatography (HPLC) (Feo et al. 2010;
Leng and Gries 2005), HPLC-MS (Ruiz et al. 2011), liquid
chromatography-mass spectrometry (HPLC-MS/MS) (Lu
et al. 2010; Peruga et al. 2013), gas chromatography (GC)
(Campillo et al. 2006; Chen et al. 2009; Ding et al. 2006;
Ding et al. 2007; Wang 2013), and gas chromatography-mass
spectrometry (GC-MS) (Feo et al. 2010; Huang 2004; Rawn
et al. 2010; Song et al. 2007; Woudneh and Oros 2006) with
solid-phase extraction (SPE), dispersive solid phase extraction
(d-SPE), or no cleanup. However, the analytical procedures for
pyrethrin residues in turnips have not been investigated. In
addition, because pyrethrins are applied onto the leaves of tur-
nip plants and can rapidly degrade upon exposure to sunlight, it
is difficult to analyze trace amounts of pyrethrin residues in
turnips, especially in tubers.

It is important to calculate the rate of pesticide digestion to
assess the performance of pesticide residues after application

@ Springer

(Omirou et al. 2009). To ensure that pesticide residues are less
than the stated MRL at harvest, a pre-harvest interval (PHI) is
also proposed in MRL regulations (Karmakar and Kulshrestha
2009). With the increasing use of pyrethrins in turnips, there is
now considerable attention for determining and monitoring
pyrethrin residues in turnip plants. However, there are no
residue and dissipation reports of pyrethrins in turnips thus far.

The objective of this study was to develop and validate
an effective and sensitive method for the analysis of trace
levels of pyrethrins in turnips (leaves, tubers, and the
whole plants) and soil. This study was also designed to
investigate dissipation dynamics and terminal residues of
pyrethrins in open fields and greenhouse. Besides, human
exposure to pyrethrin residues via turnips intake was esti-
mated, and the long-term risk and short-term risk were
evaluated. The results provide directions on the proper
and safe application of pyrethrins.

Materials and methods
Materials and reagents

Pyrethrins (technical grade 30%) were obtained from Toronto
Research Chemicals Inc. (Canada). The standard stock solu-
tion (1000 mg/L) of pyrethrins was dissolved with acetone
and stored at —20 °C. The working solution (100 mg/L) was
also ready and stored at —20 °C. Acetone and n-hexane were
both supplied by Mreda Technology Inc. (Beijing, China)
while acetonitrile was supplied by Fisher (Shanghai, China),
and they were all HPLC grade. Anhydrous sodium sulfate
(Na,S0O,4) and sodium chloride (NaCl) were supplied by
Beijing Chemical Reagents Company (Beijing, China).
CNWBOND Florisil SPE Cartridge (500 mg, 3 mL),
CNWBOND HC-C,g SPE Cartridge (500 mg, 3 mL), and
CNWBOND NH, SPE Cartridge (500 mg, 3 mL) were all
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Table 1  Design of the field experiments for pyrethrin residue and dissipation in turnips (leaves, tuber, and the whole plant) and soil
Treatments Dosage of Time of Experiments Days after the
application application last application
Serial Areas (m?) (g a.i/ha)
number
1 30x3 40.5 3 Turnips/soil residue 2/5/7
2 30x3 40.5 4 Turnips/soil residue 2/5/7
3 30x3 60.75 3 Turnips/soil residue 2/5/7
4 30x3 60.75 4 Turnips/soil residue 2/5/7
5 30x3 60.75 1 Dissipation in turnips 2h,1,2,3,5,7,10, 14, 21 days
6 30 60.75 1 Dissipation in soil 2h,1,2,3,5,7,10, 14, 21, 30 days
7 30 0 - Control treatment Before spraying and at harvest

obtained from ANPEL Laboratory Technologies Inc.
(Shanghai, China). The formulation, an emulsion in water
(EW) containing 1.5% pyrethrins, was kindly provided by
Inner Mongolia Qingyuan Paul Biotechnology Co. Ltd.
(Inner Mongolia, China).

Field experiments

The study including a dissipation dynamic experiment and a
final residue experiment was conducted at six different places,
Beijing City, Jiangsu Province, Hunan Province, Zhejiang
Province, Heilongjiang Province, and Shandong Province in
the year 2016. Among these provinces, in Heilongjiang and
Shandong Provinces, the field experiments were conducted in
greenhouses. The dissipation and final residue experiments
were performed simultaneously only in two places (Beijing
and Shandong), while in other four places, only the final res-
idue experiment were conducted.

The design of the field experiment for dissipation and res-
idue is shown in Table 1. There were seven treatments includ-
ing six pyrethrin treatments and one control treatment. Each
treatment consisted of three replicate plots (except for soil
dissipation) and each plot was 30 m. In the control treatment,
no pesticide was used but the same amount of water was

Table 2 Gas chromatography and mass spectrometry parameters for
pyrethrin analysis

Pesticide R; (min) Monitoring ions (m/z) Abundance ratio
Cinerin I 16.02 123% 150, 168 100:23:3
Jasmolin | 16.69 123% 69, 135 100:4:12
Pyrethrin I 16.75 123% 81, 105, 162 100:21:21:16
Cinerin 1T 18.94 107%, 93, 121, 167 100:53:79:53
Jasmolin 11 19.70 107%, 93, 121, 167 100:63:55:54
Pyrethrin IT 19.77 107%, 91, 167 100:87:59

? Quantitative ion

sprayed throughout the period. The plots of different treat-
ments were separated by a buffer area of 30 m?.

For the purpose of evaluating the dissipation of pyrethrins
in whole plants and soil, 1.5% pyrethrin EW was dissolved in
water and applied at active constituent 60.75 g a.i./ha (gram of
active gradient per hectare, 1.5 times the recommended high
dosage) on the surface of plants and soil. Whole plant turnips
(about 1 kg) and the soil (0—10-cm depth, 1-2 kg) were ran-
domly collected at 2 h, 1, 2, 3, 5, 7, 10, 14, 21, and 30 days
(only soil) after application.

The dosage levels for the terminal residue experiments
were set at 40.5 g a.i./ha (recommended high dosage) and
60.75 g a.i./ha. Each treatment was sprayed three and four
times, respectively. All the experiments were set at three in-
tervals of 2, 5, and 7 days between the last pesticide applica-
tion and turnip harvest time. Turnip plants (leaves and tubers)
and soil samples were collected at random from each plot,
ensuring the sample representative.

Collected samples of turnip plants (leaves, tubers, and
whole plants) were homogenized with a blender (Philips,
China). All samples were stored at —20 °C for further analysis.

Sample pre-treatment

Turnip leaves, turnip tubers, the whole plants, and soil sam-
ples (20 g) were weighed into 50-mL plastic centrifuge tubes.
Samples were subsequently mixed and extracted for 2 min
with 20 mL acetonitrile and 3 g NaCl by a vortex mixer and
then centrifuged for 5 min at 3800 rpm. A volume of 10 mL
supernatant acetonitrile was transferred into a 100-mL flask.
Then, it was rotary concentrated to an almost-dry state (about
one drop of liquid) and blown to dryness with nitrogen. The
residue was redissolved with 1 mL acetone + n-hexane (1 +9;
v + v) for SPE cleanup. Anhydrous Na,SO, (1 g) was added
into Florisil SPE cartridge and preconditioned with 10 mL #-
hexane, and then, the extract was introduced into the Florisil
SPE cartridge. The compounds in the cartridge were eluted
with 10 mL acetone + n-hexane (1 + 9; v + v), collected in a
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Fig. 2 GC-MS chromatogram of pyrethrin standards (1 mg/L)

flask, and evaporated to dryness. The residue was dissolved
with 1 mL acetone and filtered with 0.22-pm filter membrane
for GC-MS analysis.

GC-MS conditions
GC-MS analysis was conducted with an Agilent Technologies
6890N GC system equipped with an Agilent 7683 series

autosampler, mass selective detector (MSD) model 5975B
network, and a 30 m x 0.25-mm (i.d.) DB-5MS fused-silica
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capillary column (0.25-pm film thickness). An aliquot of 2 uLL
of sample extract was injected into the gas chromatography.
The injector temperature was set at 260 °C and the carrier gas
was helium (99.999% purity) at a flow rate of 1.2 mL/min.
The oven temperature program was initially kept at 100 °C for
1 min, then ramped up at a rate of 10 °C/min to 270 °C and
held for 1 min, then finally ramped at 1 °C/min to 280 °C and
held for 1 min.

The mass spectrometer was in the electron ionization
mode. lon source, quadrupole, and transfer line temperatures
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soil

were 230, 150, and 280 °C, respectively. Solvent delay time of
4.0 min was set. The MS system was set in selective ion
monitoring (SIM) mode, and the mass spectra were obtained
at the electron energy of 70 eV. GC-MS conditions of pyre-
thrins are shown in Table 2.

Statistical analysis

The levels of pyrethrin residues (the sum of pyrethrin I and II,
cinerin I and II, and jasmolin I and II) in samples were calcu-
lated according to Eq. (1):

_QAixexV

X
zAsi X m

(1)

where X is the concentration (mg/kg) of pyrethrin residues in
the test samples, ) A; represents the total peak area of pesticide
residues in the sample extraction solution, c¢ is the concentra-
tion (mg/L) of pesticide residues in the standard working so-
lution, V represents the final volume (mL) of the sample ex-
traction solution, Y A,; is the total peak area of pesticide resi-
dues in the standard working solution, and m is the corre-
sponding mass (g) of the test sample in the final sample
solution.

The dissipation patterns of pyrethrins in the whole turnip
plants and soil were fitted using the first-order kinetic equation
(Eq. (2)), and half-life of residue dissipation was calculated
using Eq. (3).

tp = (In 2)/k 3)

where ¢ represents the time (day) between pesticide applica-
tion and turnip harvest, C, represents the initial concentration
(mg/kg), C is the residue concentration (mg/kg) at time ¢, k is
the degradation coefficient (dayfl), and 7, is the time re-
quired for the pesticide residue level to fall to half of initial
residue level after pesticide application. Systat Sigmaplot
v12.0 software was used in the statistical process of fitting £.

Dietary exposure and long-term consumer risk assessment
of turnip tubers were calculated by using the following equa-
tions (Lin et al. 2017):

EDI = STMR"Fi/bw (4)

HQ = EDI/ADI"100% (5)
And the short-term risk assessment were calculated using
Egs. (6) and (7):

ESTI = HRFi/bw (6)

aHI = ESTI/ARD"100% (7)
where EDI represents the estimated daily intake (mg/kg bw
day), STMR is the calculated median residue level (mg/kg), Fi
is the daily turnip tuber intake (kg/day), bw is the mean body
weight (bw; kg), ADI represents the acceptable daily intake of
pyrethrins (mg/kg/day bw), ESTI is the estimated short-term
daily intake (mg/kg bw day), HR is the calculated highest
residue level (mg/kg), ARfD is the acute reference dose (mg/
kg bw), and HQ and aHI are the hazard quotient and acute
hazard index, respectively.

Results and discussion
Optimization of GC-MS conditions

In order to monitor pesticide residues, GC with flame ionization
detector (FID), electron capture detector (ECD), and mass spec-

—kt . . . .
C = Coe (2) trometry (MS) detection have been widely used. It is feasible to
Table 3 The calibration curves, - - 2
coefficient of determination (R?), Compound  Matrix Matrix-matched R LOD (mgkg)  LOQ (mg/kg)
and LOD/LOQs of pyrethrins in calibration curve
turnip (leaves, tuber, the whole
plant) and soil Pyrethrins ~ Leaves Y=229380X + 849,765 09984  0.012 0.05
Tuber Y =113,650X + 122,602 0.9969 0.018 0.05
The whole plant Y =97,606X + 70,073 0.9984 0.024 0.05
Soil Y =264,460X + 147,151 0.9996 0.020 0.05

@ Springer



882

Environ Sci Pollut Res (2018) 25:877-886

Table 4 Recoveries (n = 5) and

RSDs of pyrethrins in turnip Compound Matrix Fortified level (mg/kg) Average recovery (%) RSD (%)
(leaves, tuber, the whole plant)
and soil Pyrethrins Leaves of turnip 0.05 102+ 1.6 1.6
0.1 98.8 £2.0 2.0
1 95.5+1.0 1.1
Tuber of turnip 0.05 95.7+2.2 2.3
0.1 99.9 £4.9 49
1 101 £2.8 2.8
The whole turnip plant 0.05 984 +8.3 8.3
0.1 96.5+5.3 5.5
1 103 +3.1 3.0
Soil 0.05 88.1 £3.5 4.0
0.1 93.6+3.6 39
1 104 +8.0 7.8

develop multi-residue analysis methods for the emergence of
MS systems. Moreover, the MS systems increase the specificity
of target pesticide identification and achieve high-sensitivity
trace-level determination (Pic6 et al. 2004; Pico et al. 2000).

The temperature-rising procedure is a key parameter
influencing retention time, selectivity, and peak shape in GC
separation, especially for the analysis of multi-residues. In this
work, because of the late retention time of the six compounds,
elevated temperature was initially set as 100 °C. Thereafter,
the rates of temperature rising of 5, 10, 15, and 20 °C/min
were initially tested. Better separation and sharper peaks were
obtained at a ramped rate of 10 °C/min. For separation of
jasmolin II and pyrethrin II, the heating speed after 270 °C
was reduced, and rates of 0.5, 1, and 2 °C/min were tested.
Jasmolin IT and pyrethrin II could not be separated when the
temperature was increased at intervals of 2 °C/min. However,
a good separation of these two compounds was obtained when
the intervals were changed to 0.5 and 1 °C/min, but sharper
peaks were achieved in the latter case. For the purpose of
saving time, 280 °C (hold for 1 min) was set as the end of
the temperature-rising procedure and all compounds showed
satisfactory response during this period (Fig. 2).

Optimization of sample pre-treatment

Three extracting solvents of acetonitrile, —diethyl ether, and
acetone were considered in this study. Though there is better
solubility of pyrethrins in the latter two solvents, they are
harmful to people because of their low boiling point and high
volatility, especially for acetone, which induces paralysis ef-
fects in the nervous system (Zhu 2013). Therefore, acetoni-
trile, as a common polar organic solvent, was chosen as the
extraction solvent, ensuring satisfactory extraction efficiency
for pyrethrins. NaCl was subsequently added, which was help-
ful for the separation of aqueous and organic phases, improv-
ing the extraction efficiencies.

@ Springer

There were three SPE cartridges (Cig, Florisil, and NH,)
compared with cleanup in subsequent steps. As shown in
Fig. 3, poor recoveries were obtained with C;g and NH,
SPE cartridges, which were 62.3, 68.2, 74.6, and 60.8%
and 58.3, 70.4, 47.3, and 63.4% for leaves, tubers, the whole
plant, and soil, respectively. Even when the amount of eluent
was increased, there was no obvious improvement for recov-
eries. This may be because pyrethrins were adsorbed onto the
sorbent. As such, the two SPE cartridges were not suitable for
cleaning up pyrethrins. Satisfactory recovery (70-110%) and
purification results were obtained when Florisil SPE cartridge
was investigated. Thus, Florisil SPE cartridge was employed
for cleanup.

Method validation

The use of matrix-matched calibration is a common approach
that could avoid the impact of possible matrix enhancement or
suppression effects on the quantitative analysis. Because the
level of pyrethrin residues in practical samples is the total
quantities of six analytes, which was calculated using Eq.
(1), we used the total quantities of the six analytes to verify
the method. Known pesticide amounts were added to the four
representative extracts (turnip leaves, turnip tuber, the whole
plant, and soil) from control plots to obtain the matrix-
matched calibration solutions. Linearity experiments of pyre-
thrins were performed in the range of 0.2—10 mg/L for all
matrices. Satisfactory linearity was achieved with correlation
coefficient (R%) higher than 0.99. The limit of detection (LOD)
was defined as the concentration with a signal-to-noise ratio
(S/N)of 3, and the limit of quantification (LOQ) was the low-
est spiking level (You et al. 2014). The LODs of the pyrethrins
ranged from 0.012 to 0.024 mg/kg and the LOQs were
0.05 mg/kg, which are shown in Table 3.

Recovery studies were estimated by spiking the blank sam-
ples at three different concentration levels (0.05, 0.1, and
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Fig. 4 Dissipation of pyrethrins in the whole turnip plant (a) and soil (b) in Beijing and Shandong

1.0 mg/kg). Five parallel samples for each spiking level were
extracted, purified, and analyzed according to above methods
(Ferrer etal. 2011). As shown in Table 4, the average recovery
of pyrethrins was in the range of 88.1-104%, with the relative
standard deviation (RSD) ranging from 1.1 to 8.3%, which
indicated satisfactory accuracy and precision of this method.

Dissipation of pyrethrins in the whole turnip plant and soil

The dynamic degradation trends of pyrethrins in whole plants
and the soil at Beijing and Shandong Provinces are shown in
Fig. 4. It is worth noting that the experiments of Beijing were
performed in open fields, while the Shandong’s were conduct-
ed in greenhouse. The initial concentrations of pyrethrins in
whole plants were 0.3263 and 0.4811 mg/kg, while in the soil
were 0.0130 and 0.1052 mg/kg in Beijing and Shandong
Provinces, respectively. The differences in the initial

concentrations may be due to different planting densities or
uneven spraying at the two sites. The reason for the high
residues in whole turnip plants may be that the pesticide was
applied directly on leaf surfaces and less on the soil.

Figure 4a shows the dissipation curve of pyrethrins in whole
plants in Beijing and Shandong Provinces. The dissipation of
pyrethrins could be described by the first-order equations of
C = 0.3263¢ **°® ' (Beijing) and C = 0.4811¢ '3227 ¢
(Shandong), with correlation coefficients (R) of 0.7561 and
0.9233 and half-life of 1.6 and 0.5 day, respectively. The half-
life of pyrethrins in Beijing was longer than that in Shandong,
which demonstrated that the degradation of pyrethrins in the
greenhouse is quicker than that in open fields. This phenomenon
may be caused by the higher temperatures in greenhouses. At
21 days after application, the residue level of pyrethrins de-
creased to more than 90% with the concentration <0.05 mg/kg
(the lowest spiking level concentration) at the two sites.
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Table 5 Final residues of

pyrethrins in turnip leaves at the Dose (g PHI Spray Residue level (mg/kg)
six experiment sites a.i./ha) (days) times
Beijing  Shandong  Heilongjiang Hunan  Jiangsu  Zhejiang
40.5 2 3 0.087 <0.05 0.059 0.058 0.059 0223
4 0.119 <0.05 0.063 0.096 0.165 0.154
5 3 0.073 <0.05 0.067 0.067 0.055  0.103
4 0.225 <0.05 0.059 0.059 0.069  0.117
7 3 0.120 <0.05 0.077 0.059 <0.05 0.075
4 0.311 <0.05 0.057 0.065 0.054  0.099
60.75 2 3 0.092 <0.05 0.111 0.242 0.161  0.177
4 0.070 <0.05 0.087 0.131 0.136  0.107
5 3 0.128 <0.05 0.072 0.075 0.062  0.058
4 0.091 <0.05 0.103 0.080 0.073  0.106
7 3 0.106 <0.05 0.074 0.067 0.070  0.085
4 0.050 <0.05 0.074 0.079 0.084  0.190

The dissipation of pyrethrins in soil is presented in Fig. 4b.
The first-order kinetic equations of pyrethrins were
C = 0.0130e %>*° ' (Beijing) and C = 0.1052¢ 06684
(Shandong), with correlation coefficients (R) of 0.9507and
0.9746, respectively. The ¢, of pyrethrins in soil was 1.3
and 1.0 day in Beijing and Shandong, respectively, which
also showed that degradation of pyrethrins in greenhouses is
relatively quicker than that in open fields.

Terminal residues of pyrethrins in turnip leaves, turnip
tubers, and soil

Table 5 shows the final residues of pyrethrins in turnip leaves
at the six experimental sites. The residues of pyrethrins were
lower than LOQs only in Shandong Province (in greenhouse),
which indicates that degradation of pyrethrins in the green-
house was quicker than in open fields. In Heilongjiang

Province (another greenhouse place), the degradation of resi-
dues was higher than that of LOQs. However, the terminal
residues of pyrethrins at the two dosage levels were all below
1 mg/kg (the MRL established by EU, Japan, etc.). There were
no obvious differences at different intervals and dosages.

Final residues of pyrethrins in turnip tubers in the six
provinces are presented in Table 6. The residues of pyrethrins
were all below LOQs in Beijing, Shandong, and Heilongjiang
Provinces. Though it could be detected in other places, the
residues in turnip tubers were lower than those in turnip
leaves. There was a similar result (Table 7) that no pyrethrins
were detected in soil, and the reason might be that the
pesticide was applied directly on turnip leaves, and not
on the tubers and soil.

Our results showed that, under the tested experimental
conditions, the terminal residues of pyrethrins at different
intervals of 2, 5, and 7 days were all below the MRL in

Table 6 Final residues of

pyrethrins in turnip tubers at the Dose (g PHI Spray Residue level (mg/kg)
six experiment sites a.i./ha) (days) times
Beijing Shandong  Heilongjiang Hunan Jiangsu  Zhejiang
40.5 2 3 <0.05 <0.05 <0.05 0.067 0.060  0.259
4 <0.05 <0.05 <0.05 0.077 <0.05 0.159
5 3 <0.05 <0.05 <0.05 0.076 0.062  0.133
4 <0.05 <0.05 <0.05 0.050  <0.05 0.140
7 3 <0.05 <0.05 <0.05 0.065 <0.05 0.104
4 <0.05 <0.05 <0.05 0.070  <0.05 0.116
60.75 2 3 <0.05 <0.05 <0.05 0.085 <0.05 0.227
4 <0.05 <0.05 <0.05 0.084  <0.05 0.103
5 3 <0.05 <0.05 <0.05 0.071 0.063  0.073
4 <0.05 <0.05 <0.05 0.053 <0.05 0.114
7 3 <0.05 <0.05 <0.05 0.055 0.045  0.117
4 <0.05 <0.05 <0.05 0.094  <0.05 0.275
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Table 7 Final residues of

pyrethrins in soil at the six Dose (g PHI Spray Residue level (mg/kg)
experiment sites a.i./ha) (days) times
Beijing  Shandong  Heilongjiang Hunan  Jiangsu  Zhejiang
40.5 2 3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
5 3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
7 3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
60.75 2 3 <0.05 <0.05 <0.05 0.053  <0.05 <0.05
4 <0.05 <0.05 <0.05 <0.05 <0.05 0.091
5 3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
7 3 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

turnip leaves and tubers. Based on the results of terminal
residues and the MRL established by EU and Japan, the
dosage of 40.5-60.75 g a.i./ha and a PHI of 2 days could be
recommended for pyrethrin EW formulation to be applied
on turnips. In addition, we also recommend the MRL of
pyrethrins on turnips in China of 1.0 mg/kg, which was
derived using the OECD calculator.

Risk assessment of pyrethrins

Though there is rapid degradation and low residue of
pyrethrins in turnips, there is no meaning of zero risk for human
intake. Intake risks of pyrethrins in turnip tubers were calculated
in this paper. The average body for an average adult is 63 kg in
China and the daily turnip tubers (light vegetables) intake is
0.1837 kg/day (Xu et al. 2017). The ADI for pyrethrins is
0.04 mg/kg bw (GB 2763-2016: maximum residue limits for
pesticide in food) and ARD is 0.2 mg/kg bw (FAO 1999). The
STMR and HR of pyrethrins in turnip tubers are 0.052 and
0.28 mg/kg, respectively. For long-term risk assessment, the
calculated HQ value of pyrethrins was 0.37%. For short-term
risk assessment, the aHI value was 0.41%. The HQ and aHI
were both less than 100%, which indicated that there was hardly
any chronic or acute risk for the intake of turnip tubers.

Conclusion

In this study, a GC-MS method was developed and validated
to estimate pyrethrin residues in turnips (turnip leaves, turnip
tubers, and whole plants) and soil. Considering the linearity,
recovery, accuracy, repeatability, and limits of quantification,
the method was found to be satisfactory qualitatively and
quantitatively. The final residues and dissipation in a turnip-
field ecosystem were also investigated with the developed

analytical method. The results showed that the dissipation of
pyrethrins in the whole of plants and soil was faster, with the
half-lives of 0.5-1.6 and 1.0-1.3 days, respectively.
Differences in pyrethrin degradation in greenhouse and in
open fields were also clarified, and it was demonstrated that
the degradation of pyrethrins in the former was quicker than in
the latter. Final residues in turnip leaves and tubers were all
much below the MRL of pyrethrins established by the EU and
Japan (1.0 mg/kg) when the field experiments were conducted
at PHI of 2, 5, and 7 days. According the results of final
residues, a PHI of 2 days and a MRL of 1.0 mg/kg could be
recommended to ensure food safety standards for pyrethrins in
turnips. Long-term risk assessment and short-term risk assess-
ment were calculated. The HQ and aHI were 0.37 and 0.41%,
respectively, which were both significantly lower than 100%
and implied that the risk of pyrethrin use in turnip tubers at the
recommended dosage was negligible to humans.
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