
Levels, Daily Exposures, and Health Risk
Assessment of Pesticides and Toxic Metals in
Fruits of Lycium Barbarum L. (Goji berries) Sourced
from Different Locations in Ningxia, China
Yahong Zhang 

Ningxia Medical University
Jiaqi Qin 

Ningxia Medical University
Yan Wang 

Ningxia Medical University
Tongning Zhou 

Ningxia Medical University
Ningchuan Feng 

Ningxia Medical University
Caihong Ma 

Ningxia University
Meilin Zhu  (  jay70281@163.com )

Ningxia Medical University

Research Article

Keywords: Lycium barbarum L., Hazardous chemicals, Non-carcinogenic risk, Carcinogenic risk, Monte
Carlo simulation

Posted Date: February 10th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-181220/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-181220/v1
mailto:jay70281@163.com
https://doi.org/10.21203/rs.3.rs-181220/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

Levels, daily exposures, and health risk assessment of pesticides and 1 

toxic metals in fruits of Lycium barbarum L. (Goji berries) sourced 2 

from different locations in Ningxia, China 3 

Yahong Zhang1, Jiaqi Qin2, Yan Wang2, Tongning Zhou2, Ningchuan Feng1,3, Caihong Ma4, Meilin 
4 

Zhu2,3* 5 

1College of Pharmacy, Ningxia Medical University, Yinchuan 750004, China 6 

2College of Public Health and Management, Ningxia Medical University, Yinchuan 750004, China 7 

3College of Basic Medical Sciences, Ningxia Medical University, Yinchuan 750004, China 8 

4College of Resources and Environmental Science, Ningxia University, Yinchuan 750021, China 9 

1 10 

 

 

 

 

 

 

 

 

 

 

 

                                                             

1 
* Correspondence: Prof. Meilin Zhu, E-mail: jay70281@163.com, Tel: 0951-6980120 



2 

 

Abstract 11 

Background: The berries of Lycium barbarum L. (Goji) are widely used as a Chinese traditional 12 

herbal medicine and functional food because of their reported beneficial pharmacological effects. 13 

However, there are reports of Goji berries being contaminated by chemical residues that could pose a 14 

hazard to humans.   15 

Methods: In this study, samples of L. barbarum L. berries were collected from plantations in a genuine 16 

production area and supermarkets in Ningxia, China. The major hazardous chemicals, including 17 

pesticides (dichlorvos, omethoate, cypermethrin, fenvalerate, malathion, and deltamethrin) and toxic 18 

metals (lead, cadmium, copper, nickel, zinc, and arsenic), were quantified by gas chromatography and 19 

inductively coupled plasma-optical emission spectrometry. In addition, associated daily exposures and 20 

health risks were determined using deterministic and probabilistic assessments.  21 

Results: The levels of five pesticides from the plantation samples were considerably lower than the 22 

maximum residue limits; only dichlorvos was detected in the supermarket samples, and deltamethrin 23 

was not detected in any samples. Copper, zinc, arsenic, lead, nickel and cadmium were detected in 24 

samples from both sources. The hazard quotient values of individual hazardous chemicals and the 25 

hazard index of combined hazardous chemicals were considerably less than 1, indicating the absence of 26 

a non-carcinogenic effect of hazardous chemical exposures through Goji berry consumption. The R 27 

value of arsenic was much less than 10-6, which shows that consumption of the Goji berries had no 28 

obvious carcinogenic risks.  29 

Conclusions: The potentially harmful effects of the L. barbarum L. are more likely from berries 30 

obtained from plantations than those from supermarkets, and heavy metal exposure is more dangerous 31 

than pesticide exposure. However, on the basis of our analysis, no population would be exposed 32 
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hazardous chemicals exceeding existing standards, and the factors most affecting the health risk were 33 

exposure frequency and arsenic content. 34 

Keywords  35 

Lycium barbarum L.; Hazardous chemicals; Non-carcinogenic risk; Carcinogenic risk; Monte Carlo 36 

simulation 37 

Background 38 

Lycium barbarum L. (Solanaceae), produces a fruit known as the Goji berry or wolfberry and has been 39 

used as a traditional Chinese medicine for centuries [1]. Goji berries are popular worldwide as a health 40 

food, and they are consumed in various forms, including soups, drinks, and in certain dishes [2] 41 

because of their potential beneficial effects. Goji berries are rich in compounds with positive biological 42 

activities, including polysaccharides, carotenoids, and flavonoids [3-4], and their consumption has been 43 

linked with health benefits, such as immunity enhancement [5] and antioxidant [6], antidiabetic [7], and 44 

anticancer [8] effects. 45 

Goji berries are mostly cultivated in northwestern provinces of China, such as Ningxia, Qinghai, 46 

Xinjiang, and Inner Mongolia, and Zhongning County in Ningxia is the geographical origin of the Goji 47 

berry. The fruit is typically orange-red (although there are black–purple varieties in Qinghai province), 48 

has a sweet taste, and matures from late June to late September. Goji berries have high sugar content 49 

and are extremely hygroscopic. In addition, they are easily damaged by worms. To eliminate pests, 50 

farmers apply pesticides during Goji growth period [9]. Because of insect resistance to some pesticides, 51 

increasing amounts of pesticides are being used, and prohibited pesticides have also been applied. Thus, 52 

Goji berries can contain pesticide residues. In addition to pesticides, Goji berries absorb toxic metals 53 
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from cultivated soil. Further, some berries are fumigated to improve their appearance, and, thus, toxic 54 

metals also introduced by this route. Consequently, pesticides and toxic metals are the major hazardous 55 

chemicals in Goji berries. Previously, many types of pesticides and toxic metals have been detected in 56 

Goji berries [10-12]. Six pesticides and six toxic metals were selected in the present study after 57 

considering toxicity, likely concentration, and detected frequencies of these hazardous chemicals.  58 

Numerous studies have focused on the biological activities of Goji berries, however, only a few 59 

studies have investigated pesticides and toxic metals present Goji berries, especially with a focus on 60 

their associated health risks. Concerning pesticides, Li et al. [11] identified 14 types of 61 

organophosphorus pesticides in Goji berries using gas chromatography (GC). Huang et al. [13] also 62 

used GC to simultaneously detect 50 kinds of organochlorine and pyrethroid pesticides in Goji berries. 63 

Chen et al. [14] analyzed the etoxazole and pyridaben contents of Goji berries using GC method. 64 

Therefore, GC was also applied in the present study. Earlier studies of pesticides in Goji berries did not 65 

discuss the associated health risks for consumers. However, recently, Fu et al. [15] detected eight 66 

pesticides and evaluated the associated dietary risk. Jing et al. [16] analyzed 11 commonly used 67 

pesticide residues in Goji berries from Golmud area and conducted risk assessments for acute and 68 

chronic dietary exposures. Wang et al. [17] detected 332 types of pesticides in Goji berries and assessed 69 

the dietary intake exposure risks. However, the health risks in these studies were determined through 70 

deterministic assessment. Considering the uncertainty of toxic metal concentrations and the variability 71 

of exposure parameters, deterministic assessment may overestimate or underestimate risks [18]. 72 

Probabilistic assessment can solve this problem by providing probabilities and identifying priority 73 

chemicals for risk control. Therefore, both deterministic and probabilistic assessments were performed 74 

in the present work. 75 
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Several studies have reported the presence of toxic metals in Goji berries. Sa et al. [19] measured 76 

contents of macro- and microelements, such as nickel (Ni) and zinc (Zn) in Goji berries using 77 

inductively coupled plasma-optical emission spectroscopy (ICP-OES). Xu et al. [20] used different 78 

methods to detect five toxic metals in Goji berries. The lead (Pb) and cadmium (Cd) contents were 79 

detected by graphite furnace atomic absorption spectrometry (GFAAS), the copper (Cu) content was 80 

determined through FAAS, and the mercury (Hg) and arsenic (As) contents were determined by atomic 81 

fluorescence spectrometry (AFS). Wojcieszek et al. [21] used inductively coupled plasma mass 82 

spectrometry (ICP-MS) to quantify different toxic metals. Fu et al. [22] measured toxic elements in 83 

some medicine food homologous (MFH) plants, including Goji berries, by ICP-tandem mass 84 

spectrometry (MS/MS). ICP-OES combines a wide linear range, low detection limits, good sensitivity, 85 

widespread instrument availability, and reasonable cost [19]. Therefore, in this study, ICP-OES was 86 

used to identify and quantify the toxic metals in Goji berries. In addition, most studies have focused on 87 

optimization methods or toxic metal levels in different parts of Goji berries and the health risk of 88 

exposure through Goji berry consumption have been neglected. Therefore, an evaluation of the health 89 

risks posed by common toxic metals in Goji berry is essential. 90 

In summary, in this study, we aimed to (1) analyze the concentrations of six pesticide residues 91 

(dichlorvos, omethoate, cypermethrin, fenvalerate, malathion, and deltamethrin) and six toxic metals 92 

(Pb, Cd, Cu, Ni, Zn, and As) in Goji berries obtained from different sources in Ningxia, China; (2) 93 

determine the daily exposure to these hazardous chemicals from Goji berries; and (3) assess the health 94 

risks for consumers using deterministic and probabilistic methods. 95 

Methods 96 

Sample collection and laboratory pretreatment 97 
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Goji samples (approximately 500 g when fresh) were collected from 37 plantations in Zhongning 98 

County (genuine production area) in Ningxia Province, China in June 2020, as shown in Fig. 1. In each 99 

plantation, five subsamples were collected. The Goji samples were packed into bags, marked, 100 

immediately transported to the laboratory, and stored at 4°C. 80 commercial Goji samples were 101 

purchased from local supermarkets in Yinchuan, Ningxia, China. The Goji samples were first washed 102 

with tap water and, then, with deionized water. Subsequently, they were dried in an oven (DHG-9030A, 103 

China) at 60°C for approximately 5 days. Finally, the dried samples were ground using high-speed 104 

universal pulverizer (FW100, China), sifted through a 60-mesh sieve, and stored in sealed sample bags 105 

until analysis. 106 

 107 
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 108 

Fig.1 Sampling sites of Goji berries from plantations in genuine producing area (·represents sampling 109 

sites) which was drawn using ArcGIS Desktop 10 software with the authorization number of 110 

EFL564098460 111 

Chemical analysis 112 

Pesticide determination was carried out with reference to the 2015 edition of China Pharmacopoeia 113 

[23], “Determination of pesticide residues.” Pyrethroid and organic phosphorus pesticides were 114 

detected by different methods, as described below. 115 
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Pyrethroid pesticides  116 

First, 2 g of the sample was accurately weighed by electronic balance (AL204, Switzerland) and placed 117 

in 100 ml of a plug taper bottle; then, 30 ml of a solution of petroleum ether and acetone (4:1, V:V) was 118 

added. This was ultrasonicated for 15 min using Ultrasound equipment (KQ-400KDE, China) and 119 

filtered; the treatment of the medicine residue was repeated twice, the filtrates were combined, and the 120 

filtrates were dehydrated with 2 g Na2SO4. The filtrate was dried at 40°C using rotary steamer 121 

(R-1001VN, China), the residue was dissolved in small amount of the petroleum ether solution, placed 122 

on a mixed column, and eluted with 90 mL of the petroleum ether and ether (4:1, V:V) solution. The 123 

mixed column (250 mg, 3 mL, USA) was packed with 2 g Na2SO4, 1 g neutral Al2O3, 1 g 124 

microcrystalline cellulose, 4 g Florisil, and 2 g Na2SO4, from bottom to top. The eluent was collected 125 

and dried at 40℃ using a rotary flash evaporator. The sample was dissolved in 1 mL of hexane, and 126 

pyrethroid pesticides was measured after passing through a 0.45 μm filter membrane. 127 

Florisil and Na2SO4 were baked at 650℃ by electric muffle furnace (HDX-4-10, China) for 4 h and 128 

cooled to room temperature (about 25℃) for later use. Before use, 10% ultrapure water was added to 129 

deactivate the Florisil; it was mixed well and placed overnight for later use. The neutral Al2O3 was 130 

baked in an electric furnace at 550℃ for 4 h, sealed and placed in a desiccator, and cooled for later use. 131 

Organic phosphorus pesticides 132 

First, 2 g of the sample was accurately weighed; then, 2 g of anhydrous sodium sulfate was added to 30 133 

mL of ethyl acetate and ultrasonicated in an ice bath for 3 min; it was allowed to settle and then filtered. 134 

Thereafter, 15 mL of ethyl acetate was added to the drug residue and ultrasonicated in an ice bath for 2 135 

min, where it was allowed to settle and then filtered. The two filtrates were combined, the filter paper 136 
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was washed, the residue was combined with a small amount of ethyl acetate and the filtrate. The filtrate 137 

was dried at 37°C and transferred to a 5 mL volumetric flask with ethyl acetate and volume. The 138 

graphitized carbon column was pre-washed with 5 mL of ethyl acetate; then, 1 mL of the above 139 

solution was accurately pipetted onto the column and eluted with 5 mL of a hexane–ethyl acetate 140 

solution (1:1, V:V). The eluent was collected, dried, diluted to 1 mL with acetone, and then organic 141 

phosphorus pesticides was measured after passing through a 0.45 μm filter membrane. 142 

GC analysis  143 

An Agilent 7890B gas chromatograph equipped with an electron capture detector (ECD, Agilent 144 

Technologies) was used to determine the pyrethroids content. A GC equipped with a flame photometric 145 

detector (FPD, Agilent Technologies) was used to quantify organic phosphorus. An HP-5 column (30m 146 

× 0.32mm (i.d.) and 0.25-µm film thickness) was used to detect the selected pesticides.  147 

The chromatographic conditions for GC analysis for pesticides detection are summarized in Table 148 

S1. Three replicates were performed to ensure precision. Standard curves were drawn using data 149 

obtained from a series of standard solutions. A blank control, as well as recovery test, was used to 150 

ensure accuracy. The limits of detection (LOD) and limits of quantification (LOQ) of each hazardous 151 

chemical were calculated with signal-to-noise (S:N) ratios of 3:1 and 10:1, respectively. 152 

Toxic metal determination 153 

The determination of toxic metals in Goji berries has been reported previously [24-25]. First, 0.2 g 154 

dried Goji berry samples were digested using a mixture of HNO3 and HClO4 (4:1, V:V) in low 155 

temperature combined digester (ED54-iTouch, China), and the six toxic metals were quantified via 156 

ICP-OES (Varian 710-ES, USA). Three replicates were performed to ensure precision. Standard curves 157 
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were drawn using a series of standard solutions. A blank control, a recovery test, and a standard 158 

reference were employed to ensure accuracy. The LOD and LOQ were also calculated. The conditions 159 

for the analysis of toxic metals are provided in Table S2.  160 

Population diet survey 161 

Determination of sample size 162 

According to the principle of random sampling, representative objects of edible Goji berries from a 163 

producing area were selected; the sample size was calculated according to Equation 1: 164 

n = 𝑢2×𝑃(1−𝑃)𝐸2 ,                                              (1) 165 

where n is the sample number, u is the critical value corresponding to a certain degree of confidence, P 166 

is the dispersion degree of the sample, and E is the sampling error range. The confidence level was set 167 

to 95%, so u was 1.96, and E was ±5%. The sample number was the largest when P was 0.5, and the 168 

calculated sample size was 384. 169 

Questionnaires on Goji consumption 170 

To determine the Goji berry consumption habits of consumers, questionnaires were distributed in 171 

Zhongning and Yinchuan. The questionnaire includes information about age, body weight, frequency, 172 

and quantity of Goji berry consumption. The Goji berry consumption information was used for health 173 

risk assessment. A total of 558 inhabitants completed the questionnaire, and 401 valid questionnaires 174 

were collected. 175 

Daily exposure  176 

Goji berries are typically consumed by adults as a health product. The daily exposure to pesticides and 177 

toxic metals through Goji berry consumption was calculated using Equation 2 and 3 (US 178 

Environmental Protection Agency [26]: 179 
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 𝐸𝑋𝑃𝑂 = 𝐶×𝐷𝐼×𝐸𝐹×𝐸𝐷𝐵𝑊×𝐴𝑇  ,                               (2) 180 

𝐸𝑋𝑃𝑂𝐴𝑠 = 𝑐×𝐷𝐼×𝐸𝐹×𝐸𝐷𝐵𝑊×𝐿𝑇  ,                              (3) 181 

Equation 2 was used to calculate non-carcinogenic exposure and Equation 3 was to calculate As 182 

carcinogenic exposure. Here, EXPO (μg/[kg·day]) represents the exposure to hazardous chemicals, C 183 

(mg/kg) is the concentration of hazardous chemicals in Goji berries, DI (g/day) is the daily intake of 184 

Goji berries, EF (day/year) is the exposure frequency, ED (year) represents the exposure duration, BW 185 

(kg) is the body weight of residents, AT (year) is the average exposure time (ED × 365 day/year), LT 186 

(year) is the average lifespan of the consumers and is 76.34 [27].  187 

Health risk assessment 188 

Deterministic assessment 189 

All six pesticides exhibit non-carcinogenic effects through chronic oral exposure. Cd, Pb, Cu, Ni, and 190 

Zn pose non-carcinogenic health risks, and As poses non-carcinogenic and carcinogenic health risks. 191 

Non-carcinogenic individual hazardous chemical levels can be assessed by estimating the hazard 192 

quotient (HQ) value, which can be calculated using Equation 4 [26]:  193 

𝐻𝑄 = 𝐸𝑋𝑃𝑂 𝐴𝐷𝐼⁄ ,                               (4) 194 

here, EXPO (μg/[kg·day]) represents the exposure to hazardous chemicals, and ADI (μg/[kg·day]) is 195 

the allowable daily intake. The values of each hazardous chemical are summarized in Table 1. The ADI 196 

values for six pesticides were set by the World Health Organization (WHO) [28], and the ADI values 197 

for six toxic metals were suggested by the USEPA [29]. When the interactions between hazardous 198 

chemicals are not considered, the hazard index (HI; Equation 5) can be calculated to evaluate the total 199 

non-carcinogenic health risk upon exposure to more than one hazardous chemical [30], 200 
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𝐻𝐼 =  ∑ 𝐻𝑄𝑛𝑛1 .                                                 (5) 201 

The carcinogenic risk (R) posed by As was evaluated using Equation 6 [31], 202 

𝑅 = 𝑆𝐹 × 𝐸𝑋𝑃𝑂,                                  (6) 203 

here, SF is the slope factor with a suggested value of 1.5 mg/[kg·day] [32].  204 

Table 1 Allowable daily intake (ADI) of pesticides and toxic metals (μg/[kg·day]) 205 

Pesticides ADI (μg/[kg·day]) Metals ADI (μg/[kg·day]) 
dichlorovos 4 Pb 3.6 

omethoate 3 Cd 1 

malathion 300 Cu 40 

cypermethrin 20 Ni 20 

fenvalerate 20 Zn 300 

deltamethrin 10 As 0.3 

ADI of pesticides [28] 206 

ADI of toxic metals [29] 207 

Probabilistic assessment 208 

Average values are used in deterministic assessment; but they cannot reflect the uncertainty and 209 

variability in health risk evaluation. Consequently, probabilistic assessment was used to assess the 210 

probabilistic distribution of daily exposure to hazardous chemicals and harmful risks. Monte Carlo 211 

simulation is widely used in probabilistic estimation [33-35] and can be described as follows. First, the 212 

best-fitting distributions of exposure parameters are obtained by fitting several parametric distributions 213 

(e.g., lognormal, gamma, and beta) and selecting the distribution with the best statistical results, such as 214 

the Anderson–Darling test and chi-square (χ2) test. Then, exposure parameter values are randomly 215 

selected from the best distribution and simulated with thousands of iterations to obtain stable 216 

distributions of exposures and health risks. The results of probabilistic estimations are frequently 217 

presented in distribution, distribution parameters, and percentile values (e.g., 10th, 50th, and 90th). The 218 

entire process was carried out using Crystal Ball. 219 
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Statistical methods 220 

Mean and standard deviation (SD) were calculated in Microsoft Excel 2010 (Microsoft Ins., USA). The 221 

Mann–Whitney U test was conducted in SPSS 21.0 (IBM Ins., USA). The determination of the 222 

best-fitting distribution and the Monte Carlo simulation were performed using Crystal Ball software 223 

(Oracle© Ins., USA). ArcGIS Desktop 10 (ESRI Ins., USA, Authorization number: EFL564098460) 224 

was used to map the sampling sites. 225 

Results 226 

Methodological verification 227 

For pesticides, the retention times of dichlorvos, omethoate, cypermethrin, fenvalerate, malathion, and 228 

deltamethrin were 4.47, 7.67, 8.00, 9.39, 11.13, and 13.05 min, respectively. The correlation coefficient 229 

(R2) values of the standard curve of all the pesticides were higher than 0.9940. The recoveries of the six 230 

pesticides were 77.25%, 86.14%, 92.37%, 90.02%, 79.71%, and 91.14%, respectively; and the relative 231 

standard deviation (RSD) values were less than 8%. The LOD values of the fixed pesticides, dichlorvos, 232 

omethoate, malathion, cypermethrin, fenvalerate, and deltamethrin, were 0.005, 0.01, 0.005, 0.01, 0.02, 233 

and 0.02 mg/kg, respectively. The LOQ values for the fixed pesticides were 0.015, 0.03, 0.015, 0.03, 234 

0.06, and 0.06 mg/kg, respectively. Additional details are provided in Table S3. 235 

For the toxic metals, the R2 values of the standard curve were higher than 0.9985. Recoveries 236 

ranged from 80% to 120%, and the RSD values of all metals were less than 5%. The LOD values for 237 

Pb, Cd, Cu, Ni, Zn, and As were 0.0024, 0.0702, 0.0093, 0.0034, 0.0021, and 0.0075 mg/kg, 238 

respectively, and the LOQ values were 0.0072, 0.2106, 0.0279, 0.0102, 0.0063, and 0.0225 mg/kg, 239 

respectively. The toxic metals in the CRM had the following values (mg/kg): Pb: 1.35 (certified value: 240 
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1.44 ± 0.10), Cd: 0.039 (certified value: 0.042±0.010), Cu: 9.01 (certified value: 8.5 ± 0.7), Ni: 2.11 241 

(certified value: 2.26 ± 0.15), Zn: 21.52 (certified value: 22.3 ± 1.0), and As: 0.55 (certified value: 0.57 242 

± 0.05). Additional details are provided in Table S4. 243 

Levels of pesticides and toxic metals in Goji berries 244 

The levels of pesticides and toxic metals in Goji berries from different sources are summarized in Table 245 

2. Five pesticides were detected in the Goji berry samples from plantations in a genuine production 246 

area. Meanwhile, only dichlorvos was detected in the supermarket samples. The levels of omethoate 247 

(0.0240 ± 0.0524 mg/kg), dichlorvos (0.0172 ± 0.0308 mg/kg), malathion (0.0180 ± 0.0280 mg/kg), 248 

cypermethrin (0.0173 ± 0.0317 mg/kg) and fenvalerate (0.8832 ± 0.6990 mg/kg) were considerably 249 

below their MRLs of 0.5, 1.0, 1.0, 0.5 and 1.5 mg/kg [36], respectively. Deltamethrin was not detected 250 

in any sample.  251 

Except Ni, the contents of other five toxic metals in Goji samples from the plantations were 252 

higher than in case of those from the supermarket. The average Ni contents were 0.88 mg/kg in the 253 

plantation samples and 0.9 mg/kg in the supermarket samples, and there was no significant difference 254 

in Ni content between the two groups (p=0.905, > 0.05). However, there were significant differences in 255 

the Cu content (p=0.031, < 0.05) and very significant differences in the contents of As, Cd, Pb, and Zn 256 

(p=0.000, < 0.01). The MRL data of Ni [37] and Zn [38] are available for fruits but not for herbal 257 

medicines. The MRLs of Ni and Zn for fruits were applied to Goji berries because it is an MFH plant 258 

and consumed as a fruit. In such cases, the Ni and Zn levels were significantly higher than their MRLs. 259 

The average levels of Cu, Cd, As, Pb were 8.7, 0.1, 0.2, 0.35 and 7.55, 0.04, 0.03, 0.08 mg/kg in the 260 

plantation samples and supermarket samples, which were all lower than their MRL (20 mg/kg, 0.3 261 

mg/kg, 2 mg/kg, 0.36 mg/kg) [39]. However, it is worth noting that the Pb content in samples from 262 
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producing areas is very close to its MRL value. 263 

Table 2 Levels of pesticides and toxic metals in Goji berries (mg/kg) 264 

Pesticides 

 

Plantations 

(n=37) 

Supermarkets 

(n=80) 
MRLa 

Metals 

 
Plantations Supermarkets MRL 

dichlorovos 0.0172±0.0308 0.0072±0.0228 1.0 Pb 0.35±0.27 0.08±0.20 5.0 b 

omethoate 0.0240±0.0524 ND 0.5 Cd 0.10±0.07 0.04±0.08 0.3 b 

malathion 0.0118±0.0280 ND 1.0 Cu 8.70±2.70 7.55±1.37 20 b 

cypermethrin 0.0173±0.0317 ND 0.5 Ni 0.88±0.44 0.90±0.57 0.2c 

fenvalerate 0.8832±0.6990 ND 1.5 Zn 19.56±6.41 14.37±4.02 5.0d 

deltamethrin ND ND 0.5 As 0.20±0.23 0.03±0.09 2 b 

MRL means maximum residue limits. 265 

ND means not detected.  266 

a means European maximum residue limits of pesticides [36] 267 

b means MRLs of toxic metals for medicinal plants and preparations [39] 268 

c means MRL of Ni for fruits [37] 269 

d means MRL of Zn for fruits [38] 270 

Exposure factors and daily exposures to pesticides and toxic metals in Goji berries 271 

The population diet survey result showed that the average daily amount of Goji berries consumed by 272 

humans is 1.37 g (DI), the EF is 145.7 days per year, ED is 5.93, and the BW of consumers is 64.81 kg. 273 

When Goji berries are used in tea or water, in this survey, the maximum dissolution rate was considered 274 

30% [40]. The daily exposures values for pesticides and toxic metals in Goji berries were calculated 275 

using Equation 2 and 3, and the results are listed in Table 3. The daily exposure to pesticides in Goji 276 

berries from the plantations was 0.0001, 0.0002, 0.0002, 0.0001, and 0.0075 μg/[kg·day] for dichlorvos, 277 

omethoate, malathion, cypermethrin, and fenvalerate, respectively. In contrast, for Goji berries from 278 

supermarkets, the exposure to dichlorvos was only 0.00006 μg/[kg·day]. The daily exposure of Ni, Cu, 279 

Zn, As, Cd, Pb were 0.0074, 0.0729, 0.1639, 0.0017, 0.0009 and 0.0030 μg/[kg·day], respectively, for 280 

Goji berries from the plantations, but 0.0075, 0.0633, 0.1204, 0.0002, 0.0003 and 0.0007 μg/[kg·day], 281 

respectively, in the Goji berries from the supermarkets. As poses a carcinogenic risk. The daily 282 

exposure of As-cancer was calculated to be 0.00013 and 0.000019 μg/[kg·day], respectively, for Goji 283 
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berries from the plantations and supermarkets. The daily exposure values were used to calculate the 284 

health risks.  285 

Table 3 Daily exposures to pesticides and toxic metals in Goji berries (μg/[kg·day]) 286 

Pesticides Plantations Supermarket Metals Plantations Supermarket 

dichlorovos 0.0001 0.00006 Pb 0.0030 0.0030 

omethoate 0.0002 - Cd 0.0009 0.0007 

malathion 0.0002 - Cu 0.0729 0.1213 

cypermethrin 0.0001 - Ni 0.0074 0.0076 

fenvalerate 0.0074 - Zn 0.1639 0.0637 

deltamethrin - - As 0.0017 0.0003 

- - - As-cancer 0.00013 0.000019 

- means not detected. 287 

Human health risk assessment 288 

Deterministic health assessment 289 

As shown in Table 1, the ADIs of the pesticides were 4, 3, 300, 20, 20, and 10 μg/[kg·day] for 290 

dichlorvos, omethoate, malathion, cypermethrin, fenvalerate, and deltamethrin, respectively. The ADIs 291 

of Pb, Cd, Cu, Ni, Zn, and As were 3.6, 1, 40, 20, 300, and 0.3 μg/[kg·day], respectively. Deterministic 292 

health risks were calculated using Equations 2 and 3, and the results are presented in Table 4. The HQ 293 

values of individual hazardous chemicals were all less than 1, indicating the absence of a 294 

non-carcinogenic effect. For pesticides, the health risks of Goji berries from the plantations can be 295 

arranged as follows: fenvalerate > omethoate > dichlorvos > cypermethrin > malathion. The orders of 296 

health risk from toxic metals in Goji berries from plantations and supermarkets were As > Cu > Cd > 297 

Pb > Zn > Ni and Cu > As > Zn > Ni > Cd > Pb, respectively. 298 

The HI values were 0.0106 and 0.0037 for residents consuming Goji berries from plantations and 299 

supermarkets, respectively. The HI of pesticides (HIP) from the plantation samples was over 30 times 300 

higher than that of the supermarket samples. The HI of metals (HIM) from plantation samples was 301 



17 

 

nearly 2.75 times than that of supermarket samples. For the Goji berries obtained from plantations, HIP 302 

accounts for 4.72% of HItotal, and HIM accounts for 95.28% of HItotal. For the Goji berries obtained from 303 

supermarkets, nearly 100% of HItotal was HIM. In summary, the Goji berries from plantations pose a 304 

greater risk than those obtained from supermarkets which can be related to the greater health risk posed 305 

by the metals than the pesticides.  306 

Table 4 Non-carcinogenic risk (hazard quotient (HQ) and hazard index (HI)) of pesticides and toxic 307 

metals and carcinogenic risk (R) of As in Goji berries 308 

Pesticides 

 

Plantations 

(n=37) 

Supermark

ets (n=80) 

Metals 

 
Plantations Supermarkets 

dichlorovos 3.60×10-5 1.51×10-5 Pb 0.0008 0.0002 

omethoate 6.70×10-5 - Cd 0.0009 0.0003 

malathion 5.03×10-7 - Cu 0.0018 0.0016 

cypermethrin 7.25×10-6 - Ni 0.0004 0.0004 

fenvalerate 0.0004 - Zn 0.0005 0.0004 

deltamethrin - - As 0.0057 0.0008 

HIP 0.0005 1.51×10-5 HIM 0.0101 0.0037 

HItotal of plantation 0.0106 HItotal of supermarket 0.0037 

RAs of plantations 1.99×10-7 RAs of supermarkets 2.85×10-8 

- means no available value. 309 

HIP means HI of pesticides and HIM means HI of metals. 310 

The R values were 1.99×10-7 and 2.85×10-8 for customers taking Goji berries from plantations and 311 

supermarkets, respectively, which were lower than the negligible carcinogenic risks levels set by the 312 

USEPA (10-6). The result indicated that the carcinogenic risk posed by As of Goji berries in this study 313 

can be ignored. 314 

Probabilistic health assessment 315 

The best-fitting distributions of some EFs were simulated. For example, the toxic metal contents in 316 

Goji berries from the plantations had beta, beta, normal, maximum extreme value, lognormal, and beta 317 

distributions for Pb, Cd, Cu, Ni, Zn, and As, respectively (Table S5). Some EFs cannot simulate the 318 

best-fitting distributions because the data size does not meet the requirements. For example, dichlorvos 319 
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was detected in Goji berries from the supermarkets in only eight samples. For these exposure factors, 320 

DI, EF, ED, and BW, the distributions had beta, geometry, lognormal, and beta distributions (Table S6; 321 

Fig. S1).  322 

The results of the probabilistic estimation of health risks are summarized in Table 5. Firstly, the 323 

probabilistic results confirm the deterministic results. Most HI values were fitted to lognormal 324 

distributions (Fig. S2). The values of the 10th, 50th, and 90th HIP also suggest that the pesticides in 325 

Goji berries from plantations pose significantly higher health risks than those from the supermarkets. 326 

The 10th, 50th, and 90th HIM values also indicate that the toxic metals in Goji berries from the 327 

plantations pose a slightly higher health risk than those from the supermarkets. On the basis of the 328 

HItotal values, the Goji berries from plantations also pose a higher risk than those from supermarkets. 329 

Secondly, the probabilistic results indicate that a percentage of the population will be exposed to levels 330 

exceeding the standards. The results in Table 5 show that no population exceeded 1, indicating that the 331 

consumption Goji berries is safe.  332 

In the probabilities estimation of As carcinogenic risk of Goji berries from plantations, the 50th 333 

and 90th percentile R values were 2.41×10-8 and 4.96×10-7, which were less than 10-6. For Goji berries 334 

from supermarkets, the 50th and 90th percentile R values were 6.49×10-9 and 6.56×10-8, which were 335 

also lower than 10-6. In terms of the R values, the Goji berries from plantations pose a higher risk than 336 

those from supermarkets.  337 

Sensitivity results 338 

The most sensitive factors were calculated (Fig. S3). For the total non-carcinogenic risk of Goji berries 339 

from plantations, the most sensitive factors were exposure frequency (55.3%), daily intake (27.4%) of 340 

Goji berries and As content (17.4%). Concerning the total risk of Goji berries from supermarkets, the 341 
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most sensitive factors were exposure frequency (48.3%), daily intake (25.3%) of Goji berries and the 342 

contents of As (24.7%), Cd (0.9%) and Pb (0.7%). In summary, exposure frequency, daily intake and 343 

As exposure were the most sensitive factors that influencing the health risk results, and control the 344 

frequency of intake is the most important way to reduce the non-carcinogenic risk of Goji berries. 345 

For the carcinogenic risk of Goji berries from plantations, the most sensitive factors were As 346 

content (68.9%), exposure frequency (14.6%), exposure duration (8.9%), and daily intake (7.3%). For 347 

the carcinogenic risk of Goji berries from supermarkets, the most sensitive factors were As content 348 

(98.5%), exposure frequency (0.6%), exposure duration (0.5%), and daily intake (0.4%). Therefore, 349 

controlling As content is the most effective way to reduce the carcinogenic risk of Goji berries. 350 

Table 5 Statistics of the probabilistic estimation of the hazard index (HI) and R 351 

 
Distribution Parameters 10% 50% 90% 

HIP of 

plantations 

Lognormal Location: 0.00,  

Mean: 5.80×10-4,  

SD: 1.44×10-3, 

2.82×10-5 2.36×10-4 1.29×10-3 

HIP of 

supermarkets 

Lognormal Location: 0.00, 

Mean: 7.00×10-5,  

SD: 1.80×10-4 

9.30×10-7 7.32×10-6 3.99×10-5 

HIM of 

plantations 

Lognormal Location: -3.00×10-5  

Mean: 1.27×10-2, 

SD: 4.31×10-2 

3.92×10-4 3.83×10-3 2.65×10-2 

HIM of 

supermarkets 

Logic Mean: 2.00×10-3, 

Scaling: 2.56×10-3 

4.49×10-5 1.17×10-3 8.42×10-3 

RAs of 

plantations 

Logic Mean: 0.00, 

Scaling: 0.00 

-5.80×10-9 2.41×10-8 4.96×10-7 

RAs of 

supermarkets 

Student T Midpoint: 0.00, 

Scaling: 0.00 

Freedom: 1 

-4.13×10-8 6.49×10-10 6.56×10-8 

Discussion 352 

Levels of pesticides and toxic metals in Goji berries 353 

Huang et al. [13] found that cypermethrin and fenvalerate contents were 0.018–0.059 and 0.016–0.090 354 
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mg/kg, respectively, which are both remarkably lower than those in the current study. The pesticide 355 

levels were determined on the basis of many factors, such as the time and frequency of pesticide 356 

spraying and the types of pesticides. Pesticides were not detected in most supermarket samples. This 357 

result could arise for a variety of reasons. For example, some plantation samples may sprayed 358 

pesticides before we collect samples. Furthermore, before sale, many techniques are used to remove 359 

pesticides. Zhang et al. [41] found that sun- and air-drying can reduce pesticide residues by 10%–70%. 360 

Ye et al. [42] used ozone and alkali liquor to degrade four organophosphorus pesticides and achieved a 361 

dichlorvos removal of 97.83%. Zhou et al. [9] used a gas-phase surface discharge plasma method and 362 

verified that a large proportion of omethoate and dichlorvos (> 95%) could be removed from Goji 363 

berries. This may explain why pesticides in Goji samples from the supermarket were nearly 364 

undetectable.  365 

 Some techniques, such as supercritical fluid extraction and flocculation, are used to remove toxic 366 

metals in herbal medicines [43]. This may clarify why toxic metals in Goji samples from the 367 

supermarket were relatively low. By comparing the result of the trace elements in Goji berries from 368 

Zhongning [12], we found that the contents of six toxic metals in Goji from the plantation in this study 369 

were higher, which may be because the Goji samples studied by them came from the same plantation, 370 

and the Goji plantations considered in this study were extensive. Furthermore, the possible source of 371 

the Goji samples from supermarkets in this study was not Ningxia Zhongning, because the contents of 372 

toxic metals have been found to be related to the area source location. Liu et al. [44] reported trace 373 

elements in Goji berries from different areas and found As was not detected in the samples from 374 

Ningxia. However, As was detected in Goji berries from Gansu, Qinghai, and Xinjiang [45-46]. Thus, 375 

further study of the correlation between metal contents and cultivation region is required.  376 
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Health risk assessment 377 

The levels of pesticides in Goji berries do not present a hazard after chronic exposure in this study. 378 

Similar health risks arising from pesticides in Goji berries have been reported previously. Fu et al. [15] 379 

found that pesticides in Goji berries do not result in health risks because the HQ is considerably less 380 

than 1. Jing et al. [16] calculated the acute and chronic dietary exposure risks of pesticides through Goji 381 

berry consumption and found the risk to be low. Wang et al. [17] determined the threat of pesticides in 382 

Goji berries to consumers at chronic dietary exposure values that are far below the ADI. Hence, the 383 

levels of pesticides in Goji berries do not pose health risk to consumers after chronic exposure. 384 

Concerning the health risk assessment of toxic metals, no other investigations on Goji berries are 385 

available. We previously studied other MFH plants and found that the presence of toxic metals in these 386 

types of plants does not pose non-carcinogenic health risks (Table 5). For example, the HI values of 387 

toxic metals in Panax notoginseng [47], Glycyrrhizae radix [48], Astragalus membranaceus [49], and 388 

Prunella vulgaris [50] were 0.013, 0.042, 0.049, and 0.029, respectively, which are considerably less 389 

than 1. 390 

 The result indicated that the carcinogenic risk posed by As of Goji berries in this study can be 391 

ignored. However, the carcinogenic risk posed by As is always higher than the negligible carcinogenic 392 

risk level (10-6) but lower than the maximum acceptable carcinogenic risk level (10-4) (Table 6). For 393 

example, the R values of As in Panax notoginseng [47], Glycyrrhizae radix [48], Astragalus 394 

membranaceus [49], yam, and haw [51] are 2.1×10-6, 4.11×10-6, 4.3×10-6, 5.9×10-5, and 2.4×10-5, 395 

respectively. The carcinogenic risk value of As in jujube [51] is 8.3×10-7, which is far less than the 396 

negligible level (Table 6).  397 

Table 6 The non-carcinogenic health risk and carcinogenic risk of toxic metals in medicine food 398 
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homologous plants 399 

Medicine food 

homologous plants 

Non-carcinogenic risk (HI)  Carcinogenic risk (R) References 

Lycium barbarum L. 0.0106 (plantations) 

0.0037 (supermarkets) 

1.99×10-7 (plantations) 

2.85×10-8 (supermarkets) 

The present study 

Panax notoginseng 0.013 2.1×10-6 Zhu et al., 2015 

Glycyrrhizae radix 0.042 4.11×10-6 Zhu et al., 2016 

Astragalus 

membranaceus 

0.049 4.3×10-6 Tian et al., 2018 

Prunella vulgaris 0.029 - Cao and Zhu, 2016 

yam - 5.9×10-5 Zhu et al., 2018 

haw - 2.4×10-5 Zhu et al., 2018 

jujube - 8.3×10-7 Zhu et al., 2018 

-means no available data. 400 

 401 

Goji berries are mostly taken as an herbal medicine, the ADI of hazardous chemicals from 402 

medicines (ADI-medicine) should not exceed 1% of ADI, as suggested by the WHO [52], and the factors 403 

of DI, EF, ED are also totally different. Assuming this condition, the exposure values, HQ of individual 404 

hazardous chemicals, and HI of combined hazardous chemicals are different from the present values 405 

which should be verified in further study. In addition to Goji berries, many other foods, such as rice, 406 

vegetables, and fruits, expose residents to pesticides and toxic metals [24, 53-54]. Considering daily 407 

dietary intake, total health risk should not be disregarded. Moreover, ingestion methods, such as direct 408 

consumption, dissolution in water, and use as medicine, will seriously affect the results. Thus, these 409 

factors should be the focus of future studies.   410 

Conclusion 411 

Goji berries were not heavily contaminated with pesticides, but the pesticide contents differed 412 

remarkably between the berries obtained from the plantations and those obtained from supermarkets. 413 

The potential toxic metal contents compared with available standards were also low, but the contents of 414 

most metals differed considerably among the two sources of Goji berries. In particular, 415 
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non-carcinogenic and carcinogenic health risks for exposure to the major hazardous chemicals in Goji 416 

berries were not obvious. Goji berries from plantations posed a greater health risks than those from 417 

supermarkets, and toxic metals posed a greater risk than pesticides. The probabilistic analyses indicate 418 

that no population would be exposed hazardous chemicals in excess of the standards, and exposure 419 

frequency and As content were major factors to reduce consumers health risk. In conclusion, we 420 

suggest the consumption of Goji berries from supermarkets because of the lower associated health 421 

risks. 422 

Abbreviations 423 

BW: body weight; C: concentration of elements or pesticides; DI: daily intake; ED: exposure duration; 424 

EF: exposure frequency; EXPO: exposure to metals or pesticides; HQ: hazard quotient; HI: hazard 425 

index; MS: morbidity status; ICP-OES: inductively coupled plasma- optical emission spectrometry; R: 426 

carcinogenic risk of As; ADI: allowable daily intake; SF: slope factor; SD: standard deviation; USEPA: 427 

United States Environmental Protection Agency; WHO: World Health Organization 428 

Declarations 429 

Acknowledgements  430 

We would like to express our deepest gratitude to the male and female individuals who participated in 431 

the questionnaires of this study. 432 

Authors’ Contributions  433 

YZ and MZ conceived and designed the experiments. YZ and TZ performed the experiments. JQ and 434 

YW analyzed the data. NF and CM provided the analysis tools. YZ wrote the manuscript. All authors 435 

read and approved the final manuscript. 436 

Funding  437 



24 

 

This work was financially supported by the National Natural Science Foundation of China (grant 438 

numbers 21966025 and 21667023) and the project of the Ministry of Education “ChunHui” plan (grant 439 

number Z2016068). The funders played no role in the design of the study and collection, analysis, and 440 

interpretation of data and in writing the manuscript. 441 

Availability of data and materials 442 

The datasets used and/or analyzed during the current study available from the corresponding author on 443 

reasonable request. 444 

Ethics approval and consent to participate 445 

The study was approved by the institutional research ethics committee of Ningxia Medical University, 446 

and written informed consent was obtained from each participant. All the methods in this manuscript 447 

were carried out in accordance with relevant guidelines and regulations. 448 

Consent for publication 449 

Not Applicable. 450 

Competing interests  451 

The authors declare that they have no conflicts of interest. 452 

Author details 453 

1College of Pharmacy, Ningxia Medical University, Yinchuan 750004, China 454 

Yahong Zhang 455 

2College of Public Health and Management, Ningxia Medical University, Yinchuan 750004, China 456 

Jiaqi Qin, Yan Wang, Tongning Zhou & Meilin Zhu 457 

3College of Basic Medical Sciences, Ningxia Medical University, Yinchuan 750004, China 458 

Ningchuan Feng & Meilin Zhu 459 



25 

 

4College of Resources and Environmental Science, Ningxia University, Yinchuan 750021, China 460 

Caihong Ma 461 

References 462 

1. Potterat, O. Goji (Lycium barbarum and L. chinense): phytochemistry, pharmacology and safety 463 

in the perspective of traditional uses and recent popularity. Planta Medica. 2010;76(01):7-19. 464 

2. Amagase H, Farnsworth N. A review of botanical characteristics, phytochemistry, clinical 465 

relevance in efficacy and safety of Lycium barbarum fruit (Goji). Food Res Int. 466 

2011;44(7):1702-1717. 467 

3. Jin M, Huang Q, Zhao K, Shang P. Biological activities and potential health benefit effects of 468 

polysaccharides isolated from Lycium barbarum L. Int J Biol Macromol. 2013;54:16-23. 469 

4. Zhang Q, Chen W, Zhao J, Xi W. Functional constituents and antioxidant activities of eight 470 

Chinese native goji genotypes. Food Chem. 2016;200:230-236. 471 

5. Wang J, Hu Y, Wang D, Liu J, Zhang J, Abula S, et al. Sulfated modification can enhance the 472 

immune-enhancing activity of Lycium barbarum polysaccharides. Cell Immunol. 473 

2010;263(2):219-223. 474 

6. Gao K, Liu M, Cao J, Yao M, Lu Y, Li J, et al. Protective effects of Lycium barbarum 475 

polysaccharide on 6-OHDA-induced apoptosis in PC12 cells through the ROS-NO pathway. 476 

Molecules. 2015;20(1):293-308. 477 

7. Cai H, Liu F, Zuo P, Huang G, Song Z, Wang T, et al. Practical application of antidiabetic efficacy 478 

of Lycium barbarum polysaccharide in patients with type 2 diabetes. Med Chem. 479 

2015;11(4):383-390. 480 

8. Wawruszak A, Czerwonka A, Okła K, Rzeski W. Anticancer effect of ethanol Lycium barbarum 481 



26 

 

(Goji berry) extract on human breast cancer T47D cell line. Natural Prod Res. 482 

2016;30(17):1993-1996. 483 

9. Zhou R, Zhou R, Yu F, Xi D, Wang P, Li J, et al. Removal of organophosphorus pesticide residues 484 

from Lycium barbarum by gas phase surface discharge plasma. Chem Eng J. 2018;342:401-409. 485 

10. Lin X, Lu C, Luo X, Tang Z. Determination of 28 pesticide residues in wolfberry by gas 486 

chromatography-mass spectrometry. Jiangsu Agric Sci. 2016;44(1):281-289 (in Chinese). 487 

11. Li L, Liu F, Qian C, Jiang S, Zhou Z, Pan C. Determination of organophosphorus pesticides in 488 

Lycium barbarum by gas chromatography with flame photometric detection. J AOAC Int. 489 

2007;90(1):271-276. 490 

12. Kai J, Wang C, Zhao D, Li C, Wang X. A comparative study of 49 inorganic elements in red, 491 

black and yellow Lycium barbarum. Food Fermentation Industries (Accepted in Press). 492 

2020;https://doi.org/10.13995/j.cnki.11-1802/ts. 023316 (in Chinese). 493 

13. Huang X, Xue J, Wang Y, Wu X, Tong H. Rapid simultaneous determination of organochlorine 494 

and pyrethroid pesticide residues in Lycium barbarum L. using gas chromatography with 495 

electron-capture detector. Anal Methods. 2012;4(4):1132-1141. 496 

14. Chen H, Li W, Guo L, Weng H, Wei Y, Guo Q. Residue, dissipation, and safety evaluation of 497 

etoxazole and pyridaben in Goji berry under open-field conditions in the China’s Qinghai–Tibet 498 

Plateau. Environ Monit Assess. 2019;191(8):517. 499 

15. Fu Y, Yang T, Zhao J, Zhang L, Chen R, Wu Y. Determination of eight pesticides in Lycium 500 

barbarum by LC-MS/MS and dietary risk assessment. Food Chem. 2017;218:192-198. 501 

16. Jing X, Qi J, Yang H. Risk assessment of pesticide residues in wolfberry from Golmud area. Ecol 502 

Environ Sci. 2019;28(5):1007-1012. 503 

https://doi.org/10.13995/j.cnki.11-1802/ts.%20023316


27 

 

17. Wang Y, Jin H, Sui H, Zuo T, Wang Z, Ma S. Analysis of pesticide residues in wolfberry and 504 

dietary exposure risk assessment. Chin Pharm J. 2018;53(3):182-186 (in Chinese). 505 

18. Yang S, Zhao J, Chang S, Collins C, Xu J, Liu X. Status assessment and probabilistic health risk 506 

modeling of metals accumulation in agriculture soils across China: A synthesis. Environ Int. 507 

2019;165-174. 508 

19. Sa R, Caldas J, Santana D, Lopes M, Santos W, Korn M, et al. Multielementar/centesimal 509 

composition and determination of bioactive phenolics in dried fruits and capsules containing Goji 510 

berries (Lycium barbarum L.). Food Chem. 2019;273:15-23. 511 

20. Xu X, Hu S, Pan R. Determination of heavy metals and organochlorine pesticides in Lycium 512 

barbarum. Chin J Health Lab Tec. 2014;24:1487-1492 (in Chinese). 513 

21. Wojcieszek J, Kwiatkowski P, Ruzik L. Speciation analysis and bioaccessibility evaluation of 514 

trace elements in goji berries (Lycium Barbarum, L.). J Chromatogr A. 2017;1492:70-78. 515 

22. Fu L, Shi S, Chen X. Accurate quantification of toxic elements in medicine food homologous 516 

plants using ICP-MS/MS. Food Chem. 2018;245:692-697. 517 

23. Chinese Pharmacopoeia Commission. Chinese Pharmacopoeia. 2015 (in Chinese). 518 

24. Cao H, Chen J, Zhang J, Zhang H, Qiao L, Men Y. Heavy metals in rice and garden vegetables 519 

and their potential health risks to inhabitants in the vicinity of an industrial zone in Jiangsu, China. 520 

J Environ Sci. 2010;22(11):1792-1799. 521 

25. Zhang Y, Zhu H, Tian Y, Feng N, Zhu M. Analysis of the contents of 7 metals in the original 522 

medicinal materials and decoction pieces of Astragalus membranaceus. J Food Saf Qual. 523 

2020;11:777‒782 (in Chinese). 524 

26. USEPA. Guidelines for Exposure Assessment. 1992. Washington DC: U.S. Environmental 525 



28 

 

Protection Agency, Risk Assessment Forum. EPA/600/Z–92/001. 526 

https://www.epa.gov/risk/guidelines-exposure-assessment. Cited 28 December 2020. 527 

27. National Bureau of Statistics. 2019. China Statistical Yearbook. 528 

http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm. Cited 28 December 2020. 529 

28. WHO. Inventory of evaluations performed by the Joint Meeting on Pesticide Residues (JMPR). 530 

http://apps.who.int/pesticide-residues-jmpr-database. Cited 28 December 2020. 531 

29. USEPA. Risk-based concentration table. 2000. Philadelphia PA: United States Environmental, 532 

Protection Agency. 533 

30. USEPA. Guidance for Performing Aggregate Exposure and Risk Assessments. 1999. Washington 534 

DC: U.S. Environmental Protection Agency, Office of Pesticide Programs. 535 

31. USEPA. Guidelines for Carcinogen Risk Assessment, NCEA-F-0644. 2005. Washington DC: U.S. 536 

Environmental Protection Agency, Risk Assessment Forum. EPA/630/P-03/001F. 537 

https://www.epa.gov/risk/guidelines-carcinogen-risk-assessment. Cited 28 December 2020. 538 

32. USEPA. Integrated Risk Information System (IRIS). 2010a. 2010. 539 

http://www.epa.gov/iris/subst/0278.htm. Cited 28 December 2020. 540 

33. Doubilet P, Begg C, Weinstein M, Braun P, McNeil B. Probabilistic sensitivity analysis using 541 

Monte Carlo simulation: a practical approach. Med Decision Making. 1985;5(2):157-177. 542 

34. Morales J, Perez-Ruiz J. Point estimate schemes to solve the probabilistic power flow. IEEE 543 

Transactions on power systems. 2007;22(4):1594-1601. 544 

35. Bourne S, Oates S, Bommer J, Dost B, Van Elk J, Doornhof D. A Monte Carlo method for 545 

probabilistic hazard assessment of induced seismicity due to conventional natural gas productiona 546 

monte carlo method for probabilistic hazard assessment of induced seismicity. Bull Seismol Soc 547 

https://www.epa.gov/risk/guidelines-exposure-assessment#/_blank
http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm.
http://apps.who.int/pesticide-residues-jmpr-database/
https://www.epa.gov/risk/guidelines-carcinogen-risk-assessment/
http://www.epa.gov/iris/subst/0278.htm.


29 

 

Am. 2015;105(3):1721-1738. 548 

36. European Pharmacopoeia Commission. 2014. European pharmacopoeia. 549 

37. Ministry of Foreign Trade and Economic Cooperation of Chsina. Greentrade standards of 550 

importing & exporting medicinal plants & preparations. 2001. WM/T2-2004, Beijing (in 551 

Chinese). 552 

38. Fu Y, Hu X, Yu S. Study on the tolerance limit of nickel in foods. J Zhejiang Academy Med Sci. 553 

1999;37:9-11. 554 

39. Chinese Ministry of Health. Tolerance limit of zinc in Foods. 1991. GB 13106-1991 (in Chinese). 555 

40. Luo Y, Huang W, Long Z, Deng M. Contents and Dissolutions of 8 Heavy metals in before and 556 

after decoctions of Traditional Chinese Medicines by ICP-MS. Chin J Spectrosc Lab. 557 

2012;29(02):925-928 (in Chinese). 558 

41. Zhang Y, Wu Y, Niu Y. Effects of drying methods on pesticide residues in wolfberry and its 559 

dietary exposure assessment. Food Res Develop. 2016;37(13):176-180 (in Chinese). 560 

42. Ye Y, Suo Y, Han L, Hu N, Wang H. Degradation of four kinds of organophosphorus pesticides in 561 

Lycium barbarum L. by using ozone and alkali liquor respectively. Sci Tech Food Indus. 562 

2014;35(04):101-104 (in Chinese). 563 

43. Cheng Y, Xue J, Wang J, Huang Hui, Pang Z, Xue W. Research on application of heavy metal 564 

removal in Traditional Chinese Medicine. J Anhui Agric Sci. 2011;39(9):5340-5342 (in Chinese). 565 

44. Liu Y, Zheng G, Zhu M, Wang J, Li Y, Li X, et al. Survery on the contents of the trace elements in 566 

medlar from different areas. Journal of Inspection and Quarantine. 2012;22(3):32-35 (in Chinese). 567 

45. Yang R, Suo Y, Wang H. Determination and analysis of trace elements in Lycium barbarum L. 568 

from different regions of Qinghai province. Spectrosc and Spect Anal. 2012;32(2):525-528 (in 569 



30 

 

Chinese). 570 

46. Lin L, Jin L, Gao S, Wang Z, Niu J. Study on the correlation of trace elements in Lycium 571 

barbarum fruit from differents habitats. J Hubei University of Chin Med. 2017;19(4):35-39 (in 572 

Chinese). 573 

47. Zhu M, Jiang Y, Cui B, Jiang Y, Cao H, Zhang W. Determination of the heavy metal levels in 574 

Panax notoginseng and the implications for human health risk assessment. Hum Ecol Risk Assess. 575 

2015;21(5):1218-1229. 576 

48. Zhu M, Zhu X, Feng N. Evaluation of health risks and determination of limited concentrations of 577 

heavy metals in Glycyrrhizae Radix et Rhizoma. Chin Tradit Pat Med. 2016;38(8):1771-1776 (in 578 

Chinese). 579 

49. Tian R, Suo Z, Ma Z, Ma M, Li J, Zhu M. Health risk of five common heavy metals exposure 580 

based on astragalus membranaceus ingestion. J Mod Med and Health. 2018;21:3287-3289 (in 581 

Chinese). 582 

50. Cao J, Zhu M. Non-carcinogenic risk of heavy metal exposure based on Traditional Chinese 583 

Medicine Prunella Vulgaris L. ingestion. J Energy Res and Manag. 2016;3:53-55 (in Chinese). 584 

51. Zhu M, Feng N, Yan Q, Zhu X. Carcinogenic risk assessment of arsenic in three medicine-food 585 

Chinese traditional medicine. Shizhen Guo Yi Guo Yao. 2018;29(11):2601-2603 (in Chinese). 586 

52. World Health Organization. (2005). Quality control methods for medicinal plant 587 

materials-Revised draft update. 588 

53. Bempah C, Donkor A, Yeboah P, Dubey B, Osei-Fosu P. A preliminary assessment of consumer’s 589 

exposure to organochlorine pesticides in fruits and vegetables and the potential health risk in 590 

Accra Metropolis, Ghana. Food Chem. 2011;128(4):1058-1065. 591 



31 

 

54. Bhanti M, Taneja A. Contamination of vegetables of different seasons with organophosphorous 592 

pesticides and related health risk assessment in northern India. Chemosphere. 2007;69(1):63-68. 593 

 

  



32 

 

Figure Legend 594 

Fig.1 Sampling sites of Goji berries from plantations in genuine producing area 595 

(·represents sampling sites) which was drawn using ArcGIS Desktop 10 software 596 

with the authorization number of EFL564098460 597 

 598 



Figures

Figure 1

Sampling sites of Goji berries from plantations in genuine producing area (·represents sampling sites)
which was drawn using ArcGIS Desktop 10 software with the authorization number of EFL564098460
Note: The designations employed and the presentation of the material on this map do not imply the



expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.
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