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ABSTRACT

Numerous studies have indicated that organic fertilizers (OFer) might contain heavy metals (HMs) that
present health risks to organic farmers (OFar). This study compared the concentrations of six HMs (Zn, Ni,
Cd, Cu, Pb, Cr) in the blood of two distinct groups of farmers: 30 OFar from a designated organic area in
eastern Taiwan, and 74 conventional farmers (CFar) from neighboring non-organic designated regions. The
findings revealed that the OFar exhibited higher levels of Zn (1202.70 + 188.74 pg/L), Cr (0.20 4 0.09 ug/L),
and Ni (2.14 & 1.48 pg/L) in their blood compared to the CFar (988.40 + 163.16 pg/L, 0.18 + 0.15 pg/L, and
0.77 £ 1.23 pg/L), respectively. The disparities in Zn, Cr, and Ni levels were measured at 214.3 pg/L, 0.02 pg/L,
and 1.37 pg/L, respectively. Furthermore, among the OFar, those who utilized green manures (GM) dis-
played significantly elevated blood levels of Zn (1279.93 + 156.30 pg/L), Cr (0.24 + 0.11 pg/L), and Ni
(1.94 + 138 pg/L) compared to individuals who exclusively employed chemical fertilizers (CFer)
(975.42 4+ 165.35 pg/L, 0.19 + 0.16 pug/L, and 0.74 4 1.20 pg/L), respectively. The differences in Zn, Cr, and Ni
levels were measured at 304.51 ug/L, 0.05 pg/L, and 1.20 ug/L, respectively. As a result, OFar should be

careful in choosing OFer and avoid those that may have heavy metal contamination.
© 2023 Occupational Safety and Health Research Institute. Published by Elsevier B.V. on behalf of
Institute, Occupational Safety and Health Research Institute, Korea Occupational Safety and Health
Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Organic farming has experienced rapid growth in recent years,
driven by an increased emphasis on health, sustainability, and the
ecological friendliness of agricultural production systems [1].
Maksuda highlighted the fact that the global organic farming area
tripled between 2011 and 2016, ultimately reaching 71.5 million
hectares by 2018 [2]. OFar employ organic materials like manure,
compost, GM, and agricultural waste to enhance the soil with trace
elements and organic substances [3]. Compost, a prevalent organic
fertilizer, can be produced from various organic waste sources,
including livestock manure, crop residues, and other agricultural
waste [4,5].

Numerous studies have demonstrated that organic farming
might involve the utilization of organic fertilizers derived from
agricultural waste that could potentially harbor HMs. These fertil-
izers have the potential to contribute to the gradual accumulation of

HMs in the soil over time [6—8]. As HMs are non-biodegradable, they
have the propensity to accumulate within animals and plants,
thereby posing threats to ecosystems and human well-being [9]. The
entry of HMs into the human body can occur through multiple
pathways, with the most prevalent routes being ingestion, inhala-
tion, and skin contact [10]. Consequently, farmers who operate in
environments where HMs are present may encounter health risks.

This study aimed to measure the levels of HMs such as Cd, Cu, Ni,
Zn, Pd and Cr in the blood of OFar in this study were those who used
OFer and no CFer, pesticides or herbicides. This study compared 30
OFar from a specific region in eastern Taiwan with 74 CFar from a
neighboring area with similar geological conditions. The partici-
pants completed a questionnaire and provided a blood sample of
7ml for heavy metal testing using ICP-MS. The reference ranges for
normal levels of HMs in blood were as follows: Cd < 5 ug/L, Cr = 0.6
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Table 1
Demographic data and heavy metal contents in blood
All (n = 104) CFar (n = 74) OFar (n = 30) D

Age (year)' 49.32 + 13.76 49.72 + 15.03 48.33 + 10.13 0.855
Sex®, n (%) 0.044*
Male 78 (75.0) 60 (81.1) 18 (60.0)
Female 26 (25.0) 14 (18.9) 12 (40.0)
Education level, n (%) 0.175
No higher than junior high school 22 (21.5) 17 (23.6) 5(16.7)
High school 43 (42.2) 26 (36.1) 17 (56.7)
University and above 37 (36.3) 29 (40.3) 8(26.7)
Alcohol, n (%) 0.264
Yes 67 (64.4) 45 (60.8) 22 (73.3)
No 37 (35.6) 29 (39.2) 8(26.7)
Areca nut, n (%) 0.115
Yes 36 (34.6) 22(29.7) 14 (46.7)
No 68 (65.4) 52 (70.3) 16 (53.3)
Smoking, n (%) 0.829
Yes 43 (41.3) 30 (40.5) 13 (43.3)
No 61 (58.7) 44 (59.5) 17 (56.7)
CFer, n (%) <0.001***
Yes 73 (70.2) 73 (98.6) 0(0.0)
No 31(29.8) 1(1.4) 30 (100.0)
OFer, n (%) <0.001%**
Yes 41 (39.4) 11 (14.9) 30 (100.0)
No 63 (60.6) 63 (85.1) 0 (0.0)
GM, n (%) <0.001***
Yes 15 (14.4) 3(4.1) 12 (40.0)
No 89 (85.6) 71 (95.9) 18 (60.0)
Living environment, n (%) >0.999
near farmland 86 (82.7) 61 (82.4) 25 (83.3)
downtown area 18 (17.3) 13 (17.6) 5(16.7)

*Significant (p-value < 0.05); ***Significant (p-value < 0.001) 1 using Mann-Whitney U test; § using Fisher’s exact test.

ug/L, Pb < 10 pg/dL, Cu 700-1500 pg/L, Ni < 2.0 pg/L, Zn 700-1200
ug/L. The questionnaire encompassed demographic details, expo-
sure history to pesticide and OFer, and environmental factors. The
study adhered to the principles outlined in the Declaration of
Helsinki and received approval from the Yuli Hospital IRB (IRB No.
YLH-IRB-11001). All participants provided informed written
consent.

This study used SPSS Version 17.0 (SPSS Inc., Chicago Illinois, USA)
to perform descriptive and comparative analyses. The Fisher’s exact
test analyzed the categorical variables to compare the conventional
and OFar on seX, educational level, alcohol consumption, betel areca
nut, smoking, pesticide use, herbicide use, insecticide and herbicide
use, organic fertilizer use, and living environment differences. The
Mann-Whitney U test compared the median values of age and blood
levels of Cd, Cu, Zn, Cr, Ni, and Pb between the two groups of farmers.
The significance level was 0.05. A p-value less than 0.05 indicated a
significant mean difference in heavy metal blood levels.

Table 1 shows the results of Fisher’s exact test for categorical
variables and two groups of farmers: conventional and organic. The
p-value of gender was less than 0.05, indicating a significant dif-
ference in the proportions of female farmers between the two
groups. Specifically, organic farming had a higher proportion of
women than conventional farming. Out of the 30 OFar, none uti-
lized CFer. Conversely, among the 74 CFar, 62 solely relied on CFer, 8
employed a combination of chemical and OFer, 3 incorporated
CFer, OFer, and GM, and one individual refrained from using any
fertilizers. Additionally, 12 OFar integrated GM into their practices.
These patterns reveal noteworthy disparities in the utilization of
CFer, OFer, and GMs between the organic and conventional farmer
groups (p < 0.001).

The test results revealed that OFar exhibited higher levels of Zn,
Ni, and Cr in their blood compared to CFar (Table 2). The mean
concentrations for Zn, Ni, and Cr were measured as
1202.70 + 188.74 pg/L, 2.14 + 1.48 pg/L, and 0.20 + 0.09 pg/L,
respectively, for OFar, while they were 988.40 + 163.16 pg/L,
0.77 + 1.23 pg/L, and 0.18 + 0.15 pg/L for CFar (p < 0.001 for Zn and
Ni; p = 0.028 for Cr).

Furthermore, the utilization of OFer and GM was linked to
elevated levels of Zn, Cr, and Ni in the blood of farmers (refer to
Table 2). Farmers who incorporated OFer demonstrated notably
higher average levels of Zn and Ni (1166.77 + 184.73 vs.
974.36 + 164.23 pg/L, p < 0.001; 1.83 £ 1.55 vs. 0.73 + 1.19 pg/L,
p < 0.001) in comparison to those who didn’t use them. Similarly,
farmers who adopted GM exhibited higher mean levels of Zn, Cr,
and Ni (1235.51 + 199.62 vs. 1018.98 + 178.29 png/L, p < 0.001;
0.22 + 0.10 vs. 0.18 4+ 0.14 pg/L, p = 0.017; 1.92 + 1.63 vs.
1.04 + 1.38 pg/L, p = 0.035) than those who didn’t employ such
practices.

To comprehend the disparities in heavy metal concentrations
within the blood of farmers who exclusively employ CFer, solely
utilize OFer, or use a combination of organic and green fertilizers, we
conducted additional analyses. Our findings revealed that farmers
who exclusively employ OFer exhibit heightened levels of HMs in
their bloodstream. Specifically, Zn and Ni levels in their blood are
notably elevated in comparison to farmers who exclusively employ
CFer (1151.22 + 194.80 vs. 97542 + 165.35 pg/L, p = 0.001;
2.27 + 1.56 vs. 0.74 + 1.20 pg/L, p < 0.001).

Similarly, farmers who incorporate both organic and green fer-
tilizers demonstrate elevated levels of Zn, Cr, and Ni in their blood,
as opposed to those who solely relied on CFer (1279.93 + 156.30 vs.
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Table 2

Heavy metal contents in blood for different independent variables
Heavy metal Organic farming Conventional agriculture p'

(n=30) (n=174)

cd (pg/L) 0.65 + 0.40 0.68 + 0.48 0.755
Cu (pg/L) 864.50 + 151.69 872.12 + 166.58 0.821
Zn (pg/L) 1202.70 + 188.74 988.40 + 163.16 <0.0017*
Cr (pg/L) 0.20 + 0.09 0.18 £ 0.15 0.028*
Ni (ng/L) 214+ 148 0.77 £ 1.23 <0.007***
Pb (pg/dL) 1.73 £ 0.57 1.62 + 0.55 0.344
Heavy Metal No CFer (n = 31) CFer (n = 73) p
cd (pg/L) 0.64 + 0.40 0.69 + 0.48 0.943
Cu (ng/L) 858.53 + 152.78 874.75 + 166.18 0.609
Zn (pg/L) 1193.20 + 192.96 989.49 + 164.01 <0.001
Cr (pg/L) 0.20 + 0.09 0.18 £ 0.15 0.025*
Ni (ug/L) 2.07 + 1.50 0.78 + 1.24 <0.001***
Pb (pg/dL) 1.71 £ 057 1.62 + 0.55 0.479
Heavy Metal OFer (n = 41) No OFer (n = 63) p
cd (pg/L) 0.61 + 038 0.71 + 0.50 0.767
Cu (pg/L) 870.29 + 145.73 869.67 + 172.49 0.915
Zn (pg/L) 1166.77 + 184.73 974.36 + 164.23 <0.001#**
Cr (pg/L) 0.18 + 0.08 0.19 £ 0.16 0.215
Ni (ug/L) 1.83 + 1.55 0.73 £ 1.19 <0.001%**
Pb (pg/dL) 1.69 + 0.53 1.63 + 0.57 0.472
Heavy Metal GM (n = 15) No GM (n = 89) p
cd (pg/L) 0.51 + 0.29 0.70 + 0.47 0.251
Cu (pg/L) 896.43 + 160.56 865.45 + 162.40 0.429
Zn (pg/L) 1235.51 + 199.62 1018.98 + 178.29 <0.001#**
Cr (pg/L) 0.22 +0.10 0.18 £ 0.14 0.017*
Ni (ug/L) 1.92 + 1.63 1.04 + 1.38 0.035"
Pb (ug/dL) 1.77 + 0.41 1.63 + 0.57 0.167
Heavy Metal Near Farmland (n = 86) Downtown Area (n = 18) p
cd (pg/L) 0.68 + 0.46 0.61 + 0.43 0.764
Cu (ng/L) 870.28 + 161.50 868.16 + 167.52 0.686
Zn (pg/L) 1045.57 + 205.96 1072.40 + 141.52 0.325
Cr (pg/L) 0.20 + 0.14 0.15 + 0.08 0.036*
Ni (ng/L) 1.16 + 1.40 121 + 1.67 0.532
Pb (ng/dL) 1.67 + 0.56 1.54 + 0.54 0.240
Heavy Metal Only Using CFer (n = 62) Only Using OFer (n = 18) p
cd (pg/L) 0.71 + 0.50 0.74 + 0.43 0.345
Cu (ng/L) 872.73 + 172.17 851.09 + 146.17 0.519
Zn (pg/L) 975.42 + 165.35 1151.22 + 194.80 0.001+*
Cr (pg/L) 0.19 £ 0.16 0.17 + 0.06 0.467
Ni (ng/L) 0.74 + 1.20 227 £ 156 <0.001***
Pb (pg/dL) 1.64 + 0.57 1.73 £ 0.65 0.623
Heavy Metal Only Using CFer (n = 62) Using OFer & GM (n = 12) p
cd (pg/L) 0.71 + 0.50 0.50 + 0.30 0.246
Cu (pg/L) 872.73 + 172.17 884.58 + 164.04 0.719
Zn (pg/L) 975.42 + 165.35 1279.93 + 156.30 <0.001#**
Cr (ug/L) 0.19 +£0.16 0.24 +0.11 0.013*
Ni (ug/L) 0.74 + 1.20 194 +1.38 <0.001**
Pb (pg/dL) 1.64 + 0.57 1.73 £ 045 0.390
Heavy Metal Only Using OFer (n = 18) Using OFer & GM (n = 12) p
cd (pg/L) 0.74 + 043 0.50 + 0.30 0.095
Cu (pg/L) 851.09 + 146.17 884.58 + 164.04 0.465
Zn (pg/L) 1151.22 + 194.80 1279.93 + 156.30 0.039*
Cr (ug/L) 0.17 + 0.06 0.24 + 0.11 0.095
Ni (ug/L) 2.27 +1.56 1.94 + 1.38 0.632
Pb (pg/dL) 1.73 £ 0.65 1.73 £ 045 0.787

* Significant (p <0.05)
= Significant (p <0.01)
= Significant (p <0.001).

f Using Mann-Whitney U test.
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975.42 + 165.35 pgfL, p < 0.001; 0.24 + 0.11 vs. 0.19 + 0.16 pg/L,
p = 0.013; 1.94 + 1.38 vs. 0.74 + 1.20 pg/L, p < 0.001).

Intensive animal farming often incorporates Cu and Zn into
animal feed to promote growth and prevent diseases. This results in
elevated levels of these metals in OFer obtained from chicken and
pig manure. The excessive and prolonged use of such fertilizers can
make Pb to increase concentrations of Zn, Cr, and Cu in the soil
[11,12]. However, high and continuous rates of fertilization can also
result in higher total concentrations of Cd, Zn, Cr, and Cu in the soil,
while levels of Pb, Ni, or As remain unchanged [13]. Li et al. (2019)
reported that the average concentration of HMs in manure followed
the sequence of Zn > Cu > Cr > Ni > Pb > Cd [14].

Previous research has indicated that sewage sludge compost
and pig manure compost contained higher concentrations of Zn, Cu,
and Cr compared to standard quality-controlled OFer. These studies
have also shown that OFer can contribute to the increased accu-
mulation of Ni and Zn in rice [15,16], as well as higher levels of Zn
and Cr in wheat grains [17,18]. The elevated levels of Zn, Cr, and Ni
discovered in the blood of farmers who use GM might be linked to
the presence of these HMs in the composted plants. Therefore, the
addition of organic waste should be undertaken with caution [19].

There are numerous sources of OFer, and based on the infor-
mation presented in Table 2, the blood Cr levels of farmers utilizing
OFer did not exhibit an elevated trend, unlike the Cr levels observed
in the blood of OFar employing GM. As a result, OFar should be
particularly careful when deciding on the specific type of organic
fertilizer to utilize.

Cu content typically registers higher in organic compost and
manure compared to other fertilizers. Nonetheless, OFar do not
exhibit higher blood Cu levels than CFar in the scope of this study.
This could be attributed to the fact that CFar also employ copper-
based fertilizers and fungicides, which may result in increased Cu
exposure for them (Table 2).

Furthermore, farmers residing in close proximity to agricultural
fields exhibit significantly elevated blood levels of Cr (0.20 + 0.14
vs. 0.15 + 0.08 pg/L, p = 0.036) compared to those living in urban
areas (refer to Table 2). Environmental factors could potentially
influence the levels of HMs found in the blood of these farmers.
However, since the proportion of farmers residing in urban areas
does not significantly differ between the organic and conventional
groups (as indicated in Table 1), the living environment does not
appear to be a confounding factor.

Zn is essential for cell growth, immune function, and metabolism.
During the COVID pandemic, many articles have indicated that Zn
plays a role in antiviral and antibacterial responses. Zn deficiency has
also been associated with anorexia, skin disorders, mood instability,
irritability, and depression. However, prolonged excessive Zn intake
can Pbto a significant decrease in blood Cu levels, anemia, leukopenia,
compromised immunity, and weight loss [20]. As indicated in Table 2,
the Zn content in the blood of OFar is 1202.70 + 188.74 pg/L. However,
for farmers using GM, the Zn content in their blood is even higher,
measuring 1235.51 +199.62 pg/L, which exceeds the standard limit of
1200 pg/L. This suggests a potential risk of heavy metal-related health
issues among organic farmers.

Our conclusion is that the blood levels of HMs in organic farmers
in eastern Taiwan align with numerous studies demonstrating the
accumulation of HMs in organic compost and manure. Therefore, it
is advisable for organic farmers to carefully consider their choices of
OFer.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors declare that there is no conflict of interest.

Acknowledgments

Thanks to Yuli agricultural association for assisting in recruiting
volunteers and providing a venue, and Professor Jian-Kang Chao for
conducting hygiene education for the volunteers.

References

[1] Biernat L, Taube F, Vogeler I, Reinsch T, KluR C, Loges R. Is organic agriculture
in line with the EU-nitrate directive? On-farm nitrate leaching from organic
and conventional arable crop rotations. Agr Ecosyst Environ 2020;298:
106964. https://doi.org/10.1016/j.agee.2020.106964.

Mannaf M, Wheeler SA, Zuo A. Global and local spatial spill-overs: what

matters most for the diffusion of organic agriculture in Australia? Ecol Econ

2023;209:107835. https://doi.org/10.1016/j.ecolecon.2023.107835.

Shah GM, Tufail N, Bakhat HF, Ahmad I, Shahid M, Hammad HM, Nasim W,

Wagqar A, Rizwan M, Dong R. Composting of municipal waste by different

methods improved the growth of vegetables and reduced health risks of

cadmium and lead. Envi Sci Poll Res 2019;26:5463—74.

Cao Y, Zhao ], Wang Q, Bai S, Yang Q, Wei Y, Wang R. Industrial aerobic

composting and the addition of microbial agents largely reduce the risks of

heavy metal and ARG transfer through livestock manure. Ecotoxicol Environ

Saf 2022;239:113694. https://doi.org/10.1016/j.ecoenv.2022.113694.

Koul B, Yakoob M, Maulin PS. Agricultural waste management strategies for

environmental sustainability. Environ Res 2022;206(15):112285. https://doi.org/

10.1016/j.envres.2021.112285.

Ning CC, Gao PD, Wang BQ, Lin WP, Jilang NH, Cai KZ. Impacts of chemical

fertilizer reduction and organic amendments supplementation on soil

nutrient, enzyme activity and heavy metal content. J Integr Agric 2017;16(8):

1819-31. https://doi.org/10.1016/5S2095-3119(16)61476-4.

Kumpiene ], Lagerkvist A, Maurice C. Stabilization of As, Cr, Cu, Pb and Zn in

soil using amendments -a review. Waste Manage 2008;28:215—25.

Zhang Y, Sun Q, Wang |, Ma Y, Cao B. Responses of heavy metals mobility and

resistant bacteria to adding time of activated carbon during chicken manure

composting. Environ Pollut 2021;290:118070. https://doi.org/10.1016/
j.envpol.2021.118070.

Silbergeld EK, Walkes M, Rice JM. Lead as a carcinogen: experimental evi-

dences and mechanisms of action. Am J Ind Med 2000;38:316—23.

[10] Witkowska D, Stowik ], Chilicka K. Heavy Metals and human health: possible
exposure pathways and the competition for protein binding sites. Molecules
2021;26(19):6060. https://doi.org/10.3390/molecules26196060.

[11] Duan B, Feng Q. Comparison of the potential ecological and human health
risks of heavy metals from sewage sludge and livestock manure for agricul-
tural use. Toxics 2021;9(7):145. https://doi.org/10.3390/toxics9070145.

[12] Drescher GL, Moura-Bueno JM, Dantas MKL, Ceretta CA, Conti LD,
Marchezan C, Ferreira PAA, Brunetto G. Copper and Zn fractions and
adsorption in sandy soil with long-term pig manure application. Arch Agron
Soil Sci 2021;68:14.

[13] Zhen H, Jia L, Huang C, Qiao Y, Li ], Li H, Chen Q, Wan Y. Long-term effects of
intensive application of manure on heavy metal pollution risk in protected-
field vegetable production. Pt A. Environ Pollut 2020;263:114552., https://
doi:10.1016/j.envpol.2020.114552.

[14] LiJ, Xu'Y, Wang L, Li F. Heavy metal occurrence and risk assessment in dairy
feeds and manures from the typical intensive dairy farms in China. Environ Sci
Pollut Res 2019;26(1—4):1—11. https://doi.org/10.1007/s11356-019-04125-1.

[15] Zhang G, Song K, Huang Q, Zhu X, Gong H, Ma ], Xu H. Heavy metal pollution
and net greenhouse gas emissions in a rice-wheat rotation system as influ-
enced by partial organic substitution. ] Environ Manage 2022;307(1):114599.
https://doi.org/10.1016/j.jenvman.2022.114599.

[16] Nakamaru YM, Matsuda R, Sonoda T. Environmental risks of organic fertilizer
with increased heavy metals (Cu and Zn) to aquatic ecosystems adjacent to
farmland in the northern biosphere of Japan. Sci Total Environ 2023:163861.
https://doi.org/10.1016/j.scitotenv.2023.163861.

[17] He MY, Dong TX, Ru SH, Su DC. Accumulation and migration
characteristics in soil profiles and bioavailability of heavy Metals from
livestock manure. Huan Jing Ke Xue 2017;38(4):1576—86. https://doi.org/
10.13227/j.hjkx.201609227.

[18] Dhaliwal MK, Dhaliwal SS. Impact of manure and fertilizers on chemical
fractions of Zn and Cu in Soil under rice-wheat cropping system. ] Indian Soc
Soil Sci 2019;67(1):85—91.

[19] Asensio V, Vega FA, Singh BR, Covelo EF. Effects of tree vegetation and waste
amendments on the fractionation of Cr, Cu, Ni, Pb and Zn in polluted mine
soils. Sci Total Environ 2013;433:446—53. https://doi.org/10.1016/j.scitotenv.
2012.09.069.

[20] Chen KY, Lin CK, Chen NH. Effects of vitamin D and Zn deficiency in acute and
long COVID syndrome. ] Trace Elem Med Bio 2023;80:127278. https://doi.org/
10.1016/j.jtemb.2023.127278.

2

[3

[4

(5

[6

[7

[8

[9


https://doi.org/10.1016/j.agee.2020.106964
https://doi.org/10.1016/j.ecolecon.2023.107835
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref3
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref3
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref3
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref3
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref3
https://doi.org/10.1016/j.ecoenv.2022.113694
https://doi.org/10.1016/j.envres.2021.112285
https://doi.org/10.1016/j.envres.2021.112285
https://doi.org/10.1016/S2095-3119(16)61476-4
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref7
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref7
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref7
https://doi.org/10.1016/j.envpol.2021.118070
https://doi.org/10.1016/j.envpol.2021.118070
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref9
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref9
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref9
https://doi.org/10.3390/molecules26196060
https://doi.org/10.3390/toxics9070145
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref12
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref12
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref12
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref12
https://doi:10.1016/j.envpol.2020.114552
https://doi:10.1016/j.envpol.2020.114552
https://doi.org/10.1007/s11356-019-04125-1
https://doi.org/10.1016/j.jenvman.2022.114599
https://doi.org/10.1016/j.scitotenv.2023.163861
https://doi.org/10.13227/j.hjkx.201609227
https://doi.org/10.13227/j.hjkx.201609227
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref18
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref18
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref18
http://refhub.elsevier.com/S2093-7911(23)00078-1/sref18
https://doi.org/10.1016/j.scitotenv.<?show [?tjl=20mm]&tjlpc;[?tjl]?>2012.09.069
https://doi.org/10.1016/j.scitotenv.<?show [?tjl=20mm]&tjlpc;[?tjl]?>2012.09.069
https://doi.org/10.1016/j.jtemb.2023.127278
https://doi.org/10.1016/j.jtemb.2023.127278

