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Abstract

Concentrations of arsenic (As), cadmium (Cd), mercury (Hg) and lead (Pb) in crayfish from Jiangsu province, China,
were measured and their health risks were evaluated. For crayfish from both crayfish-rice culture system (CRCS)

and crayfish intensive culture system (CICS), concentrations of As, Cd and Pb in whole body of crayfish (WB) were sig-
nificantly higher than those in abdominal muscle of crayfish (AM), while concentration of Hg in WB was significantly
lower than that in AM. No significant difference in concentrations of the heavy metals was found between CRCS
and CICS. Concentrations of the heavy metals in AM from both systems were below the limit set by the national
standard of China. Estimated daily intake values of the heavy metals were far below the provisional tolerable daily
intakes set by Joint FAO/WHO committee on Food Additives, and the corresponding hazard quotient and hazard
index were below one. Therefore, consumption of crayfish with the average daily consumption rate (DCR) could be
generally regarded as safe. For the consumption with two more times of average DCR during peak season, there
might be a potential health risk from intakes of As and Hg in abdominal muscle of crayfish.
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Introduction

Crayfish (Procambarus clarkii) belong to crustacean,
which are native to the southern United States and the
northeastern Mexico (Huner 1988). Crayfish were first
introduced to Jiangsu province, China in the late of
1920s by Japanese, and gradually spread to other areas
along Yangtze and Huaihe River Basins (Li et al. 2012).
At present, crayfish can be found in all over the country
except Tibet plateau, and are regarded as a representa-
tive invasive species (Yi et al. 2018). Crayfish had been
an unpleasant existence to Chinese people, especially
Chinese farmers, due to the damages of levee, dam and
paddy caused by crayfish’s aggressive burrowing (Jiang
& Cao 2021). Such a situation stayed unchanged until
1980s, when the food value of crayfish was generally rec-
ognized and consumption of crayfish as food was favored
gradually in the middle and lower reaches of Yangtze
River.

At the beginning, all crayfish consumed as food was
from the wild. With increasing in demand of crayfish
consumption, crayfish were started to be raised in cray-
fish intensive culture system (CICS) and crayfish-rice
co-culture system (CRCS). CICS is characterized by
an efficient production of crayfish with a high stocking

density and a high input of commercial feed, while CRCS
effectively utilizes paddy to raise crayfish after rice har-
vest. Over the last twenty years, China has been the
largest producer and consumer of crayfish in the world
with annual output accounting for more than 90% of the
world’s total output (FAO 2016).

Crayfish are benthic freshwater organisms, which feed
on algae, aquatic invertebrates, amphibians, fish and etc.
(Gherardi 2006; Mo et al. 2022). Crayfish’s omnivorous
habit can accumulate hazard substances if the organ-
isms from the lower trophic levels in the food chain are
contaminated with such hazard substances as heavy
metals, biotoxin, etc. (Anandkumar et al. 2020). In addi-
tion, crayfish can absorb hazard substances through gills
and transport them to other organs via haemolymph
(Antonin et al. 2010; El-Assal & Abdel-Meguid 2017).
Crayfish survive in diverse circumstances and demon-
strate an impressive tolerance to environmental stresses,
and have been employed as a bio-indicator species in
evaluations of chemical pollutions in water environment
(Gedik et al. 2017; Samar et al. 2022a, 2022b; Suarez-Ser-
rano et al. 2010).

Heavy metals, e.g. arsenic (As), cadmium (Cd), lead
(Pb), mercury (Hg) and etc., are classified as toxic
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elements without any known nutritional or beneficial
effects on human health (Varol et al. 2017). On the con-
trary, they can exert harmful impacts even at low con-
centrations over a long period of time of exposure, e.g.
dysfunctions of kidneys, lungs, bones, nervous system,
cardiovascular system, and even development of cancers
(Fang et al. 2021; Ravindra & Mor 2019). The available
studies indicated that accumulation of heavy metals in
crayfish was affected by the environment, culture mode
and feeds, and As, Hg and etc. in crayfish might pose
some potential risks to human health (Mo et al. 2022;
Peng et al. 2016, 2022; Tan et al. 2021; Xiong et al. 2020).
In fact, attention has always been paid to the safety and
health risks arising from crayfish consumption in China.
The concern about crayfish contaminated with heavy
metals and/or toxins has been circulating around.

With the rapid economy development over the last
decades, environmental pollution has been increas-
ing in China. According to field surveys, the sediment
and water for crayfish culturing in the middle and lower
reaches of the Yangtze River Basins are contaminated
with heavy metals to different degrees (Guo et al. 2020;
Xiong et al. 2020; Yang et al. 2018). Jiangsu province lies
in the lower reach of Yangtze River Basin, and is one of
the most economically developed provinces in China.
As well, Jiangsu province is the biggest producer of cray-
fish in the eastern coastal area, with more than 140*10°
hm? of paddy used for crayfish-rice co-culture (Jiang &
Cao 2021). However, there is little of research dedicated
to the crayfish in Jiangsu province, and the occurrence
of heavy metals and corresponding health risks remain
largely unknown. In addition, the annual consump-
tion of crayfish has been increasing rapidly in China,
from 1,110,400 tons in 2017 to 2,629,100 tons in 2021
(Yu et al. 2022), assessments available on health risk by
consumption of crayfish appear to not reflect the real
situation due to the ever-increasing consumption rate.
Therefore, the aims of the present paper were, 1) to inves-
tigate and compare concentrations of heavy metals in
crayfish from two culture systems and different districts
in Jiangsu province; 2) to evaluate the potential risks aris-
ing from the consumption of crayfish.

Materials and methods

Sample collection

The study area is located in Jiangsu province, which lies
in the lower reach of Yangtze River Basin with an area
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of the top five producers in China in terms of crayfish
production. In the present work, thirty-three sampling
sites distributed in seven districts, i.e. Nanjing, Zhenji-
ang, Lianyungang, Yancheng, Huaian, Sugian and Yang-
zhou (Fig. 1). They are the major producers of crayfish,
and produce more than 80% of crayfish in Jiangsu prov-
ince (Xu et al. 2021). Sampling was carried out in April
2022 (before rice planting). On average, twenty crayfish
(each>25 g) were caught at each of the sampling sites.
All samples were immediately transported to Institute of
Farm Product Processing, Jiangsu Academy of Agricul-
tural Sciences, Nanjing, China, for further treatment and
analysis.

Sample treatment and analysis

Twenty crayfish of each sampling site were randomly
divided into two equal groups, i.e. groups of abdominal
muscle (AM) and whole body (WB). In AM group, cray-
fish were dissected to obtain abdominal muscles, while in
WB group the crayfish were kept intact. All samples were
dried at 80 C for several hours until the weight stayed
unchanged. The dried samples were ground, and 0.5 g of
the homogenized powder was digested with nitric acid
(65%, 5 mL) in a MARS6 microwave (CEM) under a tem-
perature gradient of 120-180 “C for 45 min. After cooling
to room temperature, the digested samples were filtered
through a cellulose acetate filter of 0.22 um and diluted to
50 mL with water.

The concentrations of all the elements were determined
using inductively coupled plasma mass spectrometry
(ICP-MS; PerkinElmer NexION 350D, USA) according to
“Determination of multi elements in food” (National food
safety standard of China, GB 5009.268-2016). Blanks
and calibration standard solutions were analyzed at a
frequency of every ten samples to ensure the accuracy of
analysis. The spiking recovery rates for As, Cd, Hg and Pb
were 88%, 92%, 89%, and 91%, respectively. The relative
standard deviation (RSD) of repeated measurements was
less than 10%. The limit of detections (LOD) of As, Cd,
Hg and Pb were 0.4 pg/kg, 0.4 pg/kg, 0.4 pg/kg and 2 pg/
kg, while the limit of quantifications (LOQ) were 1 pg/kg,
1 pg/kg, 1 pg/kg and 5 pg/kg, respectively.

Calculation of daily consumption rate (DCR)

The DCR values for the whole year and peak season were
calculated with the following Egs. (1) and (2), respectively
(Peng et al. 2016):

DCR_ypole year = annual consumption x 0.135 x f;/(population x 365) (1)

of 102,600 km? between 30°45" ~35°20" latitude and
116°18” ~121°57” longitude. Crayfish farming has spread
widely over Jiangsu province, which makes it become one

DCR_peak season = DCR_yhole year X 365 X f2/120
(2)
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Fig. 1 Sampling sites of crayfish

Where DCR_hgle year Stands for daily consumption of
crayfish per capita during a whole year in Jiangsu prov-
ince (g/day/person, abdominal muscle, wet weight);
annual consumption stands for consumption of crayfish
per year in China, which comes from output plus import
minus export; 0.135 is used to convert whole crayfish
into abdominal muscle (Tan et al. 2021); f; is the ratio
of DCR jle year i Jiangsu province to that in whole
country; DCR ¢k season Stands for daily consumption of
crayfish per capita during the peak season (from Jun. to
Sept.) in Jiangsu province (g/day, abdominal muscle, wet
weight), £, is used to convert annual consumption to peak
season consumption.

Calculation of estimated daily intake (EDI)

EDI values are used widely in risk assessment of heavy
metals in food, and were calculated with the following
equation (Peng et al. 2016):

EDI = C x DCR/(4.8 x BW x 1000) 3)

Where EDI stands for the estimated daily intake of metal
through the consumption of crayfish abdominal muscle
per capita (ug/kg bw/day); C is the concentration of heavy
metal in crayfish abdominal muscle (pg/kg, dry weight);

DCR is daily consumption of crayfish per capita (g/day,
abdominal muscle, wet weight); 4.8, a conversion factor,
was used to convert wet weight to dry weight according to
Tan et al. (2021); BW is the body weight (kg) of an adult,
and the average body weight is (60 kg) for Chinese adults
(Peng et al. 2016).

Calculation of hazard quotient (HQ) and hazard index (HI)
To assess the potential risk of heavy metals’ exposure due
to crayfish consumption, the hazard quotient (HQ) values
were calculated with the following equation:

(4)

Where HQ represents hazard quotient for non-cancer
health risk (unitless); EDI is the estimated daily intake (ug/
kg/day), and RfD is the safe reference dose, i.e. the maxi-
mum acceptable oral dose of a heavy metal (ug/kg/day; As,
0.3; Cd, 1.0; Pb, 4.0; Hg, 0.1). It should be considered there
is a potential human health hazard due to the heavy metal
exposure from crayfish consumption if HQ value is bigger
than one (Peng et al. 2022).

To evaluate the overall noncarcinogenic risk from mul-
tiple heavy metals, the hazard index (HI) was calculated
from the following equation:

HQ = EDI/RfD
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HI = HQ(as) + HQ(ca) + HQg) + HQ(pp) (5)

HI value lower than one indicates that exposure to the
four heavy metals is less likely to pose any adverse health
effect, otherwise it give rise to a potential risk to human
health (Peng et al. 2022).

Statistical analysis

Statistical analysis was carried out with SPSS 18.0 (IBM
SPSS, USA). Heavy metal concentration below the LOQ
was substituted by half the LOQ during the analysis.
When the data did not meet the normality assumption,
Spearman’s correlation was used to test the correlation
hypotheses and a nonparametric test was used for group
comparison.

Results and discussion

Concentrations of heavy metals in crayfish

The maximum, minimum, average, standard deviation
and detection frequency of concentration of the four
metals in crayfish were listed in Table 1. In CRCS, the
average concentrations of As, Cd, Hg and Pb in whole
body of crayfish (WB) were 1871.7 pg/kg, 103.01 pg/kg,
54.59 ug/kg and 354.58 ug/kg, respectively, while those
in abdominal muscles of crayfish (AM) were 563.85 pg/
kg, 4.92 pg/kg, 136.55 ug/kg and 54.41 pg/kg, respec-
tively. As for CICS, the average concentrations of As,
Cd, Hg and Pb in WB were 1676.54 pg/kg, 270.88 pg/kg,
53.29 pg/kg and 27.04 pg/kg, respectively, while those in
AM were 634.59 pg/kg, ND, 130.58 pg/kg and 19.81 pg/
kg, respectively. Four metals were detected in all the sam-
ples with detection frequency (DF) of 100%, except that
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Cd was detected in AM samples from CRCS and CICS
with DF of 24% and 0%, respectively, and Pb was detected
in AM samples from CRCS and CICS with DF of 80% and
50%, respectively. Concentrations of the four metals in
AM from both culture systems were all below the limit of
2400 pg/kg (dry weight), converted from 500 pg/kg (wet
weight) set by China’s national standard (GB2762-2017),
in which a factor of 4.8 was used to convert “wet weight”
to “dry weight” (Tan et al. 2021). As for WB, Cd, Hg and
Pb were found to be lower than the limit, while five out
of thirty-three samples were found to contain higher
concentration of As than 2400 pg/kg. Considering that
abdominal muscle of crayfish is the target part for human
consumption, all the crayfish in the present study could
be regarded as safe for food.

Relationships among heavy metals in crayfish

For the four heavy metals, there was no significant dif-
ference in concentrations between culture systems, no
matter whether in AM or in BW. As displayed in Fig. 2,
significant lower concentrations of As, Cd and Pb, and
significant higher concentration of Hg were found in
AM than WB (p<0.01) for both culture systems. Cray-
fish accumulate heavy metals by feeding on the polluted
organisms from the lower trophic levels in the food chain
and absorbing of gills from the ambient water. The bio-
enrichment of heavy metals in crayfish is a time- and
dose-dependent process, with different distributions
in tissues for different heavy metals. Cd, Pb and etc. are
thought to be accumulated mainly in hepatopancreas,
gills and exoskeleton, while Hg is more inclined to be
enriched in muscle (Antonin et al. 2010). Due to such

Table 1 Concentrations of heavy metals in crayfish from CRCS and CICS in Jiangsu province, China (ug/kg, dry weight)”

Source As Cd Hg Pb
AM WB AM WB AM WB AM WB
CRCS
Min 265.20 834.86 ND 4421 60.43 17.71 ND 132.34
Max 1049.76 4379.81 2549 233.52 293.00 91.68 224.54 949.78
Mean 563.85a 1871.78 b 492 a 103.01 b 136.55b 5459a 5041 a 35458b
SD 231.93 866.67 835 5091 61.72 23.83 46.26 192.31
DF 100 100 24 100 100 100 80 100
cIcs
Min 415.10 717.98 ND 48.86 74.88 31.49 ND 121.97
Max 1085.33 2846.83 ND 74030 167.38 98.88 58.66 584.88
Mean 634.59 a 1676.54 b ND a 27088 b 130.58 b 5329a 19.81a 27004 b
SD 226.86 669.61 / 22943 34.11 2445 21.12 15346
DF 100 100 0 100 100 100 50 100

LOD of As, Cd, Hg and Pb were 0.4 pug/kg, 0.4 ug/kg, 0.4 ug/kg and 2 pg/kg; Different lower-case letters on columns for the same heavy metal are significantly different

(p<0.01)

* AM Abdominal muscle, WB Whole body, ND Not detected, SD Standard deviation, DF, % Detection frequency
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Fig. 2 Concentrations of As, Cd, Hg and Pb in AM (white box) and WB (grey box) of crayfish from CRCS and CICS (ug/kg, dry weight). The line
in the box represents the median value; the bottom and the top of each box represent 57 and 95 percentiles, respectively; ** represents p <0.01.
Heavy metal concentration below the LOQ was substituted by half the LOQ during the analysis. LOQ of As, Cd, Hg and Pb were 1 pg/kg, 1 pg/kg,

1 pg/kg and 5 pg/kg, respectively

accumulation characteristics of heavy metals in crayfish,
in CRCS of the present study, average concentrations
of As, Cd and Pb were 3.32 times, 20.94 times and 7.03
times higher in WB than those in AM, respectively, while
average concentration of Hg was 2.50 times higher in AM
than that in WB. The same phenomenon was also found
in CICS. Such accumulation patterns of heavy metals in
crayfish, i.e. lower levels of As, Cd and Pb with a higher
level of Hg in AM than in WB, was in consistent with
previous reports (Alcorlo et al. 2006; Gedik et al. 2017;

Anandkumar et al. 2020; Peng, et al. 2022). Hg in cray-
fish is determined as total mercury by ICP-MS method,
and includes inorganic mercury and methyl mercury.
In fact, inorganic mercury is accumulated in crayfish
in the similar way as Cd, Pb and etc., i.e. hepatopan-
creas > gills > exoskeleton > abdominal muscle, while the
accumulation of methyl mercury is in a different pat-
tern: gills>abdominal muscle>hepatopancreas > exo-
skeleton (Wright et al. 1991). Methyl mercury is found
to be accumulated in proteins due to its binding to
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the sulphur-containing amino acid cysteine (Lemes &
Wang 2009). Inorganic mercury can be transformed into
methyl mercury through methylation by sulphate-reduc-
ing bacteria in sediments (Parks et al. 2013), and methyl
mercury has been reported to represent approximately
90% of the total mercury in crayfish (Antonin et al. 2010).
Therefore, the higher concentration of Hg in abdominal
muscles could be attributed to the relatively high pro-
tein content in abdominal muscles and a higher level of
methyl mercury in environment.

In the present study, concentrations of the heavy
metals in AM from the two culture systems were in
the order of As>Hg>Cd>Pb with significant differ-
ences among them (p<0.01). As for WB, the order was
As>Pb>Cd>Hg with significant differences among
them (p<0.01) for CRCS, while it was As>Pb ~ Cd>Hg
with significant differences among them (p <0.01), except
between Pb and Cd, for CICS.

In CRCS, concentrations of As and Hg in AM were
found to be significantly and positively correlated with
concentrations of As (0.600, p<0.01) and Hg (0.680,
p<0.01) in WB, respectively; and concentration of As
in WB was found to be significantly and positively cor-
related with concentration of Hg (0.432, p<0.05) in
WB. As for CICS, there was no significant correlation
between concentrations of heavy metals in AM and WB,
and among concentrations of heavy metals in AM (or
WB) either. Crayfish accumulate heavy metals through
foraging and breathing, and heavy metals may come
from sediments, fertilizers, feeds and etc. In CRCS, sig-
nificantly positive correlation for concentration of As
and Hg between in AM and WB indicated that As and
Hg were accumulated in AM in a similar way to their

ah
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accumulation in WB. Significantly positive correlations
between concentrations of As and Hg in WB indicated
that the two metals might come from the same pollution
source. Compared with CRCS, more commercial feeds
being used in CICS (Bosma & Verdegem 2011; Li et al.
2019), which resulted in more disturbances to concen-
trations of heavy metals in ambient water, might be the
major cause of no significant correlation between/among
heavy metals in crayfish from CICS.

Differences of heavy metals in crayfish among districts

In order to investigate the differences of heavy metals in
crayfish among districts, concentrations of heavy metals
in AM and WB were collected for different districts with-
out differentiation of two culture systems, and a nonpara-
metric test was carried out for group comparison. There
was no significant difference in concentrations of heavy
metals among districts, except that the concentration
of Cd in AM from Lianyungang was found to be signifi-
cantly higher than those from other districts (p<0.05),
i.e. Sugian, Nanjing, Yangzhou, Zhenjiang and Huaian
(Figs. 3 and 4). Although there lacked statistically signifi-
cant differences among districts, the highest levels of As,
Hg and Pb in AM (from Lianyungang, Huaian and Hua-
ian, respectively) were found to be 2.6, 2.2 and 2.3 times
higher than the corresponding lowest ones (from Hua-
ian, Yancheng and Zhenjiang, respectively), respectively.
The similar situation was found in WB from different
districts.

Table 2 listed concentrations of heavy metals in abdom-
inal muscle of crayfish in the present study and other
publications. The contamination of heavy metals in cray-
fish abdominal muscle in the present study was similar

I
b
I ab

Sugian Najing

Fig. 3 Concentrations of heavy metals in abdominal muscle of crayfish from different districts, -As,

Zhenjiang Lianyungang Yangzhou

Yancheng Huaian

-Cd l-Ho JJi-Pb. Different lower-case

letters on columns for the same heavy metal are significantly different (p < 0.05). Heavy metal concentration below the LOQ was substituted by half
the LOQ during the analysis. LOQ of As, Cd, Hg and Pb were 1 pg/kg, 1 pg/kg, 1 ug/kg and 5 pgrkg, respectively
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below the LOQ was substituted by half the LOQ during the analysis. LOQ of As, Cd, Hg and Pb were 1 pg/kg, 1 ug/kg, 1 ug/kg and 5 pg/kg,

respectively

Table 2 Concentrations of heavy metals in abdominal muscle of crayfish in the present study and other publications (mg/kg, dry

weight)?
Location As cd Hg Pb Ref
Jiangsu, China
CRCS 0.27~1.05 ND~0.025 0.060~0.29 ND~0.22 Present study
cIcs 042~1.09 ND 0.075~0.17 ND~0.059
Jiangsu, China 1.13 0.024 022 0.24 Anandkumar et al. 2020
Hubei, China (wet weight)
wild 0.14 1.123 - 1.88 Xiong et al. 2020
culture 0.11 047 - 1.33
Hunan/Hubei, China 0.56 0.0046 - 0.13 Tan et al. 2021
Louisiana, USA 02~3.7 0.06 - 45 Gedik et al. 2017
South-Western Sicily, Italy 1.8 0.0 - 0.2 Bellante et al. 2015
River Nile, Egypt - 0.05 047 0.32 Farrag et al. 2022

LOD of As, Cd, Hg and Pb were 0.4 ug/kg, 0.4 pug/kg, 0.4 ug/kg and 2 pg/kg, respectively

2 ND Not detected

to the result reported by Anandkumar et al. (2020), who
surveyed the heavy metals in crayfish from local aquatic
product markets in Zhenjiang, a city in Jiangsu prov-
ince. However, it was fairly common that there were
huge differences among contaminations of heavy met-
als in crayfish abdominal muscle from different papers.
For example, Peng et al. (2022) and Xiong et al. (2020)
studied the crayfish from Hubei province, the top pro-
ducer of crayfish in China, respectively, and gave totally
different contamination patterns of heavy metals. Rod-
riguez-Estival et al. (2019) found Hg and Pb in crayfish
abdominal muscles from polluted environments (min-
ing districts) could be 37 times and 175 times than those
from normal environments, respectively. Therefore, such
differences in contaminations of heavy metals should be

related to differences in pollution of sampling sites (Far-
rag, et al. 2022). Since the growth cycle of crayfish is
roughly the same in culture systems, pollution level of
heavy metals in environment and in commercial feeds can
be regarded as the determinant factors for contamination
of heavy metals in crayfish.

DCR for people in Jiangsu province, China

Among the assessments of health risk of heavy metals in
crayfish available, there are huge differences in EDI and
HQ values, which could be primarily ascribed to the dif-
ferences among estimations of DCR and concentrations
of heavy metals. Unlike concentrations of heavy metals,
which are determined precisely with the method based
on ICP-MS, DCR can only be estimated by researchers
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on the basis of different data. For examples, DCR values
of 168 g and 55 g crayfish abdominal muscle were sug-
gested for adults in Hubei province, the top producer of
crayfish in China, by Peng et al. (2022) and Xiong et al.
(2020), respectively. The former was three times higher
than the later. In the present study, in order to reflect
the real consumption of crayfish as much as possible in
Jiangsu province, DCR was estimated based on the fol-
lowing respects: 1) daily consumption of crayfish per
capita in China; 2) the difference between daily con-
sumption of crayfish per capita in China and in Jiangsu
province; 3) the difference between daily consumption of
crayfish per capita during a whole year and peak season
(Jun.-Sept.).

In 2021, total of 2,629,100 tons of crayfish was con-
sumed (Yu et al. 2022), by 1412.6 million people in China
(NBSC (China’s National Bureau of Statistics) 2021),
which meant national average daily consumption of cray-
fish per capita was 5.1 g of crayfish. There are huge dif-
ferences in popularity of crayfish consumption among
different regions in China. In Nanjing, the capital city of
Jiangsu province, the daily consumption of crayfish per
capita could be 27 times higher than the national aver-
age value (Peng et al. 2016). In the present paper, a con-
servative value of 20, i.e. the “f;” in Eq. (1), was used to
estimate the daily consumption of crayfish per capita in
Jiangsu province based on the national average value.
Considering more than 90% of annual consumption of
crayfish occurred during peak season from Jun. to Sept.
(Peng et al. 2016), 0.9, i.e. the “f,” in Eq. (2), was used to
estimate the daily consumption of crayfish per capita
during peak season in Jiangsu province. Therefore, in
the present study, DCR e year a0 DCR i season WeTE
found to be 13.8 (g/day/person, abdominal muscle, wet
weight) and 37.7 (g/day/person, abdominal muscle, wet
weight), respectively.

Human health risk assessment
Based on the concentrations of heavy metals in abdomi-
nal muscles of crayfish and DCR estimated for adults,
corresponding values of EDI, HQ and HI were calcu-
lated and listed in Table 3. All EDL ., season Values were
remarkably higher than corresponding EDL ;e year val-
ues, due to the higher DCR of peak season (from Jun. to
Sept.) compared with that of whole year, except for the
EDI values of Cd of crayfish from CICS. Accordingly, the
similar situation was occurred for values of HQ and HI.
EDI is used to evaluate the daily exposure to a pollutant
through diets. In the present study, EDI values of heavy
metals, whether for whole year or for peak season, were
far below the provisional tolerable daily intake (PTDI)
suggested by Joint FAO/WHO committee on Food Addi-
tives (Anandkumar et al. 2020), which are 2.14, 1.00, 0.23
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Table3 EDI, HQ and HI of heavy metals by consuming
abdominal muscle of crayfish for whole year and peak season?

As Ccd Hg Pb
CRCS
EDLyhole year 0.027 0.000 0.007 0.002
EDI ok season 0.074 0.001 0018 0.007
HQ.yhole year 0.091 0.000 0.065 0.001
HQ ek season 0.246 0.001 0.179 0.002
Hl whole year 0.157
Hl_peak season 0428
acs
EDLyhole year 0.030 0.000 0.006 0.001
EDI ok season 0.083 0.000 0.017 0.003
HQ.yhole year 0.101 0.000 0.063 0.000
HQ ek season 0277 0.000 0.171 0.001
Hl whole year 0.164
HI peak season 0448

2 EDI, ug/kg bw/day

and 3.57 (ug/kg bw/day) for As, Cd, Hg and Pb, respec-
tively. Therefore, intakes of heavy metals from consump-
tion of crayfish in the present paper would not pose any
health risk to consumers.

HQ is commonly employed to evaluate the non-car-
cinogenic risk level due to lifetime exposure to a pol-
lutant, and is calculated by comparing EDI with RfD,
the reference (safe) oral dose of the pollutant (Anand-
kumar et al. 2020). HQ below one indicates the expo-
sure to the pollutant poses no adverse impact on human
health (Peng et al. 2022). In the present study, for CRCS,
HQ_yhole year Values of As and Hg were 0.091 and 0.065,
respectively, while their HQ ¢y season Values were 0.246
and 0.179, respectively. Almost the same levels of HQ of
As and Hg were found for CICS. For both culture sys-
tems, HQ values of Cd and Pb were found to be close to
zero. Therefore, consumption of crayfish from the seven
districts in Jiangsu province, China, could be generally
regarded as safe based on the average consumption rates
of whole year and peak season, and there was no signifi-
cant health risk from intake of individual heavy metals in
abdominal muscle of crayfish.

HI is used to evaluate the overall non-carcinogenic risk
due to exposure to multiple pollutants, and is expressed
by the sum of HQ values of the pollutants involved (Peng
et al. 2022). In the present paper, values of HL e year
and HI ., geason Were 0.157 and 0.428 for CRCS, and
0.164 and 0.448 for CICS, respectively. HQ values of As
and Hg accounted for more than 99% of HI in all cases.
HI values were below one, whether for whole year or
for peak season, indicating that the exposure to the four
heavy metals through consumption of crayfish abdominal
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muscle would not result in overall non-carcinogenic risk
to human health either.

However, it was worthy of note that there are huge
differences in popularity of crayfish eating among peo-
ple of different ages, just as the case among different
regions in China. Young people are found to be the
major consumer of crayfish with the highest consump-
tion rate (Bai et al. 2019; Peng et al. 2016), the DCR .,
season Value for young people may be much higher than
the DCR .k season Value calculated for average residents.
In the present paper, when DCR ., season Value reached
two times higher than the average DCR i season Value,
i.e. 75.4 (g/day/person, abdominal muscle, wet weight),
HI jeak season Values would be 0.856 and 0.896 for CRCS
and CICS, respectively. When DCR i season Vvalue
reached two and a half times higher than the average
DCR cqk season Value, i.e. 94.25 (g/day/person, abdominal
muscle, wet weight), HL ;i season values would be 1.07
and 1.12 for CRCS and CICS, respectively. In fact, some
researchers suggested the DCR value might be as much
as 135 (g/day/person, abdominal muscle, wet weight, Xu
et al. 2022) and 168 (g/day/person, abdominal muscle,
wet weight, Peng et al. 2022). Therefore, consumption
of crayfish during peak season might pose a potential
health risk to those consumers (e.g. young people) with
two more times of the average DCR .. season Vvalue.
Such a potential health risk was mainly resulted from
intakes of As and Cd by consuming abdominal muscle
of crayfish.

Conclusion

There was no significant difference in concentrations
of the four heavy metals in crayfish between CRCS and
CICS, and no significant difference in concentrations of
heavy metals was found among districts except for the
concentration of Cd in AM from Lianyungang being sig-
nificantly higher than those from other districts. WB was
found to accumulate higher concentrations of As, Cd and
Pb, and a lower concentration of Hg than AM. Concen-
trations of the four heavy metals in AM of crayfish were
below the limit set by the national standard of China.

EDI values of the four heavy metals were far below
PTDI suggested by Joint FAO/WHO committee on Food
Additives. HQ and HI values by consuming abdominal
muscle of crayfish were below one. Consumption of cray-
fish from the seven districts in Jiangsu province, China,
could be generally regarded as safe. However, for those
young consumers with higher DCR values (e.g. two more
times of the average DCR) during peak season, there
might be a potential health risk. Such a potential health
risk was mainly from intakes of As and Cd by consuming
abdominal muscle of crayfish.
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