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Abstract

The aquatic products of grazing ecological culture exhibit a strong reliance on the production environment
system, which may result in heavy metal contamination. In this study, 24 elements (Ag, Al, As, Ba, Cd, Co, Cr,
Cs, Cu, Fe, Ga, K, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, T1, U, V, Zn) were determined for Oviductus Ranae (OR) from
more than 1,000 individuals of Rana dybowskii produced by pond culture—forest grazing relay mode from six
major production areas in Heilongjiang Province, China. Furthermore, we assessed the associated health risks.
Our findings indicate that most of these 24 metal elements were detected in OR at a detection rate of 100%, with
the exceptions being As (98.0%), Ga (98.0%), Co (98.0%), V (94.0%), Cd (89.0%), Pb (76.0%), Cs (74.0%), T1 (35.0%),
and U (not detectable). Variations in element concentrations were significant across the six sampling sites, with
characteristic elements identified to account for spatial differences. The total target hazard quotient was deter-
mined to be 0.152 in Heilongjiang Province, thereby suggesting a relatively low health risk associated with con-
suming OR from this region’s production systems according to existing standards and guidelines. Nevertheless,
special attention is needed for monitoring the habitat environments of R. dybowskii from two sampling locations
showing heightened pollution levels.
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Introduction

The brown frog (Rana dybowskii) plays a significant role
within the forest and water ecosystem of Heilongjiang
Province, located in Northeast China, holding a
long-standing cultural history and serving as a valuable
economic resource due to the high economic value of
the fallopian tube, known as Oviductus Ranae (OR), of
its female species (Wei et al., 2023). Studies have demon-
strated that the OR is rich in proteins, unsaturated fatty
acids, amino acids, phospholipids, steroids, nucleosides,

vitamins, hormones, trace elements, and sugars, exhib-
iting a broad spectrum of physiological activities (Wang
et al., 2023), (Zhang et al., 2024). Current research on OR
is predominantly focused on the analysis of protein and
lipid components, screening for bioactive substances, and
the development of functional foods (Wang et al., 2023).
It is noteworthy that the brown frog, with its amphibious
lifestyle, inhabits complex environments that may harbor
potential pollutants (Hu et al., 2022). However, there has
been a paucity of attention given to the risks of bioaccu-
mulation of contaminants within its habitat.
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Recently, in China, a unique culture mode known as the
pond culture—forest grazing relay model has emerged for
producing OR. In this model, tadpoles naturally breed
with their overwintering local parents in early spring,
undergo metamorphosis into young frogs, and begin
grazing in the forest (Hu et al., 2022). During the for-
est grazing phase, the frogs primarily consume natural
food sources such as insects and rely on natural water
sources for hydration. They engage in a grazing pro-
cess that revolves around the intricate dynamics of the
environment-food-chain to sustain their feeding habits.
R. dybowskii demonstrates sensitivity not only to a wide
range of heavy metals but also, due to its amphibious
nature, to these contaminants through various environ-
mental pathways (Shang et al., 2019). Previous studies
have shown that these frogs can accumulate heavy met-
als through skin penetration and ingestion, resulting in
significant genotoxic effects (Li, 2014, Wang et al., 2017,
Han et al., 2018). Some investigations on the habitat
environment and heavy metal content of various tissues
of R. dybowskii in Jilin Province showed that the heavy
metal content was correlated to the heavy metal content
in its living environment (Han et al., 2018). However,
limited research has been conducted on the presence
of metal elements in OR as byproducts of their repro-
ductive tissues. Research on trace elements in OR has
predominantly focused on documenting beneficial ele-
ments. Even when studies reveal that certain heavy met-
als are present at levels nearing or exceeding regulatory
limits, there is a notable scarcity of scholarly work that
advances to conduct an in-depth risk assessment of their
intake (Zhang et al., 2019). Excessive accumulation of
heavy metals in the human body poses significant health
risks (Witkowska et al., 2021, Mitra et al., 2022, Zaynab
et al., 2022). For instance, even low concentrations of
lead (Pb), cadmium (Cd), arsenic (As), chromium (Cr),
or mercury (Hg) can adversely affect human health by
impairing the nervous system, disrupting both digestive
and male reproductive systems, causing congenital dis-
abilities, and increasing the likelihood of cardiovascular
disease and cancer (Briffa et al., 2020). Moreover, certain
essential metals such as aluminum (Al) can induce toxic
effects with excessive exposure (Igbokwe et al., 2019).
Overconsumption of Al may contribute to the devel-
opment of Alzheimer’s disease and other neurological
disorders (Rahimzadeh et al., 2022). Consequently, it is
imperative to detect elements in OR, particularly heavy
metal elements, and assess food safety risks.

This study involved the procurement of OR specimens
from a sample size exceeding 1,000 individuals, collected
from six prominent production regions of Heilongjiang
Province, China, including Zhangguangcai, Lesser
Khingan, and Wanda Mountains. A total of 24 elements
(Ag, Al, As, Ba, Cd, Co, Cr, Cs, Cu, Fe, Ga, K, Mg, Mn,
Na, Ni, Pb, Rb, Se, Sr, TI, U, V, Zn) were selected to

investigate the presence of metal elements and assess the
cumulative distribution of heavy metals in OR under a
pond culture—forest grazing relay model. Subsequently,
a health risk assessment was conducted based on edible
safety standards for these metal contents. The findings
have significant implications for developing quality safety
and health culture standards related to OR within the
pond culture—forest grazing relay model.

Materials and Methods
Study area and sample collection

Six main R. dybowskii-producing areas in Heilongjiang
Province, China were selected, and a total of 1,080 adult
female individuals from 54 locations were also selected.
These individuals were gathered during their return from
the forest to the hibernating habitat below the mountain
(Fan et al., 2022), specifically from September to October
2022. Each city had nine sampling points, and from each
sampling point, a sample of 20 individuals with similar
body size (average weight of 40 + 4.5 g) was obtained to
minimize individual variations. Prior to measuring the
concentration of trace elements, the OR was extracted,
dried, and stored in a dry oven at room temperature.

Sample pretreatment and analysis

The sample was precisely weighed to 0.5 g and under-
went microwave digestion using Microwave Digestion
Instrument MARS X (CEM, USA), as previously
described in our study (Tang et al., 2023). Briefly, after
the sample is digested, the acid is removed to 0.5 mL,
the volume of pure water is fixed to 10 mL, and the
sample whose determination result exceeds the linear
range of the standard curve is diluted and determined
again. Subsequently, the solvent and reagent blank were
analyzed using an Inductively Coupled Plasma-Mass
Spectrometer (ICP-MS) 7500cx (Agilent, USA) equipped
with an eight-stage rod collision/reaction cell system.
Twenty-four elements ( Ag, Al, As, Ba, Cd, Co, Cr, Cs,
Cu, Fe, Ga, K, Mg, Mn, Na, Nij, Pb, Rb, Se, Sr, T1, U, V, Zn)
were selected to reveal the presence of trace elements in
OR in the present study. The detailed detection proce-
dures and quality control were followed by our previous
study (Table S1) (Tang et al., 2023). Hg was determined
by an overweight mercury analyzer (Hydra IIC, Leeman-
labes, USA). A standard curve was generated prior to the
determination and the test was conducted only when the
fitting degree exceeded 0.998. For quality assurance, 5%
to 10% of the samples were randomly selected and tested
six times to ensure repeatability. A certified reference
material (prawn, GBW 10050) provided by the Chinese
Institute of Geophysical and Geochemical Survey was
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used to repeat the determination of this standard, and
recoveries of 90.0 %—110 % were obtained (Table S2). The
relative standard deviations (RSDs) for all elements were
lower than 10%, except for Hg (10.1%), Cr (12.1%), and
Ag (12.5%) that had low concentrations (Table S2). The
final data were calculated based on dry weight.

Heavy metal pollution evaluation
The heavy metals Cu, Pb, Cd, Cr, Hg, and As with rele-
vant limit standards established in China were selected

for the pollution index evaluation using the single-factor
pollution index method:

p =i (1)

In the formula (1), Pi is the pollution index of the ith
heavy metal in OR; Ci is the content of the ith heavy metal

or harmful element, mg kg™'; Csi is the standard limit of
the ith heavy metal or harmful element, mg kg'. The
heavy metal limit standards in NY 5073-2006 (Limit of
toxic and harmful substances in pollution-free food and
aquatic products), NY/T 1516-2020 (Green food-frog
and its processed products), GB/T 19507-2008 (Product
of geographical indication-Jilin Changbai Mountain
Oviductus Ranae), and GB 2762-2022 (National food
safety standard limit of contaminants in food) were used
as reference values. The pollution index Pi < 0.2 is the
normal background level; Pi between 0.2 and 0.6 is a light
pollution level; the medium pollution level was between
0.6 and 1.0 for Pi; Pi > 1.0 is the heavy contamination
level (Figure 1).

Health risk assessment

The estimated daily intake (EDI, mg kg™! Day™!) of metal
elements (Ag, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Nj, Pb,
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[ e
125°0°0"'E 130°0°0"'E 135°00"'E
Province Region Longitude(E) Latitude(N) Number of samples
Heilongjiang Acheng 127.19-127.71 45.14-45.59 9
Heilongjiang Wuchang 127.68-128.15 44.34-44 .57 9
Heilongjiang Tonghe 128.20-129.10 46.21-46.57 9
Heilongjiang Tieli 128.39-128.63 46.87-47.30 9
Heilongjiang Hebei 130.20-130.53 47.84-48.22 9
Heilongjiang Hulin 132.99-132.60 46.28-46.60 9

Figure 1.

Sampling regions of Oviductus Ranae in the Heilongjiang Province (n = 54).
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Se, Sr, T1, V, and Zn) depends on the concentrations of
metal elements in each OR and the amount consumed
daily. In the following formula, MC (mg kg?, dry weight)
is the detected concentration of each metal element in
the OR, and W (kg day™!) refers to the daily consumption
weight of OR, which is estimated by the daily consump-
tion of aquatic products in China at 3 g day! (Li, 2014).
The average weight (AW) of Chinese adults is 61.75 kg
(Tang et al., 2023).

gpp = MEXW @)
AW

The target hazard quotient (THQ), i= Ag, As, Ba, Cd, Co,
Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Sr, T1, V, and Zn) provides
a quantitative standard to measure the exposure risk
of metal elements. EFr is the exposure frequency (365
days year™. ED is the exposure duration which can last
70 years on average. RfD is the daily oral reference dose,
and the average exposure time for noncarcinogens (ATn)
equals ED x 365 days (Wang et al., 2021). If the THQ
points are <1, there would be a low risk of dietary expo-
sure to metal elements. If not, the risk would be very high
(Zhang et al., 2023).

THQ, = EFrxEDxEDI 3)
' RfDxATnx1000

Total target hazard quotient (TTHQ) is the sum of THQ
of the 17 metal elements (i = Ag, As, Ba, Cd, Co, Cr, Cu,
Fe, Hg, Mn, Ni, Pb, Se, Sr, T1, V, and Zn) to assess the
dietary risk of OR.

TTHQ = ZTHQi (4)

i=1

In formula (4), TTHQ is the sum of THQ of multiple
elements; TTHQ < 1.0, indicates no significant negative
impact; TTHQ > 1.0, indicates possible negative impact
on human health; When TTHQ is greater than 10.0, it
indicates that there is a chronic toxic effect.

Statistical analysis

Statistical analysis was conducted using SPSS Statistics
22.0 software. A one-way ANOVA (with Tukey post-hoc
test) was employed to test the differences between differ-
ent groups. For data that did not meet the normal distri-
bution criteria, a nonparametric Kruskal-Wallis test and
its post-hoc test were applied. In cases where the percent-
age of detection data below the limit of detection (LOD)
was less than 60%, all results below the LOD were calcu-
lated as 1/2 LOD. To assess the correlations and group
the metal element contents in OR from different sam-
pling regions, Pearson correlation analysis and principal

component analysis (PCA) were applied. A p-value less
than 0.05 was considered statistically significant.

Results
Occurrence of metal elements in OR

Figures 2A,B illustrate the results of metallic analysis of
OR samples collected from six sampling sites. Analysis of
variance showed that there were significant differences
in the elements of the six sampling sites (p < 0.05). Most
of the 24 metal elements were detected in the OR at a
rate of 100%, except for As, Ga, Co (98.0%), V (94.0%),
Cd (89.0%), Pb (76.0%), Cs (74.0%), Tl (35.0%), and U
(not detectable) (Table S3). The average concentrations
of metal elements in OR were in the order of K > Na >
Mg > Mn > Fe > Rb >Zn > Cu > Sr > Ba > Se > Ni > Cr
>As>Hg>Cd>Ga>V>Co>Cs>Ag>Pb>Tl>U.
(Table S3).

The macroelements (K, Na, Mg, Mn and Fe) and microele-
ments (Rb, Zn, Cu, and Sr ) had the highest concentrations
(> 1 mg kg™') in OR samples from six cities (Table S3).
Among these, the Rb content in Acheng, and the Cd, As,
and Sr contents in Hulin were significantly lower than in
the other cities (p < 0.05). Meanwhile, the Cd and Zn con-
tents in Hebei; Cs, Rb, and Sr contents in Hulin; and As,
Ba, and TI contents in Tonghe were significantly higher
than in the other cities (p < 0.05). The Ga content did not
differ significantly across all sampling sites.

The mean concentrations of Pb (0.00898 + 0.00709 mg
kg™), Cd (0.0426 + 0.0337 mg kg™), Cr (0.113 + 0.0253
mg kg1), As (0.0670 + 0.0376 mg kg!), Hg (0.0452 +
0.00813 mg kg'), and Cu (5.92 + 1.13 mg kg™') in all sam-
ples were much lower than the national standard lim-
its of 0.5, 0.5, 2.0, 0.5, 0.5, and 50 mg kg™!, respectively.
However, 9.26% of the samples from Hebei exceeded the
Chinese national safety standard for Cd (GB2762-2022).

Correlation and PCA of metal elements in OR

Pearson’s correlation coefficients analysis was employed
to investigate the bioaccumulation patterns of metal ele-
ments in OR under different cities. Among the 253 ele-
ment pairs, 154 showed significant positive correlation
and 63 showed significant negative correlation (p <0.05;
Table 1). The degree of positive correlation between ele-
ments ranged from highest to lowest: Fe> Cu = Sr = Cr =
V>Co>Rb=Ga=Cs>Hg=Na=Mn=Ni=Pb>Ba-=
Se=Cd =Tl >Zn = As > Mn > Ag. The degree of negative
correlation ranged from highest to lowest: Cd > Ag > As
>Na>Mn>Cr>Tl>Fe=Rb=Sr=Ba=Se=Ni=Cs
>7Zn = Hg = Pb > Mn = Cu > Ga = V = Co. All elements

114

Quality Assurance and Safety of Crops & Foods 16 (3)



Determination and safety evaluation of metal element contents of Oviductus Ranae

| | s,
%
Sl +HH| o,
-+l -l o,
(o)
oe-m | 4l | o A
s &
- | el 3 IBH
0%
a0 L afp ¢ | -+EEH 4
%
1 I [ -t e
T T T T T T T T T T T T T T 890
10+9G°¢ 10+96°2 10+9G°| 000, 008 009 O00vy 00C 0 000S¢ 0000¢  000StL 00001 /3
anjep anjep
o1 T -t -l e
mi——— —QO/)
+- - | ot i e, ¥
(o)
K4
- A L oFI-I-y
z- [ -+l r %
g 2 4 ? ey ° K2
o | I
%
o T i LR
S,
| %
s || ) [ |e,
T T T T T g/ob'
00007 0000  0000Z  00OOL 90+35 90+3Y Q0+AE 90+AZ 90+dL 0002 0009 0005 000Y  000E
ENIE
I z |4 :
| =
R I
8 c
- i
- @ |
%
R O e
T T T T T T 90
T T T T T T T T T T T A,
0006 0008 000 0009 000S 0001 00002 00009 0000S 0000% 0000E 00ZL 000, 008 009 O00F 002
Ee] -
bEo[ - | i ra,
-l o
Al | -+l | a,
B [t
o _Q _l_ © | '/Q/
3 - 5 «
TS SN B NS TR S IR I
I | | 00 |
%,
L e o 2%
0890
0603 00'91« 00'01« 069 SOLGL 90"*99 90199 QOLGVSO*'-GS S0+9¢ OO(I)QZ 00602 OO(I)QL 0060L &

(,-Bx°6r) syusyuoo Jusws|gz

Regions

(A) Concentration levels of 12 macroelements and microelements in Oviductus Ranae from the Heilongjiang Province. (B) Concentration levels of 11

Figure 2.

Quality Assurance and Safety of Crops & Foods 16 (3)

115

trace elements and microelements in Oviductus Ranae from the Heilongjiang Province.



Tang S et al.

ac
.
ol
T

a
1

4
T

Hg

o
d
[
.
B -
T T

Cd

a
-
1
—
1

°
cd
—
T

.

08 09 oy 0C 4

=3

0

o

S

[=3

n

o
o
I
o
oS-
=)
o
=)
©
=)
<
=)
139
o=

As
ac
-
T
Cs
c
= =
-
- .
T
T
ab
=
1
1
1
1
= 5
T
&
Q\\\

T T T
0SL 00k 0S 0 08 09 (4 0z 0 og S¢ 0c E oL S 0

ab
i
]
]
)
i
T
ab
o (5
T
o
a
—
O
@

ab
= i
1
I
P 1
T
abc
o
1
T
a
—_—
T
N
K

Ag
ab
==
a
==
! 1
! allls
1
1
=1
T T
Cr
Cc
-
1
1
1
1
ab
==
E -
sl
T T
Cr
a a
— e—
T T
) RN
O
NS

R
%
Fel = - -
-] - S I A
)
T T L} 90
T T T T T T T T T L : A’
0z st ok 00z 08L 09L OvlL O0ZL 00L 08 Sl oL S 0

(,-65°6rl) syusjuoo Jusws|g

116 Quality Assurance and Safety of Crops & Foods 16 (3)

Regions

Figure 2. Continued.



Determination and safety evaluation of metal element contents of Oviductus Ranae

“(polle1-omy) a3] L0 SU} 1 JUEOIUBIS S| UOE[a1100 SAIBOIPUL ,, (Palie}-aIBuIS) [3A9] G0’ SY) Ye JUBIWIUBIS S| LONE[R1100 Sajedlpul,

¢S +90¢" 8610~ 6€L0— 8800~ ¥£0°0- gelo 6€0°0 GE8’ *C8C— Sho- Bzas wGhL 6520~ 8600~ wh0V = 1620~ »06E— L0 6200~ S8’ 969~ IL
L 1800-  6YO0-  ¥SKO  .lSF wlbP 9020~ YO0 L9827 .M8E  E420 ISLO  w62v- 000~ /S0 9500~ 900 Qe w005 200 1900~ L.l6E ad
) 1820~ 900~  TT0-  ¥5L0 ST 9600-  wWPSE WS- wWlPS- 9900 1810 020~ J0E-  SZZ0-  L0Z0-  .08Y— 000 w6SF—  €9T0  .SSh- By

} W05 6220 o WlSV= 86T 900 .60 L£08° 8670~ 8T 68’ WSO8 PELO- i8S SIE .88 6WT0 08— Th00 s0

l »809" »CS 120°0— *C6C 800~ »09F' S92°0 0 10 809" »0VS’ 2910 #0667 »99%’ ¢80~ 10 6200 900 00

3 »P9G’ 8G1°0— 6120 6810~ 54 »¥99’ S02°0 2020~ +86C° wllG 1810 P4y /89 +L0€ yA4A) ¢lo £GEE° A

b 200~ W20 86K0-  .085 6810 6570 SLKO-  WBSE 88K 2810 l9E WLy 810 W00~ MWD 5610 D)

} £26- 8EL0 LEE- LT 508" £87 W80P—  L0Z0- 865 w96 100 1800~ 88K0-  w60F  .GOE- PO

3 6500~ *C0€" picioy #96E 1700~ «1€¢ +60€° (FAN 2010 10 6200~ 0§ 7900~ €500~ BH

l £GCE— €020~ S02°0 wbll 8€0°0— ¥Zl'0- Forache ¥20°0— wPBE— ¥81°0- 8500~ 819’ 89— sy

b €720 W00 S6K0- WSl w899 5020 165" Wbl 5510 010 20~ 88Y 0

l £87- 1800~ .80€ 8220 1100 90 oLy 5000 W68L  L8V0- 65O IN

3 6810 LE10— €920 Ve 6zlo 92’0 #0€ 099~ »GPS’ g0 8S

) 10 6010~ SPLO-  YELO  $BL0-  wZSP—  8H00 w09 w089 eg

l wlby 1£0°0 188 |8 P Ll *L6C *CEE— Lo s

b wlSE' T wbhL 2 1910 810 w8lg no

| 2900 049’ 8€0°0- ¥10°0- €200 [azA\ uz

l »99%’ »GBE— 1200~ A £G0€ qy

b 5610 610 WOO-  aTtS CE|

3 €810~ £8C »809" U

) vEL0- 980°0~ B

) lEY= eN

qd By $9 00 A eg PJ BH sy 10 IN ag eg is ny uz qy 94 Uupn B BN A juswiy
"BUIY9 ‘@3uln0id BueifBuojiay ay) wouj (YO) aeuey SNJONPIAQ Ul S|ejaw Buowe sjuaioljaod uolje|allod s,uosiead ‘| d|qeL

117

Quality Assurance and Safety of Crops & Foods 16 (3)



Tang S et al.

showed significant positive correlations with each other,
with Fe showing the strongest positive correlation and Cd
showed the strongest negative correlation. There was no
significant negative correlation between Ga, V, Co, and
other elements. T1 showed strong positive correlation (rs
> 0.8) with As, Na, Sr, Cs, and Rb in all samples.

PCA analysis was used to reduce the dimensionality of
data and identify the associated patterns between ele-
ments and sample classifications. The standardized data
were subjected to PCA analysis (JECF, 2011) and the
variance interpretation is shown in Figure 3. The first two
principal components (PCs) were intercepted for cos2
visualization analysis (Figure 3A), which accounts for
45.5% of the cumulative variance. PC1 (explained vari-
ance of 28.9%) mainly characterized the information of Fe
and Cr; PC2 (explained variance of 16.6%) mainly repre-
sented the information of Ba, Mn, Cs, K, Sr, and As; PC3
mainly represented Na and Se; PC4 mainly represented
Ni and Hg; PC5 mainly represented Zn, Mg, Cd, and Ag.
Accordingly, These 16 elements are characteristic ele-
ments of OR in the Heilongjiang Province (Figure 3B-D).
The first two PC scores of all samples were plotted in a
two-dimensional scatter plot for initial classification of
the samples (Figure 4A). Although the samples could
not be fully divided into six groups due to geographical
differences, Hulin’s samples were more dispersed than
Wuchang’s at the same sample size. Acheng, Wuchang,
Tieli, and Hulin reflect the geographical distinction.

The clustering analysis was conducted on the top 10 contrib-
uting elements (Fe, Cr, Ba, Cs, Se, Na, Ni, Mg, Zn, and Cd)
selected from the first five PCs (Figures 3D, 4B). The find-
ings revealed three statistically significant clusters: Hulin
was classified as a distinct cluster which aligns with the
results obtained from Table S3 indicating relatively low pol-
lution levels in this area. Hebei and Tonghe were assigned to
cluster 2 signifying high pollution levels. Acheng, Wuchang,
and Tieli were grouped under cluster 3 representing regions
with moderate pollution. These observed spatial variations
can be attributed to various factors including natural inputs,
anthropogenic influences, geological enrichment features
as well as factors regulating the bioavailability of these ele-
ments such as temperature fluctuations, water flux, and cir-
culation dynamics along with organic matter content and
differences in input sources.

Assessment of heavy metal pollution level

To determine the levels of heavy metal pollution in OR
under the pond culture—forest grazing relay culture
model in the Heilongjiang Province, we used Equation
(1) to calculate the pollution index (Pi) for Cu, Pb, Cd, Cr,
Hg, and inorganic As. As shown in Table 2, the main pol-
lutant is Cd, while all other elements are within the nor-
mal background levels (Pi < 0.2). Except for the absence
of heavy metal pollution in the Hulin sample, Cd is
lightly polluted (0.2 < Pi < 0.6) in the Acheng, Wuchang,
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Figure 4. Scores plot of the principal component analysis (PCA) and hierarchical cluster analysis of Oviductus Ranae from in
Heilongjiang Province. (A) Variance explained by the first (PC1) and second (PC2) principal components is indicated on the axis
of scores plot. (B) Dendrogram of the sampling sites from the Heilongjiang Province.

Tonghe, and Tieli samples, and heavily polluted (Pi > 1.0)
in the Hebei sample.

Risk to human health through consumption

Table 3 presents the EDI values of metal elements
obtained from OR consumption. All metal elements
demonstrate EDI values that are significantly below the
provisional tolerable daily intake (PTDI) limits set by the
Joint FAO/WHO Expert Committee on Food Additives
and the recommended oral reference dose of elements
(RfDo) established by the US Environmental Protection
Agency (U.S. Environmental Protection Agency, 2016;
Joint FAO/WHO Expert Committee on Food Additives,
2011). To further assess the potential adverse impacts of
these elements on human health, the quantitative target
risk coefficient (TRC) method proposed by the USEPA
was utilized in this study. Both total hazard quotient
(THQ) and TTHQ were calculated. All elements showed
a THQ less than 1 and the TTHQ values of metal ele-
ments in the OR from the Heilongjiang Province were
0.152, indicating that the samples analyzed in this study
did not pose any toxicological risks to human health.

Discussion

The guarantee of food safety is contingent upon the
meticulous scrutiny of agricultural commodities via

quality inspection and health risk assessment (Sheng
etal.,2019). It is imperative to undertake a comprehensive
evaluation of the inorganic and heavy metal components
found in OR to ascertain the absence of toxic and dele-
terious substances. This analysis serves to provide early
warnings and risk assessments for potential quality and
safety issues of the product that may arise from improper
grazing behaviors of the brown frog as well as heavy
metal contamination in their habitat. Concurrently, when
examining through the lens of sustainable development,
the preservation of the ecological environment and the
sustainable advancement of agricultural production are
intrinsically linked to the utmost significance of quality
and safety. For instance, the adoption of unsound agricul-
tural production methods can give rise to soil contamina-
tion, misallocation of water resources, and disturbance of
ecological equilibrium (Pifeiro et al., 2020). These reper-
cussions not only hinder the sustainable development of
the R. dybowskii pond culture—forest grazing relay model
but also hold the capacity to cause irreparable damage
upon the water and forest ecosystems.

The concentration of heavy metals in OR can be influ-
enced by the heavy metal background value of the hab-
itat and the feeding habits of R. dybowskii, which may
have potential implications for human health given their
widespread occurrence in nature (Wang et al., 2017, Han
et al., 2018). In order to evaluate the quality and safety
of OR, this study utilized an ICP-MS method to analyze
the elemental composition of OR obtained from major
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Table 2.  Pollution index (Pi) for Oviductus Ranae (OR) from the Heilongjiang Province, China.

Wu chang Tong he Tie li He bei Hu lin

A cheng

Limit standards

Elements

Pollution level Pi Pollution level Pi Pollution level Pi Pollution level Pi Pollution level Pi Pollution level

Pi

(mg kg™)

0.135
0.0714
0.0114
0.101
0.032

Clean

0.119
0.0555

Clean

Clean

0.00938
0.0813
1.012
0.0114

Clean

Heavy
Clean

0.0168

0.106
0.0581

0.00592
0.0784
0.254

0.0287

0.103
0.0446
0.027

0.0778
0.544

0.00627

0.118

0.0497
0.0112
0.0952
0.28
0.019

0.129
0.0595
0.0156
0.109
0.435
0.0255

502
2abd
0. 5abcd

Cu

Cr

As

0.5

Hg

0_5bcd

Cd

0_5abcd

Pb

aNY 5073 - 2006;

ONY/T 1516 - 2020;

°GB/T 19507 - 2008;
4GB 2762 - 2022.

production areas in the Heilongjiang Province, China.
The results indicated that OR exhibited significant levels
of K, Na, Mg, Mn, Fe, Rb, Zn, Cu, and Se. The aforemen-
tioned elements are of utmost importance in upholding
the physiological function and biochemical metabolism
of the body, with their tissue content remaining rela-
tively stable (Zoroddu et al., 2019). OR is rich in these
vital elements, and prolonged consumption of it presents
a considerable opportunity for augmenting essential and
advantageous nutrients. Furthermore, the presence of
residual heavy metals in OR is predominantly composed
of Ni, Cr, As, Hg, Cd, and Pb, with a 100% detection rate
for Ni, Cr, and Hg (refer to Table S3). The concentration
of Cd in OR exceeded the national pollutant limit stan-
dard by 9.26%, while the levels of other heavy metals
remained within the standard limits. Similar findings
have been documented by other researchers in terms of
elemental analysis of R. dybowskii or OR products (Li
et al., 2014 & Wang et al., 2017, Han et al., 2018, Shang
et al., 2019). However, variations in habitat environment
and frog diet are likely influential factors contributing to
the disparities in heavy metal content observed across
different locations.

The assessment findings of the single-factor pollution
index revealed that Cd was the predominant heavy metal
contaminant in OR. In adherence to national guidelines,
the concentrations of heavy metal constituents in OR
should adhere to the pertinent stipulations outlined in
the “Regulations on the Limit of Heavy Metals in Aquatic
Products” Although the levels of Cu, Cr, As, Hg, Cd,
and Pb in the samples collected from Hulin were within
acceptable background values, indicating the absence of
pollution concerns, other samples exhibited contamina-
tion specifically attributed to Cd. Notably, Hebei demon-
strated a significantly elevated degree of Cd pollution
(refer to Table 2). In this study, we employed the Pearson
correlation coefficient to examine the correlation among
23 identified elements in OR sourced from the primary
producing regions of the Heilongjiang Province. These
correlations are influenced by the interactions of organ-
isms, both synergistic and antagonistic, as well as the
impact of environmental microorganisms and enzyme
activity on physiological processes such as heavy metal
enrichment and metabolism in organisms. Out of the
total, 154 pairs of elements displayed a statistically sig-
nificant positive correlation, whereas 63 pairs of elements
exhibited a statistically significant negative correlation.
Among these pairs, Cd demonstrated the most pro-
nounced negative correlation, while Fe showcased the
most robust positive correlation.

Cd, a heavy metal known for its toxicity and carcinogenic
properties, presents a substantial threat to human health.
Its main sources are industrial processes, such as land-
fill leachate, fossil fuel combustion, mining waste, and
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human activities like pesticide application. Each year,
an estimated 25,000 tons of Cd are discharged into the
environment, where it can infiltrate organisms through
respiration, ingestion of contaminated food, and con-
sumption of contaminated drinking water, leading to bio-
accumulation. Cd exposure through food consumption
has been linked to the occurrence of neurotoxicity, the
development of osteoporosis, gastrointestinal damage,
renal failure, and systemic dysfunction. In addition, cad-
mium exposure has been found to cause organ-specific
injuries in different animal species, such as head kidney
injury in carp, cardiac toxicity in mice, increased periph-
eral blood lymphocyte necrosis in chickens, and effects
on the human reproductive system (Noverita et al., 2021
& Muhammad et al., 2023). In frogs, toxicological effects
similar to those observed in other vertebrates have been
identified. Heilongjiang Province, being a significant
heavy industry and commodity grain hub in China, has
maintained a longstanding concern regarding heavy
metal contamination in water and soil. Numerous studies
and monitoring findings suggest that the overall extent of
heavy metal pollution in water, sediment, and soil within
the Heilongjiang Province, as well as its associated eco-
logical risks, are relatively minimal. However, it is worth
noting that the concentration of Cd is comparatively
elevated. Hence, the findings of this study align with the
broader outcomes of environmental monitoring (Zhang
et al., 2018 & Zhao et al., 2021). Given its significant
impact on human health in the soil and water ecosystems
of China, the exposure to Cd should be duly acknowl-
edged during the forest grazing phase of R. dybowskii in
Heilongjiang Province.

The PCA conducted on the OR identified the presence
of numerous distinctive elements, namely, Fe, Cr, Ba,
Mn, Cs, K, Sr, As, Na, Se, Ni, Hg, Zn, Mg, Cd, and Ag.
The comprehensive examination of a wide range of ele-
ments can be attributed to the relatively low variance
interpretation rate. It is noteworthy that each element
made a substantial contribution to the outcomes derived
from the PCA analysis. PC1 (Fe and Cr) and PC2 (Ba,
Mn, Cs, K, Sr, and As) are likely influenced by exogenous
pollution originating from geographical factors, indus-
trial activities, and agricultural practices such as mining,
fertilization, and pesticide use. PC3 (Na and Se) may be
associated with the utilization of commercial feed. Lastly,
PC4 (Ni and Hg) along with PC5 (Zn, Mg, Cd, and Ag)
appear to be primarily linked to activities in the electron-
ics industry, printing, dyeing, and metallurgy. Therefore,
it can be concluded that the PCs are closely intertwined
with both the characteristics of the natural habitat and
human activities.

Excessive consumption of essential elements, despite
their significance in the human diet, can detrimentally
impact human health (Abbaspour et al., 2014). Prolonged

exposure to toxic elements, including arsenic, cadmium,
lead, and mercury, even at minimal concentrations, can
be deleterious (Briffa et al., 2020). The THQ serves as a
benchmark for assessing the potential harm associated
with exposure to both essential and toxic elements. A
TTHQ value below 1 signifies a negligible or minimal
risk for human consumption. It is crucial to acknowledge
that the evaluation of risk is contingent upon the dietary
patterns observed within distinct populations in respec-
tive regions. In the present study, it was found that Mn
and As exhibited the highest contribution to the TTHQ.
Mn, being an advantageous element for the human
body, primarily functions as an activator for numerous
enzymes within the human system. In addition, it is intri-
cately associated with the synthesis of sugar, amino acids,
proteins, cholesterol, and fat metabolism. Conversely,
As and its compounds possess toxic properties, whereby
excessive levels of arsenic can disrupt normal cellular
metabolism, impede respiration and oxidation processes,
and induce cytopathic alterations. Furthermore, it should
be noted that excessive intake of As can lead to detrimen-
tal effects on small arteries and capillary walls, as well as
its impact on vasomotor centers, ultimately causing an
elevation in vascular permeability. Consequently, this can
lead to a decrease in blood volume and exacerbate organ
damage. It is worth considering that adhering to a daily
consumption of less than 210 g of OR for adults, with an
average body weight of 61.75 kg, would align with the
recommended daily oral reference dose for manganese
consumption set by the United States Environmental
Protection Agency (USEPA, Retrieved May 1, 2023 from:
https://www.epa), thereby minimizing potential risks
associated with excessive manganese intake. We pru-
dently decreased this quantity by a factor of 20 (Wang
et al., 2021), resulting in a maximum daily intake of
10.5 g, which is considered a safe dosage. This amount
aligns with the daily dose of 5-15 g recommended by the
Chinese Pharmacopeia (ChP, 2020).

Conclusions

The present study conducted a comprehensive analy-
sis of the content and health risk assessment of 24 metal
elements in OR obtained from six major producing areas
within the Heilongjiang Province, China. The findings
demonstrated notable disparities in the metal element
concentrations among OR samples originating from dis-
tinct production regions. Despite the detection of Cd
contamination in the majority of samples, the TTHQ risk
assessment results indicate a relatively low health risk
associated with the consumption of OR produced through
the pond culture—forest grazing relay model in the
Heilongjiang Province, China. To improve the precision
of monitoring and evaluation, future studies will focus on
expanding the sampling range and enhancing accuracy.
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Table S2. Summary of analyte masses, elements for internal standard method (ISTD), analytical conditions for octopole reaction

Table $1.
Operation parameters (optimized daily)

Determination and safety evaluation of metal element contents of Oviductus Ranae

Supplementary

Operation parameters of ICP-MS (Agilent 7500 cx).

RF power
Reflected power

Plasma gas flow rate
Nebulizer gas flow rate
Auxiliary gas flow rate

Collision gas H,

Makeup gas
Nebulizer pump
Uptake speed
Uptake time

Stabilization Time

Acquisition
Peak Pattern

1,500 W
<15W

15 L min™’!
0.98 L min™
0.24 L min™
4.0 mL min™*
0.15 L min™
0.10 rps
0.40 rps
45s

30s

Spectrum(Multi Tune)
Full Quant(3)

system (ORS), correlation coefficient of standard curve(R), limits of detection (LOD), and results of quality control for study elements.

Analyte Isotope ISTD ORS R LOD RSD GBW10050 Found value Recovery
(mgrkg™) (%) (mgkg™) (mgrkg™) (%)
Na* 23 ESG He 0.9998 2.04 8.42 0.31£0.02 0.30£0.03 96.8
Mg* 24 56 He 1.0000 0.079 2.22 0.169 £ 0.006 0.158 £ 0.004 93.5
K* 39 56 He 0.9998 0.306 8.11 0.49 £ 0.01 0.47 £ 0.04 95.9
V 51 5S¢ He 0.9999 0.003 8.56 0.24 £ 0.07 0.24 +0.02 100
Cr 53 ESC He 0.9999 0.012 121 0.35+0.11 0.33£0.04 94.3
Mn 55 LSt He 1.0000 0.105 1.96 89+0.3 9.06 £0.18 102
Fe 56 “Sc He 0.9980 1.26 7.56 11212 113 £ 8.54 101
Co 59 “Sc He 0.9999 0.001 8.59 0.044 £ 0.005 0.042 + 0.004 95.4
Ni 60 2Ge He 0.9999 0.025 2.71 0.23 0.21£0.026 91.3
Cu 63,65 2Ge He 0.9998 0.128 8.15 10.3£0.7 10.1+0.82 98.1
Zn 64,66 2Ge He 0.9998 0.004 5.92 76 t4 76.6 + 4.54 101
Ga 71 2Ge He 1.0000 0.001 513 0.012 0.009 £ 0.001 90.0
As 75 2Ge He 0.9999 0.003 8.16 25 2.54+0.21 102
Se 82 2Ge He 0.9997 0.020 5.29 5.1 4.94 +0.26 96.9
Rb 85 2Ge He 0.9998 0.002 4.69 1.4+0.1 1.39 £ 0.06 99.3
Sr 88 2Ge He 1.0000 0.003 6.68 202 19.5+ 1.31 97.5
Ag 107 10Rh He 0.9998 0.001 12.5 0.017 0.017 £ 0.002 100
Cd 111,114 10Rh He 0.9998 0.001 4.44 0.039 £ 0.002 0.039 £ 0.002 100
Cs 133 10Rh He 0.9998 0.001 6.66 0.027 £ 0.002 0.026+0.002 96.3
Ba 137,138 10Rh He 0.9999 0.004 5.50 23103 2.37+0.13 103
Tl 205 29Bj He 0.9998 0.001 5.41 0.012 0.0110.001 110
Pb 206,207,208 29Bj He 0.9998 0.003 9.76 0.20 £ 0.05 0.21£0.02 105
(Ui 238 29Bj He 0.9996 0.001 8.20 9.7+0.8 9.9+0.8 102
Hg** 202 / / 0.9991 0.001 10.1 49+8 505 102
The data are represented as means + standard deviation.
aSpiked test sample in 0.010 mg-kg™.
*The unit of concentration of element is 1072
**The unit of concentration of element is 10°°.
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