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Simple Summary: Semicarbazide is considered the characteristic metabolite of nitrofurazone and it
is often used as a marker to monitor the illegal use of nitrofurazone in foods. Recent studies have
indicated that semicarbazide pollution can be introduced in many ways and this compound is a newly
recognized pollutant type in the environment that accumulates in aquatic organisms throughout
the food chain. Scallops are the third most consumed shellfish in China. We therefore studied the
accumulation, chemical forms, and distribution of semicarbazide in scallop tissues. Semicarbazide
added to tank seawater resulted in its accumulation in both free and tissue-bound forms and the
levels varied according to tissue and were present in all tissues examined. The levels were highest in
viscera and the lowest in muscle. The levels of semicarbazide in the environment and in cultured

shellfish should be monitored to ensure food quality and safety and human health.

Abstract: Semicarbazide is a newly recognized marine pollutant and has the potential to threaten
marine shellfish, the ecological equilibrium and human health. In this study, we examined the
accumulation, distribution, and chemical forms of semicarbazide in scallop tissues after exposure
to 10, 100, and 1000 pg/L for 30 d at 10 °C. We found a positive correlation between semicarbazide
residues in the scallops and the exposure concentration (p < 0.01). Semicarbazide existed primarily
in free form in all tissues while bound semicarbazide ranged from 12.1 to 32.7% and was tissue-
dependent. The time for semicarbazide to reach steady-state enrichment was 25 days and the highest
levels were found in the disgestive gland, followed by gills while levels in gonads and mantle were
similar and were lowest in adductor muscle. The bioconcentration factor (BCF) of semicarbazide at
low exposure concentrations was higher than that at high exposure concentrations. These results
indicated that the scallop can uptake semicarbazide from seawater and this affects the quality and
safety of these types of products when used as a food source.

Keywords: semicarbazide; accumulation; chemical forms; distribution; scallop

1. Introduction

Semicarbazide is a characteristic metabolite of nitrofurazone and often used as a
marker to monitor the illegal use of nitrofurazone in foods. Nitrofurazone is a nitrofuran
drug used as an antimicrobial in aquaculture and livestock farming to treat Escherichia coli,
Staphylococcus saprophyticus, Enterococcus faecalis, Citrobacter spp., as well as Vibrio cholera [1].
Nitrofurans are potentially hazardous substances associated with carcinogenic, teratogenic,
and mutagenic effects [2-5]. Because of food safety and health issues, the use of nitrofurans
in food and animal production was banned by the European Commission 95/1442/EC [6],
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USA (Federal Register 2002) [7], China (Regulation of the ministry of Agriculture of China
2002) [8] and Korea (Food code 2004).

Recent studies have indicated that the metabolic degradation of nitrofurazone was
not the only source of semicarbazide residues in aquatic products [9]. Semicarbazide is
frequently used as a photochromic dye for the preparation of thermal recording paper
and as an intermediate for drugs such as adrenobazone and prednisone [10,11]. Semi-
carbazide is also released as a byproduct of azodicarbonamide used as a food additive
or when packaging is decomposed at a high temperature [12-14]. Semicarbazide could
also be detected in food by treating with hypochlorite [15-17] and exists naturally in some
crustacean products and red seaweed and carrageenan [15,18,19].

Toxicological studies have shown that semicarbazide inhibits semicarbazide sensitive
amine oxidases, lysyl oxidase, and glutamic acid decarboxylase (GAD) [20-22]. Semi-
carbazide also had a remarkable anti-estrogenic effect on female zebrafish (Danio rerio)
that resulted in significant decreases in mRNA from the vtg-1, ERx, and ERf genes [23].
Semicarbazide disturbs the reproductive system of male zebrafish through the GABAergic
system and exerted anti-androgenic effects in male flounders by altering the HPG axis,
kiss/gpr54 system and GABA synthesis [24,25]. Additionally, semicarbazide can signif-
icantly downregulate expression of kiss2, gpr54, and the GABA synthesis enzyme gad67
and exerted anti-estrogenic effects in female flounders [26]. Semicarbazide also adversely
affected the structure of the respiratory tree, intestines and muscles of the sea cucumber
Apostichopus japonicas [27].

There are various sources of semicarbazide and when discharged into the environment,
it becomes a pollutant and accumulates in aquatic organisms. Seawater and sediments have
varied levels of this compound and residual semicarbazide can be detected in marine organ-
isms and its presence was first reported in the aquatic environment in 2010 [28]. That study
investigated the pollution status of semicarbazide in seawater, sediment, and shellfish near
the Chaohe River estuary and semicarbazide levels were 0.18-70.6 pug/L, 0.26-18.9 ug/kg,
and 0.82-6.46 ug/kg, respectively. Semicarbazide in seawater and shellfish in western
Laizhou Bay were 107! and 10710 kg /L, respectively [29]. The semicarbazide levels in
Jincheng and Sishili bays for seawater and shellfish and sediments were 0.011-0.093 pg/L
and 0-0.75 pg/kg [30], respectively. These results indicated that shellfish and other organ-
isms can uptake semicarbazide from seawater. This affects the quality and safety of these
food products and can harm human health, as well as the food chain.

Nitrofurazone possesses a very short in vivo half-time and is metabolized rapidly
after it enters the animal body, but its metabolite semicarbazide exists in tissue-bound form
and is persistent for several weeks or longer [19,31-34]. The bound semicarbazide cannot
be completely degraded by common cooking methods such as frying, grilling, roasting, or
microwaving [35] while the free semicarbazide can be removed by washing [36,37]. There
are few reports about the forms of semicarbazide that are present in polluted environments
and the scope of its presence in shellfish products is unclear.

The deterioration of the environment including coastal waters and sediments by
semicarbazide pollution affects the safety of shellfish products. Scallop is one of the most
important economic species in marine culture in China for a long time. According to
FAO (2020), scallops accounted for 11.0% of total mollusc production in 2018 [38]. In
China, the production of scallop was 1.83 million tons, ranking third in seawater shellfish
production [39]. Chlamys farreri is one of the most important marine economic cultured
scallop in North China. We examined whether scallops accumulate semicarbazide in either
a bound or free form. We examined the existing form, distribution, and bioaccumulation
characteristics of semicarbazide in Chlamys farreri in the current study.

2. Materials and Methods
2.1. Chemicals and Reagents

Methanol, ammonium acetate, ethyl acetate, dimethyl sulfoxide, 2-nitrobenzaldehyde
were of high-performance liquid chromatography (HPLC) grade and purchased from
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Merck Corporation (Darmstadt, Germany). Dipotassium hydrogen phosphate and hy-
drochloric acid were of superior pure grade and purchased from Sinopharm Chemical
Reagent (Shanghai, China). Semicarbazide HCl and semicarbazide HCI-'3C,'>N} analytical
standards were obtained from Dr.Ehrenstorfer GmbH (Augsburg, Germany). Water was
purified in a Milli-Q system (Millipore, Burlington, MA, USA). Semicarbazide crude drug
(99% purity) was obtained from Aladdin (Shanghai, China).

2.2. Exposure Experiment
2.2.1. Scallops and Temporary Culture

Healthy scallops (with complete mantles and gills, adductor quickly responding to
external stimulus) were obtained from a local farm in Qingdao and kept in a flow-through
water tank for two weeks at 10 + 1 °C with a light: dark cycle of 14 h:10 h and were fed
daily. Scallop weights were 48.8 & 5.1 g and they averaged 80 x 74.8 x 20 cm. During
the experiment, the air was supplied continuously for 24 h by bubbling air through airy
stones. The dissolved oxygen (DO) for the control group and experimental group was set as
7.5 + 0.2 mg/L, with pH of 8.0 and 33%o salinity. Neither semicarbazide nor nitrofurazone
were found in the adductor muscle, mantle, disgestive gland, gills, or gonads of control
scallops tested before starting the experiments.

2.2.2. Medicated Bath

The scallops were randomly divided into control and treatment groups before exper-
iments. The control group lacked semicarbazide and the treatment group was divided
into low, medium and high concentration groups at 10, 100, and 1000 pg/L, respectively.
Each group has three parallels, and the tanks were 70 x 50 x 25 cm in size. During the
experiment, the study was performed with semi-static system, and the seawater was re-
placed every day. Semicarbazide crude drug was dissolved in distilled water and the stock
solutions were prepared at a concentration of 10 mg/mL used for no longer than 2 weeks.
The stock solutions were considered to be stable based on previous studies [24]. Daily stock
aliquots were prepared by diluting this stock to produce final concentrations of 10, 100, and
1000 ng/mL. The stock solutions were stored in brown glass vials at 4 °C until use. Since
the actual exposure concentrations were close to the nominal ones [23,24], the nominal
concentrations were used for the results presented throughout this study. The control and
treatment groups were fed spirulina powder one time per day for the experimental period
and all experiments were performed at 10 =1 °C.

2.2.3. Sampling of Scallop

After exposure, six scallops were sampled from each group at 1, 3, 5, 10, 15, 20, 25, and
30 d. At each time point, the adductor muscle, mantle, disgestive gland, gills, and gonads
were sampled. All samples were stored at —20 °C until analysis.

2.3. Sample Preparation
2.3.1. Determination of Semicarbazide

The analysis of free and bound semicarbazide in total was performed following
Announcement No. 783 of the Ministry of Agriculture-1-2006 with some modifications.

In brief, 2.0 g homogenized tissue was weighed in 50 mL polypropylene centrifuge
tubes. 50 uL internal standard of semicarbazide-'3C,'>N, (100 ng/mL) was added and
mixed with 5mL 0.2 M HCL and 150 uL 2-nitrobenzaldehyde (0.05 M in dimethyl sulfoxide,
DMSO). The mixture was incubated in an air bath at 37 °C for 16 h.

After incubation, the pH of the solution was adjusted to 7.0~7.5 by addition of 1 M
dipotassium hydrogen orthophosphate. Then 8 mL ethyl acetate was added into the
tube, mixed well and centrifuged at 8000 rpm for 5 min, whereupon the supernatant
was decanted and the pellet discarded. The extracts were concentrated to dryness under
a nitrogen stream at 45 °C. The residue was dissolved in methanol: water (5:95). The
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solutions were ultrasonicated for 1 min and centrifuged at 14,000 rpm for 10 min. The
supernatants were filtered through 0.22 um syringe filters.

2.3.2. Determination of Tissue-Bound Semicarbazide

Free semicarbazide was released by washing the tissues with 6 mL of methanol /water
(50:50; v/v) followed by ultrasonic extraction for 5 min and centrifugation at 6000 rpm
for 5 min. The supernatant was discarded and the sample was washed with 6 mL
methanol /water (75:25; v/v), 6 mL of methanol and 6 mL of water in succession. The
supernatant was discarded between each washing step. The washed sample was then
treated as described for total semicarbazide determination.

2.4. Instruments and Chromatographic Conditions

Semicarbazide was analyzed using a AB Sciex 5500 Qtrap system equipped with an
ESI source and interfaced to a LC 20AD HPLC system (Shimadzu, Kyoto, Japan). Data
were acquired and analyzed using Analyst Software 2.0.

Mass spectrometry data were collected in positive ion mode with the following LC-
MS/MS parameters: ion spray voltage (IS), 5500 V; ion source temperature (TEM), 550 °C;
collision activated dissociation (CAD), medium; curtain gas (CUR), 30 psi; nebulizing
gas (Gas 1), 35 psi; heater gas (Gas 2), 35 psi; declustering potential (DP), 80 V; entrance
potential (EP): 10 V; collision cell exit potential (CXP), 10 V.

Multiple reaction monitoring (MRM) mode was applied for analytes quantification.
The optimized parameters for analytes and the internal standard were as follows. The
quantitative ion pairs were m/z 209/166 for semicarbazide, 212/168 for semicarbazide-
13C,15N; and the qualitative ion pair were m/z 212 /192 for semicarbazide.

Chromatographic separation was performed on a Kinetex XB Cyg (2.6 um, 2.1 x 100 mm)
(Phenomenex, Torrance, CA, USA). Gradient elution used the mobile phases (A) 2 mM
ammonium acetate as aqueous solution and (B) methanol at a flow rate of 300 pL min~! as
follows: 0-0.5 min, 10% B; 0.5-4.0 min, 10-95% B; 4.0-5.5 min, 95%; 5.5-6.0 min, 95-10% B;
6.0-7.0 min 10% B. The valve was set to direct LC flow to the mass spectrometer from 1.5 to
5.5 min with the remaining LC eluent diverted to waste. Identification and quantification
of the analytes were based on MRM.

2.5. Calculation of the Bioconcentration Factor

Scallops were farmed in the aquarium, so the sediment influence was ignored. The
bioconcentration factor (BCF) was defined as the ratio between the semicarbazide concen-
trations in scallops and seawater. The computational formula was as follows.

BCF = Cbiomass / Cwater

where Chpiomass and Cyater are the sample concentrations in scallops and its correspond-
ing seawater.

2.6. Statistical Analysis

Significant differences for the correlation coefficient R were analyzed by consulting
the correlation coefficient significance test table [40]. The data were presented as the
Means £+ SD (n = 6). Nonparametric Mann-Whitney U test was used to analyze the
difference of tissue-bound semicarbazide proportion between groups, a Kruskal-Wallis
test, and two-way ANOVA were carried out in order to assess significant differences in the
concentrations of semcarbazide between tissues and time, and Spearman correlation test
was used to analyze the correlation. The data analysis was performed using the Statistical
Package for the Social Sciences (SPSS 18.0).
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3. Results
3.1. Exposure of Scallops to Semicarbazide in Aquaculture Seawater

We detected semicarbazide in the adductor muscle, mantle, gills, disgestive gland, and
gonads of scallops exposed to seawater contaminated by semicarbazide. In this method, the
limits of detection (LOD) of semicarbazide was 0.25 ug/kg, while the limits of quantitation
(LOQ) was 0.5 pg/kg, and the concentration values obtained from the experiment were
higher than LOD. According to the literature, the semicarbazide levels near the Chaohe
River estuary, in western Laizhou Bay and in Jincheng and Sishili Bay were 0.18-70.6 ug/kg,
10~ kg/L and 0.011-0.093 ug/L, respectively [28-30]. Based on the pollution status, we
set three exposure concentrations of low, medium and high. We found a good linear
relationship between semicarbazide level in scallop tissues and the exposure concentration.
The correlation coefficients for the linear equations for each tissue were all >0.917 and very
significant (Figure 1) (p < 0.01). These data indicated that an increase of semicarbazide
exposure concentration in seawater resulted in corresponding significant positive increases
in the tissues. The Kruskal-Wallis test revealed that there were significant differences
among tissues (Kruskal-Wallis chi-squared = 26.998, df = 4, p < 0.01), suggesting that the
concentrations of semcarbazide was dependent on the tissues.

3000 r  oAdductor muscle
E" 2500 | Mantle % VDigestive gland™ 2.3405x + 56.403, R = 0.9994
;11.. 2000 x Gill VGonad— 1.5928x + 16.595, R = 0.9999
% ©Gonad o Yeir- 0.9823x + 106.34, R=0.9865

1500 inestive ’
W ¢ Digestive gland
é 1000 | Vadductor muscle= 0.5831x + 30.336, R = 0.9968
Z so0 L Iuiantle = 0.5447x + 37.124, R = 0.9946

o Wi : . . A
0 200 400 600 800 1000

Exposure concentration/(ng/ml.)
Figure 1. Relationship between residual semicarbazide in scallops and exposure concentration.

3.2. Morphology of Semicarbazide in Scallop

We determined the amounts of total and tissue-bound semicarbazide in the scallops
and the free form was present in all tissues. The proportion of tissue-bound semicarbazide
ranged from 12.1 to 32.7%. Nonparametric Mann—Whitney U test revealed that, for the
tissue of gonad, digestive gland, and gill, the proportion of tissue-bound semicarbazide
had significant difference between 10 ng/mL group and 1000 ng/mL group (p < 0.05),
but no significant difference between 10 ng/mL group and 100 ng/mL, or 100 ng/mL
and 1000 ng/mL (p > 0.05). For the tissue of mantle and adductor muscle, the proportion
of tissue-bound semicarbazide had significant difference between 1000 ng/mL group
and 100 ng/mL or 10 ng/mL (p < 0.05), but no significant difference between 10 ng/mL
group and 100 ng/mL (p > 0.05). The proportion of tissue-bound semicarbazide remained
relatively stable and did not increase with the increase of exposure concentration. The ratio
of tissue-bound semicarbazide in gonads was 16.9-22.4%, mantle 22.9-28.5%, disgestive
gland 27.3-32.7%, adductor muscle 12.1-17.8%, and gills 23.1-30.7%. The proportion
of tissue-bound semicarbazide was the highest in disgestive gland tissue and lowest in
adductor muscle. The proportion of tissue-bound semicarbazide in different tissues from
high to low was as follows: viscera mass > gill > mantle > gonad > adductor muscle
(Figure 2).

3.3. Semicarbazide Ci-Ti

We then examined accumulation of semicarbazide from culture water at 10, 100, and
1000 ng/mL over time. Drug concentration—time curve (Ci-Ti) refers to the curve of drug
concentration changing with time, which reflects the dynamic process of drug in vivo to a
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certain extent. In the early stage of exposure, the tissue-bound semicarbazide increased
rapidly and stabilized at increasing concentrations. The stable accumulation time for
accumulation in gonads, adductor muscle and gills was 25 d while a small increasing trend
was seen for bound semicarbazide in viscera and mantle. The steady-state accumulation
time of semicarbazide in scallop tissues required an extended period of time and residual
semicarbazide in the same tissues also differed. Two-ways ANOVA was used to analyze
the effects of exposure concentration and exposure time on the residues of bound SEM in
scallop. The results showed that there was no interaction between exposure concentration
and exposure time on the residues of tissue-bound SEM in scallop. For the same tissue, the
effects of exposure concentration and exposure time on tissue-bound SEM residue were
significant (p < 0.001), which means an increase of exposure concentration or exposure time
resulted in corresponding tissue-bound SEM increases in levels. However, the enrichment
rate decreased after 20 d and gradually tended to be stable (Figure 3).

30T =10 ng/ml
m 100 ng/ml
40 = 1000 ngiml a
bab aba
30 bb b
pabd

Ratio of tissue-bound SEM/100%

Gonad Mantle Digestive Adductor Gill
gland muscle

Tissue of scallop

Figure 2. Proportion of tissue-bound semicarbazide in different scallop tissues. a,b mean values with
different letters on vertical bars mean significant difference (p < 0.05).
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Figure 3. Ci-Ti of tissue-bound semicarbazide residue in scallop with exposure time.

3.4. Tissue Distribution of Semicarbazide

An increase of exposure concentration of semicarbazide resulted in different levels
in the tissues we examined. The highest concentrations of tissue-bound semicarbazide
were found in the disgestive gland and the gills while concentrations in gonads and
mantle were similar and the adductor muscle showed the lowest level. The levels of
tissue-bound semicarbazide in disgestive gland were 6-8 times of adductor muscle, in gills
were 3-5 times, and in gonads and mantle were 2-3 times (Figure 4). The liver and gills
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are the primary tissues involved in drug metabolism and they were also the tissues with
the highest tissue-bound semicarbazide levels. The total concentration of semicarbazide in
scallops could be ranked as viscera > gill > gonad > mantle > adductor muscle. In contrast,
the total semicarbazide level was greatest for gonads > mantle.

3.5. Bioaccumulation of Semicarbazide in Scallop

Bioaccumulation refers to the ability of pollutants to enter and accumulate in organ-
isms from the environment and then be transferred and accumulate in the food chain.
Higher levels of bioaccumulation pose higher chronic harm to organisms across the food
chain [41-43]. The BCF is used to measure the accumulation trend of pollutants in organ-
isms and to describe the bioaccumulation effect of pollutants. The BCF of semicarbazide in
the same tissue gradually increased and tended to be stable with the increase of time at each
exposure concentration. When the pollutants enter the scallop, the process of accumulation
and metabolism coexist. For instance, in the early stage, the accumulation rate was higher
than the metabolic rate and in the later stages the accumulation and metabolic processes
gradually reached a balance. However, different tissues had different bioaccumulation
ability for semicarbazide. At 30 days, the BCF of tissue-bound semicarbazide in disgestive
gland had the highest bioaccumulation ability while the muscle had the lowest at the same
exposure concentration. The order for the BCF was viscera mass > gill > gonad > mantle >
adductor muscle (Figure 5).

12 10ng/ml 120 = 1d mad 100 ng/ml
vy m5d mi0d 1
2 s 8 [ wisd  wm20d
s m25d m30d
Z 40
—
=]
9]
£ 0 0
E Gonad  Mantle Digestive Adductor  Gill Gonad Mantle Digestive Adductor  Gill
gland  muscle gland  muscle

Tissue of scallop

800 1000 ng/ml

o

= 600

S

S 400

)

n

‘g 200

©

T 0

E Gonad Mantle Digestive Adductor  Gill

gland  muscle

Tissue of scallop

Figure 4. Distribution of tissue-bound semicarbazide in scallop tissues.

The BCF of semicarbazide in the same tissues differed between exposure concentra-
tions. The semicarbazide increased with the increase of exposure concentration but the BCF
was not proportional to this. For the same tissue, the BCF was the highest at 10, 100, and
1000 ng/mL in decreasing order. The same rule was observed in adductor muscle, mantle,
gonad, gill, and viscera mass. Spearman correlation test was used to analyze the correlation
between exposure concentration and BCE. The results showed that there was a significant
negative correlation (p < 0.01) which indicating that the BCF of semicarbazide in scallops
exposed at low concentrations was greater than that at high concentration (Figure 6).
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Figure 5. BCF of tissue-bound semicarbazide at 30 days in scallop.
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Figure 6. BCF of tissue-bound semicarbazide in scallop.

4. Discussion

The European Commission has suggested a minimum required performance level
of 1 ug kg~ ! for the analysis of nitrofurans (Commission Decision 2003/181/EC) [44].
The determination limit value of nitrofuran metabolites is 1.0 pg/kg for aquatic product
quality and safety monitoring (risk monitoring) (The Ministry of Agriculture and Rural
Affairs of Agro-product Safety and Quality Department Documents [2020] No. 1) and
in the veterinary drug residue monitoring plan (The Ministry of Agriculture and Rural
Affairs of Fisheries Bureau [2020] No. 4) in China. The semicarbazide content in shellfish
near the polluted Chaohe River ranged from 3.14 to 6.46 pg/kg and exceeded the food
safety limit of 1 ug/kg proposed by European Union [28]. In our study, semicarbazide
in adductor muscles of scallops could reach 2.19 ug/kg after exposure of semicarbazide
in seawater for 1 d at 10 ng/mL. The semicarbazide levels in the marine environment
and shellfish in Sishili Bay were positively correlated with the content in shellfish and in
the seawater [45]. Semicarbazide content in shellfish has also been linked to increases in
seawater for Laizhou Bay [29] and those results were similar to our study. This indicated
that when aquaculture water was polluted by low concentrations of semicarbazide, there
was a risk of accumulation in shellfish tissues.

The form of semicarbazide in the shrimp Macrobrachium rosenbergii was examined by
exposure to culture water containing 50 mg/L nitrofurazone for one week. The results
indicated that the free and bound semicarbazides had increased significantly. The bound
semicarbazides in the muscle tissue were about one-quarter of the total while the bound
semicarbazide in the shell accounted for >65% of the total [37]. An analytical method
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for the determination of bound residues of nitrofuran drugs developed by Chu found
that 95% of the unbound semicarbazides could be removed in the prewashing steps
(washed with 50% aqueous MeOH, EtOAc, and EtOH, respectively) [36]. Semicarbazide in
Macrobrachium nipponense mainly existed in the free form in muscle and disgestive gland
with proportions of free semicarbazide at 67.35% and 72.4%, respectively [46]. In the shell,
eyestalks, pereopod, cephalothorax, and gills semicarbazide primarily existed in the tissue-
bound form with proportion of 89.50%, 87.16%, 85.68%, 80.48%, and 73.30%, respectively.

The ratio of semicarbazide in the scallops used in our study was similar to that
found in muscle tissue of the shrimp Macrobrachium rosenbergii treated with nitrofurazone,
although the absolute levels differed, indicating species-specific differences. However,
semicarbazide in scallops originated from free semicarbazide in the environment while
the study using shrimp was metabolized via nitrofurazone [37]. The metabolic pathways
also differ between semicarbazide and nitrofurazone. In our study, although the drug was
not administered via nitrofurazone, it primarily existed in free form in the animals. The
proportion of bound semicarbazide was only about 10-30%. A previous study indicated
that nitrofuran antibiotics after storage and cooking were stable, and between 67% and 100%
of the residue remained, respectively [35]. This demonstrated that these metabolites are
largely resistant to conventional cooking techniques and would continue to pose a health
risk even after consumer processing. Although the ratio of tissue-bound semicarbazide
was low for scallops, the risks to human health through the tissue-bound semicarbazide
may not be low due to its stability.

An extension of exposure time or a concentration increase was directly proportional
to accumulation in scallop tissues. However, the scallops accumulated semicarbazide up
to an equilibrium point. The BCF decreased with increased concentration and is most
likely related to metabolic functions. Exposure to high concentrations of semicarbazide
would result in longer excretion times. In order to avoid injury, the body responds by
self-regulation and aquatic animals can significantly improve their antioxidant enzyme
activities to reduce the damage caused by pollutants and their metabolites [47].

Environmental pollutants enter the food, sediment and water and affect the quality
and safety of aquaculture products. For example, when furazolidone was fed continuously
for 12 days at 0.01% therapeutic dose to chickens, AOZ residuals in liver and muscle were
1.1 and 0.33 ug/kg, respectively, indicating that nitrofuran metabolites can originate in diet
and environmental pollution [48]. The use of feed or feed raw materials contaminated by
antibiotics can lead to their accumulation in shrimp [49]. An assessment of nitrofurans,
nitroimidazoles and tetracyclines in animal feed indicated a significant probability of an-
tibiotic contamination [50]. An exposure assessment of the Irish population to nitrofuran
metabolites from different food commodities in 2009-2010 indicated that semicarbazide
was the contaminant most frequently identified (range, 0.09-1.27 ug kg~!) and both adults,
teenagers, and children had been exposed to one or more of the foods containing semicar-
bazide [51]. Although these levels were below EFSA-estimated safe levels, there were still
risks to human health because of the newly discovered toxic effects of semicarbazide.

5. Conclusions

In this study, the scallop Chlamys farreri was selected as the research object. When
it was exposed to the environment polluted by semicarbazide, the forms and residue
of semicarbazide in scallop were determined. We found that pollution of the culture
environment by semicarbazide led to accumulation in the animals even with low pollution
levels. Endogenous semicarbazides have been found in marine food (such as seaweed
and shrimp) and the relationship between endogenous semicarbazides and environmental
semicarbazides needs further study. The newly discovered toxic effects of semicarbazide
indicate that it is necessary to monitor environmental semicarbazide levels and residues
in cultured shellfish to ensure food quality and safety. The determination of tissue-bound
semicarbazide is more meaningful when evaluating semicarbazide hazards.
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