
Research Progress Using Zebrafish as A Model Animal to Monitor Pollution in 
Bohai Bay

Liu Chunyu, Dong Wenjing, Xue Jiangdong*, Dong Wu 

Department of Animal Science and Technology, College of Animal Science and Technology, Inner Mongolia University for 
Nationalities, Tongliao 028000, China

ABSTRACT
Zebrafish have many advantages as model animals, such as small size, easy operation, sensitivity to chemicals, and 

abundant transgenic models. Recent studies have used zebrafish as a model animal to select available biomarkers for 

monitoring pollution in the surrounding areas of Bohai Bay, and the studies have made significant research progress. 

Notable, CYP1A expression and eye pigmentation serve as biological indicators, which can be used to quickly and 

widely monitor the environmental quality and ecological health status around Bohai Bay. This review summarizes the 

research progress on the use of zebrafish as a model animal for monitoring pollution in Bohai Bay. The study verified 

that the use of CYP1A transgenic zebrafish is a rapid, sensitive, cost-effective method that can be used to monitor 

harmful substances in the environment.
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DESCRIPTION
Industrial development has led to increased sewage discharge 
into rivers, which has released a large amount of pollutants into 
Bohai Bay. Ecological environmental risk assessment and water 
quality management of the marine environment have become 
increasingly important [1]. Bohai Bay is a typical shallow sea 
basin in northeastern China and is a very important marine 
ecosystem in northern China. However, its proximity to many 
industrial cities, coupled with over 50 rivers that directly flow 
into Bohai Bay, results in the inflow of a large amount of 
industrial, agricultural, and domestic wastewater. In addition, 
near Bohai Bay, there are oil fields, such as Bohai oilfield, 
Jidong oilfield, and Dagang oilfield, which could potentially 
result in the pollution of Bohai Bay [2]. Therefore, the pollution 
status of Polycyclic Aromatic Hydrocarbons (PAHs) and dioxin-
like persistent environmental pollutants in Bohai Bay has 
emerged as a prominent research topic in recent years and is an 
environmental issue of great concern.

Pollutants are produced during the combustion and incomplete 
combustion processes of straw and wood burning and coal 
combustion and are emitted from vehicle exhausts, and 
wastewater emitted by refineries contains large amounts of 
PAHs. Polycyclic aromatic hydrocarbons are a group of organic 
pollutants that are composed of fused aromatic ring carbon and 
hydrogen atoms, and most of them originate from human 
activities. In addition to PAHs, the oil extraction, petrochemical, 
coal processing, and transportation industries around Bohai Bay 
are very active. Industrial development may also be accompanied 
by the release of persistent pollutants, which directly or 
indirectly enter the waters of Bohai Bay. These Persistent 
Organic Pollutants (POPs) will remain in the waters and sludge 
around Bohai Bay for a long time, and then contaminate aquatic 
organisms and humans through the food chain. Polycyclic 
aromatic hydrocarbons and POPs (such as dioxins) are 
carcinogenic, mutagenic, and teratogenic. Additionally, Dong et 
al. found that the sludge from the discharge outlet of a sewage 
treatment plant in Bohai Bay contained POPs (mainly H7CDF,
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Figure 1: Effect of Sludge Extract (SE) on eye pigmentation in 
zebrafish embryos. Zebrafish embryos at 2-4 hours post-
fertilization (hpf) were selected and exposed to SE. The eye 
pigmentation was assessed from 36 hpf. (A) Dimethyl Sulfoxide 
(DMSO) solution; (B) 0.5 mg/mL SE. The scale bar is 200 µm. 
The tissue sectioning and hematoxylin and eosin staining were 
conducted at 36 hpf. (C) DMSO solution; (D) 0.5 mg/mL SE. 
The arrow points to the spot in the image where the 
pigmentation of the eye is reduced. The scale bar is 40 µm (the 
picture was obtained from Dong et al. [8].

Cytochrome P450 enzymes are an important enzyme family that 
is involved in pollutant metabolism and is a biomarker for 
monitoring environmental pollution. The CYP1A enzyme plays 
an important role in marine biological monitoring and is 
widespread in marine organisms, especially in the liver tissues of 
fish, crustaceans, and other marine species. The main function of 
the CYP1A enzyme is to participate in the metabolic 
transformation of exogenous compounds. It catalyzes the 
oxidation reaction of harmful substances, such as PAHs and 
POPs, converting them into metabolites that are easier to excrete, 
and thereby reducing their toxicity. Therefore, monitoring the 
activity level of the CYP1A enzyme in marine organisms serves as 
an indicator for assessing exposure to harmful substances in 
marine ecosystems. By detecting the activity of the CYP1A 
enzyme in fish and other marine organisms, the presence of 
harmful substances in the environment and their impact on 
marine organisms can be determined [10].

In light of the importance of CYP1A, Tg (cyp1a: gfp) medaka 
and Tg (cyp1a: gfp) zebrafish were established. When Tg (cyp1a: 
gfp) zebrafish larvae were treated with dioxin (TCDD) at 94 hpf, 
Green Fluorescent Protein (GFP) was mainly produced in the 
kidneys, liver, and intestines. The lowest observed effective 
concentration of TCDD was estimated to be 0.1 pM. Similarly, 
in the Tg (cyp1a: nls-egfp) transgenic zebrafish that were 
established by Kim et al. a very low concentration (10 pM) of 
TCDD induced the expression of GFP in the zebrafish larvae 72 
hpf. Moreover, g (cyp1a-12DRE: egfp) transgenic zebrafish can 
also detect TCDD at 3.1 pM. Furthermore, Pei et al. established 
CYP1A transgenic zebrafish tg (T-CYP1a: mCherry). The 
expression level of CYP1A in the CYP1A transgenic zebrafish 
model has also been used to detect dioxin-like POPs in 
contaminated soil, sludge, and water. Therefore, because 
zebrafish have a short life cycle, a high reproductive capacity, and 
transparent embryos, they are extremely sensitive to pollutants 
and can be used to quickly assess the pollution status. These 
characteristics make this animal model an ideal tool for high-
throughput screening and the dynamic observation of pollutants 
[11,12].

Dong et al. used the CYP tg (T-CYP1a: mCherry) transgenic 
zebrafish model to evaluate the sediments near and around an 
industrial wastewater treatment plant in Bohai Bay. After 72 
hpf, the zebrafish larvae were exposed to sediment extract (P1) 
for 6 h (TCDD was the positive control). It was found that P1 
caused significant upregulation of fluorescence expression in the 
CYP1A transgenic zebrafish (mainly in the liver and intestines), 
and the pattern of the response was very similar to that of 
TCDD [13]. Subsequent chemical analysis confirmed that P1 
contained dioxin-like contaminants (H7CDF, O8CDF, and 
O8CDD; Figure 2A-B). The study further verified that the use 
of CYP1A transgenic zebrafish as a bioassay is a rapid, sensitive, 
cost-effective method that can be used to evaluate suspected 
dioxins and conduct high-throughput screening of sediments. 
The study also showed that the combination of high-throughput 
large-area biological detection methods and precise and 
quantitative chemical analysis can achieve effective environmental 
monitoring [14,15].
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O8CDF, and O8CDD) and PAHs (including fluorene, pyrene, 
and phenanthrene) [3].

Zebrafish (Danio rerio) embryos have been used as animal models 
to perform biological monitoring and mechanism studies when 
exposed to 0.1, 0.3, 0.5, 1, and 5 mg/mL of Sludge Extract (SE) 
from 2 to 4 h post-fertilization (hpf) to 120 hpf. The results 
showed that SE can increase the mortality of zebrafish larvae 
and decrease the hatchability in a concentration-dependent 
manner [4]. The morphological examination found that SE 
significantly reduced eye pigmentation (Figure 1) and larval 
motility. More interestingly, SE reduced the triiodothyronine 
content and affected the expression of thyroid hormone-related 
genes. Furthermore, individual PAHs, namely fluorene, pyrene, 
and phenanthrene, also caused morphological changes in the 
zebrafish, indicating that zebrafish eye pigmentation can be used 
as an indicator of PAH pollution [5-7].

Dioxin-like POPs pose a significant environmental challenge as 
persistent organic pollutants that are extremely resistant to 
degradation and have a high toxicity. One prominent member of 
this group is 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD), 
which is mediated by the Aryl Hydrocarbon Receptor (AHR) and 
strongly induces zebrafish or medaka fish (Oryzias latipes) cell 
pigment P4501 A. Upon binding with TCDD, AHR translocates 
to the nucleus and dimerizes with the Aryl Hydrocarbon 
Receptor Nuclear Translocator (ARNT). The AHR/ARNT 
heterodimer interacts with the AHR response element, 
influencing the transcription of multiple genes, including 
cytochrome P450 1A (CYP1A). The TCDD-dependent 
induction of CYP1A has been demonstrated in zebrafish 
cell cultures, whole larvae, and adult zebrafish [9].
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Figure 2: Detection of CYP1A levels in transgenic zebrafish, 
namely Tg (CYP1A: mCherry). Zebrafish larvae were exposed to 
sediment extract 72 hours post-fertilization, and a control, a 
positive TCDD control, and sediment extract (P1) were 
investigated for 6 h. (A, B, and C) The upper pictures are the 
light microscopy images, and (D, E, and F) the lower pictures are 
the red fluorescence microscopy images. The arrow points to the 
location of the heart in the image. The expression of CYP1A is 
shown in red in the fluorescence microscopy images. The scale 
bar is 500 µm (the picture was obtained from Dong et al.) [16].
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CONCLUSION

The extensive industrial development surrounding Bohai Bay 
has led to significant pollution, particularly from Polycyclic 
Aromatic Hydrocarbons (PAHs) and dioxin-like Persistent 
Organic Pollutants (POPs), posing serious ecological and public 
health threats. These pollutants originate from various sources, 
including industrial discharge, vehicle emissions, coal 
combustion, and oilfield operations. The persistence and toxicity 
of these contaminants result in their accumulation in sediments 
and bioaccumulation in aquatic organisms, ultimately affecting 
human health through the food chain. Zebrafish and medaka 
models, especially transgenic lines expressing CYP1A reporters, 
have proven to be valuable bioindicators for detecting and 
monitoring the presence and biological effects of PAHs and 
POPs. Their sensitivity to even low concentrations of these 
pollutants allows for early and effective environmental risk 
assessment. The integration of bioassays with high-throughput 
biological detection and precise chemical analysis provides a 
comprehensive, rapid, and cost-effective approach for 
monitoring marine pollution in sensitive ecosystems like Bohai 
Bay. These findings underscore the urgent need for enhanced 
environmental protection measures, stricter industrial waste 
management, and continuous monitoring to safeguard marine 
biodiversity and public health.
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