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Abstract: Harmful algae blooms (HABs) involving Prymnesium parvum (Golden algae) is a worldwide 

fish killing event, seriously threatening the aquaculture industry and aquatic ecosystems. HABs fre-

quently occur in natural reservoirs such as natural lakes which receive large numbers of visitors 

throughout the year. As a result, large amounts of Ultra-Violet (UV) chemical filters (the active ingredi-

ent of sunscreen products) are released to the lake due to swimming or sun-bathing, which add synergic 

environmental stresses on the Lake ecosystem. Prymnesium parvum is associated with the production of 

potent toxins (prymnesins) known for fish kills around the world. The molecular structure of 

prymnesins possesses both chlorine and nitrogen groups which can actively participate in 

photochemical reactions with organic and inorganic UV filter molecules. Consequently, reactive oxygen 

species (ROS) and chlorinated toxins can be potentially formed, leading to fish kill and dangerous 

biomagnification of reactive molecules in humans through dietary consumption of seafood. In this brief 

review, we discussed some possible mechanisms for the formation of toxic compounds due to the 

presence of UV filters and chlorine-containing compounds, using a lake in central Texas as an example. 

While the properties of various biotoxins released by P. parvum in a HAB event have been investigated, 

this is the first time that the environmental concern of the toxic behavior of reactive UV filters in a HAB 

event has been highlighted. Significant new insights are needed for the connections between harmful al-

gae blooms and the accumulation of UV filters in water bodies so that appropriate policies can be estab-

lished to protect the marine environment. 
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1. INTRODUCTION 

Sunscreen and personal care products such as creams, 
moisturizing lotions and lipsticks contain a diverse group of 
organic UV filters and inorganic nanoparticles (i.e. TiO2, 
CeO2). [1-3]. These UV filters are added to protect human 
health against the harmful effects of the UV light radiation 
(320–400 nm for UVA and 290–320 for UVB) [4]. UV fil-
ters display many properties of Priority Organic Pollutants 
(POPs) (i.e. high lipophilicity, moieties of aromatic rings, 
biological recalcitrance [4],). They typically reach the aquat-
ic ecosystem directly from the washing-off of the human 
skin during swimming and bathing or indirectly via mis-
treatment of the wastewater [5-9]. 

Many previous studies reported the toxic behavior of cer-
tain UV filters (i.e. benzophenone (BP) and ethylhexyl 
methoxy cinnamate (EHMC)) on aquatic biota by disrupting 
the estrogenic activity or the reproductive system of fish [10, 
11]. Due to their extensive applications and continued re-
lease into the aquatic ecosystem, organic UV filters are  
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considered as pseudo-persistent chemical contaminants, and 
their unknown environmental fate has raised public concerns 
about their potentially toxic effects [12] 

High concentrations (up to 19,000 ng/L) of the UV filters 
have been reported in surface water and wastewater [13]. For 
example, high concentration of 4-Methylbenzylidene cam-
phor (4-MBC) has been detected at Norwegian beaches[14] 
and several other UV filters including 4-methylbenzylidene 
camphor (4-MBC), 2-ethylhexyl 4-dimethylaminobenzoate 
(OD-PABA) in the range of 412-933 ng/L were detected in 
rivers and lakes in South Korea and Spain [10, 15]. Availa-
ble data on the occurrence of UV filters in the USA is rela-
tively limited and calls for more research. Bratkovics et al 
(2015) found the concentration of octocrylene (OC) was 
greater than 3700 ng/L and the concentration of oxybenzone 
was as high as 2200 ng/L in South Carolina’s coastal water, 
in a positive correlation with tourist activities along the 
state’s coastal marine environment [16]. In another study, 
Sharifan et al (2016) estimated that the annual release of UV 
filters along the coastal lines of Texas (367 miles/590 km) 
could be over 300 kg year -1 on an average basis for the UV 
filters of OC and EHMC [2]. In a similar study, Poiger et al 
(2004) estimated the release of EHMC upto 224 kg in the 
Lake Zurich in Swiss during summer time [6]. 
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Due to their high octanol–water partition coefficients (log 
Kow), (2 to 15) [17], UV-filters can be accumulated in fish 
and be biomagnified in humans through the seafood chain 
[18, 19]. For example, as high as 17 μg/g of OC in zebrafish 
(Danio rerio) [11] and 1800 ng/g of 4-methylbenzylidene 
camphor (4-MBC) in brown trout (Salmo trutta fario) have 
been reported [12]. 

High release of these UV filters is attributed to the in-
creasing numbers of tourists in water bodies including 
beaches, lakes, and springs. Annually, more than 6 million 
swimmers and beachgoers visit the water bodies of Texas 
[2]. As a result, significant amounts of organic and inorganic 
UV filters enter the surface water in the Gulf of Mexico, 
springs and natural lakes in Texas [2]. 

Natural water reservoirs in Texas have been threatened 
by anthropogenic activities due to large petroleum refineries 
and oil wells (i.e. emission and wastewater discharge), mas-
sive agricultural activities (i.e. pesticide release) and mining 
extractions (i.e. toxic wastewater) as well as natural phe-
nomena involving frequent HABs events. For the first time 
in 1985, the state of Texas documented the presence of the p. 
parvum (golden alga) bloom along the Pecos River [20]. 

This phenomenon has affected 33 reservoirs in Texas along 
major river systems, including the Brazos, Canadian, Rio 
Grande, Colorado, and Red River [21], and has resulted in 
the death of more than 27 million fish [22] and caused tens 
of millions of dollars in damage [23]. 

The release of UV filters to the brackish and freshwater 
reservoirs, which are threatened by seasonal HABs, may 
exacerbate environmental stresses on the ecosystem. 
However, the potential synergistic effects of UV filters in 
HABs are presently unknown. The P. parvum species is 
notorious for killing large numbers of fish during HAB peri-
od [20, 24]. Despite its harmful biological effects, the char-
acteristics of the toxic component(s) produced by transfor-
mation of P. parvum have not been distinctively determined 
[25, 26]. 

Emerging evidences indicate the possible formation of 
new toxic compounds through photocatalytic reactions of 
UV filters in an aqueous system, leading to massive fish kill, 
serious damage to the molecular structures of essential large 
molecules such as deoxyribonucleic acid (DNA) or proteins 
in human bodies [27, 28]. This article highlights the potential 
toxicity caused by photochemical interactions of UV filters 

 

Fig. (1). a) Lake Possum Kingdom, Texas, USA (modified from worldatlas.com), b) a scene of massive dead fish in Possum Kingdom Lake 

(Source NBCDFW [34]), c) light micrograph of two P. parvum cells. (Source Manning &Claire [29]). 
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in exposure to multi-chlorine-biotoxin of P. parvum, and 
discusses the potential chemical mechanisms for the interac-
tions of these chemicals and shed light on new research 
needs to protect the coastal and marine ecosystem. 

2. AFFECTED AREA 

HABs occurrence of P. parvum is a common phenome-
non in a broad range of water qualities from freshwater of 
natural lakes to brackish estuarine around the world [29]. 
Several vectors have been considered as transferring factors 
of P. parvum bloom such as polluted bilge and encystment 
[29], which could massively aggravate the ecological threats. 

To demonstrate the ecological importance of this phe-
nomenon, the Possum Kingdom Lake (PKL) in Texas is used 
as an example. PKL is a reservoir on the Brazos River in 
Texas with a capacity of 893 x 106 m3 and the surface area 
of 80 km2 (Fig. 1) [20]. The maximum and mean depths of 
the Lake are 60 and 11 m, respectively [30]. There are sever-
al reasons to use PKL as an example. Firstly, blooms of P. 
parvum occur regularly in PKL [20, 31, 32]. Secondly, it has 
easy access from several metropolitan areas in Texas such as 
the Dallas and Fort Worth metropolitan area. Thirdly, it 
possesses a long shoreline ( 500 km [20] ), which hosts 19 
swimming sites and more than 300 hotel rooms and cabins, 
indicating the high capacity of PKL in receiving a large 
number of swimmers and beachgoers throughout a year [33]. 
Therefore, there is a high potential of synergic effects of 
chemical interaction of UV filter molecules and long chain 
molecules of P. parvum in PKL that has not been closely 
examined. 

3. TOXICITY APPROACH 

P. parvum is a unicellular alga [35]. Its length ranges 
from 8–15 µm and its width from 4–10 µm and have two 
flagella (Fig 1) [29]. P. parvum blooms occur when the cell 
density exceeds 107 cells. L-1, which turns the color of the 
surface water into golden [20, 36]. This class of algae is 
associated with the production of a variety of sublethal to 
lethal biotoxins known as prymnesins that represent a com-
bination of potent ichthyotoxic, cytotoxic and hemolytic 
chemicals [21, 35, 37]. The synthesis of these biotoxic from 
P. parvum and corresponding chemistry behind their toxicity 
mechanisms is not fully understood [38]. 

It is postulated that environmental variables such as the 
water salinity, light intensity, temperature, and pH play a 
critical role in the toxicity of prymnesins [29]. Also, some 
evidence has shown the critical role of toxic metabolites (i.e. 
saturated and unsaturated fatty acid amides) during P. 
parvum bloom [39]. Based on the available information in 
the literature, it is possible that prymnesins themselves may 
not be the culprit for the toxic effects associated with P. 
parvum. Instead, the secondary metabolites formed during 
the HAB events may be a more important factor dictating the 
toxicity of prymnesins. Therefore, the presence of UV filter 
and their interactions with prymnesins may affect the 
toxicity levels of prymnesins. 

It has been suggested that a mixture of unknown prote-
olipids structures, waxy lipid molecules, saponins, proteina-
ceous molecules, and proteophospholipids are linked to 
defined structure of prymnesins and primarily are responsi-

ble elements for the toxicity of P. parvum [25]. The biologi-
cally and chemically active functional groups increase the 
concentrations of the chemically active surface (i.e. amin 
groups with negative charges) in the potential derivatives of 
the prymnesins [39]. For example, Bertin et al (2012) sug-
gested a loss of H2C=C-NH2-OH+ due to the McLafferty 
rearrangement in the transformation of P. parvum is associ-
ated with forming parent amine -NH3 in different metabolites 
[40]. The nitrogen containing groups in each organic mole-
cule originated from prymnesins may serve as a precursor for 
the formation of chlorine based toxins such as chloropicrin 
[41-43]. 

It is well accepted that dissolved natural organic matter 
and chlorine species exist in water, hence the required pre-
cursor for initiating a photochemical reaction with released 
UV filters is a point of concern. Due to varying photo-
instability of organic UV filters, they play a critical role in 
the formation of a variety of aromatic-based compounds with 
a potential active surface (positively and negatively charged) 
as a result of photochemical reactions in exposure to sunlight 
[44, 45]. For example, the breakdown of organic octocrylene 
(OC) and p-aminobenzoic acid (PABA), two UV filters in 
the presence of sunlight can generate reactive oxygen species 
(ROS) [46-48]. Similarly, some inorganic UV filters (e.g. 
TiO2 nanoparticles) are the most frequent and photoreactive 
components in sunscreen formula and can produce a very 
high concentration of ROS, causing major damage to the 
DNA structure by modifying the nucleotide bases [49]. 

The molecular structures of prymnesins consisting of 
high weight cyclic polyethers prymnesin-1 
(C107H154Cl3NO44) or prymnesin-2 (C96H136Cl3NO35) (Fig. 2), 
and their metabolites (i.e. myristamide) [25, 50] possess both 
chlorine and nitrogen containing functional groups [25]. The 
nitrogen-containing groups can potentially react with chemi-
cally excited UV filter molecules in exposure to sunlight and 
form fragile polymer matrices [51]. These phenolic-like 
structure matrices, depending on the exposure time and water 
pH, are considered to be oxidative in the presence of nitro-
gen groups of organic molecules and inorganic nanoparticles 
such as TiO2 [52]. This fact could intensify the creation of 
precursors for the chlorine-based toxins. 

The two toxins, prymnesin-1 and prymnesin-2 exhibit ex-
tremely potent ichthyotoxicity and hemolytic activity [35]. 
These characteristics are linked to their gross structural 
features: chlorine atoms and an amino group, an unbranched 
single chain of 90 carbons except for a single methyl group, 
a joined polycyclic ether ring (ABCDE-ring), four separate 
1,6-dioxadecalin units (FG-, HI-, JK- and LM-rings), 
conjugated double and triple bonds, and glycosidic [35]. The 
composition of this complex form of the prymnesin indicates 
a high tendency to form a variety of saturated and unsaturat-
ed derivatives [53]. Due to the moiety head ending of chlo-
rine, the presence of amino groups, and the variation in the 
degrees of chlorination in the ladder structure of the prymne-
sin [54], the probability of the reactions with excited mole-
cules of organic UV filters may increase [45]. There is also a 
high chance of enhancement of photochemical transfor-
mations by inorganic UV filters (e.g. TiO2) [49]. These 
chemical reactions can be critical in the toxic behavior of 
prymnesin, which has not been closely examined in ecotoxi-
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cological studies. Fig. 3 illustrate this mechanism conceptu-
ally. 

Due to the high concentrations of prymnesin with chlo-
rinated structure during the killing events, highly reactive 
chlorine-containing species may exist in water. The negative 
charges on mineral surfaces in marine biotic and abiotic 
composition supports the notion that high concentrations of 
active chlorine species (ACS) including chlorine-containing 
molecules in different oxidation states (i.e.chlorine atoms 
(Cl•), chlorine molecules (Cl2), dichloro radical anions 
(Cl2•−), hypochlorous acid (HOCl) and hypochlorite anions 
(ClO−)), may exist in water, possibly formed through the 
oxidation of chloride anion Cl− [55] that could potentially 
attack the available positive functional groups in the water 
and form a variety of multi chlorinated-compounds. 

A series of abiotic and biotic reactions in marine sedi-
ment may lead to the chlorination of organic compounds by 
inorganic chlorines such as high molecular weight Clorg ( 
chlorohumus, chlorinated humic- and fulvic acids) and natu-
rally occurring low-molecular weight Clorg ( aromatic Clorg 
(chlorophenol analogs) and aliphatic Clorg ) [56]. Subse-
quently, chlorinated compounds in water potentially 
participate a photochemical interaction with organic UV 
filters and create toxic or endocrine disrupting compounds 
[45]. For example, Chai et al (2017) identified the 
chlorinated structure of octyl dimethyl-p-aminobenzoate 
(ODPABA) in exposure to chlorine as transformation by-

products, which can disrupt the activity of human estrogen 
receptor α (ERα) [57]. Also, scientists suggested that the 
reaction of ODPABA and octyl-p-methoxycinnamate (OMC) 
with hypochlorite leads to the formation of mutagenic and 
toxic chemicals in exposure to sunlight [45, 58]. Researchers 
showed benzophenone-type UV filters (BPs) can generate 
toxic transformation products in reaction with the residue of 
chlorine in water [59, 60]. During the biochemical transfor-
mation of prymnesin as effective natural organic matter 
(NOM), a direct correlation between UV absorption and ac-
tivation of chlorine-based toxins in the presence of chlorinat-
ed molecules possibly exist, which potentially leads to the 
formation of chlorine based toxins such as trihalomethanes 
(THMs) and haloacetic acids (HAAs) [42, 61-63]. 

4. ENVIRONMENTAL VARIABLES 

Environmental factors are site specific and in a HAB 
event, they can affect the levels of toxicity and distribution 
of different biotoxins associated with prymnesins. Therefore, 
in this section, the roles of main environmental factors af-
fecting the toxicity of prymnesins (UV Filter, nutrient avail-
ability, light, temperature, pH) are briefly discussed below. 

5. UV FILTERS 

Organic UV-filters comprise a heterogeneous group of 
molecules characterized by conjugated aromatic moiety, 
which can absorb UV-A and UV-B radiation[45]. The re-
ported concentration of this class of chemicals is proportion-

 

Fig. (2). Putative stereochemistry of the toxic polyketides, prymnesin-1, and prymnesin-2 are modified from Murata et al (2000) [50]. 
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al to numbers of visitors to natural reservoirs [2]. The photo-
instability of the organic and inorganic UV filters vary with 
the specific conditions in the aquatic environment, meaning 
that UV filters exhibit different behaviors in different water 
sources [45]. For example, TiO2 is an engineered nano-
material, which not only formulated in sunscreen 
compositions but also has been frequently reported in the 
discharge of various industries such as textiles [65]. It is be-
lieved to actively aggregate with NOM including existing 
alga in a HAB event [65]. This may provoke the photocata-
lytic characteristics of TiO2 in such a reaction which result in 
the creation of chlorinated toxins. This fact was previously 
described in Fig. 3. Table 1 shows the physicochemical 
characteristics of four widely used organic UV filters. The 
chemical structures of these compounds mostly contain one 
or two aromatic rings and corresponding aliphatic chains, 
which exhibit various unsaturation levels [17]. 

6. NUTRIENT AVAILABILITY 

The nutrient availability was demonstrated as a substan-
tial factor affecting the growth rate of P. parvum in a HAB 
event, which greatly affects the toxin formations and release 
by this organism [29]. Agricultural effluents are a rich source 
of nitrogen (i.e. nitrate or nitrite) and phosphorus (phos-
phate) which was suggested as a eutrophication vector that 
significantly increases the P. parvum populations [29, 66]. 

In addition, mistreatment of municipal wastewater that 
discharges to the receiving waters may contain a 

considerable amount of nutrients as well as high concentra-
tion of UV filters. In some cases, the average removal effi-
ciency of the wastewater treatment plant (WWTP) for certain 
UV filters (i.e. 2-ethylhexyl salicylate (EHS), BP3, EHMC) 
has been reported from 40 to 60 % [10]. For example, 
Krzeminski et al (2017) found the concentration levels of 
BP3 and OC as high as 1099 and 763 ng/L in a WWTP ef-
fluent, respectively [67]. In another study, the total concen-
tration of UV filters was reported to be upto 850 ng/Lin the 
effluent of WWTP [10]. 

7. LIGHT 

The light intensity has been suggested as a factor affect-
ing the toxicity levels of prymnesin [29]. Some research 
documented the positive correlation between the properties 
of light (i.e. intensity) and the growth rate of P. parvum as 
well as the corresponding ichthyotoxicity levels [68, 69]. 
Similarly, the light factor is strongly correlated with the pho-
to-instability of UV filters in aqueous systems [45, 70, 71]. 
Therefore, it is possible that light might be a stimulating fac-
tor in the photochemical reaction of UV filters with chemical 
metabolites of prymnesin. 

8. TEMPERATURE 

As a eurythermal species, P. parvum can tolerate a wide 
range of temperatures [29]. This range of temperature is be-
lieved to be concomitant with the release of UV filters to 
natural water bodies due to high water recreational activities. 

 

Fig. (3). The proposed mechanisms of toxicity on the reaction of ENPs and organic UV filters with long chain molecule of prymnesin. The 

derivatives of prymnesins were modified from Bertin et al (2012) and the long molecular chains of prymnesin were taken from (Henrikson et 

al (2010). The possible halogenations of the proposed UV filters were suggested by Lambropoulouet al (2014) [64] and the compounds re-

sponsible for toxicity were extracted from McCurry et al (2016) [41]. 
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This co-occurrence was consistent with a summer bloom 
reported in Finland where the temperature is at its highest level 
[72]. A positive correlation between kinetic chemical reaction 
and presence of such natural organic matter and concentration 
of active ingredient in sunscreen products exist, which 
potentially leads to the creation of chlorinated toxins [61-63, 
73]. This fact strengths the hypothesis of the critical role of 
temperature in photochemical reactions of chlorine and 
nitrogen active surface of prymnesin derivatives in water. 

9. PH 

The toxicity of prymnesin substantially varies in different 
pH. For example, low pH in the aqueous phase is associated 
with hemolysis and high pH with ichthyotoxicity activities 
[29]. It means that at different pH different metabolites may 
form and consequently, different reactions can take place. 
Due to a variety of UV filters and their site-specific condi-
tions, the effects of pH on this class of chemical are not well 
understood. 

In addition to the aforementioned factors, the increase of 
NO3

- and ClO4
-in water are the additional sources of chemi-

cally reactant components [74], which may actively react 
with existing UV filters. Also, ClO4

- may be formed through 
an oxidative reaction of chloro-oxyanions and UV-mediated 
photo-oxidation, which may behave as a chemically reactive 
compound in such water [74] where has a wide exposure to 
UV radiation. 

This study clearly demonstrates that molecular activation 
and synthesis of chlorin-based toxins in response to UV fil-
ters are highly likely, and the complicated processes in-
volved in these chemical transformations most likely differ 
with the surrounding environmental conditions. This process 
can be more complicated and potentially synergistic in re-
sponse to corresponding environmental factors (i.e a combi-
nation of hot temperature, intense sunlight and acidic pH 
water). These environmental differences may explain the 
different observations concerning the toxicity of prymnesin 
under different environmental conditions. 

Due to these deleterious environmental impacts, applica-
tion of sunscreen products is currently prohibited in a few 
popular tourist coastal areas around the world such as marine 
Ecoparks in Mexico [75, 76], Japan [77] and in some semi-
enclosed transitional systems [75]. 

10. CONCLUSION 

An understanding of the toxic behavior of UV filters is 
critically important in the protection of surface water. This 
review revealed that aquatic lives in aquatic ecosystems such 
as PKL can be critically threatened through different con-
founding factors. The photochemical reaction of released UV 
filters (organic and inorganic) with transformation products 
of prymnesins (containing nitrogen or chlorine group) are 
possibly associated with the production of lethal biotoxins in 
lakes around the globe. This phenomenon affects the ecolog-

Table 1. Chemical name, water solubility, Log Kow and molecular structures of typical UV filters [1]. 

Name Log Kow** Solubility** (at 25 

°C) (g l−1) 

molecular 

weight* (g/mol) 

Structure** 

Benzophenone-1 (BP1) 3.17 0.39 182 

 

Ethylhexyl methoxycinnamate 
(EHMC) 

5.8 0.15 290 

 

Octocrylene (OC) 7.3 0.02 361  

Ethylhexyl-dimethyl-PABA (OD-

PABA) 

6.15 4.7×10−3 277 

 

* Source: https://pubchem.ncbi.nlm.nih.gov. 

** Source: Molins-Delgado, D., et al (2016) [1] 

https://pubchem.ncbi.nlm.nih.gov/
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ical performance of many aquatic ecosystems and synergisti-
cally increases the toxicity to fish. This emerging environ-
mental concern needs to be investigated. 

Information on the concentration levels of UV filters is 
geographically limited mostly to some countries in Asia and 
Europe. Therefore, there is a need to advance and deepen 
studies in different regions of the USA to better understand 
the magnitude and environmental behavior of these emerging 
contaminants. Research on this issue will direct environmen-
tal policies towards protection of the reservoirs such as zon-
ing of aquatic areas. 
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