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Abstract 
 
We investigated population structure and arsenic bioaccumulation and distribution in 

zooplankton inhabiting highly contaminated freshwater with arsenic. We collected 

water and zooplankton samples over a 4 year period, determined environmental 

temperature as well as water temperature, pH, electrical conductivity (EC), total 

dissolved solids (TDS), oxidation-reduction potential (ORP), dissolved oxygen (DO), 

major cations and anions and total arsenic concentration. We identified zooplankton 

species and determined their abundance, length, sex ratios, and arsenic 

bioaccumulation and distribution in exposed organisms. At the study site, Paracyclops 

chiltoni, an extremophile was found to survive in an environment with high 

concentration of arsenic, sulfate and fluoride in freshwater as a well-adapted 

organism. Results showed that the average arsenic concentration in freshwater was 

53.64±10.58 mg/L. Exposed organisms of Paracyclops chiltoni showed arsenic 

accumulation (up to 9.6±5.4 mgAs/kg ) in its body, likely in the digestive tract as well 

as typical abundance and length, which showed a relationship to environmental 

temperature and oxic conditions in freshwater. Metallotolerant copepods might help to 

better understand if arsenic methylation processes occur in freshwater aquatic 

organisms. 

 

keywords: hydrogeochemistry, Paracyclops chiltoni, water pollution, zooplankton, 

metallotolerant. 
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1. Introduction 

Due to natural and anthropogenic processes and activities, arsenic (As) can be 

found in freshwater at concentrations that can cause stress to zooplankton, impacting 

their population ecology and morphology as well as their abundance, size, sex, and 

sex ratio (female:male), among other parameters (Conde-Porcuna et al., 2004; De la 

Lanza-Espino et al., 2011; Dinh et al., 2020; Karlsson and Winder, 2020; Zhao et al., 

2018; Zhu et al., 2020). Concentrations of As as high as 3 mg/L have been reported 

to be lethal to zooplankton experimentally (Chen et al., 1999). However, it is fairly well 

known that all main groups of freshwater zooplankton, cladocerans, rotifers and 

copepods, bioaccumulate As (Alvarado-Flores et al., 2019; Byeon et al., 2020; 

Caldwell et al., 2011; Caumette et al., 2012, 2014; Rubio Franchini et al., 2015). This 

is likely due to the biotransformation of more toxic inorganic As species to less toxic 

arsenobetaine and arsenosugars species, as it has been demonstrated for marine and 

freshwater organisms, respectively (Caumette et al., 2012, 2014).  

X-ray Fluorescence (XRF) studies on cladocerans, Daphnia pulex inhabiting in 

lakes with 0.25 mg/L of As, and Daphnia magna exposed to As in laboratory cultures, 

indicate arsenic accumulation mainly in the gut of the organisms (Caumette et al., 

2012; Wang et al., 2018), exhibiting concentrations that are approximately 10 times 

higher in the gut than in surrounding tissue (Caumette et al., 2012). Questions remain, 

however, on whether As biotransformation and accumulation would replicate in 

metallotolerant organisms inhabiting extreme concentrations of As in freshwater, as it 

is the case of this study. Extremophile calanoid copepods Acartia spp., Temora 

longicornis, and Pseudocalanus sp. have been reported to inhabit extreme conditions 

of salinity and temperature, but in marine environments (Barka et al., 2001; Hansen et 

al., 2006; Lee et al., 2003). However, to the extent of our knowledge, no metallotolerant 

species of zooplankton inhabiting highly contaminated freshwater has been reported 

yet. The study of As biotransformation and accumulation across a wide range of As 

concentrations, environments and groups of zooplankton might improve our 

understanding of As uptake by organisms, as zooplankton is the first link in the food 

chain and a water quality indicator.  

In this study we investigated some indicators of population structure of 

Paracyclops chiltoni (a crustacean of the Copepoda Cyclopoid group) inhabiting highly 

https://www.zotero.org/google-docs/?6gvowL
https://www.zotero.org/google-docs/?6gvowL
https://www.zotero.org/google-docs/?6gvowL
https://www.zotero.org/google-docs/?akAQQM
https://www.zotero.org/google-docs/?SWjrDu
https://www.zotero.org/google-docs/?SWjrDu
https://www.zotero.org/google-docs/?gu6UhF
https://www.zotero.org/google-docs/?qRFQU4
https://www.zotero.org/google-docs/?qRFQU4
https://www.zotero.org/google-docs/?EBHEnI
https://www.zotero.org/google-docs/?F5KNn3
https://www.zotero.org/google-docs/?a6eZrX
https://www.zotero.org/google-docs/?a6eZrX
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contaminated As freshwater over time as well as As bioaccumulation and distribution 

in P. chiltoni. To better understand any relationships among the hydrogeochemistry of 

the environment and the organisms, major water parameters were determined and 

principal component analyses were carried out.  

2. Materials and methods 
 
Water and zooplankton samples were collected from an old excavation located 

in Matehuala, San Luis Potosi, Mexico. The excavation covers an area of 50 m2, has 

blurred edges, serves as a private litter dump, and is nearly 2 m deep, while the height 

of the water level is 30 cm, approximately (Figure 1). Previous studies at the sampling 

location showed extremely high concentrations of As in water (up to 158 mg/L) 

(Martínez-Villegas et al., 2013; Pelallo, 2006; Razo et al., 2004), due to the dissolution 

of metallurgical wastes from an inactive smelter located 200 m north the sampling 

point (Martínez-Villegas et al., 2013), suggesting that zooplankton inhabiting this water 

body might be a metallotolerant species that accumulate As. Local surface geology 

consists of a complex alluvial-gypsum geological transition that exhibits paleochannel 

and karst features (Gómez-Hernández et al., 2020).  

 

Water samples were collected over time from 8 different sampling campaigns 

to determine As as well as major cations and anions. Water samples were taken in 60 

mL polypropylene bottles previously washed and rinsed with deionized water. Bottles 

for As and cation determinations were washed with 2% Extran® and 10% HNO3 acid, 

while bottles for anion determinations were washed with 2% Extran® only. All water 

samples were filtered through 0.45 µm filters, acidified to pH <2 using concentrated 

HNO3 (only for cations and As), and stored at 4 °C until analysis. For quality control 

and assurance, one laboratory blank, one field blank and one duplicate were collected 

at each sampling campaign.  

 

https://www.zotero.org/google-docs/?5vkkqh
https://www.zotero.org/google-docs/?5vkkqh
https://www.zotero.org/google-docs/?5vkkqh
https://www.zotero.org/google-docs/?5vkkqh
https://www.zotero.org/google-docs/?CtQInN
https://www.zotero.org/google-docs/?WyHXfH
https://www.merckmillipore.com/MX/es/product/Extran-MA-02,MDA_CHEM-107553
https://www.merckmillipore.com/MX/es/product/Extran-MA-02,MDA_CHEM-107553
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Figure 1. Sampling point located in Matehuala, San Luis Potosi, Mexico. The sampling point is an 
excavation  2 m deep and 50 m2 wide  (14N: 332784, 2617530). 

 

Ambient temperature, water temperature, pH, electrical conductivity (EC), total 

dissolved solids (TDS), oxidation-reduction potential (ORP), and dissolved oxygen 

(DO) were measured on-site using a multiparameter probe (HANNA Instruments 

Model 9829 Handheld Multiparameter Water Quality Meter). Additionally, alkalinity 

was determined by titration using an Automatic Titration Kit of the HACH brand model 

AL-DT.  

 

Arsenic and major cations (calcium, magnesium, sodium and potassium) were 

determined by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-

OES), using a Varian 730 ES spectrometer (EPA, 1994). Due to relatively high salinity 

because of gypsic and karstic geological settings, samples were diluted (1:5) for ICP-

OES analysis. Calibration with reference samples and blanks as well as replicate 

analyses for quality control were carried out to ensure the reliability of the analytical 

data. The calibration curve was in the range of 0.05 to 20 mg/L, while the detection 

limit was 0.001 mg/L.  

 

Anions (sulphate, chloride, nitrate and fluoride) were determined by High-

https://www.zotero.org/google-docs/?TtWuKe
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Performance Liquid Chromatography/Ion Chromatography (HPLC-IC), using a 

Thermo-Dionex 1100 with ASRS-Ultra 300 4-mm suppressor, IonPac AS14A column 

and ED50 electrochemical detector (EPA, 1997). Calibration with reference samples 

and blanks and replicate analyses for quality control were carried out to ensure the 

reliability of the analytical data. Correlation coefficients in analytical curves were 

greater than 0.9993, while recovery percentages were greater than 90%. 

 

Zooplankton samples were collected by grabbing and filtering different volumes 

of water (ranging from 12 to 100 L) in each sampling campaign. The sampling was 

carried out depending on the availability of water, ensuring the least possible impact 

on the ecosystem and also bearing in mind the small size and the shallow depth of the 

water body. After collection, all samples were immediately filtered through a 45 µm net 

for zooplankton. For quality control and assurance, a duplicate sample was meant to 

be collected in each sampling campaign. However, due to low water availability, only 

5 out of 8 duplicate samples could be collected. After collection, the organisms were 

fixed in 99% ethyl alcohol in 15 mL Eppendorf tubes and kept at 4 °C until isolation, 

cleaning, counting and measurement using a Nikon SMZ 800N stereo microscope for 

further analyses. Then, a total of 180 organisms were picked for As bioaccumulation 

analysis. An additional zooplankton sample was collected to fix organisms in deionized 

water for As distribution analysis.  

 

Zooplankton abundance was quantitatively determined by counting adult, 

copepodite, and nauplii individuals using an Olympus CX21 optical microscope. 

Countings were then normalized to the volume of water filtered in the field to report 

abundance in individuals per liter (ind/L). Zooplankton longitudinal length was 

measured for organisms using a Nikon SMZ 800N stereo microscope.  
 

Zooplankton observations were carried out in 10 organisms dried at room 

temperature and mounted in an aluminum pin stub. For doing so, a Scanning Electron 

Microscopy (JEOL-SM-6010 and FEI Quanta 200) was used. SEM images were 

compared to specialized literature on morphological keys of the Subclass Copepoda, 

Order Cyclopoida (Karaytuğ and Boxshall, 1998, 1999; Mercado-Salas and Suárez-

Morales, 2009; Suárez-Morales, 1996).  

 

https://www.zotero.org/google-docs/?RyqM0m
https://www.zotero.org/google-docs/?YYIRwd
https://www.zotero.org/google-docs/?YYIRwd
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Arsenic bioaccumulation was determined in organisms fixed in alcohol 99% 

after rinsing the organisms 3 times with deionized water. For doing so, 5 replicates of 

30 organisms each were digested at room temperature using 500 µL of HNO3 in 3 mL 

Eppendorf tubes. Then, As was determined in the digests by Graphite Furnace Atomic 

Absorption Spectroscopy (GFAAS) using a Varian model AA2042, with a detection 

limit of 0.24 µg/L and practical limit of quantification of 2.80 µg/L, (Alvarado-Flores et 

al., 2019; DOF, 1994; Rubio Franchini et al., 2015). For this purpose, other 5 replicates 

of 30 organisms each were weighted and brought to constant weight in 5 Eppendorf 

microtubes at 60 °C in the oven to determine adult zooplankton dry weight, which was 

7.77 ± 1.9 µg average per organism. 
 

Additionally,  micro-focused X-Ray Fluorescence (µ-XRF) data was collected 

at the XFM beamline 10.3.2 of the Advanced Light Source, Lawrence Berkeley 

National Laboratory, (Berkeley, CA, USA) to determine As distribution in Paracyclops 

chiltoni. Three organisms were placed onto a molybdenum foil  using a 

stereomicroscope, and were allowed to dry at room temperature.  Samples were then 

frozen in liquid nitrogen and analyzed using a Peltier cooling stage (-22 °C)  during the 

analysis to minimize beam radiation damage. All data were recorded with a solid state  

Canberra 7-element UltraLEGe detector (Canberra, ON). . Elemental maps were 

collected at 11966.7 eV, using a 7 x 7 μm beam spot size, 4 x 4 μm pixels and 100 ms 

dwell time. Maps were then deadtime-corrected and decontaminated.. Spectra were 

energy-calibrated with respect to the white line  of Na2HAsO4 (11 875 eV). Data were 

processed with custom LabVIEW software available at the beamline. 

https://sites.google.com/lbl.gov/lbnl-als-1032/software-download. 

 
  

Relationships between abiotic and biotic parameters were determined using 

Principal Component Analysis (PCA) with physicochemical (ambient temperature, 

sample temperature, pH, EC, TDS, ORP, OD, cations, anions and As) and population 

structure (zooplankton abundance and length) data using software Origin(Pro), 

Version 2016 (OriginLab Corporation, Northampton, MA, USA).  

https://www.zotero.org/google-docs/?XjtCL9
https://www.zotero.org/google-docs/?XjtCL9
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3. Results and discussion 
 

In the study area, the average ambient temperature was 19.2 ± 2.9 °C during 

the sampling period. Average water temperature, pH, EC, ORP and DO were 20.9±1.6 

°C, 6.9±0.2, 3.59±1.24 mS/cm, 322±15 mV, and 2.9±1.5 mg/L, respectively (Table S1, 

Supplementary Material). These values were similar to previous values reported for 

the same study site (Gómez-Hernández et al., 2020; Martínez-Villegas et al., 2013; 

Pelallo-Martínez, 2006). Temperature, pH, ORP and DO were also in agreement with 

values of natural freshwater exhibiting suboxic-oxic conditions (Essington, 2004; 

Ongley, 1997; Quiroz-Martínez et al., 2006). In contrast, EC and TDS were slightly 

higher than typical values for freshwater (0 to 1 mS/cm and 1 g/L to 3 g/L, respectively) 

(Prajapati, 2018; USGS, 2016), highlighting the evaporitic nature of the geological 

settings.  

 

Average As concentration in freshwater was 53.64±10.58 mg/L, greatly 

exceeding those commonly found in natural waters (which range from 5x10-5 mg/L to 

5 mg/L) (Smedley and Kinniburgh, 2002) as well as the concentration of As considered 

lethal for zooplankton (3 mg/L) (Chen et al., 1999) and guidelines for the protection of 

aquatic life and natural waters in Mexico and other countries (CCME, 2001; 

CONAGUA, 2020; EPA, 1995), supporting that our sampling point is consistently and 

highly contaminated with arsenic (Gómez-Hernández et al., 2020; Martínez-Villegas 

et al., 2013; Pelallo-Martínez, 2006). 

Average cation concentrations were 437.45±140.49 mg/L, 46.68±10.15 mg/L, 

181.68±96.41 mg/L and 9.46±3.16 mg/L for calcium, magnesium, sodium and 

potassium, respectively (Table S2, Supplementary Material).  These values were 

within the ranges reported for cations in natural waters (Appelo and Postma, 2005). In 

the case of anions, average concentrations were 277.13±63.93 mg/L, 2287.3±890.38 

mg/L, 189.13±8.67 mg/L, 32.79±6.32 mg/L 2.00 ± 0.13 mg/L for bicarbonate, sulfate, 

chloride, nitrate, and fluoride, respectively (Table S2, Supplementary Material). While 

bicarbonate, chloride, and nitrate concentrations were within the ranges reported for 

these anions in natural waters (Appelo and Postma, 2005; Oram, 2020), sulphate and 

fluoride concentrations exceeded  the values most commonly found in natural waters 

(900 mg/L and 1 mg/L, respectively) (Appelo and Postma, 2005; O’Riordan, 1990). 

https://www.zotero.org/google-docs/?lt43jY
https://www.zotero.org/google-docs/?lt43jY
https://www.zotero.org/google-docs/?yg3isz
https://www.zotero.org/google-docs/?yg3isz
https://www.zotero.org/google-docs/?5sM9us
https://www.zotero.org/google-docs/?T2NivN
https://www.zotero.org/google-docs/?LwcVck
https://www.zotero.org/google-docs/?AYArEV
https://www.zotero.org/google-docs/?AYArEV
https://www.zotero.org/google-docs/?TwzXv5
https://www.zotero.org/google-docs/?TwzXv5
https://www.zotero.org/google-docs/?SfczWu
https://www.zotero.org/google-docs/?96vnhK
https://www.zotero.org/google-docs/?ZH1sd4
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Relatively high calcium and sulfate concentrations explain the high EC found in 

freshwater, which is consistent with the alluvial-gypsum geological transition reported 

for the study site (Gómez-Hernández et al., 2020). 

 

Figure 2 shows SEM images of the only species of micro-crustacean found to 

inhabit the arsenic-contaminated water. The observed organisms key to Paracyclops 

chiltoni (Thomson, 1882) in the keys of Karaytuğ and Boxshall, 1998, 1999; Mercado-

Salas and Suárez-Morales, 2009; Suárez-Morales, 1996 (Figure 2a). According to 

extensive observations and comparisons, all organisms showed a well-differentiated 

single segment of the fifth leg, with two apical setae of similar size, and an apical spine 

(Figure 2b) as well as an antennule with 8 segments (Figure 2d). Additionally, all the 

organisms showed a caudal rami that was 3.5 to 4 times longer than wide, ornamented 

with a short transverse row at the level of the caudal lateral seta and separated from 

each other from the base, by a length less than the width of one of the rami as well as 

an external seta of the fifth leg that was the same length as the middle one (Figure 2c) 

as those reported by Karaytuğ and Boxshall, 1999, 1998; Mercado-Salas and Suárez-

Morales, 2009 and Suárez-Morales, 1996. All morphological features matched those 

reported for the same species in the literature (Karaytuğ and Boxshall, 1999, 1998; 

Mercado-Salas and Suárez-Morales, 2009; Suárez-Morales, 1996). Additional genetic 

studies would help to better understand and increase knowledge on the biological 

characters of this metallotolerant zooplankton species inhabiting arsenic-

contaminated water. 

 

https://www.zotero.org/google-docs/?3sJ9aW
https://www.zotero.org/google-docs/?T4yWBV
https://www.zotero.org/google-docs/?T4yWBV
https://www.zotero.org/google-docs/?GaUkBr
https://www.zotero.org/google-docs/?GaUkBr
https://www.zotero.org/google-docs/?nG9FfF
https://www.zotero.org/google-docs/?nG9FfF
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Figure 2. SEM Paracyclops chiltoni images showing the a) habit (dorsal view), b) the fifth leg, c) the 

caudal rami, and d) the antenna of a female organism.    
 

Table 1 shows total abundance, female and male abundance, copepodite and 

nauplii abundance, female and male length as well as sex ratio. Total average 

abundance (8.25±10.77 ind/L) was generally within the abundance values reported for 

copepods inhabiting heavy metal contaminated water (0.2 to 20 ind/L)   (Gagneten 

and Paggi, 2008) and epicontinental water (0.5 and  1182 ind/L) (Cervantes and 

Gutiérrez-Aguirre, 2014; G. et al., 2013; Torres-Orozco and Zanatta, 1998; Villalba et 

al., 2017), except for the October 17 sample that showed a low abundance likely due 

to a relatively low water temperature (18.3 °C) compared with other samples. 

Haberman and Haldna (2017) reported that zooplankton abundance can decrease up 

to 3 times by one degree lowering of the temperature. On the other hand, P. chiltoni 

abundance was lower than the abundance values reported for cyclopoids inhabiting 

mesotrophic water levels (21.3 ind/L)  (Cervantes and Gutiérrez-Aguirre, 2014).  

https://www.zotero.org/google-docs/?l8OTv9
https://www.zotero.org/google-docs/?l8OTv9
https://www.zotero.org/google-docs/?3xRlg2
https://www.zotero.org/google-docs/?3xRlg2
https://www.zotero.org/google-docs/?3xRlg2
https://www.zotero.org/google-docs/?gqretb
https://www.zotero.org/google-docs/?QhOF6R
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Adult female and male lengths were within the lengths reported for cyclopoids, 

556-857 µm in females and 531-751 µm in males (Karaytuğ and Boxshall, 1998), 

suggesting that P. chiltoni inhabiting highly contaminated water did not exhibit length 

changes. Sex ratio (female:male) was 8:1±8.9:1 (Table 1), which was in agreement 

with adult sex ratios, which, in turn, was typically skewed towards the dominance of 

females in copepod field populations (Kiørboe, 2006), except for the May 18 sampling 

(Table 1), where sex ratio presented a higher population of males than females (0.5:1). 

During this sampling, the ambient temperature was the highest (22.66 °C). Sex ratio 

in copepods seems to show seasonal variability, the number of males increased with 

increasing temperature (Krupa, 2005). In this study, high variability in population 

structure  was observed, perhaps due to environment settings surrounding the water 

body. As mentioned previously, it is next to a subsistence farm animal hatchery that 

may influence water hydrogeochemistry and zooplankton population structure. 

 

 

 
 
 
 
 
 
 

 

 

https://www.zotero.org/google-docs/?nmUUQR
https://www.zotero.org/google-docs/?5xcHfA
https://www.zotero.org/google-docs/?iFKmgR


 

11 

 
Table 1. Data of Paracyclops chiltoni structure population inhabiting contaminated water with arsenic values between 35.50 and 62.29 mg/L.  

 



 

12 

Arsenic concentration in Paracyclops chiltoni was 9.6±5.4 mg/kg, indicating that 

P. chiltoni uptakes As from freshwater and incorporates it in the body. These values 

were in agreement with those reported between 0.2 mg/kg and 11 mg/kg for copepoda 

and cladocera organisms inhabiting an environment down to 249 times less 

contaminated (Caumette et al., 2011). Questions remain on whether this might be a 

(maximum) range of As concentration in exposed organisms. 

 

Figure 3 shows  an XRF elemental map of As distribution in Paracyclops chiltoni 

in the body of the organism.  Arsenic is found to accumulate in the prosome and the 

urosome of Paracyclops chiltoni. The presence of As in P. chiltoni was confirmed by 

the characteristic Kα fluorescence emission peak at 10 543.4 eV in specific sample 

regions (Figure S1, Supplementary Material), mostly in the thoracic area and near the 

furcation or the anus, which suggest that As may be accumulating in the digestive tract 

of P. chiltoni. Our results were similar to those reported for organisms of cladoceran 

zooplankton (Caumette et al., 2012; Wang et al., 2018) and suggest that As may 

accumulate in the digestive tract of zooplankton across different zooplankton groups. 

For the very first time, we report a metallotolerant copepod inhabiting freshwater with 

extremely high concentrations of arsenic (up to 57.47 mg/L), which might help to better 

understand As biotransformation and toxicity in copepoda and zooplankton. 

 

 

https://www.zotero.org/google-docs/?Grg8hI
https://www.zotero.org/google-docs/?broken=L9yaqr
https://www.zotero.org/google-docs/?broken=lkiSYJ
https://www.zotero.org/google-docs/?broken=lkiSYJ
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b) 

 
Figure 3. a) SEM image of Paracyclops chiltoni living in highly contaminated freshwater and b) Tricolor-
coded µ-XRF elemental map of arsenic in red, calcium in green and potassium in blue, revealing the 
presence of As in the prosome and the urosome of P.chiltoni  The brightest red spot near the anus 
suggests the presence of As in the digestive tract of the organism. Acquisition done at -22 °C  and 
11966.7 eV  with 4×4 μm pixels and 100 msec  dwell time.  
 

PCA was carried out to examine any relationships among the 

hydrogeochemistry of the environment and the organisms. PC1 (30.19%) combined 

dissolved oxygen, major cations of evaporite origin (Na, Mg, Ca) and As, while the 

PC2 (23.70%) combined environmental temperature, male length as well as ORP 

(Figure 4). From left to right, PCA showed a clear separation between the samples 

collected in the warmest (March, April and May) and the coldest (August, October, 

December and February) months (Figure 4). This, in turn, showed the lowest and 

highest DO concentrations, respectively, as well as the lowest and highest ambient 

temperatures, respectively. This information was in agreement with historical average 

monthly temperatures in Matehuala for the last 22 years for those months (SMN, 

2020). 

A third principal component (PC3; 18.32%) combined pH, bicarbonate, ORP 

and female and male lengths. These three main components explained 72.21% of the 

total variability of the data. Table 2 shows the coefficients of each parameter.  

 

https://www.zotero.org/google-docs/?JNoOWB
https://www.zotero.org/google-docs/?JNoOWB
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Table 2. Eigenvectors 

 
 

Figure 4 and Table 2 suggest that PC1 is an abiotic factor related to the 

solubility of minerals and the oxic level of the system, which is supported by a positive 

correlation between the level of dissolved oxygen and the concentrations of sodium, 

magnesium, calcium and arsenic (Table 3). A negative correlation was found between 

dissolved oxygen and total abundance of zooplankton (Table 3). On the other hand, 

PC2 is a factor that combines abiotic and biotic aspects of the system, related to 

ambient temperature, ORP and female and male lengths (Figure 4, Table 2). This is 

supported by a direct correlation between ORP and male and female lengths, as well 

as between ambient temperature and male and female lengths (Table 3). PC3 is a 

factor related to pH and bicarbonates (Table 2), which were directly correlated (Table 

3). 
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Figura 4. PCA biplot, where two principal components (PC1 and PC2) are observed, as well as the 
contribution variables for each component. 
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Table 3. Pearson's correlation matrix between biological and physicochemical parameters, showing values >0.5 in green and <-0.5 in blue. 
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4. Conclusions 
 

In the study site, Paracyclops chiltoni was found to be an extremophile, able to 

survive in an environment with high concentrations of arsenic, sulfate and fluoride in 

freshwater as well as a well-adapted organism to this environment as determined by 

average length and abundance, which were, as expected, related to environmental 

temperature and oxic conditions in freshwater. P. chiltoni accumulates As and might 

provide insight on limited arsenic methylation in metallotolerant zooplankton, for which 

further studies are needed. 
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Highlights  
 

● We report for the first time an arsenic metallotolerant copepod.  

● Paracyclps chiltoni is able to survive in high concentrations of arsenic in 

freshwater. 

● A metallotolerant copepod accumulates arsenic in its body. 

● A metallotolerant copepod exhibits typical body length and abundance. 
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Supplementary material 
 
Paracyclops chiltoni inhabiting water highly contaminated with arsenic: water 
chemistry, population structure, and arsenic distribution within the organism. 
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Table S1.- Field parameters at sampling point. 

 
 

Table S2- Cation, anion and trace metal concentrations. 
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Figure S1.- Micro-focused -XRF elemental distribution map of arsenic and micro-XRF spectra of three different arsenic hotspots showing  As 
K𝛂𝛂 (10543.4 eV) emission line. 
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