
Residue Analysis of Fish Exposed to Fishnets Coated with Antifouling Paint Containing 
Zinc or Copper Pyrithione

• Abstract
• Fish were exposed to fishnets treated with a coating containing copper pyrithione (CuPT) for a period of 45 

days.  Analysis was done by HPLC-MS/MS after extraction and derivatization of the pyrithione portion of the 
molecule from the fish muscle.  The method was optimized to determine the concentration of pyrithione (as 
CuPT) in the range of 0.5 ng/g to 30 ng/g (ppb) in the fish.  For the analysis, 1 gram of fish muscle was
extracted with 3 mL of a solvent containing an internal standard, followed by derivatization of the pyrithione
portion of the molecule.  HPLC-MS/MS in the multiple reaction monitoring (MRM) mode was used for 
quantitation.  The analyte response was linear over the concentration range of 0.1 to 10 ng/mL in the extraction 
solvent (R2 = 0.99817).  Six replicates each of fish muscle spiked with CuPT at concentrations of 2.19 ng/g and 
2.57 ng/g, in between the limit of quantitation (LOQ = 0.5 ng/g) and 10X the LOQ for the method, gave 
recoveries of 87% (sd = 15) and 104% (sd = 11), respectively.  Analysis of six exposed fish and three 
unexposed fish (controls) all showed levels below the LOQ of 0.5 ng/g.

• Copper pyrithione

• Results and Discussion
• Analysis of the derivatized pyrithione was by HPLC-MS/MS with multiple reaction monitoring (MRM).  The ion 

transition of the [M+Na]+ molecular adduct ion to a specific fragment ion was monitored for the pyrithione
derivative and the internal standard.  Figure 1 shows a typical MRM chromatogram of the CuPT derivative.  
The response ratio from the CuPT derivative and the internal standard was used to calculate the pyrithione
concentration in the fish samples.  The method, in combination with the use of an internal standard, is very 
sensitive and highly specific for pyrithione. 

• The calibration standards showed a linear response (Figure 2) over the entire concentration range.  Figure 3 
shows representative chromatograms from control fish muscle, control fish muscle spiked with CuPT at 2.19 
ng/g, and exposed fish muscle.  No quantifiable CuPT was seen in any of the control or treated fish.  Table 1 
shows the results from the three control and six exposed fish.  The CuPT concentrations were all below the 
limit of quantification of 0.5 ng/g.

» Figure 1. MRM chromatogram 
of the derivatized 0.1 ng/mL
standard.

» Figure 2. Standard calibration for 
derivatized CuPT using an internal 
standard

» Figure 3. Representative 
MRM chromatograms from 
control fish #3 (top), control 
fish spiked with 2.19 ng/g of 
CuPT (middle), and exposed 
fish #3 (bottom).

• Fish that were exposed to fishnets treated with zinc pyrithione (ZPT) containing coating were analyzed 
for the presence of ZPT in the fish muscle by in-situ chemical derivatization followed by LC-MS/MS 
analysis. The method has been optimized to determine the concentration of pyrithione at sub ppb levels 
(<1.0 µg/kg fish). ZPT in fish muscle was extracted with a solvent containing a derivatization reagent and 
an internal standard. The analyses of the derivatized ZPT and the internal standard were performed in 
multiple reaction monitoring (MRM) mode by LC-MS/MS. The linearity of the analyte response was 
obtained over the ZPT concentration range of 0.2 – 10 ng/mL, with the calculated regression coefficient 
of R2=0.99947. Using blank and ZPT derivative-spiked fish extract, the limit of detection (LOD) was 0.15 
ng/g fish and the limit of quantification (LOQ) was determined as 0.5 ng/g fish. Accuracy and precision 
were determined from six replicate samples spiked with known concentrations of ZPT in the presence of 
internal standard, and the measured concentrations of zinc pyrithione were 104 ± 0.6% and 99 ± 9.0% 
respectively, for LOQ and 10X LOQ samples. The quantification results show that ZPT concentrations 
were below the limit of quantification (0.5 ng/g fish) in both control and treated samples. 
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Results and Discussion
The analysis of chemically derivatized pyrithione was performed by LC-MS/MS using MRM, where the ion 
transition of molecular ion [M+1]+ to a fragmented ion with maximum peak intensity is monitored. Figure 1 
shows the typical MRM chromatogram of ZPT derivative. The MRM response ratio of ZPT derivative to the 
internal standard was then used in the quantification of pyrithione in fish samples. This MS-based selective ion 
monitoring, in combination with the use of internal standard, provides absolute specificity for the analyte and 
absolute quantification of analyte concentration in the sample. 
The results of standard calibration show the linear response of ZPT derivative as shown in Figure 2 in a range 
of ZPT concentration between 0.2 – 10.0 ng/mL. Figure 3 shows the representative MRM chromatograms of a 
control fish sample (A), a control sample spiked with 0.5 ng/g ZPT (B), and a treated sample (C). No 
detectable ZPT signatures were observed in the chromatograms of both control and treated samples, 
compared with the control sample spiked with ZPT. Table 1 presents the quantification results obtained for 
three control and twelve treated samples.  The concentrations of ZPT were found to be below the limit of 
quantification (0.5 ng/g fish) in the samples from both control and treated groups.

Figure 1. MRM 
chromatogram of ZPT 
derivative. 

Figure 2. Typical calibration curve for ZPT 
derivative using an internal standard.
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Figure 3.  Representative MRM chromatograms of a control sample (A),
a control sample spiked with 0.5 ng/g ZPT (B), and a treated sample (C).

Table 1. Concentrations of ZPT in the muscle of salmon fish in the control and the treateda groups.
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a Salmon were exposed in the fishnet coated with ZPT antifouling paints for 7 months
b LOQ; limit of quantification (0.5 ng/g fish).


