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Introduction
Organotin compounds are widely used as 
stabilizers for polyvinyl chloride (PVC), biocides 
in industry and agriculture, catalysts for 

various chemical reactions, as well as anti-pollution coatings for ships, etc., resulting in 
widespread pollution of various environmental media, including potable water. 

Tributyltin (TBT) and triphenyltin (TPT) are by far among the most toxic chemicals 
introduced into the marine environment through human activities via either point or 
non-point sources. Tributyltin and TPT may cause embryotoxicity, muscle toxicity and 
genotoxicity in mammals, leading to aberrations. Dibutyltin (DBT) has a strong stimulating 
effect on mucous membranes and skin, easily causing severe dermatitis, and has been 
found to have an adverse effect on the immune system of mammals. The acute and 
persistent effects of TPT are both greater than its degradation product, diphenyltin (DPT). 
The order of persistent toxicity of these organotin compounds is: TBT > TPT > DBT > DPT.

In the existing Chinese national standards, the analytical method for organotin is mainly GC or GC/
MS (after derivatization) to convert the organotin species into volatile compounds. The exception 
is Chinese standard HJ 1074-20191, which is the first environmental method certified for organotin 
speciation by HPLC-ICP-MS. The advantage of LC over GC for the separation of organotin species 
is simplified sample preparation: while GC requires a complex derivatization step to convert the 
organotin compounds into volatile species that can be separated by GC, LC can separate 
the organotin species directly, minimizing steps which could compromise species integrity and 
abundance. As a result, it is easier to achieve more accurate results with LC compared to GC.

In this study, HJ 1074-2019 was applied to the separation and analysis of four tin  
species in tap water using PerkinElmer's NexSAR™ HPLC-ICP-MS speciation solution.
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Experimental
Samples and Sample Preparation

Tap water samples were collected in Guangzhou, China and 
prepared according to the direct injection method described in 
HJ 1074: acidification with 1% HCl (v/v) and filtering through a 
0.22 µm PTFE membrane for analysis.

DBT, TBT, DPT, and TPT (Aladdin Bio-Chem Technology Col, 
Shanghai, China) were prepared at concentrations of 10, 20, 
50, 100, 150, and 200 µg/L in 1% HCl (v/v), in accordance with 
the recommended concentrations specified in HJ 1074.

In the absence of a certified reference material, a spiked sample 
(spiked with 2.5 µg/L mixed tin species) was prepared to verify 
the analytical accuracy of the method. 

Instrumentation

All analyses were performed using a NexSAR speciation 
analysis ready inert HPLC system (PerkinElmer, Shelton, 
Connecticut, USA) comprised of the NexSAR 200 Inert HPLC 
Pump, Cooled-Inert Autosampler, and Solvent Tray with 
Degasser. The system was coupled to a NexION® ICP-MS 
(PerkinElmer Inc.). Details pertaining to the HPLC and ICP-
MS conditions are shown in Tables 1 and 2, respectively. All 
analyses and the collection of data were performed using 
Clarity™ chromatography software for speciation analyses.

Standard HJ 1074 specifies the use of reversed-phased 
chromatography using a C18 column with an organic mobile 
phase to perform the separation. The inert, metal-free NexSAR 
flow path ensures that contamination does not originate from 
the HPLC system, while the active seal wash reduces system 
maintenance, increasing instrument uptime and, ultimately, 
laboratory throughput. The organic content of the mobile 
phase requires a robust plasma with accurate impedance 
matching, as found in the NexION ICP-MS systems.

Results and Discussion
Figure 1 shows the baseline separation of all species for the 
calibration standards in under 11 minutes. Peak identification was 
accomplished by matching retention times with those observed 

Figure 1. Chromatograms showing overlay of calibration standards (10 – 200 μg/L). 

Parameter Value 

Chromatography Reversed-phase Chromatography 

Mobile Phase Acetonitrile: water: acetic acid = 65:23:12 (v/v/v), 
containing triethylamine 0.05%

Separation Scheme Isocratic 
Injection Volume 200 μL 
LC Vials HPLC-Tested polypropylene vials, 1.5 mL 
Needle Wash 2 50% water in methanol

Table 1. NexSAR Inert HPLC System Conditions.

Parameter Value 

Nebulizer MEINHARD® plus Glass Type C 
Spray Chamber Glass Cyclonic 
RF Power 1600 W 
Injector 1.0 mm ID Quartz 
Nebulizer Flow Optimized for <2% oxides 
Mode Standard 
Dwell Time 999 ms 
Oxygen Flow 0.1 L/min 

Table 2. NexION ICP-MS Instrument Conditions.

by initially injecting each organotin species individually. The 
chromatograms in Figure 1 do not show any peak shifting, 
demonstrating that consistent, reliable, and reproducible 
flows are delivered by the NexSAR 200 Inert HPLC Pump, 
ensuring that peaks are correctly identified. The corresponding 
calibration curves appear in Figure 2, each with correlation 
coefficients greater than the 0.990 specified in HJ 1074.

There are many ways to determine detection limits, but HJ 
1074 does not specify a preferred method on how to measure 
them. In this work, the ASTM noise evaluation function in 
Clarity™ chromatography software was used to determine 
detection limits for each species using the criteria that the 
detection limit is the concentration which produces a peak 
which is three times the amplitude of the baseline noise i.e., 
3S/N. As shown in Figure 3, the detection limits are more 
than an order of magnitude lower than specified in HJ 1074 
for all species. If lower detection limits are required, there are 
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multiple ways they can be achieved: longer dwell times, 
higher column temperatures (if allowed by the column 
specifications), different column (i.e., narrow bore) and 
mobile phase, etc.

Finally, to check for robustness of the chromatographic 
method, a tap water sample was spiked with a 2.5 µg/L 
mixture of the organotin species. The tap water did not 
contain measurable amounts of any organotin species. 
However, as seen in Figure 4, the retention times of the spiked 
species match those of a 2.5 µg/L standard, demonstrating 
that the water sample does not affect the retention times or 
peak shapes of the various chemical species.

Figure 2. Linear regression of calibration standards ranging in concentration from 10 - 200 μg/L for (a) DBT, (b) TBT, (c) DPT, (d) TPT in 1% HCl, and the respective correlation coefficients.

Figure 3. Detection limits specified in HJ 1074 and measured.

Figure 4. Chromatograms of unspiked tap water, spiked (2.5 µg/L) tap water, and a 2.5 µg/L standard.
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Conclusion

This study evaluated the separation, detection, and analysis of 
dibutyltin, tributyltin, diphenyltin, and triphenyltin in accordance 
with Chinese method HJ 1074-2019 using a NexSAR HPLC-ICP-
MS speciation solution comprising of an inert NexSAR HPLC 
system coupled to a NexION ICP-MS. The isocratic method 
allows the complete separation of all species in less than 11 
minutes with complete baseline separation. The robust plasma 
of the NexION ICP-MS and accurate flow of the mobile phase 
delivered by the NexSAR HPLC pump are critical to achieve 
consistent, repeatable separations and analyses. The measured 
detection limits far exceed those specified in HJ 1074-2019. 
Therefore, it can be concluded that determination of organotin 
in tap water using the NexSAR HPLC-ICP-MS solution meets 
and exceeds the requirements of HJ 1074-2019.
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Component Description Part Number

HPLC Vials HPLC Tested Plastic Vials, 1.5 mL PP N9301736 
PEEK Tubing Yellow, 0.007” ID, 1/16” OD (5 feet) N9302678 
PEEK Fittings Fingertight for 1/16” OD PEEK Tubing 09920513 
Nebulizer Connector Column-to-Glass Concentric Nebulizer Connector N8152484 
Reversed-phase Column C18 155291-EC18

Consumables Used 




