
Designation: D8024 − 23

Standard Test Method for

Determination of (Tri-n-butyl)-n-tetradecylphosphonium
chloride (TTPC) in Water by Multiple Reaction Monitoring
Liquid Chromatography/Mass Spectrometry (LC/MS/MS)1

This standard is issued under the fixed designation D8024; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of (Tri-n-

butyl)-n-tetradecylphosphonium chloride (TTPC) in water by

dilution with acetone, filtration and analysis by liquid

chromatography/tandem mass spectrometry. This test method

is not amenable for the analysis of isomeric mixtures of

Tributyl-tetradecylphosphonium chloride. TTPC is a biocide

that strongly adsorbs to soils.2 The water samples are prepared

in a solution of 75 % acetone and 25 % water because TTPC

has an affinity for surfaces and particles. The reporting range

for this method is from 100 ng ⁄L to 4000 ng ⁄L. This analyte is

qualitatively and quantitatively determined by this method.

This test method adheres to multiple reaction monitoring

(MRM) mass spectrometry.

1.2 A full collaborative study to meet the requirements of

Practice D2777 has not been completed. This test method

contains single-operator precision and bias based on single-

operator data. Publication of standards that have not been fully

validated is done to make the current technology accessible to

users of standards, and to solicit additional input from the user

community.

1.3 The Method Detection Limit3 (MDL) and Reporting

Range4 for the target analyte are listed in Table 1.

1.3.1 The reporting limit in this test method is the minimum

value below which data are documented as non-detects. Ana-

lyte detections between the method detection limit and the

reporting limit are estimated concentrations and are not re-

ported following this test method. The reporting limit is

calculated from the concentration of the Level 1 calibration

standard as shown in Table 4 for TTPC after taking into

account a 2.5 mL water sample volume and a final diluted

sample volume of 10 mL (75 % acetone/25 % water). The final

solution volume is 10 mL because a 7.5 mL volume of acetone

is added to each 2.5 mL water sample which is shaken and

filtered.

1.4 Units—The values stated in SI units are to be regarded

as standard. No other units of measurement are included in this

standard.

1.5 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:5

D1129 Terminology Relating to Water

D1193 Specification for Reagent Water

D2777 Practice for Determination of Precision and Bias of

Applicable Test Methods of Committee D19 on Water

D3856 Guide for Management Systems in Laboratories

Engaged in Analysis of Water

1 This test method is under the jurisdiction of ASTM Committee D19 on Water

and is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for

Organic Substances in Water.

Current edition approved April 15, 2023. Published May 2023. Originally

approved in 2016. Last previous edition approved in 2016 as D8024 – 16. DOI:

10.1520/D8024-23.
2 More information on TTPC can be found at http://www.buruenergy.com/wp-

content/uploads/BE-Environmental-Properties-of-Proposed-Biocide-BE-91.pdf

(2014) and http://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/

advancedsearch/externalSearch.do?p_type=CASNO&p=81741-28-8 (2014).
3 The MDL is determined following the Code of Federal Regulations, 40 CFR

Part 136, Appendix B, as a guide. A detailed process determining the MDL is

explained in the reference and is beyond the scope of this test method to be

explained here.
4 Reporting range concentration is calculated from Table 4 concentrations

assuming a 50 µL injection of the Level 1 calibration standard for TTPC, and the

highest level calibration standard with a 10 mL final diluted sample volume starting

with a 2.5 mL water sample. Volume variations will change the reporting limit and

ranges.

5 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM

Standards volume information, refer to the standard’s Document Summary page on

the ASTM website.
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D4841 Practice for Estimation of Holding Time for Water

Samples Containing Organic and Inorganic Constituents

D5847 Practice for Writing Quality Control Specifications

for Standard Test Methods for Water Analysis

E2554 Practice for Estimating and Monitoring the Uncer-

tainty of Test Results of a Test Method Using Control

Chart Techniques

2.2 Other Standards:

40 CFR Part 136, Appendix B Definition and Procedure for

the Determination of the Method Detection Limit6

EPA Publication SW-846 Test Methods for Evaluating Solid

Waste, Physical/Chemical Methods7

3. Terminology

3.1 Definitions:

3.1.1 For definitions of terms used in this standard, refer to

Terminology D1129.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 reporting limit, RL, n—the minimum concentration

below which data are documented as non-detects.

3.2.2 reporting limit check sample, RLCS, n—a sample used

to ensure that if the analyte was present at the reporting limit,

it would be confidently identified.

3.2.3 batch QC, n—all the quality control samples and

standards included in an analytical procedure.

3.2.4 independent reference material, IRM, n—a material of

known purity and concentration obtained either from the

National Institute of Standards and Technology (NIST) or other

reputable supplier.

3.2.4.1 Discussion—The IRM must be obtained from a

different lot of material than is used for calibration.

3.3 Acronyms:

3.3.1 CCC, n—Continuing Calibration Check

3.3.2 CRW, n—Chicago River Water

3.3.3 IC, n—Initial Calibration

3.3.4 LC, n—Liquid Chromatography

3.3.5 LCS/LCSD, n—Laboratory Control Sample/

Laboratory Control Sample Duplicate

3.3.6 MDL, n—Method Detection Limit

3.3.7 MeOH, n—Methanol

3.3.8 mM, n—millimolar, 1 × 10-3 moles/L

3.3.9 MRM, n—Multiple Reaction Monitoring

3.3.10 MS/MSD, n—Matrix Spike/Matrix Spike Duplicate

3.3.11 NA, adj—Not Available

3.3.12 ND, n—non-detect

3.3.13 P&A, n—Precision and Accuracy

3.3.14 ppt, n—parts-per-trillion

3.3.15 QA, adj—Quality Assurance

3.3.16 QC, adj—Quality Control

3.3.17 RL, n—Reporting Limit

3.3.18 RLCS, n—Reporting Limit Check Sample

3.3.19 RSD, n—Relative Standard Deviation

3.3.20 RT, n—Retention Time

3.3.21 SDS, n—Safety Data Sheets

3.3.22 SRM, n—Single Reaction Monitoring

3.3.23 SS, n—Surrogate Standard

3.3.24 TC, n—Target Compound

3.3.25 TTPBr, n—(Tri-n-butyl)-n-tetradecylphosphonium

bromide

3.3.26 TTPC, n—(Tri-n-butyl)-n-tetradecylphosphonium

chloride

3.3.27 VOA, n—Volatile Organic Analysis

4. Summary of Test Method

4.1 The operating conditions presented in this test method

have been successfully used in the determination of TTPC in

water; however, this test method is intended to be performance

based and alternative operating conditions can be used to

perform this method provided data quality objectives are

attained.

4.2 For TTPC analysis, samples are shipped to the lab on ice

and analyzed within 14 days of collection. A sample (2.5 mL)

is transferred to a VOA vial, a TTPC spike solution is added to

Laboratory Control and Matrix Spike samples before the

addition of acetone. An isotopically labeled TTPC surrogate

would be added at this point. An isotopically labeled TTPBr-

D29 surrogate is now available and should be incorporated into

this method by the user if requested by the customer.8 7.5 mL

of acetone is them added and the solution is mixed by hand or

vortex for 1 min. The samples are then filtered through a Nylon

membrane syringe driven filter unit9 and then analyzed by

LC/MS/MS. All concentrations reported only to the reporting

limit.

6 Available from U.S. Government Printing Office, Superintendent of

Documents, 732 N. Capitol St., NW, Washington, DC 20401-0001, http://

www.access.gpo.gov.
7 Available from United States Environmental Protection Agency (EPA), William

Jefferson Clinton Bldg., 1200 Pennsylvania Ave., NW, Washington, DC 20460,

http://www.epa.gov.

8 A surrogate, TTPBr-D29, was custom synthesized by Cambridge Isotope

Laboratories Inc., Andover, MA 01810 and was found to be acceptable. Any

commercial source of TTPBr-D29 surrogate may be used, SRM transition 428.6 >

372.5 was used. If you are aware of an alternative source that meets the performance

of the standard, please provide this information to ASTM International Headquar-

ters. Your comments will receive careful consideration at a meeting of the

responsible technical committee,1 which you may attend.
9 A Whatman Puradisc (a trademark of Whatman International Limited of

Maidstone, Kent) 25 NYL Disposable Filter unit (Diameter 25 mm, 0.2 µm Nylon

membrane syringe driven filter unit has been found suitable for use for this method,

any filter unit may be used that meets the performance of this method may be used.

If you are aware of an alternative filter that meets the performance of the standard,

please provide this information to ASTM International Headquarters. Your com-

ments will receive careful consideration at a meeting of the responsible technical

committee,1 which you may attend.

TABLE 1 Method Detection Limit and Reporting Range

Analyte
MDL

(ng/L)

Reporting Range

(ng/L)

TTPC 13 100–4000
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4.3 TTPC is identified by comparing the single reaction

monitoring (SRM) transition and its confirmatory SRM tran-

sitions if correlated to the known standard SRM transition

(Table 3) and quantitated utilizing an external calibration. The

final report issued for each sample lists the concentration of

TTPC, if detected, or RL, if not detected, in ng/L and surrogate

recovery, if available.

5. Significance and Use

5.1 TTPC may be used in various industrial and commercial

products for use as a biocide. Products containing TTPC have

been approved for controlling algal, bacterial, and fungal

slimes in industrial water systems.2 TTPC should not be

persistent in water but may be deposited in sediments at

concentrations of concern. Hence, there is a need for quick,

easy and robust method to determine TTPC concentration at

trace levels in water matrices for understanding the sources and

concentration levels in affected areas.

5.2 This method has been used to determine TTPC in

reagent water and a river water (Table 8).

NOTE 1—This test method has been used to characterize TTPC in real
world water samples with success and similar recoveries as shown in
Table 8.

6. Interferences

6.1 All glassware is washed in hot water with detergent and

rinsed in hot water followed by distilled water. The glassware

is then dried and heated in an oven at 250 °C for 15 min to

30 min. All glassware is subsequently rinsed or sonicated, or

both, with acetone, n-propanol, or acetonitrile, or combinations

thereof.

6.2 TTPC should not be a common contaminant found in a

laboratory, unless involved in the analysis or matrices that

contain TTPC. TTPC has been found to continue to adhere to

glassware and syringes after routine glassware washing. Rins-

ing glassware with acetone, n-propanol, or acetonitrile, or

combinations thereof, or even sonication, may be required to

remove TTPC. All of the materials and supplies are routinely

demonstrated to be free from interferences of TTPC by

analyzing laboratory blanks under the same conditions as the

samples. If found, measures should be taken to remove the

contamination or data should be qualified, background subtrac-

tion of blank contamination is not allowed.

6.3 All reagents and solvents should be pesticide residue

purity or higher to minimize interference problems.

TABLE 2 Gradient Conditions for Liquid Chromatography

Time

(min)

Flow

(mL/min)

Percent

95 % Water: 5 % Acetonitrile

Percent

Acetonitrile

Percent

400 mM Ammonium Acetate

(95 % Water: 5 % Acetonitrile)

0 0.3 95 0 5

1 0.3 95 0 5

4 0.4 0 95 5

11 0.4 0 95 5

12 0.4 95 0 5

15 0.4 95 0 5

TABLE 3 Retention Time, SRM Ions, and Analyte-Specific Mass Spectrometer Parameters

Chemical
Primary/

Confirmatory

SRM

Transition

Cone

(V)

Collision

(eV)

Retention

Time

(minutes)

Primary/

Confirmatory

SRM Area Ratio

TTPC

Primary (Quantitation) 399.5→229.3 40 45

8.1

NA

First Confirmatory 399.5→75.9 40 46 0.92

Second Confirmatory 399.5→343.5 40 10 3.02

TABLE 4 Concentrations of Calibration Standards (ng/L)

Concentrations

(ng/L)
LV1 LV2 LV3 LV4 LV5 LV6 LV7 LV8

TTPC 25 50 100 200 400 600 800 1000

TABLE 5 Preparation of Calibration Standards

Solution LV1 LV2 LV3 LV4 LV5 LV6 LV7 LV8

AA 25 µL 50 µL 100 µL 200 µL 400 µL 600 µL 800 µL 1000 µL

BB 975 µL 950 µL 900 µL 800 µL 600 µL 400 µL 200 µL 0 µL

A Solution A: Level 8 stock solution prepared according to Section 12 and at Table 4 concentrations.
B Solution B: 75 % Acetone, 25 % Water.

D8024 − 23

3

Full document details: ASTM D8024-23

http://www.avadocuments.com/doc/astm-d8024-23
http://www.avadocuments.com/doc/astm-d8024-23

